Chapter 6 Trace Element Characteristics of Individual Glass Shards
from DSDP Leg 60 and ODP Leg 125 Ash Layers

6.1 Introduction

The occurrence of compositionally heterogeneous volcanic ash layers has been recognised
for a long time (e.g., Jezek, 1976; Arculus and Bloomfield, 1992). Workers have used only the
electron microprobe to study these heterogeneous volcanic ashes or used INAA, XRF or ICP-MS
to study the bulk ashes (assumed homogenecous ashes) (see Chapter 3 for a review). Published
trace element data of individual glass shards from island arc volcanism are currently few. Arculus
et al. (1992) and Chen and Arculus (1993a, 1994b) reported briefly some trace element data of
individual glass shards from the Izu-Bonin-Mariana volcanic ashes. This Chapter will present in

some detail the trace element geochemistry of individual glass shards.

On the basis of ~ 1750 sets of major element analytical data of individual glass shards from
~ 185 bulk ash samples, 220 individual glass shards (125 from DSDP Leg 60 and 95 from ODP
Leg 125) were chosen for further studies of selected trace element (Rb, Ba, Sr, Zr, Y, Cu, Zn and
Ga) abundances using the Heavy Ion Analytical Facility (HIAF) Proton Microprobe (PMP) at the
CSIRO, Sydney. These selected individual glass shards span the arcs' explosive history from ~ 42
Ma to present, cover the whole range of rock types from basalt through andesite and dacite to
rhyolite (Figure 6-1A), and also include low-K to medium-K to high-K tholeiitic series (Figures 6-
2A,C). Therefore, these 220 individual glass shards are geochemically representative of the Izu-
Bonin and Mariana arc volcanic glasses. The classification and nomenclature for glass types and

rock series are taken from Chapter 4.

6.2 Trace Elements of Glass shards from Leg 60 and Leg 125 ash layers

The trace element abundances of all 220 individual glass shards determined by PIXE-PMP,

combined with major element data measured by EMP-EDS, are given in Appendix 3.3, and plotted



Chapter 6 Trace Element Chemistry of Individual Glass Shards 102

against age in Figures 6-1A,B. Overall during the development of the IBM arc system, the major
and trace element abundances have a restricted range but large ion lithophile (LIL) elements such as
K, Rb, Ba, and Sr have peaks at ~ 20 Ma, 8-11 Ma, and ~ 2 Ma in the Marianas, similar to the
high-K pulses described earlier. Additionally, there are peaks in Cu abundance in the IB arc at ~ 7
Ma and 13 Ma. The element ratios such as K/Rb, K/Ba, K/Sr, Ba/Rb, Ti/Zr, Rb/Sr, Z1/Y, and
Sr/Y also have a restricted range. As discussed in Chapter 4, the IBM glasses can subdivided into
three subgroups: L125 GI, a predominantly low-K series of 0-17 Ma age; L60A GI, a

predominantly low-K series of 18-35 Ma age; L60B Gl, a predominantly medium-K series of 0-17
Ma age, based on the K20-SiO2 classification diagram (Gill, 1981). The acquired 220 element
data are plotted against SiO2 in the form of time intervals (L125 Gl 0-17 Ma, L60A GI 18-35 Ma,

and L60B GI 0-17 Ma) in Figures 6-2A,B.

