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Magnetic anomaly map and free air gravity anomaly map around Japan

Magnetic anomaly map (left) and gravity anomaly map (right). The maps were created with the proton
magnetometer and marine gravimeter data obtained in the cruises of the Hakurei-maru from 1974 to 1999, which
were carried out by the Geological Survey of Japan. The magnetic anomaly data were calculated using the CM4
model to reduce magnetic secular and diurnal variations, and applied with leveling correction. The gravity anomaly
data were obtained by applying the gravimeter drift and scale conversion correction, low-pass filtering, altimetric
gravity data correction and leveling correction.

(Figure and Caption by ISHIHARA Takemi)
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YAMAMOTO Takahiro (2021) The Middle to Late Pleistocene tephrostratigraphy around the Nasu
Volcano Group, NE Japan: new description of the Kawatani Pyroclastic Fall Deposit and the horizon of
the Yosasagawa and Higashi-iwazaki Debris Avalanche Deposits. Bulletin of the Geological Survey of
Japan, vol. 72 (5), p. 397420, 10 figs, 7 tables, 1 appendix.

Abstract: The stratigraphy and lithology of the Late to Middle Pleistocene pyroclastic fall deposits (PFDs)
and debris avalanche deposits (DADs) distributed in the eastern foothills of the Nasu Volcano Group have
been redescribed with new data of major element compositions of glass shards in pyroclastic materials. In
Mafune-Kawatani, Nishigo Village, there is un-named dacite pumice lapilli layer immediately above the
Nasu-Shirakawa PFDs, which were erupted from Asahidake and Minamigassan Volcanoes of the group
during 0.16 to 0.12 Ma; this unit have been newly defined as the Kawatani PFD. Its distribution and glass
composition suggest that this fall deposit also originated from the Nasu Volcano Group. The chemical
composition of the pumice gravel below the Yosasagawa DAD is consistent with that of the Otawara
Pyroclastic Flow Deposit of 0.32 Ma. Therefore, the tephrostratigraphic age of the Yosasagawa DAD is
0.32 to 0.23 Ma. On the other hand, the Higashi-iwazaki DAD, which is defined in this study and thought
to originate from the Nasu Volcano Group, has been identified in the lower part of the Mafune PFDs. The
tephrostratigraphic age of the Higashi-iwazaki DAD is estimated to be 0.35 to 0.34 Ma.

Keywords: Nasu Volcano Group, tephrostratigraphy, Kawatani Pyroclastic Fall, Yosasagawa Debris

Avalanche, Higashi-iwazaki Debris Avalanche
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Fig. 1 Simplified geologic map of the Quaternary deposits around the Nasu Volcano Group and Nasunogahara Fan. DAD = debris
avalanche deposit, PFD = pyroclastic flow deposit. After Yamamoto (2006).
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A ECHE D 14 M R B T K (R TIa RE T ok
W e HiRR) B 7R Eh Tk, BESGEKILAT T
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DO T 7 7 JGFFNFHEII DN T, i - B
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bh Tk, HHENYERET S & =ARIEAALIZIEHE
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IRZE KR 53 A9 % R~ s il 7 7 513,
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R - HALEE L HERY (B8 1 X Dthl, th2, tml, tm2)
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BT LT e, mEREED OMRRE Tt S h
TW5 (EAK, 1999). F72, HRFIIHI (Loc. 3) C EHL
B ENHER O T & % kU A Wi HE R (Sb-
OT ; 1 XDO) iEEFEAILALE DI 1 L 7 5 (5 2[X)
NOEH LD TH 5 (L, 1989). Sb-OTIE T DJHE
BT RERARENICE TN 5 KITApmT 7 7 I
WX N BHA3 - 145 T AP (Nm13, Nml4) 2dH D,
MISO DK 32 HAERTICHI L7z & Z 2 5T (8
AKIE », 2004 ; Matsu’ura et al., 2014). FF1Z, Sb-OTIZ
5 BT KO AR 7L 7 5 0 6 B ~JEdE
FUZHEY, BB R A S fEET £ TElF XA T3
(EFIE A, 2017 5 (LENEA, 2018). % 7=, (LJC(2013)
%, IWHNE A (2018) DR L 72 E#h O VGIRA IR 1 & 2
(Loc. 2) Ttk X h - Bt 6 b N AW %, WA D
JEHTHE A 5 Sb-OTIZXf L T 5.

3. JIBRETREYDEF & ERMEFERK

KRBT AWE (KW) 1, PSS BRI A (Loc. 1) T
F Y6 il 25 o) B R AR (NK-MA 5 BT A, 1957 5 1T,
2012) & ARE IR N A (Nm-SB 5 $5AK, 1992 ; 1T,
1999 5 2012) DR D 1AL U 7= B i & 3 5 880
e ™A T R, FaX), AMETHHTZED
THhd. ZOBHEOBKRFETFIE, 1LIT(2016) DLoc. 21
HRK & UTAREATH DA, ZORTIZARGH DMK
TAE LTZDOFEERL Tz, $iAR(1992) &,
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CEDTHHEENENH B, £72, TDOT 7 I7EBENIS
AR 11 ~ 10 FAERTTH 5
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WEFHAM WS 20214 H72% Ho5E

H1E 777 E. Br=HEN;Cox=WEMER ;Cum= 5 I V2 b VA Hb = YW@ A PG Opx = EAMG. ¥ HAIE A (2008) ;

® Matsu’ura ef al. (2014).

Table 1 List of tephra units in this study. Bt = biotite; Cpx = clinopyroxene; Cum = cummingtonite; //b = hornblende; Opx = orthopyroxene.

 Aoki et al. (2008); ” Matsu’ura et al. (2014).

Tephra Name Age Rock type Reference

Hr-FP Haruna-Futatsudake-lkaho |#B&ZvEFER [1.5ka Opx Hb andesite Arai (1962); Yamamoto (2013)

Nm-NK Numazawa-Numazawako BIRGRIR 5.4 ka Opx Hb dacite Yamamoto (1995; 2003)

Nt-S Nantai-Shichihonzakura BAREtERE 17 ka Hb-bear Opx Cpx dacite Akutsu (1955); Yamamoto (2013)

Nt-I Nantai-Imaichi BikS™H 17 ka Opx Cpx dacite to andesite Akutsu (1955); Yamamoto (2013)
As-YP Asama-ltahana-Yellow EERSER 17 ka Opx Cpx dacite Arai (1962)

Nt-OG Nantai-Ogawa BN ca 23 ka Basaltic andesite Muramoto (1992); Yamamoto (2013)
As-BP Asama-ltahana-Brown ERRESBEE ca 23 ka Opx Cpx dacite Arai (1962)

Ag-KP Akagi-Kanuma RFEET 44 ka® Hb-bear Opx Cpx dacite Akutsu (1955); Yamamoto (2013)
Ag-NM1  |Akagi-Namekawa 1 FRIATIIN ca 50 ka Hb Opx Cpx andesite-dacite Suzuki (1990); Yamamoto (2013)
Nm-MZ Numazawa-Mizunuma BIRKAE ca 56 ka Bt Cum Hb dacite Yamamoto (1995; 2003)

Ns-KR Nasu-Kuromori MERK ca 80 ka Andesite Suzuki (1992)

Nk-MA Nikko-Mamiana ERAEIN ca 0.10 Ma Opx Cpx andesite Akutsu (1957); Yamamoto (2012)
Ns-KW Nasu-Kawatani EIZEIIES ca 0.11 Ma Opx Cpx dacite This study

Nm-SB Numazawa-Shibahara BRZR 0.11 Ma Cum-bear Hb Bt rhyolite Suzuki (1992); Yamamoto (2003; 2012)
Ns-SR1"  |Nasu-Shirakawa 1° BB ca 0.12 Ma Andesite This study

Ns-SR1  |Nasu-Shirakawa 1 AN ca0.12 Ma Andesite Suzuki (1992)

Hu-TG Hiuchigatake-Tagashira J&y EHEE 0.129 Ma Bt Hb Opx Cpx dacite Suzuki (1992; 1999); Yamamoto (2012)
Ns-SR2  |Nasu-Shirakawa 2 HEBF2 ca 0.13 Ma Andesite Suzuki (1992)

Ns-SR3  |Nasu-Shirakawa 3 HEBA3 ca 0.14 Ma Andesite Suzuki (1992)

Ns-SR4  |Nasu-Shirakawa 4 ARZE R4 ca 0.14 Ma Andesite Suzuki (1992)

Tk-Ub Takahara-Ubasawakita ERERI ca 0.15 Ma Opx Cpx dacite Suzuki (1992); Yamamoto (2013)
Ns-SR5  |Nasu-Shirakawa 5 BRZE RS ca 0.15 Ma Andesite Suzuki (1992)

Ns-SR6  |Nasu-Shirakawa 6 ARZERA6 ca 0.15 Ma Andesite Suzuki (1992)

Ns-SR7  |Nasu-Shirakawa 7 AERFT ca 0.15 Ma Andesite Suzuki (1992)

Ag-OrP  |Akagi-Origuchihara FEIFOR ca 0.15 Ma Hb-bear Opx Cpx andesite-dacite  |Suzuki (1992); Yamamoto (2016)
Ns-SR8  |Nasu-Shirakawa 8 BB B8 ca 0.15 Ma Andesite-dacite Suzuki (1992)

Ns-SR9  |Nasu-Shirakawa 9 BRZE B39 ca 0.15 Ma Andesite Suzuki (1992)

Ns-SR10 |Nasu-Shirakawa 10 EBF0 ca 0.16 Ma Andesite Suzuki (1992)

Hu-NN Hiuchigatake-Nanairi BrELtA 0.16-0.17 Ma  |Opx Cpx dacite Watanabe (1989); Yamamoto (1999; 2012)
YG Yaguchi &0 ca 0.20 Ma Andesite Suzuki (1993)

