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Thematic Article

Fukutoku-oka-no-ba Volcano: A new perspective on the Alkalic Volcano
Province in the Izu-Bonin-Mariana arc
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Abstract Pumice samples from Fukutoku-oka-no-ba in the Izu—Bonin-Mariana (IBM)
arc were analysed for 40 trace elements and Sr, Nd, and Pb isotopic compositions. These
samples are shoshonites (59.4-61.8 wt% SiO»), characterized by high contents of K5O
(3.74-4.64 wt%), Ba (1274-1540p.p.m.), Rb (91-105p.p.m.), and light rare earth ele-
ments. The characteristics of alkali-element enrichment are similar to those of other
parts of the Alkalic Volcano Province (AVP) in the northern Mariana and southernmost
Volecano arcs. Sr  (*"Sr/*Sr = 0.7036-0.7038) and Pb isotopic compositions
(2Po/2Pb = 19.08-19.11, 2°"Pb/2™Pb = 15.62-15.63, 2°*Pb/2**Pb = 38.85-38.91) of
Fukutoku-oka-no-ba pumice are relatively radiogenic, whereas Nd is unradiogenic
(M3NA/MNd = 0.51283-0.51286). Fukutoku-oka-no-ba is isotopically distinet from Iwo
Jima and is similar to the Hiyoshi Volcanic Complex, suggesting that Fukutoku-oka-no-
ba might have a magma source similar to that of the Hiyoshi volcanic complex. Plots of
Pb and Nd isotopes for AVP lavas trend toward the fields of ocean island basalt (OIB)
source and pelagic sediments, which are possible sources of AVP enrichments.

Key words: Fukutoku-oka-no-ba, igneous rocks, island arc, Izu-Bonin-—Mariana arc,

shoshonites.

INTRODUCTION

The Volcano and Mariana arcs are the southern
parts of the 3000-km-long Izu-Bonin-Mariana
(IBM) arc system formed by the subduction of the
Pacific plate beneath the Philippine Sea plate.
Two different magma series, alkalic and cale-al-
kalic-tholeiitic, are recognized in the IBM are
system. Lavas from most of the IBM arc are
calc-alkalic to tholeiitic (Stern et al. 1984; Meijer
1976; Stern 1979; Dixon & Batiza 1979; Meijer &
Reagan 1981, 1983; Hole et al. 1984; Dixon & Stern
1983; Stern et al. 1988), while the northernmost
Mariana and southern Volcano arcs are dominat-
ed by high-K calc-alkaline to shoshonitic lavas
(Stern et al. 1984; Bloomer et al. 1989; Lin et al.
1989). The volcanoes of Iwo Jima, Fukutoku-oka-
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no-ba, and the Hiyoshi volcanic complex comprise
the Alkalic Volcanie Province (AVP).
Fukutoku-oka-no-ba Volcano is located at
24°17TN, 141°29E, ~70km south-southeast of
Iwo Jima and just east of Minami Iwo Jima
(Fig.1). Five eruptions (1904-05, 1914, 1973, 1986
and 1992) and several other events producing
discoloration of seawater have been recorded
this century (Ossaka 1991; Furukawa 1995). Our
understanding of this volcano is limited because
it is submarine. One analysis of pumice from the
1914 eruption showed geochemical similarities to
Iwo Jima lavas (Tsuya 1937). Samples studied
here were collected from pumice rafts formed by
the 1986 and 1992 eruptions. Petrography, min-
eral chemistry, major elements and 13 trace el-
ements analysed by photo-activation technique
are reported elsewhere (Yoshida et al. 1987;
Kato 1988; Ossaka 1991; Furukawa 1995). Yosh-
ida et al. (1987) show that these pumices have
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Fig. 1

Locator map. (a) lzu—Bonin—Mariana (IBM) arc system. Dashed box shows the location of (b). (b) Mariana and Volcano arcs (modified

after Chase et al. 1968). The Alkalic Volcanic Province (AVP) lies in the northernmost Mariana and southern Volcano arcs. The study area is
shown in the dashed box. (c¢) Location of AVP volcanoes. Only Kita Iwo Jima, Iwo Jima, and Minami Iwo Jima are above sea-level. SMT,

seamount. Isobaths in hundreds of fms.

clear island are signatures with a negative Nb
anomaly on mid-ocean ridge basalt (MORB)-
normalized element abundance diagrams. In this
contribution, analyses of Nd-, Sr-, and Pb- iso-
topic ratios and of 40 trace elements are pre-
sented and interpreted to reveal petrogenetic
relationships between Fukutoku-oka-no-ba and
lavas from other IBM arc volcanoes.

