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Abstract : Nd- and Sr-isotopic evidence of back-arc rift and arc lavas from the Izu
-Ogasawara Arc are described with published isotope and trace element data. The rift
lavas have geochemical features similar to back-arc basin basalt. Constraints imposed by
the isotopic and trace element data require ternary mixing involving depleted MORB, IAT
(island-arc tholeiite), and DUPAL components for the generation of the rift lavas. In the
rifting stage, mixing of N-MORB and DUPAL materials results in the production of an

E-MORB-like material. The E-MORB-like material intruded into the IAT material.
This process results in the source material mixings and therefore must ultimately produce

the rift magma.

1. Introduction

In general, geochemical evidence of back
-arc basin basalt (BABB) in intra-oceanic
setting such as Mariana Trough shows inter-
mediate features between N-MORB and
island-arc basalt (e.g. Hawkins and
Melchior, 1985; Volpe et al, 1987). The
geochemical variability of BABB has been
explained by mixing between N-MORB and
arc magmas (Volpe et al., 1987).

The Sumisu and Mpyojin rifts are an
excellent example of nascent back-arc basin
behind the Izu-Ogasawara (Bonin) Arc which
is located along the boundary between of the
Pacific and Philippine Sea plates parallel to
the Izu-Ogasawara trench (Ikeda and Yuasa,
1989) (Fig. 1). Chemical compositions of the
rift basalts are similar to BABB (Ikeda and
Yuasa, 1989 ; Hochstaedter et al., 1990a, b;
Tkeda, 1990) (Fig. 2). In this case, a model of
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mixing between E-MORB and island-arc
tholeiite magmas to produce the rift basalts
has been proposed by Ikeda and Yuasa (1989).
The magmatic evolution model for the rift
lavas indicates that the general model of
BABB established in the Mariana Trough
(Volpe et al., 1987) is not globally applicable.
Consequently studies on the origin of the E
-MORB-like source, in back-arc basin envi-
ronments are yet insufficient.

The purpose of this paper is to describe Nd
isotope ratios of the rift lavas with published
isotope and trace element data of Ikeda and
Yuasa (1989) and Hochstaedter et al. (1990b)
and to investigate further constraints on
characteristics of the E-MORB-like end
-member component more accurately
including the formation process of the rift
magma.

2. Samples and analysis

The samples for Nd isotopic analyses were
chosen from those previously analysed for
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Fig.1 Location map of the Izu-Ogasawara Arc.
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Fig. 2 Cey/Sry/Smy discriminant diagram (Ikeda, 1990) for the back-arc rift basalts from the
Izu-Ogasawara Arc (data from Ikeda and Yuasa, 1989 ; Hochstaedter et al., 1990b). N
-MORB (N type mid-ocean ridge basalt), E-MORB (E type mid-ocean ridge basalt),
OIT (ocean island tholeiite), OIA (ocean island alkaline basalt), BABB (back-arc basin

basalt), IAT (island-arc tholeiite).
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major and trace elements, and Sr isotope
ratios by Ikeda and Yuasa (1989).

Nd isotope ratios for the samples were
determined by VG micromass spectrometer
(30-54R) at the Geological Survey of Japan.
Nd isotope ratios were analysed as NdO*
using Re single filament and were normalized
to SNd/"**Nd =0.7219. The measurements
of the La Jolla Nd standard during the
experiment is 0.51183+£0.00002. As the value
is lower by three in the last digit than the
actual value of La Jolla (0.51186), we added
three to the last digit of our data.

