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Foreword 

This report, commissioned by Defense 
Applied Research Projects Agency, 
Nuclear Monitoring Research Office, 
supplies environmental data compila- 
tions of the Northwest Pacific Ocean 
for reference and selection of poten- 
tial sites for installation of the 
Marine Seismic System (MSS).  The 
report is intended to aid scientists 
and engineers working on various 
aspects of the MSS and to address pos- 
sible environmental questions which 

mi ght arise. 
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Executive Summary 

1 

This report presents data compilations 
to aid in planning and site selection 

for the Marine Seismic System (MSS). 
Data are compiled for two geographic 

areas: the Northwest Pacific (40-560N, 

145-1700E) and the KuriI-Kamchatka 
earthquake region.  Included for the 
Northwest Pacific are cultural, meteor- 
ological, oceanographic , geological, 

geophysical and seismoIogicaI data to 

define the environment In which the 

potential MSS will operate.  Kuril- 

Kamchat'ca earthquake zone data consist 
of ^iismic velocity structure of the 
crust and upper mantle and earthquake 

hypocenter s. 

Northwest Pacific cultural data 

(political geography and ship traffic) 
favor MSS sites in areas of the east 
central Northwest Pacific.  The 200 
mile limit from Soviet territory forms 

a northwestern boundary.  Merchant 

shipping and fishing density are lowest 

towa rd the nor thea st. 

Severest meteorological and ocean- 

ographic conditions exist during winter 

and are concentrated in the northern 

areas.  Current speeds are probably 
greatest in the eastward-flowing 
Kuroshio current to the south of the 

Northwest Pacific and in the 
southwestward-fIowi ng Kamchatka current 

to the northwest.  On the basis of 
meteorology and oceanography, potential 

MSS sites should be located as far 
south as possible without being in the 

Kurosh i o current. 

layers and characterized by low 

rigidity.  FJeneath the unconso li da t ed 
sediments, a smooth acoustic basement 

is probably composed of cherty deposits 

in southern Northwest Pacific areas, 

and of secondary volcanics in eastern 
areas.  Acoustic basement may be true 

oceanic basement where seamounts 
outcrop or in areas where the basement 

i s rough. 

The KuriI-Kamchatka earth 
has complex geology.  Sei 
structure, heat flow, and 

vary considerably.  Earth 
ally deerea se in activity 

the northwest; however, t 
marked by local exception 
example, earthquakes are 
the Kur i I la s i n; deepest 

(greater than 300 km) are 

the southern region near 

in the north under the Se 
and shallow earthquakes a 
east of the Southern Kuri 

quake region 
smi c velocity 
gravity all 

quakes gener- 
and deepen to 

hi s trend i s 
s.  For 
absent under 
ear thquake s 

shaI Iower i n 

Sakha I i n than 

a of Okhotsk; 
re densest 
Is. 

Two Mji site areas are proposed 

primarily for their advantageous local 

geology.  Site area 1 is located east 

of the Southern Kurils.  This location 
is favorable for most environmental 

parameters except ship traffic, fishing 
and major current speeds, all of which 

create ambient acoustic noise.  Site 
area 2 is located centrally opposite 

the KuriI-Kamchatka earthquake region. 
Major environmental pr ' I ems at this 
site consist of harsher weather 
conditions than at site area 1. 

The Northwest Pacific seafloor is a 

province of abyssal hills bordered on 

the west by the Kuril-Kamchatka Trench 
and on the east by the Emperor Sea- 
mounts.  Unconso I idated sediments in 
the area are generally post-OIigocene 

and vary from 0-600 m in thickness. 

These sediments are primarily 
siliceous clays interspersed with ash 

bi/th site areas fall into a seismic 
"shadow zone" as evaluated by Hart et 

al. (1980).  This concurrence could 
require major revision in site selec- 

tion.  Three additional sites (3-5) 
were designated outside the "shadow 

zone", bh\   the authors feel that these 
sites are inferior to sites 1 and 2. 
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Environmental Report of the Northwest Pacific 
for the Marine Seismic System (MSS) 

I. Introduction 

This report is a comp i !;> t i on of envi- 
ronmental data that are critical to the 
selection of an installation site for 
the Marine Seismic System (MSS) in the 
Northwest Pacific.  The area described 
in this report is the Northwest Pacific 
Ocean between 400N and 560N.  It is 
bounded by the 1700E Meridian on the 
east and the Kuril-Kamchatka earthquake 
region on the west.  Environmental 
parameters are grouped according to 
cultural , oceanographic/meteorologic 
and geoIcgicaI/geophysicaI topics. 
Data have been assembled from published 
literature and data banks of major 
oceanographic institutions.  The mapped 
data are presented at a uniform page- 
size scale to allow maximum comparison 
of data parameters.  Extensive bibliog- 
raphies and large-scale geological/ 
geophysical maps are also included. 

il. Cultural Features 

A. Political Geography 

The area of study is bounded on the 
north and the west by the U.S.S.R., on 
the southwest by Japan, on the north- 
east by the U.S. and on the south and 
east by the Pacific Ocean (Fig. 1). 
The Kuril Islands, Kamchatka, and the 
Komandorskie Islands are territories of 
the U.S.S.R., Hokkaido is Japanese, and 
the Aleutians are American.  The 
nearest accessible ports are on 
Hokkaido, Japan, and Adak, Alaska. 
Nationally claimed waters extend 200 nm 
from national territory.  Soviet waters 
line the western and northern borders 
of the Northwest Pacific (Figs. 1, 2 
and large-scale maps). 

B. Ship Traffic 

Ship traffic near potential MSS sites 
exposes instruments and cables in the 

water to the threats of damage and 
vandalism, and to ambient noise gen- 
erated by ship engines.  Merchant ships 
are generally confined to great circle 
routes between major ports (Fig. 1); 
however, the Northwest Pacific routes 
vary with seasons and currents. 
Merchant ships are potential noise 
sources, while fishing ships threaten 
potential MSS sites with damage and 
vandalism in addition to noise.  Unpub- 
lished data from models of Planning 
Systems, Inc., were compiled to show the 
instantaneous number of ships distrib- 
uted by one degree squares.  Figures 3, 
4, and 7 present distributions of 
merchant ships, fishing ships, and 
composite traffic, respectively. 

1. Merchant Ships 

Distribution of merchant ships is shown 
in Figure 3.  The densest merchant 
shipping occurs in the southern areas 
adjacent to major great circle shipping 
routes (Fig. 1) and in the area 
traversed by the Kuroshio Current 
(Figs. 5 and 6).  Merchant shipping 
shifts to the north in summer and to 
the south sn winter in response to the 
same seasonal shifts of the Kuroshio. 
The lowest concentrations of merchant 
ships occur in winter when the instan- 
taneous number exceeds 0.20 only in 
areas south of 430N.  Except in the 
southwest, spring through fall routes 
are generally contained north of 400N. 
The dense area from the southwest 
corner to 450N, 1700E reflects the 
overlapping spring, summer and fall 
route.  The dense area between 400N, 
1570E and 430N, 1700E i s largely 
attributable to the overlap of winter 
routes with spring and fall routes. 

2. Fishing  Ships 

Fishing ship density (Fig. 4) is 
greatest in areas where the Kuroshio 



and Kamchatka w-rrents converge (Figs. 

5 and 6).  The greatest density is 

generally northwest of the merchant 

shipping routes (Fig. 3).  Summer fish- 

ing is more intense north of the 
western central regions, while winter 
fishing is densest in the southwest. 

i.   Compos i te Traffic 

The composite traffic map (Fig. 7) 
combines the merchant ship and fishing 
ship instantaneous numbers, but the 
fishing value is doubled because of the 

greater problem that fishing ships 

present.  Density of the composite 

traffic is greatest in the southwest 
and lowest in the north.  Summer 
traffic is greatest from the southwest 

to about 450N, 1700E.  Winter traffic 
is ma inly south of 430N. 

Meteorology and Oceanography 

Topics covered in this section present 

the critical meteorologic/oceanographic 
constraints to the MSS.  Due to a vol- 

uminous amount of data that are often 

irrelevent to a MSS installation, a 

complete picture of the meteorology/ 
oceanography is not attempted.  The 

reader is referred to the bibliography 

sections for more comprehensive 
i n fo rma t i on. 

Both the air and the upper ocean of the 
Northwest Pacific are part of a dynamic 

system that is dependent to a large 

extent on geography and seasons. 

Summer anticyclonic air circulation is 
controlled by a high-pressure cell 
centered about 400N, 1500W.  Winter 
cyclonic movement is caused by a more 
local low-pressure cell centered at 

500N, lOOnv (Fig. 1).  These pressure 
cells trigger wind and surface cur- 

rents.  Wind directions are synonymous 
with the atmospheric circulation, 
whereas surface currents are the 

product of Ekman transport and 
geostrophic flow.  Intermediate and 

deep-ocean circulation in the Northwest 
Pacific is poorly understood, and 
seasonal effects on circulation are 
likely tn be insignificant below 
1500 m. 

A. Storms 

Figure 8 is a condensation of monthly 
cyclone (low pressure area) maps 

showing cyclone paths and the percent 
of time an area is covered by cyclones 

(Gorshkov, 1974).  Plonth abbreviations 
are plotted to represent the highest 
concentrations of cyclones for specific 
months.  Storms occur most frequently 
during winter months and are mote 

prevalent in the north adjacent to the 

major winter low pressure cell (Fig. 

1).  Paths for the low pressure fronts 
generally move from southwest to 
northeast, but their paths, which 

represent averages, do not necessarily 

coincide with major storm concentra- 
tions. 

ß. Winds 

Compiled from Gorshkov (1974), Figure 9 
is a synthesis based on monthly wind 

distributions and displays the percent 
of time that winds are greater than 
16 m/sec (31 kn).  The figure shows 

this percentage for the months with the 

highest winds, November through March; 

the month abbreviations are centered at 
areas with maximum monthly winds. 
Strong winds (greater than 16 m/sec) 
are mo re prevalent in the west, south- 

east a,;d northeast.  The average direc- 
tion of winter winds is northeasterly 

in the north and northwesterly in the 

south.  While winter winds are cyclonic 
and are generated by a major low- 

pressure cell, summer winds are anti- 
cyclonic and generated by a major high 

pressure cell (Fig. 1).  Surrmer winds 

are not as strong as winter winds, and 

are nearly opposite in direction. 

C. Icing 

Icing of equipment exposed to air can 

be a significant problem in the North- 

west Pacific.  Figures 10 and 11 show 

the number of months when sea surface 
temperatures drop below 00C and -80C, 
respectively (Gorshkov, 1974).  The 
distribution of -80C is presented to 

delineate the extent of extremely cold 
temperatures.  The freezing temper- 

atures, coupled with the intense winter 

] 
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storm activity (Fig. 8), should produce 

icing in all areas of the Northwest 
Pacific.  The least icing problem 

should occur in the southeast, the 
severest in the north and northwest. 

D. Wave Heights 

Wave heights in the Northwest Pacific 
can exceed 17.5 m (Fig. 12) and highest 
waves occur in non-summer months in the 
southea stern areas. 

E. Surface Water Temperature 

Surface water temperatures vary 
seasonally.  Figure 13 shows the 

average water temperature for the 

coldest month (February), coupled with 

the annual variation in ter.perature of 
surface waters (Gorshkov, 1974). 

Warmest temperatures can be calculated 
by adding the annual variation to the 

February temperatures. 

Winter cooling at surface waters pro- 

duces a reversal in the temperature 
profile for the Northwest Pacific.  The 
depth of the temperature maximum pro- 

duced by this cooling and the temper- 

ature at the maximum are plotted in 
Figure 14 (Reid, 1973).  The depth of 
the maximum indicates the extent of 
penetration of February or winter cold 
temperatures in the water column. 

Maximum warmest waters are present in 

the southern area where the Kuroshio 
Cur rent is I oca t ed. 

F. Surface Currents 

Surface current circulation in the 
Northwest Pacific consists of the 
eastward-flowing warm water of the 

Kuroshio Current at about 400N and the 
southward-flowing cold water of the 

Kamchatka Current (also called Oyashio 
south of Kamchatka) that borders 

western land masses.  In winter, the 

Kamchatka Current is squeezed westward • 
and the Kuroshio is pushed southward as 
a result of seasonal Ekman transport 

caused by northerly winds (Fig. 5).  In 

surnner, the Kamchatka Current expands 

eastward and the Kuroshio northward due 
to prevailing southerly winds (Fig. 6). 

G. Current Speeds 

Maximum surface current speeds are to 
be expected within the major current 
areas, in the eddies adjacent to major 
currents, and during the winter when 

strongest winds occur.  Figure 15 

depicts surface current speeds that are 
based on reported ship drift for the 
months having the highest average value 
(U.S. Navy, 1977).  The data show high 

speeds in a band on the west where the 

Kamchatka Current is constricted in 

winter and also in spotty areas in the 

fath of the Kuroshio Current to the 
south.  Since the data are averaged 
values, they are only useful to show 

general current speed distribution. 

Figure 16 is a histogram of the highest 
monthly average surface current speed 
for one degree squares, the same data 

as that presented in Figure 15.  Speeds 
are 'ess than 0.8 kn for most one 

degre». square locations; however, a 

fraction of the speeds exceeds 3.0 kn. 

Maximum surface current speeds will 
exceed these averaged measured speeds. 

Figure 17 presents a maximum current 

speed profile based upon the model used 

by the Naval Oceanographic Office 

(NAVOCEANO) to evaluate current speeds 
for mooring design (Joseph Tamul, pers. 
conn.).  The NAVOCEANO mode I states 
that maximum speed is at the sea sur- 

face and decreases linearly to one- 

third its original value at 400 m 

depth.  From 400 m to the bottom, the 
speed decreases linearly to 0.  The 
profile represented by a dashed line in 

Figure 17 depicts a maximum surface 

speed of 4 kn as observed in major 

ocean currents.  This speed decreases 

linearly to 1.3 kn at 400 m and 
decreases linearly to 0.4 kn from 430m 

to the bottom.  The bottom speed is an 
assumed maximum bottom current speed 

based upon bottom photographs of the 

Northwest Pacific.  Since bottom 
currents are evident in some areas of 

the Northwest Pacific, the zero bottom 
speed used in the NAVOCEANO mode I 
cannot be used as a maximum speed for 
the model in Figure 17. 

.—^_-_ 
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To supplement the maximum current speed 
model, Figure 17 also shows measured 
current speeds.  Current speeds derived 
from unpublished Ekman current meter 
measurements collected by NAVOCEANO 
(1930-1975) are plotted for the upper 
500 m of the model.  Eighty perrent of 
these measurements have speeds repre- 
sented by the darker shading, while the 
remaining 20% are represented by the 
lighter shading (Fig. 17).  Although 
the measurements are biased because 
most data were collected in the calmer 
sumner months, the slope of the current 
speed profile parallels the maximum 
speed model.  Speeds at intermediate 
depth, as represented by solid black 
bars on Figure 17, are calculated from 
the geopotential anomaly maps of Reid 
et al. (1975).  These values represent 
speeds averaged for large areas over 
I onf, per i ods of t ime. 

H. Sound Speed 

Sound speed in the water column of the 
Northwest Pacific varies both season- 
ally and geographically.  For stations 
plotted on Figure 18, Figure 19 shows 
sound speed profiles for the upper 
1600 m of the water column (Senior, 
1976, and NAVOCEANO, 1978).  The 
profiles show that sound speed varies 
considerably in the upper 800 m of the 
water column.  The April profiles {A 
and B) show that sound speed increases 
steadily with depth from a surface 
minimum, except in the region of the 
Kuroshio Current where surface sound 
speeds decrease to a minimum at about 
500m.  The July profiles (C) display a 
thin, temperature-induced, high- 
velocity surface layer which grades 
into a velocity minimum at about 200 m. 

The sound channel axis is defined as 
the depth of the sound velocity 
minimum.  Figures 20 and 21, respec- 
tively, depict the winter and the sum- 
mer sound channel depths.  The maps are 
synthesized from upper water column 
sound velocity contour maps for dis- 
crete depths (Gorshkov, 1974).  In 
winter, the sound channel is deepest in 
southeastern areas traversed by the 
Kuroshio Current.  Figure 20 shows that 

ng 

in winter two sound channels exist in 
the southeastern sections of the area. 
The sound channel is either poorly 
defined or absent in the remaining 
areas because the cold surface waters 
create a velocity minimum near the 
surface.  The sumner sound channel 
ranges from about 200 m to 500 m in 
depth and deepens toward the southeast 

/.  Biological Fouling 

Biological fouling of exposed MSS 
equipment should not be a problem in 
the Northwest Pacific (John DePalma, 
pers. comm.).  The most intense foul 
occurs in the upper 25 m with the 
accumulation of about one pound of 
barnacles per square foot of equipment 
surface per year.  Algae will produce 
films on equipment in the upper 25 m 
and could only cause problems to light 
transmitting, transparent or movable 
parts.  Bottoi.i fouling should be 
insignificant.  Cables, however, should 
be protected with Teredo shields for 
the surface 25 m and near the ocean 
bot torn. 

IV. Geology and Geophysics 

Because the GeoIogy/Geophysics section 
is long and complex, an organizational 
sumnary is offered.  The section is 
introduced with a REGIONAL SETTING 
which outlines the geology of the 
Northwest Pacific and adjacent seas and 
continental areas.  This section is 
followed by extensive geological com- 
pilations.  The general subject trend 
of these compilations begins with the 
ocean bottonr ind proceeds through the 
sediment column, crustal rock and 
mantle.  In BOTTOM ROUGHNESS, the 
topography of the ocean bottom is clas- 
sified and mapped according to relief 
and slopes.  Next, SURFACE SEDIMENTS 
presents the sedimentary character- 
istics of the ocean bottom. 

The following sections deal with the 
sediment column.  DSDP CORES presents 
extensive sediment data for the DSDP 
cores dril(?d in the area.  Supplemen- 
ting the DSDP CORES, ACOUSTIC STRATIG- 
RAPHY offers mapped acoustic horizons 
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and sediment thickness.  Finally, 
GEOLOGIC HISTORY explains crustal 
formation and past sedimentary environ- 
ments of the Northwest Pacific.  In 
addition to describing the occurrence 
of sediments found in DSDP cores, this 
section discusses the sediment column 
in poorly surveyed areas. 

The remainder of  he Geoio;y/Ge. itiys- 
ics section cone.    the geographic 
areas where seismi waves traverse to 
reach a potential MSS.  In SEISMIC 
ACTIVITY, the seismic sources are 
located.  DEEP SEISMIC VELOCITY STRUC- 
TURE outlines velocity structure of the 
areas between the seismic sources and 
the potential MSS and presents gen- 
eralized crust and mantle velocity 
profiles for the Kuri l-Kamchatka region 
and the Northwest Pacific Ocean.  The 
final section, GRAVITY AND HEAT FLCW, 
provides additional data about the deep 
structure of the area. 

A. Regional Setting 

The geographic scope of this section 
includes the Northwest Pacific, as well 
as adjacent seas and continental areas. 
The regional divisions in this section 
are used primarily to define these 
areas in discussion and do not repre- 
sent absolute geological or seismolog- 
ical provinces.  The Kuril-Kamchatka 
earthquake region, the Western Aleutian 
earthquake region and the Emperor Sea- 
mounts (Fig. 1) are discussed mainly as 
peripheral areas to the Northwest 
Pacific regions, which are mapped as 
physiographic subprovinces (Fig. 22). 
These subprovinces are the focus for 
most of the research presented in this 
rppor t. 

1. Kuril-Kamchatka Earthquake Region 

From east to west the Kuri l-Kamchatka 
earthquake region includes the Kuril- 
Kamchatka Trench, the Southern 
Kamchatka Peninsula, the Kuril Island 
Arc, and ihe Sea of Okhotsk.  The 
trench reaches depths over 9000 m and 
marks a plate boundary where the 
Pacific oceanic lithosphere under- 
thrusts the Asian plate (see Seismic 

Activity section).  Parallel to and 
west of the trench is a line of 
volcanoes located on the Kuril Island 
Arc an^ Eastern Kamchatka.  The Bussol 
Proliv is a submarine pass (Map 1) 
which transects the island arc at 470N. 
It connects the Sea of Okhotsk to the 
Northwest Pacific at a depth of 2500 m. 
The K'uzenshterna Proliv is ?nother 
pass, located at about 48.D0N, which 
connecis the same water bodies at a 
depth of 1500 m.  The passes serve as 
channels for cold water exchange 
between fie Sea of Okhotsk and the 
Northwest Pacific Ocean.  West of the 
Kuril Island Arc, the Kuril Basin is 
the only deep ocean basin in the Sea of 
Okhotsk.  The Basin has an average 
depth of 3200 m and connects with the 
Pacific Ocean through the Bussol 
Proliv. 

2. Western Aleutian Earthquake Region 

The western Aleutian earthquake region 
is a trench and island arc system; 
however, the tectonic mechanism of this 
region is strike-slip movement between 
the Pacific and North American Plates 
(Cormi'er, 1976).  The western Aleutian 
trench averages 6500 rn in depth and is 
generally shoaler than ihe Kuril- 
Kamchatka Trench.  The Aleutian 
trench is floored with thick, ponded 
sediments, vhereas the Kur it-Kamchatka 
Trench rarely contains ponded sed- 
iments.  The two trenches connect in an 
inverted "V" south of the Kamchatka 
Strait.  This strait has a depth of 
3000 m and connects the Kamchatka Basin 
of the Bering Sea to the Pacific Ocean. 
Since the Kamchatka Basin also averages 
3000 m, the Kamchatka Strait is an 
important area for water exchange, and 
acts as a conduit that channels Bering 
Sea sediment into the Northwest 
Pac i fie. 

3. Emperor Seamounts 

The Emperor Seamounts, located on the 
east of the Northwest Pacific abyssal 
hills province, have a northern limit 
just southward of the Kamchatka Strait 
and seaward of the Aleutian and 
Kamchatka Trenches.  The northernmost 
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cre«t of the Emperor chain is Me iji 

Guyot (Map I), an elongated plateau 
which has a minimum depth i  about 

3000 m and bears a thick sediment cover 
on its northeastern slopes.  Meij i 

Guyot trend5 N450W, whereas the remain- 

ing Emperor Seamounts trend N200W as 
far south as 400N. 

The Emperors 

as the PacIfI 

northwest ."er 
and Jarrard, 
would date Me 
seamount and 

be expla i ned 

movement.  Th 

age southward 
shoaler crest 
cover to the 

Seamounts are 
south, wi th t 

depth : 

Mf i j i 
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Tenchi 
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Ni n toku 

are thought to have formed 

c plate moved to the 

oss a "hot spot" (Clague 
1973).  Thi s hypothesi s 
i j i as the oldest existing 
the bathymetric trend can 

by contemporaneous plate 
e seamounts decrease in 

and genera My have 

s and sparser sediment 
south.  The Emperor 

listed from nor th to 
heir corresponding minimum 

2923 m 

2239 m 
2349 m 
1275 m 
1 106 m 

943 m 

Deep latitudinal gaps traverse the 

Emperor Seamount chain.  They are 

located in southern regions between 
Jinrnu and Suiko, Suiko and Nintoku, and 

south of Nintoku.  These gaps may be 

related to geologic trends in the adja- 
cent Northwest Pacific abyssal hills 
province and they could serve as passes 
for deep water transport. 

4.  Hokka i do Rise 

The Hokkaido Rise is a northeast/ 

southwest-trending structure elevated 

3000m above the Kuri I-Kamchatka Trench 

on the northwest and from 400-800 m 

above Pacific crust on the southeast 
(Fig. 22 and Map I).  The structure 

parallels the Kuril-Kamchatka Trench 
and trends perpendicularly to presumed 
present Pacific plate movement 

(Lancelot, 1978).  Greatest topographic 

expression is present at 45-480N where 
the average depth is about 4900 m. 

The Rise is transected by several 

depressions.  Located in the south are 

two depressions (40-410N, 1490E) which 
may be northern sections of the 

proposed Nakwe Channel (Martmer i ckx , 
1980). 

Another depression transects the Rise 

at 440N.  A saddle located at 48-490N 
has an average dopth of 5500 m, which 
is up to 500 m deeper than the Rise to 
the south.  This saddle and the 

southern depressions could be areas of 

deep water exchange between the trench 
area and the Northwest Pacific abyssal 
hills province.  North of the saddle 
the Rise displays the northwest- 

southeast bathymetric trends that 

parallel the Emperor Seamounts south of 
Me i j i . 

Two anomalous structures cr ss the 

Hokkaido Rise between 440N and 480N. 

First, a trough which connects with the 
Hokkaido Trough appears to cut the 

eastern Hokkaido Rise with a relief of 
up to 400 m.  The trough extends east- 
ward from 1550E and trends roughly 

east-west.  Second, a N300W-trending 

line of seamounts crosses the Hokkaido 

Rise and the Hokkaido Trough (Map I). 

These seamounts could extend south of 
the trough and east of the rise with a 
N400W trend. 

According to McAdoo et al. (1979), the 

rise is of secondary origin due to the 

buckling of an elastic lithosphere as 
it descends into the Kuri I-Kamchatka 
Trench.  Small-scale faulting that 

trends northeast-southwest is apparent 

on continuous seismic reflection pro- 

files; however, detailed mapping of the 

faults is difficult due to lack of 
profile coverage.  These faults tend to 
support the McAdoo et al. proposal. 

5. Hokka i do Trough 

This report contains the most compre- 

hensive mapping of the Hokkaido Trough 
yet compiled (Map I).  The sinuous 

trough appears to trend roughly east- 

west from the Hokkaido Rise toward the 

Emperor Seamounts.  The trough also 

appears to extend toward the BMSSOI 
Proliv of the Kuril Island ch^.i« to the 
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west and toward the gap betv/een Suik 

and Jinrnu of the Emperor Seamounts. 
From 1610E to 1650E the trough consists 
of a series of parallel ridges and 

troughs, suggesting a series of faulted 

blocks.  At 1610E the trough bends 
slightly to the northwest.  Farther 

west the trough branches into two 
troughs of lesser relief.  One trough 

extends into the Hokkaido Rise and the 

other bends southwest-northeast, paral- 

lel to the Hokkaido Rise.  Relief 

varies from as little as 100 m in 
speculative southwestern extensions of 
the trough to over 1400 m where ridges 

parallel the trough.  Continuous seis- 

mic reflection profiles collected west 

of 1600E show that the trough contains 
a maximum thickness of 0.5 seconds 

(two-way travel time) of ponded 
sediment, while flanking ridges have 

almost n  sediment (Fig. 24, CC).  No 

adequate explanations are available as 

to the origin of this feature. 

Magnetic data now being processed 
reveal large anomalies across the 
trough and parallel ridges.  Further 
collection and analysis of magnetics, 
bathymetry, and seismic reflection 

profiles are needed. 

6. Basin Between Southern Hokkaido Rise 

and Shatsky Rise 

This region is characterized by broad 

parallel, small amplitude (200 m) 
northeast/southwest-trending ridges and 

depressions (Map I).  Typical depths 

are 5400 to 5700 m.  Geological data 
coverage of the area is better than for 

other Northwest Pacific provinces. 

Magnetic anomalies mapped by Hilde 

(1975) show magnetic isochrons that are 
roughly parallel to the bathymetric 

trends.  DSDP drill sites 303 and 304 
are located in this province, and both 

drill holes penetrated basaltic base- 

ment of middle Cretaceous age.  In the 

north, the province appears to be cut 

by the seamount chain mentioned in the. 
Hokkaido Rise section as well as the 
Hokkaido Trough.  North of the trough 

to about 470N, the bottom apparently 

continues to have the same bathymetric 

character as the southern area; 
however, data coverage is sparse. 

7. Nor thern Sha t sky Rise 

The northern extew t on   of the Shatsky 
Rise is located in the southeastern 

corner of the survey area.  The rise is 

elevated about 700 m above the sur- 

rounding ocean floor and has an average 

depth of 5000 m.  The bathymetric trend 

of the Rise parallels the northeast- 
southwest trends of the surrounding 
basins and the Hokkaido Rise. 

The Shatsky Rise is a north/south- 

trending feature which appears to 
extend from 300N to 450N; however, the 
major section of this feature is south 

of 400N.  Although sediment and acous- 
tic velocity studies have been con- 

ducted in the major portion of the 

Rise, the northern extension remains 

largely unstudied.  Speculations 
concerning the northern extension 

should not be based on knowledge of the 
southern section until  lore is known 

about the area. 

8. Provinces Adjacent to the Emperor 
Seamount s 

Bathymetric trends change from a 

northeast-southwest trend to a 

northwest-southeast orientation near 

the Emperor Seamounts (Map I).  This 
orientation, which parallels the 

Emperor Seamounts south of Mei ji , is 
most prominent southwest of the Melji 

Guyot, where parallel ridges and 

troughs with relief of 500 m to over 
1000 m extend as far west as 1620E. 
The parallel ridges generally have thin 

sediment cover (0.2-0.4 sec), while tlie 

troughs have flat, ponded sediments 

thick as 1.0 sec.  One trough appears 

to extend southward from the Meiji area 

to 450N.  Agapova et al. (1973) 
describe their discovery of northwest- 
southeast parallel fracture zones as 
far west as 1620E in the region from 

46-520N.  This area has poor bathy- 

metric track coverage; moreover, the 
Russian data extracted from a small- 

scale illustration does not fit well 
with other available data.  More data 
are needed to adequately map the 

morphology of this region. 
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ß. Bottom Roughness 

For this report,. BOTTOM ROUGHNESS is a 
relative measure of slopes and relief 
of bottom topography as perceived from 
continuous seismic reflection records. 
Bathymetric contours (Map I) only show 
reliefs which exceed the contour inter- 
val (100 m).  Slopes computed from 
these contours are generally averaged 
because they cannot measure the low 
amplitude short wavelength topography. 
Bottom roughness is a measure of this 
short wavelength topography, which, 
when superimposed upon the bathymetric 
contours (Map IV), will reflect the 
bottom topography in more detail. 

Bottom roughness classifies all slopes 
and relief into three empirically-based 
groups which divide the Northwest 
Pacific into three relatively equal 
areas.  The three roughness divisions 
by increasing relative roughness are; 

o  Low roughness - relief less than 
200 m in a 20 km span and/or slopes 
less than 3-4°. 

o  Intermediate roughness - slopes of 
3-10°.  Intermediate roughness is 
intended as an overlap division. 

o Greatest roughness - relief dif- 
ferences greater than 200 m in a 
20 km span and/or slopes greater 
than the 6-10° range. 

The slopes of the bottom topography can 
vary somewhat, regardless of the 
relief.  If an area has low relief, but 
a large amount of short wavelength 
topography, the slopes of the topog- 
raphy can be great.  On the other hand, 
high relief areas may have broad 
gradual slopes.  Usually high relief 
areas have greater roughness than low 
relief areas.  For this reason, the 
high relief represented by bathymetric 
contours, which have more extensive 
track coverage than the bottom roujn- 
ness, can be used to imply high tough- 
ness in areas with poor seismic reflec- 
tion coverage. 

For most purposes, low roughness areas 
are advantageous to the MSS anu 
greatest roughness areas are to be 

avoided.  Major areas outside the 200 
mile limit that have low roughness are 
located in a broad band east of the 
southern Hokkaido Rise, in a smaller 
area adjacent to the eastern flank of 
the Hokkaido Rise at about 470N, and in 
troughs both adjacent and parallel to 
the Emperor Seamounts (Map  /). 
Roughest areas are the seamount prov- 
inces and faulted areas on the Hokkaido 
Rise and the ihatskv Rise.  Areas 
adjacent to tne Meiji Guyot and the 
Hokkaido Trough are assumed to be rough 
on the basis of high relief bathymetry. 
Figures 24-26 show seismic reflection 
profiles for lines indexed on Figure 
23.  Profiles A, E, F, G and I repre- 
sent smooth bottom.  Profile H shows 
intermediate bottom and profiles B, C, 
D and J show rough bottom. 

C.  Surface Sediments 

Surface sediment types of the Northwest 
Pacific have been classified and mapped 
by Fraztr et al. (1972).  This classi- 
fication is the outcome of a compila- 
tion of data, analyses, and sediment 
descriptions that are not always 
directly compatible.  As a result, the 
classification contains ambiguities, 
but nevertheless serves as a useful 
summary of general sediment types. 
Surface sediments of the Northwest 
Pacific consist of combinations of six 
basic components: 

o  Clay - fine grained (<4 ^m), <30% 
biogenic sediments. 

o  Calcareous ooze - >30% biogenic 
carbonate. 

o  Sand and silt - size of sediment 
particles predominantly 4 ^m to 
2000 /um, <30% biogenic sediments. 

o  Mud - terrigenous deposits, gener- 
ally fine grained, but containing 
significant components of sand and 
silt. 

o  Si Ii ceous ooze - <30% biogenic 

silica. 
o  Volcanic sediment - containing 

detectible amounts of ash, glass 
shards, pumice or other volcanic 
na t e r i a I s. 
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Ideally, a sediment should be clas- 
sified by size, source and composition; 
the Frazer et al. (1972) classifica- 
tion is based upon a partial combina- 
tion of the three criteria.  The c!ay 
and sand/silt components are size 
classifications, whereas mud, an 
undifferentiated mixture of predom- 
inantly clay with sand/silt, is clas- 
sified by both size and source. The 
biogenic (organically derived silica or 
carbonate) and volcanic components are 
both compositional and source classi- 
fications, and may encompass all three 
size classes. 

Adapted from the Frazer et al. map, 
Figures 27 and 28 show that most 
surface sediments are combinations of 
the six major types.  Piajor combina- 
tions of sediment type on Figure 23 are 
Ii s ted in Tab Ie I . 

Because volcanic constituents are 
usually present in small amounts, 
sediments containing them are named 
with the adjective "volcanic" to the 
far left, for example: volcanic 
siliceous mud.  When sediments con- 
taining 10-30% biogenic material appear 
in combination with muds, clays, or 
sand and silt, they are no longer 
designated as oozes; rather the predom- 
inant biogenic material becomes an 
adjective modifier of the size term 
such as calcareous silt or siliceous 
clay. 

Distribution patterns of surface 
sediment can indicate sediment sources. 
Sands and silts are generally found on 
the continental margins close to the 
terrigenous source.  In the Meiji area, 
where sedimentation is dominated by 
currents carrying large amounts of 
terrigenous material, terrigenous muds 
extend seaward of the trenches (Scholl, 
et al., 1977).  Clays are present in 
areas isolated from sources of terrig- 
enous sediments.  Calcareous oozes 
produced by planktonic foraminifera are 
present atop seamounts with depths 
shallower than the carbonate compensa- 
tion depth.  Siliceous components in 
sediments are ubiquitous because the 
Northwest Pacific is located within the 

high latitude, diatom-producing zone. 
Volcanic materials appear throughout 
the area as a result of KuriI-Kamchatka 
volcanism.  They are dispersed in small 
quantities in most sediments or are 
locally concentrated in thin ash 
i ayer s. 

1. Grain Size of Sediments 

Soviet scientists have studied the 
grain size distribution of surface 
sediments in the Northwest Pacific more 
extensively than the American or 
Japanese scientists, particularly in 
the western areas.  Unfortunately, the 
Soviets do not employ the Udden- 
V/entworth scale used by most western 
sedimentoIogists; therefore, their 
results are not directly comparable to 
other works.  Instead, they use a grain 
size scale based on magnitudes of 10, 
the major divisions of which are sand, 
100-1000 ^m; aleurite, 10-100 /urn; 
pelite, 1-10^m; and subco I I oi da I, 
<1 Mm.  This contrasts with the major 
Udden-Wentworth scale divisions of 
sand, 62-2000 Mm; silt, 4-62 Mm; and 
clay <4 Mm.  The two classifications 
are ro'ughly equivalent and the Soviet 
systemwill be used only in this 
sect ion. 

Generalized grain size distributions of 
surface sediments extracted from Soviet 
maps of Kort (1970) are listed in Table 
II by size class for each of the phys- 
iographic provinces classified in this 
r epor t. 

Coarse sediments on the Emperor Sea- 
mounts and Meiji Guyot are probably due 
to a coarse carbonate fraction and 
volcanic material.  On the Hokkaido 
Rise, sediment coarsens toward the 
Kuri I-Kamchatka Trench due to increas- 
ing proximity to volcanic and terrig- 
enous sources.  Conversely, sediments 
become progressively finer on the 
southeastern side of the rise. 

The mean diameter of surface sediment 
grains (Horn et al., 197u) is illus- 
trated in Figure 27.  With the excep- 
tion of the Emperor Seamounts, mean 
diameter decreases southeastward, from 
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greater than 3 ^m near the trench to 

less than 2 Mm in the southeast.  The 
Horn et al. study is based upon Lamont- 

Doherty Geological Observatory cores 

plotted on Figure 29.  Additional LOGO 
cores collected since the Horn et al. 

stuay reveal similar grain size data 

(unpublished LOGO core descriptions). 