METHODS

Pumice samples in the present study are vesic-
ular and contain mafic inclusions. The host
pumices and their inclusions have similar mineral
assemblages of clinopyroxene, olivine, and pla-
gioclase + magnetite. Even though pumice and
inclusions are suggested to be derived from the
same magma source (Kato 1988), careful sepa-
ration was done to reduce the possible contami-
nation from inclusions.

Major and trace elements were analysed in the
Regional Sciences Laboratory, Fukushima Uni-
versity, Japan using X-ray fluorescence (XRF)
and inductively coupled plasma mass spectro-
metry (ICP-MS), respectively. Analytical proce-
dures are reported by Kimura et al. (1995) and
Kimura and Yamada (1996). Isotopic compositions
of Sr, Nd, and Pb were determined on the Finn-
igan MAT261 multicollector mass spectrometer
at the University of Texas at Dallas (UTD), USA.
Since these samples had drifted in the ocean for
periods from a few days to 9 months before being
collected, they may have been contaminated by
interaction with seawater and so were analysed
before and after leaching with 6 mol/LL HCl for 2 h.
The Sr data are normalized to 3"Sr/**Sr = 0.70800
for E&A SrCOj; standard. Seven analyses of the
E&A SrCO; during the present study yielded a
mean *'Sr/**Sr value of 0.708014 + 0.000035 (total
range). The 143N d/MNd value was normalized to
MONd/"*Nd = 0.72190. The mean “*Nd/**‘Nd
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value was 0.511856 + 0.000018 for five measure-
ments of the UCSD Nd standard. eNd was cal-
culated by using the data of Pier et al. (1989) for
the UCSD Nd standard to compute the bulk earth
145N d/***Nd value appropriate for the UTD lab.
Pb was purified by the single-bead technique after
a conventional anion exchange technique (Manton
1988). Pb isotopes were analysed at 1350 °C and
the ratios were corrected for a 0.15%/a.m.u.
thermal fractionation. Nine analyses of NBS-981
gave mean values of 2°°Pb/2%*Pb = 16.948 + 0.008
(total range), 2°"Pb/***Pb = 15.507+0.015, and
205/ 204Ph = 36.766 + 0.042.

RESULTS

Chemical data for six Fukutoku-oka-no-ba pum-
ices are listed in Tables 1 and 2. No significant
differences are observed between the products of
the two successive eruptions, except that pumice
from the 1992 eruption (FO92-1) has higher
MgO, CaO, Cr, and Ni, but lower V and Pb
contents than 1986 pumices (FO86-1-5). It is
believed that the chemical differences between
the two eruptions may be due to a higher pro-
portion of mafic inclusions in FO92-1.

Lavas in the AVP have high concentrations of
large ion lithophile (LIL) and light rare earth
elements (LREE). Fukutoku-oka-no-ba pumices
are the most siliceous of all AVP lavas, and have
high K»0 contents (3.74-4.64 wt%) and high K0/
NaoO values (0.79-0.90). These samples are
called shoshonites on the basis of the KyO-SiO,
diagram (Fig.2) but would be ‘“rachytes’ by the

classification scheme of Irvine and Baragar
(1971). The pumice samples are chemically simi-
lar to other AVP lavas and are even more en-
riched in elements such as Rb (91-105p.p.m.), Ba
(1274-1540 p.p.m.), Th (17.2-22.5p.p.m.), U, Nb,
and Pb than are other AVP rocks. A Nb-Ta
‘trough’, characteristic of arc lavas, is clearly
visible on an element compatibility diagram
(Fig. 3a).

