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Evolution of a volcanic edifice in the Izu-Ogasawara (Bonin) arc : 

Lithological characteristics of a 1500 meter core sample in Hach討ojima

Daiji HIRATA, Hiroyuki Y AMAS HIT A, Hidetsugu TANIGUCHI, 

Tadashi NISHIKAWA, Kan AOIKE, Masakazu SUZUI, 

Noriko SAITO, Kayoko SUGA and Makoto ARIMA 

Abstract. Lithological charact巴listics are described for a 1500 meter drilled core sample recov巴redby 

NEDO (New Energy and Industrial T巴chnologyD巴V巴lopmentOrganization, Japan) at the Site N2-HJ-4 in the 

central crater of th巴HigashiyamaVolcano, Hachijojima, Izu Ogasawara (Bonin) arc. The core sample is divided 

into three main units (Unit I, II and III) based on lithological characteristics. Unit I (32 690 meter in drilling 

depth) is mainly compos巴dof basaltic lavas and pyroclastic materials which are 川erpr巴tedto represent rocks 

of volcanic edifices of the Higashiyama Volcano. Unit II (690-1, 062 meter in drilling depth) consists of 

basaltic and doleritic rocks and hyaloclastite. This unit has lithological nature transitional from Unit III to Unit I, 

and probably represents rocks of a submarine volcanic巴difice.Unit III (1, 062-1, 485 meter in drilling d巴pth)

consists dominantly of volcaniclastic sedim巴ntaryrocks, including turbidity or rhythmically deposited 

lithofacies. This unit was probably formed on a submarine flank of a volcanic edifice of unknown ag巴 Partsof 

Unit III accompany with highly oxidized basaltic lapillis. 

Key Words: Higashiyama Volcano, Hachijojima, Izu-Ogasawara arc, drill巴dcore sample, volcanic edifice. 

Introduction 

The Izu-Ogasawara arc has b巴巴nformed at th巴eastern

margin of the Philippine Sea Plat巴 as the r巴sultof 

subduction of the Pacific Plate. The arc consists of an 

active volcanic chain and backarc rift basin system 

superimposed on Tei tiary volcanic chains and other old 

crustal structures. D巴巴pSea Drilli暗 Pr句巴ct(DSDP), 

Ocean Drilling Program ( ODP) and oth巴I marin巴

geological surv巴ysadvanced our understanding of this arc 

system (cf. Taylor and Natland, 1995). 

Hachijojima is located on the volcanic front of lzu 

Ogasawara arc, and is mainly composed of two 

str・atovolcanoes, th巴Nishiyamaand Higashiyama Volcano 

(Fig. 1). G巴n巴ralg巴ologyof Hachijojin 

Isshilくi(1959) As shown in Fig. 1, the Higashiyama 

Volcano comprises s巴veralvolcanic edifices including th巴

main stratovolcano, central pyroclastic cones and other 

old edifices (Isshiki, 1959 ; Tsukui et al., 1991 ; 1993 ; 

Suga, 1991 ; 1993 ; 1994 ; 1996). Tsukui et al. (1991) 

clarified eruptive history of the main stratovolcano during 

last 22, 000 years, and Tsukui et al. (1993) discussed the 

evolution of magma plumbing syst巴mof this volcano over 

th巴 last30, 000 years. Volcanic activity of th巴 main

stratovolcano probably started about thirty thousands y巴ars

ago on the old edifices (Suga, 1994 , 1996). K-Ar age of 

< 0. 14Ma was obtained from one of th巴 oldedifices 

(Kai】巴okaet al., 1970). The Nishiyama Volcano, another 

stratovolcano in Hachijojima, has been active since 10, 000 

B.P. (Tsukui et al., 1991). 

Notsu et al. (1983) and Onuma et al. (1983) discussed 

geoch巴mica!charact巴ristics of volcanic rocks from 

Hachijojima and oth巴Ivolcanic islands of the lzu volcanic 

chain. Rocks of the Higashiyama Volcano rang巴 widely

from basaltic to dacitic composition, while the Nishiyama 

Volcano is composed dominantly of basaltic lavas and 

py1oclastic materials of the low-potassium tho！巴iitic 

basaltic composition (Isshiki, 1959; Tsukui巴tal. 1993) 

NEDO drilled at eight sites in Hachijojima for 

g巴oth巴rmal d巴velopm巴ntpromotion survey in 1989 1991. 

Contents of this drilling surv巴ywere minut巴lyI巴port巴dby 

NEDO(l993). Ch巴micalcompositions of selected rock 

samples recover巴dat th巴alldrilling sit巴SW巴rer巴portedby 

Nakano et al. (1993). 

This note describes litholoσical characteristics of on巴of
b 

the NEDO core samples, a 1, 500 met巴rdrilled core 

sample recovered at the Site N 2 -HJ -4 (altitude 567 

meter) in th巴centralcrater of the Higashiyama Volcano 

(Fig. 1) This 1, 500 meter core sample with remarkabl巴

recovering rat巴 willprovid巴 essentialdata set for better 

understanding of the巴volutionof a volcanic edific巴located

on th巴volcanicfront of Izu-Ogasawara arc. 

The cor巴samplestudi巴din this note is a I巴gister巴drock 



58 D凹RATAH. Y AMAS HIT A, H.TANIGUCHI, T. NISHIKAWA, K.AO!KE, M.SVZUI, N.SAITO, K.SUGA and M.ARIMA 

35' N ヘザ
，n
’pt
r』
、

34' 

33' 

139' 140' 

。
巴
司
u－
。
〉

~ crater and caldera 

• scoria cone 

仁コNishiyamaVolcano 
~ Pyroclastic con e 
区illilli]加 afl…dpyrocla 

deposit after main stratovolcano 

0

白

n

c

 

a
n
 

e
－－ 

ひ

制。に
M

E

 

」

u

u

S

E
M
 

m
引

a

d

 

m

d

 

E
園

ー

ー

ー

t
L

S
Z司
、ご

4
2
9
z

Drilling site 
(N2・HJ-4)

0 1 2km 

Fig. 1. Geological outline of Hachリojima.(modified after Suga et al, in preparation) 

specimen (R巴g凶er巴dNumb巴r KPM-NOOOOOOOl) of the 

Kanagawa Pr巴f巴ctural Museum of Natural History 

(KPMNH) and the sample information is availabl巴 from

the KPMNH upon r巴quest.

Lithological description of the core sample 

On th巴 basisof th巴 lithologicalcharacteristics, the core 

sample N2 HJ-4 is divid巴dinto three main units (Unit I, II 

and III) , and furth巴Isubdivided into 19 sub units (Fig. 2 ) . 

D巴tailedlitholofaci巴svariation and petrographic features of 

the cor巴sampl巴aregiven in Appendix 1 and 2 r巴spectiv巴ly.

Unit I. Volcanic edifice of Higashiyama Volcano 

Unit I (32 690 meter . h巴I巴inaftermeter drilling d巴pth)IS 

mainly composed of basaltic lavas and pyroclastic mate1ials 

which are int巴rpretedto I巴presentrocks of volcanic edifices 

of the Higashiyama. 

Unit I-a (32-115 meter) consists of basaltic andesitic lava 

(Fig. 3 1) wh凶 ischaracterized by m巴gacrysts of 

plagioclas巴 （asmuch as 1 ce1 m巴I巴I in diam巴I巴r)and 

glo1η巴roporphyriticclots of coars巴grain巴dplagioclas巴and

olivin巴 Th巴yar巴probablyX巴nocrysticorig川 （cf.Arni仙a、ν
& Kimata, 1992). Unit b (115 176 met巴r)is wealくIv

W巴Id巴dcoarse grained ash including lapilli. Unit I-c (176-

367 m巴t巴r)is compos巴dof welded spatter and scoria with 

lava (Fig. 3 2). Strongly welded spatt巴lof Unit 1-d (367 

435 met巴r)shows remarlくabl巴巴utaxitictextu1巴 （Fig.3 3) 

Unit Iー巴 (435-470 m巴ter)consists of volcaniclastic mat巴Iial 

and lava blocks. Rocks of unit I-b, I-c, 1-d and 1-e w巴I巴

badly altered and brecciat巴dand became sanely appearance. 

Unit I-f (470 605 m巴t巴r) comprises variably altered 

basaltic subaerial lavas. Each lava is 2 to 10 meter thick in 

this unit (Fig. 3 4). Clink巴rsin this unit were extensively 

altered and brecciated. Unit 1-g (605 690 meter) comprises 

weakly alt巴r巴danclesitic or basaltic suba巴lial lavas. Each 

lava unit is 10 to 30 met巴rin thickness. 

Unit II: Transitional zone 

Unit II (690 1062 meter) consists of basaltic and 

doleritic rocks, and hyaloclastite‘This unit has lithological 

characteristics transitional from Unit III to Unit I. 

