
VGS (.V) 

Fig. 4. Plots of (1Ds)1'2 versus VGs for an a-6T TFT 
(L = 12 ym, VDs = - I00 V )  at different temper- 
atures: (A) T = 300 K ;  (B), T = I00 K ;  (C) T = 45 K ;  
and (D) T = 3.8 K. The intercepts of the dotted 
straight lines with the VG, axls give the device 
threshold voltage (V,), and the slopes are propor- 
tional to y , ,  

inde~endent  sets of ex~erimental evidence 
that show that grain boundaries do not act 
as the mobility-limiting mechan~sms (for 
n > nT). In (23) we showed that the room- 
temperature mobility in a-6T TFTs does 
not improve when the crystalline grains are 
enlarged by an order of magnitude and the 
grain boundaries greatly decrease in extent. 

The second piece of evidence, which 
also indicates that erain boundaries do not - 
dominate transport, can be obtained from 
the data of Fig. 4, A through D, which 
indicate that for n > nT, the square root of 
I,, at different temperatures increases lin- 
early with VGS (proportional to n) .  Partic- 
ularly interesting is the T = 3.8 K case (Fig. 
4D). The constant mobility in the "delocal- 
ized" regime, which occurs onlv within each 
crystallge, implies that the grain boundaries 
are not the mobilitv-limiting mechanisms. 
Trap filling neutralizes the effect of traps on 
the transport above TT, SO that intrinsic 
activated hopping behavior between a -6T 
molecules can be observed. In fact, there is 
always a linear relation between induced 
carried density and VGs beyond the thresh- 
old voltage. The surface states at the gate 
dielectric-active material interface also do 
not olav a substantial role: similar behavior 

L ,  

of pFET versus T was found in a sample 
where the gate dielectric material was 
changed from S i 0 2  to MgF2 (24). 

We  conclude that grain boundaries. " 

traps, and surface states (for charge densities 
n > n, and T > TT) do not substantially 
influence the mobility in high-quality sam- 
ples. We  can thus extract values for J, y, and 

w, that predict room-temperature mobilities 
for a-6T of -0.02 cm2 Vp' sp', which is 
consistent with our highest measured room- 
temperature mobility (without high electric 
field effects), which is 0.02 to 0.03 cm2 Vp' 
s-' (25). This result suggests that our TFTs 
already exhibit pFET close to the highest 
achievable pFET at 300 K, according to Hol- 
stein's formalism. Because, within this pic- 
ture, the hopping mobility k is proportional 
to exp(-EB) (7 ) ,  we can enhance k by 
choosing materials with lower polaron bind- 
ing energy or low carrier-lattice coupling. 
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Lithospheric Contributions to Arc Magmatism: 
Isotope Variations Along Strike in Volcanoes of 

Honshu, Japan 
Annie B. Kersting," Richard J. Arculus, David A. Gust 

Major chemical exchange between the crust and mantle occurs in subduction zone 
environments, profoundly affecting the chemical evolution of Earth. The relative contri- 
butions of the subducting slab, mantle wedge, and arc lithosphere to the generation of 
island arc magmas, and ultimately new continental crust, are controversial. Isotopic data 
for lavas from a transect of volcanoes in a single arc segment of northern Honshu, Japan, 
have distinct variations coincident with changes in crustal lithology. These data imply that 
the relatively thin crustal lithosphere is an active geochemical filter for all traversing 
magmas and is responsible for significant modification of primary mantle melts. 

Unraveling the extent to which arc magmas 
are modified during ascent is a prerequisite for 
understanding the primary petrologic charac- 
teristics of their sources and the petrogenetic 
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processes involved in magma generation. Iso- 
topic data in combination with the chemical 
composition of arc lavas are crucial for tracing 
potential source contributions to these mag- 
mas (1). The major magma source in island 
arcs is the peridotitic mantle wedge, fluxed by 
subducted, slab-derived fluids (2). An  addi- 
tional contribution may come during magma 
passage through overriding lithosphere. For 
example, in the southern Andes, geochemical 
differences in andesite-rhyolite suites reflect 
increased crustal contributions to magma gen- 
esis coincident with an approximate doubling 
in crustal thickness to >70 km (3). Other 



studies have shown the importance of crustal 
processes in the production of evolved, high- 
SiO, lavas (3-5), yet the impact of the litho- 
sphere with a thin crust on less evolved, 
basaltic magmas is uncertain (6). " . . 

