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Abstract

Serpentinite clasts and muds erupted from Conical Seamount, Mariana forearc, show substantial enrichment in
boron (B) and ''B (8''B up to +15%o0) relative to mantle values. These elevated B isotope signatures result from
chemical exchange with B-rich pore fluids that are upwelling through the seamount. If the trends of decreasing 5''B
with slab depth shown by cross-arc magmatic suites in the Izu and Kurile arcs of the western Pacific are extended to
shallow depths (~25 km), they intersect the inferred 8''B of the slab-derived fluids (+13 %0 ) at Conical Seamount.
Simple mixtures of a B-rich fluid with a high 8''B and B-poor mantle with a low 8'!B are insufficient to explain the
combined forearc and arc data sets. The B isotope systematics of subduction-related rocks thus indicate that the fluids
evolved from downgoing slabs are more enriched in !' B than the slab materials from which they originate. Progressively
lower 8''B in arc lavas erupted above deep slabs reflects both the progressive depletion of !'B from the slab and
progressively greater inputs of mantle-derived B. This suggests that the slab releases !'B-enriched fluids from the
shallowest levels to depths greater than 200 km. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

Boron (B) abundance and isotopic variations in
island arc magmas of the western Pacific define a
trend showing decreases in B abundance and 3!'B
with increasing slab depth. This phenomenon is
thought to relate to the preferential transfer of
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B from the slab to the mantle wedge during pro-
gressive dehydration of subducted material [1-6].
Cross-arc B abundance and B-'Be systematics [7]
suggest a very efficient transfer of B and like ele-
ments from the slab, through the mantle wedge,
and into arc volcanics, with little B reaching
depths greater than the volcanic roots of arcs.
However, estimates for the total volcanic flux of
B at arcs typically account for =30% of slab B
inputs via subducted sediments and altered ocean-
ic crust (AOC) [8-11]. Current models for the B
isotope systematics of arcs [1,2,5,6,12] have done
little to clarify the mass—balance questions about
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B, as the required ‘slab fluid’ component appears
to derive almost all of its B from subducted ocean
crust (as opposed to the B-rich sedimentary sec-
tion, which also provides all subducted !°Be). In
addition, the B content and isotopic ratio of the
‘mantle’ end-member are not well constrained.

B abundance and isotope systematics in arcs
point to a significant role for slab fluid releases
in forearc regions. As forearcs are generally qui-
escent in terms of eruptive activity, samples of
slab fluids and materials unaltered by migration
through accreted sediments have not been avail-
able for study. However, at several locations in
the Mariana forearc, serpentine seamounts erupt
fluids and serpentine muds, with entrained serpen-
tinized ultramafic clasts, that are mineralogically
and isotopically consistent with mantle material
hydrated by slab-derived fluids originating at
~20-25 km depths [13-19]. These forearc serpen-
tine seamounts offer a unique opportunity for the
study of slab fluxes in the shallowest parts of a
subduction system. We present B abundance and
isotopic compositions of serpentine muds and ser-
pentinized ultramafic clasts from Conical Sea-
mount, an active serpentine mud volcano in the
Mariana forearc, with the goal of understanding
the subduction zone flux of B through the forearc
region.

2. Geologic background

Conical Seamount is the most intensely studied
of a number of active and inactive serpentine mud
volcanoes found in the Mariana forearc [15,20-
22] (Fig. 1). The seamounts occur across a broad
region of the forearc some 50-120 km west of the
trench axis, in a zone of extensional deformation
[23]. The Mariana serpentine seamounts consist
primarily of sheared, tectonized and serpentinized
ultramafic rocks in a matrix of silt-sized serpen-
tine (muds) [16]. These serpentinites possess char-
acteristically higher 8'80 and somewhat lower 8D
than serpentinites from other marine settings, and
associated authigenic carbonates show fractionat-
ed C and O ratios, consistent with interactions
with fluids isotopically distinct from seawater
[18,24,25]. Alvin dives at Conical Seamount dis-
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Fig. 1. Bathymetry of Conical Seamount showing locations
of ODP Leg 125 Sites 779 and 780. Contours are in 100 m
intervals. Inset shows location of Conical Seamount in the
Pacific Ocean. Adapted from [16].

covered recent flows of clast-bearing serpentine
muds and mineralized chimneys venting composi-
tionally anomalous, cool fluids [17,23,25]. Subse-
quent study of several other seamounts (Pacman
Seamount and South Chomorro Seamount) has
also documented active fluid venting and ‘cold-
spring’ biological communities [22,26]. Ocean
Drilling Program (ODP) Leg 125 had as one of
its primary goals the petrologic examination of
Conical Seamount. Both the summit (Site 780)
and flanks (Sites 778 and 779) were drilled, and
both lithologic and pore fluid samples were col-
lected [16].

