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ABSTRACT

A preliminary model of the crustal structure across the Aleu-
tian Ridge in the vicinity of Amchitka is presented. Data from two inline-
reversed refraction profiles utilizing shot and Ocean-Bottom Seismograph
(OBS) arrays along a northeast-southwest line through Amchitk:. were ured
to determine the structure. The analysis was limited to first-arrival data,
most of which was Moho-refracted; however, some upper-crust —efractors

were identified immediately beneath Amchitka.

Observed traveliimes were corrected to a reference plane
4.5 km below sea level to minimize lateral velocity variations associated
with the large changes in water depth and the -hanges in subwater crustal

velocities aiong the profiles.

Calculations assuming plane constant-velocity dipping layers
give a Moho depth of 15 km ac¢ the north erd of the Petrel Bank (northeast of
Amchitka). ‘Lhe depth increases to over 40 km at Amchitka ther decreases
to 12 km in the Pacific (southwest of Amchitka). Moho velocity of 8.0 to
8.1 km/sec was obtained for the area. Also, 4.9- and 6.2-km/sec refrac-

tors at depths of about 1 and 10 km were identified beneath Amchiika.

Shot depths were determined from hydroacoustic data by using
the bubble-pulse method and converting traveltime data to depths (using an
average velocity of 4900 ft/sec). A detailed discussion of these methods,

including an error analysis, is presented.

Routine analysis of all OBS recordiugs was performed and a
preliminary bulletin prepared. A total of 2734 station events was cbserved,

306 of which were assocciate:d with the 35 explosions and 198 associated with

earthquakes having known epicenters.
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SECTION I
SUMMARY

The 1967 Aleutian Islands Ocean-Bottom-Seismograph (OBS)

Data Collection and Analysis Program was conducted between 5 April 1967
and 31 January 1968. The program consisted of three tasks: unit and eguip-
ment preparation, field operations, and data analysis. Unit and equipment
preparation and field operations are discussed in detail in the Operations

Report.1 This report presents the data-analysis program.

The basic objective of the Aleutian Islands Zrogram was to de-
termine the structure in the Amchitka area (i.e., across the Aleutian Ridge).
The -esulting structure then could be studied to determine its effect on travel-
time anomalies (and resulting location bias) observed from the LONGSHOT

explosion, which was detonated on Amchitka on 29 October 1965.

A preliminary model of the structure in the Amchitka area,
which was obtained using standard refraction methods, is presented in Sec-
tion II. Data analysis is continuing, and a refined model incorporating re-
sults of the secondary-arrival data and of additional analysis methods will

be presented at a later date.

Three additional studies were conducted under the data-analysis

program:

e Determination of the charge depths using
hydroacoustic traveltime recordings and
bubb.e-pulse-period measurements (Sec-
tion III)

e Determination of the average unit drop and
rise velocities (Appendix A)

1-1 science services division
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o Compilation of a bulletin reporting all ar-
rival times recorded by the OBS units and
including amplitude and period mcacure-
ments (Appendix B); the bulletin also asso-
ciates arrivals with events which had a
Fnown epicenter within 10° of Amchitka or
which hal a magnitude of 5 or larger

Results of these studies are included in ais 1epor’.

Data used in tae crustal analysis were collected in three
phases. The inline refraction profile configurations for Phases I, II, and
III are presented in Figures I-1, I-2, and 1-3, respectively. Phase-I and
Phase-III OBS instrument arrays and shcot arrays were designed to divide
the structure across the Aleutiz.1 Ridge into four segments, each of which
could be approximated by plane dipping-layer solutions. Phase-II instrument:
were deployed primarily ¢ record upper-mantle arrivals from the CHASE VI
explosion. CTHASE VI did not detonate; however, some useful informa*‘on

was obtaired from the eight 5-ton explosions letonated during Phase II.

The data collected were transcribed cnto 16-mm film; timing
corrections to compensate for head misalignment of the tape recorder and
for digital clock drift were determined; and the data quality for each station
was evaluated. The explosiou recordings then were edited onto digital tape
and played back, and arrival times were picked. Traveltimes for eachar-
rival were determined and input to a series of four computer programs which
reduced the data using standard refraction-analy: ‘5 methods. The first pro-
gram corrects the data to a reference plane, which is necessary because of
the large lateral velocity variations in the uppermost 4 to & km below sea
Jevel due to significant changes in water depth and structural environment
(Figure I-4). The reference plane was chosen to approximate the water bot-
tom on either side of the Aleutian Ridge. The second program generates
‘raveltime plots of the c-iginal (raw), corrected, and reduced data; the third
calculz.es least-squares straight-line fits to the data. The "nal program re-

solves reverse-profile information to obtain the velocity, dip, and depth of a

refractor.
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This data analysis is iterative in nature. Using informction
from literature, the arrival-time data are reduced and crustal parameters
estimated. The data then are recycled using the output of the previous iter-
ation. In this analysis, the arrival-time data were cycled through the com-
puter programs three times — first estimate, first iteration, and second

iteration.

The first-escimate results allowed the arrival times to be
separated into three groups (Pn, Pg, and S) on the basis of refractor velocity.
The measurcd refractor velocities then wcre used in the first iteration to re-
compute the time corrections. Line fits were made, and the Pg arrivals
were separated into two groups (Pg and shallov. Pg). The measured refractor
velocities then were used in the second iteration to recompute the time cor-
rections. Dips and depths of the refractors were computed from measured
apparent velocities and intercept times using the second-iteraticn output.

The model computation assumes plane constant-velucity dipping layers.

The preliminary model is shown in Figure I-5 (X4 vertical
exaggeration). Also shown are the areas of single (one-way) coverage anc
double (reverse) coverage. The resolved Moho velocity ic 8.03 km/sec under
the Phase-I array and 8.09 km/sec under the Phase-IIl array. A reverse-
time mistie of the Phase-IIl reverse profile indicates that this segment cannot
be represented accurately by a single-plane dipping layer. The One -way cov-
erage under the two shot arrays was resolved by assuming that the Moho P-
wave velocity was the same as that determined under the stations for Phases I
and IlI, respectively. Measurements from Phase-II data gave a Moho P-wave
velocity of about 8.0 km/sec, which tends to justify this assumption. Moho
depth at the northern end of the Petre. Bank was about i5 km, which agrees
with Shor's results for the Aleutian Basin?" . Near Amchitka, the depth in-
creases to over 40 km. Due to the shrt-receiv.r geometry, coverage was
lacking directly beneath Amchitka. At the southern end of the Phase-I array
(Pacific Basin), the Moho derth is about 12 km, which is zonsistent with nor-

mal oceanic structure.
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The analysis discussed in this report concentrated on first ar-
rivais, most of which were Moho refractions, However, some Pg first ar-
rivals were observed; and two Pg refractors having velocities of 4. 9 and
6.17km/sec and depths of about 1 and 10 km were identified on the Aleutian
Ridge (Figure I-5). In addition, a well-defined S-wave from the :4oho re-
fractor with an average velocity of 4. 64 km/sec was observed in the Phase-I
data. This arrival was a P-to-S convarsion at depth, but the picks were not

precise enough to estimate the point of conversion.

The present model is, of course, a simplified estimate of the
actual crustal structure. The data ruggest that the Moho probably is more
complicated than the 4-plane dipping layers used to represent it in this study.
Consequently, different techniques (e.g., the time-term rnethod) are being
used to give another representation of (he data. Also, little information about
crustal layering has been obtained from first arrivals. Since most of the
crustal refractions are secondary arrivals, a thorough study of all secondary
arrivals has been initiated. Lack of knowledge of crustal velocities has two
effects: errors in the subwater velocities used to correct traveltimes to the
reference plane causes an error in the estimated Moho dip and an error in
the average crustal velocity (which is used to convert intercept times to
depths) causes the Moho depth estimate to be either too large or too small,

depending on whether the velocity used was too high or too low,

The hydroacoustic data collected from hydrophones located
beneath the buoy suspending the charge and at the ship were analyzed to de-
termine charge depths. Data were recorded on a Honeywell Visicorder and
on a tape recorder, but the tape recorder data were not usable because of

crossfeed between channels. Thus, all analysis was conducted using the

Visicorder records.
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Two methods were used to estimate charge depths:

e Bubble-pulsc periods at the ship and buoy
hydrophones were measured and depth es-
timates obtained using the Willis formula?

s Traveltimes to the bucy hydrophone were
determined and converted to depths using
a velocity of 4900 ft/sec

A comparison of the depths obtained from the buoy and ship hydrophones
showed that the buoy-hydrophone depth estimates were affected by vertical
migration of the bubble and, therefore, were considered to be less accurate
tha.i the ship-hydrophone depth estimates. Depths determined from bubble-
pulse measurements agreed generally with those determined fror: the travel-
time data for the same shots. (The average absolute dificrence was 19 ft,

which is within measurement accuracy.)

An error analysis showed that both a precise value of the ther-
modynamic constant (K) in Willis' formula and accurate tiining are necessary
to obtain accurate depth estimates using the bubble-pulse method. A 2-percent
error in K causes a 16-ft error in depth at 620 ft. Depths determined from
the ship and buecy hydrephones using the bubble pulss are estimated to have
+ 25- and t+ 35-ft accuracies, respectively (except for the shallow shots where
surface effects are significant). Depths estimated from traveltime data are

calculated to have t 25-ft accuracy.

Depth measurements were used to estimate the percentage
stretch of the nylon line used to suspend the buoy. (The ui.stretched line
length was measured on the ship prior to charge launch so that the stretch
factor could be obtained.) The average stretch was 22 percent, which is
considerably higher than that expected from th» manufacturers' specifications.5
This stretch factor was used to compute charge depth when no hydroacoustic

data were availabie.
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Average drop and rise velocities were determined by dividing
water depth at a station location by the drop and rise times, respectivelr,
Water depth was obtained from fathometer recordings; drop and rise times
were estimated from field-log infoermation and by observing the recorded

data. Drop and rise velocities were 5.7 + 0.3 ft/sec and 4.1 + 2.3 ft/sec,

respeciively.

The preliminary bulletin lists arrival times for all events re-
corded by the OBS units. Also included are arrival times from the land
stations which were used in the crustal aralysis. Epicenter-to-station dis-
tances; azimuths; and the arrival phase type, periods, and ground amplitudes
are reported. Arrivals were associated with events which had known epi-
centers within 10° of th> OBS units and with events (at all distances) which
had a n:agnitude greater than 5.0. A total of 501 associated arrivals (in-

cluding the 35 explosions detonaled during the experimsat) was identified.
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TR 2 SO, Gt TR i e ! 3

e e ———— e e

ey bt




hadd bl ihd ol

TR P NPy Y7 PP Aoeee e o 77T SRRy T e T8 Ty R e T T T

; SECTION II
CRUSTAL ANALYSIS

T Iy b ey

A. 1 JTRODUCTION

This study's objective was to determine crustal structure
across the Aleutian Ridge and, subsequently, to utilize this model in ana-

+ lyzing seismic traveltime anomalies observed in data cbtained from the

Hifar

ILLONGSHOT experiment on Amchitka.

Data for the crustal st .dy were obtained primarily from OBS

it

recordings made during the 1967 Aleutian Islands Experimeat. A few addi-

tional arrival times were used from the portable siations (S36 through S40)

H I A

and the U.S. Coast & Geodetic Survey station at Adak, Alaska. Arrival times
from the portable stations were supplied by the Geotech division of Teledyne
Industries, Inc.; arrival times at Adak were obtained directly from the sta-

3 tion. Station information 1s .isted in Table II-1.

Thirty-five 5-ton 2xplosions were Getonated during field oper-

ations. Explosion information is listed in Table II-2.

Field data 'vere collected in three phases. Phase I (Figure I-1)
consisted of a line (S42°W, 182 km long) of 10 OBS units just south of Am-

T TR T

chitka, crossing the Aleutian Tronch. Sixteen explosions (20-km spacing)
) were detonated during this phase: 14 explosions inline to the south and two
explosions inline north of Amchitka. Five of the southern shots were fired
at approximately the same location (El) but at different depths. The best
recorded shot, E£34, was used in the study. The total profile length was

440 km.

The orofile for Phase II (Figure [-2} extends north and south
of Amchitka. Six Ob3 units were launcned and three explosions detonated

inline (N42°E) north of Amchitka with a spacing of 100 km between explosions.

II-1 science services division
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Table II-1

STATION INFORMATION

Drop Date Location Water Depth
Station |Unii (1968) Latitude Longitude (fm)
sl 21 | 31 Aug. 51°25'12''"N | 178°45'00"E 187
S2 19 | 1 Sept. 51°16'24"N | 178°32'00"E 785
S3 13 | 1 Sept. 51°09'18"N | 178°20'2."E 1920
=l s4 1 | 1 Sept. 51°01'00"N | 178°06'48"L 1784
a| s* 20 | 1 Sept. 50°53'15"N | 177°59'42"E 2580
£l Sc 18 | 2 Sept. 50°45'00"N | 177°46'00"'E 2980
ol Y 15 | 2 Sept. 50°36'20"1 | 177°37'C0"E 3840
S8 22 | 2 Sept. 50°26'12"N | 177°22'42"E 3150
59 24 | 2 Sept. 50°20'42"N | 177°13"12"E 2850
S10 25 , 3 Sept. 50°11'48'"N | 177°02'12"E 2690
S11 | 16 | 24 July 51°50'00"N | 179°21'30"E 320
S12 21 | 25 July 52°12'48'"N | 179°55'42"E 36
S13 5 | 25 July 52°51'06"N | 179°03'24"W | 1500
oq| S14 |22 |26 July 53°32'00"N | 178°00'00"W 2030
o| S15 |20 |26July [54°10'06"N | 176°58'00"W 2025
@] s'6 |15 |26 July 54°47'48"N | 175°50'30"W 2000
£ S17 |24 |4 Aug. 47°24'48"N | 173°36'24"E 2760
s18 | 18 | 5 Aug. 45°59'00"N | 172°02'48"E 3020
S19 |19 | 5 Aug. 44°30'30"N | 170°26'54"E 720
S20 13 [ 6 Aug. 43°03'48"N | 169°03'54"E 2740
s21 | 25 | 7 Aug. 41°34'36"N | 167°42'12"E 2840 |
S23 | 24 | 10 July 51°41'00"N | 179°09'30"E 460
S24 1 ! 10 July 51°51'00""N | 179°21'24"E 325
25 | 15 | 1C July 52°02'50"N | 179°23'54"E 101
Hl s26 |18 | 11Jaly |52°05'06"N | 179°44'24"E 32
v S27 19 | 11 July 52°13'00"N | 179°56'00"E 36
81 s28 |20 |11 July 52°Z1'00"N | 179°50'40"'W 95
A 529 17 | 12 July 52°29'36"N | 179°40'54"W 62
S30 22 | 12 July 52°38'00"N | 179°27'00"W 60
S$31 |21 | 12 July 52°46'30'"N | 179°12'24"W 862
S32 2 | 12 July 52°53'54"N | 179°01'48"W 1749
Elev. =
Station Place Latitude Longitude (km)
€| S35 | AdakIsland 51°51'48"N | 176°39'18"w ~0.1
2| S36 | Bethel, Alaska | 60°46'44"N | 161°53'01"W ~ 0.1
S| $37 | st.Paullsland |57°09'15"N | 170°13'05"W ~0.1
o| S38 | AtkaIsland 52°12'07"N | 174°12'42"w ~0.1
S| 539 | Shemya Island |52°43'47"N | 174°06'33""E ~0.1
(2| C40 | Amchitka Island | 51°23'22"N_| 179°20'33"E ~0.1