The chemical compositions of the three subgroups of glasses form a tight continuum from
basalt, basaltic andesite through andesite to dacite and rhyolite (Figures 6-2A,B). Generally, L.125
glasses are very similar to L60A glasses in every aspect (major and PMP trace element
compositions), but are significantly different from L60B glasses in K20, CaO, Rb, Ba, Sr
abundances and CaO/K7O ratio at a given S1072. The majority of L60B andesitic glasses have
higher K20 (0.5-2.0%), Rb (10-45 ppm), Ba (250-800 ppm), and Sr (250-600 ppm), similar
TiO2 (0.7-1.5%), Zr (40-110 ppm), Y (20-40 ppm), Ga (8-20 ppm), Cu (10-250 ppm) and Zn
(70-160 ppm), but lower CaO (9-5%) and CaO/K20 (15-3) relative to those of the majority of
L60A and L.125 andesitic glasses (K20 < 0.5%, Rb < 18 ppm, Ba 20-250 ppm, Sr 100-250 ppm,
TiO2 0.7-1.5%, Zr 30-90 ppm, Y 15-35 ppm, Ga 8-20 ppm, Cu 10-250 ppm, Zn 70-160 ppm,
CaO0 11-7% and CaO/K20 40-15). Interestingly, L125-L60A group and L60B group glasses have
very similar ranges of LIL element ratios such as K/Rb 200-1000, K/Ba 10-40, K/Sr 10-40,
Ba/Rb 15-50, and Rb/Sr 0.02-0.10, but different HFS element ratio ranges with the latter having
lower Ti/Zr (100-50) and higher Zr/Y (2.5-4) relative to the former with Ti/Zr (200-100) and lower

Zr/Y (1-2.5) in the andesite range.

6.3 Trace element comparison of volcanic glasses and IBM volcanic rocks
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There have been extensive separate and combined studies of the [zu-Bonin and Mariana
arc-backarc system, as briefly described above. References for the data collected for the IBM arc-
backarc system are listed in Chapter 4. Relative to the major element data, there are fewer
combined major and trace element data sets. Of the more readily available trace elements,
representative LILE (K, Rb, Ba, and Sr) and HFSE (Ti, Zr, Y) have been selected to compare arc-
backarc magma compositions. Variations in the ratios of the moderately incompatiable HFSE are
particularly useful for assessing the intrinsic fertility of the mantle wedge without slab input

(Arculus et al., 1991; Pearce and Parkinson, 1993).

Selected trace element data of the three ash subgroups and the IBM arc, backarc volcanic
rocks and MORB are first plotted in a diagram of Y vs. Zr (ppm) (Figure 6-3). The three
subgroups of glasses show some overlap. In detail, L60A glasses and 1.60 LM glasses (Late-
Middle Miocene Leg 60 glasses) overlap the main trend of the Eocene-Oligocene Mariana arc
volcanic rocks (Site 448 basement and Guam-Saipan volcanic rocks) and Late-Middle Miocene
Mariana arc volcanic rocks (Site 451 basement and Guam-Saipan Miocene volcanic rocks),
respectively. There are some scatter points on the Y vs. Zr diagram, which may be due to
analytical problems with older volcanic rocks. There is also overlap of the modern Mariana
volcanic rocks with the younger group of Leg 60 glasses (L60 QP), but at higher Zr/Y than the
older glasses. The Izu-Bonin subaerial and submarine volcanic rocks with the exception of
IwoJima are identical to the Leg 125 glasses, and similar to the older Mariana glasses. IwoJima
has the highest Zr contents (180-270 ppm), intermediate Y abundances (30-45 ppm) and
consequently the highest Zr/Y. Interestingly, the IBM backarc basin volcanic rocks except the
Daito Basin volcanic rocks and half of the West Philippine Basin volcanic rocks have the same
trend on the Y-Zr diagram with MORB and the IBM glasses. The abundances of Zr and Y for the
representative MORB and backarc basin volcanic rocks concentrate in the ranges 40-180 ppm and
15-60 ppm, respectively, while those for IBM glasses are 30-160 ppm and 10-50 ppm,
respectively. The Daito Basin volcanic rocks have much high Zr contents (130-300 ppm) but
similar Y abundances (15-40 ppm). However, the West Philippine Basin volcanic rocks have the

