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Evolution of a volcanic edifice in the Izu-Ogasawara (Bonin) arc :
Lithological characteristics of a 1500 meter core sample in Hachijojima
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Tadashi NISHIKAWA, Kan AOIKE, Masakazu SUZUI,
Noriko SAITO, Kayoko SUGA and Makoto ARIMA

Abstract. Lithological characteristics are described for a 1500 meter drilled core sample recovered by
NEDO (New Energy and Industrial Technology Development Organization, Japan) at the Site N2-HJ-4 in the
central crater of the Higashiyama Volcano, Hachijojima, Izu-Ogasawara (Bonin) arc. The core sample is divided
into three main units (Unit I, IT and III) based on lithological characteristics. Unit 1(32-690 meter in drilling
depth) is mainly composed of basaltic lavas and pyroclastic materials which are interpreted to represent rocks
of volcanic edifices of the Higashiyama Volcano. Unit 11(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 edifice. Unit II1(1, 062-1, 485 meter in drilling depth)
consists dominantly of volcaniclastic sedimentary rocks, including turbidity or rhythmically deposited
lithofacies. This unit was probably formed on a submarine flank of a volcanic edifice of unknown age. Parts of
Unit ITI accompany with highly oxidized basaltic lapillis.
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Introduction

The Izu-Ogasawara arc has been formed at the eastern
margin of the Philippine Sea Plate as the result of
subduction of the Pacific Plate. The arc consists of an
active volcanic chain and backarc rift basin system
superimposed on Tertiary volcanic chains and other old
crustal structures. Deep Sea Drilling Project (DSDP),
Program (ODP) and other
geological surveys advanced our understanding of this arc
system (cf. Taylor and Natland, 1995) .

Hachijojima is located on the volcanic front of Izu-

Ocean Drilling marine

Ogasawara arc, and is mainly composed of two
stratovolcanoes, the Nishiyama and Higashiyama Volcano
(Fig. 1). General geology of Hachijojima was descried by
Isshiki(1959). As shown in Fig.1, the Higashiyama
Volcano comprises several volcanic edifices including the
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 system of this volcano over
the last 30,000 years. Volcanic activity of the main
stratovolcano probably started about thirty thousands years
ago on the old edifices (Suga, 1994 ; 1996). K-Ar age of
<0.14Ma was obtained from one of the old edifices

(Kaneoka et 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
geochemical characteristics of volcanic rocks from
Hachijojima and other volcanic islands of the Izu volcanic
chain. Rocks of the Higashiyama Volcano range widely
from basaltic to dacitic composition, while the Nishiyama
Volcano is composed dominantly of basaltic lavas and
pyroclastic materials of the low-potassium tholeiitic
basaltic composition (Isshiki, 1959 ; Tsukui et al. 1993) .

NEDO drilled at eight sites in Hachijojima for
geothermal development promotion survey in 1989-1991.
Contents of this drilling survey were minutely reported by
NEDO (1993) . Chemical compositions of selected rock
samples recovered at the all drilling sites were reported by
Nakano et al. (1993).

This note describes lithological characteristics of one of
the NEDO core samples; a 1,500 meter drilled core
sample recovered at the Site N2 -HJ-4 (altitude 567
meter) in the central crater of the Higashiyama Volcano
(Fig. 1).This 1,500 meter core sample with remarkable
recovering rate will provide essential data set for better
understanding of the evolution of a volcanic edifice located
on the volcanic front of [zu-Ogasawara arc.

The core sample studied in this note is a registered rock
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Fig. 1. Geological outline of Hachijojima. (modified after Suga et al, in preparation)

specimen (Registered Number : KPM-NO0000001) of the
Kanagawa Prefectural Museum of Natural History
(KPMNH) and the sample information is available from
the KPMNH upon request.

Lithological description of the core sample
On the basis of the lithological characteristics, the core

sample N2-HJ -4 is divided into three main units (Unit I, II

and ITT) , and further subdivided into 19 sub-units (Fig. 2 ).

Detailed litholofacies variation and petrographic features of

the core sample are given in Appendix 1 and 2 respectively.

Unit I : Volcanic edifice of Higashiyama Volcano
UnitI (32-690 meter : hereinafter meter drilling depth) is
mainly composed of basaltic lavas and pyroclastic materials
which are interpreted to represent rocks of volcanic edifices
of the Higashiyama.
Unit I-a (32-115 meter) consists of basaltic andesitic lava
(Fig.3-1) which is characterized by megacrysts of
plagioclase (as much as 1 centimeter in diameter) and
glomeroporphyritic clots of coarse grained plagioclase and
olivine. They are probably xenocrystic origin (cf. Arakawa
& Kimata, 1992). Unit-b (115-176 meter) is weakly
welded coarse grained ash including lapilli. Unit I-¢ (176-

367 meter) is composed of welded spatter and scoria with
lava (Fig.3-2). Strongly welded spatter of Unit I-d (367-
435 meter) shows remarkable eutaxitic texture (Fig.3-3).
Unit I-e (435-470 meter) consists of volcaniclastic material
and lava blocks. Rocks of unit I-b, I-¢, I-d and I-e were
badly altered and brecciated and became sandy appearance.
Unit I-f (470-605 meter) comprises variably altered
basaltic subaerial lavas. Each lava is 2 to 10 meter thick in
this unit (Fig.3-4). Clinkers in this unit were extensively
altered and brecciated. Unit I-g (605-690 meter) comprises
weakly altered andesitic or basaltic subaerial lavas. Each

lava unit is 10 to 30 meter in thickness.

Unit II : Transitional zone

Unit 1T (690-1062 meter) consists of basaltic and
doleritic rocks, and hyaloclastite. This unit has lithological
characteristics transitional from Unit III to Unit L.

Unit II-a (690-710 meter)is an accumulation of partly
brecciated, cracky and glassy basaltic rocks of 2 to 3 meter
in thickness. Basaltic intrusive rock of Unit II-b(710-780
meter) contains variable lithofacies including doleritic rock
fragments, clots of plagioclase, and andesitic to dacitic
xenoliths (Figs. 3-5, 3-6). Unit Il-c (780-935 meter)
consists dominantly of doleritic intrusive rocks (Fig.3-7).
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Fig. 2. Summary of lithological variation of the Site N 2 -HI- 4 core sample
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Fig. 3. Photographs of the core sample. Drilling depth is given in parenthese.
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3-3. altered spatter  (box no. 158, 422. 5 - 425 meter) 3-4. altered basaltic or andesitic lava (box no. 218, 572. 5 - 575 meter)

3-5. altered basaltic intrusive rock (box no. 300, 777. 5 - 780 meter) 3-6. basaltic rock including clot of plagioclase (box no. 280, 727.5 -

730 meter)
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3-7. doleritic intrusive rock (box no. 349, 900 - 902. 5 meter)

3-9. tuff breccia including black volcanic block  (box no.447, 1,173
-1, 176 meter)

1

3-11. submarine autoclastic lava (box no.476, 1.260 - 1,263 meter)

3-8. glassy tuff (hyaloclastite) (box no. 404, 1,044 - 1,047 meter)

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,
1.359 - 1.362 meter)
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3-13. close up of rhythmically deposited lapilli tuff (turbidite) (box
no. 509, 1,359. 3 meter)

3-15. tuff and 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 the
doleritic intrusive rock. Unit II-d (935-1,062 meter)
consists of hydrothermally altered glassy tuff and lapilli
tuff (Fig.3-8)intercalated with thin basaltic intrusive rocks

and/or lava blocks.

Unit III : Volcaniclastic sedimentary rocks.