R
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Table 1I-2
EXPLOSION INFORMATION

f

Event i Detonation Location Water

Depth | Date Time Depth

Event | (ft) (1968) (GCT) Latitude Longitude (fm)
El 619 | 8 Sept. | 20:45:02.7 {50°04'30"'"N | 176°52'00"E 2527

E2 610 | 3 Sept. | 04:37:02.3 [49°55'06"'N | 176°39'48"E | 2580

E3 616 | 6 Sept. | 05:25:61.5 [49°47'30"N | 176°31'06"E | 2810

E4 617 | 6 Sept. | 19:51:12.9 [49°39'50"'N | 176°21'06"E 2735

ES 618 | 6 Sept. | 23:10:02.4 {49°30'48"N | 176°12'24"E | 2715

E6 621 | 7 Sept. | 02:36:01.2 [49°23'24"'"N | 176°02'00"E | 2400

-| ET 621 | 5Sept. | 01:35:02.8 [51°38'15"N | 179°05'12"E 345
ol E8 611 | 3 Sept. | 22:30:02. 1 {51°49'30"N | 179°20'36"E 305
S| E30 | 604 | 7Sept. | 06:19:02.7 |49°12'42"N | 175°51'00"E | 2820
| E31 | 620 | 8 Sept. | 06:05:02.0 |49°10'06''N | 175°38'36"E 2950
E32 | 616 | 8 Sept. | 02:35:01.9 |48°58'00"'N | 175°24'15"E 2190
E33 | 612 | 7 Sept. | 20:57:01.3 |48°49'30''N | 175°18'30"E | 2675
E34 |1048 | 8 Sept.  22:30:02.8 |50°04'42''N | 176°52'00"E | 2530
E35 | 273 | 9 Sept. | 01:00:01.4 |50°04'48""N | 176°51'18"E | 2560
E36 | 190 | 9 Sept. | 04:45:01.5 |£0°03'24''N | 176°54'40"E 2550
E37 70 | 9 Sept. | 06:45:00.6 {50703'42"'N | 176°52'48"E 2575

E9 636 | 7 Aug. | 21:35:03.8 [40°04'42"N | 166°23'36"E | 3040
E10 | 608 | 9 Aug. | 03:55:02.2 |42°17'54""N | 168°19'06"E | 2890

=S| El11 | 603 | 1i Aug.|[ 00:25:01.8 {45°44'00""N | 171°40'42"E | 3085
S| El2 | 647 | 27 July| 20:30:05.2 {56°31'36"N | 172°15'54"W 520
S| E13 | 637 |27 July|07:31:05.6 [56°03'12"N [ 173°29'48"W | 1775
Bl El4 | 637 |27 July|01:40:05.3 {55°24'18"'N | 174°44'24"W | 1955
E27 | 629 [ 8 Aug. | 04:40:03.7[40°51'36"N | 167°02'18"E | 2970
E29 | 615 | 11 Aug.| 20:36:02.2 [48°05'40"'N | 174°27'30"E | 2850 |
E15 | 747 | 15 July | 20:48:05.4 [53°00'12"N | 178°46'12"W | 1930
El6 | 755 | 17 July| 02:20:06.1|53°09'12""N | 178°37'06"W | 2000
E17 | 676 | 17 ,uly| 22:05:04.8 [53°14'48""N | 178°24'50"W | 2015

~ | E18 | 678 | 18 July | 01 .6:05.4 [53°24'42"'N [ 178°12'30"W | 2020
=1 E19 | 679 | 18 July{ 03:30:05.5|53°31'20"N | 1"8°00'00"W | 2028
a| E20 | 670 | 18 July | 06:21:05.4 |53°39'06''N | .77°46'06"W | 2030
2| E21 | 669 | 18 July| 23:25:05.5 |53°45'54"N | 177°32'54"w | 2035
Bl E22 | 672 | 19 July| 02:37:05.2 |53°53'50"'N | 177°20'36"'W | 2035
E24 | 660 | 20 July| 00:32:05.6 |{51°16'40''N | 178°35'24"E 760
E25 | 664 | 20 July| 05:05:05.4 |51°10'30""N | 178°20'30"E 1925
E26 | 665 | 20 July 07:50:05.5|51°01'36”N 178°10'42"E 1785
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South of Amchitka, five OBS units were launched on this line with a spacing
of 200 km between units. Five explosions were detonate * in the area: two
inline to the south, one to the north, and two within the profile. Total pro-
file length was approximately 1900 km. The primary purpose of Phase II
was to record upper-mantle refractions from the CHASE VI explosion, which

did not detonate.

The Phase-III array (Figure I-3; was similar to that of Phase I
but was located north of Amchitka on the Petrel Bank. Ten OBS units were
dropped in a line N42°E north of Amchitka with a 20-km spacing. The ex-
plosion program consisted of eight explosions inline to the north and three
explosions inline to the south of Amchitka. Total profile length was 441 km.
Recording periods for the three phases of the Aleutian Islands Experiment

are shown i~ Figure II-1.

The Scripps Institute of Oceanography made seismic refraction
profiles in the Bering Sea and the Gulf of Alaska in 1956, 1957, and 1961. In-
terpretation of these data was presented by Shor., 2,3 Figure I-4 gives a pro-
file of the water bottom along a portion of the OBS refraction line (Phases I
and “II). Four of Shor's seismic profiles (CK8, CK10, 1.8-19, and 19-110)

gave the sections shown in this figure; a normal oceanic section also is shown.

Sections L8-19 and L9-L10 show that the Aleutian Basin is
similar to a normal oceanic section but has low-velocity layers about 4 km

thicker than normal and a depth to the mantle about 5 km greater than normal.

Section CKI10 in the Aleutian Trench south of Adak has layers
with velocities of 6.3 km/sec and 7. 6 km/sec. The 7.6-km/sec velocity seems
lower than normal for mantle velocity; however, Shor points out that very pos-

sibly only crustal arrivals were obtained on this profile,

Section CK8 on the Aleutian Ridge near Adak shows relatively
thin layers of low-velocity (3. 2-km/sec and 3.8-km/sec) material overlaying
a 5. 5-km/sec layer. At a depth of about 7 km, crustal material with an oceanic

crustal velocity of 6. 6 km/sec was found. The inantle was not detectad.

1I-4 science services division
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ent aleng the OBS refraction profile, since the water depth varies fromn a few

It is apparent that large lateral-velocity variatiors are pres-

meters to over 7 krn and previous work by Shor? indicates that shallow high-

velocity layers (5.5 km/sec) exist under the Aleutian Ridge.
. B. DATA QUALITY

Quality of the seismic c¢ita recorded during the 1967 Aleutian
* Islands Experiment was generally good. However, there were problems
caused by high ambient noise levels (especially for shallow-water units) and

instrument malfunctions. A total of 21 unit drops was made during the three

Hiuii it

phases of the operation, and 27 units were recovered. Data from four of the
27 units could not be used in the crustal study analysis. ¥Inits S18 and S24
had faulty tape drives which precluded acz~urate timing. The digital clock in

S4, when compared to the WWYV recording, indicated an abnormal drift which

TSt

was not consistent with the recorded time of event arrivals. All traces of
P S20 had very low amplitude, and the time could not be read from the clock

trace. The cause of the low amplitude was not determined. Test tapes be-

YIS ST
[

fore unit drop and after recovery indicated that the unit was functioning prop-

erly.

Recordings from Phase I comprise the best data. The back-

i

ground noise level was low, and there were few mechanical problems. Data
recosded during Phases II and III had lower quality, primarily due to high
noise levels (2 to 10 'Iz). Also, there were more mechaniczl problems.

Table II-3 shows which explosions were recorded at each station.

L] Five of the nine units in Phase I recorded all of the explosions,

three recorded ali but one, and one unit (S9) recorded all but two. During

T Tt roroee

Phase 1II, three of the eight units recorded all explosiens, two others re-
corded most, and three recorded only a few. Since the units at each end of

the Phase-III profile recorded all explosicns, it appears that the arrivals at

poorer stations were obscured by the high noise levels. The Phase-II array

»
\ T4

L]

can be divided into those units dropped north of Amchitka and those units

II-5 science services division
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El8 E19 E20 E21 E22 E24 E25 E26|E27 E29|{E30 E31 E32 E33 E34 E35 E36 E37

Table II-3
EXPLOSION RECORDINGS USED IN CRUSTAL STUDY
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dropped south of Amchitka. Four units recorded all three northern expio-
sions, and one unit recorded only one. These explosions were fired before
units were dropped south of Amchitka. Four of the five units in the southern
part recorded all five southern explosions, and one recorded three explosions.
In addition, unit S11 of the northern profile recorded two of the southern ex-

plosions. Note, however, that two of the southern units had instrument prob-

lems.

In summary, problems that affected the data quality were
e High-amplitude noise (2 to 10 Hz)

e Periodically stopping tape drive

e Tape take-up reel malfunction

¢ Digital clock malfunction

One additional factor which greatly affects all data, regardless of unit per-
formance and background noise, is the WWV timing signal applied at the be-
ginning «ad end of each set of data. In many instances, the recording of

WWYV was noisy and the amplitude very large, making it difficult to distinguish
the minute marks. The recording of a secondary time enhanced the ability

to determine reset times and clock drift. Without the secondary time, some

data would have had very little value.

Table 1I-4 gives a brief deccription of data recorded by each

unit and unit problems.

C. PRELIMINARY DATA HANDLING

Magnetic tapes containing data recorded in the fie'd were
shipped to Dallas for processing at the end of each phase of the experiment.
All data recorded on magnetic tape were transcribed on 16-mm film for rou-
tine analysis. No frequency filtering was done, but the X10 and X100 chan-
nels were attenuated to avoid trace-overlapping on the film. A total of 298
complete or partial vsable days was transcribed. The results of the routine

data anal;sis are reported in Appendix B.
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Table II-4
EXPLOSION RESULTS

eresabe et et et

Unit Desxcrlption
Phase | .

51 Recorded all rxplosions except B2, Notse prevented picking nitial arrivals, Data showed ¢-Hz oscitiation
and 5- to 10-11z background noise on H; and Hy. Vertical trace was dead on ali channcls.

82 Recarded all explosions,  All data wers good. H, X1 and X10 appeared dead. General background noise
was in the |- to 2-Hz range.

s3 Not recovered,

54 Recorded all ¢xplosions. Selamlc data were very good but could not be used due to the digital el ¢k mual-
fuaction. Clock drift could not be determined. Z X100 containcd much 10-Hs noise, General backyround
nolse was In the 1+ to 2-Hz range.

L1 Recorded all explosions. Data quallty was very good. Background noise ranged from 1 1o 5 Hz., Some lowe
level 5- to 10-Hz nolse appeared on H) and H,.

So Recorded all cxplosions. Data quality was good, The tape drive stopping periodically atfected the timing of
the initial arrlval of explasion E4, Geoeral background noise ranged from | to 2 Ha.

57 Recorded all explosions. Data quality was very good. General background nnise ranged from | to 3 Haz. ”I
and HZ at X100 were clipped,

58 Recorded all explosions except E35. Data qualiy was fair. Amplitudes of all traces appeared ton low, All
traces Including the digital clock and 1. 3-Hz riierence channel appeared dead Intermittently.

39 Recorded all explosions except E2 and E8, which were not recorded duc to a slow tape drive during the first
two recording days. Data were tery good. Background novise normally was | to 3 Hz, with some smali-
amplitude 10-Hz noise.

slo Recorded all explosions. Data quality was very good, Baukground nolse ranged from 1 to 3 Hz,

Phase 1l

Sl Recorded all explosions from the nor.. and two from the south. Data were similar to 523 data, General
hackground noise was | to 3 Hz, Periodical all traces were affected ¢ 7- {0 9-Hz noise,

Si12 Record:d exploslon El2 oly. 2 1race was m X1, X10, and X100. Much of the data exhibited high-
level 5- to 10-Hz aocise,

S13 Not recovered,

Sl4 Recorded all northern exploslons. Data quality was fair. Noise ranged from 3 to 5 Hz, with occacsicnal
ringing on all traces. Amglitudes on all traces appeared low.

SES Recorded all northern explosions. Data quality was good. Amplitudes on all vertical traces appeared low.
Background noise ranged [tom | to 3 Hz.

s16 Recorded all northern shots. Data quality was good. Background nuise normaily was 1 to . Mg,

s17 Recorded three of flve southern explosions, The take-up reel did not function properly., All traces were
dead or had a very low amplitude over much of the recording period. When the unit appeared to be oper-
ating properly, H, and H; were oscillating and only the vertical appeared normal. Vertical noise ranged
from 1 to 3 Ha.

sl8 Recorded all sovthern explosions. Data contained bursts of 10-Hz nolse and periodic 2-Hz oscillations. Back-
ground noise was low, and da‘a were ¢ “od when in-, cuments were not oscillating. A faulty tape drive during
recording of WWV prevented reading time of th: digital clock trace, thus clock drift could not be determined,

s19 Recorded all southern explosions. Data quaiity was only fair, Majority of data contained 2-Hz oscillations with
namerous bursts of 8- and 10-Hz ncise,

520 All traces had very low amplitudes. The clock-trace amplitude was too low to read.

352i “ecorded all southern cx; losinns. Da'a quality was good. Background noise ranged from 2 to 3 Hz.

Phase 111

523 Recorded all explosions. Data quality was good. Traces P, Z, and H, X10 were dead. Background noisc was

ltc 3 Hz, with ome 5- to 10-Hz noise prescnt.

524 Data could nut be used due to a faulty tape 4rive. Clock time couic be determined only intermittently,

S25 Five of the cleven explosions were recorded, but only threc cauld be tined very accurately. Noise in the 5- to
10-Hz range was present mosi of the tim..

