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abStract

Occurrences of high-Mg andesite (HMA) in modern volcanic arcs raise the possibility that sig-
nificant volumes of continental crust could be directly derived from Earth’s mantle. Such rocks are 
commonly associated with subduction of young, warm oceanic lithosphere or occur in areas heated 
by mantle convection. A relatively rare occurrence near Mt. Shasta in the Cascades volcanic arc has 
been considered to represent one such primary mantle-derived magma type, from which more evolved 
andesitic and dacitic magmas are derived. Recognition that the Shasta area HMA is actually a hybrid 
mixed magma, calls into question this notion as well as the criteria upon which it is based. We report 
new chemical and mineralogical data for samples of the Shasta HMA that bear on the components 
and processes involved in its formation. Several generations of pyroxenes and olivines are present 
along with different generations of oxide minerals and melt inclusions. The most magnesian olivines 
(Fo93) exhibit disequilibria textures, exotic melt inclusions, and reaction rims of Fo87 composition; 
these crystals along with spongy, ~Mg# 87 orthopyroxene crystals are interpreted to be xenocrystic 
and do not signify a primitive mantle derivation. The groundmass is andesitic with moderate MgO 
content, and melt inclusions of similar compositions are hosted by equilibrium olivine (~Fo87). The 
bulk magma (whole rock) is more magnesian, but primarily due to incorporation of mafic minerals 
and ultramafic xenolith debris. We propose that the exotic crystal and lithic debris in these rocks is 
derived from (1) dacitic magmas of possible crustal derivation, (2) prograded ultramafic rocks in the 
underlying crust, and (3) random lithic debris and crystals derived from conduit wall rocks and earlier 
intruded magmas within the feeder plexus beneath Shasta. The HMA is inferred to represent a mixture 
between evolved dacitic and primitive basaltic magmas as well as incorporation of xenolithic crystal 
cargo. There is no compelling evidence that HMA is present in large volumes, and it is not considered 
to be an important parental liquid to more evolved magmas at Shasta.
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introduction

This paper presents a detailed description of high-Mg 
andesites (HMA) associated with Mt. Shasta, a prominent 
quaternary composite volcano in the northern California 
Cascade Range. The interpretation of HMAs is a significant 
fulcrum in evaluating subduction-related magmatic processes 
and carries important implications for understanding the forma-
tion of continental crust in general. Most estimates of average 
crustal composition are essentially andesitic, so a fundamental 
issue regards the extent to which crust-forming materials are 
directly derived from the mantle. The occurrence of adakitic 
magmas in many modern volcanic arcs may be considered to 
suggest that this is possible. However, we present compelling 
evidence that the Shasta HMA is a product of complex mixing, 
and question its interpretation as a primitive mantle-derived 

magma. Proponents that it is a primitive mantle-derived 
magma argue that (1) the effects of hybridization are insuf-
ficient to shift its composition significantly from direct melts 
of a subduction-modified mantle source, (2) such magmas are 
reasonable parents to more evolved magmas at Shasta, and (3) 
they therefore must comprise a significant volume. Conversely, 
we believe the available data summarized in this paper indicate 
that (1) the HMA can reasonably be considered to be a mixture 
between the more volumetrically dominant basaltic and dacitic 
magmas produced at Shasta, (2) certain features (e.g., presence 
of Fo93 olivine) assumed to be diagnostic of primitive mantle 
derivation are artifacts of interaction with ultramafic rocks in 
the underlying crust, and (3) HMA is not likely to be parental to 
the more evolved andesites and dacites at Mt. Shasta. A critical 
question concerns the actual volume of such magma and, based 
on surface exposures (essentially one local vent occurrence), 
HMA appears to be a relatively minor product. We would 
argue that this is the case for most volcanic arcs. Certainly 
for the Cascades, we favor the view that basaltic magmas are 
the dominant contribution from the sub-arc mantle, and their 
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