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LL INTRODUCTION

At 22:47:06.9 (GMT) on 3 March 1985, an Ms = 7.8 earthquake occurred off­ 
shore near Valparaiso in Central Chile. This earthquake had a foreshock 
at 22:46:56.4. The hypocenter parameters of the main shock as well as the 
foreshock are summarized by Algermissen (1985) and repeated in Table 1.

The earthquake was recorded by 31 accelerographs belonging to the Central 
Chile Accelerograph Network operated by the Geophysics Department and the 
Civil Engineering Department of the University of Chile (Saragoni and 
others, 1985). In addition to the recordings of the main shock, several 
important aftershocks were also recorded.

The 3 March 1985 Central Chile Earthquake is one of the major subduction 
zone earthquakes of this century. The records of strong-motions obtained 
in various locations throughout Chile with different site conditions will 
provide a basis for an in-depth study of this earthquake. The performance 
of structures in Chile are currently under investigation by several re­ 
searchers both from Chile and the USA: therefore, the strong-motion re­ 
cords will be of use to them and others.

The purpose of this report is to summarize the various records obtained in 
Central Chile during the main events of 3 March 1985 as well as the after­ 
shocks and also to present the pertinent digitized data as part of an 
agreement between the Chilean and USGS scientists. The project was sup­ 
ported by the NSF-USGS Panel convened to review proposals for investigat­ 
ing the earthquake.

This report is not intended to be a complete presentation of all the re­ 
cords and related information about the 3 March 1985 earthquake and after­ 
shocks. To the extent records and related information were made avail­ 
able, the processing was completed and this report was compiled. It 
should be mentioned that there are additional sets of data that are being 
digitized elsewhere.

Additional copies of this report may be obtained from the Open-File Ser­ 
vices Section, Branch of Distribution, USGS, Box 25425, Federal Center, 
Denver, Colorado 880225. Digital data corresponding to the plots of the 
analysis sections 1, 2 and 3 (uncorrected data, corrected data, and re­ 
sponse spectra, respectively) may be obtained on magnetic tape from the 
National Geophysical Data Center, NOAA, Code E/GC4, 325 Broadway, Boulder, 
Colorado 80303.
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TABLE l.--Hypocenter parameters of the prim'cpal
shocks from March 3, 1985
(from Algermissen, 1985)

Origin time Latitude Longitude Depth Source

22:46:56.4 33.118°S. 71.822°W. 33* 5.2

22:47:06.9 33.155°S. 71.980°W. 33* 6.9

22:46:56.9 33.24° S. 71.86° W. 16

NEIS (PDE No. 9-85, 
March 21, 1985).

7.8 Do.

University of Chile, 
Department of Geophysics 

(E. Kausel, oral 
commn., 1985) 
(only initial 
shock located).

Normal default depth set by NEIS.
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II. DESCRIPTION OF RAW DATA, LOCATION OF INSTRUMENTS, 
DESCRIPTION OF INSTRUMENTS

All of the strong-motion data acquired in Central Chile during the main 
shock of 3 March 1985 and the following aftershocks were recorded on 
film. Although other types of instruments (accelerographs) were also 
used, all the records that are referred to in this report are from Kine- 
metrics SMA-1* type accelerographs.

At the time the funds for this project were allocated, the Chilean coun­ 
terparts of this project had already digitized four of the main shock 
records obtained from Llolleo, Vina del Mar, Valparaiso (UFSM), and Valpa­ 
raiso (Almendral). The originals or contact copies of these four records 
were not available for redigitizing in the U.S. for the purpose of compar­ 
ing the results of different techniques.

The location of strong motion substations of the Chile network are summar­ 
ized both in Figure .1 and Table 2 both of which are adopted from Saragoni 
and others (1985). Figure 1 also provides the orientations and peak ac­ 
celerations (of the 1985 event) and Table 2 provides the coordinates as 
well as the peak accelerations. For the sake of completeness, the 
descriptions, locations, and site conditions of all instruments of sta­ 
tions in Chile are summarized in Table 3.