Unit 11T (1,062-1,485 meter) dominantly consists of
volcaniclastic sedimentary rocks. Rocks of this unit are
turbidly  or  rhythmically  deposited lithofacies .
Volcaniclastic rocks in Unit III have been hydrothermally
altered. They are greenish or bleached rocks owing to the
degree and nature of hydrothermal alteration processes.

Unit III-a (1,062-1, 147 meter) consists of rhythmically
deposited and graded bedded lapilli tuff partly including
black lapillis. Each graded bed is usually 1 to 5 meter
(often maximum 12 meter) in thickness. Tuff breccia of
Unit III-b (1, 147-1, 185 meter) includes black volcanic
blocks, some of which were oxidized and rounded in shape

(Fig. 3-9). Lapilli tuff beds of Unit Ill-c and Unit Ill-e

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

(1,185-1,212 and 1, 275-1, 323 meter)exhibit the graded

bedding structure as well as the rhythmic 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 interbedded with subaqueous autoclastic lava of
Unit II-d  (1,212-1,275 meter) (Fig. 3-11). Unit II-f
(1,323-1,400 meter) consists of rhythmically deposited
lapilli tuff and tuff layers (Figs.3-12,3-13). Each
depositional cycle is defined by alternation of lapilli tuff
and tuff layers, and one depositional cycle is 2 to 10, or
locally several tens of centimeter in thickness. Between
depositional cycles, various textures indicative of frequent
erosional events are noted. Unit ITI-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 intrusive rocks (Fig.3-16).

Discussion
The nature and variation of the lithofacies of Unit I-a to
Unit I-g are well comparable to the volcanic edifice of the

main stratovolcano (Suga, in preparation). The basaltic
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andesitic lava of Unit I-a is interpreted to represent a thick
lava flow and/or lava lake. The pyroclastic materials of
Unit [-b are probably pyroclastic flow deposits. The welded
spatter and scoria of Unit I-c and I-d are lithologically
equivalent to the central pyroclastic cones of the main
stratovolcano (Suga, 1996) . Welded spatter and scoria in
the Unit I-c probably erupted at the latest stage of
development of the central pyroclastic cones.
Volcaniclastic materials in the Unit I-e represent caldera
deposits. Relatively thin basaltic lavas in the Unit I-f
correspond to the rocks of the main stratovolcano.
Relatively thick andesitic lavas in the Unit I-g represent
materials of an old edifice of the Higashiyama Volcano.
The pyroclastic materials and highly vesiculated basaltic
lavas in the Units I-b, I-c, I-d, I-e, and I-f were highly
altered while relatively lower degree of alteration is noted
in the massive lava rocks in the Units I-a and I-g. These
features suggest that degree of alteration was strongly
related to porosity of rocks. Parts of the Unit I with loose
sandy appearance seem to represent highly porous loose
pyroclastic and/or volcaniclastic materials.
The transitional zone  (Unit II)  comprises an
accumulation of cracky and glassy basaltic rocks  (Unit II-
a), glassy basaltic intrusive rocks with doleritic rock
fragments (Unit II-b), doleritic intrusive rock and its
cooling facies with water chilled structure (Unit II-c), and
glassy tuffs (Unit II-d). These lithofacies are interpreted as

subaqueous lava lobe, upper part of feeder dike or other

intrusive rock, feeder dike which intruded into hyaloclastite,

and hyaloclastite respectively. The transitional zone seems
to represent a submarine volcanic edifice, but it is not clear
whether the submarine edifice was formed under submarine
eruption stage of the Higashiyama Volcano or unknown
earlier volcano.

Textural features of the volcaniclastic sedimentary rocks
in the Units IIl-a, II-c, I1l-e, III-f and III-h suggest that
they are turbidite. They consist of rhythmically deposited or
graded bedded lapilli tuff, tuff, and tuff breccia. The tuff
breccia of Unit I1I-b and I1I-g seems to be debrite (debris
flow deposit). The turbidite and debrite in Unit III were
probably deposited on submarine flank of volcanic edifice
and formed submarine fan. Black volcanic blocks and
lapillis in the Units [I-a, II-b, III-c and IlI-e and lava in
the Unit III-d are interpreted to be products of episodic
submarine volcanism. Subaerial eruption is suggested for
some rocks in the Unit III in which oxidized red-colored
and rounded lapillis and blocks occur.

In spite of extensive search under microscope, no micro
fossil was recovered from the sedimentary rocks studied.
The volcaniclastic sedimentary rocks in Unit IIT as a whole
are greenish or whitish in color owing to the degree of
hydrothermal alteration. The lithological features of the
volcaniclastic sedimentary rocks of Unit III suggest that

they were products of volcanoes which was active prior to

the formation of the main stratovolcano of Higashiyama.
As age data is not available, it is not-clear whether this
earlier volcanic activity was related to that of the old
edifices of the Higashiyama Volcano or much older
volcano of unknown age. It may be pertinent to mention
here that similar lithological features to Unit III have been
reported from Tertiary volcaniclastic sedimentary rocks
occurring elsewhere in the Izu-Ogasawara arc. The Unit II1
rocks are lithologically comparable to rocks of Tertiary
Yugashima Group or Shirahama Group (Sawamura et al.,
1970) in the Izu Peninsula, a northern part of the Izu-

nglsuwara arc.
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Appendix 1. Lithological variation of the Site N2-HJ-4 core sample
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Colors

Igt = light; drk = dark; dp = deep;

wht = white / whitish; gry = grey / greyish;

blk = black / blackish; blu = blue / bluish;

grn = green / greenish; ylw = yellow / yellowish;
brn = brown / brownish
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Drilling depth 100-200 m
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2 5 855 & 2 5 333 <
100 2 150
Dark greenish gray massive lava 491 ...
50|
pl. 0.2to 3 mm. 30% :
well observing inclined crack
51
521,
110 160 :
53 |-
sl L
115.6m
550, ...
Light gray fine ash seprene MG
i[5 5 56
120 e Light gray fine ash 170
T showing parallel lamina e
p :
37 pmw 7 57|
e Brownish altered welded ash 53 T
¢ | | l l A 174.2m
. ‘:‘j Altered agglutinate
) I - C
| | including lapil so FEFEH ket brecaiated
% (pyrolcastic flow deposit) I D
E’i: 60 :
130 EE( 180 R K
o
41 E( 61
.
LG
C 62 Py ﬂg
E ==, Whitish altered
43 EQ 63 agglutinate
brecciated to pulverized
44 64
140 ] | (TR Glassy lava 190 B
Ll pl.0.2to 2 mm. 25to 30% 68 B==EH P brecciated
— .- including 1 cm anorthite 152 5 5
s discrete grain 6 o
NI et .
a7l 0. 67 ;
1. T B brecciated
N 68
150 e 200
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Drilling depth 200-300 m

o =
25 2 E £
. <9 = S 8 =

g 2 ER. £ g £ EEZ. =

w & 88389 2 ®x 5 S832 2

2 & 38358 = 2 & 833 5

200 T TR _ . 250 I
x@ Whitish to yellowish gray 4 Dark gray glassy lava
69 Qﬁ altered agglutinate 89 ;gl
K _ . K
o "\_;.\g. brecciated to pulverized 0 [TTT] - inpluding 1 om sreHiiG
?’b\:\ ! &G discrete grain.
sulphide alteration
71 91
72 %2 O
210 o5 260 %
\'QEE Whitish to yellowish altered %0 PL11a Sam. 29 1o BEY
73 ;;*tk agglutinate 93 %%
N §E brecciated to pulverized
d 94 et
7 g RN I .
— =
75 95
) ==
=1 brecciated
76 | = 96
" II\ »
220 Clede 270 H—=
[
71 (R 4
BT 98 ; 273.8m
1111 1 | l | ﬁg.
[3
79 { 99 ]
smmms ||| R
80 ég&t 100 g brecciated
230 Ez 280 279:6m
e Bluish gray lava
SO 101
8l \"_\ié\ Pl.0.2to2 mm. 25to 35%
;QEE % This lava, including apatter,
82 Xk 102 >§§ partly altered by sulphide
—
EEEE 284.3m
83 et 103 284.6m
| T T 11 IT
T ..
g4 [ 165 _ 4]0
240 Glassy agglutinate 200 C
; S . ’\__,.; [
T}