3. Results

Nd isotope ratios of lavas from the Sumisu
and Myojin rifts and island-arc tholeiite from
the Torishima knoll (Fig. 1) are presented in
Table 1 with contents of SiO, and trace
element ratios, and Sr isotope ratios in Tkeda
and Yuasa (1989). 8Sr/%Sr ratios of the rift
lavas are higher than for Pacific N-MORB
(0.70242-0.70283 : Ito et al., 1987 ; White et
al., 1987) and E-MORB (FAMOUS area,
0.70276-0.70296 : Dupré et al., 1981) and lower
than those of island arc tholeiites (IAT) of the
Torishima knoll. **Nd/***Nd ratios for the
rift lavas range from 0.51301 to 0.51308 and

are lower than or equal to those of Pacific N
-MORB, E-MORB (Allégre et al., 1983 ; Ito
et al., 1987 ; White et al., 1987) and IAT of
the Torishima knoll. As shown in Hochsta-
edter ef al. (1990b), the Nd-Sr isotope ratios
of the rift lavas are in the range of the most
enriched MORB and BABB from an intra
-oceanic back-arc basin such as the Mariana
Trough and Lau Basin. A plot of *#*Nd/**Nd
versus *’Sr/%*Sr (Fig. 3) shows the transi-
tional nature of the rift lavas which plot
between the defined fields for N- & E
-MORB and Izu-Ogasawara arc lavas. Also
note that the data distribution of the rift
lavas extends toward DUPAL OIB (Dupal
anomaly ocean island basalt) and are appar-
ently affected by arc components.

4. Discussion

Ikeda and Yuasa (1989) suggest the
principal component in the mantle source
region beneath the rift is similar to an E
-MORB source and a mixing model between
E-MORB and island-arc magmas to produce
the rift lavas. Hochstaedter ef al. (1990a, b)
also propose similar generation model for the
rift lavas: enriched blobs or mantle en-
trained in a more depleted matrix. High 2°Pb/

Table 1 SiO, (wt. %) compositions and Sr-, Nd-isotope and trace element ratios of volcanic
rocks from back-arc rift and volcanic front of the Izu-Ogasawara Arc.

Sample siog  Rbssrf Nassr* swNa® Bascet  (Ceswb)y*  8Tsr/BOsrazg?  143yg/144yaras
Myojin rift
D609-1 49.74 0.017 0.033 0.31 5.31 1.30 0.70332%6 0.51303+2
Sumisu rift
D643-2 48.08 0.027 0.039 0.28 3.05 1.44 0.70302%9 0.51301%4
D462 47.50 0.013 0.029 0.34 4.49 1.16 0.70307+2 0.51308+3
D460-2 48.17 0.022 0.037 0.32 2.83 1.34 0.70323+10 0.51308+2
D460-1 57.94 0.069 0.079 0.26 4.91 1.72 0.70305=3 0.51306+1
D462-1 49.61 0.017 0.037 0.34 4.68 1.12 0.70320+4 0.51308+3
D894-2 50.00 0.043 0.040 0.31 3.71 1.85 0.70315£30 0.51303+2
Torishima knoll
D648 50.91 0.017 0.030 0.36 9.40 0.71 0.70343+4 0.51309+3

# gata from Tkeda and Yuasa (1989)

—415—




Fig. 3

Fig. 4
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Plot of “*Nd/**Nd versus Sr/%Sr for samples from the back-arc rifts and volcanic
front of the Izu-Ogasawara Arc (solid circle ; Hochstaedter et al., 1990b, solid circle
with bar; this report). Pacific MORB (Ito et al., 1987, White et al., 1987), E-MORB
(FAMOUS area, open square; Allegre et al., 1983), JAT (Izu-Ogasawara arc:
Torishima knoll-D648 ; Kaitoku & Nishinoshima, Lin et al., 1990, this report), DUPAL
OIB (Dupuy et al., 1987).
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Ba/Ce versus (Ce/Yb)y diagram for samples from the back-arc rifts and volcanic front
of the Izu-Ogasawara Arc (solid circle ; Hochstaedter et al, 1990b; solid circle with
bar ; this report). The mixing line using equation of Vollmer(1976) between island-arc
tholeiite (Torishima knoll : D648 ; Ce=5.79 ppm, Yb=2.07 ppm, Ba/Ce=9.40) - E
-MORB (Sun and McDonough, 1989 ; Ce=15.0 ppm, Yb=2.37 ppm, Ba/Ce=3.8) is shown
as solid line. r: function of extent of the curvature between the two end-members and
of the overall curvature of the hyperbolic curve.
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Fig. 5 Source mixing model on #Sr/®Sr vs. Rb/Sr (A), 8Sr/®Sr vs. Nd/Sr (B) and **Nd/**Nd

vs. Sm/Nd (C).

