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SPECIAL COLLECTION: PERSPECTIVES ON ORIGINS AND EVOLUTION OF CRUSTAL MAGMAS
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Abstract
Extensive intrusions composed entirely of biotite granite are common in Neoarchean cratons. These
granites, which have high silica and potassium contents, are not associated with intermediate and mafic
phases. One such Neoarchean granite batholith, herein named the Wyoming batholith, extends more than
200 km across central Wyoming in the Granite and the Laramie Mountains. From field characterization, petrology, geochemistry, and Nd isotopic data we establish that the magnesian Wyoming batholith
exhibits continental arc chemical and isotopic signatures. It is best interpreted as a large, upper crustal
silicic batholith that likely formed when the subducting oceanic plate steepened or foundered, bringing
mantle heat and mass to the base of the crust. Similar Cenozoic settings, such as the Altiplano-Puna plateau of the Andes and the volcanic provinces of the western United States, host large volumes of silicic
ignimbrite. The magma chambers supplying these eruptions are inferred to be silicic, but the structural,
petrologic, and geochemical details are unknown because the batholiths are not exposed. We suggest
that the Wyoming batholith represents an analog for the plutonic complex underlying these ignimbrite
systems, and provides an opportunity to examine the shallow magma chamber directly. Our work establishes that, aside from more leucocratic margins, the sill-like magma chamber is petrologically and
chemically homogeneous, consistent with effective mixing by vertical convection. Nd isotopic variations
across the batholith indicate that horizontal homogenization is incomplete, preserving information about
the feeder system to the batholith and variations in magma sources. The late Archean Earth may present
optimal conditions for the formation of extensive granite batholiths like the Wyoming batholith. By this
time the majority of the planet’s continental crust had formed, providing the environment in which differentiation, distillation, and assimilation could occur. Moreover, the Neoarchean Earth’s relatively high
radioactive heat production provided the power to drive these processes.
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Introduction
Continental arc batholiths form from magmas that are relatively
oxidized, wet, and cool. These rocks, dominated by granodiorite,
are magnesian, calc-alkalic, and metaluminous (Christiansen 2005;
Bachmann and Bergantz 2008; Frost and Frost 2014). Small volumes of true granite are components of continental arc batholiths.
These granite bodies tend to be younger than the granodiorites,
consistent with their origin by differentiation. If the granites are
end-products of differentiation of a basaltic parent, then they represent the less than 5% of the volume of original magma. Even if the
starting material is granodiorite and differentiation is accompanied
by crustal assimilation, the volume of less silicic cumulates will be
2–3 times greater than the volume of granite produced (Lee and
Morton 2015). As a result, it is not surprising that granites make
up a relatively modest proportion of continental arc batholiths.
In contrast, intrusions composed exclusively of granite are a
notable feature of the Neoarchean geologic record. Biotite and
two-mica granites are a common component of every Archean
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craton, and are the second most widespread lithology in Neoarchean terranes after the tonalite-trondhjemite-granodiorite association (Laurent et al. 2014). These granites, which have silica
contents of 70–76% SiO2, are not associated with intermediate
and mafic phases, they are calc-alkalic to alkali-calcic, peraluminous, and high-K (Laurent et al. 2014). The granites are typically
undeformed, extensive, and are widely distributed throughout
the host craton. Most petrogenetic models for the formation of
Neoarchean potassic granites call upon partial melting of older
tonalite-trondhjemite-granodiorite crust or metasedimentary rocks
(Moyen 2011; Jaguin et al. 2012). Even if the magma sources lie
dominantly within the crust, the production of such large volumes
of granite across a broad area seems to require a large power input
from the mantle.
This study documents a large batholith composed entirely of
magnesian biotite granite in west-central Wyoming. It is petrologically indistinguishable from a late-stage granite pluton within a
contemporary Neoarchean continental arc composite batholith
exposed in the neighboring Wind River Range. This granite batholith, here named the Wyoming batholith, is exposed in Laramide
basement-involved uplifts that extend 200 km from east to west.
It is everywhere composed of undeformed biotite granite, even
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