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ABSTRACT

Section I of this report contains a classification scheme
for short period tilt data. For convenience, all fluctuations in the
local tilt field of less than 24 hours duration will be designated SP
(i.e., short period) tilt events. Three basic categories of waveshape
appearance are defined, and the rules for naming the waveforms are
outlined. Examples from tilt observations at four central California
sites are provided.

Section II contains some coseismic tilt data. Fourteen earth-
quakes in central California, ranging in magnitude from 2.9 to 5.2, were
chosen for study on four tiltmeters within 10 source dimensions of the
epicenters. The raw records from each of the four tiltmeters at the
times of the earthquakes were photographed and are presented in this
section,

Section III contains documentation of computer programs used
in the analysis of the short period tilt data. Program VECTOR computes
the difference vector of a tilt event and displays the sequence of events
as a head-to-tail vector plot. Program ONSTSP l)requires two component
digitized tilt data as input, 2)scales and plots the data, and 3)computes
and displays the amplitude, azimuth, and normalized derivative of the
tilt amplitude. Program SHARPS computes the onset sharpness, (i.e., the
normalized derivative of the tilt amplitude at the onset of the tilt event)
as a function of source-station distance from a model of creep-related

tilt changes. Program DSPLAY plots the digitized data.
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CLASSIFICATION SCHEME FOR

SHORT PERIOD TILT EVENTS



INTRODUCTION

The U.S.Geological Survey maintains an array of approximately 40
biaxial borehole tiltmeters in central California. The data from four
of these tiltmeters (Libby, LIB; Sage South, SAS, Melendy, MEL; and Bear
Valley, BVY -~ see Figure I-1 ) was selected for this investigation. The
station~to-fault and interstation distances are recorded in Table I-1.
The instrument resolution is about 10~8 rad., although under ideal
noise-free condidtions somewhat smaller changes can be detected if they
occur within a few minutes. The data, passed through a 20 second output
filter, is sampled at 10 second intervals. A description of tiltmeter
installation and operation is contained in Johnston and Mortensen (1974)

and Mortensen and Johnston (1975).

For convenience, all fluctuatiams in the local tilt field of less
than 24 hours duration will be designated short period (ie,SP) tilt
events. Visual examination of the raw records discloses that many of the
perturbations in the tilt field may be classed as SP events. Preliminary
analysis of the dataindicates 1) .that there are many different physical
processes capable of affecting the local tilt field, and 2) that there
may be a large variety of waveshapes associated with a particular physical
process.

Often the source of the event is unknown or only tentatively identified,
so that reference to the SP event must be made without implying a physical
mechanism. Although the SP event waveshapes are quite variable, there are
some waveforms that repeatedly occur. Thus it would be useful to refer

to a particular event type without reference to the event source.
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Classification of Short Period Events

The following notation is proposed for SP tilt events based upon
their appearance in the raw records (ie, monitoring tilt component
amplitude versus time and sampled at 10 second intervals with a chart speed
of 0.5 inch/hour; the tilt data in figures I-2 through I-5 were taken
from enlarged copies of the Rustrak records that were digitized and
computer processed to a common scale —'see Section ITII~-D; Program DSPLAY):

SPI: Impulsive events. These events are characterized by a very
rapld onset and decay, typically appearing as '"'spikes' in the tilt
amplitude (figure I-2a).

SPS: Step-like events. These events are characterized by a very
rapid onset resulting in a permanent (or apparently permanent) offset in
tilt amplitude. ( figure I-2b).

SPO: Oscillatory tilt signatures. These events are quasi-sinusoidal
in appearance, and may have one or many zero crossings after the onset of
the event ( figures I-2¢, d,e). In some cases it may be convenient to
distinguish between events with different numbers of zero crossings, in
which case "0" followed by the number of zero crossings, or 'm" (ie,"many")
can be used. (e.g., the waveshape in figure I-2c can be designated SPO1;
figure I-2d, SP02; and figure I-2e, SPCm).

Waveshapes combining the above features can be designated by combining
the appropriate symbols, using the convention that I will be placed before
S and 0, and S before 0 (the number of "zero crvssings' in the case of a
combined event can be taken as the number of half-periods existing in the
"0" part of the event). For example, waveshapes can be designated SPIS
(figure I-3a), SPII (figure I-3b), SPSO (figure I-3c),SPISOl (figure I-3d),

SPS02 (figure I-3e), SPSS (figure I-3f), and SPSOm (figure I-3g).
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Subsets of this classification scheme may be defined when the physical
origin of the SP tilt e&ent is known, eg., creep-related, coseismic. The
following scheme establishes the basic categories and is capable of further
extension:

1) SR events - These events are produced by episodic, nonseismic
slip on a fault or fracture (ie., slip-related tilt events). The actual
waveshapes may be quite variable depending upon the source-station geometry
and the type of slip occuring. Two subgroups have been identified:

a) SRN events - These are SP tilt events with residual offsets that
are suspected to have been produced by a slip process - either at depth
on the San Andreas fault or on a fracture subsidiary to the San Andreas
fault, but that could not be related to events on nearby creepmeters.

(This category would include the SR events discussed in McHugh and Johnston
(1976).)

b) SRC events - These are SP tilt events associated with, or caused
by, surface creep episodes. Included in this category, are the creep-related
tilt events discussed in Mortensen et al. (1975), Johnston et al, (1976),
and McHugh and Johnston, (1976).

1I) CS events -~ These are coseismic tilt signatures, ie., SP tilt
events produced by a slip process that radiates seismic energy.

a) CSL. events - Coseismic signatures produced by local earthquakes
(figure I-2a.2, I-4a, magnitude and source-station distance indicated by ML
and D respectively).

b) CST events - Tilt signatures produced by teleseisms (figures

I-2e, I-4b:body wave and surface wave magnitude indicated by Mb and Mg

respectively, earthquake occurrence time in hours GMT is in parentheses).



1I1) R- tilt signature produced by rainfall. Figure I-5 shows
examples of R events at MEL for the amounts of precipitation indicated
in parentheses.

V) P - tilt signature produced by barometric pressure flucuations,
such as may occur with the passage of a major storm front. The tilt
amplitude change expected for a major storm can be estimated from Savino

and Rynn (1972):

oo LP [ AA2 22 (o)

4wy A + M L e

where w is the vertical deflection at depth Z, L is the wavelength of
the pressure wave, and P is the pressure. Estimating the tilt, © , at the
surface to be w/(L/2), the change in tilt caused by a change in pressure
becomes:

A0 =3AP/(4mn) with Anp.
Pressure changes of up to 0.1 to 0.2 in .-Hg occurring within 3 hours
have been recorded at the San Francisco International Airport (Nation;l
Climatic Center, NOAA), thus reversible tilt changes of up to 5.4 x 10—9 rad
within 3 hours (SPP events) may be associated with major storm fronts. A
visual examination of tilt records from the stations shown in Figure I-1 at
times of major barometric pressure changes (and excluding times of rainfall -
figure I-6) failed to reveal any perturbations above the instrument
resolution (10-8 rad). It is expected, therefore, that P events will not

be seen above the 10“8 rad level; they may be significant on instruments

with greater resolutionm.
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In addition to cultural noise and solid earth tides, tiltmeters
may be influenced at the 10_8 rad level, or greater, by ground water
fluctations and thermal changes; however, these would generally have a

duration greater than 24 hours and so would not be properly classed

as SP events.
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TABLE I-1

Interstation and Station-to-Fault Distances

Distance (km)

LIB - SAS 7.0
BVY - MEL 2.2
SAS - fault 1.3
LIB - fault 2.0
MEL - fault 0.37
BVY - fault 1.6

Instrument Locations

LIB: 36°41.67'N, 121°20.60'W
SAS: 36°41.00'N, 121°16.08'W
MEL: 36°35.38'N, 121°10.63'W

BVY: 36°34.27'N, 121°11.23'W



HOLLISTER




SAS 26 AUGUST

1974

I

0.2 xRAD

In
N
\\\\~\~1\\\*§‘~\\ I HOUR

S JULY

1973

D=4.6 KM | HOUR ML=3.O
D:=4.5 KM
SAS 22 JANUARY 1974
N
2.}: L
@
a2 —
~1 te |
e
| HOUR
BVY 8 MARCH 1974
AN
/" a
— z
0.2 HOURS 1
[«Y]
TE VRN e

Figure I<2A,1

Figure I-2A.2

Figure 1-2B

Figure I-2C



4 JUNE 1974
_ifl.\\\\J//ﬂ\\
o 2
T x
be 0.2 HOURS 2
o
BVY 26 MAY 1975
o
. <
— [+
= % ] 3|
= | HOUR =} |,
o

SAS 7 SEPTEMBER 1974
‘e [\
-'_Y ‘ o
<
o
: | S
I HOUR 0
(@]
SAS 12 MARCH 1974
in
’\-—M""
(o]
< L\__/ﬁ-—-/-v
[r g
iI P
o u | HOUR

Figure I-2D

Figure I-2E

Figure I-3A.1

Figure I-3A.2



LiB 6 JANUARY 1975
bn
r Q
]:é Figure I-3B
S}
be =
—
0.2 HOURS
MEL 25 MARCH 1975
[
<
[+ 4
? £ ]:% Figure I-3C
| HOUR ©
BVY 21 MARCH 1974
N
o
3
o %\’{M Figure I-3D
HOUR

MEL

2l MARCH

1975

L ——

I |
| —
0.5 HOURS ]:

Figure I--3E.1

0.5 wRAD




MEL 15 OCTOBER 1974

N
. '\/\’—\_
<
|3 —
o 0.5 HOURS
MEL 28 DECEMBER 1974
AN e
W z
3
P -
I HOUR
SAS _ 28 DECEMBER 1973
Es===
- Ms—k‘: ———
A S - e ——
I 1 S— —
| HOUR == 2 3
- - . m—1
e o =
e e e 183
;\{.- -
- Mg =6.4
(NEW HEBRIDES)
SAS 28 NOVEMBER 1974
— ML=5JO
——D-=32 KM
=tk
P
—tE
— — T
o
F
J—
A ~
7 <L
a <
% <
—Z 0
¥ } 1‘ IS
= I HOUR 4

Figure I-3E.2

Figure I-3F

Figure I-3G

Figure I-4A.1



SAS 8 MARCH 1974
e 1= o
= 2
— | HOUR = - %
- i Figure I-4A.2
‘?- l‘i&
Fdeds = ==
s —— s — =
— My =2.8 (1855 GMT) A4 My =31 1910 6MT)
— D=57 KM £ ov-s2 kM f
— M, =2.9 (1856 GMT)
— D:=57 KM
BVY 26 MAY 1975
o 7]
< —
o
e i-—‘r‘
=" o =33
Ay =5 e F—°F  Figure I-4B
- :
C1E
L
g Mg=7.9
— NORTH ATLANTIC OCEAN (0912 GMT)
ME L 2 FEBRUARY 1975
‘e
=]
<
@
3
0

RAINFALL = 4.10 INCHES

A
2 HOURS

Figure I-5.1

MEL 5 APRIL

1975

RAINFALL =0.64 INCHES

te ]

2 HOURS

0.5 RAD

Fi

0Q

ure I1-5.2




R Lo s BB
. -l - lo=z :
i S I . - . .
—-—vy b O
PR - - % e > .lA - . - z
= =
= .” - = - Iﬂlmulk_ o i - - \ - TR - e A s i 0 oo |
N~ - . R e - - - - K
- -~ . — 4 4 —
— P -
T e = = M{”
. N -4 3
- - BRETAE—— " B L - = ™ /O ..l.ll.-
1= S —
— Figure I-6a. Tilt Data from SAS (11 Dec. 1973) During Time of Major .....
. o Atmospheric Pressure Change. _ -
— Pressure changed .17 in-Hg. between 0700 and 1000 GMT.
‘Jﬂ (No rainfall from Dec. 4 m:xocms Dec. 12) (6)) 3
< \




(-e9ae STYI UT $/E] "Ue[ IE pu® "Uelf g U99MIDIQ PIpI0d21 sen [[BJUTEI ON)

*IW9 0077 Pue Q06T uoamieq °3H-ul Q" pd3ueyd 3INSSIId
*IWO 0061 pue QO9T ueamiaq -3H-ur T Ppo3urYD 2INSSAIJ

*28ury) @2anssaag orasydsouwly

zofeR yo auwrl Surang (4,61 "uer gg) €I1 woij ®Ieq ITLL "q9-1 @2an31g

S
O m.,u o 0O O w 2 D
Cmr s 5
R T
o= 1]
— !»N n..‘ At =
w J\ T 1 —— i - K ® iy — = 1 — —— =
- 3 &. —
N =t Sy —— ==
= ; = e =
p 1 — N S— T
= e, — e L .m) —
- = & = — — == |9 ==
et ¢ A Id L . ‘q M.:. “I;I.m
= : ¢ ~ = = ~ i 3
zo Y 'l zo ~ x Hmy) 4
doi bi=g , -8 1 1L -0l | bl L] nn0




'.Ir'_q'o

(p£61 "ue( LE pue "uef 2g U3MIBQ ||BJULEJ ON)

“1W9 0022 Pue 0061 u29M3aq BH-ul g|* pabuey) dJnssaud
"1W9 0061 Pue 0091 usaM3aq BH-ul 61 pabueyd dJnssaud

abuey) aanssadd otJaydsowly
100y 40 awil Burang (pL6L "uep 82) SYS wo4j e3eq 3LtL  *99- aunbLy

1
14

'y

)

£
iy 4

(4

t

‘l{llu
e
2

"‘::L.L
$

M
I
V!

V) <

!
i
>
12 —>

\J
-
i
TS

xo : 20 ~

T
' o
1z
k
174
|
:
2
!
!
\

mwy .- {. - = of




II
SOME COSEISMIC TILT DATA FROM FOUR
CENTRAL CALIFORNIA TILTMETERS DURING 1974-1975
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INTRODUCTION

Fourteen earthquakes in central California, ranging in
magnitude from 2.9 to 5.2, were chosen for study on four tiltmeters
(Figure 2-1) within 10 source dimensions of the epicenters. Routine
location of the epicenters places the events west of the San Andreas
fault (Group I events, Figure 2-1). Therefore, 6 of the epicenters were
relocated by inspection onto the fault (Group II events, Figure 2-1).
Four of the remaining events were relocated using a computer routine
developed for this purpose (Group III events, Figure 2-1). Tables 2-1
and 2-2 list the source data for the 14 events, and tables 2-3 and 2-4
list the source~station distances and directionms.

Figure 2-2 is composite sketch of a typical coseismic tilt
change. The impulse is designated 'I' and the residual offset 'S'.
Table 2-4 lists the observed amplitudes, subscript a, and directions,
subscript z, of the coseismic impulses and residual offsets. Photographs
of the tiltmeter records from each of the four sites, shown in Figure
2-1, at the time of the earthquake occurrence are shown in Figures 2-3a

through 2-3n.
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Earthquake Data for Group I Events

Date Time Latitude
(GMT)

10 Jan 1974 1122 36-57.08
8 Mar 1974 1910 36-38.26
12 Jun 1974 1921 36-44.24
15 Jun 1974 1749 36-43.78
6 Jul 1974 0403 36-32.96
4 Aug 1974 1503 36-36.19
7 Sep 1974 2045 36-33.58
8 Sep 1974 1116 36-35.16
28 Nov 1974 2301 36~54.95
31 Dec 1974 2022 36-55.90
23 Feb 1975 1724 36-33.60
3 Mar 1975 1134 36-55.96
26 Mar 1975 2013 36-38.27
14 Jun 1975 1256 36-40.11

local magnitude.

ERZ: one standard deviation in the hor

respectively.

Table 2-1

Longitude

121-35
121-17
121-23
121-23
121-11
121-15
121-12
121-14

121-28.

121-28
121-11
121-28
121-16
121-20

2-3

.86
.51
.41
.64
.18
.13
.24
.20
63
.20
.44
.38
.93
.03

Ho
(Depth)
(km)

7.84
4.33
6.43
6.54
5.33
5.61
8.32
7.77
5.51
10.20
5.00
7.98
3.86
5.61

M

4.20
3.14
3.70
3.28
3.07
3.17
3.22
2.86
5.20
4.40
3.27
4.30
3.16
3.22

ERH
(km)

.

.

(S >N

uw;m

bmm»b»hw»bb»b

iaN

ERZ
(km)

mb\lU‘IU‘IkO\l\IO\l—-‘\IU'IO\O\

izontal and vertical locations



No.

1. 10
2 8
3 12
4 15
5 6
6 4
7 7
8 8
9 28
10 31
11 23
12 3
13 26
14 14
* ERH, ERZ
* ERH, ERZ

Date

Jan
Mar
Jun
Jun
Jul
Aug
Sep
Sep
Nov
Dec
Feb
Mar
Mar

Jun

estimated from RMS value (Engdahl and Lee (1976)).

are 2 standard deviations in the earthquake position.

1974
1974
1974
1974
1974
1974
1974
1974
1974
1974
1975
1975
1975

1975

Latitude

36°39,
36°44.
36°44.
36°34.
36°37.
36°34,

36°36.

36°34.

36°39.

36°41.

08’
10'

72"

8 '

31

5'

Table

2=2

Data for Group II and ITII Events

Longitude

121°15.
121°22.
121°22.
121°09.
121°12.

121°10.

121°12

121°10.

121°15.

121°18.