Unit II a (690-710 meter) is an accumulation of partly 

br巴cciated,cracky and glassy basaltic rocks of 2 to 3 meter 

in thickness. Basaltic intrusiv巴 lock of Unit II b (710-780 

meter) contains variabl巴lithofaciesincluding clol巴litic rock 

fragments, clots of plagioclase, and andesitic to dacitic 

X巴noliths(Figs. 3-5, 3-6）。Unit11-c (780 935 meter) 

consists dominantly of cloleritic intrusiv巴rocks(Fig. 3 7). 



59 Lithological characteristics of a 1500 meter core sampl巴inHachiJOJ1ma 

Evolution of Volcanism Lithological description 
Depth 
( 111) 

Alt1t 
(m) 

567 non core recovered 
32m 

lava lake and/or thick flow 

r pyroclastic flow deposit 

basaltic andesitic lava 

nドa
 

円
M
M
nH 
A
U
 

H
U
 

戸

UnH Ln 
cd a
 

」
ue
 

A
U
 
e
 
w
 

m

vvJ
m
 

河

川
町

花

1

a

1
 

e
 
w
 

a 

b 

5伎）

development of pyroclast1c cones 

welded spatter and scona 

with altered lavas c 

367rn 

r formation of caldera 

welded spatter with lavas 

435m 
volcaniclastic materials including 
47om lava block 

d 

formation of main stratovok:;ano 

of Higashiνama 
relatively thin basaltic lava with clinker 

e 

vvbFvbpvι 

v
v
b
p
v
r
v
E
 

vvbpVFVvb 

vレ
F
Vレ［
V
レ

ι

I
F
I
F
I
F
I
F
F
F

，，p

，
 

5α） 
100 

605rn 

relativelv thick basaltic 
or andesitic lava 

600 

。

formation of a old volcanic edifice of 

Higashiyama (subaerial volcanism) 

_s日!2a_g_児~l!.主l主主aJ.Q恒一一 一

upper paパoffeeder dike 
or intrusive rock 

690m 
cracky and glassy black lava 
710m 
black intrusive rock including batch of 
doleritic rock and plagioclase clots 
780m 

g 
-l〔Xl

b 

partly glassy and autoclast1c 

doleritic rock intercalating tuff brecc1a subaqueous volcanic activity with 

deposition of hyaloclastite and 

intrusion of feeder dike into 

hyaloclastite 

935rn 

tuff and lapillituff (hyaloclastite) 

inter国 latinglava block or intrusive 

rock 
1,062m 

c 

。
c: 。
N 

伺
／－－：：「~c:

z台tt長官姐 0 
1・：：mnt ===i E 
:'::::::=::::::::::: ;::::)! (/) 
==========:::':'!= n==<=====1 c: t面市主主~~1::11 ~ 
山山山山~·~:i -

900 

句4{X〕

d 

deposition of turbidite and debrite 

on a submarine fan and episodic 

subaqueous and/or subaerial 

volcanic activity 

rhythmicalty depos~ed 匂pillituff (turbidrte) 
pa吋lyincluding black lapill1 

tutt' breccia including black 
1, 1 esm vok:;anic bbck付ebrrte)
_r-hythmically deposited lapilli tuff including 
一一1,212m black lapilli (turbid1te) 
autoclastic lava 
1 275m 

rhythmically deposited lapilli tuff 
1 32 including black lapilli (turbidite) 
3m 

a 
1 lOO 

ヌXl

b 

c 

同

川

町

制

凶
此

巾
h

u

E
 

州

一

阿

川

1
川
川

げ
へ

ρν

羽
句

、

1

n

O

L
K

、コ
ペ

h
u

c

凶

川

d

川

引

t

t

1

α

e

，
G

」

門
ド

A

u

n

2

ね

（

a

N

い

れ

吋

A

d

m

4
d

m
α

明
山

Z

J

K
∞

ち

仙

叶
川

町
一

K

M

Mrh

M
同

日一
昨

州

一川

＼

叫

一一
m

f

一
g
一

h

二

一m

i
l
l
i
li－
－

L
i
l
l
i－
－

I
L
S－
a
 

g
o
g
r
s
z
o
E壱
O
ω
ω
一
窃
旦
。

E
S一
。
〉
．
＝
一
一

柳

…………一一一一一一一一……問斜斗川間α一以ζJEl－
 

－
1

・η
ノ“

cl
 

1200 

6収）

d 
7αj 

deposition of turbidite and deb rite 

on a volcanic submarine fan 

e 13W 

14W 

政X〕

-<X冶



60 D.HIRATA, H. YAMASHITA, H.TANIGUCHI, T. NISHIKAWA, K.AOTKE, M.SUZUI, N.SAITO, K.SUGA and M.ARIMA 

Fig. 3. Photographs of the core sample. Drilling ct巴pthis given in parenthes巴
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3-6. basaltic rock including clot of plagioclase (box no. 280, 727. 5 

730 meter) 
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3 10. rhythmically deposited lapilli tuff (turbidite) including black 

volcanic lapilli (box no. 496, 1,320 -1,323 meter) 

3-12. rhythmically deposited lapilli tuff (turbidite) (box no. 509, 

L359 -1,362 rneier) 
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3-13. close up of rhythmically deposit巴dla1コilliruff (tu 

no. 509, 1,359. 3 meter) 

3 15. tuffand lapilli tuff(turbidite) (box no. 542, 1,458 1,461 meter) 

An upper part of this unit is composed of rocks of glassy 

appearance, showing water chilled structure. This glassy 

basaltic rock is interpreted as a cooling facies of th巴

doleritic intrusive rock. Unit 11-d (935-1, 062 m巴ter)

consists of hydrothermally alter巴dglassy tuff and lapilli 

tu ff (Fig. 3 8) intercalat巴dwith thin basaltic intrusiv巴rocks

and/or lava blocks. 

Unit III: Volcaniclastic sedimentary rocks. 

Unit III (1, 062 1, 485 meter) dominantly consists of 

volcaniclastic S巴dimentaryrocks. Rocks of this unit are 

turbidly or rhythmically deposited lithofacies . 

Volcaniclastic rocks in Unit III have b巴enhydroth巴mrnlly

altered. They are gr巴enish01 bleached rocks owing to the 

degree and nature of hydrothermal alteration p1 ocess巴s.

Unit III-a (1,062 1, 147 meter) consists of rhythmically 

deposit巴dand grad巴db巴dd巴dlapilli tuff partly including 

black lapillis. Each graded bed is usually 1 to 5 m巴t巴I

(often maximum 12 met巴r) in thickness. Tuff breccia of 

Unit IIT-b (1, 147 1, 185 meter) includes black volcanic 

blocks, some of which wer巴oxidizedand rounded in shape 

(Fig. 3 9) Lapilli tu ff b巴dsof Unit III c and Unit III-e 

3-14. luff breccia (debrite) (box no. 528, 1, 416 -1, 417 meter) 

3 -16. andesitic intrusive rock (box no. 550.1, 482 1, 485 meter) 

(1, 185-1, 212 and 1, 275-1, 323 meter) exhibit th巴grad巴d

bedding structure as well as the 1 hythmic deposition 

structure. This unit includes black lapillis (Fig. 3 10). 

Each graded bed is 2 to 5 meter thick. Unit III-c and Unit 

III-e are int巴rb巴dd巴dwith subaqueous autoclastic lava of 

Unit III d (1,212-1,275 meter) (Fig. 3 11) Unit III-f 

(1,323-1,400 meter) consists of rhythmically d巴posited

lapilli tuff and tuff lay巴rs (Figs. 3 12, 3 13). Each 

depositional cycle is d巴「U1巴dby alternation of lapilli tuff 

and tuff lay巴rs,and one d巴positionalcycl巴is2 to 10, or 

locally s巴veralI巴nsof c巴ntim巴terin thickn巴ss.Betw巴巴n

depositional cycles, various textures indicative of frequent 

erosional ev巴ntsare noted. Unit III-g (1, 400-1, 419 meter) 

is a massive tuff breccia (Fig. 3-14) including red colored 

oxidized lapillis. Unit III-h (1,419 1,485 meter) comprises 

tuff, lapilli tuff, tuff breccia (Fig. 3-15) and basaltic and 

andesitic intrusiv巴rocks(Fig. 3-16). 