Incompatible element ratios K/Rb, K/Ba, and
Ba/La reflect the composition of the magma
source. The K/Rb, K/Ba, and Ba/La values in
Fukutoku-oka-no-ba pumices are 341-374, 21-28,
and 17-21, respectively, indistinguishable from
the values (406 +84, 28+ 7, and 19+ 3; Lin et al.
1989) of other AVP lavas but lower than those of
calc-alkalic-tholeiitic series lavas (e.g. values are
469 + 84, 31 +9, and 37 + 13 for the Central Island
Province; Lin et al. 1989). The REE patterns of
the pumices are shown in Fig.3(b). These rocks
are strongly LREE enriched ((La/Yb)n = 13.4—
15.5), with negative europium anomalies (Eu/
Eu = 0.81-0.86). Low-pressure fractional crys-
tallization involving plagioclase may have caused
the negative europium anomalies. The flat heavy
rare earth element (HREE) patterns observed
for the samples are common for IBM arc lavas
and indicate that mantle melting involving re-
sidual garnet is not important for the evolution of
these magmas.

The Sr, Nd, and Pb isotopic compositions of
Fukutoku-oka-no-ba pumices are listed in Ta-
ble 3. The Sr isotopic data show significant low-
ering of ®'Sr/*Sr following 6 mol/L HCI leaching.
For example, the *'Sr/**Sr values in FO86—4 for

Tablel Major element chemical analyses from Fukutoku-oka-no-ba Volcano

Sample no. FO86-1* FO86-2* FO86-3* FO86-4* FO86-5* F092-1'
Si0; (Wt%) 61.22 61.15 60.52 61.82 59.42
TiO, 0.55 0.57 0.52 0.54 0.55 0.60
ALOy 16.67 16.59 16.09 16.53 16.29 14.83
Fe,03 1.87 2.24 1.50 1.68 1.73 5.67"
FeO 2.80 2.78 2.99 2.98 2.91 —
MnO 0.17 0.18 0.17 0.17 0.17 0.16
MgO 2.16 1.96 2.19 1.99 148 3.47
Ca0 3.34 3.8 3.57 3.70 3.45 5.25
Na,0 5.36 5.21 5.97 5.24 5.12 4.73
K0 4.44 433 4.24 4.64 3.74
H,0+ 114 1.28 2.56 2.12 1.53 —
H;0- 0.10 0.13 0.25 0.11 0.14 —
P,0; 0.19 0.19 0.17 0.19 0.19 0.21
Total 100.01 99.99 100.00 100.01 100.02 98.04

*Yoshida et al. (1987); T analysed in the present study.
“Total Fe calculated as Fes0s.
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Sample no. FO086-1 F086-2 FO086-3 FO086-4 FO086-5 F092-1
Rb (ppm) 105 98.7 99.9 94.3 103 91.1
Sr 448 427 403 421 566
Ba 1540 1307 1274 1405 1418 1472
Zr 274 243 236 246 254