85 including PI. 15 to 20% 105 Bluish gray massive lava
g 1to4 mm [ | Pl. 0.5 to 3 mm. 25 to 30%
¢ and also including 1 cm 293.0m

86 anorthite discrete grain 106

e
[T T e 245.0m PI. 0.2 to 2 mm. 15 to 20%
g7 B 7L dark gray inclution <1cm

— R 1 297.7m

AR I n __298.5m
i o @ ) 8 o brecciatied
250 T 300 — 299.5m




Drilling depth 300-400 m

=
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95 :
: ] = o
K 8‘ 99 L < %)
S % B=8 S
300 -
109] .
. 302.9m
Dark gray lava
110 &
Pl.0.2to 1 mm. 25 to 30%
111
This lava has many cavity,
0.21t0 0.5 mm
112 308.9m
310 R 09.5m
sl o
312.3m
elongated cavit
114 g y
115
116
320
117
11§ et 323.8m
119 T 326.2m
Black lava
120 rich in cavity
330
121
Black lava
122
Pl. 0.2 to 2mm. 30 to 35%
123] :
124 338.7m
340
125] -
| ;\ 342.7m
126 Gray lava
Pl. 0.2 to 3mm. 30%
127
: 347.4m
128]
350 -

350

360

370
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Lithological characteristics of a 1500 meter core sample in Hachijojima

description

Tuff breccia

Tuff breccia

367.0m
Black lava

Pl. 0.2 to 3 mm. 20%
eutaxitic texture

Altered gray lava

eutaxitic texture

Gray welded glassy lava

eutaxitic texture
Altered gray welded lava

eutaxitic texture

Altered gray to black
welded lava

eutaxitic texture
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Drilling depth 400-500 m

description

Dark gray lava

eutaxitic texture

Whitish altered lava

409.8m
Dark gray lava

Pl.0,2to 1 mm. 15%

414.3m

Altered spatter

Whitish altered spatter

427.2m

Light gray altered lava

=
2
. EE
o o e
- & 555
2 m ©B=S
400
149
'l
150 :
o
151
152 %
410 =
153
154 55
155 g
156
420
157
158
159
| s
160 o
430
161
g%
162 %
A
163000 f&
164] - . ..
440 i & ¥
E
167
450

435.5m

450

460

470

480

490

Greenish gray altered tuff breccia

partly sulphurized

500

=)
EE £
. (&) s} e
g £ EB. =1
" & o 5o p
< = Y= 1)
L) — O— O 5}
o th T <O o
'E‘L Greenish gray altered tuff
169 ;.} breccia
2
(L sulphurized
170
171
§
o 459 5m
» I,
73 i : Altered lava
A b sulphurized
s 7 463.1m
174}, ;
e A'% sulphurized
175 Volcaniclastic material
‘ including breccia
: (
176§; sulphurized
- 470.0m
177 -
-~ Whitish altered lava
=y
178 o
F
179 E
180 i
7 EE( sulphurized
480.0m
181
2 483.0m
182

TN T T TN
i

oz
T TN T
N

Whitish altered lava

Pl. 0.1 to 2 mm. 25 to 30%

498.3m



Lithological characteristics of a 1500 meter core sample in Hachijojima

Drilling depth 500-600 m

g —
%’ 2 S
< O =
S 2 ie= &
S 5 558 2
(®) = Q= [ 5]
S0 (T © 550
189 L ‘ Whitish altered lava
2
S o3 4G
p G -gél: partly brecciated
e
191
192
510 560
193 Whitish altered lava
partly brecciated
194 Pl. 0.2 to Tmm. 10 to 15%
195
196 ; ;
520 h A 570
522.5m
Whitish altered lava
brecciated. 1to 5cm
527.6m
530 Basaltic lava 580
201 PI. 0.5 to 2mm. 15%
2
202
S A 534.9m
ik
g ] Whitish altered lava
’ > :
204 B
540 S E( 590
205 t
206HEEEE %
< i
(]
i
550 L 600

y graphic

214

219

220

226

227

228

deformation
alteration

color

71

description

Black lava

Pl. 0.2 to 7mm. 30 to 40%
551.9m

Black massive lava

PI. 0.1 to 0.7mm. 20 to 30%

[:a }‘:] B e

562.5m

Basaltic lava

sulphurized

572.0m
Basaltic lava

e

573.4m Pl.(anorthite) 1cm

Whitish altered lava

sulphurized

sulphurized

Black glassy lava

593.5m
Pl. 0.1 to 0.3mm. 15%

596.1m

Pl. 0.5 to 3mm. 25%

599.3m
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Drilling depth 600-700 m

600

610

620

630

640

650

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

box no.

deformation
alteration

graphic
color

230

description

Altered lava

231

232

233

234

605.0m

brecciated lava

238

239

240

241

242

243

244

610.5m

Andesitic lava

Pl. 0.2 to 2mm. 25 to 30%

Black lava

PIl. 0.5 to Tmm. 20 to 25%

Glassy black lava

Pl. 0.5 to 2mm. 25%

635.7m
brecciated lava

245

246

639.9m

Glassy black lava

PI. 0.3 to 5mm. 10%

650

660

670

680

690

700

alteration
color

| deformation

description

Black basaltic lava

Pl. 0.2 to 0.5mm. 10%

683.0m

Dark gray lava
PI. 0.2 to Tmm. 30 to 40%

689.3m
Pl. 0.5 to 2mm.

691.9m

glassy

695.3m

including glassy tuff
Pl. 0.5 to 3mm. 30%

699.0m



Lithological characteristics of a 1500 meter core sample in Hachijojima 73

Drilling depth 700-800 m

= o
Se E 2. :
o = i <t O =
2 =] - 2 =
g = g S = g = E S %
X & S83 2 x & S88 3
2 B ©=3 S 2 & 838 S
700 750
701.7m 2
290
291
Water chilled structure
(intrusive rock) 292 Glassy black rock
710 760
ik dm PI. 0.5 to 2mm. 30%
293k including clots of anorthite
Anclot 5mmto 1cm
294
$7
Glassy black rock 095
PI. 0.5 to 3mm. 30 to 40%
including clots of anorthite 296 A
720 and xenolith of anorthite 770 7
297
208 ¢
s
099
——-727.5m s 777.4m
& Sulphide alteration
300 a0 strongly altered zone
730 780 SESEAES 779.6m
301
HHae
o
302 [ @ Sulphide alteration
bkt .
ottt Doleritic rock
ot
IS
30
e
including batch of glassy Iﬂﬁﬂﬁ
matrix rock 304
740 790 H—fes]
eacant
uspisd g
E AR g .
——I{:ﬁ}j Sulphide alteration
o4, 44
This rock shows zonal
structure, which depend on
the content of PI.
750 800 X0 Sulphide alteration
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Lithological characteristics of a 1500 meter core sample in Hachijojima 75

