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~ORSAR SEISMIC EVE ~ f SU MMARY ISSUED 21 JUL 1971 

FOLLOWING EXPLAINS THE ENTRIES IN THE NC~SAR EVENT SUMMARY 

ARRIVAL TIME 
REF 

.PHS 
AMP 
PER 
VEL 
DIR 
DEL 
OR. TIME 
LAT 
LONG 
MB 
REGION 

" 

PROCESSED INTERVAL($) 

13 JUL COOO - 13 JUL 0706 
13 JUL 1108 - 14 JUL 1027 
14 JUL 1128 - 14 JUL 1624 
14 JUL 1828 - 15 JUL 0738 
15 JUL 0840 - 15 JUL 0923 

ARRIVAL TIME (GMT) . 
REFERENCE SUBARRAY FOR ARRIVAL TIME 
PHASE NAME 
LERO-PEAK AMPLITUDE (NM) 
PERIOD CSECJ 
APPARENT PHASE VELOCITY (KM/SEC) 
DIRECTION OF WAVEFRONT APPROACH CDEGl 
DISTANCE TO EPICENTER {DEG) 
ORIGIN TIME {GMT) 
EPICENTER LATITUDE {DEG) 
EPICENTER LONGITUDE CDEG) 
BODY WAVE MAGNITUDE 
REGION NUMBER AND NAME (FLINN AND ENGDAHL) 

-·-
~ 

15 JUL 0932 - 15 JUL 1500 
15 JUL 1543 - 16 JUL 0349 
16 JUL 0740 - 17 JUL 0718 
17 JUL 0818 - 17 JUL 1838 
17 JUL 1841 - 19 JUL 2400 

DATA RETENTION TIME IS 9 MONTHS 

1----- NT~f/NORSAR 
P.O. BOX 51 
N-2007 KJELLER 
NORWAY 
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NORSAR SEISMIC EVENT SUMMARY IS SUED 21 JUL 1971 ? i\GE 

ARRIVAL TIME REF PHS AHP PER VEL DIR DEL OR. TIME LAT LONG r·'.B. REG I ON 

16 JUL 20.27.41.5 OlA P 3.0 0.6 13.8 94 48 20.19.06 35N 75E 4.3 302 EASTERN K~SH~IR 
16 JUL 21.52.54.0 OlA P 34.4 1.5 23.3 299 86 21.40.19 15N 98W 5.2 65 OFF COAST GUERRERO, MEX. 
16 JUL 22.27.11.l ' OlA P 22.4 1.2 18.3 42 73 22.15.44 39N l43E 5.0 229 OFF E COAST HONSHU,JAPAN 
17 JUL 04.52.11.9 OlA P 7.3 1.0 19.2 44 76 04.40.26 35N l43E 4.6 229 OFF E COAST HONSHU,JAPAN 
17 JUL 05.44.44.3 OlA P 141.7 1.0 17.7 90 81 05.32.33 7N 94E 5.9 704 NICOBAR ISLANDS REGION 
17 JUL 05.54.40.9 OlA P 204.5 1.3 9.3 91 19 05.50.29 56N 45E 5.3 724 WESTERN RUSSIA 
17 JUL 12.43.57.0 OlA 3.5 0.3 LOCAL 
17 JUL 15.11.24.0 OlA P 45.6 o.a 15.8 84 62 15.Cl.13 28N 92E 5.4 313 INDIA-CHINA BORDER REGION 
17 JUL 19.39.22.0 OlA P 2.2 1.0 18.6 43 74 19.27.50 38N 143E 4.1 228 NEAR E COAST HONSHU 1 JAPAN 
17 JUL 19.41.23.4 OlA P 1.1 1.0 18.1 42 73 19.30.00 40N 143E 4.6 229 OFF E COAST HONSHU,JAPAN 
17 JUL 20.28.26.8 OlA P 40.8 1.6 15.3 245 52 20.19.23 23N 40W 5.1 402 NORTH ATLANTIC OCEAN 
18 JUL 00.09.16.4 OlA P 1.9 0.5 11.7 119 27 00.03.36 42N 42E 4.2 367 TURKEY-USSR BORDER REGION 
18 JUL 01.25.55.l OlA p 1.5 0.7 16.7 84 70 01.14.45 21N 97E 4.1 296 BURMA 

