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Abstract

During the DELP-88 Cruise, a large amount of voleanic rocks was
collected from five dredge sites in the Southern Okinawa Trough and
the Middle Okinawa Trough. Samples from the central graben struc-
ture (DR3, DRB) show the chemical compositions of cale-alkaline rock
or tholeiitic rock of Island Arc type, as reported previously. The
results are concordant with geophysical data suggesting that oceanic
crust is absent in this area.

Voleanic rocks of DR5B are low-alkali tholeiitic rocks of Island -
Are type and they are marked off from the voleanic rocks of the
Middle and Southern Okinawa Trough by the oxide-Si0, variation
diagram. The volcanic rocks of DR5B may represent the south-
western extention of Quaternary-volecanic front of the Ryukyu Are.

The K-Ar ages of samples from the ITheya Deep in the Middle
Okinawa Trough indicate that these rocks are mostly younger than
1Ma (DR7; 0.112+0.019Ma and DRS; 0.496--0.380Ma). Since the K-Ar
ages of dredged samples from the Yaeyama Graben in the Southern
Okinawa Trough are also younger than 1Ma, the formation of the
Iheya Deep and the Yaeyama Graben took place concurrently. The
K-Ar age of basalt from DR5B which is located near the supposed
Quaternary-voleanic front, is also 0.505+0.453Ma.

The temperatures of crystallization of phenocrysts of samples from
DELP-88 were found to be 1100°C for basalt (DR5B-H), 783 to 800°C
for dacite (DR7-H), and 200 to 950°C for andesite (DR8-H) under 1
atmospheric pressure. These volecanic rocks in the Okinawa Trough
region were crystallized under redox conditions near fayalite-magnetite-
quartz assemblage.
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1. Introduction

The Okinawa Trough is a big graben behind the Ryukyu Arc. The
width of the trough is 100-150 km and the length is about 1200 km along
the Ryukyu Arc. The water depth in the Middle and Southern Okinawa
Trough is between 1000-2000 m and the Northern Okinawa Trough shows
a shallower water depth of 500-1000 m. Several central grabens are
formed within the big graben, which shows the echelon arrangment along
the axis of the Okinawa Trough (UYEDA ef al., 1985 ; KIMURA et al., 1986).
It is known that the volcanic rocks from a minor ridge (ITheya Central
Minor Ridge) in one of the central grabens are calc-alkaline rocks and
high-alumina basalt (UYEDA et al., 1985 ; KIMURA et al., 1986).

During the DELP-88 KAIKO Cruise of R/V Daigo-Kaiko-Maru, a
large amount of volcanic rocks was sampled from the Yaeyama Central
Knoll in the Southern Okinawa Trough, and northern wall of the Iheya
Deep and northern wall of the Izena Depression in the Middle Okinawa
Trough. Dredge locations are shown in Fig. 1. The characteristics of
major chemical compositions and phase chemistry of these rocks are
presented in this paper.

2. Dredged samples

Voleanic and sedimentary rocks were dredged from eight stations;
five stations in the Southern Okinawa Trough (DR2, DR3, DR4, DR5A
and DR5B) and three stations in the Middle Okinawa Trough (DR7, DR8
and DR10), during the DELP-88 KAIKO Cruise (Fig. 1 and Table 1).
The dredger was chain bag type of Ocean Research Institute, University
of Tokyo.

Basaltic scoria and fresh basalt lava blocks were obtained at the
Yaeyama Central Knoll (DR3) and the Irabu Knoll located in eastern
part of the Yaeyama Graben (DR5B), respectively. Dacite lava and
woody pumice blocks were sampled from northeastern wall (DR7) of the
Theya Deep that is located in the eastern edge of the Iheya Minor Ridge.
Andesite lava and woody pumice blocks were sampled from northwestern
wall (DR&) of the Iheya Deep. Acidic tuff, tuff breccia blocks, and fine
grained pieces of aphyric andesite which constitute tuff breccia were
collected from the Izena Depression (DR10). Dredged samples are shown
in Plate 1.
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Fig. 1. Location map of the dredge hauls during the DELP-88 KAIKO
Cruise in the Okinawa Trough. The bathymetric contours are 200 m and at
500 m intervals. Solid line shows Quaternary-voleanic front (KATO et al., 1982
and UEDpa, 1986). ‘

YA: Yaeyama Graben, MS: Miyako Seamount, 1Z: Izena Depression,

IH: TIheya Deep

3. Petrography of volcanic rocks

(1) DR3-1T {Basaltic scoria)

The scoria is vesicular and fresh on the whole, and is aphyric with
dendritic plagioclase and clinopyroxene, acicular iron oxides and brown
glass in the groundmass.
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Table 2. Modal compositions of DELP-88 dredged samples, obtained by 2000
point countings.