Drilling depth 900-1000 m

= o
o = o =
2z £ T 2
s & g5 2 s 2 g8 2
= = oS 5 s = S E g=
e % 8 o2 a B3 % 8 0.2 %
(=} i 0= 0 [} =} = D= O O
S e TV IO o S o WSO !
900 R R > 950 g 2
Ty S| Doleritic rock. ki o ;
349R Y ~ 369E Tuff breccia.
. : : g Includes sub-anglar clasts of basalt
2 Lava similar to that of below c| orandesite whose sizes range
= 913.6m o from several to more than 10 cm.
350, = 3708 ,
El o
Sl .
I
b
bt Il N e Argillised and sulfurized.
352 Doleritic. rock.
HoF - ; ; i
910 "':-"'I*’i*’i“ o Nlearily phanerocwstglhne. Grgln 960 Lapilli tuff.
I+1+:+++j % size is 1-2 mm. anSIsts of olivin, Clast sizes are 3-10 mm, max 5
353 +i+:+:+$ plagioclase and clinopyroxene. cm. Lapilli-size clasts make up 50-
et 80%.
Fk
bty 913.6m )
354 EF ——964.0 m: Lava block. Annealing
T at the top and chilled margin at
s the base.
355 st . Pac
§ Lava - like rock. o
;., Cut plane is dark bluish grey. Core Rex
356k 3 surface is browinsh green. g 970.0-971.0 m: Fractured and
$ Phenocryst is dominated by " argillised.
920 >| plagioclase, whose size is 1-5 mm 970
357 g’ and whose content is <10%. Rich in sub-rounded clasts whose
P a| Likely autobrecciated. sizes are about 5 cm.
B
S ©
/. 378 Vitric tuff to lapilli tuff. Clasts are 5-

10 cmin size and make up 10-
15% of rock. Similar to the
lithology of below 1034 m.

975.0 m: Includes an andesite
clast whose size is 20 cm.

930 SL5s 980

L— 983.9 m: Hydrothermal alteration.

bik [orn gV
(U}
o0
[S)

—— 933.5-934.6 m: Dyke dipping 70°.
988.2-989.5 m: Fractured. Each
clast is indefinite in shape and

graded into dark green matrix.

363 Lapilli tuff. 383
y Matrix is glassy. Clast sizes are 7-

- E; 10 mm, max 50 mm. - grn Igt gry |
940 [ 5 990 | T et stredris.
365 \ : . 385 |_~gm lgt gry
Lapilli tuff. 993.1'—994.0 m: Fractured. Each
'\\ g 943.4-943.6 m: Dike complex g 996.0 m: Includes a clast whose
3 c with sharp boundary and 5 size is 10 cm.
361 i & i chilled margin. i g /—997.5 m: Hydrothermal alteration.
368 388 3| Lava
950 1000
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Drilling depth 1000-1100 m

description

Black and greenish grey volcanic
rock (intrusive).

imoz.o m: Zeolite?

1002.3-1002.5 m: Fractured.

Vitric lapilli tuff to tuff similar to
those of below 1034.0 m.
Hyaloclastite ?

Each clast has ambiguous outline
grading into matrix.

alteration

deformation
color

drk gry - gry - grn gry

description

Lapilli tuff to tuff.

Probably hyaloclastite.

Colors variate from dark grey
through grey to greenish grey
owing probably to alteration.
Clast sizes are about 1 cm, max
10 cm. Each clast has ambiguous
outline grading into matrix. Clast
shapes are sub-rounded. Pyrite
clots occur in the central part of
white clasts. No black volcanic
clasts are included.

1059.1-1059.5 m: Lava ?

411

[Tgt grn gry

Igt blu gry]

Lapilli tuff.
Clast sizes are 3-20 mm. Rich in
black volcanic clasts (basalt?).

Lapilli tuff.
Clast sizes are 5-10 mm, max 20
mm.

Black volcanic rock (intrusive ?)
Phenocryst is dominated by
plagioclase, whose size is 3 mm
and whose content is 20%. Fresh
and no amygdules.

415k

=
o
2E
o k>
g 2 ER.
x 5 883
g & 838
1000 =
i o |
389 B
o
E
-
390K o
391
1010 H*?
393
: 2
394 st
5}
IS
395
1020
39
[ [397}s
398
1030 H [
030 T390 ;
; X
g D
40087
3 =
3 o
=
S}
401 B
o
=
2 ze]
2
1040 H*%
e é
403
S Py
X (o)
=
i o)
404 3 Fasy
q | |
3 P
3 O
N
405 ©
1050 i

\—1034.0 m: Annealing at the
contact.

1038.5-1039.0 m, 1040.0-1041.0
m: Lava (?) including amygdules
whose diameters are 5-10 mm.

Lapilli tuff to tuff. Probably
hyaloclastite.

Colors variate from dark grey
through grey to greenish grey
owing probably to alteration.
Clast sizes are about 1 cm, max
10 cm. Each clast has ambiguous
outline grading into matrix. Clast
shapes are sub-rounded. Pyrite
clots occur in the central part of
white clasts. No black volcanic
clasts are included.

| o

420

Igt blu gry

421

1070.0-1099.3 m: Coarse tuff to
lapilli tuff.

1078.8 m: Fractured and
_/—sulfurized part whose thickness is
5cm.
1079.1-1079.4 m: Fractured and
sulfurized.

1081.0-1083.5 m: Lapilli tuff to tuff
breccia. Clast sizes are 6-10 mm,
max 10 cm.

1083.5-1090.0 m: Horizontally
bedded coarse tuff and lapilli tuff.

——1087.2 m: Fractured.

1088.3-1090.5 m: Lapilli tuff.
Clast sizes are 1-30 mm.

Massive coarse tuff.

/_/-10943 m: Muddy layer which is
2 cm in thickness.

Lapilli tuff. Laminated coarse tuff
to lapilli tuff at the upper part.

1099.3 m: Boundary part of which
the width is 20 cm is sulfurized.

! Aphyric glassy intrusive rock.




Lithological characteristics of a 1500 meter core sample in Hachijojima

Drilling depth 1100-1200 m

1100

1110

1120

1130

1140

1150

deformation
alteration

graphic
color

drk gry

description

Aphyric glassy intrusive rock.
Amygdules (zeolite?), 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°.

Lapilli tuff.
Clast sizes are 5-10 mm, max >30

mm. Clast rims are altered.

Alteration mineral(?) occurs in the
center of each clast.

Igt blu gry

420

Igt blu gry

i

430)

431

ylw grn gry]

[~~1109.6 m: Altered zone. 5 cmin
width.

1113 m: Finer layer including
j several clasts whose sizes are
1 mm.

1115.6 m: fractured
1107.0-1147 m: Coarse tuff to

lapilli tuff. Similar to those of
1363.0-1400.0 m.

1118.5 m: Fractured and
sulfurized. 10 cm in width.
1119.2 m: Sulfurized. 10 cmin
width.

j—1121.o-1 122.0 m: Fractured.

Consists of 10-20 cm thick units
which show normal grading. The
upper part of each 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.

Igt blu gry

438

gtgmgry [ gmgry |

439

/ Lapilli tuff to coarse tuff with

normal grading. The basal clasts
are 5-7 mm in size. The upper part
has lamination.

| / Alternation of massive and finer

lapilli tuff. Clast sizes are 5-10 mm,
max >50 mm. Includes black clasts.

/ 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 >10 cm.

Lapilli tuff. Clast sizes are several
to 10 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.

|
Coarse tuff. Shows partly white

M\ alteration.

1146.2-1146.4 m: Sand size.

