
NOTICE 
This report was prepared at an account of work 
sponsored by the United States Government. Neither 
the United States nor the. United States Energy 
Research and Development Administration, nor any of 
their employees, nor any of their contractors, 
tubcon tractor), or their employees, makes any 
warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness 
or usefulness of any information, apparatus, product or 
process disclosed, or represents that its use would not 
infringe privately owned rights. 

ABSTRACT 

Seismological and geodetic research performed during the past contract-

year has increased our understanding of the seismotectonics of the eastern 

Aleutian Island Arc. While generally aimed at producing a coherent theory 

for the evaluation of the entire arc, our research has focused on the Shumagin 

Islands seismic gap, a region within which a major earthquake is expected in 

the not too distant future. To collect basic seismological data and to inves

tigate certain earthquake prediction techniques we maintain 19 short period 

and 3 long period seismograph stations, 2 strong motion accelerographs and a 

pair of strainmeters. To investigate possible regional tilting due to strain 

accumulation within the seismic gap we have made limited geodetic leveling 

measurements. We have expanded the baseline and increased the resolution of 

these tilt measurements with the installation of two remote tide gauges. In 

this report we present (1) historic seismicity maps of the Shumagin seismic 

gap vicinity which show the relatively low level of seismic activity in the 

gap, a possible offset in the Benioff zone, and a few events associated with 

the Bering shelf continental margin south of the Pribliof Islands; (2) a seis

micity map and hypocenter cross-sections based on data from the local Shumagin 

Islands seismic network which show a very well developed Benioff zone beneath 

the Shumagin Islands; (3) studies of the focal mechanisms of April 6, 197.4 

Shumagin Islands earthquake and the February 2., 1975 Near Islands earthquakes 

which respectively show thrust faulting perpendicular to the.arc and right-

lateral strike-slip faulting oblique to the arc along the slip direction in

ferred from the relative motion of the plates; (4). the first strong motion 

accelerograph data from the eastern Aleutians, which show accelerations con

sistent with those observed for earthquakes in California; (5) this year's 

geodetic leveling results which when compared with those from 1972 indicate 
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that regional tilting due to tectonic strain accumulation, if it is occuring, 

is less than 1.9 microradians per year; and (6) seismic observations of two 

Strombolian eruptive cycles of Pavlof Volcano which reveal monochromatic 

wave trains which are identical one to the next suggesting a common source 

region and a harmonic source function or very efficient filtering of the 

body waves by the pyroclastic layers of the volcano. . 
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INTRODUCTION 

This report summarizes progress on work and research carried out by Lamont-

Doherty Geological Observatory (L-DGO) personnel under Contract ERDA(ll-l) 3134, 

"A Comprehensive Study of the Seismotectonics of the Aleutian Arc", for the 

period March 1, 1975 to February 29, 1976. Parts of this work were performed 

in cooperation with Drs. H. Pulpan and J. Kienle of the Geophysical Institute 

of the University of Alaska (UA). Portions of the work carried out primarily 

for this contract' received additional support from a new contract with the 

National Oceanic and Atmospheric Administration (NOAA) entitled "Seismotectonic 

Analysis of the Seismic and Volcanic Hazards in the Pribilof Islands - Eastern 

Aleutian Islands Region of the Bering Sea." This NOAA contract (see work state

ment in Appendix I) supported additional work complementary to the ERDA work 

which is summarized in this report because of its direct relevance to the goals 

of the ERDA contract. Finally, this report summarizes the initial progress on 

work carried out under an expansion of scope to the ERDA contract entitled 

"Search for a Magma Chamber under Pavlof Volcano". 

Both the expansions to the basic seismotectonic study supported by NOAA 

and the ERDA expansion of scope arise out of the growing recognition of the a-

cuteness of the national energy situation. The seismic and volcanic hazards 

analysis (NOAA) is part of the Outer Continental Shelf Energy Program (OSCEP) 

and will help evaluate the environmental risks to and from the exploration for 

oil on the outer continental shelves. The geothermal work on Pavlof volcano 

is part of ERDA's mandated program to evaluate alternative energy sources. 

It is somewhat fortuitous that these more applied needs arise at a turning 

point in our research program. After several years of intensive field work we 
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now have a seismic network which can provide some of the basic data for these 

hazards and geothermal evaluations. In the following section we will describe 

the field and instrumental work which have been carried out during the past 

year. Following that we will discuss our recent results and plans for the 

coming year. 

FIELD AND INSTRUMENTAL WORK 

Reorganization, installation and maintenance of the seismogrpahic network. 

During this past field season we accomplished a major reorganization of the 

seismographic network. This reorganization included the relocation of remote 

seismic stations, the establishment of a VHF telemetry link from Port Moller, 

through the mountains of the Alaska Peninsula to Sand Point on Popof Island 

and the expansion of the data recording centers at Sand Point, Dutch Harbor 

and Saint Paul. The reasons for this reorganization were threefold: (1) . We 

faced rising costs on the White Alice Communications System (WACS) for our 

data link from Driftwood Bay to Homer and its eventual (one to five years) 

phase out. (2) The addition of stations on Kodiak Island by the University 

of Alaska required an additional develocorder thus allowing the possibility 

to relocate the previously shared L-DGO develocorder from Homer to Sand Point 

and (3) By moving the L-DGO develocorder to Sand Point all of the Cold Bay and 

Shumagin Island stations could Be recorded on a single 16 mm film, eliminating 

the costly and time consuming data reduction of two different kinds of records 

(tape and film). The Sand Point location minimized the telemetry requirements 

necessary to accomplish this consolidation of the data recording. 

Figure 1 shows the locations of seismograph stations in the eastern Aleutians. 

Some of the station parameters for the current L-DGO stations shown in this figure 
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are given in Table 1. The remote stations are all battery (air cell) powered 

and connected via VHF telemetry links to the recording sites at Dutch Harbor 

or Sand Point. Most of these stations were serviced from the NOAA ship Surveyor 

with the aid of the ship based Jet Ranger helicopter. Table 2 summarizes the 

stations visited and tasks accomplished from the Surveyor. The remaining stations 

were serviced from locally chartered fishing boats or small aircraft. 

A GeoSpace HS-10/B 1 Hz seismometer was installed in the long period vault 

at Saint Paul. This instrument is recorded on a Helicorder in the Weather Bureau 

along with the long period instrument. The single short period seismograph will 

not, of course, allow location of earthquakes, but is intended to measure the 

general seismicity level of the Saint Paul area. The equipment for this in

stallation was purchased with NOAA funds. 

The seismic stations at the White Alice Communications Systems (WACS) sites 

of Driftwood Bay (DWB) and Cape Sarichef (CPS) were removed because of the high 

cost of the WACS telemetry link, the scheduled (1976) phase out of the CPS site 

and the relatively poor seismometer locations available close to the WACS sites. 

.The seismometers and amplifiers/VCO's from these sites were incorporated in the 

remote installations at Makushin Valley (MKV) and Dolgoi Island (DOL). The re

moval of CPS and the Akutan Island (AKN) receiver there necessitated the reloca

tion of AKN to ARV so that it could be telemetered to MKV where it is repeated 

into Dutch Harbor. Both AKV and MKV are intended to monitor volcanic activity 

as well as the tectonic earthquakes. Due to logistic constraints MKV is located 

too far away from Makushin to record small volcanic tremors but certainly will 

record any major eruptive activity. These two remote stations are recorded at 

Dutch Harbor on Helicorders purchased with NOAA funds. They and the local 

horizontal'and vertical instruments which are recorded on a dual channel Auto-



7. 

corder, comprise the Dutch Harbor array. This tripartite array is minimally 

sufficient for independently locating local earthquakes and has an accurate 

enough time base so that data from this array can be used in conjunction with 

other data to locate larger regional events. 

The new station on Dolgoi Island (DOL) is telemetered to Deer Island (DRR) 

as is the Sanak Island station (SNK). The data from DOL, SNK and DRR are mixed 

and transmitted to the Cold Bay WACS site, CDB. The stations at Baldy Mountain 

(BAL) and False Pass (FPS) are also transmitted to Cold Bay. These five stations 

DOL, DRR, SNK, BAL and FPS, comprise the Cold Bay subarray of the Shumagin Islands 

array. Data from the Cold Bay subarray are transmitted via a WACS voice circuit 

from Cold Bay to Port Moller (PMA) and then to Sand Point on a L-DGO installed 

and NOAA funded VHF link. 

The University of Alaska station, PVS, which was located in the saddle between 

Mt Pavlof and Pavlofs Sister was removed because the site proved unsatisfactory. 

The L-DGO station at Black Hills (BLH) w a s n°t gotten operational due to logistic 

constraints. We originally intended to tap the amplifier output from the NOAA 

station at Port Moller (PMA) and transmit that data to Sand Point to provide the 

basis for a direct comparison of our timing and magnitude determinations with 

those of NOAA at the Palmer Observatory. Although this was not accomplished this 

summer we hope to complete this hook-up in the near future . 

All of the original eight remote Shumagin Island seismic stations, P W , 

WUN, CNB, NGI, SQH, BKJ, IVF and SGB.,. were serviced and operational by the end 

of the summer except CNB which is operational but not being recorded Because 

its receiver at NGI failed. The vertical seismometer at Sand Point was replaced 

by a GeoSpace HS-10/B identical to the seismometer installed at Saint Paul. 
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This seismometer has a calibration coil, so complete system responses from the 

seismometer through the amplifier/filters to the recorder could be (and were) 

calibrated. 

The original eight remote Shumagin Island stations, the three component 

local station at Sand Point and the five Cold Bay stations are all recorded on 

the Develocorder at Sand Point. The Develocorder was installed in parallel with 

the 14 channel tape recorder so that the tape recorder can be used as a back up 

in case of failure of the Develocorder. A redundant timing system was set up. 

The top and the bottom trace of the Develocorder records the BCD time code from 

a Sprengnether TS200 chronometer. The minute mark from a Sprengnether TS100 

(primary time for the long period records) is superimposed on one of the seismic 

traces. For convenience of reading the records the Develocorder internal date-

time group is recorded on the margin of the records. 