_ sample No. DR5B-H DR7-H DR8-H
vesicle 4.1 13.6 3.5
phenocryst .

plagioclase 11.9 4.4 3.7
olivine 1.6 — —
augite 7.1 0.0 0.2
orthopyroxene 0.2 0.1 0.0
hornblende — 0.0 —
titanomagnetite — 0.1 0.2
ilmenite — 0.0 0.0
groundmass 79.2 95.4 95.9

(2) DR5B.H, DR5B-1T, DR5B-2T {Olivine-two pyroxene basalt)

The rocks are fresh basalt lava blocks with chilled margin' glass.
The phenocrysts include augite, orthopyroxene, olivine and plagioclase.
The groundmass is composed of augite, orthopyroxene, plagioclase, tita-
nomagnetite and glass. The groundmass shows textural variation from
the outer glassy texture to inner intersertal texture. The crystallinity
of DR5B-H basalt increases from the surface inward within the marginal
30 mm of the pillow lava (Plate 2; A to F). The plate also shows the
variation of erystal habit of clinopyroxene from dendritic in B, C and D
to thin prlsmatlc in F.

Olivine phenocryst is euhedral to subhedral and is 0.3-1 mm in dia-
meter. Thin reaction corona of pyroxenes is ubiquitously observed. Glass
inclusion is also common in olivine phenocryst. Modal compositions of
the basalt are shown with the other DELP-88 dredged samples in Table
2.

(3) DR7-H {Two pyroxene dacite)

The rock is an augite-orthopyroxene dacite with phenocrysts of augite,
orthopyroxene, titanomagnetite, ilmenite, apatite and plagioclase. The
groundmass is hyalopilitic with microlites of plagioclase, pyroxene, iron
oxides and colorless glass (Plate 2-G). Vesicle (18.6 vol. %) is irregular
in form, and is often filled with euhedral crystobalite.

(4) DR8.H, DR8-1T, DR8.2T, DR8-3T {Two pyroxene andesite)

The samples are augite-orthopyroxene andesite with phenocrysts of
augite, orthopyoxene, plagioclase, titanomagnetite, ilmenite and micro-
phenocrysts of hornblende and apatite. The groundmass consists of
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plagioclase lath, pyroxene, iron-titanium oxides, ecristobalite and glass.
They show pilotaxitic texture (Plate 2-H).

4. Petrochemistry

The bulk chemical compositions of the major elements of the DELP-

Table 3. Major chemical compositions of the voleanic rocks during the
DELP-88 KAIKO Cruise.

1 2 3 4 5 6

DR 3-1T 5B-1T 5B-2T 8-1T 8-2T 8-3T
SiO, 49.71 52.13 51.56 58.34 56.62 56.59
Ti0, 1.03 0.65 0.68 1.32 1.35 1.40
Al,Oq 15.71 16.47 17.45 15.26 15.74 15.34
FeO* 9.79 9.17 9.03 7.17 8.01 8.58
MnO 0.22 0.17 0.22 0.18 0.18 0.19
MgO- 6.34 5.29 4.89 2.97 ~3.12 3.06
Ca0 12.28 11.53 11.86 6.77 6.91 6.98
Nay0 2.66 2.15 2.22 3.88 3.91 3.87
K20 0.47 0.29 0.28 1.04 0.98 1.05
Cry0; — 0.02 0.02 0.01 0.02 0.03
V203 0.02 0.04 0.02 0.08 0.08 0.10
NiO 0.06 0.05 0.03 0.04 0.02 —
P205 0.17 0.08 0.06 0.09 0.12 0.11
H,0%* 0.98 1.52 1.06 2.39 2.36 1.98

