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ISHIHARA Takemi and ODA Hirokuni (2022) Preparation and release of gravity data collected by R/V
Hakurei-maru No.2. Bulletin of the Geological Survey of Japan, vol. 73(2), p. 29-48, 16 figs and 2 tables.

Abstract: One-minute interval high-quality gravity data were prepared for the Hakurei-maru No.2 cruises
carried out by Geological Survey of Japan from 2000 to 2010. An 8-th order Butterworth low-pass filter
with the cutoff frequency of 1/480 Hz (period of 8 minutes) was applied to 1 Hz gravity raw data to make
high-resolution free air anomaly data. The RMS CODs (root mean square crossover differences) of the
gravity data for the intersecting survey lines are 0.86 mGal for GHOO and GHO1 cruises, 1.02 mGal for
GHO02, GH03, GH04 and GHO6 cruises, and 1.30 mGal for GH08, GH09 and GH10 cruises.

It is suggested that the following two factors are the possible sources of 3 to 5 mGal differences
observed between the two free air anomalies obtained by Hakurei-maru No.2 and satellite altimetric data,
i.e., 1) free air anomaly data collected by Hakurei-maru No.2 have short period anomalies which are not
observed in the satellite altimetric data, and 2) the accuracy of altimetric data decreases near the coasts.
The gravity data files, which include data after free air gravity anomaly calculation will be released as an
open-file report of Geological Survey of Japan.

Keywords: Hakurei-maru No.2, marine geophysical survey, free air gravity anomaly, low-pass filter, data
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Table 1  Hakurei-maru No.2 cruises around Hokkaido and Okinawajima Is. and off Tohoku and Hachijojima Is.
Cruise |Survey area Period Port of call and dates
GHO00 Off Esashi 2000/08/03-09/01 (30) 08/16-18 Wakkanai
GHoO1 Off Abashiri 2001/07/04-08/02 (30) 07/17-19 Abashiri
GH02 Off Tokachi 2002/05/29-06/27 (30) 08/14-16 Tokachi
GHO3 Off Kushiro and Hidaka 2003/05/29-06/27 (30) 06/11-13 Kushiro
GHO4 Off Nemuro and Hidaka 2004/07/12-08/10 (30) 07/25-27 Kushiro
GHos  |Off Tohoku and Hachlioima 5005,/06,/13-07/12 (30) 06/26-29 Funabash
GHO06 Off Hidaka 2006/08/31-09/29 (30) 09/13-15 Muroran
GHo7  |OfF Tohoku and Hachlioima 5097 ,/06,/19-07/18 (30) 07,/03-05 Onahama
GHO08 Okinawajima Is. North 2008/07/28-08/29 (33) 08/12-14 Naha
GHO09 Okinawajima Is. South 2009/07/16-08/17 (33) 07/31-08/02 Naha
GH10 Around Kumejima Is. 2010/10/27-11/25 (30) 11/09-11 Naha
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Fig. 1 Track lines of Hakurei-maru No.2 with different colors for different cruises.
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Table 2 SL2 readings, gravity values and meter zero at Funabashi and other ports

