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Hydrogen in spessartine-almandine garnets as a tracer of granitic pegmatite evolution
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INTRODUCTION

Concentrations of Mn and Fe2+ in garnets correlate with the
geochemical evolution of zoned pegmatite bodies (Baldwin and
Knorring 1983; Whitworth 1992). Specifically, Mn contents
increase from the wall zone to the core zone, as Fe2+ decreases.
Hydrogen in the form of OH– is also a component of pegmati-
tic garnets (Aines and Rossman 1984), but no known studies
have examined the relationship between H content and
geochemical evolution of the pegmatite body. Work by Rossman
et al. (1988) provides background and calibration information
on OH in garnets, but does not provide specific correlation to
pegmatite evolution.

Hydrogen has been found in natural pyralspite garnets (py-
rope, almandine, spessartine) to occur strictly as the OH spe-
cies (Aines and Rossman 1984). Concentrations of OH in
spessartine-almandine garnets, expressed as wt% H2O, range
up to one tenth or more. In grossular garnets, OH exists as the
hydrogarnet substitution, SiO4

 = (O4H4) in higher concentra-
tions. When the concentrations of hydrogarnet are low, other
forms of substitution occur, but the atomic details of the sub-
stitution have generally not been established (Cho and Rossman
1993; Rossman and Aines 1991). Likewise the details of sub-
stitution of OH in pyralspite garnets have not been established.

This paper examines Mn, Fe2+ and H trends in spessartine-
almandine garnets as they evolve through three zoned North
American pegmatites: the Rutherford no. 2 pegmatite, George
Ashley Block pegmatite, and the Himalaya Mine.

The Rutherford no. 2 pegmatite is a steeply dipping, sym-
metrically zoned, lens-shaped rare-element granitic pegmatite

ABSTRACT

The hydroxide contents of spessartine-almandine garnets from the Rutherford no. 2 (Virginia),
Himalaya (California), and George Ashley Block (California) pegmatites were determined by infra-
red spectroscopy. The hydroxide content of garnet increases from the wall zone to the core zone of
the Rutherford no. 2 and Himalaya pegmatites, consistent with increasing H2O activity during peg-
matite crystallization. However, the absolute OH contents differ by about two orders of magnitude
for these two suites of garnets, possibly due to the elevated Ca content of the Rutherford no. 2 and
the differences in the depth of emplacement. The garnets from the George Ashley Block show sig-
nificant excursions from this correlation at the positions within the pegmatite where Kleck and Foord
(1999) identified disruptions in major- and minor-element trends that they associated with re-injec-
tions of magma and subsequent flushing of the dike system. Ease of measurement as well as a
relative amplified sensitivity compared to the Mn and Fe trends, make hydrogen an excellent tracer
for the evolution of granitic pegmatites.

located near the town of Amelia in the Outer Piedmont province
of central Virginia. Lumpkin (1998) reviewed much of the pre-
vious work on the Rutherford no. 2 pegmatite and provides an
updated description of the mineralogy and internal evolution of
this body. The George Ashley Block pegmatite (GAB) is a lay-
ered, asymmetric pocket-containing peraluminous rockslide
block located in the Pala pegmatite district of Southern Califor-
nia. Kleck and Foord (1999) reported on its chemistry, mineral-
ogy, and petrology. The Himalaya Mine is part of the Himalaya
Dike System, a group of small, relatively thin, continuous peg-
matite dikes that are exposed along the east and northern flanks
of Gem Hill. This dike system is located within the Cretaceous
Mesa Grande pegmatite district, within the Peninsular Ranges
batholith in south central San Diego County, California. Foord
(1976, 1977) extensively described this system.

EXPERIMENTAL METHODS

Sample description

A total of twenty-nine spessartine garnets were analyzed
for this study (Table 1): ten from the Rutherford no. 2 pegma-
tite, fifteen from the George Ashley Block (GAB) pegmatite
and four from the Himalaya Mine in the Himalaya Dike sys-
tem. The Rutherford and GAB garnets are from well-con-
strained areas in terms of pegmatite structure, while the
Himalaya garnets are from relative areas (i.e., near wall zones
or near pocket zones).

The Rutherford no. 2 pegmatite is subdivided into seven
major zones, six of which contain garnet (Glass 1935; Lemke
et al. 1952; Sinkankas 1968; Lumpkin 1998). We examined
samples from five of these zones. Wall Zone samples (2) are
euhedral crystals, red in color; vary in size from 2–10 mm, and
are associated with oligoclase, microcline, muscovite, quartz,


