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Abstract
Element partition coefficients play key roles in understanding various geological processes and are 

typically measured by performing high-temperature–pressure (HTP) experiments. In HTP experiments, 
samples are usually enclosed in capsules made of noble metals. Previous studies have shown that Fe, 
Ni, and Cu readily alloy with noble metals, resulting in significant loss of these elements from the 
experimental samples. The loss of elements could severely undermine phase equilibrium and compro-
mise the validity and accuracy of the obtained partition coefficients. However, it remains unclear if 
other elements (in addition to Fe, Ni, and Cu) will also be lost from samples during HTP experiments, 
and how to minimize such losses. We performed a series of experiments at 1 GPa and 1400 °C to in-
vestigate which elements will be lost from samples and explore the influence of capsule materials and 
oxygen fugacity (fO2) on the loss behavior of elements. The starting material is a synthesized basaltic 
glass consisting of 8 major elements and 37 trace elements. The sample capsules included platinum 
(Pt), graphite-lined Pt, and rhenium-lined Pt, and the experimental oxygen fugacity (fO2) was buffered 
from <FMQ-2 to ~FMQ+5. Results show that: (1) 15 elements (V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge, 
Cd, In, Sn, W, and Mo) were lost from the sample due to direct contacting and alloying with Pt under 
graphite-buffered conditions; (2) graphite and Re lining can physically isolate the starting material from 
Pt and prevent the loss of V, Cr, Mn, Fe, Zn, Ga, Ge, Cd, In, Sn, W, and Mo, but only slightly reduce 
the loss of Ni and Cu; and (3) element loss can be significantly reduced under oxidizing conditions, 
and all elements except Cu were retained in the samples under Ru–RuO2 buffered conditions. These 
findings provide several viable capsule assemblies that are capable of preventing or reducing element 
loss, which may prove useful in determining accurate partition coefficients in HTP experiments.
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Introduction
The partitioning behavior of elements is critical to our un-

derstanding of various geological processes, including partial 
melting of rocks in the mantle and crust (Foley et al. 2002; 
Matzen et al. 2013, 2017; Rapp et al. 2003; Sobolev et al. 
2005, 2007; Xiong 2006; Xiong et al. 2005, 2011), fractional 
crystallization of magmas (Davidson et al. 2007; Lee and Tang 
2020; Li et al. 2017), ore formation in magmatic–hydrothermal 
systems (Liu et al. 2015; Zajacz et al. 2011, 2012, 2017), and 
the redox state of magmas and their sources (Canil 1997; Lee 
et al. 2005; Wang et al. 2019). Element partition coefficients 
between mineral and melt (D values) are typically obtained us-
ing two approaches. The first is the phenocryst-matrix method, 
in which partition coefficients are determined by analyzing the 
elemental concentrations of phenocrysts and coexisting matrix 
in natural volcanic rocks (Philpotts and Schnetzler 1970; Port-
nyagin et al. 2017; Schnetzler and Philpotts 1970). However, 
the accuracy of the phenocryst-matrix method is influenced by 
various factors, such as disequilibrium between the phenocrysts 
and matrix, as well as uncertainties in temperature, pressure, 
and fO2 conditions. The second approach is HTP experiments, 
in which coexisting minerals and melt are synthesized at HTP 

conditions. In a HTP experiment, the temperature, pressure, 
and fO2 are well controlled, and chemical equilibrium can be 
approached by extending the duration of the experiments. Thus, 
HTP experiments have been widely used to determine mineral/
melt D values. In HTP experiments, samples are usually en-
closed in capsules made of noble metals. However, a notorious 
problem in such experiments is that certain elements, including 
Fe, Ni, and Cu, are lost from the experimental samples by al-
loying with the noble metal capsules (Adam and Green 2006; 
Filiberto et al. 2009; Grove 1981; Merrill and Wyllie 1973; 
Ratajeski and Sisson 1999). Although Au and Au-Pd capsules 
suffer less element loss, these materials are only applicable 
at relatively low temperatures (Kawamoto and Hirose 1994; 
Ratajeski and Sisson 1999). Element loss in HTP experiments 
can severely undermine phase equilibrium and compromise the 
validity and accuracy of measured D values (Adam and Green 
2006; Fellows and Canil 2012; Liu et al. 2014, 2015; Zajacz et 
al. 2011, 2012). Though the “pre-saturation” technique works 
well in minimizing iron loss in Pt (Grove 1981) and copper 
loss in Au (Zajacz et al. 2011), it remains unclear if other ele-
ments (in addition to Fe, Ni, and Cu) will also be lost from 
experimental samples, and how to prevent or minimize such 
loss. Here, we investigate the loss behavior of 45 elements in Pt 
capsule at 1400 °C and 1 GPa, and explore the effects of capsule 
materials and experimental fO2 on it. Based on the results, we 
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