Y 33.4 32.4 31.4 30.7 32.4 29.6
La 73.1 74.1 71.8 67.4 76.0 70.5
Ce 140 145 126 147 130
Pr 15.8 16.6 15.8 14.9 17.1 14.2
Nd 56.7 59.1 55.2 51.8 58.5 50.9
Sm 9.6 10.1 9.3 9.1 10.1 8.6
Eu 2.2 2.4 22 2.1 2.3 2.1
Gd 6.6 74 6.6 6.6 7.2 7.3
Th 1.0 1.1 1.0 1.0 1.1 1.0
Dy 6.0 5.9 5.8 5.2 6.0 5.1
Ho 1.2 1.2 1.2 1.1 1.3 1.0
Er 3.2 34 3.2 3.0 35 3.1
Tm 0.5 0.5 0.6 0.5 0.6 0.5
Yb 3.6 3.8 3.6 3.2 3.8 3.1
Lu 0.6 0.6 0.6 0.5 0.6 0.5
Hf 6.8 6.7 6.7 5.8 7.2 5.7
Nb 12.3 11.7 11.6 11.2 12.2 9.4
Ta 0.6 0.6 0.6 0.5 0.6 0.5
Pb 17.4 21.9 175 15.5 19.4 6.5
Li 22.4 20.8 214 19.0 21.6 18.6
Be 2.8 2.8 2.8 25 3.0 2.3
Se 11.6 14.7 13.8 13.3 10.8 22.0
\ 73.0 80.0 67.4 74.8 76.5 22.9
Cr 32.2 23.0 31.1 36.5 185 188
Co 10.5 10.3 10.4 9.8 8.5 14.1
Ni 10.3 72 11.1 9.2 6.5 23.2
Zn - - - - -
Ga 20.4 20.3 19.5 18.6 20.0 1.1
Mo 5.0 42 4.3 4.1 4.8 3.9
cd 0.7 0.5 0.4 0.6 0.6 0.6
Sn 1.6 1.7 15 15 1.9 1.4
Sb 0.3 0.25 0.23 0.23 0.3 0.2
Cs 2.2 2.2 2.2 2.4 2.2 1.7
W 0.9 1.0 1.0 0.9 1.1 0.9
Th 20.8 20.9 20.7 17.6 22.5 17.2
U 5.9 6.1 5.9 5.0 6.5 4.9
K/Rb 352 354 373 374 341
K/Ba 24 28 25 27 21
Ba/Rb 15 13 15 14 16
Cs/Rb 0.02 0.02 0.02 0.03 0.02 0.02
Ba/La 21.1 17.6 17.7 20.9 18.7 20.9
Sr/Nd 79 72 7.6 7.8 72 11.1
Y/Zr 0.12 0.13 0.13 0.13 0.13 0.12
Pb/Ce 0.02 0.02 0.02 0.03 0.02 0.02
Th/U 3.53 3.43 3.52 3.53 3.44 3.50
Ce/Ce* 0.97 0.97 0.95 0.93 0.96 0.98
EwEu* 0.86 0.86 0.86 0.81 0.83 0.81
(La/Yb)x 13.6 13.4 13.4 14.1 13.7 15.5

Ce/Ce* = Cey/[(Lay) - (Pry)]"?; Eu/Eu* = Euy/[(Smy)-(Gdy)]"2.

unleached and leached samples are 0.70453 and
0.70372, respectively. Examination of the pumice
revealed small gastropods occupying many of its
voids. Acid leaching removes shell materials
which contain Sr with the isotopic composition of
seawater, and thus reduces ¥Sr/*’Sr values in

leached samples to magmatic values. The Nd
isotopic compositions are similar for leached and
unleached pumice samples. The **Nd/"*‘Nd
values range from 0.51283 to 0.51286, corre-
sponding to eNd of +3.7 to +4.3. Pb isotopic
variations between leached and unleached sam-
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Fig.2 Potassium-silica classification diagram (Gill 1981). Refer-
ence data for Fukutoku-oka-no-ba are taken from Yoshida ef al.
(1987) and Furukawa (1995). Data for lwo Jima, Hiyoshi volcanic
complex, and other lzu—Bonin—Mariana arc lavas are taken from
Bloomer ef al. (1989) and Lin et al. (1989).

ples are less than the deviation due to thermal
fractionation (0.15%/a.m.u.). Leaching is not ex-
pected to alter the isotopic compositions of Nd or
Pb because of the low Nd (<102 p.p.b.) and Pb
(0.04 p.p.b.; Walton-Smith 1974) concentrations
of seawater, with which the shells had equili-
brated.

A plot of Sr versus Nd isotopic compositions
demonstrates that leached Fukutoku-oka-no-ba
samples overlap with the field of Hiyoshi volcanic
complex lavas and are distinct from Iwo Jima la-
vas (Fig.4). Pb isotopic compositions of Fu-
kutoku-oka-no-ba pumices are plotted on Fig.5
and are compared with those of the other IBM arc
lavas. These pumices have Z*°Pb/**Pb and
208Pb/2%*Ph values slightly higher than those from
the Hiyoshi volcanic complex but are less radio-
genic than Iwo Jima, which has the highest values
(**Pb/***Pb = 19.4 and ***Pb/**Pb = 39.3; Mor-
ris et al. unpubl. data) in the IBM arc system.

