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Cruise Summary 
R/V Hakuho Maru KH-20-6 cruise was held from November 19, 2020 to December 

2, 2020, embarking at the Harumi pier in Tokyo and disembarking at the JAMSTEC pier in 
Yokosuka. The chief targets of this cruise were to understand the geology and crustal 
structure of the proto-Philippine Sea Plate which existed prior to the initiation of subduction 
at Izu-Bonin-Mariana Arc. For these purposes, we have selected Huatung Basin and Gagua 
Ridge, located east of Taiwan, as our primary survey areas in 2017. The survey was planned 
and prepared in collaboration with the Institute of Oceanography, National Taiwan University 
(NTUIO). However, due to the travel restriction between Japan and Taiwan as a result of 
global spread of novel coronavirus (COVID-19), participants from NTUIO were unable to 
travel to Japan to join the cruise. This resulted in denial of Hakuho Maru to enter Taiwanese 
exclusive economic zone to conduct a research cruise in the Huatung Basin and Gagua 
Ridge. Therefore, we alternatively conducted our survey in the Daito Ridge and Kita-Daito 
Basin, located in the northwestern Philippine Sea. These areas were also expected to 
potentially expose crustal sections of the proto-Philippine Sea Plate. 

In addition to the scientific members of our research proposal, Mr. Kumpei Nagase 
from the Hiroshima University joined the cruise as an independent principal investigator to 
analyze physical properties of the dredged samples. 

The surveys during the KH-20-6 cruise were very smooth and successful. We 
completed all the planned surveys, including 23 dredge hauls, collected rocks and sediment 
samples weighing more than ~920 kg in total. Collected samples range from ultramafic rocks, 
gabbro, metamorphic rocks, sedimentary rocks, to volcanic rocks. These samples will 
provide critical geological constraints of the proto-Philippine Sea Plate and post-Eocene 
development of the backarc basins to generate current Philippine Sea Plate. In addition, we 
conducted a total ~850 miles of geophysical survey. Newly acquired bathymetry, 
geomagnetic and gravity data will provide important information of the crustal structures and 
tectonic processes in the area. We also conducted a YouTube Broadcast event as an 
outreach program on November 28, introducing the life on the research vessel and 
conducted a short lecture on collected geological/biological samples to public. 
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1. Scientific objectives and backgrounds 
Little is known about the Proto-Philippine Sea Plate (PSP), which existed as a 

counterpart to the Pacific Plate during subduction initiation of the Izu-Bonin-Mariana (IBM) 
Arc. Subduction of the Pacific Plate is postulated to have occurred synchronously along the 
PSP margin at around 52 Ma to generate current IBM Arc (Ishizuka et al. 2011). 

To investigate the crustal structures of the PSP, we have conducted multiple 
research cruises since 2007 in the regions where remnants of the PSP are potentially 
exposed: Daito Ridges (YK10-04 and KR13-15 cruises), Izu-Bonin forearc (KH-07-02, KR08- 
07, KR09-04, YK09-06, YK11-07 and KH-14-5 cruises), Kyushu-Palau Ridge and Palau 
Basin (YK10-14, YK13-08 and YK15-12 cruises). 

Figure 1. Basins, arc and ridges within the current Philippine Sea Plate. HB: Huatung Basin, 
GR: Gagua Ridge. 

 
 

Submersible and ROV observations and rock sampling revealed that parts of these 
regions, especially in the Daito Ridges (Figure 1), expose deep crustal sections of continental 
rocks, spanning various volcanic, plutonic, metamorphic, and ultramafic rocks (e.g. Morishita 
et al. 2018). Geochemistry and radiometric dating of these rocks clearly indicate that the PSP 
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consists predominantly of Mesozoic arc rocks. Furthermore, amphibolite collected at the 
Southern Kyushu-Palau Ridge during the YK10-14 cruise yielded Cambrian protolith zircons, 
suggesting that even older continental fragments may exist within the PSP. 

These findings and tectonic reconstruction of the PSP (Deschamps and Lallemand 
2002) suggest that subduction of the IBM Arc initiated at the continental margin of Southeast 
Asia, and later acquired its intra-oceanic-like setting through formation of the backarc basins 
since the Eocene. 

However, there are unresolved questions regarding the crustal structure of the PSP 
at Huatung Basin and Gagua Ridge, located at the northwestern margin of the current 
Philippine Sea Plate (Figure 1). Deschamps et al. (2000) suggested that Huatung Basin was 
formed in the Early Cretaceous, based on modeling of magnetic anomalies and radiometric 
dating of MORB-like gabbro collected at the southern part of the basin. If so, Huatung Basin 
is the only known oceanic domain in the PSP, indicating that the PSP was a complex of 
continental and oceanic crusts. 

