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Abstract: Samples dredged during the KT994 cruise (R/V Tansei-maru, Ocean Research Institute,
University of Tokyo) were analyzed to determine the geological, petrological, and geochemical charac-
teristics of the Kinan and Izu-Ogasawara back-arc seamount chains. Several volcanic rocks, sedimentary
rocks, and fragments of manganese crust were dredged during the cruise. We classified volcanic rocks
from the Kinan Seamount chain into two geochemically defined series: alkali and enriched tholeiite series
basalts. Based on Ar-Ar age determinations for these rocks, the Kii seamount was actively erupting basalt
at 15.394+/—0.11 Ma. This precise age, combined with previous data, suggests two stages of volcanic ac-
tivity on the Kinan Seamount chain. The first stage is represented by enriched basalt from the Kii
seamount which erupted just after or contemporaneously with cessation of spreading in the Shikoku Ba-
sin. The second stage is represented by enriched basalt from the Dai-ichi Kinan seamount and alkali series
basalt from the Hakuho seamount which are considered to have erupted several million years after cessa-

tion of spreading in the Shikoku Basin.
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Table 1 Locations of dredge sites during KT99-4 Cruise.

On bottom Off Bottom

Site Seamount
KT99-4D01 Northeastern flank of the Kii seamount fefhE UL RA E
KT99-4D02 Southeastern flank of the Koshu seamount B RAE
KT99-4D04 Northeastern flank of the Hakuho seamount B BE LA A E
KT99-4D05 Small knoll at east of the Bunka seamount ARME LR /N E
KT99-4D06 Small knoll at west of the Kin'yo seamount SRS /N
KT99-4D07 Small knoll at east of the Kyowa seamount EFEILRS /N E
KT99-4D08 An'ei seamount ZEKHEIL
KT99-4D09 Taichi seamount Rl
KT99-4D10 Taichi seamount KL

Latitude Longitude  depth (m) Latitude Longitude  depth (m)
31°29.05N  135°01.18'E 2919 31°28.95N  135°00.75E 2680
31°30.55'N  135°31.98°E 3480 31°30.87N  135°33.43'E 2778
27°58.02N  137°33.98'E 2590 27°51.72'N 137°33.62'E 2266
27°56.98'N  139°37.20'E 3067 27°57.00N 139°37.20E 2854
28°03.81'N  139°53.07E 2605 28°04.45N 139°53.37E 2330
28°12.54'N  139°19.80'E 3141 28°12.07N 139°19.39'E 2736
29°15.00N  138°39.65'E 1206 29°15.03'N  138°38.62'E 1226
29°39.13'N  137°03.04E 3376 29°38.10N  137°02.01'E 2981
29°39.49N  137°03.45'E 3696 29°38.61'N  137°02.53'E 3062

KT99-4D11 Northeastern flank of the Dai-ichi Kinan scamount #1/2R5¥EILILAAE 30°23.74N  136°22.92E 2800 30°23.32N 136°22.01E 3062
KT99-4D12 Northeastern flank of the Dai-ichi Kinan seamount 55 1#2RS¥EILALIANA 30°23.73'N  136°22.99'F 2890 30°2349N  136°22.66E 2631
KT99-4D13 Southwestern flank of the Dai-ichi Kinan seamount %5 1R LR BRI 30°21.17N  136°18.82E 2890 30°22.34N  136°19.38'E 2399
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Table 2 Onboard descriptions of dredged material collected in KT99-4 Cruise.

sample diameter{(cm) Round- V-Jt Mn coating li-tho]ogy and remarks**

No. L M S n;si:* 3] (mm)

D01-001

12 11 6 970 20(one side) aphyric to scarcely phyric porous basalt with glass

DO01-011 3 2 1 SR 2 film pumice

D01-021 9 6 3 SR 110 210 manganese

DO01-022 8 5 2 SR 55 120 manganese

D01-023 4 2 1 SR 10 10 manganese

DO01-031 SR 15 manganese
D01-041 4 bags of mud

D02-001 13 9 9 SK 630 film pumice

D02-002 1 10 8 SR 490 1 pumice

D02-003 16 9 4 SR 540 1 pumice

D02-004 7 6 6 SR 160 2 pumice

D02-005 8 8 5 SR 290 film pumice

D02-006 8 5 5 R 150 film pumice

D02-007 11 7 5 SR 300 2 pumice

D02-008 1 7 4 SR 220 1 pumice

D02-009 10 6 3 SR 130 1 pumice

D02-010 9 6 4 SR 160 1 pumice (xenolith)