DISCUSSION

Recent efforts to understand the mineralogical,
geochemical, and isotopic compositions of the IBM
arc system have yielded important petrogenetic
insights (Lin et al. 1989, 1990; Bloomer et al. 1989;
Stern et al. 1993; Meen et al. 1998). The origin of
LIL and LREE enrichments is one of the most
important aspects that need to be understood for
this arc system. It was proposed by Lin et al.
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Fig.3 Element compatibility diagram, with sequences and nor-
malizing abundances taken from Hofmann (1988). Note the similar
patterns for all Alkalic Volcanic Province (AVP) lavas, in which more
mafic Hiyoshi volcanic complex samples have lower concentrations of
incompatible elements. (b) Rare earth element pattern. Data for Iwo
Jima are taken from R. N. Thompson (unpubl. data), data for Hiyoshi
Volcanic Complex are from D. Peste (unpubl. data), and data for
average Mariana basalt and dacite are from Woodhead (1988).

(1989, 1990) that the distinctive geochemistry and
isotopic compositions in the IBM arc system re-
quire mixing between depleted and enriched
magma/mantle sources. The data presented here
allow us to refine the mixing models.

MIXING BETWEEN MAGMA SOURCES

Mixing of sources or melts is implied by the
isotopic composition of Fukutoku-oka-no-ba
pumice, which is intermediate between Iwo Jima
and Hiyoshi volecanic complex lavas. A binary
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Table 3 Sr, Nd, and Pb isotopic compositions of pumices from Fukutoku-oka-no-ba

Sample 8Sr/*8r N/ MNd eNd 206pp/2%Pp  207TPhA%MPh  28Ph/2Pb  A207/204Pb  A208/204Pb
F086-1

Unleached  0.70367 0.51286 +4.3 19.113 15.625 38.887 6.2 15.2

Leached 0.70355 0.51284 +3.9 19.109 15.614 38.865 5.2 135
FO86-2

Unleached ~ 0.70372 0.51285 +4.1 19.075 15.624 38.835 6.5 14.6

Leached 0.70364 0.51284 +3.9 19.119 15.627 38.894 6.4 152
F086-3

Unleached ~ 0.70434 0.51285 +4.1 19.099 15.619 38.873 5.8 155

Leached 0.70370 0.51284 +3.9 19.109 15.616 38.866 5.4 13.6
F086-4

Unleached  0.70385 0.51283 +3.7 19.129 15.649 38.963 8.5 22.0

Leached 0.70366 0.51284 +3.9 19.080 15.626 38.852 6.7 15.7
F086-5

Unleached ~ 0.70453 0.51286 +4.3 19.095 15.620 38.862 5.9 14.9

Leached 0.70372 0.51285 +4.1 19.079 15.619 38.854 6.0 16.0
F092-1

Unleached  0.70379 — — 19.119 15.636 38.931 7.3 18.9

Leached 0.70381 — — 19.115 15.633 38.912 7.0 175

Leached samples were treated with warm 6 mol/LL HCI for 2h prior to dissolution.

Values of Sr isotopes are adjusted for E&A SrC03;=0.70800. Mean ®'Sr/*Sr for seven analyses of E&A
SrCO3 =0.708014 + 0.00035 (total range).

Values for eNd are calculated using Bulk Earth and (“**Nd/**Nd)gux gartn = 0.512636.