The four main shock records digitized in Chile and their corresponding 
spectra are provided in Appendix A.

Commercial name only and does not constitute 
endorsement of the product.
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Figure 1. Strong-motion stations of the Chilean strong-motion 
network (from Saragoni and others, 1985).
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III. RECORD PROCESSING IN THE UNITED STATES 

A. General Remarks

Limited number of records for digitizing at USGS, Menlo Park, were 
provided by Chilean counterparts. The records provided were contact 
prints on mylar made from contact negatives of the original records. 
In both stages of printing, sections of the record of approximately 2 
ft (60 cm) length with overlaps were printed separately, and carefully 
cut and taped in Chile for the final digitizing copy. The digitizing 
in the U.S. provided by the commercial digitizer, with a least count 
of 1 micron (10~° m), and an RMS error of 10 microns when working with 
these records, detected slight changes in trace location and trace 
clarity at these joins. In some cases, where a join had been made in 
either the first-generation negative or the second-generation print 
well after the strong motion portion of the record had finished, digi­ 
tizing was not continued past the join.

The effect of these joins is difficult to assess. Although it was 
clear, by eye, that the joins were made carefully, physical movement 
at the taped joins could be particularly seen in the digitized, en­ 
larged versions of the reference traces. At first it was thought that 
the effects on the final corrections would not be significant. This, 
of course, remains true for the visible high-frequency content of the 
accelerations. But the long-period "noise" content, portrayed visibly 
only in the displacements, although also present in the accelerations 
and velocities, is an unknown factor. Any step function disturbance 
in a digitized record adds noise or errors at all frequencies, and the 
band-pass filtering, which is a significant portion of the processing 
here, cannot correct for this exactly. Proper use of the AGRAM pro­ 
gram package in the next section, requires that vertical butting lines 
be placed on contact prints of the original (or the original itself) 
before printing in sections or cutting. A section of record to be 
digitized must have a butting line, duplicated on adjacent sections, 
at its beginning and end, rather than a cut or splice.

Two of the second generation prints were digitized past their joins 
because these joins occurred during significant accelerations on the 
record. These are the La Ligua and San Felipe records from the main 
shock of March 3, 1985. The La Ligua join was 36 seconds into the 
record. The San Felipe join was 34 seconds into the record. Care 
should be taken if data beyond these points is included in any analy­ 
sis using these records.

B. Steps in Processing

The records are processed according to the descriptions in AGRAM 
(Converse, 1984). Briefly, the steps are as follows:

1. Digitizing of the film records at a commercial digitizing firm (IOM 
TOWILL in Santa Clara, California; now LS Associates) on a trace- 
following, computer-controlled laser scanner. Unequal time spacing, 
at an average of 600 samples per second, is used. The records are 
divided with vertical butting lines into 10-second (10 cm) frames to 
fit the digitizer.

-6-



2. Butting the separately digitized, 10-second frames together, using the 
specially inserted vertical lines; each vertical line is digitized 
twice, once in each adjacent frame.

3. Preparation of uncorrected data by subtracting out the reference 
traces, subtracting the average value, and using the time marks for 
adjusting the X-coordinates. Plots of the uncorrected data are pre­ 
pared.

4. The data are then passed through a high-frequency correction algorithm 
that applies a high-frequency filter (50 Hz), instrument corrections, 
and decimation to 200 samples per second. A low-frequency high-pass 
Butterworth filter removes all periods longer than a predetermined 
period obtained from the data. This period is chosen after considera­ 
tion of: (a) the strong-motion duration of the earthquake, indicated 
by the records, (b) the behavior of the displacements, calculated from 
the accelerations at specific sites, and (c) the total length of the 
digitized records.

Taking the comments in the previous section into consideration, pre­ 
liminary correction processing and integration for displacements in­ 
dicate that there are significant ground motions at periods of three 
to four seconds, and a five-second filter shows no unrealistic content 
between four- and five-second periods. A long period limit of five- 
seconds is chosen for this data. Plots of the corrected acceleration, 
velocity, and displacements for the three components of each recording 
are prepared.

