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Monazite and zircon thermometry and geochronology were applied to anatectic pelites of the north-
ern East Humboldt Range, Nevada. The study area is an exhumed portion of the Sevier orogenic root and 
is characterized by two crustal blocks with different prograde metamorphic histories: the Winchell Lake 
nappe and the underlying Lizzies Basin block. U/Th–Pb secondary ion mass spectrometry (SHRIMP) 
results from zircon and monazite indicate that in the Lizzies Basin block prograde metamorphism began 
by 96.5 r 8.0 Ma. Cooling and melt crystallization was initiated by 80.1 r 1.4 Ma. Possible reheating 
and a monazite growth event occurred again at 76.2 r 2.8 to 68.2 r 2.0 Ma. In the upper limb of the 
overlying Winchell Lake nappe, prograde metamorphism began by 82.8 r 1.3 Ma. Cooling and melt 
crystallization recorded by zircon and monazite growth/recrystallization at 77.4 r 12.4 to 58.9 r 3.6 
Ma. Melt may have been present in the Winchell Lake nappe upper limb for a protracted period, or 
may have formed during several unresolved melting events. Thin Eocene–Oligocene (a40–32 Ma) 
high-Y monazite rims are found in both crustal blocks. These probably represent a phase of heating 
during Eocene–Oligocene magmatism and extensional deformation. U/Th–Pb geochronology results 
are consistent with differential burial, heating, and exhumation of different crustal blocks within the 
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and somewhat slower exhumation of Lizzies Basin block rock occurred prior to the “core complex” 
phase of the exhumation of the Ruby Mountains–East Humboldt Range metamorphic core complex. 
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orogenic terrane.
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introduction

The significance of partial melting (anatexis) related to re-
gional metamorphism in the exhumed roots of ancient mountain 
belts is a major focus of recent petrologic studies. Experimental 
studies (e.g., Rosenberg and Handy 2005) suggest that only a 
small volume fraction of distributed melt can greatly reduce 
the bulk strength of a section or rock. The formation of partial 
melt during high-grade metamorphism, and whether fluid melt 
continues to form and remain in the rock during periods of 
decompression and crustal thinning are critical observations 
needed to test models for melt-enhanced exhumation (e.g., 
Norlander et al. 2002; Spear 2004; Whitney et al. 2004; Teys-
sier et al. 2005; Hinchey et al. 2006). This study uses U/Th–Pb 
geochronology to track and constrain melting and melt crystal-
lization in the context of polyphase exhumation of thickened 
continental crust.

Recent advances in thermodynamic modeling and improve-

ments to our understanding of accessory phase petrogenesis have 
provided new tools for interpreting accessory phase geochemical, 
thermobarometric, and geochronologic data (e.g., Kelsey et al. 
2008; Spear 2010; Spear and Pyle 2010). Specifically, the ability 
to model the growth/consumption dynamics of complexly zoned 
monazite and garnet provides a means to link age and geochemi-
cal data to specific segments of a P-T path.

The Ruby Mountains–East Humboldt Range (RM–EHR, Fig. 
1) metamorphic core complex in northeastern Nevada is located 
in the central portion of the North American Cordillera hinterland 
core complex belt (Coney and Harms 1984) and provides an 
excellent field area to examine anatexis in a greatly exhumed 
portion of an orogen. Unroofing the Ruby Mountains–East 
Humboldt Range has exposed some of the deepest portions of the 
Cordilleran hinterland south of the Idaho batholith (Hodges et al. 
1992; McGrew et al. 2000). The structurally deepest portion of 
the migmatitic infrastructure of the Ruby Mountains–East Hum-
boldt Range is exposed in the northern East Humboldt Range. A 
complex deformation history obscures the structural assembly 
of the Winchell Lake fold nappe and of the juxtaposition rela-
tionship between the Winchell Lake nappe and the underlying 
Lizzies Basin block (LBB; Fig. 1). P-T paths based on major and 
accessory phase thermobarometry, thermodynamic modeling, 
and porphyroblast zoning analysis indicate somewhat different 

American Mineralogist, Volume 100, pages 951–972, 2015

0003-004X/15/0004–951$05.00/DOI: http://dx.doi.org/10.2138/am-2015-4839      951 

* Present address: Department of Geology, University of Wis-
consin Oshkosh, Oshkosh, Wisconsin 54901, U.S.A. E-mail: 
hallettb@uwosh.edu
† Special collection papers can be found on GSW at http://ammin.
geoscienceworld.org/site/misc/specialissuelist.xhtml.

mailto:hallettb@uwosh.edu

