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I.  SUMMARY

This report describes the operation and research activities

at the Norwegian Seismic Array (NORSAR) for the period from

/1 October 1977 to 31 March 1978.

The performance of the NORSAR Detection Processor has been

somewhat improved relative to the previous reporting period

(uptime increased from 88.8% to 91.6%), although the Special

Processing System (SPS) has caused a considerable number of

breaks , the longest one lasting for nearly 5 days. The reaular
operation of the new Event Processor (AUTOEP) was resumed

as of 1 October 1977, and the results are now published

in a NORSAR Monthly Bulletin which is distributed to about

60 recipients. Statistics from the first half year of onera-

tion show an average of 12.3 reported events per day , which

is 63% of the number reported prior to the array reduction

The operation of the data center is working fairly well with

one manned shift. The maintenance contract with IB’~ was re-
duced by 1 October 1977, and the NORSA!~ personnel have thereby

• increased their engagement in problems tied to malfunctioning

of the IBM equipment (tape drives , SPS, etc.). The performance

of the data communications systems (including the A~PA network)

can be characterized as good , although the number o~ outages

increased during the last 3 months of the period . The Detection

Processor has not been subject to major changes, however ,

the AUTOEP system has been significantly improved in order

to meet the various user requirements. The performance of

the array instrumentation has been stable and satisfactory ,
and the main channel characteristics show very little change

from previous periods.

The research activities are described in 11 separate subsections

of the last chapter of this report and cover research conducted
under NTNF ’s contract with AP.PA as well as research projects

sponsored by Norwegian authorities. The first subsection is on

the work of the seismological expert group established by

the Conference of the Committee on Disarmament (the CCD) of

the United Nations. The second one deals with statistical 

-——
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models for seisraic magnitude , and the following two are on
P-wave amplitude anomalies and inversion of travel time
data. Then follow two contributions presenting results from

the new microearthquake array in Svalbard , one deals with
microearthquake surveillance and one with the teleseismic
detectability of the array. The next subsection describes a

maximum likelihood method for epicenter location based on S—

P time differences. Then follow one report on precisely

located earthquakes in the vicinity of the NO~SP.R array, and

one on macroseismic data collection using newspaper ads. The

next one deals with the seismicity of East Africa, and the
last subsection discusses lithosphere thickness in the

general NORSAR siting area.

H. Gjøystdal



I I .  OPERATION OF ALL SYSTEMS

11.1 Detection Processor (DP) Operation

The re have been 111 brCaks in the otherwise cont inuous  ooera-
tion of the OP system in this reporting interval . The u~ time
percentage is 91.6%, as compared to 98.8% for the last

reporting period (April-Seotember 1977). Pig. 11.1.1 dnd the
accor~ipanying Table 11.1.1 both show the daily DP downtime

for the days between 1 October 1977 and 30 March l97~3. The

monthly recording times and up oercenta~es are given in

Table 11.1.2. As can be seen from Table 11.1.1 the dominant

component governing the DP system performance is the SPS . Of
the lii breaks in this  period , 70 were caused by this un it
alone. Also, three of these breaks lasted for more than two

continuous days, with the longest, 117 hours , break from

24 February to 1 March. The breaks can be grou’Ded in the

following categories:

• a) SPS malfunctioning 70

b) Maintenance stops

• c) Error on the Multiplexor Channel 8

d) Stops related to system operation 8

e) Hardware problems 5
f )  Power j umps and breaks 4
g) Stops related to program chanqes 4

or tests

h) Stops related to possible program 2
errors

i) Magnetic tape drive problems 1

Apart from Category a), the numbers in the other categories

are relatively normal. The hiah number of maintenance stoos

(9) is partly related to a CPU error on the 360—A machine ,

but also reflects the extra effort from NORSAR oersonnel

doing preventive maintenance on the SPS unit.

The total downtime for this period was 363 hours 10 minutes.

The mean-time—between-failures was 1.5 days, which Is the
same as for the earlier reporting period (Aoril-Seotember 1977) -

D. Ttieber-Mohn

_ _ _ _ _ _ _ _ _ _ _ _

— . . —
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Month DP Uptime DP Uptime No. of No. of Days DI’ MTBF’~
(Hrs) (%) DP Breaks with Breaks (Days)

Oct 728.1 97.9 20 14 1.4
Nov 657.1 91.3 16 14 1.7
Dec 690.2 92.8 26 16 1.1
Jan 640.0 86.0 30 17 0.9
Feb 559.9 83.3 10 9 2.3
Mar 729.4 98.0 9 9 3.4

Tota l 4004.8 91.6 111 79 1.5Period

* MEAN-TIME-BETWE EN-FAILURE S = (Total uptime/No . of Up Intervals).

TABLE 11.1.2

Online System Performance

October. 1977 — March 1978

11.2 Event Processor Operation

The regular operation of the Event Processor, using the AUTOEP,
was resumed as of 1 October 1977. The results are now published

in a NORSAR Monthly Bulletin , usually issued within two weeks
after the last data date, and distributed to about 60 recipients.

Some statistics from the first 6 months of operation are given in
Table 11.2.1, where it is seen that 12.3 events have been
re~’r rted every day in average. This is 62% of the number of
eves. reported during the same 6 months in 1975/76 , a drop
which mainly reflects the reduction of the array from 22 to

7 subarrays. When more data are available, we will look more

closely at this drop in detectability , as well as the location
accuracy, and compare with expected results.

P. Engebretsen

H. Bungum

-
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;iU1c~ 11.2.1

~;v ;iri j c Core S~~i r t i  I~~~~ .1 1 y

Oct 77 2 15 165 380 12.3

f l (V  77 1 ( ~2 52 214 7.]

Dec 77 32 335 10 .0
•Jan 78 1 ‘~~~~ S4 2 10 C, .0

I e b  70 1’]’) 114 263 0.1

M~~ir 70 75 0  57 1355 27 .6

11.3 NOP~S1~~ Da ta Processing Center (NDPC) Operation

Data  Center

The opera tion  of the data center is still workin’ fair].y well

w i t h  j u s t  one manned s h i f t , although routine jobs cover more
than  1/4 of the s h i f t.  The users have , however , learned to
operate the com7uter so that  they can run the i r  jobs outside
the rn~iii ned shjf’ , if necessary .

The VP uptime for the oerio~1 is 9l.~ % an~ althouc~h it is better

than the last half year , the number of sto’s and breakdowns

of the SPS have increased . There have been three major break-

downs on the SPS and those breakdowns stand for 6.8% of the

downtime, the other SPS stops 1% and other reasons 0.6%. The

number of stops outside office hours caused by the SPS is 47•
This is an increment of more than 50% com’~ared to the last

half year.

_____________________ — -
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Since the maintenance contract with IBM was reduced (by

nearly 50%) 1 October 1977, NORSAR personnel have solved

most problems in connection with tape units . Also the EOC

equipment has been taken care of. In most problems with the

IBM 360/40 (B) and the SPS the same personnel have been

involved , and to a certain degree reduced the IBM engagement.

J. Torstveit

O.A. Hansen

Data Communications (National)

The first 3 months were characterized by relatively few outaqes,

both with respect to group as well as single circuits. In

the last quarter the number of outages increased for both

categories . Simultaneous outages for groups of circuits will

almost always be caused by carrier frequency equipment.

Approximately 60 outages were observed in the reporting

period, of which March alone had around 40. Just a few outages

of this kind exceed 1 hour in duration . The large majority

are observed over one or two 16-minute intervals.

Single subarray communications circuits have also been affected

by the usual reasons such as: cable damages, intermittent

equalizer/amplifier operation level fluctuations, etc.

Subarrays par ticularly a f fected :

02B week 12, 5.0%

02C “ 2 , 10.9%

04C “ 2 , 6 6%

04C “ 7, 24 2%

04C “ 13 , 20.0%.