Discussion 

The nature and variation of th巴lithofaci巴sof Unit I-a to 

Unit 1-g are well comparable to the volcanic edifice of th巴

main stratovolcano (S時a,in preparation). The basaltic 
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and巴siticlava of Unit I-a is川terpretedto rep1巴S巴nta thick 

lava flow and/or lava lake. The pyroclastic mate1 ials of 

Unit I-bare probably pyroclastic flow d巴posits.Th巴weld巴d

spatter and scoria of Unit 1-c and 1-d ar巴 lithologically

巴quiva!entto th巴 C巴ntralpyroclastic cones of th巴 main

stratovolcano (Suga, 1996) Welded spatt巴land scoria in 

the Unit I c probably 巴lupted at th巴 lateststage of 

development of the c巴ntral pyroclastic cones 

Yolcaniclastic matet ials in the Unit 1-e represent caldera 

deposits. R巴lativ巴lythin basaltic lavas in the Unit I-f 

COi l巴spond to th巴 locks of the main stratovolcano. 

R巴lativelythick and巴siticlavas in the Unit I g r巴present

materials of an old巴dific巴ofthe Higashiyama Volcano. 

Th巴py1oclasticmaterials and highly vesiculat巴dbasaltic 

lavas in the Units I b, 1-c, I-d, I－巴，andl-f wer巴 highly

alte1ed whil巴I巴lativelylower d巴greeof alt巴lation is noted 

in th巴massivelava rocks in the Units I a and I g. These 

features suggest that d巴greeof alteration was strongly 

related to porosity of rocks. Parts of the Unit I with Joos巴

sandy appearance seem to rep1esent highly porous loose 

pyroclastic and/or volcaniclastic mat巴Iials 

Th巴 transitionalzone (Unit II) compns巴s an 

accumulation of cracky and glassy basaltic rocks (Unit II-

a), glassy basaltic l山 usiverocks with cloleritic rock 

fragm巴nts(Unit II-b), clol巴Iitic intrusive rock and its 

cooling faci巴swith wat巴Ichilled structure (Unit II-c), and 

glassy tuffs (Unit II-cl). These lithofacies are interpreted as 

subaqueous lava lob巴， upperpart of feed巴Iclik巴 oroth巴I

intrusiv巴Iock, feede1 dike which intruded into hyaloclastite, 

and hyaloclastit巴resp巴ctively.The transitional zone s巴ems

to 1epr巴5巴nta submarin巴volcanicedific巴，butit is not clea1 

wheth巴lthe subma1 ine edifice was fot m巴dunder submarine 

巴luption stag巴 ofthe Higashiyama Volcano or unknown 

earli巴lvolcano. 

Textural featu1es of th巴volcaniclasticseclim巴nta1yrocks 

in th巴 UnitsIII-a, III-c, Tll-e, III-f and Ill h suggest that 

they ar巴turbiclite.Th巴yconsist of rhythmically deposited or 

graded beclclecl lapilli tuff, tuff, and tuff b1巴ccia.The tuff 

br巴cciaof Unit III b and III-g seems to b巴cl巴brite (debris 

flow deposit). Th巴turbiditeand debrit巴inUnit III were 

probably deposited on submarin巴flankof volcanic edifice 

and i、orm巴dsutヲmarinefan. Black volcanic blocks and 

lapillis in the Units Ill a, ITトb,III-c and Ill巴 andlava in 

th巴 UnitIII-d are int巴lpret巴dto be products of巴pisodic

submarine volcanism. Subae1 ial eruption is suggest巴dfor 

some rocks in the Unit IIl in which oxidized red colored 

and rounded lapillis and blocks occur. 

In spit巴ofextensive search under mic1oscop巴， nomicro 

fossil was I巴COV巴I巴dfrom the sedim巴ntaryrocks studied. 

The volcaniclastic s巴dim巴ntaryrocks in Unit III as a whol巴

ate gr巴巴nishor whitish in color owing to th巴 d巴gr巴E of 

hydrothermal alteration. Th巴 lithologicalfeatures of the 

volcaniclastic s巴dim巴ntaryrocks of Unit Ill sugg巴stthat 

they we1e products of volcanoes which was active prio1 to 

the fo1 mation of th巴 mainstratovolcano of Higasluyama. 

As ag巴 datais not available, it is not ・cleai wh巴therthis 

earlier volcanic activity was related to that of the old 

edifices of th巴 Higashiyama Volcano or much old巴I

volcano of unknown age. It may be pet tin巴ntto mention 

here that similar lithological features to Unit III have b巴巴n

repo1 ted from Tertiary volcaniclastic s巴dimentaryrocks 

occurring elsewh巴rein the Izu-Ogasawara arc. The Unit III 

rocks are lithologically comparable to rocks of Tertiary 

Yugashima G1oup OI Shi1ahama Group (Sawamura et al., 

1970) in th巴 IzuP巴ninsula,a northern part of the Izu-

Ogasawara arc. 
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伊豆一小笠原弧火山島の成長発達史を探る ：

八丈島東山火山の深層ボーリングコア （N2-HJ-4）岩相記載

平田大二 ・山下浩之・谷口英嗣 ・西川正 ・青池寛

鈴井正和・斉藤紀子 ・菅香世子 ・有馬異

在百 ヒ己
主て日

新エネルギー；産業技術総合開発機構（NEDO）が、八丈島地域の地熱開発促進調査のために八丈島

東山山頂火口内の N2HJ 4地点で掘削した、深層7ド、ーリンク、、コア（掘削全長1500m）の岩相を記載した。

コアの岩相は、上位から東山火山の山体 （UnitI ：掘削深度32～690m）、漸移帯 （UnitII：掘削深度

690～1, 062m）、火山砕屑性堆積岩（UnitIII：掘削深度1,062～1,485m）の3つの Unitに区分でき、さら

にそれぞれを 7、4、8のsubunitに分けることができる。東山火山の山体に相当する UnitIは、上位

から火砕丘およびその噴出物（Ia～1-d）、カルデラ堆積物 （I-e）、東山の主成層火山の溶岩 （I-f）、古

期山体の溶岩（Ig）からなる。これらの岩石は激しい熱水変質を被っており、 岩石の空隙率と熱水

変質の強度に強い相関が認められる。 i斬移帯である UnitIIは、水中溶岩ローブ （II-a）、ドレライト様
岩のフィーダー岩脈とその急冷相（II-b、Il-c）、およびハイアロクラスタイト （II-d）で特徴づけられる。

コア下部の火山砕屑性堆積岩である Unit IIIは、主に緑色変質を受けたターピダイト、デブライトと、

貫入岩からなる。 これらは火山体の裾野の海底扇状地に堆積したものと考えられる。このうち、 IIIa 

～ III-eの火山際凝灰岩および凝灰角疎岩には、玄武岩ないし玄武岩質安山岩の火山礁が含まれるほ

か、水冷破砕を受けた水中溶岩が挟在してお り、エビソデイックな火山活動が示唆される。この部分

にはしばしば酸化した火山岩片や円磨された礁が含まれることから、海面上でも噴火活動がおこって

いた可能性が高い。UnitIII火山砕屑性堆積岩は、伊豆半島の新第三系湯ヶ島層群、白浜層群に類似し

た岩相を示す。

今回報告した N2HJ 4深層ボーリングコアは、地上では確認できない火山体内部や火山島下部の地

球科学的情報を包含しており、島弧火山の成長発達史を解明する上で貴重な資料である。このコアを

堆積学的、 岩石学的、 地球化学的に検討すること によって、八丈島火山の成長発達史ならび、に伊豆

小笠原弧の火成活動の変遷と地殻成長発達史の解明に有益なデータが得られるであろう。

(Received・Dec.23,1996, Accepted 27D巴c.27,1996) 
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Appendix 1 . Lithological variation of the Site N2・HJ-4core sample 
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Drilling depth 200-300 rn 
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Drilling depth 300-400 m 
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Drilling depth 500-600 111 
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Drilling depth 600 700 m 
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Drilling depth 700-800 m 
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Drilling depth 800-900 111 

ロ
C
Z
〔］己

υ叩
ωカ

Greenish gray lava like rock 

880.0m 

Doleritic intrusive rock 

greenish gray 

breccia 1 to several cm 

Max. 10cm 

Pl. 1 to ?mm 30 to 40% 

Tuff brecc1a 

brecciate 

872.3m 

865.5m 

。ロゾ〈。心
850 

860 

870 

ハ
u
nU
 

Q
ノ

880 

8りO

く40%

10% 

ロ
0 
］ 

0.. 

'"" 0 
(/) 

ω 
Tコ

Andesitic rock 
pl.0.5 to 3mm 
brecciate 
802.5m 
Basaltic rock 

Doleritic intrusive rock 

holocrystall1ne 

pl.0.5 to 1 mm 
brecciate 

brecciated 

brecciated 

814.6m 
brecciated 

い

o
－。υ

己
0
2司
』

ω］
－
吋

5
5
5
H
。｝ω℃

U
－
戸
｛
門

H
C
H
M判

。
口
阿
O
£

800 

820 

810 

830 

840 

850 



Lithological characteristics of a 1500 111巴t巴rcore sampl巴inHacll!JOJil11a 75 

Drilling depth 900-1000 m 
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grn lgt gry 

993.1-994.0 m: Fractured. Each 
clast is indefinite in shape and 

grades into dark green matrix 

996.0 m: Includes a clast whose 

size is 10 c打1

997.5 m: Hydrothermal alteration 

980 

ハ
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990 

933.5-934.6 m: Dyke dipping 70°. 