Ns-SR11 |Nasu-Shirakawa 11 AEBA1 ca 0.20 Ma Andesite Suzuki (1992)

Ns-SR12 |Nasu-Shirakawa 12 ARZERA12 ca 0.20 Ma Andesite Suzuki (1992)

1j-MO liji-Moka Rt ERE ca 0.22 Ma Cum-bear Opx Hb dacite Yamamoto (2007; 2013)

Kn-KD Kinunuma-Kurodahara RRBRAR ca 0.23 Ma Opx Hb dacite Suzuki (1993); Yamamoto (1999; 2012)
Tk-TM2  |Takahara-Tomuroyama 2 BRFEEL2 ca 0.24 Ma Cum-bear Opx Hb dacite Yamamoto (1999; 2013)

Sb-OT Shiobara-Otawara bAEPN:: ] 0.32Ma® Opx Cpx dacite Suzuki et al. (2004); Yamada et al. (2018)
Nm13 Nemoto 13 RA13 ca 0.34 Ma Hb-bear Bt rhyolite Koike et al. (1985)

MF7 Mafune 7 B 0.34-0.36? Ma |Andesite Yamamoto (1999)

MF9 Mafune 9 Hino 0.34-0.36? Ma |Andesite Yamamoto (1999)

MF11 Mafune 11 Hii 0.34-0.36? Ma |Andesite-dacite Yamamoto (1999)

MF12 Mafune 12 B2 0.34-0.36? Ma |Andesite-dacite Yamamoto (1999)

MF14 Mafune 14 Ein14 0.34-0.36? Ma |Andesite Yamamoto (1999)

Nm14 Nemoto 14 BAR14 ca 0.36 Ma Hb-bear Bt rhyolite Koike et al. (1985)

Nm16 Nemoto 16 BAR16 ca 0.40 Ma Hb-bear Bt rhyolite Koike et al. (1985)

K ORAEO ST - 725 HE, [ CBEORIRITII 1R
T (Ag-NMI 5 $67K, 1992 5 LLTIT, 2012) RARIKIT
LR T K (Ag-OrP 5 5K, 1992 5 (LT, 2016) & B
SPITn 3. — KT, ZOEMIZE, BITHKE TR0k
DIENHRZEAMFE T A GRIE) &35 s R 5
T3, AKFEYNE, LGP (960602-3), [H
R (201124-1) R F1 1 FI3R (140625-1) T & ffal T &
25 (LJE, 2021), FADOHIAREA LERILEOES R
THRRT DEE o WS T s 22 R, PO SN 2D
A A F —GORHER O R EE I IERO2 5 7%
W2 5 1T, 201252013 5 2021). #E-> T, HARZHEK
IR EOPRNEFIZ L2 L T nd o & il T
x5,

Loc. 1 TEREXL 7238k 1212-1-5 DKL #H 5 2 D FJK Y
(LR D EEME L, Si0, = 77.51 wt%, ALO; = 11.71
wt%, FeO = 2.00 wt%, MgO = 0.37 wt%, CaO = 1.73
wt%, Na,0 = 3.11 wt%, K,0 = 3.08 wt% T - 7z (2
%).

4. FEEAETXRMEHORERFEEH

BARINA (Loc. 1)1d, ARZEEAMSEE T A& & k
MOFRKBEDEENETCBRTELIRIFABETEH 5
(B3, 2Ba). Zok Tk RIIAEZT) 7
AL L, —HTRUEDBVWEAEZESTWVS. 17 ~ 8
TR R 3R B L 2= 8 H ikl & 5AH Skl
GBI £ - B, 1995) DE S50 5EM L =BT A
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Shaded-relief map around the Nasu Volcano Group and the thickness of the Kawatani Pyroclastic Fall Deposit. Bold

numerals are the thickness in cm, and italic ones are the locality # in Yamamoto (2021). The pink area shows the
distribution of this fall deposit. Ag = Akagi Volcano, 4s = Asama Volcano, {r = Haruna Volcano, Hu = Hiuchigahara
Volcano, Nk = Nikko Volcanoes, Nim = Numazawa Volcano, Ns = Nasu Volcanoes, Tk = Takahara Volcano. This topographic

image was outputted from GSI Maps (https://maps.gsi.go.jp) by the Geospatial Information Authority of Japan.

WTdH 50D (LI, 2012), AWE TRTBIES
(55 5X) < & Mg s & IR Ok Tusn, IR,
A S NEIZ 7 DA & LT 5.

AW 1 Fe T AW (Ns-SR1) 1%, A TLoc. 1%
FRMIZHFHRT 23D TH 5. WEatHE+*EA TNm-SB
D30 cm 2B B, JRERKKILIKENE & F D Wit e,
RIBAROMBEY 4 X023y 7 kLT, BEIZ12
emTd 5. $5K (1992) B3 ALARHEE T KW & kA 72 HE R
Y, BEOMREENFEIZ D > TRIE - RiE T & X
NTn UL, IEBLEO T OESA LERELT T
12, ARV O A AR T E T, IREE A RO AR
e T KW & 3 OHER & BT L 72, 2 0o, TR
FKILBEREE O PeNEPHIZFRE X hTn b (5 [K).

HBZE ] 1 R T AW (Ns-SR1 5 #5K, 1992) 1%, ¥
+ 858 % e A THU-TGD 20 em BN I2 b 5, G ~FEE

OFEORBNHEEY 4 XD 23 ) 7kIUEET, EEIT14
emTdh 5. [A CHEREMIE, SAREBEICE & A
DEHIIAS BETE 5 (5X).

HOEEM 2 B T kY (Ns-SR2 5 $57K, 1992) i%, B
T A A THU-TGD 32 cm FHilZH 5, BEIK GO T
REOHEES 4 20 2 2 ) 7 KIIESR T Ok ILK
T, BEIZTemTH B, ZONAE, IEKLEERED
PeOFFIZRE XT3 (BESX).

TBZE T 3 B N A (Ns-SR3 5 $6iK, 1992) 1, #E&
F & PR A TNs-SR2D 20 cm FRLIZH 5, ABE TR
DOEWHEEY 4 X023 ) 7 kLI E BKEGTRIERR
OHEEYF A 2D 23 7kILE» 65D, FEIEIET emT
H5. oI, FTEICEKGZa) 7, Bk
WEZAI) THEL, FFEL TS, ZO5MmiE, I
FUKILTE R B O PO PRE X T3 (F51X).
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! Ten-ei Pyroclastic Flow
Deposit 5

/ Scale (ca. 80 cm)

" ¢

B3 RAFKPHER & B S R E. RSP EAN A (Loc. 1), Ag-OrP = FRIRRECURRE AW, KW =115k Tk
Wi, Hu-TG =% »r AR T KW, Nk-MA = BGRIFEEE T K, Nm-SB = BICEIERE T K, Ns-SR6 to 8 =Tk
JHIT 6 ~ 8 MKW, Th-UB = iR IGIRALRE BT, R IIE, EmPARlE GB 1 XIDS) O—kETh 5.

Fig. 3 Eolian veneer deposits upon the Ten-ei Pyroclastic Flow Deposit at Mafune-Kawatani, Nishigo Village, Fukushima Prefecture (Loc. 1).
Ag-OrP = Akagi-Origuchihara Pyroclastic Fall Deposit, KW = Kawatani Pyroclastic Fall Deposit, Hu-TG = Hiuchigatake-Tagashira
Pyroclastic Fall Deposit, Nk-MA = Nikko-Mamiana Pyroclastic Deposit, Nm-SB = Numazawa-Shibahara Pyroclastic Deposit, Ns-
SR6 to 8 = Nasu-Shirakawa 6 to 8 Pyroclastic Deposits, 7k-UB = Takahara-Ubasawakita Pyroclastic Deposit. The Ten-ei Pyroclastic
Flow is the member of the Shirakawa Pyroclastic Flows (Sr in Fig. 1).

HRZE T 4 B T K9 (Ns-SR4 5 $8 K, 1992) 13, 8
@1 % B A TR R IRALRE T KR (Tk-UB 5 §5K,
1992 5 LUJE, 2013) D7 cm EfLICfiE L T3, THE
WK G~ CTHRIAARDOHP#EY 4 XD 23 7KL,
EEHIER A~ ETHIIDO RO 4 X OB A1
Mok, WEIXWET S, £/, BEIEI13comTH 5.
EEoEA KX Loc. | THIRETD %25, oS
i, BIKE~EEa2 ) 7REBL TS, 2050,
A LBEACER 2 & FM i A 0 S IR < BT 5
(5 5X).

TBZE M 5 R AW (Ns-SR5 5 85K, 1992) 1%, #@ta
LA A TTK-UBD 22 ecm M2 & 5, D EO ALK
B & RBE~IKGEOHREESY 4 D22 ) 7k
W 550, BEEX1l cmTd 5. 2051, HFE
KINFEREOPRNFFIZ R E S hTwb (B5K).

ARZE M 6 B T KW (Ns-SR6 5 $8K, 1992) 1%, 6

T A PEA TNs-SR5D 20 em P72 d %, #EED2=y
M B EBRELIZZY TAKLE~KLKTHS. T
TISIKGORRKIIK,  EBIE A TR R O i
PA XD ) 7 KINEE, IS G~ S T AR
PAXDZa) 7 KILBEDIR T - 72HRKILIKA» 5 50,
SRDIBIEIZ44 cmTH B, ZDOHMIZ, @A LEILE
76 T EA O K HN AL BT E % (55 K).

HRAE M 7 R T KR (Ns-SR7 5 83K, 1992) i3, @
T A A TAg-OrPD 4 cm ELIZH 5, B O2=
P EBRE LA 7kEE~ KK TH B, T
SISIKGORREKILIK,  HEBIEHE K TR TEA B Ol
FAZOZ ) 7k, EEBIEAEETRIEAROH
Y4 oz a) 7kILE» S 2D, EEROREEIL29
emTh 3. ZOonMiE, FAREILE 5 A EL O
B AL B TE % (FH5IX).

