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ABSTRACT
X-ray absorption data were collected for a series of varnish and dendrite Mn oxide coatings on
rock substrates containing a wide variety of mineralogies exposed to a variety of environments.
Near-edge spectra of the coatings indicate that the Mn-oxide phases present have Mn valences between 3+ and 4+, with average Mn valences for the varnishes closer to 4+ than those for the dendrites. Mn EXAFS data and analyses indicate that Mn-oxide structure types for the varnishes range,
perhaps continuously, from large tunnel phases, similar to todorokite and romanechite, to layer phases,
i.e., birnessite-family. Similar results were found for the dendrite samples, except that the variety of
Mn-oxide phases is somewhat larger than those found for the varnishes. No correlations were found
between Mn-oxide structure-type within these coatings and the corresponding substrate petrology.

INTRODUCTION
Rock varnish is a dark-colored Mn- and Fe-rich coating that
forms on exposed rock surfaces in almost every terrestrial
weathering environment, particularly in arid and semiarid regions. Varnishes average about 100 µm in thickness but can
reach thicknesses of several hundred micrometers, with accumulation rates of 1–15 µm/1000 years (Liu and Dorn 1996).
Rock varnishes have attracted considerable research interest
as a potential Quaternary dating tool for rock surfaces, archeological features and artifacts (e.g., Dorn 1989); as indicators of
paleoclimatic change (Dorn 1994; Liu and Dorn 1996); to assist in interpretations of remote sensing studies of varnished
rock surfaces on Earth and on Mars (Israel et al. 1997); because of the likely role of microorganisms in their formation
(e.g., Perry and Adams 1978; Nagy et al. 1991); and simply
because they are so ubiquitous and obvious. Rock varnishes
are also being studied as possible environmental monitors because of the great scavenging abilities of Mn oxides for certain
heavy metals (Dorn 1991; Fleisher et al. 1999).
During the past thirty years, an impressive volume of literature has been published addressing the detailed morphology, chemistry, formation, and potential uses of rock varnishes.
Nevertheless, the formation mechanism and detailed mineralogy of rock varnish is incompletely understood. A growing
number of researchers, however, concur that it forms as an external accretion with its constituents probably derived from
windblown material, and does not have any chemical or mineralogical relationship to the underlying rock (Potter and
Rossman 1977, 1979; Allen 1978; Dorn and Oberlander 1981).
Studies have shown a distinct morphological boundary between
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varnish and substrate (Potter and Rossman 1977; Krinsley
1998). Water also seems to play an important role in varnish
formation; field observations show fastest growth where water
flows over rock surfaces (Dorn and Oberlander 1981).
Several researchers argued that a biological contribution to
varnish formation is strongly suggested by presence of Mnfixing bacteria on varnish surfaces and by the typically stromatolitic texture (Perry and Adams 1978; Dorn and Oberlander
1981; Krumbein and Jens 1981; Taylor-George et al. 1983;
Palmer et al. 1986; Raymond et al. 1992). Bauman (1976)
pointed out a possible congeneric relationship between rock
varnish and marine Mn nodules, and studies by Dorn and
Oberlander (1981) and Nagy et al. (1991) identified Mn-oxidizing bacteria in both. These bacteria precipitate Mn from solution by oxidizing Mn2+ and Mn3+ to Mn4+.
Mn is the most characteristic element of varnishes, occurring in concentrations up to one hundred times that found in
ambient dusts or substrate rocks (Dorn 1991). Mn is found in
virtually every microlayer within a varnish coat, but in varying
concentrations (Perry and Adams 1978; Reneau et al. 1991).
The darkness of the varnish color correlates with concentration of Mn (Dorn 1991). Other elements that are characteristic
of varnishes are: Si, Al, and Fe, with minor amounts of Ti, Ca,
K, P, Na, Mg, S, C, and Ba (Reneau et al. 1991; Bierman and
Kuehner 1992).
Despite the many published studies on rock varnishes, only
a few describe attempts to characterize the mineralogy of the
Mn oxide component, or for that matter the non-Mn components. Such efforts have been impeded by the typically finegrained, poorly crystalline nature of the varnishes, particularly
the Mn and Fe oxide phases. Based on powder X-ray diffraction analysis, Raymond et al. (1992) concluded that the primary Mn-bearing phase in varnish samples from southern
Nevada is amorphous (at least to X-rays), and that Mn corre-

