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Petrological study of volcanic rocks dredged from
submarine volcanoes off-east of Izu Peninsula

Ryuji NakaHARA* , Susumu Umivo* and Kazuki WATANABE*

More than 40 topographic highs exist in the area between the eastern coast of
Izu-Peninsula and Izu-Oshima island. Most of them are considered to be submarine
volcanoes. From 27 April to 1 May in 1991, more than 60 volcanic rocks, sandstones and
agglomerates were dredged at 30 points of tops of the seamounts by Ten-yo-maru of
Hydrographic Department of Maritime Safety Agency. On the basis of whole rock
chemical compositions plotted on a Na:O+K:0-FeO* (total Fe as FeO)-MgO (AFM)
diagram, these volcanic samples are divided into two rock types ; the high-alkali tholeiite

enriched in alkali elements and having lower Fe / Mg ratios and the low-
depleted in alkalis and having higher Fe /Mg ratios. The former has chemical and
petrographical similarities to volcanic rocks of the Higashi Izu Monogenetic Volcano
Group. The latter is similar to those of Izu-Oshima volcano in terms of whole rock
chemistry. These high-alkali tholeiites dredged from the seamounts and sampled from
the Higashi Izu Monogenetic Volcano Group have higher Zr /Y ratios than the low-
alkali tholeiites of the submarine volcanoes and Izu-Oshima volcano. The higher Zr/Y
ratio of the high-alkali tholeiites are produced by lower degrees of prtial melting of the
source mantle than the low-alkali tholeiites. The high-alkali tholeiites from the
submarine and subaerial volcanoes have a wide spectrum of Zr /Y ratio, indicative of
various degrees of partial melting. This could be generated by 4 ~10 % fractional melting
rather than by batch melting of the source mantle. Areal distribution of Zr /Y ratios,
does not show any systematic changes. This is inconsistent with a model that the Higashi
Izu Monogenetic Volcano Group derived from a single mantle diapir.

Key words: High-alkali tholeiite, Low-alkali tholeiite, Zr /Y ratio, degree of partial

melting, fractional melting.
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Submarine topographic map of the off-east of Izu Peninsula (simplified from

HAMURO et al, 1980). More than 40 seamounts with circular contour lines are supposed

to be submarine volcanic cones.
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Table 1. Volumes of submarine and subaerial
volcanoes in the study area and Izu-Oshima
and Omuroyama.
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FeO

Na,0+K,0 MgO

FeO

Na,0+K,0 Mgo

Fig. 2. a) Na:0+K.0-FeO*-MgO (AFM) dia-
grams of the subaenial volcanoes, Higashi Izu
Monogenetic Volcano Group (HIMGV) and
Izu-Oshima volcanoes. Solid squares indicate
Izu-Oshima volcano (data from Fujn et al,
1988; IssHIKI, 1984) and open squares indicate
Higashi Izu Monogenetic Volcano Gruop
(data from MiyajiMA et al, 1985). b)Na.O+
K:0-FeO*MgO (AFM) diagram of volcanic
rocks dredged from submarine volcanoes.
The area encircled by the solid line is the
range of the volcanic rocks from the Higashi
Izu Monogenetic Volcano Group, and that
encircled by the broken line is that from
Izu-Oshima volcano.
X2 . a)lFERMK ILBEAMPEREDKIEDAFM
AT 775 B FEKE (HHIEH, 1988; —
£,1984), O © HFTHECKILE (F 132>, 1985).
b) KLy VEBOAFM #4777 5.0 KLy
YL, FER o RGP G K LB O R AE R,
AR KR O AR,

High-alkali type a

17-3 |

17-1 i PL
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Sample No. 18-2

ONSEEN
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Low-alkali type b
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1
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Fig. 3. Modal compositions of volcanic rocks
dredged from submarine volcanoes. a) The
high alkali thoeleiites dredged from sub-
marine volcanoes. b) Thelow alkali tholeiites

dredged from submarine volcanoes.
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Table 4. Phenocryst assemblages of vol-
canic rocks dredged from submarine
volcanoes.

£4. FLyUVHBORSHEE.

High-alkli type
Phenocrysts Number
OL PL | CPX | OPX f samples
IO 1
nm o | O 7
iy O O O 4
v O O] O O 5
v O 1010 2
Low-alkali type
Phenocrysts Numbe r
OL PL | CPX | OPX Jof sample
O | O 4
nw oo | o 2
m O | O | O O 2
v O O O 4

NS BHBRETETHH I 10b 6T, Mg # 255
DLTHHEMLUARVY., ZORKE L THEBEESED
BEFH, bLAE~/wRARELLNDR, &
FLEMKIBEZLELERONIHRALFAED
fa%ERE S (HAMURO, 1985) i1 & A E R bR
12 D TR S BB OIRRAE A O RTREMEIX R V. L
L, ZEZEiZA (1980, 1983) (I AEDOHER KL —
OB P LHMEL TWBDT, ZORRERIETIEE
T&v. Ti, V, Cu, ZnixMg# OB &t
ZHOTLTRHDBEITHEEICHD. b0
TRITET VA Y Z A FOEAOHTIEHICEEML
TWT, BHEBETEL LTOERZ XI<RT. &
TR FIZOAEA IR E END8F 2 88
BTNAYZALFIZBNT, LOVEBIZHRILT
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BTN HY ZATIHITIEFITIE SO X BRE NN,
It XRF ORIIBRAE Y 0 I2HB1H T, BB
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U 24713 Al.OsDEAL S 3L DFREE L 1FEGR 2 <
BECERALTWAZ L, BEFDE— NI L
ALOs XU Sr & ORIZEDHR (5 a,b) 2358 6