_ _ _  —~~- -- - - - -.-- -- --—- 
— — - — - -



— 11 —

In  addi t ion  the abo ve—ment ioned and the re’~ain in ci  subarr ;iys
have been subjec t to outages several time s , but the f iqures

¶ are lower and may vary between 1 and 3%.

Modems and related equipment are s t i l l  in good condit ion.  Ju s L
a few times it has bee n necessary to rep lace defect ive cards
(separat ion f i l t e r s )  . New equalizers/amp l i f i e r s  were planned

by NTA to be installed in November 1977. Due to delays in
deli very the equipment is still  not instal led .

Table 11.4.1 shows outages/degraded performance wi th  respect
to subarray communications circuits .

11.4 The ARPA Subnetwork (TIP to TIP , i . e .,  TIP m d .  modems,
lines and interfaces)

The London Communications Circuit

Apart from li..e level adjustment ( 10/ 24)  and loss of carrier
(11/ 0 9 ) ,  rel iable performance . The Norwegian Teleqraph Administra-
tion (N TA ) /Oslo got Network Control Center (N CC) permission
to break the communications path in connection with replace-
ment of an equalizer.

The SDAC Communications Circuit

11/09 Loss of carrier aporox. one hour .

12/05 NCC suspected line trouble, as SDAC claimed dis-

continuity in data transfer between the two data

centers. A modem test was run to eliminate possible

malfunction in that device.

12/09 Trouble with the system most of the day from 1700 GMT.

Otherwise, fair operation .
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Th e Terminal In t e r f ace  Message Processor (T IP )

TIP preventive maintenance (P 11) carried out in accordance

with Bolt , Be ranek and Newma n (BBN ) schedule. ‘~1ith a few

exceptions the system has been running continuously durinq

most of the period . A Very Distant Host (VON ) test was irnple-

rne ntecl by :Ir . Kelley of BBN 11 November 1~ 77.  The syste~c1 was
taken down for  about two hours .

We ha ve also experienced teletype trouble a few times. ~ January
communication with 11CC was impossible , as NCC had great die-
ficulties in reading us. Messages addressed to NOI’S~~~, however ,

were easily interpreted . The interface card (in the CPU) was

the possible cause for the trouble. The telet’rne was Dartly
inoperative in February . A card was replaced (12/25) .

TIP Connections

No change in the connection of the PIP nart  of the TIP since

last report. On the other hand , a few changes have been
made with respect to TIP port (LIU ) connections . Eleven ports
are occupied , of which the Norwegian Defence ‘iesearch Establish-
rnent (NDRE ) occupies 6 (Nos. 2, 4, 12, 40, 41 and 42), NORSP~R
2 (Nos. 3 and 6), Norwegian Telegraph Admi~nistration/Research
Establishment 1 (No . 54), University of Oslo 1 (No . SO), Regne—
anlegget Blindern—Kjeller (RBK) 1 (No. 1)

O.A . Hansen

- - 
.
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III. IMPROVEMENTS AND MODIFICATIONS

111.1 Detection Processor

The modifications to this system have been minor within

this reporting period . The system seems to be relatively

bug—free , and the two errors corrected (see below) were

not critical for the performance.

- As was discovered at SDAC, the subfield identifications

were not correct in the result record from the Online

Event Processor , transmitted over the ARPANET. This was

caused by a programming error in the PNRSAD module,

and was promptly corrected 12 November.

- The Alternate Telemetry Command (ATC) code 08 (Channel

Gain Measurement), initiated from the EOC, gave incorrect
results. This was traced back to a missinq input card

for the Core Image Tape Generation program . A re—run

of this program, with the missing card added , produced

a new Core Image tape. The invalid ATC code 08 (and

other related commands) gave proper results after
system restart with the new Core Image tape, on 17

November.

111.2 Event Processor

The new AUTOEP processing system , which reads Online Event

Processor (OEP) results off the Detection Log Tape and performs
further processing on these data, has been improved, in order
to meet user requirements. The program may now be stopped grace-

fu l ly at any time, giving back the results achieved up to this
point. Also, the program can be told to defer processing until
OEP results later than a certain time have been read in from the

Detection Log tape. Thus the analyst may stop the program at

will and restart from the same point later. A remaining problem

is that improper/invalid data infrequently causes a program

check in the filtering routine. Code for checking traces before

filtering , and for trapping program checks, will , however,

shortly be implemented .

-
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l~ version of t h i s  orogram , usinq the concurrent  p lott inct
• f e a tu re , is also available . When this version is running ,

event plots will be generated at the same time as an event
• is processed . In cases where results from a sequence of

events are wanted as soon as possible , this feature should come

in handy.

Since manual repunching of a large proportion of the produced

bulletin cards from this program seems necessary, work to

build an extension to this system has started . ~1l bulletin

lines produced by the AUTOEP program are now automatically

written to a Disk Bulletin File (DBF) at the end of processing .

A new program will access the DBF and display bulletin lines

upon the screen of the 2260 Display Station . Lines may then
be modified by the analyst. An important new feature in

this program will be the automatic recomputation of para-

meters which are related to parameters changed by the analyst
(i.e., change in arrival time gives automatic change in the
origin time) . A final ‘publish ’ will produce copies of the

• edited bulletin lines on cards or tape.

D. Riebe r-i’lohn

111.3 Array Instrumentat ion and Facilities

A leftover modif icat ion from 1976 , namely,  modification of
BE-lightning protection cards (Larsen et al , 1975) was com-

pleted at 04C in October 1977.

As of 7 November the standard low pass filters with upper

3 dB point at 4.75 Hz were replaced by filters with upper

3 dB points at 8.0 Hz on channels OlAO 6, 02B06 , 02C06, 04C06

arid 06C06. The frequency response is not measured exclusively

for these channe ls, for practical use the frequency response
of NORSAR Analog SP Station, ref. Fig. 111.3.1 can be consulted . 

- - -- - _________________________________________

.1 -__ - . — -
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From 15 March a Teledyne Geotech S— 50rJ seismometer has been

in operation at 06C channel 02, u~ to 30 ‘~arch in vertical

position and thereafter in NS horizontal position . The con-

nections are given in Fig . 111.3.2. An internal report will

be issued when the test period is completed .

A. Kr. Nilsen

_ _  ------—-- —— 

. - - -  
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IV. MAI NTENANCE ACTIVITY

A brief review of the maintenance accornnlished at the subarrays
by the fiel-i technicians as a result o~ t~~rs r emote  a r r a y
Cci , I ~c r  i :v~ ~irv~ r ’ u~ i r ’~ in s ) (- c t iO n s  is ( ?j ’f ( f l  . The mr,niterin’i
scr, - c j  ~ rc, ~,c ’:r ch~inrjc d in  the ncr lod

~a i n t e nance V i s i t s

F i g .  IV .l  shows the number of visi ts  to the subarrays in
the period . The subarrays have on the average been visited

6.7 times (without O1A , 4.5 times). The large number of visits

to OlA are due to cable breakages, dryout and painting of the

LPV and LP tanks and complete checkout of the LP seismometers.

Also at 03C the LPV and LP tanks were dried out and painted .

The re has been one maintenance v is i t  on the communtcat i~ ns
system in the period .

20t p

15 -~

4--
—4
I’,

1 0 +

1 

— 

—

5~~~~

01A O1B 028 02C 03c 04C 06C

Fig . IV. 1 Number of vis i ts  to the NORSAR subarrays in the period
1 October 1977 to 31 March 1978 .
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Preventive ‘4ai nteriance Projects

The preventive maintenance work in the array is described
In Table IV. l .  The adjustments are corrections of character-
istics wi th in  the tolerance limits .