D02-011 7 6 3 R 90 1 pumice

D02-012 5 4 4 SR 18 3 pumice

D02-013 7 7 3 SR 120 3 pumice

D02-014 10 8 4 SR 170 1 pumice

D02-015 8 7 5 SR 230 2 scoria

D02-016 8 6 4 SR 150 1 scoria

D02-017 5 5 4 SR 92 film scotia

D02-018 9 6 6 SR 140 film scoria

D02-019 16 10 3 SR 230 2 siltstone

D02-020 5 4 3 SR 650 { sandstone

D02-101 8 5 5 SR 230 20 Mn nodule (core: mud)
D02-102 7 5 5 SR 180 20 Mn nodule (core: pumice)
D02-103 7 6 6 SR 220 20 Mn nodule (core: pumice)
.D02-104 8 5 5 SR 190 14 Mn nodule (core: pumice)
D02-105 8 5 5 SR 190 20 Mn nodule {core: unconsolidated mud)
D02-106 1 6 4 SR 250 13 Mn nodule (core: scoria)
D02-107 7 6 6 R 210 25 Mn nodule (core: scoria)
D02-108 7 6 4 SR 150 30 Mn nedule (core: scoria)
D02-109 7 4 3 SR 110 13 Mn nodule (core: mud)
D02-110 6 5 5 SR 150 25 Mn nodule {core: scoria)
DO02-111 7 4 4 SR 120 16 Mn nodule (core: mud)
‘D02-112 9 3 3 SR 120 14 Mn nodule (core: sandstone)
D02-113 7 5 4 SR 120 13 Mn nodule (core: sandstone)
D02-114 6 5 4 SR 110 14 Mn nodule (core: sandstone)
D02-201 18 9 6 A 780 50 Mn crust

D02-202 14 9 4 A 520 40 Mn crust

D02-203 9 6 3 SR 230 30 Mn crust

D02-204 9 9 35 SA 250 35 Mn crust

D02-205 11 8 5 SA 350 40 Mn crust

D02-206 8 8 3 SA 180 30 Mn crust

D02-207 8 3 3 SA 120 28 Mn crust

D02-208 6 3 3 SA 80 30 Mn crust

D02-209 9 7 4 SA 220 35 Mn crust

D02-210 7 7 3 SA 140 25 Mn crust

D02-211 12 7 2 SA 200 12 Mn crust

D02-212 5 5 2 SA 70 24 Mn crust

D02-213 5 5 2 SA | 70 22 Mn crust

D02-214 8 6 3 SA 140 25 Mn crust

D02-215 11 7 3 SR 240 20 brown colored Mn crust
D02-216 8 5 3 SR 170 30 brown colored Mn crust
D02-217 7 5 2 SA 90 16 brown colored Mn crust
D02-218 9 5 3 SA 140 25 brown colored Mn crust
D02-219 7 4 2 SA 70 18 brown colored Mn crust
D02-220 6 3 3 SR 280 22 Mn crust

D02-230 extra Mn crust (1 bag + 1 case)
D02-301 mud (2 bags)

D04-001 12 8 4 SA 350 no vesiculated pl phyric basalt
D04-002 6 4 1.5 SA 10 8 andesite fragment with Mn crust
D04-003 28 15 14 SA 5000 no semiconsolidated mudstone
D04-004 17 1n 6 SA 200 no semiconsolidated mudstone
D04-005 10 9 3 SA 200 no semiconsolidated mudstone
'D04-006 10 8 6 SA 200 no semiconsolidated mudstone
D04-007 9 6 5 SA 200 no semiconsolidated mudstone
D04-008 9 7 3 SA 100 no semiconsolidated mudstone
D04-009 7 5 2 SA 50 no semiconsolidated mudstone
D04-010 5 5 2 SA 10 no scoria

D04-051 mud (6 bags)

D04-061 extra fragments of Mn (1 bag)
D04-071 pebbles (1 bags)

D05-001 16 11 7 SA 1300 3 semiconsohidated d
D05-002 9 6 5 SA 180 film scoria

D05-003 8 5 5 A 140 film scoria

D05-004 6 4 3 SA 50 film scoria

D05-005 0 8 7 SA 350 film pumice

D05-006 2 9 6 SA 370 film pumice

D05-007 9 8 6 SA 320 film pumice

D05-008 5 5 4 SA 60 film pumice

D05-010 scoria (others)

DO5-101 8 7 2 A 180 7 Mn nodule (core: sandstone)
D05-102 6 5 3 A 130 8 Mn nodule (core: volcanic rocks?)
D05-103 4 4 3 A 60 9 Mn nodule (core: pumice)
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sample diameter(cm) Round- \Tlt Mn coating lithology and remarks**
No. L M S ness* (8 (mm) .

D07-001 12 8 7 SA 400 no scoria

D07-002 7 5 3 SA 60 no scoria

DG7-003 6 4 4 SA 50 na pumice

D07-004 7 5 2 SA 70 no pumice

DO07-101 10 10 5 R 430 20 Mn nodule (core: px basalt to andesite)
D07-102 10 9 5 R 330 6 Mn nodule (core: andesite fragments, hyaloclastite?)
D07-103 10 5 3 R 150 5 Mn nodule (core: pumice)
D07-104 8 5 4 R 120 8 Mn nodule (core: sediment)
D07-105 16 7 2 R 200 6 Mn nodule (core: mud)
D07-106 12 3 2 R 130 9 Mn nodule (core: mud)
D07-107 9 5 2 R 120 6 Mn nodule (core: mud)
DO07-108 6 5 25 R 80 7 Mn nodule (core: mud)
D07-109 10 6 25 R 190 10 Mn nodule (core: mud)
DO7-110 S 5 4 R 130 18 Mn nodule (core: Px basalt)
DO07-111 8 6 3 R 110 2 Mn nodule (core: pumice)
D07-112 6 4 3 R 70 1 Mn nodule (core: scoria)
D07-201 mud (1bag)

D08-001 43 32 10 P 15000 8 lcani d.