I 

18 JUL os.10.01.a OlA p 2.1 o.8 17.4 20 63 04.59.37 54N l64E 4.2 219 OFF EAST COAST KAMCHAfKA 
18 JUL 07.13.17.0 OlA ? 0.0 o.a 
18 JUL 08.59.42.8 OlA PKP 10.5 0.9 39.8 30 154 08.39.47 36S 180W 4.8 688 EAST OF NORTH [SLANO,N.z. 
18 JUL 11.22.49.6 OlA PKP 4.1 0.9 30.6 21 144 11.03.19 26S 178W 4.2 171 SOUTH OF FIJI I SLAi'JDS 
18 JUL 11.25.39.3 OlA PKP 5.6 1.0 35.7 25 149 11.05.57 30S l79W 4.3 178 KE~M~OEC ISLANDS 
18 JUL 14.46.20.0 OlA P 4.3 0.9 22.0 48 95 14.33.01 17N 147E 4.9 216 MARIANA ISLANDS 
18 JUL 14.50.01.8 OlA PKP 12.3 0.9 109.l 71 175 14.29.57 585 178W 5.4 690 SOUTH OF CHATHAM ISLANDS 
18 JUL 15.00.22.0 OlA 2.2 1.0 
18 JUL 15.04.53.0 OlA 3.5 0.9 
18 JUL 16.22.22.8 OlA P 5.6 0.9 8.9 144 18 16.18.18 45N 25E 4al 358 RUMANIA 
18 JUL 19.29.08.9 OlA P 2.3 1.1 23.3 307 88 19.16.23 17N 106W 4.3 64 OFF COA5f MICHOACAN, MEX. 
18 JUL 23.20.14.9 OlA P 2.5 1.0 17.8 9 67 23.09.27 52N 179E 4.1 6 RAT ISLANDS 1 ALEUTIANS 
19 JUL C0.33.32.4 OlA PKP 10.·2 1.2 40.7 55 158 00.13.27 435 170E 5.0 161 OFF W COAST OF S IS.,M.z. 
19 JUL 00~43.49.8 OlA PKP 5.8 0.9 31.l 210 144 00.24.19 69S aow 4.3 692 SOUTHERN PACIFIC OCEAN 
19 JUL 00.59.16.6 OlA P 2.3 0.6 19.5 195 77 00.47.30 14S 9W 4.4 409 SOUTH ATLANTIC OCEAN • 
19 JUL 06.28.05.0 OlA P 4.o o.a 13.9 91 46 06.19.44 38N 76E 4.3 321 SOUTHERN SINKIANG PROV. 
19 JUL 09.25.26.0 OlA P 2.0 1.1 
q~JtJL 09.33.35.0 OlA PKP 4.3 1.0 25.7 15 163 09.12.47 445 173W 4.8 689 CHATHAM ISLANDS REGION 

19 JUL 12.34.38.5 ClA ? s ·.2 o.8 18.4 43 73 12.23.11 39N 143E 4.6 228 NEAR E COAST HONSHU,JAPAN 
19 JUL 15.07.16.9 OlA PKP 6.1 0.8 41.4 68 123 14.48.25 175 139E 5.1 594 QUEENSLAND, AUSTRALIA 
19 JUL 15.17.57.9 ClA PKP 3.2 0.0 34.3 221 144 14.58.29 63S 88W 4.1 692 SOUTHERN PACIFIC OCEAN 
19 JUL 15.57.41.l OlA P 8.1 1.8 15.8 48 59 15.47.46 49N 126E 4.3 658 NORTHEASTERN CHINA 
19 JUL 17.10.00.0 OlA P 2.0 1.1 
19 JUL 17.10.08.4 OlA P 34.4 1.2 18.5 64 75 16.58.33 28N 121E 5.2 664 EASTERN CHINA 
19 JUL 17.37.16.0 OlA P 1.1 1.1 
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APPENDIX II 

H. Bungum and E.S. Husebye: Seismic arrays and data 

handling problems. Union Geod§sique et Geophysique 

International, European Seismological Commission, pp. 4, 1971. 

