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‘ APPENDIX B - EXPLORATION ON ADAK ISLAND, ALASKA

David L. Butler and George V. Reller

Introduction

As bointed out in the body of this report, the Aleutian Islands

comprise an area of active to recently active volcanism which should
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be favorable for the occurrence of geothermal energy. Acdak Naval

Base is an excellent candidate for the use of geothermal energy,
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inasmuch as Adak Island is located toward the western end of the

active portion of the Aleutian Islands. Because of this, some ex-

ploration was carried out on Adak Island in an attempt to evaluate

the ceothermal potential. Seismicity and resistivity surveys were
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"carried out on lMount xzdavdak, on northern Adak, near the Naval Ease

fuor.

{see Figure 1).
The area of interest, the northern mountainous part of Adak,

. . L P
torically inactive.volcanoes. From east

is the remnants of three his

to west, the volcanoes are Mount Adagdak, Andrew Bay Volcano, and

Mount Moffet. Although no extensive faulting has been mapped in
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this area, some evidence of faulting is present on the north slope

' of Mount Adagdak. The lithology of this area inciudes volcanic and

intrusive rocks of Paleozoic age, Tertiary to Quaternary volcanic
rocks and Quaternary alluvium. The alluvium unit consists largely

-t -

of glacial drift and other unconsolidated materials, including vol-

canic ash.
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Seismicity Surveys

More than lQQO km2 near Adak Island was.surveyed from Oct. 22

to Kovember 1, 1974, for microearthguakes to aid in the evaluation

of the _ceothermal potential of the area. The survey was carried
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.‘é by picrogeophysics, Inc., under contract to the Colorado School
L}

‘£ mines. The size of the 1000 kmz area is based on a detection

threshold of magnitude 0 or less with at least one station record-
ing an event within the area. The objective was to detect and
locate microearthguakes and thereby map tectonically active struc-

tures.
Figure 2 is an historical seismicity map of the area

3 around the Adak Island. The Aleutian Arc is an active seismic

!
province, however, a large number of the events shown on Figure

2 occur on or near the subduction or Benioff Zone of the

The subduction zone is the

....,
Holobi ke .
Attt o ity

Aleutian Island arc-trench system.

postulated tectonic feature occurring where one crustal plate

. PR
Sttt

is being forced under another. 1In the Aleutian Islands, the

‘North Pacific Plate is being moved in a northwesterly direction

1,

under the American Plate.

N
The subduction zone strikes east-west south of a2dak and

dips to the north to a depth of 100 to 150km beneath the island.
The seismic activity associated with the subduction zone occurs
at too great a depth to be of interest in this survey but the

tectonic activity at depth is a manifestation of the regional

stress. This same stress pattern may influence surface faulting

and the shallow microseismicity of interest in this survey.

. The specific project area contains no historical epicenters

although several epicenters are northeast of the area of interest.

In early March, 1974, 13 small earthgquakes were detected by the
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NOAA Seismological Observatory on Adak and located near Andrew

Bay and Mount Adagdak (Mr. D. Glover, personnel communication,

1374). These events are of small magnitude (m<3) and are not

plotted on the historical seismicity map (Figure 2).
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puring the course of this survey, assistance and data were
supplied by Mr. D. Glover, observatory director of the National
Oceanic and Atmospheric Administration (NOARA), Séismological
Obsefvato:j, Adak, Alaska. The data supplied includes érrival
tiﬁes,_S—P times and mégnitudes of several local earthguakes.

His enthusiastic assistance is gratefully acknowledged.

The next section of this paper outlines the instrumentation

and operational methods employed in the field work. The obser-—

vations and analysis are given in a section and are followed by
an‘interpretation of the resulfs. Recommendations are listed
in the last section of the body of the report. 'The apcendix is
a listing of times, locations and magnitudes of thé iocal earth-
guakes detected during this survéy. |

— .

Instrumentation and Operational Summizz

Se&en Sprengnether_;nstrument Co. MEQ-800—-B portable
seismi;‘systems were.used for thié survey. Each system éon—
sists of a Mark Products model LC-4, l-hz natural-freguency
§erticélAseismometer, gain-stable amplifier, integral timing
system, and -smoked paper recordiﬂg witﬁ 0.025mm stylus width

and 120mm/min recording speed. The frequency characteristics

of the instrument are summarized in Figure 3 (note that both

the velocity response and the displacement respcnse are plotted;
Cisplacement response at a particular freguency, £, is obtained

by multiplying the velocity response by 2nf). Gain changes are

by 6¢b steps from the typical operating level of +86db plotted

in the figure.
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//// clocks were synchronized daily with a master clock, which
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was synchronized with WWwV. Clock drifts between synchronizations
were below expectéd record reading errors, therefore no correct-—
ions ﬁéfe.necessary. Recoras were read to>i0.03 sec for P
arrivals and +0.10 sec for S-P times. ZAmplitudes, peak to peak,
were read to the nearest millimeter, and durations to the

nearest 0.5 sec.