D08-002 35 22 6 P 72000 11 volcanic sandstone

D08-003 42 11 6 SR 1400 5 volcanic sandstone

DO8-101 6 5 3 R 100 6 Mn nodule (core: valcanic rock)
D08-102 4 3 2 R 50 8 Mn nodule (core: volcanic rock)
D08-103 3 3 2 R 30 6 Mn nodule (core: volcanic rock)
D08-104 4 4 3 R 60 13 Mn nodule (core: volcanic rock)
DO08-105 4 3 3 R 40 8 Mn nodule (core: volcanic rock)
D08-106 4 3 3 R 60 7 Mn nodule (core: volcanic rock)
D08-107 5 3 2 R 40 4 Mn nodule (core: volcanic rock)
D08-108 4 3 2 R 40 7 Mn nodule (core: volcanic rock)
D08-109 3 3 2 R 30 7 Mn nodule (core: volcanic rock)
DO08-110 4 3 2 R 40 7 Mn nodule (core: volcanic rock)
D08-111 4 3 2 R 30 5 Mn nodule (core: volcanic rock)
DO8-112 4 3 3 R 30 4 Mn nodule (core: voleanic rock)
DO08-113 4 3 2 R 30 6 Mn nodule (core: volcanic rock)
D08-114 4 4 4 R 30 9 Mn nodule (core: volcanic rock)
DO08-115 4 3 25 R 30 4 Mn nodule (core: volcanic rock)
D08-116 4 4 4 R 40 12 Mn nodule {core: volcanic rock)
DO08-117 5 5 4 R 80 7 Mn nodule (core: volcanic rock)
DO08-118 6 5 3 R 80 8 Mn nodule (core: volcanic rock)
DO08-119 4 3 3 R 30 13 Mn nodule (core: volcanic rock)
D08-120 6 4 3 R 60 12 Mn nodule (core: volcanic rock)
D08-121 4 4 3 R 40 13 Mn nodule (core: volcanic rock)
D08-122 3 2.5 25 R 20 6 Mn nodule (core: volcanic rock)
DO0B-123 2.5 2.5 2 R 10 5 Mn nodule {core: volcanic rock)
D08-124 2 2 1 R 5 4 Mn nodule (core: volcanic rock)
DO08-125 3 1.5 1.5 R 5 6 Mn nodule (core: volcanic rock)
D08-126 2 1.5 1.5 R 5 4 Mn nodule (core: volcanic rock)
D08-127 3 25 2 R 10 3 Mn nodule (core: volcanic rock)
D08-128 3 25 2 R 10 5 Mn nodule (core: volcanic rock)
D08-129 25 2 1.5 R 5 3 Mn nodule (core: volcanic rock)
D08-130 3 2.5 2.5 R 10 5 Mn nodule (core: volcanic rock)
D08-131 2.5 2 2 R 10 6 Mn nodule (core: volcanic rock)
D08-150 4 3 3 R 50 7 Mn nodule (core: volcanic rock)
DO08-151 5 5 3 R 50 4 Mn nodule (core: volcanic rock)
DO08-152 4 4 3 R 40 7 Mn nodule (core; volcanic rock)
DO08-153 6 3 3 R 60 3 Mn nodule (core: volcanic rock)
D08-154 5 4 4 R 60 3 Mn nodule (core: volcanic rock)
D08-155 7 5 4 R 100 8 Mn nodule {core: volcanic rock)
D08-156 7 5 3.5 R 110 7 Mn nodule {core: volcanic rock)
DO08-157 6 4 3 R 50 4 Mn nodule (core: volcanic rock)
D08-158 7 5 2.5 R 920 8 Mn nodule (core: volcanic rock)
D08-159 6 5 4 R 130 10 Mn nodule (core: voleanic rock)
D08-160 6 5 5 R 130 15 Mn nodule (core: volcanic rock)
D08-161 6 5 4 R 120 10 Mn nodule (core: volcanic rock)
D08-162 2 15 1.5 R 10 3 Mn nodule (core: volcanic rock)
D08-201 35 325 R 20 5 Mn nodule (hydrothermal Mn)
DO08-202 3 3 2 R 60 5 Mn nodule (hydrothermal Mn)
D08-203 6 4 3 R 50 5 Mn nodule (hydrothermal Mn)
D08-250 5 4 1 R 20 11 Mn crust

D08-251 6 4 2 R 40 20 Mn crust

D08-252 6 4 2 R 60 15 Mn crust

D08-253 3 2 2 R 20 1 Mn crust

D08-401 pumice

D08-501 sponge

D08-502 coral
D09-00 mud (1bag)

D10-00 8 5 3 SA 100 film scoria

D100 4 2 2 A 15 film ____ vesioulated basalt with pi phenocrysts
D11-002 5 4 2 A 20 film altered lava? paragonite or cetadonite clay
D11-003 6 2 2 A 15 film similar to D11-002 with small amounts of glass
D11-004 10 8 6 SR 120 film pumice