IRZE T 8 Fe T A (Ns-SR8 5 $4K, 1992) i3, &
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f=twuwetas] Tk-UB (1212-1-3; T=9; D=1.3)

Ns-SR5 (T= 11; D= 1.6)

ErETErE) Ns-SR6 (T= 44; D=2.8)

Ns-SR7 (T=29; D=3.2)
— Ag-OrP (OrP-01; T=4;D=0.2)

eamniat Ns-SR8 (T=72; D=5.6)
Unconformity

A\ | Ten-ei Pyroclastic Flow Deposit

Pumice flow deposit

P Scoria lapilli

— 1m Pumice lapill
B Coarse ash
[ ] Brown volcanic soil

EAX BEANIA (Loc. 1) 1234 B KW % B30 R @
ORIRE. 77 504 E ZORBIZHE 1 £ESH
DT L. 1212-1-5, OrP-017s E3RARFS. T=7
7 IRBOEET, Hfildem. D=7 7 5 DVFHERK
RifZ T, ¥Anidem. ILTC (2016) 12k 5.

Fig. 4 Stratigraphic column of eolian veneer deposits intercalating
with pyroclastic fallouts at Mafune-Kawatani (Loc. 1). See
Table 1 for the tephra names and its compositions. /212-
1-5, OrP-01, etc. are the sample number. 7 = thickness
of the tephra unit in centimeters. D = averaged maximum
diameter of grains of the tephra unit in centimeters. After
Yamamoto (2016).

T8 & A TAg-OrPD3 ecm FIZH 5, B2 =

MG BEUE L 2B AN - 2 3 7ok~ kil
JKCTH 3. fi FEBIZWIRAL U 7= B5K 6@ THIED B g
YA XD 2 7RI, wEIKEORKKILIK % BA T,
IR GO R BE L 2 4 2o a kg, E
XK A TRIARNBOHEY 4 D22 7 KILEE, K%
EEIZIKETRIEA R OMBEES 4 2D 2 3 ) 7 kil
5D, 2EROBREIET2emTH 5. #iA (1992) 3tk
L7z&k 91z, KRBT KIPIENs-SREE Tt & EES K&
<, POBONRENT, WA TORENEZ . Z0O
A, BALBEACGE A & A O S iz A < B
T&ES (EBSIX).

Loc. 1 TRIE L TV BIRERM 9 ~ 12 & T A4 (Ns-
SR9 ~ Ns-SR12 5 $iK, 1992) &, Eim[hA & RUGHIZ
MY TCOREMTHERTE % (ILTT, 1999 ;2012). Ns-
SRY - Ns-SR101%, Ns-SR8 & £% 7 &b AR T AW (Hu-
NN ; (U176, 1999 ;2012) d [ 12, Ns-SRII - Ns-SRI2
Hu-NN & SRAARFERE T K (Kn-KD 5 (L8, 1999 ;
2012) DN, ZRAEFHAMEL THWDE. ThH5D5 5,
Ns-SR9 3, @A mBEILE A & [ i L 0 & 12 A <
BT E GRS, % DMBUINS-SRICIRW TS, T
NEEBDO2=y b5 H KB L2 7 KILEE~
Kk & TR e U, A B CREESIC AR a kL
EEoTn3,

5. ®E/IIEEEEhHERYETOBREED
ER ML

AAENNEE 75 72 HERENZ, WA LR ZEM] 255 (Loc. 6)
DR 7 2 M, W MR % DA TS TE
B 7ENHEREMI O FAIIC & 5 ILAREHER Y 2 R Rz @
SN DTH B (ILIL, 20060). Z OHERPIEIE3.5
mAT % OBIR CHE X HOFIKAME T, ZORE I
mah - FEEEAKILEE - K& & A ZIKEOEKAR K
IWAEBE KK A 6 2D, B L ARSI L 2 RILED
R AW OB A K LR S OB A A LT 5
F 72, WO TRz S 2 W)IHERDIZ S B < P
N7 BRPELA O A RS O A4 (10-101) 25K
HIZHEEFh T3 (EE6X). 11I6(2006) 13, FEHO-101
OB GHAERKIUA T 2 DJEITZE (0 1.502 ~ 1.507),
EAMEGORITE(y 1 1715~ 1.717) 25, IhakH
JEK R HERE Y (Sb-OT) I & & 2 Tz, ZhizxtL
T, Al - EA1(2020) 1%, [ U S TERELX 72884
W 5 2 & Sb-OTH DT D TR AL 2ARUK % B & A2
L, MZIE—F|LANWE LTS, LirLAans, -
EA01(2020) D78 L 728b-0TA 1L H 5 2 DAL ZEHK I,
IIAE A (2018) DR L 72Sb-OTD 73 Hfiti & X, Sio, &
M%<, FCORDP LD DHVET, KES£Z A>T 35.

AEETI1E, WO 72 0i0H10-101 & Sb-OTO AE %
A 3F0RHKTI103, 950605-3, 030426-1), £ 3)IIEE &
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MA 1 MA i
o)
| o
A%
5km = 37°0' N 5km = ,‘l 37°0' N
FSX(172)  IRZEAMFE KRR (Ns-SRs) D54 e i3 b KR ORI T, Bifiidem. KBTI FRIER. 4=91HEX

th s M=wmH ekl &5 XN P B X] (https://maps.gsi.go.jp) 7 & D HY ST,

Fig. 5 (1/2)

Distribution of the Nasu-Shirakawa Pyroclastic Fall Deposits (Ns-SRs). Numerals are measured thickness of the pyroclastic

fall deposit in centimeters. Solid lines are isopachs. 4 = Asahidake Volcano; M = Minamigassan Volcano. This topographic
image was outputted from GSI Maps (https://maps.gsi.go.jp) by the Geospatial Information Authority of Japan.

ZNHERI O T AL & B i ST K HE R
(As04 ; 25 1 XD KRB O — k&) Okl 7 2D
TR AR E 5 HT L 72, BRI T103 111 7T (2006) A3
KEFE KRR E LTkUAT 5 2 - AR
Pra % e U 72 R (Loc. 8) DEEA DD T,
(L H I 2> (2018) DLoc.13 £ 1F IR U b TEREL L T W
5. F7z, itRH950605-3 13 REEIE TR B H )12 Bk
JEOIBEN)IE A (Loc. 3) T, HBEAE & 72 W HEREY IS E

HE DN BSb-0TH 5 HELL 72, ikH030426-1 1& K HJE
TR DOMERERE T (Loc. 7) DSb-OTA 5 #RHLL 723 D T,
PrE A - BA)11(2020) DLoc. 94Z¥EVY. #EtAS04 12
Yamamoto (2011) 23 &S LM AT & 17V, F P IR
MTHBIEEMRLZBADED TH 5.

Sb-OT, 3B KILFH T 2 DERSIFHR (3%,
W4z, P53) 13, Si0,=76.54 ~ 77.78 wt%, ALO;=12.06
~ 1257 wt%, FeO = 1.01 ~ 2.00 wt%, MgO = 0.20 ~ 0.38 wt%,
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5 km o\ ,! ) . NEAN 1} —37°0 N 5 km ] e\ ,! ) b NEAN 1] —37°0' N
5K (22) FiE.
Fig. 5(2/2)  Continued.
Ca0=1.72 ~ 2.14 wt%, Na,0=336 ~ 3.93 wt%, K,0=2.30
~2.65 wt%DHEMIZCEL x5, £/, RARH10-101D
Kili# 7 2 D FERATCERE O FEPME L, Si0,=77.36
wt%, ALO;=12.09 wt%, FeO=1.91 wt%, MgO =0.32
wt%, CaO=2.03 wt%, Na,0=3.26 wt%, K,O0=2.61
wt% TH -7z (6% ). A BI10-1011F, ALO; &ENa,O R ( :
— p. 407

AMSb-0TL D &R DD, 2fkE U TIMEA
FPLTHE, —7, A4 D KILH T 2D FER Sy
b2 MR D F ¥ fiE 1%, Si0,=78.73 wt%, ALO;=11.79
wt%, FeO =136 wt%, MgO =027 wt%, CaO=1.75 wt%,
Na,0 = 3.54 wt%, K,0=2.19 wt% T, Sb-OTXI10-101 &
BRESEE STV GETE).

6. EfnfETREMEBEORER L a1H

A - Rw)(2020) %, HEAREIBET SO L & ¥
AET L 7 B (3 DLoc. 1 5 A DLoc. 4) ¢, &
HENEE & 2RI O L6S, THiz 5NS02 ~ NS11
DKW % GLHR L, ZD S BNS04 2 ApmT 7 BT
Ehakl LaL, #60mLEBEHRRRIZI L
7 SIS A B BN - BRI A, R TAHUKTICHERE L
T2l LTS TRAERLZ DT, EEICHGFEHE
BH5bir ity I 7B FIZI13EE 50 mpi

6K Locs. 4, 5, 6 KUK BN, 775D
BWEZORBUIE 1R EZ SO Z & Fm =81k
Je; Gm =GR R THROBE ; Sh="PATREH % £§
Dfh. KTI101, 10-101 % & $RAMFS. T=77 7
JEOJF & T, Hfildem. D=7 7 5 OFHHRAK
FC, Hflideom. FHEPARRIE, FATARGREE (55
1 DSr) D—EETH 5. Locs. 5, 6 R 9HIRKIE,
ot (2013) 12k %.
Fig. 6.  Stratigraphic columns at Locs. 4, 5, 6 and 9. See Table 1
for the tephra names and its compositions. Fm = massive
mud; Gm =clast-supported, massive gravel;
Sh = horizontal-bedded sand. KT101, 10-101, etc. are
the sample number. 7' = thickness of the tephra unit in
centimeters. D = averaged maximum diameter of grains
of the tephra unit in centimeters. The Ashino Pyroclastic
Flow is the member of the Shirakawa Pyroclastic Flows
(Sr in Fig. 1). Columns at Locs. 5, 6 and 9 are taken
from Yamamoto (2013).
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BT AR EACENT E Y (Loc. 4) 124651 2 REEBHE. Hf9 - 11 -
BEGENHERY (). FAEBSEE LS 2R, SR THEXRORIAEAE» S LS. B - 128 P ARYIE
BIEL, 2ROBTLI=y b»56%%. Hite (MF6) BT A &RIT13 (Nm13) BT k# (b). Effe b ™ AW
IR L U 2 g A R e U, kalksE & fkde. —0, RO 13FE FARNE, BERZ 2L E0KIKTH 5.
A3y TR XI1IH80 em.