The accuracy of the comparison of station time to WWV was improved at Sand 

Point, Dutch Harbor and Saint Paul by the installation of a semi-automatic time 

calibrator. This L-DGO built device, when manually switched on, provides WWV 

minute-tone-activated relay closures which, are recorded, along with the minute 

marks from the TS100, on a single channel strip chart recorder. These strip 

charts form a convenient and permanent record of the time calibration for each 

recording site (SDP, DUT and SNP). 

In summary, L'-DGO now maintains 19 short period seismograph stations in the 

eastern Aleutians, 13 of which are recorded on a Develocorder at Sand Point. The 

time calibration has been upgraded at all three recording sites so that absolute ar

rival times caaJj.e jread to,.better than a tenth of a second at any of these stations. 
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This will improve our ability to locate larger regional events and to compute 

travel times. The main purpose in maintaining these stations is to obtain de

tailed seismicity data for the Shumagin gap region of the eastern Aleutian arc. 

Some of the stations are situated close to active volcanos so they can monitor 

both the regional seismicity and local volcanic activity. 

Maintenance and Calibration of Long Period Seismographs. 

At each of the recording sites, SDP, DUT and SNP, there is a long period 

vertical seismograph. In addition, at SDP there is an orthogonal set of hori

zontal instruments. All of the seismometers are set to 20 sec natural period. 

The signals are amplified and filtered using L-DGO built equipment which has a 

cut-off period of 100 seconds. All of these signals are recorded on Helicorders 

with superimposed minute marks from a Sprengnether TS100 chronometer. 

The L-DGO amplifiers originally had basic .gains (before attenuation) of 

60 db. This high a gain turned out to be unnecessary at these Aleutian sites 

and contributed somewhat to an instability in the zero position. Therefore we 

reduced the gain of all amplifiers from 60 ;db ~to> _AQ._db .„ -,c db. 

Following the modification to the amplifiers a complete calibration was 

carried out. The seismometers were reset to a 20 second natural period. Then 

each component (seismometer, amplifier, filter and Helicorder) was individually 

calibrated to assure its proper operation. Finally the entire system response 

was calibrated by driving the seismometer calibration coils at various periods 

over the range 5-200 seconds while recording the output on the Helicorder. 

Magnification was computed based on direct observation of the boom deflection 

using an optical comparator. 
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Geodetic Instrumentation, Shumagin Islands, August 1975 (R* Bilham) 

As part of the program to monitor surface deformation and bulk changes of 

elasticity in the Shumagin Islands of the Aleutian Arc two mean sea level in

dicators and two wire strainmeters were installed during August 1975. The 

following account describes the justification for, construction and installa

tion of the instruments. 

The Shumagin Islands are within an area in which a major earthquake is 

expected in the not too distant future. On the global seismic map 

this area appears as a relative absence of seismicity in the otherwise contin

uous seismicity associated with the Benioff zone along the Aleutian Arc. This 

condition often precedes major seismicity. 

In order to study whether surface deformation occurs as part of the mech

anism of any future earthquake we have instigated various long term projects 

which attempt to monitor manifestations of regional strain. Some earthquake 

mechanism models suggest surface elevation may precede an earthquake (dilatancy) 

whereas other theories indicate that the underthrusting slab may drag the over-

thrusting lithospheric plate downward. The parameters we have chosen to monitor 

in the Shumagins are surface tilt and strain. The earth tilt measurements are 

achieved by two independent methods, geodetic levelling on an annual basis (des

cribed in later sections) and the comparison of continuous records of mean sea 

level measured on different islands. The mean-sea-level indicators (MSLI) are 

newly conceived devices and the prototypes will be described in detail. The 

wire strainmeters are not new and are described less fully. The strainmeters 

are installed so as to monitor changes in load tide strain amplitude on Popof 

Island which may be an indicator of changes of elasticity beneath the Island 

such as are predicted in dilatancy-diffusion models. They are not good indi-
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cators of secular strain rates unless a significant change of strain rate 

should occur. That is, the instrumental stability is sufficient to detect 

transient events (strain rate >10 7 / day) but not sufficent to detect strain 

accumulation of less than 10 per year. 

The MSLI is an instrument for recording mean sealevel. It differs from 

a conventional tide gauge in that it has a long time constant (>20 hours) and 

therefore damps the unwanted sea tides significantly. The present design will 

operate for 18 months on internal dry batteries with a maximum measurement pre

cision of 1 mm. Samples are taken once per minute on a pressure sensitive analog 

chart and the device both calibrates itself and stays on scale automatically. 

The MSLI takes two men two days to install by hand. An instrument costs 

$500 in parts (1973) and is estimated to cost a further $500 to emplace in an 

average remote site when travel (hire of boat) and per diem costs are included. 

Principle of Operation. In common with normal tide gauges the MSLI uses a 

buoyant float as a reference for the height of the sea surface. The float is 

connected by a stainless steel wire to a measuring device positioned some dis

tance abouve the high water mark. The connection to the sea is through a 

capillary tube in order to remove rapid variations of sea level. By this 

means it is possible to attenuate the amplitudes of the tides relative to 

longer period (monthly) variations which allows greater measurement precision 

using inexpensive transducers and analog chart recorders of limited dynamic 

range. 

The mathematics of the hydraulically filtered tide gauge have been described 

in Groves 1965 and Filloux and Groves 1960. The time constant of the syphon is 

given by 

T = 8vla2/r'*g 
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where v is the kinematic viscosity of sea water (.01 cm25 1 ) , 1 is the length 

of the entry tube, a the inside radius of the standpipe and r the inside radius 

of the entry tube. Thus using a 6 cm radius standpipe and a 150 m long 3 mm 

radius entry tube we achieve a time constant of approximately 1 hour and by 

inserting a i m long 0.3 mm radius capillary in the hydraulic path the time 

Constant can be increased to 100 hours. In the Aleutians, where the sea level 

variation is approximately 4 m, we chose a 30 hour time constant capillary 

(.4 mm radius) which led to an attenuation factor of approximately .013. The 

resulting 5 cm tide was arranged to record as approximately 1/2 chart width 

by selecting a 10 cm circumference measurement pulley. The resolution of 

the record in this instance is 2% of full scale chart width (2mm). The chart 

width is 6 cm so that the one millimetre of chart corresponds to 1.7 mm of 

change of elevation of mean sea level. 

Measurement (Figure 3). The system uses a low-friction 100 k continuous-

rotation potentiometer with 0.1% linearity to measure the motion of the float. 

One 1.5V cell provides a voltage source for the potentiometer at a drain of 

approximately luA. A programmable yA776 amplifier set to operate at approximately 

2uA quiescent drain converts the variable potentiometer voltage into a current 

source feeding lOyA galvonometer of the recorder. The total current consumption 

varies from 2yA to 12yA depending on the potentiometer setting. Two AAA-type 

alkaline cells are sufficient for 18 months operation. 

If required it would be possible to transmit the transducer output to a 

remote recording location using FM coded VHF telemetry. The VCO in this appli

cation need be of merely moderate stability since the transducer provides 

regular calibration and datum. 
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Recording. The recorder motor is rated at 6V, 24mA. In this application it is 

operated at 2.8V for two seconds every 60 seconds. The power is supplied from 

a single Lithium D-Cell, with a rated capacity of 10AH. The switching system 

adopted is the prototype involves a commercial clock movement (Endura, $6) 

with a 60 second sweep hand onto which is fitted a pill shaped magnet (1/4" 

diameter, 1/8" thick, N-S faces). Each minute this sweeps past a reed relay 

whose fixed position is adjusted to give the required 2 second contact closure. 

The clock is operated from a separate battery (1.5V Alkaline D). The batteries 

chosen are sufficient to operate the recorder and clock for 18 months. 

Chart speed can be adjusted by using interchangeable gear boxes. The 

normal operating time is chosen to be 13 months which gives a chart speed of 

approximately 5 cm/day. 

Calibration and Timing. The electronic calibration depends on the state of 

the batteries since it is difficult to regulate the low voltage (+1.5V) in 

the measurement system without wasting power. However, the system automatically 

calibrates itself as long as the mean level measured oscillates over more than 

one chart width. For example the sea tides are never removed totally nor are 

they exactly centered on the chart. Thus as the potentiometer rotates from 

maximum to minimum or vice versa a record of amplifier calibration is produced. 

The daily tides are used to time the record since they are not themselves 

of interest and can be read to one hour. 

Subsequent digitisation of MSLI records leads to automatic compensation 

for calibration changes and tidal delay during computer processing. 
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Temperature Effects. The complete electronic package has been tested between 

-10° and +25°C with no effect on the mechanical operation and only 2% change 

in the fullscale indicated value. However, the present mechanical design will 

freeze at 0°C since the standpipe uses sea water. It would be possible to 

introduce oil into the system to enable it to operate at subzero temperatures 

without major changes to the standard instrument. 

Mechanical Construction. The base of the standpipe is embedded inland 50 cm 

below mean sea level in a block of concrete. Bolted to the top of the pipe is the 

recording, measuring package. The recorder, electronics and batteries are all en

closed in a hermetically sealed PVC tube (Figure 2). The design is such that during 

flood conditions, such as could be caused by a high-tide storm or a tsunami, 

water will be forced up the outside of the tube creating increased air pressure 

inside the tube. This back pressure is designed to prevent flooding of the 

recorder compartment in the event of failure of the 0-ring seal. The entire 

system can thus be flooded to a depth of several meters without damage. This 

was considered to be a necessary design feature in view of the destruction of 

the Alaskan tide gauges by the tsunami immediately following the 1964 earth

quake. The standpipe is installed slightly inland from the coast and is more 

than 80% buried which further prevents mechanical damage. 

The float is a 4" diameter glass jar, weighted inside with steel embedded 

in wax (to give it Buoyant stability) and sealed hermetically. It is held by 

a 0.4 mm diameter corrosion resistant stainless steel wire with a breaking 

strength of 10 Kg weight. The counterbalance weight is a 100 gm lead weight. 
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The mechanical construction material, except for the Aluminum alloy stand-

pipe, is entirely 1/2" P.V.C. which has good mechanical strength and does not 

corrode. The measurement system is held to the standpipe by three bolts and is 

designed to be replaced annually by a spare unit. This enables rapid inspection 

in the field and allows careful overhaul of the apparatus in a more favourable 

environment. 

