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IIITRQIMJCTION 

Since 19V0 eleven stations with high-gain (raagnifications 

up to 150.000) long-period (peak between 30 and 50 s) syntoma re- 

cording in analog and digital for-n have been put in ops ration (Sa- 

vino et al. , 1972). These stations, that will be refered to as 

HGLP, have been used in the deterninotion of propagation and source 

mechanism parameters, comparing their performance with fiat of the 

■W88M stations. The parameters selected in this study are for the 

propagation characteristics group and phase velocities of surface 

waves and attenuation and for the source, the dimensions of the 

fracture plane, seismic moment and the stress conditions. Because 

of the response of the HGLP systems which peaks at about 30 sec, 

special emphasis has been placed on the determination of the about 

mentioned parameters by means of surface waves, 

A very important step in the analysis of the HGLP data 

is that of the preliminary processing which involves analo- to 

digital conversion, filtering and spectral analysis. Reduction to 

ground r.otion requires also knowledge of the response characteris- 

tics of the syste-s. The HGLP instruments hove two outputs, one 

analoc (HGLP-ANL) with conventional photographic recordinr the 

other digital (UGJ.P-DIG) on magnetic tape. Llgilalization of the- 

analog records hove been done frOI enlarged copies of the microfil ■: 
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In this renpcct the data froni earthquakes relatively largt and near 

to the station are practically impossible to analyze. Amplitudes 

arc too lar.^e, lines fainted, and traces entangled. The digital 

outputs should solve this problem, but it creates some of its own. 

In order to study dhe capabilities of the digital outputs 

of the HGLP stations, the digital tapes in file at the Lamont-Doher 

ty Observatory were studied. V.'e have selected for our itudy 3 earth- 

quakes and 5 nuclear explosions. Of those only 37 records were found 

of any use. oome of the problems found were that the records were 

not in the Lament file, were copies defective, failures were present 

in the digital system, and magiification was too low. The process 

of finding the proper place in the tapes is also very time consu- 

ming, since there is not a fast search system. Outputs of the digi- 

tal data in magnetic tape and printed form ore now being onal.yzed. 

Another problem encountered is using HGLP-DIG data is the variation 

of the ground motion. In the ALQ (Albuquerque Observatory) station 

the values found in 10 calibrations from Oct 73 to Mar 7h  gives for 

the magiification at 30 sec in counts per micron values ranging 

from 302 to 1232 in the Z component,'512 to 352 in NS and 593 to 

965 in F.V (A. Murphy, personal comunication). It is not knwon 7;he- 

ther the changes were tha result of modifications made to the syste- 

or spontaneous changes. If the latter is true, large errors can ne 

introduced when using digital data from stations where calibration 

is not repeated so often. This lack of stability in the digital 

system should be reflected in the comparison of the source parame- 

ters which require ground motion reducti.o-. as detcmined from ana- 

log and digital records. 
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Dcter'".inabi.o''! of lOUTCt Tporamcterr! 

For many years all that could be found about the rnecha- 

nisir. of earthqua-ics was the orientation of two nodal pianos of P 

waves, one of them corresponding to the plane of fracture »nd the 

energy released as seismic waves derived usually fro-i the vaLo of 

magnitude. Progress in the study of focal mechanism has led to the 

defin'tion and determination of several parameters describing more 

fully the processes at the source of earthquakes (Aki, 1Q72). These 

are the dimensions of the jiane of fracture, the seismic noment, 

apparent average stress and stress drop. Of the several methods 

proposed for the determinations of those parameters we have selec- 

ted two shich are mutually independent, one based on the snectral 

amplitudes of the Raybigh waves and the other on the amplitude and 

form of the shear wave spectrum. 

Method of snecbral amnlitudos of 7?avloir:h waves 
—   ■ ■■    ■■ —   -■.-■-■...■ 

Following  the work  of Ben-Menahen,   Jarosch  and Roseman 

(1970)   the Seismic moment  can  be expresed  in terms  of the cnectral 

amplitudes  of the vertical component  of the Rayleigh wave  in  the 

form 

M. = h UzM 
(i) 

V^t- 
The parameters of this equation aro given in a convenient forn in 

tha tables of the same article. 