526 Only one explosian recorded. Approximately three-fourths of the data had high-level 5- to 10-Hz nolse.

527 Five explosions were recorded, tw~ ocing very emergent. A, H), and H, X1 and X10 traces had high-level
12-Hz noise. Noise on the r.es iure trace wis high,

S28 Recorded all but explosion .26, which was obscured by noiss, Background noise ranged from 1 * . 3 Hz, with
some 5-Hz noise pressnt,

529 Not recovered.

S0 Recarded vight explcsions, Due to extreme tilt of the unit, ail channels except the pressure hannel did not
function properly. All arrival times were plcked {rom the pressure channel. 2, H), and i chanrels o8-
clllated at about & Hz.

s31 Recorded all explosions. Nat: quality was good. Very little 5- to 10-Hz background nolse was present. The
digital clock did not count days.

532 Not recovered.
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3 Timing errors due to digital clock drift and/or misalignment
of the recording heads were determined. Head misalignment can occur when
the recording hcads are skewed with respect to the direction of tape move-
ment or when the two head banks arc spaced incorrectly., Errors due to head

. * ) misalignment were determined using either the amplifier ''shut-off'" pulse or

: -3 the daily calibration pulse. All channels are referenced to channel 12. It

N is assumed that the error between channel 12 and the clock channel (chan-

nel 14) is negligible, which is reasonable because the two heads are physically

close together. This assumption must be made because the amplifier ''shut-

5 off'' pulse is not recorded on channel 14, An example of head misalignment

7 due to the recording heads being skewed is shown in Figure 1I-2. Errors re-

sulting from incorrectly spaced head banks were not encountered in this ex-

B periment. Table II-5 lists the errors for each unit and each drop. The max-

- imum error for any channel was 0.4 sec, and the maximum variation of error

for one channel of a single unit dropped more than once was 0.2 sec.

7
:zmﬁ#

A secondary timing pulse was recorded on the first horizontal
channel to enhance the capability for determining station reset time (i.e.,
zero time on the digital clock) when the noise level on WWV was excessively
high (Figure II-3). The capability to determine reset times was greatly in-
creased except during Phase I when vibrations from the ship and rough seas

caused the secondary timing system to lose synchronization with WWV,

Digital clock drift for each drop was determined by comparing
the WWYV and secondary time at the end of the recording period to the time
recorded by the digital clock. Corrections for clock drift were made as-
suming that the drift was linear over the recording period. Clock drift for

each unit drop is listed in Table 1I-5.
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3 Individual clock drifts ranged from 0.0 se< to 24. 4 sec; how-
ever, only four clocks had drifts greater than 0.8 sec. Clock drift could not
be determined for drops S4, S18, and S20; but analysis of event arrival times
recorded at S4 and S18 indicated that the clocks were drifting. The clock in

. S4 became faulty betweer: its release from anchor and recovery on tne surfare.
Analysis of arrival times revealed an error of approximately 4.0 sec, but
WWYV indicated a drift of 2 miu, 46 sec at the end of the recerding. A favity
tape drive during the recording of WWV prevented the determination of clock
drift for S18. Station S26 (Phase III) used clock 18 which had a drifit of 24. 4
sec, and the same clock uced at station S18 (Phase II) had considerable drift,
Clock 18 was not used for Phase-I operation. Clock 1 at station S24 (Phase III)
had a drift of 2. 8 sec, and the same clock at station S4 (Phase I) showed a
large drift. Clock 1 was used in Phase-II operation at station S20; however, i
all traces for S20 had such low amplitude that time could not be r.2d on the

clock channel to determine the amount of drift. Clock 13 at station S12

-

(Phase II) had a drift of 4.3 sec. The same clock was used at station S3

4

POV

(Phase I), but that unit was not recovered.

Film seismograms were scanned and edit times were picked

for each explosion recorded at each unit. The field data were digitized at a

sample rate of 31. 25 msec (giving a 16, 0-Hz Nyquist frequency). Both un-

filtered and filtered playbacks (Figure II-4) were made for each digital record,
with the filtered playbacks attenuated sufficiently to allow timing of secondary
arrivals. Two filters were used in making tne playbacks: one had a 2.25- to
5.0-Hz passband, the other a 2.25- to 7.0-Hz passband. The playbacks were
L] used to pick arrival times for input to programs for determining crustal struc-
ture. After all arrival times were picked, times were punched on cards and
processed through the time conversion program to convert the clock times
into GCT time. A flow chart of preliminary data handling is shown in Fig-
ure 1I-5.
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D. DATA RED! CTION

Since the shots and reccivers are not located on the same plane,
the data must be reduced to a common plane for interpretive purposes. In
deep water, the downward-traveling energy from the shot includes a consid-
erable path length through the water (3 to 4 sec) because the shot is relatively
near the surface; whereas the returning energy has no path through the water.
since the receiver rests directly on the ocean bottom. If the water depth at
the shot and receiver were equal, thea the time chrough the water could be
simply removed from the raw traveltimes. Then refractor depths computed
irom intercept times would be dcpths below the ocean bottom. However, as
discussed =arlier, large water~-depth variations are present in the area. Pre-
vious work indicates high-velocity material under the Aleutian Ridge2’3;

therefore, the large lateral-velocitv variation present in the upper 4 or 5 km

inust be taken into account if the raw traveltimes are to be interpreted.

The method used here is to reduce the raw traveltimes to tra-
veitimes beiow a reference plane by stripping off the time from shot to ref-
erence plane and station to reference pline. The method is shown in Fig-
ure II-6. Two corrections are applied for each shot-receiver configuration.
The receiver correction requires knowledge of the subwater velocity (VZ) and
the refractor velocity (Vn), while tkhe shot correction requires, in addition,
the water velocity (V). The subwater correcticn velocity is used to strip
o.. :ime from the water hottom to the reference plane. Since the subwater
velu-ity in the Aleutian Basin is low (2 km/sec) and is high (5.5 km/sec) on
the Aleutian Ridge, it becomes necessary to apply a different subwater cox~

rection velocity (va or ) to stations or shots, depending on whether they

V2B
are loca.ed on the ridge or in deep water. This is implemented by a decision
plane. A depth bzlow sea level is specified for the decision plare, and either
VZA (low subwater velocity) or VZB (high subwater velocity) iz used in the

reference-~plane-correction computat’cn, depending on wh-ther the water depth

at the shot or station is above or teiow the decision-plane level.

1I-12 science services division
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Four programs have been written in Fortran IV for processing

oo A N O TSSO e

-
‘"*g the refraction data on the IBM S/3:.0 computer. The first program performs
three basic operations:
e Computes and applies time corrections
to reduce raw traveltimes tc corrected
A4 traveltimes below a reference plane
e Computes shot-to-station epicentral dis-
tance
4
e Gencrates (optionally) tirre-distance plots
of raw or corrected traveltime:
Input to the program is a building block of data containing staticn numbter,
geodetic coordinates, and water depth for each station; and shot number, geo-
detic coordinates, water depth, shot depth, and shot time for each shot. This
building block of data, which needs to be made up only once, then is loaded i
into the core on each run to provide the necessary station and shot informa- :
= tion. One control card containing the following information is read into the
- F
computer.
° Vl — Water velocity
° VZA — Subwater velocity (low)
° VZB — Subwa . velocity (high)
. ° Vn — Refractor velocity

e RP — Reference-plane depth

e DP ~— Decision-plane depth

oV — Velocity v:2d to compute reduced
RED . .
traveitime tR, i.e.,
A
t =t -
i R vRED
: where
3 t = traveltime corrected to RP
& = distance
!
II-13 sciency services division %
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The input data are read in from cards, each card giving station number, shot
number, and GMT arrival time of the picked phase. The program then com-

putes, prints, and punches on cards the following information:
e Shot-to-station distance
e Raw traveltime

e Traveltime below the reference plane
(corrected traveltime)

# Reduced traveltime

The second program generates the following types of time-

distance plots for the CalComp plotter:
e Raw traveltimes vs distance
e Corrected traveltimes vs distance

e Reduced traveltimes vs distance

Cards output from the correction program are input to this program. One

control card is read in to scale the plots to the desired size.

The third program computes least-squares line fits to both
the raw times and corrected times. It gives one line fit assuming n* erior
in distance, one assuming no error in time, and a rnaximum-likelihood fit
assuming both variables in error. Input to this program alsc are the cards

output from the correction program.

The fourth program computes dip, depth, and velocity of the
refractor for a reversed profile assuming plane dipping constant-velocity
layers and that the s=ismic ray obeys Snell's Law at the interface between

two layers. Input to the program are updip velocity and intercept time and

downdip velocity and intercept time.
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E. DATA ANALYSIS
1. First Estimate

All data weie processed through the correction program using

velocities determined from previously published work on the general area. 2,3

This procedure give a first look at the arrival-time data and provides the
starting point for separation of the data into velocity groups. Parameters for

the first estimate were as follows:

° V1 = 1.5 km/sec
° VZA = 2.1 km/sec
° VZB = 5.0 kim/sec
e V = 8.0 kmm/sec
n
e RP = =4,5 km
e DP = =3,0 km
° VRED= 8.0 km/sec

The correction error which results from an incnrrect estimate
of VZA (the low subwater correction velocity) was minimized by choosing the
reference-plane level to approximate the average water depth observed south
of the ridge and in the Aleutian Basin. The correction error for the path in
the water layer is small, since 1.5 km/sec is a good estimate of the water
velocity. The estimate for VZB (5.0 km/sec) is the average velocity from
the surface to the reterence plane using Shor's CK8 profile. 2,3

All arrivals from Phases I, 1I, and III were prcocessed through
the correction program and then plotted. Separate plots were made by phase
number (I, II, or III), arrival time (first or seconéary), and shot location
(north or south of the stations). Plots of the raw traveltimes are presented

in Figures II-7 through II-16.

1-15 science services division
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After examining the plots and running line fits on the data (one
ghot to all stations and all shots to one station), first arrivals were separated
into two groups (Pn and Pg) con the basis of apparent velocity. First arrivals
from shots E7 and E8 into Sl, S2, and S40 (Figure II-9) and from shots E24,
E?5, and E26 into S23, S25, and S40 (Figure II-15) did not penetrate the
mantle and were placed in the Pg group. Average velocity of these Pg ar-
rivals was 6.3 kim/sec. The majority of the first arrivals were refractions
from the Moho, giving an average velocity of about 8 km/sec; hence, any in-
formation on the upper refractors necessarily must come from secondary

arrivals.

Figures 11-14 and II-16 show the secondary arrivals picked
from individual recordings of Phase III. Each point represents a change in
character (amplitude or frequency) observed on any one ol the three com-

ponents. Many of the arrivals were undoubtedly due to additional bounces in

the water layer at the shot and/or receiver. Waveforms could not be visually
correlated across the profile with confidence, precluding the determination
of which points represented arrivals from the same refractor. The large
number of picks shown indicates, in part, the structural complexity in the

area (i.e., the deviation from plane homogene~us layering).

For Phase I, the picks were limited (Figures II-8 and 1I-10)
to the first 10 or 15 sec after the initial P-phase and to a later arrival which

showed a large change in amplitude.

Only the secondary arrivals which showed definite lineups were
considered in the present study. Figure II-8 shows one such set of points.
(A 4. 6-km/sec velocity line was placed on the figure to show which points are

under discussion.) Line fits to these points give a propagation velocity of

1I-16 science services division
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<5 about 4.6 km/sec. For a mantle P-wave velocity of 8.( km/sec, the equiva-
lent S-wave velocity (taking 0.25 as Poisson's ratio) is 4. 62; those secordary
arrivals were placed in the S group. A few secondary lineups were observed
for Phases I and 1II (Figures 1I-8 and 1I-14) which showed Pn velocity. These

L were interpreted as a Pn refraction with one or rnore additional bounces in

the water layer. Since these arrivals would add nothing to the crustal model

computation, they were discarded.
2, First Iteration

After separating the arrivals into Pn, Pg, and S groups, the
data were recycled through the correction program using the measured re-
fractor velocities. The reference-plane elevation was raised to -3.5 km for
the Pg arrivals, since the station-shot pairs which recorded Pg had a maxi-

mum water depth of 3.52 km.
Correction parameters for the three groups follow.

Vi Voa Von Y RP DP VRED
(km/sec) (km/sec) (km/sec) (km/sec) (km) (km) (km/sec)
Pn arrivals 1.5 2.1 5.0 8.0 -4.5 =3,0 8.0
Pg arrivals 1.5 2.1 5.0 6.3 -3.5 -3.0 8.0

S arrivals 1.5 1.5 2.9 4.6 -4.,. =3.0 5.0

ARG B

il

) CalComp plots ot the raw times and corrected times were made
and are presented in Figures II-17 through 1I-36. A comparison of the raw

and corrected traveltime plots show the largest effect of the reference-plane

o
N

correction was to lower the points by 2 to 4 sec. In addition, the standard

T

deviation of a related set of points would be reduced. A list of line {its to

raw and corrected times for six sets of points follows,

I-17 science services division




Standard Deviation

Raw Corrected
Points Used _(ka __(km)

E34 to S9, S8, S7, S6, S5, S2, S1, S40 4,44 5.63
E7 to S5, S6, S7, S8, S9, S10 1. 02 3.02
E24 to S28, S30, S31 1,83 1.13
E15 to S30, S28, S25, S23 2.50 2.33
E2, E3, E4, E5, E6, E30, E31, E32, 4,60 4,44

E33 to S10
El6é, E17, E18, E19, E20, E21, E22 0.58 0. 56

to S31

The last four show that the standard deviation was reduced; however, the
first two show an increase. The explanation for the increase is not certain;
an incorrect (too low) subwater velocity might have been used or the struc-
ture comud be complicated at depth. (That is, the traveltimes for the water
leg to each station tend to compensate for the Moho structure, giving a
""straight-line' appearance to the raw data.) It should be pointed out that the
corrections applied reduced the largest variation, which was due to the ex-

treme water-depth changes under this profile.

Line fits were run to determine apparent velocities, and a pre-
[ § liminary caleulation of the model was made using the Pn arrivals and as-
suming an average velocity of 6.5 km/sec from the reference plane to the re-
| fractor. The refractor velocities were determined using the reverse profiles
; _ of Phases I and III. An inspection of the model allowed determination of the
critical distance for the Pn refractions. First arrivals from E34 to S10 and
E15 to S31 cannot be Pn refractions because the station-to-shot separation

is much less than the critical distance. These points were removed and the

line fits recomputed, giving an average Pn-refractor velocity of 8,05 km/sec,

which was used in the next iteration.

1I-18 science services division

pre

L -~

st

AL L

s

b bbb 1 U L e




-

Pg arrivals from Phase-IlI-south shots are shown in Figure
II-28 (with velocity lines for reference). Although the station on Amchitka
(540) was not on the line of the profile, it was included in the analysis be-
cause the three additional arrivals increased the sampling for the Pg refrac-
tor (from five to eight traveltime observations). Assuming an average veloc-
ity of 5.5 km/sec from reference plane to refractor, depths and true velocities
were determined for the Pg arrivals, The average resolved velocity was

6.2 km/sec, which was used in the next iteration. Shots E26 and E25 were
corrected to the reference plane previously using the low subwater correction
velocity (2.1 km/sec). However, the 6.2-km/sec refractor in the vicinity of
E26 and E25 is only 3.5 to 5. ° km deep, indicating that these shots are over
the Aleutian Ridge and should be corrected using the high subwater correction
velocity (5.0 km/sec). Thereifore, the dccision plane was lowered from -3.0

km to -3.524 km.

