Proceedure
Gravity measurement was carried out by surface ship gravity meter, Air-Sea Gravity
Meter of La Coste and Romberg Co. The measured gravity values were correlated with
the gravity value on land at Funabashi private pier (Chiba Prefecture). The absolute
gravity value at this point is 979,802.9 mgal.
In the gravity measurements, the position of the ship is fixed by the NNSS (Navy
Navigarion Satellite System) which uses the dead-reckoning regulation based on the
satellite fix. The EM log was mainly used as the velocity sensor and sometimes the
Doppler Sornor was used.
Gravity and other geophysical data were recorded at 30 sec. intervals on magnetic
tape of the data acquisition system of the NNSS. The recorded data were compiled by
the off-line system, and were recalculated about the position (including post-analysis).
The data finally obtained was compiled in the data list, profiles and contour maps.
An example of the data list which contains free air anomalies “F-A A” and Bouguer
anomalies “BA™ with time (GMT), latitude, longitude and others is shown in Table
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IV. GRAVITY MEASUREMENT

By Kiyokazu Nishimura and Fumitoshi Murakami

An example of gravity data list.

DAY : Julian day, TIME: Hour and minute, SPD: speed of ship (knot), HDG:
Heading of ship (degree), FREE AIR: Free air anomaly (mgal), DEPTH:
Water depth (m), MAGT: Total magnetic force (gamma), ANOM : Magnetic
anomaly reduced from IGRF (gamma).
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IV-1. The Gravity contour maps are drawn with respect of the free air and Bouguer
anomalies, and are shown in Fig. IV-1 and Fig. 1V-2. In the Bouguer anomaly contour
map, the anomalies are calculated assuming a Bouguer correction density of 2.0 gricm?,
and water density of 1.03 gr/cm®. Topographic correction is not calculated.

The profiles are shown with respect of the free air anomalies (FA) and the Bouguer
anomalies (BA, BA’) with the magnetic anomalies (MG) and the topography (TP). In
the topography profiles, the vertical scale is ten times as long as the horizontal scale.
The Bouguer anomalies in the profiles are drawn up for two cases: one is calculated
from the Bouguer correction density of 2.0 gr/cm® (BA), and the other is calculated
from the Bouguer correction density of 2.67 grfcm® (BA’). These two corrections are
used in conjunction with the two dimensional topographic corrections. The method of
TALWANI et al. (1959) was used in the topographic correction. West or north is indicated
on the left side of all the profiles.

On each contour map, the range of the enclosed four points 39°55'N 142°0'E, 41 °30'N
141°30'E, 41°30'N 143°50’E, 39°55'N 145°40'E, (east from Hachinohe), survey lines
of L20-1.26, were affected by gravity meter trouble in that the heater in the sensor of
the gravity meter did not operate under normal condition. Consequently, the gravity
values in the region increased. The erroneous gravity values are compared with the
values of the surveyed line of L46 which crosses all of the lines failing to leave correct
data, and with the neighboring lines to check the smooth connections. The data are
also compared with other data taken by other cruises. Consequentry, the erroneous
gravity data are found to always exceed 40 mgal as compared with that of the correct
one. The erroneous range is indicated by the broken dotted line which are reduced from
40 mgal from the obtained values. In the same manner. the free air and Bouguer anom-
alies in profiles L20-1.26 are indicated to reduce 40 mgal to the measured values.

Results

Free air anomalies

Low gravity anomalies are observed along the Kulile Trench and Japan Trench.
The axis of these low anomalies extend northeast to southwest along the Kulile Trench,
bend in the vicinity of 41°15°E 144°50'E (southeast of Cape Erimo), and extend north-
northeast to south-southwest.

High anomalies are observed along the coastal region of east Hokkaido to the northeast
and along the Sanriku coast.

The center of low anomaly in the northeast (about 200 km) from Etorofu Island is
calculated to approximately —300 mgal. The center of the anomaly lies about 12 km
from the topographic trench axis toward the land.

On the continental slope off the eastern end of Hokkaido to near Shikotan Island,
the gravity gradient is steep (profiles L36-L45), it increases at the rate of 10 mgal/km
to the south-east.

The center of the high anomaly southeast of Etorofu Island is calculated as ap-
proximately 220 mgal. This region is considered to be on the extention of the islands from
Nemuro Peninsula and Shikotan Island. The anomaly may be caused by the tectonic
high of the Cretaceous rocks.

