
INTRODUCTION

Apatite is a common accessory phase in many igneous rocks,
where it serves as an important host for a geochemically di-
verse group of trace elements including Sr, S, U, and the rare
earth elements (REE). Apatite/melt partition coefficients for
these elements are typically >1 (Watson and Green 1981; Sawka
1988), which makes apatite more sensitive to subtle changes
in the concentrations of these elements during igneous pro-
cesses than are the major rock-forming silicates (Bea et al. 1994;
Boudreau et al. 1986; Gromet and Silver 1983). In addition to
preserving magmatic history, experimental studies indicate that
under some conditions apatite may survive anatexis, in which
case inherited apatite cores could afford insights into the ori-
gins of crustally derived granites (Harrison and Watson 1984).

Despite its potential as a petrologic tool, there have been
few studies of apatite zoning, perhaps because zoning within
individual crystals is generally not visible in transmitted light.
Knutson et al. (1985) reported luminescence zoning that cor-
related with U and REE concentrations in hydrothermal apa-
tite crystals from a tin-tungsten deposit. On the basis of zon-
ing profiles and the lack of chemical correlation among apatite

grains sampled on a meter scale, the zoning was attributed to
heterogeneous fluid compositions. Patchy REE zoning and
variable zoning among adjacent apatite crystals in a pegmatite
have been described by Jolliff et al. (1989), who also attribute
these features to disequilibrium crystallization in a heteroge-
neous melt/fluid system. Sectoral zoning in apatite grains from
hydrothermal veins and pegmatites has been described by
Rakovan and Reeder (1994). However, none of these studies
provides detailed analysis of zoning features in magmatic apa-
tite crystals, which is the focus of this paper.

In this study, we have used backscattered electron (BSE)
imaging, electron microprobe analyses, and ion microprobe
analyses to characterize zoning patterns in apatite crystals sepa-
rated from a granodiorite. Because this sample was collected
in an area where the granitoid rocks contain a significant com-
ponent of inherited zircon (Shuster and Bickford 1985), one
objective of this study is to evaluate the possibility that some
apatite grains may also contain inherited cores. Trace-element
zoning profiles in apatite also have important potential for in-
vestigating the time-temperature history of crustal melting
events. Diffusion rates in apatite, unlike those in zircon, are
rapid enough to produce discernible chemical gradients within
the time scale of a melting episode (Cherniak and Ryerson 1991,
1993). Measurements of such trace-element gradients for two*E-mail: jtepper@valdosta.edu
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ABSTRACT

Apatite crystals in a sample of biotite granodiorite from the Idaho batholith display complex chemi-
cal zoning, characterized by abrupt changes in REE+Y+Si content, more subtle variations in S, Na,
La/Yb, and Mn contents, and petrographic evidence for multiple episodes of partial resorption. The
zoning is attributed to changes in melt composition, resulting from magma mixing and differentia-
tion, although the possibility that some rounded cores may be inherited cannot be disproved. High S
contents in apatite cores and the presence of an included anhydrite grain indicate crystallization from
an oxidized host magma. Divalent cations that occupy the apatite Ca sites (Sr, Mn, Fe) show evidence
of having been redistributed between zones by intracrystalline diffusion, whereas cations that partici-
pate in coupled substitutions involving the tetrahedral site (Si, Y, REE, Na, S) were not readily redis-
tributed. The main REE substitution in this case is REE3+ + Si4+ ↔ Ca2+ + P5+, and REE diffusion is
rate-limited by slow Si diffusion. However, exchange of LREE (e.g., LaSm-1) on the Ca sites does not
involve Si and proceeds more rapidly, resulting in homogenization of La/Sm between zones within
individual crystals. Relative diffusion rates inferred from zoning profiles in this study are: Mn, Sr, Fe,
and LaSm-1 are faster than Na, S, and LaYb-1, which are faster than Si. These data imply that REE
patterns can be decoupled from REE abundances during diffusion, and that even apatite zones or
cores that appear sharply bounded in backscattered electron images may not retain their original
chemical or Sr-Nd isotopic traits.
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