Arrivals from E7 to Sl and S2 and Sl to E7 and E8 gave an
average velocity of 5.1 km/sec, indicating they did rot penetrate the 6.2-km/
sec refractor. This can be seen in Figure II-26 by comparing the apparent
velocities with the two reference lines (5.0 km/sec and 6.0 km/sec). These

arrivals were analyzed separavely as shall- v Pg arrivals.
3. Second Iteration

Using velocity measurements from the first iteration, the data
were recycled through the correction program again using the following cor-

rection parameters:

Vi Vaa Vap Ya. RP DP  VRED
(km/sec) (km/sec) (km/sec) (km/sec) (km) (km) (km/sec)
Pn arrivals 1.5 2.1 5.0 8.05 -4.5 -3.524 8.0
Pg arrivals 1.5 2.1 5.0 6.2 -3.5 -3.524 8.0
Shallow Pg 1.5 2,1 3.5 5.1 0.0 -0.1 8.0
arrivals
S arrivals 105 105 2.9 4-6 '4'6 -3l 524 5.0
1-19 science services division
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CalComp plots were made, the corrected traveltimes and re-

duced traveltimes are shown in Figures II-37 through I1-58.

It is interesting to note the pattern presented by the points
representing all shots iato one station (or one shot into all stations). For
constant-velocity plane dipping layers, the pattern is simply a straight line.
Points which deviate from this pattern are indicative of a lateral crustal
velocity change or a crustal thickening beneath the point. In either case, the

pattern is indicative of structural complexity along the profile.

If the same refractor is penetrated, the pattern from all shots
into one station is the same as all shots into another station. An inspection
of this pattern allows determination of the arrival-time picks which are un-
reliable (due to high noise background or weak signal strength), The similar
patterns given by all shots into S10 (Figure 1I-38) and S7 indicate reliability
of these arrival-time picks. As noted earlier and as indicated by the pattern
differences between the first and second points, the first arrival from E34 to
S10 cannot be a Pn refraction, since the separation was much less than the
critical distance. The pattern shown by station S2 indicates that the last

point was an unreliable pick and does not represent the true traveltime.

Figure II-40 shows the pattern of shots E7 and E8 into all
stations. The similarity indicates the reliability of the picks, and the time
offset (about 1.5 sec) between the two patterns is indicative of a large crustal
thickness change (or crustal velocity change) from E7 to E8, This is not too
surprising since the ray paths from E7 and E8 into the Phase-1 instruments

probably are penetrating the most complex part of the Aleutian Ridge struc-
ture (the root).

Figurc II-42 shows the pattern of all shots into S$31, S30, S28,
S23, and S40 (Amchitka). S31 recorded all shots well; the first point (E15 to

S31) did not penetrate the Pn refractor. Picks from S30 show some scatter.

1I-20
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The instrument was tilted, and only the pressure channel (which was noisy)
could be used for picking first arrivals. The increasing time offset between
the patterns indicates the increasing crustal thickness under the Petrel Bank
toward Amchitka. S28 recorded all shots, and tl.ie pattern agrees well with
S31. The two shots recorded by S27 appear much too early, indicating the
unreliability of those picks., S25 also recorded only two shots; however,
these appear to be good, and the time offset corresponds well with the other
stations. S23 recorded all eight shots, but some scatier is shown due to the
low signal-to-noise ratio. The three arrivals at S40 (Amchitka) must be con-
sidered unreliable because the pattern shows no resemblance to the others.
The nearly straight-line pattern shown by S31 and S28 is indicative of the

structural uniformity under the shots in this part of the Aleutian Basin.
4. The Model

Model computation assumes plane constaxut-velocity dipping
layers. Reverse profile solutions are obtained using the me*hods of Stein-
hart and Meyer.6 The shot and receiver lines (Phases I and III) were de-
signed to divide the structure across the Aleutian Ridge into four segments,
each of which could be approximated by a plane dipping layer. If the layer
actually changes dip within the reversed profile (i.e., does not precisely
fulfill the plane layer assumption), the best approximation will be obtained

by using the closest shots available on either end into the line of receivers.

Line fits were run on the second-iteration output. For Phasz I,
depths and refractor velocity were computed using the reverse coverage from
the closest shots, E34 on the south and E7 on the north. The average crustal
velocity was taken to be 6, 8 km/sec. The line fit for E34 to S9, S8, S7, S6,S5,
S2, Sl, and S40 yielded a slope of 0.1299, a velocity of 7. 70 km/sec, and an in-
tercept of 2. 54 sec. The line fit for E7 to S5, S6, S7, S8, S9, and S10 yielded

a slope of 0. 1186, a velocity of 8.43 km/sec, and an intercept of 5. 16 sec.
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Results are shown in Figure I-5, with the areas of single and reverse cov-
erage indicated. Dip of the layer iz 4.1°, and the refractor velocity is

8.03 km/sec. The line fits and points used are shown in Figure II-59.

Apparent velocity and intercept time for the Phase-I shots
were measured by fitting the southern shots to the closest receiver, i.e.,
E2, E3, E4, E5, E6, E30, E31, E32, and E33 to S10, yielding a slope of
0.1216, a velocity of 8.23 km/sec, and an intercept of 2.29 sec. Figure II-60
shows the line fit and points used. Dip and depth under the shots were com-
puted by assuming that the refractor velocity (8.03 km/sec) derived from the
reverse coverage of Phase I remains constant and applies to the area under
the shots. The result is shown in Figure I-5. Dip of the layer is 2. 1°, and
the computed depth at E33 is 11.9 km (below sea level) which compares rea-

sonably well with Moho depth in 2 normal oceanic section.

Next, depthe and refractor velocity were computed using the
reverse coverage froin the closest shots, E15 on the north and E21 on the
south, into the stations of Phase III. The line fit for E15 to S30, S28, S25,
and S23 yielded a slope of 0.1366, a velocity of 7.32 km/sec, and an inter-
cept of 3.24 sec. The line fit for E24 to S23, S30, and S31 yielded a slope
of 0. 1058, a velocity of 9.45 km/sec, and an intercept of 8. 98 sec. This
result ir shown in Figure I-5. Dip of the layer is computed to be 11.2°,
and the refractor velocity is 8,09 km/sec. The line fits and points used are

shown in Figure II-61.

The method of determining dip, depths, and refractor velocity
from a reverse profile uses the apparent up-dip velocity and intercept time
and the apparent down-dip velocity and intercept time. Explicit knowledge of
the actual distance between the two shots from which the arrival times were
obtained is not required because the method assumes plane dipping constant-

velocity layers across the profile.
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For a single layer over a half-space, the reverse-profile

solution can be obtained from the equations shown in Figure 1I-62. Note

that the horizontal distance (R) between the pair of shuts is not used to cal-
culate dip, depths, and velocity. However, to provide quick verification of the
solution, this distance is input to the program which computes the reverse-
profile solution (dip, depths, and velocity) and subsequently determines
another dip angle (dipcomp) using the two computed depths ard the distance,

ic [~

h -h
: ou od
dipcomp = arc tan R

The dip and dipcomp angles should agree within experimental mecasurement.

Good agreement was obtained for the Phase-I reverse profile,
where the solution dip was 4. 17° and the dipcomp was 4.13°. For the Phase-
III reverse profile, the solution dip was 11. 2° and the dipcomp 7. 9°, giving

o . .
a 3.3 inconsistency.

The indicated traveltime from E24 to E15 is 2.5 sec less than
the traveltime from E15 to E24 (Figure II-61). This does not imply an error
in the data because there was no recording station located at either E24 or
E15 and the 2.5-sec mistie was determined by simply projecting the line fits
past the last recording station to intersect the ¢ -mputed shot distance. E15
is 38 km north of the northernmost station (S31) which recorded E24, and E24
is 59 km south of the southernmost station (S23, which recorded E15. Station
S27 recorded first arrivals from shots E24 to the south and E15 and E16 to
the north only, and they appeared to be 1 to 2 sec early. Since th. ‘init reset
time was questionable (the WWV signal was very noisy and the secondary
timing signal was not recorded), these arrivals were not used in the analysis.

It should be noted, however, that a mistie was present even with the use of

S27 data.
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sonably fitted to the data, indicating that plane laye» approximation across

Lines that .u4lfill the reciprocity requirements cannot be rea-

this segment is an oversimplification. No attempt is made here to quanti-

tatively explain the raistie, but cestain contributory effects may be suggested.
First, a lateral change in crustal velocity between the shot and receiver could
occ 1r; second, an upward warping of the refractor to the south of S25 would
decrease the path length in the crust from E24 to the refractor; third, the
traveltime plots (Figure 1I-61) indicate that a curved line {(concave dov.nward)
or a series of straight lines could be fitted to the observed points. This im-
plies that the refracted events are propagating through some zone of increasing
velocity at depth or that the refractor interface nas curvature. The total anom-
aly probatly is due tc a combination of these effects, and the complexity of

the crust anG crust-mantle interface is indicated.

Due to the limitced number of observations, reverse coverage
w. s nbtained over a relatively small portion of the refractor. Unfortunately,
two of the units in the Phase-IIl drop were not recovered; data could not be
used {rom another because of a faulty tape drive; and several did not record
all exglosinons due to the higher-than-normal noise level associated with the
instruments iocated along Fetrel Bank. Lack of additicnal data from Phase
Il precludes a gnod estimate of the model under the Petrel Bank, and the

mod: ! shown under Phase-III stations (Figure 1-5' is questionable.

Anparent velocity and intercept time under the Phase-III shots
were measured by taking the northern shots into the closesi receiver (S31).
The line fil for S3) to Eio, K17, E18, E19, E20, E21, and £22 yielded a
slope of 0.1160, a velocity c¥ 8.62 km/sec, and an intercept of 4. 24 sec.
Line fit and points used are shown in Figure 1I-63. Dip and depth unde~ the

shots were computed by assuming a true refractor velocity of 8.09 km/sec.

As shown in Figure 1-5, dip of the layer is 5.1°, and the computed depth at
E22 is 15.3 km (below sea level). Shor's L3-110 (about 40 km northeast of
E22) gave a depth of 16.4 km and a velocity of 8.08 km/sec fo. the Mcho re-

fractor. !
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3

and S40 were used to determine depths and refractor velocities of the Pg ar-

Data from the southern shots of Phase lll recorded at S23, S25,

4
AT

rivale. The reference plane was set at -3.5 km to place it above the re-
fractor. f‘.verage velocity to the refractor was assumed to be 5.5 km/sec.

The following line fits were obtained:

e S23 to E24, E25, and E26 — slope = 0.1567,
velocity = 6.38 km/sec, intercept = 1. 80 sec

®

e 540 to E24, E25, and E26 — slope = 0.1518,
velocity = 6.58 km/sec, intercept = 1.43 sec

E25 to 5S40, S23, and Si5 — slope = 0.1686,
velocity = 5.93 km/sec, intercept = 0.63 sec
e E206 to S40, S23, and S25 — slope = 0. 1698,
velocity = 5. 88 km/sec, intercept = 0.01 sec

Resolving all pairs of line fits which gave reverses, the fol-

lowing velocities and dips were obtained:

¢
.

e 523 and EZ — refractor veiocity = 6. 13 km/sec,
dip = 4.23°

® S23 and E26 — refractor velocity = 6. 10 kim/sec,
dip = 4.79°

e 5S40 and E25 — refractor velocity = 6,21 km/sec,
dip = 5. 68°

b T e At et B sttt B R O e SR ot T OO L0 Ll
[ ]

e 5S40 and E26 — refractor velocity = 6, 18 kim/sec,
dip = 6.23°

Results are shown in Figure I-5 as one average line.

The reference plane for the shallow Pg arrivals was set at sea
level, and an average crustal velocity to the refractor was taken s 3.8 km/
sec. It should be noted that one traveltime (E7 to S1) is common to both ap-

parent-v:locity ceterminations and only three points are actually involved.

11-25 science sorvices division
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However, in the interest of analyzing the data, a depth and velocity were com- %

puted using E7 and E8 recorded at Sl,and E7 recorded at S1 and S2. The ap-
parent velocities were 4.83 km/sec and 4.96 km/sec, respectively., Resolv-
ing the two apparent velocities gave a refractor velocity of 4. 90 km/sec, with

a dip of 0.92° fo. the refracting layer.

Velocity measurements were made for P- and S-wave arrivals

recorded during Phase II. The maximum number of points for any one line
fit was three, and in several cases only two points were available. Velocity,

intercept time, and slope for each of the line fits are given in Table 1I-6.

Shots E12, E13, and E14 were recorded by stations S16, Sl15,
S14, and Sl1 to the south and by S37 (St. Paul Island) to the nirth. The line
fits for the three shots recorded by the southern stations show some variation
in apparent velocity {from 7. 78 km/sec to 7.99 km/sec), which is almost
certainly due to the small number of samples (three) in each line fit. The

aa average apparent velocity is 7. 90 km/- -, which is the apparent velocity

underneath the shois in the E14-to-E12 direction. Apparent velocity from
the three shots to S37 is 8.07 km/sec undernea‘h the shots in the E12 to E14
direction. This indicates that the Moho under the shots iz dipping slightly
northward and the true refractor velocity is 7. 99 km/sec. Irtercept times

for each of the line fits indicate crustal thickening from the Aleutii.: Basin

into Amchitka.

The water depth at E1z was 0. 95 km, while E13 and E14 had

AR LM A

water depths of 3.2 km and 3.6 km, respectively. Shots E12 and E13 were

Ty

> on the Continental Slope, where the water depth was increasing rapidly into
the Aleutian Basin. The high subwater correction velocity was used in cor-
recting these shots to the reference plane, while shot 14 was corrected
using the low subwater correction velocity. If either of the correction veloc-

ities were slightly in error, the observed intercept times would be in evrror.

1I-27 science services division
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However, the resolved true velocity still would be very close to the actual

e ey rrrssecapsamns

true velocity for small dip angles, since the effect would be, essentially, to
increase the apparent velocity for one direction while decreasing the apparent

velocity a corresponding amount for the opposite direction.

Only two line fits could be made using S-wave arrivals: those
for the three northern shots recorded at S37 and shot E13 recorded by S14
and S15. Apparent velocities determined were 4. 54 km/sec and 4. 98 km/sec,
respectively., The 4. 98-km/sec velocity is higher than normal and probably

results from the inability to pick the S-wave onset exactly.

