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ABSTRACT 

Archaeologists, as well as petroglyph and pictograph researchers more specifically, have 

striven for years to develop scientific means for dating petroglyphs, through both direct and 

indirect methods. For years, the conventional wisdom has been that the older a petroglyph is, the 

darker it will appear because of the constant process of varnish formation that occurs on rocks in 

arid environments. This study focused on analyzing varnish formation on both dated inscriptions 

and undated precolumbian petroglyphs to see if a relative dating chronology could be created 

based on varnish darkness. I studied petroglyphs at three sites in southern Arizona because they 

had a number of dated inscriptions that showed potential for analysis alongside many more 

ancient inscriptions. Three methods of analysis were used. First, digital photographs of both 

dated and undated inscriptions were color corrected to the standard International Federation of 

Rock Art Organizations (IFRAO) color card in PhotoShop and then analyzed for red-green-blue 

means (RGB) on selected sites of an area of 36 pixels. Second, a Sekonic light meter was used to 

measure both ambient light striking the petroglyphs and reflected light from the grooves of the 

inscriptions and these were averaged to obtain a reflectance (R) ratio. Third, a HunterLab 

spectrophotometer was used to measure reflected light from an internal UV light source and the 

result analyzed for a light (L*) value where zero was black and 100 was white. 

The results from the analysis of 79 images (both ancient and modern) contributes to and 

validates the previous work by Brazeau (2007), Whitley et al. (1984) and Wright (2011) that 

showed that varnish color can be accurately measured by modern tools. Older precolumbian 

petroglyphs are darker on average than more recent date inscriptions, and this can be 

demonstrated through scientific research on varnish color. However, it was not possible to 
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accurately discern differences in varnish color on just the historically dated inscriptions. The 

time frame is too short to provide reliable, consistent readings. 

More research is needed in the future, perhaps using different color cards, using different 

software programs for color analysis, and utilizing more sensitive instruments that can measure 

very narrrow grooves in both dated and undated inscriptions in order to analyze larger data sets. 

There is still much to learn about rock varnish and its formation and process of growth. 
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CHAPTER 1. INTRODUCTION 

Petroglyphs are ubiquitous in the American West where people have been living for more 

than 13,000 years (Ballenger et al. 2017). Rock images (pictographs, petroglyphs and geoglyphs) 

form a set of symbolic material evidence from the past that has intrigued people for years 

(Belzoni 1820; Cole 2009; David and McNiven 2018; Loendorf et al. 2005; Malotki and 

Dissanayake 2018:96; Schaafsma 1971, 1985, 2018; Whitley 2001, 2011a, 2011b). The dry 

climate, basalt and granite rocks, and flat sandstone surfaces lend themselves to visual 

production of rock images that last for millennia. While rock imagery is found throughout the 

United States, Mexico, and Canada, petroglyphs are especially identifiable in the arid West 

where dense vegetation is less likely to obscure them and more of the rock is exposed. 

Rock imagery1 is one source of information that could potentially shed light on 

archaeological research questions about people of the past (Heyd 2018; Jones 2019; Loendorf 

1989, 2008; Schaafsma 1985, 2018). Often, the three predominant questions in rock imagery 

research are the following: Who made these images, why were they made, and when were they 

created? This latter question has especially confounded rock imagery researchers for decades, 

but all three questions have been subjects of much research and writing. This current research 

project is concerned with exploring methods for dating petroglyphs based on varnish color. 

 
1 The term “rock art” has been a point of controversy for years. Some have suggested that it is not art at all, while 
others have proposed replacing “rock art” with names such as “rock pictures,” “ideograms,” “symbolic graphisms,” 
“rock art graphemes,” rock graphics,” or Indigenous iconography (for a brief discussion of this, see Malotki 2007:8 
and also Malotki and Dissanayake 2018:35). Throughout this thesis, I use the term “rock imagery” instead of rock 
art. Some Indigenous people have expressed concerns about labeling petroglyphs and pictographs as “art,” since 
some images, such as masks, are believed to be animate and spiritual (see, for example, Heyd 2018:718), so I have 
adopted another way of discussing these engravings. “Art” is still widely used, but hopefully this will begin to 
change in the future. 
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The Dating Game 

Archaeologists, as well as petroglyph and pictograph researchers more specifically, have 

strived for years to develop scientific means for dating petroglyphs. While there have been 

advances in dating the organic fraction in pictograph paints through accelerator mass 

spectrometry and plasma oxidation techniques (Dragovich 1984; Rowe 2005; Russ et al. 1992), 

the absolute dating of petroglyphs remains a challenge to the field of archaeology (Bednarik 

1992, 2007, 2009; Domingo Sanz 2014; Domingo and Bea 2016; Keyser and Klassen 2001; 

Petchey 2018; Roberts 2018). As Christensen and his colleagues (2013:39) pointed out, “The 

Holy Grail for rock art studies would be the ability to obtain calendar dates from selected 

pictographs, and even more whimsically, petroglyphs.” Such a temporal achievement might 

encourage archaeologists to analyze petroglyphs as seriously as they do other material evidence 

of other cultures. Yet the possibility of developing a means to absolutely date petroglyphs 

remains remote. On the other hand, methods of developing a relative dating chronology still hold 

some promise. 

The ability to date petroglyphs has been elusive which has led many archaeologists to 

focus more on other artifact classes. Absent an ability to address rock imagery with scientific 

constructs, some archaeologists over the years have viewed petroglyphs and pictographs as 

background noise to larger archaeological projects that instead focus on ceramics, architecture, 

groundstone, projectile points, perishables like weaving and sandals, or other material remains 

that might help explain the human responses to a changing world (Lekson 2006, 2018). 

“Archaeologists are notoriously reticent to study rock art” (Spangler 2013:125). Since the 

fundamental goal of archaeology is to understand human behavior in the past, archaeologists 

have been stymied in efforts to “construct a sound, testable scientific hypothesis related to rock 
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art” (Spangler 2013:125). Bostwick (2005:91) observed that “rock art research has been absent 

from the curricula of well-respected anthropology departments in southwestern universities.” 

This continues to be the case today. 

In addition, though, more modern dated inscriptions, often considered graffiti, have been 

considered even less worthy of research. In one sense, modern graffiti has been deemed 

“rubbish” because it is too archaeologically recent (Frederick 2018:636), or because it is socially 

unacceptable, subversive and even obscene (Nash 2010:52). In another sense, graffiti has been 

considered out of place and out of time. Fundamentally, dated inscriptions don’t belong. An 

example is El Morro inscription rock in New Mexico where graffiti was systematically removed 

that dated after 1906 after El Morro was declared a national monument (Frederick 2018). “While 

graffiti continues to be regarded as a rock art management issue, researchers are increasingly 

recognizing the potential of its study” (Frederick 2018:640). Frederick (2016; 2018) primarily 

discusses graffiti from quarantine sites, prisons, internment camps, conscript barracks, and urban 

landscapes as examples of common inscription practices with many motivations, including cross-

cultural entanglement, dispossession, staking a claim to territory, or as examples of protest art. 

