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INTRODUCTION

A total of 15 strong motion instruments have been
installed in two subduction zone selsmic gaps which are
estimated to have high probabllitlies to rupture £in great
earthquakes In the not too distant future. The two gaps are
in the Shumagln Islands segment of the eastern Aleutian arc,
Alaska, and the Northern Lesser Antilles, Caribbean. Where
possible the strong motion sites are located at remote,
telemetered selsmic network slites. In many 1instances a
trigger signal from the strong motion accelerometers is
telemetered through the seismic network communication lines
to the central recording site for accurate timing of the
recording of any strong motion events, As the Caribbean
network only has digital recording facilities and the
Shumagin Islands network 1is presently being changed from
continuous analog to digltal event recording, technical
modificatlions of the analog version of the trigger recording
system is required to guarantee dependable identification of
instrument and accurate trigger moment resolution at the
central recording site. In addition the new system will
provide that an approximate time of event will be recorded
in conventional form on each SMA record to prevent
non-ldentification of records in case of non-operative
telemetry 1links or malfunction at the central recording

sites.



The Shumagin Gap Strong Motion Program

Sykes et al. (1980) documented the historic record of
large and great earthguakes in the Alaska-Aleutian arc.
They find that recurrence times for great earthquakes 1in
this arc are of the order of 100 years or less. Davies et
al. (1981) made a special study of the Shumagin seismic gap
and estimate that the recurrence times of great earthquakes
for this arc segment vary between 50 and 90 years. At least
77 years have elapsed since the last great earthquake
ruptured the Shuamgin seismic gap. Hence, there i3 a high
probability for a great earthguake to occur 1in this gap
within the next 1 or 2 decades. The inferred long-term
imminence of a great earthquake in the Shumagin seismic gap,
the fact that strong ground motions associated with a truly
great earthgquake never have been monitored instrumentally
anywhere oan earth, and the need for evaluating selsmic
hazards In the Alaska continental shelf for oil exploration
purposes provide the rationale for our attempt to improve
the strong motlon monltoring capability in this region.

Figure 1 shows the newly attained state of the L-DGO
operated strong-motion accelerograph sites in the Shumagin
Islands, Alaska, A total - of ten sites are now
operative(Table 1), of which six were newly installed 1in
1980 (see Appendix I). During 1981 the total number may
Increase to 13 sites, All sites are equipped with
Kinemetrlcs SMA-1 instruments. Of these the trigger signals

at SNK, oLG, NGI, CN8B, and 8K are



Table 1. L1-DGO SMA-Sites, Alaska} Status 1980
(Shorc List)

STATION REMOVED ' INSTALLED OR SERVICED TRILGGER SIGNAL
Date Ser, No., Type Date Ser, No, ‘Type (yes/no)
SAN, sand Point I 7/28/80 202 1z 7/29/80 a54 Lo No
BKI, Big Koniujl B/08/80 202 1g Yes
NGI, Nagai . 71/26/80 327 ig Yeg
SIM, Simeonof 6/13/80 2678 1g 6/13/80 | 2038 lg No
.SGB, San Diego Bay ‘ ‘ B/08/80 2677 (%) 1g No
CNB, Chernabura _ ' 7/26/80 4156 g Yes
SNK, Sanak ' 7/20/80 4155 lg Yes
DLG, Dolgoi ?IéOIBO 4153 ig Yes
DUT, Dutch Harbor 3/07/80 2677 1g ?/07/80 4154 1g No
ChB, Cold Bay (USCS installation, L—DGO-Berviced)q 10/8/80 1930 1g No

Note: Underlined serial number indicates refurbished unit, double underlined indicates newly acquired

wnic, A}l others are pre-existing unice,

{*): Trilgger assembly replaced wlth new unit,
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interfaced with the radlo telemetry links of the Shumagin
seismic network. This Interfacing was designed for analog
central recording of a 409.6 Hz tone during SMA operation,
and allows the transmission of the exact SMA-trigger moment
at the sites to the central recording site at Sand Point
(SAN). The analog recording of the FM-trigger tone has
certaln disadvantages, however, and is not suitable for a
digital, central event recording mode. Therefore a redesign
of this system has been undertaken which is briefly outlined
in Appendix III. Appendix I provides a complete listing of
station characteristics of all strong-motion sites in the
eastern Aleutian/Shumagin Islands region as presently
operated and maintained by Lamont-Doherty Geological
Observatory.