The three line fits for the Pacific shots show large variations,

probably due to the emergent nature of the signals. Line fits for Phase Il are

based on three points at most, and the signals are generally weaker than those
for Phases 1 and Il becausc large distances are involved. Resulting velocity
and intercept measurements could change considerably ii one pick in the line
fit were erroneous. With this in mind, some general remarks can be made
by comparing Figure 11-52 (Aleutian Basin shots) with Figure II-54 (Pacific
shots). Reduction velocity is 8 km/sec in both figures. Reduced traveltimes
for the shot-receiver pairs in tle Aleutian Basin range from 2 to 8 sec,

whereas those for the Pacific shots range from -1 to +4 sec. This implies

that the Aleutian Basin has a thicker and lower-velocity crust than the Pacific,
which is in agreement with other observations. One station (S11) on the

- Petrel Bank recorded sh.ts from both the Aleutian Basin aud Pacific. Re-
duced traveltimes to this station were greater than those of any other station
(from each set of shots), indicating that the largest crustal thickness along

that profile was in the vicinity of Sl1.
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during Phase I. Apparent velocities ranged from 4.48 km/sec to 4. 70 km/

Four line fits were made for the secondary arriva’- recorded

sec with an average of 4. 64 km/sec, indicating that these observed arrivals

are Moho S-refractions. Apparent velocities, slopes, and intercepts are

]

given in Table II-7. Due to the inability to pick the exact onset or the same

point on the waveform between stations, the apparent velocities and intercepts
’ given are not precise enough to determine the point at which the P-to-S con-

version occurred.

Table II-7
LINE FITS — PHASE I, S-WAVE
Velocity
Stations Explosions (km/sec){ Slope Intercept

1 Sé, S7, S8 | E34 4.69 | 0.2129 6.465

S9 ES, E6, E30, E31, E32 4.48 0.2231 4.571

5S40 El, E4, E5, E6, E30, E31 4.69 0.2128 5.393

s1, S2, S5, | E30 4.70 0.2124 6.701

S6, S9, S40
[
®
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critical angle defined by 8in 0 = vl/VZ

apparent velocity in the A-to-B direction for waves
traveling in layer 2

apparent velocity in the B-to-A direction for waves
traveling in layer 2

zero-distance intercept time at A
zero-distance intercept time at B
dip of the interface in degrees
vertical depth to the interface at A

vertical depth to the interface at B

Figure II-62. Equations for Solving Reverse Profile
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SECTION III
CHARGE-DEPTH DETERMINATION

Thirty-five 5.35-ton charges detonated during this experi-
ment provided the energy source for the crustal study. Results of an inves-
tigation into charge-depth determination by hydroacoustic data analysis are
presented in this section. Methods employed iu preparing and dctonating the

charges and in collecting and analyzing the hydroacoustic data also are pre-

sented.
A, OPERATION PROCEDURES

A total of 187 tons of explosive, prepackaged in 5.35-ton charges
(Figure III-1), was used for this program. Each charge package was approxi-
mately 6 ft in each dimension and contained 213 cans (50 1b each) of Nitramon
WW-EL explosive compound. Twenty charge packages were stored on the
afterdeck of the M/V VIRGO and were moved into launch position on the A-
frame assembly with the 17-ton crane. They were secured in this position
by chains connected to padeyes on the deck while launch and detonation prep-

arations were made. Table III-1 gives descriptions of the equipment and ex-

plosives used.

The charge-flotation assembly a“tached to the top of each

charge consisted of the following items:
e Box buoy
e Charge-support line
e Line buoys

e Charge harness

L
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Table I11-1

EQUIPMENT AND EXPLOSIVES

Box buoy

Charge-support line

Line buoys

Charge harness

Main charge

Primers
Boosters
Caps

Firing line

Blaster

A-frame

Wooden container measuring 8 x 4 x 4 ft, rein-
forced with steel rods and containing styrofoam
blocks; used to support the charge in the water
before detonation

1-1/2 in. nylon line connected between the box
buoy and the charg: harness

Three styrofoam blocks (10 x 20 x 36 in.) at-
tach d to the charge-support linc at approxi-
mately 150-ft intervals to help slow the charge
descent after launch

I-in. nylon line attached to the four corners of
the charge cage and the charge-support line

5. 25-ton explosive consisting of 213 _0-1b and
three 10-1b cans of Nitramon WW-EL oxidizing
compound prepackaged in metal containers
measuring 6 x 6 x 6 ft

Three EL 637 primers (7 1b)
Three 1-1b water works boosters
Three SSS electric blasting caps

6000 ft of 18 tc-WPR telephone wire wound on
firing-line reel mounted on the rear of the
ship's stack

Model SCD-2000 BA-SIE electrical blaster

Launch platform constructed of 4-in. pipe in an
"A'" shape, with measurements of 6 it across
the top and arm and 8 ft along the twor legs and
with bottom of the A-frame attached .n swivels
to the deck of the ship's stern. The charge is
placed on the A-frame and is launched by
raising the top of the A-frame with the crane

“

s

i
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i
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phone (Figure III-2) was secured to the charge-support line just below the

Prior to charge launching, a Geo Space Type MP-8 hydro-

box buoy and the box buoy launched using the crane. Then the ship moved
ahead slowly until the box buoy, charge-support line, and hydrophone cable

were floating just aft of the ship.

All radar and transmitting equipment were secured after
making a radar sweep to determine whether any ships were in the area. The

shooter and safety engineer then removed the necessary primers, boosters, A

and caps from the explosive magazine.

The blasting caps were placed in a lead-lined safety box,
checked for continuity, and connected to the firing line. The charge was

armed by placing the primers, boosters, and caps in the top layer of explo -

sives.

Tie-down chains were removed and the chaige launched by

tilting the A-frame. As firing line and hydrophone cable were reeled out,

the ship movad ahead until it was approximately 3/4 mi from the box buoy

{¥Figure II1-3). After ancther radar scan was made to insure that no ships were
. the area, the hydroacoustic data-recording system (Figure 11I-4) was acti-

vated. Then, coincident with a WWYV time signal, the charge was detonated

by means of a BA-SIE Model SCD-2000 electrical blaster.

After detonation, the firing line was reeled in and all equip-
ment secured on the afterdeck. The box buoy and charge-support line then B

were retrieved and the charge support line remeasured.

B. HYDROACOUSTIC DATA COLLECTICN AND ANALYSIS

e R B34 52 AT T YT YOO T RO AR e e

Approximately 5 sec prior to detonation of a charge, each of
the two hydroacoustic data-recording units was activated. One unit consisted
of a Minneapolis-Honeywell galvoamplifier and Model 906 Visicorder (12-

channel paper recorder); the other unit was an Ampex Corporation Model 300

frequency-modulated tape recorder. A schematic diagram of the recording

system is shown in Figure 111-4.
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The Visicorder was used to record the WWYV time signal, the
detonation pulse f ‘om the blaster, and, when available, the voltage outputs
of the buoy hydrophone and a hydrophone at the stern of the ship. The Ampex
tape recorder recorded not only the preceding data but also the signal from
a Geotech Model 5400-A timing system and, when available, the voltage out-
put of a hydrophone at the bow of the ship. The data recorded by the tape
recorder was found to be unusable as a result of crossfeed in the lead-in
cable and in the recording circuitry; therefore, the records from the Visi-
corder werc used for all data analysis. Information concerning hydroacoustic
data recorded by each system for each detonation and reasons for failure to

record data are given in Table Ifi-2,

All of the time measurements are dependent on the accurate
determination of the paper recssder speed (Table 1II-3). Recording speeds

are derived using careful measurement of the WWV time-signal intervals on

each record. After the paper record speed is known, to convert distance
measurements to accurate time increments, accurate distance measure -

ments on the Visicorder paper recori are necessary. To help set reliability

limits on analysis results, the timing accuracy of each event was graded

(Table III-3) according to the following code:

e Excellent (E): 1 x 10”3 sec timing capability

— Record-speed setting of 25 in. /sec
— Good clarity of data traces
— Strong, consistent time signal

e Good (G): 1 x 1072 gec timing capability

— Record-speed setting of 25 in. /sec or 5 in. /sec
— Intermittent and/or fading time signal

— Poor clarity of data traces

— Combination of any of the above
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S L e Fair (F): 1x 101 sec timing capability
i? — Record-speed setting of 25 in. /sec or 5 in. /sec
— Weak or unreadable time signal
— Absence of a data trace
— Questionable interpretation of a data trace
: — Combination of any of the above
= -»
: e Poor \P): 5x 10~ sec timing capability
E
— No recording; detonation-time determination
E by stop watch
% — No time signal
- — No blaster-detonation pulse
E
§ Charge depths were determined primarily through application
g of the Wiliis formula, which expresses a functional relationship between the
% depth of detonation, weight of explosive charge, and period of oscillation of
£ the gas bubble formed by the explosion products:4
Py 1/3
. o 576 BB
(d + 33)
§ Solving for d,
: G 6/5 . 2/5
7 4= f— -3 (3-1a)
T
; * Here, K is a thermodynamic constant characteristic of a specific explosive
[ (K = 4. 94 for Nitramon WW-EL7), W is the weight of the explosive charge
| £ in pounds, d is the charge depth in feet, and T is the bubble period in seconds.
E: A\
The bubble period is measured from the arrival of the detonation shock wave
: to the arrival of the pressure pulse which occurs when the gas bubble first
‘ reaches a minimum radius (Figure IlI-5). For depth computation, Equation
3-la was used in the following form:
"‘} d = antilog (l.21log K+ 0.41log W - 1.210og T) - 33 (3-1b)
-
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Results of these computations are listed in Table III-3. Col-

umns under BPS and BPB represent bubble periods nieasured from the ship-

ana buoy-hydrophone recordings, respectively.

Another means of determining the charge depths from the re-
ccorded data is the measurement cof the traveltime (tl) of the shock wave be-
tween the charge and the buoy and conversion to distance (Table III-3, where
d is velocity times tl) using an appropriate value for the shock-wave velocity.
The velocity of shock-wave propagation is larger than the velocity of scund
but approaches that value as the shock wave travels away from the point of
detonation. The principle of similarity and fata for TNT taken from Cole4
can be used to get 2n idea of the order of maguitude of the difference in the
distance traveled by a sound wave and the explosion shock wave in the same
time. The factor k needed in application of the similarity principle is the
cube root of the ratio of the charge weights and is equal to 3.29 for scaling
from 300 1b to 10,700 1b. Cole shows that for a 300-1b charge, the shock
wave travels 50 ft in the same time that a sound wave travels 47 ft. There-
fore, for a 10,700-1b charge, the shock wave travels 165 ¢t in the same time
that the sound wave travels 154 ft; this difference (11 ft) increases slightly
for greater distances of travel. These calculations indicate, therefore, that
the effective shock-wave velocity is at least 1.8 percent greater than the

velocity of sound for a distance of 600 ft:

shock velocity 611/t
sound velocity 600/t

1.018

Published values of sound velocity from measurements taken
near the area of this experiment indicate that the average sound velocity for
the first 600 ft of depth is approximately 4810 ft/sec.® Therefore, a value

of 4900 ft/sec was used in the traveltime-to-distance conversions for the

sclience services division
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é
5.35-ton charges. Table I1I-4 shows results from this method of depth de-

terminz.cion compared with results from the bubble-period computations for

all detonations in which a buoy-hydrophone recording was available.

It was assumed that the 5.35-ton charges always remain sus-
pended directly below the buoy and that both the shock wave and the gas bub-
ble originate at the center of the charge. A 4-ft correction factor was added
to the traveltime distances to correct for the buoy-hydrophone depth of sub-
mersion. The average error between the two depth figures is 19 ft, with the

bubble-pulse depth being greater in each case.

Table 111-4

COMPARISON OF BUBBLE-PERICD AND
TRAVELTIME DEYTHS FOR 5.35-TON CHARGES

Hydrophone | Bubble-Period | Traveitime Timing

Event |Record Used Depth Depth* Difference Reliabilil:y””°<
E2 Ship 610 593 17 G

E3 Ship 616 609 7 E

E5 Ship 618 589 29 E

ES8 Buoy 611 583 28 G

E9 Ship 636 609 27 G

El2 Buoy 650 634 16 E

E24 Buoy 692 647 45 F

E25 Ship 662 651 11 G

E26 Ship 666 652 14 G

E30 Ship 604 599 5 G

E33 Ship 612 596 16 F

E34 Buoy 1047 1027 20 G

E35 Ship 273 256 17 E

4-ft correction factor added

3k
See text for explanation of code

I11-16
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% In addition to the 5.35-ton charges, eleven 3.2-1b charges
were detonated to test the validity of using travsltime information along with
array geometry rather than charge-to-buoy traveltimes alone to determine
more accurate charge depths. The array geometry used is shown in Fig-

ure I11-6.

Ewr i

Figure III-6. 3.2-1b Charge Array Geometry
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The charge depth was computed using the trigonometric for-

mula derived below; the symn:>ols are defined in Figure III-6.
W= 1% - p (3-2)

h + (D - p)% = M?

L2+ D? . M2
) 2D
d . ,_h
D-smH-M
1/2
D D (,2 2
d’(ﬁ)“’ﬁ(L'P)

1/2
d_g Lz_ L2+D2-M2)2
Y 2D

The distances D and L were obtained using sound-wave traveltimes from the

charge to the ship hydrophone and to the buoy hydrophone, respectively.
Since the charges were very smail, the sound veiocity of 4810 ft/sec was
used in these computations. The distance M was determined by measuring

the line length from the ship to the buoy.

As is apparent from Table III-5, agreement between the trig-
onometric calculations and the bubble-period calculations is rather poor.
The following are some facteors which may have contributed to the divergence

between the two depth figures.

e Incompletely determined array geometry —
The assumed array is limited to two dimen-
sions (a vertical plane); for exact comparison
with bubble-period calculations, a 3-dimen-
sional array geometry and knowledge of its
parameters are required.

o Insufficient accuracy in traveltime measure-
ments — The nature of the trigonometric cal-
culations requires a very precise determination
of the distances L, D, ai M and, therefore, a
very precise determination of shock-wave travel-
times.

1II-18 sclence services division
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e Inaccuracy in the assumed K factor — The det-
onator material {the K factor which is unknown)
conceivably could alter the effective K 1actor of
the explosive package, considering the small
overall weight of the charges. The K factor ror
Nitramon WW-EL was used in the calculations,

Using the bubble-pulsc 2nd traveltime depths computed for the
5.35-ton detonationz, a study of the charge-support-line stretch was made.
Prior to each charge-launching sequence, the charge-support line was mea-
suredtoan accuracy of+2 ft. A line-stretch factor was calculated for each
available bubble-pulse depth and for each traveltime depth. Initial iine lengths
and calculated stretch factors are listed in Table III-3. Percent stretch factor
(SF) was defined as
sF = (2=2=2) « 100 (3-3)
where d is the charge depth and R is the unstretched line length. The charge
depth is decreased 4 ft in the stretch-factor calculations because the charge-

support line is attached ‘o the buoy at a point approximately 4 ft below the

surface.