11'

.04°

01

71

4"

Ho
e
2.9 3.1
6.30 3.17
6.63 3.21
6.95 2.86

Columns left blank indicate values are the same as in Table

Group III Events:

2-4

6 July, 4 Aug, 7 Sep, 8 Sep, 1974.

ERH ERZ
(km) (km)
-+
1.0% 1.0% RMS =
2 .2 +
2 4 +
2 2 +

.11



TABLE 2-3

Station-Epicenter Distance and Azimuth
for Group I Events

DATE LIB SAS MEL BVY
D(km) Az(°)  D(km) Az(®) D(km) Az(°) D(km) Az(%)

10 Jan 1974 36.4 321 41.8 315 55.0 317 55.9 319
8 Mar 1974 7.8 144 5.5 203 11.6 297 11.9 308
12 Jun 1974 6.3 319 12.5 299 25.1 311 25.9 315
15 Jun 1974 6.0 311 12.4 295 24.8 309 25.5 314
6 Jul 1974 21.4 139 16.6 154 4.6 190 2.4 178
4 Aug 1974 13.0 141 9.0 171 6.9 283 6.8 301
7 Sep 1974 19.5 140 14.9 157 4.1 216 2.0 230
8 Sep 1974 15.4 142 11.2 165 5.3 266 4.7 290
28 Nov 1974 27.3 334 31.8 324 45.0 323 46.2 326
31 Dec 1974 28.6 337 32.9 327 46.1 325 47.3 328
23 Feb 1975 20.2 138 15.3 153 3.5 200 1.3 194
3 Mar 1975 28.9 336 33.2 327 46.3 325 47.5 328
26 Mar 1975 8.3 139 5.2 194 10.8 300 11.3 311
14 Jun 1975 3.0 164 6.1 254 16.5 302 17.0 310

Azimuth computed clockwise from north at station
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TABLE 2-3

Station-Epicenter Distance and Azimuth
for Group I Events

DATE LIB SAS MEL BVY
%§km) Az (°) %£km) Az (°) kam) Az (°) %fkm) Az (%)

10 Jan 1974 36.4 321 41.8 315 55.0 317 55.9 319
8 Mar 1974 7.8 144 5.5 203 11.6 297 11.9 308
12 Jun 1974 6.3 319 12.5 299 25.1 311 25.9 315
15 Jun 1974 6.0 311 12.4 295 24.8 309 25.5 314
6 Jul 1974 21.4 139 16.6 154 4.6 190 2.4 178
4 Aug 1974 13.0 141 9.0 171 6.9 283 6.8 301
7 Sep 1974 19.5 140 14.9 157 4.1 216 2.0 230
8 Sep 1974 15.4 142 11.2 165 5.3 266 4.7 290
28 Nov 1974 27.3 334 31.8 324 45.0 323 46,2 326
31 Dec 1974 28.6 337 32.9 327 46.1 325 47.3 328
23 Feb 1975 20.2 138 15.3 153 3.5 200 1.3 194
3 Mar 1975 28.9 336 33.2 327 46.3 325 47.5 328
26 Mar 1975 8.3 139 5.2 194 10.8 300 11.3 311
14 Jun 1975 3.0 164 6.1 254 16.5 302 17.0 310

Azimuth computed clockwise from north at station
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Table 2-4

Station-Epicenter Distance and Azimuth
for Group II and III Events

DATE LIB SAS MEL BVY
Q§km) Az(®) q;km) Az(°) Q§km) Az (°) Q§km) Az (°)

Jan 1974

Mar 1974 8.1 120 2.9 175 10.9 314 11.8 324

Jun 1974 6.7 334 12.1 307 25.1 315 26.0 319

Jun 1974 5.8 336 11.2 306 24.2 315 25.1 319

Jul 1974 21.9 130 16.3 142 3.1 142 2.8 97

Aug 1974 14.3 126 8.7 146 4.6 314 5.8 336

Sep 1974 20.2 129 14.6 143 1.4 148 1.9 64

Sep 1974 16.1 128 10.5 145 2.8 311 4.0 343

Nov 1974

Dec 1974

Feb 1975 20.3 129 14.7 142 1.5 141 2.0 64

Mar 1975

Mar 1975 8.5 121 3.2 170 10.5 314 11.4 324

Jun 3.4 97 3.5 284 16.1 314 17.0 321

1975



Table 2-4

Station-Epicenter Distance and Azimuth
for Group II and III Events

DATE LIB SAS MEL BVY
q§km) Az(°) Q}km) Az(®) Q}km) Az (®) Q;km) Az (°)

Jan 1974

Mar 1974 8.1 120 2.9 175 10.9 314 11.8 324

Jun 1974 6.7 334 12.1 307 25.1 315 26.0 319

Jun 1974 5.8 336 11.2 306 24,2 315 25.1 319

Jul 1974 21.9 130 16.3 142 3.1 142 2.8 97

Aug 1974 14.3 126 8.7 146 4.6 314 5.8 336

Sep 1974 20.2 129 14.6 143 1.4 148 1.9 64

Sep 1974 16.1 128 10.5 145 2.8 311 4.0 343

Nov 1974

Dec 1974

Feb 1975 20.3 129 14.7 142 1.5 141 2.0 64

Mar 1975

Mar 1975 8.5 121 3.2 170 10.5 314 11.4 324

Jun 3.4 97 3.5 284 16.1 314 17.0 321

1975



. . .
[eNeNeENoNe Nol

Ne

OO o AlC

O
e Ne oo Ne oo NoeNell g oo Nol

X

()

*UTEIASOUN UOTIDP[JOP JO ISUIS JEBIITUL 10

0°0
90"
€
19°1<
60°<
0L°T<
67"
sz 1
80"
08°0%
20°%
50"
L0°

¥

(an)

1

T6ve

LK S

T1¢
TGET
T6¢

“88¢
¥

¢zt oLz
00 -
¥ *
¥ ¥
gye< -
67 -
0" 182
€9 iz
0tox t-
£6 LSTE
¥ %
0°0T --
X ®
% *
() (o)
Vg 3
TN

‘oiaz
[ A % * ¥
0°0 ¥ * ®
¥ ‘0LT 10° -
w - 0'0 /81
[ SRS s 3 3
267 L o'y S8 -
cz* - 0°0< -
VISR - 0°0< -
0°0< S 4 -
JASRVAS - 0°0 YA
* X ¥ o
0°0x - 00 -
X a8 9z < ST
¥ “he L0° "6LE
(1) (o) (XM (o)
<H Nm <m NH
SVS
eleq 1777 ATWSTAasu) PaAI3sSqQo

G=7 d41avl

¥ *L0T
* *
he” -
Ly’ ¥
* 0'0
[A SN TAY
60" < Y
e -
8T1°1I< %
19° -
¥ 06
ot’ TEYT
9°1 -
88" -
) (o)
<H Nm

LO”
3%
0°0
¥
10°
T
T0°
00

0°0
10"
10°
0°0
0°0

(1)

"GQ1t
¥

et
¥

"LTT

6%¢

‘08T
¥

0Lz
99¢

e

(o)

Z “(U3ziou woijy |STMYO0TD) yianuwize iy ‘spnirydue
319s330 [enpIsay :§ ‘esyndujy

peilewIlsy

‘arTensyjo jusuodwod 3ITTI duo- paindwod yinuwize ON

:s3d1aosqgng

a1qeIIRAE BIEp ON
speart Ip°Q ueyl ssaT uorldatied

9°
¥
€T
¥
81"
19°1
%0°*
0°0
%
0°'0
iy
A%
0°0
£y’

(CRD)

SL6T
SL61
SL61
L6t
L61
7L61
L6T
L6T
wi6t
L6T
wi61
9L6T
vL6T
vi61

unp
1ey
IeR
qayq
BE¢
AON
dag
dag
any
nf
ung
ung
aey
uep

q1Iva

.

.

I

HNOT M ONDOONO



—*— 37° 00"

A 10 JAN 1974
3 MAR 1975 A

3l DEC 1974 t

# HOLLISTER

A
28 NOV 1974

2 JUN 19

15 JUN

26 MAR 1975-"

EVENTS-

Group I : A
Group II : o©

Group III: [

TILTMETERS

74

£

1S74

LIBe
e

14 JUN 1974

8 MAR

4 AUG 1974 &

" NgMEL
8 SEP 1974 &g\,

7 SEP 1974A{:7/
I0 23 FEB 1975”4
]

121° 30'
T-O
-

+ 36° 30|

KM K

& JUL 1974

Figure 2-1



z-z °and1g

F——— ¥H | ——]

Wl -~

Z

avyT |



NOTE -
All events were retimed for this investigation, Some of the times
shown in the photographs may not necessarily correct, In sections
where confusion may arise, the earthquake occurrence time is marked

by the arrow superimposed on the photograph.,

The dashed trace is east-west (+X=east), the continuous trace is
north-south (+y=north). The only exception to this orientation is

SAS prior to 19 Dec. 1974 (when +4x=south, +y=east).

Amplitude scale at LIB, SAS, and BVY: 1 microrad. = 17 small divisions;
at MEL: 1 microrad. = 3.4 small divisions. Time scale is 1 hour

between the time marks (the short horizontal bars in the middle

of the record).
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DOCUMENTATION OF SOME PROGRAMS

USED IN THE ANALYSIS OF SHORT PERIOD

TILT DATA

3-A.0



A: PROGRAM VECTOR

3-A.1



Introduction

VECTOR takes tilt component data in (x, y) form and displays it
as a series of head-to-tail vectors. Although any vector component
data may be used as input (with the appropriate modifications made
in the main program), this program has been specifically designed to
compute the vector difference between initial and final (x, y) values.
The output consists of 1) a listing of the input data and the amplitude
and azimuth of the difference vector and 2) a plot of the input data in
head-to-tail vector form. With VECTOR, the user may examine the temporal
variation of a vector quantity and determine, for example, 1) trends
in the difference vector's amplitude or direction, 2) the cumulative
change in the vector's position, and 3) the rate of change of the vector's

amplitude or azimuth.

Access and Use

This program is intended for use on the LBL 6600B or C computer and
the Tektronix (4010-1) terminal. VECTOR may be accessed using the

command :

~LOAD, VECTOR, MCHUGH

The program operation requires approximately 50K of core. VECTOR will

automatically link to the appropriate plotting routines. Consequently,

the _LOAD command may be followed by .RUN.

3-A.2



Unless line 6 in the program listing is changed, the input data

will be read from TLTEVN in library MCHUGH. No input from the operator

is required until the program is ready to start plotting the data.

Input

It is assumed that the data stored on TLTEVN is in the form:

1)

2)

3)

N = number of data blocks (e.g., from individual statioms),
I2 format
Header card with station name, Al0 format
Data block:
Each line (card image) must consist of the date and time
of the event, the initial and final (x, y) coordinates,
and the scale factor. It is assumed that + x = EAST
and + y = NORTH. The Sage South data prior to 19 December
1974-@men + x = SOUTH and + y = EAST) is automatically
corrected.
The variable sequence and format is:
NMONTH, NDAY, NYEAR, TIME, XIN, YIN, XFN, YFN, FACTOR
(e.g., 04/12/74-2230 22,3 ~-3.7 21.8 =4.3 17.)
12, 11X, 12, 11X, 12, 11X, A4, 1X, 4(¥7.21X), F10.3
The month, day, and the last two digits of the year are
in integer form. XIN and YIN are the initial (x,y)
position of the vector, and XFN and YFN are the final
{x,y) position. It is assumed that the x,y data must
be changed from their input scale to microadians by

dividing by FACTOR.

A



4) End card:
The end of the data block is a card with XIN, YIN,
XFN, and YFN set equal to +999.99.

5) The number of "header card and data block' sequences

must equal N. That is, the data is arranged as follows:

Header Card
Data Block

End Card

N sequences

Header Card

Data Block
End Card
EOR

If a different input format is desired, lines 32, 35, and 38 may be
changed. The Sage South (SAS) data prior to 19 December 1974 is affected
by lines 54 through 59. The month in integer form is changed to an

alphabetic code by lines 42 through 53.

Output

The output for each station consists of 1) a listing of the input
data and the amplitude and azimuth of the difference vector and 2) a

head-to-tail vector plot of all the data in each data block.

3-A.4



The list is written out in the form:

DAY, MONTH, YEAR, TIME, XIN, YIN, XFN, YFN, AMP, AZM

If one or more of the (x, y) data points is unknown (i.e., equal to
+999.99), the azimuth is set equal to +999.99 and that vector is not
plotted. The Tektronix screen is automatically cleared prior to the
data list and after every 25 lines of data have been displayed. A
hard copy is automatically made of the screen after 25 lines of data
have been printed. The program sums the x and y coordinates of each
vector (with an azimuth not equal to +999.99), and computes the
amplitude and azimuth of this cumulative vector. This information
is displayed and hard copied after the data listing is terminated.
Immediately prior to the vector plot, the computer will list the
total amplitude of the vectors (that is, the sum of the individual
amplitudes), and ask iif any scaling is required for the plot. If an
N (no) is entered, the distance from the center of the screen to the
margins is set equal tc the total amplitude of the vectors. If scaling

is desired, enter Y (yes); the computer will respond:

Enter right- and left-hand margin coordinates,

Then lower and upper margin coordinates.

The four numbers corresponding to the margin positions must be entered.
The vector plot is displayed once the scaling information is entered
(the start and end times of the plot are also listed). After the

plotting is finished, the computer responds:



0 - Return to main program, 1 - new plot.

If a 1 is entered, the computer asks for new scaling information;

and the plot is re~drawn. If a 0 is entered, a hard copy of the plot

is automatically made, and data from the next data block is written.

Results and Discussion

Pages 3-A.9 through 3-A.30 show the short period tilt event data
from four central California sites (Libby - LIB, Sage South - SAS, Melendy -
MEL, and Bear Valley - BVY; Figure 3-Al). Each vector represents the
change in tilt produced by an SR event (Figures 3-A2a and 3-A2b). Each
SR event and the associated (x,y) data from June 1973 through June 1975
at LIB and SAS and April 1974 through May 1975 at MEL and BVY were read
from the Rustrak records, and are listed and plotted by VECTOR. The
cumulative change in tilt represented by the SR events is 2.6 urads and
219o from north at LIB, 2.9 urads and 76° at SAS, 7.0 pyrads and 342° at MEL,
and 0.3 prads and 6.8° at BVY. In general, these trends are fairly well
established at each station. Although the vectors appear to change in
random directions at MEL initially, the trend for the last half of the data
is north by northwest.

The SR event data indicate that there is a systematic, long-term trend
to the short-period changes at each station. Although the trend at each
station is different, it is clear that the SR events do not represent random
changes in the tilt field. The systematic trends may indicate the SR event
source is slip-related. Models for SR events have been discussed in
McHugh and Johnston (1976) and McHugh (1976a and 1976b). Further

discussion of SR events follows in the next section.
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EXAMPLE OF VECTOR OPERATION



LIBBY

it
18
13
18

25

14
15
21
23
26
31

19
12
21
23

i9
12

UG
G
RUG

4.28

&G
SEP
SEP
SEP
oCcT

1573-2039
19735339
1973-2939
19738429
1573-1855
1973-1133
1973-1543
1973-8323
19738638
1973-991%
19732633
19735143
195732229
1573-1629
1973-2229
1573-Ba53
15731139
1373-2129
1973-8539
1973-84£9
-8.23
19738769
1573-18£9
1573-9729
1973-£623
19732-1923
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FONSD  QUOBBLESE L8INE883

S8BILALE S S0 5

FEIBBRBERYRBNEBYLYY

2833588 EEENEEE0RE8LERREE
TR
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.147

843

813
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LIERY

1= OCT
ncT
OCT
ooT
T
HOU
HOU
NGOy
FEB
FEB
MAar
PR
MAaY
May
MaY
4N
JUN
JuL
SUL
S
7.29

16 JuL
14 ML
13 JuL
2z L
26 JUJL

Ped et et

wd D G W O G G P =g = P e [ T

*-

—

fo—y

1973-8145 -3.
1373-8238 -3,
1973-2128 -4
1973-2080 -5.
1973-1338 -8.
1973-1688 -6.
1973-2168 -18.
1973-19€8 -15.
1974-0139
1974-08528 -2
1974040 12.
1974-1915 16,
1974-¢6323 7
1574-2123 13
1974-15¢9 26.
1974~-1843 5.
1974~-g29 -2
1974-1688 -4
1874-1823 -5
19742860 -4
.189 266 .42
1974-1528 -9
1974-184% -8
1974-95¢28 2.
1974-8499 -2.
1974-8388 -1

CURENRUAR=PASLURRUS

.89

N‘,..a...a;.‘

-
—- N 0

i
USLIUN
NGOG

i
[y
~

(.-J‘\!OJOXU\N'-':JJ

AR Jeom e
BUELLER IJVBILBILBRYL

i
l-l-" } e
NN

-3.18 9.
-3.868 11,
~3.89 14
-3.18 16
-9.58 25.
-7.58 2.
-18.¢8 7.
-15.68 23.
-9 8.
-2.82 8
11.58 2%
13.89 ~11
7.%8 3
12.28 8.
25.28 5.
-56.38 -11.
-4.29 ~17.
-35.€9 ~15.
-4.28 -16.
-8.29 -1
-9.43 -17.
-9.28 -17.
8. -4
-1.29 -8.
-1.68 -9
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213.
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»---:mmu
e G e B L

1974-11e48
1974-97e8
19740160
1974-1830
1974-8860
1574-82326
1974-1380
19744245
1974-1845
1574-15329
1574-15¢9
1974-22€9
1974-2345
1974-22€9
1974-11€9
19748238
1974-8145
1974-1139
1574-12%8
1975-28¢9

20.56

Ja
JAH
FEB
FEB
FEB

1975-1368
197584329
19758345
1975-123208
197584353

33348 LLLLEBRTVLJLIBLBILYL
YNUBYE YUBBTLIBBLBII=LILLBY
J5BEY BEBUBIBITLBIILBGLRLS
$3UBR BLILIBLLLBBIBBLI3358

135.
164.

219.

344.
270.

135.
2328.