lowest Zr contents (only 35-70 ppm) at similar Y abundances (20-40 ppm).
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Comparison of the abundances of six selected elements (Rb, Ba, Sr, Ti, Zr, and Y) and
their element ratios against SiO72 (wt %) for Mariana glasses and Mariana arc volcanic rocks are
shown in Figures 6-4A,B and C. The Quaternary-Pliocene glasses (L60 QP) are similar to modern
Mariana arc volcanic rocks in Ba, Rb, Zr, and Y but have higher TiO2 (0.8-1.5 wt%) and lower Sr
(200-350 ppm) in the andesite range relative to the volcanic rocks, possibly due to plagioclase
accumulation in the latter. The Late-Middle Miocene glasses are similar to the contemporaneous arc
volcanic rocks in Rb, Ba, Zr, Y, and TiO? but have general lower Sr abundances (200-500 ppm)
relative to the rocks (400-1000 ppm). The Oligocene glasses are compositionally similar to the
Eocene-Oligocene arc volcanic rocks but with more scatter in abundances. The broadly positive
relationship between Rb, Ba, Zr, Y and SiO2, and generally negative correlation between TiO2

and SiO2 support the conclusion inferred from major element studies that the genesis of the

spectrum of glass compositions was dominated by fractional crystallisation.

Generally, the element ratios of K/Rb, K/Ba, Ba/Rb and Zr/Y of Mariana LM-QP glasses
are in the same range of the Mariana LM-QP arc volcanic rocks. However, the same ratios of Pre-
Miocene Mariana arc volcanic rocks are much more scattered with about half of the Site 448
basement volcanic rocks having high K/Ba (> 100-400) and low Ba/Rb (2-10), a result of
relatively low Ba abundances. There is overlap of element ratios of K/Rb, K/Ba, Ba/Rb, and Zr/Y
of L60A glasses and Eocene-Oligocene Mariana arc volcanic rocks. Interestingly, there are broadly
positive correlations between K/Sr or Rb/Sr vs. SiO7 for these Mariana glasses and volcanic rocks
except for a subset of Site 448 basement volcanic rocks which are characterised by large ranges of
K/Sr and Rb/Sr ratios at a given SiO2. The Sr/Y ratios of Eocene-Oligocene volcanic rocks are
generally lower than those of the glasses but the Sr/Y ratios of Miocene-present volcanic rocks are
higher than those of glasses of the same age range. There is broadly negative correlation between

the Ti/Zr and SiO7 for all Mariana glasses and volcanic rocks. Some of the basalts and basaltic

glasses have higher Ti/Zr values (100-200).

The comprehensive comparisons of six representative elements Rb, Ba, Sr, Ti, Zr, Y and

their element ratios vs. SiO2 (wt %) for Izu-Bonin glasses and Izu-Bonin arc volcanic rocks are
shown in Figures 6-5A,B and C. The Izu-Bonin glasses have very similar composition with Izu-

Bonin arc volcanic rocks (subaerial and submarine) except IwoJima volcanic rocks in Ba, Rb, Sr,
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Y, K/Ba, K/Rb, K/Sr, Ba/Rb, Sr/Y and Rb/Sr but have high TiO2 (0.8-1.5 wt%), high Ti/Zr
(120-220 ppm), low Zr (20-60 ppm) and low Zr/Y (1.5-2.5) at the andesite range relative to the
volcanic rocks. The IwoJima volcanic rocks have much higher Rb (55-100 ppm), Ba (1000-2000
ppm), Sr (400-800 ppm), Zr (180-270 ppm), Zr/Y (5-9), K/Sr (40-100), St/Y (15-25), and Rb/Sr
(0.08-0.22), similar TiO2 (0.5-1.1 wt%), K/Rb (350-600), K/Ba (25-40), Ba/Rb (16-25) at the

andesite range.