The length of the fault can bo obtained assuming a propa- 

gating raptUIt of rectangular for::, from the "directivity futictlon". 
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This  function haa  been defined by Bon-Mennhon  (1961)  as t!io ratio 

of the spectral amplltudtfl  of surface waves correspomilur to rays 

leavin-;; the   focus  in  opposi.te  dlrectlqn.  Tho  limitation  of using 

only d^ta  fron stations  130 degrees aoart Ll) azluuth is not neces 

sary in many cases   (Udias,   1971).   If 01    is  the angle  between  the 

azimuths  of two otttions  the  lenght of the   fault,  is  Given by 

I = cR 

tmm (~ - Cos (&■&) ) 6*i (£l - <ros 0 ) 
(2) 

where fmax and f^^ ar-3 tti« frequencies of the first maximum or 

minimum of the directivity function, v the  rupture velocity, CD the ■ 
phase  velocity and the ■Sianitta from the   fault pl"ne. 

Method  of shear-wave  snectr'Jm.   OOrnai'-fraauanev 

The amplitude a^.d   form of the spectrum  of shear waves have 

been  related to  the values  of certain parameters at   tht  source  (Ahi, 

1972).  The spectral  comer-frequency  f ,   or  frequency where the gpoc 

trum bends  from ü  constanc value  O-o   at  low  frequencies  to a  dimi- 

nishing value with  frequency.   (Brune,   1970),   and the value of He 

itself are the two parameters  of the spectrum related with source 

cneiracteristicü.  A third parameter obtainable  from the spectrum  is 

£   wich controls  the high   frequency decay  of  the spectrum.  Accen- 

ting the General validity of Bruno's model and  the physical inter- 

pretatic.  ülven  by him to the  three norametors   f . Oo and  € the? 
0 J 

can  be used in the specification of the Dhaxaetarlatloa 5f tht 

source of earthquakes (Hank and Thatcher, 1972)« 
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The spoctral amplitude ^o is relatod to the seismic 

moment by the formula 

Mo = ^upp^^o • C3) 

The  corner  frequency   f    is  related   to the  radius  of  the  equlvülent 

circular fault area  r by 

"   2TTf0 

(O 

The stress drot),   difTerence  in siiear stress acting before and after 

an earthquake is jiven by 

16 r3 r (5) 

The parameter 6 is related to the ratio of the stress drop AT to 

the shear stress difference on  the  fault surface,   or effective shear 

stresc  0*pf 

ACT 

CTopf 
(6) 

If fe is  taken  to be  unity,   the  apparent avorace  stress  defined by 

Wyss (1970) as 

^CT    .^ 
M« 

(7) 

is  given in ter-.o  of  f    and   it© by, 

i. 
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•n cr =   H.ipR A»p4 (8) 

This  fortuila  is olno valid  to a  oortaln  npproxiu'.ation  for  the  cases 

where 6<1.   In all  tnose   fomulM (i  is   the snecir vavo velocity a^d 

R the reference hypocentral distance, 

Anplicatio-i   to tha  oartlinnake  of 6 June  1972 

Origin time and location; 

6 June  1972,    05:25:50.2 

32.9 N , 39.9 I,    h = 33 

mb = 5.5 

Orientai.ion of nodal planes; 

plane A: N 66 I - 68 RW 

plane 3: II 19 £ - 76 HE 

Seismic ao]Mtnt 

Seismic moment has been calcuU'ted from tlie values of fne 

smoothed spectral amplitudes of the vertical component of Raylei^: 

waves corresponding to periods of 50 and 100 seconds and from the 

low-frequency limit of the amplitude spectrum of shear wav.g . Re- 

sults are listed below; 

  4 
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Station 

ALQ HGLP-Al^L 

TLO IIGLF-ANL 

KON HGLP-ANI. 

ALQ HGLP-DIG 

ALQ VAV3SN 

LPB WV/SSN 

Shear waves 

KON HGLP-ANL 

ALQ HGLP-DIG 

M. 

T = 50 sec 

10 

3 10 

3 
3 
3 
8 

10 

10 

10 

10 

25 

2k 
Zk 
2.'f 

25 

23 

dyne-cm 

T = 100 

k  10' 

3 io 21» 

.6 10 

10 

2 10 

2/f 

25 

3 

5 lO2^ 

6.5 l02Zf 

Agreement between the different values is good. As an 
pi 

average the value of K is 3 '0  dyne-cm. This agrees with val-ies 

obtained for the moment in the same magnitude range by other au- 

thors (Aki, 1972). The agrecrent between the values obtained form 

the digital and analog records of the KGLP is also good, as it is 

between those found using surface and shear waves. 