333.
69.
239.
278.
43.
2335.
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LIBBY
1 MAR
MAR
MRR
APR
APR
APR
MAY
MAY
MAY
MAY
MAY
MAY
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1975-1155
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1975-1430
197598738
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1975-82¢8
19752445
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1975~-1329
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19751645
1975-1458

.21 AR €8.42

7 PARY
13 FAY
14 MAY
15 MAY
15 MAY
16- BAY
18 MAY
24 MAY

.68 18 .68
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1575-8333
1973~-2345
19751229
1975-23¢8
1975~-2328

19758138 --

1575-14€9
1975-1545

1975853
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STATION = LIBBY

X.¥ COCRDINATES CF VECTCR SUM = —1.61E8E+€9 -1.971E+£8
ARMPLITUCE OF VECTCR SUM = 2.5S5CE+20 MICRCRADIANS
AZIMUTH OF VECTOR SUM = 2 184E+82 CEGREES

3-A.13



LIBBY

TOTAL AMPLITUDE OF UECTORS = 6.264E+89

SET MARGINS?  YES(Y)> OR NO (N>
Nt

START TIME  JUN/16-73-2038
END TIME JUN/ 1/75-85¢9

B=RETURN TO MAIN PROGRAM, 1=NEW PLOT
1
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L1ERY
TATAL AMPLITUDE OF UECTORS = 6.264E+60
SET MARGINS?T YESCY) OR NO (N)
EHTER RIGHT- AND LEFT-HAND MARGIN COORDINATES.,
THEH L%N:ESR AND UPPER MARGIN COORDIMNATES
-3 -3 3
TarT TIME JUN/16-73-2939
MO TIME  JUN- 1/75-85¢0

g=RETURN TO MAIN PRCGRAM, 1=NEW PLOT
i

IRARKSENS]
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SAGE SOUTH

22 APR 1575-2159
11 MAY 1975-1929 $99.99

6 JUN 1973-0229 -28 €9
22 JUN 1973-82800 7.60
18 SEP 1973-13380 18.59Q
26 NOVU 1973-1528 2.€9
28 DEC 1973-1345 13.78
22 JAN 1974-1945 -5.€8

7 FEB 1974-1838 14.%8
19 FEB 1974-1745 137.£9
11 MRR 1974-1338 2.88
12 MAR 15748328 2.08
12 MAR 1974-1822 -.88
18 MAR 1574-19329 -12.€9
28 MAY 1974-1643 5.£8
23 MAY 1974-1645 ... 4.29
12 UN 1974-13329 18.28
38 AUG 1974-2138 599.99

9 NOU 1974-1829 3.28
15 NOU 1974-2813 2.€3
33 CEC 1574-83¢9 ~12.T9

4 APR 1975-1945 -2

58 3.3 -1.29 11.89

-3.€3

€9 -z28.66 15.63
88 6.3 -3.38
28 17.20 -2.€8
.89 4.8 -4.28
.58 12.18 18.33
29 -1.88 22.29
S9 14.79 599.39
99 13.£9 939.99
.28 2.59 95.09
S8 2.€8 19.08
o8 e. 29.28
59 -11.53 8.
99 35.28 599.59
99 4.39 999.5
€3 17.83 -22.28.
23 999.99 4.03
8 3.30 6.8
.99 -2.€8 953.99
.39 -19.23 24.38
447 9.63

g3 ~-5.88 -3.78
S8 599.99 ~7.%9
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STATION = SRGE SCUTH

X:Y COORDIMNARTES CF VECTCR SUM = 2.841E+60 €.8828-01
APLITUCE OF VECTCR SUM = 2.823E+20 MICRCRADIANS
AZIMUTH CF VECTOR SUM = 7.636E+81 DEGREES
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SHiGE SOUTH '
TOTAL AMPLITUDE OF UVECTORS = 4. .944E+00
SET MARGINS? YES(Y)Y GR NO (N>

M!

START TIME JUN/ 6/73-82¢8

END TIME MAY-11-/75-1939

@=RETURN TO MAIN PROGRAM, 1=MNEW PLOT
Bt

Y
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18

MaY

BREEERRREREEGES

oCT
oCT

10.38

19740323
1974-1321
19741297
1974-1938
15748389
19574-1612
1974-2042
1974-1316
18974~1936
1974-2829
19741743
1574-84329
1974~1448
1974-2139
1974-8339
1974-2148
1574-87E8
1974~1716
19742824
1974-2243
3.18

15 OCT 1974-2357
22 OCT 1974-1309
2 HOU 1974-17¢9
3 KOV 1574-1723
4 HOU 1974-8142

! 3»& N
NN AL N -

ER 8BRS B I88UEsLs888

-9.

PR 33
88838

-18.

YUY S88NE8sBEEEI88Y88eY

! 1Y WU

JUBY0 BRUSERBSNEENEE8S84S

oual @@9w&4§3555?ﬂ§§§§§§
GUBUE LUEIERBYEBEIBERRRYY

olald
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19741822
19741038
1974-6415
1974-2257
1574-8122
1574-2816
1974-8243
19748122
1974249
15748129
1974-1737
1574-1718
19742849
1974-2232
1974-17C8
1974-18%3
1974-C887
1974-8213
1974-81¢9
1574-614

1974~-1536
1974-2138
1975~-1543
1975~9343
19758568

-3.29
-5.58
-5.68
3.9
8.68
3.€9
-.59
-1.29
-.E9
3.68
8.29
S.€9
9.69
8.€3
6.9
6.22
3.29
-17.€8
-29.58
999.99
999.99
999.99
-2.89
~7.28
-3.89

288 YYUSRUS83SBYSES8YIS

.~4.98 ~-19.38
-5.%9 ~-19
-4.68 ~22.79
2.38 -.89
7.680 -2.28
2.69 -7.€8
-.28 ~-18.39
~-1.28 -13.39
-1.€9 ~-14.29
3.68 -14.68
5.28 -16.29
18.€3 -18.&3
8.68 -17.28
12.€3 -3.39
6.3 6.89
£6.68 6.38
-1.23 6.8
=-17.830 -22.89
-29.£8 958.99
$93.99 14.29
$93.99 -17.€3
559.99 ~18.33
-3.€9 -135.79
~-7.€3 599.59
.29 S8

]
Py
©
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NELEHDY

A FEB

21 FEB
28 MAR
24 MAR
2o MAaR
4 APR

11 APR
14 APR
16 APR
17 APR
17 APR
13 APR
23 RPR
24 APR
24 APR
27 RPR
29 APR
7 MAY

14 FMAY
15 MAY

-17.328

1975-1611
197508856
1975-11535
1975-1115
19752847
19758368
1975-8614
19758893
19735-1433
1975-1121
1975-2826
18758112
1975-1311
1975-6522
1975-1339
197588328
1875-2249
1975-0228
19751486
1975-8185
5.18

NN L BNBINEBEISER

17 MAY 1975-2159 999.99
21 MAY 1975-2125 $59.99
21 MRY 1873-2253 993.95

999.

999.

Pt s A
Q0 Q0+ DY

NS 88RREEE RSB 8E8NY

Sb b .
BEBLE RESYSLRBBIUNYBLIBLT
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MELENDY

22
e
=2
Tee
e
bl
23
=31

S
|

~ri

13

MAY
Ay
MAY
MAY
MAY
MAY
N

1975-1248 553,
1973~1442 999,
1975-9516 953.

1975-1528

-3.

1875-8621 999.
1975-2225 999.

1975-8525

-3.

99
93
99
80
89
99
80

23.00

24.350

23.80
6.09
32.50
Q.
1.20

939.
999.
$999.

=-3.
999
989

-6.

S8Ba 883
P aaRAR

AVINVS S
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STATION = PMELENDY

®,Y COCRDINATES OF VECTCR SUM = -2 147E+E8 . 6.647E+20
AMPLITUGE CF VECTCR SUM = 6.565E+20 MICRORADIANS
ARZIMUTH CF UVECTCR SUM = 3.421E+82 DEGREES
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MELENDY
TOTARL AMPLITUGE OF UECTCRS = 2.263E+91

SET MARGINS? YES(Y> CR NO (N>
N!

START TIME  MAY/31,74-8323
END TIME  JAN/13/75-8325

W TO MAIN PROGRSM, 1=MNEW PLOT
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MELENDY

TOTAL AMPLITUCE OF VECTORS = 2.263E+01

SET MARGINS? YESC(Y)> OR NO (N»

Y!

ENTER RIGHT- &8D LEFT-HAND MARGIN CCCRDIMATES,
THEN LCWER AND UPPER MARGIN COCRDINATES

18 -18 -19 19! o

START TIFE  MRY/31/74-8323"

END TIRE  JAN/13/73-8323

B=RETURN TO MAIN PROGRSM, 1=NIN

3-A.25



MELENDY :

TOTAL RMPLITUDE OF VECTCRS = 2.263E+91

?)gr MARGINS? YESCY) GR NO ¢(ND

ENTER RIGHT— AND LEFT-HAND MARGIN COCROINATES,

THEN LOKWER AND UPPER MARGIN CCCRDINATES
5-5-55
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G=RETURN TO MAIN PROCRE:
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BEARUALLEY

11
11
13
12
24

4

19

8
2&
190
24

APR
RPR
APR
APR
MAY
SEF
DEC
JAN
FEB
MAY
MAY

1574-8115
1974-1768
19749160
1574-1939
1974-2060
1974-8538
1974-2315
1975-1145
1975-1939
19738139
187526398

2888338 8L8Y

wil 1 Evatouoo
YBRBHBLERIE

[

-18.40 €6.48
-18.88 7.359
-16.30 4 .€9
999.99 ¢€.19
~23.200 -21.33
-2.€9 -5.¢9
9.8 -5.€3
-12.69 -23.€3
S5.e8 1.88
1.59 12.28
3.58 5.3

3-A.28
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STRTICN = BEARUARLLEY

X,Y COCRDINATES CF VECTOR SUM = 3. 32SE~82 2.9541E-91
APLITUDE CF VECTCR SUM = 2.9625-31 MICRCRADIANS
AZIMUTH GF CECTOR SUM = 6.84E+20 CEGREES

3-A.29



BEARUALLEY

TOTAL AMPLITUDE OF VECTORS = &6.841E-81
SET MARGINS? YES(Y)> OR NO (N>

N!

START TIME  &PR/11/74-9115

EHMD TIME MAY/24/75-2638

g=RETURN TO MAIN PRCGRANM, 1=NENW PLOT
!
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PROGRAM LISTING
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21 JUL 76 1048406 MCHUGH .VECTOR

1 DELETE(LGO,LGOB,VECTOR)

2 VECTOR,

3 CXIT.

4 LIBCOPY(GRAPHICyTXLGO/RR,TXLGO)

S LIBCOPY(JORATsANPLGO/RRyNPLGO)

& LIBCOPY (MCHUGHs TLTEVN/RR,,TLTEVN)

7 RUN76(S)

8 LINK(F=LGO,F=TXLGO,F=NPLGO,B=VECTIR)

9 VECTOR(TLTEVN)

10 VECTOR.

12 EOR

13 PROGRAM VECTORI(TAPESTAPETTY=204FILM=TAPETTY,TAPE7=TAPETTY)

it COMMON/TVPOOL/TVPUL(8) -
15 COMMCN/TVTUNEZITUNE(3g) )
16 CCMMON/JPLCT/XLT 9 XRT yYLC g YUP g MAUX 3 MAJY oKX (2) oKY (2) H,LTITL(8) 4L U,
17 1 LTFSLNLGXsLNLGY 4 NCLXyNCLY,LTITL2(B)

18 DIMENSION IFET(8)

19 DIMENSION STA(10)sNYEAR(1000) sNDAY(1000)

20 DIMENSION NMONTH(1000) s TIME(1000) 9 XIN(1000)sXFN{10008)sYIN(L1300)
21 DIMENSION YFN(1000)»A(30),AMP(1000)sAZM(1000)

22 CALL FET(SLTAPE7.IFET,8)

23 IFET(2)=IFET(2).0R.0000 G010 0060 0000 00008

24 IFET(8)=IFFET(8).0R.40300 0000 0000 0000 00008

25 CALL FET(SLTAPE7,IFET,=-8)

26 TVPUL(5)==432 B3TVPUL(B)=1. 3TVPUL{(7)=0. 3TVPUL(8)=1.

27 D0 10 I=4-.1008

28 NMONTH(I)=NDAY(I)=TIME(I)=XIN(I)=XFN{I)=YIN(I)=0.

29 YFN(I)=NYEAR(I) =0, -

30 10 CONTINUE

31 PI=3.1415926 $PREAD(541)N

32 1 FORMAT(IZ2)

33 00 2 IJ=1,N

34 READ(5,3)STA(IJ) $K=1 3ISUM1=SUM2=0.

35 3 FORMAT (A1D)

36 4 READ (5,5 )INVMCNTHIK) NOAY (K) yNYEAR(K)y TIME(K )3 XINIK) yYIN(K )y XFN{K) 4
37 1  YFN(K) 4FACTCR

38 5 FORMAT (I 291X 3I291 XTI 291XsAlyiX a4 (F74a291X)yFi043)

39 IF{XIN(K)+EQeS999: 33 AND+YIN(K) eEQe999493« ANDJXFN(K)2EQ+935.33, AND,
49 1 YFN(K).EQ.399.99)G0TQ¢

41 A=XIN{K) 3B=YIN(K) 3C=XFN{K) $D=YFN{K) BLMCNTH=NMCNTH(K)

Lo IF(NMONTH(K) «EQs LINMONTH(K)=IHJAN

43 IF(NMONTH(K) .EQ. 2)NMONTH(K)=3HFEB

Gb TF(NMONTH(K) sEQs 3INMONTH(K) = 3HMAR

45 IF(NMONTH(K) oFQe 4)INMONTH(K)=3HAPR

46 IF(NMONTH(X) sEQ. SINMONTH(K) =3HMAY

47 IF{NMONTHI(K) «EQs BINMONTH(K) = 3HJUN

L8 IF{NMONTH{K) +EQs 7)INMONTH(K)=3HJUL

49 IF(NMONTH(K) «EQs 8)NMONTH(K) =3HAUG

50 IF(NMONTH(K) sEQe 9INMONTH(K) =3HSEP

51 IF(NMONTH{K) .EQ.10)NMONTH(K) =3HOCT

52 IF(NMONTHI{K) EQs11)NMONTH(K) = 3HNOV

53 IF(NMONTH{K) «EQs12)NMOANTH(K) = 3HDEC

54 IF(STA{(IJ) «EQ.10HSAGE SOUTH <AND.MAYEAR(K) LE.74)G0TC20

55 GOT012

56 20 IF(NYEAR(K).LT.74)GOTO1{1

57 IF(LMONTH4LT.12)G0TO11
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21 JUL 76

59
60
61
fz
63
Bl
65
66
67
68
&9
70
71
72
.73
T4
75
76
77
78
79
80
81
82
83
84
85
86
87
38
89
90
91
32
93
CTA
95
96
97
38
39
100
101
102
103
104
105
106
107
108
109
110
111
12
113
114
115
116

11
12

13

40

10.48.06 MCHUGH +VZCTOR PACE 2

G0T1012

A=YIN(K) $8==XIN(K) tC=YFN(K) 2D=-XFN(K)
IF{A,EQ,999.99)A=0, 3IF(BsEQ+993.389)B=0s
IF{C,EQ.9938,99)C=g« $IF(D422+999,99)0=0+
AMP{K)=(SQRT L{(C-L)**¥2) +{((D=-3)**2)))/FACTOR

IFIXIN(K) EQ.939,93,0R.YIN(K) oEQe999,359,0R+XFN(K)+eSQ4993.93+0R.YFN
1( K)+EQ.999,391G0707

SUM1=SUM1+{(C-A)/FACTOR) 33UM2=SUM2+((D-B)/FACTOR)
DELTAY=0-8 $IF{DELTAY.EG.Q+)DELTAY=1.E-20
AZM(K)=(ATAN((C-A) /DELTAY))*(180./PI)
IF(DELTAY LT oDe) AZMIK)I=AZM(K) +18(G

IF(AZM (K )4 CT o360 AZM(K)I=AZM{K)=3EQ,

IF(AZMIK) oLTo0)AZM{KY=AZM () 4360,

K=K+1 $GCTO4

AZM(K)=629,39

K=K+1 $GOTC&

NEND=K~-1

CALL TVYNEXTY

00 8 J=41,MEND,25

M=J+24 SIF(M.GT.NEND) M=NEND

WRITE(7,3)STA(IU)

WRITE(749) (NDAY{I) JNMONTH{I) yNYEAR(I) 3 TIME(I) 4 XIN(1) . YIN(I)oXFN(I)
1 oYFN(I)YZAMP(I)AZM(I) 4»I=J4M)

FORMAT(I241X9A393H 199129 1H= s ALy Xyt (FBazZa1X) 9yF7a3941XsF742)
CALL REPRD 3$CALL TVNEXT

CONTINUE

TAMP=SQRT ((SUM1¥*2)+ {SUM2¥%2))

‘IF(SUMZOEQOOQ)SUMZ:i.E’eU

TAZM={ATAN(SUM1/5UM2) ) *{180./P1I)

IF(SUM2 LT e0s) TAZM=TAZF+180s SIF{TAZM.LT.0.)TAZM=TAZM+3€0.
IF(TAZM«GT+3060.) TAZM=TAZM-360»

WRITE(74433STALIJ) ySUMLSUM2,TAMF,TAZM

FORMAT (/747 3*STATION = *A109 /797

179747y ¥*XyY COCRDINATES JF VECTOR SUM = *,E10e395X39E10e3+9/2/>
1 79/ *AMPLITUDE COF VECTOR SUM = *,E4063, ¥ MICRORADIANS
1 *s/5/,

S VAYAYE *AZIMUTH OF VECTIR SUM = *,E103,* CEGREES*)
CALL REPRO

CALL VCTCRS(STA,IJ sSUM44sSUM2 yNMONTH NDAY NYEAR,T IME, AMP JAZM NEND)
caLL REPKO

CONT INUE

STGP

ENC

SUBROUTINE REPRD

A=000000010000000000008 $CALL ENDREC(7) $CALL FET(7,A, 2%04)
3=00330027010000308000003 SHRITE(7)E $CALL FET(7,A,=-2%64)
CALL ENDREC(7) BWRITE (7 41) SRETURN

FORMAT (100 (/7))

ENC

SUEBRQUTINE VCTORS(STA,IJsySUM1sSUM2,NMONTHy NDAY,NYEAR,TIME, AMP
1 LAZMyNEND)

DIMENSIOM NDAY(50) JNMONTH(50) NYEAR(50),TIME(S)) 4ANP(50),AZM(50)
ODIMENSIGON A(30)sSTA(410)

COMMON/TVPCOL/TYPUL(S)

CONTINUE

SUNM=0,

DO 30 J=1sNEND

IF(AMP{J)+EQ+999,99.,0R. AZM (J) »EQ.999,39)607030
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37
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SUM=AMP (J) +SUM

CONTINUE

CALL TYNEXT SWRITE (7,99)STA{14)

FORMAT (A10)

WRITE(7,31)SUM

FORMAT(*TOTAL AMPLITUDRE OF VECTORS = *,E10.3?
TVPUL{1)==SUM BTVPUL {2)=SUM 3TVPUL{3)==SUM STVPUL{4)=SUM
WRITE{7,34) SREAD(7,35)CHECK SIF(CHECK.EQs4HY)GOTO36
FORMAT{*SET MARGINS? VYES(Y) TR NO (N)*)

FORMAT(AY)

607037

WRITE{7,33) SCALL GETNUM(A) $TVPUL(2)1=A(1) 3TVPUL(1)=A(2)
FORMAT{*ENTER RIGHT- AND LEFT-HAND MARGIN COORODINATES,*,/,
1 *THEN LOWER AND UPPER MARGIN CCORDINATES®)
TVPUL{Z)=A(3) sTVPULI{4)=A(4)

PI=3+1415926 SWRITE(7,1INMONTH(1)yNDAY (1) 4NYEAR(1) ,TIME(4) sNMONTH
INEND)Y yNODAY (NEND) y NYEAR{INEND) » TIME (NEND)

FORMAT(*START TIME FaAZ 9 ¥/ ¥ 12 3% /%3129 %=%3ALy/,

1 *ENC TIME FoA3 9 ¥/ F T2 %/ %3120 =%yALy/)
BEGINI=BEGIN2=D»

DC 2 I=1,NEND
ITF(AMP{I)+EQe999:99,0RAZM(I)EQ999.99)G0 102

X=BEGIN{Y 3Y=BEGIMN2

DY=AMP(I)*COS{AZM{(I)*{(PI/180.))
DX=AMP{(I)*SIN(AZM(I)*(PI/180.))

