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Abstract: One-minute interval good-quality gravity and magnetic data were prepared for most of the
Hakurei-maru cruises carried out by Geological Survey of Japan from 1974 to 1999. The RMS COD
(root mean square crossover difference) of all the magnetic data after leveling correction is 26.1 nT, while
that of all the gravity data after altimetry and leveling corrections is 3.2 mGal. These data can create a
magnetic anomaly map without false lineations along survey lines and a free air gravity anomaly map,
which has better quality than a map created using satellite altimetry data.

Three types of data files were released as an open-file report of Geological Survey of Japan, no. 714: a
master data file, which has corrected navigation data and observed data, a gravity and depth data file and a
magnetic data file, which include data after gravity and magnetic anomaly calculation.

Keywords: Hakurei-maru, marine geophysical survey, gravity anomaly, magnetic anomaly, low-pass
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Fig. 1

Track lines of Hakurei-maru. Red, black, blue, green and purple lines show surveys for 1:1,000,000 marine geological maps (group

1a), 1:200,000 marine geological maps (group 1b), manganese nodule surveys (group 2), surveys in Izu-Ogasawara area (group 3)
and marine carbon cycle surveys (group 4), respectively. A) Whole track lines. B) Track lines in areas around Japan.
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Table 1 Hakurei-maru cruises and magnetic and gravity data collected in the cruises

Existing digital data

Scanned or digitized

Group| Cruise Survey area Survey period| Port of call and dates (time interval) analog data Final digital data

1b GH741 |Japan Trench (054{11331;?4/2] No gravity data scanned

1b GH742 |Sagaminada Sea ?25622;2)5/29 gg;;;:;g Litt?ﬁ::hi No gravity data scanned

la GH743 [lzu-Ogasawara Islands ?260/112;2?/29 82;;2:;2 E::ir:ziato CR80 (5 minutes) gravity data digitized 1 minute gravity data

1b GH744 |[South of Kii Channel ?270/%5;2;/27 8;;;8:;‘ ﬁzj;:;t;i?na gggg EISOT.EST)USS) * gravity data digitized 1 minute gravity data

2 GH745 Ezz’?;;anaasr;tnof Central &85/1(11;15())/1 7 §§23$;§é EE&EZ:::: CR80 (5 minutes) gravity data scanned g:z::z:: i:;:é{tic data
1la GH746 [Izu—Ogasawara Islands (]50{123/;; 1701 _ CR80 (5 minutes) gravity data digitized ;:2::3:2 i:’:grigtic data
2 |owar [eestoromnane ot 310 0O e (R0 (s mimtes) vy data distized (5 TUE I e
1a |GH751  |Ryukyu islands e i(:;g)z/ 18 %E%‘E]gg Eza:;: ™ | o) ;ETsizzf;fr::;i;etic data
1b GH752 ([Sagaminada Sea ?140/:11;2?/26 — CR80 (5 minutes) gravity data digitized ;:::::tz Erln’:griztic data
1o anss |Segarinada Sea south OB 32;2?/ o7 gggg:g}o?ﬁimatsuﬁma CR8O (5 minutes) gravity data digitized |1 "INt ir:;’:;’tic data
1a  |GH754 |Southwest of Japan ?262/ 112;2)7 /07 |06/25-28 Kochi MR (10's) éa_msiZZf;fr:q\;i;etic data
12 [orss {Ryuon toands 0ry1e-0e/22 §§2§§?§ Ehh MR (109 Lominate gravty
A e e e e T e e
ta fowrez o Tonokuanan (g0 O (0800 Kiante [ (o0 sy [ data dgizes | TEREER
o [ (Gt W 8150704 000072 e 0180, i) | e aea [T
B e s e T T T
o [oHr2 |off Kyushu 0 doye) - |05/14-17 Sakaimimato |CR80 (5 minstes)  lgraviey cata gigiced | ISR
1a  |GH773-1|Around Hokkaido o L‘;;g/ 09 |06/20727 e MR (1 minute) e B e data
1b GH773-2|West Tsugaru Basin ?374/112;2?/12 g;%g:g? nﬁlg(:;ate MR (1 minute) 1:2::3:: i:;;tgtic data
2 [omnsr st of Corval [0 070907 01T e o (5 mitesy [retets it dzsd Ginute ity
o fon [t s ot 2 ogorot s e
1b GH783 [Around Oki Islands ?;2/112;2)7/04 06/23-25 Sakaiminato gggg ((51 r;?:]tlfez)) * ::2::3:: i:;;tgtic data
b |GH784 |Off Monbetsu o Idi;g?/ 12 (07722724 fbashiri  |GR80 (1 minute) jTminute o data
2 fowror oters ot oemea Jo15-08/15 o2 0808 Herabls o 5 it [y st somes [ T
1ta  |aH792 g‘;:tsgjv':rgalgafds ?;0/ Lg;g?/ 15 105/01-03 Futami MR (30 5) gravity data digitized [} "INVt gm’:;’:eytic doto
o [ Pt omasos foggeiouan g o iy
1a  |GH794 |izu Islands AN Mot MR (30 s) e data
2 GH801 |Wake-Tahiti Transect ?f;()/lii;(s))S/” 02/06-13 Papeete PR79 (30 s) magnetic data scanned ::2::32 i:;:\tgtic data
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Table 1 Continued.