In figure 2 we show the spectra of the Rayleigh waves 

recorded at the same sbtion (ALQ) by tie V.'V/SSN, HGLP-ANL and IIGIP-DIC 

instruments, reduced to grounc "lotion. The spectrum of the HGLP-DIG 

gives srialler amplitudes for perioas shorter than 26 sec. 

Length of faulting 

Length of faulting has beon calculated from the dircctivitv 

function of Rayleigh waves and from the corner frequency of shear 

■ 1  1 mt—m - 
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v/aves,   Rosultc aro  listed below: 

Directivity 

Stations 

KON/TLO     KGLP-A"JL 

KON/ALQ    ROLP-iML 

TLO/ALQ    HGLP-AIIL 

b km 

31 

40 

52 

^6 

68 

89 

42 

92 

70- 

v km/Mo 

1.5 

2.1 

3.0 

i.o 

1.5 

2.0 

1.5 

2.0 

3.0 

Corner frequency 

KON HGLP-ANL 

ALQ HGLP-DIG 

r km 

20 

13 

The values from the directivity depend or. the assurrution 

of a velocity of fracture v. In previous studies (Udlas, 1972) 

wo have seen that for this range of magnitudes the most consistent 

value of v is about 2 km/sec. This metbod assumes a rectangular 

fault with a propagating fracture. As the value from KMO/ALQ is 

higher than the other two, we can safely take b = ^5 km. From the 

corner frequency we obtain the radius r of the equivalent circular 

fault. Taking the mean of the two values r ■ 16.5; this ,^es an 

y*M 
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•a area of 855 ^:i?'  for the fault surfccc. This area in the rectu-- 

pular model of lentgh 1*3  km will result Ln I fault width (f 1° km, 

which is also a reasonable value for a shallow ihOOlc of this Mg- 

nitude, 
i 

Stres.-j-dro-' and p-oir-iro-.t-slress 

From the corner frequency wo can also obtain values for 

the stress drop and apparent stress. Using the HGLP records of two 

stations the values obtained are 

KON IIGLP-ANL 

ALQ HGLP-DIG 

These two values are somewhat low specially that of KOII. The value 

from ALQ in nearer to what is usually found. The aparent stress 

can be found directly from the values of the enerrry and ehe raorent, 

using equation (7). 
11      ? 

Using a value for }K =  3.3 10  dyne/cm" and for the ocer- 

gy that derived from the magnitude accordin--; to the formula 

log Es= 5.8 +.2./| mb 

which gives 

Ad = 0.27 bars      r^- 5 ICT dyne/cm 

5      2 
AC = 'i.l  hars      rf-  8 ICr dync/cm 

Es= 10 
19 

the rtSUltlng value for the amarent stress is 

rfi r-.  i.l io6 dyna/ea2 

This value agrees better with other values of thla parameter for 

similar magnitudes. The smaller values found fron the corner fre- 

quency aay be duo in part to the fact that tha expreslcns used aa- 

su^ed that C - unity, which may not ho a realistic aaau iptlon« 

Up to thla noint wo can point to tha :-ood poaalbilltlM 

- i 
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offered by the HGLP record in the UlAlyslfl of source parfti.icter from 

shocks In the tna,c;ni.tudo rangt 5.0 <: I'. < 6;0. So for it has been found 

also that  outputs  of  the digital system give  very  consistent rer.lts. 

Prona"atlon narameIHrs 
i—■* ■• ■ ■  • ■' 

Tv/o other areas that are under analysis to test the reli- 

ability of IIGL? data are the determination of absortion coeficie^t 

and anelastic riaptrtiaa along the propagating path and the group 

and phase velocities of surface v.'aves. Computer programs for the 

processing of the data have been prepared. These involved tie use 

of multiplefilter techniques to determine the group velocities of 

the energy contained in narrow bands of frequencies, of sliding- 

filters to eliminate unwanted disturbances Lnthi surface wave sig- 

nal and programs to calculate phase velocities by different methods. 

These programs will be applied to the analysis of phase 

velocity along the path fro« the tro HGLP stations in the Medite- 

rranean TLO and EIL, This path crosses the Mediterranean sea and 

it la expedted that the data will furnish new information for the 

interpretation of the structure of thiscomplicnted tectonical area. 

Since this two stations are also VWSSN stations comparison of bob 

type of data will snow the imnrove .ent of the results due to the 

use of the HGLP stations. 

mmm ■ 

— 
-- 
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