Lapilli tuft. 
Matrix is glassy. Clast sizes are 7-

10 mm, max 50 mm. 

943.4-943.6 m: Dike complex 

with sharp boundary and 

chilled margin 

Lapilli tuft. 

Clast sizes are 5-1 O mm. 
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Drilling depth 1000 1100 n】
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Lapilli tuft to tuft. 

Probably hyaloclastite 
Colors variate from dark grey 

through grey to greenish grey 

owing probably to alteration. 

Clast sizes are about 1 cm, max 

1 o cm. Each clast has ambiguous 

outline grading into matrix. Clast 

shapes are subー「OU円ded.Pyrite 

clots occur in the central paパof
white clasts. No black volcanic 

clasts are included 
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"' <1) ’。
Black and greenish grey volcanic 

rock (intrusive). 

1002.0 m: Zeoliteつ

1002.3-1002.5 m: Fractured. 
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1000 

1059.1-1059.5 m: Lavaつ

＼円」

m

Z」
m
H
O

1060 

Vitric lapilli tuft to tuft similar to 
those of b白low1034.0 m. 
Hyaloclastiteつ
Each clast has ambiguous outline 

grading into matrix. 

1010 

Lapilli tuft 
Clast sizes are 3-20 mm. Rich 1n 

black volcanic clasts (basaltつ）
kcm
コ
一
』
ち
一

b
m
E」印ら一

Lapilli tuft 
Clast sizes are 5-1 0 mm, max 20 

m円l.

1070 1020 

1070.0-1099.3 m: Coarse tuft to 

lapilli tuft 

1 078.8 m: Fractured and 
sulfurized part whose thickness 1s 

5cm 

nol 
4141 observed 
yet 
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1080 Black volcanic rock (intrusiveつ）
Phenocryst is dominated by 

plagioclase, whose size is 3 mm 

and whose co「itentis 20%. Fresh 

and no amygdules. 

""'-
4コ

1030 

1087.2 m: Fractured. 

'r 1094.3 m: Muddy layer which IS 
.J 2 cm in thickness. 

Lapilli tuff. Laminated coarse tuft 

to lapilli tuft at the upper part. 

1 099.3 m: Boundary paパofwhich 
the width is 20 cm is sulfurized. 

Aphy「icglassy intrusive rock 

Massive coarse tuft. 

1090 

1100 

1034.0 m: Annealing at the 

contact. 

1038.5-1039.0 m, 1040.0-1041.0 

m: Lava （つ） including amygdules 
whose diameters are 5-10 mm. 

Lapilli tuft to tuft. Probably 

hyaloclastite 
Colors variate from dark grey 

through grey to greenish grey 
owing probably to alteration. 

Clast sizes are about 1 cm, max 

1 O cm. Each clast has ambiguous 

outline gradi『iginto matrix. Clast 

shapes a「巴 sub-rounded.Pyrite 

clots occur in the central part of 

white clasts. No black volcanic 

clasts are included. 

1040 

1050 
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Drilling depth 1100-1200 m 
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0. 
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C/] 
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マコ
Aphyric glassy intrusive rock. 

Amygdules (zeoliteつ）， which are 
1-7 mm in diameter, show 

aligment at a dip of 60° White 

filmy mineral also displays some 

foriation at dips of 40-70°. 
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1158.0 1182.6 m: Tuff breccia. 

Clast sizes are 5-30 mm for finer 

part and several cm for coarser 

part. Rich in black volcanic rock 

clasts. Poor in finer matrix. 

White interstitial mineral (calciteつ）
occurs 

1161.3 m: Sulfurized zone 

11170.0 m A…σ 
volcanic 「ockclast whos巴size1 s 
12 cm. 

f 1170.5-1180.0 m: Fractured, 
altered. 

Rich in sub anglar clasts whose 

sizes are 1 0-20 mm. 

Rich in sub-rounded to rounded 

clasts whose sizes areく10cm

¥ 1175.0 m: A rounded grey ¥ r~； ;, bo~，~~·，：~：~： are <30 cm. Phenocryst is 

dominated by plagioclase, whose 

size is 3-5 mm and whose 

content is 30ちも

1177 .0 1178.0 m: Includes two 

aphy「icglassy volcanic rock 

clasts whose sizes are 5 cm and 

10 cm 

Includes light reddish brown 

rounded lapilli whose sizes 

are 1 O mm. They are aggrigated 

ash (accretio「1arylapilliつ）

Lapilli tuff 
Matrix is consists of coarse tuff. 

Clasts are dominated by black 

volcanic rock whose size is 5-1 O 

mm. 

..... ，色d‘..... ．．．．． 』......色......色』．．．．
442 ~ .................. ...... . 
l ... ‘........‘ ..... ．．．．． 
‘,A;"..111‘4‘ ..... ．．．．． 
• a‘4‘......‘ －－－ －－ ....ぃι..：..... ・．．
‘...： ........‘ .. ‘ 443 ~畠：..：..：ギ．．．．． 
』4‘.. ‘4色..... ．． ．．． 
』............. 色4・‘r..：..：..：..：圃
r..：..：..：品7．．．．． 

44 ~.0..: ............ "":i .......‘4色4色
－－－ －－ ..色4‘d‘4・‘
－－－－ － ...... a‘4・，.‘
l＂..：..：..：ギ
－－－ .............‘ 1445 ~..：..：..： ..... ・ 
－－－－ .......‘4・‘4色－－－－ ..・..‘..........－．．．． .......‘ .. ‘ ..... 
:..:..:..: ..... rv・ ．．．．． 

46 ~ .................. ...... . 
‘4色4‘4・‘4・h・．．．........ ... ‘ ..... ．．． ． 
‘4‘4色4‘..... 
－－－－－ ..‘.......... ..... 
fギギギ..：
447t..：・..：..：..：
..‘......‘ ..... ・．．．............ ... ‘ 
r..：..：..：.ぶ
－－－－－ ..‘4‘........... 

448~.0.:ベベベ
‘a‘.......... ..... ..・.....‘ ..... 
‘d‘4‘4‘ ..... ．．．．． 
』......‘.......匙
:..:..:..: ..... ・ 

1449~ベベベベ
‘4色.. ‘d‘ ..... ．．．．． 
』4・.......... 色4‘
:..:..:..:..: ・．． ．
l、、：.；、~....... . 
－－．・．．・．．’・．・SN~：.·：：－~.；~：.： 
l、1町、t、t～t
、ー一、一、一、－
l・．・．．・．，．・．．ー・－・・．・

441 

1160 

Lapilli tuff. 

Clast sizes are 5・1O mm, max >30 

mm. Clast rims are altered 

Alteration mineral（つ） occurs in the 
center of each clast 

1109.6 m: Altered zone. 5 cm 1n 

width. 

1113 m: Finer layer including 

sev白「alclasts whose sizes are 

1 mm 

1115.6 m: fractured 

ハ
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2
E
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1107.0・1147m: Coarse tuff to 

lapilli tuff. Similar to those of 

1363.0-1400.0 m 

1170 

1118.5 m: Fractured and 

sulfurized. 1 O cm in width. 

1119.2 m: Sulfurized. 1 O cm 1n 

width. 

)-1121.0-1122.0 m: Fractured 

1120 

Consists of 1 0・20 cm thick units 

which show normal grading. The 

upper paパofeach unit has 
laminated silty layer 

1129.2 m, 1129.5 m: Rounded 

gravels of grey basalt (or andesite?), 

whose sizes are 1-3 cm, are 

included at the base of each bed. 

1180 Lapilli tuff to coars白tuffwith 

normal grading. The basal clasts 

are 5-7 mm in size. The upper pa吋

has lamination. 

1130 

Lapilli tuff. Clast sizes are 5・50 cm 

Includes black and yellowish white 

(sulfurized) clasts 
1138.2 m: Includes a rubble cut 

by fault. The diameter is > 1 O cm. 

Lapilli tuft. Clast sizes are several 

to 1 O mm, max 15 mm. Rich in 

rounded, yellowish white clasts 

Rounded aphyric volcanic rock 

gravels, whose sizes are > 13 cm, 

are included at the base. 

Alternation of massive and finer 

lapilli tuft. Clast sizes are 5・ 1 0 mm, 

max >50 mm. Includes black clasts. 

1190 1140 

kcmE」
白

Coarse tuft. Shows paパlywhite 
alteration. 