Existing digital data

Scanned or digitized

Group| Cruise Survey area Survey period| Port of call and dates (time interval) analog data Final digital data
. 04/18-05/17 _ . . . - 1-minute gravity
1b GH802 |Off Boso Peninsula (30 days) 05/02-05 Chiba CR80 (5 minutes) gravity data digitized 5-minute magnetic data
Kashimanada Sea, _ _ . 1-minute gravity
1a GH803 |northern part of Izu 05/22-06/25 |05/30-31 Kash!ma MR (30 s)*.— No charts for 2nd half  [1-minute magnetic
(35 days) 06/05-07 Kashima CR80 (5 minutes) )
Islands (5 minutes for 2nd half)
1b GH804 Northwest of Hachijo 07/02-08/05 07/17-19 sokodo MR (30's) 1—minute gravity_
Island (35 days) 1-minute magnetic data
08/11-10/09 (09/05-08 Honolulu 1-minute gravity
2 |GH80S Magellan Trough (60 days)  |09/09-12 Hilo PR79 (30 5) 1-minute magnetic data
e 04/15-05/14 _ . .. |CR80 (1 minute) + 1-minute gravity
1b GH811  [Off Kamaishi (30 days) 04/28-05/01 Kamaishi GR80(5 minutes) I-minute magnetic data
T 05/22-06/30 [06/02-04 Shiogama 1-minute gravity
1b GH812 Off Sendai-Hitachi (40 days) 06/16-17 Onahama MR (10's) 1-minute magnetic data
T 07/08-08/06 _ . PR79 (10's) + 1-minute gravity
1b GH813 [Off Sendai-Hitachi (30 days) 07/20-22 Shiogama GR80 (1minute) 1-minute magnetic data
. 08/14-10/12 . . magnetic data digitized [5-minute gravity
2 GH814 |East of Gilbert Islands (60 days) 09/10-16 Pagopago CR80 (5 minutes) gravity data scanned 1-minute magnetic data
04/15-05/19 _ . . 1-minute gravity
1b GH821 |Off Muroto Cape (35 days) 05/01-04 Kochi CR80 (1 minute) 1-minute magnetic data
b |GH822 [Kumanonada Sea 05/27-06/25 |6 /09-12 Toba CR80 (1 minute) 1-minute gravity
(30 days) 1-minute magnetic data
N . 07/02-08/05 _ CR80 (5 minutes) + . A 1-minute gravity
1b GH823 |Off Shimokita Peninsula (35 days) 07/16-19 Hakodate PR82 (10 s) gravity data digitized 5-minute magnetic data
. 08/14-10/12 - . . . 5-minute gravity
2 GH824 |Nova—Canton Trough (60 days) 09/10-16 Apia CR80 (5 minutes) gravity data scanned 5-minute magnetic data
Off Ashizurimisaki, south _ _ .
b |GH831 [of Bungo Channel, 04/15-05/24 105 /0205 Kochi PRS2 (10's) 1-minute gravity
(40 days) 10-second magnetic data
Hyuganada Sea
o areay o ehshizurimisaki, south og/03-08/01 (06/18-20 Aburatsu PRB2 (10's) + T-minute gravity
& ’ (60 days) 07/07-09 Kochi CR80 (5 minutes) 10-second magnetic data
Hyuganada Sea
. . 08/08-10/06 _ . magnetic data digitized [5—-minute gravity
2 GH833  |Penrhin Basin (60 days) 09/06-12 Papeete CR80 (5 minutes) gravity data scanned I-minute magnetic data
04/16-05/15 _ . . 1-minute gravity
1b GH841  [South of Kyushu (30 days) 05/02-04 Kagoshima CR80 (1 minute) I=minute magnetic data
_ 05/21-06/29 _ . 1-minute gravity
3 GH842 |Izu-Ogasawara Islands (40 days) 06/11-13 Hachijo PR82 (10 's) 10-second magnetic data
07/05-08/23 _ . . 1-minute gravity
1b GH843 [South of Kyushu (50 days) 07/28-31 Kagoshima CR80 (1 minute) I-minute magnetic data
_ 08/30-10/08 _ . 1-minute gravity
3 GH844  (Izu-Ogasawara Islands (40 days) 09/21-22 Futami PR82 (10 s) 10-second magnetic data
_ 04/15-05/24 _ . PR82 (10s) + 1-minute gravity
3 GH851  |lzu-Ogasawara Islands (40 days) 05/05-08 Futami CR80 (1 minute) 10-second magnetic data
1b GH852 Hibikinada Sea, Off 05/31-07/19 [06/19-22 Hakata PR82 (10s) + 1-minute gravity
Mishima Island (50 days) 07/11-13 Hakata CR80 (1 minute) 10-second magnetic data
_ 07/26-09/03 _ . . 1-minute gravity
3 GH853 |lzu-Ogasawara Islands (40 days) 08/12-15 Futami CR80 (1 minute) T=minute magnetic data
Hibikinada Sea, Off 09/10-10/09 _ 1-minute gravity
b GHa54 Mishima Island (30 days) 09/25-28 Hakata PR82 (10 s) 10-second magnetic data
Central part of Izu— 04/15-05/29 (04/28-30 Futami . 1-minute gravity
3 GH861 Ogasawara Islands (45 days) 05/13-15 Futami CRE0 (1 minute) 1-minute magnetic data
Off Hinomisaki, off 06/04-07/23 [06/20-23 Sakaiminato 1-minute gravity
1o GH862 Tottori (50 days) 07/12-14 Sakaiminato PR82 (10's) 10-second magnetic data
Central part of Izu— 07/29-09/01 _ . 1-minute gravity
3 GHag3 Ogasawara Islands (35 days) 08/17-18 Futami PR82 (10's) 10-second magnetic data
Off Hinomisaki, off 09/08-10/07 _ . PR82 (10s) + 1-minute gravity
1o GH864 Tottori (30 days) 09/21-24 Sakaiminato CR80 (1 minute) 10-second magnetic data
_ 04/15-05/29 (04/30-02 Futami 1-minute gravity
3 GH871  [lzu-Ogasawara Islands (45 days) 05/19-21 Futami PR82 (10's) 10-second magnetic data
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Table 1 Continued.

