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At their underground nuclear test site at Novaya Zemlya the USSR 
detonates explosions in two areas, here designated the north and south 
Novaya Zemlya test sites. A least squares joint epicentre estimate of 

. origin time and epicentre together with a maximum-likelihood estimate of 
magnitude are presented for explosions in each of these test sltes. These 
are based on data taken from the bulletins of the International 
Seismological Centre. 

INTRODUCTION 

Basic source information (location, origin time, depth, yield, 
etc) about underground nuclear explosions is important to seismologists 
interested in studying the structure of the earth, as well as those 
interested in discrimination between earthquake and explosion generated 
seismic signals. Numerous scientists have appealed for the release of 
epicentral details of explosions to aid research programmes (Bullen, 
Griggs and Press, Teller, ( - 3 ) )  In response, Springer and Kinnaman 
( 4 , 5 )  published the basic epicentre details for all announced underground 
nuclear explosions detonated in the USA from 1961 to 1973. Numerous yield 
estimates were also included. The origin times and precise epicentres of 
French underground nuclear explosions in the Sahara between 1961 and 1966 
have been published by Duclaux and Michaud (6). No comparable data are 
available for underground explosions in the USSR. 

Several international data centres collect seismic wave arrival 
times from all over the world and compute estimates of the origin time, 
epicentre, depth and size for seismic disturbances including underground 
explosions, Bulletins containing these data are published by the US 
National Earthquake Information Centre (NEIC) in Colorado, USA, and the 
International Seismological Centre (ISC) in Newbury, UK. A similar 
service is provided by the Institute of Physics of the Earth in Moscow, 
but the Soviet bulletin does not usually report data on any nuclear 
explosions. 

From the ISC and NETS bulletins it is possible to extract either 
estimates of source parameters of underground explosions or officially 
announced details for most nuclear tests at the US Nevada Test Site (NTS). 
Official announcements are particularly useful for seismological 
researchers interested in solving some of the outstanding problems of 
verifying compliance with nuclear test ban treaties since they provide 
researchers with a list of explosion sources upon which to develop 

- - techniques for the identification of explosion generated signals. The 
release, by the US Government, of epicentral details of their nuclear 
tests and the value of this information to the seismological community 

- .  should be applauded. 

The ISC bulletin includes an estimate of the mean magnitude for 
most large underground explosions. However the magnitude reported is 
determined only to one decimal place and takes no account of station 
magnitude corrections for the seismic stations used. In effect the 
network used to determine mb is different for every explosion. A useful 



addition to the officially released data would be reliable estimates of 
the seismic magnitude mb of the explosion. To provide this additional 
information the P-wave amplitude and period data provided by stations 
reporting to the ISC have been analysed using a maximum-likelihood 
analysis procedure to provide estimates of the magnitude mb for explosions 

* at the Novaya Zemlya test sites. P wave travel times reported in the ISC 
bulletin have been used to relocate the epicentres using the Joint 
Epicentre Determination (JED) developed by Douglas (7). 

Estimates of the epicentral parameters and magnitudes of 
explosions at the Soviet test site near Semipalatinsk (Marshall et a1 
( a ) ) ,  French nuclear tests at Mururoa (Marshall et a1 (9)) and for US 
explosions at the NTS (Marshall et a1 (10)) have already been published. 
It is proposed to publish a similar report on Soviet explosions in the 
North Caspian Sea region. 

2. DETERMINATION OF MAXIMUMLIKELIHOOD ESTIMATES OF MAGNITUDE 

The size of a seismic source is measured by its magnitude. For 
short period (SP) seismic P wave data the Gutenberg and Richter definition 
(11) is used:- 

where A is the amplitude of the P wave in nm, T its predominant period in 
seconds, B(A) a distance normalising term, 

Consider n explosions recorded at some or all of q stations. 
Then if mi is the magnitude of the ith explosion recorded at station j, 2 we can wri e 

where bi depends on the seismic sire of the explosion, s is a station 
correction and j is an error term. Least squares cln be used to 
estimate bi and sj using the method described by Douglas (12) if it is 
assumed that 

Least squares estimates are unbiased if the observed mi are sampled 
randomly from a normal population, The latter cannot be a s u e d  however 

