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ABSTRACT
The Cajon Pass Deep Scientific Drillhole penetrated a minimum of 1 km of Late Cretaceous (?)
intermediate plutonic rocks containing magmatic anhydrite, which occurs as both matrix grains and
relic microphenocrysts within poikilitic hornblende, plagioclase, and sphene. Phase equilibria of
coexisting silicates, oxides, and apatite support petrographic evidence of hypersolidus anhydrite,
indicating that intermediate rocks from a mafic-felsic calc-alkalic suite (or suites) crystallized from
about 800 to 700 °C at Ptot ~6 kb from hydrous and oxidized, sulfate-saturated andesitic to dacitic
magma. The occurrence of anhydrite as inclusions within early crystallizing phases and its association with sulfate-enriched apatite indicates that, despite the potentially rapid destruction of matrix
anhydrite by subareal weathering, petrologic evidence of the nature of such volatile-rich magma
systems can be retrieved. If found to be widespread by future work, such evidence could be useful in
understanding the mechanisms of volatile enrichment in explosive sulfur-rich volcanic systems and
the potential relative roles of metasomatized lithospheric mantle sources and shallow-level mixing/
assimilation processes in Cordilleran arc magma systems.

INTRODUCTION
Convergent margin arc magmas are characteristically enriched in many volatile elements in comparison to MORB and
OIB systems. Arc magmas are more hydrous than oceanic ridge
or intraplate magmas (Sisson and Grove 1993; Sisson and Layne
1993; Johnson et al. 1994), comparatively oxidized (Carmichael
1967, 1991; Gill 1981; Symonds et al. 1994), and are probably
larger contributors of atmospheric sulfur, despite the larger
magma volumes at ridges (Stoiber et al. 1987; Bluth et al. 1993;
Jambon 1994). The origin of these volatile enrichments and
the potential dependencies among them provide key insights
into magma genesis and outgassing of the Earth, and understanding volatile enrichment mechanisms is central to understanding the driving forces of explosive volcanic eruptions.
The sulfur enrichment of some arc magmas has been highlighted recently by the eruptions of El Chichón in 1982 and
Mount Pinatubo in 1991. In both of these events, gases and
volcanic products indicated the presence of hydrous and oxidized and sulfur-rich magmas in the shallow subvolcanic systems, heralded by the presence of anhydrite microphenocrysts
in silicic pumice (e.g., Luhr et al. 1984; Pallister et al. 1996).
Significant uncertainties remain in assessing the relative roles
of metasomatized magma sources vs. shallow subvolcanic mix-
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ing and/or assimilation processes in generating these sulfurrich arc magmas. Understanding petrogenetic processes in such
volatile-rich arc magma systems is important for elucidating
eruption dynamics, but is also important because volatiles such
as sulfur have the potential for great short-term impact on
Earth’s atmosphere and climate. Volcanic eruptions and passive emissions contribute, on average, 10–19 Mt SO2 per year
to the atmosphere (Stoiber et al. 1987; Bluth et al. 1993; though
this represents only about 10% of the modern global annual
flux dominated by anthropogenic inputs). This average value
may be approached or exceeded by a single sulfur-rich eruption, such as El Chichón (Varekamp et al. 1984), Nevado del
Ruiz in 1985 (Williams et al. 1990), or Mount Pinatubo
(Westrich and Gerlach 1992). Mount Pinatubo injected an estimated 20 Mt SO2 into the atmosphere (Gerlach et al. 1996),
and this high short-term SO2 flux and the resultant formation
of stratospheric H2SO4 aerosols caused hemispheric cooling
exceeding the effects of El Niño circulation or anthropogenic
climate forcing over the same time period (Self et al. 1996).
Unfortunately, such sulfur-rich arc eruptions are difficult to
recognize in the geologic record because of shallow volatile
degassing and the rapid dissolution of anhydrite. We report
petrographic evidence and phase equilibria results indicating
magmatic anhydrite in Late Cretaceous rocks in the Cajon Pass
Deep Scientific Drillhole in southern California. Drilling penetrated ~2200 m of unweathered intrusive rocks exhumed from
the middle crust of a Cordilleran arc magma system. We propose that this midcrustal magma system was hydrous, oxidized,
and saturated with SO2, based on stability relations of the