D11-005 6 4 3 SA 40 no pumice

D11-011 mud ball

D11-012 — mud

D12-001 20 15 10 R 3 no pumice

D12-002 10 10 8 R 1 no pumice

D12-011 mud (5 bags)

D13-001 ~pumice (about 10 pieces)
D13-011 mud!4ba§s!

oo
* A angular, SA: subangular, SR: subrounded, R: rounded, P: platy.
** pl: plagioclase, px: pyroxene.
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LA 72UV (Ne) BEHEINBR, &7 VAVER
E-SiO, &FBDF A 775 . (Kuno, 1966) T7 I h
VERF EFET VA VU ERFIOFHENREIRIC /2y b
Shs 2. REAIHEMALEY & L CHRETSE
», WA E L CEEFRICEETS. BRBLT
1 DO TOMM BEROFOR & LFM, AEF)
FOSEHEBEELBIE L, BT Angs~rs T, BES
2R AP ICETHEELIDS BEINA). PALAAIZ
FEDOER - (LR ELER L, BT Fossgs ICHE
g5 BARA). AVXNVELIELEPASAGHE
RICAEINLY, DAGARHGEELTETS.

Cr#(=Cr/(Cr+Al) i3# 04 TH 1V (FEOLHXA), Fe3t
[(Fe3t+Cr+Al) HiZ#0.08CH5 (ES5KB). &
THETEERERO Y F5 A4 MRBEAAZ VITEFLECE
HNRNEVTHB F6X).

KT99-4D11-001 (£ 1#2@@#Il) : A7 B VORKR
CESRLTIVAVEEFEN6.10 wtd & Kuno (1966)
OTIVAHVARFIOFERIC /0y bPEh (FEIX), #
5 A O S 7 VA VICE A, / IV Ne 5t
HaInsZ b (3K, TIVAHVERFIOXRE
EEZBNA. REAHERBOEARIT, HROFLE
T Angs—70, WHBEH T Angsge, AEA T Angyes TH
%5 (B3XKB). PALAREGEZAVEZWE, B&EPL
T Fogs~gr, BEabdEIR T Fogegr, FAZEH T Fogo-ss
Ths E4MB). BHEERIAERICEEL, ¥
BAHTHS. AV RVE Crf 5 0.25 §its THROBERHT
HANTEW (885K A). Fedt/(Fe3t+Cr+Al) kit
KT99-4D04-001 X148 C 0.08~0.09 CTH % (55X B)
B, TiO 32 EmL L1 -5 16wtk THs (FE5X
0.

KT99-4D04-001 (BRI : &8 ER (682 X)
VAR (B3%E) wESEV VT A FRFIO

10 ——m—————

total alkalies (wt%)

8102 (wt%)

KT99-4D1-01(Kii)
KT99-4D4-01(Hakuho)
KT99-4D7-101(eastern Kyowa)
KT99-4D11-01(Datichi-Kinan)

Koshu (Sakamoto and Kim, 1999)
Koshu (Katsura et al., 1994)

Hakuho (Tokuyama and Fujioka, 1976)

OB BEP ¢ en

H2R feEELTlR X ONEREIETEILSIE
KIADEEMERARDO L, 2T NVAVEEE S
SiO; @FHEDO Ty . g DOWEEHE EPMA
LB A5 AEGDHH, o DDOW/ERIIAI T oY
ICEAGHORR. TVAVERFIEETVAVER
FIDOX 41k Kuno (1966) 12 k5.

Fig. 2 Total alkalies (Na,0+K;0) versus SiO, varia-
tion diagram for the volcanic rocks from the Kinan
and Ogasawara back-arc echelon seamount chains dur-
ing KT99-4 Cruise. Plots with ‘‘g”’ means analyses of
glassy part by EPMA, and those with ““0’’ means anal-
ysis by micro—XRF analyzer, OMICRON.
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Table 3 Chemical compositions of bulk rock and glass part of dregded rocks from the Kinan Seamount and Izu-
Ogasawara-back arc-echelon seamount Chain.

Location Kinan Seamounts Chain Izu-Ogasawara-backarc-echelon
Seamount Kii Hakuho Dai-ichi Kinan Koshu? Eastern knoll of Kyowa