- - 
2 

if station amplitude measurement thresholds result in "censoring11 of many 
lower values of mij. To allow for threshold effects the following 
11maximm likelihood1f estimation technique has been used, 

- - 
~ o l l o w i n ~  Christoffersson et a1 (13) the distribution of observed 

station magnitudes y j  can be written as: 



mij-Gj mij-Sj-bi 
' ~ j l b i l ~ - j 1 ~  obs ..I 5 8 [ ] 

where Gj = gj + B(Aj) . . . . (5) 
8 is the normal density function of variance o2 representing the 
distribution of lluncensoredll values of mi ; @ the cumulative normal 
distribution; g the mean %) amplitude m 2 asurement threshold in terms 
of LO@/T for s2ation j; y variance of the threshold assumed normally 
distributed about g I sources are close together equation 5 
enables the mean $$/T thresholds gj to be expressed in terms of 
magnitude thresholds Gj using equation 5. 

Estimates of b S and o can be determined by maximising the 
likelihood function resu f '  ti d g from the product over the observed values of 
mij of terms given by equation 4 

L b S j  n P(mij1bitSj ....) 
observed 

Maximisation being subject to the constraint equation 3 .  

When using least squares, the effect of large errors, which 
deviate from normal law, can be reduced by the application of weighting as 
in Jeffreysl (14) method of uniform reduction. This method assumes that 
the random variable ci is essentially normal but modified by the addition 
of a low amplitude d niform distribution. In the maximum likelihood 
estimation described above this is introduced by adding a constant term to 
the probability density function given by equation 4. Examination of 
observed distributions away from the mode suggested a value 0.01 times the 
maximum is appropriate for this term. Its introduction prosressivelv 
reduces the contribution of observations beyond two to three standard 
deviations from the mode, 

As well as the observations mi the method requires values for 

Id t the threshold parameters g and yj. The e are estimated from the overall 
distribution of LO@/T s mitted to the ISC by each station using the 
method of Kelly and Lacoss (15). Table 3 gives the threshold values used 
in the analysis and are based on those published by Lilwall (16-17) with 
some small modifications and additions. 

The basic input data are taken from the ISC bulletins in the form 
of LO@/T readings from stations located in the distance range A = 7 to 90 
degrees. Resulting magnitude estimates are given in table 1 and the 
station corrections in table 2. Two separate analyses were made for the 
north and south test sites. For the northern site 1655 amplitude readings 
were used to estimate 26 magnitudes and 212 station terms, A value of 
0.14 was obtained for the standard deviation o. For the southern 



site 229 readings were used to estimate 4 magnitudes and 104 station 
terms. In this case an a priori value of a equal to that for the northern 
site was used. 

In general, differences between the maximum likelihood estimates 
of magnitude and those obtained using a least squares analysis of variance 
method (Douglas (12) ) are small (C 0.2 units) and are negligible above 
mb5.5. These small differences result from the low value of a obtained 
for closely grouped explosion sources (Lilwall (17) ) . 

JOINT EPICENTRE RELOCATIONS 

The Joint Epicentre Determination (JED) method described by 
Douglas (7) was employed to relocate the epicentres using P and PKP 
arrival time data taken from International Seismological Centre ( 1 s ~ )  
bulletins. JED is most effective when all the epicentres are from a 
limited spatial region, since deviations from the assumed travel time 
curve can be corrected by a single term for each station. Accordingly the 
north and south Novaya Zemlya sites are here treated separately. The 
method requires that at least one of the epicentres in each group be 
restrained to predetermined values. Since no published true locations are 
available the restrained epicentres must be fixed using other evidence. 
The constrained epicentre for the northern site was for the explosion of 
29 September 1976 (event 14, table 1). It is well recorded and centrally 
placed within the group, but adoption of the ISC location (73.41N 54.503) 
results in the epicentres straddling Matochkin Shar Strait (see figure 1). 
Figure 1 indicates that the region is mountainous and it is reasonable to 
assume that the devices were emplaced using adits beneath the mountains. 
The co-ordinates of restrained epicentre were therefore chosen to locate 
the overall epicentre pattern beneath two mountain groups south of the 
strait. The relocations are on average some nine kilometres east of those 
obtained by the ISC. There is no topographic control on the location of 
the southern group and these were relocated using the same restrained 
epicentre in a second analysis. 

