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Garnet and amphibole fractiona-
tion from high-pressure, mantle-de-
rived hydrous basaltic liquids exert 
an important control on the genesis 
of lower arc crust. Here we present 
preliminary experimental results on 
the partitioning of trace elements 
between garnet, amphibole and dif-
ferentiated hydrous calc-alkaline 
melts at elevated pressures (0.8 to 1.2 
GPa) to evaluate the potential role of 
these minerals in generating specific 
trace element characteristics that have 
been attributed to their presence either 
during partial melting or during frac-
tional crystallization.

We carried out piston cylinder 
experiments at conditions of P = 0.8 
– 1.2 GPa and T = 900 – 1000 °C, 
using a synthetic H

2
O under-satu-

rated andesite composition that was 
derived by fractional crystallization 
experiments from a primary hydrous 
picrobasalt (Kägi 2000). The andesite 
starting material was doped with 20 
trace elements (Li, B, Ba, Nb, Ta, K, 
La, Ce, Sr, Nd, Zr, Hf, Sm, Eu, Ti, Gd, 
Dy, Y, Yb, Lu, Sc). A combination of 
electron microprobe and ion micro-
probe (SIMS) analysis have been used 
to obtain major and trace element 
compositions of run products. The 
0.8GPa / 900°C run product includes 
amphibole, plagioclase, clinopyrox-
ene, Fe-Ti-oxides and quenched liq-
uid. Amphibole-clinopyroxene pairs 
could successfully be analyzed (grain 
size < 10µm), whereas the grain-size 
of plagioclase was always too small 
for SIMS analysis (≤5 µm). The 
higher pressure assemblage (1.2 GPa, 
1000 °C) contains garnet, clinopyrox-
ene and quenched liquid. Large (up 
to 100 µm in diameter) and homo-
geneous garnets were produced, but 

clinopyroxene grain size was always 
smaller than 10 µm, just at the limit of 
successful analysis.

The variation of the partition co-
efficients from highly incompatible 
to HFSE and HREE, is very steep 
for garnet, with LILE being highly 
incompatible (D

Ba
=0.003) and heavy 

REE having very high D-values 
(D

Lu
=163.8). The quantitative model 

proposed by van Westrenen et al., 
(2000) to calculate partition coeffi-
cients for garnet predicts much higher 
values then we observe. This indi-
cates that models based on partition 
coefficients determined for anhydrous 
MORBs cannot adequately be used to 
predict garnet partition coefficients in 
hydrous, siliceous melts of calc-alka-
line affinity.

Amphiboles show basically con-
stant HREE partition coefficients 
and higher but variable D´s for HFSE 
(Nb=0.98, Ta=0.61) than published 
data for amphiboles in equilibrium 
with andesitic liquid compositions, 
Brenan et al., (1995). Similarly to 
Tiepolo et al. (2000), we obtain  D

Nb
 > 

D
Ta

. This, however, provides another 
mechanism to explain sub-chondritic 
Nb/Ta ratio in differentiated liquids: 
Tiepolo et al., (2000) suggested that 
amphibole stable during dehydra-
tion melting of subducted oceanic 
lithosphere is responsible for the sub-
chondritic Nb/Ta ratios; our results 
indicate that amphibole fractionation 
from andesitic magma at elevated 
pressure producing amphibole rich 
cumulates at the base of the arc crust 
is an alternative and much simpler 
scenario to achieve the same result. 
The peraluminous to metaluminous 
restitic liquids are silica-rich andes-
ites to dacites. High-pressure melts in 

equilibrium with garnet and cpx ex-
hibit very low Y and HREE, very high 
Sr contents and lack Eu anomalies.

High Sr/Y ratios of intermedi-
ate to acidic island-arc magmas are 
often regarded as indicative for so 
called adakites that are thought to be 
generated by dehydration melting of 
subducted oceanic basaltic rocks in 
the presence of residual garnet and 
cpx. Measured partition coefficients 
for garnet and cpx in equilibrium with 
andesitic liquids at 1.2 GPa show that 
30% fractionation of garnet and cpx at 
the base of a growing island arc will 
change a ‘normal’ Sr/Y ratio of 20 of 
a basaltic andesite to values exceed-
ing 2000; already 10% fractionation 
increases the ratio to 200. Therefore, 
high Sr/Y ratios cannot be used as an 
unequivocal characteristic identifying 
‘slab-melts’, but identical or similar 
geochemical patterns can be produced 
through high-pressure fractionation of 
mantle-derived ‘normal’ calc-alkaline 
basaltic primary magmas at the base 
of a growing island-arc.
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