Total 99.44 99.56 99.38 99.54 99.43 99.28
Qz 0.0 6.6 5.4 13.1 10.4 10.2
Or 2.8 1.7 1.7 6.3 6.0 6.4
Ab 22.8 18.5 19.1 33.8 34.0 33.6
An 29.9 35.1 37.4 21.8 23.2 22.0
Ne — — — — — —
DiWo 12.8 9.5 9.2 5.1 4.7 5.4
DiEn 7.5 5.2 4.9 2.6 2.4 2.6
DiFs 4.7 3.9 3.9 2.3 2.2 2.7
HyEn 6.6 8.2 7.4 5.0 5.6 5.2
HyF's 4.2 6.1 5.9 4.3 5.3 5.4
OlFo 1.3 — — — — —
OlFa 0.9 — — — — —
I 2.0 1.3 1.3 2.6 2.6 2.7
Mt 4.0 3.8 3.7 3.0 3.3 3.5
Ap 0.4 0.2 0.1 0.2 0.3 0.3

Total 99.9 100.1 100.0 100.1 100.0 100.0
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88 voleanic rocks were obtained by EPMA. For EPMA analysis, JEOL
LTD’ EPMA type JXA-733 of the Ocean Research Institute, University
of Tokyo, was used, and Fused Glass Method (glass specimen prepared
by fusing pulverised rock sample on Ir foil) was applied. Beam diameter
was 10 micron and beam current was kept at 12nA. Correction method
described by BENCE and ALBEE (1968) was applied.

The analytical results are presented in Table 3. Total Fe was con-
verted to FeO. In norm calculation, Fe,0,/FeO ratio is assumed to be
0.37 (weight ratio) which is determind from the lowest Fe,0,/Fe0O ratio
of the voleanic rocks, dredged from some knolls at the Myojin Basin and
adjacent knolls of the basin (ISHIKAWA, unpublished data).

DELP-88-T voleanic samples are basalt to andesite which show SiO,
contents of 49.7 to 58.4%. Voleanic rock samples (DR8-1T to DR8-3T)
from the northern wall of the ITheya Deep located in the Middle Okinawa
Trough show SiO, contents of 56.5 to 58.4%. Normative quartz is cal-

FeO*

o o nm
wN =

. \

Na20+K20 MgO

Fig. 2. AMF diagram of the voleanic rocks. Solid curve shows boundary

of Pigeonitic (tholeiitic) and hypersthenie (cale-alkaline) rock series (Kuno, 1976).
1: DR3-1T (basaltic scoria), 2: DR5B-1T and DR5B-2T (olvine-two
pyroxene basalt), 3: DRS-1T to 8T (two pyroxene andesite), TH:
tholeiitic rock series, CA: cale-alkaline rock series
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Naz=0+K=0

40 50

Si02

Fig. 8. (Na0+K,0)—S8i0, diagram of the voleanic rocks. Boundaries be-
tween the fields of three rock types (so-called low-alkali tholeiitic, high-alkali
tholeiitic and alkaline rocks) are shown by curves (after Kuno, 1968a).  Symbols
are the same as those in Fig. 2.

LT: low-alkali tholeiitic rocks, HT: high-alkali tholeiitic roeks,

A: alkaline rocks

culated for both voleanic rocks of the Middle and Southern Okinawa
Trough except for DR3-1T sample from the Yaeyama Central Knoll.
The volcanic rocks taken from Middle Okinawa Trough contain 10.2 to
13.1% of normative quarts, and the volcanic rocks from the Southern
Okinawa Trough 5.4% and 6.6%.