Despite the poor working conditions, considerable effort
was made to locate stations on hardrock outcrops (crystalline
expdsures or well compacted sediments). All stations were
operated at the gain limit allowed by ambien£ background noise.
Station locations of the array operated for ten days are illus-
trated in Figure 4 and*listed in Téble 1. Stations 1 through 89

were operated by MicroGeophysics Corporation; zl1-z5 and AD8 by

Details of the operation of stations 1 through 9 are shown

~

NOAA.

in Table 2. The NOAAR stations,éwhich are operated continuously,
are part of the permanent tsunami-warning network of NOAA. The

operation schedule (Table 2) shows the gains and the time periods

of individual station occupations.
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} STATION COORDIRATES

TABLE 1
X% in km v* in km z¢ in km
1 1.33 7.60 0.00
2 6.62 4.95 0.00
3 5.38 6.03 0.03
4 5.15 11.75 0.09
N 5 4.80 11.40 0.089
r 6 4.15 g.42 0.03
7 7.31 8.58 0.05
g ® 0.00 0.00 0.09
9 _ ’ 3.70 4.60 0.03
N

z2 1.70 n.35 0.06
23 0.05 --1.90 0.03
24 ~1.60 0.15 0.09
25 - 0.15 0.05 0.09
5.60 11.00 0.24

ADS

%« The origin ;s located at station 8 (latitude 51.88B°N, longitude
176.69°W) . positive X and Y are ecast and north respectively-

2 is the statioh height above sea level (altitude) .
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9 - gl2=gain/one milion at 20 Hertz
S filters at 5-30 Hz
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////' Observations and Analysis
, Events were recgarded as seismic in origin if they appeared

on two or more stations with time differences corresponding to

seismic velocities or if they were similar ih appearance to

other larger events which were well recorded. Seismic events

were considered local if they had S-P times of less than four

seconds.
The S-P time is a characteristic indicator of distance to

B the epicenter of an event. The S-P time is the difiference

between the arrival time of the S or shear wave and the P or

compressional wave. The two body waves propacate by differant

mechanisms and at different velocities dependent on the para-

meters of the transporting medium. The S-P time 3is thus a

function of the distance traveled.

~
An example of a local event near Adak Is shown in Figure 5.

Regionai—and teleseismic (distant) events with S-P times greater

than four seconds, were considered outside the scope of this

TRt 4 00 Wb 02 kst ikt »
i b A

survey and therefore no attempt was made to locate them. The

four-second S-P time cut-off for local events is.én arbitrary
>1imit chosen by the interpreter.

Local events timed on four or more stations were located
using a ceneralized inverse computer program. This program

assumes a velocity model and least-sguares fits calculated

travel times to the observed arrival times. The velocity

structure in the project area can be estimated from a léyered
crustal velocity model of the Adak region developed by the USGS

(Engcdahl, 1974). Figure 6 illustrates the USGS model and two
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other velocity structures, a half-space model and a linear

velocity-increase -with-depth model. The half-space model was

-

used to test the;picked arrival times and the sensitivity of

the locations to velocity changes. The constant velocity model

obtained good fits with no anomalous station residuvals. The

velocities obtainec with the half-space model agree with the

averaced velocities of the layered model. The model that

n the project area

e

produced the best fits and lowest residuals

was the linear velocity-increase-with-cdepth model.  This model

is in ceneral agreement with the layered model and it produced
station residuals on the order of the picking error (+.03 sec).

Figure 7 shows all located events and illustrates that the

local seismicity is confined to two areas. Events from these

two areas were identified by using S-P times and signature

similarities and were classified as "type A" or "type B" events.

Figure B shows a plot of the cumulative number of events record-

ed during the survey of each type. Type A events were recorded

at a rate of four events per day, type B events at a rate of

three per day when there was activity.

Type B events were located 30 to 40km southeast of Adak.
Duve to the distance from the array, the epicenter location
precision is about +4km. Becausevthesé events are well outside
tke area of intérest, no furfher analysis was'peyférmed."

Twenty six events denoted as type A were located in the

project area. The precision of location for these events is

about +1km in plan and +2km in depth. The events occur within
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solutions from the two methods agree

well within reasonable limits of

r.

accuracy.
To estimate the level of seis-
micity some attention must be paid
to the size or magnitude of an
earthguake. In this survey an

eamplitude versus distance plot (see

i
"

Figure 12) was constructed for two

MM AT 90DB

local events (October 30 at 6h57m

and at 8R15M). The magnitude of

these events was determined by using

curves estzblished for microearthguakes
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MAGNITUDE VS DURATION CURVE N

© 10-28-11-0420
21 10-30-8-p3
L < )
S 10-30-6-57
= 15
=z
2
> O
-1 .
10 20 50 100

DURATION (Sec)

by Brune and Allen (1967). Magnitudes from two other larger

events (October 28, 11h04™m and october 30 at 8h03M) were supplied
by the NOzA adak Observatory. . These four events were then uvsed

to determine a magnitude versus duration curve (see Figure 13).

To correct for local geologic effects all durations were measured

at station 3.

From the magnitude versus duration curve, all detected

events were assigned a magnitude. The resulting cumulative

recurrence curve (a plot of the lég of the number of events

of a giver magnitude versus the magnitude) is shown in Figure 14.

