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Abstract
Coal-seam fires are not uncommon and occur in coal deposits of all ages. Coal-seam fires have been 

noted in Alaska, but this paper is the first to describe the mineralogy and petrology of a coal-seam fire 
in the Mystic Creek coal basin in the remote eastern part of the Nenana Coal Basin, Alaska Range. The 
coal is Miocene and part of the Healy Creek Formation of the Usibelli Group. The coal-fire products 
were studied optically and analyzed using XRF, XRD, and electron microprobe. The host rock is a 
silty sandstone consisting mainly of quartz, feldspar, and minor hematite and clay. The coal-seam fire 
fused and melted the country rock producing a metasediment-clinker and paralava. Sekaninaite (Fe-
cordierite), plagioclase, and fayalite are the main minerals that formed along with titanomagnetite, 
mullite, augite, and an unidentified Al-Fe-Ti oxide mineral. Petrographic analysis shows there are at least 
three distinct lithologies in the paralava at thin section scale: a vesicular, holocrystalline sekaninaite-
plagioclase ± olivine bearing area; holocrystalline areas dominated by plagioclase and quartz ± minor 
sekaninaite; glassy bodies; and a bulbous, lenticular body of coarse-grained sekaninaite and lesser 
olivine. The paralava is an andesite with rhyolitic residual glass. Oxidation and fusion of the sediment 
was the first phase of pyrometamorphism, where the sediment becomes brown-red and sekaninaite 
begins to form. The metasediment melts forming vesicles in a black glass; sekaninaite formation is 
well underway. The melt separates from the host and coalesces to form the paralava. As the paralava 
cools, fayalite and sekaninaite precipitate, accompanied by plagioclase, quartz, titanomagnetite, and 
an Al-Fe-Ti oxide. Proximity to the surface allowed quenching of the remaining liquid to rhyolitic 
glass. Numerical modeling was employed to calculate the liquidus temperature (1140 to 1200 °C) and 
understand the crystallization pathway to the rhyolitic glass. In all models, sekaninaite precipitation 
is the most important mineral leading to the rhyolitic glass.
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Introduction
Coal-seam fires have occurred worldwide throughout geo-

logic time (e.g., Sen Gupta 1957; Wahrhaftig et al. 1969; Foit 
et al. 1987; Cosca et al. 1989; Sharygin et al. 1999, 2009, 2015; 
Grapes 2011; Grapes et al. 2009, 2011; Thiéry et al. 2018; Guy 
et al. 2020). There is abundant evidence for fires that have since 
burned out and others that have burned for decades and even 
thousands of years (Sharygin et al. 2015). In this study we inves-
tigate a prehistoric coal-seam fire in the Nenana coal basin in the 
Alaska Range (Fig. 1). Although coal seams in the western part 
of the basin near the Alaska Railroad and Richardson Highway 
have been mined and studied, the eastern part is remote and 
relatively inaccessible except by helicopter. The Mystic Creek 
coal basin in the remote eastern part, is the subject of our study.

Geologic setting and background
The coal-bearing rocks of the Nenana Coal Basin occur in a 

series of faulted synclines in an extensional basin in the northern 
foothills of the central Alaska Range (Fig. 1) (e.g., Wahrhaftig 
1970a, 1970b, 1970c, 1970d, 1970e, 1970f, 1970g, 1970h). 
The basin lies north of the Farewell-Denali Fault and within the 

Tintina Gold Province. The stratigraphy consists of pre-Cenozoic 
metamorphic rocks overlain by Eocene to Pleistocene sedimen-
tary rocks that were folded and faulted as the Alaska Range 
began growing in the Miocene. The Usibelli Group comprise 
Cenozoic sediments that make up the coal field; they rest on an 
eroded complex of Paleozoic to Cretaceous greenschist grade 
metavolcanic and metasedimentary rocks (Wahrhaftig et al. 1969; 
Kirschner 1994; Dusel-Bacon et al. 2007; Wartes et al. 2013). 
Cretaceous plutonic and Precambrian rocks lie farther south in 
the heart of the Alaska Range. Pliocene and Pleistocene gravels 
and alluvium overlie parts of the coal field.

The Usibelli Group (Fig. 2) consists of five formations: the 
Healy Creek, Sanctuary, Suntrana, Lignite Creek, and Grubstake 
Formations. Prior to the uplift of the Alaska Range, sediments 
were deposited by a southward-flowing drainage system (Wah-
rhaftig et al. 1969). The growth of the Alaska Range diverted the 
drainage system westward, much like it is today.

The Healy Creek Formation is probably the most widely 
distributed formation of the lower coal-bearing formations of 
Wahrhaftig et al. (1951). It lies unconformably on mainly Pa-
leozoic metamorphic rocks of the Yukon-Tanana terrane (Wah-
rhaftig 1987) and consists of interbedded poorly consolidated 
sandstone, conglomerate, claystone, and coal beds. Although 
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