Port Cruise  Year JDT Gravity Reading Meterl” Meter2"
FunabashiA  GHO0O 2000 216 979788.6 4199.2 975589.4 975618.8
Wakkanai GHO00 2000 231 980637.9 5055.4 975582.5 975617.9
FunabashiA  GHO0O 2000 245 979788.6 4200.5 975588.1 975617.5
FunabashiA  GHO1 2001 185 979788.6 4198.0 975590.6 975620.0
Abashiri GHO1 2001 199 980592.7 5007.7 975585.0 975620.1
FunabashiA  GHO1 2001 214 979788.6 4198.1 975590.5 975619.9
FunabashiA  GHO02 2002 213 979788.6 4199.5 975589.1 975618.5
Tokachi GHO02 2002 228 980390.4 4807.1 975583.3 975616.9
FunabashiA  GHO02 2002 242 979788.6 4200.7 975587.9 975617.3
FunabashiA  GHO3 2003 149 979788.6 4204.4 975584.2 975613.6
Kushiro GHO03 2003 162 980601.4 5024.9 975576.5 975611.7
FunabashiA  GHO03 2003 178 979788.6 4205.7 975582.9 975612.3
FunabashiB GHO04 2004 194 979788.2 4215.4 975572.8 975602.3
Kushiro GHO04 2004 207 980601.4 5035.6 975565.8 975601.0
FunabashiA  GHO04 2004 223 979788.6 4216.1 975572.5 975602.0
FunabashiC  GHO05 2005 164 979789.4 3195.5 976593.9 976616.3
FunabashiC  GHO05 2005 177 979789.4 3198.0 976591.4 976613.8
FunabashiC  GHO05 2005 180 979789.4 3196.2 976593.2 976615.6
FunabashiC  GHO05 2005 193 979789.4 3196.1 976593.3 976615.7
FunabashiA  GHO06 2006 243 979788.6 3198.0 976590.6 976613.0
Muroran GHO06 2006 256 980462.6 3877.4 976585.2 976612.3
Muroran GHO06 2006 258 980462.6 3877.9 976584.7 976611.8
FunabashiA  GHO06 2006 272 979788.6 3198.3 976590.3 976612.7
FunabashiC  GHO7Y 2007 170 979788.4 32175 976570.9 976593.4
Onahama GHO7 2007 184 980008.8 3438.1 976570.7 976594.8
Onahama GHO7 2007 186 980008.8 3438.6 976570.2 976594.3
FunabashiC  GHO7Y 2007 198 979788.4 3217.4 976571.0 976593.5
FunabashiC GHO0S8 2008 210 979789.4 3219.5 976569.9 976592.4
NahaA GHO08 2008 225 979113.5 2539.9 976573.6 976591.4
NahaA GHO08 2008 227 979113.5 2540.4 976573.1 976590.9
FunabashiA  GHO0S8 2008 242 979789.4 3219.2 976570.2 976592.7
FunabashiB  GHO09 2009 197 979787.9 3249.1 976538.8 976561.5
NahaB GHO09 2009 212 979109.4 2566.7 976542.7 976560.6
NahaB GHO09 2009 214 979109.4 2566.6 976542.8 976560.7
FunabashiB  GHO09 2009 229 979787.7 3250.0 976537.7 976560.5
FunabashiA  GH10 2010 300 979788.3 3251.3 976537.0 976559.7
NahaC GH10 2010 313 979109.7 2568.6 976541.1 976559.1
NahaC GH10 2010 315 979109.5 2569.8 976539.7 976557.7
FunabashiA  GHI10 2010 329 979788.2 3251.8 976536.4 976559.2

FunabashiA: east wharf A of Funabashi port ; FunabashiB
FunabashiC: Base of Hakurei-maru No.2 in Funabashi port

NahaA: Urazoe wharf of Naha port ; NahaB: No.3 wharf of Naha Aja New port
NahaC: No. 6-1 wharf of Naha Aja New port

TJulian day; *Meter zero for scale =1.0; **Meter zero for scale =0.993.

: east wharf B of Funabashi port
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Fig.2 Dirift of the SL2 gravimeter on board Hakurei-maru No.2. Gravity values and meter zero values with the scale of 0.993 at

ports are plotted at the bottom and top of each figure, respectively. Values at Funabashi port are shown in red (or brown for

meter zero with the scale of 1), while those at other ports are shown in blue (or green for meter zero with the scale of 1).
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Fig. 4 Power spectra of gravity and E6tvos correction data collected in GHO6 cruise.
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Fig. 6 Distribution of crossover differences (CODs) of free air gravity anomalies obtained by Hakurei-maru No.2 cruises. A) Data collected

in GHOO and GHO1 cruises in the Okhotsk Sea off Hokkaido with RMS CODs of 1.36 mGal, 1.13 mGal and 0.86 mGal for the
line data including records near course changes (gray histogram), data excluding those records (blue histogram) and data after line
leveling (red histogram), respectively. B) Data collected in GH02, GH03, GH04 and GHO6 cruises south of Hokkaido with RMS
CODs of 1.68 mGal, 1.13 mGal and 1.02 mGal for the gray, blue and red histograms, respectively. C) Data collected in GH08, GH09
and GH10 cruises around Okinawajima Island with RMS CODs of 2.35 mGal, 1.55 mGal and 1.30 mGal for the gray, blue and red