T a b l e  I V . l

Preventive Maintenance Work in the Pe r iod

1 October 1977 to 31 March 1978

Unit  Action No. of
__________ ______________________________________________ Actions

LTA Adjustment of DC offset SP 11

LP 0

Ad justment of channel gain SP 5
I 

LP 3

Seis- MI’ adjustment (in field) 3
momete r

SLEM BB adjustment 1

Power Battery replacement due to aging of acid 1

Facilities Dryout and painting of LPV and LP tanks 2
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Disclosed Ma l func tions on Instrumentation and Electronics

Table IV.2 aives the number of accomplished ad-iustments and

replacements of field equi’~ment in the array with the excen-

tion of those mentioned in Table IV.l.

Table IV.2

Total number of required adjustments and replacements in the NORSAR

data channels and StEM electronics

(1 Oct 1977 — 31 Mar 1978)

Unit Characteristic SI’ LP
______  _________________________  

Repi. Adj . Repi. Mj.

Seism- Damping 2
mometer 

RCD 10

Magne ts 1

MP (field) 2

FP ( f i e ld )  2 
-I- 

Seism. Cal. amp. circ. 1
Ampi . Balance 2

Gain 1 

~1 I
LTA DCO 1 - 1

Ch. Gain 2 1

CMR 6 
-I 

SLE M I
BB Gen. 1

1H z  1
Gen

EPU 2 1
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~1alfunction of Rectifiers, Power Loss, Cable Breakaqes

There has been no malfunction of the rectifiers in the period .

The number of cable breakages was two , requiring 6 days ’ work
by the field technicians . -

Array Status

Average values of some of the characteristics are given in

Tables IV.3 and IV.4, compared with nominal values.

Table IV. 3

Average values of the channel resolution and

channel vol tage as of 31 March 1978

Subarray Channel Resolution
SP -— LI’

__________ 
PM/QU Voltage P-P NM/QtJ Voltage P-P

O1A 42.14 5.79 2.48 4.92

018 41.27 5.91 2.54 4.80

02B 41.80 5.84 2.61 4.67

02c 40.94 5.96 2.61 4.88

03C 40.80 5.98 2.53 4.82

04C 42.10 5.80 2.56 4.77

06C 45.52 5.36 2.60 4.69

Table IV.4

Average array channel characteristics values

as of 31 March ~978

Channel Resolution DC Offset Nat. Freg. - Damping
Chan. 

PM/QU Nominal Volts Nomir z*1 Millivolts Nominal Hz Nominal Nominal

_______ 

p-P 
__________________ ___________ ___________

SP 42.09 42.7 5.80 5.71 —0.2 0 1.03 1.00 0.69 0.70

NM/QU
2.54 2.47 4.80 4.94 0 — 20.0 0.648 0.64
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Conclus ion

Also in this period the array instrumentation performance has
been stable and satisfactory . As can be seen under the section
of array status the main channel characteristics are close
to no;;.inal and with littlE~ change from previous periods .

All Kr. Nilsen

References
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ABBREVIATION S

BB - Broad band

CAL — Calibration

CMR - Common mode rejection

CTV - Central Terminal Vault

DC — Direct current

DCO - DC cffset

EPU — External power unit

FP - Free period

12 - Long period

LPV - Long period vault

LTA - Line Termination Amplifier

MP - Mass position

NM — Nanometer

PM - Picometer

P-P - Peak-to-peak

QU - Quantum units

RA- 5 - SP seismograph amplifier

RCD — Remote centering device

StEM - Seismic short and long period electronics

module

SP - Short period
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V.  DOCUNE NT I\ TION DEVELOPED

V . 1  Reports,  Papers

C h r i s t o f f e r s s o n , A . ,  1978: S tat i s t ica l  models for  seismic
m a g n i t u d e , NORSAR Scientific Report 1-77/78, ~1arch 78.

Gjøystdal , H . ,  1977: Final Technical Summary , NORSA~ Sc i e n t i fi ’-::
Rep . No.  3-76/77 , Nov . 77.

Haddon , R.A.W., and E.S. Husebye , 1978 : Joint interpretation

of P-wave time and implitude anomalies in terms of litho-

spheric heterogeneities , Geophys. J.R. Astr. Soc., in oress.
Husebye , E.S., P.C. England and I.B. Ramberg, l978~ The ideal-

body concept in interpretation of the Oslo Rift gravity

data and their correlation with seismic observations ,

In : I.B. Ramberg and E. Neumann (eds.) : The Oslo Paleo-

r if t , NATO ASI Proceedings,
Rieber—Mohn , D., 1978 : The use of ARPANET for  transm ission of

real t ime seismic data , NORSAFt Internal Rep . No. 1—77/78 ,

NTNF/NORSAR, Kjeller , Norway .
Rieber-Mohn, D., 1978: Documentation of the NCP task , NORSAR

Internal Rep . No. 2-77/78 , NTNF/NORSAR , Kjelle r , Norway.
Sacks , I.S., A. Snoke and E.S. Husebye, ln7~~: Lithospheric

th ickness beneath the Baltic Shield , Tectonophysics ,

in  press.
Tjøstheim , D., 1978: Autoregressive modelling and sDectral

analysis of ar ray data in the plane , Geophys., in press.
Tjøstheim , D., and O.A. Sandvin, 1978: Hultivariate auto-

regressive feature extraction and the recognition of

mult ichannel waveforms, IEEE Trans. on Comp., in press.

L.B. Tronrud

V.2 Program Documentation

Two documents have been completed during this period , describing
how plotting can be performed concurrently with the plot—

generating program .

N/PD-91 describes the new foreground plotting program FDPLOT ,
which cooperates with the background program and receives

plot data from it , via a shared disk file , before passing
these to the plotter.
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N/PD-92 describes the modified PLOT subroutine, that writes

the plot data to the shared disk file, and communicates with

the foregroun~ sPLOT program , using the interpartition

signalling facility in the operating system .

D. F~ieber-Mohn

_ _ _  

.
- -  -~~~~~~~~~~~~~~
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v . ~; i j ~~~ii-~~ rw :;PI - :ciM. TECHNICAL RI-~PO~ TS/PAP1-:~ S ~~~~ t ~~‘-:~~I

:~ 
In  t h i s  s e c t i o n  a b r i e f  summary is given ~ f the resu l t s  of
ongoing and recently completed research projects at NT?P’/NC)~~SAR .

The presen tation covers research conducted under NTNr/NO’~SP R ’~;

con t r a ct with ARPA as well as research nrojects soonsored h~’
Norwegian authorities. Of narticular interest to the seis’-iiic

discrimination problem among the Norwegian—funded undertakins’s

is the participation of two NTNF/NORSAR seismoloqists in the

seismolog ical expe r t qroup established by the United N at iors .
In add ition , sorie of the research conducted at NTN’/NORSAR
in connection with seismic risk studies is also of general

seismolog ical interest, and is therefore included in the
fol lowing.

VI.l Work of the Seismological Expert Croup Established

by the United Nations

On 22 Jul1 1976 the Conference of the Committee on r)isarmament

(the CCD) of the United Nations established an ~.ci Hoc nrouo

of Government—apoointed experts to consider ant! rerort on

international cooperative measures to detect and identify

seism ic events , 30 as to facilitate the rionitorin~ of a
comprehensive test ban. Representatives o~ a total o~ ~7

nations oarticipated in the expert grouo, wh ich met in
Geneva , Switzerland , in five sessions . Its final renort

was transmitted to the CCD on 9 parch 1973 and contained

specific recommendations for a global system . In short , the
main elements of the recommended system were :

(i) A systematic improvement of the observations reported

from a network of more than fifty seis~ oloqical
observatories around the c~lobe.

(ii) An international exchange of these data over the

Global Telecommunications System of the n7orld

Meteorological Organization .

(iii) Processing of the data at snecial international

data centers for the use of the particinant states.

The report also considered some stens, such as an exnerimental

exercise , wh ich could be taken initially to assist the establish—

mont of such a cooperative data exchange system .

