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AbstrAct

The Wentworth Pluton in the Eastern Cobequid Highlands consists principally of metaluminous 
to peralkaline A-type granite (∼362 Ma), a large part of which was remelted by a major gabbro intru-
sion (∼357 Ma). Magmatic minerals like allanite-(Ce), chevkinite-(Ce), zircon, and hingganite-(Y) 
and post-magmatic mineral phases, such as REE-bearing epidote, samarskite-(Y), aeschynite-(Y), 
fersmite, thorite-like phases, and hydroxylbastnäsite-(Ce), were identified. The presence of fluorine in 
the parental magma, indicated by whole-rock geochemical data and the presence of fluorite, increased 
the solubility of monazite and xenotime and thus facilitated retainment of rare metals in the magmatic 
system. Fractionation of allanite-(Ce) and chevkinite-(Ce) led to a melt enriched in heavy rare earth 
elements (HREE), from which hingganite-(Y) crystallized during late magmatic stages. The remelt-
ing of the early granite led to fluorine and sulfur release in volatile phases, which circulated with 
hydrothermal fluids, thus mobilizing the REE and other rare metals. Reduction of fluorine activity 
during the late to post-solidus crystallization resulted in the precipitation of HREE and rare metals in 
samarskite-(Y), thereby enriching the residual hydrothermal fluids in light rare earth elements (LREE). 
Post-magmatic LREE minerals, such as hydroxylbastnäsite-(Ce), either replaced earlier minerals or 
precipitated from these hydrothermal fluids. Carbonate fluids involved in a late regional hydrothermal 
circulation event along the Cobequid-Chedabucto fault (320–315 Ma) promoted Ti mobility and the 
formation of TiO2 minerals and probably of aeschynite-(Y). This mineralogical diversity, in addition to 
the complex geological history of the pluton, provides a unique opportunity to correlate the formation 
of individual rare-metal minerals to different stages of pluton evolution and thus provide an insight 
to the formation conditions of these minerals.
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introDuction

A-type granites usually occur in extensional settings and 
have a distinct alkaline geochemical signature. Enrichment in 
rare-earth elements (REE) and other rare metals, such as Y, Nb, 
Ta, Th, and U, is common in these rocks. Rare-earth minerals 
like allanite, monazite, chevkinite, xenotime, cerite, synchysite, 
and gadolinite are commonly found in A-type granites worldwide 
(Förster 2000; Wood and Ricketts 2000; Jiang 2006; Vlach and 
Gualda 2007; Saveleva and Karmanov 2008).

Accessory minerals in granitic rocks are essential carriers of 
rare metals. Their internal zoning, compositional variations, and 
patterns of alteration provide a valuable source of information 
concerning the magmatic and post-magmatic evolution of their 
host rocks including fractionation, rock-fluid interaction, and 
metamorphic overprint (Uher et al. 2009). Accessory minerals in 
granitic rocks typically show more chemical and textural variability 
than the major minerals. Their crystallization is sensitive to various 
environmental parameters and, therefore, they are a useful indicator 
of the magmatic history of their host rock (Wang et al. 2001).

The Wentworth pluton is known to host REE mineralization 
(MacHattie 2009). The granites and their volcanic equivalents in 

the northeastern part of the intrusion are generally enriched in F 
and U (Gower 1988). Associated mineralization includes fluorite-
zircon-titanite-calcite-allanite veins, with highly anomalous REE 
concentrations, hosted by the granite (Gower 1988).

The variety of rare-metal minerals in the Wentworth pluton is 
unusual. The occurrences of Nb-REE-Y oxides in A-type granites 
worldwide and the understanding of their formation conditions 
are still limited. The complex geological history of this pluton 
provides a unique opportunity to correlate mineral assemblages to 
magmatic evolution. The purpose of this study is to identify and 
characterize the rare-metal minerals present at Wentworth and relate 
their textural features to the evolutionary history of their host rocks. 
Comparison of the whole-rock and mineral chemistry is then used 
to infer the formation conditions of these minerals.

geologicAl setting

The Cobequid Highlands are located in the southern part of 
the Canadian Appalachians, just north of the boundary between 
the Avalon and Meguma terranes (Calder 1998; Pe-Piper and Pip-
er 2002). This boundary is marked by the Cobequid-Chedabucto 
fault zone, along which strike-slip motion took place during 
the Late Paleozoic (Murphy et al. 2011). In the Late Devonian 
and Early Carboniferous, granite plutons with lesser gabbros 
intruded along a regional shear zone that encompassed the entire * E-mail: angeliki_papoutsa@hotmail.com 