Shortly after 1nstallation of the new SMA sites in
August 1980, a magnitude 5.8 earthguake occurred in the
proximity of Nagai Island (NGI). Recordings from the
trigger monitor at the central recording site (SAN) indicate
that thils event triggered accelerographs at four sites:
NGI, CN8, DLG, and BKIJ. It may have also triggered SIM
which is not interfaced with the seismic network.
Verification of the triggers and retrileval of strong motion
records must walt until the summer field-season of 1981 when
all remote stations wiil be routinely serviced with

helicopter support from NOAA.



Strong Motion Program for Caribbean Seismic Gaps

Recent studies of the northeast Carlbbean have
clarifted our understanding of the ¢tetonlcs and seismic
potential of thls seismic zone (McCann and Sykes, 1981).
The estimates of selsmic potential were derived from 1)
historlc earthquakes with magnitudes larger than 7.5; 2)
moderate sized shocks of the last 30 years; 3)
microearthquakes recorded since 1976; and 4) tectonic
structures inferred from marine geophysical data. The map
of seismic potentlal (Figure 2) describes the extent of
active selsmic reglons and the expected magnitudes of shocks
in that reglon and provides the rationale for the siting of
strong motlon instruments.

The seismic gaps in the northeastern Caribbean (McCann
et al., 1979) are now instrumented with a total of 5
accelerographs installed by Lamont-Doherty. The locations
of the existing SMA-stations are shown in Figure 3. For
detailed station infermation see Appendix II. A short
listing 1is given 1n Table 2. All SMA sites are scheduled
for interfacing with the L-DGO Caribbean seismic network for
transmission of trigger times. For layout of this

interfacing see Appendix III,.
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Figure 2, Estimate of long-term seismic potential for the seismic zone in the norcheast Caribbean. Patterns de-
limit regions likely to experlence earthquakes of a given magnitude. Those enclosed by barbs and covered by line
aud dot patterns {(e.g. northwest of Puerto Rico ~ P.R.) are likely to be active for shocks with magnitude 6.0 and

larger, whereas reglon with only stipple pattern (e.g. north of eastern Puerto Rico) will tend to be quiescent
except for occasional great earthquakes,
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Figure 3, Present configuration of the Northeastern Caribbean seismic network including sites of strong-
motion inatruments. SMA's were installed in 1980 at AWI and BWI; proposed sites are SKB and STM. Instal-
lation ig planned for late in 1981. Signals are telemetered to St, Thomas (VST) where they are recorded

on a digital recording system; SMA trigger times will also be recorded on this system when the interface
syscem described in Appendix XTI 1s installed. Symbols ave as follows: circles - single component stations;
triangles -~ three component stations; cross: - +dinactive stations; solid symbols - SMA site.
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Table 2. L-DGO SMA-Sites, Caribbesn; Status 1981

(Shert List)

STATION REMOVED INSTALLED OR SERVICED TRIGCER SICHAL
. Date Ser. No. Type Date Ser. No, Type {yes/no)
VST, St, Thomas 3/ /78 1064 58 No
SJv, St. John o 3/22/78 31?0' hg No
ABV, Anegada 3/20/78 - 3176 kg No
AWY, Antigua 961 ke No
BWI, Barbuda 966 %g No
S$TM, Sain Maarcen = (10/81) ? Yo No
SKB, Saint Christopher (10/81) 7 Lg No
Note: DPates In parentheses are proposed imstallation dares. Underlined serial'number indicates refur-

bished unikt.



CONCLUSIONS

A program to establish a strong-motion recording
capability 1in two seismic gaps has been implemented,
Installation of a total of 10 stations In the Shumagin
seismic gap, eastern Aleutian arc of Alaska, has been
completed in 1980. In the seismic gap in the northeastern
Caribbean a total of 5 SMA sites are operated since early
1981. The remote strong motion sites coincide 1in most cases
with telemetered seismic network stations. Where possible
strong motion instuments are interfaced with the network to
transmit exact SMA-trigger times to the central recording
site. Modification of the trigger moment data transmission
system for <central digital event recording 1s 1in the
planning stage. A magnitude 5.8 event provided a test for
the new Shumaglin Island strong motion network and central
monitoring of SMA operation indicated at least 4 triggered
instruments. Data analysis of future SMA records is carried

out under separate funding.
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APPENDIX I

Lamont-Doherty Geological Observatory Strong Motion Sites
in Alaska

This file contalns information about strong motion {nstruments
oparated by Lamont-Doherty Geologfcal Obsarvatory

— orfantation -

————e)

Shumagin Islands and Unalaska areas in Alaska

stattfong:
Big Xontujt 8KJ
Cold Bay coB
Chernabura CNB
Dolgof OLG
Dutch Rarbor puT
Nagal NGI
Sand Point SAN
San Dlego Bay . SGB
Simeonof SIM
Sanak SNK

