American Mineralogist, Volume 90, pages 592–606, 2005

Monazite ages in the Chesham Pond Nappe, SW New Hampshire, U.S.A.: Implications for
assembly of central New England thrust sheets
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ABSTRACT
Four distinct generations of monazite growth have been identiÞed in samples from the Chesham
Pond Nappe, and three (monazite compositional domains 2, 3, and 4) have been correlated with both
temperature and mineral assemblage. Domain 1 cores were interpreted previously to be detrital relics
or vestiges of an earlier Acadian metamorphism. The four monazite domains have been dated by in
situ isotope and chemical methods; the following are chemical ages of each domain (weighted average ±2 standard errors of the mean): 400 ± 10 Ma (domain 1); 381 ± 8 Ma (domain 2); 372 ± 6 Ma
(domain 3); 352 ± 14 Ma (domain 4). Heating and cooling rates derived from combining monazite
ages, monazite thermometry, and 40Ar/39Ar closure temperatures are approximately 10–15 °C/m.y.
for heating from 470 to 740 °C, approximately 8 °C/m.y. for cooling from 740 to 375 °C, and approximately 1–2 °C/m.y for cooling from 375 to 150 °C. Temperature-time paths calculated with
monazite ages and monazite thermometry indicate that (1) plutonism at ca. 400 Ma was the likely
heat source for the formation of monazite domain 1 and (2) monazite domains 2–4 were produced
during a regional low-pressure, high-temperature metamorphism active between 380–350 Ma. The
regional metamorphism is ascribed to lithospheric mantle delamination, followed by asthenospheric
mantle upwelling, which heated a wide area of the Merrimack basin (southwestern New Hampshire,
central Massachusetts, central Connecticut) to temperatures in excess of 725 °C. Monazite ages in
the Chesham Pond Nappe and adjacent structural units to the west constrain the commencement of
nappe overthrusting to roughly 355 Ma.

INTRODUCTION

BACKGROUND AND METHODS

Pyle and Spear (2003) identiÞed four compositionally distinct monazite domains in low-pressure pelitic migmatites from
southwest New Hampshire, and three of the four domains were
correlated with speciÞc whole-rock reactions. Monazite domains
2, 3, and 4 grew along a single P-T loop: domain 2 formed during growth of garnet and consumption of chlorite and xenotime;
domain 3 formed with biotite and sillimanite at the expense of
garnet, muscovite, and apatite; domain 4 was produced during
melt crystallization subsequent to peak metamorphic conditions
of 740 °C, 3–4 kbar (Spear et al. 2002). Monazite-xenotime
thermometry using domain 1 analyses yielded T ≥ 550 °C, and
domain 1 was interpreted to represent either a detrital population, or a vestige of an earlier metamorphic episode. For the
present study, both isotopic and chemical dating of monazite
were undertaken to (1) constrain the timing of the proposed
monazite growth reactions; (2) elucidate the origin of monazite
domain 1; (3) obtain heating and cooling rates for the P-T path
recorded by the sample suite; and (4) constrain the timing of the
emplacement of the Chesham Pond Nappe.
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Field area
The samples examined in Pyle and Spear (2003) and further
analyzed for this study were collected at an outcrop (43.0691°N,
72.2208°W, NAD83) along New Hampshire State Highway
10, adjacent to the Ashuelot River, 1.2 km due east of Eaton
Hill (USGS Stoddard New Hampshire 7.5' × 15' Quadrangle).
Chamberlain (1985, 1986), Thompson (1985), Robinson (1991,
1992), Robinson et al. (1998), and Spear et al. (2002) described
the regional structural and tectonic setting in detail; a brief summary is given below.
The Chesham Pond Fault is a major structural feature in
southwest New Hampshire (Lyons et al. 1997); Thompson
(1985) and Chamberlain (1985) mapped the surface expression
of the fault in the contiguous Monadnock and Lovewell Mountain
15' Quadrangles. In the Monadnock Quadrangle, the Chesham
Pond Fault juxtaposes Devonian Kinsman Granite and Silurian
Rangeley Formation (upper plate) with Devonian Littleton Formation (lower plate) along a broadly E-W trending segment. The
N-S segment of the Chesham Pond Fault passes largely through
undifferentiated Rangeley Formation, or juxtaposes the Augen
Member of the Rangeley Formation against undifferentiated