12 (MF9, MF11, MFI12) & Nk L Zh 6 %8 5 550

Fig. 7 Outcrop photographs at Ashino, Nasu Town, Tochigi Prefecture (Loc. 4). The Mafune 9, 11 and 12 (MF9, MF11 and MF12)
Pyroclastic Fall Deposits and the overlying Higashi-iwazaki Debris Avalanche Deposit (a). The Higashi-iwazaki Debris Avalanche
Deposit are massive, matrix-supported andesite breccia. The Mafune 11 and 12 Pyroclastic Fall Deposits are well-stratified and
consist of many fall units. The Mafune 6 (MF6) Pyroclastic Fall Deposit and the Nemoto 13 (Nm13) Pyroclastic Fall Deposit (b).
The Mafune 6 Pyroclastic Fall Deposit are mainly made up of pumice lapilli altered as clay and intercalated with thin ash layers. the
Nemoto 13 Pyroclastic Fall Deposit is ash having abundant biotite. The length of the shovel is about 80 cm.

O EP K HE R O AR BE (B LR D BUE) 28 B
D, HEEFRHERY A B A )RR, RE S
Bk HE R O m v & PRt A~ v P LB LT
5. ZODHEL OBRFERKITIE, & FMcsd 53T
O F R K IRHERI 23 P ONS06 & L TRIIR S h, L
TRRARALL T b, ARE T, O THMAD T
7 TR AL, A - BRI (2020) DFEIRX O E
WEBIET %, T4hbbB, Loc. 412F ¥ 50 T ki
E, LIt (1999) A PEARA IR & 4 (Loc. 2) TRk L 72 R
WA E 7 72 WHERE S B b L 5 BRI O T
M LT3 (o). KoK TnELL, —
HOBRERRLHG AR T, HGEMINMRL T15 R
DD, ZOFHNAEEHERET» 6, WHHEESTH -
7. DURIC ERiA & B & R4

B 6B T K (MF6) 1, FEJE50 cmD B T KB
T, KitfltLz=at~2 ) — a@oiEakligEs Tk e
L, IKE~IKEOBERZ LS KLEEESTHWS, &

AOBRARARZ28 emTH 5. MIEEHS 4 X D84 AL
~HURLKILIK D Rg % 2 Kbk A, gL T b GET7IX).
Z ORkE L 7= aRE T AIOEIE, MF6 & Rty
25D TH 5 (IIL, 1999). AHipE» 61346 QHEEY
MHET & b o 72 h, B (Loc. 2) D& DI iR
4 - WRA A2 &4, EARAOEITE () IE, 1.715 ~
1717 Td % (17T, 1999). #ilod & 51217t (2013) i3,
MF6 % Sb-OTIZfES BET Ak L ZEA T3, £/, %
M- EA11(2020) TIENSO5 EIFIEN TV 5. MF6D L
PRI 40 cmDALENZ L, BIE 8 cm DA 1AV U 7248 8 mmPA
T OB E~IFIKGD KILEE &Lk T K0 b % 23,
Loc. 8 DEARKE T AWERZ I3 HEATREZ 3 Did 70,

HRIC 13 B T ket (Nm13) 1%, #8118 % $k A TMF6
D14 em il d 5, BEROREL ZBEN10 cmD
KK TH 3 (7). HERERIAHET, ETol
R L RADEATH S, BERLSNCE A, HEfA
P, $EinaEh g, A - Ba)1(2020) TiE
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NS04 & M h, 58 A PO & g SR D (L2 UK AYApm
TIIRESALT B Z AR TS, El]ll kI
i, ApmT 7 TR S W B EHERHICE A LR T A
A IMAFAEL (L2 SRA13 - A 14 - A 16 5
INHIE A, 1985), T 5 HBIA 13 ASb-OTD . T IZ
BLTOWADOTEE6X s gaAkiZA, 19985 (LT, 2013),
NS04 ZNm13 (X Hb L 7=,

FLAR TR Tk (MET7) &, f8t 8% BkA TNmi3
D60 cm FilZH B, AHRtgtazx 2 ) 7 KILEED» S %5 5 E
JE20 cmDET K TH 5. WiEER I AWK, L
Tt RAEA TS, 23 ) 7 ORARRZ
13ecmTh 5. BERH (Loc. 2) TIEMF6 D FRLIZAFR D
R AEEZ ) 7 ORET KW A» 285 D (MF7,
MF8 ; [LITE, 1999), ZD 5 b DRFED KX & Jf OMF7
IR L 72

BRI TS 22 72 MOHE R CRRR) 13, et g4 fkA T
MF7D 40 cm FHilZdH 5, FWEZFOBRAERETH %
(BelX, HIX). RAREIFIZ150cmT, HAE3I0cmD
R~ AT, SEIXEELT, SRaERD
RFARIEL TS, ZOMBERIL, L &5 6 58
KIEFHER O R #hE %~ >~ PLEE L, Loc. 4DEIR
LIZ3 WML T 5. 200 mERIE, ZoMEkEs»t
AFDOEIIZBIRVER T - BELZ3DTANWI L%
BWLTHD, RIEHESEBENET D TH S5 EA7Z
NHERSMN R B 5 DT H 5. Loc.2 DEANRE T Gt
TR R IR HERE D 3 A1 72 <, BifELoc.4 TD
AFEREN TS, IR Td 5 HHUH ISR T &
BVEO0, REKUHREIZH D, RILEAE» O
ENDZEROARKUFRFETH S Z LIIHEETH 5.
HEFREI O KB orE, HFRIZIAL 5 $ 5 B A 2 h
HERI I AREA IR L T3 DA SR, BIHD
BHBAHITIZTE LT3, kb - EA11(2020) 1%, A
HERAH % SRS S 2 22 MHER IS I L T B 4%, e
DELEBEZDOTH - AMERE LTwaT5. 1EkE
1, Locd DHIZH BHEMKFHBFOLED—DThHB.

BT AR (MF9) 13, #6118 % A THEI%
HEEENHEREM OS5 cm MIZH 5, HB GG AL
25 %5 2EE 16 cmDET KM TH 5. BERDRK
RfEIZ15emTH 5. A (Loc. 2) TOREFEIZ 12 em T,
B O ARRIE3.0 cm& & D FHO (ITT, 1999). At
EA11(2020) DNS03 - NS11IZHH4 4 3.

BN 11 B B ke (MF11) 1, #8688 % H A TMF9
D40 cm PHIZH B, RIB L =88 KL~ B 2l
FRIK LKA & 75 5 JE 5 48 e D& N AWM % (556
K, HE7R). BAORAKZEIZ22 cmTh 5. & LS
emiF K A B L KL & P > 7= Bk ak LR,
Z DO TRUIFE & 4 emTIEMIL U 2R @ CHBE RIS
DY 4 XKL~ RURKILKRE, TBI22 O FRLIZIE
JE X 18 emD BRI A K L~ A B &L DR ALk B

J&, B TFEHIZIZE X 18 em DBk GG KILEERE 2 5 5 0,
& MR TH 5. B (Loc. 2) TOREE 22
cm, BAOREARFEIZ25 cmT, BhAHEABELRLED
G U727 OFAE AR S & LT B (ITE, 1999)
Al - BAI(2020) ONS02 - NS1012HHY4 3

B 12 0% Tk (MF12) &, B d3E4 kA TMFIL
D8 em il d 5, BJEL B A AL~ AERLEH
RKIK A & 7 % FEIE 87 emD R B AW TH % (F6IX,
BIX). BEAORARZZIZ1I8ecmTh 5. L 18 cm
FIREAE RS KILEE 2 0 - 7= Hhea~ B aiia kil
BERE, 7 O TR & 1 e D WK @A R 21 L ARk
KILJKIE, BIZF DO TFHAUCIZE X 10 cmD kB A KL
RS, JE X 16 e 78T~ W 48 6 0 B 2 L Rk Lk
&, J2& 14 emOBIK G BRIERRKIIKRE, &
8 cnDAVERIIEKILIEER U » ofk@itn ke, &
X2 emD KR K ILIKRE, T8 X 10 cmD A E R ILA K
IR C b Okt ~ts @i ok LEERE, 2 S 1 cmOB
IREAERLEHRKLIKRE, JEE7 emOBEBERILEX
IR U 0 Ok~ B aEa K IEE » 5 5 5. Kk
M (Loc. 2) TOREIEIZ 74 cm, A DRARITEIE5.0 cm T,
BAREABRILEDORE L 7% 05 A A L Ll
LT3 (L, 1999). #gith - £#411(2020) DNSO8 &
NS09 ZAbH723 DIZHNT 5.

B 145 A (MF14) 13, #BE 14 A TMFI12
D32 ecm FIZH @D 23 ) 7 KILE» 5 7 5 kg5
16 cmDE Tk Tcd 5. 2230 7DRKAKEIZ6
emTHh 5. — ), FERM (Loc. 2) TOREEIZ26 cm, Z
2 7 OAREIE15 emTH B (IUTT, 1999). Zh -
EAI11(2020) DNSO712AHY 4 5.