Based on relict mineralogies and bulk compo-
sition, the protoliths of Conical Seamount serpen-
tine mud flows are tectonized harzburgites and
dunites, suggestive of an origin in the depleted
upper mantle [16]. Hydration produced a second-
ary mineralogy dominated by serpentine. Both the
unconsolidated serpentine and serpentinized ultra-
mafic clasts from these cores are dominated by
chrysotile * lizardite and antigorite [16,27-29].
Chemically, the serpentinites show elevated B
and Li concentrations, but have K, Sr and Ba
abundances that are indistinguishable from upper
mantle rocks [18,30]. Pore fluid samples from Site
780 at the Conical Seamount summit are compo-
sitionally unique, with unusually high pH (up to
12.6), low chlorinity (almost half that of seawater)
and elevated abundances of B, Rb and K (up to
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10, 5.6 and 1.5 times greater than seawater, re-
spectively) [17]. The samples are also character-
ized by enrichment in CH4 and organic acids rel-
ative to nearby forearc sediments [16,31] and ®"Sr/
86Sr ratios well below that of seawater [32], all
suggestive of a subducted fluid source.

Table 1
B abundance and isotope data for Conical Seamount sam-
ples

Sample identification® Depth  §''B 20 B
(mbsf) (%0) (ppm)
Serpentine matrix:
125-779A-
05R-3, 054-056 32.75 20.6 0.3 25.6
13R-1, 138-140 107.45  10.8 0.5 6.6
18R-2, 087-089 157.38 9.7
28R-2, 112-114 227.60 16.4 0.3 12.7
32R-2, 000-010 265.95 20.6
36R-2, 132-134 305.85 11.3 0.3 16.6
125-779B-
0IR-1, 117-119 1.18 126
125-780C-
02R-1, 002-004 5.53 19.8 0.2 334
04R-1, 024-026 23.74 28.2
05R-1, 037-039 3337 142 0.2 253
duplicate 14.3 0.6
07R-1, 014-017 5224 142 0.3 233
12R-1, 006-008 100.26 26.1
13R-1, 053-055 107.03 12.9 0.3 23.5
15R-1, 027-029 125.77 13.1 0.7 31.2
duplicate 13.2 0.5
16R-1, 033-035 135.33 26.0
18R-1, 129-131 155.29 35.2
18R-1, 138-140 155.38 152 0.6 30.9
125-780D-
01X-1, 026-028 026 11.0 0.2 81.1
02X-1, 035-037 2.85 29.2
06X-2, 033-035 21.51 14.2 0.3 29.0
07X-5, 123-125 29.8
Serpentinized peridotite clasts:
125-779A-
04R-1, 027-030 2040 253 0.3 57.5
05R-2, 062-072 30.82 218 0.3 433
08R-1, 090-093 59.43 54 0.3 20.4
15R-2, 022-023 126.63  14.8 0.3 23.2
16R-1, 019-023 13573 10.8 0.3 12.7
18R-2, 113-114 157.54 10.4 0.3 21.6
22R-1, 041-043 170.53 14.9 0.4 6.8
26R-3, 103-104 210.54 147 0.3 15.5
33R-2, 082-083 276.33 11.9 0.7 17.6

4Sample identification is according to the following ODP
convention: 125 (ODP Leg)-779 (Site) A (Hole)-05 (Core) R
(drilling method, e.g. R for rotary and X for extended core
barrel)-3 (Section), 054-056 cm (interval).

3. Methodology

Samples were selected from ODP cores from
Conical Seamount (Site 779 on the flank, Holes
A and B and Site 780 on the summit, Holes C and
D) (Fig. 1), and include both unconsolidated ser-
pentine matrix and highly serpentinized ultramafic
clasts. Clast samples were cut from the interiors of
relatively vein-free core segments, on the pre-
sumption that the interiors would be less likely
to suffer late-stage exchanges with seawater or
other fluids. Both sample types predominantly
consist of chrysotile * lizardite or antigorite
[16,29,33]. All samples were washed with deion-
ized water to remove absorbed B and salts from
pore fluids [34].