5. Response spectra are calculated for periods up to the long-period 
limit. Linear plots of relative velocity response spectra, and the 
log-log tripartite plots of pseudo-velocity response are prepared.

6. Fourier amplitude spectra, calculated by FFT, are presented on linear 
axes.

IV. ORGANIZATION OF THE DATA PROCESSED IN THE UNITED STATES 

Data processed in the U.S. fall into three categories:

a.) Main shock data of 3 March 1985 (7 stations),
b.) One hour aftershock of 3 March 1985 (2 stations),
c.) One important aftershock (1 station).

A general matrix of the processed data is provided in Table 4. The plots 
in accordance with the matrix follow.
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TABLE 4
MATRIX OF

MAIN SHOCK OF 3 MARCH 1985

Uncorrected
Station AcceVerbg'fams

pages 
CHILEAN INST. U-l 

080 degrees 
UP 

350 degrees

PAPUDO U-2 
140 degrees 

UP 
50 degrees*

TALCA U-3 
10 degrees 
UP 

280 degrees

ILLAPEL U-4 
70 degrees 

UP 
340 degrees

LA LIGUA U-5 
290 degrees 

UP (**) 
200 degrees

LLAY LLAY U-6 
280 degrees 

UP 
190 degrees

SAN FELIPE U-7 
170 degrees 

UP 
80 degrees

* Note: Papudo (50 degrees) 
** Note: La Ligua (vertical)

PLOTS OP DATA PROCESSED IN THE U.S.

Corrected
A, V, D

C-l 
C-2 
C-3

C-4 
C-5 
C-6

C-7 
C-8 
C-9

C-10 
C-ll 
C-12

C-13 

C-14

C-15 
C-16 
C-17

C-18 
C-19 
C-20

Velocity 
Response 
Spectra""

V-l 
V-2 
V-3

V-4 
V-5 
V-6

V-7 
V-B 
V-9

V-10 
V-ll 
V-12

V-13 

V-14

V-15 
V-16 
V-17

V-18 
V-19 
V-20

Tripartite 
Response 
Spectra"

T-l 
T-l 
T-3

T-4 
T-5 
T-6

T-7 
T-8 
T-9

T-10 
T-ll 
T-12

T-13 

T-14

T-15 
T-16 
T-17

T-18 
T-19 
T-20

Fourier Amplitude
Spectrum of
Acceleration

F01-F02 
F03-F04 
F05-F06

F07-F08 
F09-F10 
F11-F12

F13-F14 
F15-F16 
F17-F18

F19-F20 
F21-F22 
F23-F24

F25-F26

F27-F28

F29-F30 
F31-F32 
F33-F34

F35-F36 
F37-F38 
F39-F40

not available, 
not available.
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TABLE 4
MATRIX OF PLOTS OP DATA PROCESSED IN THE U.S. 

(continued)

ONE HOUR AFTERSHOCK OF 3 MARCH 1985

Unconnected
Station Accelerograms

pages 
LLOLLEO U-8

100 degrees
UP

10 degrees

VINA DEL MAR U-9
290 degrees

UP
200 degrees

VALAPRAISO
(UTFSM)* U-10
160 degrees

UP
070 degrees

ANOTHER AFTERSHOCK: April 8,

LLOLLEO U-ll
100 degrees

UP
010 degrees

Corrected
A, V, D

C-21
C-22
C-12

C-24
C-25
C-26

C-27
C-28
C-29

1985

C-30
C-31
C-32

Velocity
Response
Spectra

V-21
V-22
V-23

V-24
V-25
V-26

V-27
V-28
V-29

V-30
V-31
V-32

Tripartite
Response
Spectra

T-21
T-22
T-23

T-24
T-25
T-26

T-27
T-28
T-29

T-30
T-31
T-32

Fourier Amplitude
Spectrum of
Acceleration

F41-F42
F43-F44
F45-F46

F47-F48
F49-F50
F51-F52

F53-F54
F55-F56
F57-F58

F59-F60
F61-F62
F63-F64

* Denoted as UFSM (#3 in Table 2).
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APPENDIX A 