Arrival time readings were weighted to remove gross errors and 
where possible to allow for variations in the quality of measurements 
between stations. Gross errors were removed by the method of uniform 
reduction (Jeffreys (14)). For the northern group there is sufficient 
data to enable estimates of the standard deviation of the time residuals 
for many of the stations and the readings were also weighted for 
variations in this. 

Table 1 gives the relocated epicentres and origin times. These 
are plotted in figures 1 and 2. The weighted standard deviation of the 
arrival time residuals (0.25s) and the large number of readings result in 
very small 95% confidence regions (table 1) for the majority of the 
epicentres. Relative locations will reflect this but absolute locations 
are tied to the choice of co-ordinates for the restrained epicentre. 

. . 
4 . MULTIPLE EXPLOSIONS 

- .  An examination of the seismograms from the underground explosion 
at the south Novaya Zemlya test site on the 18 October 1975 led 
Hurley (18) to the conclusion that two explosions, separated by a few 

' kilometres were detonated virtually sinultaneously. Hurley's analysis of 
both P and Rayleigh waves is convincing evidence that two explosions were 



indeed detonated. An examination of short period P wave recordings for 
the explosion at the north Novaya Zemlya test site on 11 October 1980 
suggests that this explosion was not a single explosion. More research is 
being conducted on this particular explosion and will be the subject of a 
research note to be published later. 
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NOTES ON TABLES AND FIGURES 

Table 1 List of explosion dates, origin times, calculated epicentres and 
magnitudes for explosions at Novaya Zemlya. 

Table 2 Station magnitude terms, followed by standard confidence limits 
and number of observations. 

Table 3  Mean 50% amplitude reporting thresholds (g) followed by standard 
deviation (7) for amplitude data submitted to the ISC. Time 
periods (year followed by month) are intended to bracket overall 
intervals during which the thresholds are thought appropriate and 
are not intended to indicate station operation periods. 

FIGURES 

Figure 1 Location of epicentres of explosions at the north Novaya Zemlya 
test site, Matochkin Shar Strait. (Admiralty Chart No. 3035 ) .  

Figure 2 Location of epicentres of explosions at the south Novaya Zemlya 
test site, Kostin Shar Strait. (Admiralty Chart No. 3 0 3 5 ) .  



NOVAYA ZEMLYA (NORTH) 

NOVAYA ZEMLYA (SOUTH) 

No 

1 
2 
3 
4 
5 
6 

Double Explosions 

Date 

18 Sep 64 
25 Oct 64 
27 Oct 66 
21 Oct 67 
7 Nov 68 
14 Oct 69 

Origin Time 

07 59 57.8 
07 59 58.1 
05 57 58.1 
04 59 58.5 
10 02 05.5 
07 00 06.6 
05 59 57.6 
05 59 55.8 
05 59 56.9 
06 59 54.8 
09 59 56.2 
085958.3 
11 59 58.0 
02 59 57.7 
07 59 58.1 
02 59 58.0 
10 59 58.1 
07 59 58.0 
02 04 58.6 
03 29 58.8 
07 09 58.8 
070957.5 
12 14 57.3 
07 14 58.7 
16 09 58.9 
13 09 58.2 

27 
28 
29 
30' 

Confidence 
Ellipse 
sq kms 

32.8 
4.7 
1.9 
2.1 
1.8 
1.9 
1.6 
1.7 
1.7 
1.5 
1.6 
1.6 
1.5 

Restrained 
2.6 
1.6 
4.9 
1.6 
1.7 
1.6 
1.8 
1.7 
1.8 
2.1 
2.0 
2.0 

7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 - 

19 
20 
21 
22' 
23 
24 
25 
26 

27 Sep 73 
27 Oct 73 
2 Nov 74 
la act 75 

JED Computed 

o 
Latitude N 

73.336 
73.386 
73.388 
73.385 
73.388 
73.389 
73.301 
73.393 
73.386 
73.316 
73.395 
73.332 
73.308 
73.360 
73.399 
73.339 
73.414 
73.293 
73.350 
73.346 
73.318 
73.335 
73.308 
73.348 
73.358 
73.326 

14 Oct 70 
27 Sep 71 
28 Aug 72 
12 Sep 73 
29 Aug 74 
23Aug75 
21 Oct 75 
29 Sep 76 
20 Oct 76 
1 Sep 77 
9 Oct 77 
10 Aug 78 
27 Sep 78 
34 Sep 79 
18 Oct 79 
11Oct801 
1 Oct 81 
11 Oct 82 
18 Aug 83 
25 Sep 83 