N o, FRADEFBPEZ >TNDHHDL
ExbD. ZhiEKEKILDOEEFHBRDOEN
BEIZHEAOEETHHEIN IO LM TH S
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Al:0z and Sr vs. plagioclase modal
compositions of low alkali tholeiites dredged

from submarine volcanoes. b) Sr.
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Table 6. Crystallization temperature of groud-
mass pyroxenes of high alkali and low-alkali
tholeiites dredged from submarine vol-
canoes. Caluculations are after LINDSLEY

40

(1983) .
£6. AHEAOLFMEBRICLVHEESNDI< I~
ML H Ry DR
Low-alkali type °c  |High-alkali type °c
1-1 1100 (16-4 1200
1-2 1100 (25-4 1200
7-1 1140
10-1 1140
15-1 11580
19-2 1160
23-1 1150
28-2 1180

i - D — R

LOEHYTHA 9.

HEE(E D (1980, 1983) 1IAHFZE & [A] UK DK
WA Z@T NI FERRERINEET ALY VY LT A
NRFNZAFEL, £ OB S IOV TR,
Fhizkd EEm7T I FERERIFEREFT VI,
TN HYEATREFEREFTVICHHLTWD.,
NI AMEDRERE 7ny bTDHE, —HOKRA
v M (Site1,7,10) ZBBWTEIL X 5 D fi2R-T
(X 7). Site 1 iZ5F OHIRAEEH L ER OBEIC
I v EEOFEEKLDI G OER LB S, Site
7 & Sitel0OFETNH Y ZA TOBRILEADEER
DEE GEA EBbILS, RRERLEBIHERLIX
REATEKILESEETDRTOHWKILETH S
(FE=iZH, 1980, 1983). LDz &h b, b9 —
ERatTs L, BRBENZ, 702407 (B
TN FERRE) BEFEHBKLETIC, KT
NEYEALTL UETAHY LT AR BFERE
iz fmLTnT, PREfMHGETHREFEL TS L 2IZ
Rz5.
EEALHICEA L TZRE I (BRAHHER),
ZRE 1 (BHRA +HEE A+ AHER), Xite (R

O High alkali(dredged)
A Low alkali(dredged)
¢ HIMVG
X lzu-Ohshima
5 p—
4.5 - © .
* o s
= *
: S e .
> 3.5 + PS Ogo 0‘
< *
N 3T g 0*
*
2.5
2 -
8 4 ¥
1.5 A

1 | ] ! 1

70 65 60 55 50 45 40 35 30
Mg#

Fig. 6. Zr/Y ratios vs. Mg# of the dredged
samples and the volcanic rocks of the
Higashi Izu Monogenetic Volcano Group.
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Areal distribution of rock types of submarine volcanoes. Circles indicate volcanic

rocks dredged by this study and triangles indicate those of HAMURO ef al (1980, 1983).
Solid and open symboles indicate high-alkali and low-alkali tholeiites respectively.
Smoll triangles are volcanic centers of subaerial volcanoes.
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Map of areal distribution of phenocryst assemblages of high-alkali tholeiites from

subaerial and submarine volcanoces. Data of subaerial volcanoes are after MivajiMa
et al. (1985). Data are classified after HAMURO(1985).
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Fig. 9. SiOzvs. Zr/Y ratio diagram of HIMGV.

Dotted squares indicate volcanic rocks that
contain no xenolith and open squares inde-
cate those that contain xenolith more than 1%.
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Fig. 11. Map showing the Zr/Y ratios of high-alkali tholeiites from
submarine (this study) and subaerial volcanoes(Higashi Izu Monogenetic
Volacano Group) after MivajiMa ef al. (1985).
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Fig. 12. Magma plumbing system beneath Sagami Bay.
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Plate 1 Photographs of the dredged samples. a) Ggrayish basalt from site 1
containing plagioclase, clinopyroxene, orthopyroxene and magnetite phenocrysts.
b) Black scoria from site 3.
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Plate 2 Photographs of the dredged samples. a) Fresh porphyritic scoria from site 15.
This basalt contains much plagioclase. b) An altered conglomerate of scoria with
shell and carbonate.
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Plate 3 Photomicrograph of dredged samples of the high-alkali type from submarine

volcanoes. a) Basaltic andesite dredged from site 17. b) Basaltic andesite dredged

from site 25.
Bz 3 FULyURE, 7TV HVEATSOERFE. a) site 17 OB N ELREEL
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Plate 4 Photomicrograph of dredged samples of the low-alkali type from submarine
volcano. a) Andesite dredged from site 15. b) Andesite dredged from the same
site.

KR 4 FULoVRBLIETALY A TFDERERE. a) site 15 K0 ELRLLLSE. b)
F L site 2O/ ONIZRIIETELL bIEFICHAE.



FEERES I R Ly VRROH T IR

57