8K$s

station: Big Konuigt
coordinates: S5 F9.64'N 159 33.92'VW
elevation: 773 f¢
s{te: cemented to bedrock at remote sp station
typo of Iinstrument: Kinometrics SMA-1 1g unit
date (nstalled: 8/8/8Q
serlal no.: 292(8/0/88})
orientation: §78W
sansitivity: S7PW (.7Scm/g UP 1.9S5cm/g S$28E 1.75cm/g
natural freq.! 26.4 hz 26.3 hz 21.5 hz
damping:
racords: none
¢omments! rung off |2v power supply at sp station
has trigger relay
trigger may be too sansitive
updated: 12/39/88 §m

CcoB
station: Cold Bay
coordinates: S5 12.6'N 162 42.8'W
elavation:
gite: bolted to ground floor of FAA buflding
butldtng on glacial outwash
type of instrument: Kinemetrics SMA~1 g unit
date installed: 4/2B/76
sarial no-: 1939 (4/28/76)
ortentation: N94E
sansityvityt N9AE 1.7)lcm/g UP 1.27cm/g N3I68 }.79cm/g
natural fraq.: 26.8 hz 268.2 hx 26.2 hz
damping:



Appendix I (con't.)

records: 12/29/65

7/2%/17S

records at USGS Menlo Park
comments: USGS Instrument.

runs off external battary

no measurea of absolute t(me

need keys for padlocks to service instrument
file updated: 19/26/88 §m

CN8
stationt Chernabuyra
coordinates: 54 43.22'N 159 35.30'W
elgvation: 289 ft¢
s{te: camented to bedrock at remote sp station
type of finstrument: Kinemetrics SMA-1 1g unit
date (nstalled: 7/26/88
serial no.: 4156 (7/26/84)
orientafon: S70W
sensit{vity: S70W 1.67cm/g VUP 2.98cm/g S2BE 1.82cm/g
natyral fregqg.: 26.4 hz 24.3 hx 26.4 hz
damping: g.68 g.68 .64
records: none
comments: runs OFFf 12v power supply at sp statlon
has trigger relay
no fuse {n SMA
flls updated: 18/28/BF Jm

DLG

station: Dolgal

coordinates: S5 PR.46'N 161 SF.14'W

elavat(ion: 1182 ft

sitet cemented to jolnted bedrock at remote sp site

type of {nstrument: Kinsmetrics SMA-1 g unit

date installed: 7/28/88

sarfa) no.: 4153 (7/29/88)

or{entafon: NSIE o .

sensitivity: NS3E 1.79cm/g UP 1.98cm/g N3I7W 1.76¢cm/g

natural freq.: 25.2 hxz 25.7 h2 26.4 hz

damping: g.60 2.68 d.69

records:! none .

commants: runs off 12v powar supply at s3p station
has trigger retlay
but cannot tell trigger from SNK trigger
no fuse fn SMA

fila updated: 19/26/98 §m

puT
station: Dutch Harbor
coordinates: 53 533.9°'N 166 32.2'W
elevation: 1397 €t .
g3{te: bolted to cement plar
typa of (nstrument: Kinemetrics SMA-! 1g uait
date iInstaliled: 7/77/88 R
serial no.: 4154 (7/272/89)
orfentatiaon: NZEZ
senzitivity: NGFF 1.85e¢m/g UP 1.99 cm/g NBIBY {.7Bcm/q
natural fereq.: 2S5.4 hz 25.3 hz 26..6 hz
damping: g.68 g.69 g.68
records: none
comments! runs off trickle charger
no maasure of absolute timae

14



Appendix I (con't.)

2?2 to 3/77/88 #3277 was located al old Dutch Harbor statton OUT
3/%7/8% to 7/17/89 #2677 was located at old Dutch Harbor
statfon OUT

file updated: 19/26/88 §m

NG1
stattont Nagal
coordinates: 55 P2.36'N 160 F4.15'W
etlevation: 773 f¢
gsite: cemented to bedrock at remote sp stat{on
type of {(nstrument! Kinemetrics SMA-1 1lg unit
data Installed: 7/26/89
sertal no.: 327 (7,26/488)
orfentation: S2ZE
sensitivity! S28E 1.8%cm/g UP 1.85cm/g N7BE 1.75¢cm/g
natural freq.: :
damping!?
records: nonae .
comments! runs off 12v powar supply at sp statio
hag trigger relay
onae ti{me trace needs adjusting
fila updated: 12/3t1/94 Jm