4 ~~ ~~~~- - -r — w~~~~~~~— -
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The Norwegian government aooointed Dr. E.S. Husebye and
Dr. F. Ringdal , both of UTNF/NORSAR , to represent Norway in
the expert group. Dr. Ringdal was chosen by the group to act

as its scientific secretary. While the particthation In the

expert group was funded by Norwegian authorities , nart  o~ the
research work done at NTNF/NORSAR in this connection has a!so

been of relevance to the NTNF/NORSAR ’ s ARPA contract.  For
example, a comprehensive detectability study of nearly ~10
globally distributed seismograph stations was undertaken ,

and the results have now been published (Rinc’dal et al ,
1977)

For supplementary comments on the work of the Ad Hoc qrouo ,
we refer to the editorial of Nature, 6 Anril l9 ’8 (see ~‘ic~ .

VI.l.l), where political and scientific impl ications of the

proposed measures are discussed .

E.S. Huseh”e
F~~ Ri ngdal

R e f e r e n c es

Ringdal , F., E.S. Husebye and J. Fyen (1977): Earthciuake detectability

estimates for 478 globally distributed seismograph stations,

Phys. Earth Planet. In te r . ,  15 , P24— P32.

- - _ ___~~~ _1______ - - . 
-~ - .  — - -~
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VI.2 Statistical Models for Seismic Macinitude

The concept of seismic magnitude - a measure o~ the kinetic

energy of the elastic waves released by an earthquake was

first suggested by C.F. Richter in 1936 (see Richter , l9S~?)

Magnitude measurements , which give an indication of the

relative size of earthquakes , are today routinely made at all

seismological observatories and represent an integral u art

of many research investigations . In the context of seismic

event classification , i.e., discrimination between earthquakes

and underground nuclear explosions, the magnitude parameter

is of paramount importance. The reason is sim’ñy that desoite

extensive research efforts the so-called mb :M$ discriminant

is still considered the most reliable one and is also the

most widely used . On the other hand , in certain branches

of seismology like source mechanism studies the parameter

seismic moment has replaced maqnitude (to a large extent)

for indicating the size of large earthquakes (e.g., see

Kanamori and Anderson , 1975). In other parts of seismolony

the magnitude parameter has been somewhat discredited because

of its considerable variability due to different nhysical

factors, some of which are difficult or impossible to quantify .

It must, however , be said that some of the research aimed at
the magnitude problem must be rated as rather orimitive.

In view of the importance of the magnitude parameter in a

seismic discrimination context, NORSAR scientists have in
recent years given a considerable attention to the magnitude

problem . The study has been focused on:

(1) whether parts of the observed magnitude scattering

was associated with inhomocjeneities in the earth

(forward scattering of small—scale inhomoqeneities) ,

(ii) the magnitude estimation itself, and finally
(iii) developing discriminants having a better aerformance

than that of the mb :rl
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This section , together with section VI.3 , desc ribes sore
• recent efforts reqardin~ the first two factors mentioned

above, namely, the scatterinc’ of the P-wave amolitude

observations and in r)articular the nrooer estimation of
rn -magnitudes given the observations from a network of seis-

mograph stations and arrays. Extensive studies sho~v that

the P—wave amolitude variations across the N0r~SAR array are

rather large and may be clearly associated with structura l

heterogeneities at the bottom of the lithosphere (see Sec .
VI.3). This amplitude scattering has a relr tively short
wavelength , i.e., varyinci rapidly with s’iall changes in dis-

tance and azimuth . Also , the am’?litude distribution across

the NORSAR array may be apnroxthated by a locinormal statistical

distribution. This behavior has also been observed for world-

wide amplitude data , and implies that the station nacinitude

correction term and thus the scatterin~ term in macinitude

estimation models can be considered a Caussian variable.

A novel approach to the magnitude estimation ~robiem was
the work of Rinqdal (1976), who introduced a maximum likelihood

• technique for estimating magnitude from a network of stations ,

the reby taking into account information on stations being
operational , but not detectinc’i weaker events. Ignorino the

latter kind of information would in most cases result in a

positive magnitude bias for small events .

The mentioned maximum likelihood aporoach has recently been

further elaborated by Christoffersson (1978). !lis anoroach

differs from that of Rincsdal (1976) in that it takes into

account the probability that the event is actually detected

by the network , whereas Ringdal (l97’~) considered , in statistical

terms , a sample space which also included cases where an
event was not seen by any of the stations in the network .

The practical difference in the estimates orovided by the

two methods is generally small, and the relative merit of

the two approaches will not be discussed here .

-

~
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In summa ry , the s ta t is t ical  models presented in the ‘aper
by Christoffersson (1978) in connection with seismic macsnitude

deals with two main situations. The first concerns the estima-

tion of magnitude for an event using a fixed network of

stations and taking into account the detection and bias

properties of the individual stations . The second treats the

problem of estimating seismicity and detection and bias nroper-

ties of individual stations. The models are anolied to analv~e
the magnitude bias effects for an earthquake aftershock

sequence from Japan , as recorded by a hynothetical network

of 15 stations. It is found that network magnitudes computed

by the conventional averaging technique are considerably

biased , and that a maximum likelihood ap?roach usinu-~ instan-
taneous noise level estimates for non—detecting stations

gives the most consistent magnitude estimates. Finally,

the models are applied to evaluate the detection character-

istics and associated seismicity as recorded by three \‘ELA
arrays  (UBO , TFO , WMO ) .

While the two statistical situations discussed by Christoffersson
(1978) each provide powerful techniques for eliminatinc’ the
bias caused by non-detections of individual stations of a
network , they are in general suited for two different estima-

tion problems. The first (or conditional) approach is useful

mainly for estimating the magnitude of individual events, and

can be applied equally well to earthquakes and explosions.

The second (or unconditional) approach, gives a convenient

framework for joint estimation of structural parameters suäh

as seismicity (a and b in the recurrence formula log N=a—b•?’)

and station bias. It can also be ‘~sed to estimate station

detection characteristics. This second method is a unified

approach which provides a generalization of earlier works

of Kelly and Lacoss (1969) and Ringdal (1975)

— - - - -~~~~- -~~~~~~~~~ —- - - - - —~- —- - - ___________________________
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Perspec tives. The various maximum likelihood aoproaches

discussed above for ensuring consistent macinitude estimates

have to our knowledge only been appl ied to m
b-observations .

The main reason for this is that this kind of macinitude data

are the  only  ones which are easily and a b u n d a n t ly  a v a i l a b l e .

There is no reason wh y these nove l es t imat ion  techniaues

should not be applicable/extended to surface wave magnitude

est imat ion , and also other sign if icant problems in a
discrimination context like the mb:Ms relationsh ip in part icular
for weak events. Research on these types of oroblems is now

in progress, and our efforts here are concentrated on one
hand on developing algorithms where , for  examole , nossible
correlat ion between the P and Rayleigh wave detectabi l i ty
for  a given s ta t ion is taken into account , and on the other
hand to constructing comprehensive Iflb :MS data bases from

both array and SRO-recordings . The use o~ advanced statistical

techniques in analyzing the mb .MS relationshin is expected

to give more definite answers to a number of questions as
to the nature of the relationship ; e.g., the ranqe over which
it may be considered linear , the associated slooe (both for

explosion and earthquake populations) and most importantly,

its behavior at low magnitudes where the oroblems clue to non-
detections are considered to be most significant.