However, neither Frederick nor anyone else (Nash 2010) has studied varnish formation on dated 

graffiti nor has thought to compare these measures to the varnish on more ancient inscriptions as 

a means of developing a chronology based on relative dating techniques. 

The lack of interest in rock imagery research, Bostwick (2005:91) asserts, can be 

attributed to several factors. Recording petroglyph and pictograph sites takes a lot of time, 

typically more time than can be devoted during typical summer field schools. Rock imagery 

must also be studied in the field and cannot be taken back to the lab for analysis. The meaning of 
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many images is inscrutable. The lack of dating techniques presents another challenge to those 

who seek “unambiguous” answers to their anthropologial questions. 

In the twenty-first century, we are not certain what the creators of rock images had in 

mind or meant to convey. Many people believe rock images to be symbolic representations of 

ideas, perhaps abstract manifestations of religion, belief systems, cosmology or simply everyday 

life (Bostwick 2005; Brady and Taçon 2016; Nash 2010). In our search to understand the 

meaning of these images, dating becomes an important component. Recent advances in using 

“Global Positioning Systems, Global Information Systems, satellite imagery, digital panorama 

and mosaic image recording” (Bostwick 2005:92), portable X-ray fluorescence, high-resolution 

photography using Structure from Motion (SfM) photogrammetry and giga-panoramas 

(Castañeda et al. 2019), and other methods have helped rock imagery research become more 

technical and sophisticated. But dating remains a challenging undertaking. 

One commonly held belief about the antiquity of petroglyphs has been premised on the 

indication of a dark varnish over the original image. In other words, the darker the varnish, the 

older the image. But this idea has never been fully tested in the field. While graffiti are 

lamentable and damaging, controlled comparisons of the color or darkness of historically dated 

petroglyphs (i.e., inscriptions) to that of ancient precolumbian rock images shows promise as a 

way to relatively date petroglyphs (Bednarik 2007, 2009; Brazeau 2007; Wright 2011). As Rowe 

(2005:262) intoned: “We need more dating practitioners.” In addition, new collaborations will be 

required in order for petroglyph and pictograph research to establish itseld as a scientific field. 

Understanding Petroglyph Creation 

Petroglyphs are signs intentionally carved into the surface of rocks. There are four general 

technological methods involved in manufacturing petroglyphs—direct percussion, indirect 
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percussion, incising/scratching, and abrading (Mallery 1893; Whitley 2011a; Wright and 

Bostwick 2009). In most instances, the process involves removing the rock’s darker surface to 

reveal the lighter heart rock beneath. Petroglyph images vary from outlined shapes to filled 

designs, while some others are composed of patterns of dots or stippling, akin to pointillism. 

The most common method for creating petroglyphs involved pecking into rock (Bednarik 

2007; Christensen et al. 2013; Cole 2009; McNeil 2010; Whitley 2011a). This was usually 

accomplished by directly pecking with a hard implement in order to remove fragments of the 

rock’s surface. Petroglyphs were also made by pecking with intermediate tools, a process known 

as indirect percussion. In such instances petroglyphs were made by using one implement, such as 

a hammerstone, to pound into another tool, such as a chisel or punch. A third mode of petroglyph 

manufacture involved scratching or incising into a rock surface—using something like a lithic 

flake, animal bone, or a metal tool during modern times. Finally, some images were created by 

rubbing or abrading a stone over the surface of the rock, creating a variegated effect for the 

image. Whereas most petroglyphs were made with stone and, more recently, metal tools, some 

images were scratched or abraded into softer surfaces by using less durable implements like 

bones and sticks. 

Why Dating Matters 

Chronology is central to archaeology. As Conkey (2018:27) put it, archaeology is 

“chronocentric.” Chronology provides the basis for determining age and sequence in the 

archaeological record. Without chronology, we have no way to determine what came before or 

after something else. One foundational step in archaeology involves putting things in a sequence 

so that it is possible to assess the relative age of artifacts (e.g., this is younger than that). When 

joined with explanatory theory, Lekson (2018) calls this “narrative,” and to him it is central to 
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good archaeology. “A narrative is a chronological story of events linked causally” (Lekson 

2018:181). Chronology is central to telling narrative history and to anthropology. 

Dating, of course, is an important part of this process, and efforts to improve methods for 

dating petroglyphs are critical in the same way that technology has helped in dating the organic 

pigments used in producing pictographs (Rowe 2005). However, at the current time, absolute 

dating of petroglyphs is not possible. As Harris and Gunn (2018:915) observed, there are “few 

indications that the problems of absolute dating of rock art will soon be resolved.” As a result, 

time periods assigned to many panels or motifs rely more on relative dating techniques, such as 

the superimposition of petroglyphs, or the presence of datable artifacts (such as pottery) found in 

association with the petroglyphs. If darker varnish is truly an indication of antiquity, being able 

to measure this color difference would assist in building a relative chronology for petroglyphs. 

That is the goal of the current project. 

Moving Forward: Colorimetry and Rock Varnish 

Ever since Belzoni (1820) noticed a difference in the darkness and lightness of petroglyphs 

etched into granite along the Nile in Egypt, archaeologists have believed that the darkness of the 

varnish on images indicated greater antiquity when compared to lighter-colored images. Patina2 

refers to a “visually obvious skin color on rock surfaces” (Bednarik 2007:134) that is different 

from the color of the underlying parent rock. How patina (now called varnish) forms is not well 

understood. Varnish is thought to develop over time, but the process is believed to be different at 

 
2 For many years, the varnish on petroglyphs was referred to as a “patina.” However, the description of this kind of 
coating has changed more recently and is typically referred to as varnish (see my discussion of this on pp. 30−31). 
Some previous researchers used “patina” to describe the coating on petroglyphs, and where I cite them directly, I 
have retained their terminology but otherwise I use “varnish” to describe this coating on rocks and rock imagery. 
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each location, and its formation is greatly influenced by environmental factors such as water, 

exposure and elevation. The process is nonlinear. 

Various attempts to analyze the development of a varnish have been made by researchers 

(Bednarik 2007; Macholdt et al. 2017; Wright 2014). Colormetric analysis seems to hold out 

some promise for relative dating. In fact, “rock varnish is thought to be suitable as [a] correlative 

dating tool for desert environments, usable beyond carbon 14 dating” (Macholdt et al. 2017:92). 

Unfortunately, no direct method of petroglyph dating has been successful. Thus far, indirect 

methods appear to offer the most promise. 

