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University of Washington
Abstract

Biological chemicals in rock coatings

Randall Stewart Perry
Co-chairs of Supervisory Committee:
Professor Alan R. Gillespie
Department of Earth and Space Sciences
and
Professor James T. Staley
Department of Microbiology
School of Medicine

Stable and unstable amino acids, DNA, nitrogen, carbon, and several polyfunctional
chemicals were found along with amorphous hydrated silica (opal) in microstromatilitic
desert varnish rock coatings from deserts, primarily in the US southwest. The presence
of labile organic compounds, especially in deserts, requires a mechanism for their
preservation. In this study the discovery of silica in desert varnish suggests that
preservation may be facilitated by silicic acid (Si(OH)y) or (di)silicic ((HO);51-O-
Si(OH)s) through the formation of a variety of complexes with ions and organic.
molecules, including mucopolysaccharides, glycoproteins that are enriched in hydroxyl
amino acids (serine and threonine), glycine, aspartic and glutamic acids. Although
organo-silica complexes were not directly observed, previous work has shown that
amorphous hydrated silica forms both Si-O-C and Si-O-metal complexes. Organic
candidates include amino acids, some sugars, unsaturated polyhydroxy compounds,
catechols (1, 2-diphenols), and other compounds with rigid structures, as well as some
flexible sugar-related substances, polyols and sugar acids. It is suggested here that

prokaryotic DNA cloned from coatings and amino acids may be sequestered in silica,



clay minerals, or by complexation with divalent and trivalent ions, as it is known that Fe
ions interact with phosphate groups and Mn interacts with nitrogen bases of DNA. The
addition of Fe ions to a DNA-Mn complex may lead to stability and Mn binding may
occur irrespective of Fe-DNA interlinking. This might provide a mechanism for
preserving DNA found in silica-rich rock coatings. Not only organic substances then, but
metals also might participate in polymerizing, crosslinking and hardening, as small
quantities of silicic acids condense and fuse by gelling. Desert varnish contains chemical
and mineral components from the local environment. Polymerization of silicic acid may
be the underlying process of formation of silica glazes and desert varnish and, if organo-
silica processes are important in the formation of rock coatings, they also may be
relevant to studies of Earth’s oldest paleoenvironments, fossils (>3,400 my), and

possible biotic chemicals on other planetary bodies, especially Mars.
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magnification is increased with SEM, the morphology changes dramatically. Figure
3-4 shows a x1000 magnification of the glaze. Figure (above) shows a variety of
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Figure 3-17. TOF-SIMS overlay of Death Valley, California varnish top coat.
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Concentrations of Si are represented by yellow, Mn by magenta, Fe by blue. Where
the blue color, represented by Fe overlaps with the yellow color representing Si
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CHAPTER 1 INTRODUCTION
I suppose, sir,” I answered, drolling on our young gentleman’s Continental education,
it’s the varnish from foreign parts.’
Wilkie Collins, “‘The Moonstone”

The objectives of this dissertation are: (1) to describe the organic components of
the rock coating called desert varnish, particularly amino acids and DNA; (Z) to test a
silicic acid hypothesis for the preservation of (bio)organic components and as a
mechanism of formation; (3) to explore the qualitative incorporation of microcolonial
fungi (MCF) into coatings; (4) to present a simple underlying explanation for the
formation of desert varnish. The motivation for this study is to better understand
contemporary rock coatings and to see how this information can be extended to older
environments. Desert varnish and silica glazes are ubiquitous on Earth and are of recent
origin, hundreds to thousands of years old. Organo-silica compounds in paleo
environments, such as silica sinter (<20 mya), and deep time Earth fossils such as the
~3.5 bya Apex Chert in Australia, may be facilitated by understanding processes in
desert varnish.

Rock coatings are complex systems that occur at the interface between air,
biology, and stone. The coating studied herein is desert varnish, but silica glazes as
described by Curtiss ef al., 1985 and Farr and Adams, 1984, provide a simplified model
with which to compare complex varnish coatings. Desert varnish is a relatively recent
rock coating (<100,000 y). It is a microstromatilitic sedimentary deposit (~<200um
thick) found on desert rock surfaces throughout the world.

It is widely agreed that desert varnish is a coating and not a weathering product
of its substrate; therefore, the source materials/elements derive by necessity from

external sources such as aeolian deposits and/or aerosols. Dust lands on rock surfaces,



some components are concentrated and become adhered or “glued” together. Very
importantly, unused elements and materials need to be removed in a never-ending
“conveyer belt” that allows for concentration and/or formation of mineral components.

Engel and Sharp (1958) estimated that 75% of rock beds in southwest US deserts

had recognizable varnish coatings. It is the black shiny nature of many varnishes that

.makes the desert varnish coatings distinctive and has attracted the attention of observers
and investigators alike (Figure 1-1). The undersides of Vamished rocks lying on soils
frequently have bright red coats undercoats (Figure 1-2). Substrates on which coatings
form must be reasonably stable and have some texture for varnishes to have time to form
and adhere. Fine-grained basalts are an ideal substrate but varnishes can form in crevices
on smooth quartz, and on some less stable and coarse grained surfaces such as granites
(Figure 1-3).