The average stretch factor from all measurements was 22
percent, Effective weight of ithe charge in water is less than 2000 lb; for
such a force, a line-stretch factor on the order of 5 percent is estimated
by the ma.rmfa.ct\u'er.5 However, the 22-percent figures is considered valid
since both traveltime and bubble-period measurements yielded substantially
the same figure, with significant variations being encountered only at the
shallowest depths. A constant stretch factor is not to be expected because
a nylon line's degree of st'~*~' is dependent not onlv upon the stret.hing
force but also upon the frequency of use and time interval between stresses.
The average stretch factur was used in computing the charge depth when no

hydroacoustic data were available.
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computed from shock-wave traveltimes. Since this distance is large com-

Charge-to-ship distance (D in Figure III-3 and Table 11I-3) was

pared to the charge dcpth and since the direction of bubble migration is nearly
at right angles to the path of sound travel, there should be no significant ef-
fect on the bubble-period measurement from the ship-hydrophone record due
to vertical migration of the bubble. However, the bubble-period measure-
ments at the buoy are affacted by the bubble migration. The upward migration
tends to make BPB smaller than BPS (Table 1II-3), as observed in six of the
seven instances in which bubble-period comparisons were available. There-
fore, bubble-period measurements made by means of the ship-hydrophone

record should be congsidered more accurate than those made from the buoy-

hydrophone record.

By taking the differential of Equation 3-la and substituting
typical values of K, W, and T, the effects of errors in these quantities may

be examined. The differential of Equation 3-1a is

<. 5 6/5
6w\ 1/5 2 (K -3/5 . 6 (.6/5,2/5) -11/5
L1ng (——T6/5>K BK + 5(—T6/5>w AW - 2 (x w )T AT (3-4)

Using K = 4.94, W = 10,700, and T = 0.492 (for which d = 620 ft) yields

AMd = 159 AK + (0.0245) AW - 1600 AT (3-5)

Equation 3-5 shows that the accuracy of the K factor used is critical, since
a 2-perccnt change in the K factor (e.g., from 4. 94 to 4. 84) results ina
16-ft change in d at 620 ft. Errors in the weight of explosive used are less
critical, since a 2-percent error in the charge weight (AW = 214 1b) changes
d only 5 ft at 620 ft. As mentioned earlier, timing is a critical factor. A
timing error of 5 msec (typical of the average record timing accuracy) in-

3 troduces a 16-ft depth errcr at 620 ft.
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The nreceding discussion does not include the inherent errors
in the use of Equation 3-1 which result from certain approximations made in
its derivation. One so:irce of error is the lack of compensation for surface
effects.4 Such effects are probably the cause of the lavrger variations in depths

computed by different methods for events E35 and E36,

Considering these factors, the charge depths calculated by
bubble ' eriods recorded at the ship's hydrophone are regarded as being ac-
curate to % 25 ft of the value stated except for events E55 and E36. The bub-
ble-pulse depth accuracy for tnese two events is estimated to be + 50 ft. As
a result of the effect of bubble migration on the bubble-period measurements
mace from the buoy hydrophone, these depths are estimated to be accurate

only to £ 35 ft.

The errors in depth associated with the traveltime data can

be estimated in a similar manner. Here,
M s~ V At + tAV q

Using a tyrical timing error of 5 msec for At and 4900 ft/sec for V and neg-
lecting the contribution of a velocity error to the total error, Ad is found tc

be 25 ft.

The degree of variatior in the measured stretch factors indi-
cates that those depths determined solely from initial line length and average
percent of stretch are accurate to +4 percent of the value stated, or £25 ft &

at 620 ft.

In view of the previous statements, the following recommen-

dations are made for future operations.

e Timing accuracy of the Visicorder-recorded
data should be improved. This may be done
by using an additional accuraie timing source
to generate sharper timing marks at more fre-
quent intervals than those of the WWYV time

signal. D
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e The Ampex tape recorder should be replaced
by a suitable field tape reccrder; it should have
a self-contained power supply so that a ship's
power failure will not preclude the recording
of data. Provision for onboard playback of the
tape data should be included so that malfunctions
of the recording system can be discovered and
corrected in the field. ]

e 1lf a good ta;~ recorder is not available, the i
present light-sensitive Visicorder record paper
should be replaced by a type that can be fixed in
the field to prevent deterioration in the legibility
of the Visicorder rzcords.

e Hydrophone recurdings at the buoy should be
omitted except possibly for those shots whnere
depths are measured by the independent maans
described later.

e The stretch factor of the charge-support line
should be investigated under experimental con-
ditions which simulate as closely as pnssible
those of the field operations.

e The depths of several (5 to 10) charges should
be determined by an accurate unrelated means
for comparison with the depths calculated from
the hubble period. The depths could be mea-
sured by means of a calibrated pressure-sensi-
tive depth gauge attached to the charge and mon-
itored from the ship. Tec permit its reuse, the
depth gauge could be detached from the charge
prior to detonation by = timing device or similar
means.

T

The charge-depth data thus derived would permit an indepen-
dent determination of the K factor; also, if a different depth wer= used for

each such detonation, the depth at which surface phenomena cease to have an

effect could be determined.
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APPENDIX A

UNIT DROP AND RISE VELOCITIES

K
|

The purpose of this study was to determine the drop and rise

T
[}

velocities for the OBS units. Knowledge of the rise velocity is helpful to the
’- operations crew because it allows determination of the 2xpected surface time
of a unit during recovery operations. The field logs, fathometer charts,

; and recorded data were utilized to determine the depth and time data required.

Drop time was computed as the difference between the time
the unit hit bottom and its surface release. The bottom-arrival time was
determined from the pressure trace by observing the time when the pres-
st.e trace amplitude stabilized (Figure A-1). The surface release was
taken from field logs and verified by observing the recorded data; i.e.,
data rccorded on the pressure channel showed a frequency change when the

,,} unit first entered the water (Figure A-1).

The rise time was computed as the difference between the
surfacing time and the bottom-release time. Surfacing time was taken to
be the time that the first signal was received from the OBS radio transmitter.
Bottorn release was determinc . from the recorded data. The sonar signal
that releascd the OBS unit from its anchor also turned the tape recorder

off, marking the time of release (Figure A-1).

The average drop velocity (for 24 samples) was 5.7 + 0. 3 ft/
sec, and the average rise velocity (for 14 samples) was 4.1 + 0.3 ft/sec.
Unit drop and rise velocities are given in Table A-1. Fewer rise velocities
could be obtained because surfacing time was difficult to determine accurately;
true launch, bottom, and release times could be obtained fairly accurately
from data recorded by the unit. ThLe faster drop time is expected because

the downward force on the unit during drop was 150 to 200 1b, whereas the

3 upward (buoyant) force during rise was about 100 ib.
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Used in Computing Drop and Rise Velocities
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The variation in the velocity estimates appeared to be pri-

marily measurernent error, since there was as much variation for a given

unit as there was tetween units.

Estimates for the shallow units, of course,

were more affected by timing errors, s'uce the totai drop and rise times

were much smaller; but these timing ¢ .rors were about the same as for the

deep units.

Table A-1
UNIT DROP AND RISE VELOCITIES

Depth | Drop Velocity |Rise Velocity
Unit j Position | (ft) (ft/sec) (ft /sec) Remarks
1 S4 10,488 - 4,0 Recc:zer trouble
15 S7 23,082 5.9 4.0
15 Slé 12,000 5.4 4,0
15 525 606 5.9 - Resurface time doubtful
16 Jl1 1,920 5.9 4,0
18 S6 17,880 5.9 4,2
18 S18 18,108 5.3 - Resurface time doubtful
18 S26 204 5.0 - Resurface time doubtful
19 S2 4,656 6.3 - Resurface time doubtful
19 Sl9 4,320 5.9 - Resurface time doubtful
19 S27 216 4.9 4.7
20 S5 15,480 5.8 3.7
20 Sls 12,150 5.5 3.4
20 528 570 5.3 - Resurface time doubtful
21 Sl 1,122 6.2 4.7
21 Sl2 216 6.0 - Resurface time doubtfu:
21 S31 5,184 5.6 - Resurface time doubtful
22 S8 18,900 5.9 4.0
22 Sl4 12,180 5.6 3.8
22 S30 360 5.6 - Resurface time doubtful
24 S9 17,100 5.9 4.2
24 S17 16, 560 5.6 - Sonar-release time
doubtful
24 S23 2,772 6.0 - Resurface time doubtful
25 S10 16, 140 6.0 4,2
25 S21 17,040 5.5 4,2
Average 5.7 4,1
Standard deviation 0.3 0.3
A-3/4 science services division
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APPENDIX B
PRELIMINARY BULLETIN

This appendix presents the preliminary bulletin produced
from the data recorded by the Ocean-Bottom Seismographs during.the 1967
Aleutian Islands Experiment. The data include arrival times, phase types,
phase periods, ground displacement, epicenter-to-station distances, and
azimuth. Events were hand-associated for the explosions detonated during
the experiment and for epicenters located by the USC&GS. The USC&GS
events used were all events within 10° and all events with a magnitude equal

to or greater than 5.0. The number of associations was 504.

Routine analysis was performed using the 1ilm seismograms
made from the field tapes. The phase data were punched on cards and pro-
cessed through a computer program to convert the arrival times (clock time)

to Greenwich Civil Time (GCT) and to correct the times for tape recorder

Ve . e s re— | p————

head misalignment and clock drift. All phase data are presented in chrono-
logical order, with the hypocenter data placed before the first associated

arrival. Figure B-l1 shows the bulletin an.lysis flow chart.
A. BULLETIN INTERPRETATION

Interpretation of the bulletin data is presented in two sections:

<picenter data and phase data. The phase data are listed as either associated

station events or unassociated station events. j

1. Epicenter Data

a. USC&GS Epicenters

The first line of the epicenter data contains the following

information:

B-1 science services division
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Field Data
(magnetic tape)

Film
Seiamograms

Determination of
Reset Times,
Clock Drift,

Head Corrections

1

Routine Analysis

Clock Time
Converted to
GCT

Data Placed in
Chronological
Order

Event
Association

Preliminary
Bulletin

o~
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o

Figure B-1, Bulletin Analysis Flow Chart
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Date (GCT)

e Origin time (GCT)
e Latitude

e Longitude

v ® Geographic description of epicenter location

The second line of the epicenter data contains the following

> information:

e Depth (km)
® Magnitude (average my, Gutenberg and Richter,
reported by the USC&GS)
b. Calibration Explosions

OBS calibration explosion data are presented in the same
manner as the USC&GS epicenter data with the following exceptions:
..} ® The geographic description at the explosion

location is replaced by '"Aleutian Explosion
EXX" (explosion number)

e No magnitude is presented for the OBS cali-
bration explosions

® Coordinates are rounded to the nearest tenth
of a degree

e Explosion depth is given in feet

= 2. Phasc Data

The column heading appearing at the top of each page of the
bulletin applies to phase data. The headings are defined as follows:
e DAY — Day and month on which the arrival

occurred (GCT). The day and month are listed
only when the station designation changes.

B-3 science services division
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STA — Station designation. The station locations
are presented in Table II-1. Land stations S35
through S4C, respectively, are presented in the
bulletin as

~ ADK (Adak Island)

-- BQ (Bethel, Alaska)

~ SP (St. Paul Island)

— AA (Alka Island)

— SQ (Shemya Island)

— AC (Amchitka Island)

PHASE — Type of phase recorded at the station.
Prefixes are defined as follows:

~— I preceding the phase type indicates an im-
puisive and sharpiy defined phase beginning;
direction of first motion is indicated by a
+ (up) or - (down)

— E preceding the phase type indicates an
emergent phase motion

— [ or E alone iadicates an unidentified phase
arrival

~— Parentheses enclosing phase type indicate
a phase identification which is suspect

— T designates hydroacoustic wave arrivals

from the calibration explosions

C — Component on which the phase arrival
was observed and measured. Component desig-
nators are

~— Z (vertical seismometer)
— X (first horizontal seismometer)
~— Y (second horizontal seismometer)

— P (pressure transducer)

B-4 science services division
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@o
Y 4 e TIME — Phase arrival time (GCT). Arrival

times are measured to the nearest tenth of a
second on all components.

e AMP — Phase amplitude (one-half peak to
peak) in millimicrons or microns of ground
displacement. The amplitudes have been
corrected for instrument response and are
presented to the nearest tenth of a unit. Am-
plitudes presented in microns are followed
by a u after the tenths column. Amplitudes
are measured from the largest pulse in the
first few cycles when possible. Amplitudes
reported as 999.9 indicate that the trace was
overdriven.

e PER — Period of the phase in seconds. Phase
periods are measured from the largest pulse
in the first few cycles. Phases with amplitudes
reported as 999.9 do not contain period mea-

surements.

ﬂi\

- e DIST - - Distance from epicenter location to re-
cording station. All distances are computed
using geocentric coordinates and are reported
to the nearest tenth of a degree. The distance
for unassociated events based on S-P time is
as follows:

— L (local, 0° to 1.4°)
— N (near regional, 1.4° to 6.0°)
E = — R lregional, 6.0° to 16.0°)

— T (teleseismic, 16.0° to 180°)

J e AZI — Epicenter-to-station azimuth. All azi- H
muths are clockwise from north and are reported ‘
. to the nearest degree.

B. COMPUTER PRINTOUTS
The following are computer printouts of data recorded by the

Ocean-Bottom Szismographs during the 1967 Aleutian Islands Experiments.
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Lay -TA PFASE C TIME AMPp PER BIST Azl i !