My purpose in this research project is to compare and contrast the use of different 

techniques in establishing a relative dating of dated modern graffiti images, and then to apply 

these techniques to ancient images. This research employed three different methods to evaluate 

the utility of assessing rock varnish color as a relative dating tool at three sites in southern 

Arizona. The expectation is that using these three measures that rock varnish color readings on 

historically dated inscriptions will provide an objective temporal test to measure the relative age 

of such images. These measures will provide a gradient of color (dark to light) that can be used 

in developing a reliable chronology of color anchored by known dates from historic inscriptions. 
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CHAPTER 2. REVIEW OF PETROGLYPH DATING TECHNIQUES AND STRATEGIES 

My study was designed to explore the usefulness of three different methods for evaluating 

rock varnish on dated and ancient inscriptions. It is therefore important to review previous efforts 

to date petroglyphs. 

The Challenge of Dating Petroglyphs 

Dating petroglyphs and pictographs has presented a number of challenges to researchers. 

Rock imagery research has been hampered by the absence of calendrical dating techniques on 

which historical or cultural seriation could be constructed (Dorn and Whitley 1984; Dragovich 

1984; Francis and Loendorf 2002, 2005). The dating of petroglyphs based on rock varnish “is 

even more difficult and controversial” than dating pictographs (Rogers 2018:59). As a result, the 

use of rock imagery to address archaeological questions has remained limited due to the lack of 

reliable absolute dating methods (Bostwick 2005). Let me review the various techniques for 

dating petroglyphs. 

For a number of years, various researchers have explored the applicability of different 

methods for establishing petroglyph chronologies—cation ratios (Dorn and Whitley 1983), 

colorimetric analysis (Bednarik 2009a; Bednarik and Seshadri 1995; Brazeau 2007; Roberts 

2018; Ruiz and Pereira 2014; Wright 2011, 2014), microerosion analysis (Bednarik 1992; Dorn 

1990), optically stimulated luminescence (OSL) emissions (Roberts 2018; Roberts et al. 1997), 

and chronological ordering based on stylistic patterns (Patterson 1992; Schaafsma 1985; Whitley 

2011a, 2011b; Whitley et. al. 1984). While most of these methods have proved unreliable or 

problematic, colormetric analysis using other methods offers some promise. 
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Absolute Dating Methods 

Used commonly in geology and archaeology, absolute dating techniques include a suite of 

direct methods geared toward dating an object or event independent of its relationship to other 

phenomena. These methods yield a calendrical date or, as is most often the case, a probabilistic 

date range for artifacts. With regard to petroglyphs, most absolute dating methods have been 

directed toward aspects of rock varnish: “a paper-thin mixture of about two-thirds clay minerals 

cemented to the host rock by typically one-fifth manganese and iron oxyhydroxides” (Dorn 

2008). Rock varnish, by its nature, forms over petroglyphs and is therefore deposited after those 

rock images are made, so the age of the former is a proxy for the latter. 

Two techniques for chronometrically dating petroglyphs by virtue of the rock varnish on 

them have been pioneered by Dorn et al. (1986) and Dorn and Whitley (1983). The first is 

cation-ratio (CR) determination (Dorn and Whitley 1983). This technique is based on the 

evidence that cation exchanges in the rock varnish vary over time in a ratio between relatively 

mobile and immobile cations. The method relies on providing independently dated control 

surfaces that measure certain trace elements (such as potassium and calcium) that are leached out 

of the varnish by water more rapidly than other cations (like titanium). 

However, Dorn and Whitley’s (1983) use of cation ratios to date petroglyphs has been a 

subject of much criticism. For one, the technique is relatively imprecise and demands a high 

level of expertise and precision in order to be replicable. Additionally, as Bednarik (2007) 

pointed out, Dorn’s approach was based on two critical but erroneous assumptions. First, he 

assumed that his samples were homogeneous when in fact they were heterogeneous and of 

different ages. Second, he assumed that the carbon elements were sealed in a closed system when 

in fact they were part of an open system in which the carbon was exposed to erosion and decay 
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by natural methods. Due to its controversial science, the cation-ratio method of dating 

petroglyphs has been largely abandoned. 

Dorn’s second method of directly dating petroglyphs involved radiocarbon dating of small 

bits of organic material trapped inside or under the rock varnish (Dorn et al. 1986). This method, 

however, has been questioned since the age of the organic matter is independent of the age of the 

varnish, and any organic materials deposited within and under the varnish could be the result of 

several contaminating causes (Beck et al. 1998). The sources of formerly air-borne organic 

compounds trapped on the rock surface by the varnish are unknown and can be heterogeneous 

rather than homogeneous, compounding the difficulty of age determination (Dragovich 2000). 

Given the uncertainty about age determination and the many anomalous dates that have resulted 

(Dorn 1996), most archaeologists have turned away from dating organic matter in desert varnish 

as an unreliable means of dating petroglyphs. 

A third rock varnish-based absolute dating technique that looks at cross-sections of the 

varnish was developed by Liu (1994), a student of Dorn’s who has championed his work (Dorn 

2009). This technique is called varnish microlamination analysis (VML), and requires taking a 

thin cross-section of rock varnish so it is a destructive technique. The assumptions in such 

analyses are that layers develop in a constant process throughout a region, and that these layers 

develop in response to major, datable climatic events, similar in some ways to the growth of tree-

rings, the basis of dendrochronology. Shifts between wet and dry periods result in 

microlaminations within the rock varnish that vary in thickness and color when examined under 

transmission light microscopy. Initial applications of this technique have shown some promise, 

resulting in the identification of 12 microstratigraphic units for the Holocene in the Great Basin 

region of the Western US (Whitley 2011a). Unfortunately, VML adversely affects the petroglyph 
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by removing part of the protective rock varnish, and the broad date ranges it provides certainly 

limit the utility of the technique in most contexts (Wright and Simon 2012). 

In addition to rock varnish-based methods, researchers have explored other absolute dating 

techniques for petroglyphs. Thermal luminescence and optically stimulated luminescence (OSL) 

both rely on measuring the release of trapped electrons in crystalline mineral structures as an 

estimate of age (Aitken et al. 1968). This method was first used on pottery and later applied to 

petroglyphs. Crystals protected from sunlight for long periods of time build up luminescence that 

can be released and calibrated in the laboratory as a proxy for age. Sites where wasp nests or 

mud swallow nests are found in association with petroglyphs have been subjected to this kind of 

analysis because the crystals would have been shielded from sunlight by the wasp nests and thus 

would have built up luminescence. At most, this method can only provide minimum ages for 

rock images because the images were undoubtedly carved long before the mud nests were 

constructed over the top of them (Whitely 2011a). 