1200 

1146.2-1146.4 m: Sand size. 

Lapilli tuft. Clasts are 5 1 O mm in 

size and sub-rounded in shape. 

1150 
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Drilling depth 1200-1300 m 
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Brecciated igneous rock 

(hyaloclastic lavaつ），
Each clast is separated by white 

interstitial mineral (calcite?). Rock-

crystal, pyrite and green acicular 

mineral occurs in cavities. Rims of 

each clast are altered 
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1260 
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Greenish grey lapilli tuft 

Intrusive rock 
Dipping is 45° Chilled margin, 
whose thickness is 2 cm, is 

formed at the boundaries. 
Phenocryst is dominated by 

plagioclase, whose size is 1 2 mm 
and whose content is 15-20 %. 

Lapilli tuft. 
Composed of two lithologic paパs,
one includes pumice and another 

is「ichin blackish lapilli. The 
boundaries of those are l「idefinite.

White mineral (calciteつ）fills the 
pores. 
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1210 

1211.4-1212.0 m: Alterated zone 

Crumbled. Sulfides occur. 

Altered lava. Similar to that of 

1218.0-1230.0 m. 
1212.0・1213.5m: White alteration 

Aphyric andesite ? 

Horizontal cracks are dominated 

Some cracks are filled with white 

vein 

＼

cmU4L刀

Altered lava 

Phenocryst is dominated by 

plagioclase, whose size is about 

1 mm, max 7-10 mm. 

Core color is changed to light 

greenish grey by decolorization. 

Also brecciated. 

1270 

Porphyritic lava. 

Phenocrysts are plagioclase 

whose size is 1 mm or 0.7-1 O mm 

and pyroxene (altered) whose size 

is 3-7 mm. 
Core breaks into blocks which are 

5-1 O cm in length. Some pa同sare 
strongly fractured a 「ld sulfurized. 

Flow unit boundaryつ

1220 

Lapilli tuft. 
Clasts sizes are 1-3 mm, max 5・10

mm. Clasts are subanglar to sub 

rounded in shape. Black lapilli 

(basaltつ） are dominance. 
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Lapilli tuft to tuff brecc1a. 

Includes black volcanic clasts 

whose diameters are 3 40 mm. 

と
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Silty fine tuft and coarse tuft. They 

are repeated alternately at several 

mm to cm thickness. 

1298.5 m: Silty layer. 
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1280 

Homogeneous lapilli and tuft. 

Autobrecciated lavaつ
White mineral (calciteつ） fills the 
pores between lapilli. Fresh pa円IS

bluish grey 
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1290 
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1242.0-1242.5 m: Altered 

1300 

1244.3-1245.0 m: Altered. 

1242.5-1250 m: Glossy dark grey 

aphy「iclava. 
Network veins occur. White 

mineral occurs in a crack which 
dips at 45。

l250 



79 Lithological characteristics of a 1500 mete1 core sample in Hachijojima 

Drilling cl巴pth1300-1400 Ill 
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1350 
Lapilli tuft 

1353.B m: Silicified 

Massive lapilli tuft. Poor in matrix. 

Clast sizes are several to 20 mm  

Clast content is 80・90%. Includes 

reddish volcanic clasts. 

Tuff to lapilli tuft. Matrix is fine 

Lamimation is visible 

1360.0-1360.5 m: Silicified 

1362.00-1362.25 m: Silisified and 

fractur巴d

grn g「Y

Tuff to lapilli tuft. 

Matrix consists of coarse tuft 

Clasts are several to 20 mm川

diameter. Includes small amount 

of reddish brown volcanic clasts. 

Coarse tuff and lapilli tuft are 

repeated alternately at 2・10cm 

thickness 

1368-1382 m: Pyrite clots occur 

b
m
E
m
 

} 1383.0 13附 m:Foriated 

structure. Many pyrite clots 

1385.45 m: Erosion surface 

1385.4-13901.5 m: Py「iteclots 

occur in smectized parts 

1392.8 m: Erosion surface 

1393.1 m: Erosion surface 

1393.2 m: Vesiculated lapilli 

with halo 

Coarse tuft to lapilli tuft. Similar to 

those of 1363.0・1400.0m. Single 
unit which demanstrates normal 

grading is 50・70cm in thick 

r
m
E』
白

Stratified coarse tuft lacking 1n 

lapilli-sized grains 

Fine tuff 
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1370 
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513 

Laminated paパ

Lapilli tuft. Clast sizes are 3-5 mm, 

max 10 mm. 
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m
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Silty coarse tuft to lapilli tuft. 

Single unit which demanstrates 

normal grading is about 1 .m thick 
Lapilli tuft includes black volcanic 

rock clasts (basalt to basaltic 

andesite) whose diameters are 3-

30 mm, max >50 cm. Matrix is 

composed of medium to coarse 

tuft. The upper pa口ofsingle unit 
displays weak stratification. Lapilli 

tuft is rich in matrix 
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1310 

1320 

1380 

Coarse tuff to lapilli tuft. Similar to 

those of 1363.0・1400.0m. 

49~：：：泌．主ぇ．
、．、.....～・
~.， ..・－．・・・？
...・%・～・‘・p
l、．、．、．、．

500~：~：ミ：：：：：
:i;::i;::-;•-;; 

1330 
〉
』

m
E
m
B
一

1390 

1400 

Massive lapilli tuft. Similar to that of 

1353.0-1357.3 m. 

1349.3 m: Erosion （つ） at a dip of 
30° 

1349.3-1350.0 m: Greyish white 

alteration 

Basalt （つ）.Somwhat compact 
Phenocryst is dominated by 

plagioclase, whose size is 0.5-2 

mm  and whose content is 20・25%

Vesict」｜巴sare 1 mm  in diameter 

Several cracks are formed at dips 

of 30-45° Filmy minerals occur in 

the cracks 

1344.8 m: Chilled margin at a dip 

of 45° 

1340 

1350 
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Drilling depth 1400-1500 m 
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1459.6-1459.9 m: Arg川1zated

White tuff variating in grain size. 

Coarser (sand size) and fine「（mud
size) layers alternate every 10-50 
cm. Includes lapilli-size white 

grains (smectite) which are 

flatened in shape. Boundaries of 

each grain are indefinite due to 

probably alteration 

1472.7 m: Lapilli ¥Ulf is intercalated. 

1476.0-1479.0 m: Coarse to 

fine tuft. The same lithology 

as the above tuff 

1481 . 5-1 484. 5 m: basalt dyke 

(sampled by NEDO). 

1482.0・1484.5m: Andesite (sill?). 

Amygdules are 3・10mm in 
diameter and are filled with zeolite 

and quartz. Chilled part at the 

bottom of 2-3 cm 

Altered tuff brecc1a. 
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Rich in matrix. Rarely includes A 
lapilli‘ l 

1400.0-1419.0 m: Shows 

overall normal grading. 

542~；：；：二；：－；：－

544十ζ：：；：：｝｝

1460 

Massive lapilli tuft. Clast sizes 

are 2-10 mm, max 20 mm. 

Matrix consists of coarse tuff. 

Includes reddish brown clasts. g' 
てコ
国
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己

Massive tuft breccia. Clast 

sizes are several to 20打1打1,

max 70 mm. Clast content is 

70・80%. Matrix comsists of 

coarse tuft. Includes reddish 

brown clasts 

1419.0 m: A white vein at a dip of 

60° occurs along the boundary. 
1470 

1419.0-1431.5 m: AndesiteつWhite
amygdules of which the diameters 

are 0.3-5 mm  are arranged at dips 

of 70・80°Deep green amygdules 

(possibly chlorite) are included like 

patch work. 1-1 O mm  thick, white to 

yellowish green veins occur. 

1480 Lapilli tuft showing normal grading 

Clast sizes are <1 O mm. 

Coarse tuft showing normal 

grading. Clast sizes are <1 O mm. 

Lapilli tuft lacking in fine matrix 

Clast size is max 50 mm 

Fine tuft with lamination. 

Smectized. 
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Appendix 2 . Petrographic description of volcanic rocks. 

Thins巴ctionno .. HJ4 01048 (Fig. 4-1). 

Drilling depth : 104. 8 meter. 

Rock name basaltic andesit巴

Phenocryst : plagioclas巴，orthopyrox巴neand Fe-Ti oxid巴．

Plagioclase : euh巴dralto anhedral grain (0. 2 4nun m 

diam巴ter)occurring as glom巴roporphyritic or discrete 

single grain. Three types of inner texture ar巴 not巴din 

plagioclase phenocrysts, (typ巴1) crystal covered by 

hon巴ycombtexture (Fig. 4-1) , (type 2) crystal with dusty 

zone parallel to the crystal plan巴，and(type 3 ) clear crystal 

Types 1 and 2 ar巴 dominant. Most of inclusions in 

plagioclase phenocryst are Fe-Ti oxide and orthopyrox巴ne.