Group| Cruise Survey area Survey period| Port of call and dates EXI(SttI::i idr:fietr?/la?)ata Scananneacliozrddaifiatized Final digital data

1o [onerz QT Boeemsak (50 daye) (073315 Nihimatoors  [Pre2 (109 10 motond magpetic data
3 |aH873 |lzu-Ogasawara Islands ?375/ Z‘a;g?/ 93 108/15-18 Futami PRS2 (10's) }angsz]j';‘ggetic data
1o fareze |G7 Brommeat (30 dayey " |09/25-28 Nishimaizuru ~[PR8Z (10.5) oo matnetic deta
3 |aHes [iau-Ogasewara-tariana [y o082 |GEDTT Ee PR82 (10s) 10 aotond magpetic data
1o |aH8s2 [Around Noto Peninsula (¢ 30 /1% IGO/TET LS [PRez2 (10.) 10 seson magnetic data
3 [oHe8s  flzu-Ogesawara-Mariana |0 57 002 |00 Beme  [PRe2 (10 10-sesont megneto data
b |GH884 [Around Noto Peninsula ?3?0/ %2;1?/ 07 109/20-24 Fushiki v ((:Onfiﬂ:te) 1ominte j’;‘;igetic dta
N e T e sy
N e e e TR
o fovmms [pdeeatarenin /12000 oo g2 [oren (10 ot £ e
I e ) S ey
b |GHoo  |off Niigata ?:0/ 22;2)5/ 22 105/01-04 Niigata CR80 (1 minute) | Tminute gm":;’Lt;’tic dota
4 |NH901  |North Pacific ?go/ Li;gf/ 1 107/12-16 Apra CR80 (1 minute) jminute gm':;’:;’tic dota
4 NH911 |Hawaii-Mariana ?:5/%11;(;)6/10 05/20-22 Apra CR80 (1 minute) 1:2::3:: ﬁ::gli']tztic data
o o o R RERSE o T
4 |NH921  |Western Pacific ?;z/ ﬁ;gf/ 13 l05/13-16 Suva CR80 (1 minute) jminute ﬁ::;’:;’tic dota
1 |aHo2  |off Akita ?460/ iﬁ;‘;;/ 31107/10-13 Sakata CR80 (1 minute) {minute ﬁ::;’:;’tic doto
4 |NH931  |Western Pacific ?go/ ‘dz;g?/ 11 l05,/07-12 Honolulu CR80 (1 minute) | minute fn':;’:;’tic data
tb  |aHos  [Japan Basin, Okushi ?fo/ 1;2;/ 30 107/09-12 Niigata CR80 (1 minute) jminute i’:;’;t;’tic doto
b |aHe4  |Around Okushiri Island ?460/ ig;g;/ 29 107/08-11 Hakodate NS (10 s) }a_’"sizzﬁfr:q‘;i;etic data
4 |NH942  |Northwestern Pacific ?go/ %2;1?/ 06 109,/08-13 Majuro gmt dat(1 minute) No chart jminute fn':;’ri]t;’tic doto
4 |NH951  |Western Pacific ?é‘o/ L‘:;gf/ 12 105,/05-10 Brisbane NS (10's) No chart 15Tsizzzer]§'ri‘;igetic doto
1b GHOS Off Shakotan Peninsula ?460/1112;2)7/28 07/07-10 Otaru ggSﬁ?ﬁ;;uta) IE)Tsizzzendgr:‘l\;igetic data
o st westompaite [0412:0012 [0 s TS s cro No ohar e B ot

05/29-30 Cairns

b |GH96  |ishikari Bay ?fo/ ?3;2)7/ 30 197/08-11 Otaru NS (10's) No chart 15Tsizzzer]§';‘;igetic oo
N e e o o
b |GH98  |Off Rumoi ?fo/ fj:g?/ 93 107/13-16 Otaru NS (10's) No chart minute j’;‘;igetic oo
b |aH99  |West of Wakkanai ?fo/ ﬁ:gf/ 93 107/13-16 Otaru NS (10's) 1ominute fr;‘;igetic dta

Groups: la Survey for 1:1,000,000 marine geological maps; 1b 1:200,000 marine geological maps; 2 Manganese nodule survey; 3 Survey in Izu-

Ogasawara area; 4 Marine carbon cycle survey (Conducted by KEEC)