Among the several difficulties with this technique, however, is the uneven annual 

environmental dose rate of radiation on crystal structures exposed to sunlight, and thus the 

uneven release of trapped electrons—even at the same site. Also, moisture content cannot be 

determined effectively for the duration of the period of time under study. It is well known that 

luminescence can be affected by many factors, and moisture is one of these (Robert G. Bednarik, 

personal communication 2019). Bednarik (2007) has provided ample critiques of the usefulness 

of these two techniques in dating petroglyphs and has shown that errors in age estimation are 

common. In his experience, Bednarik has found that OSL, used at many sites, yields 

unconvincing and sometimes inverted results (Robert G. Bednarik, personal communication 

2019). 
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Another direct method of dating rock images advocated by Dorn attempts to measure the 

presence of cosmic ray caused radiation products in rock (Bednarik 2007). However, this method 

is also fraught with problems because the presence of cosmic ray radiation products cannot 

estimate age, and there must be an assurance that the rock surface is a closed system, which is 

doubtful. Seven different elements—such has helium, chloride, carbon 14 and aluminum among 

others—are typically analyzed in pairs. However, as with other methods of age estimation, the 

production rate of radio-nuclides vary by topographic exposure, elevation, latitude, erosion rates, 

the presence of overburden, and time (Bednarik 1998, 2007). This method remains poorly 

calibrated and has been used at only two archaeological sites (Stonehenge in England and Côa 

Valley in Portugal), where it produced false results (Bednarik 1998). 

X-ray fluorescence (XRF) technology was once thought to also hold promise for direct 

dating of petroglyphs. This technology measures the proportion of iron and manganese within 

rock varnish (Castaneda et al. 2019; McNeil 2010). Since the heart rock tends to contain little 

manganese, the accumulation of these minerals comes from wind-borne particles that are 

deposited on boulders and form a patina-like covering over previously carved images. However, 

according to one researcher, these two minerals in rock varnish “have no direct relationship to 

age” (Whitely 2011a:90). 

McNeil (2010) used XRF to study the accumulation of manganese on dated graffiti 

superimposed or adjacent to ancient petroglyphs as a method for relative dating of images. 

Varnish formation on both kinds of images at the same location was measured using this 

nondestructive technology. However, this technique assumed a linear accumulation rate for 

manganese which has been disputed by Dorn (2009). In addition, the rates of accumulation on 

historic graffiti varied significantly between McNeil’s study and the work of Lytle et al.’s. 
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(2008). McNeil observed that there were discrepancies between the calculated dates and the 

estimation of antiquity based on style (McNeil 2010). He concluded that a linear model of 

accumulation was too simplistic for the time spans covered in his study. While McNeil (2010) 

concluded that absolute dating remains a challenge for petroglyphs, measuring manganese 

accumulation at sites with multiple settlements over time (i.e., favorable sites that were occupied, 

abandoned and then reoccupied multiple times) might reveal a relative chronology or time-lapse 

for dating petroglyphs (James A. McNeil, personal communication 2020). 

Relative Dating Methods 

Relative dating techniques consist of any indirect method where the age determination of 

an object or event is dependent upon that of another. Absolute dates are not the goal here, but 

rather the goal is to develop a relative sequence of ages or a broad chronology (i.e., older vs. 

younger). Examinations of style, iconography, excavation, weathering, lichen growth, optically 

stimulated luminescence (OSL), and superimposition, among others, have been used in attempts 

to relatively date petroglyphs. 

Style. One approach that has been used to date petroglyphs relies on analysis of stylistic 

elements (Bostwick 2005; Lycett and Keyser 2019; Turner 1963; Wright 2014). Styles or 

typologies attributed to culture-historical categories are sometimes used to provide relative rather 

than absolute dates (Brazeau 2007; Loendorf 1989) and have become “a lynchpin in 

interpretative approaches to rock art” (Conkey 2018:29). For example, some motifs, like pipettes, 

are thought to be associated with the Hohokam (Russell and Wright 2008; Wright 2011, 2014), 

and can therefore be approximately dated to AD 600–1450 since that is the accepted date range 

for the Hohokam archaeological tradition. Bostwick (2005) noted a number of studies and 

master’s theses related to identifying rock imagery styles across the western United States. But 
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there is still some debate about the usefulness of style as a guide to age (Malotki 2007:17; 

Malotki and Dissanayake 2018:132). 

The stylistic approach to dating has challengers and critics. One issue concerns the concept 

of a coherent “style,” which has been debated by scholars for years (Bednarik 2007; Francis 

2005). In fact, chronological dating based on stylistic elements has been found to have little 

empirical basis (Francis 2005:192). As Brazeau (2007:66) pointed out: “It is hard to verify 

classifications and time periods to a particular style because of the difficulties of dating rock art.” 

As a result, there is no single universally accepted theory of rock imagery symbology, meaning, 

or interpretation. Style attributions for possible dating are similarly inconclusive and disputed 

(Bednarik 2007; Malotki 2007). But not all agree. In fact, quite a number of studies have 

cataloged petroglyph styles across all of North America (Turner 1963; Whitley 2018) as well as 

from specific areas such as the Zuni area, Chaco Canyon, northern Sonora, Mexico, the Great 

Basin, Sears Point and many other areas (Bostwick 2005:84). Brazeau (2007:87–89) relied on 

ethnographic information, cation-ratio dates and stylistic seriation data of rock art types that 

helped anchor his analysis of varnish on rock images in Colorado. The use of multiple sources of 

information seem best in trying to identify styles with a particular time period. 

Classifications and chronologies based on style have also come under attack as groundless 

and biased products of a particular researcher’s mind—what Conkey (2018) describes as a 

“presentist” bias. Some chronologies based on styles have also been refuted as dating techniques 

have improved (Francis 2005:192). For example, petroglyph styles identified by Heizer and 

Baumhoff (1962) were found to span the entire epoch of the Holocene. Francis (2005:189) 

concedes that the inability to develop replicable and consistent systems of classification has 

hampered the study of rock imagery. 
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Schaafsma (1985) also questioned numerous stylistic sequences and asserted that they 

often entail too broad of a geographic range to comprise a style distinct to a culture or people. 

Schaafsma (1985) maintained that rock imagery studies at the time were still in the “descriptive” 

phase because stylistic interpretations are inconsistent and variable from one researcher to 

another. As a result, stylistic criteria are arbitrary and individualistic. If style were truly 

diagnostic of a particular time or culture, Schaafsma (1985) asks why we all don’t see the same 

thing and come to the same conclusion. This concern seems to continue to the present. 

Since then, advances have been made around identifying various styles and even rock 

imagery traditions (enduring over a longer time period and comprising multiple styles), but the 

lack of adequate dating techniques is still prevalent. Recent advances in southwestern petroglyph 

research include mask designs in Arizona, Pueblo warfare imagery, fertility images, gender 

ideology and cultural landscapes (Bostwick 2005:90). Malotki (2007:17) argued that discarding 

style altogether “as a taxonomic device and analytical tool is not an option.” 