Nine analyses of NBS-981 gave mean 2%Ph/2*Pb=16.948+0.008 (total range), Z2°"Pb/2**Pb=15.507 +0.015,
05Pb/***Ph = 36.766 + 0.042.

magma-mixing model, based on Sr, Nd, and Pb
isotopic data, is proposed in the present study.
Model isotopic compositions of mixing end-

members A and B in Table 4 are taken from
mean compositions of Hiyoshi volcanic complex
and Iwo Jima lavas, respectively (after Lin et al.
1990; Morris et al. unpubl. data). End-member B
has more radiogenic Sr (*’Sr/*Sr = 0.70374), Nd

’ ' ‘ ‘ ‘ (“®*Nd/"*'Nd = 0.51290) and Pb (**Pb/**'Pb
12} Fukutoku-oka-no-ba = 19.407, 2*°Pb/***Pb = 39.295) than end-mem-
A Leached ber A. Calculations indicate that Fukutoku-oka-
10| Paci Other IBM arc . no-ba lavas have Pb and Nd isotopic character-
M&,‘; < lavas istics which consist of ~80% end-member A and
8L Wo Jima 20% end-member B magma sources (Fig.6). The
L 87Sr/*Sr value for end-member A needs to be
6L near (.70367. The value is slightly lower than the
eNd average Hiyoshi volcanic complex (0.70377), but
al ' still within the range (0.70350-0.70392; Lin et al.
Kasuga 1990).
2 cross-chain |
Hiyoshi .+~

ol ggﬁapfl‘g( M, | ORIGIN OF ENRICHED MANTLE SOURCE
Another important objective for studying AVP
02020 o700 07040 07050 lavas is to recognize the origin of the enriched
87,/ 865 mantle. Lavas in the IBM arc system are sug-

Fig.4 eNd vs 8Sr/%Sr variation diagram. Data for the fields of
Iwo Jima and Hiyoshi Volcanic Complex are from Lin ef al. (1989).
Data for Kasuga cross-chain are from Stern et al. (1993). The other
lzu—Bonin—Mariana (IBM) arc field is compiled from various
sources (Dixon & Stern 1983; Stern & Bibee 1984; DePaolo &
Wasserburg 1977; Woodhead & Fraser 1985; Ito & Stern 1986;
Woodhead 1989; Lin et al. 1990).

gested to be generated by similar degrees of
partial melting (Bloomer et al. 1989). Therefore,
source heterogeneity instead of magma process-
es (e.g. partial melting and crystal fractionation)
may be the major factor controlling relative en-
richments in LIL and LREE for IBM arc lavas.
The observation led Lin et al. (1989) to construct
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Fig.5 Pb isotopic compositions of leached Fukutoku-oka-no-ba
and shoshonitic series compared to the field for other lzu-Bonin—
Mariana (IBM) arc volcanoes. Data for lwo Jima, Hiyoshi Volcanic
Complex, and other IBM arc lavas are taken from Meijer (1976),
Woodhead et al. (1987), Stern et al. (1993), and Morris ef al.
(unpubl. data). Mantle components EMI, EMII, and normal-mid-
ocean ridge basalt (N-MORB) are from Hart (1988). (a) 207Pb/204Ph
Vs 206Pp/204Ph_ (b) 208Ph/204Ph ys 206Ph/204Ph,

a two-component mixing model for the petro-
genesis of the Mariana—Volecano arc magmas
based on incompatible element ratios, and Sr and
Nd isotopic characteristics. The model of Lin
et al. (1989) is shown in Fig.7, with Fukutoku-
oka-no-ba data included. End-member 1 is de-

Table4 Inferred isotopic compositions of mixing end-
members A and B

End-member End-member Fukutoku-

A B oka-no-ba
8TQr/%6Qy 0.70367 0.70374 0.70368
SN A/M4Nd 0.51283 0.51290 0.51284
206py,204py, 19.003 19.407 19.115
207py,204py, 15.621 15.610 15.623
208py/204p 38.825 39.295 38.874

The isotopic compositions of end-members A and B are the
average values of Hiyoshi Volcanic Complex and Iwo Jima
lavas, respectively. Reference data for Sr and Nd are taken
from Lin et al. (1990); data for Pb are from Morris et al.
(unpubl. data).

pleted mantle (or equivalent melt) which has
been metasomatized by Ba-rich, REE-poor flu-
ids. End-member 2 represents a LIL- and
LREE-enriched mantle (or equivalent melt).
End-member 1 has Ba/La = ~80 and (La/
Yb)n = ~ 15, while end-member 2 has low Ba/La
(~15) and high (La/Yb)n (~20). Fukutoku-oka-
no-ba and the other AVP data fit the mixing
curve in a Ba/La versus (La/Yb)n plot and ap-
proach the enriched end-member 2.

