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Fig. 1 Flow-chart of an interactive determina-

tion

of earthquake mechanisms. Recti-

lineal terms mean the working routines and
encircled letters denote the parameters to

be keyed in.

Arrow-heads mean repeats

or selection of routines.
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Fig. 2. Guide for data input (Menu 1), (a) date and time of earthquake
occurrence, (b) hypocenter and magnitude, and (c) first-motion data.
Thege data can be given in two modes, (1) table as DATA statement
in the program and (2) correction and supplements on the screen.
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Fig. 3. Summary, correction and supplement of data, (a) origin time, hypocenter
location, magnitude and station number as read from the program table, (b)
correction of origin time and hypocenter and (c) supplement of first-motion
data: station code, azimuth, take-off angle and initial motion.
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Fig. 4. Display of the first-motion data on the lower focal hemisphere by the
equal-area projection. Compressional first-motions are denoted by solid
circles and dilatational ones by empty circles.

K- 2 ¢ BBKX,Y) OALE & ik

1. AT X, Y, N, P, T
2. BBIE(F—-AH)
's' : REEE)
'q' : HEE
'x' ot SE1EH ORR
y' o EE2ffim kR
'0' : FEOAIE/ TR 07 nyh
"1 A8
'2' : —F
'3 AHT 7
A
'5' o EIL/BAL R <« 4
: HEE

16' H
T fEfE 1
8" kb

‘9" : HfHE

Z OIIEER T Y
BOEUL» T EET

FAkHELEDG) 741

DN O b
v

LL L T O T T I O O A T N ¥ O T I T A TR 1

Fig. 5. Guide for determination of nodal planes (Menu 2), (a) input of initial solu-
tion of focal mechanism, and (b) commands for adjusting poles of nodal planes.
The inset shows directions to be adjusted (arrows) and numerals of keys.
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Fig. Ta i3 fi—Wi 4 YeE3 2 0& 553, WMo e @BE EhTs b, il

750 '=s==== B OHMNE L HHE d=====

760 XP=X0:YP=Y0:DX=0!:DY=0!:SPD$="Q"
770 L$=INKEY$

780 IF L$="s" THEN SPD$="S":GO0TO 770 'R
790 IF L$="q" THEN SPD$="Q":GOTO 770 T ERE
800 IF L$="x" THEN DDX=DD:DPX=DIP:GOTO 960 ' #& (1)
810 IF L$="y" THEN DDY=DD:DPY=DIP:GOTO 960 ' #& (2)
820 IF L$="0" THEN DX=0!:DY=0!:GOSUB 970:

GOSUB 1100:G0TO 770 " AR
830 IF L$="1" THEN DX=-1:DY=+1:G0T0 920 TEMT
-840 IF L$="2" THEN DX= 0:DY=+1:G0TO0 920 T
&50 IF L$="3" THEN DX=+1:DY=+1:G0TO0 920 " HMT
360 IF L$="4" THEN DX=-1:DY= 0:GO0TO 920 A
870 IF L$="56" THEN DX= 0:DY¥= 0:

GOSUB 970:G0T0 770 "Ek /M E
880 IF L$="6" THEN DX=+1:DY= 0:GOTO 920 " H#
890 IF L$="7" THEN DX=-1:DY=-1:G0TO0 920 " E®E
900 IF L$="8" THEN DX= 0:DY=-1:G0TO0 920 'k
910 IF L$="9" THEN DX=+1:DY=-1:GO0TO 920 A/ E

920 XP=XP+DX:YP=YP+DY:PSET(XP,YP),1:DXP0=XP-X0:DYPO=YP-YO
930 RP=SQR(DXP0"2+DYP0"2):IF RP=>R THEN BEEP:DX=0!:DY=0!
940 IF SPD$="S" THEN DX=0:DY=0

950 GOTO 770

960 RETURN

TFig. 6. List of the subroutine program for adjustment of nodal planes. Letters
from the key-board are instantly read by “INKEYS” (line 770). Refer to Fig. 21
for an subroutine of drawing nodal lines.
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active processing on the screen, and b’ an adopted nodal line for the X-.axis.
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Fig. 8 Determination of the second nodal line, (a) candidates of nodal lines, and
(b) a set of nodal lines to be adopted. Poles of nodal planes sholud be located
on another nodal line to satisfy the orthogonal condition.
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Fig. 9. Input of initial solutions, (a) input of pole locations (azimuth and dip
angles), and (b) adjustments of nodal lines.
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Fig. 10. Guide for numerical estimation of focal mechanisms,
(a) Menu 3 for axes of principal stresses, angular distances
and score, and (b) Menu 4 for fault-plane solution, first-
motion data and mechanism diagram.
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“t”
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LTvbhs (Fig. 9b).
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Fig. 12. Angular distances (in degree) between the axes. Angular dis-
tances should be 90° for the orthogonal condition. Principal axes of
P and T axes should have a distance of 45° or 135° from two poles.
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Date: 1981 / 1 / 30 Origin time: 6 / 19 / 34 7
Epic: 129.88 °E, 32.46 °N, Dep: 21 km, M 5.