10 JULY ADK  uP 6 39 44.C T
i0 JULY S2z3 &P 2 & 46 50.5 50.6 0.2 L
ES p 52. 4 L
[
10 JULY §23 Fp z 6 58 9.6 7.5 0.2 L
b Y 25.9 L
1C JULY SZ3  EP P 7 4 .C L .
S Y 10.2 L
1C JULY $23  EP P 7 50 43.7 L ]
ES Y 53.9 L :
1C JULY S23 EP z 8 19 33.7 7.4 0.l L §
£S Y 53.4 L §
10 JULY S23  EP 2 B 59 14.3 12.6 0.2 L 1
ES Y 2¢. ¢ L ]
10 JULY AIK  EP 10 28 55.3 T §
10 JUL'¢ S23  EP Z 10 35 32.C 3.7 0.1 L -~
ES Y 58.8 L (S
16 JULY S23 kP 7 1C 40 4l1.4 L §
< Y 57.6 L 3
3
10 JULY 10 4& 25.6 52.7N 168.2W  FCX ISLANDS,ALEUTILAN
H = 26 KM MAG = 3.9
1C JULY ,ACK [P 10 49 43.9 5.3 264 -
£S 50 42.1 5.3 264
1C JULY S23  EP Z 1C 50 20.7 7.8 268
ES Y 27.5 7.8 263
L]
1C JULY $23 [P 7 10 59 8.1 7.5 0.2 L
F S Y 17.9 L
1C JULY §23  r» 7 11 8 15.5 2.5 0.3 L
kS y 37.2 L
10 JULY SZ3 kP 7 11 15 55.7 3.7 0.1 L {:}
re y 16 29.49 L
B-6 science services divisior
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rAY STA  PHAST r TIME AMP PER nIsT AZ 1
1C JuLy 523 v 7 11 34 17.7 1.7 0.1 L
S Y 28.5 L
1C JULY S2Z3 P 7 11 37 31.1 11.0 0.1 t
FS Y 39,5 L
1C JULYy 523 £0 7 1 44 37.9 To4 0.1 L
bS Y 49,1 L
10 JULY $z3  up 7 11 47 41.6 L
v S Y 54.1 L
1¢ JLLY 523 b ] 12 0 15.1 Te4 0.1 M
£$ Y 1 07.2 N
10 JULY S23 re 7 12 3 37.8 14.7 0.1 L
kS Y 48,2 L
1C JULY ALK 1P 12 17 55.3 T
16 JULY 523 L 4 12 27 4l.4 17.6 0.2 L
i Y 52. K L
1C JuLY $23 Lp 7 14 48 19.2 3.7 0.1 L
t: € Y 37.4 )
1C JuLY §23 tP z l6 44 20.¢ 15.1 0.2 L
FS Y 33.1 L
1C JLLY S$z23 &P 7 17 7 1.6 1R.4 0,1 L
F< Y 14.3 L
16 JULY  ArK Ip 18 41 11.2 'y
. [ 51.5 N
10 JULY 523 FP P 2C 7 36.° L
re Y 49,1 L
' 1C JULY S$33  ©p P20 17 lb.4 L
re Y 24.7 L
11 JULY $2% Fp 7 2 41 36.4  203.3 0.1 L
T ¢ Y 42.6 L
11 JuLY 523 Lp 7 4 41 29.C 17.0 0.3 N
o< Y 59.5 X
g:} 11 JULY Ak Ip 5 17 2547 L
1< 37.2 L

B-7 science services division
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Cay STA PHASE c TIME AMP PER DIST Azl
1 JuLy Sg? cp z 7 42 18.1 T4 0.1 N
E< Y 38.5 N
11 JuLy APRK p 8 58 48.7 N
1S 59 14.9 N
11 JuLy $23 EP 1 g 59 17.2 10.1 0.2 N
She Y 9 0 6.4 N
11 JuLY S23 LP z 16 0 9.C 10.1 Va2 N
£s Y 30.1 N
11 JuLY 25 tP 4 10 0 13.3 L
ES Y 39.9 L
11 JuLy S27 U 4 16 9 58.6 0.7 0.1 N
ES X 10 19.8 N
11 JuLy S27 EP 4 16 25 26.5 5.0 0.2 L
ES X 41.5 L
11 JUuLY Sz7 £? 14 16 37 38.2 11.0 0.1 L
ES X 41.7 L
11 JULY S27 FP z 16 37 50.7 T.4 0.1 L
ES X 57.4 L
1l JuLy 527 EP z 16 40 12.1 T.4 0.1 L
ES X 18.9 L
11 JuLy S23 kP z 17 0 23.5 10.1 0.2 N
ES Y 54.C N
11 Juty 527 eP 2 17 6 34.7 11.0 0.1 L
ES X 48,2 L
11 JuLy 827 cp 4 18 1 29.C Te4 0.1 L
S X 30.1 L
1} JuLY 523 epP 4 19 13 35.3 3.7 0.1 L
FS Y 43.8 L
15 ULy S22/ tP Z 19 18 59.5 11.0 0.1 L
LS X 19 7.7 L
11 JuLy 527 LP ‘ 19 19 16.8 14.7 0.1 L
k X 19.1 L
LS X 224 L
B-8 science services division
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« [ Ay STA PEASFK C TIME ANVP PER DIST AZ 1
11 JLLY SZ5 tP / 1y 22 20.G 50.6 0.2 N
11 JuLy §S$¢é% te Z 20 9 19.b 64,7 Oel L
¢ k< X 30,7 L
11 JuLy 827 LP 7 21 17 3.4 1.0 0.2 L
"S Y l().f’ L
»
il JLLy 523 i 7 21 17 5.3 18.4 0.1 L
F < Y 13.% L
11 JLLy Se3 P ! 22 14 55,8 7.5 G 2 L
Fs Y 15 9.4 L
11 JlLy S:3 P 2 22 53 45,17 iB.4 0.1 L
S Y 54 «3 L
11 JuLY S¢é3 e z 23 38 26.9 14.7 0.1 N
. Y 39 18.3 |
R i
b Il JLLly Seb R 2 23 39 6.7 N
b < Y 27.2 N
12 JLLy 1 47 2C.6 5le8N 175.0W ANCREANCFE IS, ALEUTLAN
' H = 17 KM MAG = 4.5
12 JULY Alx P 1 47 4t.1 1.0 274
12 JULY S48 ~-P 7 1 48 17.7 885 0.3 3.0 282
L Y 37.5 3.0 282
12 JULY S¢5 w 4 1 48 22.3 75 0.2 3.5 276
v € Y 79 1.t 3.5 216
12 JLLY S P V4 1 48 26.5 463.5 0.3 3.6 270 F
X {28 Y 449 11.3 3.6 270
12 JULY Aur I» 5 51 4u.h L
IS 48,4 L
i
1z JLLY S21 iw P 5 5. 1.t i ]
1 & Y 53 9.3 N %
- t ! 54.3 N 3
) |
%‘_
B-9 science services division %
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r Ay

12 JuLy

12 JULY

12 JuLy

12 JuLy

1< JULY

12 JuLy
12 JuLy

12 JULY

12 JULY

12 JuLy

12 JuLY

12 JuLY

12 JLLY

12 JuLy

1z JULY

12 JuLy

12 JLiLY

STA

S23

Sé3

S$25

1¢ 32

ADK

ADK

A

PHASE

EP
[

FP
ES

£e
€S

1.6

Fp
I

EP
EP
S
EP
ES

<

54 .9N

<N~ O

TIME

T 41 33.7

41.5

9 38 17.1

29.5

9 3uv 20.3

35.1

161.14

1C

1¢
10

10

1C

10

1C

1C

10

14

14

15

21

36
34
34
35

34
35

40

53

53

53

54

53

5

5

19

13

H =

22.17
25.C
40.1
55.9

2.8
58.4

8.3

43.2

14.7
27.1

20.5
38.¢

45.1

12.2

Ave

12.6

18.4

PER

ALASKA PENINSULA

33 KM

75.8

12.6

20.1

69.5

37.9

15.1

MAG = 5.0

0.2

0.2

0.3

0.2

DIST

~rr

AZ T

258
258
266
264
264
263
263

B-10
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‘ [ AY STA PRASE  C TIME AVP PER RIST ALl
f
1z JULY S23 P 7 22 50 39.2 15.1 0.2 L
| ) S Y 47.4 L
! 12 JuLy 23 P 7 3 28 S4.t L
.S Y 29 Dett L
12 JuLy Se3  Lp 7 819 4.1 14.7 0.1 L
k< Y l1.¢ L
12 JuLy S21 FP ? B 19 16.5 L
i S Y 30.¢ L
12 JULY S?1 P ? G 11 32.7 L
F S Y 48." L
F 12 JuLY AL P 1C 15 44.5 T
| 12 JULY $23 kP 7 22 9 56.5 12.6 0.2 N
| E P < Y 10 17.5 N
: i
12 JuLY Sz5  EP 7 22 10 2.5 5544 0.1 N
F X 26.2 N
. 12 JuLY S21  FP /22 10 52.¢ L
! < Y 11 3.3 L
12 JLLY Sz5  t® 7 23 31 13.1 L
B Y 28671 L
14 JULY S21  FP 2 1 44 17.9 L
k€ p 5842 L
E
: 14 JULY S$25 &P 7 2 50 1.7 2440 0.1 L
E F < X 23.1 L
Y
E
4 14 JULY 525 P 7 3 56 53.5 27.7 0.l N
kS X 57 12.5 N
» 14 JULY Szb P 7 4 14 29.5 44,2 0.2 L
14 July S23 P 4 5 39 5049 11.0 0.1 L
< Y 564 8 L
14 JULY ACX P 7 45 27.2 N
e 46 2.3 N
j) l4 JULY .25 & P 7 46 10.6
B-11 sclience servicss division
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C ay $TA VFASE C TIME AMP PER CIST Azl
14 JuLY S25 EP z 11 S1 35.7 138.6 0.1 L
t< Y 46.4 L
14 JUuLY S23 EP 4 11 59 4]1.8 L
ES Y 51.17 L
14 JULY 12 13 8C.6 51.2N 178. 4E RAT ISLANDS+ALEUTIAN
H = 33 KM MAG = 4.3
14 JULY S¢3 ip z 13 14 4.6 66.9 0.4 0.7 44
€S Y 3l.4 0.7 44
14 JuLYy S25 ep b4 13 14 10.3 139.0 0.2 l.1 36
t< Y 45,.¢ le1 36
14 JULY Sg8 (] 4 13 14 18.1 158.4 0.3 1.6 43
ES X 40.7 1.6 43
14 JuLy S21 EP z 13 14 25.3 2.2 42
ES Y 55.8 242 42
14 JuLY ACK IP 13 14 39.3 3.2 76
IS 15 14.9 3.2 16
14 JuLyYy ADK EP 1% 55 21.3 R
g£c 56 46.1 R
14 JULY S?21 E Z 13 55 42.5
14 JULY S25 Ep z 13 55 53.2 L
ES Y 56 3.3 L
14 JULY S21 EP z 14 1 46.7 R
ES Y 2 39.1 R
14 JULY S2¢ tP Z 12 19 13.6 56.9 0.2 L
€S Y 27.C L
14 JuLY S23 LpP z 18 19 l14.4 T.4 0.1 L
F< Y 28.1 L
14 JUuLY S27 EP z 19 7?2 32.6 75.8 0.3 L
) X 49,6 L
14 JULY ALK P 19 32 34.C L
1< 51.7 L
B-12 sclience services d. 'zlon
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3

14

14

14

14

14

14

[ AY

JuLy

JLLy

JLLY

ULy

JULY

JULY

JULY

JULY

JULY

JLLYy

JuLy

JULY

JULY

JULY

JULY

JuLY

> JLLy

Sy

523

529

$21

PEASY

-

-
orn

-
n T

T T
n T

19

19

19

19

2C

2C

’2C

20

2C

2¢C

2n

23

TIME

32

32

32

32
43
25

25

25

26

25

25

25

25

34

18

18

18

LK

34.F
5243
35.7
55.0
3¢ &
55.4
35. 8

56.4
4241

AMP

190.1

2041

75.8

110.9

4642

2041

4642

147.9

17.6

11.0

10.7

37.9

12.6

101.6

22.1

PFR CIST A2l
0.2 L
L
0.3 L
L
003 Iy
O.1 N
N
N
L
L
0.1 R
R
0.2 L
L
0.1 L
L
0.2 N
N
0.2 L
L
0.1 L
L
0.4 ]
0.2 L
L
0.2 L
L
Oel L
L
O.l L
L