06 59 58.5 
06 59 58.0 
04 59 57.4 
08 59 56.8 

"b 

4.20 
4.82 
6.47 
5.99 
6.11 
6.18 
6.77 
6.63 
6.46 
6.96 
6.54 
6.55 
6.59 
5.77 
4.89 
5.71 
4.51 
6.04 
5.68 
5.80 
5.85 
5.80 
5.91 
5.52 
5.84 
5.71 

o 
Longitude E 

55.391 
54.997 
54.845 
54.826 
54.873 
54.796 
55.044 
54.923 
54.859 
55.059 
54.920 
54.094 
55.012 
54. a80 
54.835 
54.626 
54.935 
54.885 
54.677 
54.679 
54.821 
54.938 
54.817 
54.601 
55.974 
54.564 

53.746 
53.958 
53.825 
53.673 

70.756 
70.801 
70.833 
70.838 

0- 

0.08 
0.08 
0.03 
0.03 
0.02 
0.03 
0.03 
0.02 
0.02 
0.03 
0.02 
0.02 
0.02 
0.02 
0.03 
0.02 
0.03 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 

1.9 
1.7 
1.7 
1.6 

n(m) 

5 
6 
38 
4 5 
54 
51 
49 
54 
62 
38 
55 
69 
65 
84 
42 
84 
30 
87 
85 
100 
91 
80 
97 
89 
91 
104 

5.83 
6.90 
6.75 
6.70 

0.03 
0.03 
0.02 
0.02 

56 
46 
65 
62 



TABLE 2 ( a \  

Station Correction Terms. North Test Site 



TABLE 2 1 b 1 

Station Corrections. Southern Test Site 

S ~ A T I O M  coaacci~oms 
S ? A * O A ~ L  CO*IIOL*CI LIMITS uvcm 
S T Y  con 
AIQ -0.306 *On- 0.W7 2 
A8U -0.205 *on- 0.140 2 
AOK 0.211 *om- 0.091 2 
ALP -0.391 $01- 0.099 2 
AYG 0 5 * - 0 . 1 1 7  1 
@*A -0.398 *on- 0.137 1 
N S  -0.022 *OW 0.071 b 
@LC 0.022 *on- 0.137 1 
OM0 0.345 0 0 . 1 0  1 
C*G -0.960 *on- 0.091 3 
ems 0 . 2  o n  0 . 0  r 
I -0.317 *0 l -  0.098 2 
8IC 0.338 *01- 0.097 2 
OU8 0.251 *On- 0.137 1 
IUD -1.144 *01- 0.100 2 
OUL 0.013 *on- 0.080 b 
C A I  -0.167 *on- 0.081 3 
CLK 0.124 roe- 0.080 1 
CLL 0.261 *OI- 0.080 3 
COP 0.473 *on- 0.137 1 
CCO 0.215 *on- 0.019 3 
CUI -0.669 *On- 0.087 Z 
OAC - 1 . 0 4  0 0.137 1 
DUG 0.042 *O@- 0.118 1 
CAO -0.021 +OR- 0.097 2 
CAU 0.079 *On- 0.098 2 
to *  0.021 *on- 0.097 z 
C8L 0.079 *oa- 0.091 2 
ED1 0.029 601- 0.097 2 
IOm 0.223 *On- 0.079 3 
€DU 0.202 +on- 0.137 1 
CSL -0.021 *OR- 0.091 2 
A 0.110 *on- 0.010 3 
(LO 0.102 *on- 0.117 1 
CSK 1.202 *on- 0.137 2 
IIC 0.32s *on- 0.137 1 
ISJ -0.082 * C l -  0.141 1 
I U I  -0.122 *OR- 0.099 2 
GO* -0.OVb *e l -  0.010 
GOL -0.352 *0l-  0.010 f 
6R1 -0.107 *On- 0.085 3 
C I I  0 . 7  0 0 1  1 
cnn -0.138 *Ol- 0.137 1 
GUA -0.339 eon- 0.087 3 
nrs 0 . 7  o n  0 . 1  2 
*Of 0 . 0 4  .on- 0.079 1 
HVB -0.274 *OR- 0.091 1 
INK - 0 . 3 9  0 0.117 1 
JOS -1.143 *O@- 0.154 1 
KLV 1,273 *On- 0.137 1 
rnc -0.192 *on- 0.070 r 
I 0 . 7  0 0.137 1 
KIU -0.065 *On- 0.091 2 
KO0 0.210 *On- 0.119 1 
Knh -0.100 *On- 0.091 3 
K1R -0.560 601- 0.069 b 
KT6 -0.511 *on- 0.000 b 
LAO 0 . 3 8  0 0 . 1  1 