To evaluate the contribution of the 
lithos~here to arc evolution. we examined a 
transect of ten, along-strike Quaternary vol- 
canoes in northern Honshu, Japan, where 
less evolved basaltic lavas have erupted 
through a relatively thin crust of constant 
thickness. This transect of mature. com- 
pound, stratovolcanoes crosscuts a tectonic 
boundary where two distinct crustal ter- 
ranes are juxtaposed (Fig. 1). The age of the 
subducting Pacific Plate (130 x lo6 years 
old) (7), inbound sediment thickness (800 
m) (8), depth to the Wadati-Benioff Zone 
(WBZ) (-100 km) (9), distance to the 
trench axis (250 to 300 km) (9), and crustal 
thickness (30 km) (9) are constant along 
the transect, minimizing the potential vari- 

ability of these parameters to the chemistry 
of the rocks. The close proximity of the 
volcanoes (<250 km) on a single arc seg- 
ment and constant depth to the WBZ also 
minimizes potential chemical and thermal 
variability in the mantle wedge. The thick- 
ness of the Honshu crust is constant: thus. 
variation in melting systematics along strike 
should be minimized (10). The relative . . 
contributions from the mantle wedge and 
subducting slab to the Honshu lavas should 
be constant over the arc segment investi- 
gated, leaving the juxtaposition of distinc- 
tive crustal lithospheres the remaining pet- 
rogenetic variable. 

The two terranes are separated by the 
Tanakura tectonic line (TTL) (Fig. I), a 
fundamental Mesozoic terrane boundarv in 
northern Honshu (1 1) that was reactivated 
as a lithosphere-penetrating, transcurrent 
fault during the Oligocene-Miocene opening 
of the Japan Sea (12). Volcanoes south of 

the vo~candes (triangles) investigated in I / I 
Fig. 1. Simplified tectonic map of northern l3SoE 140°E 

this study [after lchikawa (25)l. ~h ree  vol- 
canoes-Nantai, Nyoho, and Nikko 40eN 

hrasian Plate \ j 4 
Shirani-form a volcanic group designated Honshu 

Honshu, Japan, showing the locations of 

as Nantai. The TTL, ISTL (ltoigawa Shi- 
zuoka tectonic line), and MTL (median tec- 
tonic line) are major fault boundaries 
shown by heavy lines. South of the TTL, 
the Ashio terrane is a Late Paleozoic-Me- 
sozoic sedimentary complex consisting of 
Permian to Middle Jurassic olistostromes 
and has been correlated with the Nadan- 
hata terrane on the Asian continent (1 I). 
The Abukuma terrane is a younger terrane 
(estimated as Early Jurassic to Late Creta- 
ceous) consisting in part of a granitic- 
metamorphic complex (26). 

I 
0 Y I 

Fig. 2. Whole-rock 
data [by x-ray fluores- 
cence except Pb by 
inductively coupled 
plasma-mass spec- 
trometry (ICP-MS)] 
for selected major ox- 
ides and trace ele- 
ments versus SiO,: 
(A) MgO content; (6) 
K,O content; (C) Pb 
content; (D) Sr con- 
tent; (E) 143Nd/144Nd; 
(F) 87Sr/86Sr. Each 
symbol [shown in (B) 
and used throughout] 
represents a different 
volcano: Fun = Fu- 

3 nagata, Zao = Zao, g 0.5126 t 0.71 0  
AZ = Azuma, AD = z vv 
Adatara, NS = Nasu, 0-5124 

T = Takahara, NO = 0.5122 0.702 
Nyoho, NT = Nantai, 4 5 5 0 5 5 6 0 6 5 7 0 7 5  4 5 5 0 5 5 6 0 6 5 7 0 7 5  
NK = Nikko Shirane, SiO, (weight %) SiO, (weight %) 
and AK = Akagi; north of the TTL is designated by filled symbols; south of the TTL, by open symbols. 

the TTL overlie the Ashio terrane, which is 
part of the Tamba-Mino-Ashio terrane that 
forms the central part of southwest Honshu 
(1 1) and that was welded to Asia earlier 
than the Jurassic (13). Volcanoes north of 
the TTL. overlie the Abukuma massif, once 
part of a microcontinent that collided with 
Asia during the Early Cretaceous (13). 
Crustal granitoids are younger (-60 X lo6 
to 100 x lo6 years old) and more radiogenic 
in s7Sr/s6Sr (-0.708 to 0.710) south of the 
TTL than to the north (100 x lo6 to 110 X 
lo6 years old; <0.706) (14). 