Compared to MORB, the modern IBM backarc basin volcanic rocks have slightly lower
TiO2, Zr, and Y contents but significantly higher K20, Rb, Ba, and Sr abundances (Figures 6-
5A,B). However, both have similar range of trace element ratios of K/Ba (30-120), K/Sr (5-30),
Ba/Rb (2-20), Rb/Sr (< 0.04), Ti/Zr (70-120) and Zr/Y (2-4) (Figures 6-5B,C). The majority of
IBM modern backarc basin volcanic rocks have high K/Rb (500-1100) and St/Y (4-12) relative to
those of MORB (K/Rb 200-600, and St/Y 2-5) (Figure 6-5B). The trace element behaviour of
Daito Basin, West Philippine Basin and Shikoku Basin basalts is strikingly different (Figure 6-6).
The Daito Basin basalts have the highest Rb (3-25 ppm), Ba (100-350 ppm), Sr (300-1000 ppm),
TiO2 (3.0-5.5 wt%) and Zr (150-350 ppm), while the West Philippine Basin basalts have the
lowest Ba (< 50 ppm), Sr (70-120 ppm), TiO2 (0.8-1.5 wt%), Zr (40-80 ppm) and slightly lower
Y (20-30 ppm). The Shikoku Basin basalts have intermediate abundances of Ba (30-80 ppm), Sr
(120-220 ppm), TiO2 (1.0-2.2 wt%). Zr (80-160 ppm) and Y (25-40 ppm), similar to modern

IBM backarc basin basalts.

Figure 6-7 shows the N-MORB normalised representative multi-element patterns for the
averaged Leg 60 and Leg 125 glasses. Clearly, these patterns are similar. The abundances of LIL
element such as K, Rb, Ba and Sr increase with the increase of SiO2. The contents of HFS
element such as Ti, Zr and Y of basaltic and basic andesitic glasses are generally close to the
average N-MORB. The L60A group glasses are very similar to the L125 group glasses while
L60B group glasses have significantly higher LIL element such as Rb, Ba and Sr relative to the

L125-L60A glasses.

A comparison of selected trace element (Rb, Ba, Sr, Zr, Y) abundances and ratios among

L 125 glasses, Site 786 basement volcanic rocks, turbidites (A:18-35 Ma; B:0-17 Ma) and L60
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glasses, Site 458 and 459B basement volcanic rocks, and modern Mariana volcanic rocks are
shown in Figures 6-8A,B and C. It is clear that there is a significant difference between Mariana
glasses and Mariana forearc basement volcanic rocks with the latter having very low Ba (< 100
ppm), Sr (60-160 ppm), Zr (25-50 ppm) and Y (< 10 ppm) and consequently high K/Ba (80-400),
K/Sr (40-100), Zr/Y (3-6) and Rb/Sr (0.08-0.3), and low Ba/Rb (0.5-7) in the andesite range, all
of which are characteristics of boninitic series (e.g., Pearce et al., 1992). The majority of Eocene-
Oligocene IBM forearc basement volcanic rocks are of boninitic affinity with a tholeiitic minority
(e.g., Taylor, 1992). The trace elements Rb, Ba, Sr, Zr, Y and their ratios of the forearc Eocene-
Oligocene tholeiitic rocks do broadly overlap with the modern IBM arc volcanic rocks. The
turbidites have very similar trace element compositions compared with the L125 glasses. Obvious
differences are noted between the Izu-Bonin and Mariana arc volcanic rocks with the latter having

higher LIL element abundances such as Rb, Ba, Sr but similar Zr and Y abundances.

6.4 Summary

Based on analyses of individual glass shards from DSDP Leg 60 and ODP Leg 125 for
major elements (Ti, K) by EMP and selected trace elements (Rb, Ba, Sr, Zr, and Y) by PIXE-
PMP, together with comparative studies of IBM glasses and IBM volcanic rocks, the following

summary points can be made:

1. The ~ 220 individual glass shards studied are geochemically representative of volcanic
glasses sampled from DSDP Leg 60 Site 458 and 459B and ODP Leg 125 Sites 782A, 784 A and
786A. The trace element data indicate that LIL elements such as K, Rb, Ba, and Sr have peaks at ~