Test of equipments and training of people from developping countries were carried out in GH741, GH743 and GH746 cruises.
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Table 2 Navigation system, gravimeter and magnetometer on board R/V Hakurei-maru and existing files for gravity and magnetic data

collected by Hakurei-maru cruises

Navigation system, gravimeter and magnetometer
Device Manufacturer Period
1974-1982/06| 1982/07-1986 | 1987-1989 1990-1999
Navigation system Magnavox Model 200 Model 200 integrated system | Series 5000
Gravimeter LaCoste & Romberg S63 | SL2
Magnetometer Geometrics G801 G866
Existing files for gravity and magnetic data
Type Processing step Data interval | Format Period
1974-1982/06 1982/07-1989 1990-1999
Preserved Unprocessed data 10s Binary PR79 PR82 NS
Intermediate |Recalculated navigation data| 10 s - 1 minute | Ascii MR
Final Navigation + anomaly data [ 1 -5 minutes Ascii CR80

52X update& FERFRIMNL - FEMRMAL (BEE, 1977). i
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Updates at satellite fixes and real-time and recalculated
ship’s positions (after Ishihara, 1977). Jumps from dead
reckoning positions (black circles) to satellite fixes (star

Fig. 2

marks), which are called “updates”, occur in real-time
ship’s positions obtained from the navigation system
(solid line). A correction for the water velocity vector
is calculated using D12 at satellite fix time T2 divided by
the time difference T>—Ti. Recalculated ship’s positions
(broken line) are calculated by integrating this correction
term over the time from T: and adding it to the real-time
positions.
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Fig. 3 Distribution of position jumps at satellite fixes (blue x marks) and RMS error circle in red. A) Data collected in GH755 cruise with
EM-log dead reckoning. B) Data collected in GH862 cruise with integrated navigation system including Loran-C. C) Data collected

in GHOS cruise with integrated navigation system including GPS and Loran-C. Note the difference of scales of graphs in A, B and C.
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points in blue along the horizontal and vertical axes, respectively, and those values at the purple points at 1 to 3 minutes

interval were obtained by digitization.
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Fig. 5 An example of digitized marine gravimeter chart. Time and gravimetric readings were defined by two points in green

respectively, and those values at the purple points,

which are the intersections of green curve and the broken lines at 1 minute interval, were obtained by digitization.

and two points in blue along the horizontal and vertical axes,
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Fig. 6

Distribution of 50,927 crossover differences (CODs) of magnetic anomalies obtained by Hakurei-maru cruises. A) After

leveling correction with a root mean square (RMS) of 26.1 nT. B) Before correction with an RMS of 38.0 nT.
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Magnetic anomaly data collected by Hakurei-maru
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Fig. 8 Magnetic anomaly map around Japan created using data obtained by Hakurei-maru cruises after leveling correction.
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Table 3 S63 readings, gravity values and meter zero at Funabashi and other ports