On the contrary, Doo et al. (2014) and Kuo et al. (2009) indicated much younger 
post-Eocene spreading of the basin based on reinterpretation of the magnetic anomalies and 
thin lithosphere under the basin. If the basin is formed after the Eocene, it is most likely part 
of the IBM backarc basins. Gagua Ridge, comprising the western margin of the basin, was 
interpreted to be oceanic crust uplifted along a transform fault (Deschamps et al. 1998), but 
dredge sampling conducted in 1980 recovered andesite and metamorphic rocks, suggesting 
a more complex crustal structure. 

We therefore proposed to conduct geological and geophysical surveys in the 
Huatung Basin and Gagua Ridge, aiming to constrain the ages and crustal structures of these 
region. However, due to the global spread of novel coronavirus (COVID-19), we were unable 
to conduct the schedule survey as these areas were in the Taiwanese exclusive economic 
zone. Instead, we decided to conduct our survey in the alternative sites in the Daito Ridge 
and Kita-Daito Basin (Figure 2). 
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Figure 2. Bathymetric map of the Daito Ridges and surveyed sites in the previous cruises. 

 
 

Kita-Daito Basin was previously investigated during the KS-17-15 and YK19-07S 
cruises. These cruises conducted bathymetry survey, seafloor magnetics and rock sampling 
using dredge and manned submersible SHINKAI6500. Geochemical characteristics of the 
collected volcanic rocks imply that these formed possibly in Eocene arc setting and not part 
of the ocean crust. We further aimed to constrain the timing of the basin formation through 
dredge sampling of the unstudied area. 

 
The main objectives of KH-20-6 cruise are to conduct extensive geological 

observation and rock sampling in the Daito Ridge and Kita-Daito Basin in order to reach the 
following targets: 
1. Understand the detailed crustal structures of the Daito Ridge. 
2. Provide temporal constraints on the magmatism and metamorphism in the Daito Ridge. 
3. Understand the timing of the Kita-Daito Basin formation and its origin. 
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2. Underway Geophysics 
2.1. Operation Notes 
2.1.1. General 

Underway geophysical mapping was conducted during KH-20-6 cruise in the Kita Daito 
Basin and Daito Ridge areas. Distribution of track lines and geophysical operations are 
shown in Figure 3 and 4. The survey line list and operation log note are in Appendix. 

 

 
Figure 3. KH-20-6 survey area and track. Red circles and black stars indicate the loci of 
figure eight turns and XCTD operations, respectively. Observation log note is in Appendix. 
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2.1.2. Bathymetry 
Seafloor bathymetry is measured using the hull-mounted multibeam echo sounder 

SeaBeam2120 (L3 communications). The system consists of acoustic arrays of transmitters 
and receivers on the ship’s bottom, surface velocity meter, and controller at Lab.-1 (Figure 
5). The major specification is listed in Table. 

 
Table 1. Multi narrow beam echo sounder specification 

 
Model SEA BEAM 2120 

Operaring frequency 20 kHz 

Number of beams 151 

Transmitter array length 5.2 m 

Receiver array length 4.75 m 

Accuracy 0.3% for water depth 

Beam width 1° 
 

Figure 5. SeaBeam system in Hakuho Maru Lab-1. 

The pinging and recording were continuously done within the survey area. The swath 
width is determined automatically, from 90° to 120°. The receiver gain is fixed 36dB. The data 
quality was not so bad, but the outer beams frequently provided erroneous depths. From 
November 28 afternoon to November 29 morning, the sea status was not good and most 
pings are lost (Lines B15 and B16). The data editing (cleaning) is done by using CARIS HIPS 
and SIPS ver 11.0. 
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The vertical structure of sound velocity was determined by two XCTD measurements 
(Figure 6, Table 2). The maximum depth of XCTD measurements is about 1500m, and the 
deeper profiles are from WOA18 database. 

 
Table 2. XCTD operations 

 

 Date Lon Lat Max 
depth 

probe 

XCTD-1 2020/11/21 02:01 132°43.17E 27°24.94N 1438m XCTD-2 

XCTD-2 2020/11/25 16:28 132°44.58E 26°03.87N 1558m XCTD-2 
 
 

 
Figure 6. Deployment of XCTD probe on main deck. 
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2.1.3. Magnetics 
Total magnetic field is measured by proton precession magnetometer PR-745 (Kawasaki 

Geol. Eng. Co, Table 3). The magnetometer and recording computer are installed in Lab-3. 
The sensor is towed 290 m behind the ship (Figure 7, approximately 350m from the ship’s 
GPS sensor) and the measurements are performed every 20 seconds. 