B concentrations for samples of serpentine ma-
trix were measured by isotope dilution mass spec-
trometry (IDMS) at the Department of Terrestrial
Magnetism (DTM) (Washington, DC, USA) us-
ing the HF-mannitol method of digestion [35] and
positive ion thermal ionization mass spectrometry
of Cs;BO; [36,37]. Concentrations for the clast
samples were measured by direct-current plasma
emission spectrometry (DCP) at the University of
South Florida (Tampa, FL, USA) using the
Na,CO; flux method of digestion [3]. Uncertain-
ties are less than *1% for IDMS measurements
and *10% for DCP measurements. All B isotope
measurements were prepared and analyzed using
methods similar to the IDMS analyses at DTM.
Separate preparations and analysis of serpentine
samples give values within 0.2%o0 of each other,
however the internal precision of individual runs
frequently exceeds this level.

4. Results and discussion
4.1. Constraining seawater interactions

B abundance and isotopic data for these sam-
ples are presented in Table 1 and Fig. 2. In Fig. 2,
serpentine matrix and serpentinized clast B abun-
dances and B isotope compositions (reported as
8''B) and pore fluid pH and chlorinity are plotted
against depth. At both sites, B abundances and
8'!'B values are generally highest near the seafloor
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Fig. 2. Juxtaposition of depth profiles of B and §''B values
for samples of unconsolidated serpentine matrix (open sym-
bols) and serpentinized ultramafic clasts (solid symbols)
along with pH and chlorinity values for samples of pore fluid
(shaded circles or crossed squares) from ODP Sites 779
(squares) and 780 (circles) cores recovered from the flank
and summit of Conical Seamount, respectively. Bold lines
connect data points for matrix samples from ODP Site 780
to emphasize the depth profile in (a) and (b) and highlight
the mixing relationship between seawater (triangles) and the
upwelling fluid at the same site in (¢) and (d). Shaded areas
in (a) and (b) represent the depths at which samples are im-
pacted by seawater at ODP Sites 779 (larger area) and 780
(smaller area). Note how the spike in 8!'B values corre-
sponds to the changes in pore fluid pH and chlorinity. Pore
fluid data are from [16].

and decrease with depth. This pattern of B enrich-
ment is caused by the uptake of B from seawater
by serpentine in the seamount. Alteration by sea-
water is a major concern with these materials,
because seawater has a relatively high B content
(4.5 ppm) and very high §''B of +40%o [38]. At
seafloor temperatures, B partitions preferentially
into serpentine [38,39], resulting in higher B con-

centrations in serpentine re-equilibrating near the
surface. Pore fluid compositions from summit Site
780 samples indicate near-surface seawater inter-
actions down to ~10 m below seafloor (mbsf)
[16,17]. In contrast, all the deeper samples have
apparently been in chemical contact mainly with
the unique alkaline, low chlorinity, B-rich pore
fluids [16,17,40], which upwell through the sea-
mount. At flank Site 779, pore fluids are composi-
tionally a mixture of seawater and the upwelling
fluid, but pH values generally exceed 11 below
100 mbsf [16,17].

As shown in Fig. 2, samples from Site 780 in
contact with high pH, low chlorinity fluids show
B abundances and B isotope compositions that
reach nearly constant values (8''B~+14%o).
Large abundance and isotope variations, how-
ever, occur in shallow samples at both sites, where
chlorinity data indicates mixing between seawater
and the upwelling fluid [17]. As B speciation in
solution is strongly dependent on pH, essentially
100% of pore fluid B will be speciated as tetrahe-
dral B(OH), in the deeper fluids [8,38]. B isotope
fractionations between solids and fluids are
thought to relate to the preferential incorporation
of "B-rich B(OH), into silicate minerals. At
present, the serpentine—water fractionation factor
and its relationship between pH and temperature
are not known. However, assuming that B is tet-
rahedrally coordinated in both the serpentine and
the high pH fluids at Conical Seamount, then
minimal isotopic fractionation should occur dur-
ing exchanges between these pore fluids and the
serpentine [38]. As a result, the B isotopic compo-
sition of the serpentine will represent the lower
limit on the 8'"'"B (+13%0) of the pore fluids
even if the effect of temperature on fractionation
is significant. The magnitude of the temperature
effect, however, is not expected to be large based
on the high 8''B of shallow matrix samples inter-
acting with seawater-rich fluid mixtures at
pH<10 (e.g. 125-780C-02R-1, 2-4 cm; 5.5
mbsf; 8''"B=19.8%0).