In AMF diagram by KuNo (1976), DR3-1T (basaltic scoria) and DRS-
1T to DR8-3T (twe pyroxene andesite) samples do not show FeO*-enrich-
ment and fall in the calc-alkaline field (Fig. 2). DR5B-1T and DR5B-2T
(olivine-two pyroxene basalt) samples are plotted arcund the boundary
line between tholeiitic and cale-alkaline rocks in Fig. 2, and fall in the
field of low-alkali tholeiitic rocks in the (Na,0+K,0)—SiO, diagram by
Kuno (1968a) (Fig. 3). In the FeO/MgO-SiO, diagram (MIYASHIRO, 1974),
the volecanic rocks are plotted near the boundary between cale-alkaline
and tholeiitic series. In the oxide-SiO, variation diagram (Fig. 4), the
values of Na,0, K,0 and TiO, against SiO, content of DR5B-1T and
DR5B-2T samples are higher than those of DR3-1T and DRS-1T and
DRS8-1T to DR8-3T samples which are characteristic of calc-alkaline roecks.
In contrast, the value of CaO against SiO, of DR5B-1T and DR5B-2T
samples show slightly high values when compared with those of DR3-1T
and DR8-1T to DR8-3T samples. The oxide values of the samples from
the central graben structure (DR3-1T and DR8-1T to DR8-3T) are plotted
along the variation trend of the voleanic rocks in the Middle and Southern
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Fig. 4. Major oxide-SiO, variation diagrams, Broken line shows the varia-

tion trend of the voleanic rocks in the Middle and Southern Okinawa Trough.
1: DR3-1T (basaltic scoria), 2: DR5B-1T and DR5B-2T (olvine-two
pyroxene basalt), 3: DR8-1T to 3T (two pyroxene andesite), 4: vol-
canic rocks from the Middle Okinawa Trough (KIMURA et al., 1986).
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Ti0-

Mn0Ox10 P20sx10

Fig. 5. MnO x10-P;05x10-Ti0, discriminant diagram for basalts and basaltic
andesites (45-54% SiO,) of oceanic regions. Boundaries between five fields are
after MULLEN (1982). Symbols are the same as those in Fig. 2.

CAB: calc-alkaline basalts, IAT: island arc tholeiites, MORB: mid-

oceanic ridge and marginal basin basalts, OIT: oceanic island tholeiites,

OIA: oceanic island alkaline basalts. )

Okinawa Trough of which data is cited from KIMURA et al. (1986). In
the MnO x 10—P,0, X 10 —TiO, diagram (Fig. 5) by MULLEN (1982), DELP-
88-T volcanic rocks are plotted in the fields of IAT (Island arc tholeiites)
and CAB (Calc-alkaline basalts). DR3-1T and DR8-1T to DR8-3T samples
show the cemical composition of cale-alkaline rock or tholeiitic rock of
Island Are type, as reported previously (KIMURA et al., 1986; UYEDA ef
al., 1985). The result is concordant with the geophysical data suggesting
that oceanic crust is absent in the central graben structure (NAGUMO ef
al., 1986). .
Voleanie rocks from DR5B are low-alkali tholeiitic rocks of Island
Arc type. In the oxide-Si0, variation diagram (Fig. 4), the plots for
these rocks are off the variation trend of volecanic rocks in the Middle
and Southern Okinawa Trough. The volecanic rocks of DR5B appear to