T A R T T S L, S S—— T )
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Cay STA PrHASE C TIME AMP PEK nIsT A2 1
1S JULY S$¢8 LP 2 18 24.3 101.1 0.2 L
Ls X 4) . € L
1S JuLy S21 EP z 18 33.°0 N
Es Y 56.7 N
15 JULY SZ26 Ev P 18 14.3 L
£s X 33,3 L
18 JULY S23 p 2 18 22.1 18.4 0.1 L
LS Y 33.9 L
15 JULY S25 EP l 18 27.¢ 105.53 Q.i L
F Y 42.8 L
1€ JuLy Sz7 EP 2 18 31.6 20.1 0.3 N
(S Y 52.6 N
15 JULY S28 LP z 18 35.9 69.5 0.3 N
ts X 58.8 N
1€ JLLY 5§21 EP z 18 46.2 N
ES Y 19 13.4 N
1€ JuLYy Szé6 tP o 37 54.2
1€ JULY Sé&3 EP 2 38 3.¢ 20.1 0.3 L
cs Y 11.9 L
1§ JuLy S27 £p z 38 12.9 10.1 0.2 L
S Y 2667 L
15 JUuLy S23 £P z 19 14.3 7.5 0.2 L
£S Y 24.3 L
1€ JuLy S27 LP z 19 20.6 L
ES Y 37.4 L
1€ JLLY S¢ée6 EP 4 15 15.4 10l.1 0.3
B-14 science services division
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e 3 | AY 5TA PEASE (. TIVE AVP PEK GIST Azl .
Y
1€ JuLy vl 5%.3  51.5N 1764 48F RAT TSLANDSALFUTIAN
H = 32 KV MAG = 4.9
15 JLLY S/ tP 7 8 1% 23.¢ 218.4 0.5 1.5 82
\ - S Y 47.5 le® 82
1€ Ji'LY  Sen rP V4 £ 19 24.7 8247 0.2 1.7 16
[ Y 16 11.7 l.7 70
15 JULY S5¢7 P z 16 33,0 ADB LT Ot 2.1 693
' 1L Y 5% 3 2.1 69
* 18 JULY Sco  ED 7 ¢ 1% 3644 95.0 062 2.2 66
e Y 16 4. el 6b
1€ JLty S20 LP P g 15 40,7 2eb 62
15 JuLy S21 EP z E 15 43,1 2.6 Al
1€ 50.4 4o 42
18 JLLY sz LP / 14 32 4.% 15.1 0.2 L
s Y 1R.H% L
— 12 JuLy Sct Lp l 14 32 7.7 Tett 0.1 L
‘} + o Y 2245 L
18 JULY §52z% P 7 14 32 7.7 L
s Y 23.2 L
15 JtLY Sco ' P P 17 3 42.3
1€ JULY S$z23 - 2 17 3 5?2.7 153.4 0.2 L
e & Y 4 1.9 L
18 JuLy $2% tp 7 17 3 56.56 21245 0.1 W
4 - < Y 4 20643 S|
17 JULY <27 P 7 17 3 5R8,¢ 25.3 0.2 L
b / 4 .C L
o LE Y llol' L
1€ JuULy SZo P l 17 4 2.3 50.6 0.7 N
[ Y 27 1 N
1€ JiLy S?} i 7 17 4 1)a4 N
r&. Y 3')0(.
1& JuLy Sc3 P 7 17 46 l4.8 17.6 0.2 L
:3 1< Y Zlal L
B-15 science services division
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L AY STaA PFASL C TIME AMP PER nIST a2l
15 JULY Sé2Z5 ce 7 17 46 lu.2 114.6 0.l L
gs Y 35,7 L
15 JULY S27 ol z 17 46 18.8 56.9 0.2 L
ES Y 33.7 L
18 JLLY Szt EP 2 17 46 22.2 15.1 0.2 L
FS X 39,3 L
1€ JULY §S248 ep 7 18 14 38.3 6e3 0.2 N
tS X 15 34.% N
18 JULY S¢3 EP z 19 15 36.5 15.1 0.2 L
£ Y 45,5 L
18 JULY S¢5 X 4 z 19 15 42.8 56.9 0.2 L
k< Y D6.3 L
1€ JUuLY S27 £P z 19 15 46.6 5.0 0.2 L
ES X 16 4.¢ L
18 JuLy Sé8 EP 4 19 15 51.1 N
L Y 16 11.3 N
15 JULY Sz8 FP z 19 43 5.7 10.1 0.2 N
(3 X 42 .2 N
18 JUuLyYy S25 eP 2 16 43 11.8 N
ES e 40, C N
18 JULY A[K P 22 44 43,8 L
[ 53.4 L
18 JULY Sz2é6 EP p 22 45 2.4
158 JuLy S22} cP z 22 45 9.6 435 .4 Oel N
FS 1 41.8 N
(B P 46 45.8 N
1€ JULY S¢Z8 FP z 22 45 12.¢ 63.2 0.2 N
ES X 49. 3% N
158 JULY Sé7 tp Y4 22 45 12.6S 56.9 0.3 N
(3 Y 32.0 N
€S Y 4849 N
18 JLLY S¢@5 EP l 22 4% 17.C 94,8 0.3 N
FS Y 46 2.7 N
B-16 sclence services division
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[ AY $TA PEAST C Titk AMNP PER
18 JULY $é2 LP 7 22 45 21.¢ 221.¢ 0.3
kS Y 46 6l
e JuLY Ay¥ -p C 1 43.%
1¢ JuLy 529 +P Y C l6 52.1
t< X 17 Y.3
16 JuLy S¢3 kP ! 2 16 3.4 14.7 0.1
t s Y 5042
1¢ JuLy 527 EP 7 2 16 45.¢ 5.0 0.2
"S Y 17 2.7
1¢ JLLY 2 316 f£,¢& S51.9N 175.0W ANCREANCFE IS, ALEUTITAN
H = 337 KM MAG = 4.2
1¢ (tULY ALK Ip 3 39 22.3 1.0 269
1< 32.1 l.0 269
1€ JlLy §&?1 P 7 3 32 47.¢ 46,8 O3 2.7 290
< 7 4C 27.9 2.7 290
-1 p 41 27.2 2.7 2730
1€ JuLy $¢7 EP / 3 39 50.9 44,2 0.3 3.1 218
b Y 40 10.4 3.1 278
VS X 27.1 3.1 2738
F Y 3842 3.1 213
1€ JULY S5Zb& tp z 3 39 51.¢C 3l.6 Oec 3.0 280
i s X 40 21.5 3.0 280
1¢ JuLYy S°23 t-P 7 3 39 59.6 401.5 0.5 3.6 269
(3N Y 40 44,3 3.6 269
1¢ Ly Sz5 r# 7 Il 41 Sl.1 L
rs X 42 b6 L
16 JuLy S¢b P 7 12 19 5.7 (4
.'ﬁ X 2()0(. "n
1¢ JiLy Sc3 ba (p) ! 12 19 7.7 20.1 0.2 L
t < Y 207 L
1( .’LLY ‘.)(3 T'P 7 13 21 3("01 1804 0.1 L
i8S Y 47.17 L
1¢ JLLY ALK 13 45 25.1
B-17 science services division
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C Ay STA PHASE c TIME AMp PER CIST Azl
1¢ JULYy S23 143 z 14 51 27.3 12.6 0.2 N
ES Y 53.4 N
1¢ JULY Sgz¢k EP 2 14 51 37.7 7.5 0.2 N
L Y 52 l4.4 N
16 JULY S25 £p ? 16 25 1.9 L
tS Y 16.7 L
16 JULY S¢23 tP l 16 25 57.2 15.1 0.2 L
ts Y 26 11.2 L
1¢ JuLy S27 P ? 16 26 ol Te4 O.l L
33 Y 16.5 L
16 JULY 2C 4€ CS.4 53.00N 178.77w ALEUTIAN EXPLCSICN - E15
EXPLOSICN DEPTH = 747 FT
1¢ JuLy S21 1P 4 2C 48 16.¢ 151.7 0.2 0.35 229
(255 Y 46.2 0.35 229
ET P 50 4l.1 0.35 229
1¢ JUuLYy S20 tP P 2C 48 20.C 0.56 228
t P 29.5 0.56 228
£ P 49 5.6 0.56 228
1€ JULY S26 tp 4 2C 48 23.2 370.7 0.4 1.29 225
16 JuLY SzB tP 1 20 48 26.3 316.8 0.2 0.93 225
F X 50 57.7 0.93 225
E Y 52 1.9 0.93 225
16 JuLy 527 EP z 2C 48 27.1 72.8 0.5 le12 226
t Y 30. ¢ 1.12 226
3 Y 35.¢ 1.12 226
£ Y 37.8 1.12 226
16 JULY S25 EP 4 2C 48 34.5 1e47 230
ES Y 39,17 1e47 230
1€ JULY A4DK IP 2C 48 35.9 1.73 131
16 JULY S&3 P 4 2C 48 39.5 24.1 O.4 1.83 225
ES Y 49 3.5 1.83 225
El P 50 45,2 1.83 225
l1¢ JuLy AC- £P 2C 48 40.2 1.99 216
€ 46.C 1.99 216
£ 49 3.0 1.99 216
1€ JULY 2AA- tP 2C 48 53.2 2.89 104
B-18 science services division
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C Ay STA PERASL C TIME ANVP PER LIST A7l
1e JULY S25% P I 21 45 16.1 L -’
- ¢ X 24,4 L
1¢ JLLY Se3 LP l 21 46 lh.6 12.6 0.7 L
r< Y 25.8 L
1¢ JuLy S?21 - P z 21 4¢ 29.1 N
s Y 41.¢€ N
e JLLY S¢Z% tp 7 21 S5¢ 2%.% L
< Y 37.5 L
1¢ JuLy Se3 EP l 21 52 26.2 11.0 O.1 L
Le¢ Y el L
17 JLLY Szé6 t P C 21 47.5
17 JtLpy ¢ cC  €al 353,15+ 178.62F ALEUTIAN EXPLCSICN - El6
EXPLLCSICN DFPTH = 1595 FIT
17 JuLy $21 1P z 2 20 20.1 0.52 223
L$ 7 5%.1 0.52 223
&7 P 22 53.4 0.52 223
17 JeLy  S2¢ P P 2 2C 23.6 0,72 224
I: P 31.3 0.7 224
£ © 21 16.3 0.72 224
17 JLLY H24 oY z 2 20 29.4 158.4 0.2 1.10 2213
£ X 41 .4 1.10 223
LT Y 23 7.9 1.10 223
17 JULY ALK P 2 20 37.¢C l.76 136
17 Jeby S27 tP P 2 20 4l.1 1.29 224
k: Y 57.¢ 1.29 224
L Y 23 H0.1 1.29 224
17 JLLY S2Z3 L l Z 20 43.4 187 () 2.01 224
F < Y 21 6.4 2.01 224
r p 22 o7 2.01 224
17 JuLY AC- P 2 20 46,7 2.17 21¢
r 5240 2417 216
17 JULLY 1A= - p 2 20 53,2 289 108
)
17 JLLY S/23 EP 7 3 5 25.9 2246 0.3 L
=Y Y 3'10(‘ L
B-19 science services division
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LAY A PHASE C TIME AP PER CIST azt
17 JULY SZ8 P z 3 5 36.5 94.8 0.2 N
ts X 57.4 N
17 Juty ADX eP 3 30 3543 N
kS 31 42.2 N
17 JULY 523 Ep 4 1C 55 50.¢ 7.4 0.1 L
cs Y 56 5.5 L
17 JULY ADK EP 12 16 16.8 N
LS 49.3 N
17 VLY ACK 1P 13 53 59.4 N
(385 54 48.7 N
i JuLy Ssa3 EP z 14 12 38.7 12.6 0.2 L
£s Y 47.¢ L
17 JULY 22 2 4.8 53.25N 178.41h ALEUTIAN EXPLCSICN - EN7
EXPLGSIUN DEPTH = 671 FT
17 JuLy S21 E# s 22 3 20.5 170.. 0.3 0.07 226
e L 38.17 0.67 226
e7 P 6 3.2 D67 226
17 JuLy S20 ee P 22 3 23.8 0.88 226
E P 33.9 0.88 226
€ P 4 25.8 0.88 226
17 JuLy 528 EP 4 22 3 30.2 190.1 0.2 l.25 225
£ Y 42.6 1.25 225
k Y 6 11.5 1.25 225
3 Y 41.4 1.2% 225
3 Y 7 14.5 1.25 225
17 JULY alK 1P 22 3 35.S 1.75 142
17 JLLY S&5 EP 4 22 3 38.5 1.79 229
ES X 4 1.6 1.79 229
17 JuLy S23 EP 4 2?2 3 43.¢ 2l.4 0.4 2.16 224
ES Y 4 14.3 2.16 224
kT P 5 5.1 2.16 224
17 JULY aA- EP 22 3 51.3 2.176 111
17 JuLy SP- LP 22 4 39.5 6.11 47
17 JuLy S.3 ce b4 22 33 11.3 15.1 0.2 L
B85S Y 28.4 L
B-20 sclence services division
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| Ay STA PHASE . TIME amp PER DIST A2 1
18 JuLy S23 v P 7 ¢ 28 o3 T.4 0.1 L
ie Y Oe €& L
16 JULY 1 € B.4 S53,4IN 1780210 ALFUTIAN EXPLOSICN - E1B
EXPLOSICN DEPTH =  &T8 FT
1# JLLYy S21 e l 1 ¢ 24,.C 164.3 0.2 0.58 224
£e 7 7 1l1.C 0.8y 224
r1 P 9 1¢.C O.48 224
18 JLLyY S20 +p P 1 6 27.3 1.08 224
+ P 4645 1.08 224
t P 7 4G.5 1.08 224
1y JuLYy 5¢4d P 7 1 & 33.4 113.8 )e? 1445 224
cs X 49.4 1.45 224
+ Y 9 22.4 le45 224
v Y Y4, (C 1.45 224
t Y 10 13.¢ 1.45 224
18 JLULLY ALK P 1 6 36.6 l1.82 148
18 JULY 523 VP /A 1 6 46, 13.4 0.4 2.36 224
(AN Y T 25.73 2436 224
l&a JULY AA- (B 1 ¢ 50,2 2.71 115
r 7T 27.C 2.71 1156
1¢ JLLy AC- P 1 6 52.C 2.52 218
| { 13.C 2.52 218
16 JULY S¢Z3 (R Y 4 1 47 46.5 10.1 0.2 L
() Y 4B 2.c L

B-21

sclence services division




gg
L ay STA PFASE C TIME AMP PER BIST Azl
18 JULY 2 3C €.5 53.52% 178.00W ALEUTTAN EXPLCSICN - E19
EXPLOSICN DEPTH = 6179 FT
18 JuLy S21 P ? 3 30 26.4 114.3 0.4 l.N4 225
£S 2 31 21.3 1.04 225
£ P 33 25.¢t 1.04 225
18 JuLy §7g EP 4 3 30 3%.6 50.6 0.2 lo62 224
[ Y 5840 le62 224
k Y 33 34.0C le62 224
F Y 34 1.6 1.2 224
18 JULY ALK Ip 3 3C 37.3 1.85 153
18 JULY S20 EP p 3 30 39,9 1.25 225
& p 31 12.C l.25 225
k P 53.6 1.25 225
18 JULY SéZ3 tpP 4 3 30 49.1 8.0 et 2.53 224
ES Y 31 264.1 253 224
ET Y 33 38.4 253 224
18 JULY AA- 44 3 30 49.4 2465 11%
Y8 JLLY BQ- EpP 3 32 51.4 11.35 44
18 JulLYy SzZ3 34 2 4 40 52.6 316.8 0.2 N
kS Y 41 26.¢ N
18 JULY §S¢28 EP Y4 4 41 4.5 69.5 0.2 L
ES X 21.C L
18 JULY S21 EP 7 4 41 12.4 N
ES Y 33.3 N
18 JULY S23 EP ¥ ¢ 10 1.7 12.6 0.2 N
LS Y 27.5 N
18 JLULY S20 EP P ¢ 20 57.4 N
3 P 2l 4l.2 N
£ P 22 9.C N
B-22 science services division
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LAY STA PEASE C T1ME AMP PER LIsST Azl
1& JuLy € 21 S.4 93.65+4 177.77w ALFUTIAN FXPLCSICN - F20
EXCLCSICN DEPTH = 665 FT
1€ JLLy S2?} FP 7 6 21 28.7 131.5 0.6 1.23 225
£1 p 24 36,5 1.23 225
18 JuLYy §?20 Y P ¢ 21 32.¢ le44 2256 ;
18 JuLY ALk P € 21 37.6 1.91 159 3
18 JuLYy 578 v p b & 21 27.9 37.9 0.2 1.61 225
T.S Y E'OQZ loul 22‘5
F Y 24 44,8 1.81 225
18 JLLY aa- EP € 21 49.7 2.6 123
18 JULY $23 FP 2 € 21 52.5 12.6 0.3 2.72 22°< E
Le Y 22 25.C 2.72 225 -
€1 Y 24 47.¢ 2.72 225 £
18 JLLY Sz% rP p € 21 56.5 2.35 228 i
18 JuLy sp- Lp & 22 32.5 5.55 48 §
18 JuLLY A4g- PP 6 23 46.¢ 11.16 44 g
§;
18 JULY $Sz5 P 2 6 40 47.7 101.6 0.1 N i
t¢ Y 41 1l.6 N
1€ JuLY S23 +p 2 € 40 51.6 2C.1 0.3 L %
£e Y 41 6.1 L H
1€ JuLy S23 P 2 1C 5C 48.L 10.1 0.3 L
ne Y 51 1.2 L
18 JLLy §$2% L P z 11 50 4C.C N
£¢ Y 51 5.5 N
18 JULY S¢in FP z 13 25 2be3 6.9 N2 L
S X 47.5 L
18 JuLY S2Z» ¢ P 2 1S 55 55.¢ N
i< Y 56 22.3 N ;
B-23 science services division
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