What is the origin of end-member 2? In an
attempt to understand the origin of the observed
enrichments, our binary magma-mixing model is
extended to address the issue. Isotopic compo-
sitions provide a clue and reveal that the en-
riched mantle sources for the Hiyoshi volcanic
complex and Iwo Jima are distinct. The signifi-
cant trends toward EMII and pelagic sediments
in A208/204Pb versus A207/204Pb (Fig.8a) and
206pp/2%Ph  versus “Nd/*Nd (Fig.8b) dia-
grams indicate that either an EMII mantle
source or pelagic sediments are responsible for
the enrichment in Hiyoshi volcanic complex
magmas. Fukutoku-oka-no-ba lavas are isotopi-
cally very similar to those of the Hiyoshi volcanic
complex. Iwo Jima lavas, in contrast, are char-
acterized by higher 2°°Pb/2**Pb and 2°Pb/**Pb
values and manifest a tendency towards a HIMU
source. The HIMU characteristic of Iwo Jima
coincides with the ocean island basalt (OIB)-like
enriched mantle originally postulated by Lin
et al. (1989).

Subducted pelagic sediment has long been
thought to be important for LIL- and LREE-
enrichments observed in arc volcanics. Wood-
head et al. (1987) reported that Mariana arc lavas
have higher &S (+2.0-+20.7%,) relative to oce-
anic basalts (-0.5-+0.19,), and trend toward
marine sediments, which have an average 5**S
value of +209,. Other studies (Hole et al. 1984;
Woodhead 1989; Elliott et al. 1997) reveal that
small amounts of recycled sediments are re-
quired to develop slightly negative Ce anomalies
in IBM arc lavas.

Highly incompatible elements and elemental
ratios are used to recognize the role of subducted
sediment component in are volcanies. Pelagic
sediments are enriched in Pb (2544 p.p.m.; Chow
& Patterson 1962), while the mantle has Pb
contents of ~0.2p.p.m. (Vidal et al. 1989). As-
suming that mixing has happened between a
pelagic sediment component and a mantle source,
one can expect that a small amount of recycling
pelagic sediments may bring the Pb concentra-



15.74 ] (a)

trend

207Pb/204Pb
&
3
1

15.62

Thermal fractionation 1

Endmember A

Alkalic volcano province 439

39.1 4 (b)

208Ph/204Pb
[
o
©
|

15.58 T

Fig.6 Mixing model for Sr-, Nd-, and
Pb isotopic compositions of Alkalic Vol-
canic Province (AVP) lavas. The solid
lines indicate the mixing trajectories be-
tween end-member A (Hiyoshi Volcanic

Complex) and end-member B (lwo Jima). 0512957
The numbers shown on the mixing curves -
indicate the fraction of end-member A 0.51290 EH
involved in the hybrid magma source. (3) = | Anatyticar
207ppy209pYy s 208Pp/204Ph, (b) 208Ph/ ¥ orors
204pPYy 5 206Ph/204Pp, (c) 143N/MND vs B 0.51285 4 20
87Sr/863r. Reference data for Pb are taken ¥ 1

from Morris et al. (unpubl. data); and 0.51280

those for Sr and Nd are from Lin ef al. 1
(1990). 051275

T T7
189 19.0 19.1 192 193 194 195
206Pb/204Pb

Endmember A

38.8 4
Endmember B
T T BT T T T T T T T T ]
189 19.0 19.1 19.2 193 194 195

206Pp/204Pb

Endmember B
A Fukutoku-oka-no-ba

B Iwo Jima
Hiyoshi Volcanic Complex

tion of the resulting magma up to the order of a
few p.p.m. The Pb content of Fukutoku-oka-no-
ba lavas (6.5-22 p.p.m.) then may reveal evidence
of sediments.