Port Cruise Year JD Gravity Reading Meter zero
Chiba GH742 1974 129 979763.4 10635.3 969136.6
Chiba GH742 1974 149 979763.4 10636.2 969135.7
Chiba GH743 1974 161 979763.4 10641.2 969130.7
Futami GH743 1974 166 979441.4 10318.7 969131.0
Chiba GH743 1974 180 979763.4 10642.0 969129.9
Chiba GH744 1974 189 979763.4 10641.6 969130.3
Chiba GH744 1974 226 979763.4 10654.3 969117.6
Chiba GH745 1974 226 979763.4 10654.3 969117.6
Chiba GH745 1974 290 979763.4 10642.8 969129.1
Funabashi GH745 1974 291 979789.4 10667.4 969130.5
Funabashi GH746 1974 301 979789.4 10673.0 969124.9
Funabashi GH746 1974 305 979789.4 10672.5 969125.4
Funabashi GH747 1974 316 979789.4 10671.4 969126.5
Funabashi GH747 1974 349 979789.4 10669.0 969128.9
Funabashi GH751 1975 19 979789.4 10678.6 969119.3
Funabashi GH751 1975 49 979789.4 10672.0 969125.9
Funabashi GH752 1975 107 979789.4 10675.2 969122.7
Funabashi GH752 1975 116 979789.4 10676.0 969121.9
Funabashi GH753 1975 128 979789.4 10679.0 969118.9
Funabashi GH753 1975 162 979789.4 10676.0 969121.9
Funabashi GH754 1975 167 979789.4 10677.8 969120.1
Kochi GH754 1975 176 979621.8 10512.0 969118.2
Funabashi GH754 1975 188 979789.4 10679.0 969118.9
Funabashi GH755 1975 197 979789.4 10678.5 969119.4
Funabashi GH755 1975 234 979789.4 10679.1 969118.8
Funabashi GH761 1976 10 979789.4 10679.2 969118.7
Honolulu GH761 1976 36 978929.5 9817.5 969119.9
Funabashi GH761 1976 69 979789.4 10681.7 969116.2
Funabashi GH762 1976 108 979789.4 10687.0 969110.9
Kamaishi GH762 1976 123 980247.2 11141.0 969115.1
Funabashi GH762 1976 156 979789.4 10678.2 969119.7
Funabashi GH763 1976 167 979789.4 10683.8 969114.1
Shiogama GH763 1976 212 980132.3 11026.5 969114.6
Funabashi GH763 1976 217 979789.4 10683.8 969114.1
Funabashi GH771 1977 12 979789.4 10695.6 969102.4
Funabashi GH771 1977 70 979789.4 10688.4 969109.6
Funabashi GH772 1977 109 979789.4 10698.8 969099.2
Sakaiminato GH772 1977 135 979809.0 10710.3 969107.3
Funabashi GH772 1977 148 979789.4 10686.2 969111.7
Funabashi GH773-1 1977 165 979789.4 10694.9 969103.1
Niigata GH773-1 1977 191 979978.8 10877.7 969109.8
Niigata GH773-2 1977 218 979978.8 10873.5 969114.0
Funabashi GH773-2 1977 224 979789.4 10687.0 969110.9
Funabashi GH781 1977 355 979789.4 10749.4 969048.6
Funabashi GH781 1977 356 979789.4 10749.4 969048.6
Funabashi GH781 1977 358 979789.4 10749.4 969048.6
Funabashi GH781 1977 365 979789.4 10746.5 969051.5
Funabashi GH781 1978 5 979789.4 10726.1 969071.9
Funabashi GH781 1978 7 979789.4 10723.1 969074.9
Suva GH781 1978 40 978610.1 9513.3 969104.4
Funabashi GH781 1978 65 979789.4 10692.5 969105.5
Funabashi GH782 1978 108 979789.4 10688.0 969110.0
Niigata GH782 1978 122 979978.8 10877.5 969110.0
Hakodate GH782 1978 140 980377.5 11278.4 969108.1
Funabashi GH782 1978 153 979789.4 10690.5 969107.5
Funabashi GH783 1978 164 979789.4 10691.2 969106.8
Sakaiminato GH783 1978 174 979808.8 10712.6 969104.8
Funabashi GH783 1978 185 979789.4 10694.0 969104.0
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Table 3 Continued.
Port Cruise Year JD Gravity Reading Meter zero
Funabashi GH784 1978 193 979789.4 10698.9 969099.1
Hakodate GH784 1978 219 980377.5 11288.9 969097.6
Funabashi GH784 1978 224 979789.4 10700.4 969097.6
Funabashi GH791 1979 13 979789.4 10691.9 969106.1
Honolulu GH791 1979 36 978929.5 9835.5 969101.9
Funabashi GH791 1979 72 979789.4 10703.2 969094.8
Funabashi GH792 1979 106 979789.4 10696.4 969101.6
Futami GH792 1979 122 979441.7 10351.6 969098.4
Funabashi GH792 1979 135 979789.4 10701.8 969096.2
Funabashi GH793 1979 148 979789.4 10703.7 969094.3
Futami GH792 1979 159 979441.7 10354.7 969095.3
Futami GH792 1979 174 979441.7 10355.2 969094.8
Funabashi GH793 1979 187 979789.4 10706.0 969092.0
Funabashi GH794 1979 194 979789.4 10708.6 969089.4
Okada GH794 1979 217 979855.4 10775.3 969088.7
Funabashi GH794 1979 223 979789.4 10709.1 969088.9
Funabashi GH801 1980 12 979789.4 10699.4 969098.6
Papeete GH801 1980 38 978700.2 9615.7 969092.2
Papeete GH801 1980 45 978700.2 9617.5 969090.4
Funabashi GH801 1980 71 979789.4 10712.4 969085.6
Funabashi GH802 1980 109 979789.4 10704.6 969093.4
Chiba GH802 1980 123 979763.4 10674.5 969097.4
Funabashi GH802 1980 138 979789.4 10707.8 969090.2
Funabashi GH803 1980 143 979789.4 10707.6 969090.4
Funabashi GH804 1980 184 979789.4 10714.2 969083.8
Okada GH804 1980 213 979855.4 10782.1 969081.9
Funabashi GH804 1980 218 979789.4 10716.4 969081.6
Funabashi GH805 1980 223 979789.4 10717.2 969080.8
Honolulu GH805 1980 249 978929.5 9854.7 969082.7