The entry tube is transparent PVC tubing with a 1/4" internal diameter and 

a 1/2" external diameter. It is tough and resilient. Air bubbles are easily 

visible in the tube if it is in air or under water. The entry orifice to the 

system consists of a 5 cm copper tube approximately 30 cm long, held by an 

heavy framework approximately 1 m above the sea floor. The copper tube dis

courages barnacle growth and produces a poisonous environment in the entry tube 

which prevents bacteriological fouling. It points downward so that sediment 

accumulation cannot occur. 

Long Term Stability. The stability is dependent on the standpipe position, 

the buoyance of the glass float and frictional effects in the pulley 

potentiometer. The latter is very low in friction compared to the forces 

exerted by the float and stainless steel wire (which is wrapped 1 1/2 times 

around the pulley). The glass float may become heavier if bacterial growth 

occurs and annual inspection will be required to identify such effects. 

Mercuric chloride in dilute solution in the standpipe may prevent organic 

growth. 

The standpipe position is geodetically surveyed to a nearby solid rock 

outcrop. ' Long term settling of the standpipe will be monitored to a precision 

of 0.2 mm. 
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The electronic package is self calibrating and long term gain changes are 

recoverable in subsequent processing. 

Installation (see Figure 4). The site for a mean sea level indicator is chosen 

with care. The most important requirement is that the entry tube should be 

well protected as it passes through the intertidal zone. This usually requires 

a sheltered sandy beach or a storm beach with a surge channel. 

The base of the standpipe has to be buried to a depth greater than the 

lowest expected mean sea level and has to be long enough to emerge above the 

high vrater mark. In the Shumagin Islands the tidal range can exceed 4 m so that 

a 3.3 m standpipe was adopted. The excavation was carried out by hand to a 

depth of 3 m at low tide. The resulting hole measured 1.5 m x 1 m in area and 

took two men four hours to dig in gravel, sand and soil. Two hundred-pound 

Bags of concrete were mixed with water repellent liquid ("antihydro") and local 

sand to provide a firm 40 cm deep foundation for the base of the standpipe. 

"The remainder of the hole was filled immediately with the excavated material 

Before the turn of the tide. 

The entry tube was buried to a depth, of 50 cm under the beach. . Since this 

also had to be done at low tide it was completed on the following day. Ideally 

this occasion is the lowest low-tide of the month as it was in the case of the 

August 1975 installation. The tube is more dense than sea water and naturally 

sinks when offshore. The greatest difficulty arises in burying the tube as it 

passes under water from the beach. Large boulders were placed upon it to pre

vent movement and appeared to be adequate in the sheltered bays chosen. 

Water was pumped into the system from the seaward end by an electric im-
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peller pump. This introduced cavitation and future installations will utilize 

a slow speed hand pump to prevent the production of bubbles. The final adjust

ment of the syphon was accomplished by operating the valves around the capillary 

tube. All BubBles were removed by vibration and bleeding the system. 

The final operation was to sink the entry port for the syphon at the extreme 

end of the entry tube. The entry port is placed some distance from the shore 

(150 m - 250 m) to prevent biological fouling, sedimentation or physical damage 

In each of the Shumagin installations the water depth was 10-20 m. The frame

work used to hold the entry port was in each case a disused king crab pot frame

work, weighing more than 100 kg. 

Shumagin Islands - Location of MSLI. The two instruments were installed at 

Pirates Cove, Popof Island and Eagle Harbor, Nagai Island. The two installations 

are separated by a distance of 32 km (Figure 5). Since they have a resolution 

of 1.7 mm per.mm of chart we can resolve tilts manifest as vertical motions 

ofthe islands approximately 5 parts in 108. The "noise" associated with the 

measurements is related to seasonal changes in wind direction and sea currents, 

precipitation and atmospheric pressure changes. We intend to learn more 

about the noise by installing additional instruments in the coming 1976 field 

season. In particular we will install instruments on the south facing shores 

of the two isalnds already instrumented and extend the baseline of the measure

ments to the extreme south of the area (Chernabera Island) and to the mainland. 

The additional five instruments planned will give a 100 km baseline at right 

angles to the strike of the Benioff zone and the. multiplicity of instruments 

will enable us to estimate the -noise present in sea-level measurements.in 

the Shumagin Islands. 
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Strainmeters. The surface strain measured some distance from a surface load can be 

calibrated using standard rock-mechanics techniques. The magnitude of the strain 

is proportional to the size of the load and the rigidity of the material be

neath the source and instrument. By placing the strainmeter n km from a coast

line it is possible to monitor the rigidity of the surface rocks to a depth 

of approximately -~ km. The original intention was to install three wire-strain-

meters near the center of Unga Island, the largest of the Shumagin Group which 

would allow us to sample the upper 3 km of the crust. However, it was not 

possible to get installation equipment onto the island and instead two instru

ments were installed near the only road in existence in the Shumagins on the 

Island of Popof. 

The. site is far from ideal in that it is less than 2 km to the nearest 

coastline. However, we may be able to reduce the effects of the closest load 

tide by using data from the Sand Point Coast and Geodetic Survey Tide Gauge. 

This tide gauge is located within 1.5 km of the strainmeter installation and 

we are ohtaining continuous strip charts of the data. In addition we have 

some control over the regional tidal loading pattern since the mean sea level 

indicator data can be converted back to unattenuated tidal magnitudes knowing 

the "MSLI characteristics.. We hope that the quality of the strain data will be 

-sufficient to observe 10% changes in thirty-day tidal strain analyses. 

The study of body-tide admittance is fundamentally more useful since it 

allows greater penetration with regard to elasticity measurements. However, 

the predicted body-strain tide is approximately three times smaller than the 

load strain tide according to our initial measurements of the total strain tide 
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in the Shumagins. Thus changes in the strain load tide are expected to mask 

the smaller changes expected in the body tide (Beaumont and Berger, 1975). It 

is too early to know whether the measurements are of sufficiently low noise to 

enable resolution of tidal amplitudes to the accuracy that would enable us to 

examine the body-tide tidal admittance. 

Two wire strainmeters were installed on a weathered gabbro sub-surface rock 

two meters beneath the surface of the tundra. The length of each instrument is 

approximately 12,m and their azimuths are 0° and 90° geographically. 

The wire strainmeter is described elsewhere (King and Bilham, 1975). Its 

stability is poor compared to laser strainmeters (<10 6/year) but it is cheaper 

and is simple to install. The recording system consists of zero suppression 

electronics and automatic drift correction to maintain instrument operation. 

The recorder is a strip-chart pressure sensitive Esterline-Angus which samples 

alternate instruments. Timing is provided by an Accutron clock which interupts 

the analog record and indicates the amount of long-period drift on the record 

every twenty-four hours. The chart speed is 5 cm/day and a data point is 

recorded once per minute. 

Caustic soda batteries (11 x 1.2 volt) provide sufficient power for a 

-year's operation which, corresponds to the chart recorder capability. The 

-electronics and strainmeters are hermetically sealed and are buried totally. 

Two small tubes supply fresh, air to the batteries which are installed in a 

s-uB—surface brick enclosure at one end of one of the wire strainmeters. 
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Geodetic Leveling 

The level lines and dry tilt figures (see Figure 5) which were established 

at Sand Point and Squaw Harbor in 1972 were all reoccupied during this field 

season. Specially made portable turning points for the rods and a more redundant 

observational technique than was employed during the past two years allowed 

substantial improvement in accuracy over the measurements made in 1973 and 

1974 and slight improvement over those made in 1972. The results of these 

measurements will be discussed under the data analysis heading. 

Strong Motion Accelerograph Maintenance 

L-DGO operates two strong motion accelerographs; one at Dutch Harbor and 

one at Sand Point. New batteries and film were installed in each of these in

struments and the traces were rezeroed. We recovered one record of a seismic 

event from the Sand Point instrument. This record and two previous ones are 

discussed under the data analysis heading. 

Preliminary Design and Fabrication of Pavlof Seismic Array. 

Fork has begun on the design and fabrication of the seismic array to be 

deployed around Pavlof Volcano next summer. The general system design has been 

completed and research into the question of which specific pieces of equipment 

best meet the design requirements is underway. Two of the three L-DGO "OAS" 

tape recorders earmarked for use with this project haive been refurbished and 

work on the third should be completed soon. A prototype timing system which 

will superimpose 12 hour, hour and minute marks on one of the seismic traces of 

each of the tape recorders is complete and is now undergoing reliability testing. 

We have selected a 4 channel 1/4" tape playback unit which meets our specifica

tions and will soon begin testing this unit. So far the work on this seismic 
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array is on schedule and we are confident that it will be deployed around Pavlof 

as planned. 

Personnel 

The above described fieldwork was carried out by five persons from L-DGO; 

Drs. John Davies and Roger Bilham, graduate students Leigh House and Stuart 

Nishenko, and technician Laszlo Skinta. Dr. Davies was responsible for over

all planning, maintenance and modification of the short period seismograph 

network, the long period seismograph stations and the strong motion accelerographs 

and the geodetic leveling. He was assisted in all of the above by Mr. Skinta. 

Dr. Bilham was in charge of the design, fabrication and installation of the strain

meters and the mean sea level indicators. Mr. House and Mr. Nishenko assisted 

with the maintenance and modification of the short period network, the geodetic 

leveling and the installation of the strainmeters and mean sea level indicators. 