Despite some progress in identifying styles and connecting those with approximate dates, 

Bednarik (2007) raised questions about stylistic interpretations. To illustrate his point that 

taxonomic strategies for identifying motifs or themes in rock imagery are problematic, Bednarik 

distributed four motifs from Karelia, Russia to rock imagery experts. These four images were 

variously interpreted by eleven different analysts, demonstrating in Bednarik’s view how 

pointless such preoccupations are with identifying styles and themes in rock imagery. As he 

observes: “It is quite inappropriate to pretend that we can speak of specific rock imagery 

traditions and relate them to archaeological entities” (p. 155). Moreover, “perceived styles are 

not real styles, they are only what untutored alien ‘researchers’ lump together for the sake of 

creating order in disorder in accordance with their own conditioned ways of experiencing 
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reality” (p. 155). Bednarik (2002:1214) goes further by asserting, “Individual artists may use 

different styles at different times (of their lives, or for different purposes), and reliable 

ethnographic work with contemporary producers of rock imagery provides no evidence that an 

artist of a specific group (clan, language group, even family) necessarily shares a common 

distinctive style.” Relying on ethnographies for insights into rock art styles, creation and 

meaning is complicated (Monney and Baracchini 2018). As a result, grouping or classifying 

paleoart is generally considered unscientific because such categories reflect the researcher’s own 

version of reality, not the original creators (Malotki and Dissanayake 2018:132). 

While I disagree with Bednarik’s harsh assessment, some stylistic systems of dating are of 

limited value and present problems for classification, meaning, and consensus. Perhaps, as 

Conkey (1990, 2018) suggests, style is a modern concept, more relevant to Euro-American art, 

literature, music, and other pursuits, and not necessarily applicable or appropriate for classifying 

nonwestern arts and traditions. “Style is both a standard and a baseline but often masks 

assumptions that influence interpretation” (Conkey 2018:30). For example, “almost all 

ethnographic accounts (41/45, or 95%) linking the making of rock art with hunting practices 

were recorded after the hunting magic theory was formulated” (Monney and Baracchini 

2018:537). Thus, stylistic typologies serve as descriptive elements couched in terms that often 

only make sense to the creators of such typologies. 

Iconography. Another indirect method for trying to date petroglyphs entails analysis of the 

iconography portrayed in the images. Some images can be relatively dated based on what is 

depicted. Atlatls, bows and arrows, people on horses, and corn, for example, can be associated 

with specific cultural eras or periods in history and are therefore useful for dating in a general 

sense (Bostwick 2005; Dragovich 1984; Whitley et al. 1984). Like other indirect methods, 
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though, this kind of analysis provides only the most general idea of antiquity for the images and 

cannot provide much precision as to when such images were actually pecked into the rock. 

Furthermore, the portrayal of recognizable datable material culture or dated events is generally 

quite uncommon, so this method’s applicability is limited to few select scenarios. 

Excavation. Stratigraphy can sometimes be used to provide a relative date for some 

petroglyphs. Geoarchaeology can sometimes determine the length of time that stream sides have 

eroded to indicate when ancient images may have been engraved, such as on the Middle Fork of 

the Powder River in the Hole in the Wall area of Wyoming (Lawrence L. Loendorf, personal 

communication 2019). At the Mazama site in Oregon, buried petroglyphs from the eruption of a 

volcano 7,700 years ago have provided another example of relative dating through excavation 

(Malotki and Dissanayake 2018:135). 

Images that have been buried by sedimentation from aeolian or alluvial deposition can be 

relatively dated based on excavation levels that also provide datable material such as artifacts, 

charcoal, or the sediment itself (Loendorf 1990). In addition, excavation of the petroglyph-

making tools such as abrading stones to prepare pictograph panels and their associated hearths 

has also been used to estimate the antiquity of rock images, although there is no assurance that 

the debris can be associated with the makers of the rock imagery (Loendorf 1988, 1990, 2014; 

Loendorf and Scott-Cummings 2016). In his work in the Valley of the Shields in Carbon County, 

Montana, Loendorf (1990:49) found two abrading tools in an excavated pit below a partially 

buried shield-warrior painting. The cultural level where the abraders was found carbon dated to 

AD 1100–1200. 

However, this method for relative dating of petroglyphs can only be rarely used and, at 

best, can only provide minimum ages. It gives no indication of how old the rock imagery was 
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when it was buried. For example, Abreu and Bednarik (2000) found that colluvium in the Côa 

Valley in Portugal was only 17 years old, although it was claimed that the petroglyphs 

underneath this sediment were 25,000 years old. According to Abreu and Bednarik (2000), the 

examples of dating petroglyphs by excavation are quite limited, but is an area that invites more 

attention. 

Weathering. The study of rock surfaces and their changes was a forerunner to the direct 

dating of petroglyphs. Weathering is both a chemical and a physical change to a rock’s surface. 

Additive, reductive or transformational changes in the chemical composition and physical 

structure of rock surfaces after the creation of petroglyphs have been discussed for 200 years, 

starting with Belzoni (1820). A challenge to using weathering or varnish formation as a proxy for 

antiquity is that these processes are so variable depending upon climate, topography, rock 

composition, surface geometry and other environmental factors (Bednarik 2007). In addition 

there is no standard method for quantifying such changes over time. A major question is to what 

extent groove depth influences varnish formation (Bednarik 2007). For instance, “does a shallow 

groove re-patinate faster than a deep groove?” (Bednarik 2007:122). For example, finely incised 

rock images may not penetrate to the rock cortex, and scratched images may leave much of the 

original rock varnish in place. As a result, these kinds of images may varnish much faster than 

more deeply incised and wider images, providing a falsely old apparance (Watchman as cited in 

Quinlan and Woody 2003:390). Such issues have not been adequately investigated or addressed. 

While it is assumed that petroglyphs develop varnish at different rates at different sites, no one 

knows for sure and groove depth has never been studied. 

Microerosion Analysis. This method looks at the microscopic erosion of a rock surface by 

natural or human elements. Weathering of a new rock surface occurs from physical wear, 
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solution processes, or a combination of both. Obviously, the erosion rates differ based on rock 

type, temperature, exposure, moisture availability, pH, and other environmental factors 

(Bednarik 2007). Microerosion looks specifically at solution erosion processes that can only be 

observed at the microscopic level. Microerosion, Bednarik (2007:130) insists “is not one specific 

method, but a cluster of possible of methods around a basic concept.” 