represent volcanic eruption on island arc setting, rather than a back-arc
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Table 5. phase chemistry of DR7-H sample.
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pyroxene-02 px-12 pyroxene-11 pyroxene-13 pyroxene-14
sotNo.| BED | S | Bl | Bm | 9% | e | S | s 372
Si0, 50.40 49.79 48.77 49.04 49.05 49.52 50.07 50.67 50.65
TiO, 0.18 0.17 0.16 0.17 0.16 0.12 0.12 . 0.19 0.20
AlO; 0.56 0.67 0.30 0.29 0.28 0.23 0.29 | 0.32" 0.55
FeO 20.87 22.45 37.23 37.71 38.03 36.85 35.90 21.30 20.11
MnO 1.16 1.17 1.83 1.89 2.10 1.95 1.73 1.14 1.13
MgO 7.63 7.93 9.22 8.79 8.55 9.66 10.87 7.21 8.02
Ca0 18.79 16.75 1.57 1.57 1.47 1.55 1.54 18.97 19.22
Nay0 0.32 0.23 0.02 0.04 0.02 0.03 0.04 0.25 0.25
K0 0.01 0.00 0.02 0.01 0.01 0.03 0.02 0.02 0.01
total 99,92 99.16 99.11 99.51 99.67 99.94 |100.07 { 100.07 | 100.14
ilm-01 ilmenite-03 magnetite-01 glass inclusion
rim core /pl-2 /pl-1
370 352 353 365 367 362 365
Si0g 0.14 0.09 0.05 0.18 0.15 78.68 79.87
TiO, 49.68 49.32 49,98 18.41 18.37 0.16 0.18
A1Os 0.07 0.06 0.07 1.17 1.23 11.14 10.17
FeO 46.63 46.21 46.85 74.49 T4.97 1.99 2.01
MnO 1.62 1.67 1.33 0.86 0.83 0.06 0.02
MgO 0.49 0.54 0.65 0.40 0.40 0.13 0.10
Ca0 0.06 0.04 0.07 0.01 0.01 0.72 0.66
Na,0 0.02 0.02 0.03 0.04 0.05 0.97. 1.09
K20 2.72 3.40
Cry03 0.00 0.060 0.00 0.08 0.07
V303 0.64 0.00 0.00 0.07 0.18
total 99.35 97.95 99.03 95.71 96.26 96.57 97.50
pl-08 pl-17 plagioclase-03 plagioclase-02 pl-01 plagioclase-16
core core core core rim core core Tim core’
349 355 356 357 360 361 364 373 374
Si0; 62,71 63.22 64.50 64.78 63.62 61.92 63.21 63 .32 64.56
TiO, 0.02 0.00 0.00 0.02 0.01 0.02 0.00 0.00 0.00
Al 04 24.31 24.67 23.80 23.53 23.77 24.40 23.83 23.98 23.43
FeO 0.20 0.16 0.16 0.14 0.12 0.18 0.15 0.16 0.16
MnO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MgO 0.03 0.02 0.03 0.02 0.02 0.02 0.03 0.02 0.02
Ca0 6.07 5.94 5.17 5.00 5.19 6.46 5,74 5.56 4.99
Naz0 8.20 7.95 8.30 7.89 8.04 7.73 8.16 | 8.16" 8.19
K;0 0.28 0.28 0.32 0.32 0.29 0.28 0.30 -0.29 0.31
total | 101.82 | 102.24 | 102.28 | 101.70 | 101.06 | 101.01 | 101.42 | 101.59 IOi ."66
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Table 6. phase chemistry of DR8-H sample.
ot |z [ ams | Gl [ O T

spot No.| 298 331 332 303 304 329 330 343 344

Si0, 779 | 17.22 | T7.56 | 76.14 | 78.83| 75.85| 75.21 | 7T6.68 | 176.23

TiO, 0.38 0.21 0.20 0.41 0.44 0.18 0.17 0.26 0.35

Al0; 11,19 11.84| 10.87 | 12.41 | 11.68 | 11.42 | 11.23 | 11.52 | 10.74

FeO 1.41 1.33 1.13 3.31 2.06 2.50 2.62 4.82 4.48

MnO 0.056 0.00 0.01 0.06 0.04 0.11 0.07 0.07 0.15

MgO 0.10 0.05 0.07 0.17 0.09 0.33 0.29 0.40 0.49

Ca0 0.53 0.70 0.42 1.05 0.51 0.60 0.59 0.34 0.76

Naz0 0.47 1.62 0.78 1.16 0.92 0.69 0.64 0.60 0.36

K:0 1.93 1.38 1.68 2.15 1.78 1.14 1.43 2.31 1.12

total 93.85| 93.85 | 92.22 | 96.96 | 96.30 | 92.82 | 92.25 | 96.50 | 94.68

pyroxene-11 pyroxene-12 px-13 pyroxene-14
ot No| B | B | By | e | o | o | | | |
Si0, 52.15 | 52.29 | 50.35 | 51.23| 51.50 | 51.63 ! 51.25 | 51.72| 51.23 | 49.98
TiO, 0.33 0.40 1.02 0.46 0.51 0.31 0.25 0.20 0.23 0.24
Al,03 1.00 1.30 2.12 1.47 1.77 0.74 0.82 1.15 0.72 0.73
FeO 21.84 1 20.16 | 10.28 | 14.72 | 12.31 | 24.49 | 13.54 | 22.12| 13.17| 31.06
MnO 0.81 0.68 0.35 6.78 0.49 1.04 0.45 0.72 0.54 0.87
MgO 21.14 | 22,45 18.48 | 12,57 | 12.75| 19.47| 11.89| 20.86 | 11.92 | 14.42
Ca0 1.51 1.70 | 21.01 | 18.20 | 20.52 1.63 | 20.08 1.30 | 19.91 1.46
Nag0 .03 0.03 0.33 0.22 0.26 0.03 0.23 0.04 0.25 0.03
K0 0.02 0.00 0.00 0.01 0.02 6.02| 0.01 0.00 0.02 0.01
Cr03 0.02 0.00 0.00 0.02 0.00 0.02 0.10 0.03 0.03 0.00
total | 98.83 | 99.01 | 99.54 | 99.68}101.13} 99.37L 99.62} 98.14‘ 93.02 | 98.80
ilmenite-11 ilmenite-03 magnetite-04 magnetite-01