B isotopic variations also diminish with depth
in samples from Site 779. The large abundance
and isotopic variations in the upper 100 m are
likely the result of mixing between B from sea-
water, the deep pore fluids and the clast mantle/
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crustal protoliths at variable pH. Mixtures of the
upwelling pore fluids (pH~12.6 [16]; ~40 ppm
B [40]; 8""B~+13%0) and seawater (pH=8.2;
4.5 ppm B; 8''B=+40%o0 [38]) may span a range
of B concentrations, 8''B and pH. The §''B of
serpentine exchanging with such mixed fluids
will be affected not only by the B abundances
and 8''B of the fluids, but also by fluid pH. Sea-
water-rich fluid mixtures (90-95% seawater and
5-10% deep pore fluids) will have both low 3''B
and relatively low pH, and could thus produce
serpentines with 8!'B as low as +5%o during ex-
changes with ultramafic rocks. Such low 8''B val-
ues are feasible because the relatively low pH of
the pore fluids can generate significant serpentine—
water isotopic fractionation related to differences
in B coordination. B-rich serpentine formed at
depth beneath Conical Seamount that interacts
with seawater-rich fluids at shallower levels may
undergo either increases or decreases in 8!'B, de-
pending both on the pH and water—rock ratio of
exchange. Site 779 clasts and shallow unconsoli-
dated matrix samples with elevated 8''B may rec-
ord exchanges between serpentine formed at
depth under high pH conditions with shallow flu-
ids composed of 60-70% seawater. In contrast,
the one low clast 8!'B value (125-779A-08R-1,
90-93 cm; 59.4 mbsf; 8''B=5.4%0) may repre-
sent an instance of shallow serpentine formation
in the presence of a lower pH (~38.5) fluid con-
taining 90-95% seawater.

At greater depths in Hole 779A, pore fluid pH
exceeds 10, and both B abundances and B isotope
data show less variability, with 8!'B values con-
verging on the average value of the summit Site
780 samples at +14 %o . While chlorinity data for
the deeper portion of Site 779 indicates some sea-
water infiltration, the small range of variation in
both the B abundances and 8''B values suggest
that late-stage B additions are limited in these
samples. As a result, these samples primarily re-
flect equilibration with deep-sourced, B-rich fluids
like the unconsolidated serpentine matrix of Site
780.

4.2. Source of B at Conical Seamount

Given the B contents and unusual B isotopic

signatures of the Mariana serpentinites, the sub-
ducted slab is the only feasible fluid source. The
possibility that the upwelling fluids at Conical
Seamount are deep circulating seawater is incon-
sistent with inferences from pore fluid elemental
abundances and 8D and 8'%0 data [17,18]. The
hydrogen and oxygen isotopic compositions of
serpentine from Conical Seamount are consistent
with additions of fluids produced by the dehydra-
tion and/or breakdown of hydrous minerals at
depth [18,41]. Calculations made using serpentine
8D and 8'0 data to estimate the isotopic com-
position of a serpentinizing fluid at 150-200°C
yield fluid 8D values that are significantly lower
than seawater and §'80 values that are higher
than both seawater and unaltered mantle values
[18]. High pore fluid B concentrations are also
inconsistent with seawater circulating at low tem-
perature through forearc crust, as B partitioning
experiments indicate ~ 100% uptake of B by ba-
salt at temperatures less than 150°C [42]. The pos-
sibility that seawater has overprinted a deeper
sourced 8''B signature in the serpentinite prior
to emplacement of the clasts and matrix is also
unlikely because of the high concentration of B in
the upwelling fluid relative to seawater.

If subducted material is the source of the B in
the upwelling fluids and serpentinites at Conical
Seamount, then the downgoing Pacific slab must
be releasing B beneath the forearc that is richer in
"B than bulk estimates of either marine sedi-
ments or AOC, which are the primary B reser-
voirs of the downgoing plate [8,38,43-45]. The
‘desorbable’ B component in marine sediments
(as defined by [8,34]) has a &''B of +14 to
+16 %0, comparable to that of the serpentinites.
This ‘desorbable’ component can be liberated into
pore fluids by sediment compaction in accretion-
ary prisms. To generate the 8''B of the Conical
serpentinites would require that the B in the up-
welling fluids be ~100% ‘desorbable’ all of which
would come from the subducted slab because the
Marianas is a non-accretionary margin. However,
the upwelling fluids from Site 780 show chemical
and isotopic signatures (e.g. chlorinity, B, Rb, K,
8D and 8'%0) consistent with release by hydrous
mineral reactions at depth, processes that should
liberate structurally bound B from the slab. Struc-
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turally bound B in subducting sediments is both
higher in abundance (~ 85% of the B inventory in
subducting sediments) and isotopically lighter
(8""B~—10 to —3%) than ‘desorbable’ B
[34,44,46]. Any significant addition of structurally
bound B to the serpentinizing fluids should serve
to reduce the 8''B of the resultant serpentinites to
values lower than those we observe.