Abstract 

To take full a<lvantaqe of recent developments in 
seismological theory and sophisticated internretation 
methods requires that hiqh auality data are easily 
available for rese~rch purposes. As of to<lay, the 
larqe number of seismoloqical observatories in 
operation, produce a tremcnclous amount of quantitative 
data which are hardly accessible for the seismological 
community. The latter problem prevails even for the 
large Rperture seismic arrays which are characterized 
by a new seismic observation concept, advancea 
recordinq Rnd standardized analysis techniques. In 
this paper we compare different types of seismic 
wave recording systems, and discuss relevant data 
handling problens. It is concluded that array 
rrocessing techniques coula be adapted to or~inary 
station networks, requiring coordination and 
cooperation in seismoqraPh operation on a rc~ional 
b~sis. In this way <lata quality and accessibility 
could be improved, but at the same time reducing the 
costs involved in running the global seismic network. 

H. Bungum and E.S. Husebye: Errors in time delay measurements. 

Pure and Appl. Geophys., 91: 56-70, 1971. 

Abs tr.act --------
Simple delay and sum of sensors in a seismic array is 
an effective method for noise suppression. However, 
unless we have precise stcerin~ delays, much of the 
signal energy is lost during the beam forming process 
too. We have investigated possible error sources in 
tine delay measurements, usinq a computerized cross­
correlation proce<lure. Parameters perturhen are 
correlation window length and positioning, siqnal 
frequency content nn<l signal to nnise ~atio (S~R). Our 
results indicate that relative low frequency waves and 
usinq the very first part of the P-signals give the most 
reliable and stable time delay values. High frequency 
bandpass filtering improves S~R, but signal correlation 
and the precision in heam steerinq corrections debrease. 
Significant loss of high frequency energy durinq beam­
forming seems to be unavoidable. 
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H. Bungum og E.S. llusebye: Aspekter ven diqitAl seismisk 

. analyse, Ingeni¢r-tlytt, ~o. 5, Feb. 1971. 

This paper gives (in ~orwegian) a brief review of the 

fundamental principles of exploration seismoloqy. Emphasis 

is on data handling and various kinds of digital filtering 

techniques, wave parameter extraction and methods of 

interpreting seismic data. 

H. Bungum, E.S. Husebye and F. Rinqdal: The N0RS7\R,array 

and preliminary results of data analysis. tn press. ~eophys. 

J.R. Astr. Soc., pp. 14, 1971. 

Abstract --------
A large aperture seismic array, HORSAR, has been 
constructed in Norway. The proiect, which started 
in the summer of 1967, is a joint unnertakinq hy the 
CJOVernments of norwri.y and the United States of America. 
JORSAR consists of 22 suharrays, each equipped with one 
three-component long-period anrl six short-period 
instruments. The arrrty diAmeter is around 110 km, while 
that of a subarray is approximately 8 km. In the nata 
centre, which is located just outside Oslo, are installed 
2 IBM 360/40 computers with perinheral equipment, a 
special-purpose computer, and an exner.imental operations 
console. Routine tasks performed at the data centre 
comprise array monitoring and calibration, nata acquisition, 
on-line event detection and off-line event analysis. In 
this paper we give a technical d~scription of 'l()RSl\11, 
emphasizing the software aspects of the array operation, 
ann present some analysis results of ~-waves recorne~ at 
l\lQRSA:cl. For example, we hnve :r:ound that sirrnal power and 
spectral characteristics vary across the array and seem 
to reflect local ~ifferences in the geolo~ical structures 
at the subarray sites. The recorded signals are found to 
be broadband and to contain siqnif icant energy at hiqher 
frequencies. Observed signal coherencies vary considerably 
across the array and are usually in<lepennent of station 
separation. Within the subarrays siqnal coherence is hiqh 
and the waveforms exhibit little scatterinq. 
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H. Bungum, E. Rygg and L. Bruland: Short-period seismic 