20 Ma, 8-11 Ma, and ~ 2 Ma.

2. Abundances at specific SiO? content of trace elements such as Rb, Ba, and Sr like major
element K20 and CaO do show temporal and spatial chemical changes. The Izu-Bonin glasses
(L125 glasses, 0-17 Ma) are very similar to older Mariana glasses (L60A glasses, 18-35 Ma), but
significantly different from L60B glasses (0-17 Ma) in Rb, Ba, Sr abundances at a given SiO2
content. The majority of L60B andesitic glasses have higher Rb (10-45 ppm), Ba (250-800 ppm),

Sr (250-600 ppm), similar Zr (40-110 ppm), Y (20-40 ppm), Ga (8-20 ppm), Cu (10-250 ppm)
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and Zn (70-160 ppm) relative to those of the majority of L60A and L125 andesitic glasses (Rb <
18 ppm, Ba 20-250 ppm, Sr 100-250 ppm, Zr 30-90 ppm, Y 15-35 ppm, Ga 8-20 ppm, Cu 10-

250 ppm, Zn 70-160 ppm).

3. The L125 glasses have similar trace element compositions to the [zu-Bonin arc volcanic
rocks with the exclusion of IwoJima. Generally, the Mariana Quaternary-Pliocene glasses
(L60QP) are very similar to modern Mariana arc volcanic rocks in terms of Ba, Rb, Zr, and Y
abundances but have lower Sr (200-350 pprn). Lower Sr abundances (200-500 ppm) in Late-
Middle Miocene glasses relative to the arc volcanic rocks (400-1000 ppm) in andesitic bulk

compositional range, possibly reflects plagioclase accumulation in the rocks.

4. It is clear that a medium-K characteristic is not synonymous with the calc-alkaline series.

5. From the view of characteristic trace element (Rb, Ba, Sr, Zr, and Y) abundances and
ratios, the IBM volcanic glasses are clearly distinct compared with the Eocene-Oligocene IBM
forearc basement volcanic rocks, the majority of which belong to the boninitic series. No boninitic
glasses have been found in the ash layers, indicating the restriction of this type of magmatism to
the early stages of arc evolution and/or a lack of subaerial explosivity. The existence of boninitic
activity in the IBM arc system in the period ~ 45 to 30 Ma, and the absence of boninitic ashes

shows that the arc was zoned across - strike.
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Leg 60 and ODP Leg 125 ash layers during the IBM arcs' evolution.