No Sta Azim Ih Obs Rad

C/D
1 NGS 174.40 45.30 C 1.0 0.359
2 FKJ 295.10 82.00 D -1.0 -0.532
3 KUM 233.30 87.90 D -1.0 -0.394
4 KAG 141.30 88.30 C 1.0 0.343
5 FKK 19.30 72.80 c 1.0 0.741
6 SHN 29.10 63.10 C 1.0 0.507
7 VLA 21.50 52.60 + 1.0 0.590
8 PPR 180.80 33.80 + 1.0 0.146
9 MOY 308.20 32.30 - -1.0 -0.112
10 CHT 251.50 30.20 - -1.0 -0.437
11 ELT 301.30 29.50 - -1.0 -0.1385
12 TAS 281.50 27.10 - -1.0 -0.332
13 WRA 179.20 26.00 - -1.0 0.054
14 MEK 180.80 23.90 + 1.0 0.027
15 OBN 291.80 22.20 - -1.0 -0.205
16 DAG 303.80 21.10 - -1.0 -0.116
17 GDH 61.00 18.80 + 1.0 0.062
18 CLL 287.20 18.50 - -1.0 -0.1389
19  ¥WDC 82.20 18.00 + 1.0 0.012
20 UCC 286.60 17.30 - -1.0 -0.178
21 wunz 215.10 55.10 D -1.0 -0.076
22 kum 233.30 87.90 D -1.0 -0.394
23 sag 21.20 79.00 C 1.0 0.695
24 asj 59.70 76.30 D -1.0 -0.419
25 myz 105.80 72.80 D -1.0 -0.590

‘Fig. 13. List of the first-motion data and theoretical P wave radiation pattern
for the fault-plane solution obtained in the analysis.
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Fig. 14. Final solution for focal mechanism and scores. Fault-plane solutions
are also given in terms of azimuth and dip angles on the right-hand side,
and score (station number) of the consistent first-motion data at the bottom.
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Fig. 15. Schematic presentation of the accepted focal mechanism, (a) a
point (“+”) within the first extensional area, (b) painting the first
extensional area by keying “p”, and (¢) a schematic diagram of focal
mechanism.
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Fig. 16. A method of drawing nodal lines which pass through a
given point, A. Poles (X1 to X4) are restrained on the nodal
line for the point A due to the orthogonality.
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Fig. 17. Determination of nodal lines, (a) a nodal line (pole X) which
pass near three points (A, B and C), and (b) a possible area (shaded
area) for a pole of nodal plane which is defined from two areas of
Al to A2 and Bl to B2
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Fig. 18 A unique solution of nodal line skimming along three points (A, B and
C) which are located along the boundary of compressional and dilatational
areas of first-motion data.

DAL 2 DOFEE N HE S TER DIERENTL H O WML WIS TE 5. fiiffio 7
=y P2NERGEE W TABEE B DT, 2 Hill OTLRLAE RV KIETR B0 o
Wipe 5 X5 AhDb LT 5.

)T — 2 O AINTBMMSE T « BHEATE 2 %555, Thboffiil= — ¥ —12{fe s
ha. I HHlA ofiic KEFTHE =5 e I35 KR o B2 v A — 35 3%
(MAKI, 1983) 2@ & Hbh s, ZOFTRIEE « L~ v b A OG0 MERR: X
htws Fig. 20).

[REDFHE e 77y MITXEME X 52 2 TR A0 & X X - TIHEIS K & A
b, XVF<—2rFA ML UTHEMGL10° O 8 Re I ifin & Lhwh 2 THE
7wy b FB w5 (Fig 21) 12 X o T BERRIA I L. Fig. 22 cix 4 fio
Jin & Rk U, i i ol armd. 1 ROHiEZ 345 ey,
M BT, RN E XHd0=1, 5, 10 K 15° wkf L%~ 15.6, 3.3, 1.8 BO*
1.3 B34 %. Mo & SHAKE T IVEDBERMEITA /e THin A & — Zicfiigh
A ERTE V. AL TR 5° oJififiiE A THBAIIN 7ry F LTW5.