The preferred method of microerosion analysis focuses on microwanes—the result of 

progressive rounding of freshly broken rock edges. Wane development is related to time 

(Bednarik 1992, 1993), and thus can be used to develop regional calibration curves for two or 

more different minerals. Bednarik (1992, 1993, 2007) reports that the method of microwane 

measurement has been used on petroglyphs in six blind tests in Russia, Portugal, Italy and 

Bolvia, and archaeological expectations for ages were matched in all but one case. This method 

has a time range from the present to about 50,000 years BP. 

While microerosion analysis using wane calibration curves does not provide great accuracy 

for age determination, it is relatively inexpensive, requires minimal equipment, and is simpler 

than many other methods (Bednarik 2007). Researchers can determine the results in the field 

rather than waiting to do the analysis back in a lab. And it focuses on the age of the actual 

petroglyph rather than on related constituent components or accretions. Finally, this method is 

nondestructive and noninvasive to the petroglyphs. 

While Bednarik (2007) asserts that this method holds more promise than other dating 

techniques, he admits that there are limitations to microerosion analysis. Accuracy is limited, and 

there are inadequate calibration curves for microwane analysis at most sites. Further, it can only 

be applied to crystalline rock types at this point. Finally, it is not applicable to sites that have not 
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been exposed to continual precipitation events. In his view, however, the benefits outweigh the 

limitations. 

Lichenometry. Renaud (1939) suggested that studying lichen growth on petroglyphs might 

have some potential for dating. Beschel (1950, 1957) developed a method for applying lichen 

analysis in the study of petroglyphs in the Alps. However, lichen growth is highly related to 

microclimatic factors, especially water, so areas larger than 100 square meters must be analyzed 

(Weisbrod 1978; Whitley 2011a). Such large areas are not common on petroglyph panels, 

particularly in the Southwest. This method appears to hold little promise for indirectly dating 

petroglyphs. Its use in archaeology has rarely been explored (Bednarik 2007:128). 

Superimposition. Superimpositioning results when a petroglyph is carved over and into a 

portion of a previously made petroglyph. Superimpositioning indicates that some images are 

older or younger than others but does not quantify the time difference. This is especially 

problematic if the time between the production of the two petroglyphs is short (Bednarik 2007). 

Such methods can suggest a sequence but cannot provide any specific dates (Harris and Gunn 

2018). Heavy weathering of such images also creates problems for dating, even when using a 

microscope. Hence, it is still difficult to know if petroglyphs were produced during the Archaic 

period, during later periods, or even within the last 500 years. However, when coupled with other 

methods of dating, superimpositioning provides insights into the relative age of petroglyphs. 

Thus, for many scholars, the study of rock imagery is limited because of difficulties in 

dating images, and this is especially true of petroglyphs (Brazeau 2007; Whitley 2011a). While 

many of the methods described above have proved unreliable or problematic, use of reflectance 

measurements quantified by digital photography, light meters, and photospectrometers offers 

hope for a methodological breakthrough. A key element in assessing the antiquity of rock 
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imagery lies in the varnish that accumulates over these images over time. So let us now turn to a 

discussion of rock varnish and its components, growth rates, and challenges. 

Understanding Rock Varnish and Other Rock Coatings 

Petroglyphs are usually created by removing the overlying rock varnish and exposing the 

parent rock underneath the varnish layer. This human process of removal of varnish is what 

makes rock imagery visible. Rock varnish is a thin coating that primarily forms on rocks in arid 

environments but can also be found in many other environments (Dorn 2008, 2009; Dorn and 

Oberlander 1982; Dorn and Whitley 1984). Rock varnish is the dark coating on rocks that is the 

result of clay-sized wind-borne dust, rich in iron and manganese oxides, being “cemented to the 

rock by oxides and hydroxides of manganese and iron” (Dorn 1998:186). The process of varnish 

growth generally occurs very slowly and differs by location, climate and other variables that are 

not yet well understood. To understand rock varnish, it is important to distinguish it from related 

concepts of weathering rinds and patina. 

Weathing Rinds vs. Rock Varnish 

Rock varnish consists of materials that are transported by wind or water to a rock surface. 

Rock varnish, as a result, consists of a variety of materials affixed to the rock surface by 

physiochemical and biological processes. 

Weathering rinds, by contrast, result from forces acting on the rock that chemically and 

mechanically alter it. Weathering rinds are areas characterized by oxidation, hydration, 

hydrolysis, or solution formation parallel to the rock surface and are a function of time (Bednarik 

2002). The weathering of minerals in rocks and on their surface leads to the development of a 

weathering rind. Such rinds are often interpreted as a rock coating, but they are different (Dorn 
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1998). Some of the same minerals that comprise rock varnish (manganese and iron) are leached 

out of the bacterial casts onto the host rock and are components of the weathering rind and assist 

in case hardening (Dorn 1998). Thus, weathering rinds result from “osmotic fluids” weathered 

from the discoloration beneath varnish (Dorn 1998:236). Weathering rinds are often several 

millimeters thick whereas rock varnish is quite thin (Dorn 1998:233). 

Patina vs. Varnish 

Rock coatings were collectively described by scholars in the past as “patinas,” but this is 

misleading. A patina is merely a superficial coating and thus could be a calcium layer, rind 

erosion, a salt crust or a soil crust. Often, “patina” merely referred to a “sheen” or shiny 

appearance observed on rock surfaces. Dorn (1998:14) maintains that this terminology is flawed 

because patina is used to broadly describe many different processes and surface changes. A 

patina, for example, could refer to “a mechanically-induced gloss, a corroded surface, a stain of 

some sort, or ordinary weathering” (Service 1941:557). The word “patina” has had such wide 

and indefinite usage as to be confusing and unspecific. 

At one time, “rock varnish,” “desert varnish” and “patina” were all used interchangeably, 

usually to refer to the dark coatings on rocks (Dragovich 1984). But not all rock coatings are the 

same. Similarly, not all rock varnishes are the same. Some differ by color; others differ 

according to geomorphic differences; and others exhibit microscopic differences (Dorn 1998). 

Such indefinite usage led Dorn to create a nomenclature of fourteen types of rock coatings; 

however, he admitted that many rock coatings are blends or may occur side-by-side on the same 

rock. The value of Dorn’s nomenclature, however, is that it describes a wide variety of rock 

coatings by their chemical differences (Dorn 1998:15). Rock varnish is just one of these fourteen 

types. 
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Composition of Rock Varnish 

“Rock varnish is one of the most studied of all rock coatings” (Dorn 1998:187). During his 

travels to the New World from 1799 to 1804, Alexander von Humboldt was one of the first 

people to study rock varnish and speculate as to its qualities and composition (von Humboldt 

1812:245). Rock varnish was believed by the Indigenous people he encountered on his travels in 

the New World to play a role in human illness, but no evidence of this effect has been observed. 