This field work .was jointly supported by ERDA and NOAA. The equipment and sup

ply charges were easily allocatable to the appropriate contract. However, since the 

travel to, from and within the Aleutians was pursuant to the goals of both con

tracts and not alway seperable, an attempt was made to keep the travel and per 

diem charges roughly equal. The actual percentage distribution of these charges 

By contract for each person and for the total amount spent is given in the 

following taBle: 

ERDA (11-1)3134 NOAA 03-5-022-70 

77% 23% 

36 64 

82 18 

Person 

Davies 

Bilham 

House 
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Person ERDA (11-1)3134 NOAA 03-5-022-70 

Nishenko 39% 61% 

Skinta 53 47 

Total 56 44 

Acknowledgements. It is impossible to carry out a field program of this type 

without help from many people. We were indeed fortunate to receive support 

from almost every quarter: the NOAA ship Surveyor, ITT site personnel, the 

U. S. Air Force at Cold Bay, U. S. National Marine Fisheries, National Weather 

Service, U. S. Army, U. S. Coast Guard, U. S. Fish and Wildlife, bush pilots 

at Sand Point and King Cove, the Wakefield, Peter Pan and New England Fish Co. 

cannery personnel at Squaw Harbor, Sand Point, Port Moller and False Pass, the 

seismic station operators and many private persons who provided a skiff, a 

cup of coffee, information, a hot meal or who helped with the backpacking to 

one or more of the remote seismic stations. 

Space does not allow a detailed acknowledgement to all of those refered to 

above. Special mention and thanks are extended to the following: Captain 

MacDonald, the officers and crew of the NOAA ship "Surveyor" provided the major 

logistic support for servicing the remote seismic stations. NOAA helicopter 

pilot Don Winters deserves commendation for his skillful flying in the always 

marginal Aleutian weather. Sand Point school principal George Kimball and 

teachers Bob Cochran and Kevin Daley cooperated and assisted with the modifica

tion of the recording center there. Sand Point bush pilot Charlie Barnes 

flew us many places during this and past summers, often under very adverse 

conditions. It appears likely that he will carry out his oft-threatened plans 

for retirement this year. His advise and skill will be missed. Sand Point 

station operator Connie Griffy and her husband Chuck gave much help above and 
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beyond the station routine, including providing the use of their skiff for most 

of the summer. The ITT White Alice site personnel at Port Moller, Cold Bay, 

Cape Sarichef an^ Driftwood Bay were uniformly helpful in assisting with our 

work at these sites. In particular Bob Williams and Hank Ickes of the Cold 

Bay site spent many off duty hours hiking to remote sites. At Saint Paul 

the National Marine Fisheries people provided very comfortable rooms, the 

U. S. Coast Guard allowed us to share their kitchen and the Weather Service 

provided transportation and assistance with the installation of our equipment 

in their observatory. At Dutch Harbor the station operator, Charlie Brown, 

provided room and board, the U. S. Army personnel and Bob Nelson of the Fish 

and Game helped with the transportation to and installation of the. Makushin 

Valley station. The Kodiak U. S. Coast Guard provided transportation from 

Kodiak to Cold Bay on Labor Day weekend when all public flights were either 

full or cancelled, thus saving several days of field time. One of the rewards 

of the work in the Aleutians has been the cooperation, hospitality and friend

ship of the people who live there. This is perhaps best exemplified by the 

people of Ivanof Bay who, upon seeing us dropped of the airstrip, invited us in 

for coffee and arranged for skiffs to take us to and from our remote seismic 

station. We are grateful to many such people who live and work in the eastern 

Aleutians. 
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DATA ANALYSIS 

Historic Seismicity Maps. The historic seismicity for the region of the eastern 

Aleutians surrounding the Shumagin Islands is shown in Figures 6, 7 and 8. The 

first figure shows all of the epicenters available from 1902 through February 1975. 

The data for these figures is taken from the World Wide Standard Seismograph 

Network (WWSSN). The triangular symbols which mark the epicenters are both 

color and size coded: black, green and red correspond to the depth intervals 

0-30, 30-60, and greater than 60 respectively; small medium and large correspond 

to the magnitude ranges 0-3, 3-5, and greater than 5, respectively. 

This data was divided into pre- and post-1965 sets which are shown in 

figures 7 and 8. This division at 1965 is somewhat arbitrary: the purpose 

is simply to look at recent subsets of the data which may be better located 

than the earlier subset due to an increase in the number of seismographic 

stations in the eastern Aleutians. There is a diffuse character to the pre-

1965 set which indicates more scatter in the locations than is shown for the 

post-65 group. This is especially evident if one compares the locations of 

the deepest events (shown in red) which more clearly show the expected align

ment along the northern edge of the arc in the post-65 figure. 

The most obvious feature of the seismicity shown in these figures, again 

most clearly seen in Figure 8, is the gap or relatively low level of activity 

between 162° and 154° west longitude. This is one of the seismic gaps discussed 

by Kelleher (1970) and Sykes (1971). On the basis of the space-time progression 

of the 1949, 1958 and 1964 Aleutian-Alaska earthquakes, Kelleher has suggested 

that this Shumagin Islands gap may be the location of a major (m > 7.8) earth

quake in the period 1974-1980. Sykes notes that much of this region broke in 
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1938 and suggests, therefore, that the Shumagin gap has a slightly lower poten

tial for a major earthquake than those gaps which have not had a major event 

for more than 70 years. However, he also notes that the aftershock zone of the 

1938 event is not well defined so it is possible that the western 200 to 300 

kilometers of this gap did not break in 1938. Sykes further comments that in 

any case a recurrence time of 35 years may be reasonable and on that basis it is 

possible that the 1938 region may have accumulated enough strain energy to be 

the source of a major earthquake. If this is the case than the low level of 

seismic activity in the Shumagin gap is due to the overthrusting plate being 

"locked" with the subducting Pacific lithosphere. Another possibility is that 

in this region underthrusting occurs primarily aseismically by fault creep 

and, hence, fewer earthquakes occur. This seems less likely though since there 

have been two major events in the Shumagin vicinity since 1900. 

A second striking feature of these maps is the en echelon offset in the 

deep events (red triangles) shown in Figure 8. It is possible that this offset 

is due to a systematic mislocation of these events. However, the geographic 

coincidence of the offset with the Shumagin Islands and an unusual earthquake 

whose focal mechanism indicates a fault plane transverse to the arc suggests that 

it is tectonically significant. 

A third feature, which again is best defined in the post-65 data shown in 

Figure 8, is the smaller group of events which appear to be related to the 

Bering-shelf continental margin which is indicated by the 100 fathom contour 

line which strikes out of the figure to the northwest. It has been suggested 

(Minster et al., 1974) that there is a Bering subplate. These events may be 

caused by relative motion along the western boundary of this subplate. It is 

also possible that they result from a differential stress at the continental 

margin which is caused by erosion of the continental material and its deposition 
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onto the Aleutian floor. 

Finally there are a number of smaller scale features revealed by these re

gional maps. For example there are concentrations of events at 169.5°, 167°, 

163° and 160.5°W. These concentrations deserve more detailed study to evaluate 

their tectonic significance. 

Shumagin Island Seismicity from Local Stations 

The seismicity in the vicinity of the Shumagin Islands for the first year 

of data collection, August 1973 through July 1974 is shown in Figure 9. The 

epicenters are marked by numbers which give the depth to the hypocenter in 

kilometers. The figure is oriented such that the volcanic axis is horizontal. 

Unimak Island, the western tip of the Alaska peninsula and the Shumagin Islands 

are outlined. The 100 and 3000 fathom isobaths are shown. The dashed rectangles 

labled W, C and E show the surface projection of the volumns containing the 

hypocenters shown in cross-section in Figures 10, 11 and 12 respectively. 

The seismicity map (Figure 9) shows only the best locations obtained; 

approximately 135 events are plotted. The concentration of events at 55°N 

and 160°W is the April 6, 1974 earthquake sequence; 3 main events (m =6.0, 

4.3 and 5.7) and about 30 aftershocks. A focal mechanism for the largest event 

of this sequence is presented later in this report. There are no striking 

lineations seen on this map. There are some interesting voids or "mini gaps" 

which will be interesting to watch as more data becomes available. Examples 

of these mini gaps are the region around Pavlof Volcano (PW) and the areas 

southeast of Nagai Island (NGI) and Ivanof Bay (IVF). 

The cross—sections shown in Figures 10, 11 and 12 are projections onto 

planes normal to the volcanic axis of the hypocenters contained in the respective 
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volumns as described above. This axis is labeled "volcano line" in the figures. 

The three letter station codes mark the locations of the stations used in loca

ting the events shown. All of these stations except two are within the center 

dashed rectangle shown in Figure 9. The other two, PVV and IVF, are in the 

western and eastern dashed rectangle respectively. Consequently, the locations 

for the center section, Figure 11, are much better than those for the adjacent 

western and eastern sections. 

The center section reveals a well defined Benioff zone which dips at 

approximately 30° from about 30 km below the outer Shumagin Islands to 100 

km beneath the volcanic arc. The western section shows a clear Benioff zone 

but, the hypocenters are not contained in as narrow a zone as those in the 

center section. This scatter may be real but, it is most likely due to the 

station distribution which is concentrated over the center section. The hypo-

center section. This scatter may be real but, it is most likely due 

to the station distribution which is concentrated over the center section. 

The hypocenters shown in the eastern section also clearly show a Benioff 

zone. Again, the lack of definition here is probably due to 

the small number of stations in this area. Both the seismicity 

map based on the local data (Figure 9) and the regional map based on the WWSSN 

data (Figure 9) show very few epicenters in the vicinity of the eastern section. 

Near this section in Figure 8 there is an area about 50 km wide and extending 

clear across the arc from north to south which does not contain a single epi

center. This area is part of a region of very low seismicity which extends from 

the eastern edge of the Shumagin Islands to the western end of the 1964 after

shock zone and coincides exactly with the well-defined portion of the 1938 

aftershock zone. This contrast in seismicity between the western and eastern 

parts of the Shumagin gap may indicate that these two parts are mechanically 

decoupled from each other along a transverse boundary which passes through the 



28. 

Shumagin Islands. The Shumagin Islands focal mechanism described in the next 

section is consistent with this interpretation. 

._ . , i. Shumagin Island focal mechanism 

The April 6, 1974 earthquake sequence was described above. The aftershock 

zone for this sequence is shown in the Shumagin seismicity map (Figure 9) and 

the center hypocenter cross-section (Figure 11). A lower hemisphere, stereo-

graphic plot of the first motions at 35 seismic stations for the largest shock 

(m, =6.0 ) is shown in Figure 13. Compressions are given with solid symbols; 

dilatations with open symbols. First motions at the WWSSN long period stations 

are plotted as circles, those at the local L-DGO short period stations as squares, 

and those at the Palmer Observatory short period stations as triangles. There 

are only two exceptional first motions which is quite good for a plot such as 

this which mixes short and long period observations. 

