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INTRODUCTION

Water suppresses the crystallization temperature of silicate 
phases to different extents (e.g., Yoder and Tilley 1962). It affects 
mineral crystallization sequences and crystallization proportions 
depending on the prevailing water activity in magmatic systems. 
Thus, water governs in part the compositional evolution of 
residual melts and deÞ nes the course of magma differentiation 
[e.g., tholeiitic vs. calc-alkaline (Grove et al. 2003)]. Water abun-
dances in basaltic magmas range from a few hundreds of parts 
per million in Mid-Oceanic Ridge Basalts [MORBs, (Danyu-
shevsky 2001)] to several wt% (up to 5�6 wt%) in Island Arc 
related basalts (Wallace 2005). The effect of water on liquidus 
temperatures of magmas (�liquidus depression�) is non-linear 
(Hamilton et al. 1964; Stolper 1982a) and is most pronounced at 
low water concentrations (<1 wt%). The role of small amounts 
of water in the crystallization processes of H2O-undersaturated 
MORB magmas has been long emphasized (Michael and Chase 
1987; Danyushevsky 2001; Asimow et al. 2004), however, the 
quantitative effect of H2O on the liquidus temperatures is still 
under debate. Considerable inconsistency exists between the 
available models predicting the mineral liquidus depression 
in MORBs as a function of water content (Ghiorso and Sack 
1995; Danyushevsky 2001; Ariskin and Barmina 2004). For 
example, differences of nearly 100 °C are observed for the liq-
uidus temperature of olivine in basaltic melt containing 1 wt% 
H2O, depending on the applied model (see below). To date, no 
experimental work is speciÞ cally designed to quantify the ef-
fect of small amounts of water on crystallization temperatures 
of major silicates in natural magmas. In this study we constrain 
experimentally the depression of olivine (Ol) liquidus in H2O-
bearing natural MORB. Particular attention is given to the ac-
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ABSTRACT

Crystallization experiments were conducted at 200 MPa and water-undersaturated conditions to 
quantify the effect of small amounts of H2O on the crystallization temperature of olivine in basaltic 
melts (e.g., Mid-Oceanic Ridge Basalts, MORB).The H2O concentrations in the quenched glasses, 
determined by infrared spectroscopy and Karl-Fischer-Titration, ranged between 0.25 and 4.2 wt% 
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known pressure dependence of olivine crystallization temperature. The liquidus temperature depression 
can be predicted by the empirical equation (TDRY � TWET) = 39.69·CH2O

0.73(wt%). The comparison of the 
experimental results with available crystallization models and empirical methods shows that most of 
the predicted liquidus temperature depressions differ signiÞ cantly from that observed in this study.
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curate determination of water content in the quenched glasses 
using different analytical techniques. 

EXPERIMENTAL AND ANALYTICAL METHODS

Experiments
Our experimental strategy is based on crystallization experiments of MORB 

containing different amounts of water in the melt (H2Om). This approach is focused 
on bracketing the liquidus of Ol within a narrow range of water content at different 
temperatures. The starting melt composition is a natural glass of a primitive MORB 
(sample 140DS1 collected from the Mid-Atlantic ridge 7�11°S near Ascension 
Island (Moeller 2002). The natural glass was fused twice in air for 1 h at 1600 
°C and 1 atm to a homogeneous, crystal-free and dry glass. The major element 
composition of the obtained glass was determined by electron microprobe (wt%): 
50.55 ± 0.43 (SiO2), 1.03 ± 0.05 (TiO2), 15.8 ± 0.22 (Al2O3), 9.58 ± 0.41 (FeOtotal), 
0.17 ± 0.1 (MnO), 9.64 ± 0.21 (MgO), 12.2 ± 0.3 (CaO), 2.22 ± 0.21 (Na2O), 0.06 
± 0.02 (K2O), 0.07 ± 0.05 (P2O5), 0.06 ± 0.02 (Cr2O3). Experiments were conducted 
in Au80Pd20 capsules Þ lled with glass powder only (nominally dry) or with H2O 
and glass powder (0.2 to 4 wt% H2O). In four runs, H2O and Ag2C2O4, used as CO2 
source, were added to the dry glass. The initial molar fraction of H2O (XH2O) in the 
ß uid phase was 0.1�0.3 and the ratio ß uid/glass was about 0.1. The Þ lled capsules 
were cooled in liquid nitrogen and welded shut. All crystallization experiments 
were conducted in an internally heated pressure vessel (IHPV, described in Berndt 
et al. 2002) at 200 MPa and 1130�1230 °C, using Ar as a pressure medium. Care 
was taken to maintain the temperature gradient less than ±3 °C along the capsule 
(four S-type thermocouples were placed in the sample holder). The run duration 
for the experiments was 90 minutes. Three additional (anhydrous) experiments 
were performed at atmospheric pressure in a Gero vertical drop-quench furnace. 
Oxygen fugacity was controlled by CO-CO2 gas mixture and was maintained along 
the QFM (Quartz-Fayalite-Magnetite) oxygen buffer. 

Analytical methods
The composition of the run products, Ol and glass, were characterized by 

electron microprobe (Cameca SX100). The data for the crystalline phases and 
glasses were acquired with an accelerating voltage of 15 kV/15 nA and 15 kV/4 
nA, respectively. Counting times for Na and K were 5 s for minerals and 4 s for 
glasses. For the other elements, the counting times were 10 s for minerals and 8 s 
for glasses. For glasses, the beam size was defocused to 10�20 μm. 

The H2O concentrations of the glasses were determined with two different 
methods: infrared spectroscopy (FTIR) and Karl Fischer Titration (KFT). For FTIR, * E-mail: r.almeev@mineralogie.uni-hannover.de