Hilo GH805 1980 253 978864.6 9790.9 969081.5
Funabashi GH805 1980 283 979789.4 10717.4 969080.6
Val Paraiso TH80 1981 14 979621.5 10544.1 969085.8
Funabashi GH811 1981 105 979789.4 10700.1 969097.9
Kamaishi GH811 1981 118 980247.2 11156.4 969099.7
Funabashi GH811 1981 134 979789.4 10700.7 969097.3
Funabashi GH812 1981 142 979789.4 10702.0 969096.0
Shiogama GH812 1981 153 980132.3 11045.7 969095.4
Onahama GH812 1981 167 980008.8 10923.2 969094.3
Funabashi GH812 1981 181 979789.4 10705.1 969092.9
Funabashi GH813 1981 189 979789.4 10706.4 969091.6
Shiogama GH813 1981 203 980132.3 11051.2 969090.0
Onahama GH813 1981 211 980008.8 10928.5 969089.0
Funabashi GH813 1981 218 979789.4 10711.4 969086.6
Funabashi GH814 1981 226 979789.4 10722.3 969075.7
Funabashi GH814 1981 285 979789.4 10723.2 969074.8
Funabashi TH81 1981 328 979789.4 10717.3 969080.7
Val Paraiso TH81 1981 360 979621.5 10550.6 969079.3
Val Paraiso TH81 1982 40 979621.5 10542.0 969087.9
Funabashi GH821 1982 71 979789.4 10719.6 969078.4
Funabashi GH821 1982 105 979789.4 10717.0 969081.0
Kochi GH821 1982 121 979621.8 10552.8 969077.4
Funabashi GH821 1982 139 979789.4 10724.4 969073.6
Funabashi GH822 1982 147 979789.4 10724.8 969073.2
Funabashi GH822 1982 176 979789.4 10728.4 969069.6
Funabashi GH823 1982 183 979789.4 10728.4 969069.6
Hakodate GH823 1982 200 980377.5 11315.7 969070.9
Funabashi GH823 1982 217 979789.4 10729.0 969069.0
Funabashi GH824 1982 226 979789.4 10730.6 969067.4
Funabashi GH824 1982 285 979789.4 10732.9 969065.1
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3k MiE.
Table 3 Continued.
Port Cruise Year JD Gravity Reading Meter zero
Funabashi TH82 1982 332 979789.4 10730.3 969067.7
Sydney TH82 1982 351 979675.1 10616.7 969066.9
Sydney TH82 1983 52 979674.8 10605.1 969078.2
Funabashi GH831 1983 105 979789.4 10722.9 969075.1
Kochi GH831 1983 122 979621.8 10568.0 969062.3
Funabashi GH831 1983 144 979789.4 10735.3 969062.7
Funabashi GH832 1983 154 979789.4 10737.8 969060.2
Kochi GH832 1983 188 979621.8 10578.9 969051.4
Kochi GH832 1983 207 979621.8 10572.0 969058.3
Funabashi GH832 1983 213 979789.4 10738.4 969059.6
Funabashi GH833 1983 220 979789.4 10741.0 969057.0
Papeete GH833 1983 250 978700.2 9650.5 969057.4
Papeete GH833 1983 256 978700.2 9648.8 969059.1
Funabashi GH833 1983 279 979789.4 10739.9 969058.1
Sydney TH83 1983 347 979672.2 10619.4 969061.3
Fremantle TH83 1984 5 979402.9 10343.5 969067.7
Sydney TH83 1984 49 979672.2 10613.0 969067.7
Funabashi GH841 1984 107 979789.4 10723.3 969074.7
Funabashi GH841 1984 136 979789.4 10727.5 969070.5
Funabashi GH842 1984 142 979789.4 10727.9 969070.1
Funabashi GH842 1984 181 979789.4 10736.8 969061.2
Funabashi GH843 1984 187 979789.4 10737.6 969060.4
Funabashi GH843 1984 243 979789.4 10745.0 969053.0
Futami GH844 1984 266 979441.4 10397.9 969051.8
Funabashi GH844 1984 282 979789.4 10745.6 969052.4
Fremantle TH84 1984 346 979402.9 10366.0 969045.2
Fremantle TH84 1985 7 979402.9 10359.1 969052.1
Fremantle TH84 1985 11 979402.9 10359.7 969051.5
Fremantle TH84 1985 46 979402.9 10357.1 969054.1
Funabashi GH851 1985 105 979789.4 10735.6 969062.4
Futami GH851 1985 128 979441.4 10394.3 969055.4
Funabashi GH851 1985 144 979789.4 10744.8 969053.2
Funabashi GH852 1985 150 979789.4 10745.9 969052.1
Funabashi GH852 1985 200 979789.4 10752.8 969045.2
Funabashi GH853 1985 207 979789.4 10753.8 969044.2
Futami GH853 1985 224 979441.4 10407.0 969042.7
Funabashi GH853 1985 246 979789.4 10756.2 969041.8
Funabashi GH854 1985 253 979789.4 10756.5 969041.5
Funabashi GH854 1985 282 979789.4 10753.3 969044.7
Port Moresby TH85 1985 355 978907.5 9873.9 969041.5
Port Moresby TH85 1986 35 978907.5 9862.5 969052.9
Funabashi GH861 1986 105 979789.4 10733.0 969065.0
Futami GH861 1986 118 979441.4 10399.1 969050.6
Futami GH861 1986 120 979441.4 10398.8 969050.9
Futami GH861 1986 133 979441.4 10402.2 969047.5
Futami GH861 1986 135 979441.4 10402.7 969047.0
Funabashi GH861 1986 149 979789.4 10751.2 969046.8
Funabashi GH862 1986 155 979789.4 10751.5 969046.5
Funabashi GHB862 1986 204 979789.4 10756.3 969041.7
Funabashi GH863 1986 210 979789.4 10754.8 969043.2
Ftami GH863 1986 228 979441.4 10404.1 969045.6
Funabashi GH863 1986 244 979789.4 10754.6 969043.4
Funabashi GH864 1986 251 979789.4 10754.7 969043.3
Funabashi GH864 1986 280 979789.4 10749.4 969048.6
Val Paraiso TH86 1987 1 979621.5 10582.2 969047.8
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Table 4 SL2 readings, gravity values and meter zero at Funabashi and other ports