DATA PROCESSED IN CHILE

Part of the 3 March 1985 main shock accelerograms were processed in Chile 
by Saragoni and others (1985). In this appendix, the processed data is pre­ 
sented via the plots made by using the software of the IISGS.

matrix:
The processed data in this appendix is provided as in the following

Table A-l 
Matrix of Plots

Station
Uncorrected 

Ac ce le rograas

Relative 
Velocity 
Response 
Spectrum

Tripartite 
Response 
Spectrum

Fourier Amplitude
Spectrum of 

Acceleration

Llolleo pages
100 degrees A-l

UP to
10 degrees A-6

A-22 
A-23 
A-2A

A-33 
A-3 A 
A-35

A-AA-A5 
A-A6-A7 
A-A8-A9

Vina Del Mar
290 degrees

UP
200 degrees

A- 7
to

A-12

A-25
A-26
A-27

A-36
A-37
A-38

A-50-51
A-52-53
A-5A-55

Valparaiso 
(UFSM)

160 degrees
UP

70 degrees

A-13
to

A-16

A- 28
A-29
A-30

A-39
A-AO
A-A1

A-56-57
A-58-59
A-60-61

Valparaiso 
(El Almandrel)

50 degrees A-17
UP* to

140 degrees A-21

A-31 

A-32

A-A2 

A-A3

A-62-63 

A-6A-65

Not available
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RESPONSE SPECTRR
ILLRPEL, ERRTHQURKE OF MRRCH 3, 1985, 70 DEGREES 
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RESPONSE SPECTRR
SRN FELIPE, ERRTHQURKE OF MRRCH 3, 1985, 80 DEGREES 
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RESPONSE SPECTRfl
LLOLLEO. EflRTHQUflKE OF MflRCH 3, 1985, FIRST flFTERSHOCK (1 HOUR], UP 
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RESPONSE SPECTRfl
VflLPflRRISO. U.T.F.S.M., EQ OF MflR 3, 1985, 1ST flFTERSHOCK (1 HR) , UP

"0.2.5.10.20 PERCENT CRITICRL DRMPING
FILTERS: BUTTERWORTH. ORDER 4. 0.200 HZ: flNTIflLIflS 50 - 100 HZ
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RELflTIVE VELOCITY RESPONSE SPECTRUM 
CHILLRN INSTITUTE, EflRTHQUflKE OF MflRCH 3, 1985, 80 DEC

0,2,5,10,20 PERCENT CRITICflL DflMPING 
FILTERS: BUTTERWORTH, ORDER 14. 0.200 HZ; flNTIflLIflS 50 - 100 HZ
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RELflTIVE VELOCITY RESPONSE SPECTRUM 
CHILLflN INSTITUTE, EflRTHQUflKE OF MflRCH 3, 1985, 350 DEC

0,2,5,10,20 PERCENT CRITICflL DRMPING 
FILTERS: BUTTERNORTH, ORDER 14. 0.200 HZ; flNTIRLIflS 50 - 100 HZ
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RELflTIVE VELOCITY RESPONSE SPECTRUM 
TRLCR, ERRTHQURKE GF MRRCH 3, 1985, UP

0,2,5,10,20 PERCENT CRITICRL DRMPING 
FILTERS: BUTTERHORTH, ORDER 4, 0.200 HZ; flNTIRLIflS 50 - 100 HZ

80 (i NRTIGNRL STRONG MOTION DRTR CENTER
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RELRTIVE VELOCITY RESPONSE SPECTRUM 
TRLCR, ERRTHQURKE OF MRRCH 3, 1985. 280 DEC 

0,2,5,10,20 PERCENT CRITICRL DRMPING 
FILTERS: BUTTERWORTH. ORDER 4, 0.200 HZ; RNTIRLIRS 50 - 100 HZ
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RELRTIVE VELOCITY RESPONSE SPECTRUM 
ILLflPEL, EflRTHQURKE OF MflRCH 3, 1985, 70 DEGREES

