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INTRODUCTION

Quantitative trace-element models of igneous petrogenetic
processes, including partial melting, fractional crystallization,
and assimilation coupled with fractional crystallization, all re-
quire knowledge of how trace elements partition between co-
existing mineral and melt phases (Allègre and Minster 1978).
The parameter utilized in these models that quantifies trace-
element partitioning for any trace-element (j) between these
two phases is termed the trace-element partition coefficient,
Dj

a/b, which is the ratio of the concentration of a trace-element
(j) in a mineral phase (C ja) to its concentration in the coexisting
liquid phase (Cj 

b) (Best and Christiansen 2001, p. 38–40). The
necessity of trace-element partition coefficients (D-values) in
quantitative petrogenetic modeling has resulted in numerous
investigations that have measured them for many minerals in a
great variety of igneous systems.

Published D-values vary greatly because they are complex
functions of crystal composition, melt structure and composi-
tion, temperature, defect equilibria, oxygen fugacity, pressure,
and kinetic effects (Wood and Fraser 1976, p.196–204). Given
this high variability, some workers (e.g., Leeman and Phelps
1981; Mahood and Hildreth 1983) have questioned the valid-
ity of applying D-values determined for one specific rock suite
to others. To address this problem, several workers have re-
cently sought to develop predictive models for D-values (Table
1). These models are based on either natural or experimental

data, and are either empirical (e.g., Nielsen and Beard 2000;
White et al. 2000; Ren et al. 2000; Holt 1998), theoretical (e.g.,
Van Westrenen et al. 2000; Purton et al. 1995; Blundy and Wood
1994), or both (Bindeman et al. 1998; Wood and Blundy 1997;
Blundy and Wood 1991). Partition coefficients should be pre-
dictable if sufficient knowledge of the thermodynamic param-
eters of the systems are known (McIntyre 1963; Banno and
Matsui 1973; Arth 1976). However, for many systems—includ-
ing silica-oversaturated peralkalic systems—these parameters
(which include temperature, pressure, and oxygen fugacity) are
poorly constrained; thus, empirical models may be more prac-
tical than thermodynamic models for these systems (Nielsen
1992).

Peralkalic rocks are those with a molar excess of alkali
metals (Na + K) over Al, with the degree of peralkalinity mea-
sured by the agpaitic index [A.I. = mol (Na + K)/Al; Shand
1951]. These rocks are treated as a system distinct from other
silicic systems because of the demonstrated control of melt
polymerization (strongly controlled by silica and alumina satu-
ration) on trace-element partitioning for large-ion lithophile
elements (LILE) (Drexler et al. 1983; Mahood and Stimac 1990;
Holt 1998; White et al. 2000; Ren et al. 2000) and high field-
strength elements (HFSE) (Larsen 1979; Watson 1979; Watson
and Harrison 1983; Horng et al. 1999).

This study is concerned solely with alkali feldspar, because
alkali feldspar is the dominant phase in peralkalic quartz tra-
chyte and rhyolite and exerts the greatest influence over the
bulk partition coefficient for most trace elements during frac-
tional crystallization (Mahood and Stimac 1990; Nicholls and
Carmichael 1969; Roux and Varet 1975). In this paper, new
empirical equations for the partitioning of several trace ele-

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

Trace-element partitioning between alkali feldspar and peralkalic quartz trachyte to
rhyolite magma. Part II: Empirical equations for calculating trace-element partition

coefficients of large-ion lithophile, high field-strength, and rare-earth elements

JOHN CHARLES WHITE*

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

ABSTRACT

Multivariate linear regression (MLR) analysis has been used to develop equations for predicting
alkali feldspar/melt trace-element partition coefficients (D-values) for certain large-ion lithophile
elements (Rb and Eu), high field-strength elements (Zr and Nb), and rare-earth elements (Y, La, Ce,
Pr, Nd, Sm, Eu, Gd, Dy, Er, and Yb) in peralkalic felsic systems. A partitioning equation for Sr
based solely on data from Pantelleria is also presented. DRb, DZr, and DNb each can be calculated
given whole-rock SiO2 and agpaitic index [A.I. = mol (Na + K) / Al]; alternatively, DRb can be
calculated given feldspar Or content and agpaitic index. DEu can be calculated given whole-rock
SiO2. agpaitic index, and whole-rock Na2O/K2O. Other DREE can be calculated given whole-rock
SiO2, agpaitic index, and whole-rock CaO. These D-values all increase with increasing whole-rock
SiO2 and decreasing agpaitic index. DSr for samples from Pantelleria increase with increasing feld-
spar Ab and can be calculated given feldspar Ab content. The equations formulated will help to
constrain better the choice of D-values used in petrogenetic models of peralkalic systems.