Although the most felsic lavas erupted 
exclusively south of the TTL, relatively 
primitive basalts (>5% by weight MgO) 
erupted both north and south of the TTL 
(Fig. 2A). At a given SiOz content, used as 
a proxy for fractionation index, there is ex- 
tensive overlap in K 2 0  abundances for vol- 
canic rocks north and south of the TTL (Fig. 
2B) and generally no consistent difference in 
major or trace element (for example, Pb and 
Sr; Fig. 2, C and D) abundances. Both suites 
are characterized by ratios of high alkali and 
alkaline-earth elements to high-field- 
strength elements typical of arc magmas. 

The radiogenic isotopes of Pb, Sr, and 

15.70 1 c 
' " sediments - 

Fig. 3. (A and B) Plots of 208PbP04Pb and 207Pb/ 
,04Pb ratios versus 206Pb/204Pb ratios of the Hon- 
shu  lavas. (C) Honshu data compared to the data 
for Pacific MORB (27) and Pacific sediments from 
DSDP leg 86, hole 579, located east of the Japan 
trench (20) (see Fig. 1 ). Data from the Marianas 
(28) and Kamchatka (29) arcs are shown for com- 
~arison. 
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Nd show distinct systematic differences be- 
tween the two volcanic suites (Table 1). For 
example, the 208Pb/204Pb and 207Pb/204Pb 
ratios at a given 206Pb/204Pb and the 87Sr/ 
86Sr ratio are higher in lavas to the south 
than in those to the north of the TTL, 
whereas the converse is true of 143Nd/144Nd 
(Fig. 3, A and B; Fig. 4A). All lavas have 
significantly elevated 208Pb/204Pb and 
207Pb/204Pb ratios compared to typical de- 
pleted mantle values [Pacific mid-ocean 
ridge basalt (MORB) values in Fig. 3C], and 
the entire Honshu transect has much lower 
143Nd/144Nd and elevated 87Sr/86Sr ratios 
by comparisbk with MORB values (Fig. 
4A). The Honshu data are also significantly 
different from data for other arcs, such as 
Marianas and Kuriles-Kamchatka (Figs. 3C 
and 4A). Even the least fractionated, most 
primitive lavas have Pb, Sr, and Nd isotopic 
ratios significantly different from those of 
MORBs. The distinct differences in the Pb, 
Sr, and Nd isotopic ratios persist when lavas 
of the two suites at similar levels of chemical 
evolution are compared (Fig. 2,  E and F). 

The only exception to the clear isotopic 
separation between ,the two volcanic groups 
is Nasu volcano, located immediately south 
of the TTL. The Pb isotopic ratios for Nasu 
volcano are intermediate between those of 
the north and south volcanic groups, whereas 
the Sr and Nd isotopic ratios overlap with 

data from a volcano immediately north of the 
T T L  (Adatara). We s~eculate that entrain- 

MORB-type mantle source by subducted 
sediments (1 5-17); (ii) intrinsic mantle het- 
erogeneities (18); (iii) involvement of old, 
enriched mantle lithosphere (19); or (iv) 
assimilation of overlying crust (3, 6). Stern 
(15) argued that, in the Andes, a change in 
composition of a continent-derived, sub- 
ducted sedimentary flux could account for 
the observed chemical changes along the 
strike. In Honshu, the strike of the T T L  is 

ment of "northern-typk" beneath "southern- 
type" crust south of the TTL may have oc- 
curred either because of the dip of the TTL or 
during the accretion of Abukuma terrane 
along the eastern margin of Asia. 

The origins of the distinctive isotopic 
signatures of the Honshu volcanic groups 
may result from (i) contamination of a 

Table 1. Chemical and isotopic data for lavas of Quaternary volcanoes in northern Honshu, Japan (24). 