Sediments have significantly higher Pb/Ce
(~0.4; Ben Othman et al. 1989) and Cs/Rb (0.02—
0.1; Hofmann & White 1983) ratios than the
suboceanic mantle. The estimated Pb/Ce and Cs/
RbDb values in the suboceanic mantle are 0.04 (Sun
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Fig.7 Ba/La vs (La/Yb)n plot (after Lin ef al. 1989). Mariana and
Alkalic Volcanic Province (AVP) lavas approximate a mixing tra-
jectory between a metasomatized mid-ocean ridge basalt (MORB)
source or melt (end-member 1) and an enriched end-member with
composition appropriate to ocean island basalt (OIB)-like mantle or
melt (end-member 2). The AVP lavas have more of the latter source
relative to other Mariana arc lavas. Inset shows different possible
trajectories for modification of mantle source region.
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87Sr/8sSr

& McDonough 1989; Ben Othman et al. 1989) and
0.013 (Hofmann & White 1983), respectively. The
suboceanic mantle alone is unlikely to evolve the
moderately high Pb/Ce and Cs/Rb lava observed
in Fukutoku-oka-no-ba pumice (Pb/Ce = 0.05-
0.15, Cs/Rb =~0.02). The involvement of sub-
ducted sediments in the source region may be
responsible. However, the limited variation of
Pb/Ce and Cs/Rb values in Fukutoku-oka-no-ba
pumices suggests that the involvement of pelagic
sediments is limited. The possibility of a sub-
ducted sediment component in Fukutoku-oka-no-
ba pumices also allows the possibility that Hi-
yoshi volcanic complex magmas contain a sedi-
ment component based on our early binary
magma-mixing model. Further data will help to
resolve the assumption.

CONCLUSIONS

Fukutoku-oka-no-ba pumices provide a new
perspective on the origin of the alkalic province
in the IBM arc system. Fukutoku-oka-no-ba
pumices are highly enriched in LIL and LREE.
Their alkali contents and element ratios such as
K/Rb, K/Ba, and Sr/Nd are similar to other AVP
volcanoes. The most important observation from
the present study is the recognition of interme-
diate isotopic characteristics of Fukutoku-oka-
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Fig.8 Plots of Nd and Pb isotopic compositions for |lzu—Bonin—
Mariana (IBM) arc lavas compared with the major mantle sources.
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Data for Iwo Jima, Hiyoshi Volcanic Complex, and other IBM arc
lavas are taken from Meijer (1976), Woodhead (1989), Lin et al.
(1990), and Morris et al. (unpubl. data); data for the Kasuga cross-
chain are from Stern et al. (1993); data for pelagic sediments are
from Woodhead and Fraser (1985) and Lin (1992). Mantle com-
ponents HIMU, EMI, EMII, and N-MORB are from Hart (1988).

no-ba pumices between Hiyoshi volcanic complex
and Iwo Jima lavas. Major and certain elements
(e.g. HFSE and LREE) indicate that Fukutoku-
oka-no-ba lavas resemble Iwo Jima shoshonites,
while isotopic data for Fukutoku-oka-no-ba lavas
are closer to Hiyoshi volcanic complex lavas. A
hybrid magma source composed of 80% Hiyoshi
volcanic complex and 20% Iwo Jima magma
sources explains the Fukutoku-oka-no-ba isoto-
pic data.

Judging from Nd and Pb isotopic compositions,
we may reconsider the possible enriched mantle

sources for each edifice in the AVP. The Nd and
Pb isotopic compositions of Hiyoshi Volcanic
Complex and Fukutoku-oka-no-ba lavas are dis-
placed toward the fields of EMII mantle source
and pelagic sediments. However, neither EMII
nor pelagic sediments can be clearly discrimi-
nated. On the other hand, Iwo Jima shoshonites
may be derived from mantle sources with HIMU
affinities.
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