A. Christoffersson , Un iv. of Uposala

F. Rinqdal

E . S .  Husebye
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VI.3 Short Period P—wave Amplitude Variability

In an earlier NORSAR technical summary report (Gjøystdal, 1977)

we described in some detail a rather extensive experiment on

a deterministic approach to the analysis of short period P-wave

amplitude anomalies as observed across the N0RSAR array . The
essence of this work was that from observed travel time residuals

various models for lithospheric velocity contrasts in the
form of thin lenses were constructed . Then us in~ a finite dif-

ference calculation scheme the expected P-wave amplitude

distribution was obtained which in turn was compared to that
actually observed from real events . The best fit between ob-

served and calculated amplitude anomalies was obtained for

lenses in the depth range 150—200 km , although the theoretical

amplitude values could only account for about some 4O~ of the

variance in the observational data. However , the flt between

observed and theoretical results is clearly better than the

quoted number indicates, that is, the respective anomaly

patterns are quite similar and the indicated deteriorated fit

stems partly from problems in ‘exact’ positioning of the two

patterns . A reasonable physical explanation here appears to

be that the observed wavelength of observed P-time anomalies

is significantly larger than that of corresponding P—amplitude

anomalies which implies that the ‘time ’-derived lens models

are not sufficiently detailed for very precise amplitude

calculation . A consequence of this hypothesis is that the

reverse process should be more rewarding , that is, we would

intuitively expect a better fit if we tried to predict time

anomalies. This has actually be achieved using an energy
flux formulation for the lens focusing/defocusing effects

which ultimately led to a Poisson differential equation . The

main results here were a correlation of about 0.90 between

observed and predicted time anomalies.

On the basis of this study (Haddon and Husebye , 1978) it is

concluded that time and amplitude anomalies originate from the

same lithospheric structures which, as a good first approximation ,

—I-—
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may be represented  in terms of a 2—1) he teroqeneous  layer  ~~t

depths around 150—200  km or the bottom o f the  li thosohere .

~e note in passing that the lithosphere , an intec’ral concent

of modern p late tectonics, is not wel l  d e f i n e d  seisrno 1or~icaJ l~~ .
However , more recent observations , also at N(~~SA’~, o~ S-to-P

converted waves indicated a well-defined discontinuity at

a depth of around 230 km (Sacks et al , 1073; see also Sec .
V I . l l)  which may be taken to indicate  a l i t hosphe r i c  t h i c k n e s s
of the same order . Furthermore, veloci ty  oe r tu rha t ions  re-

quired for accounting for the anomalous P-wave ampl i tude
observat ions  amounts to a few oer cent and thus  are d i rec tl~’
compatible  w i th  s imi la r  resul ts  obtained by Aki  et al (l97f ,

1977) and by sca t t e r ing  ana lys i s  of precursor and coda
waves (Husebye et al , 1976; King et al , 107 5 Haddon et al ,
1977)

Perspectives. The above study has been completed (Haddon and

H u sebye , 1978) and some wider applications have been considered ,
that  is, can the methodology used here be adapted to other
arrays , networks or conventional seismoqraoh stations. Indeed ,
we have undertaken some preliminary analysis of LASA data

but as the spatial earthquake sampling of this array is less

symmetrical than that of NORSAR we have temporarily halted

this work . As pointed Out above , a major problem in reproducing
amplitude anomalies from time anomalies is the difference in

wavelengths of these two types of anomalies. On the other
hand , the time residual projection scheme used in constructing

the lens models has proved very valuable in analysis of

absolute travel time anomalies (say those listed in ISC-

catalogues) . For example , using absolute NOPSAR time anomalies

we have reproduced those areas of overlap of the thin lens
models derived from relative travel times. This result was

not too unexpected in view of the exceptionally hicTh quality
of the NORSAR data, but as demonstrated by Husebye and
Ringdal (1978), the above projection scheme may also be an

alternative to conventional analysis of time residuals from
seismograph networks of continental dimensions. Furthermore ,
we are also considering a joint inversion scheme of NO’~SAR time

* — - — —  —
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and amplitude data akd in th..s o*rtic ilar case based en ray
tracing principles. Finallj, we ~o “onsider this tyne o’

problem, that is, a het :er tind~~rs~~inr~ino o ’ i~i~ rinsic amoli—

tude variations in particular for near—fiel d obzervaf-ions in

the distance range 00_300 to be of fundamenta l u’~nortan-~e i

a seismic discrimination context. A key word t success here

is of course flexibility in modelli~’q seismic heterogeneities

in the mantle.

~‘.S. Ht.-~~-~~.

R.A .~~. Haddor. (Univ. of Sydney)
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vi.4 Invers ion of Travel Time Data

The NORSAR interest  in geophysical inversion problems dates

back to the summer of 1974 when Professor  K. Aki , MIT ,

visited Kjeller. The research then initiated resulted in

development of a novel and in particular flexible technique

for  inversion of travel time residuals so as to produce a

3—D image of the seismic velocity anomalies beneath the array

or network in question (e.g., see Aki ,  Chr is tof fersson
and Husebye (ACH ) , 197 6, 1977 , and Husebve et al , 1976).
This particular inversion technique has become rather popular

for detailed studies of lithospheric heterogeneities in

various parts of the U.S. and also Japan and even adapted

to inversion of time residuals from the global seismograohic

network (Dziewonski et al , 1977).

In the amplitude inversion experiment described in Sec.
VI.3 we mentioned that the construction of the thin lenses

used in calculating theoretical amplitude values was based

on a relatively simple projection scheme which resulted in

a 2—D seismic velocity anomaly model. Furthermore , Haddon
and Husebye (1978) used essentially the same data as Aki et al

(1977) (see VI.3) so apparently the two mentioned studies

gav ,~ conflicting results and/or the bulk of lithospheric

inhomogeneities are confined to a relatively thin layer

in the lower part of the lithosphere. We do consider that the

differences between the Aki et al (1977) and Haddon and Husebye
(1978) studies can be partly reconciled by us1.ng more homo-

geneous model specifications and partly reflect a fundamental

problem in seismology, namely ,  that of discriminating between
a relatively thick , weakly inhomogeneous layer and on the

other hand a relatively thin , strongly inhomogeneous layer .
Fur thermore , in the 3—D inversion scheme the basic model
parameters like number and thicknesses of layers, average

layer velocities and block sizes are not subject to estima-

tion but are specified . For example , the ACH—inversion
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scheme can easily reproduce the Haddon and Husebye lower

lithospheric lenses using a 2—layer model with the second

one located at depths around 150-200 km , and st ill h~’ve
roughly the same variance reduction as obtained within the

original 5-layer model used in the ACH-oublication . Indeed ,

the difference between the ACH-results and the Haddon~Husebye

lens models is relatively minor as the 3 bot tom layers in
the ACH-model have very similar velocity anomaly patterns which

in turn are very sir-iilar to that of the lens models. Besides

the possibility that the velocity anomalies in the lithosphere

in the NORSAR sit ing area may have a significant vertical
extent, the specification of the ACH basic model parameters

may have some important bearing on the final results and

consequently on their subsequent interpretation . Part o~ the
problems here are intuitively obvious as the standard errors

of the estimated velocity anomalies are relatively larger

thus implying that the physical resolution may be less than
generally assumed . This problem was indeed discussed when
the ACH—paper was written , but at that time hampered by

limited accessability to sufficiently large computers for

running the inversion program .

In view of the apparent controversy between the ACH—results

and those of Haddon and Husebye, and also the nopularitv

of the ACH-inversion technique , we have initiated research
in this problem and have so far designed a scheme by

which we can simulate a large class of basic model specifica-

tion parameters by only solving a limited number of the

total number of linear equations involved . So far the cor-

responding programming efforts have been minor , but the
computer programs are expected to be completed in the near
future.

E.S .  Husebye

A. Christoffersson (Univ. of

Uppsala)
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‘/1.5 Microearthquake Surveillance of Svalhard

Up un ti l now onl y very limited data have beer available
for the study of the seismic activity in and around Svalbard ,

and most of the studies so far have been based or teJeseismic

data (Hodgson et al , 1965; Sykes, 1965; Husebve et al , 1975;

Bungum , 1977) . However , even if only about 1-- 2 irtraolate

earthquakes from Svalbard are reported every year from the

teleseismic recordings , the large (1~=5.9) event in the
Storfjorden area on 13 January 1976 clearly showed that a

certain seismic hazard is oreserit. The fact that th~~ event

had a faulting mechanism atypical for intraolate earthciuakes
(Bungum , 1977) also emphasized the need for a closer investi-

gation, which could be done only by installinci seismic stations

on the archipelago itself.