Surface sediments in the Northwest 
Pacific abyssal hills province are 

essentially clay size, with the 
coarsest material nearer to land or 

local volcanic sources. 

Grain size analyses conducted by the 

Naval Oceanographic Office in the 
vicinity of fie i j i Guyot (Loomis et 
al., 1972) (Fig. 29) show surface 

sediments there to be clays and silts. 

The sediments are coarser than basin 

sediments.  Variation of grain size 
with depth in the sediment column is 
listed for DSDP cores in the Physical 

Properties section. 

2. Clay Plinerals 

The mineralogy of clays suggests both 

the origin of sediment and the mech- 

anism by which it was transported. 

Griffin et al. (1968) have mapped 

percentages of chlorite, montmoril- 
lonite, illite, and kaolinite for the 
less than 2 ^m size fraction of sur- 

face sediments.  The less than 2 ^m 
size fraction is probably less than 50% 

of the sediments in the Northwest 

Pacific.  In contrast. Griffin et al. 

(1968) assign typica1 Pacific pelagic 
sediment as 61% less '.ban 2 yum, hence. 
Northwest Pacific sediments are coarser 

than the normal pelagic sediments. 

Typical red clay provinces in the North 

Pacific have greater than 50% illite 
composition.  The Northwest Pacific 
illite content varies from 20-50% and 

decreases northwesterly toward the 
Kuril Trench.  The clay minerals which 

replace illite as major constituents 

are chlorite (20-30% and montmori I- 
lonite (30-50%).  By comparison, 
typical North Pacific red clays contain 
10-20% chlorite and 20-30% montmoriI- 

lonite.  The chlorite and montmoril- 
lonite contents increase northwesterly 

toward the trench.  The higher content 

of chlorite indicates low intensity 

weathering of terrigenous material and 

glacial transport; the higher montmor- 

illonite indicates influx from a vol- 
canic regime on in situ alteration of 
volcanic ash (Griffin et al., 1968). 

3. Coa r se Fraction 

Coarse fraction sediments vary through 
time in respone to glacial input, 
biogenic production, volcanism, and 
terrigenous weathering processes.  The 

coarse fraction varies considerably 

within cores.  Values as high as 90% or 

as low as 10% coarse material may be 

present in ash layers.  Greatest abun- 
dances occur on Meiji Guyot and near 
land sources.  Connolly et al. (1970) 

sturied 20 m piston cores from the 

Northwest Pacific and found 50-80% of 

the coarse fraction to be of volcanic 

origin in the form of glass shards and 
pumice.  PIagi IK. I ase, volcanic rock 

fragments, and ice-rafted detritus are 
important minor constituents which 

comprise less than 20% of the coarse 

fraction.  These constituents are 

largely current-transported from 
terrigenous provenances.  Pebbles 

greater than 5 rnn are rare, and are 
assumed to be due to ice-rafting. 

Ice-rafted material in quantities 

greater than 1% of the coarse fraction 

are present north of 450N with greatest 
concentrations in the vicinity of Meiji 

Guyot.  Biogenic silica, which com- 
prises 10-20% of Northwest Pacific 

surface sediments, contains a variable 

but high percentage of the coarse 
fraction. 

D. DSDP Cores 

DSDP core data for all sites in the 

immediate vicinity of the Northwest 

Pacific are listed in Table III.  Only 
cores 192, 303, 304 and 436 have sed- 
iment secLJons representative of the 

Northwest Pacific abyssal hills 
province.  Sites 192 and 436 have the 

best core recovery rates while sites 

303 and 304 have inadequate recovery 
for Miocene and younger sediments. 
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Cores 303, 304, and 436 are all located 
in the southern area (Fig. 2).  Cores 
303 and 304 are located east of the 

Hokkaido Rise in the southern abyssal 
hills province v/here sediments are 

generally thin.  Core 436 is situated 
on the Hokkaido Rise east of the 

northern Japan Trench and the core 

contains a thicker sediment column than 

303 and 304.  Cores 431, 432, and 433 

are all located on the Emperor Sea- 

mounts where sediments are sparse (naps 
I and II). 

Core 193 nntains only a short section 

of sedimem and is incomplete for 

Pleistocene and older sediments.  The 

reader should consult Figures 32-35 for 
general summaries of the data collected 
for cores 303, 304, 192 and 193. 

Core 192, taken atop the sediment- 
capped Me ij i Guyot, Is the only 

available sample for sediments in the 

northern areas.  This core is atypical 
because the sedimentary regime has 

always been above the Carbonate 

Compensation Depth and the Kamchatka 

Current is a likely transport agent for 

the bulk of Miocene and younger sed- 
iments (Scholl et al., 1977).  As a 
result, sedimentation rates have been 
higher atop Meij i Guyot than on adja- 
cent basin areas, largely due to the 

influx of current-transported terrig- 
eneous material.  Abyssal hills areas 
are likely to have higher proportions 
of volcanlcally derived sediments due 

to the more dominant volcanic influx. 

1. T ime Cor re I at on 

i 

Time correlation of DSDP lithologic 
units in Northwest Pacific cores 

reveals general depositional environ- 

ments (Figs, 30 and 31).  In Miocene 

and younger sediments, basic sediment 
components are pelagic clay, muds, 

biogenic silica and volcanic material. 

Older sediments include claystones, 
pelagic clays, cherts and carbonate 
sed iment s. 

Prp-Miocene sediments show great 
geographic variation in Mthology. 
Sediments irrmed i at el y overlying basalt 

basement were recovered at sites 303, 

304, and 192.  At sites 303 and 304, 

basal un ; ♦s of upper Cretaceous age 
consist of nanno ooze, chert and 

pelagic clays; Paleocene through 

Miocene sediments were not retrieved. 

At site 436, dark-brown, banded cherts 
of late Cretaceous age were   cored. 
Paleocene through Middle Miocene 
sediments consist of 20 m of dark- 
brown, manganese-rich clay.  In 

contrast, site 192, cored in younger 

Cretaceous crust, consists of late 

Cretaceous to lower Miocene chalks and 

claystones.  The presence of carbonate 
sediments indicates deposition above 

the carbonate compensation depth. 

The bulk of sediments in the Northwest 

Pacific are post-OI igocene.  Miocene 

claystones are present at core 436, and 
core 192 contains early and middle 

Miocene claystones.  Sediments at site 
192 are late Miocene diatom-rich clays 

tha  grade into Pliocene diatom ooze, 
typical of Pliocene sediments in all 

cores.  The ooze at site 192 contains 
more than 60% biogenic silica, while a 

similar unit at site 436 averages 
30-40%.  The short, incomplete, 

Pliocene sediment section recovered at 
site 303 is also diatom ooze.  Pleisto- 
cene sediments at both sites 436 and 
192 are generally siliceous volcanic 

clays interspersed with diatom oozes 

and ash layers; similar sediments are 

likely at sites 303 and 304, where only 
small portions of the Pleistocene 
section were recovered.  The Pleisto- 
cene sediments at site 192 are probably 

urrent-derived terrigenous detritus 
choll et al., 1977), while site 436 

diments are largely derived from 

volcanic ash 'rom Japan and the Kuril 
IsIands. 

2. Sed imentat ion Rates 

Sedimentation rates in the Northwest 

Pacific Basin vary with time and 
geography.  Rates at DSDP core sites 
are labeled on the time columns (Fig. 

30) and thickness columns (Fig. 31). 
Recent sedimentation rates have been 

calculated by Ninkovich (1975) from 

piston cores (Figs. 29-31).  Rates are 
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higher nearest to land sources and 
lowest seaward.  Ninkovich's rates vary 
from about 3.0 cm/1000 yrs near the 
Emperor Seamounts to greater than 
6.0 cm/1000 yrs near the Kuril Trench. 
These rates are compatible with 
Pleistocene sedimentation rates 
measured in DSDP cores.  At site 436, 
Pleistocene rates are presently at a 
maximum of 7.0 cm/1000 yrs and rates at 
site 192 average 6.0 cm/1000 yrs. 
Ninkovich proposed that the present 
sedimentation rate be projected for the 
total sediment column.  In areas near 
DSDP cores this assumption is not 
valid.  Site 436 has a present maximum 
rate which decreases with age due to 
increasing distance from volcanic 
sources.  At site 192 rates increase 
with age into the Pliocene due to 
increased diatom productivity, while 
the general terrigenous component 
retains a steady rate from middle 
Miocene through the present.  Rates of 
pre-Miocene sediments are less than 
1.0 cm/1000 yrs at all DSDP sites.  Due 
to low sediment retrieval at sites 303 
and 304, only an average mid-Miocene to 
present rate of 1.6-1.7 cm/1000 yrs is 
proposed (Larson et al., 1975).  Sed- 
imentation here is probably similar to 
that at site 436 in that greater rates 
occur for younger sediment. 

3. Phys ical Propert i es 

Measurements of physical properties for 
Northwest Pacific sediments are scarce 
and unreliable.  Related North Pacific 
studies (Richards, 1961; Moore, 1962; 
Keller, 19t9; and Keller et al., 1970) 
consist of analyses of piston and 
gravity core sediments.  Studies are 
extensive on DSDP cores 192 and 193 
(Lee, 1973) and sparse on cores 303 and 
304 (Larson et al., 1975).  Because 
DSDP cores are disturbed by drilling, 
the ensuing laboratory tests could be 
in error.  The reader should consult 
the references to evaluate the quality 
of the data. 

Data on physical properties are 
extracted from various sources and 
I isted in Tables IV-VII.  Table IV 
(Keller et al., 1970) lists the mass 

physical properties for Pacific sed- 
iments and averaged values for world 
ocean terrigenous and red clay sed- 
iments.  Unfortunately Northwest 
Pacific sediments are not typical of 
any of the three groups, and pertinent 
values lie between the wide ranges 
listed.  Table V (Moore, 1962) lists 
physical properties and calculated 
bearing capacities for North Pacific 
cores located east of the Emperor 
Seamounts.  These sediments are similar 
in grain size and composition to North- 
west Pacific sediments and may be 
representative physical properties at 
MSS sites. 

DSDP data on physical properties are 
included for cores 303, 304, 192 and 
193.  Minimal data exist for cores 303 
and 304 (Larson et al., 1975).  Exten- 
sive data are available for cores 192 
and 193; however, core 192 is not 
typical of the Northwest Pacific 
abyssal hills sediments, since it is/ 
located atop Meij i Guyot.  Core 193 
contains typical abyssal hills sed- 
iment, so physical properties measure- 
ments of this core are probably most 
representative of those to be encoun- 
tered at an MSS site.  Unfortunately, 
less than 100 m of sediment were 
retrieved at site 193. 

Figures 32-35 present sunmaries of the 
DSDP core physical properties cor- 
related to the depth in the core, 
sediment lithologies, and acoustic 
measurements.  Tables VI and VII (Lee, 
1973, and Larsen et al., 1975) list 
DSDP grain size and density/porosity 
data.  Figure 36 shows measured vane 
shear strengths for DSDP 192 and 193 
sediments plotted according to depth in 
the cores (Lee, 1973).  In modeling for 
pore pressure, Lee estimated in situ 
vane shear strengths versus depth from 
his measured values (Fig. 36b).  For a 
more thorough analysis of the methods 
and the results of this study, the 
reader should consult Lee (1973). 

£. Acoustic Stratigraphy 

The   acoustic   stratigraphy  of   the North- 
west  Pacific   consists  of   acoustic 
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horizons that have been identified and 
mapped on the basis of visual inspec- 
tion of continuous seismic reflection 
profiles.  These data are supplemented 
by wide angle reflection, refraction 
and sediment data to allow estimates of 
seismic velocity and composition of the 
acous t ic hör i zons. 

Acoustic horizons for the Northwest 
Pacific have been identified in 
previous studies.  Ewing et al. (1968) 
outlined the general acoustic stratig- 
raphy for the Western Pacific.  For the 
Northwest Pacific, they proposed an 
upper transparent layer underlain by 
either a smooth opaque layer or a rough 
layer believed to be oceanic basement. 
They also discovered a transparent 
layer beneath the opaque layer, gener- 
ally in areas south of the Northwest 
Pacific.  Houtz et al. (1979) achieved 
greater acoustic penetration on their 
continuous seismic profiles and dis- 
covered that the lower transparent 
layer is more widespread than proposed 
by Ewing et al. (1968).  Houtz et al. 
(1979) combined the terms opaque layer 
and lower transparent layer into the 
term reverberant layer and mapped its 
presence on the southern Hokkaido Rise 
and on areas near the Emperor Seamounts 
and Shatsky Rise.  Under most of the 
Northwest Pacific the acoustic stratig- 
raphy consists of the upper transparent 
layer and an acoustic basement which is 
either the opaque layer, reverberant 
layer when smooth, or true ocean 
basement when rough. 

The acoustic horizons are not readily 
correlated to the oceanic layer scheme, 
based on sediment and refraction data 
(Ludwig et al., 1970; Houtz et al., 
1976).  Corresponding to the depth 
range of the acoustic norizons are 
layer 1 (sediments) and layer 2 (true 
ocean basement).  The upper transparent 
layer consists of low velocity mate- 
rial, probably unconsoI Idated sediments 
classified as layer 1A (Ludwig et al., 
1970).  The opaque layer and the rever- 
berant layer are either consolidated 
sediments (layer IB) or oceanic basalt, 
which is not necessarily true basement 
(layers 2 or 2A) (Houtz et al., 1976). 

Rough acoustic basement might be true 
ocfanic basement (layer 2). 

1. Transparent Layer 

The transparent layer corresponds to 
low velocity sediments.  From wide 
angle reflection data, the trans- 
parent layer averages 1.74 km/sec for 
the Western Pacific (Houtz et al., 
1979).  This value is higher than the 
average velocity of 1.63 km/sec meas- 
ured for Northwest Pacific DSDP sed- 
iments.  Low velocity sediments are 
siliceous volcanic clays and muds, 
siliceous and calcareous oozes, and 
claystones predominantly of mid-Miocene 
and younger age.  The base of the 
transparent layer Is assumed to be 
where acoustic velocities Increase 
suddenly to over 2.0 km/sec.  In DSDP 
cores (Fig. 31), this interface coin- 
cides with chert layers in cores 436, 
303 and 304.  At 192, the Interface 
could be true basement. 

?• Sediment Thickness Map 

Thickness of the transparent layer 
based upon digitized seismic reflection 
profiles is displayed on Map II.  The 
map is more reliably interpreted in 
areas of dense track coverage.  Compar- 
isons with bathymetry, which has denser 
track coverage, allow sediment thick- 
ness interpretation where seismic pro- 
files are scarce (Map VI). 

The apparent thickness of the trans- 
parent layer varies from 0 to over 
1.0 seconds of two-way travel t me and 
averages about 0.4 to 0.5 seconds. 
Sediments generally thin southeastward 
away from the Kuril Trench.  They 
thicken extensively over the Hokkaido 
Rise, particularly in the southwest, 
and thin on either side of the Rise. 
To the southeast, this thinning is due 
to the greater distance from volcanic 
and terrigenous sources.  To the west 
of the Rise, the thinning may be due to 
slumping of sediments on the steep 
slope leading into the KuriI trench. 

Kuril-Kamchatka Trench sediments are 
rarely turbidite-ponded.  At one 
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isolated area, located about 51-520N, 

0.3-0.4 seconds cf ponded sediments are 
apparent In the trench at the base of a 

large continental margin canyon (set- 

Map I).  Except for isolated locations 
within the trench, turbidites are 

absent in the Northwest Pacific. 

Several areas of sediment ponding are 

probably due to local sedimentation. 
Near isolated seamounts, ponding 

generally occurs near the base.  On a 

gentle western slope of the Shatsky 

Rise at about 41 0N is a basin with over 
0.5 seconds of sediment thickness that 
partially fills a bathymetric depres- 
sion.  A similar but larger sediment 

pond extends along the western side of 

the Emperor Seamount chain.  Though 
seismic reflection coverage is poor, 
the Hokkaido Trough appears to be 

filled with flat-lying sediments in 

excess of 0.5 seconds.  The trough is 

lined by seamounts, which could be a 

local source for the thick sediments. 

Sediment distribution around the Meij i 

Guyot area, studied by Buffington 

(1973) and Scholl et al. (1973, 1977), 

has been updated in Map II.  Sediment 

wedges are prominent in areas south of 

the MeijI area.  The greatest sediment 
thicknesses are northeast of the Meiji 
Guyot crest although small wedges of 

thick sediment fill bathymetric ;ows 

which parallel the Emperor Seamounts 
south of Me Ij i Guyot. 

3. Acoust i c Basement 

The acoustic basement seen on Northwest 

Pacific seismic reflection profiles can 

be one of three acoustic horizons. 
Smooth basement Is either the opaque 
layer or the reverberant layer; rough 
basement Is probably true oceanic base- 
ment. 

Lying beneath the transparent layer, 

the opaque layer probably rests 
directly on true oceanic basement.  The 
opaque layer Is composed of either low 

velocity basalt or consolidated sed- 

iments.  As revealed from refraction 
work (Houtz et al., 1976, 1979), the 

basaltic opaque layer (layer 2A) has an 

average velocity of 2.43 km/sec.  Since 

the low velocity basalt is suspected to 
exist most comrionly near seamounts, it 
is probably secondary volcanic material 
and not ridge-crest basalt.  Basal 

chert layers (layer IB) found at DSDP 

sites 436, 303, and 304 produce the 
opaque layer In the southern regions 

and have acoustic velocities of 2.7 km/ 
sec.  The thickness of the chert layer 

at site 303 is about 30m.  Thickness 

of the opaque chert layer may be less 

at other Northwest Pacific locations 
because the crust is younger and has 
passed through less of the equatorial 
silica-producing zone (see Geologic 
Hi story). 

Consolidated carbonates are present in 
areas where sediments were deposited 

above the carbonate compensation depth. 
At site 192, for example, a carbonate 
basal layer lying on basalt has veloc- 

ities of 2.2-3.5 km/sec.  This carbon- 

ate layer, however, is not identified 
as the opaque layer.  It lies directly 

on basalt and the basalt is identifiel 
as the acoustic basement.  Similar 

carbonate layers are likely to be found 

on seamounts In the Northwest Pacific. 

The reverberant layer is essentially a 
thick opaque layer and has similar 

origins and composition.  The rever- 

berant layer is generally thinner than 
0.1 second north of 400N, where it 

probably consists of banded cherts or 
secondary volcanic material at the base 
of seamounts.  The reverberant layer is 
greater than 0.1 second in the south- 

west section of the study area (Houtz 

et al., 1979) and adjacent to the west 

slope of the Emperor Seamounts and 
northern Shatsky Rise (Fig. 25, EE'■ 
FF'), 

True oceanic basemenf (layer 2) is 

composed of basalt and has acoustic 

velocities greater than 4.0 km/sec. 

True basement is assumed to be the 
rough acoustic basement in the North- 

west Pacific because typical oceanic 
basement is rough.  When acoustic 

basement is smooth, the true basement 

lies beneath and is not distinguishable 
from the lower velocity cover.  True 
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basement as acoustic basement can be 
inferred from the basement roughness 

map   (Map V). 

4. Basement  Roughness  Map 

Map V shows basement roughness with 
depth to acoustic basement super- 
imposed.  The smooth southern areas may 
correlate with the cherty acoustic 
basement.  Smooth areas adjacent to the 
Emperor Seamounts could have secondary 
volcanic acoustic basements.  Areas of 
rough basement, particularly on sea- 
mounts, appear to represent oceanic 
basement. 

5. Structure Contour Map of the Acous- 
t i c Basement 

The structure contour map (Map III), 
which was constructed from continuous 
seismic reflection records, presents 
the depth to the acoustic basement from 
the sea surface in two-way travel time. 
The contours represent the surface of 
the Northwest Pacific before the 
deposition of post-OI igocene trans- 
parent sediments. 

Since much of the transparent layer 
sediment is draped, the general base- 
ment morphology is similar to that of 
the bath yme try map.  Because data 
coverage is poor in most areas, recog- 
nition of structural features is nearly 
impossible.  Small scale faulting, 
particularly on the Hokkaido Rise where 
coverage is good, apparently strikes 
northeast-iouthwest.  In the Meij i 
Guyot area, the nature of the sediment- 
filled troughs is revealed on the 
structure contour map.  One structural 
basin located northeast of Meij i Guyot 
is presently completely filled with 
over 1.0 second of sediment, while 
other basins generally have greater 
than 0.4 second of sediment. 

6. Representative Seismic Reflection 
Profi les 

Figures 24-26 show representative seis- 
mic reflection profiles which depict 
regional variation of bottom roughness, 
sediment thickness, and acoustic 

basement.  Figure 23 shows the 
locations where th« profiles were 
col Iected. 

Profile AA' (From R/V ROBERT CONRAD 12, 
1968) 

Typical of the southern abyssal hills 
subprovince, profile AA1 shows smooth 
stratified sediments overlying a si >oth 
acoustic basement.  The acoustic base- 
ment is probably chert resting on true 
basement as revealed at the adjacent 
DSDP site 303. 

Profile BB1 

1971 ) 
(R/V ROBERT CONRAD 14, 

Profile BB1 depicts the faulted central 
Hokkaido Rise, which typically has 
rough bottom and acoustic basement with 
variable sediment thickness. 

Profile CC1 (R/V VEMA 21, 1965) 

On profile CC, the Hokkaido Trough is 
depicted as a V-shaped feature in 
cross-section.  The trough has steep, 
sediment-free walls and flat-lying 
sediments ponded in its deepest parts. 

Profile DD1 (from USNS BARTLETT, 1972) 

Profile DD' illustrates the ch racter 
of the Shatsky Rise in the Northwest 
Pacific.  It is typically rough with 
thin or no sediment cover. 

Profiles EE • (USNS BARTLETT, 1972) md 
FF' (R/V VEMA 20, 1965) 

These profiles show the presence c the 
reverberant layer adjacent to the 
Emperor Seamounts (Houtz et al., 1979). 
The reverberant layer probably consists 
largely of secondary volcanics derived 
from the adjacef.t Emperor Seamounts and 
Shatsky Rise, 

Profiles GG' (R/V VEMA 21, 1965) and 
HH' (R/V ROBERT CONRAD 14, 1971) 

These profiles are typical of the 
Hokkaido Rise north of the rough 
central Rise and Hokkaido Trough.  Both 
profiles have conformable sediments 

15 



resting on acoustic basement.  Profile 
HH' has intermediate bottom and base- 
ment roughness, which is probably due 
to small scale faulting.  Areas of 
smoother bottom and basement, as shown 
in profile GG', are located generally 
south of the areas with intermediate 
roughness . 

Profile IM (R/V ROBERT CONRAD 14, 
1971 ) 

Profile II1 transects  he sediment- 
filled troughs and associated ridges to 
the southwest of Meij i Guyot.  While 
the ridges have thin or no sediments 
resting upon rough basement, the 
troughs have thick, flat-lying sed- 
iments resting upon smooth acoustic 
basement.  Acoustic basement may be 
true basement under the ridges, but the 
acoustic basement under the troughs is 
probably composed of secondary 
volcan i cs. 

Profile JJ' (R/V VEMA 21, 1965) 

The Meiji area is illustrated by 
profile JJ:.  The south slope of Meij i 
Guyot generally has thin sediments, 
while thick sediments rest on the crest 
and northern slope of Meij i Guyot.  In 
the south are the parallel ridges and 
the sediment-filled troughs shown in 
profile II'. 

F, Geologic History 

As the Northwest Pacific is underlain 
entirely by oceanic crust, a recon- 
struction of its evolution requires the 
application of the concepts of plate 
tectonics, magnetic anomaly patterns 
and the sedimentary record.  Unfortu- 
nately, knowledge of magnetic anomalies 
in the Northwest Pacific is incomplete 
and plate movements are still hypo- 
thetical.  However, the combination of 
magnetic data with DSDP stratigraphy 
produces a reasonably well-documented 
geoIog ic history. 

This section presents oceanic crustal 
ages based on magnetic isochrons, 
fossil plate rotations and sedimentary 
events based upon DSDP data.  The 

nature of sediments and basement in 
poorly surveyed areas can be inferred 
by an understanding of geologic 
history.  The assumptions derived from 
the geological history will help to 
predict the nature of the materials 
that will be drilled for the MSS 
installat ion. 

1. Magnet i cs 

Mapping of magnetic anomalies helps 
establish crustal age and geologic 
structure and enables the projection of 
sea floor age to areas where the 
magnetics have not been deciphered.  In 
an early study, Uyeda et al. (1967) 
demonstrated that magnetic anomalies 
trend generally northeast-southwest in 
the southern areas of the Northwest 
Pacific (Fig. 37).  Solov'yeva et al. 
(1963) mapped aeromagnetic data in the 
northern areas and discovered low 
intensity anomalies th t trend parallel 
to the Kuril Trench, a trend which is 
more northerly than that of Uyeda et 
al.  Of interest is an anomaly located 
at about 450N,1620E (as mapped by 
Solov'yeva).  It coincides with the 
position of the Hokkaido Trough. 
Though roughly parallel to the trend of 
Uyeda's anomalies to the south, this 
anomaly probably is caused by the 
structure of the trough and parallel 
r idges. 

Hilde (1976) offers the most complete 
published study of seafloor spreading 
as based on magnetic anomalies (Fig. 
37).  Hilde shows that the crust ages 
toward the southeast.  Mesozoic anom- 
alies plotted on his map are displayed 
with respect to time in Figure 30. 
Anomalies south of about 450N are large 
amplitude and their trends are we I I- 
documented (Fig. 37).  The CL anomaly 
is the youngest identifiab Ie MesozoIr 
anomaly and dates at about 109 mybp. 
The CL anomalies coincide with the 
newly mapped HokkaMo Trough and may 
actually repiesent structural anomalies 
at this location.  North of the trough 
area, magnetic anomalies are not 
decipherable because of very low 
amplitude and poor coverage.  This area 
may very well be the Cretaceous quiet 

I 
I 
I 
1 

15 



I 

zone, which is late Mesozoic crust with 
low amplitude magnetic anomalies.  One 
hypothesis is that the Hokkaido Trough 
represents a structural boundary and 
that crust of unknown age lies to the 
north 'D. W. Handschumacher, pers. 
conrn. ) . 

Northwest Pacific magnetic data are 
presently being compiled by the first 
author to better define map trends in 
the south and to decipher the crust to 
the north.  For this report, it is 
assumed that the northern area 
represents crust formed during the 
Cretaceous quiet zone as proposed by 
HiIde (1976). 

2. Plate Rotat i ons 

Positioning of Northwest Pacific crust 
through geologic time is achieved by 
adjusting the plate rotations formu- 
lated by Lancelot (1978).  Lancelot's 
plate rotations are based upon the 
apparent trends of Pacific island and 
seamount chains, and the rotations are 
compatible to formation pa IeoI atitud^s 
from magnetic signatures of DSDP 
basalts.  The three rotations are: 

o  125 to 70 mybp: clockwise rotation 
around a pole at 300N and 970W at a 
rate of 0.69°/my.  This pole is 
presently located in central Texas. 

o  70 to 40 mybp: clockwise rotation 
around a pole at 110N and 890W at a 
rate of 0.570/my,,  This pole is 
presently located just west of 
Nicaragua and Costa Rica. 

o  40 my to present: clockwise rotation 
around a pole at 670N and 450W at a 
rate of 0.50/my.  This pole is 
presently located in southern 
Gr eenI and. 

The rotations have been adapted for the 
Northwest Pacific by the authors. 

Figure 38a traces the movement of 
Northwest Pacific crust.  Northwest 
Pacific oceanic crust was first 
produced in the Cretaceous from the 
Kula Ridge, an east/west-trending 
spreading ridge which was subducted 
into North Pacific trenches.  This 

crust formed the southern flank of the 
ridge and moved southward relative to 
it.  However, the actual movement of 
Pacific crust was to the northeast, as 
indicated by Figure 38a.  By 115 mybf, 
the M-3 magnetic isochron was forming 
at the ridge crest, and basalt av DSDP 
sites 303 and 304 had formed.  The 
Cretaceous quiet zone crust or present 
crust north of about 450N began forming 
at about 105 mybp and presumably had 
formed before 80 mybp.  At 72 mybp, 
Me iji Guyot formed from . "hot spot" on 
previously formed oceanic crust, and 
Suiko Seamount followed at 58 mybp. 
Present plate movement began at 40 mybp 
when the collision of Pacific crust 
with Japan and Kamchatka was initiated. 
The subduction of the Kula spreading 
center into North Pacific trenches 
roughly coincides with this change in 
plate movement (Hilde, 1977).  The 
present-day Northwest Pacific is a 
portion of the southern flank of the 
Ku 1 a Ri dge. 

3. Sedimentary History 

The sedimentary history is compatible 
with the geographic constraints of the 
plate rotations.  Figure 38b illus- 
trates sedimentary environments of 
Northwest Pacific crust as it formed 
from the Kula Ridge and the "hot spot". 
Each of the four major sediment 
components is affected by either 
geography or water depth.  Silica 
production is I atitudinalIy controlled, 
whereas carbonate sedimentation occurs 
only above the carbonate compensation 
depth.  Terrigenous and volcanic sed- 
iments are dependent on proximity to 
the sediment source.  Figure 30, show- 
ing the time distribution of sediment 
types from DSDP cores, should be refer- 
red to in the following discussion. 

Northwest Pacific crust traversed the 
equatorial silica biogenic zone between 
50N and 50S up to 105 mybp (Fig. 38b). 
In the sediment record (Fig. 30) DSDP 
cores 303, 304, and 436 have prominent 
basal chert layers.  More chert is 
present at the older site 304 than at 
site 303, probably because site 304 
traversed a greater distance through 
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the biogenic zone. Consequently, basal 
chert should be either sparse or absent 
on crust younger than 105 mybp, such as 
that north of 450N. 

Northwest Pacific crust was formed by 
the subducted KuI a Ridge up to about 
80 mybp.  Since ridge crests often have 
depths above the carbonate compensation 
depth (CCD), the initial crust formed 
on the Kula Ridge was likely to have 
carbonate sediments; however, as the 
intial crust moved away from the ridge 
crest, it fell below the CCD and 
subsequent carbonate sediment dis- 
solved.  This sequence is demonstrated 
at DSDP sites 303 and 304 where chalks 
and nanno ooze occur only as basal 
sediments, and carbonates are rare 
throughout the remaining column. 

Typical deep-sea sediments were 
deposited from 105-15 mybp because 
Northwest Pacific crust was present 
north of the equatorial silica biogenic 
zone, was deeper than the CCD, and was 
far from terrigenous sediment sources. 
Sedimentation was slow and resulted in 
20 m of manganiferal clays at site 436. 
Sites 303 and 304 have a sediment 
hiatus in this time period indicating 
low deposition rates and erosion. 

A "hot spot" created Meij i Guyot about 
72 mybp and Suiko about 58 mybp; the 
southern Emperor Seamounts are younger 
than 58 mybp.  Deposits near the newly 
forming seamounts probably contained 
locally derived volcanic sediments. 
Carbonate sediments are conrnon on 
seamounts that have depths above the 
CCD and where the carbonate sediments 
are not diluted by abundant terrigenous 
or volcanic sediments.  Basal sediments 
atop Meij i Guyot (DSDP site 192) 
consist of nanno ooze and chalks and 
are mixed with claystone that is 
probably of altered volcanic and 
peIag i c origin. 

At about 15 mybp, sedimentation rates 
in the Northwest Pacific increased due 
to influx of biogenic silica and 
volcanic materials.  Large quantities 
of biogenic silica were deposited as 
the Pacific Plate moved into the high 

latitude biogenic silica zone.  As the 
plate then moved westward, it neared 
the volcanic sources of the Kuril 
Islands, Kamchatka and Japan. 
Ninkovich (1975), who attributes large 
quantities of sediments to Kuril- 
Kamchatka volcanism, states that a 
period of maximum explosive volcanism 
occurred at 10 mybp.  Abundant deposi- 
tion of volcanics and biogenic silica 
continues today. 

G. Seismic Activity 

The Kuril-Kamchatka earthquake region 
is characterized by a tabular block of 
earthquake foci dipping landward from 
the Kuril-Kamchatka Trench.  Under 
Kamchatka, the dip of this block is 
50-60° for earthquakes having focal 
depths of 220 km or less and 75° for 
deeper ones.  The focal zone block 
measures 40-50 km in thickness 
(Fedotov, 1968).  A line of active 
volcanoes parallels the KuriI-Kamchatka 
Trench at an average distance of 200- 
260 km northwest of the trench axis. 
Beneath the volcanic zone the depth of 
the earthquakes averages 100 km undec 
Kamchatka and 120 km under the Southern 
Kuril Islands.  Deeper earthquakes 
occur underneath the southern Kuril 
volcanoes than those und'r the northern 
Kuril volcanoes.  Deepest eartnquakes 
occur where the block dips beneath the 
Sea of Okhotsk, anr1 all farthquake 
activity ends where the block appar- 
ently terminates under continental 
areas of Sakhalin and Siberia at depths 
in excess of 400 km. 

1. Se i smi c Studies 

The seismicity of the Kuril region is 
dramatic and has been studied by 
Russian, Japanese, and western scien- 
tists.  By analyzing focal mechanisms 
and magnitudes of earthquakes, 
Averyanova (1965, 1975) has mapped 
areas of horizontal and vertical 
compression and tension in the crust 
and upper mantle, and ,ias correlated 
the zones with the repetition rates of 
earthquakes.  Fedotov (1968, 1963) 
postulates velocity structures In 
various regions of the earthquake 
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zones.  He states that there is a 

ten-fold decrease in earthquakes from 
the upper 20 km to 125 km and from 

125 km to 250 km.  Tarakanov and Leviy 

(1968) plotted earthquake magnitude vs. 
depth for all recorded world earth- 

quakes and found intervals where high 
magnitude earthquakes are absent. 

These zones of low magnitude earth- 
quakes (60-90 km, 120-160 km, 220- 

300 km and 370-430 km) were suggested 
to be low velocity and strength zones 
m the upper mantle of the Kuril 

region.  Kasahara and Harvey (1976) 

reported results from an ocean-bottom 
seismometer (OBS) installed in the 
southern region of the Kuril Trench- 
they gve velocity data based upon 

earthquakes occurring in the Kuril and 
Japan earthquake systems.  Veith (1974) 

mou,led the velocity structure of the 
region based upon earthquake data. 

Ukawa (T979) also gives velocity models 
of the upper mantle under the Kuril- 

Japan Trench and refutes the idea of a 

continuous low velocity layer paral- 
leling the down-go-ng s-ab.  Earth- 

quake data are complied by the National 
Earthquake Information Service (NEIS) 
Boulder, Colorado, and analyses of 

these data are given in this report. 

2. Ear thquake Ep i centers 

Somewhat at variance with the usual 

seismologlcal conventions, earthquake 

epicenters are plotted here in discrete 
depth intervals of 0-40 km, 40-70 km 

70-120 km, 120-200 km, 200-300 km, 
300-400 km, and greater than 400 km 

using 1965-1975 data compiled by NEIS 

Earthquakes plotted have magnitudes of 
four or greater.  The position of the 

depth bands of earthquakes is corre- 
lated with the geography and the 

geology of the Kuri I-Kamchatka region 
to disclose the seismic trends and 

mhomogeneities.  Plots are presented 
m Figures 39-45. 

Shallow earthquakes form the upper 
boundary of the focal zone and they 

occur in scattered areas outside the 
focal zone (Fig. 39).  For the purposes 

of this report, shallow earthquakes are 
defined as those occurring at a depth 

of 0-40 km.  Earthquake focal depths 

cannot be resolved in the 0-10 km dep.h 
range.  Most "shallow" earthquakes 

occur ««st of the Kuril-Kamchatka 
trench.  In the vicinity of the trench, 

foca. mechanism solutions indicate that 
the earthquakes are caused mainly by 

dip si ip fault displacement or ten- 

sional stress (A', er ' yanova , 1965). 

Other zones of shallow earthquakes are 
located along Sakhal in and in the 

Western Aleutian area.  The Southern 

Kuril region has the highest concentra- 
tion of shallow earthquakes, while the 
sparsest concentration is at about 

50"N,   coincident with the location of 

an upper mantle bulge to be discussed. 
The Bussol Prol iv region (47°N) is 
asei smic. 

The 40-70 km earthquakes form a nar- 

rower band than the shallower earth- 

quakes (Fig. 40).  Greatest concentra- 
tions are again located in the Southern 
Kuril region, while the smallest con- 
centration is in and north of the 
Bussol Prol iv area.  The Western 

Aleutian earthquakes diminish in 

concentration  presumably because the 
mechanism responsible for the Western 
Aleutian earthquakes is a strike slip 
movement along the trench (Cormier 

1975) rather than an under thrusting as 
m the Kuril region.  In this depth 

range, earthquake mechanisms change 
from the tensional stress and normal 

fault displacement to compressionaI 
stress and thrust faul ting 
(Aver'yanova, 1965). 