The high anomaly of 160 mgal is distributed along the northeastern coast of Hok-
kaido. This anomaly corresponds to the southern ridge of high gravity anomaly of
230 mgal at Nemuro (Geographical Survey Institute, 1955) which is the one of the highest
values in Japan.
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Fig. IV-1 The contour map of the free air anomalies off Northeast Japan and Hokkaido.
The number in contours are in units of 10 mgal, and contour interval is 20 mgal.
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Fig. 1V-2 The contour map of the Bouguer anomalies off Northeast Japan and Hokkaido.
2.0 grfcm?® for the subbottom density and 1.03 grfcm?® for the water density are
used for the Bouguer correction. The number in contours are in units of 10 mgal,
and contour interval is 20 mgal.
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Fig. IV-3 Profiles of topography and anomalies.
TP: topography, FA: Free air anomalies, BA: Bouguer anomalies (Bouguer
correction density 2.0 grfcm?), BA’: Bouguer anomalies (Bouguer correction
density 2.67 gr/cm?®), MG: Magnetic anomalies resulted by the reduction of
IGRF. Time (JST) are drawn below profile of topography. Dates are drawn
every 0 o'clock. In the profiles of the topography, vertical scale is ten times as
long as horizontal scale.

— 95 —



L 3
Sogamma Y
400 A
200 i\ /
0 AL \ JAEnN /
= Ve ¢
-200
-400
mgal
-600 BA! < 400
sl 300
/ BA A 200
i 100
e —~1
d J 13:)
-2 %\ ] -10C
2 TN~ -200
- 3
-5 = —/}\f‘ﬂm
s M"IT; 4 = =
~f ~t
-10
™ Sy
0 100 200 3C0 333xM
L A4
st
4350 A
207 /N
7N
0 J N\
{
2200 [T e - / \l
-400 I Pl \w\,
-200 \@/\ / _ R A Y
. auld | 300
___ Pt 200
%J‘M ,/-f"’“‘ 2 N 109
0 o -~ 0
gy - =S 103
- A=
-4 ‘vr\f'\ . -200
- :h—\,l\ r*r-—/(-%\
-t - A e o
TAC A~ f e R
8 T
-1g
km
0 100 200 3003i8KM
(B)



650 600
200 400
200 200
Q 0
-200 ‘\*M -200 "
-400 -400
-600 i i -600 R i
300 —| 300
200 200
BA' 100 BA' 100
0 T4 0 ==
LT \%‘“”I*\\\r\-mo 2T TopE . i
-4 1 9200 -4 - \:'\\:-200
-B -6 |
-8 -8
-1 g l !
0 100 128KM 0 100 1 2SKM
L 7 L 8
§00 e
200 400
200 200
0 - 0l
00fl I e | e
-400 -400
-600 28%500 iain
300 - 300
1 | 200 1 200
N B T D 100
0 ‘VQ::’“": 0 0 *Tﬁ/\\f: 0
-2 m\!\h}\ - 100 -7 m\nj |10
-4 Tj\”\:“\*”-zoo -4 : \f\\l -200
=C -0
-g ¥ TN - N )
-1p] . - 1gyl ‘
0 100 20C 215K 0] 00 [ 76KM
©

— 97 —



S 60C
400/ 400
200 280 L
(S a— C /\ —
-20¢ Mcstan e -2e0 \\ﬁ“
-420 -400
-500 iy -500 i
300 300
1 200 __1 200
;& 100 e B 100
a A 0 " 0
ot T T \ -100 P LR
-4 I~ NJ-200 -4 -200
-5 i -6
-8 -8
_19‘“ i —Mm
O 100 V43KM G 77 KM
L 1!
azna
B‘fjtly 1 r
4c0
200
0 N )
~20G SN ey MG, ,// x\/ f\”‘/\T\V
-400
mgal
-660 | e ) 40b
Z 300
=7 BA__——|=o=e o ™ T TTTTTTT T 200
e 100
D_ o Jfrﬁ ~w FA_.. M-Hd/\d 0
2 T~ ~ -100
-4 j\\ N__|-200
-6 . N TP;], = “—_r"";‘l"‘*T——--—/. -E-
-g|_ M’“ R
_ikrl]:‘ - B
g 00 200 300 400 £52KM

(D)



gamma
600
400
200 TAN
g M / \
S TR R O N I A N A
| \w/ \
-400
-600 . ,\P Pl
. 300
R —omr T T 200
N TN - - BA 100
N
74 M Tﬁ“r‘j—;\ EA -100
-4 J\\J 269
-6 \\Q I e e e it A
8 4\/:3/"., NS~ ~
- ol
-10
km -
§ 1 GG 2035 300 400 448&M
. L 13
660
|
200 . N\
N N~
-200 .J”\., MN \ / \/
W,
-500 _,m i
B - 300
L T 200
\,___-.-/-/ B~ 100
0 I S 0
-2 i mﬁ\l";\ e FA / o
4 uﬁ‘jmp -2N0
‘8 \‘ l B v - A 1] w"—;r\:—:
sl = \Y( T J
-19 - |
§ 00 200 300 400 418KM