A program for such microearthquake surveillance o’ the Svalbard

Archipelago was initiated by installation of seismic stations

in Barentsburg (BBG), Longyearhyen (LY~ ) and P ramiden (Pt~D)

in cooperation between the Russian mining trust ‘ArktiFurvol ’,

Store Worske Spitsbergen Kulikompani , the Norwegian Polar

Institute and NTNF/NORSAR (Bungum et al , 1978). The installation

of the seismometers (Sprengne ther MEQ-~ 00) was done in

December 1977 , and the operation during the first few weeks

was somewhat unstable; this was due to various technical

problems most of them instabilities related to installation

in sub-zero temperatures. For this reason , reliable time

corrections were not available for the data analyzed in this

report. When analyzing the first 21~ months of data , we

consequently had to use only the S-P tines, from which locations

were calculated using a maximum likelihood procedure which

also uses all available inforr~tation about the various errors

involved. (For details, see Section VI.7). The adooted

relation between the S-P times and enicentral. distance was
based unon the results of ‘iitchell et al , 197g .

5 5 ~~~~~~~~~~~~~~~~~ — ~~~ 5 5-_ _ _ _ _  _ _- - - 5 5
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Seismograms have been available and read irom the three

rnicroearthquakc stations for various time intervals between

S 
8 December 1977 and 24 February l97fl and from XBS for
December and January. A total of 607 earth~~iakes have been

detected at one or m ore of the stations , 515 o~ which (or
SI 

75%) arc local events. rj~he bes t stat ion is L”~., where an
S average of 7 .5 local events per day (corrected for  down ti!’1e~~)

have been detected . The number for P’~D is 4.3 and. for  BW~ A •~~,

whereas the poorest station in this respect is the W”15~~ 1

station KBS, where only 2.0 local events per day were detected

(see also Section VI .6) . Maqnitudes have been computed for

231 of the events, and they all fall in the ranrre 0-3 , with

a peak at around magnitude 1.0.

The total number of located events is 23’~. About one half of

the events are located using 2 stations and the other half

with 3 stations. The locations of the latter ones are shown
as an epicenter map in Fig. VI .5.l, where a r~reat cluster

of events at the west side of Storfjorden appears as the

domina t ing  feature. The precisions of the locations are so
far not good enough for a closer delineation of this highly
active earthquake zone, since the size of the cluster is

not much larger than the computed uncertainty ellipse for
each event.

The eastern coast of !Jest Soitsbergen in Stor~ jorden thus
appears to be an area of high intraplate seismic activity,

since an average of 7.5 events per day with a probable

origin in Storfjorden have been recorded by the instrument

in Longyearbyen. The work of Mitchell et al (197~ ) showed

most of the epicenters to be confined within a narrow E—W

trending zone at 77.7°N about 30 km long and suggested that

the fault plane of the 18 January 1976 earthquake (1~~5.9)

in this area (Bungum , 1977) was along this seismic ~one.
The state of stress in the crust and delineation of active

-—5 5 5~~~~~~~~~~ 
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zones of weakness where faulting may take place are valuable

i n fo rma t ion  for present and future industrial development

on Spitsbergen. Spitsbergen is cut by major fault zones

dating back to Paleozoic with no associated teleseismically
S 

recorded activity (}iusebye et al , 1975) . A future semi-

permanent network of microearthquake stations on Spitsbergen

would be capable of detecting zones that are tectonically

active but have a low level of seismic activity .

A further step towards this end will be taken by installa-

tion of a new station (with digital recording) in Svea

(S4 in Fig. VI.5.l) in May 1978 , while we hope to be able
to install two more stations at a later stage (S5 and S6

in Fig. VI.5.l).

H. Bungum

H. Gjøystdal

B. Kr. Hokland

Y. Kristoffersen , Norwec~ian
Polar Institute
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Fig. VI .5 . l  Epice nter map of earthquakes located on the basis of
the three stations BBG, PRD and LYR . The future station
in Sveagruva is also indicated (S4) , as well as two
possible sites on the west side of Storfjorden (S5 and
S6), that if available would greatly improve the array
configuration .
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VI.6 Teleseismic Detectability of the Svalbard Microearthquake

Network

As discussed in Section VI.5, the primary ~uroose of the seis-
mograph network installed on Svalbard north of Norway has been to

survey the local seismic activity . Nonetheless , we have also
investigated the teleseismic performance of each station , and

preliminary results are encouragin~ . Table \~I.6.l lists the

geographical coordinates of the four seismo~ra’Dh stations

presently in operation on SvaIbard , and Table \TI.6.~ shows

their relative detection performance over a 2½-month
period. Not unexpectedly , each of the three microearthciuake

stations detect considerably more events than the ~‘1T’1S~ fl

station at Kings Bay (KBS). More interesting is that this

appears to hold true not only for local earthquakes, but

also with regard to teleseismic events. (Averactes of 2.2 ,

2.1 and 1.5 teleseismic events/day versus 1.4 at KBS)

Because of the short time interval available , and the lack

of complete overlap of the periods under consideration ,

these numbers should be considered only to give tentative

indications. We plan to conduct a more comprehensive detect-

ability study at a later stage, using more complete data.

Meanwhile, we note that the high sensitivity of the micro-

earthquake seismographs to high frequency signals make these

instruments particularly suitable to detect underground

exp losions . As an example, Fig. VI.6.l shows the P—wave recorded
at station PRD from a presumed explosion in Eastern Kazakh,
26 March 1978, with mb (NORSAR)=5.2. Another Eastern Kazakh

presumed explosion from 19 March (mb (NOP.SAP)=5.l) was also

detected , although the signal-to-noise ratio was considerably

lower than in the former case. The epicentr~ 1 distance to
Eastern Kazakh is about 40 degrees; in comparison , the dis-

tance from Svalbard to Novaya Zemlya is only 10 degrees.

We plan to expand the study of teleseismic and near-field

detectability of the Svalbard network as more data become

available.

F. P.inqdal
H. Bunqum

B. Kr. Hokiand.
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T.~b1~ VI. (.1

t J am~~; and co~:’rdinri t- s ( f  
~he se i sm ic s tot i o n~. ‘~~ s’~~ ’ in ~~h i  s study. In ‘~h’las t column is givel i  the percentag e of the t ime betw~e:: 8 December 1.977

and 24 February 1978, during which each of the stations has been in opera-
tion (or data available in case of KBS).

Site Code Lat Long Data Operated by
Availabilty (%) 

—~~~~~

Barentsburg BBG 78.073 14.240 89.5 Norwegian Polar
Pyramiden PRD 78.659 16.303 58.7

Longyearbyen LYR 78.189 15.578 63.8

Kings Bay KBS 78.918 11.924 69.6 Univ. of Bergen

Table VI..6.2
Detectability statistics for the four stations used in this study. Data
for the stations BBG, PRD and LYR cover the time period between 8 December
1977 and 24 February 1978 , whereas data from KBS have been available
only for December 1977 and January 1978. The daily averages have been
corrected for station down-time.

BBG PRD LYR KES Total

Detected events, total 449 303 482 185 687
— Average, per day 6.3 6.5 9.6 3.4

Detected events, local 336 199 376 111 514
- Average per day 4.8 4.3 7.5 2.0

Detected events , telesejsmjc 113 104 106 74 173
— Average per day 1.5 2 . 2  2. 1 1.4
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VI.7 A Maximum Likelihood Procedure for Local Event Locatirm o

Based on Observed S-P Time Differences at Two or More

Stat ions

A method has been developed in order  to compu te local eve nt

locations nerely based on the relative arrival times of P
and S waves observed at a number of individual stations .
The method , wh ich has been appl ied on data from the Svalbard
mnicroearthquake network (see section V I . 5 , and Bungum et al ,
1978) takes advantage of the fact that there normally is

a constant  ra tio between P and S veloc it ies in the crust ,
making ( fo r  short dis tances)  the epicent ra l  distance .\
approximately linearly dependent upon the S-P time :

k t(S—P) (1)

Knowing the epicentral distance from two stations , we may

usually compute two epicenters symmetrically located about

the line connecting the stations. Having a distance observation

from one or more additional stations located non-symmetrically

relative to the former ones, we will generally be able to choose

the proper solution , however , in this case the final location

should be based on a sort of ‘averaging process ’ since the

‘distance circles ’ will normally not intersect each other

in one single point , due to the distance errors involved .