 
Table 3. Proton precession magnetometer specification 

 

Model PR745 

Range 30000-65000 nT 

Measurement resolution 0.1 nT 

Sampling rate 30 sec 

Towing cable length 330 m 
 
 

The system runs robustly during the cruise and provides high quality data without any 
spike noises. The standard deviation is less than 1 and the signal level is more than 70% for 
almost all period. 

 

Figure 7. Recovery of proton precession magnetometer sensor on main deck. 
 
 

Vector magnetic field is measured by shipboard three component magnetometer. The 
fluxgate sensor SBM-89 (Gauss) is installed on the compass deck (Figure 8). The 
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magnetometer unit (Geomag3, Terra Technica) is installed in Lab-1. The new magnetometer 
unit (A/D converter) was used at the beginning of the survey, but spike noises were observed 
during figure eight turn and course change. Though the cause of spikes was unsolved, the 
unit is replaced and the old unit is used after 03:18 on November 21. The old unit works well 
and no spike noises are observed. The sampling frequency is 5Hz and the ship attitude data 
from OCTANS (10Hz) are merged. The specifications of magnetometers are listed in Table4. 

 
Table 4. Shipboard three-component magnetometer specification 

 

Data loggin software Geomag 3 
Sensor 3-axes fluxgate 
Sampling rate 5Hz 
Gyro Octans 
 
Cooridnate 

X: bowward 
Y: starboard 
Z: downward 

 
 

The logging is continuously done from departure at Harumi on Nov. 19 to arrival at 
Yokosuka (JAMSTEC) on Dec. 2. Four figure eight turns are done at different latitudes in 
order to estimate the ship’s magnetization (Table 5). The details of operation and calculated 
matrices are shown in Appendix. The preliminary ship magnetization matrix estimated by first 
two figure eight operations is in Table 6. This matrix is used in real-time correction during the 
survey after 02:07 on Nov. 23. The filtered files (C files) before this time are calibrated by 
using temporary matrix and should not be used. 

 
Table 5. Figure eight turns operation for STCM calibration 

 

 Date Time Lon Lat Start 
Head 

speed 

fig8_1 2020/11/19 23:06-23:26 137°59.08E 32°03.9N 225° 8kt 

fig8_2 2020/11/21 2:33-2:53 132°42.76E 27°23.8N 170° 8kt 

fig8_3 2020/11/25 19:32-19:52 132°20.02E 25°38.47N 225° 7.6kt 

fig8_4 2020/11/30 11:10-11:30 133°58.51E 30°07.62N 45° 7.8kt 
 
 

Table 6. Preliminary ship magnetization matrix (fig8_1+fig8_2) 
 

1.0285 0.0142 0.0058 958 

0.0121 1.1195 -0.0359 80 

0.0907 -0.0474 0.9374 -7841 
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Figure 8. Shipboard three component magnetometer sensor on compass deck. 

 
 

2.1.4. Gravity 
Gravity field data are recorded by the shipboard gravimeter D-004 (LaCoste & Romberg, 

ZLS Co.), installed in Lab-9 (Figure 9). The major specifications are listed in Table 7. The 
portable gravimeter CG-5 (AUTOGRAV, SCHINTREX) is also used for measurements at 
Harumi and JAMSTEC ports. 

 
Table 7. Shipboard gravity meter specification. 

 

Model ZLS D-004 
Metal zero length spring 

Range 7000 mGal 

Drift 3 mGal or less per month 

Static repeatability 0.2 mGal 

Gyro ZLS FOG 

Sampling rate 10 sec 
 
 

Absolute gravity tie is done at Harumi port, using HJ-pier base station. The details are 
shown in Table 8. Drift correction will be done after the cruise using the measurement at 
JAMSTEC pier on 2 December. Measurement log sheets are in Appendix. 
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Table 8. Absolute gravity tie information. 
 