SAN
station! Sand Point
coordiantast 55 28.49'N 164 29.683'VW
elavation: 75 ft
site: boltad to cement plar
typa of (nstrumant: Ki{nemetrics SMA~-1 1/2g unit
date fnstallad:
serial no.: 959 (7/28/84)
or{entation: S79V
sens{tivity: S79W 2.87c¢m/9.5g UP },96cm/8.5g S24E 1.8fcm/P.5g
natural freaqg.: 17.2 h2 17.8 hz 17-3 he
damp$ng! g.68 g.68 g.69
racordst 4/6/74 g1:53
4/6/74 23:8556
4/2/74
7/1/75
1727779
2713779
comments: runs off trickle charger
no measure of ebsolute t{me
77 to 17 #2082 located at school oriented at NG6EW
7?2 to 7/28/88 282 was hera at an ori{entation. of N17E
file updated: 12/31/88

SG8

stat{ion: San Diego Bay

coordinates: 55 32.785'N 164 27.23'W
elevation: 886 ft

site! cement pad In dirt and rubble

type of Instrument: Kinemetrtcs SMA-1 1g unit
date installaed: §/8/88¢

serfal no.: 2877 (8/8/84)

orientationt N74E

sensftivity: N78E |.8Sem/g UP t.B87¢m/g N2OW 1.87c¢cm/g
natural freq.: 25.9 hz 25,7 hz 26.1 hz
damping: .62 g.68 g.64
recordsa: none N

comments: no measurs of absolute time
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runs off only internal batteries

one time trace out of line

calibration indicates somethling may be wrong
file updated: 12/31/82 jm

SIM
statfon: Simeonof
coordinates: 5S4 S5.2'N 159 15.5'W
elevation:
site: bolted to cement pad set on ground
type of {instrument: Kinemeotrics SMA-1 1g unit
date installad:
serial no.: 2838 (8/13/88)
orientatfon: N23.3W
sensitivity: N23.5W 1.72¢m/g VUP 1.86ecm/g S66.5W 1.68 cm/g
natural freg.: 25.8 hzx 25.7 hz 27.4 hz
damping: #.58 g.69 g.68
records: nane
comments: runs off external battery
there are no internal battarfes for back-up
this {nstrument runs for Ed sec when triggered
there is no measure of absolute time
there is no sp statton here
file updated: lB/25/B2 jm

SNK
stat{on: Sanak
coordinates: 54 2B.44'N 162 46.52'
elevation: S22 ft
s{te: cemented to bed rock at remote 38p station
type of Instrument: Kinemetrics SMA-1 1g unit
date installed: 7/29/849
sartal no.: 4155 (7/28/89)
orfantatiaon: NIJE
sensitivity: N9PE 1.87c¢cm/g UP 1,98cm/g - NEFS 1.94cm/g
natural freq.: 25.6 hz 25.5 'h2 24.5 hz
damping: F.688 .69 2.69
records: none
comments: runs off 12v power supply at sp station
has trigger ralay
but cannot taell trigger {rom DLG trigger
file updated: [2/31/88 jm-

/b



APPENDIX II

Lamont-Doherty Geological Observatory Strong Motion Sites

in the Caribbean

Carfbbean area

stations:

Anegada , A8V
Antfgua AW1
Barbuda BWI
St, John SJVv
St. Thomas VST

ABV

statfon: Anegada

cooerdinates: |8 43.92'N 264 2§.22'W

elevation: 9 ft

gite: f1nstalled In S5 ga) drum on concrate foundation of abandoned bu{ldfng
type of Instrument: Kinemetrics SMA-1 1/2g unit

date Installed: 3/29/78

serfal no.: 3176 (3/29/78)

orinetation: NG9JE

sensitivity: NSGE 1.8lcm/8.5g UP 2.84cm/g.5q NP2B 1.84cm/Z.5g

natural freq.t 18.5 hz 17.9 hz2 18.3 hz

damping: g.60 g.589 g.62

racerds: none .
comments: solar cell powered
f1la updated: 1/18/81 jm

AW]

statfont Antigua

coordinategt {7 2.79'N @61 51.68'W

alevatfon: 1113 ft

s{te: {nataliled fn cement cable vault

type of instrument: Kinemetricg SMA-1 1/2g unit

date (natalled: 2/282/81}

serial no.: 961 (2/28/8%1)

orfantation: gaGN

sangitivity: PN 1.98cm/g.5g UP 2.83cm/8.5g9 N278w 1.98cm/P.59
naturatlt fregq,: 7.9 hz 17.6 hz 17.8 hz
damping! g.580 g.68 g8.68
racords: none

commants: ryng off tnternal batteries

fila updated: 4/7/81 jm

BW!

station: Barbuda

coordinates: 17 39.99‘'N PJ861 47.49'W

alavationt 148 f2

sfte: fngtalled in 55 gal., drum cemented (n ground

typa of instrument: Kinemetrics SMA-I 1/2g unit

date inatalled: 2/14/81 -

gerfal no.: 968 (2/18/781)

orientattoni NBESEZ

senaitivityr NEZE 1.91cm/g.5g UP 1.74cm/9.5g N278W.2.98cm/B.Sg
natural freq.: 17.4 hz 18.6 hz . 17.1 hz
damping: g.68 .69 g.68
recordst nonea

commaenta: runs off intarnal batteries

*1le updated: 4/7/81 jm

17



Appendix II (con'c.)