M巴Itinclusions are locally r巴placedby Fe-Ti oxide and 

orthopyroxene 

Orthopyroxene subhedral or glomeroporphyritic gram 

(0. 5 1. 5 mm in length) with clinopyroxen巴r巴actionrim. 

It shows close spatial association with Fe Ti oxide. 

Fe Ti oxide euh巴d1討 grain(0. 07-0. 2 mm in diam巴ter)

showing close spatial association with plagioclase and 

orthopyrox巴ne.

Groundmass int巴Igranular textur巴，consistingof clinopyroxen巴

(0. 02 0. 05 mm), plagioclas巴（0.05-0. 15 mm), and F巴Ti

oxide(O. 02-0. 08 mm). High abundance of Fe-Ti oxide 

(Fig. 4 1) and subh巴dralto anhedral plagioclase are noted. 

Fe Ti oxide shows rar巴 abundance in ar巴as around 

phenocryst. Patch of clinopyroxen巴ispresent (0. 05 0. 15 

nun in diam巴ter)

Thin section no. : HJ4 01075 (Fig. 4-2). 

Drilling d巴pth: 107. 5 meter. 

Rock name . basaltic andesite. 

Ph巴nocryst: plagioclas巴，orthopyroxene,and F巴－Tioxid巴

Plagioclase : euhedral to anh巴dralgrain (0. 3-3. 5 mm in 

d即 neter).Di時c1et巴 plagioclasephenocrysts show higher 

abundance than glomeropo叩hyritic plagioclas巴 grains.

Addition to the three plagioclase types noted in the thin 

section no. HJ4 01048, another typ巴 ofplagioclas巴 with

distinct inner textural (typ巴4)is not巴din this 8巴ction.Type 

4 plagioclase is characterized by a pres巴nc巴 ofcore part 

COY巴redby num巴roussmall inclusions, sunounded by a 

inclusion rich zone paralleled to crystal plan巴.Most of 

plagioclas巴grainsa1巴small巴Ithan 0. 7 mm in diameter. Fe-

Ti oxide and orthopy1 oxene are dominant inclusion. Melt 

inclusions are locally replaced by Fe-Ti oxide and 

orthopyroxen巴目Outerzone of som巴largeplagioclas巴grains

巴xhibitsr巴ma1kablech巴mica!zonal t巴xture.

Orthopyroxen巴： subh巴dralgrain (0. 5-2. 0 mm in 1巴ngth)

with clinopyroxen巴 r巴actionrim, showing clos巴 spatial

association with Fe-Ti oxide. 

F巴Tioxide：巴uh巴dralgrain (0. 1-0. 5 mm in diameter) 

Groundmass : intergranular texture, consisting of 

clinopyrox巴ne(0. 02 0. 07 mm), plagioclase (0. 05-0. 15 

mm), andF巴ーTioxide (0.02-0.07 mm). High abundance of 

subh巴dralplagioclase (0.1-0.2 mm) is not巴 Clinopyroxen巴

(0. 07-0. 15 mm) and F巴－Tioxid巴 （0.020.15 mm) are ra1巴

in areas surrounding phenocryst grains. 

Thin section no. HJ4-01493. 

Drilling depth : 149. 3 meter 

Rock nam巴 basalticandesit巴

This rock consists of rock fragm巴ntsand ph巴nocrysts

(0. 2-4 mm in diamet巴r)set in a glassy matrix. Dark-

brownish fragm巴ntsshow a wid巴 rangeof V巴siculation

texture and contain plagioclase unclusions ( >O. 7 mm). 

Light brownish fragments contain trachytic plagioclase 

( >O. 15 mm) and Fe-Ti oxide grains ( >0.15 mm). 

Phenocrysts are plagioclas巴， orthopyroxene and 

clinopyroxene. Plagioclas巴is0. 5-1. 5 mm in length. Some 

plagioclas巴 grains 巴xhibit type 1 hon巴ycomb texture. 

Py1ox巴nesa1巴 0.05-0. 2 mm in diameter, and occur as 

glomeroporphyritic or single discrete grains 

Thin section no .. HJ4-02929 (Fig. 4-3). 

Drilling depth . 292. 9 m巴ter.

Rock nam巴：basalt.

Ph巴nocryst: plagioclase and chloritized pyroxen巴．

Plagioclase : euh巴dralto subhedral grain (0. 2-2 mm in 

diameter) occurring as glom巴roporphyritic or single 

discrete grains. Addition to typ巴3plagioclase, this rock 

contains other typ巴plagioclasewith distinct inner textur巴

(type 5 ) characterized by a pr巴S巴nc巴ofinclusion rich zone 

parallel to crystal plan巴 （Fig.4 3). An outer most zone of 

type 5 plagioclas巴shows巴xtensiv巴ch巴micalzoned t巴xture.

Chlorit巴： alterationproduct after pyrox巴ne,occurring as 

subh巴dral grain (0. 2-0. 3 mm in diam巴ter) showing 

r巴action1 im of F巴－Tioxide. 

Groundmass ・ int巴rgranular texture, consisting of 

plagioclas巴 （0.05 0. 3 mm), clinopyrox巴ne( 0 . 02 0. 05 

mm) , and Fe-Ti oxid巴 （0.02-0. 07 mm) 

Thin section no. HJ4-03867 (Fig. 4-4). 

Drilling depth : 386. 7 meter. 

Rock nam巴・ basaltic andesit巴

Ph巴nocryst plagioclas巴andchloritized pyrox巴n巴ー

Plagioclase ：巴uhedralto subhedral grain (0. 2-2. 5 mm 

in diameter) occurring as glomeropo叩hyriticand single 

discr巴tegrains. Typ巴S1, 3 and 4 (Fig. 4-4) plagioclases 

are present. 

Chlorite alt巴rationproduct after py1 oxene, occumng as 

sutヲhedralgrain (1 2 mm in diameter) . 

Groundmass: hyalopilitic and glassy. plagioclase (0. 02-0. 2 

mm) , consisting of Fe-Ti oxide ( < 0. 1 mm) , chlorite ( < 
0. 02 mm) and brown glass. 
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Thin section no.・HJ405508 (Fig. 4-5). 

Drilling d巴pth: 550. 8 meter. 

Rock name . basalt 

Phenocryst plagioclas巴andchloritiz巴dpyrox巴ne

Plagioclas巴：巴uh巴dralto subh巴dratgrain (0. 3-3. 7 mm 

in diameter) occurring as glom巴IOporphyritic and/or 

discr巴tegrains. Typ巴s3 (Fig. 4-5), 4 and 5 plagioclases ar巴

present. Typ巴4is dominant. 

Chlorite subhedral grain 0-2 mm in diam巴ter).

Grounclmass・pilotaxiticconsisting of plagioclas巴 （0.05-
0.2 mm), F巴ーTioxide (0. 02 0. 05 mm), chlorit巴 brown 

glass. 

Thin section no. HJ 4 -06225 (Fig. 4-6). 

Drilling depth : 622. 5 meter. 

Rock name . basalt 

Ph巴nocryst plagioclase, orthopyrox巴neand clmopyroxen巴

Plagioclas巴：巴uhedralgrain (0. 2-3 mm in diameter) 

Types 2, 3 and 4 ar巴present.Some typ巴4grains hav巴cor巴

with small inclusions surround巴dby a inclL1sion rich dusty 

zone. Most of the inclusions ar巴 Fe-Ti oxide 01 

clinopyroxene. Melt inclusions aie replaced by the above 

min巴rals.Most of th巳plagioclas巴ph巴nocrystssmall巴rthai1 

0. 7 mm in diameter are clear crystal. 

Orthopyroxen巴・ subh巴dral grain (0. 5 1. 5 mm m 

diam巴t巴r) occ白rring as glom巴ropor

cliscr巴t巴grainswith reaction rim of clinopyroxen巴andF巴一

Ti oxicl巴．

Clinopyroxen巳 .rar巴abunclanc巴， subh巴dralgrain. Some 

of phenocrysts inclucl巴plagioclase(Fig. 4-6). 

GIOundmass int巳rgranular textur巴 consisting of 

plagioclase (0. 05-0. 15 mm), clinopyroxene (0. 02 0. 07 

mm) and Fe-Ti oxid巴 （0.02-0. 05 mm). 

Thin section no. HJ4-6258 (Fig. 4-7). 

Drilling depth : 625. 8 meter. 

Rock name : basalt. 

Phenocryst : plagioclase, orthopyroxene and clinopyrox巴ne.

This rock is charact巴rized by high abundances of 

phenocryst phas巴sincluding plagioclas巴， orthopyrox巴ne

and clinopyIOxene .. 