Cruise KT99-4 KT99-4 KH74-4 T KT99-4 KT99-4

sample D01-001 D01-001 (glass) D04-001 D11-001 D11-001 (glass) D07-101 D07-101 (glass)
major elements (wt%)
method* RS3000 RS3000™* XRF RS3000 RS3000™¢ EPMA(35) RS3000 RS3000™  XRF EPMA(11)  RS3000 RS3000™¢ EPMA (20) XRF RS1000  RS1000™¢ EPMA(12) EPMA(5) §
Si0o, 47.8 50.5 50.64 455 49.0 49.48 52.10 533 54.06 48.92 50.2 52.1 49.99 50.7 47.4 50.5 50.90 50.76
TiO, 2.0 1.8 1.81 1.5 1.3 1.83 1.40 12 111 1.51 2.1 1.9 2.05 1.7 1.0 0.5 0.92 0.84
ALO; 16.4 174 17.73 14.3 15.0 15.03 17.00 18.1 18.46 16.81 17.2 18.3 18.08 18.8 132 15.6 15.03 15.59
Fe,0; 10.8 9.4  9.07 14.7 119 7.43%* 9.10 82 7.85 8.48%* 9.1 8.2 6.45%* 9.3 16.7 9.9 9.54%% 9 19%*
MnO 0.3 02 015 0.2 0.1 0.15 0.20 01 014 0.17 0.1 0.1 0.12 0.1 0.6 0.1 0.19 0.18
MgO 4.8 47 336 8.1 10.1 8.10 5.60 60 694 6.70 6.5 7.5 4.42 5 9.9 13.6 5.81 5.46
CaO 13.4 129 13.30 10.7 102 13.82 9.70 93 935 11.85 83 7.9 7.50 9.2 6.3 10.3 10.48 10.46
Na,O 33 34 352 33 3.4 2.69 3.10 2.8 3.08 2.69 3.6 42 4.70 35 3.0 3.0 2.83 1.89
X,0 0.9 07 064 1.5 1.2 0.20 1.60 1.3 135 0.99 2.5 2.1 2.81 1.2 1.8 0.6 0.84 0.77
Cr,0; 0.05 0.02 0.03 0.02
NiO 0.02 0.03 ) 0.02 0.01
P,0s 0.2 0.4 0.32 0.1 0 0.12 0.20 04 031 0.4 1.2 0.25 0.6 0.1 0.2 0.09 0.11
total 99.9 101.3 100.54 99.9 1024 99.00 100.00 100.7 102.65 98.12 100.0 103.4 96.48 100.1 100.0 104.2 96.73 95.31
minor elements (ppm)
Co 41 28 29
Cr 254 181 86
Ba 49 68 255
Nb 10 10 37
Ni 47 102 53
Rb 16 26 19
Sr 309 444 389
Th 1 1
Y 29 20 30
Zr 156 105 168
CIPW Norm(wt%)
Qz 0.20 5.26
Or 3.78 1.18 7.97 5.84 12.40 16.59 7.08 3.54 4.96 4.55
Ab 27.30 22.74 26.04 22.44 33.75 2569  29.59 22.03 23.92 15.98
An 30.68 28.33 32.55 30.86 24.87 19.93  32.03 27.32 25.82 31.77
Ne 1.33 0.16 0.95 7.61 1.81
Di 27.70 31.77 9.61 22.74 5.29 12.72 8.00 18.11 21.08 16.00
Hy 0.84 20.92 9.83 16.60 17.83
Ol 3.62 8.67 0.98 11.39 18.09 7.96 6.92 28.00
Mt 1.98 1.62 1.71 1.85 1.79 1.41 2.03 2.16 2.08 2.00
1 3.44 348 2.11 2.87 3.61 390 3.23 0.95 1.75 1.60
Ap 0.70 0.26 0.68 1.31 0.55 1.31 0.44 0.20 0.24
FeO™® 8.46 8.16 10.71 7.43 7.38 7.06 8.48 7.41 6.45 8.37 8.94 9.54 9.19
Mg# 0.50 0.42 0.63 0.66 0.59 0.64 0.58 0.64 0.55 0.52 0.73 0.52 0.51
total alkalies 4.10 4.16 4.60 2.89 4.10 4.43 3.68 6.10 7.51 4.70 3.64 3.67 2.65

- BHE A QST BN G TN — ) T SITIER Y

FRS3000; Micro-XRE (Omicron) analysis with 3 mm of collimater, RS1000: Omicron analysis with 1 mm of collimater. NUMbers in parenthieses sHow NUMmbers of analysis. ** Lotal ke as 160

§ Glass inclusion in silicate minerals.™* Modified value by correlation formula.
T Tokuyama and Fujioka (1976). }Sakamoto and Kim (1999)
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Table 4 Compositions of rare earth elements.

Seamount Kii Hakuho
Sample  KT99-4D01-001 KT99-4D04-001
La 8.565 10.19
Ce 20.16 21.47
Pr 2.934 2.918
Nd 13.88 12.72
Sm 3.685 3.009
Eu 1.363 1.058
Gd 4.386 3.261
Tb 0.7537 0.5312
Dy 4.789 3.312
Ho 0.9778 0.669
Er 2.721 1.836
Tm 0.4185 0.3003
Yb 2.691 1.929
Lu 0.3941 0.3051
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4.2 BE—/IEREENRETELSIZERT SEL
KT99-4D07-101 (ZfgIluEH/E) : FI 7800
I AEEEHR A IICE TS &/ VA Ne BEFEX N
B, BT IvA)EZMOBRIZHANENT & (83
K), EPMA T X 5075 A0 bsEIc £ 5K &/ VA
REPHEINSZE B3HR), RBRB~VvIVIS
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Fig. 3 Analyzed compositions of plagioclase in the volcanic rocks from the the Kinan and Ogasawara back-arc echelon
seamount chains during KT99—4 Cruise. (A) Kii seamount (KT99-4D01-001), (B) Dai-ichi Kinan seamount (KT99-
4D11-001), (C) Hakuho seamount (KT99-4D04-001), and (D) Small knoll, east of the Kyowa seamount (KT99-4D07—

101).
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#H OS5 Mantle olivine array (%#§, 1986). LAUIN 3 ICA L. (A)fefEl (KT99-4D01-001),
(©) Rl (KT99-4D04-001),

il (KT99-4D11-001),

B)# 1 forg
D)=y IuE L (KT99-4D07-101).

