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aBStract

The 3000 km2 Marcy anorthosite massif dominates the Adirondack Highlands (Grenville Province, 
New York). The Marcy massif was metamorphosed to granulite facies conditions, in places preserv-
ing igneous textures with metamorphic coronas and is most deformed near its margins. Historically, 
the relationship between anorthosite emplacement and metamorphism has been controversial, and 
many workers have argued that anorthosite emplacement coincided with metamorphism. Valley and 
O’Neil (1982) proposed that high-pressure metamorphic mineral assemblages in the anorthosite could 
not reflect the same event that formed wollastonite skarns adjacent to anorthosite, which have low 
d18O and formed in the presence of meteoric water during shallow emplacement. This study presents 
new in-situ geochronology that constrains the timing of metamorphic mineral growth in Adirondack 
anorthosite to 1050–1035 Ma. The Zr source for metamorphic zircon growth was the breakdown of 
hemoilmenite and is texturally linked to high-pressure mineral assemblages. These data are consistent 
with previously determined ca. 1155 Ma magmatic ages and later granulite facies metamorphism dur-
ing the 1090–1020 Ma Ottawan phase of the Grenvillian orogeny.
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introduction

The Mesoproterozoic Adirondack Highlands is a keystone ter-
rane for understanding the conditions of granulite facies metamor-
phism in the mid-crust. Early thermometry based on Fe-Ti oxide 
and feldspar compositions established metamorphic temperatures 
as high as ca. 800 °C in the Marcy anorthosite massif in the central 
Highlands (Fig. 1; Bohlen and Essene 1977), which was confirmed 
by subsequent cation and isotope thermometry (Bohlen et al. 1985; 
Kitchen and Valley 1995; Spear and Markussen 1997; Quinn et 
al. 2016). Barometry and phase equilibria constrain maximum 
metamorphic pressures to ~8 kbar (Bohlen et al. 1985; Spear 
and Markussen 1997). Since the earliest petrologic studies, the 
Adirondacks have had an important role as a place for field testing 
thermometers, barometers, and approaches for retrieving informa-
tion about the conditions of metamorphism in general (Bohlen et 
al. 1985; Kitchen and Valley 1995; Darling and Peck 2016). Ad-
ditionally, phase equilibria and isotope studies in the Adirondacks 
provided important limits on fluid flow and the origin of low aH2O 
during granulite facies metamorphism (Valley et al. 1990).

In spite of the well-constrained metamorphic conditions de-
termined by decades of studies, the polymetamorphic nature of 
Adirondack rocks has often made it difficult to know which dyna-
mothermal event or events are recorded by mineral compositions. 
This study approaches this problem by dating zircon texturally 
associated with metamorphic minerals in meta-anorthosite of the 

Adirondack Highlands. Adirondack anorthosite commonly shows 
spectacular garnet and clinopyroxene coronas around igneous 
pyroxene and hemoilmenite (e.g., McLelland and Whitney 1977). 
This textural evidence for garnet growth at the expense of ilmenite 
allows the possibility that metamorphic zircon formed from Zr 
liberated by ilmenite breakdown reactions can be used to link 
geochronology to metamorphic phase equilibria (e.g., Bingen et 
al. 2001). Our new data show that metamorphic zircon in coronitic 
and recrystallized anorthositic rocks formed during the latter part 
of the Ottawan phase of the Grenvillian orogeny ca. 100 m.y. 
after anorthosite intrusion, demonstrating that thermobarometric 
determinations on metamorphic minerals in these rocks are unre-
lated to emplacement.

geologic context

The Adirondack Highlands are dominated by the 1155 
Ma anorthosite-mangerite-charnockite-granite (AMCG) suite 
(McLelland et al. 2004); the largest body of which is the ca. 
3000 km2 Marcy massif that underlies most of the Adirondack 
High Peaks. The Marcy massif is made up of anorthosites and 
leucogabbros, with less-abundant gabbroic lithologies, some of 
which are oxide-rich and form Fe-Ti ore deposits. In general, 
anorthosite predominates in the interior of the massif while more 
gabbroic rocks are commonly found in the border zone and cor-
respond to higher degrees of subsolidus strain. Anorthositic rocks 
of the massif interior (“Marcy facies”; Miller 1919) typically 
exhibit igneous contact relationships, coarse textures, and pre-
serve abundant gray plagioclase megacrysts. Rocks of the border 
zone (“Whiteface facies”; Kemp 1898) are deformed and contain 
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