Intermediate depth earthquakes occur- 
ring between 70 and 120 km are shown in 

Mgure 41.  This compact earthquake 

band is centered over the Vityaz Ridge 
m the Southern Kuril area and lies 

Just east of the volcanic belt in the 

Northern Kurils and Kamchatka.  Concen- 
trations are only s| jghtly higher in 
the Southern Kur Ms. 

The 120-200 km depth earthquake band 

Fig. 42) underl ies the volcanic belt 
•n the Southern Kuril area and I ies 

just west of the volcanic belt of the 
Northern Kur 11s and Kamchatka.  In the 
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Southern Kurils, the earthquakes are 

also scattered near the trench.  This 

may be due to errors of locating the 
epicenters (R. Jacobson, pers. comm.). 
Concentrations are lowest under 

Kamchatka. 

As compared to earthquakes 

than 0-200 km, earthquakes 
200 km (Fig. 43) exh ibi t ob 

different distributions and 
tions. The 200-300 km eart 

concentrated in two regions 
Hokkaido and west of the No 

Islands, with a gap existin 

the two in the Kuril Basin, 
marizing the works of Russi 

Sykes et al. (1968) agree t 
faulting is occurring in th 

earthquakes and along the o 

the focal zone, whereas the 

earthquakes are largely ace 

thrust faul ting. 

shallower 

deeper than 
v i ousIy 

concentr a- 
hquakes are 
: west of 

r them Kur i I 

g between 

In s um- 
an authors, 

hat normal 
ese deeper 

uter walI of 

shallower 
ompan i ed by 

The 300-400 km zone of epicenters (Fig. 

44) is also concentrated in two 

regions: west of the Southern Kurils 

adjacent to the area where the gap in 
the 200-300 km quakes occurs, and west 
of Kamchatka where earthquakes are 

sparser.  Gaps in earthquake distribu- 
tion are found west of Hokkaido, where 

the highest concentrations of 200- 
300 km earthquakes occurred, and in the 

region of 49C'N. 

Earthquakes with depths of 400 km or 

more (Fig. 45) are scattered sparsely 

in a continuous zone that trends 
northeast-southwest from about 470N to 

540N.  The southern end of the zone 
lies beneath Sakhalin.  The deepest 

earthquakes appear to end about 600- 

700 km west of the trench axis. 

H.  Deep Seismic Velocity Structure 

The layering and associated seismic 

velocities which constitute the deep 

structure are presented for the fol- 
lowing three areas:  the ^ismically 
active area or focal zone, the areas 
beneath, and east of, the focal zone; 
and the areas above, and west of, the 

focal zone (Fig. 53).  These gross 

areas cover all possible paths that 

seismic waves from the seismically 

active areas might travel in reaching 

an MSS at the candidate sites. 
Although nuclear testing is not likely 

to occur deeper than 10 km, earthquakes 

in the active region can occur at any 

depth to 500 km or more.  While the 
primary concern of this report is to 

research shallow events, the deep 
structure may influence the propagation 

patterns of even the shallowest events. 
For this reason, it is necessary to 

concern oneself with the deep earth- 
quakes whose ray paths would enter the 

same volumes within the earth. 

In addition to the seismoIogical 

overview, related geophysical param- 

eters, namely, free-air gravity and 
heat flow, are included in this sec- 
tion.  A series of maps are used to 

organize the large quantities of 

information into a convenient, easily 

comparable format. 

1. Deep Velocity Structure Beneath and 

East of the Foca I Zone 

Since the proposed MSS wiI I be moored 

in Northwest Pacific oceanic crust, 

extensive knowledge of the deep struc- 
ture is required to reliably explain 
local effects on incoming seismic 

waves.  Unfortunately, specific data 

needed for study is not available. 

Generally, only large scale models can 

be formulated from the available data. 

Works by Lamont-Doherty Geological 
Observatory give generalized informa- 

tion for overall Northwest Pacific 
crustal velocities that is based upon 

seismic reflection and refraction work 

with sonobuoys.  Soviet crust and upper 
mantle studies based upon deep seismic 
sounding (DSS) data yield crustal layer 
models different from those of Lamont 

scientists.  OBS studies by the Hawaii 

Institute of Geophysics and Japan have 
resulted in upper mantle velocity meas- 

urements and models of the southern 
Kur iI I sIands. 

From seismic refraction and reflection 

studies (Den et al., 1969; Houtz et 

al., 1970; Shor et al., 1970; Houtz, 
1976; Houtz et al., 1976; and Houtz et 
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al., 1979), crustal models have been 
proposed for regions of the Pacific 
Ocean.  General crustal sections are 
located in Figure 46 and are depicted 
in Figure 47.  The basic profile is 
divided into layers 1 through 3 with 
sublayers.  Layer 1 is unconsoI Ida ted 
sediment with an average velocity of 
1.74 km/s (Houtz, 1979).  Layer 2A is 
oceanic basalt that is possibly capped 
by consolidated sediments (layer IB) 
and/or volcanic material (Houtz, 1976). 
Layers 2B, 2C, and 3 are oceanic 
crustal materials.  Average Pacific 
crustal velocities for layers 2A 
through 3 are: 2A, 3.6 km/s; 28, 5.2; 
2C, 6.1; 3, 6.9 (Houtz, 1976).  The 
profiles reveal that boundaries between 
2A, 2B, and 2C are often difficult to 
delineate.  Layer 2A velocities may 
approach layer 2B velocities in older 
crust (Houtz, 1976).  Profile D in 
Figure 47 shows the crustal model used 
by Kasahara et al. (1976) for their OBS 
study on the oceanic crust adjacent to 
Hokkaido.  The model is based upon Den 
et al. (1969) and Ludwig et al. (1966). 

Soviet models of oceanic crust, based 
upon deep seismic sounding (DSS), are 
presented in Profiles T and A, respec- 
tively (Tuyezov, 1970, and Zverev, 
1977).  These models differ f om LOGO 
profiles by the omission of layer 2 and 
by deeper penetration in the Soviet 
models.  Of note is that oceanic c^'ist 
in Tuyezov's (1970) model is thicker 
than the surrounding profiles. 
Zverev's model of the Northwest Pacific 
introduces a deeper (9.0 km/sec) bound- 
ary at a depth of 29 km, which he calls 
the true crust-mantle boundary.  Though 
obvious differences occur between 
/Vnerican and Soviet crustal models, the 
isostatic equilibrium of the models is 
not in dispute.  The Soviet 6.3 km/sec 
to 7.0 km/sec "oceanic" layer appears 
to be an average of the LOGO layers 2 
and 3. 

2. Veloc i t i es n the Focal Zone 

In general, the focal zone is the 
seismically active region whei e the 
downgoing oceanic slab of the Pacific 
plate underthrusts the Kuril Islands of 

the Asian plate.  Specific seismic 
velocities are difficult to measure for 
the focal zone, and measurements 
presented in this section represent 
some kind of overlap with areas above 
and below the focal zone. 

Upper mantle models for regions seaward 
of the Kuril focal zone are presented 
by Kasahara et al. (1976), and include 
results from the works of Ukawa (1979) 
and Fedotov (1965, 1968).  Velocities 
of P waves from two Kuril earthquakes 
have been measured through the upper 
mantle seaward of the southern Kuril 
Islands by an OBS moored on oceanic 
crust off Hokkaido (Kasahara et al., 
1976); for positions of the earthquakes 
see Figure 46.  Assuming a homogeneous 
upper mantle, Vp velocities of 8.97 + 
0.34 km/s for a 137 km deep earthquake 
(Q-2) and 8.12 + 0.28 km/s for a 
0-60 km earthquake (Q-l) were obtained. 
Based upon the seismic waves arriving 
at the OBS from focal zone earthquakes, 
Kasahara et al. concluded that Vp 
increased with depth in the upper man- 
tle and that the average velocity for 
the upper 230 km is greater than 
8.5 km/sec.  Fedotov (1965) measured 
velocities of 8.2-9.0 under oceanic 
crust east of the southern Kuril 
Islands.  He states that mantle veloc- 
ities under oceanic crust are consist- 
ently higher than mantle velocities 
under the Kuril Island arc and the Sea 
of Okhotsk.  Ukawa (1979) proposes that 
the low velocity layer beneath the 
Kuril Trench is not parallel to the 
downgoing slab.  He describes a low 
velocity layer at 90-200 km depth that 
has 1-5% lower P wave and 5-10% lower S 
wave velocities than those found inrne- 
diately above the layer.  Adjacent to 
the focal area the low velocity layer 
thins, and no velocity gradient exists 
down to 30 km beneath the high velocity 
downgoing lithosphcric slab.  Ukawa's 
velocity model NVL is to be contrasted 
with the Japanese Trench model ARC-TR 
of Fukao (1977).  Figure 48B shows that 
earthquake waves converging upon the 
Hawaiian OBS of Kasahara et al. (1976) 
would have to originate at focal depths 
greater than 200 km in order to pen- 
etrate the anomalous low velocity 

Vi;.;--,,; 



gradient layer or no-velocity gradient 

layer.  For the proposed MSS sites, 
earthquakes shallower than 100 km would 

not penetrate the low-velocity or no- 
velocity gradient layers.  This model 

is probably false, since we did not 
consider the effects of refraction 

through the med i um. 

Focal zone models are presented by 

Tarakanov et al . (1968) and Veith 

(1974).  Tarakanov et al. (1968) 
plotted high-magnitude earthquakes 

against depth and found that, at the 
following four intervals of focal 

depth, earthquakes were sparse:  60- 

90 km; 120-160 km; 220-300 km; and 

370-430 km.  They suggest that these 
depth ranges have low seismic velocity 
and material strength.  Veith's (1974) 

focal zone model. Figure 48A, shows 

that seismic velocities are consist- 

ently greater within the focal zone 

than at equivalent depths on either 

side of the focaI zone. 

3. Seismic Velocities West of and Above 

the Focal Zone 

This section deals with seismic veloc- 
ity structures located geographically 
west of Kuril Trench and above the 
downgoing slab.  The velocity struc- 

tures in this area are important 
because shallow earthquakes are often 

scattered outside the focal zone, and 
potential nuclear tests may occur on 
Kamchatka, near Sakhalin, or within the 

broad band of shallow  —thquakes 
between the trench ana volcanic 

regions.  Seismic wave ray paths of 

earthquakes occurring in those regions 
must travel through the crust and 

mantle above, and landward of, the 
focal area before reaching the proposed 

MSS site; hence, the velocity struc- 

tures shouId be known. 

Most velocity studies of the crust and 

mantle above the Kuril-Kamchatka focal 
zone were conducted by Russian scien- 

tists using the "deep seismic sounding" 
(DSS) method.  Thj DSS method is de- 

scribed in Kosminskaya et al. (1968), 

and early DSS data were compiled by 
Kosminskaya et al. (1964).  Cross 

sections of velocity layers, contour 

maps of thicknesses of velocity layers, 
velocities used to delineate layers, 

and depths of the layers are presented 

in Figures 49 through 53.  The cross 
sections (Fig. 49) are based upon DSS 

interpretations of Weizman (1965), 
Zverev (1977), Tuyezov (1970), Tuyezov 
et al. (1968), Sychev (1977), and 
Gayanov (1968).  Contour maps (Fig. 

50-53) are based upon the same DSS data 
interpreted by Sergeyev (1977). 

The Russian scientists generally divide 

the crust into the following velocity 

layers: an upper 2.0 to 2.8 km/s uncon- 

solidated sediment layer; a "granitic" 

layer or "layer complexi" with veloc- 

ities of 4.3 to 6.0 km/s; and an 

"oceanic" layer or "layer complex2" 
with velocities of 6.0 to 6.9 km/s. 

The principally terrigenous source of 

the sediment layer explains the higher 

velocities as compared to the 2.0 km/s 
oceanic sediments, since terrigenous 
sediment is generally more consolidated 

than deep ocean sediments. 

Scientists disagree on the nature of 
the "granitic" layer, which is thickest 
under continental type crust.  Tuyezov 
et al. (1968) believe that the "gra- 

nitic" layer of the Kuril Islands is 

actually a consolidated sediment layer. 

This explanation was adopted by 

Sergeyev (1977), and this material is 
included in his estimate of the thick- 
ness of the lower sedimentary layer 

(Fig. 53).  Markinin (1968) proposed 

that andesitic volcantcs constitute 

much of this Iayer. 

Whatever the true nature of the 
5.5 km/s average velocity layer, its 

occurrence is thickest under the conti- 

nental crust of Kamchatka and Sakhalin, 

with lesser thicknesses under the Sea 

of Okhotsk and Kuril Islands.  The 
layer is absent from Russian profiles 

of oceanic crust an' the suboceanic 

Kuril Basin.  Layer i,o,1.plex2. which 
has an average velocity of 6.6 km/s, is 

the thickest crustal layer except in 
continental crust.  It is present in 
oceanic crust and is thickest under the 
region between the trench and island 
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arc.  Under the suboceanic Kuril Basin 

layer 2 is thin, but it constitutes the 
total solid crust (Profile H-H", Fig. 

49).  For a more explicit description 
of thicknesses of the crustal layers 

and the velocities used to define them, 
consult Fi gures 49-53. 

Crustal thickness varies over the 

Kuril-Kamchatka focal zone (Sergeyev, 
1977) (shown as depth to Moho in Fig. 

50).  Moho depths of 35 km under North 
and South Kuril Islands and Sakhalin, 

30 km under much of the Sea of Okhotsk, 
and 40 km under Kamchatka are repre- 

sentative of subcontinental and conti- 
nental type crust.  Lesser Moho depths 
of 15 km under the Kuril Basin and 
20 km under much of the central Kuril 

Island arc region represent suboceanic 
type crust.  A region of anomalous, 
shallow Moho depth near the Bussol 

Proliv (see Map I), which connects to 
the Kuril Basin, represents a sub- 

oceanic type crust bridging the 

Northwest Pacific to the Kuril Basin, 
Profile FF1 (Figs. 46 and 49) illus- 
trates the shallow Moho depth and its 
oceanic velocity structure. 

Upper mantle velocities defining the 

Moho and presenting the deeper mantle 

velocities described in the works of 
Fedotov (1963, 1968) appear in Figure 

48.  Generally, upper mantle velocities 
are greater under the Northwest Pacific 

than under the KuriI-Kamchatka focal 

zone; both regions are characterized by 
velocities greater than 8.0 km/sec. 
Above the focal zone, velocivies are 
generally 8.0 km/s or less.  An excep- 
tion to this rule is shown in Profile 

AA1 of Figure 49, where Kamchatka is 

shown to have 8.2-8.5 km/s upper mantle 

velocities.  This profile represents 
continental crust on Kamchatka, but its 
location is actually north of the 
seismic zone.  Fedotov (1963), refer- 

enced in Sykes et al. (1968), presents 

increasing upper mantle velocities of 
7.6 to 8.1 in descending order beneath 
the southern Kuril volcanic belt (Fig. 
48). 

/. Gravity and Heat Flow 

Free-air gravity anomalies (Watts, 
1976) (Fig. 54) and heat flow (Uyeda et 

al., 1968) (Fig. 55) are related to 

velocity structures.  Large positive 

gravity anomalies generally occur over 
regions of thick crust that is iso- 

statically too heavy, as between the 

volcanic arc and trench where the crust 
has been thrust upward.  Large ner   "e 

anomalies are present over the trencn 

areas in response to the underthrusting 
of the downgoing slab.  In the North- 

west Pacific another large positive 
anomaly is located over the Emperor 

Seamounts.  This anomaly is probably 

due to the isostatic surplus of vol- 
canic material deposited.  The sea- 
mounts are flanked by large negative 

anomalies, representing edge effects of 
the Emperor Seamounts.  The anomal ie: 

are probably due to downwarping of the 

lithosphere caused by the load of the 

spamounts.  Minor positive anomalies 
exist over the Hokkaido Rise; isostatic 
surplus of crust here can be explained 
by the buckling of the oceanic crust 

before it descends into the trench. 

The Shatsky Rise exhibits only a slight 

gravity anomaly, an occurrence indi- 
cating that the rise may be isostat- 
1calIy equaI i zed. 

Northwest Pacific crust generally has 
low heat flow; however, west of the 

Kuril Trench, the heat flow increases. 
Based upon the flow and conductivity 

measurements of Langseth et al. (1970), 
calculated borehole temperatures should 
not exceed 400C, assuming the borehole 

is in an area that has less than 500 m 

of unconsoI idated sediment cover. 
Uyeda et al. (1968) (Fig. 55) show t at 

areas of highest heat flow occur In the 
Kuril Basin in the Sea of Okhotsk.  The 

regions of known higher heat flow are 
located west of the Kuril Trench. 

V. Discussion and Site Selection 

The purpose of this discussion is to 

evaluate environmental parameters and 
propose potential MSS sites.  Because 

environmental parameters vary in their 
relative importance to the MSS they 
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should be weighted for ti.. selection of 
the best site.  Parameters can be 
weighted according to the extent that 
they vary geographically, as well as 
how critical they are to MSS planning. 
Some parameters vary geographically, 
while others are essentially constant 
throughout the study areas.  Some 
parameters pose no special constraints 
upon riSS engineering, while others 
require special attention. 

Some environmental parameters which 
have less impact upon MSS site selec- 
tion are those that are not critical to 
present MSS specifications or those 
that do not geographically vary.  In 
our opinion, neither fouling nor heat 
flow pose serious problems to MSS 
engineering in any Northwest Pacific 
location.  On the other hand, surface 
sediment types and surface sediment 
physical properties do not vary 
geographically, but these parameters 
pose MSS bottom mooring problems 
throughout the study becase of low 
sed iment rigidity. 

Geographically varying parameters 
influencing MSS site selection are 
those that: (1) threaten MSS equipment, 
(2) cause acoustic noise, (3) specify 
better local environment, and (4) 
specify better regional location. 

A.  Environment Threats to MSS Equipment 

Severe or catastrophic environmental 
conditions most likely to threaten MSS 
equipment include weather, sea states, 
icing, currents and vandalism.  Gener- 
ally, the severest weather, sea states, 
and icing occur in northern areas of 
the Northwest Pacific during the 
winter.  Conditions become less severe 
to the southeast. 

Vandalism poses a threat in areas of 
densest fishing because of either 
intentional or inadvertant fouling of 
MSS cables and buoys by long lines. 
Because fishing activity is greatest in 
the west and least to the northeast, it 
is not a likely threat east of the 
territorial limits (approximately 
370 km). 

Both wind stress and geostrophic 
currents will impact MSS design and 
implantation techniques.  Winter storms 
will generate excessive surface 
currents and severely ice surface 
exposed instrumentation.  Thus, a sub- 
mersible buoy design must be considered 
as a means of protecting the installa- 
tion and de-icing surface equipment. 
Minimum wind speeds and maximum water 
temperature increase the viability of 
the de-icing procedure. 

B. Acoustic Noise Sources 

Acoustic noise is caused by ship 
engines and current flow past suspended 
and bottom-mounted instruments.  Local 
low-level seismicity could also be 
defined as noise in the MSS context. 
Noise caused by shipping and currents 
is greatest in the southern Northwest 
Pacific where the Kuroshio current 
dominates.  An MSS site should be north 
of about 420N to avoid this region of 
greatest noise.  GeomorphologicaI Iy 
constricted areas should be avoided in 
site selection because of possible 
intensified bot torn cur rents.  Possible 
areas of low seismicity might be the 
Hokkaido Rise and toward the Kuril- 
Kamchatka Trench area. 

C. Opfimum Local fnv/ronmenf 

Ideal local environmental parameters 
consist of low bottom roughness, 
sediment thickness greater than 200m, 
and homogeneous geologic features. 
Because installation of the MSS 
involves drilling through sediment and 
installing a seismometer in crustal 
rock, the local environment should also 
have a predictable geologic column 
which will not create drilling prob- 
lems.  Two site areas were chosen on 
the basis of their ideal local geology 
(Fig. 2).  Si te area 1 i s a welI- 
surveyed area but probably has chert 
at the base of the unconsolida ted sed- 
iment. Although site area 2 is not as 
well-surveyed, chert beds there are 
probably either thinner or missing. 
Since drilling chert poses difficul- 
ties, site 2 may be the better loca- 
tion. 
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D. Optimum Regional Location 

The authors assumed that the best 

regional criteria for an MSS location 
wer e: 

o  to stay outside the 200 mile limit 
of fore Ign terr i tor i es. 

o  to be as close as possible to the 

Kuril-Kamchatka earthquake region to 
limit reception of seismic waves 

from other major seismic areas. 
o  to be centered geographically 

opposite the Kuri I-Kamchatka region 
to best receive uniform seismicity 
coverage. 

o to compliment existing earthquake 
monitoring stations on Japan, the 
Aleutians and Hawaii. 

Based upon these criteria, the site 

areas chosen are adequate for an MSS 
i ns ta I I at i on. 

Hart et al. (1980) have evaluated 

seismic propagation paths and suggested 
that highest energy received from 

Kuril-Kamchatka seismic occurrences for 
all depths are generally greatest in 
eastern regions of the Northwest 
Pacific which are greater than 500 km 

from the Kuril-Kamchatka Trench axis. 
Areas less than about 500 km from the 

trench are likely to fall in a seismic 

shadow zone, which might be an unfavor- 
able condition for an MSS site.  Unfor- 
tunately areas outside the shadow zone 
are poorly surveyed and are geolog- 

ically  complex.  These areas are the 

northern Shatsky Rise, the Emperor 

Seamounts, and adjacent western basins, 
all of which have unpredictable 
acoustic basement. 

Three additional sites outside the 

shadow zone have been selected.  They 

are si te 3 (410N, 162.50E) , si te 4 

(44.8^, 1680E) and site 5 (47.20N, 

166.50E).  All three sites are located 

on smooth bottom with a reverberant 
layer acoustic basement.  The locations 
were selected for areas where this 

layer appears to thin, but data and 

control are poor for all three loca- 
tions.  Because the locations are 
farther from the trench than sites 1 

and 2, more complex geologic structures 

exist between each site and the earth- 
quake region.  Site 3 is similar to 

site 1 in acoustic stratigraphy, sed- 
iment thickness, weather, and current 

conditions.  Likely problems at site 3 

are acoustic noise from currents and 

ships, unpredictable basement, and 

large seismic energy input for earth- 
quakes from th  Japan Trench.  Sites 4 
and 5 are mo re centrally located 

opposite the Kuri I-Kamchatka Trench, 

but each have only about 200 m of 

sediment and are very poorly surveyed. 
Acoustic noise due to shioping and 
currents are less likely to be a 

problem, and weather conditions are 

slightly more severe than at site 3. 

VI. Recommendations 

In summary, the areas selected on the 

basis of environmental parameters are 
plotted on Figure 2.  Sites 1 and 2 

were chosen primarily because they have 

the best available local geological 

environments.  Relative to other North- 
west Pacific locations, site 1 has mild 

weather conditions and high acoustic 
noise, 'and is located south of the 

geographic center of the Kuril- 

Kamchatka seismic zone.  On the other 

hand, site 2 has moderate v/eather con- 
ditions, moderate acoustic noise, and 

is centered geographically opposite the 
seismic zone.  Sites 1 and 2 are 

located within the seismic "shadow 

zone" positioned by Hart et al. (1980). 
Three sites outside the shadow zone 
have been designated but in the opinion 

of the authors the sites are inferior 
to sites 1 and 2. 

VII. References 

Agapova, G. V. and G. B. Udintsev 

(1973). Zony Drobleniya ReMye fa Dna V 
Severo Zapadnoy Kotlovine Tikhogo 

Okeana (Fracture Zone in Areas of 

Bottom Relief in the Northwestern 
Pacific Ocean Rasin). GeomorfoIogiya, 
(GMFLAG), n. 2, p. 35-40. 

Aver'yanova, V. N. (1965).  Some 

Patterns of Seismic Dislocations in the 

25 

-i • ■ 



Far East, J.P.R.S. technical transla- 

tion 65-31297, 28 p. 

Aver'yanova, V. N. (1975).  Glubinnaya 
Seysmotektonika Ostrovnykh Dug Severo- 

Zapad Tikhogo Okeana (Deep-Seated 

Seismotectonics of Island Arcs, the 

Northwestern Pacific Ocean).  Izd. 
Nauka, Moscow, SUN., p. 219. 

Buffington, Edwin C. (1973).  The 

Aleutian-Kamchatka Trench Conversion, 
An Investigation of Lithospheric Plate 

Interaction in Light of Modern Geotec- 
tonic Theory.  Doctoral Dissertation, 
University of Southern California 
233 pp. 

Burk, C. A. and H. S. Gnibidenko 

(1977).  The Structure and Age of the 

Acoustic Basement in the Okhotsk Sea. 

IN:  Island Arcs, Deep Sea Trenches md 
Back Arc Basins, M. Talwani and W. 

Pitman III, eds., AGU, p. 451-461. 

Chase, T., H. Menard and J. Marmierickx, 
(1970).  Topography of the North 
Pacific.  Technical Report TR-17, Inst. 
of Mar. Resources, Scripps Inst. of 

Oceanography, La Jolla, Calif. 

Clague, D. A. and R. I. Jarrard (1973). 
Tertiary Pacific Plate Motion Reduced 

from Hawaiian-Emperor Chain.  GeoI. 
Soc. Mi. Bull. 84:1135-1154. 

Connolly, J. R. and M. Ewing (1970). 

Ice Rafted Detritus in Northwest 

Pacific Deep-Sea Sediments.  From Hays 
ed., Geol. Soc. Am., Memoir 126, 
p. 219-232. 

Cormier, V. F. (1975).  Tectonics Near 

the Junction of the Aleutian and Kurii- 

Kamchatka Arcs and a Mechanism for 
Middle Tertiary Magmatism in the 
Kamchatka Basin.  Geological Society of 

America Bulletin, Vol. 86, p. 443-453. 

Creager, J. S., D. VV. Scholl et al. 
(1973).  Initial Renorts of the Deep 
Sea Dr iIIi ng Project.  VoI. 19, 

Washington, D. C. (U.S. Govt. Printing 
Office). 

Den, N. J., H. Hoita, S. Asano, T. 

Yoshi i, N. Sakajiri, and Y. Ichinose 

(1971).  Seismic Refraction and 

Reflection Measurements Around 
Hokkaido, Part I, Crustal Structure of 
the Continental Slope Off Tokachi. 
J. Phys. Earth 19, 329-345. 

Ewing, J., M. Ev/ing, T. Aitken, W. 

Ludwig (1968).  North Pacific Sediment 
Layers Measured by Seismic Profiling. 

IN:  The Crust and Upper Mantle of the 
Pacific Area, AGU Mono. 12. p. 
147-186. 

Fedotov, S. A. (1968).  On Deen 

Structure, Properties of the Upper 
Mantle, and Volcanism of the Kuril- 

Kamchatka Island Arc According to 

Seismic Data.  IN:  The Crust and Upper 

Mantle of the Pacific Area Internat. 
Upper Mantle Proj. Sei. Rept. 15.  An. 
Geophys. Union Geophys. Mon. 12 

(NAS-NRC Pub. 1687), p. 131-139. 

Fedotov, S. A. (1965).  Upper Mantle 
Properties of the Southern Part of the 

Kuril Island Arc According to Detailed 
SeismologicaI Investigation Data. 
Tectonophysics , v. 2, n. 2-3, 
D. 219-225. 

Frazer, J. F., D. L. Hawkins, and G. 
Arrhen'us, T. E. Chase, H. W. Menard 

and J. Mammerickx (1972).  Surface 
Sediments and Topography of the North 
Pacific.  Inst. Marine Resources, 

Scripps Inst. Oceanog., TR 27, 28. 

Fukao, Y. (1977).  Upper Mantle P 
Structure on the Ocean Side of the 
Japan-Kur iIe Arc. 
Geophys. J. (GBR) 

n. 3, p. 621-642. 

R. Astron. 
(GEOJAN), v, 

Soc. , 

SO, 

Go r <; h l< o v , G. ;i974).  Atlas of the 
Oceans.  Pacific Ocean Ministry of the 
Defense, USSR.  302 pp.  English 

Introductions and Index (1976), 

Pergamon Press, 87 pp. 

Griffin, J. J., H. Windom, and E. D. 
Goldberg (1968).  The Distribution of 

Clay Minerals in the World Ocean.  Deep 

Sea Research, vol. 15, n. 433-459. 

1 

I 
I 
I 
I 

2( t 
■ 



I 
I 
I 
I 
I 

I 
I 
i 
I 
I 

I 
I 
I 
I 

Hart, R. S. and S. K. Kaufman (1980). 

Seismic Propagation in the Kuriles/ 

Kamchatka Region,  Sierra Geophysics, 

inc., Technical Report S.G. I .-P.-80-022, 
Arcadia, Cali f., 77 p. 

Hi Ide, T. W. C., N. Isezaki , and J. M. 

Wageman (1976).  Mesozoic Seafloor 
Spreading in the North Pacific.  IN: 

Geophys. Monogr. 19, Am. Geophys. 
Union, p. 205-226. 

Hi Ide, T. VV. €., S. Uyeda and L. 

Kroenke (1977).  Evolution of the 
Western Pacific and its Plargin. 

Tectonophysics, vol. 38, p. 145-165. 

Horn, D. E., 13. M. Horn and M. N. 

Delach (1970).  Sedimentary Provinces of 
the Noith Pacific.  IN:  Geological 

Investigations of the North Pacific, 
Hays, ed., Geol. Soc. America Memoir 
126, p. 1-20. 

Houtz, R. (1976).  Seismic Properties 
of Layer 2A in the Paci fie.  J . 

Geophys. Res., 81, p. 6321-6331. 

Houtz, R. E., and W. J. Ludwig (1979). 

Distribution of Reverberant Subbottom 
Layers in the Southwest Pacific Basin. 
J. Geophys. Res., vol. 84, n. B7, p. 
3497-3504. 

Houtz, R. and J. Ewing (1976).  Upper 

Crustal Structure as a Function of 

Plate Age.  J. Geophys. Res., 81, p. 
2490-2498. 

Houtz, R., J. Ewing, and P. Buhl 

(1970).  Seismic Data from Sonobuoy 

Stations in the Northern and Equatorial 
Pacific.  J. Geophys. Res., 75, p. 
5093-5111. 

Kasahara, J. and R. R. Harvey (1976). 

Ocean Bottom Seismometer Study of the 
Kuril Trench Area.  Hawaii Univ., Inst. 
Geophys., Rep. (USA) (HIGRAC), n. 
HIG-76-9, 24 pp. 

Keller, G. H. (1969).  Engineering 

Properties of Some Sea-floor Deposits. 
Journal of the SoiI Mechanics and 

Foundations Division, SM6, p. 1379-1392. 

Keller, G. H. and R. H. Bennett (1970). 

Variations in the Mass Physical Prop- 

erties of Selected Submarine Sediments. 
Marine Geology 9, p. 215-223. 

Kort, V. G. (1970).  Sedimentation in 
the Pacific Ocean, Rook I.  Academy of 

Sciences of the USSR, Moscow, 427 pp. 

Kosminskaya, I. P. and S. M. Zverev 

(1968).  Deep Seismic Sounding in the 
Transition Zones from Continents to 

Oceans.  IN:  The Crust and Upper Mantle 
of the Pacific Area-Internat.  Upper 
Mantle Proj . Sci. Rept. 15.  Am. 

Geophys.  Union Geophys. Mon. 12 
(NAS-NRC PUR. 1687), p. 122-130. 

Kosminskaya, I. P., s. M. Zverev, P. S. 

Veitsman and Yu. V. Tulina (1964). 

General Features of the Structure of 

the Earth's Crust in a Transition Zone, 
IN:  Structure of the Earth's Crust in 
the Region of Transition from the 

Asiatic Continent to the Pacific Ocean. 
Edi ted by Ye. I. Galperin and I. P. 

Kosminskaya, p. 274-293.  Izd. Nauka 
Moscow, 308 pp. 

Lancelot, Y., and R, L. Larson (1975). 

Sedimentary and Tectonic Evolution of 

the Northwestern Pacific.  Initial 

Reports of D.S.D.P. vol 32, D. 925-935. 

Lancelot Y. (1978).  Relation entre 

Evolution Sedimentaire et Tectonique de 
la Maque Pacifique depuis le Cretace 

Inferieur (Relations between Sedimen- 

tary Evolution and Tectonics of the 
Pacific Plate During the Lower 

Cretaceous.  Soc. Geol. Mem. No. 134 
39 pp. 

Langseth, M. c. and R. P. Von Herzen 

(1970).  Heat Flow Through the Floor of 

the World Oceans.  From The Sea, vol. 4 
part I, p. 299-352. 

Larson, R. L. and W. C. Pittman III. 

(1972).  World-wide Correlation of 
Mesozoic Magnetic Anomalies and Its 

Implications.  Geol. Soc. America Bull, 
vol . 83, p. 3645-3662. 

Larson, R. L. and R. Moberly et al. 

(1975).  Initial Reports of the Deep 

27 



Sea Drilling Project, vol. 32, 
Washington, D. C.  ^J.S. Govt. Printing 
Of fi ce) 980 pp. 

Lee, H. J. (1973).  fleasurenents and 
Estimates of engineering and Other 
Physical Properties, Leg 19.   N:  J. 
S. Creager, D. W. Scholl et al. (1973). 
Initial Reports of the Deep Sea 
Drilling Project, vol. 19, Washington, 
D.C. (U.S. Govt. Printing Office) p. 
701-720. 

Naval Oceanographic Office (1978). 
Field Data Report: Pac-Oceano Survops 
Sumner 1977, Phase I.  TN-3440-5-78, 
26 p. 

Naval Oceanographic Office (1969). 
Rathyme trie Atlas of the Northwestern 
Pacific Ocean.  N.O. Pub. 1301. 

Naval Oceanographic Office (1971). 
Bathymetric Atlas of the North Central 
Pacific Ocean. N.O. Pub. 1302. 

Loomis, P., j. Bowman, C. Ross, E. 
Kelly (1973).  A Summary of Sediment 
Size, Sound Velocities, X-Radiography, 
and riass Physical Properties of Nine 
Cores from the North Pacific.  U.S. 
Naval Oceanographic Office, Washington, 
D. C. 

Ludwig, W. J., J. I. Ewing, M. Ewing, 
S. flarauchi, N. Den, S. Asano, II. 
Hof fa, H. Hayakawa, T. Asanuma, K. 
Ichikawa and I. Noguzhi (1966). 
Sediments and Structure of the japan 
Trench.  J. Geophys. Res., 71, p. 
2121-2137. 

Ninkovich, D. and J. H. Robertson 
(1975).  Volcanogenic Effects on the 
Rates of Deposition of Sediments in the 
Northwest Pacific Ocean.  Earth and 
Planetary Science Letters, vol. 27, p. 
127-136. 

Reid, J. L. (1973). Northwest Pacific 
Ocean Waters in Winter. Johns Hopkins 
Oceanographic Studies no. 5, 93 pp. 

Reid, J. L. and R. S. Arthur (1975). 
Interpretation of Tlaps of Geopotential 
Anomaly for the Deep Pacific Ocean. 
J. riar. Res., Supplement, p. 37-52. 

Ludwig, W. J. J. Nafe and C. Drake 
(1970).  Seismic Refraction.  IN:  The 
Sea, Maxwell, ed., v. 4, Part I, p. 
53-84. 

Richards, A. F. (1961).  Investigations 
of Deep Sea Sediment Cores.  U.S. Navy 
Hydrographie Office Technical Report 
63, 61 pp. 

McAdoo, D. C., J. G. Cladwell and D. L. 
Turcotte (1978).  On the Elastic- 
Perfectly Plastic Rending of the 
Lithosphere under Generalized Loading 
with Application to the Kuril Trench. 
Geophys. J., v. 54, n. 1, p. 11-26. 

flammerickx, J. A. (1980).  Deep Sea 
Channel in the Northwest Pacific Basin. 
Marine Geology 34, p. 207-218. 

Mar kin in, E. K. (1968).  VoI can ism as 
an Agent of Formation of the Earth's 
Crust. IN:  The Crust and Upper Mantle 
of the Pacific Area.  Aner. Geophys. 
Union Monograph 12, p. 413-422. 

Moore, D. G. (1962).  Bearing Strength 
and Other Physical Properties of Some 
Shallow and Deep-Sea Sediments from the 
North Pacific. Geol. Soc. Anerica Pull, 
vol. 73, p. 1163-1166. 

Scholl, D. W., J. R. Hein, M. Mar low, 
and E. C. Buffington (1977).  Meiji 
Sediment Tongue: North Pacific Evidence 
for Limi ted Movement Between the 
Pacific and North Anerican Plates. 
Geological Society of Anerica Bulletin, 
vol. 88, p. 1567-1576. 

Senior, C. W. (1976).  Oceanographic 
Observations of th? Subarctic 
Subtropical Transition Zone in the 
Western Nor»'. Pacific. Naval Ocean- 
ographic Office TN-344-6-76, 34 pp. 

Sergeyev, K. F. (1976a).  Tektonika 
Kuril'skoy Ostrovnoy Sistemy (Tectonics 
of the Kuril Island System).  Izd. 
Nauka, Moscow, SUN., p. 239. 