The focal mechanism implied by this plot is thrust faulting in response 

to nearly horizontal compression parallel to the strike of the arc. The para

meters of the two possible fault planes are: (1) strike N16°W and dip 49° at 

S74°W or (2) strike N68°W and dip 56° at N22°E. The principal axes parameters 

are: P, plunge 6° at N74°E; T, plunge 61° at S36°E and; B, plunge 29° at N47°W. 

The above parameters are constrained by the data within limits of approximately 

plus or minus 10° in dip or plunge and 5° in strike. 

This focal mechanism is unusual and not explainable in terms of 

simple subduction of the oceanic lithosphere (see e.g. Stauder, 1968). It 

is consistent with the idea of segmentation of the subducted slab as 

suggested by Stoiber and Carr (1972) for central America, VanWormer, Davies 

and Gedney (1974) for central Alaska, and Stauder and Mualchin (1976) for 

the Kurile-Kamchatka region. The idea is that there exists transverse 

faults in the downgoing slab which can mechanically decouple adjacent 
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segments allowing the independent release of tectonic stress. This seg

mentation is manifested by the rectilinear shape of the aftershock zones, 

abrupt changes in strike and dip of a Benioff zone, and by cyclic changes 

along an arc in the chemistry, distribution and activity of volcanos. Several 

of these features are present in the Shumagin Island region. The 1938 after

shock zone, the present difference in seismicity between the eastern and western 

portions of the gap and the offset in the trend of the deep earthquakes 

have been discussed above. There is a 15-20° bend in the trend line for the 

volcanos east and west of the Shumagin Islands. Several of the volcanoes 

immediately to the west are presently active; none immediately to the east 

are. Finally, of course, there is the transverse orientation of the fault 

planes shown in Figure 13. All of these observations suggest a transverse 

boundary in the Shumagin vicinity. The'offset of the deep seismicity and 

location of the April 6, 1974 earthquakes relative to the Shumagin Islands 

(considered as a transverse topographic high) suggest that the plane dipping 

to the northeast is probably the actual fault plane. The plunge and strike 

of the B axis is identical with that of the Benioff zone which implies that 

in the frame of the dipping slab the fault plane is almost exactly transverse 

to the trend of the arc. All of the observations presented above suggest that 

the Pacific plate is segmented along a transverse fault which runs just to the 

west of the Shumagin Islands and dips under them. The geometrical constraints 

of thrusting two adjacent segments of a spherical cap of oceanic lithosphere 

down into the mantle requires compression between these slabs. This is the 

source of the compression shown by the horizontal P axis in Figure 13. 



30. 

NEAR ISLANDS FOCAL MECHANICSM (V.F. Cormier) 

On February 2, 1975 a series of shallow focus earthquakes occurred along 

the northern margin of the Aleutian Ridge in the Near Islands region (Figure 

14). The U.S. Geological Survey assigned to the mainshock a surface wave 

magnitude of 7.6 and a body wave magnitude of 6.1. Shemya Island sustained 

extensive damage from the mainshock, consistent with a maximum modified Mercalli 

intensity IX, with extensive cracking and fissuring to runways and roads, 

ground slumping, and sand-fountaining (Person, 1975). 

Focal mechanism solutions were determined for the mainshock and a fore-

shock with body wave magnitude 5.9 (GS) using P wave first motions and S wave 

polarizations (Figure 15). For both earthquakes one nodal plane strikes N49°E 

and dips 74°SE; the other nodal plane strikes N44°E and dips 74°NW. The large 

strike-slip component of the focal solutions is similar to that of focal 

solutions of shallow focus earthquakes occurring along the northern margin 

of the Aleutian Ridge to the west in the Commander Islands (Cormier, 1975). 

The locations and focal solutions therefore suggest that the tectonic regime 

observed along the Commander Islands must extend as far as 174.5°E. 

If the NE striking nodal planes are chosen as the fault planes, the fault 

motion is largely left-lateral strike-slip with a small component of vertical 

motion such that the western side of the Aleutian Ridge is uplifted relative 

to the eastern. If the NW striking nodal planes are chosen as the fault plane, 

the motion is largely right-lateral strike-slip with a small component of 

vertical motion such that the Aleutian Ridge is uplifted realtive to the 

Bowers Basin. The slip vector resulting from this latter choice parallels the 
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local trend of the Aleutian Ridge and is consistent with relative motion 

between the Pacific and North American plates in the Near Islands. The apparent 

ESE extension of the aftershock zone along the northern margin of the Aleutian 

Ridge (Figure 14) and the trend of recent faults on Attu Island (Gates et al., 

1971) are also consistent with this choice. 
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Strong Motion Data. The Kinemetrics SMA-I accelerometer of. Sand Point has 

been triggered by earthquakes 3 times since it was installed in September, 

1971. The Dutch Harbor instrument has yet to be triggered by an earthquake. 

Copies of the 3 Sand Point records are shown in Figures 16, 17 and 18. The 

upper trace on each record gives time marks at half second intervals. The 

next three traces labeled L, V and T record the longitudinal, vertical and 

transverse components, respectively. The SMA-1 is oriented such that up on 

the record corresponds to up on the vertical component, N30°E on the transverse 

component at N120°E on the longitudinal component. The earthquake parameters, 

maximum acceleration and distance to the hypocenter which correspond to each 

record are given in the respective figure captions. 

The identification of the specific earthquakes recorded is based on 

inferrence since there is not absolute time on the records. The records shown 

in Figures 16 and 17 were first identified with the two largest events of the 

April 6, 1974 Shumagin Islands earthquake sequence because, these were the 

largest events to occur in the vicinity of Sand Point in the interval between 

the calibrations of the instrument in the summers of 1973 and 1974. Further, 

if the S-minus-trigger-time is equated with the S-P time, this.inferred S-P 

time is consistent with the hypocentral distance to within a tenth of a second. 

Lastly, the order of the amplitudes is consistent. The three largest events 

in the earthquake sequence occurred in the order: 5.7, 4.3, 6.0. Based 

on acceleration versus distance data from California (Page et a_l., 1972) and 

the trigger threshold, of the Sand Point SMA-1 the 5.7 and 6.0 events would 

be expected to trigger the SMA-1 and the 4.3 would not. Assuming a similar 

failure mechanism the 5.7 event would be expected to cause slightly smaller 

accelerations at Sand Point than the 6.0 event. Both of the above expectations 
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are consistent with the observed records. All of the above observations together 

make a strong circumstantial case for identifying these records with the April 

6 earthquakes. 

The record shown in Figure 18 was written in a two week period between 

observations of the SMA-1 by the L-DGO field party. During this period there 

was one felt earthquake near Sand Point. This earthquake is assumed to have 

triggered the record shown in Figure 18. Unfortunately, the majority of the 

Shumagin Island network was not operational at this time so a good location 

of this event cannot be obtained. The S-P time observed at two of the local 

stations are consistent with the location given by the U.S.G.S. from the WWSSN 

data; however, there remains uncertainties in the location of as much as 50 

kilometers. 

These three records are the first accelerograph data available for the eastern 

Aleutian-Alaskan Peninsula region. In comparison to peak horizontal acceleration 

data for California given by Page (1972), the Alaskan data tend to 

show slightly higher accelerations for a given distance and magnitude. However, 

this is a very preliminary observation based on a comparison of three data 

points with a data set which shows a scatter of almost an order of magnitude 

and which is almost certainly not complete. Much more data is clearly required 

before reliable estimates of expected ground motion can be made for the eastern 

Aleutian-Alaska Peninsula region. 
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. GEODETIC MEASUREMENTS 

In 1972 a "dry tilt" figure and a level line were each established 

at Sand Point and Squaw Harbor to monitor regional tilting which 

might exist due to tectonic strain accumulation in the Shumagin Gap. A 

dry tilt figure is a small two dimensional array of benchmarks spaced ap

proximately 100 meters apart. A level line is a.linear array of benchmarks. 

In this case the level lines essentially consist of just two reference points 

about 1 kilometer apart and oriented NW-SE; perpendicular to the trend of the 

Aleutian arc. Changes in the relative heights of the benchmarks are measured 

using a Zeiss Ni-2 automatic level. 

Sand Point dry tilt figure. The configuration of the Sand Point dry tilt figure 

is shown in Figure 19. The benchmarks are brass caps cemented into large con

crete blocks which were once the base for a radio communications tower built 

during World War II. Benchmark D is mounted in a smaller block which was . 

noticed during the 1975 field season to be loose. All of the measurements to 

this bench mark should be discounted. 

Reduced data from observations of the Sand Point dry tilt figure during 

the years 1972-1975 are given in Table 3. The column headings A-B, A-C, etc. 

refer to the pair of benchmarks whose relative height is given below. The 

-order and sign convention adopted is that a positive (negative) value means 

the second benchmark in the pair is higher (lower) than the first. The values 

given in the first four rows of this table are the means of 4 to 6 independent 

measurements. The error limits quoted are the 1-sigma standard deviations 

about the means which imply a 56% confidence level. In 1975 relative heights 

were measured between B and C and E and D so that the closing error on loops 

ABC and AED could be evaluated. In both cases the closing error (e.g. sum of 

A-B, B-C^and C-A) was less than the 1-sigma standard deviation associated with 

the sum. This gives confidence that significant systematic errors are not 
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present and that the error limits given are reasonable. 

The lower 3 lines of the table summarize a calculation of the tilt rate(s) 

implied by the data presented in the first 4 rows. The line labeled "75-72" 

gives the difference between the 1975 and the 1972 relative heights. This 

change in relative height is divided by the distance between the benchmarks, 

given in the next row, and by 3 years to obtain the tilt rate expressed in 

microradians per year in the last row. 