Lapilli tuff. Clasts are 5-10 mm in
size and sub-rounded in shape.

1150

1160

1170

1180

1190

1200

deformation
alteration

color

blu gry

441

hd4f

445

gry -grn gry

446

447

448f;

449

450

grn gry

\

-

77

description

Tuff breccia.
Similar to that of below 1158.0 m.

Reddish brown clasts are
included.

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?)
occurs.

1161.3 m: Sulfurized zone

1170.0 m: A blackish grey
volcanic rock clast whose size is
12 em.

1170.5-1180.0 m: Fractured,
altered.

Rich in sub-anglar clasts whose
sizes are 10-20 mm.

- Rich in sub-rounded to rounded
clasts whose sizes are <10 cm.

1175.0 m: A rounded grey
andesitic boulder whose sizes
are <30 cm. Phenocryst is

451

[Tgt grn gry

grn gry

dominated by plagioclase, whose
size is 3-5 mm and whose
content is 30%.

1177.0-1178.0 m: Includes two
aphyric glassy volcanic rock
clasts whose sizes are 5 cm and
10 cm.

Includes light reddish brown
rounded lapilli whose sizes
are10 mm. They are aggrigated
ash (accretionary lapilli?).

Lapilli tuff.

Matrix is consists of coarse tuff.
Clasts are dominated by black
volcanic rock whose size is 5-10
mm.
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Drilling depth 1200-1300 m

description

N Greenish grey lapilli tuff.

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 tuff.

Composed of two lithologic parts,
one includes pumice and another
is rich in blackish lapilli. The
boundaries of those are indefinite.
White mineral (calcite?) fills the

\ pores.

1211.4-1212.0 m: Alterated zone.
Crumbled. Sulfides occur.

Altered lava. Similar to that of
1218.0-1230.0 m.
1212.0-1213.5 m: White alteration.

Altered lava.

Phenocryst is dominated by
plagioclase, whose size is about
1 mm, max 7-10 mm.

—

White alteration .

/i -
/ Porphyritic lava.

Phenocrysts are plagioclase
whose size is T mm or 0.7-10 mm
and pyroxene (altered) whose size
is 3-7 mm.

Core breaks into blocks which are
5-10 cm in length. Some parts are
strongly fractured and sulfurized.

N—————— Flow unit boundary ?

Homogeneous lapilli and tuff.

Autobrecciated lava?

White mineral (calcite?) fills the
pores between lapilli. Fresh part is
bluish grey.

_/- 1242.0-1242.5 m: Altered.

-/- 1244.3-1245.0 m: Altered.
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€ &5 EBE.
x S 9832
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1200 Syuty et e
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1242.5-1250 m: Glossy dark grey
aphyric lava.

Network veins occur. White
mineral occurs in a crack which
dips at 45°.

D.HIRATA, H.YAMASHITA, H TANIGUCHI, T. NISHIKAWA, K. AOIKE, M.SUZUL N.SAITO, K.SUGA and M.ARIMA

g =
= )
a O b=
5 -2 g= =]
= 2 BB, 5
& & %23 Z
S & ©vwseO o
1250 =
)
21 Brecciated igneous rock
&|  (hyaloclastic lava?).
5 Each clast is separated by white
é interstitial mineral (calcite?). Rock-
o| crystal, pyrite and green acicular
g mineral occurs in cavities. Rims of
' each clast are altered.
£
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o Aphyric andesite ?
S| Horizontal cracks are dominated.
1270 H <|  Some cracks are filled with white
479 o° .
vein.
Core color is changed to light
480 greenish grey by decolorization.
o Also brecciated.
481
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2| Lapilli tuff.
c Clasts sizes are 1-3 mm, max 5-10
12| mm. Clasts are subanglar to sub-
rounded in shape. Black lapilli
L o (basalt?) are dominance.
484| observed
yet
5
485 -
o
1290 Lapilli tuff to tuff breccia.
Includes black volcanic clasts
486} whose diameters are 3 40 mm.
487
| ~| Siltyfine tuff and coarse tuff. They
o| are repeated alternately at several
488 g) mm to cm thickness.
|| ™\- 1298.5 m: Silty layer.
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Drilling depth 1300-1400 m
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M\ Lapilli tuff.
489
| o Stratified coarse tuff lacking in
o| lapilli-sized grains.
—
490, S
Fine tuff
491
492
1310 H
Silty coarse tuff to lapilli tuff.
493 Single unit which demanstrates
normal grading is about 1 m thick.
Lapilli tuff includes black volcanic
| > rock clasts (basalt to basaltic
& andesite) whose diameters are 3-
494 =
5 30 mm, max >50 cm. Matrix is
composed of medium to coarse
tuff. The upper part of single unit
495 displays weak stratification. Lapilli
p
tuff is rich in matrix.
1320
496,
> Laminated part.
[ |49 2| Lapilli tuff. Clast sizes are 3-5 mm,
o] &| max 10 mm.
g
A8 / Coarse tuff to lapilli tuff. Similar to
those of 1363.0-1400.0 m. Single
unit which demanstrates normal
1330 499 grading is 50-70 cm in thick.
s
o
] = - =
het Coarse tuff to lapilli tuff. Similar to
500! [ ©|  those of 1363.0-1400.0 m.
501 Basalt (7). Somwhat compact.
Phenocryst is dominated by -
— plagioclase, whose size is 0.5-2
mm and whose content is 20-25 %.
1340 502 Vesicules are 1 mm in diameter.
il Several cracks are formed at dips
& —T~ of 30-45° Filmy minerals occur in
ST 5| the cracks.
503 E : " .
§ 5| | 1344.8 m: Chilled margin at a dip
x| [ of 45°.
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o 1353.0-1357.3 m.
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o 1349.3 m: Erosion (?) at a dip of
—1 30°.
5| | 1349.3-1350.0 m: Greyish white
1350 71 & alteration.
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description

1353.8 m: Silicified.

Massive lapilli tuff. Poor in matrix.
Clast sizes are several to 20 mm.
Clast content is 80-90 %. Includes
reddish volcanic clasts.

Tuff to lapilli tuff. Matrix is fine.
Lamimation is visible.

|_~1360.0-1360.5 m: Silicified.

1362.00-1362.25 m: Silisified and
fractured.

—grn gry

Tuff to lapilli tuff.

Matrix consists of coarse tuff.
Clasts are several to 20 mm in
diameter. Includes small amount
of reddish brown volcanic clasts.
Coarse tuff and lapilli tuff are
repeated alternately at 2-10 cm
thickness.

I~ 1368-1382 m: Pyrite clots occur.

1383.0-1384.5 m: Foriated

} structure. Many pyrite clots.

N
—— 1385.45 m: Erosion surface.

— 1385.4-13901.5 m: Pyrite clots
occur in smectized parts.

¥

1392.8 m: Erosion surface.
1393.1 m: Erosion surface.

