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Paragenesis and thermobarometry of Ca-amphiboles in the Barcroft granodioritic pluton,
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ABSTRACT
Mid-Mesozoic to Tertiary igneous activity reflects arc evolution along the Sierra + White-Inyo
sector of the continental margin. The Ca-amphibole + biotite ± augite-bearing Middle Jurassic Barcroft
pluton consists of intergradational, quartzose gabbro-diorite, metadiorite, voluminous mafic-to-felsic
granodiorite, and rare alaskite-aplite. It was emplaced along the Barcroft structural break—a major
ENE-striking suture juxtaposing mid-Mesozoic bimodal metavolcanics on the north against metamorphosed Lower Cambrian platform strata on the south. The Cretaceous, two-mica McAfee Creek
Granite intruded both wall rocks and the Barcroft granodioritic pluton on the east. Geologic mapping
and petrochemical studies have documented the structure and metaluminous geochemistry of the
Barcroft body.
Analyses of Ca-clinoamphiboles from 16 Barcroft rocks allow the assignment of P-T conditions
of crystallization/recrystallization based on experimentally determined and calculated clinoamphibole
thermobarometers. Combined with earlier studies of country-rock metamorphism, and oxygen isotopic investigations of mineral assemblages in both plutons and wall rocks, four stages in the P-T
evolution of the Barcroft pluton have been identified: Stage 1, partial melting of a mafic protolith at
~25 km or greater depth, then onset of crystallization of refractory hornblende and other ferromagnesian phases at ~915 ± 25 ∞C attending magma ascent. Stages 2 Æ 3, crystallization of progressively
more actinolitic hornblende during decompression cooling and stalling of the pluton at a depth of
10–12 km, as temperature declined over the interval ~760–650 ∞C. Stage 4, subsolidus recrystallization/exsolution of nearly stoichiometric actinolite ± grunerite attending deuteric alteration over the
range ~395–545 ∞C at a depth of 4–5 km. Mineral assemblages of stages 1 Æ 4 are disposed progressively inward, indicating that the Barcroft pluton lost heat along intrusive contacts with the wall
rocks, cooling, annealing, and re-equilibrating in the process. The Cretaceous McAfee Creek Granite
transected this ENE-trending thermal zonation, but exerted little effect on Ti + Al contents (and d18O
values) of Barcroft amphiboles.

INTRODUCTION TO THE PROBLEM
The White-Inyo Range marks the western, NNW-trending
edge of the Basin and Range province, and approximately coincides with the early Mesozoic continental margin (Burchfiel
and Davis 1975; Stevens et al. 1997). Regional geologic relationships are illustrated in Figure 1. In the central White Mountains, a SSE-dipping, high-angle reverse fault—the Barcroft
structural break—transects the province boundary at nearly 90∞
(Crowder and Ross 1972). Along this major suture, mid-Mesozoic mafic and silicic metavolcanic rocks and interstratified
metavolcanogenic sediments on the north were juxtaposed
against a Lower Cambrian carbonate + siliciclastic
metasedimentary succession + rare metadiabasic dikes on the
south. The 163 ± 2 Ma Barcroft pluton (McKee and Conrad
1996) rose along this profound discontinuity. Ernst et al. (2001)
described the geology and presented a 1:24,000 scale map of
the Mount Barcroft area.
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The present investigation provides quantitative evaluation
of the mineralogic and P-T history of the Barcroft pluton employing compositional variations of the constituent Ca-amphiboles. Coexisting minerals from the Barcroft suite were analyzed
for major elements. Oxygen isotope analyses were performed
on mechanically separated quartz + clinoamphibole pairs as
well as other mineral pairs (Ernst and Rumble, in preparation).
Combined with the bulk-rock geochemistry of the granitoids
of the central White Mountains (Ernst et al. in preparation) and
earlier studies of the regional and contact metamorphism (Ernst
1996, 1997), this mineralogic study provides important constraints on the petrogenesis and thermal history of the Barcroft
pluton. Ca-amphibole-bearing rocks studied in this report are
indicated on the sketch map of Figure 2.
Amphiboles are major phases in mafic and intermediate
intrusive igneous rocks. Because of their abundance and broad
compositional ranges, the crystal-chemical behavior of Caamphiboles as a function of the attending conditions can help
elucidate the history of consolidation and subsolidus alteration
of the host plutons. Many studies have dealt with parageneses