These tilt rates are large, have large errors associated with them, 

and are inconsistent with simple planar tilting. The long term (tens of years) 

average regional tilt rates observed in Japan (Fitch and Scholz, 1971; 

Shimazaki, 1974) were on the order of 0.5 microradian per year. The rates 

observed here are 1-2 orders of magnitude larger. The resolution of the present 

measurements at the 98% confidence level (3 x sigma) implied by the errors 

associated with these rates is about 5.0 microradians per year. This means 

a minimum of ten years measurements would be required before tilt rates similar 

to those in Japan could be observed. Of course, the much larger tilts of 

50-500 microradians which might accompany a major earthquake (Plafker, 1972) 

would be easily resolvable. 

That the "tilts" here presented are inconsistent with a simple planar 

model can easily be seen by considering the values for the benchmark pairs 

A-C and A-E. Since the three benchmarks E, A and C roughly lie on a north-south 

line (Figure 19) the tilt rates observed for planar regional tilting at A-E 

should be equal and of opposite sign to that observed for A-C. The values 

observed are of opposite sign, but the magnitude of A-E is significantly three 

times greater than at A-C. Further, if the relative hieghts for a given bench

mark pair are plotted against time it is found that the changes from year to 

year do not progress in any systematic way. Therefore these changes and the 

implied "tilts" cannot be ascribed to simple regional tilting and are probably 
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due to quasi-random individual motions of the benchmarks caused, perhaps, by 

frost heaving. This suggestion is consistent with the observation that the two 

very large changes in relative height (A-D; A-E) are upward, assuming that the 

three benchmarks with little or no significant relative motion (A, B, C) are 

fixed. 

Squaw Harbor dry tilt figure. The Squaw Harbor dry tilt figure consists of a 

triangular array of three benchmarks cemented into bedrock outcrops. Reduced 

data and a tilt-rate calculation for this figure are given in Table 4. The 

format is the same as specified for Table 3. Data are only given for 1972 and 

1975 because no measurements were made in 1973 and 1974. Independent measure

ment of the pair B-C was made in 1975 to evaluate the closing error as described 

above for Sand Point. In this case the closing error is slightly larger than 

the 2-sigma error limits; small enough to assure that the error limits given 

are reasonable. Because of the large error associated with the C-A value for 

1972, a tilt rate is only computed for the benchmark pair A-B. This rate, 

1.8 + 0.7 microradians, is contained within the 98% confidence level error 

limits (3 x sigma) and is therefore not significantly different from zero. 

Notice that the error limits in this case are half those given for the Sand 

Point rates. This may be due to the intermediate distance between the bench

marks or to good weather conditions. In any case, this indicates that it 

might be possible to obtain better resolution using the dry tilt technique 

than was indicated by the Sand Point data. 

Level line data for Sand Point and Squaw Harbor. In 1972 and 1975 both the Sand 

Point and Squaw Harbor level lines were measured. Both lines were run twice 

so that the closing errors could be evaluated. For both lines the closing 

error was less than the sum of the 3-sigma error limits associated with each 

measurement; that is, within the 98% confidence limits the two measurements 

of each line were identical. Therefore, in Table 5 the means of these measure

ments are presented for each line for each year. The column headings C-S and 
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B-K refer to the benchmarks at the northwest and southeast ends, respectively, 

for each of the lines. Benchmark C is also part of the dry tilt figure at 

Sand Point. It is one of the three which showed the least relative motion 

within the dry tilt figure. Benchmark S is an isolated brass cap cemented 

into a fractured bedrock outcrop, hence its stability cannot be evaluated. 

The Squaw Harbor level line has a pair of benchmarks at each end. From 1972 

to 1975 the change in relative height for both pairs was less than 0.1 

millimeter with 1-sigma error limits of about 0.1 millimeters. This lack of 

significant relative motion supports confidence in the stability of the bench

marks. The last three rows of the table give a calculation of the tilt rate 

implied by the level line data. In both cases the rate computed is less than 

the 2-sigma error limits and is therefore not significantly different from zero. 

With the exception of some of the Sand Point dry tilt figure observations, 

all of the leveling measurements reveal no significant change between the 1972 

and 1975. It was shown that the relative motion which was observed at Sand 

Point was probably not due to regional tilting. These measurements imply that 

if regional tilting is occurring, it is proceeding at less than 1.9 microradians 

per year. The newly installed tide gauges (MSLI's) should improve our resolution 

by 1-2 orders of magnitude. It would then be possible to observe in a years 

time regional tilting similar to that seen in Japan. 
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Seismic Monitoring of Pavlof Volcano (J. Keinle) 

Pavlof is a stratovolcano near the tip of the Alaska Peninsula which 

erupts frequently. It is one of the more active — if not the most active — 

Aleutian volcano. Because of the high probability of observing an eruption 

the University of Alaska included the volcano as a site in its general program 

to study forerunning phenomena to eruptions, specifically seismic fore

runners. A University of Alaska Helicorder was therefore installed at the 

recording side of the L-DGO regional network which is designed to study the 

seismotectonics of the Aleutian arc in the Shumagin Island region (this 

contract). This Helicorder for the volcano station was purchased under NSF 

grant GA 40753. In general Lamont-Doherty Geological Observatory personnel 

maintains the station while University of Alaska personnel have participated 

substantially in the initial effort to install the Shumagin array. 

The Pavlof station is located about 7 kilometers southeast of the 

summit of the volcano and went into operation on October 15, 1973. Unfor

tunately the station has only functioned for 65% of its lifetime. The failures 

were partly due to vandalism and bear problems and partly due to electronic 

failure. On the other hand we have been able to observe in two years of 

operation two Strombolian eruption cycles, one in November, 1973 — one month 

after we turned the station on — and one which began on September 13, 1975, 

and is continuing at this writing. Unfortunately, Murphy's law holds - " 

and the station failed promptly on October 20, 1975. 
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1973 eruption: Contrary to what we anticipated based on observations 

on other instrumented volcanoes in Kamchatka, Japan and Hawaii where seismic 

forerunners to eruptions are common, the November 13, 1973 Pavlof eruption 

began quite unexpectedly with the onset of continuous harmonic tremor at about 

03 GMT. The tremor amplitude built from noise level to about 19 mm peak to 

peak in 11 hours (Figure 20) and then remained constant until 10 hours later 

the tremor suddenly stopped. Visual observations suggest that the tremor 

was associated with lava fountaining up to a height of some 100 meters at 

the summit. The fountain was clearly visible against the background of dense 

black clouds of ash which were emitted almost continuously during this period. 

Fourier power spectra of the tremor showed a characteristic frequency of 

1.8 Hz with satellite peaks at 1.3, 2.0 and 2.3 Hz. 

No marked increase in microearthquake activity signalled the eruption 

in 1973 and also the current eruption, which began just as suddenly on 

September 13, 1975. Seismic events for the month prior to the November 13, 

1973 eruption occurred at a constant daily rate of 44 + 10 and were all of 

remarkably similar magnitude. There were two more active days with 107 

events registered on November 8, 1973 and 65 on November 11, 1973. Very 

puzzling, hoxtfever, was the very intense microearthquake activity following 

the eruption with more than 1000 events per day registered during the first 

three days, declining exponentially to 543 events per day on November 19, 

171 by November 21, 56 by November 24, 3 by November 28 and 1 by November 30, 

a rate admittedly well below the level prior to the eruption. Perhaps a 

larger record prior to the eruption would have shown a gradual building to 

the average rate of a few tens of events per day. 

It is not clear at this point with only one station to work with where 

the microearthquakes occurred or whether indeed the seismic events were 

earthquakes, i.e. events caused by brittle fracture. There is also a 
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question of whether the seismic wave trains represent largely surface 

waves or body waves, dispersion, however, is visually not obvious. The 

nearly identical wave trains of these events and their monochromatic nature 

(Figure 21) suggest (1) a common source region and (2) a harmonic source 

function (e.g. a vibrating magma column) or very efficient filtering of 

body waves from brittle fracture events in the pyroclastic mantling layers 

of the volcano. Events of similar appearance were recorded following indi

vidual bursts of tremor associated with the current eruption cycle. Some 

of these events had a strong late high frequency phase which is clearly 

the signature of an air blast sweeping over the seismometer, i.e. these 

events represent summit explosions. Some of these are so strong that fishing 

boats 10 to 15 kilometers away in Pavlof Bay have reported being rocked by 

them. Peculiar, however, is the fact that we have not observed a single 

late high frequency phase amongst the thousands of events following the 

November 1973 eruption suggesting that they might represent true brittle 

fracture events or vibrations associated with fast and "noisy" magma with

drawal. By implication then magma intrusion prior to the eruption seems to 

have been a quiet - in terms of seismicity - and possibly very slow process. 

An attempt to shed some light on these problems was made in early November when 

we tried to place two portable tape recording stations near the eruption 

site in an effort to try to distinguish whether filtering or source effects 

are shaping the characteristic low frequency wave trains. We failed to even 

get near the mountain because of extreme and adverse weather and storm 

conditions. 

Without additional stations on the flanks of Pavlof we will obviously 

not be able to understand the details of wave propagation in a composite 

volcano such as Pavlof but the one station alone clearly provided much 

data relating to the problem of seismicity related to eruptive activity. 
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CONCLUSION 

The national energy situation has led to two expansions in the scope of 

our seismotectonic research program. Additional support under the present 

contract will allow a seismic investigation of the geothermal potential of 

Pavlof Volcano during the next field season. A new research contract with the 

National Oceanic and Atmospheric Administration provides additional logistic 

and manpower support to expedite the seismic and volcanic hazards evaluation 

to aid in a Bureau of Land Management analysis of the environmental impact 

of oil exploration on the outer continental shelves of Alaska. 