UHEELE D~ Y a v e s — 2 I IS 35 BT R & 70 % o4 i o g &
CPU Mo #unibiF bhs. IBM 5550 o 354 (15 Wi 5 4 A7 1 A) T
1024 X768 Vo F OFURIERAT LT VB DT, 4R 300 ¥y FOWEHSAEK « £ H = X A
ROFETROMICT « MR TED. L1 Fy P oS0y 0.3° ©h
B, fUEER T —fiz 600400 (G232 200) v ORI TH B 7o SR 1L




214 % N

a 1981 /.17 30 N 129.88 °E
6/19/ 34.9 32.46 °N
21.6 km
M5.2
W E
o HHL
[l it
o:5|¥ N NS=25 /7 24
b 1981 /1 7/ 30 N N 129.88 °E
6 /19 / 34.9 ? 32.46 °N

21.6 knm
M5.2

o L
0:5|¥ S

=k
NS= 25 / 23

| ERbEEORE |

Kz st
212.0 28.
303.3
38.9 6
261.4 22.
164.1 1

U2 <X E

m_
P g T -4
: fiEkE (X, Y)
: N,P,T
P FEROMA

0 DN

| REBEORE |

Fig. 19. Alternative solutions for a set of first-motion data, (a) another strike-slip
solution with an intermediate dip angle (dip=61.8°) of the null vector (N axis),
and (b) a dip-slip solution with a poorer score.
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TFig. 20. Distance variation of take-off angles for various focal depths for the JMA
standard model (MAKI, 1983). Effects of the fine structure of the crust and
upper mantle are included in these take-off angles.
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216 % iE

10 'save "b:demo2.bas

20 'ANTYF R =D F P70 S LB TO Y PATERR
30 SCREEN 2:KEY OFF

40 DIM X(181),Y(181)

50 RAD=.0174532925#:G0OSUB 130

60 TIME$="00:00:00":AZM=180!:NSTP=15

70 FOR. DIP=10 TO 80 STEP 10:GOSUB 240:NEXT

80 LOCATE 21,1:PRINT "PR EEf "

90 LOCATE 22,1:PRINT TIMES$

100 LOCATE 1,1:PRINT "A M A X F v 7°";NSTP;"°"

110 LOCATE 23,1

120 END

130 's====( Z I — I d=====

140 CLS:R=300:%X0=368:Y0=333

150 CIRCLE(X0,Y0),R:R1=R+1:CIRCLE (X0,Y0),R1

160 LOCATE 1,29:PRINT "N":LOCATE 12,53:PRINT "E"

170 LOCATE 23,29:PRINT "S":LOCATE 12, 4:PRINT "W"

180 R1=10:R2=R-10:F0OR IAZ=0 TO 3:RAZ=RAD%90!xIAZ

190 X1=XO+R1%SIN(RAZ):Y1=Y0-R1%COS(RAZ):LINE(X0,Y0)-(X1,Y1)
200 X2=X0+R2%*SIN(RAZ):Y2=Y0-R2%COS (RAZ)

210 X3=X0+ R%*SIN(RAZ):Y3=Y0- R%COS(RAZ):LINE(X2,Y2)-(X3,Y3)
220 NEXT

230 RETURN

240 '=====C BR (HAL « BRI T B AR O 7°09h dm====

250 EQL=SQR(2!)*SIN(.5%RAD%(90!-DIP)) :Z=RAD%AZM

260 XP=XO0+R*EQL*SIN(Z) :YP=YO-R*EQL%COS(Z) :CIRCLE(XP,YP),2
270 Z=RAD%(90!-DIP):J=0:FOR I=0 TO 180 STEP NSTP

280 AG=1.57078-ATN( SIN(RAD*I)*TAN(Z) )

290 EQL=SQR(2!)%SIN(.5%AG) :J=J+1:RAZ=RAD%(AZN-90!-1)

300 X(J)=XO+R*EQL*SIN(RAZ):Y(J)=YO-R%EQL*COS (RAZ) :NEXT
310 N=J-1:FOR J=1 TO N:LINE(X(J),Y(J))-(X(J+1),Y(J+1)) :NEXT
320 RETURN

Fig. 21. A program list of a bench mark test for drawing nodal lines
with different increments of azimuth.
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Fig. 22. Comparison of elapsed times and nodal lines for four cases
with different azimuth increments.
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An Interactive Determination of Earthquake Mechanisms

Tadashi MAKI

Earthquake Research Institute
University of Tokyo

Graphic determination of earthquake mechanisms has been improved by the con-
versational method of the BASIC interpreter of the personal computer (IBM 5550 Mul-
tistation). First-motion data are displayed vividly on the screen, and the high resolution
of the screen display gives the precise adjustments of the nodal lines with an accuracy
-of tenths of a degree. Nodal lines are displayed quickly and precisely to search for the
most likely set of nodal planes by the dialogic interaction. For the final set of two
nodal planes satisfying the orthogonal condition within a degree, the program calculates
other axes of the principal stress (P, T and N axes) and scores of consistent first-motion
data, together with schematic diagrams of focal mechanisms.