Date Station Pier 
height 
[m] 

Draft 
[m] 

Lab-9 
height [m] 

CG-5 
height [m] 

Corr. 
[mGal] 

2020/11/19 Harumi HJ Pier 2.3 6 4.19 0.18 1.32 
 
 

Date/Time CG-5 gravity 
[mGal] 

Absolute gravity 
at station 
[mGal] 

Absolute gravity 
at Lab.9 [mGal] 

ZLS digital 
gravity 
[mGal] 

2020/11/19 11:05 7382.9150 979773.804 979775.13 3243.7 
 
 

Figure 9. Ship gravimeter in Hakuho Maru Lab-9. 
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2.2. Preliminary Results 
Gravity and vector magnetic field data were collected continuously from Harumi port to 

JAMSTEC pier. Multibeam bathymetry data were recorded south of 30°N. Total magnetic 
field data was collected along survey lines and transit lines between dredge sites. Survey 
lines are shown in Figure 3. 
2.2.1. Bathymetry 

Total 850 miles of multibeam survey was done during KH-20-6. The erroneous data 
are manually deleted using CARIS HIPS and SIPS and the cleaned data are exported as 
ascii xyz file. Then 100m-interval grid is created by GMT near neighbor algorithm. Another 
grid file where NaN values are replaced by JTOPO30 bathymetry is also created. These data 
are shown in Figure 10 and 11, respectively. 

The focused survey areas with dredge hauls are; K: Kanami Seamount, A: Tete 
Seamount, B: Corrugated northern flank of Daito Ridge, C: N-S lineated high, E: Daito Ridge. 
The closeup views (shaded relief and 50m contours) are presented in Figures 12(a-e). 

Kanami and Tete seamounts extend NE-SW direction, that is oblique to the general E- 
W trend of rift structure. Area B is characterized with almost N-S trending corrugations. The 
height of these corrugations is ~50m, and minor ridges of same trend are extended from the 
main Daito Ridge. The corrugated surface area corresponds to the area showing high P wave 
velocity in shallow subsurface (Nishizawa et al., 2014). The top of the Daito Ridge is flat and 
two conical seamounts are located in the northern flank. They are cut or controlled by NW- 
SE to E-W trending faults. 
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Figure 10. Multibeam bathymetry collected during KH-20-6. 
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Figure 11. Multibeam bathymetry collected during KH-20-6 overlays JTOPO30 data. 
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Figure 12(a). Multibeam bathymetry across Kanami Seamount (area K). (top) Shaded 

bathymetry with 100m contours and (bottom) 50m contours. 
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Figure 12(b). Multibeam bathymetry of Tete seamount (area A). (top) Shaded bathymetry with 

100m contours and (bottom) 50m contours. 
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Figure 12(c). Multibeam bathymetry of corrugated surface (area B). (top) Shaded bathymetry 

with 100m contours and (bottom) 50m contours. 





19  

 
 

 
Figure 12(e). Multibeam bathymetry of Daito Ridge (area E). (top) Shaded bathymetry with 100m 

contours and (bottom) 50m contours. 
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2.2.2. Magnetic anomalies 
Total magnetic field strength data collected by proton magnetometer is re-combined with 

appropriate position data taking the cable length into account. Then the magnetic anomalies 
are calculated by subtracting IGRF2020 field. Figure 13 shows the magnetic anomaly 
distribution along track lines in the survey area. The anomaly pattern near the Tete seamount 
(Area A) clearly shows the dipole type anomaly, where the negative anomaly is located above 
the topographic high and the positive anomaly is in the south, suggesting positively 
magnetized body. Area B shows generally negative anomalies. The relationship with 
corrugated structure remains unsolved. The top of the Daito Ridge also shows negative 
anomaly, associated with high positive anomalies on the southern flank. 

 
Vector magnetic field collected by shipboard three component magnetometer will be 

processed after the cruise. The estimated ship magnetization matrices are in Appendix. 
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Figure 13 . Total magnetic anomalies. Unit is [nT] 
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2.2.3. Gravity anomalies 
Shipboard gravimeter data are tied to absolute gravity value at Harumi pier and 5 

minutes time delay for digital filtering are applied. Smoothed velocity (300 sec median filter) 
is used for Etovos correction. The comparison with satellite gravity anomaly shows that the 
derived free-air anomaly values generally fits satellite anomalies during cruising but some 
offsets exist when the ship speed is very low (during dredge operation) (Figure 14). This 
issue should be investigated. 

Figure 15 shows the free-air anomalies along track lines. The distribution generally 
reflects topographic variation. 

Figure 14. Comparison with satellite gravity anomaly (red) and derived free-air gravity anomaly 

(blue) on 21 November. 
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Figure 15. Free-air gravity anomalies along track lines. Unit is [mGal]. 
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3. Dredge Survey 
3.1. General 

We conducted 23 dredge surveys during the KH-20-6 cruise in the Daito Ridge and 
Kita-Daito Basin (Figure 16) based on two major scientific objectives: 
1. Understand the detailed crustal structures of the Daito Ridge. 
2. Understand the timing of the Kita-Daito Basin formation and its origin. 

