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Beneath the Stillwater Complex: Petrology and geochemistry of quartz-plagioclase- 
cordierite (or garnet)-orthopyroxene-biotite ± spinel hornfels, Mountain View area, Montana 
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AbsTrAcT

A 50 m drill core (core no. 383-334) collected from the contact metamorphic aureole in the Mouat 
Ni-Cu prospect in the Mountain View area of Stillwater County, Montana, exhibits evidence of in 
situ fluid-absent biotite dehydration melting and local back reaction of melts derived from metasedi-
ments and metavolcanics. The drill core was investigated to characterize the mineral assemblages 
and their textures, to search for evidence of partial melting, and to determine mineral and whole-rock 
geochemistry to provide an understanding of the petrogenesis of the hornfels close to the contact 
with the Stillwater Complex. The rocks investigated are predominantly quartz-plagioclase-cordierite-
orthopyroxene-biotite ± spinel hornfels, Fe-Cu-Ni sulfides, and Fe-Ti oxides. One sample contains 
garnet (Alm73–77Pyr20–17Sps3Grs4) in addition to cordierite. Three samples contain cordierite-hercynite 
symplectites surrounded by a narrow mantle devoid of orthopyroxene, plagioclase, and biotite that are 
roughly ovoid to lenticular in shape. Partially melted samples show back reaction between crystalliz-
ing melt and restite such that retrograde skeletal intergrowths of biotite and quartz in the mesosome 
were developed. Average T-P conditions of hornfels and melt genesis are 786 °C and 3.7 kbar. Back 
reactions that produced biotite occurred at somewhat lower temperatures. Whole-rock geochemistry 
suggests that the protolith of the hornfelsic rocks was likely a mixture of greywacke and additional 
intermediate to mafic volcanogenic components.
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inTroducTion

The Stillwater Complex is a large ~2.7 Ga (DePaolo and 
Wasserburg 1979) layered ultramafic-mafic lopolithic igneous 
intrusion exposed (48 km × 8 km) along the northern margin 
of the Beartooth Mountains in southwestern Montana (Fig. 1). 
The complex intruded deformed metasedimentary rocks of the 
Wyoming Archean province and was intruded by Late Archean 
quartz monzonite plutons and is unconformably overlain by 
younger Paleozoic sediments on the north side. The Mouat quartz 
monzonite has been dated at 2.7 Ga (Nunes and Tilton 1971). 
Laramide faulting along the northwestern and southwestern 
margins cut the complex and reactivated older structures. The 
original intrusive contacts with older rocks are rarely found and 
are observed only on the south side of the complex. 

A contact metamorphic aureole with pyroxene-hornfels fa-
cies grading outward to amphibole-hornfels facies and lower 
grades was produced by the intrusion and is best exposed in 
the Boulder River area studied by Labotka and Kath (2001). 
The Archean metasedimentary rocks into which the Stillwater 
Complex intruded include iron formation, quartzite, greywacke 
and argillite. Whole rock Rb-Sr dates of schistose rocks in the 
Boulder River area yielded ages of 2730 ± 30 Ma (Powell et al. 
1969), which are nearly contemporaneous with the age of the 
intrusive event suggesting metamorphic resetting due to either 
the intrusive event itself or the regional metamorphism that 
preceded the intrusion of the Stillwater Complex. Mogk and 

Mueller (1990) have suggested that the Stillwater Complex was 
emplaced within 50 Ma of regional metamorphism.

Several investigations have estimated the conditions of 
metamorphism of the contact metamorphic aureole of the Still-
water Complex. Labotka and Kath (2001) found that pyroxene-
hornfels samples in the Boulder River area give temperatures 
ranging from 690 ± 30 to 750 ± 50 °C at pressures up to 3 kbar. 
Labotka and Kath (2001) were able to map the cummingtonite 
+ cordierite and hypersthene isograds in the Boulder River area 
where exposures of K-poor pelitic country rock are good and 
state that mineral equilibria suggest a relatively shallow depth 
of emplacement between 6 and 7 km (2–3 kbar). Temperatures 
of at least 825 °C near the contact are suggested by the presence 
of pigeonite in iron formation (Podpora and Lindsley 1979; 
Lindsley 1980; Vaniman et al. 1980; Vocke 1982; Labotka 1985; 
Davidson and Lindsley 1989) although K-poor pelitic rocks they 
examined show no evidence of partial melting (Labotka et al. 
1982; Labotka and Kath 2001).

Geissman and Mogk (1986) suggested that the Stillwater 
Complex and its contact metamorphic aureole are allochthonous 
to the regionally metamorphosed rocks based on characteristics 
of the rocks in the contact metamorphic aureole, including the 
preservation of sedimentary structures, the lack of penetrative de-
formation or relict metamorphic assemblages, and distinct differ-
ences in geochemistry and temperature and pressure conditions. 
In the latter case, the regionally metamorphosed rocks were de-
termined to have attained much higher pressures (6–8 kbar) than 
those recorded in the aureole (2–3 kbar). Furthermore, Geissman * E-mail: jthomson@mail.ewu.edu


