Data for metasupracrustal rocks of Hellroaring Plateau
The metamorphosed supracrustal rocks of the Hellroaring Plateau typically are present as meter-to-kilometer-sized xenoliths/pendants in granitoid intrusives. The lithologies include metabasites, peraluminous gneisses (migmatites), metaironstones, metaultramafic rocks, quartzites and quartzofeldspathic gneisses. Many of these lithologies preserve petrologic evidence of one, and possibly two stages, of granulite facies metamorphic overprints with an amphibolite facies overprint that is commonly associated with local mylonitization. A few examples of these relations are given below.
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	Fig. 1. Migmatite with granitic leucosome and sil + grt + crd + bt melanosome.


Peraluminous gneiss (migmatite)
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	Fig. 2. Likely retrograde PT path of peraluminous migmatite based on the developed mineral assemblages and textures. Grid of Spear et al. (1999).


Several of the lithologies provide useful information on the metamorphic evolution of the area. However, the most instructive lithology is the peraluminous gneiss (migmatites). The aluminous migmatites of the Hellroaring Plateau can be classified as both metatexites and diatexites, and have typical metamorphic assemblages of qtz + pl + Kfs + bt + sil ± grt ± crd (Fig. 1). The peak metamorphic conditions of this metamorphism are considered to be 750-800 C at 5-7 kbar. Melting is considered to be primarily the result of dehydration melting of biotite via reactions such as bt + sil = grt + Kfs + melt and bt + sil + qtz = grt + crd + Kfs + melt (e.g. Maas and Henry, 2002). It is relatively common to find migmatites with well-developed leucosomes and biotite- and sillimanite-rich melanosomes. These melanosomes are interpreted as having been produced as a consequence of crystallization of the locally-derived granitic melts. As the system cools and the melt crystallizes, the water and alkalis are released allowing many of the continuous and discontinuous reactions to operate in a retrograde sense (Fig. 2). This will result in initial stabilization of sillimanite and biotite, and later local sillimanite dissolution if muscovite develops at lower T.
Example of petrographic information and mineral chemistry of peraluminous migmatite from Hellroaring Plateau
SAMPLE: HP82-63

LOCATION: Lower Hellroaring Road section, Beartooth Mtns, MT

ROCK TYPE: Sillimanite-garnet-cordierite gneiss

MEGASCOPIC DESCRIPTION: Dark gray garnetiferous gneiss with abundant garnet, biotite, cordierite and sillimanite interspersed with pods of quartzo-feldspathic material containing white k-feldspar, plagioclase, quartz and minor sillimanite. The cordierite porphyroblasts are partially pinitized.

MINERAL ASSEMBLAGES: (visually estimated modes)

Quartz (25-35%) [1000-3000 (m]. Anhedral and in bands. 
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Plagioclase (15-20%) [100-2000 (m] Concentrated in felsic regions and commonly altered to  sericite[Probe: An24]
Biotite (20-40%) [200-400 by 400-1500 (m] Matrix biotite and inclusions in garnet. There is some chloritization of the biotite.[probe data: TiO2 = 2.32-2.58%, Al2O3=17.71-17.82; F=0.10; Mg/(Mg+Fe) = 0.564]

Garnet (20-30%) [2000-5000 (m] Subhedral-euhedral rounded porphyroblasts with biotite and round quartz inclusions in the core [Probe data: Core = Py25Alm71Sp2Gr3 and Rim = Py16Alm79Sp3Gr3]
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Cordierite (10-20%) [500-3000 (m] Partially altered (pinitized) oblong grains elongate parallel to the foliation.[probe data: Mg/(Mg+Fe) = 0.679]

Sillimanite (8-10%) [500 by 1000-3000 (m] A few relatively coarse blades in bundles and isolated. These generally grow parallel to the foliation. 

Zircon (tr) [20-50 (m] Subhedral oblong grains (2-4 to 1 aspect ratio), high relief grains in matrix. Some oscillatory zoning is apparent

[Alteration assemblage]

Muscovite (sericite)(tr) [1-10 (m] Abundant anhedral, colorless grains that alter plagioclase and cordierite. 

