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INTRODUCTION

Previous work (e.g., Pyle and Spear 1999) has demonstrated
that there is a fundamental reaction coupling of major and ac-
cessory phases during metamorphism, and that this reaction
coupling is a function of the mass budget of a given rock. Any
reacting major phase that incorporates even very modest (≥1–
5 ppm) amounts of a particular trace element will exert control
over the composition and/or stability of low-mode accessory
phases that either: (1) incorporate the trace element as an es-
sential structural constituent, i.e., the trace element will oc-
cupy most or all of a particular crystallographic site in the
mineral; or (2) incorporate significant amounts (1–10 wt%).
Examples of such major-accessory phase-reaction couplings
include garnet-xenotime (for Y) and staurolite-spahlerite (for
Zn).

An evaluation of the effects of major phase-accessory phase
reaction coupling throughout prograde metamorphism can be
undertaken if the major-phase reaction history of the sample or
samples under investigation is well known. The Lovewell
Mountain, NH, samples present an ideal case study for appli-
cation of the findings concerning accessory-phase paragenesis
in metamorphosed pelites. Previous studies (Spear 1992; Spear
et al. 1999; Spear et al. 2002) have outlined the simple thermal
and baric history of this suite of samples, and have constrained
the reaction history for the suite. In this paper, growth and con-
sumption of accessory phases are modeled with the method of
differential thermodynamics (the Gibbs method) and correlated
with specific major-phase reactions. In addition, newly cali-
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ABSTRACT

Mineral compositions and reaction textures found in migmatitic gneisses from near Gilsum, New
Hampshire, constrain both peak metamorphic pressure (P) and temperature (T) conditions and the P-
T path. Large K-feldspar porphyroblasts indicate isobaric heating of the samples at P < 4 kb (Spear
et al. 1999), and relict cordierite + garnet assemblages record the occurrence of biotite vapor-absent
melting; garnet-biotite thermometry yields peak temperatures of 740 ∞C at 3.5 kbar. During melt
crystallization, low-Ti biotite + sillimanite replaced cordierite, and production of muscovite indi-
cates P > 4 kb on the cooling path. Four generations of monazite have been identified, three of which
have been linked to specific whole-rock reactions. Monazite (4) (the last generation) was produced
with xenotime ± apatite during melt crystallization and consumption of garnet and cordierite. Mona-
zite (3) grew in a xenotime-absent mineral assemblage as garnet + muscovite reacted to form silli-
manite + biotite. Monazite (2) grew in a xenotime-bearing ± garnet + biotite + chlorite assemblage,
as xenotime and chlorite were consumed during garnet production. Monazite (1) has not been linked
to a specific reaction; it may be detrital, record an earlier metamorphic event, or represent disequilib-
rium overgrowths of xenotime. YAG-monazite, YAG-xenotime, and monazite-xenotime thermom-
etry for monazite generations (2)–(4) yield temperatures consistent with major-phase thermometers.

brated accessory-phase thermobarometers are applied to dif-
ferent generations of accessory phases, linking accessory phase
growth to P-T estimates and whole-rock reactions. In addition,
the implications of thermobarometry with geochronometers are
addressed.

GEOLOGICAL SETTING

Samples LM 1A, B, C, D, E, and F (Lovewell Mountain 15'
Quadrangle) are migmatitic gneisses collected at an outcrop
along New Hampshire State Highway 10, adjacent to the
Ashuelot River, 1.2 km due E of Eaton Hill. The rocks from
which the samples were collected lie in the Merrimack
Synclinorium, the easternmost trough in a series of anticlinoria
and synclinoria (Fig. 1a) that define the gross structural geol-
ogy of western and central New England (Thompson et al. 1968;
Robinson 1986, 1991). The Merrimack Synclinorium contains
a package of Silurian and Devonian metasediments of diverse
bulk composition intruded by a series of early Acadian plutons
(Thompson 1985; Chamberlain 1986; Spear et al. 2002). On a
smaller structural scale, the anticlinoria and synclinoria con-
tain a series of thrust sheets (Fig. 1b) (Thompson et al. 1968;
Robinson 1986, 1991; Spear 1992; Spear et al. 2002), and the
LM samples lie within the Chesham Pond nappe; this nappe is
separated from the Fall Mountain klippe by the Chesham Pond
thrust fault (Thompson 1985; Chamberlain 1986), and is the
highest structural level exposed in central New England.

Metamorphic grade, reaction history, and P-T paths of cen-
tral New England samples are intimately associated with struc-
tural level. Rocks from the Merrimack terrane (including the
Lovewell Mountain samples) typically display counterclock-