If, however, some degree of B isotopic mass
fractionation occurs during the release of structur-
ally bound B from the slab, during low temper-
ature (< 300°C) mineral fluid reactions, the 8''B
values observed in Conical serpentinites can be
generated. All of the B isotopic fractionation re-
actions that have been studied involve the gener-
ation of !'B-enriched fluid phases [46-48]. The
degree of ''B enrichment in the fluids is smaller
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at higher temperatures, but even at temperatures
as high as 600°C shifts of 3-4 %0 have been docu-
mented for tourmaline [48]. In order to produce
the 8''B signatures of the Conical Seamount ser-
pentinites, the evolved slab-derived fluid phase
would need to have 8''B values ~9-16%o higher
than the slab (assuming an average 8''B of +4 %o
for AOC [45] and —3 %o for bulk marine sedi-
ments based on Nankai Trough sediments [49]).

4.3. Significance for the B budget of subduction
zones

The loss of !'B-enriched fluids from the slab in
forearc regions may help clarify models of slab B
inputs at volcanic arcs. Fig. 3 plots B isotopes (as
8'B) versus slab depth for our serpentinite data,
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Fig. 3. Depth to the subducted slab plotted against 8''B of Conical Seamount serpentinites, lavas from the Mariana [6], Izu [2]
and Kurile [5] arcs, seawater [38], Nankai Trough pore fluids (ODP Site 808) [49] (bold arrow), average AOC [45] and average
Nankai Trough sediment (ODP Site 808) [49]. Depths to the Wadati-—Benioff zone [2,5] are used as depths to the subducting slab
for the Izu and Kurile arc volcanics. Mariana arc data are assigned a slab depth of 140 km based on [59]. Shaded area at the
bottom of plot indicates the range of estimates for mantle §''B values [38,50-53]. Solid line highlights the relationship between
slab 8''B and slab depths. The trend is consistent with the release of fluids enriched in ''B relative to the slab at depths extend-
ing to greater than 200 km. Inset contains a plot of Nb/B against 8!'B of Izu [2] (crosses), North Kurile (open squares) and
South Kurile [5] (closed diamonds) arc lavas. Shaded box indicates the inferred range of 8''B values for a slab fluid ‘end-mem-
ber’ [2,5,6]. If the slab is continuously losing B enriched in !''B, then such end-members must be location specific. However, in a
two-component mixing model, these location specific end-members are unlikely because they would require extensive mantle mix-

ing.
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as well as published data for volcanic rocks from
the Kurile, Izu and Mariana arcs [2,5,6], all in the
western Pacific. B-'"Be and B isotope relation-
ships in these arcs point to the involvement of a
B-enriched, hydrous fluid from the slab [3,7]. B
isotope-Nb/B correlations in lavas from these
arcs were initially interpreted as simple mixtures
of mantle-derived B and a fluid component with a
specific B isotopic composition (8''B=+5 to
+8%o [2,5,6]; see inset Fig. 3). The high 8''B of
the fluid component constrained the slab source
of fluid B as AOC, given that marine sediments
are too depleted in ''B to be a reasonable source.
Central to these models is the presumption that
little or no significant fractionation of the B iso-
topes occurs at depth in subduction zones.

These early mixing models for B have become
problematic with the publication of more exten-
sive B isotope data sets. The mean §''B AOC at
~+4%o 1is slightly poorer in !'B than the hy-
pothesized fluid end-members for either the Izu
or Kurile suites. More importantly, the growing
body of data on MORBs and intraplate volcanic
rocks places mantle 8''B between —3 %o and
—14 %0 [38,50-53] at markedly low B abundances,
(i.e. Nb/B ratios of MORBs and OIBs are =2.0
[54] and references herein) as compared to typical
arc values for Nb/B of 0.05 to 0.4 [2,5,6] (Fig. 3,
inset). The low 8!'B ‘end-members’ of the Pacific
cross-arc data arrays have Nb/B ratios consider-
ably less than 1.0 at 8''B values consistent with
MORB or OIB mantle source regions. To modify
a MORB mantle source to such a low Nb/B ratio
either would require dramatic depletions in Nb or
marked enrichments in B. While arc lavas are
distinctively low in Nb, this effect is usually attrib-
uted to retention of Nb in residual slab titanite
phases and not to mantle depletions [55]. Extreme
B enrichment is also unlikely because '’Be/’Be-B/
Be correlations in arcs demonstrate that mantle
reservoirs globally contain negligible 'Be or B
[7]. Barring such previously unrecognized effects,
the current data for B isotopes in arcs and man-
tle-derived rocks cannot be explained by fluid-
mantle mixing alone.