CALL ARROW {X,Y,0X,0Y)

BEGIN1=X+4DX 3$BEGIN2=Y+DY

CONTINUE

CALL TVSENCLC

WRITE(7,39) 3CALL GETNUM{A) SIF{A(1)EQe1.)G0TO4p
FORMAT(*g=RETURN TO MAIN PROGRAM, {=NEW PLCT?*)

RETURN S$ENC
ROWewmmer e cm e v cmc s e ccncenan- e n s - - .-
MS -- ABSCLUTE X,Y AND DELTA X,Y

SUBROUTINE ARROW(X,Y430X4sDY)

REAL A(6),B(8)

A{1)=A(3)=A(5)=X 3 B(4)=B(3)=B(B)=Y
A(2)=A{L)=A(B)=X+DX $ B{2)=B{4)=B{6)=Y*DY
ARWLEN=SQRT(OX*DX+0Y*0Y) 3 HOLEN=ARWLEN/S
IF(ARWLENLEQ.D)GOTO 29 $ ARWANG=ACOS{DX/ARHWLEN)
IF{DY+LT D)ARWANG=5,2832-ARWANG 3 ARKANG=ARWANG+3.1416
DO 10 I=192 3 ANG=ARHANG+{I~{.5) § J=I%2+14

A{J)=X+DX+HDLEN*COS(ANG)
B(J)=Y+DY+HDLEN*SIN{ANG)

CALL TVPLCT{A,Bs697HSEGMENT) 3 RETURN

END

SUBROUTINE GETNUM(R)

DIMENSIGN R{1),L(80)

READ(7,8)L 3 I=J=9

J=J+41 3 N=P=S=g ¢ M=F=1

I=I+1 3 IF(I.GT.B80)RETURN ¢ D=L(I} 3 X=4

IF(DsEQe38)K=2 & IF(DeGEe27+sAcDeLEe36)IK=1
IF(DJEQe47)K=3 3 K=K4S 3 GOTO(1929395519b9394)K

N=N*41g0+0-27 $ S=¢4 $ GO0 5
M==q 2 S=4 3 GOTO &
p=1 3 S=4 $ GOT0 5

IF{P.ME.Q)F=10.¥* (I-P-1) 3 R{J)=N/F*M ¢ GOTO ©
FORMAT(80R1)
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B: PROGRAM ONSTSP



Introduction

ONSTSP displays 1) the amplitude and azimuth of short period
tilt events computed from digitized, two-component data and 2) the
"sharpness'" (i.e., the normalized derivative) of the amplitude versus
time graph. The input consists of digitized x, y versus time data.
The sample interval of the x trace need not be the same as the y trace,
nor is it necessary that their start and end times be the same.
The program automatically converts the x and y traces to a common time
base and sample interval, and then computes the amplitude and azimuth
change from the x, y data. The "sharpness'" quantity is computed from

the amplitude data as follows:

[S] = <§%) [(Of - 0) /(e - ti)J

where [S] is the sharpness, © is the tilt amplitude, t is the time,
and the subscripts i and f represent the initial and final quantities

respectively.

Access and Use

ONSTSP is intended for use on the LBL 6600B or C computer and
the Tektronix (4010-1) terminal. It requires 55K of core and is

accessed using:

_LOAD, ONSTSP, MCHUGH

The program links automatically to the plotting routines, so that the
. LOAD command may be followed by .RUN. The data are assumed (line 6 in

the program) to be stored on EVENTS in library MCHUGH.
3-B.2



Input

The data, stored on EVENTS, must be arranged with the y trace
(north-south component) leading the x trace. FEach data block must have

its own header card. The arrangement is as follows:

Header card for north-south data

Data block (1, yl)

Event #1
Header card for east-west data
Data block (x2, y2)
Header card for north-south data
Data block (x1, yl)

Event N

Header card for east-west data
Data block (x2, vy2)
There is no limit to the number of events (N) that may be operated on

with this program. The number of points in each data block is limited

to 1000.
The header card's information is in the form:
LTITL (1), LTITL (2),..., LTITL (7), RA, B, C
(e.g., LIBNO4-01-74 .163 .821 .172)
A3, Al, A2, Al, A2, Al, A2, 8x, 3F10.3
LTITL (1) is the 3-letter code of the station and LTITL (2) must be either

N (for the north-south component) or E (for the east-west data). The
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remainder of the title is the date of the event (LTITL(3) must be

the month, LTITL(5) the day, and LTITL(7) the year). RA is the

scale factor to change the digitized time scalg to hours, B sets

the absolute time, and C scales the amplitude. That is, if u is

the digitized time base (in thousandths of an inch) and v the
digitized amplitude (in thousandths of an inch), and if T is the
absolute time (in hours GMT) and S is the amplitude (in microradiams),
the relation between these quantities is assumed to be (lines 63

through 66 in the listing):

= * +
S (C Vn) D

=]
[

(RA *u)+ B
n

where D is the first value of v (D = C % vl) and n is the number of
the data point in the data block. If B is not included in the header
card (B = 0), the first point in the time series is zero (i.e., Tl = 0).

The data following the header card must be in the format 12F6.3, i.e.,

Up Vy Uy Yy oees U Vo

If u or v equals 999.999, the data block is ended. To change formats,
line 37 (for the header card) or line 50 (for the data block) may be
altered. All Sage South data prior to 19 December 1974 (with+x = south,

+y = east) will be automatically converted to+x = east,+y = north.
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Program Operation

Both tilt components of each event (x versus time, y versus time, and
the two header cards) are displayed in the form (S, T) prior to the
computations that reduce the components to a common time base.

The program uses a linear interpolation scheme to convert the
digitized data to a common sample interval., If (SX, Tx) is the x (east-
west) trace versus time and (Sy, Ty) is the y (north-south) trace versus

. . X y x y . .
time, it may happen that Tl # Tl and Tend # Ten That is, the time of

4
the first x data point may not be equal to the time of the first y data
point, and similarly for the final x and y data points. 1In additionm,
it may happen that ATX # AT’ or that (Tppy = T) # (T, = T, ) dee.,
that the sample intervals of the x and y traces are not the same or
that the sample interval within a particular trace is not constant
(equivalent to missing data points). The program will determine a
beginning and end time common to both traces and use a linear interpolation
scheme (lines 135-138) to ensure a common sample interval (Figure 3-Bl).
This corrected x, y data (5%, T%), (87, T) is also displayed by the
program.

After computing (é, f), the amplitude and azimuth (from north) of
the tilt vector is determined. This data is also displayed. The final
step in the program is the computation of the sharpness quantity, [S].
The sharpness is the time rate of change of the tilt amplitude normalized
by the duration of the event and the total change in event amplitude.

Unless otherwise specified, the initial and final times and amplitudes

of the digitized data are used by the program. [S] is also displayed.
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Output

After reading in the event data (two data blocks, north-south and
east-west), the computer writes the contents of the header card and
"0 = Re-start.” If a zero is entered, the next two data blocks are
read, and the new header card information and re-start statement is
written. If any non-zero number is entered, the data is converted
to the (S, T) form, and the minimum and maximum amplitudes are

determined. The information is then written as follows:

min/max values of NS component (numerical values)

min/max values of EW component (numerical values)

i

min/max values of time (NS) (numerical values)

min/max values of time (EW) (numerical values)

The min/max time values should be the same for both the north-south (NS)
and east-west (EW) components. This provides a check on the accuracy

of the computer's selection of an initial and final time for the two
components. The input data in (S, T) form is then displayed (north-south
component versus time first).

The computer next converts the (S, T) data to (S, T) form and writes:

fl

min/max values of NS data (numerical wvalues)

min/max values of EW data (numerical values)

min/max values of time = {(numerical values)

These values should be essentially the same as written previously. The

computer then displays the (é, f) data, north-south (NS) component first.



The component data is next converted to amplitude and azimuth

(from north) versus time. The computer writes:

min/max values of amplitude

(numerical values)

min/max values of azimuth

(numerical values)

I

min/max values of time (numerical values)
The amplitude data is displayed first, followed by the azimuth data.
Because the sharpness quantity is scaled by the event duration it is

necessary to set the initial and final event times. The computer writes:

Set initial and final times for sharpness plot?

Yes (Y) or No (N)

If an N is entered, the initial and final event times are set equal to
the start and end times of the digitized data. If a Y is entered, the

computer writes:
Enter initial and final times

The initial and final times of the event must be entered. These times
must be in the same units (e.g., hours and fractions of an hour) as the
times written by the computer. If the initial and final values of

the event are equal, the quantity {(Of - @i) /(tf - ti)] is zero, and

the computer will use an '"average sharpness' quantity computed using

[(((@f - 0.)/2.) + ei>/ (((1:f - ti)/z.) + ti) ]
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If this is also zero, indicating that Gf = @i = 0, the computer will write:

Average sharpness is zero

Enter value for use in sharpness plot

A value for the "average sharpness' should be entered. The sharpness,

[S], is then determined, and the computer writes:

min/max values of sharpness = (numerical values)

1]

min/max values of time (numerical values)

The sharpness quantity versus time is displayed next. After displaying

- the sharpness, the computer will write:

Re-compute sharpness? Yes (Y) or no (N).

If an N is entered, a new data set will be read, and the procedure is

repeated. If a Y is entered, the sharpness will be re-computed.

Results and Discussion

Examples of the program operation are given on pages 3-B.10 through
3-B.37 . The fluctuations in azimuth prior to the beginning of the event
are caused by numerical errors. The values of tilt component amplitude
are zero or near zero before the event, causing division by zero,or numbers

near zero,to occur when the azimuth is computed. The fluctuations are
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due to noise in the original digitized data. Discontinuities in the
azimuth represent a rotation through 180° or 360°. Notice, too, that
for the step-like event, the sharpness is a maximum near the event
onset.

The onset sharpness (assumed to be the maximum value of [S]) of
the 27 October 1974 LIB SRN event is 115 (page 3-B.21). However, this
value was computed using an event duration equal to the difference
between the initial and final times of the digitized record. A more
realistic estimate of the event duration is the time during which the
derivative of the amplitude is non-zero (approximately 0.2 hours).
Re-computing [S] using this duration (page 3-B.22), the onset sharpness
is reduced to 9.2.

The onset sharpness was assumed to be the maximum sharpness because
of the small decrease in tilt amplitude at approximately 22.1 hours
(page 3-B.18), just prior to the large increase in amplitude after
22.2 hours. This small decrease in amplitude is most likely produced
by small timing errors on the original record that cause the event on
the two components to start at slightly different times.

In principle, the greater the time rate of change of the amplitude
at the event onset, the closer the source of the event is to the station.
A method for estimating the source-station distance from the onset

sharpness is discussed in the next section.
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EXAMPLE OF ONSTSP OPERATION
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~LOAD ., ONSTSP , MCHUGH!
LOSO COMPLETE. ENTERING ~EDIT

Gk~ ~EDIT

~RIUNI

LIB 18-27-7 147 2l 608 113
?'—"RE-STQRT

MIN-MAX UALUES OF NS COMPCONENT = -4 373E+02 5. 164£4+81
MINSMAX URLUES OF EW COMPONENT = -2.663E+092 9.935E+01
MIN-MAR URLUES OF TIME (NSO = 2.022t+081 2.345E+01
MIN-MAX URLUES OF TIME (EW)D = 2.022E+81 2.345E+81

SET HORIZONTAL SCALE? ¥ 0B N(=BLANKD
Y

MIN-MRP X UGLIES

28 23!

SET UVERTICARL SCALE? Y OR N(=BLANK)
y!

MINAMAX Y UALUES

-1868 10ea!

SKIFP PLOT GF NS COMPONENT ?
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LIB

~ZMZIOVIOO WX

16€9.

-1628.

10

27 - 74

«
o

""'Y"lr"

§ ¢ 7 3 TTT'TIr' L 2

|
1!-wm, 2 = RZTURN

2
BeRE-START

""'T"'Y"'l"Y'IT‘""'ll'flf"ll"'f'l"lllT

Y!

MINMAX ¥ UALUES

-1E20 1688/

SKIP PLOT CF EN CCHFPONENT

A A A 3 l . l 3 | Y W | l 1 __2 3 1 3 3
29. 21. 23. 4. 25.
TIME (GMT)



74

27

18

LI8

VOO ETTIN Vv uavrevevguarrynivrvpeervyvivegraee
bR LA BLARI LRAAI RALLY RRAL) RLARS LALM RAAL LAY

-l -

b o

p— -
.
5
be

A

S,

| |

o L

FTYI FUTT FUTTY ITVTY ITON OTVY TV TV O T AT
EERRREERRE

WT O00XoOoOZWZ+-

24.

23.

21,

TIME (QMTO
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RIN-MAX URLUES CF NS DATA = —4 37CE+EQ
MINMAX UDALUES CF BN DATA = -3 . 6683+82
MIN-MAX URLLES OF TIME = 2. 823%+81

SET HORIZDNTAL SCALE? Y OR M(=BLANK)
Y! :

MIN/MAX X UALUES

28 25!

SET VERTICAL SCALE? Y OR NCELAMK)
Y

MIN/MAX Y UALUES

-1608 1689! |
SKIP PLOT OF NS COMPONENT ?

3-B. 14
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LIB

CHIEIMZEIOVIEOO VX

18¢8.

®

:

g Illf'ffl'IIU"'l"llll'Ull‘""'f"""'l‘('lln

:

-18ed.

e -

23

| N A B AA AR A

:12;- NEW PLOT, 2 = RETURN
gf%-smﬂz'r

;sﬁ:'r HORIZONTAL SCALE? ¥ CR N(=B
MIN/MAX X URLUES .
28 251 :
SET UERTICAL SCALE? Y CR MNC=BLANKC

|

b
o
N
joone

Y1
MINMAX ¥ UALUES

-1889 1ee9!

SKIP PLOT OF EW COMPONENT

21.

TIME (GMT)

|
22.
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'

MIN-T4RX UALUES OF AKPLITUDE = 1.96SE-@2
MIN/MAX UALUES OF AZIMUTH = 1.844E-91
MIN/MRX USLLES OF TIFE = 2 82TE+d1
SET HORIZONTAL SCALE? Y CR NC=BLANK)

28 23! :
%T@TIO&MYGRN(M)

-1€68 18e3!
SXIP PLOT CF AFRPLITLCE ?

S 7esE+eR
3. 447E+ER
2. 344E+01
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27

18

LIB

qddd—qn,:—:q«—qqq;ﬂ:q_q:_—qzq—-qq«—-:,mﬁwd:d

k kA
.| )

b donbioabaoba oo i
EEREREEREN

TXO J=--D0QW

21.

TIME (GMT)
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27

18

LIB

o

T'wT'T'v‘I"I Tl v

b4 d

T

q-ﬂ—ﬂ-qqq-:—:ﬂq—u:-—aq:dq:-——:q—:-—-_«;—

«

Y

--—--——--—nbbbbnbn»—-unp—Pnpb—Phpnhtbp—-P»

-

Is BB

IN—XO+r X

3

Ll

3

-4

N

®

23.

21.

TIME (GMTH

19
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]

1 = NEWR PLOT, 2 = RETURN

21

B=RE-STRRT

21 :

SET INITIAL AMD FINAL TIRES FCR SHRRFMNESS PLOT?
YES <Y) &R ND (N>

N1
MIN-TRX UALUES CF SHARPMESS = -2 23TE+31
MIN-MAX UALUES CF TIFE = 2 823E+d1

SET HCRIZONTAL SCALE? ¥ CR M(=ZL &K
Y1

MIN-PRX X UALLES

28 235!

SET UERTICAL SCALET Y CR N(=EL&MK)

T BN

v

MINMAX Y CALLES

-158 128!

SYIP PLOT CF SHRERPNESS CGURNTITY 7

3-5.20
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74

a7

19

LIB

L 20

] LR

™

B

.

1 = MEW PLOT, 2 = RETURN
B=RE~START

i

?

2

R 8 B © 8 8 &

VWIAXQAZWOY QDT I D=

qd-‘—ﬁq—-dad-_-_-.~_—_-qqa-—-_q_--_—q_idﬂq-a-

o
o

o

L

I.A

A

24.

23.

21.