0,2,5,10,20 PERCENT CRITICflL DRMPING
FILTERS: BUTTERNORTH, ORDER 4, 0.167 HZ; RNTIflLIflS 50 - 100 
7 g _______NRTIONflL STRONG MOTION DflTfl CE
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RELRTIVE VELOCITY RESPONSE SPECTRUM 
ILLflPEL, ERRTHQURKE OF MRRCH 3, 1985, UP

0,2,5,10,20 PERCENT CRITICRL DRMPING 
FILTERS: BUTTERWGRTH, ORDER 4, 0.167 HZ; flNTIflLIflS 50 - 100 HZ

50 NRTIQNRL STRONG MOTION DRTF1 CENTER
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RELflTIVE VELOCITY RESPONSE SPECTRUM 
ILLRPEL, ERRTHQURKE OF MRRCH 3, 1985, 340 DEGREES

0,2,5,10,20 PERCENT CRITICRL DRMPING 
FILTERS: BUTTERWORTH, ORDER 4, 0.167 HZ; flNTIflLIflS 50 - 100 HZ
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RELflTIVE VELOCITY RESPONSE SPECTRUM 
LRLIGUR, ERRTHQURKE OF MRRCH 3, 1985, 290 DEGREES

0,2,5,10,20 PERCENT CRITICRL ORMPING 
FILTERS: BUTTERNORTH, ORDER 4, 0.167 HZ; flNTIRLIflS 50 - 100 HZ
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NRTIONRL STRONG MOTION DRTR CENTER
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RELflTIVE VELOCITY RESPONSE SPECTRUM 
LflLIGUfl, EflRTHQURKE OF MRRCH 3, 1985, 200 DEGREES

0,2,5,10,20 PERCENT CRITICRL DRMPING 
FILTERS: BUTTERNQRTH, ORDER 4, 0.167 HZ; flNTIRLIflS 50 - 100 HZ
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RELflTIVE VELOCITY RESPONSE SPECTRUM 
LLRYLLRY, ERRTHQUflKE OF MflRCH 3, 1985, 280 DEGREE

0,2,5,10,20 PERCENT CRITICRL ORMPING 
FILTERS: BUTTERWORTH, ORDER 4, 0.167 HZ; HNTIRLIflS 50 - 100 HZ
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RELflTIVE VELOCITY RESPONSE SPECTRUM 
LLRYLLRY, ERRTHQURKE OF MRRCH 3, 1985, UP

0,2,5,10,20 PERCENT CRITICRL DRMPING 
FILTERS: BUTTERWGRTH, ORDER 4, 0.167 HZ; RNTIflLIflS 50 - 100 HZ

200 NRTIONRL STRONG MOTION DRTR CENTER
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RELRTIVE VELOCITY RESPONSE SPECTRUM 
LLRYLLRY, ERRTHQURKE OF MRRCH 3, 1985, 190 DEGREE

0,2,5,10,20 PERCENT CRITICRL DRMPING 
FILTERS: BUTTERWORTH, ORDER 4, 0.167 HZ; flNTIflLIflS 50 - 100 HZ
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RELflTIVE VELOCITY RESPONSE SPECTRUM 
SflN FELIPE, ERRTHQURKE OF MRRCH 3, 1985. 170 DEGREES

0,2,5,10,20 PERCENT CRITICRL DRMPING 
FILTERS: BUTTERUGRTH, ORDER H. 0.167 HZ: RNTIRLIRS 50 - 100 HZ
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RELfiTIVE VELOCITY RESPONSE SPECTRUM
LLOLLEO. EflRTHQUflKE OF MflRCH 3, 1985. FIRST flFTERSHOCK (1 HOUR), 100