 

Along with rock sampling, we have simultaneously studied benthos that were brought 
on deck with the rocks and sediments. As part of the dredging, we also attached a video 
camera to the chain above the dredge to capture images of undersea outcrops during 
dredging. We have also mounted an additional camera on top of the dredge (Satsuki-type) 
on D23 for a technical test. 

 

Figure 16. Dredge sites during the KH-20-6 cruise. 
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3.2. Instrument and operation notes 
The dredge systems used during the KH-20-6 cruise are as illustrated in Figure 17. 

The chief components of the system are a transponder, a pinger, a chain, a 200-kg weight, 
a camera sledge, fuse wires, life wires, and three types of dredge; Gyaico-type chain-bag 
dredge, Miyamon-type box-shaped dredge and Satsuki-type box-shaped dredge. The 
dredge assemblage was connected to the ship-board No.1 winch wire (14 mm in diameter). 

 
1. The transponder is used to estimate the position of the dredge system. It was attached 

to the winch wire at 400 m above its end. 
2. The pinger is used to estimate the altitude of the winch wire during dredging. It is attached 

to the winch wire approximately 200 m above its end. 
3. The chain is used to stabilize the dredge on the sea floor during operation. It is 6 m long 

and 19 mm in diameter. It is connected to the winch wire by shackles (3.25 ton) and a 
swivel (5 ton). 

4. The weight keeps the dredge on the sea floor during operation. A weight of 200 kg was 
used and connected to the chain by a fuse wire (0.25 m long), a life wire covered with a 
hose (2.3 m long), shackles (1.2 ton), and a swivel (1 ton). 

5. The camera sledge (Mago-camera) is connected to the chain by a fuse wire (0.25 m 
long), a life wire covered with a hose (1.5 m long), shackles (1.2 ton), and a swivel (1 
ton). We used a 7000 mbsl-rated undersea video camera and LED light system. 

6. The dredge is connected to the chain by a fuse wire (0.25 m long), a life wire covered 
with a hose (4.6 m long), shackles (2 ton; 3.25 ton), a swivel (3 ton), and a master ring 
(5 ton). To obtain better recovery of the benthos that are sampled with the rocks, we 
installed 350 μm nylon mesh bags inside the dredge (Figure 18). We also installed an 
RBR SOLO depth logger inside the dredge to monitor precise movements of the dredge 
at the seafloor (a logger containing data from D01 to D19 was lost at D19 with the dredge). 

7. Following the regulation of Hakuho Maru, fuse wires of 6.3 mm (1.84 kN of breaking 
force) and life wires of 8 mm (2.99 kN of breaking force) were used for sites deeper than 
5500 m. For sites shallower than 5500 m, we used fuse wires of 8 mm (2.99 tf of breaking 
force) and life wires of 9 mm (3.78 tf of breaking force). 

8. The ship position was kept still above the starting point of the dredge during the lowering 
of the dredge assembly. The assembly was lowered at a full speed of 1 m/sec until the 
dredge was approximately 50 - 100 m above the seafloor, and then slowed down to a 
rate of 0.3 m/sec until the dredge touched the seafloor. As soon as the dredge landed on 
the seafloor, which was indicated by a decrease in wire tension, the winch was stopped. 
Then the dredge was pulled by the ship towards the end point at 0.5 – 1.0 knot (SOG). 
The position of the dredge and its movement was monitored by the transponder and 
pinger signals. If the ship reached the end point, or the distance between the ship and 
the transponder exceeded ~800 m, or the pinger altitude from the sea floor became lower 
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than 100 m, the wire was wound up at a rate of 0.3 m/sec until the dredge left the bottom. 
 
 

Figure 17. Detailed assembly of dredge systems used in KH-20-6 cruise. 
 

Figure 18. Nylon mesh bag installed in the Gyaico-type dredge for benthos sampling. 
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3.3. Survey results 
Sample recovery of the dredge hauls was generally good except for D08 and D20, 

mostly collecting at least several rocks on each dredge. D08 failed to land at the seafloor due 
to extremely steep slope and a dredge was lost on D20. 

The position and depth of the dredge sites are summarized in Table 9. The total weight 
of the recovered rocks was approximately 920 kg. 

 

Table 9. The position and depth of the dredge sites. 
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This cruise report is a preliminary documentation as of the end of cruise. 
This report is not necessarily corrected even if there is any inaccurate description (i.e. taxonomic 
classifications). This report is subject to be revised without notice. Some data on this report may 
be raw or unprocessed. If you are going to use or refer the data on this report, it is recommended 
to ask the Chief Scientist for latest status. 
Users of information on this report are requested to submit Publication Report to Cooperative 
Research Cruise office. 
 
E-mail: kyodoriyo@aori.u-tokyo.ac.jp 
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