Perry and Adams (1978) showed that desert varnish coatings are heterogeneous
and composed of ca. micron light areas and dark layers Figure 1-4). Liu (2003) and Liu
and Broecker (2000) have tied layers as climate dating tool. The surface of varnish
coatings is frequently botyriodal (Figure 1-5). Dark layers within varnishes are enhanced
in manganese by orders of magnitude over soils. Silicon, aluminum, and oxygen are the
primary elements but, while oxides including manganese, iron, titanium, and magnesium
are important, they are not the main elements in desert varnish. Variable amounts of
detrital grains are embedded in varnish coatings (Figure 1-4). The coatings have been
shown to have up to 9% water (Perry, 1979) and frequently have large quantities of
embedded detrital grains when viewed in thin section (Figure 1-4). Differing from dark
oxide rich varnishes, silica glazes on rock surfaces in Hawait (Curtiss et al., 1985; Farr
and Adams, 1984) are composed primarily of silica with only trace amounts of oxides.
Desert varnish and silica glazes, found within the same matrix, have been described in
Hawaii and Oregon deserts (Farr, 1981). Adams et al. (1992) noted the presence of both
silica glazes and desert varnish in US deserts, as did Jones (1991) in Peruvian deserts.

Biological organisms and the remnants of their degrading cells are present in



soils and on rock surfaces. The question here: what organic substances, if any, are in
coatings and, if present, what can they tell us about paleo biochemicals? Past questions,
however, were centered on whether rock coatings are biologically mediated or are
inorganicaﬂy formed. Biological and geochemical processes are intimately mixed at the
subaerial interface and the formation mechanisms of rock coatings are a complex

interaction of those organic and inorganic chemicals.

What’s in a name? “Desert Varnish”
 Wheeler (as quoted in Walther, 1891 p. 453) states when writing about the

California desert, “It is remarkable that over wide stretches, rocks, and rolled material
are coloured black on their upper surface just as though they were coated with a black
varnish.” “Black” desert varnish has been called many things. “Schutzrinde” was
~ introduced by Walther in 1891, according to Laudermilk as a translation of the French
term manteau protecteur. Linck uses the term “Schutzrinde ” to include all dark coatings
including “Wustenlack” a thin, polished coating that may be an aeolian polished patina.
“Dunkle Rinden ”, as used by Linck, is a dark brown to black coating, possibly more
similar to Sonoran and Mojave desert varnish.

Not all shiny “coatings” are indeed coatings. Polished ventifacts from Antarctica
(pers, comm.. John Adams, 2004), that resemble dark shiny varnish coatings, are not
coatings but rather dark wind-polished rocks, when viewed in thin section.
“Schweinfurth” (as cited by Linck) describes black coatings on rocks in Egypt that have
spread on surrounding sands. Samples collected by John Adams from western Egypt
appear in thin section to be coatings that are spreading and surrounding grains in
sandstone substrates. More recently, Dorn (1998) suggested the useful and general term
“rock varnish” that takes into account the wide environmental and geographical zones
where coatings are found. This dissertation will indeed suggest that coatings are related,
but with a substantive difference. It will be proposed that dark oxide and silicon-rich
coatings, desert varnish, are a special casé of the more general phenomena of silica-rich

glazes.
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Figure 1-2. Pictured above is an overturned translucent stone from Baker, California. Algae and/or
cyanobacteria are on the edge of the stone that was in contact with the soil. The glossy red under-
glaze, typical of smaller stones, covers the under sides of both opagque and translucent stones.



Figure 1-3. Granite with desert varnish at Lone Pine, California. Near the top of the rock outcrop,
older granite is exfoliating. Desert varnish is visible on those older granite surfaces.



Figure 1-4. Ultra-thin section (~<10 ym) of varnish coating. White arrows point to abundant
trapped detrital grains. This sample has botryoidal structures in several orientations. Dark areas
within stromatolitic structures are enriched in manganese oxide. The primary element present,
other than oxygen in all varnish, glazes and red bottom coats, is silicon. The silicon present in
detrital grains in desert varnish is probably a significant component of the silicon present in bulk
analysis. However, separating out the detrital grains allows for chemical and XRD examination of
the remaining elements and minerals. After mechanical/chemical separation of sand, silt and clays,
silicon is still the prevalent element after oxygen. TEM also allows for a fine scale examination of the
chemistry of the varnish matrix, excluding detrital grains that are present in bulk analysis.
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Figure 1-5. Botryoidal varnish formation in a depression on the rock surface (arrows). Note that
there is no characteristic mounded texture in areas that are higher within the surface “dimple”
(depicted by the black arrow). This sample is from the Panamint Springs, Death Valley, California.
Micro-surface textures are variable from area to area, and not all varnish coatings display mounded
surface morphologies. When it is present; botryoidal growth appears in low areas as in the above
image. Botryoidal morphologies are variable from locale to locale. Surface textures from the
Sonoran Desert, in this study, are similar to the above Mejave Desert botryoidal morphelogies and
have been well characterized previsusly (Perry, 1979).