7. BE

7.1 JIBET AR ORBENL

Nk-MA & Nm-SBOD[EIZ & % KRBET KWL, 24m 5
IEKILBEORBEICIR S 5 Z & » 5 (52[X), EIALL
O TH B TREMESA K Z V. 72721, AR T AR
MOKLEEHIZ RO 2 5> Th 53, ZOKEE FD
RZEE MR N AV L D SIS TN &L, EHDK
HIHSRDTTREMN: S 5. Z D728, {LFHR O 5
B, BEALO AR IZOWTRETT 5. B, KA
7 ZDOFERSCEMBUE, B (1991), EAGIZA (2000),
HA - BTH (2006) = ELLRTA 5 7 7 5 O HIZHW S
N, WEEHEOREAHL M ZXh TS, Lrsdl
HAITIZEHAMOK,0 &, k7o vy MR TRg
K<, N E A > TR 2 RS T b 5 (i
% |¥Sakuyama & Nesbitt, 1986 ; Kimura & Yoshida, 2006) .
2 OfEENE, AREAKILEE R A0 T B BT K o
Kili A 7 ZHK T & BT, KORIZHES AL, Ak
th, KL, ERKL, RE o EKILDIEICKE L & 5
(8. —K, NN FKBMO KA 5 2K
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S8 AR 50§ % B TR AT F 2 DSi0,- K0 A EX. As-BP = BN CRET A (SK102 + 111

Fig. 8

JC, 2021) ; As-YP = XS @R N A IM103 : 1LJT, 2021) 5 Hr-FP =184 — v SHRERE N (Hr-FP @ 1L
JC, 2018) ; Hu-NN =%% » &t A N K (Hu-NN : U8, 2021) 5 Hu-TG =% » FHUERE F AR (1212-1-3 5 LT,
2021) s KW= JII KT AW (1212-1-5 © KE) 5 Nm-MZ = JHIRAKBRET AW (MF102 - KR202 : (LG, 2021) ; Nm-

IRZEZR A S KLE A O REARSTh O 5 2 /@46 (Ban and Yamamoto, 2002). ARCAILAIRD KILH 5 2 /&I,
LT (2016) 12 &K 5.

Si0,—K,0 variation diagram for the volcanic glass shards in the pyroclastic fall deposits around the Nasu Volcano Group. A4s-
BP = Asama-Itahana-Brown Pyroclastic Fall Deposit (SK102: Yamamoto, 2021); 4s-YP = Asama-Itahana-Yellow Pyroclastic Fall
Deposit (IM103: Yamamoto, 2021); Hr-FP = Haruna-Futatsudake-Ikaho Pyroclastic Fall Deposit (Hr-FP: Yamamoto, 2018); Hu-
NN = Hiuchigatake-Nanairi Pyroclastic Fall Deposit (Hu-NN: Yamamoto, 2021); Hu-TG = Hiuchigatake-Tagashira Pyroclastic
Fall Deposit (1212-1-3: Yamamoto, 2021); KW = Kawatani Pyroclastic Fall Deposit (1212-1-5: this study); Nm-MZ = Numazawa-
Mizunuma Pyroclastic Fall Deposit (MF102 and KR202: Yamamoto, 2021); Nm-NK = Numazawa-Numazawako Pyroclastic Fall
Deposit (Nm-NK: Yamamoto, 2021); Nm-SB = Numazawa-Shibahara Pyroclastic Fall Deposit (1212-1-4: Yamamoto, 2021); Ns-
CH = glass inclusions in plagioclase phenocrysts of the Nasu-Chausudake volcanic products (Ban and Yamamoto, 2002). The field
for the volcanic glass of the Akagi volcanic products is taken from Yamamoto (2016).
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MR R @D OHKRINEINE~T 4 4 b Tdh B (fF,
1991). X512, WHEHIZE L 3 & O OSSN
HOREARSET O 7 5 2AEWDOLEREK (Ban and
Yamamoto, 2002) &0 RME B ECT B M, Z OHEFN
N KO KILAT I 2 3EEN TS (HESIX).

P> T, (LFHROR A & &, AT AW % AZE K
INTEER & & 2 TR IRm, 72220, 205 mE by
FE 2> 5 20 51311 ~ 10 FHEFNZFIRIZWEE) LT 72/
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Loc.6 (3B 6[X]) T NI d 5 mJIHER b o [ (A
(10-101) DX ITH 2. FiRD & 512 1LIE (2006) 1, &
BHO-101 DEESEHAE R KILH T 2 DT, B A
DIEPFHEL» 6, ZhESb-OTHEF & 2 Tz, Zhi

— 415 —



WREFHAM WS 2021 4F ET72% H55

K20 (Wt%) Na20 (wt%)
3.5 4.0 X
e \\\ X
Tk-TM2 s X n
3.0+ o 35F ’ S S 2N 2% A%@%
RN . X olié he Ashino
/I, \‘\ . .
SH:OT  gfem kM2 S%° @® ©
25 ! . 3.0r A Sb-OT
X X&%g% Ashino| | 7
----------------- AA
%QéAA
2.0 2.5 '
CaO (wt%) FeO (wt%)
2.5 3.0
o OTk-;')MZ
Xk a8 Sb\‘OTQ%“O
20+ S KK 3
© g F T % R 2.0 X Xy '.q. -----
Th-TM2- SR+ 4 0 ' @AAA w + .
Sb'OT AShInO X\%X y (4 A
— > ~ //I A
1.5 x%%x AA&%%
1.0k S Ashino
1 | |
1.0 76 77 78 79
Al203 (w%) SiO2 (Wt%)
e 10-101
x KT103 (Sb-OT)
x 950605-3 (Sb-OT)
13f . Sb-OT + 030426-1 (Sb-OT)
T 5 , < 10-102 (Tk-TM2)
\‘)K‘\)\K;(K‘%fé_(_u/ Ashlno A ASO4 (AShInO PFD)
i A
12 o 8&000. he ] A S
Tk-TM2 A LA
11 | '
76 77 78 79

SiO2 (wt%)

oM BATEREHO-101 & KHF - HEP KRR KL A 7 2 DSI0-KO0BARIX. 10-102 (Tk-TM2: & % 112 F& T ki)
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Si0,-K,0 variation diagram for the volcanic glass shards of 10-101, the Otawara Pyroclastic Flow Deposit and the Ashino
Pyroclastic Flow Deposit. Data for 10-102 (Tk-TM2: Takahara-Tomuroyama 2 Pyroclastic Fall Deposit) and the pink field for Sb-
OT are taken from Yamamoto (2013) and Yamada ef al. (2018), respectively.
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Fig. 10

Stratigraphic relationship among the Nasu Volcano Group, debris avalanche deposits and key tephra lakers. See Table

1 for the tephra names and its compositions. K—Ar ages for the Nasu Volcano Group are from Ban and Takaoka (1995).

Modified from Yamamoto (2006).
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EALE

D REEELPEATA A, 37.15390°N, 140.10574°E, LT (2016) DLoc. 21.
AR PEARATIRI I & 40, 37.15600°N, 140.07464°E, [LIJG (1999) M Loc. 28.
S MGARILARZEN] f5 3, 36.99333°N, 140.03383°E.

D AR ARZEN] HUAIE, 37.10946°N, 140.34662°E.

DA IRARZEN] VAR, 36.95983°N, 140.13869°E, LITT (2013) DLoc. 23.
AR RF, 36.93637°N, 140.14087°E, LI (2006) D Loc. 6.

S AR TIRIL, 36.87042°N, 140.03366°E.
PR RAR TS AIGA, 36.83905°N, 139.94462°E, 1LIJC (2006) DLoc. 7.
S MGAIRARE 1M 55, 36.77284°N, 140.05753°E, [LIJT (2013) DLoc. 25.

Appendix: Locations for the outcrops

Loc.
Loc.
Loc.
Loc.
Loc.
Loc.
Loc.
Loc.

Loc.

1:
: Horikawa Dam, Nishigo Village, Fukushima Prefecture, 37.15600°N, 140.07464°E, Loc. 28 in Yamamoto (1999).
: Tsutsuike, Nasu Town, Tochigi Prefecture, 36.99333°N, 140.03383°E.

: Higashi-iwazaki, Nasu Town, Tochigi Prefecture, 37.10946°N, 140.34662°E.

: Numanoi, Nasu Town, Tochigi Prefecture, 36.95983°N, 140.13869°E, Loc. 23 in Yamamoto (2013).

: Ooto, Otawara City, Tochigi Prefecture, 36.93637°N, 140.14087°E, Loc. 6 in Yamamoto (2006).

: Shiroyama, Otawara City, Tochigi Prefecture, 36.87042°N, 140.03366°E.

: Kanawazaki-iwa, Yaita City, Tochigi Prefecture, 36.83905°N, 139.94462°E, Loc. 7 in Yamamoto (2006).

: Yoshii, Nakagawa Town, Tochigi Prefecrure, 36.77284°N, 140.05753°E, Loc. 25 in Yamamoto (2013).

O 0 3 N U bW N

Kawatani, Nishigo Village, Fukushima Prefecture, 37.15390°N, 140.10574°E, Loc. 21 in Yamamoto (2016).
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ISHIHARA Takemi (2021) Preparation and release of gravity and magnetic data collected by R/V
Hakurei-maru. Bulletin of the Geological Survey of Japan, vol. 72 (5), p. 421-445, 15 figs, 4 tables.