LAY

station: St. John

coordinatas: 18 29.7¢8'N 264 45.72'V

elevation: 848 ft

aite: installed on concrete basement of park ranger‘'s house
type of instrument: Kinemetrics SMA-1 1/2g¢ unit

date {nstalled: 3/22/78

sartal no.: 3172 (3/22/78)

orientat{on: N278V

aensitivity: N278W 1.22cm/4.5g UP 1.82cm/@.5¢g NIBZ 1.67cm/f.5g
natural freq.! 18.5 hz2 t8.1 hz 19.9 hz
damping: g.68 .62 2.68
records: none

comments: runs off trickle charger

file updated: 1/18/81 jm

VST

station: St. Thomas
coordinates: 18 21.24°N 864 57.42'V
elevation: 1116 ¥t
s{te: installed on concrete plar {n vault
typa of {nstrument: Ktnemetrica SMA~1 1/2g unit
date ingtalied: 9/7/79
sertal no.: 962 (3/5/81)
orientation: Ng2J
sansitivity: NGZF {.87c¢m/@.5g UP 1.9%cm/9.5g N278W 1.8%cm/P.5g
natural freqg.: 17.2 hz 17.4 bz 18.8 hz
damp ing: g.68 8.68 g.68
records: 2/14/88
comments: runs off trickle ¢harger
priot to 9/7/79 thare was another SMA here
from 9/7/79 to 3/5/8%f 4364 was here at sama orientation
ftle updated: 4/7/81  m

¢




APPENDIX III

Brief Design Description of SMA Interface with L-DGO Seismic
Networks in Aleutlans and Caribbean for Transmission of

Exact SMA Operation (ON-OFF) Times

1. The purpose of this Appendix is to document the changes
on the SMA/network interface for transmission of SMA
ON/OFF silgnals through network telemetry. In addition,
the same system provides an automatic calibration of
the network seismometer at the SMA site.

2. The present method of signalling SMA activity, a
409.6 Hz tone via the RF telemetry links, has a aumber
of problems as demonstrated by recent experience:

a) The telemetry link must be operational at the
time of the event.

b) The increased nolse level due to
overmodulation of the short-period component
VCO's during' an event tends to mask the
400 Hz signal.

c) Identification of the signalling SMA by
amplitude level coding 1s difficult wi{th two
components, and virtually 1mpossible with
three components on the same telemetry link.

3. After considering a number of alternatives, we have
decided upon the following design as offering the best

combination of cost, availability, development risk,

1



robustness (defined here as minimization of fauliure
effects) and performance (see attched Figure 4).
Standard time code generators (Kinemetrics TCG-1A) will
be installed in most of the SMA-1's, i.e. all of the
telemeter-linked units in the Shumagins, and all of the
telemeter-linked wunits {Iin the eastern end of the
Caribbean network. The 24 hour mark generated by the
TCG~1TA will be wused to initiate a short period
seismometer calibrate cycle at each seismic network
station. The time of occurrence of the calibrate
signal will be recorded at the central station only by
print-out on the system printer, Actual recording of
the callibration signal response 1s optional and
independent from the SMA signalling. Since the TCG-1A
generators are fairly stable {(dally drift < .1 sec) we
can unlquely identify the source (station) by spacing
the occurrence of the 24 hour marks for the SMA's on
the particular telemetry link. If there is any doubt
from which slte the calibrate pulse came, occasional
observatlion (i.e. digital recording) of the
selsmometer calibration signal and deduction of the
drift of each TCG-1A will indicate which station the
signal 1is fraom. In essence we are calibrating the
remote TCG, using the central statlion clock.

When we have recovered the SMA record, it 1s only
necessary to read the recorded time from the time code

on the accelerogram and obtain the necessary correction

iz



from the central statlon recorded data.
Note that as far as time of SMA triaggering i{s concerned
it is unnecessary to signal or record; the print-out of

the system printer [s sufficient to detecrmine exact SMA

ON/OFf times.

21
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