Figure 6-1A



109

T T T T T T T T T T T L
o o o o o © oo ®
i i 41 k 18 ak
& + oA b - el -+ 4t o - ++ #E 4 b H T 1 F o+
x x X x X
I L A L b | i
+ + + b + o+ ++ + + o+ I¢ e
+ + 4+ 4 i + B+ G o, il e + e e
4 | ] L
. \ S [ 5
b b+ X .m g Ax . L] b PR e e s
- - & N i bt * + ¢ i g F + WMELL e ¥ it T
0K ¥ + X! X X XX % A+ X X X s
o B sk P ey il oo o O o+ b it ooop o B 2=
3 %R - O . ored® 1t ape 0 S awms 2008 GRS
e ) s og oooo
i i T 9 07 i © 1t i 3 w0 A § £ e kK o 1t I a
fOoR%gaco o * T oK x % X W Soam x % ¥ Skiflen ocaud R X R ogme o
x KX e 4 Qg a9 ol X @ R Xg @ <
g n&hamjuuue b ooonnm._xwwxﬁ Sl | TR b x.f.m aio] Gm S 7 it o ta
g 2 +n+vm_ Cmn & 15 Ox T & a o % % ¥ i, 9 by
..... oo 9a%. HEL o q @ &) 0 Lo Pa 5808 ; ) 29%8 4 ] o0 F50et . o £ anmfy, @:%.504
fs) o =)
g g g 2 S - B ¥ @ 2 8 8 & a2 S 2 ~8 =
= = = b= —_ —
B 15/ qired ANZ X - SZAL AAS
LD | S99
7T T g T T T T T T R T T - T T T SR ape—
© 9 © ) 0o o o
st r 1 I - i § il
523808
v
<< '@
AT goa
L] o + +4H+ H F + ] 4 4 o - + +HE “4 EEE 4+ + 4+t
N b X x x x x
o4 OXx +
4 L 3 L at I}
o+ + = o+ + H o4 + + HEH + + oW 4 + *
+ o+ P + + HIL ettt N + o+t iiie + PR 5l + A% P
LY S ~oal Tt i + + Ty PP - M.vmﬂ..a
- S 2R + L - freira e |1 || R - e TR, e 4+ E R B 15 4+ av e %
X% _ ] K x x4 Ao Xobm
xxEﬂm&iIW + i + # + OOy ¥ ++ OO 0 4u0 00 + gm Le¥ng
k £ JF E E n
+ O L5 i e P Owrr U WRxax O xR . O Lot 3 Vel o [ B e+ O
X AAA&!XD EUD = mﬁ_ o 4 O x nmni.%ly X vmgwﬁ D&ﬁx.u gmn
&Oﬂ% X o Te™ v&% o&o%&m.x o %Nw &&o 8 pxi X0
x < 4 <q
T R . 3 o S O R e ‘_nﬂ%.wbﬁxx . o - o Sl @ ¥ o alllc a a
ﬁuosnﬁ u < mm@.%ﬁ R AA (o] [ o« wa%m O t o og Mm& ° = o %P@ S
x 2 8
- x?&v%@ < L2g TR e RS, 55T L JR _ : iw.uoa e it o B, L sa, S AR o 1
= = =] o = =) =) =) < o [ m = Om w o
& & = =
g B § $s 5 8 8 g 8 8 8 % ® R’ = °F g g &

A wdd

uy7 wdd

15 20 25 30 35 40 45
Age (Ma)

10

v

15 20 25 30 35 40
Age (Ma)

10

vy

Comparison of compositions of individual glass shards from DSDP

Leg 60 and ODP Leg 125 ash layers during the IBM arcs' evolution.

Figure 6-1B
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Figure 6-2A  Comparison of compositions of individual glass shards in different age
groups from Leg 60 and l_eg 125 ash layers during the IBM arcs' evolution.