1393.2 m: Vesiculated lapilli
with halo.
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Drilling depth 1400-1500 m
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1400 522 Rich in matrix. Rarely includes FEERIEE =
\ lapilli. =
523 1400.0-1419.0 m: Shows
overall normal grading. 540
524 >| Massive lapili tuff. Clast sizes
o| are 2-10 mm, max 20 mm. 541
| E| Matrix consists of coarse tuff.
3 =| Includes reddish brown clasts. 2
525 I~ 5
F o
1410 > 14601
£
526 2
£
atalaral Massive tuff breccia. Clast
507 :::::::: o sizes are several to 20 mm,
i PON o max 70 mm. Clast content is
Ll Al A Z| 70-80 %. Matrix comsists of
R coarse tuff. Includes reddish
52 B alal brown clasts.
PPN, 1419.0 m: A white vein at a dip of 545
60° occurs along the boundary.
1420 H g 1470
529 b e
kel 4 5 <
1419.0-1431.5 m: Andesite? White 3
amygdules of which the diameters :
are 0.3-5 mm are arranged at dips ry
530 of 70-80°. Deep green amygdules A7 E
(possibly chlorite) are included like _5
patch work. 1-10 mm thick, white to
531 yellowish green veins occur. ,-; 2
548 |z
.| 3
532 = i
1430 H 5y [ Lapilli tuff showing normal grading. 1480 '549
&1 [ Clast sizes are <10 mm. AN
533 :‘:; -/ Coarse tuff showing normal :
: grading. Clast sizes are <10 mm. 550054
= \\ F &
| \o| \ Lapilli tuff lacking in fine matrix. PR, =
534 Clast size is max 50 mm. E
\
Fine tuff with lamination.
Smectized.
1440 £ 1490
536} o
=
=
Coarse tuff. =
L537 £
s |
=
= / Lapilli tuff to tuff breccia. Clast
2T sizes are severalto 10 mm,
max 70 mm.
1450 1500

1459.6-1459.9 m: Argillizated.

White tuff variating in grain size.
Coarser (sand size) and finer (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 tuff is intercalated.

1476.0-1479.0 m: Coarse to
fine tuff. The same lithology
as the above tuff.

t

1481.5-1484.5 m: basalt dyke
(sampled by NEDO).

1482.0-1484.5 m: Andesite (sill?).

Amygdules are 3-10 mm in
diameter and are filled with zeolite
and quartz. Chilled part at the
bottom of 2-3 cm.

Altered tuff breccia.

\
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Appendix 2 . Petrographic description of volcanic rocks.

Thin section no. : HJ4-01048 (Fig.4-1).

Drilling depth : 104. & meter.

Rock name : basaltic andesite.

Phenocryst : plagioclase, orthopyroxene and Fe-Ti oxide.

Plagioclase : euhedral to anhedral grain (0.2-4mm in
diameter) occurring as glomeroporphyritic or discrete
single grain. Three types of inner texture are noted in
plagioclase phenocrysts ; (typé 1) crystal covered by
honeycomb texture (Fig.4-1), (type 2 ) crystal with dusty
zone parallel to the crystal plane, and (type 3 ) clear crystal.
Types 1 and 2 are dominant. Most of inclusions in
plagioclase phenocryst are Fe-Ti oxide and orthopyroxene.
Melt inclusions are locally replaced by Fe-Ti oxide and
orthopyroxene.

Orthopyroxene : subhedral or glomeroporphyritic grain
(0.5-1.5 mm in length) with clinopyroxene reaction rim.
Tt shows close spatial association with Fe-Ti oxide.

Fe-Ti oxide : euhedral grain (0. 07-0. 2 mm in diameter)
showing close spatial association with plagioclase and
orthopyroxene.

Groundmass : intergranular texture, consisting of clinopyroxene
(0.02-0. 05 mm), plagioclase (0.05-0. 15 mm), and Fe-Ti
oxide (0.02-0.08 mm). High abundance of Fe-Ti oxide

(Fig. 4-1) and subhedral to anhedral plagioclase are noted.
Fe-Ti oxide shows rare abundance in areas around
phenocryst. Patch of clinopyroxene is present (0.05 - 0.15

mm in diameter) .

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

Drilling depth : 107. 5 meter.

Rock name : basaltic andesite.

Phenocryst : plagioclase, orthopyroxene, and Fe-Ti oxide.

Plagioclase : euhedral to anhedral grain (0. 3-3.5 mm in
diameter). Discrete plagioclase phenocrysts show higher
abundance than glomeroporphyritic plagioclase grains.
Addition to the three plagioclase types noted in the thin
section no. HJ4-01048, another type of plagioclase with
distinct inner textural (type4) is noted in this section. Type
4 plagioclase is characterized by a presence of core part
covered by numerous small inclusions, surrounded by a
inclusion rich zone paralleled to crystal plane. Most of
plagioclase grains are smaller than 0. 7 mm in diameter. Fe-
Ti oxide and orthopyroxene are dominant inclusion. Melt
inclusions are locally replaced by Fe-Ti oxide and
orthopyroxene. Outer zone of some large plagioclase grains
exhibits remarkable chemical zonal texture.

Orthopyroxene : subhedral grain (0. 5-2. 0 mm in length)
with clinopyroxene reaction rim, showing close spatial
association with Fe-Ti oxide.

Fe-Ti oxide : euhedral grain (0. 1-0.5 mm in diameter).
consisting  of

Groundmass :  intergranular  texture,

clinopyroxene (0.02-0.07 mm), plagioclase (0.05-0.15

mm), and Fe-Ti oxide (0.02-0.07 mm). High abundance of
subhedral plagioclase (0.1-0.2 mm) is note. Clinopyroxene
(0.07-0. 15 mm) and Fe-Ti oxide (0.02-0.15 mm) are rare

in areas surrounding phenocryst grains.

Thin section no. : HJ4-01493.
Drilling depth : 149. 3 meter.
Rock name : basaltic andesite.

This rock consists of rock fragments and phenocrysts
(0.2-4 mm in diameter) set in a glassy matrix. Dark-
brownish fragments show a wide range of vesiculation
texture and contain plagioclase unclusions (>0.7 mm).
Light-brownish fragments contain trachytic plagioclase
(>0.15 mm) and Fe-Ti oxide grains (>0.15 mm).
Phenocrysts are  plagioclase, orthopyroxene and
clinopyroxene. Plagioclase is 0.5-1. 5 mm in length. Some
plagioclase grains exhibit type 1 honeycomb texture.
Pyroxenes are 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 meter.

Rock name : basalt.

Phenocryst : plagioclase and chloritized pyroxene.
Plagioclase : euhedral to subhedral grain (0.2-2 mm in

diameter) occurring as glomeroporphyritic or single

discrete grains. Addition to type 3 plagioclase, this rock

contains other type plagioclase with distinct inner texture

(type 5 ) characterized by a presence of inclusion rich zone

parallel to crystal plane (Fig.4-3).An outer most zone of

type 5 plagioclase shows extensive chemical zoned texture.
Chlorite : alteration product after pyroxene, occurring as

subhedral grain (0.2-0.3 mm in diameter) showing

reaction rim of Fe-Ti oxide.

Groundmass :  intergranular texture, consisting of

plagioclase (0.05-0.3 mm), clinopyroxene (0 .02-0.05

mm) , and Fe-Ti oxide (0.02-0.07 mm).

Thin section no. : HJ4-03867 (Fig.4-4).
Drilling depth © 386. 7 meter.
Rock name : basaltic andesite.
Phenocryst : plagioclase and chloritized pyroxene.
Plagioclase : euhedral to subhedral grain (0.2-2.5 mm
in diameter) occurring as glomeroporphyritic and single
discrete grains. Types 1, 3 and 4 (Fig.4-4) plagioclases
are present.
Chlorite : alteration product after pyroxene, occurring as
subhedral grain (1-2 mm in diameter) .
Groundmass: hyalopilitic and glassy. plagioclase (0. 02-0. 2
mm) , consisting of Fe-Ti oxide (<0.1mm), chlorite (<

0.02 mm) and brown glass.
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Thin section no. : HJ4-05508 (Fig.4-5).
Drilling depth : 550. 8 meter.
Rock name : basalt.
Phenocryst : plagioclase and chloritized pyroxene
Plagioclase : euhedral to subhedral grain (0.3-3.7 mm
in diameter) occurring as glomeroporphyritic and/or
discrete grains. Types 3 (Fig.4-5), 4 and 5 plagioclases are
present. Type 4 is dominant.
Chlorite : subhedral grain (1-2 mm in diameter).
Groundmass : pilotaxitic consisting of plagioclase (0. 05-
0.2 mm), Fe-Ti oxide(0.02-0.05 mm), chlorite brown

glass.