i o T | e [T | e [ o | B | b | B | we | o
Si0, 0.15 0.06 0.06 0.22 0.04 0.25 0.32 0.28 0.14 0.18
TiO, 483,29 | 49.55 | 48.40 | 50.10 | 49.88 | 18.35 | 18.04 | 17.51 | 18.56 | 18.90
Al0; 0.18 0.25 0.24 0.11 0.11 1.70 1.565 1.63 1.67 1.64
FeO 45,77 | 45.98 | 45.65 | 46,90 | 46.52 | 73.82 | 72.34 | T4.36 | 74.42 | 73.32
MnO 0.75 0.75 0.69 1.03 0.95 0.69 .73 0.84 6.77 0.69
MgO 2.89 2.53 2.75 1.25 1.89 0.86 0.87 0.72 0.84 0.82
Ca0 0.03 0.01 0.01 0.03 0.08| 0.00 0.06 0.01 0.00 0.02
Crs0s 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Va0s 0.00 0.20 0.49 0.63 1.00 0.65 0.84 1.01 1.12 1.33
’ total 97.56 | 99.33 | 98.29 | 160.27 | 99.97 | 96.32 | 94.75 | 96.36 | 97.52 | 96.90
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plagioclase-11 | plagioclase-12 | pl-18 | plagioclase-14 | plagioclase-01 | pl-02

spot No. égg 0208? gim core core core core rim core core

99 300 310 314 319 320 328 342
Si0, 55.76 | 53.99 | 57.83 | 59.40 | 54.832 | 60.52 | 53.88 | 61.28 | 61.92 | 58.83
TiO, 0.04 0.04 0.01 0.00 0.03 0.01 0.04 0.00 0.00 0.01
Al,05 27.67 | 28.89 | 26.63 | 25.80 | 28.74| 25.55| 28.68 | 25.06 | 23.77 | 25.99
FeO 0.37 0.31 0.23 0.21 0.32 0.18 0.58 0.17 0.13 0.18
MnO 0.00 0.00 0.60 0.00 0.00 0.00 0.01 0.00 0.00 0.00
MgO 0.07 0.07 0.04 0.04 0.07 0.03 0.08 0.04 0.02 0.04
Ca0 10.82 | 12.34 9.57 8.36 | 12.21 7.61| 12.27 7.10 5.72 8.73
Na,0 5.66 4.83 6.34 6.81 4.98 6.47 4.84 7.46 7.73 6.97
K0 0.13 0.09 0.14 0.16 0.07 0.21 0.04 0.19 0.22 0.17
total | 100.52 | 160.56 | 100.79 | 100.87 | 100.74 | 1060.58 | 100.42 | 101.30 | 99.51 | 100.92

Table 7. Temperature and oxygen fugacity for phenoccryst and microphenocryst
crystallization of DELP-88 samples.

Sample No. DR5B-H DR7-H DR3-H
T°C (1) 1100 800 950
T°C (2) 782 880
Alog 0, (FMQ) (2) - 0.7 - 0.1
dlog £0, (FMQ) (3) —1.4

(1) pyroxene thermometry after the method of Lindsley (1983).

(2) Iron-titanium oxides thermometry and oxygen barometry after the method
of Anderson and Lindsley (1988).

(8) Redox estimation by Mg-Fe partitioning between magma and plagioclase
(SaTO 1989).

rift system. In fact, the location of DR5B can be regarded as south-
western continuation of Quaternary-volcanic front of the Ryukyu Are
(KATO ef al., 1982; UEDA, 1986).