noise structure at the Norwegian Seismic Array. Bull. seism. 

Soc. Am., Vol 61, pp. 357-373, 1971. 

l\.bstract --------
Power spectral analysis in frequency-wavenumher space 
and coherence stu~ies in la~ space have shown that the 
noise recorded by the short period ~yer suharray Rt 
~ORSAR is critically dependent on the weather situation 
in the ~orth ~tlantic Ocean. In addition to the low­
frequency noise from the west, there is observed 2-sec 
microseisms from the Baltic Sea. Because of the non­
isotropic noise, the coherence is usually strongly 
azimuthal dependent, being represented in lag space by 
ellipses. Large time variations of the coherence are 
demonstrated. 

E.S. Husebye, R. Kanestr¢m and R. Rud: Vertir.nl an<l lateral 

inhomogeneities in the earth's <leep mantle. Union Geodesique 

et Geophysique International, European Seismological 

Commission, pp. 4, 1971. 

~9§~!~£~ 

The gross structure of the earth's interior is fairly 
well known, but we are still lackinq information on 
the finer details, i.e., structural hetero~eneities 
causing higher order discontinuities in seismic wave 
velocities. The most fascinatin~ aspect of this problem 
is the possibility of having lateral velocity variations 
in the deep mantle. 

Support of the above hypothesis comes from recent 
analysis of measured d~/d.0 values (Chinnery ana 
ToksBz 1967, IIales et al 1968, Johnson 1969) which 
indicates azimuth <lependence in the observations them­
selves and the indiviaual stu<lies present siqnificantly 
different results in certain distance intervals. 1\ 
joint analysis of several types of qeophysical ~ata 
(Toks6z et al 1969) and P-wave diffraction studies 
(Phinney and Alexander 1969) also favor the existence of 
lateral inhomogeneities in the lower mantle. We h~ve 
investiqated the above problems, usinq dT/~ data 
which represents an efficient tool for such analysis. 
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E.S. Husebye, R. Kanestr¢m and R. Rud: Observations of 

vertical and lateral P-velocity in the earth's mantle using the 

Fennoscandinavian continental array. Geophys. J.R. Astr. Soc., 

26, pp. 14, 1971. 

Abstract --------
The gross structure of the Earth's interior iR fairly well 
known, but we are still lackinq information on the finer 
details, i.e. structural discontinuities of hiqher or.der.s. 
A powerful tool in investiqations of this type of problem 
is P-'\'rave travel time, and specifically the parameter. 
DT/Dl.1 • t\Te have investigate<l this problem, taking advantage 
of the concept of continental arrays. Reported arrival 
time data {seismic bulletins) for the Fennoscandinavian 
network have been used for direct measurements of apparent 
velocity {DT/D6 ) and direction of approach of P-waves 
from 643 seismic events. Our observations are interpr.~ted 
in terms of vertical anomalies at depths around 850, 1050, 
1250, 1700 and 2600 km where the velocity changes very 
slowly with depth. The corresponding epicentral distances 
are 35, 47, 53, 62 and 87 dery. In addition, we have strong 
evidence for existence of lateral P-velocity variation 
which amounts to around 0.1 kms-1 in the depth interval 
1750-2300 km and the distance range.is around 63-80 dery. 
A comparison of our data with those presented by others 
favours lateral velocity variations also at rlepths around 
700-800 km and the corresponding distance range is 25-30 
deg. 