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

filter, data release
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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

— 424 —




ARG 7 — 4 O - 2B (FR)

IR Wi,
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
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Fig. 2
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(A) E-W shift (km) (B) E-W shift (m) (C)  E-W shift (m)
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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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Fig. 4 An example of digitized magnetometer chart. Time and magnetic values were defined by two points in green and two
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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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WEFHAM WS 20214 H72% Ho5E

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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3k MiE.
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

Fig. 9
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o nir B oz SL2ENHOEHRRE DRI
DNWTHIKICTHRET L 2. RO MY 7 b &L
WEERT 5720, MEEBLAOUETOENEFHEL A
5 % O H OGS T OB FEUE (B 5T & Bt D ARG VS
TOFIE A S FEFIZEO FY 7 2L ERE LT
BoNdME) 2 LGIWE (AL T5) I LT, WEO

HEXSESIED A b ADE & 5[\ flie 71y b L7z,

ZIAREAH 1 T b AUTAKT- e AR (fd) o RIcE 2139
TH5N, HFADoEELNHETCH S, X628 dH
50, R %0993 L T AR TIRIEREBTE S Z
EWRbhr o7z BIXBIZIIEWRREA0.993 DA &~
LTWaA, KD 24-Z% 1) 7 MigIZE-7 Z
D7=®, SL20AT — #ITx L T EIRRE %0993 &
LCHEETBZ &L kb, S3ENEFADFY 7
N TIX 1978 I 50 mGal##id & 5 ZE AR 6 h
30, TR 1977 EORERICE Y —Dk — 4 —DFE
FEATIZL T Abh, Z0#%IELY S —D
b — 2 — BT S LI LR, KE etz
AN Ko7z, SL2EJFHIDWTE 19944F, 1996
o2izblz D REEEMANR SN2 H, FHEIZAH
Th5.

5.2 74I)La—1E

Se3 it LESIE A & DO WM O BYFRIC & B SR I
DEEEONHEEEDFELWND RS 728, 7FHarso
Bl A& U C3BRE OB E B 20 DRCT 4 L & —
E2EEREDIEER 0TI DRCT 4 L& — 3 iy 5 h, FF3
S OBIEHA U B (Valliant, 1991). ZDOHFIIZx LTl
MIRISARRCBEN L BB KT VAT 4 L4 —
EMFBIEICILE 2020, 10MEOF — 2128
LU T & $ AkimaD fifi[i#3% (Akima, 1970) 2 FWC 108
MIBE D EERF T — 2 ZEK L 72 (5 3RO T — 21220
T Z O EEETITED T -2 2 ZOFEMHEHL T
W3)., ZOERNF— 212U T, HEE20HMDED
3ME 60D ED 2D HHDRCT ¥ 4INT 4 L4 —
2 U CHEIC N U O OB 5 7 — & 2R
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T 4 LR =30 o TREBBNIZIERFRT S 43R AL L 7=
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DF—a L L7

) —ITEEEERDB2DIZIE, TH3LTHN
T B SRS IE S T NI AT BES B
5. MR 1980 F O Wb FEHERIZH D < IEBIESN
AU & DR 7= Moritz, 2000). T b N ZHFIEIFAHEE
MOMITHEDTFT — 2 EHWTCHETEII LN TE S
(Glicken, 1962), W< D DHIFED T b X ZAHHIED T —
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O —/3 27 44— (S63ENFH DA T IE AL O rER

XU TR 7 4 L & =) 2T 27T TIRERED
A4 XS TNW=DT, XHICHFERLZZDORCT 4L
A —ZIEWAHIANZ2ET O T 28 D& T P N ZHHIEE
EL, 7V -7 REMEAEFIEL .

5.3 XHEBEETILFAMEHREICLZHE
Bohiz7 ) —x 7 BEAEO R O HERZED 5
A O IE B K & v (RMS COD = 6.1 mGal 5 % 10X
C). ZOk®, AHENTVBEATHETLF ALY T
o NTREE - A 1 RO 7 ) — T HESY o F
7 — 4 (Sandwell et al., 2014) Zffi > THiIIET A Z L & L
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IN—FTRHEOBRET — F S EHEIN-E DT, Bk
0.5 ~ 2 mGalDAEE D R EE NGO 7 — & & otk
25 FEK 2 mGalfeE L S h, FRCEDREEORNE
e LTHHT2ZEATES. BRI 1IflEL
CGHI Mt TR o7 ) — T 7 REEE 7L F 4 b
JDZ Yy FF— 25l TRD 72 [[ U - 50
TV -7 REMEE KT TR L 2. BREHE I
IFIEF—|HLTVBH, 138H2 5 148 H % T340 mGal %
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HO7Y) -7 BEWEH, 5510728 DI L THED
HFRZI > T 72057 CEH) DA o v 7y a—282 7 4
LB —Fnl}, Bon-eDETOMEENHDT ) —
I EEES S EFNNE. 25 LRI LE
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FTHEZLENTE(BE10XB).

5.4 LANULIHHIE
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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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Free air gravity anomaly map around Japan created using data obtained by Hakurei-maru cruises after altimetry and leveling
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Fig. 14  Filter responses of gravity data. SL2 gravimeter (blue), S63 gravimeter (purple), S63 gravimeter after applying the same

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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Fig. 15  Free air anomalies (blue) and Edtvos corrections (black) and the values after further applying two times of

normal and reverse RC filters with time constant of 120 s (red and green). An example of S63 gravimeter data

collected on September 12 during GH854 cruise.
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HARA Hidetoshi and HISADA Ken-ichiro (2021) Geochemistry of chromian spinels from serpentinites
distributed in eastern margin of the Kanto Mountains. Bulletin of the Geological Survey of Japan, vol. 72 (5),
p- 447458, 5 figs, 2 tables.

Abstract: We report geochemistry of chromian spinels from serpentinites distributed in the eastern
margin of the Kanto Mountains. The serpentinites in this area are observed in three geological units,
1) Sanbagawa metamorphic rocks (Kobunoyama Serpentinite), 2) Mikabu greenstones, 3) Chichibu
accretionary complex (Komataka Serpentinite). The geochemical data of chromian spinels were examined
using Cr-Al-Fe’' relationship, Cr# = Cr/(Cr+Al) atomic ratio, Mg# = Mg/(Mg+Fe2+) atomic ratio, Y. =
Fe’'/(Cr+Al+Fe™) atomic ratio, and TiO, wt%. The chromian spinels of the Kobunoyama Serpentinite
within the Sanbagawa metamorphic rocks present Cr# (0.49-0.50) and Mg# (0.56-0.60), and TiO,
concentration (less than 0.04 wt%). The chromian spinels of serpentinites within the Mikabu greenstones
show a negative correlation between Cr# (0.33-0.66) and Mg# (0.01-0.38), and TiO, concentration (3.6—
13.3 wt%). In addition, Mg# and Fe’" concentration suggest that the chromian spinels were subjected to
alternation and metamorphism, and have no original geochemical information in the Mikabu greenstones.
The chromian spinels of the Komataka Serpentinite within the Chichibu accretionary complex present Cr#
(0.37-0.49), Mg# (0.63-0.66), and TiO, concentration (less than 0.4 wt%), presenting similar geochemical
data from the Kobunoyama Serpentinite. The chromian spinels of the Komataka and Kobunoyama
serpentinites are characterized by lower Cr# and higher Mg# against those of the serpentinites interpreted
as eastern extension of the Kurosegawa Belt (Southern margin of Sanchu Cretaceous System, Naguri
Fault, Kiroko Mélange).

Keywords: Serpentinite, chromian spinel, Sanbagawa metamorphic rocks, Mikabu greenstones, Chichibu
accretionary complex, Kanto Mountains

2 F

OB ED 5B, TiO,133.6 ~ 133 wt% #/RT. %
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WIS (R ILekes), 2) ik sH, 3)
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0.01 ~ 0.38 & FHR AN IAOHE P 2R L, #FICIEA

Mgt RFe GHEREND, /0 AZAE X LIIEE K
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O AZE NI DN Crtt &V Mgt 2R e 1 5.
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Fig. 1 Geological outline of the Kanto Mountains. (a) Location of the Kanto Mountains. (b) Geological map of the Kanto Mountains

and distribution of serpentinite.

Geological map is based on Makimoto and Takeuchi (1992) and the Seamless Digital Geological Map of Japan (1:200,000) V2

(Geological Survey of Japan, AIST, 2020).
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Fig. 2 Geological map of eastern margin of the Kanto Mountains and sample localities.
Topographic map is based on GISMAP50000R+ “Kawagoe” by Hokkaido-Chizu Co. Ltd. Base map used 1:25,000 topographic map
by the Geospatial Information Authority of Japan with its approval (Approval number: R2JHs 66-GISMAP44734).
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Fig. 3 Outcrop photographs of serpentinite.
(a-c) Kobunoyama Serpentinite within the Sanbagawa metamorphic rocks. (a) Outcrop along the Oppe River. (b) Foliated
serpentinite. (c) Massive serpentinite. (d, €) Serpentinite within the Mikabu greenstones. (d) Serpentinite contacted with metabasalt. (e)
Serpentinite contacted with metachert. (f) Komataka Serpentinite within the Chichibu accretionary complex. ~Ser : Serpentinite
Ba : Metabasalt, Ch : Metachert.
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(a, b) ZWINAEBCERUZHE S il ghes. (e, d) Bk a Hh OIeiea bt L2 »A 5 AR, (o) BRI >
TV oy 2 AN OBIEIERCE. () BISieicETh O s v A ZE XL, (a, ¢, @)@ B 2=, (b, d, HiIFA—T =)L
THe#. (g, h, 1) 7 B A ZE IO RHIEMBITE. (o) il 7 1ghcs.  (h) ffr pis s i Olgice bt L 722 A 5
A () BEEses. Cpx : WAMA. CrSpl: 70 A ZE XL, Ol: »ADLARA, Opx: BIJ5HA, Srp: IEHA.
Photomicrographs of serpentinite.

(a, b) Kobunoyama Serpentinite within the Sanbagawa metamorphic rocks. (c, d) Serpentinite within the Mikabu greenstones. (e)
Komataka Serpentinite within the Chichibu accretionary complex. (f) Chromian spinels in the Komataka Serpentinite. Photographs
present under cross polarized light (a, c, €) and plane polarized light (b, d, f). (g, h, i) Reflected plane polarized light of chromian
spinels. (g) Kobunoyama Serpentinite. (h) Serpentinite within the Mikabu greenstones. (i) Komataka Serpentinite. Cpx:
Clinopyroxene, Cr-Spl: Chromian spinel, Ol: Olivine, Opx: Orthopyroxene, Srp: Serpentine.
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Table 1 Result of EPMA analysis of chromian spinels from the Kobunoyama and Komataka serpentinites.