The mean 8''B of the seamount serpentinites at
+14 %0 extends the trend formed by the arc data
to shallower depths. If the Conical Seamount flu-

ids represent B releases from the slab, then shal-
low devolatilization processes are removing from
the subducting plate a B component that is iso-
topically heavier than either the slab as a whole or
any slab component. These data necessitate the
occurrence of some sort of B isotopic fractiona-
tion during fluid releases, with !'B being prefer-
entially removed by the liberated fluids.

With the apparent extension of the Pacific
arc data trend into the forearc, we propose an
explanation in which the pattern of §''B varia-
tions with depth of subduction reflects the effect
of continuous, though decreasing, inputs of B
from a slab that is evolving isotopically because
of the preferential loss of ''B. Declining 2°7Pb/
204Pb and ®7Sr/%°Sr ratios across the Izu and
Kurile arcs, respectively [5,56], and changing Sr,
Pb and Nd isotope ratios across the Sunda arc
[57] all point to diminishing slab additions of
these elements in lavas erupted over deeper seg-
ments of slabs, as do cross-arc declines in B con-
centrations, B/Be and Nb/B [2,4,5,58]. On plots of
8''B versus Nb/B, cross-arc data arrays approach
linearity because of the complementary effects of
slab fluid-mantle mixing, and the progressive
evolution of '"B-enriched fluids from a slab with
progressively lower 8''B. At each depth, the slab
fluid input with a specific B content and §''B
value triggers mantle melting and B from the
slab dominates the 8''B value of the erupted
lava. For arc lavas erupted at the volcanic front,
more than 90% of the B is slab-derived [11,57]. As
slab depth increases, the progressive removal of
fluids serves to drive the slab to lower 8''B values
and lower B abundances. Only when the magni-
tude of slab fluid inputs of B become negligible,
and the 8''B of slab B becomes low (as it does in
the rearmost portions of arcs) does the 8''B
contribution of the mantle wedge become signifi-
cant.

An interesting implication of this sort of model
is that deeply subducted slabs may develop low B
contents depleted in !'B. Intraplate lavas show
absolute B depletions as compared to MORBs
[54], and also have variable low 8''B [51,52]. B
isotopic variation in intraplate lavas may thus
be a valuable tool for identifying the geochemical
‘fingerprints’ of deeply subducted slabs.



280 L.D. Benton et al. | Earth and Planetary Science Letters 187 (2001) 273-282

5. Conclusions

The main findings of our work on the serpen-
tinites of Conical Seamount are (1) forearc re-
leases of subducted B by way of Conical Sea-
mount are enriched in ''B relative to the
subducted slab; (2) both the unconsolidated ser-
pentine matrix and serpentinized ultramafic clasts
have §'!'B values that converge on +13 %o ; (3) the
upwelling slab fluid must be enriched in ''B and
the high pH of the pore fluids should minimize
fluid-mineral isotopic fractionation such that the
3''B of the upwelling slab fluid is inferred to be
+13%o0 ; (4) shallow samples are impacted by
seawater, but can be identified by variable 8!''B
values, elevated B abundances and pore fluid
data.

The trend of decreasing 8''B with slab depth
described for arc magmas of the western Pacific
extends to shallow depths (~25 km) when the
inferred §''B of the slab fluid (+13 %o ) at Conical
Seamount is considered. This apparent extension
of the trend into the forearc cannot be explained
by the two-component mixing model used to ex-
plain the arc data [2,5,6]. Instead, some degree of
B isotopic fractionation is required and the trend
reflects the effect of continuous, though decreas-
ing, inputs of B from a slab that is evolving iso-
topically because of the preferential loss of ''B.
As a result, the slab is losing !'B-enriched fluids
from the shallowest levels to depths as great as
200 km.
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