Shor, G. G., H. W. Menard and R. W. 
Raitt (1970).  Structure of the Pacific 
Basin, from The Sea vol. 4, Part II, p. 
3-27. 

i 

28 

-■•••, 



I 

I 

1 

! 

I 
I 
I 

i 

Solov'yeva, O. N. and A. G. Gainanov 
(1963).  Geological Structure in the 
Zone of Transition from the Asiatic 
Continent to the Pacific Ocean in the 
Region of the Kuril-Kamchatka Island 
Arc, Soviet Geology 3, p. 113-123. 

Sychev, P. M., H. Aoki , ed. and A. 
I^zuka, ed. (1976).  Deep Fractures and 
Crust Formation in the North-West 
Pacific.  IN:  Volcanoes and Tecton- 
osphere.  Tokai Univ. Press, Tokyo, 
Japan, p. 341-357. 

Sykes, Lynn R., Jack Oliver and Brian 
Isacks (1970).  Farthquakes and 
Tectonics.  IN:  The Sea, vol. 4, Part 
I, A. E. Maxwell, ed., p. 353-420. 

Tarakanov, R. z. and N. V. Leviy 
(1968).  A node I for the Upper Mantle 
with Several Channels of Low Velocity 
and Strength.  IN:  The Crust and Upper 
Mantle of the Pacific Area, Knopoff et 
al., ed., Aner. Geophys. Union 
Monograph 12, p. 43-50. 

Tuyezov, I. K. (1970).  Seysmicheskiye 
Razrezy Zemnoy Kory Severo-Zapadnoy 
Chasti Tikhookeanskogo Pordivizhnogo 
Poyasa (Seismic Sections of the Earth's 
Crust in the Northwestern Part of the 
Pacific Ocean Mobile Belt).  Akad. Nauk 
SSSR, n. 3, p. 100-104. 

Tuyezov, I. K., p. M. sichev, R. z. 
Tarakanov and M. L. Krasny (!S68). 
Structure of the Folded Areas and 
Recent Geosynclines of the Okhotsk 
Area.  IN:  The Crust and Upper Mantle 
of the Pacific Area, Knopoff et al. 
eds., Amer. Geophys. Union Monograph 
12, p. 473-480. 

R/V ARGO in Western Pacific 1966 and 
the Compilation of Magnetic Charts of 
the Same Area.  Bulletin of the Earth- 
quake Research Institute, vol. 45  n. 
799-814. ' y 

Veith, K. F. (1974).  Relationsh 
Island Arc Seismicity to Plate 
Tectonics.  Doctoral Dissertation, 

p of 

Southern Methodi st Uni 
Texas, 67 pp. 

versity,   Dal las, 

Watts,   A.   B.   (1976).     Gravity  Field   of 
the  Northwest   Pacific  Ocean   Basin   and 
Its  Margin.     Geol.   Soc.   An.,   MC  10. 

Watts,   A.   B.   (1977).     Gravity  Field   of 
the  Northwest   Pacific  Ocean   Basin   and 
Its  Margin  KuriI    IsI and Arc-Trench 
System.     Geol.   Soc.   Am.,   MC-27. 

Weisman, P. S. (1966).  On the Deep 
Structure in the Kuril-Kamchatka 
Region.  IN:  Continental Margins and 
Island Arcs-lnternat.  Upper Mantle 
Comm. Symposium, Ottawa, 1965.  Canada 
Geol. Survey Paper 66-15, p. 244-251. 

Zverev, S. M., B. S. Vol'vovskiy, ed. 
and A. G. Rodnikov, ed. (1977). 
Seysmicheskiyc Svoystva Zemnoy Kory i 
Verkhney Mantii Severo-Zapadnoy Chasti 
Tikhogo Okeana (Seismic Properties of 
the Earth's Crust and Upper Mantle of 
the Northwestern Pacific Ocean).  Izd. 
Nauka, Moscow, SUN., p. 28-34. 

Ukawa, M. (1979).  The Landward 
Thinning of the Low-Velocity Layer 
Across the Kurile-Japan Trench: Earth 
Planet. Sei. Lett., v. 43, n. 3 
p. 434-440. 

I 

U.S. Navy (1977).  Surface Currents. 
Naval Oceanographic Special Pub. 1402 
NP4, NP5, NP7. 

Uyeda, S. (1967).  Results of Geomag- 
netic Survey during the Cruise of 

2'1 



Bibliography I: 
Environment of the Northwest Pacific Ocean 

Argo (1966).  Lists of Cores and Dredge 
Hauls, Zetes Expedition.  University of 

California, Scripps Institution of 
Oceanography. 

Aver'yanova, V. N. (1965).  Some Pat- 

terns of Seismic Dislocations in the 
Far East.  News of the Academy of 
Seismic USSR, Geological Series, No. 5, 
p. 93-114, 

Aver'yanov, V. S., and B. I. Mil'nikov 

(1975).  The Evolution of the Earth's 
Magnetic Field in Kamchatka from 
Pa Ieomagnetic Data.  No. 6, p. 86-91. 

Baud (1961).  List of Sediment Cores, 

Legs II, IV and V, Japanyon Expedition. 
Scripps Institution of Oceanography. 

Seiyayev, I. V. (1970).  Osnovnyye 

GeoIogicheskiye Rezul'taty 

Regiona I 'nykh Geofizicheskikh Rabot 

(fla i n Geological Results of Regional 

Geophysical Surveys).  Geologiya SSSR, 
GeoIogicheskoye Opisaniye, Kniga 2, 
USSR, Minist.  Geol., Moscow, p. 

236-246. 

Bezrukov, P. L. (1^.55).  Rottom 

Deposits of the KuriIo-Kanchatka 
Depression.  Works of the Institute of 
Oceanology, Vol. XXI, p. 97-129. 

Bezrukov, P. I. (1970). Sedimentation 

in the Pacific Ocean. Parts I and II, 
Akad. Nauk SSSR, 419 and 428 pp. 

Bottom Sediment Listings, Cruise 29 of 

theVityaz 1 958-1 959 V/DC-A Cr ui se 

137.1B5, Akademia Nauk, SSSR, Institut 
OkeanoIogi i. 

Bottom Sediment Listings.  Reringovo 
Morkaya Ekspeditsiya Nov-Dec 1958, 
V/DC-A Cruise 137.11F.-1 (Zhemchug), 

Akademia Nauk, SSSR, Institut 
Okeano I ogi i . 

Braitseva, O. A., and Melekestsev 

(1970).  Principal Stages of Devel- 

opment of the Relief of Kamchatka. 

Geomorphology, no. 3, p. 197-202. 

Ruffington, Edwin C. (1973).  The 
Aleutian-Kamchatka Trench Conversion; 

an Investigation of Lithospheric Plate 

Interaction in Light of Modern Geotec- 

tonic Theory.  Doctoral Dissertation, 

U. Southern California, 233 p. 

Chase, T., H. Menard, and J. Mammerickx 

(1971).  Topography of the North 

Pacific.  Tech. Rep. TR-17, Inst. of 

Mar. Re sour., Scripps Inst. of 
Oceanogr., La Jolla, California. 

Coleman, P. J. (1973).  The Western 

Pacific, Island Arcs, Marginal Seas, 
Geochemistry.  Crane, Russak fi Co., 

N.Y., 675 pp. 

Cormier, V. F. (1975).  Tectonics Near 

the Junction of the Aleutian and Kuril- 

Kamchatka Arcs and a Mechanism for 
Middle Tertiary Magmatism in the 

Kamchatka Basin.  Geological Society of 
Mierica Bulletin, Vol. 86, p. 443-453. 

Cormier, V. F. (1972).  Tectonics of 

Northeast Kamchatka and the Commander 

Island (abs.).  Eos (An. Geophys. 
Union, Trans.), (EOSTAJ), v. 53, n. 11, 
p. 1043. 

Creager, J. S., D. W. Scholl, R. E. 

Boyce, R. J. Echols, T. J. Fullam, J. 

A. Grow, I. Koizumi, H. J. Lee, H. Y. 

Ling, R. J. Stewart, P. R, Supko and T. 
R. Worsley (1973).  Site 192 from Deep 
Sea Drill. Proj. Initial k, ,>. (IDSDA6), 

v. 19, Kodlak, Alaska to Yokohama, 
Japan; July-Sept. 1971, D. 463-553. 

Davydov, M. N. and Dunichev (1968). 
Neogene Deposits of the Southern 
Greater Kuril Islands, Geologiya i 

30 

1 

I 
! 

] 



I 

I 

I 

I 

i 

Geofizika, vol. 12, p. 112-116, In 
' us sI an. 

)obretsov, N. L. (1975).  Metamorphic 
Relts of the Nor thv/es tern Clrcum- 

Pacific Region.  Geological Society of 
ca, Special Paper 151, p. 133-144. Amer 

Drozdov, V. N. and A. S. Sarki syan 

(1975).  Calculation of Currents for 

the Northwestern Pacific.  Atmospheric 
and Oceanic Physics, vol. 11, no. 4 o 
394-403. ' f 

Erenenko (1973).  Geologic Structure 
and Oil and Gas Prospects of USSR, 

vol. 57, p. ''41-243. AAPG Rulletin 

Erickson, D. H., F. P. Naugler and D. 

K. Rea (1971).  Evidence of Crustal 

Plate Movements in the Western North 
Pacific (abs.).  IN:  Ocean Floor 

Spreading, Int. Union Geod. Geophys., 
15th Gen. Ass em. (247NAK1 
38. 

Mo scow, p. 

Ewing, J., M, Ewing,T. Ai tken and V7. 

Ludwig (1968).  North Pacific Sediment 

Layers Measured by Seismic Profiling. 
IN:  The Crust and Upper Mantle of the 
Pacific Area, AGU Mono. 12, p. 147-186. 

Ewing, M., S. Tsunemas, J. Ewing, and 

L. H. Burckle (1966).  Lower Cretaceous 
Sediments from the Nortnwest Pacific. 

AAAS), v. 152, n. 3723, p. Sc i enc e 

751-755 

Frazer, J. Z., et al. (1972).  Surface 
Sediments and Topography of the North 
Pacific.  IMR TR 27, 28, Maps. 

Freitag, H. P. (1979).  Structure and 
Path of the Kuroshio Over the Izu 

Ridge.  University of Washington. 

Fullam, T. J. (1973).  Some Aspects of 

Late Cenozoic Sedimentation in the 
Bering Sea and North Pacific Ocean, 
initial Reports D.S.D.P. 19 
p. 887-896. 

Fujita, Yukinori, Hoshino, Michihei, 
ed.; and Hitoshi Aoki, ed. (1972). 

Crustal Movements Around liland-Arci in 
Northwest Paci fie since Late 

Cretaceous.  Tokai Univ. Press, Tokyo 
Japan, p. i-30. 

Fujita, Y. and Hoshino (1970).  Crustal 
Movements Around Island-Arcs In the 

Northwest Pacific since Cretaceous, 
from Island Arcs and Ocean, Tokai 
Univ., p. 27-30. 

Garkalenko, I. A. and S. A. Ushakov 
(1978).  Zemnaya Kora Kurilskogo 
Regiona (The Crust of the Kuril 

Region).  Sov. Geol., n. 11, p. 46-59. 

Gaynanov, A. G., Ye. 1. Isayev and G. 

B. Udintsev (1968).  Magnitnyye 

Anomal ii I Morfologiya Dna Ostrovnykh 
Dug Severo-Zapadnoy Chasti Tikhogo 

Okeana (Magnetic Anomales and Bottom 
Morpiv. ,sy of Island Arcs in the North- 

west Pacific Ocean).  Okeanol. (Akad. 

Nauk SSSR), v. 8, n. 6, p. 1017-1024. 

Gaynanov, A. G, I. P. Kosminskaya and 

P. A. Stroyev (1968).  GeofizicheskI ye 
Issledovaniya Glubinnogo Stroyeniya ♦ 
Beringom Morya.  Akad. Nauk SSSR 
Fizika Zemli , n. 8, p. 3-1 I. 

izv, 

Gaynanov, A. G. and L. P. Smirnov 

(1962).  Stroyeniye Zemnoy Kory V 

Oblasti Perekhoda Ot Aziatskogo 

Kontinental K Tikhomu Okeanu.  J^v. 
Geolo., n. 3, p. 108-118. 

Gnibidenko, G. S. (1970).  On the 

Basement of the Northwest Sector of the 
Pacific Belt.  Tectonophysics, 

(TCTOAM), v. 9, n. 6, p. 513-523. 

Gnibidenko, G. S. (1976).  Rift s> tem 
of the Sea of Okhotsk.  Acad. Sei . 
USSR, Dokl., Earth Sei. Sect 
(DKESA9), v. 229, n. 1-6. p. 

. (USA) 
36-38. 

Gnibidenko, H. S. (1973).  Crustal 

Structure and Evolution in the North- 
western part of the Pacific Belt.  IN- 
The Western Pacific, ed. Coleman, p. 
435-449. 

Gnibidenko, G. S. ed., Yu. A. Kosygin, 
ed. and K. F. Sergeyev (1976). 

Stroyeniye Zemnoy Kory I Verkhney 

Mantii V Zone Perekhoda Ot Aziatskogo 

Kontinenta K Tikhomu Okeanu (Structure 

31 

-^ 



of the Earth's Crust and Upper Mantle 
in the Transition Zone from the Asiatic 
Continent to the Pacific Ocean).  Izd. 
Nauka, Novosibirsk, SUN., 368pp., 

Gnibidenko, G. S., M. L. Krasnyy and N, 
P. Luk'yanov (1975).  Novyye Dannyye O 
Strukture Osadochnogo Chckhla 
Podnyatiya Shatskogo I Severo-Zapadnoy 
Plity Tikhogo Okeana (New Data on the 
Sedimentary Cover Structure of the 
Shatsky Rise and the Nor thv/es tern Plate 
of the Pacific Ocean).  Akad. Nauk 
SSSR, Dokl. SUN, (DANKAS), v. 221, 
n. 1, p. 209-212. 

Gorshkov (1974).  V/orld Ocean Atlas, 
Pacific Ocean.  Vol. 1, Ministry of 
Defense, USSR Navy, 302 pp, Russian. 

Grabkov, V. K. (1973).  0 Sootnoshenii 
Struktury ReMyefa Sevremenney Kuril1 

Skoy GeosinkIinaI'noy Oblasti (Inter- 
relationship of the Structure and 
Relief of the Present-Day Kuril 
Geosynclinal Province).  Akad. Nauk 
SSSR, Geomorfol. Kom., Plenum, Mater, 
(33ZXAK), n. 10, p. 159-160. 

Grabkov, V. K. and Yu A. Pavlov (1973). 
Neotectonic Movements and Isostatic 
State of the Crust in the KuriIe Island 
Arc Region.  Acad. Sei. USSR, Dokl., 
Earth Sei. Sect. (USA) (OKESA9), v. 
203, n. 1-6, p. 55-57. 

Greene, H. G., G. B. Dalrymple, and D. 
A. Clague (1978).  Evidence for North- 
ward Movement of the Emppror Seamounts, 
Geology, vol. 6, p. 70-74. 

Hamilton, E. L., D. G. Moore, E. C. 
Buffington and P. L. Sherrer (1974). 
Sediment Velocities from Sonobuoys: 
B. y of Bengal, Bering Sea, Japan Sea, 
and North Pacific.  Journal of 
Geophysical Research, vol. 79, no. 17, 
p. 2653-2668. 

Hanks, T. C. (1970).  The Kuril Trench- 
Hokkaido Rise System:  Large Shallow 
Earthquakes and Simple Models of 
Deformation (abs.).  Eos (An. Geohpys. 
Union, Trans.), v. 51, n. 11, p. 823. 

Hanks, T. C. (1971).  The Kuril Trencn- 
Hokkaido Rise System:  Large Shallow 
Earthquakes and Simple Models of 
Deformation.  R. Astron. Soc, Geophys. 
J., (GEOJAN), v. 23, n. 2, p. 173-189. 

Hays, J. D. (1970).  Geological I ;es- 
tigations of the North Pacific, GSA 
Memoir 126, 323 pp. 

Hein, J. R., D. W. ScholI and C. E. 
Guthmacher (1976).  Diagenesis of 
Neogene Diatomaceous Sediment from the 
Far Northwest Pacific and Southern 
Bering Sea (abs.).  Geol. Soc. An., 
Abstr. Programs (USA) (GAAPBC), v. 8, 
n. 3, Cordilleran Section, 72nd Annual 
Meeting, p. 379-380. 

Hilde, T. VV. C., N. Isezaki, and J. M. 
Wageman (1976).  Mesozoic Seafloor 
Spreading in the North Pacific.  IN: 
Geophys. Monogr. 19, An. Geophys. 
Union, p. 205-226. 

Hi I de, T. VV. C, S. Uyeda and L. 
Kroenke (1977).  Evolution of the 
Western Pacific and its Margin. 
Tectonophysics, vol. 38, p. 145-165. 

Hill, H. D. S. , VV. Johnson, J. Knop and 
V. Williams (1967).  A Summary of Sed- 
iment Size and Composition Analyses of 
a Core and Grabs Off Kamchatka.  U.S. 
Oceanographic Office, Washington, D. C. 

Honza, E. (1978a).  Basic Framework of 
the Island Arc System in the m  Pacific 
Margin (abs.).  Sei. Counc. Japan., 
Tokyo, Japan. 

Honza, E. (1978b).  Geological History 
of the Kuril Basin and the Tartary 
Trough; Preliminary Concluding Remarks. 
(GH77-3 Cruise) Jap., Geol. Surv. 
Crui se Rep., n. 11, p. 60-69. 

Honza, b., ed., K. Tamaki and K. 
Nishimura (1978). Sonobuoy Refrac- 
tion Measurement. (GH77-3 Cruise) 
Jap., Geol. 5ur •., Cruise Rep., n. 11, 
p. 46-49. 

Horn, D. R., Horn and Delach (1970). 
Sedimentary Provinces of the North 
Pacific.  GSA Memoir 126, p. 1-20. 

32 

I 

! 

1 

1 



I 
I 
I 

[ 

Houtz, R. (1976).  Seismic properties 
of layer 2A in the Paci fie.  J . 

Geophys. Res., 81, p. 6321-6331. 

Houtz, R. E. and W. J. Ludwig (1979). 

Distribution of Reverberant Sub-bottom 
Layers in the Southwest Pacific Basin. 

JGR, vol. 84, no. B7, p. 3497-3504. 

Houtz, R., and J. Ewing (1976).  Upper 
Crustal Structure as a Function of 
Plate Age.  J. Geophys. Res., 81, p. 
2490-2498. 

Houtz, R. , J. Ewing, and P. Buhl 

(1970).  Seismic Data fro.-n Sonobuoy 
Stations in the Northern and Lqua- 
torial Pacific.  J. Geophys. Res., 75, 
p. 5093-5111. 

Hulsemann, J., J. c. Bowman, J. E. 

McLane, B. Strong and W. J. Ves>al 

(1971).  A Surrmary of Sediment ji ze and 
Composition (exclusive of Organic Mat- 

ter) of Cores from the Sea of Okhotsk, 

U.S. Naval Oceanographic Office, 
Washington, D. C. 

Hulsemain, J., J. C. Bowman, R. M. 

Jeso, J. E. Mclande and W. J. Vestal 

(1971).  A Surmiary of Sediment Size and 

Composition (exclusive of Organic Mat- 

ter) of Cores from the Northwest Pacif- 
ic Ocean (Area 19).  U.S. Naval Ocean- 

ographic Office, San Diego, California. 

Jackson, E. D., E. A. Silver, and G. B. 

Dalrymple (1972).  Hawaiian-Emperor 

Chain and its Relation to Cenozoic 
Circumpacific Tectonics.  Geological 
Society of America Bulletin, vol. 83 
p. 601-618. 

Johnson, O. A. (1974).  Deep Pacific 

Circulation Intensification During the 
Early Cenozoic.  Marine Geology, 17- p. 
71-78. 

Kaneoka, Ichiro (1972).  Evidence of 

Subsidence of Seamounts in the North- 

West er n^Pac i fi c .  Marine Geophysical 
Research, vol. 1, Issue 4, p. 412- 
417. 

Knopoff, L., Drake and Hart (1968). 

The Crust and Upper lU^Ue of the 

Pacific Area.  AGU Mcr.« 1?, 522 pp. 

Kosygin, V. u. and If. A. Pabov (1975). 

Edge Effect as a Factor ?n Interpreta- 
tion of Gravity Anomalies in the 

Transition Zone from Asian Mainland to 
Pacific Ocean.  Akademi Wauk SSSR 

Doklady, vol. 221, no. 4, p. 917-920, 
i n Russ i an. 

Kosygin, V. Yu, and 

(1975).  Geology and 

Kur iI Region.  Akad. 
vol. 220, no. 3, p. i 
Russian. 

A. Pavlov 

'.vi ty of the 

ik SSSR Doklady, 
-675, in 

Karsnyy, M. I. and K.  ergin (1975). 

The Nature of the Regional Magnetic 

Anomalies in the Northwestern Pacific. 
Geologiya Goefi/ika, vol. 3, p. 84-94, 
i n Russ i an. 

Krasnyy, M. L. and Ye, U. Kochergin 

(1977).  Magnetic Anomal i-r, in the NW 
Pacific.  IN:  Geofizicheskiye 

Isledovaniya Zony Perekhodaya, p. 
117-126, in Russian. 

Kropotkin, P. N. and Shakhavarstova 
(1965).  Geological Structure of the 

Circum-Pacific Mobile Belt.  Transac- 
tions vol. 134 of Akad. of Sciences, 

USSR, Geological Inst. 366 pp., in 
Russian. 

Lancelot, Y. and R. L. Larson (1975). 

Sedimentary and Tectonic Evolution of 

the Northwestern Pacific.  Initial 
Rpts. of D.S.D.P. vol. 32, p. 925-935. 

Lancelot, Y. (1978).  Relations Entre 

Evolution Sedimentaire et Tectonique de 

La Plaque  Pacifique Depuis le Cretace 

Inferieur (Relations Between Sedimen- 
tary Evolution and Tectonics of the 
Pacific Plate During the Lower Creta- 
ceous).  Soc. Geol. Fr., Mem., No. 134, 
39 pp. (incl. Englj sh sum.). 

Larson, R. L. and C. G. Chase (1972). 

Late Masozoic Evolution of the Western 
Pacific Ocean.  Geological Society of 
American Bulletin, vol. 83, p. 3627- 
3644. 

33 



Legier, V. A. and O. G. Sprokhtin, ed. 

(1976).  De formatsiya Pogruzhay- 
ushcheysya Litosfernoy Plity I Prodol1 

nyye Sdvigi Kuri I-Kamchatskoy Ostrovnoy 
Dugi (Deformation of the Subsiding 

Lithospheric Plate and Longitudinal 

Shifts of the Kuri I-Kamchatka Island 
Arc).  Akad. Nauk SSSR, Inst. 

Okeanology, im. P. P. Shirpova, Moscow, 
SUN, p. 103-147. 

Lisitsyn, A. P. (1959).  Bottom 

Sediments of the Bering Sea, Trudy 
Inst. Okean, vol. 29, p. 65-183. 

Lisitsyn, A. P., I. E. Mikhal'tsev N. 

N. Sysoev and G. B. Udintsev (1956). 

New Data on the Thickness and Bedding 

of the Porous Deposits of the North- 
western Pacific Ocean.  The Ocean- 
ographic Institute of the Academy of 
Sciences of the USSR, No. 2. 

Lisitsyn, A. P. (1955).  Some Data on 

the Distribution of Suspended Particles 
in the Waters of the KuriIe-Kamchatka 

Trench.  Trudy Instituta Okeanologii, 
vol. XII, p. 62-96. 

Lisitzin, A. P. (1966).  Processes of 

Recent Sedimentation in the Bering Sea. 

Acad. of Sciences of the USSR Inst, of 
Oceanlolgy, 575 pp, in Russian. 

Lisitzin, N. A. and Dbopetzkaye (1972). 

Lithologic Profile of the Northwest 

Pacific Ocean.  Litologiya Polezniye 
Iskopaemiye, p. 3-25, in Russian. 

Liu, Hsi-Ping (1980).  The Structure of 

the Kuril Trench-Hokkaido Rise System 

Computed by a Plastic Time-Dependent 

Plastic Plate Model Incorporating Rock 
Deformation Data.  JGR, v. 85. 

Ljama, A. (1960).  Thy Bottom Sediments 

of the Japan and Kuril Trenches Collec- 

ted by the Ryofu Maru During JEDS 

Contribution #8.  OceanographicaI 

Magazine, vol. 11, issue 2, p. 225-231. 

Loomis, P., J. Bowman, C. Ross, and E. 

Kelly (1973).  A Summary of Sediment 

Size, Sound Velocities, X-Radi ograpiiy ,-- 

and Mass Physical Properties of Nine 
Cores from the North Pacific.  U.S. 

Naval Oceanographic Office, Washington, 
D. C. 

Loomis, P. B. and J. C. Bowman (1968). 

A Surrmary of Sediment Size, X-Radiog- 
raphy, Sound Velocities, and Mass 
Physical Properties of 16 cores from 

the North Pacific.  West Coast Lab 

Facility, U.S. Naval Oceanographic 
Office, Washington, D. C. 

Lynn, R. J. and J. C. Reid (1968). 

Characteristics and Circulation of Deep 

and Abyssal Waters.  Deep-Sea Research, 
76(33), 8089-8097. 

Lyubimova, Ye. A., V. N. Nikitina and 

G. A. Tomara (1976).  Teplovyye Polya 
Vnutrennikh I Okrainnyk Morey SSSR; 

Sostoyaniye Nablyudeniy I Teoriya 

Interpretatsii Dyunernykh 

Neodnorodnostey (Heat Field of the 

Inland and Marginal Seas of the USSR; 
State of Observations and the Theory of 
Interpretation of Two-DimensionaI 

Inhomogeneities).  Izd. Nauka, Moscow, 
SUN, p. 222. 

McAdoo, D. C, J. G. Cladwell and D. L. 
Turcotte (1978).  On the Elastic- 

Perfectly Plastic Bending of the 

Lithosphere Under Generalized Loading 

with Application to the Kuril Trench. 
Geophys. J., v. 54, n. 1, p. 11-26. 

Mantyla, A. W. (1975).  On the 

Potential Temperature in the Abyssal 
Pacific Ocean.  J. Mar. Res. 33:341- 
354. 

Markev, M. S. and M. Yu. Khotin (1973). 
Structures and Geological History of 

the Kuril-Kamchatka Island Arc.  Univ. 
West. Austr. Press, Ned lands, p. 
239-246. 

Marr, J. C. (1970).  The Kuroshio.  A 

Symposium of the Japan Current.  East- 

West Center Press, Honolulu, 611 pp. 

Marshall, M. (1978).  The Magnetic 

Properties of some DSDP Basalts from 
the North Pacific and Inferences for 
Pacific Plate Tectonics.  J. Geophys. 
Res. (USA), (JGREA2), v. 83, n. B1 , 
p. 289-308. 

34 

I 
I 
I 
I 



» 

I 
I 

I 

Marshall, Monte C. (1975).  Summary of 
Physical Properties, Leg 32.  Deep Sea 
Drill. Proj., Initial Rep. (IDSDA6), 
v. 32, p. 961-962. 

Masuzawa, j. (1962).  The Deep Water In 
the Western Boundary of the North 
Pacific.  J. Oceanogr. Sue. Japan, 20th 
Ann. vol., p. 279-285. 

Melville (1971).  List of Cores and 
Dredge Hauls Antipode Expedition. 
Scripps Institute of Oceanography. 

Minayev, Yu. N. and A. A. Suvorov 
(1974).  Structure of Sediment Cover in 
the KuriI-Japanese Trench Based on 
Seismic Data.  Geol. Geofiz. vol. 2, p. 
113-117, in Russian. 

Mogi, Klyoo (1973).  Relationship 
Between Shallow and Deep Seismicity in 
the Western Pacific Region.  Tecton- 
ophysIcs, voI. 17, p. 1-22. 

Moriyasu, S. (1972).  Deep Waters in 
the We stern North Pacific.  IN: 
Kuroshio Its Physical Aspects, Stonmel, 
H. and Yoshida eds.  Univ. Tokyo Press, 
p. 3^7-407. 

Murdmaa, I. O. and Bezrukov (1970). 
Sedimentation In the Kuril-Kamchatka 
Trench.  Akademia Nauk SSSR, Insti- 
tute Okeanolgii Trudy, vol. 86. 

Naval Oceanographic Office (1978). 
Field Data Report: Pac-Oceano Surveys 
Summer 1977, Phase I.  TN-3440-5-78, 
26 pp. 

Naval Oceanographic Office (1969). 
Bathymetric Atlas of the Northwestern 
Pacific Ocean.  N.O. Pub. no. 1301. 

Naval Oceanographic Office (1971). 
Bathymetric Atlas of the North Central 
Pacific Ocean.  N.O. Pub. no« 1302. 

Ninkovich, D. and J. H. Robertson 
(1975).  Volcanogenic Effects on the 
Rates of Deposition of Sediments in the 
Northwest Pacific Ocean, Earth and 
Planetary Science Letters, vol. 27, p. 
127-136. 

Oser, R. K. (1972).  Textural Analysis 
of Fine-Gra ,ed Sediments: Pelagic 
Sediments - , the Northwest Pacific. 
Oregon State University (Thesis). 

Panfilova, S. G. (1965).  Character- 
istics of the Distribution of Water 
Temperature and Salinity in the North 
Pacific Ocean.  Okeanologicheskiye 
Issledovaniya, no. 13, p. 47-54. 

Peive, A. V. and Markov (1973). 
'Basaltic' Layer of the Crust in the 
West Pacific, from the Western Pacific. 
IN:  The Western Pacific, Coleman ed., 
p. 349-354. 

Radzikhovskaya, M. A. (1965).  Basic 
Features of Water Structure in the 
North Pacific Ocean.  OkeanoIgicheskiye 
IssIedovaniya, no. 13, p. 41-46. 

Regan, R. D., J. C. Cain, and W. M. 
Davis (1975).  A Global Magnetic 
Anomaly Map.  Journal of Geophysical 
Research, vol. 80, no. 5, p. 794-802. 

Reed, R. K. (1969).  Deep Water Prop- 
erties and Flow in the Central North 
Pacific.  J. Mar. Res., 27:24-31. 

Reid, J. L. (1973). Northwest Pacific 
Ocean Waters in Winter. Johns Hopkins 
Oceanographic Studies no. 5, 93 pp. 

Reid, J. L. (1965).  Intermediate 
Waters of the Pacific Ocean.  Johns 
Hopkins Oceanographic Studies no. 2, 
85 pp. 

Reid, J. L. and R. S. Arthur (1975). 
Interpretation of Maps of Geopoten- 
tial Anomaly for the Deep Pacific 
Ocean.  journal of Marine Research, 
supplement, p. 37-52. 

Romankevich, E. A. (1962).  Organic 
Substance in the Surface Layer of 
Bottom Sediments in the Western Region 
of the Pacific Ocean.  OceanoIogicaI 
Researchers, Akademia Nauk SSSR, vol. 
5, p. 67-111. 

Romankevich, E. A. (1966).  Stratig- 
raphy and Absolute Age of Deep-Sea 
Sediments in the Western Pacific. 

I 33 



Results of Researchers on IGY Projects, 

p. 5-165. 

Romankevich, Ye. A. (1969).  Composi- 
tion of the Organic Matter of Sediments 

from the Kuril-Kamchatka Trench. 

Oceanology, vol. 9, no. 5, p. 644-653. 

Rotman, V. K. (1976). Geochemical Data 

on Structural Relationships Between the 

Pacific Ocean Floor and the Circum- 

Pacific Geosynclinal Belt in the South- 

ern Part of the Kurile Arc. Akad. Sei. 
USSR, Earth Science Section, vol. 228, 

Iss. 1-6, p. 29-32. 

Rozinov, M. I. and D. I. Kolesnikov 

(1977).  Relationship of Most Recent 

VoI canism with Tectonics in the East 
Kamchatka and Kurile Zone.  Geotec- 
tonics (USA) (GEOTBK), v. 10, no. 5, p. 

371-377. 

Scholl, D. W. (1974).  Sedimentary 

Sequences in the North Pacific 
Trenches.  IN:  Geology of Continental 

Margins, Burke, C. A. and Drake, eds., 

N.Y., Springer, Verlag, p. 493-504. 

Scholl, D. W. and J. S. Creager (1975). 

Geological Synthesis of Leg 19 (DSDP) 
Results; Far North Pacific Aleutian 
Ridge and Bering Sea.  Initial Reports 

D.S.D.P. , v(   19, p. 897-913. 

Scholl, D. W., J. R. Hein, M. Mar low 

and E. C. Buffington (1977). MeljI 

Sediment Tongue:  North Pacific 
Evidence for Limited Movement Between 
the Pacific and North American Plates. 

Geological Society of Anerica Bulletin, 

vol. 88, p. 1567-1576. 

Senior, C. W. (1976).  Oceanographic 

Observations of the Subarctic, Sub- 
tropical Transition Zone in the Western 

North Pacific.  Naval Oceanographic 

Office TN-344-6-76, 34 pp. 

Sergeyev, K. F. (1976).  Tectonics of 
the Kuril Island System.  Nauka, 

Moscow, USSR, 239 pp. 

Serova, M. Ya., G. P. Borzunova and M. 
N. Shapiro (1977).  The Paleogene in 
the Southern Part of Karagin Island 

(Eastern Kamchatka).  Int. Geol. Rev. 

(USA) (IGREAP), v. 19, n. 3, p. 

349-357. 

Shapiro, M. N. (1976a).  Northeastern 

Continuation of the East Kamchatka 

Sync Iinorium.  Geotectonics (USA) 

(GEOTBK), v. 10, n. 1, p. 76-78. 

Shapiro, M. N. (1976b). 
Tektonicheskoye Razvitiye Vostochnogo 

Obramleniya Kamchatki (Tectonic Evolu- 

tion of the Eastern Part of the 

Kamchatka Peninsula).  Izd. Nauka, 

Moscow, SUN, p. 122. 

Shapiro, M. N. and V. A. Seliverstov 

(1976).  Morphology and Age of Folded 

Structures in Eastern Kamchatka, at the 
Latitude of the Kronotskiy Peninsula. 

Geotectonics (GEOTBK), v. 9, n. 4, 
p. 240-244. 

Sheymann, Yu. M. (1968).  Tectonics of 

the Upper Parts of the Mantle Under 

Geosynclines and Island Arcs, IN:  The 

Crust and Upper Mantle of the Pacific 
Area Internat.  Upper Mantle Proj. Sei. 

Rept. 15, Mi. Geophys. Union Geophys. 

Mon. 12, p. 466-472. 

Skorikova, M. F. (1977).  Physical 

Properties of Rocks in the Zone of 
Transition form the Asian Continent to 

the Pacific Ocean.  Int. Geol. Rev. 
(USA) (IGREAP), v. 19, n. 11, p. 1321- 

1325. 

Snegovskoy, S. S. (1970).  Reflection 
Studies Near Southern Kurile Islands 

During 1968.  Akad. Sei. USSR Doklady 

Earth Science Section, vol. 195, 

p. 9-11. 

Snegovskoy, S. S. and Yu. L. Neverov 

(1970).  Structure of Sediments in the 
Sea Basins Adjacent to Iturup Island. 

Trudy-Akad. Nauk SSSR, vol. 24, 

p. 95-101, i n Russ i an. 

Snegovskoy, S. S. and S. M. Aleksandrov 
(1971). OTektonike Zapadnogo Borta 

Kur I I'Skoy Kotloviny (Tectonics of the 

West Flank of the Kuril Deep). 

Geotektonika, (GTKTA2), n. 5, p. 

105-110. 

36 



Snegovskoy, S. S. and S. M. Aleksandrov 

(1971). Tectonics of the West Flank of 
the Kuril Deep. Geotectonics (GEOTBK), 

r.   5,   p.   324-326. 

Sychev,   P.   M.   and   Snegovskoy   (1976). 

Abyssal   Depressions   of   the Okhotsk, 

Japan,   and  Bering  Seas.     Pacific 
Geology,   v.   11,   p.   57-80. 

I 
I 
I 
! 

! 

i 

Solomon H. and K. Ah I nas (1977). 

Eddies in the Kamchatka Current.  Deep- 
Sea Research, vol. 25, p. 403-410. 

Solomon, L. P., A. E. Barnes and C. R. 

Lunsford (1977).  Ocean Route 

Envelopes.  Planning Systems, Inc., 

McLean, Virginia. 

Solov'yeva, I. A. (1976).  Deep Struc- 

ture of the Pacific Crust.  Geotec- 
tonics (USA) (GEOTBK), v. 10, n. 3, 

p. 157-168. 

Solov'yeva, N. A. (1968).  Role of 

Volcanism in the Genesis of Rocks of 
the Lesser KuriIe Suite.  Acad. Sei. 

USSR, Dokl., Earth Sei. Sect., v. 179, 

p. 64-66. 