TIME (GMTO

21
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L}

RE—CCIPUTE SHERPNESS? YES(Y) CR MO (N)
Y1

SET IMITIAL AND FINAL TIMES FCR SHARPMNESE
YES (Y)> GR MO (ND

Y1

ENTER INITIAL AMND FINAL TIMES

2.2 22.4)

HIN-MEX UPALUES OF SHARPMESS o -1 7835468
MINMYX UALLES CF TIRE = 2. .922E+91

%T HCRIZOHTAL SCALE? Y CR NCsELANK)
MIN/PAX X URLLES

238 251

%T UVERTICSL SCALE? ¥ OR M(=BLANK)

-23 &I
SKIP FLOT CF SHREPMESS GUENTITY 7

9.1852+%0
2.345E+31



LB

L ~NTPCD BOMITOOD TV

13.

18.

74

v

i ¥ k] v ‘ LAk 2 £ L B ' LJ 4 [ 4 ’ I [ 20 A L J

!
i’ﬂb@ﬁ.ﬂ?. 2 = RETURN

ﬁ:r HORIZONTAL SCALE? Y CR N =BL:
MINAAX X UALUES

8 IIVI]I'VUlTY"'I'II!IVVT‘II"‘I 'TY'I!IV]"V""U

22 23|
SET UERTICAL SCALE? ¥ CR MC=BLAR
MINZFAX ¥ UALLUES
QtlLlLlill-%allsgxilgllLlﬂaA
21. _ _
ZR1P PLOT 28 sremprEsS GusnTITY 7
TIEE (GMTO
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)

oGS 93-26-74 152 3 .00 -.199
A=RE-ZTHRT

1 !

MIH-MA URLUES OF NS COMPOHENT = -1 . 848E+92 7 276E-12
RIMSMAE URLIJES OF EW COMPOMENT = -2 BE6E+B2 %}
MINCMas USLIJES OF TIME Hs = 7. .458E+00 1 B16E401
MIMAMA URLUES OF TIME <EWD = 7.452E+020 1 B1AE+D1
SET HORIZONTEL SCALE™ Y OR NC=BLANK

'

MIM-TMa: = URLLES

£ 11!

SET UERTICAHL SCALET Y OF NC=BLANK)
g

MIM-MAE Y UALIJES

=508 S0l

SEIF PLOT OF HS COMPOMENT v



SAS

~“ZMZOTVIZIONO 0w

468 .

-5€8.

08 - 26 - 74
l;‘ NEW PLOT, 2 = RETURN
E k) L 3 | § [ 8 ] k3 l’ Sﬁ—&!&g ¥ | T 7 { i A k]  } :
- 2! =
3 $§T HCRIZONTAL SCALE? Y OR M =E[5
- MIN/MAX X UALUES
3 6 11!
- $£'-IT VERTICAL SCALE? Y CR MN( =B
- MINMAY ¥ UALLES
= -5¢9 Se9!
: SKIP PLOT CF EW COMPCMENT
—
-
-
: L% £ [ 8 1 L - ! 4 | S 1 l L L _A | . ! 1 2
6. 7. 8. 9 18.

TIME (GMTO
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TIME C(GMTD
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MIN-MAX URLUES CF NS CATR = -7 .276E-12
MINMAX URLUES CF EW DATA = -2 886E+82
MINA/MRX UALUES OF TIME = 7. 435E+€9
SET HCORIZONTAL SCALE? Y OR N(=BLANCO)
¥
gxr;fmx X UL UES

1!
SET VERTICAL SCALE? Y CR N(=BLANK)
y!
MINTMAX Y URLUES
e =
SKIP PLOT CF NS CCMPONENT ?
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1.01CE+01
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1 = NEW PLOT, 2 = RETURN

74

LAARBAAARAARRI LAARRARAALAARRREARARERRAL! AR BARRAI
AR AL AR RLA RALAS RRAM AL AR

o
b
-
ol
e

j 26%:' ~STeRT !

SET HCRIZONTAL SCALE? ¥ CR M(=E

Y!
MINA-MAX X UALUES
6 11!

MINMAX Y USLUES
-529 e8!

SKIP PLOT CF EN CCFPCNENT

5. 1 A 1. l 4 3 1 3 L A 2. . l A 2 A 2 l

TVTfTT

L |

i 4

v

SET UERTICAL SCALE? Y CR NG =BL A

FEK )

o

7.

TIME C(GMT)
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TIME (GHMTD
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]

HIN-MAX URLUES OF AMPLITUCE = 2 .914E-81
MIN/MAX UALUES OF RZIMUTH = 1 .8C8E+82
MIN-MAX UALLES OF TIME = 7 455E+29
SET HORIZONTAL SCALE? Y CR N(=BLANK)D

Y!

MIN-MAX X URLUES

6 11!

SET VERTICAL SCALE? Y CR N(=BLANK)
Yt
MINMAX ¥ UALUES

9 S5¢8!
SKIP PLOT CF ARFPLITUCE ?

3-3.31
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éf NEN PLOT, 2 = RETURN
g-;-%-STMT

;SET VERTICAL SCALE? ¥ CR W(=BLRE

MIN/®AX ¥ UARLUES
@ 369!
SKIP PLOT CF AZIMUTH

oh 'YTY'Y""'V' ']"IIIT‘YWT'TTIY""'IUV'V'UU’U'W

7.
TIME (GMTD
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TIME (GMTH
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1

SET INITIAL AND FINAL TIMES FCR SHaRPNESS PLOT?
YES (Y)Y OR NO (N

NI

ENTER INITIAL AND FINARL TIMES

2 8 9t

MIN-"MAX UALLUES CF SHARPNESS = ~4 7PSLE+D]
MIN-MRX UALUES CF TIME = 7 45TE+EB
S&'T HORIZONTAL SCALE? Y CR MN(=BLAMNK)

v

MIN-MR] X UALLES

6 111

SET UERTICAL SCALE? ¥ CR MNC=BLANK)

Yl

MINMAX ¥ URLLUES

-259 259!

SKIP PLOT CF SHARPMESS GQUANTITY ?

3-B.34

1.43CE+&2
1.914E+81



138.

189.

KA~ 4 ZDPCO OLOMZZVDIT IV

Oh VYT llTl"‘lll‘ll"'I l'UT‘U"'UU'!"'I'Y'Y'I'I l"l"

¥ _
SET INITIAL &ND FINAL TIFES FCRTHARI
NESS PLOT?
;?S (Y) CR MO (W
| U W ! X S S l W‘ IPSIEIQ;- iﬁq ﬁIﬁLaTIJ?@ a3
‘. 8. : : 1.
8.58.75 18 1

TIME (GMTD
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MINMAX URLUES CF SHRRPMESS = -3 795E+81
MINMAX URLIES OF TINE = 7 43TFEI
SYSFT'T HORIZONTAL SCALE? Y CR NC=BLAMK)

gim X URLUES

AR

8 91

%T VERTICAL SCALE? Y CR NC=BLEMX)

MINAMAX Y URLLUES
-18@ 1591
SKIP PLOT CF SHARPNESS GUANTITY 7
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OtLETE(LGO,y LIS ,UNETSP)

ONSTCP.

CXIT.
LIBCOPY(GRAFRHIC,TXLGO/RR,yTXLGO)
LIECOPY(JDORATyNPLGO/Kx sy NPLGO)
LIBCOPY(MCHUGH,yEVENTS/RRWEVENTS)
DELETE(LGO,yLGOByONETSP)

RUNZBEL(S)
LINK(F=LGO,F=TXLGU,F=NPLLO,B=ONSTSP)
10 ONSTSP(ZVENTS)

11 UNSTSP,

Lo NN W

12 FIN.

13 cir

14 PROGRAM ONSTSPUTAPCS ,TAPETTY=2uU1,FILM=TAPETTYTAPE7=TAPETTY)
15 COMMON/TVPOOL/TVRPULI(3)

i6 COMMON/TVTUNL/ITUNZ(3G)

17 COMMON/JUPLCT/XLT o XRT 9 YLOsYUP yMAUX s MAJY 9 KXH{2) pKY {2 yLTITL(B3) LU,
13 1 LTFyLNLGXyLNLGY  NCLXyNCLY BLTITL2(8)

19 ODIMENSION IFZT (8)

2¢ DIMENSION T(10uu) +AMP(10LULI »AZM(10U0) 4A(30)

21 OIMENSION DELTX1{(1330),0:LTX281000)

22 UIMENSION x1{(1063u) »x2010600),v1(21000C),¥2(1000)

2 CALL FuT(uLTAPE7 IFET,8)

24 IFET(e}=IFeT(2) 0ol U100 OUOU GUUG 0GOO0B

Zv IFET(E)=IFZT{3)sORW4uLUU Culb0 JUuUY woud 0OUGSB

26 CALL FIT(SLTHPLE7 1FETy=8)

e7? 16y CUNTINUZ

] PI=3.1412326 ENTCTAL=5Uy BMTOTAL=NTOTAL-1

<9 LI 3C I=1,1000

30 AMPUI)=AZMCD) =T (D) =X1(1)=X2(I)=Y1{l)=Y2(1)=0,

31 3¢ CINTINUZ

32 Ly 31¢ I=1,38

33 310 LTITLE(I)=1UH

34 LUT7 SLNLUX=UNLGY=1 ENCLA=NCLY=2 pMAJA=5 PHAJY=10

55 LI Zduu  Mrz=1l,d

36 REAJ(E 4o ) (LTITL(I)yI=147) 9RA»34C

37 LS FURMATUIAS AL A 9Al 9 A2 9A14A298X,3F1uUe3)

38 LTITL(8)=10H

39 LFCLTITLLL) o£Qe3HEORSORSLTITL (1) 4EQe3HEOFIGOTOLLD

44 IFLTITU(L) £ 3HSAS)GOTOLG0Y

-1 6o T091l

42 10U IF(LTITLL7) oUT 7410607091

+3 IFCLTITLO7) e Qo740 o ANDOLTITL(3) ool 24 e ANDWLTITL(5)46T.19.)G60T031
4l IFCLTITL(C) «EQetANIKARD=IHE BIF(LTLITL{Z) +EGQ.L1HE)KARD=1HN
+5 LTITL(C)=KARD

+0 91 CONTINUE

«f 03 170 I=¢,1048040

48 J=1+5

49 READ (5 ,31) (X2(K) 3 Y (k) yK=I,J}

50 31 FURMAT(6(2F5.3))

21 00 180 M=IL,J

32 IF(X2(M) +E£Qs 39349399 +O0Ks Y2(M) 4cQs 993,939)KK=HM

=3 IF(Xx2 (M) +EQs 993,999 .Oke Y2(M) +£Q@e 939.999)G0 TO 199
ok 180 CONTINUC

55 170 CONTINUE

20 19y NIND=KK-1

>7 IF(MRecQ@e1)NNL1=NENC FIF(MR.EQs2)INNZ=NEND

z IFALTITL(L) +EQ.3HSAS)GOUTOLTR

2R 0
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GOTOLLL

IF(LTITL(7).GT.7+)50T0101

IFCLTITL(7) eEQe7 4o ANDoe TITLI3) WEQ b2 s ANDWLTITL(S) 406T.12)60T2101L

IF(LTITL(Z2) EQelHNIC==C

IF(3.EQeus)3==RA*X2(2)

U=Y2(2)*C*10ul,

U 2u I=cyNEND

K1) =(RA*Xx2(1I))+3 3Y2{(I)=(1CGhu.*Yc(I)*C)=D

IS (MReZQe1) XL (L) =x2(I) BIF(MRZQ L)1 (I)=Y2(I)

CINTINUC

CIONTINUC

LTITL(2)=1dH

HRLATE (/79 4+5) (LT ITL(L)yi=147)4yRA45,yC

WRITE(74420) 3CALL GETNUMCRY SIF{R{L) eQe0.)c0T0L3U

FURMAT (¥ =Rc-START*)

IF(LTITL(L) Q.3 H34AS)IGUTUCSS sGUTO5uU0

IFCLTITL(Z) oGT.74360UTO30u

IFCLTITL(7) o Wo? 4 AND o LTITL{3)eCQel2eAND«LTITL(S)GT.19)G0TO303

o 235 I=1i,3ulu

AMPOI)=XL (1) BAZMAI)=YL{I) Hx1(i)=x2(1) $yi(l)=Y2(1)

X2 {I)=AaMP{I) 31c(I)=AZML{I)

CUNT INUE

W3C=HNL Bril=HNe BNNZ2=ABC

CIONTINUE

IFIX1()aLToX2(2)3G0TO3

IF X (2ol ex i 2))TINITL=X2{2) +0A{XZ (N2} =X () Y/NTOTAL)

YLi(L)=Y1(2) TAL01L)=X2(2) SENL=NNL BsN2=INZ-1

0J 2 1=14N2

YS(I)=Y2 (L+1) 5X2{1l)=xc(i+]l)

CINTINUL

6T T

TANITL=Z2(2)+ (AL CINLY=X2{2))/70TOoTAL) BY2{1)=Ye{c) Btx2(1)=X1(2)

Ne=NNe¢ SEN1=Ni1-1

UG 5 I=1,N1

YL(ID)=Y1(1+1) sX2(I)=X1{1+1)

CUNTINUVE

I AXLUNL) oLTaX2{N2 ) ) GLUT U

IF (X2 UIN2) sl o XL AN ) TFINAL=XZI(NL)=CIXI(NL)-XL{(1))/NTOTAL)

YeA2+1)=Y2(H2) SACINZ+1)=X1(NL) 5M2=nNZ2+1 3¥Mi=N1 $G6GOTO7

TEINAL=XZINZ) = ({X2(N2)=X2 (1)) /wTOTAL) BYL(NLI*1)=Y1{(N1)

X1 INL1+1)=X2{(MN2}) {Mi=h1+1l IMz=N2

Uz LTAT=(TFINAL-TINITL)Y/NTOTAL

CALL AMINMA(X1,M1,31,32)

CacLbt AMINMX({Y14M1l,s33,480)

CALL AMINMA(XZ I MZ2,15,88)

CALL AMINH}((YquQ’B?’Bb)

NRITE (7 402)Bo938937 9384819329329 30

FIRMAT(*MIN/MAX VYALUES OF NS CUMPUNINT
FMIN/MAX vALLLS OF £EW CUMPONZINT
*MIN/MAX VA_LULS OF TIMZ (N3)
FALIN/MAX vALLUeS OF TIMc (zwW)

KTiR1=1UHNS CUMPONS $KTERZ=13IHNT

CALL AURAPHIYL ¢X1 4y 3398Be yMLsKTEZR1,KTk2)

WRITE(7422) BIALL SETNUMIA) SIF(A{L) e2QebadGUTOLUU

FORMAT(*L=xi-oTART *)

KTerkR1=10henW CuiPuni

CALL AGRAPFR{YZ 43X cy37 488923 KTorl y<Tara)

WRITE(74y22) ECALe GETNUMC(A) BIF(A(L) +cQ.0435CT010u

¥ E1lUe395X9 8104307
9210+ 315X9EL0e347
¥9E106395X9E10e39/
*lEiUn39SX9ElU.3)

o nou

3-B.40
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117 LUy 38 I=1.NTOTAL

118 TOID)=TINITL+(UZLTAT*(I=-1))

119 00 9 J=1,M1

128 OILTAL(I) =X1{Jd)=T(I)

121 9 CINTINUE

122 DI 10 J=1,M2

123 DLTX2(J)=xX2(J)=T(I)

124 10 CUNTINUE

125 L2 11 J=1,H1

126 JK=J+1 FIF(UKsGTeM1)UK=M1

127 IF(OELTXL(J) o bTaue o ANDeDLLTXL(UK)eGE S04 ) IXIUP=UK

128 IF O LTX2(U) el Todo s ANDeDELTXL1(UK) oGEWQ4)IXL0ON=J

1249 11 CONTINUE

1340 00 12 J=1i,M2

131 JK=J+1l BIF{JK,LT.M2)JK=M2

132 iF(DELTA2(U) oL ToUe s ANDSDELTX2(UK) e GEWLDL)IXEUP=UK

133 IF(DELTXC(J) abToeus e ANDSDELTX2(UK)WGELQ4) IXZDON=Y

134 12 CINTINuE

132 AMPLI)= (YL (IXLUP) =YL (IXION)) /(XL {IX1IUP)=XL (IX1ION))I*(T(I)
1386 1 =41 (IX1DRN) I )Y +YL (IX1DN)

137 ARZMLI)= (Y2 (IX2UP)=Y2 (IX2ON)) /7 (X2(IX2UP)=X2{IX2uN)})*(T(I)
138 1 =X2(IX20N)))+Y2(IX20N)

1349 8 CLunTINUC

1-0 Latlh AMINMX(AMPyNTOTALs31yd2)

141 Lall AMINHX(AZAsNTOTALy35,484)

1.2 WRITE(7 913)81 4932983480, TINITL,TF INAL

143 13 FOURMAT(*MIN/MAX VALUES OF NS DATA = *,E£10e395X 0139/
14w 1 *MIN/MAX VALULS UF EW DATA = #,£10.395X v .03/,
125 1 *MIN/MAX VALUES ufF TIMe = ¥ yE10e3+95X90L L Ue3)
146 KT_R1=10HNS COMPONE PKTERZ=10HNT

147 CaLl AGRAPH(AMPST 981+82 yNTOTAL sKTERLZKTERZ)

lad WRITZ (7925) BCALL GETNUM(A) BIF(A(1).,2Q.0.)G07TC10L.