Plagioclas巴．巴uh巴dralgrain (0. 2-3 mm in diamet巴1)

occurring as clots. Types 1 (Fig. 4 7) , 2 , 3 and 4 

plagioclases are present. Typ巴3 crystal is rare.恥1ostof 

inclusions ar巴 h Ti oxide and clinopyroxene. Melt 

inclusions are r巴plac巴dby abov巴 minerals.Most of th巴

phenocrysts smaller than 0. 7 mm in diameter are cl巴ar

crystal. 

Orthopyrox巴ne: subheclral grain (0. 5-1. 7 mm m 

diam巴ter). Most of orthopyrox巴neswer巴 replac巴d by 

chlorite. 

Clinopyroxene : green colored, subh巴dralto subrounded 

crystal (0. 5-4. 0 mm in cliamet巴r).Low abundance. 

Gr ounclmass : Inter granular texture, consisting of 

plagioclase (0. 05 0. 2 mm) , chlorite (0. 02-0. 07 mm) and 

F巴ーTioxid巴 (0. 05-0. l mm) 

Grounclmass shows extensive chloritizat1011 

Thins巴ctionno. HJ4-06532 (Fig. 4-8). 

Drilling d巴pth. 653. 2 meter. 

Rock name basalt 

Ph巴nocryst plagioclase and clinopyrox巴11巴

Plagioclase euheclral grain (0. 3 2. 5 mm in diameter) 

occurr l時 asboth glom巴roporphyritic(Fig. 4 8) or discr巴t巴

grains. Typ巴S3, 4 and 5 plagioclas巴sar巴pr巴sent.Most of 

th巴mar巴typ巴3.

Chlorit巴 alterationproduct after pyroxene, occumng as 

subheclral or a山巴dratgrain (0.5-2.5 mm in diameter) 

Some of th巴mare surround巴dby r巴actionrim. 

Grounclmass intersertal t巴xtur巴 withhigh abunclanc巴 of

glass. It cons時tsof plagioclase (0. 05 0. 2 mm), Fe-Ti 

oxide (0. 02 0. 07 mm), chlorite and alter巴dglass. 

Thin s巴ctionno.・HJ4-06887(Fig. 4-9). 

Drilling d巴pth. 688. 7 met巴r

Rock name basalt. 

Ph巴nocryst plagioclase and clinopyrox巴ne. High 

abundanc巴ofphenocrysts (30 to 35 volum巴%） is noted. 

Plagioclas巴巴uhedralgrain (0. 2-3. 0 mm in diam巴ter)

Most of plagioclases occur as glomeroporphyritic grains 

(Fig. 4-9). Types 3, 4 and 5 plagioclase are present. Typ巴

3 is rar巴．

Clinopyroxen巴：巴uhedralgrain (3. 0 mm in diameter). 

This phase is weakly alt巴r巴dby chloritization. 

Chlorite alteration product after pyrox巴ne.subhedral to 

anh巴dralgrain (0. 5 1. 2 mm in diam巴ter).

Groundmass inter sertal t巴xture, showing high 

abundanc巴 of glass (partly alt巴red) tog巴th巴I with 

plagioclas巴（0.05-0. 2 mm), F巴ーTioxide(O. 02-0. 07 mm) 

and chlorite (0. 05-0. 15 mm). 

Thins巴ction.: HJ4-07349 (Fig. 4 10，ー11).

Drilling depth ・ 734. 9 met巴r

Rock name basalt 

Ph巴nocryst plagioclase , olivine , clinopyrox巴n巴，

orthopyIOxene and Fe Ti oxid巴

Plagioclase: euhedral, subhedral or unh巴dralcrystal (0. 2 

-4. 5 mm in diameter) Glomeroporphyritic crystals ar巴

abundant with sulヲordinateamounts of discrete phenocryst. 

Typ巴s1, 2 and 3 plagioclases are pr巴sent目Mostof plagioclase 

are type 1 or type 2 (Fig. 4-10). Type 3 crystals and oli川ne

occur as glomeroporphyr itic grain. Most of typ巴s1 and 2 

crystals are 0. 2-2. 0 mm in diamet巴rwhil巴thoseof typ巴3

ar巴 relativelylarge crystals (1. 5 4. 5 mm in diam巴ter).

Som巴 ofType 3 crystals have r巴actionrim consisting of 

clinopyroxen巴andFe Ti oxid巴

Olivine subhedral to unh巴dralgrain (1. 5-4 mm in 

diamet巴r).Most of olivine grains are口 t巴nsiv巴lyalt巴I巴d
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and r巴placedby iddingsite (Fig. 4 11). 

Clinopyroxene 巴uh巴dralgrain (0. 5-1 mm in diameter) 

occurring as discr巴tephenocryst. 

Orthopyrox巴ne euh巴dralto subh巴dralgrains (0. 3-1 mm 

m diam巴t巴r),occun一ingas glom巴ropo1phyritic g1 ain and/or 

clots. Glome1 opo1 phyritic grains have reaction rim of 

clinopyrox巴n巴andF巴ーTioxide. Some of th巴mshow clos巴

spatial association with Fe-Ti oxide and/or plagioclas巴

F巴－Tioxid巴巴uh巴dralgrain (0. 5-2 mm in diam巴t巴r)

G1 oundmass ・ intergranular t巴xtu1巴 consisting of 

plagioclase (0. 05 0. 15 mm), clinopyroxene (0. 02-0. 05 

mm) and Fe-Ti oxid巴（0.02 0. 05 mm). 

Thin section no. HJ4 07964(Fig.4-12). 

Drilling d巴pth: 796. 4 met巳r.

Rock name basalt 

This sampl巴 isheterogen巴ousrock consisting of mafic and 

f巴！sicP創ts (Fig. 4-12). 

l ) . Mafic part 

Ph巴nocryst plagioclas巴， olivin巴， clmopyrox巴11巴，

mthopyrox巴n巴， chloritiz巴dpyroxene and F巴Tioxid巴．

Plagioclase：巴uhedralto subh巴dratcrystal (0. 2 2 mm in 

diameter). Glom巴roporphyriticplagioclases a1巴山undant

with sutヲ01dinat巴 amounts of discr巴te plagioclas巴

phenocryst. Types 1, 2, and 3 plagioclas巴sare present. 

Most of plagioclas巴ar巴type1 or typ巴2.Typ巴 3crystals 

and olivine occur as glomeroporphyritic grain. Type 3 are 

relativ巴lylarge crystals (5-7 111111 in diameter) 

Olivine subh巳dralor unhedral grain ( 1. 2-2. 1 111111 m 

d凶111eter）。 Allof olivi1 crystals a1巴 clos巴lyspat凶ally 

associat巴dwith typ巴3plagioclas巴 Mostof oli、1in巴S ar巴
extensively alt巴I巴dand I巴plac巴dby idclingsit巴．

Clinopyrox巴ne: euh巳dralgrain (2 2. 5 111111 in cliamet巴r）。

Orthopyroxen巴： sutヲheclralgrains (0. 5-1 111m in clia111et巴r)

with reaction 1 i111 

Chlorite . subh巴clralto unhedral grain (0. 2 l 111m rn 

diameter) 

This phas巴isalt巴rationproduct after pyroxene. 

Fe-Ti oxide euh巴dralgrain (0. 2 0. 5 mm in diamet巴r).

Groundmass intergranular textur巴 consisting of 

plagioclas巴（0.15-0. 3mm), Fe Ti oxide (0. 02 0. 05 mm), 

and brown glass 

2) F巴！sicpart 

Ph巴nocryst plagioclas巴andF巴Tioxid巴

Plagioclas巴・巴uh巴dralto subhedral crystal (0. 3 3 111111 m 

dia111eter). Glom巴roporphyriticcrystals ar巴 abundantwith 

subordinate amounts of discr巴t巴ph巴nocryst.Types 3 and 

5 plagioclas巴sar巴pr巴sent.

Fe Ti oxide 巴uheclralσrain with 0. 1-0. 3 mm 111 
む

dia111eter 

Groundmass : inters巴Ital texture consisting of plagioclase 

(0. 05-0. 2 mm), F巴Tioxid巴（0.1 mm) and brown glass 

Thin section no. HJ4-08015 (Fig. 4-13). 

Drilling d巴pth・801.5 met巴r

Rock na111巴 .basalt. 

Ph巴noc1yst plagioclase and clinopyrox巴11巴ー

Typ巴s2 , 3 and 5 plagioclases ar巴present.Most of 

plagioclases are typ巴 5(Fig. 4-13). So111巴 ofthe crystals 

(0. 3 0. 5 m111 in dia111巴ter) occur as clots with 

clinopyroxen巴（0.1-0.3 m111 in diameter) 

Clinopyroxene ・ sutヲh巴clral to unh巴clral grain ( 0. 3-1. 5 

111111in d山11巴t巴r)So111巴crystalshave a reaction 1 i111. 