Stauder, W. and L. Maulchin (1976). 
Fault Motion in the Larger Earthquakes 

of the KuriIe-Kamchatka Arc and of the 

KuriIe-Hokkaido Corner.  J. Geophys. 

Res. (JGREA2), v. 81, n. 2, p. 297-308. 

Stomnel, H. and K. Yoshida (1972). 

Kuroshio, Physical Aspects of the Japan 

Current.  U. Wash. Press, 517 pp. 

Sugeraga (1976).  Isostasy and Flexure 
of the Lithosphere under the Hawaiian 

Islands and Emperor Seamounts.  EOS, v. 
57, Iss. 4, p. 325. 

Sugimara, Yukio and Miyake Yasuo 

(1968).  Studies of a Deep Sea Core 

V-20-130, pt. 7 Western North Pacific, 

Natural Science and Museums (Tokyo) 
Bui letin, v. 11, Iss. 3, p. 327-332. 

Suprunenko, 0. I. (1973).  Relation- 

ship Between the Structures of Hastern 

Kamchatka and the Pacific Ocean Floor 

Akad. Sei., USSR, Dolk.  Earth Sei. 
Sect., v. 206, p. 46-48. 

Sychev, P. M. (1976).  Volcanoes and 

Tectonosphere.  Tokai Univ. Press, 

p. 341-357. 

37 

Sychev, P. M. (1971).  Geologic Nature 

of Gravity Anomalies of the Bering Sea. 

IN:  Island Arcs and Marginal Seas, 
p. 257-260. 

Sychev, P. M., H. Aoki, ed. and A. 

lizuka, ed. (1976).  Deep Fractures and 

Crust Formation in the North-West 

Pacific.  IN:  Volcanoes and Tecton- 

osphere.  Tokai Univ. Press, Tokyo, 
Japan, p. 341-357. 

Sychev, P. M. and R. Z. Tarakanov 

(1976).  Some Inferences on the Upper 
Mantle Structure ar.d Deep Processes 

Occurring in the Northwest Pacific. 

Can. J. Earth Sei. (CJESAP), v. 13, 
n. 12, p. 1725-1729. 

Taft, B. A. (1978).  Structure of 

Kuroshio South of Japan.  J. Marine 

Res., v. 36, n. 1 , p. 77-117. 

Taft, B. A., A. R. Robinson and Schmitz 

(1973).' Current Path and Bottom Veloc- 
ity of the Kuroshio.  J. of Physical 

Oceanography, v. 3, p. 247-256. 

Tarr, A. C. and F. J. Mauk (1976). 
Focal Mechanism Map of the North- 

western Pacific Ocean (abs.).  EOS, 

(Am. Geophys. Union Trans.) (USA) 

(EOSTAJ) , v. 57, n. 10, p. 760. 

Tsunogai, S, Matsumoto, Kido, Nozaki 

and Hatteri (1972).  Two Discontinu- 
ities in the Deep Water of the Western 

North Pacific Ocean.  Deep-Sea Research 
v. 20, p. 527-536. 

Tuyezov, I. K. (1970a).  Seysmicheskiye 
Razrezy Zemnoy Kory Severo-Zapadnoy 

Chasti Tikhookeanskogo Pordiviznogo 

Poyasa (Seismic Sections of the Earth's 

Crust in the Northwestern Part of the 
Pacific Ocean Mobile Belt).  Akad. Mauk 
SSSR, n. 3, p. 100-104. 

Tuyezov, I. K. (1970b).  Seysmicheskiye 

Razrezy Zemnoy Kory Severo-Zapadnoy 
Chasti Tikhookeanskogo Podvizhnogo 

■ ■ ^-■- 



Poyasa (Seismic Profiles of the Crust 
in the Northwestern Part of the Pacific 
Ocean Belt.  Geol. Goefiz. Akad. Nauk 
SSSR, Sib. Otd., (GGASAS), n. 3, 
p. 100-104. 

Tuyezov, I. K., M. L. Krasnyy, S. A. 
Solov'yev and E. V. Kochergin (197o). 
The Earth-Kurile Magnetic Anomaly. 
Phys. Solid Earth, (IPSEBQ), n. 1, 
p. 60-62. 

Tuyezov, I . K. (1975a).  Litosfera 
Aziatsko-Tikhookeanskoy Zony Perekhoda 
(Lithosphere of the Transition Zone 
Between Asia and the Pacific Ocean). 
Izd. Nauka, Sib. Otd., Novovsibirsk , 

SUN, p. 230. 

Tuyezov, I. K. (1975b).  Models of the 
Subsurface Structure of Some Areas in 
the Northwest Sector of the Asia- 
Pacific Transition Zone with a Conti- 
nental Crustal Structure.  Acad. Sei. 
USSR, Dokl., Earth Sei. Sect., (USA) 
(DKESA9), v. 220, n. 1-6, p. 103-106. 

Tuyezov, I. K., M. L. Krasnyy, B. I. 
Vasil'yev and A. A. Kulikov (1975c). 
Geologicheskoye Stroyeniye Yuzhnogo 
Zvena Kuril'skoy Ostrovnoy Dugi (Struc- 
ture of the Southern Part of the Kuril 
Island Arc).  Geol. Geofiz., Akad. Nauk 
SSSR, Sib. Otd., (SUN), (GGASAS), n. 
12, p. 63-71. 

Tuyezov, I. K. (1975d).  Inhomogene- 
ities in the Upper Mantle of the 
Asiatic Margin of the Pacific.  Acad. 
Sei. USSR, Dokl., Earth Sei. Sect. 
(USA) (DKESA9), v. 219, n. 1-6, p. 
26-28. 

Tuyezov, I. K. (1976a).  Modeli 
Glubinnogo Stroyeniya Osnovnykh Tipov 
Struektur Severo-Zapadnogo Sektora Zony 
Perekhoda ot Aziatskogo Kontinenta K 
Tikhomu Okeanu (Models for the Deep- 
Seated Structure of the Main Structural 
Types in the Northwestern Sector of the 
Transitional Zone Between the Asian 
Continent and the Pacifie Ocean). 
Geol. Geofiz., Akad. Nauk SSSR, Sib. 
Otd., (SUN), (GGASAS), n. 1, p. 86-90. 

Tuyezov, I. K., H. Aoki, ed. and S. 
lizuka, ed. (1976b).  On the Geologic 
Nature of the Okhotsk and Japan Sea 
Abyssal Depressions.  Tokai Univ. 
Press, Tokyo, Japan, p. 333-340. 

Uda, M., and K. Hasunuma (1969).  The 
Eastward Subtropical Countereurrent in 
the Western North Pacific Ocean. 
Journal of OceanographieaI Society of 
Japan, v. 25, n. 4, p. 201-210. 

Udintsev, G. V. (1954).  New Data on 
the Belief of the KuriIe-Kamchatka 
Depression, Dolk. Akad. Nauk SSSR, v. 
94, p. 315-318. 

Udintsev, G. B. (1959).  The Bottom 
Relief of the Bering Sea, Akad. Nauk 
SSSR, v. 29, p. 17-64. 

Udintsev, G. B. and Beresnev (1976). 
Geologi caI/Geophys ieal Interpretations 
fromVityaz Cruise in the Northwest 
Pacific and Sea of Okhotsk.  IN: 
Geologo-Geofi zhieheskie Issledovania 
Zony Perekhoda ot Aziatskovo Kontinenta 
K Tikhomu, p. 19-29, in Russian. 

Uyeda, S. (1975).  Northwest Pacific 
Trench Margins.  IN:  Geology of Conti- 
nental Margins, Burk, CA. and Drake 
eds., p. 473-491. 

Uyeda, S. (1967).  Results of Geomag- 
netic Survey during the Cruise of R/V 
ARGO in Western Pacific 1966 and the 
Compilation of Magnetic Charts of the 
Same Area.  Bulletin of the Earth- 
quake Research Institute, v. 45, p. 
799-814. 

U.S. Navy (1977).  Surface Currents. 
Naval Oceanographic Office Special Pub. 
1402, NP 4, NP 5, NP 7. 

Vasiliyev, B. I. (1975).  Geologic 
Structure of the Pacific Shelf of the 
Lesser Kuri1e Ridge.  Akad. Science 
USSR, Dolklady Earth Science Section, 
v. 219, p. 105-107. 

Vlasov, G. M. (1976).  Island Arcs and 
the New Global Tectonics.  Geotec- 
toni cs, v. 10, n. 1, p. 3-10. 

I 

I 

38 

I 
I 
I 



I 

Watts, A. B., M. Talwani, and J. R. 
Cochran (1976).  Gravity Field of the 
Northwest Pacific Ocean Basin and Its 
Margin.  AGU Monograph #19, p. 17-34. 

Watts, A. B. (1976).  Gravity Field of 
the Northwest Pacific Ocean Basin and 
Its Margin.  Geological Society of 
Amer ica, MC 10. 

Zverev, S. M., B. S. Vol'vovskiy, ed. 
and A. G. Rodnikov, ed. (1977).  Seys- 
micheskiye Svoystva Zemnoy K.jr ,' i 
Verkney Mantil Severo-Zapadnoy Chasti 
Tikhogo Okeana (Seismic Properties of 
the Earth's Crust and Upper Mantle of 
the Northwestern Pacific Ocean).  Izd. 
Nauka, Moscow, SUN., P. 28-34. 

Watts, A. B. (1977).  Gravity Field of 
the Northwest Pacific Ocean Basin and 
Its Margin.  Kuril Island Arc-Trench 
System, Geological Society of Anerica, 
MC 27. 

Veselov, O. V., N. A. Volkova, G. D. 
Yeremin, N. A. kozlov and V. V. Soinov 
(1974).  Izmereniye Teployogo Potoka v 
Zone Perkhoda ot Aziatskogo Materika k 
Tikhomu Okeanu (Measurement of the Heat 
Flow in the Transition Zone Between the 
Asian Continent and the Pacific Ocean). 
Akad. Nauk SSSR, Dokl. (DANKAS), v. 
217, n. 4, p. 897-900. 

Von Huene, R., N. Nasu, M. Arthur, J. 
P. Cadet, B. Carson, R. Reynolds, B. L. 
Shaffer, S. Sato, and G. Bell (1978). 
On Leg 57, Japan Trench Transected. 
Geotimes (USA) (GEOTAJ), v. 23, n. 4, 
p. 16-20. 

Watts, A. B. and M. Talwani (1975) 
Gravity Effect of Downgoing Lith- 
ospheric Slabs Beneath Island Arcs, 
Geol. Soc. An., Bull., (BUGMAF), v, 
n. 1, p. 1-4. 

86, 

Weisman,   P.   S.   (1966).     On   the  Deep 

Structure   in   the  Kuril-Kamchatka 
Region.      IN:     Continental   Margins   and 

Island Arcs   Internat.     Upper  Mantle 

Comm.   Symposium,   Ottawa,   1965,   Canada 

Geol.   Survey  Paper   66-15,   p.   244-251. 

Yasui,   M.,   S.   Uyeda,   T.   Watanabe, 

Asano,   Shuzo,   ed.   and G.   B.   Udintsev, 

ed.   (1971).     Heat   Flow   in   the  Western 

Margin   of   the  North   Pacific   and   Its 
Geophysical    Implications.      IN:      Island 
Arc   and Marginal   Sea;   Proceedings   of 

the  First   Japan-USSR Symposium on  Solid 
Earth   Sciences,   Tokai   Univ.   Press., 
Japan,   p.   289-296. 

I 39 

>*. 



Bibliography II: 
Seismology and Geophysics of the Kuril-Kamchatka Trench Area 

Abe, K. (1975).  Reliable Estimation of 
the Seismic Moment of Large Earth- 
quakes.  J. Phys. Earth (Tokyo) (UPN) 
(UPHEAF), v. 23, n. 4, p. 381-390. 

Abe, Katsuyuki, Sato, Yasuo and Jose, 
Frez (1970).  Free Oscillations of the 
Earth Excited by the Kurile Islands 
Earthquakes 1963.  Tokyo Univ., Earth- 
quakes Res. Inst., Bull, (TDJKAZ), v. 
48, Part 2, p. 87-114. 

Agapova, G. V. and G. B. Udinstev 
(1973). Zony Drobleniya Rel'yefa Dna V 
Severo Zapadnoy Kotlovine Tikhogo 
Okeana (Fracture Zone in Areas of 
Bottom Relief in the Northwestern 
Pacific Ocean Basin). GeomorfoIogiya, 
(GMFLAG), n. 2, p. 35-40. 

Alekseyev, B. V., E. G. ZhiMtsov, A. 
A. Suvorov, and A. A. Kulikov (1972). 
Novyye Dannyye O Glublnnom Stroyenii 
Zemnoy Kory V Rayone Yuzhnykh Kuril' 
Skikh Ostrovov (New Data on the Deep 
Structure of the Earth's Crust in the 
Southern Kuril Island Area).  Geol. 
Geofiz. Akad Nauk SSSR, Sib. Otd., 
(GGSASA), n. 4, p. 107-114. 

Andiyeva, T. A. (1972).  Tipovyye 
Geofizlcheskiye Kharakteristiki 
Osnovnykh OtritsateI'nykh Struktur 
Kamchatki (Typical Geophysical 
Characteristics of Main Negative 
Structures In Kamchatka).  IN: 
Tektonlka I Neftegazonosnost ' Vostoka 
SSSR., Vses. Neft. Nauchno-IssIed. 
Geologorazved. Inst., Tr. (INGIAG), n. 
309, p. 96-104. 

Andreyev, A. A. (1973).  K Voposu Ob 

Izostazil Okhotskogo Reglona (Isostasy 
of the Okhotsk Region).  Geol. Geofiz. 
Akad, Nauk SSSR. Sib. Otd. (GGASAS), n. 
8, p. 108-112. 

Aprelkov, S. Ye. (1977).  K Voprosu 0 
Mexo-Kaynozoyskom Razvltll KuriIo- 

Kamchatskoy Ostrovnoy Dugl (The Meso- 
Cenozoic Evolution of the Kuril- 
Kamchatka Island Arc).  Akad. Nauk 
SSSR, Sib. Otd., Sakhalin. Kompleksn. 
Nauchno-IssIed. Inst. Tr., n. 41, Part 
1, p. 82-89 

Aver'yanov, V. S. and B. I. MiMnlkov 
(1976).  The Evolution of the Earth's 
Magnetic Field In Kamchatka from 
Pa IeomagnetIc Data.  Phys. Solid Earth 
(IPSEBQ), v. 11, n. 6, p. 395-398. 

Aver'yanova, V. N., R. N. Burymskaya 
and Yu. V. Rlznlchencko, ed. (1976). 
Defitslt Aftershokov Soprovozhda- 
yushchlkh Forshoki KatastrofIcheskikh 
Zemletryaseniy (TheDefecit of After- 
shocks Following the Foreshocks of 
Catastrophic Earthquakes).  Izd. Nauka, 
Moscow, SUN., p. 132-149. 

Aver'yanova, V. N. (1975).  Glublnnaya 
Seysmotektonlka Ostrovnykh Dug Severo- 
Zapad Tikhogo Okeana (Deep-Seated 
Seismotectonlcs of Island Arcs, the 
Northwestern Pacific Ocean).  Izd. 
Nauka, Moscow, SUN., p. 219. 

Aver'yanova, V. N. (1973). Seismic 
Foci in the Far East. Isr. Program 
Scl. Transl., Jerusalem, p. 270. 

Aver'yanova, V. N., A. A. Borlsov, ed. 
and Yu. K. Shchukln, ed. (1975). 
Svyaz' Parametrov SeysmichnostI I 
Glubinnogo Stroyemyy-Kur11o- 
Kamchatskoy Zony (Relationship Between 
Seismlclty and Deep Structure Param- 
eters of the Kuril-Kamchatka Zone). 
Izd. Nauka, Moscow, SUN., p. 84-104. 

Averyanova, V. N., Shuzo, Asuno ed. and 
G. B. Udlntsev, ed. (1971).  Seismolog- 
ical Description of the Upper Mantle 
Processes Within the Northwest Pacific 
Belt. IN:  Island Arc and Marginal Sea, 
Proceedings of the First Japan-USSR 

40 

■ 



I 

I 

i 

Symposium on Solid Earth Sciences. 
Tokai Univ. Press., Japan p. 225-238. 

Bailey, K. A., A. K. Cooper, M. A. 
Marlow and D. W. Scholl (1976).  Pre- 
liminary Residual Magnetic Map of the 
Eastern Bering Shelf and Parts of West- 
ern Alaska.  U.S. GeoI. Surv. Misc. 
Field Stud. Map (USA) (XMFSDD), n. 
MF-716. 

Belov, S. V., N. I. Migunov and G. A. 
Sobolev (1974).  Magnetic Effects 
Accompanying Strong Earthquakes on 
Kamchatka.  Geomagn. Aeron. (GMARAX), 
v. 14, n. 2, p. 321-323. 

Belyayev, I. V. (1970).  Osnovnyye 
GeoIogicheskiye Rezul'taty Regional1 

nykh Geofizicheskikh Rabot (Main 
Geological Results of Regional Geophys- 
ical Surveys).  Geologiya SSSR, Geolog- 
icheskoye Opisaniye, Kniga 2, USSR, 
Minist. Geol., Moscow, p. 236-246. 

Belyayevskiy, N. A., I. S. Vol'vovskiy 
and V. Z. Ryaboy (1971).  Seysmiches- 
kaya RassIoyennost' Zemnoy Kory I 
Verkhney Chasti Mantii (Seismic 
Layering of the Earth's Crust and the 
Upper Mantle).  Priroda Seysmicheskikh 
Granits V Zemnoy Kore, Akad. Nauk SSSR, 
Nauchn. Sovet Kompleksn. Issled. Zemnoy 
Kory Verkn. Mantiy, Moscow, p. 6-31. 

Bodunov,. Ye. I. (1976).  Seysmogeol ogi- 
cheskaya Kharakteristika I Uchet Izmen- 
eniya Skorostey Pri Provedenii Rabot 
MOV V Rayonakh Vostochnoy Sibiri 
(Seismic Characteristics and Velocity 
Variation Determined by the Reflected 
Wave Technique, East Siberia).  Geol. 
Geofiz. Akad. Nauk SSSR, Sib. Otd. 
(SUN) (GGASAS), n. 10 (202), p. 
113-121. 

Boldyrev, S. A. and Yu. V. Riznichenko, 
ed. (1976).  GorizontaI'nyye Neodnorod- 
nosti I Seysmicheskaya Anizotropiya 
Verkhnty Mantii U Yugo-Vostochnogo 
Poberezh'ya Kamchatki. IN:  Issledovan- 
iya Po Fizike Zemletryaseniy (Horizon- 
tal Heterogeneities and Seismic Anisot- 
ropy of the Upper Mantle Beneath the 
Southeastern Coast of Kamchatka).   zd. 
Nauka, Moscow, SUN., p. 201-217. 

Boldyrev, S. A. (1974).  Distribution 
of Elastic Wave Velocities at the 
Juncture of the Kuril-Kamchatka and 
Aleutian Island Arc.  Acad. Sei. USSR, 
Dokl., Earth Sei. Sect. (USA) (DKESA9), 
v. 215, n. 1-6, p. 1-3. 

Boldyrev, S. A. and S. A. Fedotov, ed. 
(1974).  Spektry Blizkikh Kuril'skikh 
Zemletryaseniy I Ikh Izmeneniye Vo 
Vremeni IN:  Seysmichnost' I Seysmi- 
cheskiy Prognoz, Svoystva Verkhney 
Mantii 1 Ikh Svyaz1 S Vulkanizmom Na 
Kamchatke (Spectra of Close Kuril 
Earthquakes and Their Changes in Time). 
Izd. Nauka, Sib. Otd., Novosibirsk, 
SUN., p. 119-133. 

Bolt, B. A. (1977).  Ocean Bottom 
Seismometry; A New Dimension to 
Seismology.  Boll. Geofis. Teor. App I . 
v. 20, n. 75-76, p. 107-115. 

Bulin, N. K. (1977).  Glubinnoye 
Stroyeniye Kamchatki 1 Kuril'Skikh 
Ostrovov Po Seysmicheskim Dannym (Deep- 
Seated Structure of Kamchatka and the 
Kuril Islands Based on Seismic Data). 
Sov. Geol. (SUN) (SVGLA2), n. 5, p. 
140-148'. 

Burymskaya, R. N. (1976).  The June 
Earthquakes of 1973 in the Region of 
the Lesser KuriIe Ridge.  Phys. Solid 
Earth (USA) (IPSEBQ), v, 
294-299. 

12, n. 

Chang, F. S. and L. Knopoff (1977). 
Improved RegionaIization of the Eur- 
asian Continent Using Rayleigh Waves 
(abs.).  Geol. See. Am,,   Abstr.  Pro- 
grams (USA) (GAAPBC), v. 9, n. 4,  p. 
398-399. 

Cockerham, R. (1976).  Upper Cretaceous 
Pacific DSDP Basalt Magnetic Paleolat- 
itudes and their Implications for 
Pacific Plate Motion and Secular Varia- 
tion (abs.).  EOS (Am.  Geophys. Union, 
Trans.) (USA) (EOSTAJ), v. 57, n. 12, 
p. 932. 

Cooper, A. K., K. A. Bailey, J. 1. 
Howell, M. S. Marlow, and D. W. Scholl 
(1976).  Preliminary Residual Magnetic 
Map of the Bering Sea Basin and the 

I 41 



Kamchatka Peninsula.  U.S. Geol. Surv., 
Misc. Field Stud. Map (USA) (XMFSDD), n. 
MF-715. 

Cooper, A, K., J. R. Chi Ids, M. S, 
Marlow and D. W. Scholl (1977).  Multi- 
channel Seismic Reflection Data in the 
Bering Sea Basin (abs.).  Geol. Soc. 
Am., Abstr. Programs (USA) (GAAPBC), v. 
9, n. 7, p. 934. 

Cormier, Vernon F. (1972).  Tectonics 
of Northeast Kamchatka and the Com- 
mander Island (abs.).  EOS (Am. Geophys. 
Union, Trans.) (EOSTAJ), v. 53, n. 11, 
p. 1043. 

Creager, J. S., D. W. Schoil, R. E. 
Boyce, R. J. Echo Is, T. J, Fullam, J. 
A. Grow, I. Koizumi, H. J. Lee, J. Y. 
Ling, R. J. Stewart, P. R. Supko and T. 
R. Worsley (1973).  Site 192.  Deep Sea 
Drill. Proj. Initial Rep. (IDSDA6), v. 
19, Kodiak, Alaska to Yokohama, Japan; 
July-Sept. 1971, p. 463-553. 

Creager, J. S., D. W. Scholl, R. E. 
Boyce, R. J. Echols, T. J. Fullam, J. 
A. Grow, I. Koizumi, H. J. Lee, H. Y. 
Ling, R. J. Stewart, P. R. Supko and T. 
R, Worsley (1973).  Site 193.  Deep Sea 
Drill. Proj. Initial Rep. (IDSDA6). v. 
19, Kodiak, Alaska to Yokohama, Japan; 
July-Sept. 1971, p. 555-566. 

Davydova, N. I., S. M. Zverev, G. G. 
Mikhota, and Yu. V. Tulina (1971). 
Characteristics of Waves .rom the 
Mohorovicia Discontinuity Based on 
Explosion Seismology Data (abs.). 
Geosci. Bull., Ser. A. (GSCBB4), v. 2, 
n. 11, p. 6. 

DevyyatiI ova, A. D., Yu. S. 
Zhelubovskiy, V. K. Roman, and B. A. 
Oal'nikov (1972).  Okhotskiy Basseyn 
Sedimentatsii (The Okhotsk Sedimentary 
Basin).  IN:  Geologiya Severo- 
Vostochnoy Azii. Tom 2.  Stratigrafiya I 
Pa Ieogeografiya; Neogenovaya Sistema, p. 
408-413. 

Dz i ewonski , A. and M. Landi sman (1979 ). 
Great Circle Rayleigh and Love Wave 
Dispersion from 100 to 900 Seconds.  R. 
Astron. Soc, Geophys. J., (GEOJAN) , v. 
19, n. 1, p. 37-91. 

Erickson, B. H., F. P. Naugler, and D. 
K. Rea (1971). 
Plate Movements 
Pac i fi c (abs .). 
Spreading, Int. 
15 th Gen. Ass em. 
38. 

Evidence of Crustal 
in the We stern North 
IN:  Ocean Floor 

Union Geod. Geophys,, 
(24ZNAK), Moscow, p. 

Ewing, Maurice, Tsunemas  Saito, John 
Ewing and L. H. Burckle  1966).  Lower 
Cretaceous Sediments fr i the Northwest 
Pacific.  Science (AAA^), v. 152, n. 
3723, p. 751-755. 

Fedotov, S. A. (1965).  Upper Mantle 
Properties of the Southern Part of the 
Kuril island Arc According to Detailed 
SeismoIogicaI Investigation Data. 
Tectonophysics, v. 2, n. 2-3, p. 
219-225. 

Fedotov, S. A., P. I. Tokarev, M. F. 
Bobkov, and I. P. Kuzin (1967). 
Zemletryaseniya Kamchatki I Domand- 
orskikh Oslrovov Po Dannym Detal'nykh 
Seysmologicheskikh Nablyudeniy (Earth- 
quakes in Kamchatka and the Komandorski 
Islands According to Data from Detailed 
Seismic Observations).  Akad. Nauk SSSR, 
Moscow, p. 166-184. 

Fedotov, S. A. (1968).  On Deep Struc- 
ture, Properties of the Upper Mantle, 
and Volcanism of the Kuri I-Kamchatka 
Island Arc According to Seismic Data. 
IN:  The Crust and Upper Mantle of the 
Pacific Area Internat.  Upper Mantle 
Proj. Sei. Rept. 15.  Am. Geophys. 
Union Geophys. Mon. 12 (NAS-NRC Pub. 
1687), p. 131-139. 

Fedotov, S. A. (1969).  Seismicity of 
the Focal Region of the Catastrophic 
Iturup Earthquake of November 6, 1958 
and Seismic Forecasting.  Phys. Solid 
Earth, n. 1, p. 1-6. 

Fedotov, S. A. and S. A. Boldyrev 
(1969).  OZavisimosti Poglosheniya 
Ob'^emnykh Voln Ot Chastoty V Kore I 
Verkhney Mantii Kuril'Skoy Ostrovnoy 
Dugi (On the Dependence of Body Wave 
Absorption of Frequency in the Crust and 
Upper Mantle of the Kuril Island Arc). 
Akad. Nauk SSSR Izv. Fizika Arc, Akad. 
Nauk SSSR Izv. Fizika Zemli , n. 9, p. 
17-33. 

- 

I 

42 

I 
I 
I 

M 



I 

( 

i 

Fedotov, S. A., N. A. Dolbilkina, V, N 
riorozov, V. |. Myachkin, V. B. 

Preobrazensky, and G. A. Sobolev 

(1970). Investigation on Earthquake 
Prediction in Kamchatka.  IN: 

Earthquake Mechanics. Tectonophysics 
v- 9,   n. 2-3, p. 249-258. 

Fedotov, S. A., A. M. Bagdasarova, I. 

P. Kuzm, and R. Z. Tarakanov (1971a). 
Earthquakes and the Deep Structure of 
the South Kur ile Island Arc. Isr. 
Program Sei. Transl., p. 249. 

Fedotov, S. A., A. A, Gusev, S. A. 

Boldyrev, G. A. Sobolev, V. I. Morozov, 

V. I. Myachkin, V. B. Preobrazhenskiy, 
and N. A. Dolbilkina (1971b).  Progress 

V Issledovaniyakh Po Prognczu Zemlet- 
ryaseniy Na Kamchatke abs. (Progress on 
the Earthquakes Prediction in 
Kamchatka).  Int. Union Geod. 

Geophys., 15th Gen. Assem., (24ZNAK) 
Moscow, p. 12-13. ' 

Fedotov, S. A. and L. S. Shumilina 

(1971c).  Sysmicheskaya Sotryasayemost' 
Kamchatki (Seismic Vibrations of 

Kamchatka).  Fix. Zemli , (IAFZAK), n. 
9, p. 3-15. ;' 

Fedotov, 

(1971d). 

Kamchatka 

(IPSEBZ), 

S. A. and L. S. Shumi lina 

Sei smic ShakeabiIi ty of 

•  Phys. Sol id Earth, 

"• 9, p. 607-615. 

Fedotov, S. A. and P. I. Tokarev 

(1971e).  Zemletryaseniya, Svoystva 
Verkhney Mantii Kamchatki I Ikh Svyaz' 

S Vulkanizmom/Po Dannym Na 1970 Rod 
(abs.).  Int. Union Geod. Geophys. 

^5th Gen. Assem. (24ZNAK), Moscow,'p. 

Fedotov, S. A., A. A. Gusev and S. A. 

Boldyrev (1972a).  Progress of Earth- 

quake Prediction in Kamchatka.  Tecton- 
ophysics, (TCTOAM), v. 14, „. 3-4, p. 

Fedotov, S. A. (1972b).  Energeti- 

cheskaya Klassifikatsiya Kuril0- 

Kachatskikh Semietryaseniy | Problema 
Magnltud (Classification, Based on 

Energy, of KuriI-Kamchatka Earthquakes 
and the Problem of Magnitude).  Izd.  ' 
Nauka, p. 116. 

Fedotov, S. A. (1973).  Deep Structure 
!""i<' the Volcanic Belt of Kamchatka. 

• Nedlands, p. Univ. West. Austr. Press 
247-254. 

Fedotov, S. A., ed  and A. M. 

Bagdasarova (1974a).  Seysmichnost' 

Kamchatki I Komandorskikh Ostrovov V 

1397-1961 Gg. Po Dannym Instrumental' 
nykh Nablyudcniy (Seismicity of 

Kamchatka and Komandorski Islands in 
1897-1961 According to Instrument 

Measurements).  Izd. Nauka, Sib. Otd 
Novosibirsk, SUN., p. 7-34. 

Fedotov, S. A., ed. (1974b).  Seysmi- 

chnost' I Seysmicheskiy Prognoz 
Svoystva Verkhney Mantii I Ikh Svyaz' 

S Vulkanizmom Na Kamchatke (Jeismicity 
and Seismic Prediction, Properties of 

the Upper Mantle and Their Relation 

with Volcanism on Kamchatka.  Izd. 
Nauka. Sib. Otd., Novosibirsk, SUN., 
p • 2 2 0 • 

Fedotov, S. A., ed. (1974c).  Realiat- 

siya Dolgosrccnnogo Seysmicheskogo 
Prognoza Dly3 Tikhookeanskoy Fokal'noy 

Zony U Baregoy Kuri Io-Kamchatskoy Dugi 
Na 1965-1970 Gg. I Utochnennyy Prognoz 

Na 1971-1975 Gg. (Substantiation ofT 
Long-Range Seismic Prediction for the 

Pacific Ocean Focal Zone Near the Coast 

of the Kuril-Kamchatka Arc for the 
Years 1965-1970 and Refinement of the 
Forecast for the Years 1971-1975). 

Izd. Nauka, Sib. Otd., Novosibirsk 
SUN., p. 101-109. 

( 974d).  Predvaritel-naya Karta Tel Na 
Glubmakh 30-100 km V Verkhney Mantii 

Pod-Kamchatkoy, Ekraniruyushchikh P I S 
Volny (Preliminary Map of Bodies Occur- 

ring m the Upper Mantle at the Depth 
30-100 km and Reflecting P and S 
Waves).  izd. Nauka, Sib. Otd. 

Novosibirsk, SUN., p. 176-179. 

S. A. nd P. I. Tokarev 

Earthquakes, Characteristics 

Fedotov 
(1974e) 

of the Upper Mantle Under^Kamchaika 
and Their Connection with Volcanism 
(According to Data Collected up to 
1971).  Bull. Volcano I., (BUVOAS). 

v- 37 (1973), n. 2, p. 245-257. 

43 

: ,,    , „„,  . 



Fedotov, S. A., ed., P. I. Tokarev, A. 
A. Godzikovskaya, and V. M. Zobin 
(1974f).  Detal/nyye Dannyye O Seysmi- 
chnosti Kamchatki I Komandorskikh 
Ostrovov (Detailed Data on the Seismic- 
ity of Kamchatka and Komandorski 
Islands).  Izd. Nauka, Sib. Otd., 
Novosibi rsk, SUN, p. 35-46. 

Fedotov, S. A., ed., P. P. Firstov and 
V. A. Shirokov (1974g).  Vliyaniye 
Korney Kamchatskikh Vulkanov Na 
Ra spr os t r aneni ye Sey<.ml chesk i kh Vein 
Blizklkh Zemietryasen I y (Influence of 
Roots of Kamchatka Volcanoes on the 
Distribution of Seismic Waves Generated 
by Close Earthquakes).  Izd. Nauka, 
Sib. Otd., Novosibirsk, SUN. p. 
179-188. 

Fornari, D. J. and G. G. Shor, Jr. 
(1976).  Crustal Structure of the 
Kamchatka Basin, Western Bering Sea. 
EOS (Am. Geophys. Union, Trans.) (USA) 
(EOSTAJ), v. 57, n. 4, p. 264. 

Fujita, Yukinori, Michihei Hoshino, ed. 
and Hitoshi Aoki , ed. (1972),  Crustal 
Movements Around Island-Arcs in North- 
west Pacific Since Late Cretaceous. 
Tükai Univ. Press, Tokyo, Japan, p. 
1-30. 

Fukao, Y. (1977).  Upper Mantle P 
Structure on the Ocean Side of the 
Japan-Kurile Arc.  R. Astron. Soc, 
Geophys. J. (GBR) (GEOJAN), v  50, 
n. 3, p. 621-642. 

Fukao, Y., M. H. Manghnani, ed. and S. 
I. Akimoto, ed. (1977).  Upper Mantle P 
Structure and the 650 km Discontinuity. 
Acad. Press, Inc., New York, N.Y., 
USA., p. 151-161. 

Furuta, T. (1976).  Petrographic and 
Magnetic Properties of Tephra in a 
Deep-Sea Core From the Northwest 
Pacific.  Mar. Geol. (MAGEA6), v. 20, 
n. 3, p. 229-137. 

Furuzawa T. (1976).  Group Velocities 
of Surface Waves From Near Earthquakes 
Around Japan.  J. Phys. Earth (Tokyo) 
(JPN) (JPHEAF), v. 24, n. 2, p. 
131-147. 

Gadomska, Bozenna and Roman Teisseyre 
(1970).  Distribution of the Seismic 
Energy Released in the Kuril-Kamchatka 
Region and Hypothesis Concerning the 
Dislocation Flow.  Pol. Akad. Nauk 
Zakl. Geofiz., Mater. Pr., (PGMPB9), 
n. 34, p. 45-63. 

Galkin, I. N. and A. V. Nikolayev 
(1968).  Cpyt I ssIedovaniya Mutnosti 
Zemnoy Kory I Verkha Mantii Po Ampli- 
tucam PreIomlennykh Voln.  Fiz. Zemli , 
n. 8, p. 36-47. 

Garkalenko, I. A. and S. A. Ushakov 
(1968).  Zemnaya Kora Kuril'skogo 
Regiona (The Crust of the Kuril 
Region).  Sov. Geol., n. 11, p. 46-59. 

Gaynanov, A. G., Ye. I. Isayev, and G. 
B. Udintsev (1968).  Magnitnyye Anom- 
alii I Morfologiya Dna Ostrovnykh Dug 
Severo-Zapadnoy Chasti Tikhogo Okeana 
(Magnetic Anomalies and Bot torn MorphoI- 
ogy of Island Arcs in the Northwest 
Pacific Ocean).  Okeanol Akad. Nauk 
SSSR, v. 8, n. 6, p. 1017-1024. 

Gaynanov, A. G., Ye. N. Isayev, and G. 
B. Udintsev (1968b).  Magnitnyee Anom- 
al ii I Morfologiya Dna Ostrovnykh Dug 
Severo-Zapadnoy Chasti Tikhogo Okeana 
(P/lagnetic Anomalies and Bottom Topog- 
raphy of the Island Arcs of the North- 
western Part of the Pacific Ocean with 
English Sunrn).  OkeanoIogiya, v. 8, n. 
6, p. 1017-1024. 

Gaynanov, A. G., I. P. Kosminskaya, and 
P. A. Stroyev (1968c).  Geofizicheskiye 
I ssIedovaniya Glubinnogo Stroyeniya 
Beringom Morya.  Akad. Nauk SSSR Izv. 
Fizika Zemli , n. 8. p. 3-11. 

Gaynanov, A. G. and L. P. Smirnov 
(1962).  Stroyeniye Zemnoy Kory V 
Oblasti Perekhoda Ot Aziatskogo 
Kontinenta K Tikhomu Okeanu.  Sov. 
Geol., n. 3, p. 108-118. 