5. Phase chemistry

Chemical compositions of glass and phenocerysts of DELP-88 samples
are obtained using JEOL JXA-733 of the Ocean Research Institute,
University of Tokyo, and tabulated in Table 4 to 6, and shown in Fig. 6
through 9.

Fig. 6 shows the composition of olivine and pyroxene phenocrysts
in basalt (DR5B-H), dacite (DR7-H) and andesite (DR8-H). Olivine
phenocrysts in the basalt show both nomal and reverse zonings, and
their Mg/(Mg+Fe) ratios range from 0.68 to 0.79. Mg/(Mg+Fe) ratio
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Fig. 6. Pyroxene quadrilateral of DELP-88 samples. Analyses of con-
tiguous crystals are shown by tie-lines. Olivine composition is also shown in
the base of DR5B quadrilateral.

of orthopyroxene phenocrysts are 0.70-0.74 in the basalt, 0.58-0.68 in
the andesite and 0.28-0.36 in the dacite. As a whole, it apparently
_shows iron enrichment trend common to tholeiitic rock series (KUNO,
1968b). This is in harmony with the reduced nature of the magma as
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TiO, Tio,

FeO Fe;0, Fe,0, FeO Fe 0, Fe,0,

Fig. 7. Compositions of iron-titanium oxides in DR7 and DR8 samples.
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Fig. 8. Compositional profiles of plagioclase phenocrysts in DR8 andesite.
Note that Ca/(Ca+Na) ratio of the core of each phenocryst is rather constant,
but differs from one another.

will be discussed later. The lack of marked iron enrichment in the
bulk rock composition of the suite may be caused partly by internal
magma mixing as suggested by the presence of wide compositional range
of phenocryst plagioclase in the andesite (Fig. 8). Fig. 7 shows the
composition of microphenocryst magnetite and ilmenite in the andesite
and dacite. Magnetites are rich in ulvospinel component, whereas il-
menites contain little hematite components in these voleanic rocks.
Zoning profiles of plagioclase phenocrysts in the andesite (DR8-H)
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Fig. 9. Compositicn of plagioclase phenoerysts in DELP-88 samples.

are shown in Fig. 8, and compositional relations between K,O, MgO, and
FeO contents and Ca/(Ca+Na) ratio of plagioclase are shown in Fig. 9.
Fig. 8 illustrates variable core compositions of plagioclase phenocrysts in
the andesite. Ca/(Ca+Na) ratic of the core ranges from 0.29 to 0.59.
The K,O content of plagioclase increases and the MgO and FeO contents
decreases as Ca/(Ca-+Na) ratio decreases in the andesite and dacite, while
both MgO and FeO contents of plagioclases as Ca/(Ca-+Na) ratio de-
crease.

Temperature and oxygen fugacity of crystallization of magmas were
obtained from the average compositions of phenocrysts and micropheno-
crysts in DELP-88 samples, and the result is shown n Table 7. Tem-
perature of ecrystallization is estimated by the pyroxene thermometry
of LINDSLEY (1983) for all the three samples, and also by iron-titanium
oxide thermo-barometry after the method of ANDERSON and LINDSLEY
(1988). The crystallization temperature of the DR5B-H basalt is ca.
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1100°C at 1 atmosphere by pyroxene thermometry. The ecrystallization
temperature of DR7-H dacite is ca. 800°C by pyroxene thermometry and
783°C by iron-titanium oxide thermometry. For DRS8-H andesite, the
two methed show some discrepancy ; i.e. 950°C by pyroxene thermometry
and 830°C by iron-titanium oxide thermometry. The discrepancy may
be caused partly by the wide compositional range of pyroxenes and iron
oxides of the andesite (Fig. 6 and 7). DR8-H andesite contains micro-
phenocryst of hornblende, and the experimentally determined maximum

IHEYA DEEP

(a) Shibata et al. (1984)

(b) Uyeda et al. (1985) .

