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Abstract
The 119 Ma Dinkey Dome pluton in the central Sierra Nevada Batholith is a peraluminous granite
and contains magmatic garnet and zircon that are complexly zoned with respect to oxygen isotope
ratios. Intracrystalline SIMS analysis tests the relative importance of magmatic differentiation processes
vs. partial melting of metasedimentary rocks. Whereas δ18O values of bulk zircon concentrates are
uniform across the entire pluton (7.7‰ VSMOW), zircon crystals are zoned in δ18O by up to 1.8‰,
and when compared to late garnet, show evidence of changing magma chemistry during multiple interactions of the magma with wall rock during crustal transit. The evolution from an early high-δ18O
magma [δ18O(WR) = 9.8‰] toward lower values is shown by high-δ18O zircon cores (7.8‰) and lower
δ18O rims (6.8‰). Garnets from the northwest side of the pluton show a final increase in δ18O with
rims reaching 8.1‰. In situ REE measurements show zircon is magmatic and grew before garnets.
Additionally, δ18O in garnets from the western side of the pluton are consistently higher (avg = 7.3‰)
relative to the west (avg = 5.9‰).
These δ18O variations in zircon and garnet record different stages of assimilation and fractional
crystallization whereby an initially high-δ18O magma partially melted low-δ18O wallrock and was subsequently contaminated near the current level of emplacement by higher δ18O melts. Collectively, the
comparison of δ18O zoning in garnet and zircon shows how a peraluminous pluton can be constructed
from multiple batches of variably contaminated melts, especially in early stages of arc magmatism
where magmas encounter significant heterogeneity of wall-rock assemblages. Collectively, peraluminous magmas in the Sierran arc are limited to small <100 km2 plutons that are intimately associated
with metasedimentary wall rocks and often surrounded by later and larger metaluminous tonalite and
granodiorite plutons. The general associations suggest that early-stage arc magmas sample crustal
heterogeneities in small melt batches, but that with progressive invigoration of the arc, such compositions are more effectively blended with mantle melts in source regions. Thus, peraluminous magmas
provide important details of the nascent Sierran arc and pre-batholithic crustal structure.
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Introduction
The petrogenesis of peraluminous granites is a long-standing
question (Clemens and Wall 1981; Patiño Douce and Johnston
1991; Frost et al. 2001; Villaros et al. 2009; Lackey et al. 2011).
Peraluminous composition in granitoid rocks is defined by molar
proportions of Al2O3 in excess of combined CaO, Na2O, and
K2O: Al2O3/(CaO+K2O+Na2O) > 1, or an aluminum saturation
index (ASI > 1; Zen 1988). Peraluminous granitoids typically
form from a high proportion of melts of aluminous crustal or
sedimentary source rocks (Chappell and White 1974; Scaillet
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et al. 2016). Alternative mechanisms can explain the generation of weakly peraluminous compositions in granitoid rocks
(e.g., fractional crystallization, crustal anatexis, and vapor phase
transfer; Zen 1988).
Isotope tracers can discriminate between source, magmatic
differentiation, and contamination characteristics of peraluminous magmas. Early work showed correlated 87Sr/86Sr and δ18O
as indicative of crustal melting (O’Neil and Chappell 1977;
Halliday et al. 1981). Oxygen isotope ratios are affected by
assimilation of crustal rocks, which have different δ18O values
than mantle-derived magmas (e.g., Taylor and Sheppard 1986;
Valley et al. 2005). In cases where crustal melts are produced
from young source rocks, radiogenic isotopes are not sensitive,
and oxygen isotopes are typically the most sensitive isotopic
tracer (e.g., Valley 2003; Lackey et al. 2011; Jeon et al. 2012).
Oxygen isotopes can be measured in retentive zoned minerals to record information about magma evolution (e.g., Valley
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