Gnibidenko, G. S. (1970).  On the Base- 
ment of the Northwest Sector of the 
Pacific Belt.  Tectonophysics, 
(TCTOAM), v. 9, n. 6, p. 513-523. 

i 

44 

I 
I 
I 
I 



I 

( 

Gnibidenko, G. S. (1967a).  Rift System 
of the Sea of Okhotsk.  Acad. Sei. 
USSR, Dokl., Earth Sei. Sect. (USA) 
(DKESA9), v. 229, n. 1-6, p. 36-38. 

Gnibidenko, G. S., ed., Yu. A. Kosygin, 
ed. and K. F. Sergeyev (1976b). 
Stroyeniye Zemnoy Kory I Verkhney 
Mantii V Zone Perekhoda Ot Aziatskogo 
Kontinenta K Tikhomu Okeanu (Structure 
of the Earth's Crust and Upper Mantle 
in the Transition Zone From the Asiatic 
Continent to the Pacific Ocean).  Izd. 
Nauka, Novosibirsk, SUN., p. 368. 

Gnibidenko, G. S., M. L. Krasnyy, and 
N. P. Luk'yanov (1975).  Novyye Daimyye 
O Strukture Osadochnogo Chekhla Podnya- 
tiya Shatskogo I Severo-Zapadnoy Plity 
Tikhogo Okeana (New Data on the Sed- 
imentary Cover Structure of the Shatsky 
Rise and the Northwestern Plate of the 
Pacific Ocean).  Akad. Nauk SSSR, Dokl. 
SUN, (DANKAS), v. 221, n.  1, p. 
209-212. 

Gnibidenko, G. S. and A. Ya. II ^ev 
(1978).  Composition, Age and Seismic 
Wave Velocity in the Acoustic Basement 
in the Middle of the Sea of Okhotsk. 
Ar-ad. Sei. USSR, Dokl., Earth Sei. 
Sect. (USA) (DKESA9), v. 229, n. 1-6, 
p. 64-67. 

GoreMchik, V. I. and S. A. Fedotov, 
ed. (1974).  Seysmichnost' Yuzhnoy 
Kamchatki (Seismicity of Southern 
Kamchatka).  Izd. Nauka, Sib. Otd., 
Novosibirst, SUN, p. 52-62. 

Grabkov, V. K. (1973a).  O Sootnosheni i 
Struktury ReMyefa Sevremenney Kuril1 

Skoy Geosinkliral'noy Oblasti (Inter- 
relationship of the Structure and Relief 
of the Present-Day KuriI Geosynclinal 
Province).  Akad. Nauk SSSR, Geomorfol. 
Kom., Plenum, Mater, (33ZXAK), n. 10, 
p. 159-160. 

Grabkov, V. K. and Yu  A  Pavlov 
(1973b).  Neotectonic Movements and 
Isostatic State of the Crust in the 
Kurile Island Arc Region.  Acad. Sei. 
USSR, Dokl., Earth Sei. Sect. (USA) 
(DKESA9), v. 203, n. 1-6, p. 55-57. 

Gusev, A. A. and Yu V. Riznichenko, ed. 
(1974).  Seysmostatisticheskiye Predik- 
tory Zemletrayaseniy (Statistical Pre- 
diction of Earthquakes).  Izd. Shti- 
intsa, Kishinev, SUN, p. 43-50. 

Hanks, Thomas C. (1970).  The Kuril 
Trench-Hokkaido Rise System: Large 
Shallow Earthquakes and Simple Models 
of Deformation (abs.).  EOS (Am. 
Geophys. Union, Tran^.), v. 51, n. 11, 
p. 823. 

Hanks, Thomas C. (1971).  The Kuril 
Trench-Hokkaido Rise System: Large 
Shallow Earthquakes and Simple Models 
of Deformation.  R. Astron. Soc, 
Geophys. J., (GEOJAN), v. 23, n. 2, 
p. 173-189. 

Hasegawa, A., N. Unino, and A. Takagi 
(1978).  Double-Planned Structure of 
the Deep Seismic Zone in the North- 
eastern Japan Arc.  Teetonophysies 
(III) (TCTOAM), v. 47, n. 1-2, p. 
43-58. 

Hein, J. R., D. W. Scholl, and C. E. 
Guthmacher (1976).  Diagenesis of 
Neogene Diatomaeeous Sediment From the 
Far Northwest Pacific and Southern 
Bering Sea (abs.).  Geol. Soc. An., 
Abstr. Programs (USA) (GAAPKC), v. 8, 
n. 3, Cordilleran Section, 72nd Annual 
Meeting, p. 379-380. 

Honza, E. (1978a).  Basic Framework of 
the Island Arc System in the Northwest 
Pacific Margin (abs.).  Sei. Counc. 
Japan, Tokyo, Japan. 

Honza, E. (1978b).  Geological History 
of the Kuril Basin and the Tartary 
Trough; Preliminary Concluding Remarks. 
(GH77-3 Cruise) Jap., Geol. Surv., 
Cruise Rep., n. 11, p. 60-69. 

Honza, E., ed., K. Tamaki, and K. 
Nishimura (1978c).  Sonobuoy Refraction 
Measurement.  (GH77-3 Cruise) Jap., 
Geol. Surv., Cruise Rep., n. 11, p. 
46-49. 

Isayev, Ye. N. and V. I. Tikhonov 
(1967).  O. sootnoshenii Tektoniki I 

■ 

45 



Plagnitnogo   Po ! ya   Kur i I o-Kamchat skoy 
Dugi    (Relationship   Between  Tectonics 
and   the  Magnetic  Field  of   the  Kuril- 
Kamchatka   Arc).     Aka.   Nauk   SSSR,   Dokl., 
v.   175,   n.   1 ,   p.   161-164. 

Ivashchenko,   A.    I.   and  S.   L.   Solov'yev 
(1969).     Moschnost'   Zemnoy Kory  V 
KuriIo-Okhotskom Regione   Po  Dispersii 
VoIn   Lyava   I   Releya   (Thickness   of   the 
Earth's  Crust   in   the  Kuril-Okhotsk 
Region   on   the   Basis   of   Love   and 
Rayleigh  Wave  Dispersion).     Geol. 
Geofiz.   (Akad.   Nauk   SSSR,   Sib.   Otd.), 
n.   9,   p.   94-102. 

Iwabuchi,   Y.   (1971).     Submarine  Geology 
of   Trenches   in   the  Northwest   Pacific. 
Oceanogr.   Soc.   Jap.,   J.,   (NKGKB4), 
v.   27,   n.   3,   p.   128-135. 

Johnson,   Rockne  H.   (1966).     Routine 
Location   of  T-Phase   Sources   in   the 
Pacific.      Seismol.   Soc.   Aner.,   Bull., 
v.   56,   n.   1,   p.   1C9-118. 

Johnson,   Rockne  H.,   Roger  A.   Norris, 
Frederick   K.   Duennebier,   and   John 
Northrob   (1971).     T-Phase  Data   on 
Kamchatka/Kuri Is   Earthquakes;   A Reply. 
Seismol.   Soc.   An.,   Bull.,   (BSSAAP), 
v.   61,   n.   3,   p.   791-795. 

Kakuta,   Toshiki    (1968).     The   Structure 
of   the  Upper   Mantle   in   the  Vicinity   of 
the   Low Velocity  Layer.     Zisin 
(Seismol.   Soc.   Jap.,   J.),   v.   21,   n.   3, 
p.   202-221. 

Kanamori,   Hiroo   (1970).     Synthesis   of 
Long-Period   Surface Waves   and   Its 

Application   to  Earthquake   Source 
Studies   -  Kurile   Islands   Earthquake   of 
October   13,   1963.      J.   Geophys.   Res.,   v. 
75,    n.   25.   p.   5011-5027. 

Kanamori,   Hiroo   (1976).     Re-Examination 
of   the   Earth's   Free Oscillations 
Excited   by   the  Kamchatka   Earthquake   of 
November   4,   1952.     Phys.   Earth   Planet, 
Inter.   (Ill)   (PEPIAM),   v.   11,   r.   3, 
p.   216-226. 

Kasahara, J. and R. R. Harvey (1976). 
Ocea-1 Bottom Seismometer Study of the 
Kuril   Trench  Area.     Hawaii   Univ.,    Irst. 

Geophys., Rep. (USA) (HIGRAC), n. 
HIG-76-9, p. 24. 

Kasahara, J. and R. R. Harvey (1977). 
SeismologicaI Evidence for the High- 
Velocity Zone in the Kuril Trench Area 
Froi,» Ocean Bottom Seismometer Observa- 
tions.  J. Geophys. Res. (USA) 
(JGREA2), v. B2, n. 26, p. 3805-3814. 

Kasahara, D. and R. R. Kharui (1977). 
J'drofizicheskiye I ss'edovaniva Okeana 
[Ocean   ttom Seismograph Study of the 
KjriI Tr.nch Area). Lappo, S., ed. Aka. 
Nauk SSSR, Nauchno-IssIed Inst. Tr., 
n. 54, p. 17-34. 

Kerimov, I. G. (1969).  K Voprosu Ob 
Opredelenii Stroyeniya Zemnoy Korp Pod 
Stantsiyey Po PoIyarizatsii Seysmi- 
cheskikh VoIn (Determination of the 
Earth's Crustal Structure by Means of 
Polarized Seismic Waves).  Aka. Nauk 
Azerb. SSSR, Dokl., (DAZRA7), v. 25, 
n. 6, p. 56-62. 

KochergiP, Ye. V., M. L. Krasnyy, O. A. 
Solov'yev, ana I. K. Tuyc/ov (1972). 
Svyaz' fransformirovannogo V Verkhneye 
Poluprostranstovo AnomaI'nogo Magnit- 
nogog Polya S Tektonicheskim Stroyen- 
iyem Okhotsko-Kuri I'Skogo Reglona (The 
Relationship Betveen the Transformed- 
Into-Upper-HaIf-Space, Anomalous Mag- 
netic Field and the Tectonic Structure 
of thf Okhotsk- Kurils Region).  Akad. 
Nauk SSSR, (RIGPAE), n. 8, p. 105-113. 

Kosminskaya, I. P. and S. M. Zverev 
(196P).  Deep Seismic Sounding in the 
Transition Zones From Continents to 
Oceans.  IN:  The Crust and Upper Man- 
tle of the Pacific Area-Interna'. 
Upper Mantle Proj. Sei. Retp. 15. Am. 
Geophys. Union Geophys. Mon. 12 
(NAS-NRC PUB. 1687), p. 122-130. 

Kosminskaya, I. P., S. M. Zverev, -.nd 
G. B. Udinstsev (1973).  Soviet Seismic 
Studies of the Earth's Crust in the 
Pacific Ocean '   ing the International 
Upper Mantle Project, A Summary,  Dev. 
Geotectonics (DEVGAG), v. 8, p. 
147-151. 

46 



I 

I 
I 

I 
I 
I 

I 
I 
I 

I 

I 
I 
i 

I [ 

i" [ 

Kosygin, V. Yu and Yu A, Pavlov 
(1975a).  Rol'Krayevogo Effekta V 
Isto Ikovanii Gravitatsionnykh Anomaliy 
V Zone Perekhoda Ot Aziatskogo Konti- 
nenta K Tikhomu Okeanu (Role of the 
Edge Effect in Interpretation of 
Gravity Anomalies in the Transition 
Zone Between Asia and Pacific Ocean). 
Akad. Nauk SSSR, DokI. (SUN) (DANKAS), 
v. 221 , n. 4, p. 91'7-920. 

Kosygin, V. Yu and Yu A. Pavlov 
(1975b).  Edge Effect as a Factor in 
Interpretation of Gravity Anomalies in 
the Transition Zone From the Asian 
Mainland to the Pacific Ocean.  Ac ad. 
Sei. USSR, Dokl., Earth Sei. Sect. 
(USA) (DKESA9), v. 221, n. 1-6, p. 
101-103. 

Krasnyy, M. L., S. L. Soiov'yev, I. K. 
Tuyezov, and Yu. S. ShumiIov (1976), 
Comprehensive Geophysical, Geological, 
and HydrophysieaI Inveitigations in the 
Sea of Okhotsk (Sixth Cruise of the R/V 
PEGAS).  Oceanology (USA) (ONLGAE), v. 
15, n. 4, p. 517-519. 

Kurochkina, R. I. (1977).  The Effect 
of the Focal Mechanism on the Disper- 
sion of (A/T) Max Valuer of a r-Wave 
and on Magnitudes Estimated From Longi- 
tudinal Waves.  Phys. Solid Earth 
(Engl. Ed,) (USA) (IPSEBQ), v. 13, 
n. 4, p. 287-289. 

Kuzin, I. P. (1972).  Elastic Wave 
Velocities in the Kamchatka Focal Zone. 
Phys. Sol id Earth (Engl. Ed.), 
(IPSEBQ), n. 12, p. 793-802. 

Kuzin, I. P. (1973).  P and S Wave 
Velocities in the Upper Mantle of 
Kamchatka.  Phys. Solid Earth (Engl. 
Ed.), (IPSEBA), n. "     p. 69-75. 

Kuzin. I. P. (1974).  Fokal/naya Zona I 
Stroyeniye Verkhney Manti I V Rayone 
Vostochnoy Kamchatki (The Focal Zone 
and Upper Mantle Structure in the 
Eastern Kamchatka Region).  Izd. Nauka, 
Moscow, SUN, p. 131. 

Legier, V. A. and O. G. Sorokhtin, ed. 
('976).  Deformatsiya Pogruzhay- 
ushcheysya Litosfernoy Plity I Prodol1 

nyye Sdvigi KuriI-Kamchatskoy Ostrovnoy 
Dugi (Deformation pf the Subsiding 
Lithospheric Plaie and Longitudinal 
Shifts of the Kur i I--Kamcha tka Island 
Arc).  Adak. Nauk SSSR, Inst. Okean- 
ology. im. P. P. Shirpova, Moscow, SUN, 
p. 103-147. 

Leonov, N. N., L. S. Oskorbin, N. A. 
Shchetnikov, Ch. N. Go, A. N. Boychuck, 
and L. N. Poplavskaya (1972).  SiMnyye 
Zemletryaseniya I Tsunami V Rayone 
Maloy Kuril'Skoy Gryady, 1961-1966 gg 
(Strong Earthquakes and Tsunamis in the 
Lesser Kuril Arc Region, 1961-1969). 
Akad. Nauk SSSR, Sib. Otd., Nauchno- 
Issled. Inst., Tr ., (TSKSAX), n. 29, p. 
284-298. 

Lin, Jua-Wen (1974).  A Study of Upper 
Mantle Structure in the Pacific North- 
west Using P Waves From Teleseisms 
(abs.).  Doctoral Dissertation, 
Washington, 107 pp. 

Listitsyna, N. A. and C. A. Dvoretskaya 
(1972).  Litologicheskiy Profi I'Cherez 
Severo-Zapadnuyu Kotlovinu Tikhogo 
Okeana (Lithologic Profile of the 
Northwest Pacific Basin).  Litol. 
Polex. Iskop., (LPIKAQ), n. 4, p. 3-25. 

Liu, Hsi-Ping (1980).  The Structure of 
the Kuril Trench-Hokkaido Rise System 
Computed by a Plastic Time-Dependent 
Plastic Plate Model Incorporating Rock 
Deformation Data.  JGR, v. 85. 

Lopatina, N, P. and V. Z. Ryaboy 
(1974).  Velocity and Density Inhomo- 
geneities in the Uppe- Mantle of the 
USSR.  Acad. Sc". USSR, Dokl., Earth 
Sei. Sect. (DKESA9), v. 207, n. 1-6, 
p. 9-12. 

Luchitskiy, I. V., ed. and N. A. 
Florentsov, ed. (1974).  Kamchatka, 
Kuril'skiye I Komandorski ye Ostrova 
(Kamchatka, Kuril and Komandorski 
Islands).  Izd. Nauka, Moscow, SUN, 
p. 438. 

LursmanashviIi , O. V. (1973).  0 
'ikunomernom Izmcnenii Vremeni 
Vozniknoveniya Zemletryaseniy V 
Nekotorvkh Sey"noaktivnykh Regionakh 

47 



(Regular Changes of Time of Earthquake 
Occurrences in Some Seismic Regions). 
Akad. Nauk Cruz. SSSR, Soobshch., 
(SAKNAH), v. 70, n. 1, p. 69-72. 

Kybinova, Ye. A., An. N. Gorshkov, V. 
1. Vlasenko, A. V. Yefimov and A. L. 
Aleksandrov (1974).  Heat Flux Meas- 
urements Near the KuriIe Island Chain, 
in Kamchatka, and the KuriIe Lake. 
Acad. Sei. USSR, Dokl., Earth Sei. 
Sect. (DKESA9), v. 207, n. 1-6, p. 
24-28. 

Lyubimova, Ye. A., V. N. Nikitina, and 
G. A. Tomara (1976).  Teplovyye Polya 
Vnutrennikh I Okrainnykh Morey SSSR; 
Sostoyaniye Nablyudeniy I Teoriya 
Interpretatsi i Dyunernykh Neodnorod- 
nostey (Heat Field of the Inland and 
Marginal Seas of the USSR; State of 
Observations and the Theory of Inter- 
pretation of Two-DimensionaI Inhomo- 
geneities).  Izd. Nauka, Moscow, SUN, 
p. 222. 

Markev, M. S. and M. Yu. Khotin, 
(1973).  Structures and Geological 
History of the Kuril-Kamchatka Island 
Arc. Univ. West. Austr. Press, 
Nedlands, p. 239-246. 

Marshall, M. (1978).  The Magnetic 
Properties of Some DSDP Basalts From 
the North Pacific and Inferences for 
Pacific Plate Tectonics.  J. Geophys. 
Res. (USA), (JGREA2), v. 83, n. B1, 
p. 289-308. 

Marshall, Monte C. (1975).  Summary of 
Physical Properties, Leg 32.  Deep Sea 
Drill. Proj., Initial Rep. (IDSDA6), 
v. 32, p. 961-962. 

Matveyeva, N. N., V. Z. Ryaboy, V. V. 
Beiousov, ed. and A. V. Vikhert, ed. 
(1975).  Izucheniye Stroyeniya Verkhney 
Chasti Mantii Po Dannym Glubinnykh 
Seysmicheskikh ZondirovaniIy (Inter- 
pretation of the Upper Mantle Structure 
From Deep Seismic Sounding Data).  Izd. 
Mosk. Univ., Moscow, SUN, p. 94-109 

McAdoo, D. C., J. C. Cladwell and D. L. 
Turcotte (1978). On the Elastic- 
Perfectly Plastic Bending of the 

Lithosphere Under Generalized Loading 
With Application to the Kuril Trench. 
Geophys. J., v. 54, n. 1, p. 11-26. 

Melekestsev, I. V., I. A. Yegorova, Ye. 
B. Lupikina, E. N. Erlikh, I. V. 
Luchitskiy, ed. and N. A. Florentsov, 
ed. (1974).  Vnutrenniy Khrebet Kuril1 

skoy Dug! (Interior Ridge of the Kuril 
Arc). Izd. Nauka, Moscow, SUN, p. 
265-337. 

Mesko, A. (1971).  VeIocities of P and 
S Waves at Depths Between 50 and 
600 km.  Acta Geod. Geophys. Montan., 
(AGGMB9), v. 6, n. 1-2, p. 117-125. 

Mesko, A. (1972).  Velocities of P and 
S Waves at Depths Between 50 and 
600 km (abs.).  Geosci. Bull., Ser. A, 
(GSCBB4), v. 3, n. 4, p. 10. 

Mogl, Kiyoo (1973).  Relationship 
Between Shallow and Deep Seismicity in 
Ihe Western Pacific Region. Tecton- 
ophysics, (TCTOAM), v. 17, n. 1-2, p. 
1-22. 

Monakhov, V. I., V. A. Nesterov, Yu. S. 
Rozhkov, and G. N. Khristoforov (1976). 
Conditions for the Formation of Storm 
Microseisms on Shikotan Island During 
the Period of February 8-11, 1974. 
Phys. Solid Earth (Engl. Ed.) (USA) 
(IPSEBQ), v. 12, n. 5, p. 345-347. 

Moskyina, A. G., O. A. Korchagina and 
G. L. Kosarev (1977).  Study of the 
P-Wave of the Ust'-Kamchatka Earth- 
quake of December 15, 1971.  Phys. 
Solid Earth (Engl. Ed.) (USA) (IPSEBQ), 
v. 13, n. 4, p. 251-260. 

Mualchin, L. (1974).  The Descending 
Slab Beneath the KuriI-Kamchatka Arc 
and its Influence on Ray Paths of Body 
Waves (abs.).  Doctoral, St. Louis, 
v. 36, n. 6, p. 222. 

Myachkin, V. I., N. A. Dolbilkina, G. 
S. Kushnir, O. A. Maksimov, A. M. 
Palenov, V. B. Preobrazhenskiy and S. 
A. Fedotov, ed. (1974).  Seysmicheskoye 
1'Prosvechivaniyee'' Ochagovykh Zon 
Zemletryaseniy Na Kamchatke (Seismic 
"X-Ray" of Focal Zones of Earthquakes 

48 

I 

I 
I 
I 
I 
II 

i 



I 

I 
I 

11 
,0 

on Kamchatka).  Izd. Nauka, Sib. Otd., 
Novosibirsk, SUN, p. 151-160. 

Myachkin, V. I., G. A. Soboley, N. A. 
Dolbilkina, V. N. Morozow, and V. B. 
Preobrazensky (1972).  The Study of 
Variations in Geophysical Fields Near 
Focal Zones of Kamchatka.  Tecton- 
ophysics, (TCTOAM), v. 14, p. 3-4, p. 
287-293. 

Mir Mo, Hi roshi and K. 0. Emery (1966). 
Continental Shelf Sediments Off North- 
eastern Asia.  J. Sediment.  Petrology, 
v. 36, n. 1 , p. 152-161. 

Pulmanabhamurthy, B., R. B. Pathak, and 
Rao S. Trivikrama (1969).  A Study of 
the Aftershock Sequency of the Kurile 
Islands Earthquake of October 13, 1963. 
Indian Geophys. Union J., v. 6, n. 2, 
p. 137-144. 

Pavlov, Yu. A. and A. Yu. Yumov (1970). 
Thickness of the Crust of Kamchatka. 
Acad. Sei. USSR, DokI., Earth Sei. 
Sect., (DKESA9), v. 191, p. 38-40. 

Porter, L. D. (1974a).  Seismic Masking 
of an Underground Nuclear Explosion, 

EOS (Am. Geophys. Union ab s. 
Trans.) (EOSTAJ), v. 56, 
p. 1148. 

12, 

Porter, Lawrence D. (1974b).  The 

Kurile Island Earthquake Sequence of 
August 1969 (abs.).  Geol. Soc. An., 
(GAAPBC), v. 6, n. 3, p. 307. 

Potapova, O. V. and S. A. Fedotov, ed. 
(1974).  Iss Iedovaniye Parametra Theta 
= LogE S /E P Dlya Kamehatskikh 
Zemletryaseniy (Calculation of the 
Parameter Theta =LogE S/E p for Kuril 
Earthquakes).  Izd. Nauka, Sib. Otd., 
Novosibirsk, SUN, p. 133-140. 

Pushehirovskiy, Uu. M., Ye. N. 
Melankho!ina, Yu. N. Raznitsin and O. 
A. Schmidt (1978).  Comparative Tec- 
tonics of the Bering Sea, Sea of 
Okhotsk, and Sea of Japan.  Geotecton- 
ics (USA) (GEOTBK), v. 11, n. 5, p. 
373-381. 

Ringdal, F. (1977).  P-VVave Ampl i tudes 
and Sources of Scattering in M 
B-Observations.  J. Geophys. (DEU) 
(JGEOD4), v. 43, n. 4, p. 611-622. 

Rodnikov, A. G., ed. and B. S. 
Vol'vovskiy, ed. (1976).  Osobennosti 
Tektonicheskogo Stroyeniya Fundamenta 
Ostrovnykh Dug (Peculiarities in the 
Tectonic Structure of the Island Are 
Basement).  Sovetskoye radio, Moscow 
SUN, p. 54-59. 

Romankevich, Ye. A. and V. E. Artem'yev 
(1969).  Composition of the Organic 
Matter of Sediments From the Kuril- 
Kamchatka Trench.  Oceanology, 
(ONLGAE), v. 9, n. 5, p. 644-653. 

Rozinov, M. I. and D. I. Kolesnikov 
(1977).  Relationship of Most Recent 
Volcanism with Tectonics in the East 
Kamchatka and Kurile Zone.  Geoteeton- 
ics (USA) (GEOTBK), v. 10, n. 5. p. 
371-377. 

Russ, V. V. and D. A. Kirikov (1976). 
Structural-Formation Analysis of 
Northwestern Fart of Pacific Mobile 
Belt, -USSR.  Am. Assoe. Pet. Geol., 
Mem. (USA) (MAPGAN), n. 25, p. 59-61. 

Santo, Tetsuo (1970).  Regional Study 
on the Characteristic Seismicity of the 
World: Part VI I, Activity of After- 
shocks in Kurile Islands Region.  Int. 
Inst. Seismol. Earthquake Eng. Bull. 
(IISBB2), v. 7, p. 119-131. 

Sasatani, T. (1976).  Source Process of 
a Large Deep-Focus Earthquake of 1970 
in the Sea of Okhotsk.  J. Phys. Earth 
(Tokyo) (JPN) (JPHEAF), v. 24, n. 1, p. 
27-42. 

Savostin, L. A., A. F. Beresnev and G. 
B. Udintsev (1974).  New Data on the 
Sea-Floor Heat Flux in the Sea of 
Okhotsk.  Acad. Sei. USSR, Dokl., Earth 
Sei. Sect. (USA) (DKESA9), v. 215, 
n. 1-6, p. 6-8. 

Sazhina, N. B. (1962).  Moshchnost1 

Zemnoy Kory I Svyaz, Yeye S Rel'yefom I 
Anomaliyami Si Iy Tyazhesti.  Sov. 
Geol., n. 8, p. 151-157. 

49 



i 
Schule, J. VV. and L. Knopoff (1977). 
Shear-Wave Polarization Anisotropy in 
the Pacific Basin.  R. Astron. Soc, 
Geophys. J. (GBR) (GEOJAN), v. 49, 
n. 1, p. 145-165. 

Scholl, D. W. , J. R. Hein, M. S. MarIow 
and E. C. Buffington (1976).  Me iji 
Sediment Tongue, a Thick Sequence off 
Neogene Deposits in the Northwest 
Pacific; Evidence for Li mi ted Movement 
Between the Pacific and American 
Plates, (abs.).  U.S. Geol., Menlo 
Pac.-Artic Branch Marine Geol. Menlo 
Park, Ca (USA). 

Sciater, John G. (1972).  Heat Flow and 
Elevation of the Marginal Basins of the 
Western Pacific.  J. Geophys. Res., 
(JGREA2), v. 77, n. 29, p. 5705-5719. 

Sergeyev, K. F. (1970).  0 Tektoni- 
cheskoy Prinad I ezhnosti I Geologi- 
cheskoy Istorii Kuri I ' skoy Ostrovnoy 
Dugi (Tectonics and Geologic History of 
the Kuril Island Arc).  Akad. Nauk 
SSSR, Sib. Otd., Sakhalin. Kompleksn. 
Nauchno-lssled. Inst., Tr., (TSKSAX), 
n.   25, p. 102-116. 

Sergeyev, K. F. (1976a).  Tektonika 
Kuril'skoy Ostrovnoy Sistemy (Tectonics 
of the Kur iI Is land System).  Izd. 
Nauka, Moscow, SUN, p. 239. 

Sergeyev, K. F., B. S. Vol'vovskiy, ed. 
and A. G. Rodnikov, ed. (1976b). 
Nekotoryye Aspekty Tektonik! DuriMskoy 
Ostrovnoy Dugi (Some Tectonic Aspects 
of the Kuril Island Arc).  Sovetskoye 
Radio, Moscow, SUN, p. 60-65. 

Serova, M. Ya., G. P. Borzunova and M. 
N. Shapiro (1977).  The Paleogene in 
the Southern Part of Karagin Island 
(Eastern Kamchatka).  Int. Geol. Rev. 
(USA) (IGREAP), v- 19, n. 3, 
p. 349-357. 

Shapiro, M. N. (1976a).  Northeastern 
Continuation of the East Kamchatka 
Sync Iinorium.  Geotectonics (USA) 
(GEOTBK), v. 10, n. 1, p. 76-78. 

Shapiro, M. N. (1976b).  Tektoniches- 
koye Razvitiye Vostochnogo Obramleniya 

Kamchatki (Tectonic Evolution of the 
Eastern Part of the Kamchatka Penin- 
sula).  Izd. Nauka, Moscow, SUN, 
P. 122. 

Shapiro, M. N. and V. A. Seliverstov 
(1976c).  Morphology and Age of Folded 
Structures in Eastern Kamchatka, at the 
Latitude of the Kronotskiy Peninsula. 
Geotectonics (GEOTBK), v. 9, 
p. 240-244. 

n. 4, 

Sheynmann, Yu. M. (1968).  Tectonics of 
the Upper Parts of the Mantle Under 
Geosynclines and Island Arcs.  IN:  The 
Crust and Upper Mantle of the Pacific 
Area-lnternat.  Upper Mantle Proj. Sei. 
Rept. 15.  Am. Geophys. Union Geophys. 
Mon. 12, p. 466-472. 

Shilin, N. L. (1970).  Otsenka Temper- 
atury I Davleniya, Sushchestvovavshikh 
Pri Formirovanii Dvukhfazovykh Gipabis- 
saMNykh Tel (Evaluation of the P-T 
Conditions of Formation of Two-Phase 
Hypabyssal Rock Bodies, Central 
Kamchatka).  Akad. Nauk SSSR, Sib. 
Otd., Inst. Vulkanol., Moscow, p. 
53-67. 

Shimamura, H. and T. Asada (1975).  T 
Waves From Deep Earthquakes Generated 
Exactly at the Bottom of Deep-Sea 
Trenches.  Earth Planet. Sei. Lett. 
(EPSLA2), v. 27, n. 2, p. 137-142. 

Shimamura, H. and T. Asada (1976). 
Apparent Velocity Measurements on an 
Oceanic Lithosphere.  Phys. Earth 
Planet. Inter. (Ill) (PEPIAM), v. 13 
n. 1, p. 15-22. 

Shimamura, H., T. Asada and M. Kumazawa 
(1977).  High Shear Velocity Layer in 
the Upper Mantle of the Western 
Pacific.  Nature (GBR) (NATUAS), v. 
269, n. 5630, p. 680-682. 

Shimarayev, V. N. and V. E. Volk 

(1972).  Privlecheniye Aeromagnitnykh 
Dannykh Dlya Izucheniya Stroyeniya 
Zemnoy Kory Okhotsko-Tikhookeanskoy 
Perekhodnoy Zony Na Uchastke Kurilo- 
Kamchatskoy Ostrovnoy Dugi (Use of 
Airborne Magnetic Survey Data in the 
Study of the Earth's Crust Structure in 

I 
1 

1 

50 

i 



1 

I 

[ 

I 

the Okhotsk-Pacific Transition Zone in 

the Area of the Kuri I-Kamchatka Island 
Arc).  Geofiz Metody Razv. Arkt. 
(GMRABY), n. 7, p. 61-67. 

Shetsynberg, G. S. (1966).  Composition 

of the Crust of Southern Kamchatka and 

the Tectonic Position of Quaternary 

Volcanoes.  Acad. Sei. USSR, Dokl., 
Earth Sei. Sect., v. 166, n. 1-6, 
p. 44-47. 

Simbrireva, I. Gl., S. A. Fedetov, and 

V. D. Feofilktov (1976).  Neodnorod- 
nosti Polya Napryazheniy Kurilo- 
Kamchatskoy Dugi Po SeysmoIogicheskim 

Dannym (Inhomogeneities in the Strain 
Field of the Kuril-Kamchatka Arc Based 

on Seismologica! Data).  Geol. Geofiz. 
Akad. Nauk SSSR, Sib. Otd. (SUN) 

(GGASAS), n. 1, p. 70-85. 

Skorikova, M. F. (1977).  Physical 

Properties of Rocks in the Zone of 

Transition from the Asian Continent to 

the Pacific Ocean.  Int. Geol. Rev. 
(USA) (IGREAP), v. 19, n. 11, 

p. 1321-1325. 

Slavina, L. B. and S. A. Fedotov, ed. 

(1974).  Skorosti Prodi I!nykh VoIn V 

Verkhney Mantii Pod Kamchatkoy (Veloc- 
ities of Longitudinal Waves in the 

Upper Mantle Beneath Kamchatka).  Izd. 

Nauka, Sib. Otd., Novosibirsk, SUN, p. 
188-200. 

Slavina, L. B. and Yu. V. Riznichenko, 

ed. (1976).  Metodika I Rezultaty 
Izucheniya V p /V s V Fokal'noy Zone 
Kamchatki (Methods and Results of the 
Studies of V p /V s in the Focal Zone 

of Kamchatka).  Izd. Nauka, Moscow, 
SUN., p. 217-236. 

Sleep, Norman H. (1973).  Teleseismic 
P-Wave Transmission Through Slabs. 
Seismol. Soc. Am., Bull., (BSSAAP), 

v. 63, n. 4, p. 1349-1373. 

Snegovskoy, S. S. and S. M. Aleksandrov 
(1971).  O Tektonike Zapadnogo Borta 

Kuril'Skoy Kot Ioviny (Tectonics of the 
West Flank of the kuril Deep).  Geotek- 

tonika, (GTKTA2), n. 5, p. 105-110. 

Snegovskoy, S. S. and S. M. Aleksandrov 

(1971). Tectonics of the West Flank or 

the Kuril Deep. Geotecton.cs (GEOTBK), 
n. 5, p. 324-326. 

Sobolev, G. A. and L. R. Slavina 

(1977).  The Spatial and Temporal 
Changes in V p /V s.  Pure Appl. 

Geophys. (CHE) (PAGYAV), v. 115, n. 4, 
p. 1047-1060. 

Sokolova, L. S. and A. Adam, ed. 

(1976).  Temperatures, Heat Flow and 
Heat Generation in South and West 

Siberia and Kamchatka.  Akad. Kiado, 
Budapest, HUN., p. 463-472. 

Sokolova, L. S., U. I. Moiseyenko and 

A. D. Duchkov (1972).  Teplovoy Potok 

Na Nekotorykh PIoshchadyakh Yugo- 

Vostochnoy Kamchatki (Heat Flow in Some 
Regions of Southeastern Kamchatka). 
Geol. Geofiz. Akad. Nauk SSSR, Sib. 
Otd., (GGASAS), n. 6, p. 102-105. 

Solov'yeva, O. N. (1972).  Opredeleniye 

Magnitu Dy KuriIo-Kamchatskikh Zemlet- 

ryaseniy Po Zapisyam Mekhanicheskikh 
Seysmografov IspoI'zuyemykh V Sluzhbe 
Preduprezhdeniya O Tsunami (Determina- 
tion of the Magnitude of the Kuril- 

Kamchatka Earthquakes from the Mechan- 

ical Seismograph Records Used in Tsu- 
nami Forecasting).  IN: VoIny Tsunami, 
Akad, Nauk SSSR, Sib. Otd., Sakhalin. 
Kompleksn. Nauchno-IssI ed. Inst., Tr., 

(TSKSAX), n. 29, p. 250-261. 

Solov'yev, S. L. and O. N. Solov^eva 
(1968).  Determination of Magnitude for 

KuriIe-Kamchatka Earthquakes. 
CeskosIovenska Akad. Ved Studia 
Geophys. Et Geod., v. 12, n. 2, 
p. 179-191. 

Solov'yeva, I. A. (197o).  Deep 

Structure of the Pacific Crust. 

Geotectonics (USA) (GEOTBK), v. 10, 
n. 3, p. 157-168. 

Solov'yeva, N. A. (1968).  Role of 

Volcanism in the Genesis of Rocks of 
the Lesser < r'le Suite.  Acad. Sei. 
USSR, Doki., Larth Sei. Sect., v. 179, 
p. 64-66. 

51 



Soloviev, S. L., I. K. Touezov and B. 
I. Vasiliev (1977).  The Structure and 
Origin of the Okhotsk and Japan Sea 
Abyssal Depressions According to New 
Geophysical and Geological Data.  Tec- 
tonophysics (III) (TCTOAM), v. 37, n. 
1-3, p. 153-166. 

Stauder , William and G. A. Bollinger 
(1966).  The S-Wave Project for Focal 
Mechanism Studies, Earthquakes of 1963. 
Seismol. Soc. America Bull., v. 56, 
n. 6, p. 1363-1371. 

Stauder, William and Mualchi L i II i ana 
(1971).  Larger Earthquakes of the 
Kurile Islands, 1962-1968 (abs.).  EOS 
(An. Geophys. Union, Trans.), (EOSTAj), 
v. 52, n. 4, p. 276. 

Stauder, W. and L. Mualchin (1976). 
Fault Motion in the Larger Earthquakes 
of the KuriIe-Kamchatka Arc and of the 
KuriIe-Hokkaido Corner.  J. Geophys. 
Res. (JGREA2), v. 81, n. 2, p, 297-308. 