During the past field season we have carried out a major reorganization of 

the short period network which included expansions of the recording centers 

at Sand Point, Dutch Harbor and Saint Paul. This reorganization, in part 

required by changes in the Xtfhite Alice Communications System, is designed 

to reduce telemetry costs and stream-line the data reduction. We have also 

increased our geodetic study of possible tectonic strain accumulation in the 

Shumagin gap with the addition of a pair of strain meters at Sand Point 

designed to measure tidal admittance evidence of dilation and two remote tide 

gauges to monitor changes in land elevation with respect to mean sealevel, 

In this report we have presented (1) historic seismicity maps of the 

Shumagin seismic gap vicinity which show the relatively low level of seismic 

activity in the gap, a possible offset in the Benioff zone, and a few events 

associated with the Bering shelf continental margin south of the Pribilof 

Islands; (2) a seismicity map and hypocenter cross-sections based on data 

from the local Shumagin Islands seismic network which shoxv a very well developed 

Benioff zone beneath the Shumagin Islands; (3) studies of the focal mechanisms 

of the April 6, 1974 Shumagin Islands earthquake and the February 2, 1975 Near 

Islands earthquakes which respectively show thrust faulting perpendicular 
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to the arc and right-lateral strike-slip faulting oblique to the arc along 

the slip direction inferred from the relative motion of the plates; (4) the 

first strong motion accelerograph data from the eastern Aleutians, which show 

accelerations consistent with those observed for earthquakes in California; 

(5) this year's geodetic leveling results which when compared with those from 

1972 indicate that regional tilting due to tectonic strain accumulation, if it 

is occurring, is less than 1.9 microradians per year; and (6) seismic observations 

of two Strombolian eruptive cycles of Pavlof Volcano which reveal monochromatic 

wave trains which are identical one to the next suggesting a common source 

region and a harmonic source function or very efficient filtering of the body 

waves by the pyroclastic layers of the volcano. 

During the next year we will continue to collect and analyze data as 

summarized above along with evaluating the new data expected from our expanded 

geodetic work and the dense seismic network on Pavlof volcano. We will 

emphasize synthesis of this data with other geochemical, geological and 

geophysical data into a coherent theory for the evolution of the Aleutian arc, 

PERCENTAGE OF TIME DEVOATED BY PRINCIPAL INVESTIGATORS 

Dr. Lynn R. Sykes 5% 

Dr. Klaus H. Jacob 33% 
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Figure 1: Eastern Aleutian Seismograph Stations. The Saint Paul station (SNP) has an SPV and an LPV 
seismometer. At Dutch Harbor (DUT) are recorded two remote SPV and the local SPV, SPH, and 
LPV seismometers. At Sand Point (SDP) are recorded 14 remote SPV and the local SPV, SPN, 
SPE, LPV, LPN and LPE seismometers. The NOAA stations are recorded at Palmer, Alaska. 
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Figure 2: Mean Sea Level Indicator (MSLI) Schematic. This self contained, 
highly damped, remote tide gauge will operate unattended for a 
year. The recorder is activated (see Figure 3) once each minute. 
The tides themselves are used for timing and calibration is obtained 
when the recorder shifts from one edge of the chart paper to the 
other to avoid going off scale. 



47. 

♦1.5V 

39S 

galTraoooetsr 
5-7X 

1.51 
eloekp ^ - r i / -k 

~ <fr«ed T 
recorder osotor 

67 2V0A 

r
igure 3: MSLI Recording Electronics. The Vectron, a 100 k continuous 

rotation potentiometer is connected by a stainless steel wire to 
the float (Figure 2). The Minigraph recorder is activated each 
minute as the magnet attached to the second hand of the clock 
sweeps by the read switch. Two alkaline AAA-cells, an alkaline D-
cell and a Lithium D-cell (10 AH) are sufficient to power this 
recording system for 18 months. 
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Figure 4: Syphon Arrangement of MSLI. The MSLI standpipe is located just 
above the highest water mark. Its base is dug in to below the 
lowest expected water level in the pipe. The deep water end of 
the syphon is anchored below the lowest expected sea level. 
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Figure 8: Historic seismicity in the Shumagin Gap Vicinity, 1965-1975 
Symbols are the same as in Figure 6. 
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Figure 9: Shumagin Islands Seismicity, August 1973-July 1974, Epicenters located by the local L-DCO 

network are marked by numbers which correspond to the depth in kilometers of their respective 
hypocenters. Unimak Island, the southwest tip of the Alaska Peninsula and the Shumagin 
Islands are outlined. The 100 and 3000 fathom isobaths are shown, the latter delineates the 
Aleutian Trench. The dashed boxes show the location of the hypocenters shown in cross-section 
in Figures 10, 11 and 12. 
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Figure 10: Western Hypocenter Cross-section. The location of this section is 
shown in Figure 9 by the dashed box labeled W. This view, to the 
northeast along the axis of the arc, shows the Benioff zone dipping 
to the northwest. Distances and depths are given in kilometers 
with no vertical exaggeration. The projected position of the 
volcano axis and the stations used in locating these hypocenters 
are shown along the top of the figure. The trench axis would plot 
10 kilometers off of this figure to the southeast at 270. 
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Figure 11: Central Hypocenter Cross-section. The location of this seciton 
is shown in Figure 9 by the dashed box labeled C. Other details 
are the same as for Figure 10, except that the trench axis would 
plot 25 kilometers to the southeast at 285. 
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Figure 12: Eastern Hypocenter Cross-section. The location of this section 
is shown in Figure 9 by the dashed box labeled E. Other details 
are the same as for Figure 10, except that the trench axis would 
plot 35 kilometers to the southeast at 295. 
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Figure 13: Fault Plane Data for the Shumagin Islands Earthquake (m̂  =6.0, 
GS) of April 6, 1974. The first motions at 35 stations are given 
in an equal area, lower hemisphere focal projection. The solid 
symbols correspond to compressive arrivals; open symbols to dila-
tational arrivals. The arrivals marked by circles were read from 
the WWSSN long period records; those marked by squares from the 
local L-DGO short period records; and those by triangles from 
the Plamer Tsunami Warning Observatory records. The compression, 
tension and null axes are respectively labeled P, T and B. 
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Figure 14: Mainshock (large X) and aftershocks (smaller x's) located by 
U.S.G.S. using 15 or more stations. Shemya Island is the eastern 
most of the three smaller isalnds north of Agattu. Bathymetry in 
fathoms is from Chaseer_ al. (1971). 
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Figure 15: Fault plane solution data for the mainshock (53.05N, 197.62E, 18 km depth) and a foreshock 
(53.05N, 173,45E, 25 km depth). Focal projection plots are equal-area, lower hemisphere 
projections. Solid circle = compressional first motion read from station record. Solid 
square = compression reported from station bulletin. Open circle = dilatation read from 
station record. Open squares = dilatation reported from station bulletin. Lines drawn through 
these symbols indicate direction of S-wave polarization determined from horizontal component 
seismograms from stations from which first motion are plotted. An arrow is drawn whenever a 
clear impulsive onset of an S wave on both components could resolve the 180° ambiguity in 
polarization direction. C = position of axis of compression. T = axis of tension. en 
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Figure 16: Accelerogram from Sand Point SMA-1. Record from earthquake of 0153 April 6, 1974: epicenter, 
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Figure 17 Accelerogram from Sand Point SMA-1. Record from earthquake of 0356 April 6, 1974: epicenter, 
54°54.33'N and 160°17.71'W' depth, 40 km; magnitude, 6.0 mb GS; maximum .zero-to-peak 
horizontal acceleration, L O.lOg, T 0.12g; distance to hypocenter, 65 km. Eartliquake parameters 
are from the L-DGO Shumagin Islands network. 
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Figure 18: Accelerogram from Sand Point SMA-1. Record from earthquake of 1040 July 25, 1975: epicenter 
54.9°N and 160.4°W; depth, 56 km; magnitude, 5.7 mb GS; maximum zero-to-peak horizontal 
acceleration, T 0.02g; distance to hypocenter, 76 km. Earthquake parameters are from the WWSSN. 
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SAND POINT DRY TILT FIGURE 

Figure 19: Sand Point Dry Tilt Figure. Benchmarks are brass caps cemented 
into concrete piers. Relative heights are measured with a Zeiss 
Ni-Z2 automatic level. 



. Figure 20: Helicorder record from Pavlof Volcano Station.. . This is a sample of the harmonic tremor' 
which was produced during the eruption of November 13, 19.73. The characteristic frequency 
of this, tremor is 1.8 Hz. ON 
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Figure 21: Helicorder record from Pavlof Volcano station. This sample shows typical microearthquakes 

which preceed and follow the eruptions. Note the nearly identical wave trains and their 
monochromatic nature. 



STATION CODE 

TABLE I 

Lamont-Doherty Aleutian Seismic Stat Ions October 1975 

COMPONENT N. LAT W. LONG ELEV. (m) STATUS 

Saint Paul 
Saint Paul 

Dutch Harbor 
Dutch Harbor 
Dutch Harbor 
Makushin Valley 
Akutan Volcano 

Sand Point 
Sand Point 
Sand Point 
Sand Point 
Sand Point 
Sand Point 

San Diego Bay 
Ivanof Bay 
Big Koniu j i Isa1nd 
West Unga Island 
Pavlof Volcano 
Squaw Harbor 
Nagai Island 

Chernabura Island 
False Pass 
Sanak Island 
Deer Island 
Dolgoi Island 
Baldy Mountain 
Black Hills 

SNP 
SNP 

DUT 
DUT 
DUT 
MKV 
AKV 

SDP 
SDP 
SDP 
SDP 
SDP 
SDP 

SGB 
IVF 
BKJ 
WUN 
PVV 
SQH 
NGI 
CNB 
FPS 
SNK 
DRR 
DOL 
BAL 
BLH 

SPZ 
LPZ 

SPZ 
SPH 
LPZ 
SPZ 
SPZ 

SPZ 
SPN 
SPE 
LPZ 
LPN 
LPE 

SPZ 
SPZ 
SPZ 
SPZ 
SPZ 
SPZ 
SPZ 

SPZ 
SPZ 
SPZ 
SPZ 
SPZ 
SPZ 
SPZ 

57°9.28' 
57*91. .28' 

53*53.43' 
53*53.43' 
53°53.43* 
53°56.02' 
54°07.82' 

55*20.48' 
55°20.48' 
55°20.48' 
55°20.48 
55°20.48' 
55°20.48' 

55°32.75' 
55°53.76' 
55°09.64' 
55*19.87' 
55°22.85' 
55°12.65" 
55°02.36' 

54°49.18! 
54*56*70' 
54°28.50 
54°55.42' 
55°05.80' 
55*11.94' 
55*40.67' 

170°13.09' 
170°13.09' 

166°32.32' 
166°32.32' 
166°32.32' 
166*39.50' 
166*04.02' 