Amount of 
Sample (weight %) 206Pb/ ,07Pb/ 208Pb/ 87Sr/ 143Nd/ 
number 204pb 204pb 204pb 865,. 144Nd E ~ d  

SiO, MgO 

Funagata 
Fun a 
Fun b 

Zao 
524 
6Z1 
622 
623 
6Z19 
6221 

Azuma 
7AZ4 
7AZ9 
7AZ10 
7AZ17 

Adatara 
8AD4 
8AD5 
8AD7 
8AD10 
8AD12 

Nasu 
I ONSl 
IONS4 
IONS1 2 
IONS23 
IlNSl 

Takahara 
I IT2 
1 IT4 
I IT10 

Nyoho 
14N01 
14N05 
14N010 

Nantai 
1 2NT2 
1 2NT3 
1 2NT5 
12NT11 
12NT13 
12NT17 
12NT20 
Nantail 
Nantai3 

N~kko Shirani 
13NK4 
13NK5 

Akagi 
15AK1 
15AK4 
16AK1 
16AK4 
16AK7 

v 
0.5122 Pacific . 

B sediment 
0.5120 

15.35 15.45 15.55 15.65 15.75 
207Pb/204Pb 

Fig. 4. (A) Plot of 143Nd/144Nd versus 87Sr/86Sr 
ratios of the Honshu lavas. Data from Pacific 
MORB (27), Cretaceous granite (JGI), (22), Mari- 
anas (281, Kuriles (301, and Kamchatka (29) are 
shown for comparison. The shaded box in the 
lower right represents the present-day range of 
the lower crust [-5 to -13 sN,(0)] south of the 
TTL. (B) Plot of '43Nd/144Nd versus 207Pb/204Pb 
ratios, comparing data for the Honshu lavas to 
data for sediments from DSDP hole 579 and 
MORB. The dashed curve is a mixing line between 
depleted mantle (DM) (31) and average sediment, 
with the proportion of sediment indicated by tick 
marks. 
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oblique to the trench (Fig. I ) ,  making it 
unlikely that isotopically distinct, subducted 
sediment derived from the continent could 
be selectively and coincidentally isolated at 
depth to either side of the TTL. 

Oceanic sediments recovered from Deep 
Sea Drilling Project (DSDP) site 579 east of 
the Japan trench (Fig. 1) have approximately 
the same bulk composition as sediment now 
being subducted beneath Honshu (20); thus, 
these sediments represent the best analog for 
sediments subducted earlier. If the Pb isoto- 
pic compositions from this one sediment 
core (Fig. 3C) are representative, it is doubt- 
ful that a+average subducted sediment com- 
Dosition could account for the fine Pb isoto- 
pic distinctions present in the arc lavas. The 
Nd and Pb data further demonstrate that the 
distinctive isotopic ratios of the Honshu la- 
vas are not the result of mixing between a 
depleted mantle source and sediment (Fig. 
4B). A mixing curve between the two likely 
end-members does not pass through either of 
the Honshu lava groups. This simple mixing 
calculation shows that sediments near the 
Japan trench do not have the appropriate 
isoto~ic com~osition to oroduce the distinct 
signatures of the\ Honshu lavas. 

If an age significance can be attached to 
the Pb isotope arrays (Fig. 3B), calculated 
207Pb/206Pb ages for the northern and south- 
ern volcanoes are 3.8 X lo9 and 4.0 x lo9 
years, respectively. These ages are quite old 
and are unlikely to correspond to the timing 
of a mantle-melting event, as the effects of 
mantle convection would orevent lone-term - 
isolation of distinct isotopic domains. More 
likely, these linear trends are mixing lines 
without age significance, and isotopic varia- 
tions in the lavas do not reflect heteroeene- " 

ity in the asthenospheric portion of the man- 
tle. Incomoration of radiogenic Pb in the " 

Honshu suites from isolated, nonconvecting 
lithospheric mantle is possible, although 0 
isotopic compositions of basalts from volca- 
noes of the Honshu transect (S180 ranging 
from f 6 . 2  to +7.4 per mil) are significantly 
heavier compared to normal mantle values 
($5.7 2 0.3 per mil) (21). These data imply 
that the composition of the rocks reflects 
crustal contamination rather than involve- 
ment of old lithospheric mantle. 