Rock varnish3 is a ubiquitous thin coating that forms on rocks in many kinds of 

environments (Dorn and Oberlander 1982; Dorn and Whitley 1984). Clay particles like silica and 

aluminum, so important to rock varnish, comprise about 60% of the varnish content. Manganese 

and iron oxides comprise 25% to 30% of rock varnish. This preponderance of clay distinguishes 

rock varnish from other heavy metal skins. Though thin, rock varnish often alters the appearance 

of the landscape in striking ways and is quite visible from a distance. Rock varnish occurs in 

almost all environments, from arid deserts to alpine regions, including both the Artic and 

Antarctic. 

The process of varnish growth occurs slowly, but how slowly we are not sure (Dorn 1990, 

1998; Dragovich 1984; Whitley et al. 1984; Whitley 2011a). As varnish accumulates, the rock 

surface becomes darker; thus, the relative darkness of a rock surface may be a clue to its age 

(Dorn 1998; Lambert 1995; Whitley et al. 1984; Whitley 2011a). But no one has fully tested this 

theory. 

 
3 Dorn (1998:16) laments his own suggestion that “desert varnish” be changed to “rock varnish,” stating “Although I 
suggested the terminological change, I now regret the suggestion. Rock varnish is certainly not the only varnish on 
rocks and ‘manganiferous clay skins’ or ‘manganiferous clay varnish’ would be a better term. Yet rock varnish has 
become widely accepted. Thus, to change the term at this point would create unnecessary confusion.” In the 
archaeological literature, “patina or patination describes the same coating.” 
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“By definition, rock varnish is a natural accretion on rocks, dominated by clay minerals, 

and oxyhydroxides of manganese, iron or both” (Dorn 1998:222). Thus, varnish is an external 

accretion rather than something that develops from the erosion of a rock’s surface (like a 

weathering rind). Scanning electron microscope imagery clearly shows a distinct boundary 

between the rock and the overlying rock varnish (Dorn 1998; Dragovich 1984). “The vast 

majority of varnish consists of submicron-sized grains” (Dorn 1998:212). Further research has 

shown that little manganese is found in the base rock; it is instead transported with iron and clay 

particles that are deposited on rock surfaces to form a varnish, particularly in arid environments. 

Color 

Black varnish is typically enriched with manganese while orange/red varnish is dominated 

by iron (Dragovich 1984). Birnessite is the major manganese mineral in black varnish; hematite 

is the main iron oxide in both black and orange varnish (Dorn 1998). Brown varnish also 

includes manganese but at a lower ratio than black varnish (Dorn 1998:222). Still, varnish is a 

“kitchen soup” of many heterogenous minor and trace elements that vary from place to place 

(Engel and Sharp 1958). However, iron and manganese are the predominant minerals cemented 

on the rock by clay particles. 

Lui (1994) reported that in rock varnish, three colors can be identified in cross section 

samples. Yellow layers form during hyperarid periods and are richest in clay and iron. Orange 

layers form during normal arid periods and have some manganese enrichment. Black layers form 

during semiarid periods and are enriched with manganese nearly a hundred times more than in 

the adjacent dust, soil or rock material. 
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Prevalence 

Rock varnish is prevalent in desert or arid environments because varnish-development 

processes are thought to be more common than varnish-destroying processes (Dorn 1998). For 

example, lithobiants, such as lichen and fungus, are now known to be varnish deteriorators, but 

occur less frequently in arid climates (Dragovich 1984). Still, rock varnish is found in a wide 

variety of places, although Dorn (1998:7) estimates that just 3% of the earth’s surface is covered 

in rock coatings. 

Thickness 

Lui (1994) has demonstrated that varnish thickness cannot be equated to age. She found 

substantial variations in accumulation rates, even over short distances, in a single cross section. 

In addition, she found that much faster accumulation rates tended to occur during glacial periods 

and that rock type also influenced accumulation rates with quartzite developing varnish faster 

than other types of rocks (Lui 1994). 

Darkness 

According to Dorn (1998), a common misunderstanding in the past has been to equate 

darkness of the varnish with age. Such a misunderstanding continues to the present. As Dorn 

points out, “age and appearance are not necessarily or clearly related” (Dorn 1998:220). Yet 

Dorn admits that a time signal can be extracted from varnish analysis if time is the only variable 

(Dorn 1998). In other words, if rock varnish is studied at the same site with the same exposure, 

climate, aspects, elevation and proximity, a time signal may be possible to estimate based on 

darkness. Analysis can be done on nearby or adjacent surfaces but is ideally conducted on 

contiguous surfaces. Even then, there may be elements of local variations in environment and the 
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potential of climatic changes over time that have affected the development of rock varnish (Dorn 

1998). Many people think that petroglyphs that have become darker from varnish formation after 

the initial removal of a rock’s varnish layer are necessarily older—but relative comparisons 

using advanced technology have never tested this assumption (Brazeau 2007; Dragovich 1984). 

Growth 

Rock varnish is the byproduct of both biotic and abiotic processes taking place on the 

surface of the rock (Dorn 1998). Rock varnish consists of granular forms that are “the products 

of dissolution and reprecipitation of manganese and iron in bacterial cell walls” (Dorn 

1998:245). Though rock varnish was once conceived as either an internal or external process, 

recent research indicates that it is the result of the weathering of bacterial casts as well as the 

weathering of clay minerals. By themselves, clay minerals will not form rock varnish, although 

they are ubiquitous in varnish. In the same way, “bacterially-enhanced manganese will not form 

rock varnish by itself” (Dorn 1998:247). Only heavy metal skins will result. Instead, rock varnish 

“grows only where and when the nanometer-scale decayed remnants of bacterial casts maneuver 

in between the broken and decayed fragments of clay minerals” (Dorn 1998:247). In sum, 

varnish is an accretion produced by organic and inorganic interactions on the rock surface. 

Growth Rates 

Dorn (1998), Dorn and Oberlander (1982), and others (Brazeau 2007; Whitley 2011a) have 

pointed out that the rate of rock varnish growth is influenced by topographical aspect, the amount 

of water that reaches a panel, exposure to sunlight, and other environmental factors. For 

example, rock varnish develops more slowly in the shade than on rocks in full sun (Dorn 1998). 
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No one knows how long it takes varnish to develop (Dorn 1998). Likewise, varnish formation on 

petroglyphs is also a process that is not well understood. 

Determining rock varnish growth rates is difficult because it forms rapidly in wet 

environments and slowly in arid situations. Place-to-place variability is great, even on boulders 

of the same surface exposure in the same area (Dorn 1998). Therefore, when relying on the 

amount of varnish as a relative dating tool, it is a best practice to limit comparison to 

observations on the same parent rock and in proximity to one another in order to minimize 

environmental biases (Wright 2011). As Dorn (1998:228) observed, it is “obviously critical to 

compare similar microtopographic settings.” 

