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Preface

The earthquakes of December 7, 1988, near Spitak, Armenia SSR, serve as another
grim reminder of the serious hazard that earthquakes pose throughout the world. We
extend our heartfelt sympathies to the families of the earthquake victims and intend that
our cooperative scientific endeavours will help reduce losses in future earthquakes. Only
through a better understanding of earthquake hazards can earthquake losses be reduced
for all peoples in seismically active regions of the world.

The tragic consequences of these earthquakes remind scientists and public officials
alike of their urgent responsibilities to understand and mitigate the effects of earthquakes.
On behalf of the U.S. Geological Survey, I would like to express appreciation to our Soviet
colleagues for their kind invitation to participate in joint scientific and engineering studies.
Without their cooperation and generous assistance, the conduct of these studies would not
have been possible.

This report provides seismologic and geologic data collected during the time period
December 21, 1988, through February 2, 1989. These data are presented in their entirety
to expedite analysis of the data set for inferences regarding hazard mitigation actions,

applicable not only in Armenia but other regions of the world exposed to high seismic risk.

Dallas L. Peck
Director, United States Geological Survey



FORWARD

This volume represents one of a five-part set, which present preliminary results and
data for the seismologic and geologic investigations conducted following the earthquakes
of December 7, 1988, near Spitak, Armenia SSR. The first volume of this set describes
the field experiments, instrumentation, the data set, formats for data dissemination, and
preliminary conclusions permitted by the data analyzed as of this writing. Volumes II,
III, IV and V present the seismograms for the digital recordings of aftershocks obtained
during the time periods indicated. Because of limited computer facilities and data format
incompatibilities, the digital-event recordings are presented as analog seismograms. The
seismograms are included to expedite analysis of the data for developing appropriate hazard
mitigation measures for future potentially damaging earthquakes.

This data set is a testament to the generous cooperation and assistance provided by
our colleagues in the Union of Soviet Socialist Republics. Without their contributions this
data set would not have been possible. For their contributions, we express our most sincere

appreciation.

Roger D. Borcherdt
March 10, 1989
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INTRODUCTION

This report provides seismograms corresponding to the digital recordings of the af-
tershock sequence of the earthquakes of December 7, 1988, near Spitak, Armenia SSR.
This volume includes those seismograms recorded during the time period 3 January 1989
through 2 February 1989 (UTC). Seismograms obtained during other time periods are
included in companion volumes.

Three types of seismograms are included: those corresponding to the recordings of
the three-component velocity transducers, those corresponding to some recordings of the
three-component force-balance accelerometers, and those resulting from the integration of
the accelerometer recordings. These three types of seismograms are presented successively
in each volume. The seismograms in each set are arranged chronologically.

The seismograms corresponding to the accelerometer recordings have been included
to provide on-scale recordings for those events for which the velocity transducer recordings
exceeded full-scale amplitude (32,767 digital counts) of the analog-to-digital converter at
the gain selected for the field recorders. Integrated versions of these recordings are pro-
vided to expedite comparison with other velocity recordings provided for the events. Any
recognized uncertainties in station locations or event timing are summarized in the data

description provided in Volume I.

SEISMOGRAM LISTING

During data playback and processing, seismograms are identified in the computer by
a 13-character filename (constructed from the start-of-record time, uncorrected for clock
drift, component, and station name): characters 1-3 = Julian day (001-366), characters 4—
5 = hour (00-23), characters 6-7 = minute (00-59), character 8 = second code (A-T, where
A = 0.000-2.999, B = 3.000-5.999, ..., T = 57.000-59.999), character 9 = component code
(1-3 for acceleration, 4-6 for velocity), character 10 = “.”, and characters 11-13 = station
name. The seismogram data set listings in Table 1 (velocity), Table 2 (acceleration), and
Table 3 (integrated acceleration) are based on this filenaming scheme. In the tables, each
line summarizes one event, which is generally identified by a computer algorithm that

counts triggers in a sliding time window (22 seconds long, this report) and/or by direct
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inspection of data plots. Events are specified in the left column by the filename time of the
earliest recording (rather than the actual event origin time, which is generally unknown
at early stages of data processing), and recordings are specified in the station columns by
the filename second-code character. For example, an aftershock at Julian day 359, hour
14, minute 14 was recorded at stations ART, KIR, MOO, NAB (with start-of-record time
in second-bin Q = 48.000-50.999), and KET (with start-of-record time in second-bin R =
51.000-53.999). This aftershock is identified in Table 1 as 3591414Q. Station locations are
mapped in Figure 1.

SEISMOGRAM LABELS

Each three-component seismogram is identified by a representation of the filename
(e.g., 3561633PV.GSS) which corresponds to the earthquake identification as described
above. The seismograms as arranged, proceeding from the top of the plot, represent
recordings of the vertical, and the two horizontal seismometer channels. Orientations
of the horizontal seismometers were obtained by operators in the field at time of sensor
installation with a Brunton compass. Such installations are usually accurate to within 4-5
degrees. (Orientations have not been checked for consistency using polarization analyses.)
Orientations for each seismogram are indicated by a two-number code (e.g., 090/164) with
the numbers indicating direction of positive motion (up on plots) from up (e.g., 090) and
clockwise from North (e.g., 164) measured in degrees.