Grouncl111ass : hyalopillitic texture consisting of 

plagioclas巴（0.05-0. 2 m111), Fe Ti oxicie(O. l m111) and 

brown glass. 

Thin s巴ctionno. HJ4-08906 (Fig. 4-14). 

Drilling d巴pth: 890. 6 met巴I

Rock na111巴.dolerite. 

Phenocryst : plagioclas巴， clinopyroxene, orthopyr oxene 

and F巴Tioxicl巴

Plagioclas巴：subh巴clralto unh巴dralcrystal (0. 2-2. 2 mm 

lll di印刷巴r)Most of th巴plagioclas巴sar巴clearcrystals 

Clinopyroxene euhedral or subhedral grain (0. 8-1. 5 

111mindi山市民r)

Orthopyroxen巴巴uh巴clral,subhedral, or unh巴dralgram 

(2 3. 7 111m in diameter). 

Fe-Ti oxid巴：巴uh巴clralor subhedral grain (0. 4-0. 6 111111 

111 di四 neter)

Thin section no. HJ4-09351 (Fig. 4-15). 

Drilling d巴pth: 935. 1 met巴I

Rock nam巴・basalt

Ph巴nocryst. plagioclas巴andorthopyroxene. 

Plagioclas巴 euhedralto subh巳dralcrystal (0. 2 2 111111 111 

diameter) Glomeroporphyritic crystals ar巴 abundantwith 

subordinate amounts of cliscret巴 ph巴nocryst.Most of the 

crystals are 1巴ssthan 1 m111 in diameter. Typ巴S3, 4 and 5 

(Fig. 4-15) plagioclases are pr巴S巴nt.Most of plagioclas巴

ar巴typ巴 4or typ巴 5.

Orthopyrox巴ne subh巴dralgrain ( 2 mm  in dia111eter) 

locally including plagioclas巴．

Ground111ass intersertal textur巴consistingof plagioclas巴

(0. 05-0.1 111111), Fe-Ti oxicl巴（0.02 0. 07 m111) and brown 

glass. 

Thin section no. HJ4 10315 (Fig. 4-16). 

Drilling depth : 1〔）31.5 111eter. 

Rock na111巴 basalt.

Ph巴nocryst plagioclase and Fe-Ti oxid巴．

Plagioclase ・巴uh巴clralto subh巴dralcrystal ( 0. 5一2111m1n l 

d凶 Ill巴I巴r)Glo111巴roporlyr c crystals但．巴 abu

sutヲordinat巴arηounts of disc1勾巴t巴ph巴nocryst.Typ巴s3, 4 and 

5 (Fig. 4-16) plagioclases ar巴present.Most of the crystals 

a1巴typ巴 4or typ巴 5.

F巴Tioxide euh巴clralgrain (0. 3-0. 5 111111 in diamet巴r).
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Groundmass : intersertal texture consisting of 

plagioclase (0. 05-0. 1 mm), F巴Tioxide (0. 02-0. 07 mm) 

and brown glass. 

Thin S巴ctionno. HJ4-11004 (Fig. 4-17). 

Drilling depth : 1100. 4 meter. 

Rock name basalt. 

Phenocryst : plagioclas巴andchloritized pyrox巴ne.

Plagioclas巴・ euh巴dralto subhedral crystal (0. 2 3 mm m 

diamet巴r) Most of th巴 crystalsare less than 1 mm in 

diam巴ter.Glomeroporphyritic crystals are abundant with 

subordinate amounts of discrete ph巴nocryst.Types 3, 4 and 

5 plagioclases ar巴pr巴sent.Most of the crystals訂etyp巴4.

Typ巴3crystals occur as I巴lativelylarge grains ( > 2 mm in 
diamet巴r)(Fig. 4-17). 

Chlorit巴 alt巴Iation product aft巴rpyrox巴n巴s,occuning 

as subh巴dralor unhedral grain (1 2 mm in diameter) 

Groundmass : hyalopillitic I巴xtur巴 consisting of 

plagioclase (0. 05 0. 1 mm), Fe-Ti oxide (0. 3-0. 5 mm) 

and brown glass. 

Thin section no.・HJ4-12290(Fig. 4-18). 

Drilling depth : 1229. 0 met巴I

Rock name : basaltic and巴site

Phenocryst plagioclase, chloritized pyrox巴n巴ヲ andFe-T1 

oxide. 

Plagioclas巳．巴uh巴dralto subh巴dralcrys臼1(0.5 l.3mm 

m diamet巴r).Glom巴roporphyri

with subordinat巴 amountsof discr巴I巴 ph巴nocryst.Type 3 

and 4 plagioclas巴sar巴pr巴s巴nt.Most of th巴crystalsar巴type

3 (Fig. 4-18). 

Clinopyrox巴n巴： subhedralto unh巴dralgrain ( 0. 2-0. 5 

mm in diameter) partly chloritized. Most of the crystals are 

clos巴lyspatially associated with plagioclase 

Fe Ti oxide・巴uh巴dralto subhed1叫 grain(0. 1-0. 25 mm 

m diameter). 

Groundmass hyalopillitic textur巴 consisting of 

plagioclase (0. 02-0. 1 mm), Fe Ti oxide (0. 02 0. 05 mm) 

and brown glass. 

Thin section no. : HJ4-12733 (Fig. 4 -19). 

Drilling depth : 1273. 3 m巴t巴r

Rock name : aphyric andesite 

Phenocryst poor. 

Groundmass : pilotaxitic texture consisting of plagioclase 

(0. 05-0. 2 mm) (Fig. 4-19), F巴Tioxid巴（0.02-0. 05 mm) 

and brown glass. 

Thin section no. HJ4 13426 (Fig. 4-20). 

Drilling depth : 1342. 6 meter. 

Rock name : basalt. 

Phenocryst plagioclase and chloritized pyroxene. 

Plagioclase: euhedral to subhedral grain (0. 2-2. 5 mm 

in diamet巴r) occurring as glomeroporphyritic and/or 

discrete grains. Types 3 (Fig. 4-20), 4 and 5 plagioclases 

are pres巴nt.Most of the crystals are type 4 and type 5 . 

Chi or ite : alt巴Iation product aft巴Ipyroxenes, occurring 

as subh巴dralto unh巴dralgrain (0. 3-1. 2 mm in diameter) 

Most of chlorite grains (after pyroxenes) are closely 

spatially associated with plagioclase. 

Groundmass ・ hyalopillitic t巴xture consisting of 

plagioclase (0. 05-0. 2 mm), Fe-Ti oxide(O. 02-0. 05 mm) 

and brown glass. 

Thin section no. ・ HJ4-14215 (Fig. 4 21). 

Drilling depth : 1421. 5 meter. 

Rock name basalt 

Ph巴nocryst・ plagioclase, chloritized pyroxene and Fe-Ti 

oxide. 

Plagioclas巴：巴uh巴dral,to subh巴dralcrystal (0. 3 3 mm in 

diam巴t巴I) Types 2, 3, 4 and 5 plagioclases are present 

Most of grains ar巴typ巴3 (Fig. 4-21) or type 4 . 

Chlorite alteration products aft巴rpyroxenes. It occurs 

as subh巴dralor unh巴dralgrain (0. 2 1. 5 mm in diameter) 

and totally r叩lac巴dpyroxen巴 grains.Most of chlorite 

grains are closely associated with plagioclase. 

Groundmass : hyalopillitic texture consisting of plagioclase 

(0. 05 0. 2 mm), Fe-Ti oxide (0. 02 0.1 mm) and brown 

glass. 
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Fig. 4. Microphotographs of volcanic rock of the core sample. Width of field of view is 3. 5 mm. See Appendix 2 for detailed description 

4 2. Thin section no. HJ4-0l075, op巴日巴clnicols 

4-3. Thin section no. HJ4-02929, crossed nicols 4-4. Thin section no. HJ4-03867, crossed nicols 
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4-7. Thin section no 

4-11. Thm section no 

l晶凪γ叩 v仙

4 8. Thin section no. HJ4-06532 crossed nicols 
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4 13. Thin section no. HJ4 08015, crossed nicols 4 14. Th川 S巴crionno. HJ4 08906, crossed nicols. 

4 15. Thin s巴ction no. HJ4 cg351, crossed nicols 4 16. Thin section no. HJ4 10315, crossed nicols 

4 17. Th川 5巴ctionno. HJ4-11004, crossed nicols 4-18. Thin section no. HJ4 12290, op巴nednicols 
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4-19. Thin section no. HJ4 12733, opened nicols. eek 4←20. Thin section no. HJ4-13426, crossed nicols 

4 21. Thin section no. HJ 4 14215, crossed nicols 