-205 Y M~ AN \\//

-400 = 7
| mgal
-600 00
—
- —l
~ S N 206
/’f\‘/‘\“f’,/’\‘" BA | DD

7
P R e e \/\\“\ - -100

-6 "\,‘ MT__I’T_I_'

-0
km . e _ N )
G i o 20¢ 300 SEEKM
L 15
gamma
500
400
200
0 .
-200 /\/\’\/‘/\l\“\_ﬂﬁ&,_ ]Z
-400 T
7
mgal
-500 260
1 o
— ] 4 200
E,T.;,//M:_/M\‘“‘-\A i »/“/BA | IOU
0 I 0
-2 m‘*:—ﬁ\ 1100
) i d ‘\l\l\ N
1 SRR -200
-6 l 4
-8 B ) s N
-10 |
km e .- -
J 100 <00 ZB2KM
(F)



al
400

300

200

&EQ:: o2 L~ 100

g S— -
B e i i IR \;,'5’;_\ ~1-100
N 200
R N T
a7 s
100 00 2Z4KM

\“/\\ ..N"""'N\"*'!’g\ AN f”N\v_ f/
S T !
iiin
% 306
/sn',/ ————"T1 200
5a 100
"""""" = )
— > L -100
T -200
sle 2GC 300 307KM

()]

— 3 —



600 -
400
200 |
0 e y
-200 //\ ./'/w\\amn,. ,Av,f*ff” // \
-400 N7
mgal
-600 400
300
2 —1 200
X N 100
0 \ | — 0
-2 W"‘ ji_/ -100
- B N -200
-6 \J\"\ WA,:‘(—""!_’_’T'?
. P
_IQ
8] 100 200 ZS9KM
19
gamma
600
£00
200
0 //“\
2200 LY v ”i / N
-400 7 N\
mgal
-600 — 400
‘ — 300
s/ o 200
Pl
. _ BA_ .~ 100
0 0
-2] T o -160
-4 RN -206
-6 ) \k\ ,:Mr’":r’_'r-
) 7
-1g]
0 100 210 29i KM

(H)

— 3 —



L 20

600
400
200 -
0 N MG N /
-200 M\\_,\ - \\ /
NI
-600 08"
T 300
y
- _ 200
ey _‘\ —— ; M—— 100
0 N M = 0
ik T ‘“;\ \ - -100
-4 d e -200
-6 v\»!\ T 1
5 T E T
-1
0 100 200 298KM
L 27 L 21
6B st
400 400
200 200
0lA g a
o] AN N I = N o
-400 N |00 4
-600 -600 iy
' 300
IV 200
ﬂ’&z,v,:‘::“__:“ . sar. R s f’i/“_\ 100
ST ] e T T
OE & ~ \; :;;F&A.f—---\ o — g e~ 0
S, S _ 2 = _l{-100
y \J\ S ?\; " 1]-200
-6 ‘ﬂ)\ -6 ?\
-8 § \)‘ -8 8 \:
_|l9n -19,“
0 100 20@22KM 0 100 200 205 KM

]

— 33 —



amma

600

L 23

L

24

400

200 fap

-200

\
)

-400

R

-600

Pii(in

300

200

100

S

-100

Z -200

100

200227KM
L 26

100

200 232ZKM

RSN

N

N
~_7

al

400

300

200

100

-100

-200

100

200 227 KM



L 2€-] L 27
amma aruma
663 . 600
106 400 .
f T ]T-
206 200 1
g ) 'IW a { \
!\ B
-208G NN -200 !
T \L T 1 } MG .~
406 \,} -400 1\ .
v mga
-630 258 go0|_\[7 400
260 | 300
200 200
mne N 165 100
oI gAY IR RSN ¥
-2 J1-1g % I S N i 7 iy
z 11-160 2 \;i‘{ﬁ/ 00
-2 206 -4 -200
-6 -6
-8 S -5
-1Q vy _ID
m ko
0 104KM G 106 200210kM
L 28 L 29
634 600
400 400
z00 ﬂ 200
0 } \ 0 s
-200 “\/\’j — 200 [P [ v
-400 -400 *\]
mgal . mgal
-566 430 -600 400
300 306
260 205
10C _ 160
e\ 9  — o
KA SEEAN -100 4 I I EﬁEﬂthf"IUS
-4 —F -206 -4 -200
-6 -6 |
-8 2 -8 ]
-1G) ' -10: |
J 100 125KM 1] 00 135KM
(K)