Labels on the top of each plot identify the parameters used to plot and record the
data. The parameters include: 1) start time of the record (year, Julian day, hour, minute,
and second of the internal clock, and the clock correction in seconds), 2) duration of plot
(seconds unless otherwise stated), 3) sampling rate (samples per second), 4) number of the
event on the tape, 5) station latitude and longitude (degrees and minutes), 6) elevation
(not used here), 7) GEOS unit number and tape number, 8) number of channels recorded
and total number of samples recorded per channel, 9) orientation of positive direction for
each sensor (degrees), 10) sample lag (seconds), 11) sensor serial number (not used here),
12) sensor natural frequency (Hz), 13) sensor damping (fraction of critical), 14) sensor

sensitivity (volts/ground motion unit), 15) gain (decibels), 16) low-cut filter parameters

2



(corner frequency (Hz) and number of poles, e.g., L1,.10 indicates single-pole low-cut
filter with corner at 0.10 Hz), and 17) high-cut anti-aliasing filter parameters (e.g., H7,50
indicates seven-pole Butterworth with corner at 50 Hz).

Labels for the ordinates of each trace include: 1) maximum ground motion value for
time interval plotted, 2) direction of positive ground motion, 3) maximum digital counts for
time histories. Tick marks on the ordinate scale are provided in powers of two; however, the
time histories themselves are plotted on a linear scale defined by the indicated maximum
ground-motion value. Absolute time (clock-drift corrected; in seconds) of the start of the

plotted record is to the left of the lower time axis.
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Figure 1. Location map for deployment sites of digital recorders (GEOS) used during
the time period of December 21, 1988 through about March 1, 1989. Time periods for
deployment at each site are given in the first volume of this report. Cities, roads, Armenia—
Turkey international boundary, and three-letter station identification codes are indicated

on the map.
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Table 1 - Listing of seismograms derived from the digital recordings of the
velocity transducers.

APP ART BYR DZH GIB GOG GSS KET KIR KI2 LEN MOO MO2 NAB SCH SEV SPT SSS STE YSS
0030021s T S
0030041K K
0030117L L
00301209Q Q
00301260 0
0030201pP P
0030238R R
00303220 0
0030334F F
00303460 0
00304457
0030452L
0030512F
0030525A
0030531M
0030623A
00307201
0030747F
0030819s
00308210
00308271
0030836G
0030927A
0031328F
0031335C
0031348pP
0031445C
0031600R
0031653L
0031705M
0031810F
0031941J
0032000E E
0032050F
0032133G
00321383
0032229T
0032303J
00323271
0040127C
00401542
0040209B
0040247A
00402501
0040258pP
00404569Q Q
0040601s
0040729N Q
0040735M
0040738J M
0040740P
0040809E
00409017
0041016H
0041024p
0041029G
00410300
0041055D
00411220
0041724H
0041726D
0042356F F
005081SE H F E G
0051354s
00515301 I
0051851B
0051917A E A
0060322K P M L
0060735T T
0060827E
0061214pP P
0061601s S
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Table 1 - (continued)

APP ART BYR DZH GIB GOG GSS KET KIR KI2 LEN MOO MO2 NAB SCH SEV SPT SSS STE YSS
0061718T T a
0061947R R
0062053G J I
0062209F F
00623031
0062314N
00702200
00703031
0070328F
0070624R B
0070753G
00708209
0071504A
0071527F
0071757D
0081026P
0081301M
00813067
0081309H 3 L
0081332N
0081400K
00814540
00815578
0081653L o) P
0081945F
00819483
0090411H
0091107H
00914080
0091518D
00915291 I
0092001K
0092359H
0100004H
0100011M
0101200p P
0110621M M
0111223B B
01114101 I
0111516K
0111611A
01119338 B
0112147K
01122300
01202429
01203120
0120445K L
0120506D
01205170
0120634P
0121948D
0122244R R
0130027M M
01307561
0130942N N
0131046N N
01311028
0131420G
01317018
0140405N
0140458P
0140957E
0141552s D
0142126M 0 0
0142232M
0151324L
0152029L L
0160119M
0160737D
01613131
01618383
0161922C c
01621120 0
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Table 1 - (continued)

APP ART BYR DZH GIB GOG GSS KET KIR KI2 LEN MOO MO2 NAB SCH SEV SPT SSS STE YSS
0170049H
0171206Q S
0171926S T
0181156Q
0190441N
01904480
0190727R T
0190813N N
0191404E
0191645P
0191902E
0200240G K H
0200324C c
0200450B
02006267
0201120E
0201833R B
0202026H
02023453
0210100H H
0210151D
0210154M
0210809K K
0210920P P
0211518C
0220216Q
0220222F F
0220813E E
0221357E
0221526F
0221705E
0222335Q
0230141cC Cc
0230505M
0230744P P
0230914L
0231614F
02317290
0232043L L
0232347L L
0240208C
0240231C H D D
0241207H
02412498
0241433Q
0251556T T
0252206R S R
02608081
02615151
02619427
02702431 J J
0270343D
0270635K
0271034M
0272028F
0272235Q Q
0272356D D
0280149F
0291711G G
0300033M Q
0300204E E
03015570
03104323 N
03119560
0312008J
0312118L
0320346H
03204070 0
0321005N N
03214209Q Q
0332128B B

nom
oo nx

(] Hm o=z
wOooOmEo

2O gmommg
jasies)

MEH X0 "\EE o0
7]

m R =]
[N
OgRHH®L © N2 0
nwEQ

HGWOY = L]
qO™ H

o



Table 2 - Listing of seismograms derived from the digital recordings of the
accelerometers.

APP ART BYR DZH GIB GOG GSS KET KIR KI2 LEN MOO MO2 NAB SCH SEV SPT SSS STE YSS

0030819s S S T T
0031348p Q P P Q o]
0040729N o] N N o] 0
00407383 M J J K

0040740pP Q P R

0050815H H

Table 3 - Listing of seismograms derived from integration and hi-pass filtering of the
digital recordings of the accelerometers.

APP ART BYR DZH GIB GOG GSS KET KIR KI2 LEN MOO MO2 NAB SCH SEV SPT SSS STE ¥SS

0030819s S
0031348pP P
0040729N o] N N o]
0040738J J
0040740P P
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