The Honshu data can best be exolained 
in terms of mixing between basalts derived 
from a fluid-fluxed mantle wedge and isoto- " 
pically distinct crustal components charac- 
terized by high 208Pb/204Pb, 207Pb/204Pb, and 
87Sr/86Sr ratios and low '43Nd/144Nd ratios. 
Basalt is emplaced into the lower crust 
where open-system, crust-magma interac- 
tion includes assimilation of old continental 
material, fractional crystallization, and re- 
charge (3, 5, 6). Differential degrees of mix- 
ing between depleted mantle, old crust, and 
hybrid magmas may account for the large 

variation ~reserved within individual volca- 
nic centers. The radiogenic and stable iso- 
topic data clearly indicate that all the lavas, 
even those with >5% by weight MgO, have 
been contaminated with crustal material. 

The Nd model ages of exposed crustal 
granites can be used to place limits on the 
isotopic composition of the unexposed lower 
crust. The E , ~  (see Table 1) (-3.7 at 90 X 
106 years) of JG1, a representative Creta- 
ceous granodiorite located between Akagi 
and Nikko volcanoes (Fig. 4A), is consistent 
with the production by mixing of mantle- 
and lower crustal-derived components (22). 
The Sm-Nd model age of JG1 [depleted 
mantle model age (T,,) -1.25 x lo9 years] 
provides a minimum age for the lower crustal 
contaminant that is sienificantlv older than " 

any crustal materials exposed south of the 
TTL. O n  the basis of this model age, we - 
estimate an upper limit on the present-day 
range of initial ~ ~ ~ ( 0 )  of -5 to -13 for the 
lower crust of Honshu south of the TTL. 
depending on whether it was derived from a 
chrondritic or depleted mantle reservoir (Fig. 
4A). A lower crust of this isotopic character 
could represent an end-member reservoir for 
all the lavas erupted south of the TTL. The 
upper crust, as represented by granodioritic 
composition JG1, is not a possible end-mem- 
ber reservoir. These ages are in the same 
range as Sm-Nd model ages (T,,) for Pre- 
cambrian basement rocks in Korea (23), 
equivalents of which may underlie older ter- 
ranes of western and central Honshu (1 1). 
The composition of the lower crust north of 
the TTL is less well constrained. The least 
radiogenic volcanic samples have a T,, of 
-270 X lo6 years, providing a minimum age 
for the crustal contaminant of the lavas 
north of the TTL. This age is significantly 
older than that of anv ex~osed Abukuma 
terrane rocks. The high pbLisotope ratios of 
the volcanoes north of the TTL are also 
consistent with the involvement of Precam- 
brian lower crust in magmagenesis. 

The Honshu data provide evidence that 
mixing of mantle-derived basalts with lower " 

crustal reservoirs is an important process in 
island arc volcanism. As a result of the for- 
tuitous tectonic situation in the overriding 
plate, the crustal portion of the lithosphere 
plays an important role in modifying the 
composition of mantle-derived melts. In 
northern Honshu, two juxtaposed isotopical- 
ly distinct lower crustal reservoirs have suffi- 
cient isotopic leverage for their contributions 
to be discernible, but this effect may be dif- 
ficult to demonstrate in arcs where the crust 
is younger. Recognizing that the Pb, Sr, and 
Nd isotopic ratios in these arc lavas appear to 
be derived from overriding lithospheric 
sources, we believe that attributing similarly 
high ratios in other arcs solely to a subducted 
sediment contribution would be unwise. 
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gradually increased to 1200°C over 6 hours 
at 27 GPa. Diffraction Datterns were col- 

Amorphization of Serpentine at High Pressure lected .fter every 500 t~ increase, 
and we monitored the pressure change at 

and High Temperature the fixed press load during the heating (7). 

Tetsuo Irifune,* Koii Kuroda, Nobumasa Funamori, 
The intensities of the diffraction peaks of 
antieorite decreased com~ared  with those of 

Takeyuki ~ch ida ,  ~akehiko Yagi, Toru Inoue, 
- 

Au at temperatures near 200°C, and the 

Nobuyoshi Miyajima peaks disappeared at this temperature in a 
few minutes (Fig. 2C). A diffraction halo, 
characteristic of an amorphous material, ap- 

Pressure-induced amorphization of serpentine was observed at temperatures of 200" to peared as the diffraction peaks disappeared; 
300°C and pressures of 1 4  to 27 gigapascals with a combination of a multianvil apparatus thus, antigorite was converted to an amor- 
and synchrotron radiation. High-pressure phases then crystallized rapidly when the phous state at these temperatures within 10 
temperature was increased to 400°C. These results suggest that amorphization of min. With further heating, a few new dif- 
serpentine is an unlikely mechanism for generating deep-focus earthquakes, as the fraction peaks appeared at temperatures 
temperatures of subducting slabs are significantly higher than those of the rapid crys- near 400°C, and these grew rapidly (Fig. 2, 
tallization regime. D and E). X-ray diffraction and electron 

microprobe data for the sample quenched 
from 1200°C at 24 GPa show the presence 
of phase D (8)  and superhydrous B. Similar 