Fig. 4 Analyzed compositions of olivine in the volcanic rocks from the the Kinan and Ogasawara back-arc echelon
seamount chains during KT99-4 Cruise. Shaded area show the Mantle olivine array (Takahashi, 1986). Symbols are same
to Fig. 3. (A) Kii seamount (KT99-4D01-001), (B) Dai-ichi Kinan seamount (KT99-4D11-001), (C) Hakuho seamount
(KT99-4D04-001), and (D) Small knoll, east of the Kyowa seamount (KT99-4D07-101).

BB TRP TRy -V I PRONE R,
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mEEE 2. 5T, 75 F—FR15.39+0.11
Ma i3 CE 2MHFEREE 2 OGNS,

—7, KT99-4D04-001 OFFHZ oW Cid, EE2 D
FRERIC 20T 10-11 Ma i O R DOFERER L, %
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Fe3+/(Fe3*+Cr+Al) of spinel
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Fig. 5 Analyzed compositions of spinel in the volcanic rocks from the the Kinan and Ogasawara back-arc echelon
seamount chains during KT99—4 Cruise. (A) Cr# (=Cr/(Cr+Al)) of spinel versus Fo value of surrounding olivine varia-
tion diagram. OSMA (Olivine-Spinel Mantle Array) is referred from Arai (1994). (B) Chemical compositions of spinel
on Fe3*+Cr+Al system. (C) TiO, versus Fe3*/(Fe3++Cr+Al) variation diagram.
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Fig. 6 C1 chondrite-normalized rare earth elements
pattern. Compositions of C1 chondrite, E-MORB, and
N-MORB are referred from Sun and McDonough
(1989). 95TRBD-10-1 shows normalized pattern of
basaltic rocks from the Koshu seamount (Sakamoto
and Kim, 1999), and DSDP444—1 exhibits normalized
pattern of alkali series rock from DSDP Site 444
(Wood et al., 1981). Shaded area indicates normalized
partterns of tholeiite series rocks from the Shikoku Ba-
sin collected during DSDP (Wood et al., 1981).
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Table 5 Analytical data for stepwise heating analyses of groundmass of volcanic rocks from the Kinan Seamount chain.