Strel'tsov, M. I. (1977).  KVoprosuO 
Printsipakh Vydeleniya Strukturnykh 
Yarusov (Principles of the Formation of 
Structural Layers in the Kuril Islands 
are Model).  Aka. N?uk SSSR, Sib. Otd., 
Sakhalin. Kompleksn. Nauchno-Issied. 
Inst., Tr., n. 41, Part 1, p. 66-74. 

Stroyev, P. A. and V. V. Fedynskiy, ed. 
'1975). Gravimetricheskiye Issledovan- 
iya V Ti khom Okeane V 51--M Reyes NIS 
"Vityaz" (1972) (Gravity Surveys of the 
Pacific Ocean ^uring the 51st Cruise of 
the R/V VITYAZ1 (1972). izd. Mosk. 
Univ., Moscow, SUN., p. 115-120. 

Sutton, George H. and Daniel A. Walker 
(1972).  Oceanic Mantle Phases Recorded 
on Seismographs in the Northwestern 
Pacific at Distances Between 7° and 
40°.  Seismol. Soc. An., Bull., 
(BSSAAP), v. 62, n. 2, p. 631-6 5. 

Sychev, P. M., H. Aoki, ed. and A. 
lizuka, ed. (1976).  Deep Fractures and 
Crust Formation in the North-West 
Pacific. IN:  Volcanoes and Tecton- 
osphere).  Tokai Univ. Press, Tokyo, 
Japan, p. 341-357. 

Sychev, P. M. and R. Z. Tarakanov 
(1976).  Some Inferences on the Upper 
Mantle Structure and Deep Processes 
Occurring in the Northwest Pacific. 
Can. J. Earth Sei. (CJESAP), v. 13, 
n. 12, p. 1725--1729. 

Takano, Ke i (1973).  On Some Character- 
istics of Source Spectra of Hokkaido- 
Kuril Earthquakes Observed at Tsukioa 
Station.  J. Phys. Earth (Tokyo), 
(JPHEAF), v. 21, n. 2, p. 141-153. 

TaI wan i, M. and W. P i tman III, eds. 
(1977).  Island Arcs, Deep Sea Trenches 
and Back Arc Basins, Anerica Geophys- 
ical Un i on , 470 pp. 

Talwani, M. and A. B. Watts (1975). 
Gravity Field of the Northwest Pacific 
Ocean Basin and Its Margin; Hawaii and 
Vicinity.  Geol. Soc. An., Boulder, 
Co Io., USA. p. 6. 

Tarakanov, R. Z. , Asano, ed, and G. B. 
Udintsev, ed. (1971).  Pecularities of 
the Upper Mantle Structure of the 
Kuri I-Japanese Region.  IN:  Island Arc 
and Marginal Sea;.Proceedings of the 
First Japan-USSR Symposium on Solid 
Earth  ciences.  Tokai Univ. Press., 
Japa.., p. 215-223. 

Tarakanov, R. Z. (1955).  The Velocity 
Section of the Upper Mantle in the 
Transition Zone from Asia to the 
Pacific Ocean.  Tectonophysics, v. 2, 
n. 2-3, p. 227-237. 

Tarakanov, R. Z. and Kim Chun Un 
(1969).  Statisticheskoye IssIedovaniye 
Anomally Vo Vremenakh Probega Prodol1 

nukh Vo in (Statistical Studies of Anom- 
alies in the Travel Times of P Waves). 
Akad. Ma jk SSSR, Sib. Otd., Sakhalin. 
Komplskjn. Nauchno-IssIed. Inst., Tr., 
(TSKSAX), n. 20, p. 15>-164. 

Tarakanov, R. Z. and Kim Chun Un 
(1970).  Low Velocity of Longitudinal 
Seismic Waves in the Weakly Seismic 
Part of the KuriIe-Kamchatka Focal 
Zone.  Acad. Sei. USSR, Dokl., Earth 
Sei. Sect., (DKESA9), v. 186, n. 1-6, 
p. 56-58. 

I 

I 

I 

1 

' 

i 

52 

I 

I 

I 
1 

; 



i 

I 

I 
I 

Tarakanov, R. Z., Kim Chun Un, R. I. 

Sukhomlinova, B. S. Vol'vovskiy, ed. 

Gipotsentrov KuriIo-Kamchatskogo I 
Yaponskoro Regionov I Ikh Svyaz1 S 

Osobennoslyami Geofizicheskikh Poley 

(Regularities of the Spatial Distribu- 
tion of Hypocenters in the Kuril- 

Kamchatka-Japan Region and Their Con- 
nection with the Peculiarities of the 
Geophysical Fields).  Izd. Nauka, 

Moscow, SUN., p. 67-77. 

Tarr, A. C. and F. J. Mauk (1976). 

Focal Mechanism Map of the Northwestern 
Pacific Ocean (abs.).  EOS (Am. 
Geophys. Union Trans.) (USA) (EOSTAJ), 
v. 57, n. 10, p. 760. 

Theyer, F., C. M^to and P. Lineberger 

(1977).  Sediment Core Descriptions; 
R/V Kana Keoki, 1973 North Central 
Pacific Cruise, 1974 Southeastern 

Pacific Cruise, and a 1974 Mid- 

Atlantic Ridge I POD Site-Survey. 
Hawaii, Univ., Inst. Geophys., R?p. 

(USA) (HIGRAC), n. 77-79, Data Report 

33, p. 13. 

Tokarev, P. I. (1964).  Roy Zemletrya- 

seniy Vulkana Sheveluch V Maye 1964 G. 

(The Earthquake Swarm at Sheveluch 

Volcano in May 1964).  Akad. Nauk SSSR 

Sibirskoye Otdeleniye, Vulkanol. Sta. 
ByulI., n. 38, p. 41-44. 

Tokarev, P. I. (1969).  On a Focal 

Layer, Seismicity and Volcanism of the 
Kuril-Kamchatka Zone.  Symposium of 
Volcanoes and Their Roots, Oxford 1969, 

p. 205. 

Tokarev, P. 1. and V. N. Zobin (1972). 

Characteristics of Propagation of 
Seismic Waves Generated by Near Earth- 
quakes Originating in the Crust and 
Upper Mantle in the Region of the 

Klyuchevskoy Groups of Volcanoes in 

Kamchatka (abs.).  Geosci. Bull., Ser. 

A, (GSCBB4), v. 3, n. 6-9, p. 83. 

Tokarev, P. i. and S. A. Fedotov, ed. 
(',974).  Se:ysrni cheskaya Aktivnost1 

Fokal'nogo Sloya Kamchatki i Yeye 

Svyaz1 S Vulkanizmom (Seismic Activity 
of the Focal Layer of Kamchatka and its 

Relation to Volcanism).  Izd. Nai.'u, 

Sib. Otd., Novosibirsk, SUN., 

p. 166-176. 

Tokarev, P. I., H. Aoki, ed. and S. 

lizuka, ed. (1976).  Seismic Activity 
of the Kamchatka Focal Layer and its 

Relationship to Vclcanism.  Tokai Univ. 

Press. Tokyo, Japan, p. 217-223. 

Tulina, Yu V., S. M. Zverev and G. A. 

Krasi I'shchikova (1975). The Earth's 
Crust and Upper Mantle in the Focal 

Zone Near Eastern Kamchatka. IN: 
Seismic Properties of the Mohoroviciv; 

Discontinuity, N.I. Davydova, ed., p. 

76-90. 

Tulina, Yu V. (1969).  DetaMnyye 

Seysmicheskiye I ssIedovaniya Zemnoy 
Kory Yuzhnykh Kuril'Skikh Ostrovov 

(Detailed Seismic Investigations of the 

Earth's Crust of the Southern KuriIe 

Islands).  Moscow, Akad. Nauk SSSR, 

p. 90-96. 

Tulina, Yu V., S. M. Zverev, G. G. 

Mikhota and Ye N. Zaytseva (1972). 

Osobennosti Voln ot Poverkhnosti 

Mokhorovichicha na Okeana i v Perek- 
hodnoy Zone (Characteristic Waves from 

the Mohorovicic Discontinuity Under the 
Ocean and in the Transitional Zone). 

Akad. Nauk SSSR, Inst. Fiz. Zemli , 

Moscow, p. 50-56. 

Tuyezov, I. K. (1970a).  Seysmicheskiye 

Razrezy Zemnoy Kory Severo-Zapadnoy 
Chasti Tikhookeanskogo Pordivizhnogo 

Poyasa (Seismic Sections of the Earth's 

Crust in the Northwestern Part of the 
Pacific Ocean Mobile Belt).  Akad. Nauk 
SSSR, n. 3, p. 100-104. 

Tuyezov, I. K. (1970b).  Seysmicheskiye 

Razrezy Zemnoy Kory Severo-Zapadnoy 

Chasti Tikhookeanskogo Podvizhnogo 
Poyasa (Seismic Profiles of th? Crust 
in the Northwestern Part of the Pacific 

Ocean Belt).  Geol. Geofiz. Akad. Nauk 

SSSR, Sib. Otd., (GGASAS), n. 3, 

p. 100-104. 

Tuyezov, I. K., M. L. Krasnyy, O. S. 

Solov'yev and E. V. Kochergin (1970c). 

The East-Kurile Magnetic Anomaly. 
Phys. Solid Earth, (IPSEBQ) n. 1, 

p. 60-62. 

53 

.. 



Tuyezov, I. K. (1975a).  Litosfera 
Aziatsko-Tikhookeanskoy Zony Perekhoda 
(Lithosphere of the Transition Zone 
Between Asia and the Pacific Ocean). 
Izd. Nauka, Sib. Otd., Novovsibirsk, 
SUN, p. 230. 

Tuyezov, I. K. (1975b).  Models of the 
Subsurface Structure of Some Areas in 
the Northwest Sector if the Asia- 
Pacific Transition Zone with a Conti- 
nental Crustal Structure.  Acad. Sei. 
USSR, Dokl., Earth Sei. Sect., (USA) 
(DKESA9), v. 220, n. 1-6, p. 103-106. 

Tuyezov, 1. K., M. L. Krasnyy, B. I. 
Vasil'yev and A. A. Kulikov (1975c). 
Geologicheskoye Stroyeniye Yuzhnogo 
Zvena Kuril'skoy Ortrovnoy Dugi (Struc- 
ture of the Southern Part of the Kuril 
Island Arc). Geol. Geofiz. Akad. Nauk 
SSSR, Sib. Otd. (SUN) (GGASAS), n. 12, 

p. 63-71. 

Tuyezov, I. K. (1975d).  Inhomo- 
geneities in the Upper Mantle of the 
Asiatic Margin of the Pacific.  Acad. 
Sei. USSR, Dokl., Earth Sei. Sect. 
(USA) (DKESA9), v. 219, n. 1-5, 
p. 26-28. 

Tuyezov, I. K. (1976a).  Modeli Glubin- 
nogo Stroyeniya Osnovnykh Tipov Struek- 
tur Sever-Zapadnogo Sektora Zony Perek- 
hoda ot Aziatskogo Kontinente K Tikhomu 
Okeanu (Models for the Deep-Seated 
Structure of the Main Structural Types 
in the Northwestern Sector of the Tran- 
sitional Zone Between the Asian Conti- 
nent and the Pacific Ocean).  Geol. 
Geofiz. Akad. Nauk SSSR, Sib. Otd. 
(SUN) (GGASAS), n. 1, p. 86-90. 

Tuyezov, I. K., H. Aoki, ed. and S. 
lizuka, ed. (1976b).  On the Geologic 
Nature of the Okhotsk and Japan Sea 
Abyssal Depressions.  Tokai Univ. 
Press, Tokyo, Japan, p. 333-340. 

Udias, Agustin and William Staue;r 
(1964).  Application of Numerical 
Method for S-Wave Focal Mechanism 
Determinations to Earthquakes of 
Kamchatka-KuriIe Islands Region. 
Seismol. Soc. Ancrlca Bull., v. 54, 
n. 6. pt. A, p. 2049-2065. 

Ukawa, M. (1979).  The Landward 
Thinning of the Low-Velocity Layer 
Across the Kurile-Japan Trench; Earth 
Planet. Sei . Lett. , v. 43, n. 3, 
p. 434-440. 

Utnasin, V. K., S. T. Balesta, E. N. 
Erlikh, G. I. Anosov, L. L. German and 
A. Ye. Shantser (1975).  Glubinnoye 
Stroyeniye Strukturnykh Zon Kamchatki 
(The Deep Structure of the Kamchatka 
Structural Zone).  Sov. Geol. (SUN) 
(SVGLA2), n. 2, p. 67-80. 

Utnasin, V. K., A. I. Abdurakhmanov, G. 
I. Anosov, Yu. A. Budyansky, V. I. 
Fedorchenko, Ye. K. Markhinin, S. T. 
Balesta, H. Aoki, ed. and S. lizuka, 
ed. (1976a).  Types cf Magma Foci of 
Island Arc Volcanoes and Their Study by 
the Method of Deep Seismic Sounding in 
Kamchatka.  Tokai Univ. Press, Tokyo, 
Japan, p. 123-137. 

Utnasin, V. K., S. T. Balesta, E. N. 
Erlikh, G. I. Anosov, L. L. German and 
A. Ye. Shantser (1976b).  Deep-Seated 
Construction of the Structural Zones of 
Kamchatka.  Int. Geol. Rev. (USA) 
(IGREAP), v. 18, n. 1, p. 1-12. 

Uyeda, S. and V. Vacquier (1967). 
Results of Geomagnetic Survey During 
the Cruise of R/V ARGO in the Western 
Pacific 1966 and the Compilation of 
Magnetic Charts of the Same Area (with 
Japanese Abs.).  Tokyo Univ. Earth- 
quake Research Inst. Bull., v. 45, 
pt. 3, p. 799-814. 

Vashchllav, Yu. Ya. and A. G. Gayananov 
(1972).  Plotnostnyye Neodnorodnosti 
Zemnoy Kory i Verkhney Mantii (Density 
Irregu arities of the Crust and Upper 
Mantle),  Akad. Nauk SSSR. (RIGPAE), 
n. 8, p. 44-52. 

Vasil'yev, B. I. (1974).  OGeologi- 
cheskom stroyenii Tikhookeanskogo 
She I 'fa Maloy Kur i I'Skoy Gryady 
(Geology of the Pacific Shelf of the 
Lesser Kuril Ridge).  Akad. Nauk SSSR, 
Dokl. (DANKAS), v. 219, n. 6, p. 
1437-1440. 

1 
I 

I 
I 
i 
1 

54 



I 
I 

Vasil'yev, C. I. (1975).  Geologic 

Structure of the Pacific Shelf of the 

Lesser Kurile Ridge.  Acad. Sei. USSR, 

Dokl., Earth Sei. Sect. (USA) (DKESA9), 

v. 219, n. 1-6, p. 105-107. 

Veith, Karl F. (1972).  Accurate 

Hypocenters and Reliability Estimates 
(abs.).  EOS (An. Geophys. Union 

Trans.), (EOSTAJ), v. 53, n. 11, 

p. 1051. 

Veith, Karl Fredrick (197H).  The Rela- 

tionship of Island Arc Seismicity to 

Plate Tectonics (Parts I and II) 
(abs.).  Doctoral, Southern Methodist 

University, Dallas, Texas. 

Veith, K. F. (1975).  Refined Hypo- 

centers and Accurate Reliability 
Estimates.  SeismoI. Soc. An., Bull. 
(BSSAAP), v. 65, n. 5, p. 1199-1222. 

Verba, M. L., G. I. Gaponenko, S. S. 
Ivanov, A. N. Orlov, V. I. Timofeyev, 
and Yu. F. Chernenkov (1971).  Glubin- 

noye Stroyeniye i Perspekivy Neftegaz- 

onosnosti Sever-Zapadnoy Chasti Bering- 
ova Morya (Deep Structure and Oil and 

Gas Possibilities in tf-e Northwestern 

Part of the Bering Sea).  Geofiz. 
Metody Razv. Arkt., (GflRABY) , n. 6, p. 

70-74. 

Vereshchagin, V. N., O. P. Dundo and G. 

P. Terekhova (1972).  Kamchatsko- 

Koryyakskiy Basseyn Sedimentatsii (The 
Kamchatka-Koryak Sedimentary Basin). 

IN: Geologiya Sever-Vostochnoy Azi i , 
tom 2, Stratigrafiya i Pa Ieogeografiya; 
Melovaya Sistema V. N. Vereshchagin et 

a I., eds-, p. 343-347. 

Veltsman, P. S. (1966).  On the Deep 

Structure in the KuriI-Kamchatka Region 
with Discussion.  Can., Geol. Surv. 

Paper 66-15, p. 244-251. 

Veselov, O. V., N. A. Volkova, G. D. 

i.^cnin, N. A. Kozlov and V. V. Soinov 

{'\9i-'t).      Izmereniye Tepiovogo Potoka v 
Zone Perkhoda ot Aziatskogo Materika k 
Tikhomu Okeanu (Measurement of the Heat 

Flow in the Transition Zone Between the 

Asian Continent and the Pacific Ocean). 
Akad. Nauk S5SR, Dokl. (DANKAS), v. 

217, n. 4, p. 897-900. 

Von Huene, R., N. Nasu, M. Arthur, |. 

P. Cadet, B. Carson, R. Reynolds, B. L. 

Shaffer, S. Sato and G. Bell (1978). 
On Leg 57; Japan Trench Transected. 
Geotimes (USA) (GEOTAJ), v. 23, n. 4, 

p. 16-20. 

Walker, D. A. (1966).  The Observation 

and Analysis of Body Waves Recorded in 
the Northwestern Pacific (abs.).  In 

Pacific Sei. Cong., 11th, Tokyo 1966, 
Proc, v. 3, Tokyo, Sei. Council Japan, 
Div. Mtg. Solid Earth Physics I, p. 28. 

Walker, D. A. (1965).  A Study of the 

Northwestern Pacific Upper Mantle. 

Seismol. Soc. Anerica Bull., v. 55, 
n. 5, p. 925-939. 

Watts, A. B. and A. R. Leeds (1977). 

Gravimetric Geoid in the Northwest 
Pacific Ocean.  R. Astron. Soc, 

Geophys. J. (GBR) (GEOJAN), v. 50, 
n. 2, p. 249-277. 

Watts, A. B., M. Talwani and J. R. 

Cochran (1976).  Gravity Field of the 
Northwest Pacific Ocean Basin and Its 
Margin.  An. Geophys. Union. Geophys. 
Monogr. (USA) (GPMGAD), n. 19, 

p. 17-34. 

Watts, A. B. (1975a).  Gravity Field of 

the Northwest Pacific Ocean Basin ana 

Its Margin: Aleutian Island Arc-Trench 
System.  Geol. Soc. Am., Map Chart 
Ser., n. MC-10, 5pp. 

Vesanen, E., H. V. Tuominen, U. Luosto 

and M. L. Maki (1973).  The Spatial 
Distribution of Earthquakes in the 

KuriIe-Okhotsk Region.  Int. Inst. 

Seismol. Earthquake Engl., Bull., 

(IISBB2), v. 10, p. 91-95. 

Watts, A. B. and M. Talwani (W75b). 

Gravity Effect of Downgoing Lith- 
ospheric Slabs Beneath Island Arcs. 

Geol. Soc. Am., Bull., (BUGMAF), v. 86, 
n. 1, p. 1-4. 

Weisman, P. S. (1966).  On the Deep 

Structure in the Kuri I-Kamchatka 

55 

.... 



Flegion.  IN:  Continental "larglns and 

Island Arcs-lnternat.  Upper Mantle 

Comm., Symposium, Ottawa, 1965.  Canada 

Geol. Survey Paper 66-15, p. 244-251. 

Yasui, M., S. Uyeda, T. VVatanabe, 

Asano. Shuzo, ed. and G. B. Udintsev, 

ed. (1971).  Heat Flow in the Western 

flargin of the North Pacific and its 

Geophysical Implications.  IN:  Island 
Arc and Marginal Sea; Proceedings of 
the First Japan-USSR Symposium on Solid 

Earth Sciences.  Tokai Univ. Press., 
Japan, p. 289-296. 

Zhadin, V. V. (1975).  Absorption of 

Seismic Waves and the Nature of Earth- 
quakes in the Kamchatka Zone of the 
Pacific Mobile Belt.  Ac ad. Sei. USSR, 

Dokl., Earth Sei. Sect. (DKESA9), 

v. 218, n. 1-6, p. 15-16. 

Zhadin, V. V. (1976).  Measurements of 
the Q Factor of the Upper Mantle in the 

Active Kamchatka Zone.  Phys. Solid 
Earth (USA) (IPSEBQ), v. 12, n. 2, 

p. 91-95. 

Zobin, V. M. and I. G. Simbireva 

(1977).  Focal Mechanism of Earth- 
quakes in the Kamchatka-Commander 

Region and Heterogeneities of the 

Active Seismic Zone. Pure  Appl. 
Geophys. (CHE) (PAGYAv'), v. 115, 
n. 1-2, Stress in the Earth, p. 
283-299. 

Zverev, S. M., B. S. Vol'vovskiy, ed. 

and A. G. Rodnikov, ed. (1977). 

Seysmicheskiye Svoystva Zemnoy Kory i 
Verkhney Mantii Severo-Zapadnoy Chasti 

Tikhogo Okeana (Seismic Properties of 
the Earth's Crust and Upper flantle of 

the Northwestern Pacific Ocean).  Izd. 

Nauka, Moscow, SUN., p. 28-34. 

I 

I 

I 

I 

56 

. 



c 

* 

^) — 

3 (U 
O i. 

— u 

i- a. 

i-  a. 

m « 
•> 
<- u 
m « 

>- c 

c 
BO m 
c 

o 

*.  o 

u vn 
n C 

O- o 

^ <-» *-» m 
k_ o 
o o 
Z — 
a> ■o 
x: <u 
^J l_ 

(U 
H- ♦-• 

o c 
a> 

CL o 

1 T3 
C 

c « 
o 

*-* t/> 

f« +-• 
D L. 

o o 
_J Q- 

] 

3 
00 

58 PHKCEDIiMO    PACK BLAWK-NOT FILKELD 



> 0 

o 
o 

0 r      ** 
2/ ' 

o 
o 

*"5 

■i* I 

^5 

o 
o 

'S 

?: ■'H-ürf 

SV 

^a 

:-»s 

r.A2fc, 

S 2 

t   - "^ VT-"*" ■ 

>► « 

o 
o 
m 

o 
o 

■ 
o 
CO 

^l-^L^I? 

o 
00 

o 

1 -o 

;. > 1 

1 «i 

j u 

-L 

o 
o s 

o 

s 

J WJi 

o 
O 

o 
eo 

o 
o 
<N 

z 
o 
o 

o 
—I o 
iSi co 

51 
< 



•o 
v 

o 

o 

u 

3 

i- l_ 
O M 
Z   Q. 

(N 

11 

. 
o 

* • 

■■ 

60 



I 61 

1 



c 

] 

■ 

c • 
« .—. 

-n «3 
o +-» 

k. rt 
(U -n 
E 

H- • 
o u 

c 
k. — 
(U 

JO V/l 

1 i 
c <-■ 

^1 

c >- 
o LT) 

T) 00 

a c 
ISI — 
n) c 

J3 c 
IT) 

i- — 
V Q- 
Si 

F ■a 

b 4) 

c J: ^ 
./i IM 

3 _ 
O XI 
a> D 

c; a. 
rt c 
*-» 3 
c 
IT) *-• 1 
(/I h- 

c H- 

— "-* 
>- <U 

J5 t 
00 +-> 

c .— c 
Q. ._ 
o. ._ *-• 
s: c 
iSl •— 

o *-» D. 

c 
IT) > 
.c c 
VJ ID 
k_ 

4) *-• 
* ITI 

• 
m 

a> 

I 

62 

] 



f 

OJ 

z 
o 
IS $ 

O  Z 

£ ^     p ^  5 2: 
5 -     A! ^  ^  6 

•o 
in 

I 
63 



I 

0) 

a- 

1 

ft) 

C 

C 

. i 
o *-* 

^1 iTt 

ä >■ 

c 
DO 

c c 
o •— 

c 
a c 
<u « ^ — 
n) Q- 
X) 

■o 
k. v 
V x: 

^3 »^ 
._ 

3 ■M 

C XI 
3 

i^ Q. 
3 C 
O 3 
a> 

1 *-» u 
c ■+- 
r8 ■—' 

«-> 
ui o 
c E 

■— ._ 
■»-• 

>• 
-D c ._ 
»^ 
Q. *-• .— c 
^ >M 

(^ o 
O- 

DO 
c >- ._ c 
x: m 
t/t 
._ 4-» 

U. nj 

• 
t 

V 

I 

1 

64 

. 

I 



IP
S

 
UA

AB
 

x z 
C/) o^ 

^O^ 
T7    LU 

^^ 
U-   < 

Ü m     -! 
z A    « 

I 
65 



o 
c 
1) 

■a 

in 

■a 

c 
o 

c 
o 

IIM 

*-> 
u • 
4) 
u "d- — r- 

■o Ol .— 
u 
w •^ 
o > 
c o 
1) .* 

■a x: ^ (^ L_ 

* o 
o 0 
ki 

%m p 
< o 

h. 
1<- • 

C ■a 
o (U .—- 4-» 

■*-• D. 
3 m 

X) T3 
MM ra 
ki —1 *-> 
w. ij\ 

■ ■- 4-» 
a c 

(U 
-M k_ 

c u 
4> 3 
U o 
k- 

3 k 
U o 

•H« 

4> nj 
u P 
n 

4— 4- 

1- 0 
3 
in c 

o 
L- — 
« 4-» 

♦-< PO 
c u .— 0 
is 

• 
u-i 

«> 
U 
3 
00 

66 

—"  " 



67 



o 
c 
w 

■a 

v 

T3 
V 
■a 

c 
o 

c 
o ._ 
4-> 

o • 
o -—^ 
b- Tl- ... r~ 

■o 0\ 
T— 

V 
♦-» * 
o > 
c o 
V .* 

■a £ 
l^ 

i^ Li 

* o 
o 0 
k. 

u g 
< o 

L_ ^• 
• 

C ■a 
o u 

■M ♦-< 

4-t Q. 
3 i« 

X> ■o — t« 

■o  c 

V 3 
i- o 
u 
3 L. 
U O 

V l« 
O E 

E •< 
E *> 
3 O 
(/I — 

68 



69 

•;.:-:■::.;.    W 



.^. 00 *- c 

Kn c 
3 c 
O n) 
V M 

c Qu 
«i *•* ■o 
c V 
r» ^ *-» i« 

^i ,_ 
C — 

■~ X) 
3 

V CL 
JC c *-* 3 

4> 1 ., L. 

i >*- 
♦-• ' ' 
c I/* 

o 
k- 

-a m 
«j 3 (^ o- 
ra t^ 

X) 
V 

l- V 
V k. 

J3 oe 

i V 
T3 

c 
u 

t/* c 
3 O 
o 
V i- 

c o 
m 4- 
*■» 

c k. 
rd V 
♦-» ■S 
i/» E 
c S 
— c 

■o a. 
4) — 
<-> £ 
i« in 
3 

HM *-• 
■D C 
K K 

-C • 
>~ o -—» 

JO u t* 
V 4-* 

o E I« •— ■o 
K- t) >»- x: » 
1« *- • 
k. o 
*-> i« c 

3 ^ 
V — 
*-» Q. * ... »A 
«A k. E 
o 4) 4> 
Q. 
E | *-* 

(A 
o 3 >- 
0 c tn 

\ 

u 
3 

70 



•< 

<   i 
^ « 2 
r- UJ to 

HÜ 05 3z 
O <$ 
o-     z 
2     $ 8: 
O     ^ CN CN      ^ 

m 
/\ J-    "? V 

o 
If) 
^1 

z5: 

i 71 



o 

■a 

c -a 
v  v 
o <-• 

a. 
c -o 
O   n) 

— oo 
> i« 
U i- 

r> > 
a o 
* o 

>. I. 
n  a. 
•o  » 
«  o 

> 

r« — v ._ 

u c 
3 O 
in £ 

I« 
V 

c   o 
o 

I«  « 
I-    o 

c « ■* 
V Q. r~ 
u w 
c 
o 1- 
o F    - —   > 
4-* x   o 
t« i« J< 
V E -c 
£ in 
00 a»   I. ._ £    O 
I *-• O 

• 
00 

V 
1- 

3 
00 

72 

■ 



• 

I 
«Ma(tMa» 

73 



E T3 
C 

■a rfl 
4) 
k. ^ 
4) to 
4-» 3 
c oc 
(U 3 
'J < 
>- i- 

X) O 

-o 
1) c 
4-1 u 
c > 
<u .— 
<y> 00 
0) 

ki 1) 

a. l- 

V <v 
im 

' ' 'S! 

c 
tst o 

.C •— *-• ♦-• 

c o 
o V 
E L. 

!> T3 

^ *-* ■a 
c 

T3 ■— 

C » 
IT) 

c 
LA m 

TJ V 
C s 
i • • 
00 h- >—i 

c 3 * 
o O r- 
u o a\ 
4-» o T— 

IA 

l/t „ 
a> ■o > > c o 
m •— ^ 

-C i 
— 00 k> — c o ._ o ü 
i i- 

i/t 

4-t | 
m u 
a> c H- 

h. V 
(Tl ^: T3 

i t> 
4> ♦-» 

E . . Q. 
t/> rO 

♦-» c T3 

o « ^^ ... ,  
o ■*-» 

(TJ >- *-< _ b> 
c > nj 
0) a> 3 
o L- L- 

u X) XI 
o X) (U 

o. n] t_ 

• 
ffl 

1> 

1- 

3 

00 

I 
I 

1 

i 
i 
! 

i 

■ 

74 



1 

i 

75 



c 

E ± 
T3 C 
U O 

u 
V >• 
D. jn 
X 

UJ -a 
v 

• i/i u u (J   ._  o o 
o     —  VO CN 
O           I     I 

v> 
* >- 
o   n 
V tn  — 
XI      C     L.      >. 

« .- < s 
I-     4-' 
«  1« 

u 
«^   o 
V — 
l> 
3    O 
<-•  — 
I« «- 
i-  — 
V o 
Q.   <fl 
E 0. 
V 
«-•<-• o o u 

1/1000 
L.      Il>    O    Tf    00 

'w ^ T T  1 
V I. 
o O 
m Z 
t- >• 
i_   »->   >- 1- 
3   1»   1.   i« 
1/1 V 1« 3   -C 

I T3 3 1-    u 
(« — C X5 
V O (4 V 

E *- 
c b 
— o 
E ^ 
C    1/1 
V V 

££ I 

> 
o 

I 

«1« Do 
x:   1- U U 0   O 
4-i   a> o o   o 
C    Q. O 00   r-    E 
o  E 110 

O 00 t. k. T3 
C l_ 1» «> « 

1. .- t) JO £ ♦- 

xi v o 0 B 1« 
£ « ♦-• > O T3 
3 i- t O «> nj 
Z «^ O Z Q — 

j 

I» 
3 i 

.'6 



I 

77 

-% 



■a 

*-• 
n) 

XI 

7 
o 
a> 

x> 

a 
u 

a> 
i> 
3 *-• 

O   0\ 
E - 

o   > 
o 

JD     (/I 
E   - 
3    O z o 

78 

i 



i 

I 
79 



(A     (U 
4>   £ 

*-• u 
> 

0« rt 
c * 
> J= rt DC 
x: — 

-C 
t/i 

£ N« 
*-< O 
c 
o c 
fc o 

1) *-• 
x: nl 

c 
•D Ü 
0) u 
L. 

3 *-< 
O (^ 
*-» <u 
c -C * 
o oc -—- 
u ■— ■tf 

x: r- -^ o\ 
«j i »— 
> 0 
« x: •« 
5 & > 

o 
4- t/i ■* 

o c X 

o t/1 

# — u 
1— *-• o 

ra 05 *-» .*- 
«^ > p 
(U V o 
x: i- L. 

DC XI H- 

.— XI 
X rt 

(U 

U X *-» 
j: *-< Q. 
♦-» c « 

o T3 
♦-• ^ m 
c •—■ 

u -o 
I/' <u -a 
o 1- V 

L- (U *-* 
D. *-» n3 
OJ c U 
i- <u IM 

O T3 
*/l C 

L. — 
D • 
O i^ X 

♦-' v ♦- 

c > c 
o ri o 
U i E 

• 
(N 

"" 
0) 

L. 

3 

DC 
tai 

u. 

I 
I 
I 

r 
i 

80 

1 



I 

1 

I 
81 

wuMMitMiWlrwiwiiiiii      — 



3 

2 

in 

> 

v 

c 
.n 

1« r- 

—» > 
o 

>■ Ji 
I- JC 
(« «« 
3 i- 
l- O 

w 

3 o. 
*■• m 
n T3 
<- <« 
4) ^_^ 
Q. 

F ,—. 
Ü ■a 
*-• V 

TJ 
k- * 
V -C *-• ^ 
t "— 

u 
u m 
u <o 
n) >■ '*- 
L. a» 
3 -C 

cn *-• 1 

so 

82 



I 
I 
I 
I 
I 
i 
I 
I 
I 
I 
I 
I 
I 

i 

83 



CO 

V 
a: 

■o 
V 
4-* 

o. 
n 

■a 

V 

3 

>- 
U 

3 
u 
Si 
V 

V 

3 

ft 
> 

T3 
C 
'4 

a. 
v 
Q 

v 

00 

84 

I 

! 

i 

1 

1 
I 
I 
I 



I 

I 
I 

Q. 

£ 
» 

IHDH 

85 

■ 

■ 



«-. 

! 

<t D. 
3 •M 

o- £ 
w ./i 

o r 
i— o 

u. T) 
O U <*- </. 

M 
t/i J3 

■o « V 
« u 
a f« 

(/i 
Wl 

■a • o 
c a> 
o a 

IM i/i *-> 
3 

X> • •— •o 
t- u 
4-* V 
tA Q. — M 

■a • 
•-  -—* 

■a * r^ 
V V 
V x:    « 
Ci. M U1 
IA — 

£      » *-* ^t 
c « 
V x: o. 
u ~ Z 
!■ 
3 x    « 
u « c; 

- o 
V J. ■♦ 
u 
m e 

■»■ *J 

u C   A. 
3 £  - F a. W. 

1 

<6 



I 
I 

87 



! 

E * 
— ♦■• 
K na 
r« -a 
E 

u 
a> £ 

o   o 

<* o 
■o 
u <-• 
t> 3 
Q. ^ 
i^ 

l- <-• *-• 
c ^1 

0)   
L. ■o 
L. 

3 V • 
O 4) -—1 (* r- 
a> 
o M 

nj <U u-i 
^t- (l> 
u t- ^ 
3 00 T)- 
m V 

■a a. 
v Z 
oo « 
rB i- ^ 
hi m CN 
ci 3 O > a- ■* 
m IS\ <- 
t> V • 
k c J3 
pa o 3 

a. ^ ^4- 

»> o • 
3 D. — t^ ^ 
« w 
> § 

• n) < 
E k_ M 
ra O rt 
u '*- ^> 
00 
o w | 
4-* >»- 
l/l 

b g 
^ ■o 

>4- 

■D a 
4) ._ ■o 
u ^: <u 
Q. ■^ 4-* 
*y% CL 

c IV *-* o ■a 
C CL pa 
V 3 —' 
t- 

k. -o -—^ 
3 0) u-i 
O "- 
(U XI • 
o 00 
1« X — 

>•- *-» kL 
l- c 
3 o c 

t/1 E o 

3 
00 

88 



I 

o 

o 

o 

o 
o 

o 
cr> 

o 

o _ 
oo 

o _- 

o 

o 
CM 

SaX09 ol dOiN3Da3d 

- oo 

u o 

-- ■* 

-  CN 

i 

u 
UJ 
to 

iO 
t- 
O 
z 

I 89 



F F 
CL o 
o o 4-1 

♦J V o 4-* 

l/> o O 
(U V t JO 
* -c 
JI «-» o 4) 
4-* 4-» x: 
U u 4-J 

o o o 
Z M- o 

o 
L- 
o 

4) i^ T— 14- 

s: o 
♦-» ii> k> •a 

0) o 4> 
u D. V- i> 
o in CL 

'+- 
■o 

1/1 

1— 
i^ 

l/l (U nj U 
■a u X5 4> 
(U 3 M 
D i^ JX: —^. 
D. rd u h 
i/i ra O 

-a xo o 
<ü CN *-< • 
0 *-• l/l IU 
m x: 4> x: 
CL 00 — ♦-» 

X •— .— 
OJ u 14- 

i^ ^ (U <u « ^ 
3 x: u CL 

(- *-* — ••s f« 

14- -—- u 
X o 14- m oo 

^ 
*-> o o 

4-» 

i) u ,— 0 
c — j= • ■— J= - a. 

x: — Q. XI 
♦-• m • -• ^ 
CL ■o u <L> o 
0) 1) 00 a: 4-1 

T3 x: o -—- 4-1 

i^ c o • n rr) i/i X2 
i/> ■a 4) Q. > >~ o g 8 

T3 > rS 
0) IT) — — -J 
U <U IT) ro 
D. x: > — H- 
i^ « ♦-• o 

4) /■ C 
DC ^ 4) c 
C 4-* •o 4-1 o ._ V o .— 
* >- JC a. 4-i 

o Xi 1^ o rt ^: ■ _ 4) > 
t^ T3 — oo h- 

V X} 4; — +-< 3 ^ i^ 

4> C CL XI 
TJ 41 C L. o 
O t/* 3 '*- 
E 

L. 
p 

T3 § 
■a Q. o 4) L- 
4) u 4-» «- 
4) f< («■ m 
Q. h- T3 
i^ i^ 4> 3 4) &<- O > *-* L> m —. — 
C • — m U 
tl 14- 1- o 41 
k- ._ T3 
t- o O 4> 
3 c« O k. i« 

u Q- m m — 

4> 

L. 