Chlorite(tr) [1-20 (m] Very pale green to pale green pleochroic pseudomorphs after biotite (with blue-gray and brown-orange birefringence).

TEXTURES: Garnet-cordierite-sillimanite gneiss (migmatite) with likely “melt” zones. The melt zones exhibit graphic granite textures. There is a lineation and foliation defined by biotite, fibrolitic sillimanite and cordierite. 

ALTERATION: Low grade alteration with the local development of sericite after plagioclase and cordierite and sillimanite. Biotite locally alters to chlorite. Cordierite is partially pinitized. 

COMMENTS AND INTERPRETATION: This garnet-sillimanite-cordierite gneiss appears to have preserved the original internal melts as granite melt zones. This is a granulite facies metapelitic assemblage. 

1. The initial metamorphic assemblage was likely quartz + plagioclase + biotite (red-brown) + sillimanite + garnet + cordierite + zircon. The biotite is red-brown suggesting it came from oxidizing conditions near QFM. This assemblage was pre-syn-deformational above second sillimanite zone conditions for the initial metamorphic event. Garnet develops pre-deformationally and also post-deformationally. 

2. TWQ 2.02b thermobarometry for the garnet-biotite reaction and GASP yield T=745 C and P=6389 bars

Quartzites and Quartzofeldspathic gneiss
Several samples of quartzite from Hellroaring Plateau contain some of the oldest detrital zircons found in North America. However, some of the quartzites and quartz-rich quartzofeldspathic gneisses contain granulite facies assemblages. For example, sample HP81-74 has an assemblage of qtz + pl (An41-49) + bt (XMg=0.46-0.57) + magnesiohornblende + grt + opx + cpx + mt. TWQ 2.02b thermobarometry results in TP estimates of  790ºC and 5.8 kbar.
Ironstone
The metaironstones of Hellroaring Plateau commonly preserve their granulite facies assemblages, but are locally retrogressed particularly where they are affected by mylonitization. In this case cummingtonite partially replaces opx. 

Example of petrographic information and mineral chemistry of metaironstone from Hellroaring Plateau

SAMPLE: HR02-71

LOCATION: Lower Hellroaring Road section, Beartooth Mtns, MT. 

ROCK TYPE: Garnet pyroxene metaironstone

MEGASCOPIC DESCRIPTION: Dark ironstone with intergranular magnetite, quartz and garnet poikiloblastically included in pyroxenes of several cm. 

MINERAL ASSEMBLAGES: (visually estimated modes for the two general rock components)

Quartz (5-30%) [100-300 (m]. good granoblastic texture with other quartz grains with minor kink-banding 

Magnetite (5-30%) [30-200 (m granular grains] Subhedral grains

Garnet (20-30%) [200-800 (m]. Round grains. [Probe data: Alm61Py6Sp13Gr20]
Orthopyroxene (40-70%) [200-800 (m]. Anhedral grains with common cummingtonite alteration. [Probe data: Wo1.6En26.8Fs71.4; Mg/(Mg + Fe) = 0.30]
Hornblende (0-30%) [50-300 (m]  blue-green hornblende generally concentrated near a layer - in matrix and as inclusions [classification: ferro-hornblende; Probe data: Mg/(Mg+Fe) = 0.37; Si=6.88]
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	Fig. 3. Backscattered image of coexisting minerals in HR02-71.


Cummingtonite (tr) [10-100 (m] partial replacement of px and hbl. [classification: manganoan cummingtonite; Probe data: Mg/(Mg+Fe) = 0.36; Si=7.99]
Pyrrhotite (tr) [10-50 (m] .inclusions in mt

Zircon(tr) [10-50 (m] .inclusions

TEXTURES: Some initial layering is associated with variations in amounts of magnetite, opx/cpx and hbl.  Opx is commonly poikiloblastic with inclusions of mt, qtz, grt. 

ALTERATION: Cummingtonite replaces opx and hbl at the margins of the grains

COMMENTS AND INTERPRETATION: This ironstone has compositional layering that relates proportions of all of the minerals. There are inclusions of hornblende in grt and opx as well as in an enclave in the matrix. This suggests a general dehydration sequence of the ironstone. There are local partial replacement of the px and hbl by cummingtonite
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