Linear trend on the plot is mixing line between N-MORB and EC

(DUPAL source material = old oceanic lithosphere). The back-arc rift data are from
Hochstaedter et al. (1990b) (solid circle) and this report (solid circle with bar). Data
source of hypothesized end member source components : N-MORB & EC (Volpe ef al.,
1990), E-MORB (Allegre et al., 1983 ; Sun and McDonough, 1989), DUPAL OIB (Dupuy
et al., 1987), IAT (D648 of this report).
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204Ph and moderate 2°7Pb/?**Pb of the rift la-
vas compared with Pacific N-MORB
and Izu-Ogasawara Arc lavas suggest that
the source of the rift lava reflects an ancient
enriched mantle component and a DUPAL
component (Dupré and Allégre, 1983 ; Hart,
1984) exist beneath the Philippine plate
(Hochstaedter et al, 1990b) as a cause for
similar unusual values from the Philippine
Sea and eastern Philippine arc (Mukasa et al.
1987).

In the following section, taking the above
geochemical informations into consideration,
we evaluate and modify the two-component
mixing model for the rift lavas of Ikeda and
Yuasa (1989) using Nd- and Sr-isotopic and
available trace element data.

Constraints on the nature of the rift lava
source regions can be obtained from Ba-Ce
-Yb systematics (Fig. 4). The rift lava
compositions are more similar to E-MORB
than to N-MORB. The data distribution of
the rift lavas suggests that two-component
mixing melts in the source region can
account for the observed correlations. End
-member values are constraints by asymtotes
and intercepts for hyperbolic and linear
mixing curves calculated from the data
(Vollmer, 1976). One component has a
composition similar to E-MORB, while the
other end-member resembles IAT from the
Torishima knoll. As shown by Vollmer
(1976), the mixing curvature (r=2.26) in Fig. 4
is determined by the ratio, where in the
present case: r=Ce(E-MORB)-Yby(IAT)/
Ce(IAT) Yby(E-MORB). The results support
the earlier conclusion of Ikeda and Yuasa
(1989). The IAT magma has a signature
similar to depleted mantle that has been
metasomatized by Ba-rich and REE-poor
fluids from a subducted slab (Lin ef al., 1989)
(Fig. 4).

There is also correlation on plots of Nd
and Sr isotopic ratios versus Rb/Sr, Nd/Sr
and Sm/Nd elemental ratios, which interpret
as due to recent mixing rather than closed
system evolution of a common homogeneous
source (Fig. 5). The fit of the data to a linear

trend suggests that the isotopic variation of
the rift lavas can be explained by two
-component mixing of IAT and E-MORB.
The disperse of data may be reflect source
heterogeneity. ‘

As shown by Hochstaedter et al. (1990b), if
the rift lavas reflect the effect of a DUPAL
component, the position of E-MORB in Fig. 5
should be expressed by binary mixing of N
-MORB and DUPAL components. The
DUPAL component, however, reflects
fragment of old oceanic lithosphere, EC
(enriched component) as shown by Volpe et
al. (1990), rather than DUPAL OIB source
material such as Marquesas (Dupuy ef al.,
1987) (Fig. 5).

From the above arguments, it is concluded
that the generation process for the rift lavas
results in ternary mixing involving depleted
MORB component, JAT component and EC
with DUPAL component. A plausible genera-
tion model is summarized as follows: In the
rifting stage, N-MORB and EC can be
expected to mix. The mixed material
produces an E-MORB-like material. The E
~-MORB-like material intrudes into a IAT
material. The process results in mixing and
must ultimately produce the rift magma.
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