3 

90 

1 

I 
I 
I 
I 

mm 



1 

o 

o 

o 

o 

o o 

o 
00 

o 

o 

o 
<N 

o 
CO 

O 

I 
I 
I 

-  00 

- o 

-   CN 

U 
LU 
to 
■s, 
s 

l- 
o 
z saiiiw Ni Hidaa SM3i3W NI Hld3a 

91 

■....■: ■ 

i^JM ■ 



1« 

o 
u 
a. 

^   • 
JD  ■—• 

00 
>- r-~ 

— 0\ 
3   i- 

■a  Q 
c 2 
nl   < 

LU 
O   U 

>   > 
JD   < 

■a 
V   TJ 
♦->   c 
O    nj 
c 
V 
•a 10 

r~- 

oo — 
e 

■a L. 
nt O 
V    - 
u   c 

a> 
-    i/l 

O.  5 
<     L. 

•   T3 

t>   *-• 
— Q. 
— n 
<*-   T3 
O    ra 
L.  

■a r- 
v 
v   v 

i«    3 
00 

T3   — 
C   U. 
3 
O    C 

i- -a 
o v 

'*- «-• 
c 

X « 
a> io 

T3 v 
C L. 
~ Q. 

oo 
1— 

u 

92 



x O 

I 
93 



C 

O 

E « 
O 0\ o •- 

k. o 
4) — 
Q. C 
CL V 
3 l/l 

a> E 
£ o 

♦J n. 
c <« 
(U "O i ni 

u 
3 X 
(/i 

rs >■ 

1) X) 
E ^ 

T3 — 
(U 3 « ^ 
o. «^ •T3 

C 
TJ IT) 

C 
3 o 
O 
i^t >- 

£ 

»A ex 
c < 
o .— 1« 
*-t o rt «- «-• 
LH ■a 

4) 

• o 
»A c 
u V — T3 ._- • 
4- IU ,—. 
o k- oo 
k- m r- 
D. o\ 

•a p ,— 

a> 3 n 
4> 
a. O 9 
i^ U 

LU 
■a u M 
c u 0 
3 ♦- 5 
o "5 < 

1— 

<u 
L- 
3 

94 



Q 
LU 
LU 
Q. 
CO 

13 

W      W      CO      CO 

5 5 5 
o 0 2 co r«» oo 
# ^ ^ 
o o p in co r^. t     *     * 

088888888 

Sa3i3W Nl Hid3a 

5 (O 
o — 

5 
r™ o 
o on 
^t A 

.,,_ ^fM 

088888888 

Sa313W Nl Hid3a 

°888888 
CN   TJ-   «O   00 

S2I313W Nl Hid3a 

I 95 



1 

• 

r- 

> 
O 
M 

<- 
o 
Ü 

i 
■a 

■a 

x: 
4-» 

a 
■a 

4) 
C 
c 

o 

■ 

o 

u 

3 

J3 ft) 

• 
o 
CM 

a> 
b 
-5 

{ 

' 

1    '    ' 

96 

M^H   



I 

> 
et 
< 

-L.       UJ 

™     o 

<      CN 

8  §  I   § 
o 
IT) 

o o o o 
X      CM       CO z 

o 
in 

! 

, ■ m* ,■        ■      .....:-■      .-   ■ 



> 
o 

5 

v 

■a 

o. 
V 

T3 

c 
c 
ra 

< 

<N 

3 
DO 

' 

i 
98 

• 



I 

I 99 



I 

D.  ra 
IT u 
F Hi 

e 
>-   3 

-C c 
a 
rt c 
L_ nj 
OD cr 
o o — ec 
»A 

>■ >■ 

-C .0 
Ü. 

X' 
<u • -- 

o a- — ^3 
4- ru 
■ —   
u 
IT! (U 

Q- »- 
t« *-* 

en en 
(U 11 

* U ^ c *-> _ 
L- > 
o o 

4- O 
o >- 
O. 4- 
«3 o 
£ 

IU      • 
4) —   *—~ 
O n   c 
e u   a> ~ vn    a> 
> u 
o —  (J 
Im M 
o. o     • -   < 

■u 4-* 
c L.         • « Ü      , > >~ >. 
jr ■a x> 
c V 
"3 *->   c 
k- M    * 
DO i-    r« 
0 V        L- — oo -a 
t/l 00 >~ rO   T3 
^ X    C 
Ü. «    «J 

(N 
(N 

V 
im 
3 
on 

100 

] 

\ 

I 

I 

~  -. ■ . 



1 
101 

■■-.■-. 



U3 

I 

1> 

00 

-a 

a. 
u 

■a 

v 

c 
o 

4> 

O 
3 

c 
o 

X 

-o 

00 

102 



! 

I 

LU 1 § ? % 

4 
I ^ >UJ 

'fn 
F« 

— — 

- 

- > 

4 ^ 
— — - — 

t^ 

f 
— 

„  - , 

h . 
LU h 

r^ 
^v 

r^ 

—^ 

/ 

f 
— -- 

U. QJ 
1        . 

r — u. Q 
\ 

/ Q 
 1   

1 Iw — ffi 
^ 

UJ 

-_ 

^- 

i r? M 1 v^ 
i L 

— 

J 
Ü 
^ 

u 
s 

sl "- 

^^ k. 

v ^■^  — -- 

^ 

DO 

< 

•< - 
UJ 

1— 

•N Oly^ 
ffi 

Z                                                       2 o_                                                          o :\** 
U) 

K                                  8  V 
9 

u ^ \ 
• 

s 

\ 
V 

TO
 S

EI
S 

D
N
 P

RC
 

\ N L s 
\ 

V 
X R                                                         ' UJ  (J \ A 

IN
D

 

s. 
w 

\ V 
\ 

X 
^ ̂  

UJ 

z? 

103 

.,-:.-. WHBWi ■ ■ 

i^w 



! 
■O Tf <-• 
C i— 

E < "^ Ü 
O ^ »O U 
<-■ Z ON 
<-• O <-   T3 
O (J c 

XI ,   W 

O  LU OQ 

-Si10 
» £ P i. 

—      >  o 
00    > >*- 
VO  -~ > 
<^ a: '-. ^ 
r- -—o:  .. 

.  u^ 
<N 

(N  OQ  - 
>- OQ U -a 

^    u £:: 

S w  • - 
k.    in  <f 

(J   m — 
Qi   L. 

I o 
QC  —   o x- 
LLI  —  T3 

O m   - 
Q/   —   ^   (N 

>    in    O 
■^■-   i/i   X   *-> 
OC     >• 3 
"5 - o 
- I.    Ml 
< B   M 
< W     C    W 

• *•        c 
v>    3    U    O 
«   o x: — 
^ 1/1        «-»       ♦»! 

^" •* 
i- » e w 
o ^ o a> 
k «■< M 
Q. *-• 00    . 

x- c w rn 
c o « x <N 
o        £   « 

•—     1A     ft) ft> 
4-*      1/1      l/l    ^      k. 
<J ft> r« i« 3 
«> C X) u 6C 
— JB .- ._ 
>♦- 60 "O «J U. 
V    3    C    k. 
k   O    nl   ft>   c 

•-   ^  >   O 

— *-•    5 vn 
E   c «    •  c 
irt    ft>   <-!   j;    o 

— E   o  oo — 
IU    1) JD    3 « 
i/i    t/i O — 

RJ £    k_ l/l 
"i   ^ 00 (— O 3       3       a. 
o   u   o   o 
3 —   L. -a   «> 
CM .-   _ 

— *>—•.«  — 
«    3   i-  J<   i*- 
c   o r^ ^   o 
o   o w   o   l_ 
U   m T- I Q. 

tN 

I 

i 

104 I 



1 ■ I II •    1' 

105 



I 

I 
•   o 

»-.   T3           U. 
C   —           Li. 
«   m 

u E -*   v   <- 
-C     V v ^ x:   o 
<-• J: in  a  M M- 

4-t nt  X 

o   o «    O    •• 
♦-• u J:        >n 

E .—   «■•*•<   (N 
o   ~ <-•        c 
«-■   c in  t-    V 
«-■   « 3   o   E - 
o   u O            1>   LU 

J3    nj U   .*    </<   LÜ • —^ mem 
£ -a ra   Xi   TJ 
00   Ifl ■o —        c 
3 C   H-   T3    m 
O       « n)           C 
k.   --^ «    n)   - 

IT) E  >"   ^ Q ^~ \o O    n)    E   Q 
(N   (Ti *J   u   o 
r~-  r- *->  ^   *->    i_ 

o\ o *• *• o 
X>   w   O H- 

o O   ^3 
- <N £    C            1- 

h <-•       J=   ■■ 
O    U    00 CN 
o i:   3 ^- 
E «-•   o 

1- > 1\                  h-     4-1 
q$ C            3 
< > x:   o   «   o 
OP — 4->                 4->     X5 

0! m 4-'   m   m 
in — u   c — 
Z c  « -a   i/i 
tn - u   F   u — 
3 U. x.   u   E 
~^ U- on     i.     c 

k.     nj     <U     O 
-     TJ U   J3   <->   — 

8 S >-          C    4-. 
m T3 —   m 

—    C             l- • -—. m    •> « CO 

•   (N 4-1              . ^00 CN 
«i r~. 

m  8 r~   m ü o\ U 

— i~ u.    4-   Oi     X i» 
,mm u 4J .—   a> 3 
1»- J2    O 00 
O   1- i.   Xi      - — .— 
1- 1- «       f   m u. 
CL LU >   £   i-    o 

-J «J     4-<                  B 
c I- 1.     o    O    4- o 

^1 o <   >- 
u   E K   v 1/» 

«-• OQ £ S z > 
*J        O 

c 
u o 
«> i/l A   O — 
- Z J — 4-» 

*• to o m (—   «> •— 
« z> x: vo a^   m in 

L.  !« ON LU — o 

u - .-g* o. 

._  UJ in      « Q£    O 0) 

E iu «i-           "O — 
91 C   CN   >   - •— .— 3      —. m »4- 

V       • o < oi ■* o 
Ul     V E S —^ k. 

«/I mm        o a. 
I«   — « > -   I 
3  Q£ to       I 

> I   c o • 
3    >- fc-    --^                 L- — 
C   J* O  Q£          4> I 

.—    i/i u —    •  £ X 
♦-»     4-1 0)                  U     4-> 
c   in O.  —         (AL. — 
O   £ 
U m iS O 5   c s 

• 
■n 
(N 

V 
b 
3 
00 

106 

■M 



5 
01 

[ 

o o 
SdNODK NJ aWinaAVUi AVM-OMl 

I 
I* 

- 1 

J3- 
1 (|: 0* 

I 107 

' 

.   ■■ 



ö o *-» <l> • *-» l/t cn 
o (N 

X) ^ 
IT. a> 

x: o u 
*-i i- 3 
o u 00 
o ._ 
E - LL 
l/t 1 . 

1/1 c 
•N VO o -^ ^ Oi 

f  T— t/1 

r- c 
o> - o 
i— f— — 

(M *-» 
n   

« 
o 

Q > 
| > 

ü 

g ec i^- 

U ■    - o 
u 

H — a. 
Cl —\ 
LÜ —^ 

8 ■ 

s ■ ■ ■ 
■*-* in 

> o (N 
>- 

Q£ 3 4-» 

0 3 
O — — X)   ■ —* « _ .— 

V t/t 

— • 
^ 4- c 
<u o o — .— ._ 4-* +-* 
4- l/> m 
o (U IM 

u i U 
Q. ^ so *-» 00 
c 3 ri 
o o X ._ IA IU 
4-» 

u lA — 
a> c nj .. •— O 

«4- «A .— 
4> n) +-• 
L. JD L. 

u TJ > ._ u 
E ■a & c • ._ o ♦-* 
a> Q. o 
en 1 >- 

4-» 3 
t#( c ö 
3 «> 
O 1 — 
3 .—. 
C ■a ._ ._ u a> 
+-< cn 
C 
o gj 4- 
U — o 

• 
o 
(N 

0) 
1- 

108 

I 
I 
I 
I 
l 

I 
I 
I 
I 
! 

1 

I 
I 
I 

-  ■ 



^VBO^PO^ 

o o 
SaN0D3S Nl 3Wli IBAVdi AVM-QMi 

I 
109 



I 
u *•* c 
o .— 
c « 
V L_ 

T3 oo 

\ji ^ 
U tN 
3 r^ 
O Ol *-» *— 
c 
o ■s 

U • — 
nl • 

c *-* 
o D 

♦"< L. « ü 
c NJ 

•— rt 
X) k_ 

f- LL 
o 
o E 

o 
c k_ 

— M- 

T3 ■o 
o <u *-* ♦-» 

c D. 
<u r« 
in ■o 
1) « 
D.   Q. 

n] 

i^ >- 
<D *-» 
DO *-» 
O c 

mm 1) 
o E 

SI • 
*-t •a -—- 

■ — (U o 
mm t^ r^ 

—■ (^ 
U T— 

o Ul 

■«TC ♦-» -« 
5 1> 

• 
E n 

• T3 ♦-* 

D <U u 
CL lyi 

>- B «-' <♦- u 
O O ^ X 

c 1U 
o N C 

F — o »/* L. 

■a 4- 
u C 
t^ — m 

IT) ♦-» 

<u L. «J 
o 00 T3 
rtl 

M« c 4> 
Li n) M 
3 V ._ 

1/1 E i^ 

• 
h. 
CN 

u 

110 

i 

i 

I 

I 

I 



z 
LU 

UJ 

8 
UJ 

U 
< 6 
li- 
tt 

3 

111 



Figure 28.  Surface sediment type.  Lithologic components of the 
surface sediments of Figure 27 are presented separately 
(adapted from Frazer et al., 1972). 
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Figure 32.  Sumnary of DSDP site 303 (from Snow et a!., in press). 1 
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SITE DATA 

Position: , 
Latitude   40C,4B. ) N 
Longitude 154"27.1 E 

Date: 08/18/73 
Time: 1318Z 
Water depth: 5609 meters 
Location: Japanese Magnetic 

Lineations 

CORE UATA 

penetration: 303 
175 
54 

229 

30 3A 

Drilled-- 
Cored  
Total  

211 meters 
82 meters 

293 meters 

Recovery: 
Basement- 0 

0 
2 cores 
1 meters 

Total  6 
26 

10 cores 
6 meters 

tion depth except for the lowermost layers recovered immediately above basement.  The 
relatively high rates of sedimentation observed in the upper part probably result from 
a combination of high productivity related to the Kuroshio-Oyashio current system as 
well as contributions from volcanogenic components.  A major unsampled hiatus is pro- 
bably present at the base of the Tertiary and top of the Cretaceous, and the upper 
Mesozoic section appears to be very thin.  This interval was probably deposited in 
areas of rather low productivity north of the equatorial zone.  The carbonate-rich 
layers recovered at the base of the section appear too thin to account for accumulation 
of "ridge flank" and "equatorial" types of sedimentation.  This suggests that the crust 
at this site was not generated under the equatorial zone of high productivity.  It is 
probable that the crust was generated south of the equator and that the equatorial 
crossing is recorded by large amounts of siliceous deposits after the area had sub- 
sided beneath the carbonate compensation depth (CCD). 

One thin layer of calcareous, nannofossil rich  sediment occurs in Aptian time. 
One thin layer of detrital sediment occurs in Turonian time. 
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Figure 33.  Sumnary of DSDP site 304 (from Snow el al., in press; 
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SITE DATA CORE DATA 

Position:            , Penetration; 
Latitude   39c20.rN Drilled-- 216 meters 
Longitude 155o04.2 E Cored  131 meters 

Date: 08/24/73 Total  347 meters 
Time: 0756Z Recovery: 
Water depth: 5630 meters Basement- 3 cores 
Location: Japanese Magnetic 12 meters 

Llneations Total  17 cores 
30 meters 

The lithologies sampled at Site 304 are essentially identical to the section 
sampled at Site 303.  The bottommost sediments recovered, the nanno ooze unit (Cores 
12-14), represent sediments accumulated just above the carbonate compensation depth 
(CCD),  The thickness of the Cretaceous section is not as large as would be expected 
from a high productivity zone such as the equator.  These sediments were most likely 
deposited toward the outer edge of the equatorial high productivity area, yet above 
the CCD.  An unrecovered unconformity (also inferred from Site 303) probably exists 
between the Upper Cretaceous and the Miocene as suggested by the sedimentation rates. 
The time represented by the hiatus was the time that sedimentation shifted from above 
to below the CCD.  The clays and partially crystallized cherts of Unit 2 represent i 
dissolution fades deposited on the outer margin of a high productivity zone below 
the CCD.  The radiolarian-diatom ooze of Unit 1 is simply the uncrystallized equiva- 
lent of Unit 2.  The moderate average accumulation rates for these two units (16 
m/m.y.) suggest they are not abyssal clay fades, which typically have rates an order 
of magnitude less than this. 

One thin layer of detrltal sediment occurs in Aptian time.  Calcareous Sftiiiment: 
nannofossil rich.  Siliceous; chert fragment rich, at bottom of the cored interval. 
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Figure 34.  Summary of DSDP site 192 (from Snow et a!., in press) 
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. ITl:   DATA 

Position: 
Latitude       53o00.6|N 
Lonjitude   164042.8'E 

Date:   09/04/71 
Time:   0400Z 
Water depth: 3014 meters 
Location: Meiji Guyot 

CORK DATA 

Penetration: 192 192A 
Drilleo — l.)4 1010 meters 
Cored  308 47 meters 
Total  942 1057 meters 

Recovery: 
Basement- 0 2 cores 

0 13 meters 
Total  35 6 cores 

152 38 meters 

An unconfirmlty separates middle Eocene and Cretaceous (middle Maestrichtian) 
beds.  At 1044 meters the sedimentary sequence apparently depoaitionally overlies a 
complex of alkali basalt and trachybasalt flows.  It is notable that abundant ice- 
rafted (7) debris and volcanic ash occur down to middle Pliocene deposits, although 
a few ash layers occur in lower Pliocene beds.  Presumably this means that formation 
of glaciers in Kamchatka and a late Cenozoic episode of intense volcanism in the 
Kamchatka-Kuril region began about 3 m.y. ago.  The richly diatomaceous beds, 550 
meters thick, overlying the seamount attest to high fertility of the overlying surface 
waters back to early late Miocene time.  Prior to this, and through the Oligocene, the 
seamount was buried beneath a nearly equally thick pile of pelagic clay.  Microfauna 
and flora suggest that the sediment-water interface has remained near the carbonate 
compensation depth throughout deposition of the entire sediment section.  The thick, 
lower Miocene to lower upper Miocene pelagic clay requires that parts of Meiji Guyot 
was near a sediment source at this time.  The only possible aource areas are Kamchatka 
to the west and the Aleutian Ridge to the north, which were both tectonically and 
volcanically active in the mid-Tertiary. 

Interbedded detrital sediment and siliceous, diatom rich, sediment.  Earlier 
calcareous sediment rarely nannofossil rich. 
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Figure 35,  Sumnary of DSDP site 193 (from Snow et al., in press). 
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CORE DATA 

Penetration: 
Drilled-- 42 meters 
Cored  29 meters 
Total  71 meters 

Recovery: 
Basement- 0 cores 

0 meters 
Total  4 cores 

12 meters 

SITE DATA 

Position; , 
Latitude   45'4B.2|N 
Longitude 155o52.3 E 

Date: 09/06/71 
Time: 2153Z 
watei depth: 4811 meters 
Location: Hokkaido Rise 

The entire section is high in volcanic glass and terrigenous silt content, pro- 
bably pyroclastic and terrigenous debris supplied by the Japanese and Kuril islands. 
Although we have only spotty recovery, discrete ash units may be more numerous in the 
upper part of the section.  Hays and Ninkovich (1970) state that Northwest Pacific- 
ashes, from Kamchatka and the Kuril Islands, are light in color and composed of color- 
less shards, while the Aleutians supply both dark and light-colored ashes to the 
Northeast Pacific. The ashes at Site 193 are dark in color as they appear in the core, 
but the shards themselves are colorless.  The color of the ash as seen in the core Is 
due to contained opaques plus the fact that the shards are being altered to jlay. 
Cores 1 and 2 are richer in diatoms than are Cores 3 and 4.  The overall low rate of 
Pleistocene sedimentation at Site 193 indicates this may be due more to a fluctuation 
in diatom productivity than to a change in rate of supply of terrigenous components. 
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Tbble I.  Surface sediment types 

Map Patterns 

Clay and CaIcareous 

Mud and Calcareous 

Clay and Si IIceous 

Mud and Si Iiceous 

Sediment Name Description 

Calcareous clay 

Calcareous mud 

Si Iiceous clay 

Si I iceous mud 

Siliceous and Silt/Sand   Siliceous silt 
and sand 

10-30% biogenic carbonate, size 

<4 urn 

10-30% biogenic carbonate, fine 
mostly grained terrigeneous with 

some silt ana sand 

10-30% biogenic silica, size <4 Mm 

10-30% biogenic silica, fine mostly 
grained t^rrigenous with some silt 

and sand 

10-30% biogenic silica, size 4 Mm 
to 2 rtm 

Table II.  Grain size of surface sediments by geologic province 

Emperor Seamounts 

Mei j i Guyot 
Kuril   Trench 
Southeast  Abyssal   Hi I Is 
Hokkaido  Rise 
Shatsky  Ri se 

Sand Al eur i te Pelite Subcolloidal 

10-50% 10-50% 10-50% <10% 

10-20% 30-50% 30-50% <10% 

<10% 10-30% 70-90% 10-20% 

10% 10-30% 70-90% <10-20% 

0-20% 30-50% 50-70% <10% 

<10% 30-50% 50-70% <10% 
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Table IV.  Physical properties of Northwest Pacific Ocean sediments, terrigenous, and red clays 

I 
I 
I 
i 

I 

1 

y W            e n c St     G i          LL        PL     P LI 

(g/cm3) (%) (%) (g/em2) (%) 

Paci t:c 
ria x 1 mum 2.03 423 10.43 91 556 57 3.83 231 86 105 356 

Mln imum 1.15 24 0.80 45 1 1 2.32 25 24 16 86 

Average 1.45 175 3.29 77 49 4 2.71 100 41 68 152 

Terr 1genous mater i a 1 
MaxImum 1.93 259 6.43 87 722 57 3.26 143 53 95 324 

Mlnlmum 1.21 28 0.79 44 1 1 2.27 25 15 11 84 

Average 1.46 112 2.51 73 64 4 2.67 85 29 36 153 

"Red   da y" 
Max i mum 2.03 423 10.43 91 230 25 3.83 231 86* 83* 166* 

Mi n imum 1.15 23 0.69 41 2 1 2.41 106 - - - 

Average 1 .44 159 3.30 74 45 9 2.54 167 
' 

(after Keller et a/., 1970) 

y Bulk Densi ty 
VV Water % dry we ight 
e VoId ratio 
n Porosi ty 
c Co h e s i o n 

St Sensi t i vi ty 
Gs Grain specific gravity 
LL Li quid Iimi t 
PL Plastic 1imi t 
PI Plastic!ty 
LI Li qui di ty Iimi t 

I 
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I 
Table VI.  Grain size of DSDP sediment» 

Core, Sect!or 

DSDP Interval Depth Sand Silt Clay 

Core (cm) (m) (%) (%) (%) Class!f i cat i on 

192 1-1(47.0) 0.5 10.5 52.1 37.4 Clay 

1-1(134.0) 1.3 5.0 50.5 44.4 Clay 

2-4(63.0) 6.1 10.3 46.3 43.4 Clay 

2-4(87.0) 6.4 1.0 87.4 11.6 Sand 

3-2(47.0) 12.0 10.1 49.1 40.8 Clay 

4-2(34.0) 20.8 7.7 50.7 41.6 Clay 

5-2(102.0) 30.5 6.C 46.4 47.6 Clayey silt 

6-2(37.0) 56.9 2.9 32.1 65.0 Clayey si It 

8-3(110.0) 96.1 3.0 33.1 63.8 Clayey silt 

8-4(87.0) 97.4 0.8 40.4 58.7 Clayey si It 

9-3(56.0) 124.6 1.4 34.1 64.4 Clayey silt 

10-2(36.0) 149.9 1.8 31.1 67.1 Clayey silt 

11-2(34.0) 177.8 4.0 31.4 64.6 Clayey silt 

12-2(93.0) 206.4 4.9 38.5 56.6 Clayey silt 

13-2(118.0) 234.7 6.5 36.9 56.6 Clayey silt 

21-2(86.0) 477.4 3.4 31.5 58.1 Cl ayey si 1 t 

23-2(60.0) 571.1 0.9 38.1 61.0 Clayey silt 

27-4(63.0) 751.1 0.2 35.2 64.6 Clayey silt 

28-1(58.0) 784.6 0 28.9 71.1 Clayey silt 

29-1(128.0) 794.3 7.3 39.3 53.4 Clayey silt 

30-2(140.0) 851.9 0.3 37.7 62.0 Clayey tilt 

31-2(38.0) 897.9 0.2 9.4 90.5 Si It 

32-2(31.0) 906.8 0 9.3 90.7 Silt 

193 2-1(48.0) 2.5 10.1 55.5 34.4 Clay 

3--: (80.0) 25.8 10.1 47.1 42.8 Clay 

3-5(87.0) 31.9 9.6 44.3 46.1 Clayey »•It 

303 65.2 2.6 47.2 55.1 

124.85 5.1 48.6 45.9 

176.83 1.0 10.7 80.3 

I 
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Table VII.  Density and porosity of DSOP cores 

Shore Lab. GRAPE Shore  Lab. Syr Inge 

Densi ty De n s i t y Water  Content Water   Content 

Hole Co r e Sccticn Interva1 (I/«) (l/cc) (% dry wt.) (% dry wt.) 

192 1 68-76 1.41 115.57 119.2 

2 1 37-140 1.46 1 .44 

■i 104-105 1.50 1.43 

1 82-85 1.48 1 .41 91 .12 84.3 

2 65-67 1 .56 1.56 

3 53-55 1.57 1.60 

4 115-118 1.49 - 
1 52-55 1.48 1.54 92.90 88.0 

2 46-48 1.57 1 .61 

5 85-88 1.48 1.46 

A 51-54 1 .55 1.58 

5 23-26 1 .56 1.54 

6 
1 

20-22 

89-91 

1 .54 

1.45 

1 .50 

1.51 

77.14 81 .0 

2 32-34 1.55 1.55 

3 16-18 1.47 1.41 

4 99-102 1.51 1.53 83.95 89.9 

5 7-10 1.51 1.50 

2 143-145 1.39 _ 109.04 112.1 

134-137 1.49 1.51 

88-91 1.57 1.59 71.08 75.0 

87-89 1.55 1.55 

104-106 1.49 1.50 

35-38 1.51 1.49 

88-90 1.52 1.46 81.63 77.1 

85-87 1.48 1.45 

49-52 1 .47 1.47 

9-11 1 .55 1.54 74.90 71 .4 

120-123 1.53 1.55 

13-16 104.67 104.9 

77-79 1.39 1 .41 

41-4 3 1.39 1.43 

57-59 1.39 1.41 109.03 105.7 

44-46 1.37 1.38 

66-68 1.30 1.26 

44-46 1.37 1.38 

119-121 1.36 1.36 

29-31 1.41 1.40 

93-95 1.41 1.41 106.55 101.2 

139-141 1 .41 1.45 

60-63 1 .41 1.44 105.53 96.9 

131-133 1.39 1.39 

125 1.36 1.28 

70 1 .44 1.39 

192A 40 2.16 1 .80 

no 2.82 2.31 

4 0 2.61 2.33 

135 2.72 2.13 

40 2.63 2.11 

35 2.61 2.31 

191 114-116 1.43 1.42 

136-138 1.40 1.40 115.46 97.4 

96-98 1.49 1.42 88.85 93.5 

107-108 1.39 1.39 119.28 107.0 

107-109 1.49 1 .51 87.49 91.2 

131-134 1.49 1.42 

95-97 1.45 1.50 

105-108 1.50 1.56 86.36 83.4 

48-51 1.38 1.42 

96-98 1 .49 1.57 

70-73 1.50 1.52 85.33 90.2 

124-126 1 .44 1 .49 

71 -74 1.43 1.14 105.68 86.2 

125-128 1 .54 1 .51 

303 65 1.3 2.81 ss ■ 

Depth 180 1.5 3.12 bO« 
(m) 110 1.2 2.58 8S' 

304 220 1.5 3.52 80' 
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CONTOURS 

—looo—   1000 meter intervals 

-—200-—  Even 200 meter intervals 

-500  -  Odd hundred meter intervals 

Depths are uncorrected and are based 
upon a sound speed of 1500 meters/second 
two-way travel time. 

WSX Approximate 200 mile limit 
from foreign territory 

•303   D.S.D.P. Drill Sites 

DATA SOURCES 

TRACKS 

Track overlay includes all tracks used for 
compilation of the Northwest Pacific Basin. 
Bathymetry in bordering areas is taken 
from NAVOCEANO Pub. 1301 and revised 
by continuous seismic reflection profile 
depths.  The bordering areas are contoured 
at 500 meter intervals and at 1000 meter 
intervals. 

BATHYMETRY FROM 
HAVCmm PUB. 1301 
REVISED BY SEISMIC 
REFLiCTIOH DEPTHS 

1550E 160° 165° )70»E 

Defense Mapping Agency, Washington, D.C. 

Japanese Hydrographie Office, Tokyo, Japan 

Lamont-Doherty Observatory, Palisades, NY 

Nova! Oceanographic Office, Bay St. Louis, AAS 

National Oceanic and Atmospheric Adminis- 
tration, Rockville, AAD 

National Geophysical and Solar Terrestrial 
Data Center, Boulder, CO 

Oregon State University, School of Oceano- 
graphy, Corvallis, OR 

Scripps Institute of Oceanography, La Jolla, CA 
Shirshov Institute of Oceanology, Academy of 
Science, Moscow, USSR 

United States Geological Survey, Menlo Park, CA 

450N 

40°N WN 
ISO" 

50° 

* 

-vV 



1550E 



I 

170oE 

-550N 



Science, Moscow, USSR 

United States Geological Survey, Menio Park, CA 

STANDARD MERCATOR PROJECTION 
Scale at 490N Is 1: 3,000,000 

KILOMETERS 

450N 

400N 

^ 



160° 165° 

r 



SUIKO 
IE AMOUNT 

X 
NINTOKU 

SE AMOUNT 

40oN 
170oE 

MAPI 



mm 

15! 

SEDIMENT ISOPACH MAP 
OF THE 

NORTHWEST PACIFIC OCEAN 
Compiled by 

James A. Green 

Naval Ocean Research and Development Activity 
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1980 

55° N 

Sediment isopachsare measured in seconds of 
two-way travel  time from continuous seismic 
reflection profilesand represent the thickness 
ot the upper transparent layer to the upper 
opaque layer (Ewlng 1968) or to true basement. 

CtrSTOljRiv - TWO-WAY TRAVEL TIME 

—1.0— Whole second intervals 

—.j ?— Even 0.2 second intervals 

— oi   - Odd two-teoths intervals 

Unlaberiäd closed contours indicate Ihinner 
sediment except where Implied by alternating 
solid and ctashed 0.1 secv.iG .cntours. 

Assuming on average velocity of 1700 
meters/secorvH (an average of Houtz and 
Ludwig (1979;  J.id D.S.D.P. ;r3 and  i92 
measurements) tUt fül' «    ;   'j »Mcknesses 
are calculated: 

Seconds of two- way Actual calculated 
travel time thickness in meters 

0.1 85 
0.2 170 
0.4 340 
0.6 510 
0.8 680 
1.0 850 
1.2 1020 
1.4 1190 

Track control for sediment isopachs is less extensive than 

control for bathymetry. Sediment isopachs in sparsely sur- 

veyed areas can be inferred by overlaying the bathymetry. 

• 303   D.S.D.P. Drill Sites 

TRACKS 

Track coverage includes all continuous seis- 
mic reflection profiles used to compile this 
map. Tracks are displayed according to the 
institute which collected the data. 

 Lamont-Dohertv Geoloqical Observatory 
Columbia University, Palisades, NY 

--   --   Naval Oceanographic Office, Bay St. Louis, MS 

 Scripps Institute of Oceanography, La Jolla, CA 

 Shirshov Institute of Oceanology, Moscow, USSR 

. — • United States Geological Survey, Menlo Park, CA 
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Track control for sediment isopachs is less extensive than 

control for bathymetry. Sediment isopjchs in sparsely sur- 

veyed areas can be inferred by overlaying the bathymetry. 

• 303   D.S.D.P. Drill Sites 
XWNX Approximate 200 mile limit 

from foreign territory 
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STRUCTURE CONTOUR MAP 
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NORTHWEST PACIFIC OCEAN 
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550N 
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Structure contours ore measured in seconds 
of two-way travel time from continuous 

seismic reflection profiles and represent 
the depth from sea level to the upper 

opaque layer {Ewing et al., 1968) or to 
true basement. 

CONTOURS- TWO-WAY TRAVEL TIME 

— 70- Whole second interval 
dashed where inferred 

Actual depths can be calculated by dividing 
the structure contour depth into a sediment 
component (from the sediment isopach map) 

and a water component and by assigning 

each component a velocity.   Sediment veloc- 

ities average 1700m/sec (Houtz and Ludwig, 
1979 and DSDP Holes 303. 192) and water is 
assigned 1500m/sec. 

Depths from the bathymetry map adc'ed to 

the sediment isopach map thicknesses do 
not necessarily equal the structure contour 

depths since a more extensive data set was 

used to compile the bathymetry. Structure 

contours in sparsely surveyed areas can be 
inferred by overlaying the bathymetry. 

• 303  C'S.D.P. Drill Sites 

VSXN  Approximate 200 mile limit 
from foreign territory 

TRACKS 

Track coverage includes all contihous seis- 

mic reflection profiles used to compile this 

map. Tracks are displayed according to the 
institute which collected the data. 

"" — ■— Lamont-Doherty Geological Observatory 
Columbia University, Palisades, NY 

..   .. Naval Oceanographlc Office, Bay St. Louis, MS. 

"" —'Scripps Institute of Oceanography,La Jolla, CA. 

—■■—— Shirshov Institute of Oceanology,Moscow, USSR 

United States Geological Survey,Menlo Park,CA. 
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BOTTOM ROUGHNESS 
OF THE 

NORTHWEST PACIFIC OCEAN 
Compiled by 
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Naval Ocean Research and Development Activity 
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1980 

iSi 

Smooth 

Intermediate 

Rough 

Relief less than 200 meters in a 20KAA span 
and/orslopes less than 3-4° 

Intermediate relief and slopes of 3-10° 

Relief greater than 200 meters in a 20KM span 
and/or slopes greater than 6-1 0° 

Roughness is based mainly upon digitized continuous seismic reflection 
profiles of the water/sediment interface. The bathymetry map is used 
to delineate rough areas where no seismic profiles exist. 

Overlays include: 

1 .Track coverage of continuous seismic reflection profiles. 

2. Bathymetry map. 

Drawings by Rjnee A.Edman 
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2. Bathymetry map. 
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ROUGHNESS OF ACOUSTIC BASEMENT 
OF THE 

NORTHWEST PACIFIC OCEAN 
Compiled by 

James A. Green 
Naval Ocean Research and Development Activity 

NSTL Station, Ms. 
1980 

Smooth Relief  less than 200 meters in a 20 KAA span 

and/orslopes less than 3-4° 

Intermediate Intermediate relief and slopes of 3-10° 

Rough Relief greater tfi^n 200 meters in a 20KAA span 

and/orslopes greater than 6-10° 

Roughness is based mainly upon digitized continuous seismic reflection 
prof lies of the sediment/acoustic basement interface. The bathymetry 
map is used to delineate rough areas of suspected basement outcrop in 

areas where no seismic profiles exist. 

Overlays include: 

1. Track coverage of continuous seismic reflection profiles. 

2. Depth to Acoustic Basement. 
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Drawings by Renee A. Edman 
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Bathymetry is screened. 

äee maps of individual subjects for legends. 
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Structure Contour Mop of the Acoustic Basement is screened. 

See maps of individual subjects for legends. 
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