The present location procedure is based on the maximum

liklihood principle from statistical theory . Assuming that

the error in the ‘observed ’ epicentral distance for a

given station i is normally distributed with zero mean and

standard deviation a , we may locally (close to the epicenter)

approximate the ‘distance circle ’ by a straight line and

express the associated probability density function as a

‘Gaussian ridge ’ distributed about this line (see ~‘ig .

VI.7.l):

—5- 5— - - - -S 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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a.x+b .y+c . 2

1 

— ½ (  1

p .(x,y) = e (2)1
1

Here , x and y are rectangular coordinates centered in a point

in the vicinity of the true epicenter, and a
~ i b. and c. are

parameters defining the ‘distance line ’ in this coordinate

system .

Having chosen the origin of this system , f.ex., in the inter-

section point between two arbitrarily chosen distance circles ,

the parameters a
~
, b~ and c~ may be easily computed from

the station coordinates and the ‘observed ’ value of the distance

1

When an expression like ( 2 )  has been found for N stations,

we may compute the joint probability density of the epicenter
by forming the product

N
p(x,y) = II p

1
(x ,y) (3)

i=l

and locate the epicenter in the point corresponding to the
maximum value of p ( x , y )  which can be shown to represent a
binorrnal d is t r ibut ion  for N > 2 . In addition to the location
of the maximum point (point of maximum l ikel ihood) , we can
ana ly t i ca l ly  f ind  the axes and orientation of the confidence
ellipses of the resulting distribution.

H. Gjøystdal

References

Bungum , H., H. Gjøystdal, B. Hokland and Y. Kristoffersen (1978): Seismicity

of the Svalbard region: A preliminary report on the microearthquake

activity. NORSAR Tech. Rep. 2/78.

-

~

- —5 - - — 5 .- - _____________ ___________-- _ _ _ _



-- y_4 —

f .  ‘~~~.

L i ~‘r 0~~ C O P S  t i n t

~~ t h e  c t a t i o f l
,1 ~~~ ~~~~. x • h.~ + C .  0

~ h r~ t ~r)n t f l  ~~~S / / 1 1 1

St~~~~oe i r / / /
/ / / 

~~7, f 

x ( e ~~S t ~

,
, / 

,
/

5 ,
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station, calculated from the P—S times.
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VI.8 Precisely Located Earthquakes in the Vicinity o~ NO~~SAR

Even though local earthquakes in the sitin~ area o~ NO’i~~~
are quite rare (Husebye et al, l97r), there occurred between

1970 and 1978 four such events that could be subjected to

a detailed hypocentral investigation using the NO’~F?’~ recor&-

ings.  S

The locations were performed using the program HYPO71 (Lee

and Lahr , 1975) , and the essential oart of the experiment

was concentrated on the estimation of a useful crustal

model.  For this  purpose , three local ex?losions for which

the locations were precisely known were used , and we thereby

came up with the following model:

Depth (km) Velocity (krn/s)

0—16 6.25

16—32 6.65

?32 8.15

Using this model and the above—mentioned location nroaram ,

the hypocenters given in Table VI.8.l were estimated . The

estimated standard epicentral error for all four events was

around or less than one kilometer.

Table VI.8.l

Estimated hypocentral coord inates for four earthquakes in the NORSAR area.

No. Date Time of Day Lat (N) Long (E) Depth (km )

1 71.07. 19 00.59.11.5 60°43.1’ lO°43.6’ 31
2 73.10.01 16.44.14.3 59°55.l’ 1l025.41 6
3 73.11.23 06.49.36.9 60°33.2’ 11°28.2’ 23
4 77.12.11 21.46.12.1 60°56.7’ l0°53.1’ 22

5.— - —5----- - - — .5_.~~~_-- - - - _______________  - — 5—- 5---——
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r) J- c j ’ r t ( i nv ’ -~~~ t i qa  te the r e s o l ut i o n  o the  (k ’’)t h ~~~~~ I —

4 t.ion , an exper irment  was performed in wh ich the hynocent er
was constrained at given depths between 0 and 4fl km and the

associated RMS error in seconds was comouted . The results

are shown in F iq .  V I . 8 .l , where i t  is seen tha t  the r c c o l u —
tion is f a i r l y  good for all of the events.

The hypocentral solutions presented here are the most accurate

ones so far publ ished for earthquakes in ~ennoscand ia ,

and th is  applies in par t icu lar  to the focal clenths. It is
therefore  i n t e r e s t i ng  to note that  our results are consis tent
w i t h  those of Husebye et al ( 1978)  , who found from macroseismic

data that most of the depths should be in the range 15-- 30 km.

H. Bunqum

R - t . r p n c e s
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VI.9 Macroseismic Data Collection Using Newspaper Ads

On the basis of the promising results obtained in devel rninq

a method and a procedure for automatic processing of macro-

seismic questionnaires (Husebye et al , 1976), it was found

desirable to change the format of the questionnaires so that

they would be more directly suited for analysis. Also, with

the present great interest shown by the news media in connec-

tion with local earthquakes, it was also tempting to take

advantage of this professionally. Consequently, a project

was initiated (in cooperation with University of Bergen)

in which macroseismic questionnaires now are regularly

published as newspaper ads , in a format shown in Fig . VI.9 .l.
The questions are answered by crossing for ‘yes ’, ‘no ’ or

‘don ’t know ’. So far, the new format and the new data

collection procedure have been tested on the four earthquakes

listed in Table VI.9.l, where it is seen that 230 replies

were received for one of the events. While the data still are

under analysis for all of the events, Fig. VI.9.2 shows the
geographical distribution of the answers , which of course in

this case is convolved with the distribution of the news-

papers.

H. Bungum

E.S. Husebye
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Table VI .9 . 1

List of earthquakes for which questionnaires have been published as
newspaper ads.

No. Date Place (in Norway) No. of Replies

1 11 Dec 1977 Brumunddal 108

2 9 Jan 1978 Stord 69

3 20 Mar 1978 MØre 230

4 29 Apr 1978 Grong ?
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J ordskje lvet ved MØre
den 20. mars ki. 04.58

Sorn et ledd I et for skn ir igsprosjekt I ~amarb eid meilom det seismologiske observator tet NOR-
SAR p~ Kjeller og Jordskj eIvsta~ionen I Bergen ber disse Lnstitusjone ne her om pubilkums
hJelp UI a kart legge v irkningene av jord skjelvet den 20. mars kI . 04.58. — Sporsmâlene rette r seg
UI beboerne av det enke lte husiiellt ghet, og dersom sporsmAlet ikke er aktuelt , krysaes det av I
kolonnen (or .vet ikk e -~. En er ogs~ interessert I svar fra personer som bor I rimelig n~ rhet av
sk.Jelvet og som ikke t iar merket floe.