Thin section no. : HJ 4 -06225 (Fig.4-6).
Drilling depth © 622. 5 meter.
Rock name : basalt.

Phenocryst : plagioclase, orthopyroxene and clinopyroxene.

Plagioclase : euhedral grain (0.2-3 mm in diameter).
Types 2, 3 and 4 are present. Some type 4 grains have core
with small inclusions surrounded by a inclusion rich dusty
zone. Most of the inclusions are Fe-Ti oxide or
clinopyroxene. Melt inclusions are replaced by the above
minerals. Most of the plagioclase phenocrysts smaller than
0.7 mm in diameter are clear crystal.

Orthopyroxene :  subhedral grain (0.5-1.5 mm in
diameter) occurring as glomeroporphyritic or single
discrete grains with reaction rim of clinopyroxene and Fe-
Ti oxide.

Clinopyroxene : rare abundance, subhedral grain. Some
of phenocrysts include plagioclase (Fig.4-6).

Groundmass :  intergranular texture consisting of
plagioclase (0.05-0.15 mm), clinopyroxene (0.02-0.07
mm) and Fe-Ti oxide (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 clinopyroxene.

This rock is characterized by high abundances of
phenocryst phases including plagioclase, orthopyroxene
and clinopyroxene..

Plagioclase : euhedral grain (0.2-3 mm in diameter)
occurring as clots. Types 1 (Fig.4-7), 2, 3 and 4
plagioclases are present. Type 3 crystal is rare. Most of
inclusions are Fe-Ti oxide and clinopyroxene. Melt
inclusions are replaced by above minerals. Most of the
phenocrysts smaller than 0.7 mm in diameter are clear
crystal.

Orthopyroxene :  subhedral grain (0.5-1.7 mm in
diameter). Most of orthopyroxenes were replaced by
chlorite.

Clinopyroxene : green colored, subhedral to subrounded
crystal (0.5-4.0 mm in diameter) . Low abundance.

Groundmass :  Intergranular texture, consisting of

plagioclase (0. 05-0. 2 mm) , chlorite (0.02-0.07 mm) and
Fe-Ti oxide (0.05-0.1 mm).

Groundmass shows extensive chloritization.

Thin section no. : HJ4-06532 (Fig.4-8).
Drilling depth : 653. 2 meter.

Rock name : basalt.

Phenocryst : plagioclase and clinopyroxene.

Plagioclase : euhedral grain (0.3-2.5 mm in diameter)
occurring as both glomeroporphyritic (Fig.4-8) or discrete
grains. Types 3, 4 and 5 plagioclases are present. Most of
them are type 3 .

Chlorite : alteration product after pyroxene, occurring as
subhedral or anhedral grain (0.5-2.5 mm in diameter).
Some of them are surrounded by reaction rim.
Groundmass : intersertal texture with high abundance of
glass. It consists of plagioclase (0.05-0.2 mm), Fe-Ti
oxide (0.02-0.07 mm), chlorite and altered glass.

Thin section no. : HJ4-06887 (Fig.4-9).
Drilling depth : 688. 7 meter.

Rock name : basalt.

Phenocryst :  plagioclase and clinopyroxene. High
abundance of phenocrysts (30 to 35 volume %) is noted.

Plagioclase : euhedral grain (0.2-3.0 mm in diameter) .
Most of plagioclases occur as glomeroporphyritic grains
(Fig.4-9) . Types 3, 4 and 5 plagioclase are present. Type
3 is rare.

Clinopyroxene : euhedral grain (3.0 mm in diameter).
This phase is weakly altered by chloritization.

Chlorite : alteration product after pyroxene. subhedral to
anhedral grain (0.5-1.2 mm in diameter) .

Groundmass :  intersertal texture, showing high
abundance of glass (partly altered) together with
plagioclase (0. 05-0. 2 mm) , Fe-Ti oxide (0. 02-0. 07 mm)
and chlorite (0.05-0. 15 mm).

Thin section. : HJ4-07349 (Fig.4-10,-11).
Drilling depth : 734. 9 meter.

Rock name : basalt.

Phenocryst : plagioclase ,  olivine ,  clinopyroxene ,
orthopyroxene and Fe-Ti oxide.

Plagioclase: euhedral, subhedral or unhedral crystal (0. 2
-4.5 mm in diameter). Glomeroporphyritic crystals are
abundant with subordinate amounts of discrete phenocryst.
Types 1, 2 and 3 plagioclases are present. Most of plagioclase
are type 1 or type 2 (Fig.4-10) . Type 3 crystals and olivine
occur as glomeroporphyritic grain. Most of types 1 and 2
crystals are 0. 2-2. 0 mm in diameter while those of type 3
are relatively large crystals (1.5-4.5 mm in diameter).
Some of Type 3 crystals have reaction rim consisting of
clinopyroxene and Fe-Ti oxide.

Olivine : subhedral to unhedral grain (1.5-4 mm in

diameter). Most of olivine grains are extensively altered



Lithological characteristics of a 1500 meter core sample in Hachijojima 83

and replaced by iddingsite (Fig.4-11).

Clinopyroxene : euhedral grain (0.5-1 mm in diameter)
occurring as discrete phenocryst.

Orthopyroxene : euhedral to subhedral grains (0. 3-1 mm
in diameter), occurring as glomeroporphyritic grain and/or
clots. Glomeroporphyritic grains have reaction rim of
clinopyroxene and Fe-Ti oxide. Some of them show close
spatial association with Fe-Ti oxide and/or plagioclase.

Fe-Ti oxide : cuhedral grain (0.5-2 mm in diameter).
Groundmass : intergranular  texture  consisting  of
plagioclase (0.05-0.15 mm), clinopyroxene (0.02-0.05
mm) and Fe-Ti oxide (0.02-0.05 mm).

Thin section no. : HJ4-07964 (Fig. 4-12).
Drilling depth : 796. 4 meter.
Rock name : basalt.
This sample is heterogeneous rock consisting of mafic and
felsic parts (Fig.4-12).
1 ). Mafic part
Phenocryst :  plagioclase, olivine, clinopyroxene,
orthopyroxene, chloritized pyroxene and Fe-Ti oxide.
Plagioclase : euhedral to subhedral crystal (0. 2- 2 mm in
diameter). Glomeroporphyritic plagioclases are abundant
with  subordinate amounts of discrete plagioclase
phenocryst. Types 1, 2, and 3 plagioclases are present.
Most of plagioclase are type 1 or type 2. Type 3 crystals
and olivine occur as glomeroporphyritic grain. Type 3 are
relatively large crystals (5-7 mm in diameter).
Olivine : subhedral or unhedral grain (1.2-2.1 mm in
diameter). All of olivine crystals are closely spatially
associated with type 3 plagioclase. Most of olivines are

extensively altered and replaced by iddingsite.

Clinopyroxene : euhedral grain (2-2.5 mm in diameter).

Orthopyroxene . subhedral grains (0.5-1 mm in diameter)
with reaction rim.

Chlorite . subhedral to unhedral grain (0.2-1 mm in
diameter)

This phase is alteration product after pyroxene.

Fe-Ti oxide : euhedral grain (0.2-0.5 mm in diameter).