Kobunoyama Serpentinite with the Sanbagawa

metamorphic rocks

Komataka Serpentinite wiht the Chichibu
accretionary complex

Sample No. SNO1 KMO1
Grain No. 1 2 3 4 5 6 1 2 3 4 5 6
SiO, 0.03 0.01 0.08 0.03 0.00 0.02 0.05 0.00 0.03 0.01 0.00 0.00
TiO, 0.00 0.04 0.03 0.03 0.02 0.03 0.10 0.13 0.14 0.23 0.13 0.40
Al,O4 27.68 27.15 2734 2750 27.32 2747 29.65 27.52 2821 2653 2841 35.64
Cr,04 40.17 40.26 40.11 39.47 4042 40.10 38.02 40.01 39.16 37.85 39.56 31.66
FeO 1748 17.04 1731 17.65 1524 1823 16.75 1652 16.87 15.02 16.11 1593
MnO 0.33 0.35 0.31 0.39 0.29 0.30 0.25 0.23 0.20 0.26 0.23 0.27
MgO 12.87 12.77 1227 12.74 13.03 12.33 1445 1437 13.88 13.82 14.56 1491
NiO 0.06 0.11 0.04 0.09 0.04 0.02 0.14 0.14 0.20 0.09 0.09 0.18
CaO 0.03 0.00 0.03 0.00 0.02 0.02 0.00 0.00 0.00 0.00 0.00 0.00
Na,O 0.00 0.01 0.00 0.01 0.00 0.00 0.00 0.04 0.04 0.00 0.00 0.03
K,0 0.00 0.00 0.02 0.00 0.00 0.01 0.00 0.01 0.01 0.00 0.00 0.00
Total 98.65 97.73 97.53 9792 96.36 98.54 99.40 9898 98.73 93.82 99.09 99.01
Atoms per fomula unit
0=4
Ti 0.000 0.001 0.001 0.001 0.000 0.001 0.002 0.003 0.003 0.006 0.003 0.009
Al 0.993 0984 0.995 0.994 1.000 0991 1.038 0.975 1.002 0.989 1.001 1.220
Cr 0.967 0979 0979 0.957 0992 0970 0.893 0951 0933 0.947 0.935 0.727
Fe 0.445 0.438 0.447 0453 0396 0467 0416 0415 0425 0397 0403 0.387
Mn 0.009 0.009 0.008 0.010 0.008 0.008 0.006 0.006 0.005 0.007 0.006 0.007
Mg 0.584 0.586 0.565 0.582 0.603 0562 0.640 0.644 0.624 0.652 0.649 0.645
Fe** 0415 0.412 0433 0416 0396 0436 0356 0.351 0.371 0342 0347 0.344
Fe** 0.038 0.033 0.021 0.046 0.006 0.037 0.062 0.064 0.053 0.052 0.056 0.032
Mg# 0.58 0.59 0.57 0.58 0.60 0.56 0.64 0.65 0.63 0.66 0.65 0.65
Cr# 0.49 0.50 0.50 0.49 0.50 0.49 0.46 0.49 0.48 0.49 0.48 0.37
Yre 0.02 0.02 0.01 0.02 0.00 0.02 0.03 0.03 0.03 0.03 0.03 0.02
T 2O DI WFROREH &V TIO B H Euatkrd@oonsd GEIX). BRILDOERE R, #
i INC P91 km&ORAC LS km DEERE UTofm L (A - 1T,

MLm= v vy o A oliEieiesis, BT
WRERB S (1991) I X 2 BRIV OBIETIE, BET
BAREAERE D BALDHEA TWDE. ZD7=8, ZDEEKED
PA LR ORIR O FET A 5 508 (KMO1) DRI E 17 -
7= (52X). Cr-Al-F'=f &4 Y 7 5 5 TIE, Ol
T Cr-ABL ECFHFDOHMIZT Ty b b, Crild
0.37 ~ 0.49, Mg#130.63 ~ 0.66, Y 130.02 ~ 0.03 TH D,
PN IZEP TS, TIO,DEH RIZ0.1 ~ 04 wt% T
H5.

4. 70OLRXEZRIVEZHER O
4.1 ZRINEREFEICH S ERE
BETO LTS D = N BCASEIC1E 5 iefhus i, 5 &
&mmMT@ﬁ%&bfﬁEﬁﬁ¢'E%kbfﬁﬁ
T 3130, %mum ?i"ﬂﬂézﬂﬁo),.u IMATRNEIE A PN

1992), =WINEFSEHEZ T THE Z LB Eh T
W3 UMK, 2012). SEOIEHIE I, JeB R A HICIRK
100 mDEKRE LTHAHL, BAA D Va2 —ILEFET
5 Z L THIS N T 5 (Seki, 1961 5 Seki and Kuriyagawa,
1962). TN 6DH B, SWROIKCEHOWIEH» S o
T LAY RINDOWEN D S (Hisada et al., 1993). Hisada
et al. (1993) 12 & BUEIRE D & 0 & A ¥ 3L DGR
filf & 5K IZ /R . Crtld0.35 ~ 0.55, Mg#i30.53 ~
0.67, Yr130.03 ~ 0.12 DHFIFAIZH O, TiO, DEHEA 0.3
wt% LA T L IEF IR R A R . ks highos o &
TLZEXINDCrH, Mg, Yr, TiO, wtild, o
WA 2 586N AEOIZITHENICS 5. Zhb
DOEIZ, Arai (1992) & Arai et al. (2011) 12 & 5 it
LA USRS OMRIZ 7 ey L Eh b,
—F, REEMEE T T, HE LD s v A XY L
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B2k HMFRREAEIZE TN AMEUE D 7 1 A X ¥ 1L O EPMAZT SR

Table 2 Result of EPMA analysis of chromian spinels from serpentinites within the Mikabu greenstones.

Serpentinite with the Mikabu greenstones

Sample No. MKO1 MKO02
Grain No. 1 2 3 4 5 6 7 1 2 3 4 5 6 7
Si0, 0.02 0.00 0.02 0.02 0.02 0.02 0.00 0.00 0.02 0.01 0.02 0.01 0.03 0.02
TiO, 3.62 11.07 552 1216 12.19 11.50 13.29 5.76 5.08 5.15 591 5.12 4.73 4.70
AlO; 29.27 937 1845 7.69 4.84 10.69 8.51 4.94 5.15 4.85 5.08 5.15 4.88 5.60
Cr,0; 21.94 1492 1584 1394 14.04 1536 13.61 12.14 1329 1294 12.57 1196 12.67 13.36
FeO 3598 57.64 50.86 59.85 63.56 5645 59.84 70.66 7035 7020 69.44 7045 69.09 68.62
MnO 0.41 0.37 0.47 0.85 0.74 0.64 0.77 1.01 1.05 1.02 0.92 0.88 1.03 0.86
MgO 7.49 2.78 4.58 0.81 0.83 2.12 1.70 0.23 0.19 0.18 0.27 0.14 0.19 0.18
NiO 0.08 0.11 0.20 0.00 0.09 0.11 0.28 0.33 0.35 0.35 0.30 0.34 0.36 0.33
CaO 0.02 0.02 0.02 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.01 0.00
Na,O 0.02 0.02 0.03 0.00 0.00 0.00 0.03 0.00 0.00 0.03 0.06 0.01 0.00 0.00
K,0 0.00 0.03 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.02
Total 98.86 96.32 9599 9533 9632 96.89 98.04 95.07 9547 9473 9457 9407 9298 93.69
Atoms per fomula unit
0=4
Ti 0.085 0297 0.141 0338 0339 0307 0.356 0.162 0.142 0.145 0.167 0.145 0.136 0.134
Al 1.074 0394 0.738 0335 0211 0.448 0.357 0.218 0225 0214 0225 0229 0219 0.249
Cr 0.540 0421 0425 0407 0410 0432 0383 0.358 0391 0383 0373 0357 0382 0.399
Fe 0937 1.721 1.443 1.848 1.966 1.678 1.781 2207 2.187 2201 2178 2222 2206 2.169
Mn 0.011 0.011 0.014 0.027 0.023 0.019 0.023 0.032 0.033 0.032 0.029 0.028 0.033 0.028
Mg 0.348 0.148 0.232 0.045 0.046 0.112 0.090 0.013 0.011 0.010 0.015 0.008 0.011 0.010
Fe* 0.566 0.552  0.625 0.617 0.614 0.579 0.551 0.822 0.843 0.840 0.814 0.843 0.849 0.852
Fe** 0.213 0.585 0.550 0.582 0.698 0.503 0.542 1.093 1.092 1.103 1.060 1.116 1.118 1.077
Mgt 0.38 0.21 0.27 0.07 0.07 0.16 0.14 0.02 0.01 0.01 0.02 0.01 0.01 0.01
Cr# 0.33 0.52 0.37 0.55 0.66 0.49 0.52 0.62 0.63 0.64 0.62 0.61 0.64 0.62
Yre 0.12 0.42 0.32 0.44 0.53 0.36 0.42 0.65 0.64 0.65 0.64 0.66 0.65 0.62
I3 FRIERIZ BN BIR 25580 S, MU 13 A A 302 KU T =2 DA028DIEERT GESX). 7=

a2 TSRS 5 5.