Laseroutput  **Ar/*°Ar A Ar At Ar CaK “arr Par OAr Arg Age

(x107) (%) fraction (%) (Ma)
KT99-4D01-001 (Kii Seamount)
U00074 JMTR9903-1 Jj= 0.004161
0.3W 25.87 £ 0.08 1.774 + 0.009 66.60 = 1.03 3.020 246 22 6384 + 0216 473 + 1.6
0.5W 5.723 = 0.013 2.631 = 0.007 11.01 + 032 4483 479 6.8 2748 + 0.065 205 £ 0.5
0.72W 2212 = 0.003 3160 = 0.007 1.642 + 0.210 5387 93.0 13.9 2.061 £ 0.020 1540 = 0.17
0.91W 2.086 = 0.005 7.034 = 0.020 2.756 + 1415 12.03 962 19.9 2.018 £ 0.041 151 £ 03
1.13W 2.097 £ 0.008 11.28 + 0.03 4275 £+ 3534 19.37 96.1 15.9 2.031 £ 0.069 152 £ 05
1.45W 2173 = 0.004 7.010 £ 0.017 2.801 + 1434 1199 95.7 12.0 2.089 £ 0.049 156 £+ 04 3
1.9W 2204 + 0.009 3.627 + 0.015 1.516 =+ 0.850 6.186 96.9 8.3 2.139 + 0.039 160 £ 0.3 i3
2.65W 2.093 £ 0.007 2.586 = 0.010 1.245 £ 0.520 4.407 953 7.7 1.998 + 0.040 149 = 03
3.7W 1.438 = 0.009 6.196 = 0.030 2.502 £ 1.930 10.59  93.7 4.8 1351 = 0.071 101 = 0.5 o
fusion 0.8273 = 0.0023 4940 = 0.10 18.11 £ 2922 87.68 779 8.5 0.6710 = 0.3065 50 £ 23
plateau age (0.72 W-2.65W) 777 1539 = 0.11 ot
KT99-4 D11-001 (Dai-ichi Kinan Seamount) =
U00073 JMTR9903-1 J=0.003986
0.3W 5.685 =+ 0.021 1251 + 0.006 16.11 + 0.33 2.129 185 2.8 1.054 + 0.069 76 + 05 o
0.55W 1.772 + 0.003 1.066 =+ 0.004 2.370 £ 0.059 1.814 66.7 7.4 1.182 <+ 0.012 848 £ 0.10 e
0.8W 1.580 + 0.004 1.543 + 0.004 1.757 <+ 0.077 2626 713 10.2 1.221 =+ 0.014 8.76 + 0.11 -
1.05W 1.570 + 0.003 2396 =+ 0.006 1.765 + 0.137 4.081 82.7 12.7 1.299 <+ 0.020 932 + 0.15 B
1.3W 1.600 = 0.004 1.971 + 0.005 1.703 + 0.108 3356 814 124 1.302 <+ 0.017 934 =+ 0.13 =3
1.6W 1.615 + 0.004 1273 + 0.005 1410 + 0.094 2.166 82.4 9.6 1.330 =+ 0.016 9.54 + 0.13 4
2w 1.681 = 0.003 1.195 = 0.003 1911 =+ 0.097 2.034 738 7.8 1240 + 0.018 8.80 + 0.14
2.6W 1.835 + 0.003 1.208 =+ 0.003 2.620 =+ 0.060 2,056 64.7 99 1.186 + 0.012 8.51 =+ 0.10 &
3.4W 1.637 + 0.003 1913 <+ 0.005 2451 £ 0.078 3.258 679 18.2 1.112 £ 0.015 798 £ 0.12 2
41W 1.641 = 0.005 2453 =+ 0.008 2,633 + 0.193 4179 68.2 6.3 1.120 £ 0.033 8.03 + 0.24 a
fusion 1.822 + 0.008 4091 =+ 0.017 3.709 + 0.396 6978 633 2.7 1.156 + 0.062 83 + 04 "
KT99-4D04-001 (Hakuho Seamount) 2
Uuooo7s JMTR9903-1 J=0.004122 an
0.3W 2.597 £ 0.018 0.7292 = 0.0110 4586 + 0.907 1.240  50.7 1.0 1316 + 0.183 98 + 14 ~
0.5W 2338 £ 0.006 0.6174 = 0.0039 3704 = 0.164 1.050 559 3.7 1306 £ 0.033 97 £ 03
0.72wW 2.098 = 0.006 0.6341 + 0.0027 2424 £ 0.096 1.079 69.0 9.8 1446 + 0.020 10.72 £ 0.15
0.96W 1.940 £ 0.006 0.8003 + 0.0023 1.859 = 0.054 1361 76.0 16.6 1473 = 0.012 1092 + 0.10
1.15W 1.874 = 0.004 1.169 + 0.003 1.964 = 0.078 1.990 755 13.1 1.415 + 0.015 1049 = 0.12
1.45W 1.716 £ 0.004 2.176 + 0.005 2.059 + 0.105 3706 71.8 129 1335 £+ 0.018 990 + 0.14
1.9W 1.541 = 0.004 5334 + 0.012 3.039 £ 0.287 9.110 779 18.5 1.204 + 0.032 893 =+ 024
2.55W 1.548 + 0.004 7901 = 0.020 4168 + 0486 13.52 738 85 1.148 + 0.047 85 + 04
3.7TW 1.150 £ 0.004 7223 + 0.025 3762 + 0.549 1235  69.0 5.8 0.7967 + 0.0514 59 £+ 04
fusion 0.7115 = 0.0031 6.087 + 0.021 3.188 = 0.440 1040 57.0 10.3 0.4059 + 0.0417 30 £ 03
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Ti/100

2Nb

Zr

Yx3 Zr/4

N AZREBEOFV v 7Yy T 4 V7 Ze-Ti/100-Y x 3 # 4 7 775 L (Pearce and Cann, 1973). Bt
foEsiILFIE X R 15 L U DSDP Sited44d O 7V A U XHE %, BILIE DSDP I X » THREISh/-HEBAEEY VT A
FRFIZREE #7~9. WPB: Within Plate Basalt (71— FAZERA), IAT: Island Arc Tholeiite series basalt (&I
VT A FRFILERE), MORB: Mid Ocean Ridge Basalt (s iaE), CA: Calc-Alkali series basalt (hJ)L7 7
WHIRFIZRE) BYEXREDFT b 7y F 4V THR Zr/4-2XNb-Y &4 775 . (Meschede, 1986). 2L
AR EUFIEZRA B X DSDP Siteddd OT7 VA VEZRSE%, BIE DSDP IC k- THBI S/ -NEREEY VT
A PRI REE AR T. WPA: Within Plate Alkali series basalt (71— AT IV AV RFIZRE), WPT: Within
Plate Tholeiite series basalt (71— FAY V7 A FRIIZEAE), VAB: Volcanic Arc Basalt (E3lx%R+%), E-MORB:
Enriched MORB, N-MORB: Normal MORB.
Fig. 8 (A) The Zr-Ti/100-Y x 3 basalt discrimination diagram (Pearce and Cann, 1973). Solid circle: basalts from the
Kinan seamount chain and DSDP Site 444. Open circle: tholeiite series basalts from the Shikoku Basin collected during
DSDP. WPB: Within Plate Basalt, IAT: Island Arc Tholeiite series basalt, MORB: Mid Ocean Ridge Basalt, CA: Calc-
Alkali series basalt. (B) The Zr/4-2 x Nb-Y basalt discrimination diagram (Meschede, 1986). Solid circle: basalts from
the Kinan seamount chain and DSDP Site 444. Open circle: tholeiite series basalts from the Shikoku Basin collected dur-
ing DSDP. WPA: Within Plate Alkali series basalt, WPT: Within Plate Tholeiite series basalt, VAB: Volcanic Arc Basalt,
E-MORB: Enriched MORB, N-MORB: Normal MORB.

