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INTRODUCTION

Isotopic studies published during the last decade have em-
phasized multiple sources for rhyolite magma in the mantle,
and the lower and upper crust (Hildreth et al. 1991; Riciputi et
al. 1995). Despite this recognition that rhyolite typically evolves
through open-system processes involving crustal assimilation,
it remains clear that many silicic systems have experienced
profound episodes of crystal fractionation. This fractionation
is manifested through very low compatible element concentra-
tions and very large incompatible/compatible element ratios
(Halliday et al. 1991). Accurate knowledge of partition coeffi-
cients for phenocryst minerals in silicic systems is, of course,
absolutely critical to attempts to model crystal fractionation.
This knowledge is especially important for feldspar as the volu-
metrically dominant phenocryst in trachyte and rhyolite. Stud-
ies published during the last twenty years have shown that alkali
feldspar partition coefficients for some petrologically impor-
tant elements are highly variable in silicic systems (e.g., Leeman
and Phelps 1981; Drexler et al. 1983; Mahood and Hildreth
1983a; Nash and Crecraft 1985; Mahood and Stimac 1990;
Icenhower and London 1996).

New alkali feldspar/melt partition coefficients from thirty
samples of peralkalic quartz trachyte, rhyolite, and high-silica
rhyolite are presented. These samples represent several Ceno-
zoic volcanic centers, and include rocks with a wide range of
silica content (64.3 to 76.6 wt%) and peralkalinity (agpaitic
indices up to 1.75). Study areas include Pantelleria, Italy; the

Trans-Pecos Magmatic Province (TPMP), Texas; the Oregon
Plateau, southeastern Oregon and northwestern Nevada; the
Hart Mountain volcanic center (HMVC), Oregon; and
Baitoushan, China and North Korea (Table 1). The purpose of
this study is to provide a database of trace-element partition
coefficients from a wide range of representative peralkalic rock
types and to use these data to describe the systematic variation
of trace-element partitioning as a function of whole-rock and
crystal chemical-parameters. Comprehensive empirical equa-
tions describing trace-element partitioning of several elements
between alkali feldspar and peralkalic quartz trachyte to rhyo-
lite magma based on these data are presented in part II of this
study (White 2003). Systematic variation of and equations for
trace-element partitioning between alkali and plagioclase feld-
spar and melt in peraluminous rhyolitic systems have been in-
vestigated by Ren et al. (2000, 2001).

PREVIOUS WORK

Partition coefficients for alkali feldspar in peralkalic rocks
have been presented by Berlin and Henderson (1969), Noble
and Hedge (1970), Noble et al. (1971), Noble et al. (1979),
Larsen (1979), Mahood (1981a), Drexler et al. (1983), Mahood
and Hildreth (1983), Cameron and Cameron (1986), Kovalenko
et al. (1988), Mahood and Stimac (1990), Ewart and Griffin
(1994), Holt (1998), and White et al. (2000). Larsen (1979)
first noted the strong effect of peralkalinity on trace-element
partitioning. Drexler et al. (1983) compiled partition coeffi-
cient data for peralkalic rocks from a variety of volcanic cen-
ters to identify controls common to each. Mahood and Hildreth
(1983) investigated trace-element partitioning in high-silica
rhyolite, including peralkalic high-silica rhyolite from Sierra
La Primavera, Mexico. They reported very high values of D

* Present address: Department of Geological, Environmental,
and Marine Sciences, Elizabeth City State University, Eliza-
beth City, NC 27909. E-mail: rhyolite@adelphia.net.

Trace-element partitioning between alkali feldspar and peralkalic quartz trachyte to
rhyolite magma. Part I: Systematics of trace-element partitioning

JOHN CHARLES WHITE,* GREG S. HOLT, DON F. PARKER, AND MINGHUA REN

Department of Geology, Baylor University, Waco, Texas 76798, U.S.A.

ABSTRACT

New alkali feldspar/felsic magma trace-element partition coefficients (D-values) for Rb, Sr, Ba,
Eu, Y, Zr, Nb, Ga, Zn, trivalent REE, Be, Cs, Hf, Pb, Th, and U for 30 samples of peralkalic quartz
trachyte and rhyolite are presented. D-values of incompatible elements vary systematically with
melt polymerization parameters, increasing with whole-rock silica, but decreasing in rocks with
higher agpaitic indices [A.I. = mol (Na + K)/Al]. D-values for Sr and Ba (evaluated to be accurate)
vary systematically with crystal chemistry, probably substituting for Na in the Ca-poor alkali feld-
spar phases. Apparent D-values for Sr and Ba from pre-Quaternary systems are fraught with con-
tamination and analytical errors, respectively, and should be used with caution. DEu decreases
exponentially with A.I., ranging from compatible in weakly peralkalic (A.I. < 1.1) rocks to strongly
incompatible in very peralkalic (A.I. > 1.2) rocks. These regular variations strongly suggest that
partition coefficients for these elements may be predicted accurately if whole-rock and crystal-
chemical parameters are known.