160°29.82' 
160*29.82' 
160°29.82' 
160°29.82' 
160°29.82 
160°29.82' 

160°27.23' 
159*31,80' 
159°33.92' 
160*43.13' 
161*48.45' 
160*34.55' 
160*04.14' 

159"35.30 
16J J25.86' 
162*47.25' 
162°16.94' 
161°45.50' 
162°47.55' 
162°05.67' 

5 
5 

60 
60 
60 
275 
240 
30 
30 
30 
30 
30 
30 

275 
275 
240 
150 
180 
360 
240 
90 
120 
230 
380 
275 
230 
275 

operational 
__ operational 

operational 
operational 
operational 
operational 
operational 

operational 
operational 
operational 
operational 
operational 
operational-

operational 
operational 
operational 
operational 
operational 
operational 
operational 

NGI revr ou 
operational 
operational 
operational 
operational 
operational 
no batt., r revr, 
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TABLE II 

LAMONT-DOHERTY SEISMIC STATIONS SERVICED FROM SURVEYOR 

DATE STATION CODE 

7-23-75 

7-26-75 

7-27-75 

7-23-75 

7-29-75 

7-30-75 

8-23-75 

8-24-75 

8-25-75 

8-26-75 

Herendeen Bay 

Driftwood Bay 

Makushin Valley 

Akutan Island 

Akutan Volcano 

Cape Sarichef 

Sanak Island 

Deer Island 

Dolgoi Island 

San Diego Bay 

Makushin Valley 

Deer Island 

Pavlof Sister 

Pavlof Volcano 

Balboa Bay 

West Unga 

Squaw Harbor 

Chernabura Island 

Nagai Island 

Big Koniuji Island 

Squaw Harbor 

HNB 

DWB 

MKV 

AKN 

AKV 

CPS 

SNK 

DRI 

DOL 

SG3 

MKV 

DRI 

PVS 

P W 

BB3 

WUN 

SQH 

CNB 

NGI 

BKJ 

SQH 

TASK 

Installed VHF repeater station 

Removed White Alice seismic sta 

Installed seismic repeater star 

Removed seismic station 

Installed seismic station 

Removed White Alice seismic sta 

Serviced seismic station 

Serviced seismic repeater sta. 
(incomplete) 

Installed seismic station 

Serviced seismic repeater sta. 

Serviced seismic repeater sta. 

Serviced seismic repeater sta. 

Removed seismic station 

Serviced seismic station 

Installed VHF repeater station 

Serviced seismic repeater sta. 

Left batteries 

Serviced seismic station 

Serviced seismic repeater sta. 

Serviced seismic station 

Serviced seismic repeater sta. 
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TABLE 3 

SAND POINT DRY TILI FIGURE 

RELATIVE HEIGHT DATA FOR 1972-1975 
(all values in decimeters) 

Benchmark pair A-B A-C A-D* A-E 

1972 

1973 

1974 

1975* 

- 2.383 
+ 0.003 

- 2.376 
+ 0.003 

- 2.384 
+ 0.002 

- 2.390 
+ 0.003 

- 10.688 
+ 0.004 

- 10.694 
+ 0.003 

- 10.704 
+ 0.002 

- 10.704 
+ 0.001 

- 1.925 
+ 0.001 

- 1.925 
+ 0.003 

- 1.794 
+ 0.002 

- 1.804 
+ 0.003 

+ 3.223 
+ 0.001 

+ 3.239 
+ 0.001 

+ 3.265 
+ 0.002 

+ 3.251 
+ 0.002 

75-72 - 0.007 - 0.016 + 0.121 + 0.028 

+ 0.004 + 0.004 + 0.003 + 0.002 

Distance 878 + 10 899 + 10 957 + 10 478 + 10 

u rad/yr - 2.7 + 1.6 -5.9 + 1.7 + 42 + 1.3 + 20 + 1.4 

benchmark D was no t i ced to be loose whi le making t h e 1975 measurements, 
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TABLE 4 

SQUAW HARBOR DRY TILT FIGURE 

RELATIVE HEIGHT DATA FOR 1972 and 1975* 
(all values in decimeters) 

Benchmark pair 
1972 

1975 

A-B 

+ 14.6009 
+ 0.0012 

+ 14.5975 
+ 0.0006 

B-C 

- 11.0370 
+ 0.0012 

C-A 

- 3.5893 
+ 0.0462 

- 3.5641 
-r 0.0011 

75-72 

Distance 

u rad/yr 

- 0.0034 
+ 0.0013 

680 + 10 

-1.8 + 0.7 

- 0.0252 
+ 0.0462 

* No measurements were taken in 1973 nor 19/4. 
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TABLE 5 

LEVEL LINE DATA FOR 1972 AMD 1975 
(all values in decimeters) 

Benchmark pair SAND POINT SQUAW HARBOR 
C-S B-K 

1972 + 31.0045 + 12.2245 
+ 0.0104 + 0.0062 

1975 + 30.9870 + 12.2390 
+ 0.0083 + 0.0044 

75-72 - 0.0175 + 0.0145 
+ 0.0133 + 0.0076 

Length 11,000 + 500 6,500 + 500 

U rad/yr - 0.53 + 0.40 + 0.74 + 0.46 
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Appendix 1 

NOAA W 0 R K STATEMENT (Research Unit #16) 

TITLE: Seismotectonic analysis of the seismic and volcanic hazards 
in the Pribilof Islands - Eastern Aleutian Islands region of 
the Bering Sea. 

PRINCIPAL INVESTIGATOR: John Davies 
Lamont-Doherty Geological Observatory 
Columbia University 
Palisades, Mew York 10964 

GEOGRAPHICAL AREA AND INCLUSIVE DATES: 

Bering Sea: Pribilof Islands, Eastern Aleutian Arc 

May 15, 1975 - June 30, 1975 
July 1, 1975 - September 30, 1976 

COST SUMMARY: 

FY 1975 FY 1976 

$52,349 $71,793 

PROPOSED RESEARCH: 

A. We propose a detailed seismotectonic study of the Pribilof Islands 
- East-jrn Arc region. This study includes an analysis of the. present 
seismicity of the region to identify active fault zones and other 
regions of high seismic risk, an evaluation of the deformation of 
the Shumagin Islands, seismic gap zone, and the seismic activity of 
Makushin, Akutan, and Pavlof volcanos. The primary emphasis is 
therefore on task D-5. 

There is presently only a limited quantity of data available from 
a small seismic network which has been operated in the Shumagin 
Islands region. Other than this data there is no other data 
available with which to perform detailed seismicity studies in the 
proposed study area. It will be possible to make preliminary 
identifications of active zones by September 30, 1976. The amount 
of deformation within the Shumagin gap zone end its significance 
in terms of the possiblity of a major earthquake may be difficult 
to access within this short time span; however, the effort should 
be begun. The present activity of Akutan, Mckushin, and Pavlof 
volcanos will be known. These studies, with the exception of the 
geodetic measurements, are similar and complementary to seismic -and 
volcanic hazards work proposed by the University of Alaska and the 
USGS in the Gulf of Alaska. They will be coordinated with these 
other studies. The marine geophysical work of the USGS may identify 
structures offshore which can be correlated with active faults Or zones 
seen in the seismicity studies here proposed. 
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B. We propose to reorganize and augment the present seismic network 
which we presently operate in this region under ERDA support. We 
will add a sr.ort period seismograph in the Pribilof Islands.' We 
will relocate two stations in the Dutch Harbor vicinity so that 
Makushin and Akutan volcanos can be monitored. We will purchase 
and install telemetry equipment which will allow all of the stations 
in the Cold Bay - Shumagin Islands area to be recorded on a single 
Develoccuder. The data from all of these seismic stations will be 
used to more precisely locate earthquake hypocenters than is 
possible with the World Wide Standard Seismographic Network. The 
data from stations located on or near volcanos will be used to 
determine the present level of activity of these volcanos. 

We will increase the frequency and the redundancy of our geodetic 
leveling measurements in the Shumagin Islands region. These leveling 
data will allow us to begin to access the tectonic strains accumulation 
in the Shumagin seismic gap. This information is important because 
it will aid our interpretation and evaluation of the potential for 
a major earthquake in the gap. 

VI. INFORMATION PRODUCTS: 

We will produce earthquake catalogs, seismicity maps and hypocenter cross 
sections. These will be analyzed to identify active faults or other high 
seismic risk areas. We will produce seismic frequency plots for Makushin 
Akutan, and Pavlof volcanos. We will analyze the geodetic leveling data 
in terms of tectonic strain accumulation in this Shumagin s.eismic gap. 

VII. DATA OR SAMPLE EXCHANGE INTERFACES: 

The primary data required of other investigators by this study will 
be arrival time information in the form of phase cards from the Senedi-
Kodiak network of the University of Alaska. This data exchange has been 
discussed and will best proceed on an informal basis. We will require 
the services of NGSOC to provide WWSSN film chips, perhaps Russian stations 
for occasional events which are large enough to allow world wide first 
motion study. We may also require plots of historic seismicity maps for 
the study region as an aid to interpretations of the detailed seismicity 
maps which we will produce. We may also require their plotting services 
for data produced by this study. 

It is suggested that data inventories be provided to general data 
banks, rather than individual events data since it would be wasteful to 
include this specialized data in a general data bank. 

VIII. SAMPLE ARCHIVAL REQUIREMENTS: 

Lamont-Doherty will archive the original seismograms 'and films accrrued 
in their seismic archive. 

- 2 -
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SCHEDULE: 
Seismic data will be continuously recorded. Films and seismograms will 
be mailed weekly from field sites to Lamont where they will be routinely 
read. Analysis of the data will depend upon acquisition rate, but 
probably will be carried out toward the end of the funding period, i.e. 
Fall of 1975. 
EQUIPMENT: 
See budget and logistic list. 
LOGISTICS REQUIREMENT: 
Helicopter time (about 2 hours per day) 
1. Port Moller - 2 days 
2. Shumagin Islands - 5 days 
3. Cold Bay - 6 days 
4. Cape Senichef - 1 day 
5. Dutch Harbor - 3 days 
COST: 
See attached list. 

- 3 -
003 