INs BSHA).

ARELS OB LN RE (KT99-4D04-001) 13
VUT A PRIIDOZRETH S, HHETRBE N
2V EELER RS (KT99-4D01-001) i,
PRBRFEFICELELEBRY ORI VERT. BREHO
{LHEMEBRICIIEAD Y, BT, »ADAARERPOES
<V PVEFEICHEEL D R TH 5, FHIFEILRMA
BAb/ 3% o/ CEu ORERR NGV EOKRE, &
HWLZ-BEARE - £EEFICEE L2 E2B%RL
TW5. BT 5T D »A b ASOMEBIL KT99-
4D01-001 & R4, MORB DN 0 B %3 558
RThhrEELZLNS.

Ll EDBERER - S FRE# & Ar-Ar ERBIED
BREzAEDED &, HRBREN KT fidg TiirkE
BILFI BT 2P GBI NIZRED DD,
FHEILE O E-MORB (B 1345 16 Ma OB HENR
BAOT RO Lo, ARGEILEZRAED E-
MORBHITH Y, £ 1BEBILEXREIT VAIVE

RINCETHAZRAETHSH. BMEERIEEECRT S
2, RHFEBLUEZREICHEREVARESS S (#1910
Ma).

INOORERE, InETICREIN T SRR
HEBRT HELCHEREE S DRI N/-XRER
&N 5. MEEIKEMDE BT A REEE,
DSDPic X D #EIxh, YV T A FPRIIOXRET
(Wood efal., 1981), 17.2+3.2 Ma @ K-Ar 4% (Klein
and Kobayashi, 1981) & 15.6+1.9,8.3+7.8,10.9+£3.5
Ma @ Ar-Ar 448 (Ozima ef al., 1981) BHEXNT
BY, BERK IO 7 74 VL DHEEINLUERZOD
WoREFE (~15 Ma: Klein and Kobayashi, 1981; Okino
et al.,, 1994, 1999) LFRMHTH%. —7F, DSDP Site
44412 BWT, VA T A FRIERE EOSERYFIC
YWELTEATATIVAVERRE (TIVAVICETH
B, 7o 2B VA—FRASRF X VEREBRESL)
BEEEN, 147121 Ma O K-Ar ERBB\LA T
% (McKee and Klock, 1981).
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foEEILFliE BT 2EILL 5, FEBBRER
KH74-4 iz £ 0 GREIL» 5, KEH & R/EBRE
OfiHEIC & 0 BMEEILD SXRAEEIFER I N TN 5.
AREBILEZREL, MRZIREDOTT AWH O
EPMA IC L A4 HiERIZESNC, YU T4 MNEZXR
FHeEzZ N/ (FEL - BER, 1976). BMEBLEXR
ARAEERICESWTT VA VBERETH S EE 2
LNTEY, KEWHEOFELHT 2\ T 7.92+0.19
Ma @ K-Ar R4, HERFOHRBHZOWT7.1£1.1
Ma © K-Ar ERBB SN TS BEd, 1991 ; A
-4, 1999).

FLETEOaIV FSA FEBIEAZ Y (B6X)
RNbZr-Y, TiZr-Y ¥4 7754 (HE8H) X5
L, DSDP CHEHII N2V VT 4 FRFIOKILET N-
MORB IZ R TRRER LICEL & DD, La iKihEd
%75 ¥ MORB s R#RONZVEFL, 77 by stz
v 74 VITHBROZATA 7T ACEBNTES (N
MORB OB /oy Fans. —7F, KEELFI%
B3 A¥BILE K1LZE & DSDP Tl s h/=7VAhY
(7Y v VXRE) 1k, Ry FARy FMEEOEE
B7IVAVARRTIIZWS, BRELICER, ZAHSAT
7S5 ATETV—FREXRE (WPB), /V—THAVV
TA PRFIZRE WPT) WL/ V— AT AY
& (WPA) OfERICT/ Oy F3h, WEITHEICXG
T&5.

DT E2HE 25 EMEBEIEAK THROIKK
B CTOKBIRBNIKRD 2 2Ic8F bhb. 1203,
VEEZOMA (~15 Ma: Kobayashi ef al., 1995) #
THE# (15Matg) 4 U & F# % WL = DSDP
Sitedd4 DRFHIRE SN S KRFBEEBHTHD, ©H5—D
X, 10~7MaBEHICAE UM - 8 140 - BR¥ELO
ABHIARFE SN 5 enrich L7z 7 V— FAXREDOEE
Ths.

WA - & (1999) ZBIMN#ILE KILE OREIC D
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(Ishizuka ef al., 1998 ; HFITH, 1999) & OBIE LN
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B 5.
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