(e¢) Kimura et al. (1986)

(d) Hydrographic Dept. (1987)

(e) Furukawa et al. (199
e

s B &l._?;
7920.39 (a)E
NG F 2

50" 7 127700 10’ LS
Fig. 10. Submarine topographic map and K-Ar ages of the Iheya Deep.
Black arrows show the distribution of rocks dated by K-Ar method.

Table 8. K-Ar age of volcanic rocks determined by FURUKAWA (unpublished
data). Location of samples are represented in Table 1.

Radiometric Air K-Ar Age
Sample No. ~ K (Wt%) | 10A1r%10-8 S.T.P. (em3/g) | contamination (Ma)
DR5B-K hbasalt \ 0.300 0.5884 98.3% 0.505-£0.453
DR7-K dacite 1.954 0.8432 91.2% 0.112+0.019
DR8-K andesite 2.011 3.8711 98.0% 0.496+0.380
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gtability of hornblende in such magmas are 900-950°C (EGGLER and
BurNHAM, 1973), and are in accord with the estimated temperature of
the DR8-H magma by the present methods.

The oxygen fugacity of DELP-88 samples expressed by difference
from those defined by fayalite-magnetite-quartz (FMQ) assemblage (Alog
f0,) are shown in Table 7. Unequivocally, they indicate rather reducing
conditions of crystallization of phenocrysts of basalt, andesite and dacite
in the Okinawa Trough region. Most of mid-oceanic ridge basalt show
Alog fO, (FMQ) of 0 to —2 (CHRISTIE et al., 1986 ; SATO, 1989), whereas
the arc basalt shows slightly oxidized conditions of crystallization (CARMI-
CHAEL, 1968). It is remarkable that basalt and andesite of DELP-88
taken from arc to back-arc environments have rather reducing condltlons
of phenocryst crystallization.

6. K-Ar age studies

K-Ar analyses were performed on three volcanic rocks dredged from
the Irabu knoll (DR5B) and from northeastern and northwestern wall of
the Theya Deep (DR7 and DR8) (FURUKAWA, unpublished data).

Results of the K-Ar age studies are summarized in Table 8. In

26 -
| |

K~Ar Age
YAEYAMA GRABEN

- (a) Hydrographic Dept. (1987)
? (b) Furukawa et al. (1%90)

25

24

123° 124° ) 125° 126°

o

Fig. 11. Submarine topographic map of the southwestern part of the
Okinawa Trough and its adjacent area. Black arrows show the distribution of
rocks dated by K-Ar method,
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Figs. 10 and 11, the present K-Ar age together with reported K-Ar age
(HYDROGRAPHIC DEPARTMENT OF MARITIME SAFETY AGENCY JAPAN 1987;
KIMURA et al., 1986 ; SHIBATA et al., 1985) are plotted on - topographic
maps. '

The results, in addition to previous age studies, indicate that velcanic
rocks erupted later than 1 Ma, and suggests that the volecanism occurred
simultaneously in the Yaeyama Graben and in the ITheya Deep (FURU-
KAWA, unpublished data).
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DELP-88 #i{ TR, MBI UEEHE IS 78S Fv y Uikl iibhn, TORO M
& (DR3, DR5B, DR7, DR8, k¢ DRI0) £ oklLEEsEREN:. chbd b7 7
BRI TWVS 75 —<vohifosrA (DR, DR8) 3hr s 7ah VEEEERY v T A
FOREAERL, CRETHEINTHLALEMTHRELANNTSS. COBRE, COEHETH
HEHESERIN TR ELSHEPEZEOF — 2 L& FE L.

DR5B k&3 BB OBSAETAZRTAI ) Vv T A4 FTHY, B-Si0: T+ 7
7 rhEE A R T 52 A LR XA S 5. DREB OfrEid, HEiloklr vy FOFEEERE HICH
BT EMD, ZOKIEOBRIIALT v Y MR- D THATEEELH 5.

Theya Deep @kl @ K-Ar £#4 0.112+0.019Ma (DR7) ~ 0.496::0.380 Ma (DR8) %%
L, WFEnd 1Ma X0 &FHLLALESHCLE 50 THS. 351 Yaeyama Graben o:kiliE
b 1Ma LOFHLLCEAOBBABPCESL2b0THS. kL7 ey tOER LICNET S
DR5B @ K-Ar 4ER3 0.505-20.453 Ma %57
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