— 35 —



L 30 L 311

680 - v
400 400 N
200! 200 N | x
NN 0 AN
-206 ] -200 LYW
NV N A%
-400 -400 . \
600 B8 -s00 aoe
300 171 300
| 200 rd — 200
iCO > i00
0 X 0 0 //" N \ a
-2 = e d—1-iC0 -2l — = = m//\‘ -100
-4 -20C -4 - N\\:\“’ -200
-€ -6 = Jl /a\
N il 4
-8 -g! @ ,
I |
-l()z"_—_ ~lEm | i
0 102 kM 0 100 200 228KM
L 31 L 32 L 33
680 sofme 500 -
400 400 400
260 200 200
o . G g
-200 - - we N
00— 200
-400 -400 -409
mgal mgal mgal
-600 | 408 -600 488" -s00 406
300 300 300
200 200 200
sa/ 100 100 100
DWM 0 ol 2] 0 a ?{; G
-2 L5 ) e <= e -100 -2«>14f7\ -100
: Pt~ W h TR TN
-4 a'“’;m\ﬂ-zao -4 xﬁ—zaa -4 :-zna
-6 d -g ' -6
-8 -8 -8 e
_lkon —lQm -19m
a 96 KM Q 1001 22KM G 87 KM

(L)

— %6 —



L 34 L 36

500 s
400 400
A 206 |\
0 , o\
200 Y \ U ANEA 200 NN
SRR >
-400 j/ = -200
-500 S 408" -600 il
=] 300 300
Bat_-"" 260 200
— '
- -~ 100 2 100
\_\_,// | B2 \—E_A/_J,—u
0L > — 10 0 0
N - 00 2F N -100
) N é\m\\ ~
-4 - -206 -4 =L ]-200
-6 o ,_3./ -E } \.!\
Nt .
-8 -8
W ‘ e
§] GO 200 Z242KM 0 00 1i7KM
L 35 L 37
606 600 =
400 A A 400
200 A [ \\ A 200
v A
-200 A8 : \ / -200 \
MV AN VS
-400 -400
vV mgal mgal
-600 4 468" -e00 400
1= 300 300
S 200
" .
Py — n,;,,/ 10C %\‘/3}- 180
0 \./\/"”MN L, B 0 \,—B}J 0
2L /| 100 -2 ra__|-100
FA N
-4 % \;“““/ A 200 el T T e
= SO QS 6
g Al
g, | ) S
0 i G0 20C 277KM 4] 85KM
M)



samna oo
400 100!
200l 200 [N
ol ~ N\ s\
-200 \;A/’\Qvn AN L 200\ ]
-400 Y / -200
-500 [ 408" -s00 468
— 360 300
B —— 200 200

-1 - BA'
%"/Nﬁ/ - : UU o~ ! OO
0 i 0 0 22 0

RIRN g Y -z\g\m -100

T FA \
¢ e 20n ol D] 200
-8 \}"« ] -6 ]
i 104
0 170 2GC 220KM G B4AKM
L 38 L 4]
g 6t0 -
200 |. £00
2007 200
ol N | ,.____73\ A\ 0|\
-200 \/‘»J\ I/\NG / \ -200 \v-\”'fw-/
-400 vV \\ \ a0l
-602 j_ﬁv ¢d8* 600 i
Bpl T 300 200
et e 200 200
Tl 100 21 15c
a \,—\r,/ [N q BA 0
-2 |2 \N\ - -100 :\\\ -100
I T ) ™
-4 — -208 -4 = 200
-8 ull N 2 o s £ -6 4
ol = | o g
‘EE)“'\1 ‘ L _]l\.m
0 100 200 2435KM . C 83KM
(N)

— 38 —



2 300
- S g — 200
e = - N / B/"/ 100
0 N > - - — g
-2 N ~ \Q\\ L -100
al P ANTIS e 7 N ’ -208
il v
-6 }\,J? T ]\\\ e Il
. TR N
-5 |
km .
0 |GG 200p 220 10C 200224KM
L 44
680
400
200
0 - MG
7
-200 N \\ AN
-400
mgal
-600 £C0

aoc

AL T 200

_—
] ' _ 100
2“ | il -106

-2 I o . -200
-6 "J\ e » d T
-8 o et ‘:
15 - ‘
0 G0 z0oa 278KHM
)