histograms, respectively.
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Fig. 7 Free air gravity anomalies in the Okhotsk Sea off Hokkaido. A) Data obtained by satellite altimetry.
B) Data collected in GHO0 and GHO1 cruises after low-pass filtering and leveling correction.
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Free air gravity anomalies south of Hokkaido. A) Data obtained by satellite altimetry. B)
Data collected in GH02, GHO03, GH04 and GHOG6 cruises after low-pass filtering and leveling
correction.
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Fig. 9 Free air gravity anomalies around Okinawajima Island. A) Data obtained by satellite altimetry. B) Data collected in
GHO08, GH09 and GH10 cruises after low-pass filtering and leveling correction.
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ENZT—HDEDHGAM. A X 7T 4, B) P G. C) ETOPO1 E 7 )L (NOAA National Geophysical
Data Center, 2009) {Z & % [r]Hbisk o Hujiz.

Distribution of free air gravity anomaly differences between data collected in GHOO and GHO1 cruises in the Okhotsk
Sea off Hokkaido and those obtained by satellite altimetry. A) Histogram. B) Geographical data distribution. C)
Topography of the same area from the ETOPO1 model (NOAA National Geophysical Data Center, 2009).
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Fig. 11  Distribution of free air gravity anomaly differences between data collected in GH02, GH03, GH04 and GH06
cruises south of Hokkaido and those obtained by satellite altimetry. A) Histogram. B) Geographical data
distribution. C) Topography of the same area from the ETOPO1 model (NOAA National Geophysical Data
Center, 2009).
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Distribution of free air gravity anomaly differences between data collected in GH08, GH09 and GH10 cruises around Okinawajima

Island and those obtained by satellite altimetry. A) Histogram. B) Geographical data distribution. C) Topography of the same area
from the ETOPO1 model (NOAA National Geophysical Data Center, 2009).
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Fig. 13 Three E-W free air anomaly profiles of data collected in GHOO cruise in the Okhotsk Sea. Track lines are shown in black, whereas
anomaly values of line 108 are shown in red, and those of lines 107 and 109 are shown in blue.
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Fig. 14  A) Free air anomalies in the Okhotsk Sea off Hokkaido made by using output of digital filter of SL2 gravimeter

collected in GHOO and GHO1 cruises. B) Distribution of free air gravity anomaly differences in the Okhotsk Sea off
Hokkaido between output of the digital filter of SL2 gravimeter data and output of an 8-th order Butterworth low-
pass filter with a cutoff frequency of 1/480 Hz collected in GHOO and GHO1 cruises.

1.5

0.5

-0.5



WEFHAM WS 20224 ET73% H25

180
160
140
120
100

-100
-120
=140
-160
-180

0.5

15 A) GHO2 - GHO3 - GHO4 - GHO6 At CHUR & N 7SL2 BN DTV 20 7 4 v a — i &AL TR L
7 ACHRE R SO 7 ) — L7 ENRE. B) SL2ENHOT VAT 4 g —WIjE Ay A TR
1/480 Hz® 8 XButterworth @ — /S A 7 1 JL & — 1 JJ D ZE D[RS T 0 534

Fig. 15  A) Free air anomalies south of Hokkaido made by using output of digital filter of SL2 gravimeter collected in GHO02,
GHO03, GH04 and GHO6 cruises. B) Distribution of free air gravity anomaly differences south of Hokkaido between
output of the digital filter of SL2 gravimeter data and output of an 8-th order Butterworth low-pass filter with a cutoff
frequency of 1/480 Hz collected in GH02, GH03, GH04 and GHO6 cruises.
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GHI10 cruises. B) Distribution of free air gravity anomaly differences around Okinawajima Island between output of the digital
filter of SL2 gravimeter data and output of an 8-th order Butterworth low-pass filter with a cutoff frequency of 1/480 Hz collected
in GHO8, GH09 and GH10 cruises.
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