0,2,5,10,20 PERCENT CRITICRL DRMPING 
FILTERS: BUTTERWORTH. ORDER 4. 0.200 HZ; RNTIflLIflS 50 - 100 HZ

160 c NRTIGNRL STRONG MOTION DRTR CENTER

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3 7 11 15 
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RELflTIVE VELOCITY RESPONSE SPECTRUM
LLOLLEO, EflRTHQUflKE OF MflRCH 3, 1985. FIRST flFTERSHOCK (1 HOUR), UP

0,2,5,10,20 PERCENT CRITICRL DRMPING 
FILTERS: BUTTERNORTH, ORDER 4, 0.200 HZ; RNTIRLIRS 50 - 100 HZ

70 c NflTIdNfll STRONG MOTION DRTR CENTER
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  RELRTIVE VELOCITY RESPONSE SPECTRUM
LLOLLEO. ERRTHQUflKE OF MflRCH 3, 1985, FIRST RFTERSHOCK (1 HOUR), 010

0,2,5,10,20 PERCENT CRITICflL DflMPING 
FILTERS: BUTTERNORTH, ORDER 4, 0.200 HZ; flNTIRLIRS 50 - 100 HZ

200 NflTIGNflL STRONG MOTION DRTfl CENTER
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RELRTIVE VELOCITY RESPONSE SPECTRUM
VINfl DEL MflR. EQ OF MRRCH 3. 1985. 1ST flFTERSHOCK (1 HOUR). 290 DEC

0,2,5.10,20 PERCENT CRITICRL DRMPING
FILTERS: BUTTERWORTH, ORDER 4, 0.200 HZ; RNTIRLIRS 50 - 100 HZ 
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RELflTIVE VELOCITY RESPONSE SPECTRUM
VINfl DEL MflR, EQ OF MRRCH 3, 1985. 1ST flFTERSHGCK (1 HOUR) . 200 DEC

0,2,5,10,20 PERCENT CRITICflL DflMPING 
FILTERS: BUTTERWORTH, ORDER 4, 0.200 HZ; flNTIflLIflS 50 - 100 HZ
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NflTIONflL MTER
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RELflTIVE VELOCITY RESPONSE SPECTRUM
VflLPflRfllSO. U.T.F.S.M., EQ OF MRR 3. 1985, 1ST RFTERSHOCK (1 HR). 160 DEC

0,2,5,10,20 PERCENT CRITICRL DRMPING 
FILTERS: BUTTERNORTH, ORDER 4, 0.200 HZ; flNTIflLIflS 50 - 100 HZ

STRONG MOTION
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RELRTIVE VELOCITY RESPONSE SPECTRUM
VRLPRRRISO. U.T.F.S.M., EQ OF MflR 3. 1985. 1ST flFTERSHOCK (1 HR). 070 DEC

0,2,5,10,20 PERCENT CRITICRL DRMPING 
FILTERS: BUTTERWORTH. ORDER 4, 0.200 HZ; RNTIRLIRS 50 - 100 HZ
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RELflTIVE VELOCITY RESPONSE SPECTRUM 
LLQLLEQ, EflRTHQURKE OF RPRIL 8, 1985, 100 DEC

0,2,5,10,20 PERCENT CRITICRL OflMPING 
FILTERS: BUTTERWORTH, ORDER 4, 0.200 HZ; RNTIRLIRS 50 - 100 HZ

80 NRTIGNRL MTER
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RELflTIVE VELOCITY RESPONSE SPECTRUM 
LLOLLEO, EflRTHQURKE GF RPRIL 8, 1985, UP

0.2,5,10.20 PERCENT CRITICRL DRMPING 
FILTERS: BUTTERWORTH, ORDER 4, 0.200 HI; RNTIflLIflS 50 - 100 HZ
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RELRTIVE VELOCITY RESPONSE SPECTRUM 
LLQLLEQ, ERRTHQURKE OF RPRIL 8, 1985, 010 DEC

0,2,5,10,20 PERCENT CRITICRL DRMPING 
FILTERS: BUTTERNGRTH, ORDER 4, 0.200 HZ; flNTIRLIRS 50 - 100 HZ
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