1+93 KicRk1=10HIW CUMPONC

izu CALL AGRAPHI({AZM,T 983984 yNTOTALWKTERL yKTERZ)

1u1 WKITE(74,55) BCALL GETNULM(A) BIF(A(1).EQ.0.,)G0T0100

1.2 0o 14 1=1,NTOTAL

153 ZL=AMP(I) 3Z2=AZM(]I)

1ow AMP(I)=SURT((Z1¥*¥2)+(2<¢**2))

155 I7(Z2ecQeuadl2=1.,E-20

1,56 AZMAI)=(ATANC(Z1/22))*(180./P1)

127 IF(ZL oL Ta0eAZM(I)=AZM{I)*13u.

1:8 IFAAZMUI) oL Te0W)AZM(I)=AZM(I) 3060,

159 IFCAZMALI) oGT o 30LIAZMIII=AZM(I) = 30U,

13§ it COUNTINUE

101 CALL AMINMX{AMP,NTOTAL,yB1,82)

1o2 CALL AMINMX{AZHINTOTALsB3yBY)

103 ARITZ(7415)B1,32983,8«9 TINITL,,TFINAL

lo- 15 FORMAT(*MIN/MAX VALUES OF AMPLITUDE = *43E1063+45X4,E10:347,
16> 1 *MIN/MAX VALUEZS OF AZIMUTH = *,£104395X,E10.3,7,
10686 1 *MIN/MAKL VALUES OF TIMzZ = *,E1043,5X,E£10.3)
167 Klexi1=10HAMPLITUCE PKTERZ2=1dH

104 Chul AORAPR(IAMP 3T oblyB8c yiiTOTALKTZRL$KTERZ)

ic9 P2 TS U7 y23) $CALL GETNUM(A) BIF(A(L) yEQsve)GOT0100

17¢ KieR1=1UHAZIMUTH

171 CALL AGRAPH{AZMsT,83+B4NTOTALIKTERL,KTER2)

172 NRITE(7955) $CALL GETNUM(A) BIF{A{1).2Q0,2G607Q100

173 22 CONTINUZ

174 WXITE(74106) BREAO(7417)CHECK SIF(CHZCK.EQe1HY)GO0T018

3-B.41
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175
170
177
178
79
134§
181
162
133
i34
185
186
187
184
189
130
131
132
133
19«
132
1vo
197
1338
199
200
2ul
2ud
203
2d b
2.5
206
2y’
2ul
203
210
i1
212
213
2ia
215
<16
217
218
219
ISy
L
c.2
223
<l
2io
22¢
27
2238
229
230
231
232

16

17

14
123

21

2

25

b

27 FORMAT(*MIN/MAX VALUES OF SHARPNZSS

11v
944

3

[

O F W

1

1

1

1

12410442 MCHUGH +ONSTSP

PAGE &

FORMAT(*SET INITIAL. AND FINAL TIMcS FOR SHARPNESS PLOT?%#,/

*YES (Y) OR NO (N)*)
FORMAT(AL)
KLMi=1 $KLM2=MTOTAL $GOTOL19

WXITE(74123) $CALL GETNUMIA) BTON=A{1) $TUP=A(2)

FORMAT(*uNTER INITIAL AND FINAL TIMES®)

IF(TONJLTLTINITL)TON=TINITL BIF(TUP.GT«TFINAL) TUP=TFINAL

IF(TON.GT«TFINAL«ORGTUPGLTSTINITLINWRITE(7,421)

IF(TONGGT.TFINALLORSTUPLT.TINITLIGOTO22

FURMAT(®INITiAL ANLC/OR FINAL TIMc ERROR, TKY

DJ 23 I=1,4NTOTAL

X1(I)=T(L1)~TON 3X2(1)=T(I)-TUP

CONTINUE

KLM1i=1 SKLMZ2=NTCTAL

03 ¢4 I=1,.MTOTAL

J= i+1 $IF(Xl(l’oLL-Go.AND-Xl(J)QbT 00)KLM1 I

IF(XZ(I) el o0 s sANO«X2(J)eGToa0s)KLM2=1

CINTINUE

CuNTINUL

u_IA-(AAr(KLVc)-AMP(Ktﬁl))/(T(KLMZ)’T(KLMl))

(B3 TAWLQelo) ol TA= (L (AMPIXKLM2) =AMP(KLML1)) /2.
(UTIKLM2) -TIKLML) J/72 ) +T{KLM1))

AGAIN¥*)

) +AMP{KLM1) )/

IF(BeTAWEQe0 I WRITE(7 y25) SIF(BETALEQ.0.)CALL GETNUMLA)

FURMAT(*AVERAG: SHARFNESS IS ZERO*,/,

¥ENTER VALUE FOK USE IN SHARPNESS PLOT
L) 26 1I=1,MTOTAL
AZMUI)=((AMP (T +1) -AMP(I))/(T(I+1)=-T(I)))/BETA
CONTINUE
Cali AMINMX(AZi4yMTOTAL,B1,82) 3583=T(1) §Bu4=TI{
NilTE(7,27)81.32,83,89

*MIN/MAX VALUES OF TIME
KTtR1=10HSHARPNESS BKTERZ2=10HQUANTITY
CALL AGRAPHI(AZM1, 79811232 MTOTAL,KTERL1,KTERZ2)

¥)

MTOTAL)

¥9E104395X9E10e397
¥,E1043,5X,E10,3)

WrITc(7455) BCALL GETNUM(A) BIF(A(1) «cQ+0.)50T010C

WXITE(74950) ZRCAD(7417)CHCCKIIF (CHZCKEQe1HY)

507022

FIRMAT(*Rke~=COMPUTE SHARPNESS? YESI(Y) OR NO (N)*)

G3TO10u

WIITEA7,900) 3READ{7+17)CHECK BIF(CHECK.EQe1HY)IRERIND 5

FURMAT(*ND OF DATA., RE-START?*)
IF(CHECK.EQ 1HY) LU TOLUU

5

5

2

STUP

EnNC

CoorQUTIN. GERTLAIK)

UoMe NS LU ={1) ,0(84)

FoRrd{749)0 8 1I=Jd=vu

J=Jdtl 3 N=P=S=y¢ § M=F=1

=I+41 3 IF(I.GT+3u)RETURN 3 D=L (I) B K==
IrtJefdeso)K=2 3 IF(DeGE 27 0AsJelTe3b)K=1
IFlUvEWe=7)K=3 § K=K+3> 3 GJITO0{192+9392919y49394)K
NIN¥LU+U-27 $ Sz« 5 GOTO
==1 3 S=4 3 GUTO
F=1 $ S=4 $ GOTO
IF(P NCJOIF=10¥*(1-P=1) 3 R{JI=N/F*HM 3 GOTO

FORMAT (8UR1)
ENL
SUBROUTINE AGRAPH(R.T,A1,B4sNRECPT»K1K2)

3-B.42
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COMMON/JUPLCT/XLT s ART o YLOsYUP sy MAUX MAJY s KX (2) 9KY(2)
1 LTITLU8) sLUGLTFoLNLGAJLNLGY sNCLXyNCLYLTITL2(8)
DIMENSION R(50),T{(50),a(20)

KX{1)=1GHTIME (GMT) KX (2)=10H

XL T=T(1) FXRT=T(NRKECPT) #$KY{1)=K1 3KY{2)=K2

YLO=A1l §$YUP=8

WRITE(7,43) BREAO(744)CH  SIF(CHWEQe1HNORLCH«EQ.1H )GOTOS
FORMAT{*SET HORIZUNTAL SCALE? Y OR N(=BLANK)¥)

FURMAT (A1)

wWRITE(7+45) BCALL GEINUM(A) 3XLT=A(1) $XKT=A(2)
FIRKMAT(*MIN/MAX X VALUES™)

WKITEA(T747) SREAJI(7434)CH BIF(CHWEQe1HN«ORJCHeEQWs1H )GOTOB
WRITE(7,49) 3BSCALL GETNUM(A) SYLO=A(1) SYUP=A(2)
FORMAT(*SET VERTILAL SCALE? Y OR N{=BLANK)*¥)
FORMAT({*MIN/MAX Y VALUES*)

AASYUP BIF(YLOLEQ.AA)YUP=YUP+1, S$IF(YLO.EQ.AA)YLO=YLO-1,
WRITE(7 910)KY (1) 4KY(2)

FORMAT(*SKIP PLOT CF *,2A10,%2%)

<= ADL7,4) IJVAR

IF(IJVARCEQe1HN URZIJVARSJEUWLLH JCALL PLOTS(RyT91+NRECPT)
WeITE(7412) 3CALL GZTNUM(A) 3IRS=A(1) SIF(IRS.EQ.1)GOTO13
FURMAT(*L = Niw PLCTy 2 = RETURN®*)

Ko TURN $ENCL

SUBROUTINE AMINMA(RZNRECPT+544)

ULMINSION wr(E4)

AAZ0PT= ((R(NKZCPT) =R (1)) /2,.) + R(1)

A = 3 =AMIOPT

vl 1 I=iy4NRcLPY

LFIR(I)4GTaA) A=K (I)

IF(R(I).LT.B)B=K(I)

CUNTINUE

RZTURN $ENC
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INTRODUCTION

A model for slip-related tilt events has been discussed in McHugh
(1976b). Briefly, the model assumes a rectangular, verticaliy oriented,
dislocation loop expanding quasi-statically in a homogeneous elastic medium
with a spatially and temporally variable displacement distribution across
the slipping region (Model II). This model demonstrates that a slip zomne
very close to the station will produce a more rapid change in tilt amplitude
than a distant slip zone. Model II allows the source~station distance to be
estimated from the onset sharpness (i.e., the time rate of change of the
tilt amplitude). The program input consists of the slip zone geometry,
and the output is a graph of onset sharpness versus source-station distance.

Access and Use

The program requires approximately 70K of core and is intended for use
on the LBL 6600B or C computer and the Tektronix (4010-1) terminal. To
access and operate the program, enter an .LOAD, SHARPS, MCHUGH followed by

~RUN. The program links automatically to the appropriate plotting routines.

Input

The input, source-station configuration, and program options are
identical to those described for Model II (McHugh, 1976b) and will not be
repeated here. Program SHARPS computes the gradient of the tilt amplitude
change as a function of source-station distance. Consequently, in addition

to the source configuration, the X1 position of the station (X1), the initial
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X2 position (X2IN), and the increment in the X2 position (DELTAX) must be
entered (Figure 3-Cl). These three parameters are entered after the slip

zone coordinates when the computer writes:

Enter X1, X2IN, and DELTAX

Program Operation

The program computes the quasi-static tilt amplitude as a function of
time at a station in position(X1l, XZ2)as the slip zone expands from its
initial to final positions. The sharpness quantity, IS], is computed by
numerically differentiating the tilt amplitude and normalizing by the event
duration and residual offset. The maximum sharpness at the onset of the
event (the onset sharpness, 6) is computed for the station position, X2.
The X2 coordinate of the station is normalized by the final length of the
dip-slip zone (unless the length of the dip-slip zone is zero, in which
case the length of the strike-slip zone is used - Figure 3-Cl). The program
then increments X2 (using DELTAX) and computes the onset sharpness produced
by the slip zone at the new station position.

By definition, the sharpness quantity is:
[SJ - 40 [(e -0 [, - c.)}
It // f i £ i

where © is the tilt amplitude, t is the time (determined by the position of
the zone, as discussed in McHugh, 1976a, b), and i and f refer to the
initial and final quantities. The derivative is normalized by the residual
offset (Gf - @i) because the tilt amplitude is proportional to the slip,

which in general cannot be determined from the records of a single station.



The duration of the event is also used to normalize the derivative because
the correspondence between time as a model parameter and time on the station’s
record cannot be precisely determined.

The onset sharpness (6) is the maximum sharpness of the event within the
first few time units (defined by N1, = (.075%*NRECPT)+1 in line 73, and NRECPT
(line 190)) to avoid the possibility of a global maximum, not coincident
with the onset, contaminating the results. The onset sharpness is determined
for 20 station positions (i.e. X1 constant, X2 = X2IN + (DELTAX * K), K =1
to 20, line 194 in the program listing) and plotted as a function of D/L
(D is the perpendicular source-station distance - the absolute value of X2, L is
the length (in the X1 di;ection) of the dip-slip or strike-slip zone -

Figure 3-Cl).

OQutput

~

 After the computations of 0 versus D/L are completed the program writes:

Min/Max values of sharpness = (numerical values)

Min/Max values of (D/L) (numerical values)

These statements are followed by requests for scaling information pertaining to
the graph of 6 versus D/L. The scales are set in the same fashion as in
programs discussed elsewhere (McHugh, 1976a) and will not be described here.
After the plot of 6 versus D/L has been displayed, the graph can be re-scaled
and displayed (option 1), or the computer will move to the next section of the
program (option 2). If option 2 is selected, the computer will write:

0 = Re-start, 1 = Specify new DELTAX and continue.
Entering a zero causes the program to be re-started, and 1 causes the computer
to write:

Enter new DELTAX
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The new value of DELTAX must be entered; the computer will respond:

0 Re-start with all new values

1 Re-start with previous values and new DELTAX
Entering a zero causes the program to be re-started (i.e., new input
values must be specified), a 1 causes the program to be re-started with

the new DELTAX and the previous slip zone geometry.

Results and Discussion

As an example of how this technique and program may be used to interpret
a tilt event, consider the 27 October 1974 LIB event (Figure 3-C2) with
onset sharpness equal to 9.2 (using program ONSTSP - page 3-B.22). The
observed tilt component amplitudes and the sharpness, [éL computed from the
observed tilt (using ONSTSP) as functions of time are shown in Figure 3-C2a.
If it is assumed that the observed tilts are produced by an expanding dip-slip
zone (which is known to be capable of producing a step-like tilt event), the
source-station configuration may be estimated from the tilt amplitude versus
time waveshape; and the onset sharpness may be used as a constraint on
the source-station distance.

The assumed source-station configuration shown in Figure 3-C.1 will
produce a waveshape and deflection similar to the event observed at LIB,
but in general the displacement and source-station distance (D) will not
be known. The amplitude of the offset 1s affected by the amount of dis-
lacement across the slip zone as well as D. However, the source-station
distance may be estimated using the onset sharpness, which allows the dis-
lacement to be determined directly from the event amplitude. Figure 3-CZc
is a plot of onset sharpness (6) versus D/L computed using program SHARPS
for the model in Figure 3-Cl. An onset sharpness of 9.2 (determined for the

observation at LIB on 27 October 1974 using ONSTSE)implies that D/L = .85



(page 3-C.9) for the configuration in Figure 3-Cl. If L = 100m, then the
X2 coordinate of the station is 85m. The observed deflection at LIB is
0.6 prad to the southwest, consequently the displacement must be .36mm
(determined by using the source-station configuration in Figure 3-Cl as
input to program SLPPRP and adjusting U3IN and U3FN until the theoretical
residual tilt offset equals the observed residual tilt offset).

Program SLPPRP was used to generate the tilt component amplitudes and
sharpness versus time plots in Figure 3-C2b (with the time scale adjusted
so that the theoretical event duration was similar to the observed duration).
Although it was assumed that the source of the LIB event was a bilaterally
propagating dip-slip zone (because this type of source will produce a step-
like tilt waveform), 100m in length, the source-station distance and amount
of displacement (85m and .36mm respectively) were estimated directly from
the observations.

Comparing Figure 3-C2b to 3-C2a, it is seen that the model in Figure
3-C1 reproduces: 1) the observed sense of deflection (i.e.southwest),
2) the general, step-like, appearance of the waveform, 3) the amplitude
of the deflection (about 0.6 urad% 4) the correct onset sharpness (about 9.),
and 5) the basic features of the sharpness,[é], versus time curve. Although
the theoretical solutions are not in complete agreement with the observations,
the basic features of the data can be interpreted with the model and tech-
niques presented.
NOTE: The observed tilt component amplitudes versus time profiles (Figure
3-C2a) were processed using program ONSTSP; the sharpness versus time (Figure
3-C2a) was computed by ONSTSP. The theoretical tilt component smplitude
(Figure 3-C2b) were generated by program SLPPRP (McHugh, 1976b), the theore-

tical tilt sharpness (Figure 3-C2b) by a modification of SLPPRP. The onset
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sharpness versus D/L (Figure 3-C2c) was determined using program SHARPS.
The theoretical curves (Figures 3-C2b,c) were generated for the model in

Figure 3-Cl.
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EXAMPLES OF SHARPS OPERATION
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ALORD , SHARPS , MCHUGH ! SKIP PLOT OF ONSET SHARPNESS

LORD CCHMPLETE., ENTERIMG ~EDIT

M~ ~EDIT

~RUN!

i=ZOI~E EXPANDS, 2=ZCNE CONTRARCTS
'

1/2=SLIP INCREMENTED EXPOMENTIALLY/LIMEARLY

STRIKE-SLIP/DIP-SLIP

1

8 =IMCREMENT CORNERS SEPARATELY

1,2=INCREFENT ALL CCRMERS EXPONENTIALLY/LIMESRLY

STRIKE-SLIP/DIP-SLIP

'"U1>8* = LEFT-LATERSL STRIKE-SLIP

U39 = ‘%2>@' SICE COH

ULIN, UIFN, USIN, USFN
11

JTRIGEER" OPTICN CESIRED?

D1X1 1M, D1X3IN, D2X3IN, D3X1 IN, DIX1FH, DIXTFH, DRATFN, B3KIFN

e 6 .1 85 1 e .18

ENTER X1, X2IN, #ND CELTAX

5 .€22881 .81

MINMAX UALUES CF SHARPNESS =

MINPAX UALUES CF (D) = 54

WRITE PLOT TITLE, 58 CHARACTERS

SHARPS BILATERSL PROPAGATICH 27 CCT. 1574 LIB EVENT!

SET MORIZCHTAL SCALE? ¥ CR MC=BLARK)

MINPEX X UPLUSS
8 2!

KT VERTICAL SCALET Y CR M =BLAMNX)

HIH/WYW
8 25e9!
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SHARPS/BILATERAL PROPAGATICN-27 OCT. 1974 LIB EVENT

1860 L BN S B AL AL B LS B
vy § = NEW PLOT, 2 = RETURM
con SET HORIZONTAL SCALE? Y CR MC=BL:
MIN/MAX X UALUES
25 .S
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2 1£9|
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gi%r:m Y UALLES
SKIP PLOT OF CNSET SHARPMNESS

NUOeMITOUVI2TITNV ~MnNnZO
38888 3 8 8

[0
©

lell lLlllllllllll]lllll

®

X2/(FAULT LENGTH)

3-C.14



1974 L1IB EVENT

SHARPS-BILATERAL PROPAGATION/27 OCT.

r .
W W Y 1

' v
!

RN AR
|, W U U1

i

L §
v |

3

.

