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More than 20 naturally forming “alteration scars”, are found along the margins of  Red River between the towns of Questa and Red River. Public and scientific interest in these scars has increased during the last decade because of sporadic but destructive mudslides or debris flows that emanate from the scar areas during wet periods (Meyer and Leonardson, 1990). In addition, water quality degradation of the Red River by the input of acid, sulfur, and other elements from surface and ground water derived from the alteration scars has been documented by recent environmental studies (Shaw et al., 2003; Briggs et al., 2003). 

Alteration scars are natural, colorful (red to yellow to orange to brown), unstable landforms that are characterized by steep slopes (greater than 25 degrees), moderate to high pyrite content (typically greater than 1 percent), little or no vegetation, and extensively fractured bedrock. The scars are variable in size ranging from 1 to more than 100 acres. The distribution of the alteration scars appears to closely follow molybdenum mineralization patterns in the area. However, the relative amounts of hypogene or supergene alteration that may contribute to scar formation is yet undetermined. Many scars are located on south-facing slopes, which tend to have lower vegetation density and snow cover in winter. Erosion of the alteration scars and rapid transport out of the detritus from the source areas forms large apron-like debris fan deposits at the base of the scars. Perched ferricrete breccias are found along the margins of some scars.

Most alteration scars are composed of andesite, although other rock types are also found in some scars. The Amalia Tuff (rhyolite) forms the upper portions of some scars, especially those found high on the valley margins. The more competent rhyolite forms near vertical spires, or hoodoos at ridgelines, and are underlain by the weaker andesite and together form a badlands topography of erosion, rockfalls, slumping, landslides, and local down-slope creep of unstable ground.

Preliminary analyses of Airborne Visible-Infrared Imaging Spectrometer (AVIRIS) data indicate that the scars are characterized by abundant jarosite, kaolinite, and locally gypsum, surrounded by a halo of goethite (Livo and Clark, 2002). These secondary minerals are found in addition to common mineral phases, typical of the hypogene quartz-sericite-pyrite (QSP) altered andesite and rhyolite. Within a scar, a progression of grain size reduction is apparent. Within the scars, the rocks are fairly unaltered but highly fractured within the bottom of drainages. Progressing upward, similar in character to soil horizons, the relative sizes of clasts within the profile become smaller and the abundance of clay size material increases. Secondary mineralogies (mainly sulfates) typically cement this material during dry periods resulting in a hard surface. With prolonged wetting, this finer material becomes soft and fails readily. 

The high erosion rates on the bare slopes of the scars lead to denudation that continuously exposes additional pyrite-bearing outcrops. Pyrite when exposed to water, oxidizes and forms sulfuric acid (acid drainage or AD), which then dissolves other minerals in the rock forming clay minerals and soluble sulfate, oxide, and hydroxide minerals. The dissolved constituents form acid drainage that mixes with surface and ground water and ultimately enters the Red River. Paste pH of soils in the alteration scars averages 2.5, high paste conductivities (greater than 1000 μS/cm), and sulfate concentrations ranges from 1 to 11.5 percent (Shaw et al., 2003; Robertson GeoConsultants, Inc., 2000a, 2000b, 2001). Leach extractions of samples from the alteration scars show elevated concentrations of S, Cu, F, Bi, Sn, Mn, K, and Th (Robertson GeoConsultants, Inc., 2000a, 2000b, Shaw et al., 2003).  

The debris fan deposits consist of varying mixtures of interbedded fluvial, alluvial, and mudflow deposits. The buildup of these deposits in Red River reduces the river flow and results in meadows upstream of the constrictions (Meyer and Leonardson, 1990). The town of Red River, the mill, and Fawn Lakes are built upon these meadowlands.
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