CUMULATIVE RECURRENCE
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~he slopsz of this linear relationship is often called the b-slope.
A b-slope of —0.8 is shown with the data for reference.
Figure 15 shows the relationship between. Poisson's ratio and

the velocity ratio . The often assumed value of Poisson's ratio

R
st

of 0.25 is shown, but an increase of up to 0.1 often occurs when

2 rock is fractured. The velocity ratio is defined as the ratio

i :
- 4 : . . e :
3 of the compressional wave velocity (Vp) divided by the shear wave
AR -
-2
+§ velocity (Vs). Poisson's ratio is defiined as the ratio of the
-4 ,
,% transverse contraction to the longitudinal extension of a rod
4 subjected to an axial load. Poisson's ratio is also a gualitative
;%_ measure of the amount of fracturing present in a rock mass.
‘%; Therefore a map indicating variations of Poisson's ratio or the
- E e : ph : .
e &Y .
;%{ velocity ratio may indicate areas or volumes with anomzlious
fg‘ fracturing and resultant high permeability.
A ) :
’% Figure 16 is a plot of arrival time versus S-P times for
8
L3 : ,
f} eight events recorded by this survey. This relationship, often
- %
" -
- ) _ . . .
v d called the Wadati diagram method, has been discussed by others
5

Qo (Semyenov, A.N., 1869, Nersesov, et.al., 1571, Kisslinger,

fngdz2hl, 1973). These eight events. showed ocood S-wave breaks

PR TR
[ IV AN

end were well recorded across the net.” Figure 16 gives two values

LTIV

N

i

i

Zor zach slope. The A parameter is the slope of the linear re-

I~
m
rt
[N

onship which indirectly gives the velocity ratio and o gives

the corresponding Poisson's ratio from Figure 15.

R VLN SRR LIS WA N

Figure 17 is a plot of the velocity ratio with time.

Vvariations from a constant velocity ratio have been used to

P A b

studv premonitory phenomena for large earthguakes with some




THIS FIGURE SIIOWS TIHE RELATIONSHIP BETWEEN
POISSON'S RATIO AND VELOCITY RATIO. TIIE
OFTEN ASSUMED VALUE OF 0.25 IS INDICATED.
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success (Semyenov, 13683; Nersesov, 1871; Risslinger,Engdahl,1974).
The short time-sampling period of this survey precludes any pre-

diction from this data but the spatial distribution of Poisson's

ratio can be interpreted.
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VELOCITY RATIO s
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To locate an anomalously fractured zone, a map of the

observed Poisson's ratio (plotted at the epicenter) was made

{see Figure 18). ©Note that the form lines indicate trends in
the data and are not contour lines. The Poisson'®s ratio was.

assumed to be more heavily influenced by the source region and

mechanism than by the travel path, therefore the value was

assigned to the epicenter. 2Assignment of the value to the travel

path would complicate the display, but the same conclusion would

be derived from the alternate display. Figure 18 produces a

consistent picture of Poisson's ratio increasing to the west and

with depth along the fault. :
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The anomalous distribution of Poisson's ratio and its

spatial relation to the ceologic features can be explained by

a theoretical model. This model is calculated by assuming a =

Volterra-type dislocation for the fault mechanism. For this

the volume strain or dilation can be calculated around

model,
The

the fault given the spatial geometry of the fault plane.

Volterra—-type dislocation model assumes that a homogeneous half-

[

space is broken along a distinct plane and, after displacement,

is welded back together. The half-space, “'which was initially

stress free, now is subjected to a regional stress (manifested

by the volume strain, which can be contoured) created by the

dislocation at the "fault plane®™. The dilation or volume strain

around such a dislocation model has been calculated by Yeatts
(1975). Figure 19 shows a plan and cross section view of the

dilation around a right-lateral, strike-slip fault dislocation.
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The shaded areas represent areas under dilitation and unshaded

areas are under compression. The region of most severe volume

'expansion can be expected to exhibit microfractures, demonstrated

by an increase in Poisson's ratio, leading to increased perm-

Resistivigy Survey

-

A resistivity survey was carried out in the Mount Adagdak
7~

peninsula area during the period October 25 to November 35, 1975, by

a party under the supervision of Dr. Paul Donaldson of the Colorado

School of Mines. The rotating dipole technigue, as described by

Tesci in Appendix A of this report, was used. Operations in the

field on Zdak in late Fall are frought with difficulties, largely

induced by the cold, wet, and windy weather. Relatively few meas-

urements were made before the survey had to be terminated, and the
resistivity survey must be considered to be only preliminary in ;D
. R 4

nature.
In the rotating dipole method, field data are obtained by mak-

ing measurements of electric field intensity around a pair of bipole

sources located at a single site, but wifh different orientations.
For the Adak survey, a pair of sources, each 700 meters in length,

was placed on the southwest slope of Mount Adagdak, as shown on the

map in Figure 21. Currents of a few amperes were used to excite

these two source bipoles. This is less than normally used in dipole

mzpping surveys, but only a small motor generator set was available

for the survey, and grounding resistances were surprisingly high.