{
1

L |
i

i 1

s »

E-—bb:PPbb -bbb-P—P-b—bnbthh—ph»h—-:-Lb»-

@ & ® N W B T M N o~ B

OZVUWF- VICXAZWOW

X2/7CFARULT LENGTHD

15

3-C.



1 = NEM PLOT, 2 = RETURN

2!
gTszs—ssz. 1=SPECIFY NEM DELTAX AND CONTINUE
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PROGRAM LISTING



21 JUL 76 09.25,26 MCHUGH «SHARPS

4 CELETE(LGC,0UTFUT,SHARPS)
2 SHARPS, ’
3 CXxIT.
4 LIRCOPY (GPAPHIC,TXLGC/RR,TXLGOQ)
S  LIBCOPY(JORAT,NPLGO/FR,yNPLGO)
6 DELETE(LGO,CUTFUT,SHARPS)
7  RUN7A{S)
8 LINK(F=LGO,F=TXLCO,F=NPLGO,8=SHARPS)
3 SHARPS.
10 FIN,
11 FOK
12 PROGRAM SHARPS{TARPETTY=201," ILM=TAPCTTY,TAFE7=TAFETTY)
13 CCMMCN/TVPCOL/TVPULIB)
14 CCMMCON/TVTULNE/ZITUNE(ZD)
15 COMMOMN/JPLCT/XLT y XRT g YLCyYUP 3y MAJX G MAJY KX (Z) 4KY(2),
16 LLTITL(B) yLUGLTF LNLGX g LNLGY,y NCLX,NCLYLTITL2(8)
17 DIMENSICN IFET(R)
18 DIMENSICAN TX{400),TY(L00)»T(21G0)
19 DIMENSICN C{20)+C(40)A(33),IT{L)ICFAR(LE)
25 DIMENSICN TAMP{1(00)y SHARP(25) ,00L(22)
21 CALL FET(SELTAPE7,IFET,8)
22 IFET(2)=IFET(2).0R.0000 0C10 0COC 0O0CC QGOCOH
23 IFET(B)=IFET(8).0ko4005 0000 COGC CCCC OCCCE
2 CALL FETI(ELTAPE7,IFET,-8)
25 KTEST=1
26 67 CC 101 J=1,18
27 ND{JY=0. 2C(J+18)=0. BC{J) =0,
28 101 CONTINUE
29 WRITE(7,1)
30 1 FORMAT (#1=20NE EXPANDS, 2=23Nt CCNTRAZTIS*)
31 CALL GETNUNMIA) TIFLAG=A(4) BWURITE(742:
32 2 FCRMAT (*1/2=SLIP INCREMENTED EXPCNENTIALLY/LINEARLY®,/,
33 1 ¥*STFIKE-SLIR/DIF-SLI?*;
WY COLL GETAUM(A)Y #XFLAGS=A(1) IKFLAGL=A(2) TWRITE(7,3)
35 3 FCRMAT(*Q =INCREMENT CCFNERS SEFARATELYY,/,
36 { ¥1/2<TNCPEMENT LLL CORNIORS EXPCAENTIALLY/ZLINEARLY *,/,
37 1 ¥CTRIKF-SLIP/DIFE=-SLID®)
38 CALL GETAUM(A)Y BLFLAG=A(1) TMFLAG=A(P)
29 76 110 I=1,4
49 IT(I)=5
49 110 CCNTINUE
L2 D0 4 I=1.1¢€
43 4 ICRMF(I)=1
R TF(LFLAGWEGeJ+ORWMFLAGLEQ.Q)CALL SLPCRMULFLAGyMFLAC,ICFNR)
4 IFILFLAGLEG.2)G0TY 5 3GCTOE
LE S D0 7 I=C,1¢
67 7 ICRNR(I)=p
Ls 6 IF(MFLAG.EG.2)GOTCB $GCTGI
49 8 DC 16 I=1,8
5¢ 10 ICRNR(I)=?
°1 3 WRITE(7414) 3CALL CGETNUM{A) 3C(33)=A(1) 3C(24)=A(2)
52 11 FORMAT(**U1>0° = LEFT-LATTZRAL STRIKE-SLIP*,/,
53 1 ¥ = *X2>(0° SIDE OOWN®,/,
S5k 1 *Uq1INy ULFN, U3IN, U3IFN¥*)
55 Cl35)=A{3) §C{36)=AlL) BURITZ(7,12)
56 12 FORMAT{**TRIGGER®* OPTICN DESIRFD?¥)
57 READI(7,43)TRIG SIF(TFIC.EQ.1HY)CALL TRIGGRI(IT)
58 13 FCFMAT{21)

V" 1



21 JUL 7¢

59
60
61
€2
63
bl
65
66
67
68
69
70
71
72
73
74
75
76
7V
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
3%
96
97
98
39
100
101
102

103
104

105
106
107
108
1C9
110
111
112
113
114
115
116

15

14

17

16
18

75

21

19

24

23

27

26

03.25.256 MChHUGH «SHARPS PACE 2

WERITE(7415) 3CALL GETNUMIA) 3C{17)=C(19)=A(1)
FORMAT(*C4X1INSCIXIINJC2X3INy C3IXIINyC1X1FNJCLX3IF Ny COXIFNy CIX1FN*
Cl18)¥=Cl24)=A(2) 3C{20)1=C{22)=A(3) $C(21)=C(23)=A(W)
C{25)=C{27)1=A(5) $C{(26)=C(32)=A(5) 3C(28)=C(30)=A(7)
C(29)=C(331)=4(8)

IF(C(35) ECa0ssANDWI{3E)EQ.0+1GCTOYE

WRITE(7417) BCALL GETNUM(A) 3C{4)=C(3)=A{1) 3C(2)=C(8)=A(2)
FORMAT(*CL XL INyDLXIINGC2X3INyDIXLIN,D4IX1FNyOIX3F N D2X3FN,DIX1FN*
Cly)=C{B)=A{(3) 3C(S)=C(7)=A(L) FC(C)=C(11)=A(5)
C110)=C{18)=A{8) 3C{12)=C(14)=A(7) 3C(13)=C(15)=A(8)
WRITE(7,18) 3CALL GETNUM(A) 3X41=A{1) 3X2IN=A(2) B3CFLTAX=A(3)
FORMAT(*ENTER xi, X2IN,y, AND DELTAX¥)

X3=0s SNRECPT=400 3IN=(+Q075*NRFECPT) $X2=X2IN

N{i=N+1 3FN2=NRECPT-(.{75*NRECPT) -1

N3=N2+1 3PI=3.1445¢26 TRN{1=Ni1 3FRN2=N2 $ITIFE=99399S
CONTINUE

DO 21 J=1,8

D(I)=ClJ) $D(U+B) =C(J+18)

CCNTINUE

D{47)=C(33) $0(48)=C(3%)

D0 19 I=1,AM

CALL CMPTLT( (O, X19X24X3:3T1,T2)

T(I)=1 FTX(I)=T2 $TY(I)=T4

CCNTINUE

DO 24 J=1,3

D(J)=C(J+8) 30(J+8)=ClJ+24)

CONTINUVE

D{17)=C{34) $0(13)=C{3¢6)

DC 23 I=N3,NRECPT

CALL CMPTLTI(DyX1+4X29X3471,72)

T(I)=1 $TX(I)=T2 TY{I)=T1

CONTINUE

ITFGREC=Q

DO 25 I=Nji,,N?

T{I)=1I 3FRI=I

IF(TRIGLEG.1HY)GOTC26

DO 27 J=1,8

J8=J+8 $44=C{J) $3=C(J8) $E=C(JB8+8) TF=C(JI+424)

CALL XPNSHL(A4sByRNLIRN24yRILY 1)

CALL XPNSHL(E,FyRN1yRN2 ¢RI Y2)

IF({ICRNR(J)ICQ«2)CALL ALINAR(A14+B4sRNLsRN2yRIL Y1)

D(J)=Y1 FC(U8B)=Y?

CCATINUE

CALL XPNSHL(C{33)4sC{34) ¢kN1)RN2yRI,Y1)

CALL XPNSHLI(C(35),C(36)4RN1yRN2yEI,Y2)

IF(KFLAGS.NE W1 )CALL ALINARI(C(33) 4L (34)4RN14RN24RI, Y1)
TF(KFLAGULLNE o1 )CALL ALINARI(Z{35),4,C{(36)4sRN1yRN2yRI,Y2)
D{(17)=Y1 $C(18)=Y2 $GOTQC28
IF(IT(2)2EC.1ANDKFLAGS.EQse1)CALL XPNSHL{C(33),C{34)4RN1,

1 FN2yKkI,Y)

IF(IT(2) eEGs1+AND KFLAGSsNE«L)CALL ALINARIC(23),C134)y KN1,

1 RN24sKI,Y)

TF(IT(2) eEC.0 4 ANDWKFLAGCEQa1)CALL XPNSHL{C(35),C{26)+KN1,

1 PN2,RILY)

IF(IT(2) sECa 3+ ANDKFLAGCANE«1ICALL ALINARKI(C(35),C(36)+RN1,

1 RN2,RI,Y)

2. 19



21 JUL 76 03+25.2¢€ MCHUGH «SHARPS PACE 3

117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
181
162
163
164
165
166
167
168
1€9
170
171
172
173
174

IF(IT(2).ECaQ)0(18)Y=Y RIF(IT(2)EGa1)D(17)=Y
DO 32 Jd=1»¢
J8=J+8 $A1=C{(J) $B=C(J8) SE=C(JB+8) $F=C(J+24)
CALL XPNSHL{A1+B¢RN1yRN2,RI, Y1)
CALL XPNSPHL(ESsFsRN1yRN2Z2yRIZY2)
IF(ICRNR(JU).EQ.2)CALL ALINAR(A1,B4RN1yRN24FRI,Y1)
IF(ICRNR(JB) sEQe2)CALL ALINARI{E yFoRN1sRN24FI,LY2)
D(JY=Y1 :0(U8)=Y2
32 CONTINUE
MIT3I=IT{(3) IMITL=IT(L4) $IF(IT(1).EQ.1)GC0TC2¢
IF(D(MITI) «LTWCIMITL) ANDWIT(2)EG.0IC(17)=C(33)
IF(DIMIT) LT CIMITL) dANDSIT(2)EG.1)D{13)=C(35)
TF(D(MIT3)eLTaCIMITL) dANDSIT(2).EC41)GCTO33
IF(D(MIT3).GE.CIMIT4))GCTO35
DO 40 J=9,16
40 0(J)Y=C(J+8)
GOT028
29 IFU(D{MIT3) eGTCIMITL) ANDLIT(2),EQ.0)0(17)=C1(33)
IF(D(MIT3) oGTLCI{MITL) sANDSIT(2)EQ.1)0(18)=C{35)
IF(IDIMIT3)Y «GToCIMITL) ANDLIT(2)EGC.1)YCO0TO33
IF(O(MIT3)WLELC(MITL))IGCTO3S
DO 34 J=Ce16
34 D(JY=C(J+8)
GCT028
22 D0 36 J=1,y8
36 D(J)=C(J)
GOT028
35 IFGREC=IFGREC+4{
IF(IFGREC.EQ«4)ITIME=I
JF(IFGREC.cQs1)RITIME=ITIME
IF(IT(2) ECe Qs ANDSKFLAGS,EQs1)CALL XPNSHL(C(33),C(24)4RTIME,
1 RN2ykI,Y)
IF(IT(2).ECeQ+ANDsKFLAGS,NE.1)CALL ALINAR(C(33),C(34),.RITME,
1 RN2sRI,Y)
IF(IT(2)4ECa1aANUDWKFLAGC.EQ.1)CALL XPNSHLIC(35),C(36),RITNME,
1 RN2,RI,Y)
IF(IT(2) eEGCele ANDSKFLAGC.NEL1)CALL ALINAR(C(35),C(36),RITME,
1 RN2.RILY)
IF{IT(2)ECe1)0{18)=Y TIF(IT(2)EC+0)0(17)=Y
IF(IT(2)EC.1)GOTOZ37
DO 38 J=9,1¢6
A1=C{(J+8) $B=C(J+16) 3CALL XPNSHL{A1+By,RITIMESRNZ2yRI, YY)
IF(ICRNRI(J)EQ.2)CALL ALINAR(A4,84yRITIME,RN2sRILY)
38 DUJr=Y
GO0T028
37 00 39 J=1,8
E=ClJ) SF=C(J+8) 3ICALL XPNSHL(EFyRITIMEZRN2,RI, Y)
IF(ICRNRI(UJU)WEQ.2YCALL ALINARI{EsF4RITIMESRNZyRIHY)
39 0D(hr=Y
28 CALL CMPTLT(D+X19X29X35T1,T2)
TX(I)=T2 $TY{(I)=T14
25 CONTINUE
IF(IFLAG.EQ.2)GQOTO4H
AR=TX (1) §B=TY (1)
D0 47 I=14+NRECPT
TX(I)=TX(I)=-AR
L7 TY(I)=TY(I)-8B
GO0T048
3-C.20
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175 4o DC 43 I=14NRECPT

176 TX{I)=TXANRECPT)=TX(I)

177 49 TY(I)=TY(NFECPT)=-TY(I)

178 48 DO 5¢ I=1,NRECPT

179 TAMP(I)=SQRT({TX(I)**2)+(TY(I)**2))

1890 55 CONTINUE

1814 NENC=NRECPT~-1

182 BETA=TAMP (NRECPT)=-TAMP (1) BIF(BETALEQ.J.)BETA=((TAM (MRECFT)
183 1 =TAMP({4))/2.)+TAMP (1)

184 AIOTA=T(NRECFT)=T(1) BIF(AIDTA.EQ.Cs)AIDOTA=1.E-20

185 ZETA=BETA/AIOTA FIF(ZETA.EQeQs)ZETA=14E-20

186 N0 51 I=1,NEND

187 ALPHA=T({I+4)-T(I) SIF(ALPHALEQ.Q.)ALFPFA=1.E-20

138 TAMP(I)=((TAMP (I +4)~-TAYP(I))/ALPHR)/ZETA

189 51 COANTINUE

190 NNEND=N1+ (.1 *NFRECPT) $CALL AMINMX(TAMF,NNEND,AMIN,AMAX)
191 SHARP(KTEST)=AMAX SALNCTH=C{13)=-C(3) $B8LNGIH=C(29)-C(17)
192 RINGTH=ALNGTH 3ZIF(ALNGTHWEQeD+)FLNGTH=8LNGTH

193 DOL(KTEST)=ABS{X2/RLNGTH)

194 X2=X2IN+{DELTAX*KTEST) IKTEST=KTEST+4 SIF(KTEST.LE.2n)GCTO75
135 KTEST=20 3CALL AMINMX{SHARP,KTEST,A1,A2)

196 CALL AMINMX(DOOL,KTEST»B1,82) SWRITE(7,57)A1,A2,81,32

197 57 FORMAT(*MIN/MAX VALUES OF SHARPNESS = *,E1C0e395X,E 4034/
198 1 *MIN/MAX VALUES CF (D/7L) = ¥,E1(e395%X,E 10.3)
139 LU=7 SLNLGX=1 SLNLGY=1 3INCLX=2 3SNCLY=2

200 D0 200 KM=1,3

201 200 LTITL2(KM)=1]H

202 WRITE(74,53) 3READ{(7,54)(LTITL(I)I=1,8)

2C3 53 FORMAT(*WRITE PLOT TITLE, 80 CHARACTERS*)

2046 54 FORMAT(8A41Q)

205 MAJX=5 $MAJY=41( TKTER1=141gH JINSET £rA $KTER2=10HRFNESS
206 CALL AGRAPF{SHARP,[0OLyA1,A2,KTEST,,KTER1,yKTER?D)

207 WRITE(7414234) BCALL GETRNUM(A) BIF(A(4)eEQ 41 IWRITE(74123%)

208 1234 FORMAT (*Q=RE-START, 1=SFECIFY Ntw CELTAX ANDO CONTINUE¥*)
2C9 1235 FCRMAT(*ENTER NEW DELTAX*)

210 KTEST=1 FIF{A(L1)+EQe0s)GOTO087 BIF(A(1)4EQ.1.)G0T01236
211 GOT073

212 1236 CALL GETAUM(A) FDELTAX=A{1) BKTEST=1 EWRITE(7,1237)
213 X2=X2IN RCALL GETNUM(A) $IF(A(1).FQ.0.)GOTCE7 $GOTC75
214 1237 FCRMAT(*(Q=RE-START WITH ALL NEW VALUES*,/,

215 { *¥1=RE-START WITH FREVICUS VALUES AND NEW CELTAX*)
216 73 STOP $END

217 SUBROUTINE XFENSHL{FsQyR19514T,Y)

218 S={(T-F1)*€., BR=S1-R1 FIF(R.EQ+CeIR=1.E-2C BALPHA=-S/R
219 Y=((Q=P)*(1.,~EXP{ALPHA)))+P

220 RETURN SBENMTL

221 SUERQUTINE ALINAF(PyQ9eR»SsTyY)

222 Y=(({Q=P)*(T=F))/(S=P)) + P

223 RETURN $END

224 SUBROQUTINE SLPCRN{LFLAG,MFLAG,ICFNR)

225 DIMENSION A{20),ICRNR(16)

226 WRITE(741)

227 1 FORMAT (*1=VARIABLE INCREMENTED EXFCNENTIALLY?*,/,

228 1 ¥2=VARIABLE INCREMENTED LINEARLY®)

229 IF(MFLAG.NE.Q)GOTO?2

230 WRITE(74+3) $CALL GETNUM(A) BICRNR(1)=ICRNRI(3)=A(1)
231 3 FORMAT(*D1X1, 01X3, D2X3, 03IX1¥)

232 ICRNR(2)=ICKNR(8)=A(2) 3$ICRNRI{4)}=ICRNR(B)=A(3)
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233 ICRNR(S)=ICRNR(7)=A(4)