Groundmass :  intergranular  texture consisting  of
plagioclase (0. 15-0.3mm), Fe-Ti oxide (0. 02-0. 05 mm),
and brown glass.

2 ). Felsic part

Phenocryst : plagioclase and Fe-Ti oxide.

Plagioclase : euhedral to subhedral crystal (0.3-3 mm in
diameter). Glomeroporphyritic crystals are abundant with
subordinate amounts of discrete phenocryst. Types 3 and
5 plagioclases are present.

Fe-Ti oxide: euhedral grain with 0.1-0.3 mm in
diameter.

Groundmass : intersertal texture consisting of plagioclase

(0.05-0.2 mm), Fe-Tioxide (0.1 mm) and brown glass.

Thin section no. : HJ4-08015(Fig.4-13).
Drilling depth : 801. 5 meter

Rock name : basalt.

Phenocryst : plagioclase and clinopyroxene.

Types2, 3 and 5 plagioclases are present. Most of
plagioclases are type 5 (Fig.4-13). Some of the crystals
(0.3-0.5 mm in diameter) occur as clots with
clinopyroxene (0. 1-0.3 mm in diameter)

Clinopyroxene : subhedral to unhedral grain(0.3-1.5
mm in diameter) . Some crystals have a reaction rim.

Groundmass : hyalopillitic ~ texture  consisting  of
plagioclase (0.05-0.2 mm), Fe-Ti oxide (0.1 mm) and

brown glass.

Thin section no. HJ4-08906 (Fig.4-14).
Drilling depth : 890. 6 meter.
Rock name : dolerite.
Phenocryst :  plagioclase, clinopyroxene, orthopyroxene
and Fe-Ti oxide.
Plagioclase : subhedral to unhedral crystal (0.2-2.2 mm
in diameter) . Most of the plagioclases are clear crystals.
Clinopyroxene : euhedral or subhedral grain(0.8-1.5
mm in diameter) .
Orthopyroxene : euhedral, subhedral, or unhedral grain
(2-3.7 mm in diameter).
Fe-Ti oxide : euhedral or subhedral grain (0.4-0.6 mm

in diameter) .

Thin section no. : HJ4-09351 (Fig.4-15).
Drilling depth : 935. 1 meter.

Rock name : basalt.

Phenocryst : plagioclase and orthopyroxene.

Plagioclase : euhedral to subhedral crystal (0. 2-2 mm in
diameter). Glomeroporphyritic crystals are abundant with
subordinate amounts of discrete phenocryst. Most of the
crystals are less than 1 mm in diameter. Types 3,4 and 5
(Fig.4-15) plagioclases are present. Most of plagioclase
are type 4 or type 5.

Orthopyroxene : subhedral grain ( 2 mm in diameter)
locally including plagioclase.

Groundmass : intersertal texture consisting of plagioclase
(0.05-0.1 mm), Fe-Ti oxide (0. 02-0.07 mm)and brown

glass.

Thin section no. : HJ4-10315 (Fig.4-16).
Drilling depth : 1031. 5 meter.

Rock name : basalt.

Phenocryst : plagioclase and Fe-Ti oxide.

Plagioclase : euhedral to subhedral crystal (0.5-2 mm in
diameter). Glomeroporphyritic crystals are abundant with
subordinate amounts of discrete phenocryst. Types 3, 4 and
5(Fig. 4-16) plagioclases are present. Most of the crystals
are type 4 or type 5.

Fe-Ti oxide : euhedral grain (0.3-0.5 mm in diameter).
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Groundmass :  intersertal texture consisting of
plagioclase (0.05-0. 1 mm), Fe-Ti oxide (0. 02-0. 07 mm)

and brown glass.

Thin section no. : HJ4-11004 (Fig.4-17).

Drilling depth : 1100. 4 meter.

Rock name : basalt.

Phenocryst : plagioclase and chloritized pyroxene.
Plagioclase : euhedral to subhedral crystal (0.2-3 mm in

diameter). Most of the crystals are less than 1 mm in

diameter. Glomeroporphyritic crystals are abundant with

subordinate amounts of discrete phenocryst. Types 3, 4 and

5 plagioclases are present. Most of the crystals are type 4 .

Type 3 crystals occur as relatively large grains (> 2 mm in
diameter) (Fig. 4-17).
Chlorite : alteration product after pyroxenes, occurring
as subhedral or unhedral grain (1-2 mm in diameter).
Groundmass : hyalopillitic ~ texture  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 meter.

Rock name : basaltic andesite.

Phenocryst : plagioclase, chloritized pyroxene, and Fe-Ti
oxide.

Plagioclase : euhedral to subhedral crystal (0.5-1.3 mm
in diameter). Glomeroporphyritic crystals are abundant
with subordinate amounts of discrete phenocryst. Type 3
and 4 plagioclases are present. Most of the crystals are type
3 (Fig.4-18).

Clinopyroxene : subhedral to unhedral grain (0.2-0.5
mm in diameter) partly chloritized. Most of the crystals are
closely spatially associated with plagioclase.

Fe-Ti oxide : euhedral to subhedral grain (0. 1-0. 25 mm
in diameter) .

Groundmass :  hyalopillitic  texture 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 meter.

Rock name : aphyric andesite.

Phenocryst : poor.

Groundmass : pilotaxitic texture consisting of plagioclase
(0.05-0.2 mm) (Fig.4-19), Fe-Ti oxide (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 diameter) occurring as glomeroporphyritic and/or
discrete grains. Types 3 (Fig.4-20), 4 and 5 plagioclases
are present. Most of the crystals are type 4 and type 5 .
Chlorite : alteration product after pyroxenes, occurring
as subhedral to unhedral grain (0.3-1.2 mm in diameter).
Most of chlorite grains (after pyroxenes) are closely
spatially associated with plagioclase.
Groundmass : hyalopillitic ~ texture  consisting  of
plagioclase (0.05-0.2 mm), Fe-Ti oxide (0. 02-0. 05 mm)
and brown glass.

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

Drilling depth : 1421.5 meter.

Rock name : basalt

Phenocryst : plagioclase, chloritized pyroxene and Fe-Ti
oxide.

Plagioclase : euhedral, to subhedral crystal (0. 3-3 mm in
diameter). Types 2, 3, 4 and 5 plagioclases are present.
Most of grains are type 3 (Fig.4-21) ortype 4 .

Chlorite : alteration products after pyroxenes. It occurs
as subhedral or unhedral grain (0.2-1.5 mm in diameter)
and totally replaced pyroxene 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.

4-1. Thin section no. : HJ4-01048, opened nicols. 4-2. Thin section no. : HJ4-01075, opened nicols.

4-4. Thin section no. : HJ4-03867, crossed nicols.

VK by dale O/
4-6. Thin section no. : HJ4-06225, crossed nicols.
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4-7. Thin section no. : HJ4-06258, crossed nicols. 4-8. Thin section no. : HJ4-06532, crossed nicols.

PR

4-9. Thin section no. : HJ4-06887, crossed nicols.
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4-11. Thin section no. : HJ4-07349, crossed nicols. 4-12. Thin section no. : HJ4-07964, crossed nicols.

i
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4-13. Thin section no. : HJ4-08015, crossed nicols. 4-14. Thin section no. : HJ4-08906, crossed nicols.
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4-15. Thin section no. : HJ4-09351, crossed nicols.
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4-17. Thin section no. : HJ4-11004, crossed nicols. 4-18. Thin section no. : HJ4-12290, opened nicols.
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4-19. Thin section no. : HJ4-12733, opened nicols. eck

4-21. Thin section no. : HI 4 -14215, crossed nicols.