4.2 HfFRReEBPOIERE

ik S IS O IheE 13, —MRICE 240100 m
uTﬂﬁwtggﬁﬁiﬁﬁﬁtﬁﬂbfﬁﬁié&m
BE SR L AR 1 2o 3 <0 B L AR D SR LS TP
1 kmM OREAL2 kmDEERPED S5 5 EE1K], HIE -
IR, 19745 BOR - TN, 1992 5 HFE, 2018). —fiRi,
SRR S S RIS & T A IeRUE 1, IeRCE LD
ML, FFA4 b~ z—LI4 MERETHD, 5L
R T Fe R THIE R R £ 11Ty 5 (Research
Group of Peridotite Intrusion, 1967, Tazaki, 1966) . E5]
i TIRENLIOERE? S, 7042 XL (2
O 2 @) DAL F BB A S & T B (I - J5 %
1974 ; 3%, 2018). HWE - f5# (1974) I2 kg, 2w
LA IR REE 2 1 H, BdiBIEZEE &2 o
2ZENERMEIN TS, KEEE ST 37O/,
Cr#13490.69 ~ 0.73, Mg#13%90.17 ~ 0.3 DHIH %, Yp.

TiO, 1, #53 ~7 wt% DERREENRT. HE(2018) i3,
HEF—2ERLTOEVD, BALOZ T L2 F L
5 Cr##30.59 ~ 0.72, TiO, 5% 1.4 ~ 8.4 wt% DR & /R4
ZEEWE LTS, £ (2018) 1%, BAILOW S
DFERN D, CriEh 0.42 ~ 0.61, TiO, A10.25 ~ 3.65 wt% &,
HAL QRS IR TIO,DEFEMENW I T 4 2 Y
FOLOALFERR & Wi LT 5. BALoairEg, B
W H AR A 515 & 3172 s ek 5 FH A D MERUA A
SN AHHEIZ LT, RRENC# 2R,
PR EERO 2 a0 A 2 ¥ 3 ILE, Arai (1992) & U Arai
etal. 20112k 3 7L — P AZKREFHR Ty F 2Ry
FOLREFOFEKIZT Ty bE¥h b —F, Cr-Al-
Fe¥ =44 Y25 LTIE, F L Cr-Fe Az [n
IMKDELLRD O ZDXS A IIIE,
TV EZTORMBPETC TS REMED H 5 (Tamura
and Arai, 2005). FEFFIC, REHFHMEE T\ T84
MOBE L LB ITIEREE B 5N 5 2RO B X
h3(E4n). E-Mg#IZENTE 01 TOMAERY
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Chichibu accretionary complex
O Komataka Serpentinite (this study)

Sanbagawa metamorphic rocks
¢ Mt. Kobunoyama (this study)
< Kanasaki (Hisada et al., 1993) Kurosegawa Belt
) Southern margin of Sanchu Cretaceous
(Hisada et al., 1989)

e Naguri Fault (Hisada et al., 1989)
o Kiroko Mélange (Saka et al., 2005)

Mikabu greenstones
¢ This study
<& Mt. Kurouchi (Tazaki and Inomata, 1974)

B 7 a2 RO,

Fig. 5

(@) Cr, Al, F"DRTH=ZMFA4 Y2 T 4. (b) Mgtk Crit L DBR. (¢, d) Cr# & TiO, wt% & A X L OBk, (d)id

TiO, < 3 wt% ORI ER. (e, ) Ye & TiO, wt% A AR L OB, () I3 Yr. <0.5 KU'TIO, < 3 wt% OHiFH £ ER. e
WG & G OWHEKREIS, RREGOOIELCETMEONELZ LD TTay LA T2 =20 2RI,
Arai (1992) and Arai er al. (2011) 12565 <. LL & SGiZ, 2 1€ N Loferski and Lipin (1983) & U8 Sack and Ghiorso (1991) IZ & -

THRIB X N72600 "CTD YIS EIRT,

Geochemistry of chromian spinels.

(a) Ternary diagram of C, Al, and Fe'" atomic ratio. (b) Variations in Mg# and Cr#. (c, d) Variations in Cr# and TiO, wt%. Fig.
5d presents range of TiO, < 3 wt%. (e, f) Variations in Y, and TiO, wt%. Fig. 5f presents range of Y, <0.5, and TiO, < 3 wt%.
Analytical data in this study and data from previous studies were compiled and plotted by each geological unit including serpentinite.
Tectonic fields are based on Arai (1992) and Arai ef al. (2011). Dotted line of LL and SG indicate a solvus at 600°C proposed by
Loferski and Lipin (1983), and Sack and Ghiorso (1991), respectively.
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BEMRH Y, BEGEEPRO I O LZE XL RE
EN TN B Mgh & R U TR A 2083 (B 218, 5T,
1992 5 Arai et al,, 2011). Zho6DZ EiF, 7asb A x
LD Fe-Mg BB AHIAEN Ml 2R L Tk nZ &
BN S, iR EEPO s L 2 A, B
AR EZT, SRS GARE KO Mg &I 85
THMIToh 5.

4.3 BRIIFEROBLEAMIS T v 7 AhOMERE

MLm= v 7'V w2 2 h OB EeiUs O 5 O
%m%wgg,HQ%HMZvaVaxuﬁELm¢
RO =1t & h 2 ERIRE A 54 5 (2K 5
AF-HIE, 198655, 2020). 2 D728 Z OBREERCS 1L,
BACHAIa Y 7Ly o ZICBERBITE- TEH L, B
JNHORFER L Z Z 5N T3 L TR 45
WY OISR & DRI & NIk 5.

I MR EFEOIECAE L, FF A4 PNy N—
a4 bEREFIY-LTA MEEEE L, AR
o, Whogs, uY VEEES eSS TW S (F
B BRI, 1973). RIS, MERUAILDER, PADLA
LRoMORIERAFL T ENWZ ERE W (AH - 57,
1986 ; FNIE A, 2006). £ ZEWI IR IZFE 3 5 BEHt
HiE, ERICREEEL, AL AMMIIRFL ThEWn
(Hisada and Arai, 1989 ; JRIE#>, 1989 ; BAHEA, 2003).
W E SRR BEOIERE D 2 0 L 2 LI, CHd
05~07&Z{LERTI &, Cr#t& Mgt iZEDMHEBM H
52 &, TiO, 704 wt%EA P TH SRR E N TS
(Hisada and Arai, 1989, 1993). % 7=% ErlEiioig
BEHOZ T L 2 FILE, Cr#tA0.71 ~ 0.76, Mgh A
028 ~ 046 EHEH L Zzfi[H 7R L, Ti0,410.2 wt%ll T
T, IWPABERFEEDO 7 9L AR 5585 N L
T DOFPHIZ H 5 Z & 3 4aH & 1T B (Hisada and Arai,
1989). X 51227 8 A A RO A, &, MeitE
R SRR O 2 A B AR ERFEE L, 2ALAR
M EEROMRZE ZFTHENAEEE D 2HBR LT
WheeFEZ LN TS (AH - 5k, 1986 5 5t - AH,
1991 ; Hisada and Arai, 1993). F7:%%% TIZ, iFEH,
(2005) 12X BAREF AT VY 2 DIERE» /SN
L2 RNMALERK G BSKUTR L2, KRBT ATV
V2D LZAERNTIE, Mg#RUC#HTIESDER
AHENBH, Ti0,130.64 wi%ll TR L, BhlldhE
WRARHED 7 0 A 2 XIS PIL 2 {dEA 4R 2 & A
BT ES, 2005). F—HDraszy
FUiE, TiO, 28 1.4 ~ 2.1 wt% &7 L, fllfaf $A 5k 6 s SH
Hosa AR L EHMT2ZEEiEMEh T3
(RIZAH, 2005).

BEeies o 7 v 4 ¥ U b, i iR
S/ A= NAIRYOL G ey O N o S A s 1)

BEED 7 T L FIAZART, TiO, wt% iZIEIFFRED
AR, CrH#MEL Mg# a2 & 5. % 721l
AR D 2 0 A 2 EXILHREDCr & Mg & DF
OB LT, &K Crt & EO Mgt %Y. —7,
SWINERCEBICES R LekUE D 7 a2 28 3o
ST B &, Cr#, Mgt, Yre & TiO, wit% i3 JEH 12U
L7l ART. 20790 0L Z I ALFRIRIZHED
&, BEesCa 3B ICHBI T 2iehus k0,
R s EEE R H B L 55 2N TE S,

5. £&8

B I STl DR, SN RE I S
R eRcCs, I gk G s b Ok, RRACHHHIN
AV TV oy o AR OBEIEREE & 3D DRI & h
5. INSDHEESE I T L ZEXNDILFEGT & T,
Cr-Al-Fe” OBk, Cr#, Mgt, Yr U TIO, wt% 2D\
TRET & IT - 72 R ILEHUS & BIgesits o 7 a 4
AN, KL PR AR T, BEFEE & g
T3&, HEIHEHRFLEREEEZ SN BIEHED 7 T L
2 ¥ 3L (I R R, 4451k, K2 7 v )
&0, KO C# & EOMgh 2R E T 5. (ks
b OIS 3B R OERIEHA %21, 7asZ2¥ s
N DOEMBII R ER 2 BMAE R L TN EELS
N5, ThbOHEDRERLEIZOWTE, SHD
T FHIE, BRAFT 5 R4 §i O ERI OGS &
E, EohrMmat2HT 5.

B ORI, SRR A RO KRR
FRIZ & 2 P 11 AR A 36T (e, 1999), M USSRIEK
S BRBE SR R ER S 0 HH P R S K B PR 28 4
A EFZE (R, 2017) O—Th 5. & 7= e LR
HUIRFHEHERS £ Y 2 =B RETT 55 5501 [l
XSO TR R DO T 5. FKFEPLF IR HbER
RI2ERE O P18 1 & OBR&EAA FART 22 i
ZEHERICE, AR O AZAE R LIZDNTT
BTN 72, R A S BR BRI AT R (B - D<K
HoH 8= E, FLHIE D A 78— 2 HE B2 O
BAGEREE LI, WHAAREAORETT KOO %
e U CTEW 72, RIS AL, A
AR HE GRS L — T ORIEIC & 5. HYHERR
OEAE—EEROEHREOILR  HiEtLisx, KEF
WHRI XY P EHWE D EOF A& =0T
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