111

- i i o e e e T . r ST TRy T T ﬁ: TR i 4 R e
x | x X x
B o XX » oo x " ox b x & Mm o *% £ % iy
ox0 0 | ° )
8% e Lg o o §3° s K Oy ! § £
=8| %o % oK o ®oygox , | x %% Y
~ 1
L &} X x XX x X o I x X X X o
w < a w_& mwox &m x & abm N
]mw obzm ° oY% 4+ t.ﬁ.v xo i t+ B «%o ] XMI th, gL
= o + + 4+ +
= a5 x@y+ 1] % +o.F + +&~u ¥ | + L2 x i xnb,, . it A %+ 1
r xgs x0 » + X + & x o + )
x X
5 et o X & e b X e X Mg 2 X
+ + <+ + + i
o x X0 x0 X o o x °
ey + % + x* 5 O +
L xhvx%o,. o nw%ﬂxo +ym O+ .rwo M X + %4 va o mﬁw < ++X+% X
%Aw &wo XO@O +.¢+OVW%QA 2 b M OM & ++ xo x e
+++, * + e o4 » P he
36 MNx o gl % x | o o& R all - P, It | o;w‘ X% g, |
I ¢¥Mw0 i 2% +t4 oy X 3 gw v A T OK e & ke 2%
+ oK ™ o o [ e X ) F L agPE x x ;
¥ ﬁ»xw %0, &%.o s x o+ xo&wu.ﬁ Oy W xxm%,, ;
X o X [o] X
ro@%o 3 % % 0+ X x 1080 X 49+, 0 2 T 0D X
0> Xx xQ . o¢ xxo +x“ o x O X 5 x B FUx
x o o1 x Exx X% ] T % x $
+%0 ) o3, (e &M ) x do*mx
x X X x X
1 1 " . L L A | 1 1 1 1 1 i 1 . i A e i L
- o = = =
2 g = g 2 o ® = & % = § ¥ o = z & m & S - = = -
S = < = N = (=] =) o =3 o = = -
- - IZnL £on 1S g/ 187y
qdred : S/98 a4/ &
oy + S_— g ——s - - — J : ; Py e = o .Ox:..._x!u. .I:_.._.i..JI.|._
X
] o xx X XX k-3 vﬂn * o Xxxx...,i [} A n o X Xx X x % o
X 4 00p © x Q.0 P ° o o X 4@ 8 R x
+ 0000, - o i [} X xo X %
L W roe o ¥ 5o, X ¥ xS * xx
X x X XX o
Sl x 1 x% & s 0% o, % 9 % 3 o ow
w+ +4 0% 0 S ORC gm0 % + o ) + N.ﬁ.»& o &W
+ * 4 o A + e, . L % X - s < i e |
I g, = o I o ¥ i o %04 1 Ll ox0% ;_ x %g
} x X, L X Iy x e N b >,
_» i A x = 5 x o B % o tx _ E o .
| o % - o xS o X %o | 0 %0 x )
! ° . ﬁm.% M o T3 x o B ot Wox% | xx % g = © 3 x%w ;
o /¥ o X BT o Phegeox . o"%*t Vel | xxMx w, © S 8
} #* & +1 HHE
f +H o4 g ot - S = L x. Ao || Pio x » .w
¥ XX +0I%. " x v, % .
+0 88, L o x G © % +xW+ 2t i 0. +0 R Qg% b
ol * * B B ; fua % v
= 28 nﬂm @ K ¥ x00+ o % +B + o0y X &Y oy | ** o o
1 R e + e X © w ARG e X 3 N m+ et -l » * 4 + b +go 0
i o Xy w ¥ o’ x x o0 &w o, P gt
i R @™ X TR i Q 101 01 SBRee ox o] 9 xww»_-_ra. e o o
& % X . % X Q0 X % X N o % X
o g F o o mx &7 Bx +x X
1 x % .x_rw I b+ xxm * X oy X o x © xm&.xx
o Mux XW xxx ] q, % & B xg ¥ L .
. . ' [ Il i i A A A L i A Fra— e - A i
. L i s L | EEPESES . e ey o o r=] w (<] o =] < m =
<= = S =] = < (=) =) = 2 = 2 =3
M M q = S & 2 -3 I & & = ) m S Y m bt i M L a4 » <« W < -
=
-

2 S

o

e

=

5
g
) e

(=)

72 mm
Q wn =
7] e
& < 2
53 o o
- -
523
2 s

i
bt~
3E
=
=5

=) —
4 o o0
- R==
G =
S|
wd
o =1 %
) Oﬂ
=g
a S
2z
e
Swy
S~ O
=~ Gt v
Q Oy
%) S L
o1 S
g &g
& <
S
g EQ
N
Ce
a
;@ g
S
2 6:&
2 e
= =
L g
e on