- Navn og adress e (bare hv is on.skes 

Noyak tl g stedsangiveise (v lkti g b: 

Jordbunnstype: Sand [3 Leire [3 t.osmasser (Ikke speslflsert) 0 Kompakt grunn (sand.
stein) [] FjelI 0
Bygningatype: Tre 0 Mur/lett heton g U Ileton g []
Ja Nd Vet Ikke _
o 0 0 Ble skjel vet merket ’ mHvis -Nd -. eller -Vet I kk e- . . kan ovr t ge sporsmâl ignoreres).
C] 0 0 fi le skje lvet merke t av de fles te I huset/teili gheten?o o [j file skjelvet merk et av alie I huset/Ieillgheten?o o U Ble skjeivet merket utend ors?
0 0 0 Ble skjelvet merket av de f lest .e utendors?o 0 0 Ble rysteisen merket som en svak skje lvlng?o o 0 file vibrasjon ene merket mm en passerende IastebU/tog?
0 0 0 Bie ryst elsen merket som ved en sprengntng ?
o 0 0 Us-is om natten . ble sovende pcrsoner vekket?
0 0 0 Var det vanske iig a holcie ba lansen mens skje lvet pàgikk?o n 0 Kllrret vlndusruter eller ovn er ?
o ci o Svinget tamper eller andr e hengende gjenstande r?o 0 0 Knak et det I vegger eller gulv?
o o 0 Ristet mobier?
0 0 0 Beveget bilder pa veggen seg?
o o 0 Stoppet pendel ur ?
ci 0 0 file sma og lett e gjenstande r forflyttet (oiler veltet )?
ci 0 0 Va r det noen dor er eller vinduer som apnet seg eUer sb Igien?o o 0 Fa It bnker ned Ira hyllene?o o 0 file storre mobler Iorfly tte t?
o 0 0 DIe glass eller porsel en knust ’
[1 ii ii file mobie r heskndtgef,~’(1 U rn Ibte smna sksmder p~ huc eIi,~r ‘mirv egger observ ert?
U U U] file det (,l) ‘ rvj ~,t I-n skj, ih~r ;,A hoc i~ll~r murv egger ?
[J 0 0 ti le det Q1,SVI VCI1 sk: ukr t,A Vl’h~r n.p r ekker I velbanen )?
[3 0 0 DIe det obser vert skader p~ vannledn lnger ?

Vennllgst kry ss av , kllpp ut og re turner skJ emaet UI :

JORDSKJELVSTASJONEN , Mlegt . 41 , 5014 Bergen U.
eller: NTNF /NORSAR , Postboks 51, 2007 Kje ller .

Fig. VI.9.l An example of an earthquake questionnaire as a newspaper
ad , 20 March 1978.
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Fig. VI.9.2 Locations of returned questionnaires for Event No. 1 in
Table V I . 9 . l .  The numbers indicate number of ‘yes’—
answers. This earthquake is also discussed in Section V I . 8 .
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V I.1 () 
~

;( rnicIt 1 ()1 l- a~;L Africa

L3 pa r t  of a s e i smic  r i s k  ana lys i s  for  ~ o lanned dam nro~ect
in Stiegler ’s Gorqe , Tanzania , NTNF/NORSA’~ has conc~ucted

an extensive study of the seisnicitv and tectonics of Eastern

?~Zr ica. Seisrnologicaily, this is a very interestinci rec’ion

as it encon~asses the East Afr ican Rift ~ysteri, and it h as
consequently been the subject of numerous studies in the

past (see, e.g., ~iaasha and Moiriar , 1972). Fin. VI.lO.i .

shows the distribution of seismicity in the area covered

by the oresent invest igat ion, based on a catalogue of 4~~6~
known ear thquakes  compiled by NTNF/~ORSI’R. The hic’h seismic
a c t i v i t y  along the r i f t  zones may he c l ea r ly  id~~n t if i e~~
however , it is of interest to note that the seismic activit~’
shows wide distribution also outside this main system .
In this respect, the seismicity of East Africa shows clear
similarities to what has been observed in other intranlate

areas such as Northern Europe , Russia and Northeast America .

Special attention was given in the NTN F/NOR SA~ study to

comparing the earthquake magnitudes reported b” various
• agencies to those calculated from NORSAR recordinc’s. iz’iq.

VI.l0.2 shows a plot of NORSAR versus PDE (Preliminary

Determination of Epicenters , U.S. (‘~eo1ociica1 Survey) renorted

magnitudes. Although the data base is limited due to the

short time period covered (6 years), it is evident that,

relatively speaking , PDE shows a systematic nositive magni-

tude bias, which is most pronounced for NORSAR mannitudes of

about 4.0. We attribute this to the network mannitude bias
problem discussed , e.g., by Ringdal (1976). Similar results

were found when comparing NORSAR to those of other acTencies

such as the International Seismological Centre (ISC). This

is consistent with observations from other rertions, and it
appears that earthquakes with a PDE or ISC renorted mb of
5.0 or above in many cases will have a considerable ‘ositive

bias, sometimes as much as a full magnitude unit relative to

a hypothetica l ‘true ’ magnitude .

F. P~inndal

H. Bunqum
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Fig. VI.10.l Locations of all 4069 events in the NTNF/NORSAR
earthquake catalogue for Eastern Africa .
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VI.ll Lithospheric Thicknesses in the General NORSAR

Siting Area

An integral concept in modern niate tectonic hynothesis

is the structural units lithosphere and asthenosphere,
and as such also widely used in seismological contexts .

The basic differences betwen these two uppermost layers of
the earth are slightly lower velocity but much lower attenua-

tion and viscosity in the asthenosphere than in the litho-

sphere. The a-factor is of particular importance in near-

field (range 0_300) seismological studies , as event detect-

ability would be inversely proporitional to the Q—factor.

Furthermore, there are considerable regional lithosphere

differences; for example, heat flow and surface wave studies

indicate that the lithosphere in shield areas like Fenno—

scandia is relatively thick as coi~pared to oceanic areas

(Pollack and Chapman , 1977; Lee and Solorcion , 1975)
1974). In the latter case, the lithosphere-asthenosphere

transition is generally marked with a pronounced velocity

reversal. The combination of thick lithosphere and high

Q-values clearly implies good seismic event detectability

in the near-field distance range as demonstrated by

Khalturin et al (1977) and some preliminary results on

related problems have been published by Husebye et al

(1977). Anyway, the topic of this section is to describe

an experiment aimed at estimating lithospheric thickness

by observations and analysis of so-called S—to-P converted

waves associated with a discontinuity tentatively interpreted

as the lithosphere/asthenosphere boundary (see Fig . VI.ll.l).

This research started in 1976 when Dr. I.S. Sacks of
Carnegie Institute, Washington , D.C., visited NORSAR , and
has now been completed (see Sacks et al , 1978).

p

—---——5 -— — - 

* -~ 
— --



— —

Arrivals interpreted as ~2 with a conversion beneath the
Baltic Shield (Ume.~ area, NE Sweden) were found at NORSAR

for 5 events in the epicentral range 70—82° with back

azimuths of 37-57°. In the following we discuss the analysis

of one of these events in some detail with emphasis on

particle motion processing of the records (see Husebye et

al, 1975) * Discoritinuities in the particle motion can be used

to determine the initial onset of phases whose long period

character makes this difficult to establish precisely f rom
the time domain record. Fig. VI.ll.2 shows the vertical

radial and transverse components and the particle motion

for the minute preceding direct S. Before ~~ (Fig. VI.ll.2 (1))

the particle motion is not in the earthquake-station great

circle path . After the ~~ onset the particle motion is along

azimuth (Fig. VI.l1.2 (3 upper) and in the vertical nlar.e

the particle motion (Fig. VI.ll.2 (3 lower)) is a tiaht el—

lipse. The onset of ~~ can be determined by tracing the motion

backwards in time to the point where the particle motion breaks

from the smooth elliptical motion (Fig. VI.l1.2 (2 lower)). The

motion associated with ~~ persists until the shear arrival

(Fig. VI.ll.2 (4)), when the dominantly radial motion changes

to transverse.

Using arrival times determined from the particle motion, the

differential travel time for this event is found to be

29 ± 1 sec which implies a cnversion depth of 250 ± 15 km.
Very similar results were obtained for the other 4 events.

I.S. Sacks (Carnegie Inst.)

E.S. Husebye

J.A . Snoke (Virginia Poly—

technical Institute &

State University)
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Fig. VI.ll. 1 Ray paths of direct S and ~~~~~~.
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