T h e  occurrence of deep-focus earthquakes sition of (MG,,,, Feo,05),Si20,(OH), as the results were obtained with lizardite (run 
at depths of 100 to 670 km in the mantle has starting material. We also used a natural liz- ME-3) at pressures of about 26 GPa (Fig. 1). 
been a puzzle because the brittle fracture ardite to study the effect of the crystallo- We  also obtained similar results near 19 
should be prohibited under the pressure and graphic form on amorphization. The pow- GPa (run ME-2, Fig. 3) ,  except that amor- 
temperature conditions corresponding to dered sample was mixed with a Au powder for phization of serpentine started at slightly 
these depths. A number of mechanisms have pressure measurements (4) and enclosed in a higher temperatures (by - 50°C) (Fig. 1). 
been proposed for the deep-focus earth- capsule made of cemented amorphous boron. The final products of this run, at 20 GPa 
quakes ( I ,  2),  but each has certain weakness- Twin-sheet heaters of T i c  were used, and the and 1050°C, were y-(Mg, Fe)2Si0, + 
es. One proposed mechanism is pressure- temperature was monitored with a Wg7Re3- stishovite (+  water). 
induced dehydration and amorphization of W2,Re74 thermocouple (5). In situ x-ray dif- In contrast, at pressures of 10 to 13 GPa, 
serpentine, a major hydrous phase in the fraction measurements at high pressures and we did not observe any clear evidence of 
subducting oceanic lithosphere (3). Acoustic high temperatures were performed at the Na- amorphization of antigorite either at room 
emissions have been associated with either tional Laboratory for High Energy Physics temperature or at high temperatures (run 
the dehydration or amorphization of serpen- (KEK) with a hybrid anviI system (6). ME-6, Fig. I ) .  Although the intensity of 
tine at pressures of up to 25 GPa in a dia- We carried out four runs at pressures up some diffraction peaks decreased slightly 
mond anvil cell (2). However, the direct to 28 GPa and at temperatures up to relative to those of Au at 400°C, high- 
observations of pressure-induced amorphiza- 1500°C (Fig. 1). For the first run (ME-I), pressure phases crystallized rapidly above 
tion of serpentine were made at room tem- containing antigorite, the pressure was in- 450°C. The quenched product from 
perature only. It has thus remained unclear creased slowly to 27 GPa at room tempera- 1200°C at 11 GPa consisted of a-(Mg, 
whether the acoustic emissions observed be- ture over 14 hours. The x-ray pattern was Fe)2Si04 + clinoenstatite (+  water). 
tween 6 and 25 GPa at temperatures of up to taken for 5 to 10 min after the pressure was Thus, in all of our runs, serpentine did 
about 600°C (2) were actually related to the held for 10 to 30 min every 2 to 3 GPa. not become amorphous over 14 to 30 hours 
amorphization of serpentine. We therefore 
examined the temperature and pressure con- 
ditions for the amorphization of serpentine Fig. 1. The temperature and pres- 

using in situ synchrotron radiation x-ray dif- ,500 
sure conditions of in situ x-ray dif- 
fraction measurements and sum- 

fraction measurements and a double-stage mary of the experimental runs to 
multianvil high-pressure apparatus. examine the amorphization of ser- 

We used natural antigorite with a compo- pentine. Antigorite (ME-1, ME-2, 
and ME-6) and lizardite (ME-3) 

T. lrifune and K. Kuroda, Department of Earth Sciences, were used as starting materials. 
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N. Funamori, T. Uchida, T. Yagi, Institute for Solid State E The "amorphous" region denotes 
Physics, University of Tokyo, Roppongi, Minato-ku 106, 8 500 the conditions where amorphiza- 
Japan tion of serpentine was observed 
T. Inoue, Center for High Pressure Research, State Uni- while no high-pressure phases were 
versity of New York, Stony Brook, NY 11 794, USA. encountered. 
N. Miyajima, Department of Earth and Planetary Scienc- 
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