234 2 IF{LFLAGNEL,Q)RETURN

235 ARITE(74,4) $CALL CGETNUM(A) SICKRAR(SI=ICRM(11)=A(1)
236 4 FORMAT (*C1X1y C1X3, C2X3y C3X1*)

237 ICRNR{10)=ICRNK{16)=A(2) BICRNR(12)=ICRNR{1L)=A(2)
238 ICRNR{13)=ICRNR(15)=A(4) $RETURN BEND

239 SUBPCOUTINE TRIGGR(IT)

240 OIMENSION A(20),IT (&)

241 WRITE(741) BCALL GETNUMC(A) $IT(1)=A{(1) FWRITE (7 42)
242 1 FORMAT (*g = D{Is) » C(I2)sy 1 = O(I1) <« C(I2)*)

243 2 FORMAT(*Q = STFIKE=-SLIP/Y = DIP-SULIP ZONE TFRIGGEREC(*)
244 CALL GETNUNM(A) 3IT(2)=A(1) BWRITE(7,3)

245 3 FORMAT(*SPECIFY I1 AND I2%)

246 CALL GETNUNMIA) BIT(3I)=A(1) BIT(4)=AC(2)

247 RETURN $END

248 SUBROUTINE AGRAPH(RyTyA1+4B4yNRECFT4K14K2)

249 CCMMON/JPLCT/XLT o XRT o YLO9g YUP Yy MAUX s MAJY KX (Z) 4KY(2),
259 1 LTITL(B) LU LTF o UNLGX s LNLGY yNCLX o NCLY,LLTITL2(8)

251 CIMENSION R(50),T(50)sA(20)KX(2),yKY{2)

252 KX(1)Y=10FX2/7(FAULT 3KX(2)=10HLEMNGTH)

253 XLT=T{1) EIXRT=T(NRECPT) 3KY(1)=Ki 3FKY{2)=K2

254 YLC=A1 gYLP =8

255 13 WRITE(74+3) FREAD{(744)CH 3IF(CH.EQei1HNsORLCFLEQatrk IGCTOS
256 3 FCRMAT(*SET HCFIZONTAL SCALZ? Y OR N{(=BLANK)}*)

257 L FORMAT(AY)

258 WFITE(74,6) $CALL GETHNUM(A) EXLT=A(1) $XRT=A(2)

259 6 FORMAT(*PMIN/MAX X VALUES*)

2690 5 WRITE(747) IFEAD(794)CH SIF{CHL.EQe1HNORCFEQe1H IGCTOS8
261 WRITE(748) $CALL GETNUM(CA)Y $YLC=A{1) 3IYLP=A(2)

262 7 FCRMAT(*SET VERTICAL SCALE? Y OKR N(=ELANK)*)

263 9 FCERMAT (*MIN/MAX Y VALUES*)

265 WRITE(7940)KY (1) ,KY(2)

266 10 FORMAT{*SKIP PLOT COF *,2810y%7%)

267 READI(7,4)IJVAR

268 IF(IJVARGEGe1HNLORJIJVARSEQa1H YCALL PLOTSI(R,T41,4NRECPT)
269 WRITE(7,12) BSCALL CETNUM{A) $IRS=A(1) 3IF(IRS.EGC.1)G0T0132
278 12 FORMAT(*1 = NEW PLCTy 2 = RETURNH*)

271 RETURN $ENC

272 SUBROUTINE AFMINMX(RyNRECPT,3,A)

273 DIMENSICN FR{5g)

274 AMIDPT=({(RINRECPT)-R(1))/2.) + R{(1)

275 A = B =zAMIDPT

276 DC 1 I=41,NRECPT

277 IF(R(IN-GTLA)YA=R(T)

278 IF(R(I)«LTaB)YB=F(I)

279 1 CCNTINUE

250 RETURN S$ENC

281 SUBROUTINE CMPTLT{DsX19X29X239T1,472)

282 DIMENSION C(20)

283 A1=A2=A3=A4=8B1=8B2=83=8B4=0.,.

284 DA1=CA2=CA3=0A4=DB1=08B72=083=0B4=0.

285 Ug4=0(17) 3L3=01(18)

286 IF(U1.EQ+0.)G0 TO 1

287 CALL TILT{D(17)+X1X24X340(11),0{(12),A1,81)

288 CALL TILTID(17)4X1+X29X3+0(9),0(10)+5A2,82)

289 CALL TILTIC(17)sX1,X24X3,0(13),+D(14),A3,83)

290 CALL TILT(C(17) 94X 1sX29X3y0(15),0(1€),A4L,34)
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291 1 IF(U3«FQ.0.)GC TO 2

292 CALL DPSFTLI{D{13) +X19X24X3+42(3),0(4),CA1,CEL)

293 CALL OPSPTLID{18) ¢ X1 9X2aX342(1)s0(z2)LE20E2)

294 CALL CPSFTL(D(18) 4X1+4X29X3,0(S),0(8),0R3,2E3)

295 CALL DPFSFTLID(18) 9X19X24X340(7),0(8)CLLyDEG)

296 2 T1=A1-A2-A3+AL+0A1-0Az-CLA3+]A4 4

2937 T2=81-R2~B3+34+0B1=-DB2~-CB3+J34

298 RETURN $ENC

239 SUSROUTINE TILT(UL9)X14X2y3X33P14P3:3T1,T2)

300 R=SQRT ({X1 =P L) *¥2+X2¥¥24(X3=-232)*%*%2)

3G61 RP=R+P3

302 T1=(U1/12eCBELIF(X2¥ (X1 =P 1) *(R*FP=(R+Z2.%P3)%(2.%¥R+P3)))/
303 1 (R**3¥RP¥+2)

304 To2=(U1/12+CC00L)*F (X2¥*2¥ (R¥RP = (F+2,¥P2) ¥ (2, ¥R +P3) )/ (R*¥*3I¥RF **2)
305 1 +{R+2.*F3)/{(F*RP))

306 RETURN $ENC

308 R=SART (((X4=24)**2 )+ (X2**¥2 )+ ({X3=-P2)*%2))

309 DY1=(U3/8e28318)¥{L(X2*P3)/F)* (/7 {R**2) ) =11/ {(X1-71)
310 1 *¥2)+(X2%*2))))

211 DT2=(U3/7€428348) ¥ ({XL=F1)*¥3)/({(X2**21+(PI*¥2)))¥({(P3¥*2)
312 1 ={X2%¥¥2 ) ) /(R¥{((X2*¥¥2) ¢+ (F3*¥¥2)) ) +{{{(X1=P1)**¥2)+(F3¥*¥*2))
313 1 Z(R¥*2) )4+ ({X2**2) +(P2Z*¥2) )/ (R¥ [ ({x1~-P1)%*¥Z)4(X2**¥2))))
314 RETURN S$ENC

315 SUERQUTINMNE GETHUM(R)

316 DIMENSICN F{g)Y,4L(8C)

317 READ(7,3)L % I=J=9

318 6 J=J+1 ¥ N=P=S=z( & Mz=F=z1

349 5 I=I+1 3 IFU{ILCTWHBCIRETLFN 3 2=L{I) 3§ K=u

321 IF(DLEQabL7)IK=3 3 K=K+S I GOTO(4142+9345 9149 39u)K

322 1 N=N*10+D=-27 P S=4 £ GCT0 &

323 2 M==1 5} 5=4 £ 5C1C ©

324 3 P=1 3 S=u 5 GCI10 5

32% 4 TF(P NELO)F=1(»**(1=P=1) % 2(J)=N/F*M ¢ G070 €

326 3 FORMAT (8GR 1)

327 ENC

3-C.23



D. PROGRAM DSPLAY

3-D.1



Introduction

It has often been necessary to display digitized tiltmeter and creep-
meter data, particularly when enlarged copies of short period events made
from the raw records have been digitized. The method used to display the
data must be sufficiently flexible that scale changes can be made easily
and that portions of the data set can be enlarged or compressed. Program

DSPLAY was developed to meet these requirements.

Access and Use

The program is intended for use on the LBL 6600B or C computer and
the Tektronix 4010-1 terminal and required 50K of core. The program
requires a data set labelled 'EVENTS' on library MCHUGH; if the data is
stored elsewhere lines 6 and 10 in the program must be altered. DSPLAY is
‘accessed using the command .LOAD, DSPLAY, MCHUGH; and the .LOAD command

may be followed by an RUN.

Input

The data is assumed to be in the form:

Header Card
Data Block

Header Card
Data Block
EOR

There is no limit to the number of events, N, that may be read, but each data

block must contain no more than 1000 data points (i.e. 1000 (x,y) pairs).
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The Header Card is assumed to contain the following variables

with the format indicated:

LTITL(1), LTITL(2), . . ., LTITL(7), RA, B, C
(eg. SASN01/03/74 .163 12.0 .192)
A3, Al, A2, Al, A2, Al, A2, 8x, 3F10.3
LTITL(1l) is the station code (3 characters); LTITL(2) is the component--
north or east (1 character) in the case of tilt data; LTITL(3), LTITL(5),
and LTITL(7) are the month, day, and year respectively (2 characters each);
LTITL(4) and LTITL(6) are ignored in the program; RA, B, C are scale
factors used in the program and will be explained below. If it is
desired to structure the Header Card differently, lines 25 and 26 in the
program must be altered.
Each line in the data block is assumed to have a format of (6(2F6.3));

for example:
X2 Yo Fpr Yoo weees g0 Vg

~15370+04204-15330+04200 .... -14990+04190

If a different format is desired, lines 39 to 42 may be altered. The
data block is terminated when either x(I) or y(I) is equal to 999.999.
The upper limit of the array index, I, need not be specified, the computer
will automatically determine the number of data points it reads.

Unlike the input to program ONSTSP, the input to DSPLAY need not be
arranged such that the north-south component of the tilt data is read
prior to the east-west component data. Each component is treated independ-
ently of all others. Consequently, creepmeter data or tiltmeter data with

only one component present may be displayed.
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Program Operation

The data is assumed to be in x, y form (eg. north-south tilt
amplitude versus time). In addition to displaying this data as a plot

of 'y' versus '

x', the computer will rescale the data. If the input

is digitized data, the units of x and y are typically hundredths or
thousandths of an inch. The scale factors RA, B, and C are used to
convert the data to microradians, millimeters, hours, or whatever other

units are desired. The conversion is assumed to be of the form:

x(I)

RA* X(I) +B

y(I) C* Y(I)* 1000. (lines 54 through 59)
If B = 0. on the Header Card, the computer sets B = -RA*x(l). If sage
South tiltmeter data prior to 19 December 1974 (when +x = south, +y = east)
is submitted, the computer automatically converts the coordinate system
to +x = east, +y = north (lines 29 to 35 and lines 50 to 55). The
minimum and maximum amplitude (y) and initial and final x values are
determined in lines 60 to 67.
Output
The contents of the Header Card are written, followed by: TO SKIP,
PUT 1 IN COL 1. Entering a 1 causes the computer to skip that data block.
Any other number entered will cause the data to be read. After reading
and re-scaling the data, the computer writes:
min/max x values (numerical values)
min/max y values (numerical values)
The computer then requests plotting information:
Set horizontal scale ? vy or N (= blank)
If an N (no) or blank (space) is entered, the computer requests informa-

tion for the vertical scale (described below). If a Y (yes)is entered,
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the computer responds:

min/max x values
The endpoints of the x axis must be entered. Then the computer writes:
Set vertical scale? Y or N (= blank)
If an N or blank is entered, the endpoints of the vertical axis are the
minimum and maximum ¥ values determined from the input. If a Y is
entered, the endpoints of the vertical axis must be entered. The plot is
displayed after the scaling information is provided. The plots are titled
using the information on the Header Card. The axes are labelled with
the information in lines 68 through 71.
After the plot is displaved, entering a blank (space) causes the
computer to return to the main program. The computer will write:
New plot =1
Entering a 1 allows new scaling information to be provided and a new
graph to be plotted. Any other number causes a new data set to be read.
Examples of the program operation are provided on pages 3-D.6

through 3-D.40 . The program listing is on pages 3-D.4]1 through 3-D.s44 .



EXAMPLE OF DSPLAY OPERATION
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LORD. OSPLAY . MCHUGH!!
L0A0 COMPLETE. ENTERING ~EDIT

oK - ~EDIT

~RUN!

LIBH18-27-74 .147 21.0880 113
TY‘J SKIP. PUT 1 IN COL. 1

MIH-MAX X URLUES 2.922E+01 2.345E+81
MIM-MAX ¥ UALUES 8.391E+82 1.32BE+83

SET HORIZONTAL SCALE? Y OR MN(=BLANK)
bl

MIMH-MAX ¥ UARLUES

28 251

SET UERTICAL SCALE? Y OR N(=BLANK)
Vg

MIN/MAX Y UALUES

B 2568



74

27

10

LIB

TOTT e urvrv ey vy erpvev oo verrpnarypeisy
AL RALM ML) LALM WAL ALY WAL LAY W A

o P

v
3

Pbb.-»»b~hn».-n-»--—~P-L»~F~P--»- —mbpbhh-bpb

EREEEREREE

-4

UOZAQOZWIZF <CEQJd=—Dauw

24

23.

22.

®
N

(HOURS >

TIME
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!
NEW PLOT=1
21

LIRE19-27-74 147  21.099 113
;o SXIP, PUT 1 IN COL. 1
|
MIN-MAX X UALUES 2 @2SE+81 2. 256E+81
MINMAX Y UALUES -1 682E+33 ~1 . 13=E+83
SET HORIZONTAL SCALE? Y OR N(=BLANK)
Yt
MIN/MAX X UALLES
28 251
357 VERTICAL SCALE? ¥ OR NC=BLANK)
]
MINMAX ¥ UARLLES
2508 @



LIB

MOC~=TT VXD -“ZMZOTIXOO

-1628.

-12%8.

-13¢9.

~1738.

— TV —

|

2?7 - 74
!

SASEBS-26-74 152 3
€co .169 —
;cllaap,mnxmm. 1 =
MIN/MAX X URLUES 7. 4%CE+89—]
1.816E+01 z
MINMAX Y UALLES -5 SOEE+@2_=
3.S126+82 5
SET HORIZONTAL SCALE? Y CR M(=BLE
=

-

Y —=
MIN/BAX X UALLES =
6 11! =

MK )

8 UIII'T‘T']T'lI‘Y"'lI'I llIIIIITUIUIIUTIITI'UIIUII

?WI%WY@K%&%)
MINMAX Y URLUES —
-1880 328 o
T S U N S U WY | IV S S W

23. 24. 23
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MOC~H=FIJPID —-“ZMZOVIXOO

-1888.

es - | 26 - 74

NEW PLOT=1

v § T.r ‘ | BN Baian MR § 1j§§3ﬁgs=2$~ e i ﬁr’?Ifﬁf“ a
on 189
10 SKIP, PUT 1 IN COL. 1
MIN/MAX X UALUES 7.45SE+€3 =
1.8PEE+81 A
MINMAX ¥ UALUES  -1.44SE+463 =| -
1. 26%E+83 ,

SET HORIZONTAL SCALE? ¥ CR MC=BIZ:
Elﬂqu! X URLUES
SET UERTICAL SCALE? Y CR MC=ELSNC)
;{iim Y VALUES

e

-2528 ~3eD

N l‘]'llTl"l'l'l'll(lll"ll'll'll"l"T""lUrlllf

i1.
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MOC—~H=I"YXD —«ZMZTOTXON

- 26 - 74
I
NEW PLOT=1

4

‘ 1 4 1 1

LB I z.[ L | 7 ’
SRBER7-83~73

eeo . 66

;C'! IP, PUT 1 INCOL. 1
MINAMRX X URLUES
1.684E+81
MINMEX Y UARLUES
4. 452E+83

%T FCRIZCHTAL SCALE? ¥ OR M=

MINMAX % VALUES
10 23!

1 k2L T Kl 9 ¥ L4

1 12.

?7\ milm‘ll"‘lillliil"l Vl'f'l'l l"]'ll?11‘l7"1‘
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MOC AT VRD -ZMIZIOTVIOD

o7 - , - 73
NEW PLOT=1 |

E' [ v [ T k) [ § SR B iu- ¥ ; E v v v ¥ l L ".1{&7 ; 12'
E oed 7 3
3 ;9&19,91.:711“&:@_. 1 =
- MINAY % UALLES 1 111E+81_=
- 1. 783E+81 -
- MINFAX Y UALLES -3.751E+83 =
— 2. 206E+@3 —
E_ SET HORIZONTAL SCALE? Y CR M(=BLZNK)
- ] 2
3 Y1 3
: 7D  eiees E
— $§T VERTICAL SCALE? Y CR NC=BLANZD
- MINAWK Y UBLUES =
- -18229 8 —
RPN I TR BT B
8. 12, 14, 16. 18. 23.

TINE (HOURS )
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SAS

MOCH~rUVID —~ZMZOTXSOO

l'l""lilf‘l l'll]l]fl'll!illllIll'?'lllflf"l"

3

.

3

! i
NEW PLOT={
21

SRSEB1-22~74
739 113
;? SIP, PUT 1 INCCQL. 1
MINMAX X URLUES
2.1357E+81

MINMAX ¥ URLUES
1. 38BE+E3

16 22!
%TWRH@&S%U?YC&Mr«mH

L MINOX,Y USLISS, o 1 o

18.

©

TIME

12.

(HOURS)

14. 16. 18,
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(f')
5y}

MOAQC H~TTIL HZMITOTVTIOO

E a1 - 22 - 74
§

NEW PLOT=1
2588.Pt!tvlvitvlzirlll?lvvvi‘l“'
S oe 122ty
2R gc’: SKIP, PUT 1 IN COL. 1
2000. MINZMAX X URLUES 1.095E+01
- 2. 162£+81
1758 E- MIN/MAX Y URLUES 7 .492£+91
- F 3. 426E+02
- SET HCRIZONTAL SCALE? Y OR N(=BLZ
1389, — ]
1258, E-
1008,
- y!
3.,
- MINMAX X UALUES
A = %Tmr:mmvcam
258. £ MINMAX ¥ URLUES
- -1€29 1%c8
6‘ - .3 1 4 A l A 1 1 2 l 31 1 b U 1 4 2 LN . 1 4 8
16. 17. 18 19.
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MOC==0VXD —-ZMZOVIOO
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