L 45

600 -
400
200 A
0 J\\/\ N ‘
-20¢ \ \\\ / \/\\N
-400 \ ¥/
mgal
-500 400
o 300
_// ] 200
\\3'\ L 160
0 AN | 2 0
_fjj\} 100
-4 P , -200
-G, NN 4 T
-8 B J\ TP(A_/E
. | o
i ' :
n | (36 200 255Kk
L 4b-a L 46-b
gamma a
660 6Ga
403 £00 ]
200 200
U MG ~
u
.1.VW\M\¢\’MI\N \'/
-200 .. -200 ] I
-400 -400
mgal mgal
-6C0 400 -600 4Gt
360 300
- |20 200
e IBR . 100 BA® 105
" "——" " FA S —— e T R
] e~ ‘\v/\ D 0 e T T e FA -\\“— ‘\ g
- TP . ———"  mw _
R4 PSR W S i S — S o VR = ——= it S - — -100
-4 a0 -4 -200
-6 -6
-8 -§ <
g i - |
)] 100 193K" 0 100 |57 KM
(P)

— 40 —



.

L 46-c L 46-e
600 N
400 420
200 200 )
0 a ﬁwlk—ﬂ
-200 4G _ -200 |
[~ —— h : v
-400 -400
mgal mgal
-600 406 -600 400
300 300
200 === 220
100 30 1100
0 /:“~~ — L0 0 @‘E/ 0
i A‘/' v"’ 1 L
-z\‘Ma =1-100 2T T
R e 4 T
4 - 200 -4 =200
6 -€ | I
-8 -8l .
BTN - i -0 i
km N km
0 I 0C ST KM ] | 00K
L 46-4
e
400
200
G ] S
— o~
-200 _
-400
-600 i
30C
200
s BA! S 160
) ———'/\V/\ /-» - BA_ - '\,__,__,‘-4 PR 0
_ﬁ—’_‘—}&/\\wﬁ__
- ——+1-10C
T
-4 : - - s B F -2Ge0
-6
-8 ~
10 ,
km
0 100 200 300 32 KM
Q

4] —



The axis of the minimum free air anomalies corresponds to the trench which does
not agree with the topographic trench axis, and exists on the slope of the trench a little
to the land-ward side. From the differences of each survey line across the trench, the
axis of the minimum free air anomalies in the Kurile Trench lies approximately 12-28 km
(an average distance of 19 km) from the topographic trench axis towards land (to the
northwest).

The center of the low anomaly at the junction of the two trenches southeast of Cape
Erimo is calculated as approximately — 160 mgal. The high anomaly of — 30 mgal exists
above the Erimo seamount to the south of the above mentioned low anomaly region.
According to profile L31-1, the high anomaly exceeds 130 mgal as compared with that
in the trench region.

Two low anomalies are observed in the Hidaka Basin. The anomaly is approximately
—160 mgal in the northern part and approximately —160 mgal in the southern part.
One more low anomaly is observed to the east of Cape Erimo where the anomaly exceeds
— 140 mgal.

The high anomalies of 140 mgal exist along the Sanriku coast, and the center of these
high anomalies exists along the east coast of the Kitakami Mountains on land.

The axis of the free air anomalies in the Japan Trench lies approximately 6-9 km
(an average distance of 7 km) from the topographic trench axis towards the land (to the
west). The Japan Trench is similar to the Kurile Trench from the view point of the
anomaly shift towards land, but the amount of the shift in the Japan Trench is smaller
than in the Kurile Trench.

The low anomaly along the Japan Trench is approximately — 140 mgal and is smaller
in comparison with that in the Kurile Trench. The anomaly along the northern margin
of the Izu-Ogasawara Trench exceeds — 200 mgal which is a largest one observed over
the trenches of the surveyed area.

Rather high anomalies are observed midway along the frontal slope of the Tohoku
and Kurile Axis. However, they are not found over all of the slope. Especially, the
anomaly is not so apparent in the Kurile Trench, except in the southern margin.

Bouguer anomalies

The low free air gravity anomalies observed in the Cape Erimo area are calculated
as approximately — 110 mgal and —70 mgal Bouguer anomalies in the Hidaka Basin.
The anomaly in to the east of Cape Erimo is calculated as approximately — 120 mgal
of the Bouguer anomaly. The water depth does not exceed 1,000 m in these areas,
which are relatively shallower in comparison with the lower values of the anomalies.
Therefore, it is suggested that the basins are filled by loose sediments.

High anomalies of 220 mgal are located southeast of Etorofu island which connect
with the high anomalies of more than 140 mgal near the northeastern coast of Hokkaido.

High anomalies are observed along the Tohoku coastal region. The anomaly is approx-
imately 160 mgal along the Sanriku coast and is approximately 140 mgal along the
Abukuma coast.
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