112

Figure 6-2C  Comparison of AFM diagrams for three groups of individual glass shards
from DSDP Leg 60 Sites 458 and 459B and ODP Leg 125 Sites 782A, 784A, and 786A ash
layers . L60B Gl 76 is 76 point analyses of individual glass shards from DSDP Leg 60 Sites
458 and 459B, 0~ 17 Ma (present to Middle Miocene), L60A Gl 49 is 49 point analyses of
glass shards from Leg 60 Sites 458 and 459B, 18 ~ 35 Ma (Early Miocene to Oligocene);
L125 G1 93 is 93 point analyses of individual glass shards from ODP Leg 125 Sites 782A,
784A, and 786A, 0 ~ 17 Ma. See text for discussion.
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Comparison of compositions of glass shards from Leg 60 and Leg 125 ash
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Figure 6-4A  Comparisor of compositions of individual glass shards from Leg 60 and
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Figure 6-4B  Comparison of compositions of individual glass shards from Leg 60 and
Mariana arc volcanic rocks during the IBM arcs' evolution. See text for data sources.
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Figure 6-5B Comparison of compositions of individual glass shards from Leg 125
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Figure 6-5C Comparison of compositions of individual glass shards from Leg 125
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Comparison of compositions of basin basalts from Daito basin, West
Philippine basin and Shikoku basin. See text for data sources and legends.
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N-MORB normalised multi-element patterns
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Figure 6-7 N-MORB normalised abundances of individual glass shards from DSDP Leg

60 (A) and ODP Leg 125 (B). Notation by the specific sample symbols is Leg or Site
number followed by compositional type (B-basalt, BA-basaltic andesite, A-andesite, D-
dacite, R-rhyolite) and analysis number for average. L60B is a time period of 0 ~ 17 Ma
(present to Middle Miocene); L60A is a period of 18 ~ 35 Ma (Early Miocene to
Oligocene); L1125 is a time period of O ~ 17 Ma; 782A R1 is a rhyolitic glass, Eocene (~ 42
Ma). The normalising values of Rb, Ba, K, Sr, Zr, Ti, and Y are from Sun and McDonough
(1989), Ca, Al, Fe, and Mg, from the average of 397 MORB glass samples collected in this
work. See text for discussion.
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Figure 6-8A  Comparison of compositions of individual glass shards from DSDP Leg 60
and ODP Leg 125 ash layers with drilled basement volcanic rocks of the Izu-Bonin and
Mariana forearc (786base 148, 148 analyses of ODP Leg 125 Site 786 basement volcanic
rocks; S458base 50 and S459Bbase 37, 50 and 37 analyses of DSDP Leg 60 Site 458
basement and 459B basement volcanic rocks respectively), turbidites recovered from ODP
Leg 126 forearc Sites (Turbi A 16 and Turbi B 8, 16 and 8 analyses of turbidites from 18 ~
30 Ma and 0 ~ 17 Ma respectively) and Mariana modern volcanic rocks (MQP 205). See
Figure 6-2C for glass samples and text for data sources and discussion.
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Figure 6-8B  Comparison of compositions of individual glass shards from DSDP Leg 60
and ODP Leg 125 ash layers with drilled basement volcanic rocks of the Izu-Bonin and
Mariana forearc (786base 148, 148 analyses of ODP Leg 125 Site 786 basement volcanic
rocks; S458base 50 and S459Bbase 37, 50 and 37 analyses of DSDP Leg 60 Site 458
basement and 459B basement volcanic rocks respectively), turbidites recovered from ODP
Leg 126 forearc Sites (Turbi A 16 and Turbi B 8, 16 and 8 analyses of turbidites from 18 ~
30 Ma and 0 ~ 17 Ma respectively) and Mariana modern volcanic rocks (MQP 205). See
Figure 6-2C for glass samples and text for data sources and discussion.
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Figure 6-8C  Comparison of compositions of individual glass shards from DSDP Leg 60
and ODP Leg 125 ash layers with drilled basement volcanic rocks of the Izu-Bonin and
Mariana forearc (786base 148, 148 analyses of ODP Leg 125 Site 786 basement volcanic
rocks; S458base 50 and S459Bbase 37, 50 and 37 analyses of DSDP Leg 60 Site 458
basement and 459B basement volcanic rocks respectively), turbidites recovered from ODP
Leg 126 forearc Sites (Turbi A 16 and Turbi B 8, 16 and 8 analyses of turbidites from 18 ~
30 Ma and O ~ 17 Ma respectively) and Mariana modern volcanic rocks (MQP 205). See
Figure 6-2C for glass samples and text for data sources and discussion.