Port Cruise Year JD  Gravity Reading Meter1* Meter2#
Valparaiso TH86 1987 1 979619.7  3981.6 975638.1 975666.0
Funabashi GH871 1987 105 979789.4  4188.5 975600.9 975630.2
Futami GH871 1987 120 979441.7  3844.2 975597.5 975624.4
Futami GH871 1987 139 979441.7  3846.2 975595.5 975622.4
Futami GH871 1987 141 979441.7  3846.3 975595.4 975622.3
Funabashi GH871 1987 149 979789.4  4197.6 975591.8 975621.2
Funabashi GH872 1987 156 979789.4  4196.8 975592.6 975622.0
Maizuru GH872 1987 174 979795.0  4205.2 975589.8 975619.2
Maizuru GH872 1987 177 979795.0  4205.5 975589.5 975618.9
Maizuru GH872 1987 194 979795.0  4207.1 975587.9 975617.3
Funabashi GH872 1987 205 979789.4  4202.2 975587.2 975616.6
Funabashi GH873 1987 212 979789.4  4202.4 975587.0 975616.4
Futami GH873 1987 227 979441.7  3855.1 975586.6 975613.6
Futami GH873 1987 230 979441.7  3855.4 975586.3 975613.3
Funabashi GH874 1987 246 979789.4  4207.1 975582.3 975611.7
Maizuru GH874 1987 268 979795.0 4215.3 975579.7 975609.2
Maizuru GH874 1987 271 979795.0 4215.6 975579.4 975608.9
Funabashi GH874 1987 282 979789.4  4210.3 975579.1 975608.6
Valparaiso TH87 1987 363 979619.6  4048.2 975571.4 975599.7
Valparaiso TH87 1988 34 979619.6  4054.5 975565.1 975593.5
Funabashi GH881 1988 105 979789.4  4224.7 975564.7 975594.3
Futami GH881 1988 128 979441.7  3877.7 975564.0 975591.1
Funabashi GH881 1988 144 979789.4  4228.6 975560.8 975590.4
Funabashi GH882 1988 151 979789.4 42275 975561.9 975591.5
Fushiki GH882 1988 173 979889.5  4330.6 975558.9 975589.2
Fushiki GH882 1988 191 979889.5 4331.4 975558.1 975588.4
Funabashi GH882 1988 200 979789.4  4230.8 975558.6 975588.2
Funabashi GH883 1988 207 979789.4  4231.1 975558.3 975587.9
Futami GH883 1988 226 979441.7  3882.2 975559.5 975586.7
Funabashi GH883 1988 246 979789.4  4233.0 975556.4 975586.0
Funabashi GH884 1988 252 979789.4  4233.1 975556.3 975585.9
Fushiki GH884 1988 265 979889.5 4334.6 975554.9 975585.2
Funabashi GH884 1988 281 979789.4  4233.1 975556.3 975585.9
Papeete TH88 1988 351 978700.4  3134.7 975565.7 975587.6
Valparaiso TH88 1989 31 979621.5  4065.7 975555.8 975584.3
Funabashi GH891 1989 102 979789.4  4240.4 975549.0 975578.7
Futami GH891 1989 122 979441.7  3888.6 975553.1 975580.3
Funabashi GH891 1989 135 979789.4  4242.1 975547.3 975577.0
Funabashi GH892 1989 142 979789.4 42425 975546.9 975576.6
Niigata GH892 1989 163 979978.0 4434.4 975543.6 975574.6
Niigata GH892 1989 180 979978.0  4434.1 975543.9 975574.9
Funabashi GH892 1989 191 979789.4 42443 975545.1 975574.8
Funabashi GH893 1989 199 979789.4  4244.0 975545.4 975575.1
Naha GH893 1989 214 979108.4  3559.8 975548.6 975573.5
Naha GH893 1989 231 979108.1  3559.5 975548.6 975573.5
Funabashi GH894 1989 250 979789.4  4245.7 975543.7 975573.4
Funabashi GH894 1989 263 979978.9  4437.7 975541.2 975572.3
Funabashi GH894 1989 279 979789.4  4247.4 975542.0 975571.7
Fremantle TH89 1989 341 979400.9  3857.2 975543.7 975570.7
Fremantle TH89 1990 8 979400.9  3859.1 975541.8 975568.8
Funabashi GH90 1990 103 979788.1  4256.5 975531.6 975561.4
Niigata GH90 1990 121 979978.0  4448.9 975529.1 975560.2
Niigata GH90 1990 124 979978.0  4448.9 975529.1 975560.2
Funabashi GH90 1990 142 979789.4  4260.1 975529.3 975559.1
Funabashi NH901 1990 164 979789.4  4259.8 975529.6 975559.4
Apra NH901 1990 193 978512.5  2974.2 975538.3 975559.1
Funabashi NH901 1990 223 979789.4  4262.3 975527.1 975556.9
Fremantle TH90 1990 347 979400.9 3873.4 975527.5 975554.6
Fremantle TH90 1991 7 980440.6  4920.8 975519.8 975554.2
Funabashi NH911 1991 118 978925.9  3398.4 975527.5 975551.3
Funabashi NH911 1991 142 978512.5  2987.6 975524.9 975545.8
Funabashi NH911 1991 161 979789.4  4269.4 975520.0 975549.9
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Table 4 Continued.
Port Cruise Year JD  Gravity Reading Meter1* Meter2#
Funabashi GH91 1991 171 979789.4  4269.2 975520.2 975550.1
Sakata GH91 1991 186 980075.1  4556.5 975518.6 975550.5
Sakata GH91 1991 203 980075.1  4556.6 975518.5 975550.4
Funabashi GHI91 1991 210 979789.4  4270.6 975518.8 975548.7
Sydney THI91 1991 348 979674.9  4157.0 975517.9 975547.0
Hobart THI91 1992 3 980440.1 4928.8 975511.3 975545.8
Hobart THI1 1992 8 980440.1  4928.8 975511.3 975545.8
Sydney THI1 1992 47 979674.9  4159.7 975515.2 975544.3
Koror NH921 1992 114 978367.6  2844.4 975523.2 975543.1
Suva NH921 1992 134 978610.1  3090.6 975519.5 975541.1
Funabashi NH921 1992 164 979789.4  4279.8 975509.6 975539.6
Funabashi GH92 1992 174 979789.4  4279.3 975510.1 975540.1
Sakata GH92 1992 192 980075.1  4566.6 975508.5 975540.5
Funabashi GH92 1992 213 979789.4  4281.2 975508.2 975538.2
Sydney TH92 1992 359 979675.8  4167.7 975508.1 975537.3
Hobart TH92 1993 14 980439.4  4938.7 975500.7 975535.3
Sydney TH92 1993 57 979675.4  4171.2 975504.2 975533.4
Funabashi NH931 1993 76 979789.4  4285.1 975504.3 975534.3
Funabashi NH931 1993 97 979789.4  4287.0 975502.4 975532.4
Funabashi NH931 1993 103 979789.4 42855 975503.9 975533.9
Honolulu NH931 1993 144 978928.1  3419.4 975508.7 975532.6
Funabashi NH931 1993 164 979789.4  4287.4 975502.0 975532.0
Funabashi GH93 1993 172 979789.4  4287.6 975501.8 975531.8
Niigata GH93 1993 190 979978.0  4478.2 975499.8 975531.1
Funabashi GH93 1993 211 979789.4  4288.6 975500.8 975530.8
Funabashi GH94 1994 171 979789.4  4382.6 975406.8 975437.5
Hakodate GH94 1994 189 980377.3  4954.7 975422.6 975457.3
Hakodate GH94 1994 192 980377.3  4951.7 975425.6 975460.3
Funabashi GH94 1994 210 979789.4  4342.1 975447.3 975477.7
Funabashi NH942 1994 219 979789.4 43194 975470.0 975500.2
Funabashi NH942 1994 279 979789.4  4267.7 975521.7 975551.6
Fremantle TH94 1994 347 979401.8  3878.1 975523.7 975550.8
Hobart TH94 1995 6 980439.1  4902.6 975536.5 975570.8
Hobart TH94 1995 10 980439.1  4919.1 975520.0 975554.4
Sydney TH94 1995 49 979675.1  4107.7 975567.4 975596.2
Funabashi NH951 1995 104 979789.4  4200.9 975588.5 975617.9
Brisbane NH951 1995 129 979150.7  3557.0 975593.7 975618.6
Funabashi NH951 1995 163 979789.4  4192.4 975597.0 975626.3
Funabashi GH95 1995 170 979789.4  4192.7 975596.7 975626.0
Otaru GH95 1995 188 980501.8  4906.8 975595.0 975629.3
Otaru GH95 1995 191 980501.8  4906.8 975595.0 975629.3
Funabashi GH95 1995 209 979789.4  4188.5 975600.9 975630.2
Sydney TH95 1995 355 979674.9  4070.9 975604.0 975632.5
Hobart TH95 1996 15 980439.1  4836.9 975602.2 975636.1
Sydney TH95 1996 59 979674.9  4068.3 975606.6 975635.1
Funabashi NH961 1996 103 979788.3  4176.9 975611.4 975640.6
Wellington NH961 1996 131 980273.5  4667.6 975605.9 975638.6
Funabashi NH961 1996 164 979789.4  4176.7 975612.7 975641.9
Funabashi GH96 1996 173 979789.4  4387.0 975402.4 975433.1
Otaru GH96 1996 191 980501.2  4892.8 975608.4 975642.6
Funabashi GH96 1996 212 979789.4  4175.4 975614.0 975643.2
Funabashi GH96 1996 278 979789.4  4166.3 975623.1 975652.3
Funabashi GH97 1997 101 979789.4  4164.0 975625.4 975654.5
Funabashi GH97 1997 120 979729.9 41054 975624.5 975653.2
Funabashi GH97 1997 140 979789.4  4166.2 975623.2 975652.4
Funabashi GH98 1998 176 979789.4  4175.8 975613.6 975642.8
Funabashi GH98 1998 215 979789.4  4177.3 975612.1 975641.3
Funabashi GH99 1999 164 979789.4  4170.0 975619.4 975648.6
Funabashi GH99 1999 185 979789.4  4170.0 975619.4 975648.6