L*C 
LJU 
LO* 
Lon 
L?S 
LlG 
n8c 
H I 1  
nos 
*so 
MlD 
nut 
*A0 
WOI 
*LU 
* I €  
01c 
011 
?nc 
?ma 
?*1 
COO 
rn A 
?nu 
n u  
sc*  
$11 
snr 
SJC 
SK 1 
ssc 
SlU 
SVl 
?OL 
l a *  
tuc 
T U  
UAV 
VAL 
VlC 
1KC 
016 
c1n 
K om 
SO? 
VIC 



AVF 
ABQ 
ABU 
ADU 
AKU 
ALE 
ALP 
ANG 
APT 
BDT 
EDU 
BHA 
BHG 
BHO 
B J I  
BUS 
BLA 
BLC 
BUN 
BUO 
BNG 
BNH 
BNS 
8 0  2 
BRA 
BRG 
BSF 
BUB 
BUD 
BUH 
BUL 
C AF 
CAR 
C BM 
CDF 
CHG 
CHTO 
CLK 
CLL 
CMC 
C OL 
COP 
CPO 
C U?l 
CVF 
CWF 
DAG 



TABLE 3 (continued) 

station Threshold Data as a Function of Time 

, .  . . 
0 0 0 0 00 ddddd dd d  d 

C r  I m  0 0 h 0 0  O N N  h N h  0 e 0 0 0 4 m e  n r O 0 0  m h I m e N 0 O N  
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00 00 00000 000  000 0 0000000 00000 000000000 
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C r r  r r  r o o 0 0  r O r  r r O  r r r r r c r r  r c r r r  r r r r r r r r r  

nn n m  ~ N N N N  n ~ n  C ~ N  h m n m m h m n  m m r h m  m m r h m h m m -  
b 09  QQ h m ~ a a  a m -  QCQ h a ~ h h m a  h w a ~ h  h h a h a ~ ~ a m  
0 I t  I I  1 1 1 1 1  1 1 1  1 1 1  1  I I I I I I I  1 1 1 1 1  1 1 I I 1 I I 1 I  . . .  
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TABLE 3 (Continued) 

Station Threshold Data as a Function of Time 

N N N  
F C C  
n n n  
a w a 
1 1 1  
e r r  
0 0 0  
O W W  
W h h  

o m  r r 0 0  m O Q  

? ' ; ?  ? ? ?  h. ';? 
O r r  r r r  O r l  

- 
x - N N N N N  N N N N N  N N  N N N  N N N N  N N N  N N N N N N N N r N D N  N 
C t C C C C  C C C C C  C C  r r r  C - P C  C C C  C C C L C C C t t C O C  C 

h n n r - m  ~ w m n n  nh w q n  n nnn n m n  nncnnnnnomnn )c 
u h W h t - w  h W h W h  O h  h . - w  h h h W  w W h  W h C Q W h a w m m h m  
0 1 1 1 1 1  1 1 1 1 1  1 1  1 1 1  1 1 1 1  1 1 1  1 1 1 1 1 1 1 1 1 1 1 1  I  

r r r r m  r r - c n r  r r  r r O  r r r r  r r c  r r r t r r r r r r r r  c 
2 00000 00000 00 00-  0 000 0 00 000000000000 0 
0 I r 0 4 0  e m O D 0  m o  000 0 000 m  0 0  W O I m O O Q W O W O W  I 
r h w h h h  hhhhh hh hhh c hhh  c LL bhbhhhhhhhhh h 
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FIGURE 1. EPICENTRE LOCATION AT THE NORTHERN TEST SITE 



FIGURE 2. EPICENTRE LOCATIONS AT THE SOUTHERN TEST SITE 
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