*Meter zero for scale =1.0; #Meter zero for scale =0.993 mGal.
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Drift of the gravimeters on board Hakurei-maru. A) S63 gravimeter. B) SL2 gravimeter. Gravity values and meter zero values at ports
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are plotted at the bottom and top of each figure, respectively. Values at Funabashi port are shown in blue, while those at other ports
with difference of gravity values from Funabashi > 200 mGal and <200 mGal are shown in red and green, respectively. C) Difference
of gravity values from Funabashi port — difference of SL2 gravimeter readings from Funabashi port as function of difference of
gravimeter readings from Funabashi port. Green and red lines show the cases of conversion factors of 1 and 0.993, respectively.
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Fig. 10

Distribution of 100,093 crossover differences (CODs) of free air gravity anomalies obtained by Hakurei-maru

cruises. A) After altimetry and leveling corrections with an RMS of 3.2 mGal. B) After altimetry correction with
an RMS of 4.5 mGal. C) Before correction with an RMS of 6.1 mGal.
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Fig. 11 Above) comparison of free-air anomalies obtained by S63 gravimeter in GH762 cruise (green line) and those obtained by
interpolation of gridded altimetry data (blue line). Below) Difference of gravimeter data from the altimetry data.
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Fig. 12 Free air gravity anomalies in the southern part of Japan Sea. A) Data obtained by satellite altimetry. B) Data obtained by
Hakurei-maru cruises after altimetry and leveling corrections.
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RC filters but in the reverse time direction (red), and S63 gravimeter after further applying two times of normal and
reverse RC filters with time constant of 120 s (red dashed lines).
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