As we have seen, varnish growth rates (or erosion) seem to be related to environmental 

factors. Varnish thickness appears to decrease over time as a result of weathering in wet 

environments. For instance, while varnish grows more rapidly in humid settings, it also weathers 

and erodes more quickly in such places. In arid environments, varnish grows more slowly but it 

is also preserved for many thousands of years. “In other words, the fastest growing varnishes are 

not preserved because the rock has weathered and eroded away” (Dorn 1998:228). This is why 

the study rock varnish is best carried out in arid settings. 

Estimates of rock varnish growth rates vary between 1 and 40 nanometers per 1,000 years 

(Dragovich 1984; Lui and Broecker 2000), but the growth rate might be higher in more humid 

environments. Many scholars believe that rock varnish forms best with frequent wetting 

(Goodwin 1960). Moisture helps in the transport of the metals enhanced in varnish. The 

maximum thickness of varnish is believed to be 250 nanometers, but this belief is controversial 

and not universally accepted (Macholdt et al. 2017; Wright 2011). Dorn (1998:193) reports 

finding some rock varnish that is 600 nanometers thick. However, this measurement might 
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include both the weathering rind and the overlying rock varnish. Rock varnish has been 

documented as growing all over rock surfaces in a few decades at some places, while in other 

places it takes thousands of years (Dorn 1998). These variations and differences pose challenges 

to using varnish as a proxy for age in dating rock engravings. 

Physical Characteristics for Evaluating Varnish 

As explained above, the character of varnish (darkness, color, thickness, and mineral 

content) is important in efforts to date petroglyphs. Because some of the most promising efforts 

to develop relative dating of petroglyphs have relied on light reflectance and color comparisons, 

it is critical understand color components that include light properties, color analysis, and light 

reflectance. Color, hue, and value are fundamental to the evaluation of petroglyphs and their 

varnish in dating research, so it is important to have a standard scale for comparison of different 

images (Bednarik 1994, 2007). In this section, I review each of these elements of varnish in 

order to provide a basis for understanding what is being measured with technology that compares 

varnish formation on petroglyphs. 

Light Theory and Properties 

Light is the property of radiation in the form of electromagnetic waves (Falk, et al. 1986; 

Ohta and Robertson 2005; Ryer 1997). Light that is within the range detectable to the human eye 

is called visible light and is generally confined to the wavelengths of 360 to 760 nm. Near 

infrared and infrared light are outside the normal range of human perception but can be used in 

some instances to evaluate natural phenomena. The current study focuses only on the visible 

light spectrum. 
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Color Analysis 

Evaluating varnish on petroglyphs entails knowing something about color. While color is 

observable to almost everyone, it is difficult to describe or explain what it is (Ohta and 

Robertson 2005). Color is composed of three elements: hue, value (lightness or darkness), and 

chroma (saturation). Hue is the name of the color “and is a function of the dominant wavelength 

of the radiant energy we call light” (Bednarik and Seshdari 1995; Falk et al. 1986). Value is the 

rate of energy flow that describes how close a color is to black or white. Chroma is the quality of 

vividness or dullness of a hue based on the purity of wavelength distribution (Bednarik and 

Seshdari 1995; Falk et al. 1986). 

Color can refer to both the perception of color by the human eye and the physical stimulus 

itself. As a result, color can be quantified, and this is known as the field of colorimetry. When 

sunlight is refracted by a prism, light is separated into seven color components as seen in 

rainbows. Such light is polychromatic. The perceived color of an object is the color generated 

whenever light is modified by reflection or transmission by an object (Falk et al. 1986; Ohta and 

Robertson 2005). 

One commonly accepted theory today is that color is perceived by the degree of response 

of three types of photoreceptors (cones) in the retina—red, green and blue (RGB). This is known 

as the trichromatic theory. Color photography, printing and color televisions all are based on this 

trichromatic theory. 

However, a competing theory, called the opponent colors theory, postulates that there are 

four possible color combinations and that some are opponencies (Hunter and Harold 1987; Ohta 

and Robertson 2005). According to this theory, two colors cannot be both green (negative values 

up to −128) and red (positive values up to +127) at the same time. Likewise, two colors cannot 
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be both blue (negative values up to −128) and yellow (positive values up to +127) at the same 

time (see Figure 1). 

Both the trichromatic and opponent color theories are empirically based, and both explain 

various color vision without creating contradictions (Ohta and Robertson 2005). In general, with 

the development of microscopic techniques, most scientists believe that “the trichromatic theory 

explains the mechanism of color vision” (Ohta and Robertson 2005:44). Photoshop, which I used 

to evaluate color varnish on both dated and ancient petroglyphs, uses the trichromatic theory of 

color. In addition, the IFRAO scale used in rock imagery research is also based on this 

commonly accepted trichromatic theory of color (Bednarik 1994). Color calibration of digital 

photographs in Photoshop using the IFRAO color scale as the standard was one method used in 

this study for assessing varnish as a proxy for antiquity. 

 

Figure 1. CIE L*a*b* color chart. Courtesy of HunterLabs, 2020. 
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Color measurement systems also use the CIE (Commission internationale de l’éclairage) 

colorimetric system. CIE is an international organization that researches and recommends 

standards related to light. The CIE basic system for specifying color stimuli has remained the 

standard for more than 70 years. However, because color constancy is not perfect, color 

appearance differs slightly from one kind of illuminant to another. This is called color rendering. 

While daylight is often used as the standard by which color rendering of other lights are 

compared, two methods are used to evaluate color rendering. One method is based on the 

differences in spectral distribution (referent illumination), and the other method involves 

comparing the difference in color appearance for a series of objects (test colors). Generally, the 

second method is used and is part of the CIE method (Ohta and Robertson 2005:230). 

The preceding discussion about color is critical to the current research project because 

Bednarik (1994) developed a color scale that has been adopted as a common referent in rock 

imagery analysis for almost 30 years for color comparison—the IFRAO scale. At the time the 

IFRAO scale was developed, Bednarik thought what was needed was a means for standardizing 

color calibration and for canceling out the distortions experienced in field recording, 

photography using artificial light, and digital image storage (Bednarik 2007; Bednarik and 

Seshdari 1995). The IFRAO scale incorporates four color chips (blue, green, yellow and red) and 

four monochromatic values (two gray, white and black) with reflectance values (Bednarik 2007). 

The IFRAO scale is the international color calibration standard in archaeology, but it is used in 

other fields as well. According to Bednarik (2007:67), the scale has been “used to secure precise 

quantitative expressions of colour change due to repatination, in an effort to calibrate such 

changes against time, for the purpose of dating petroglyphs.” 
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In 2008, Benarik (2009) was one of the first people to experiment with using digital 

photographs to assess varnish formation on dated historic graffiti by color correcting these 

images in PhotoShop using the IFRAO card as the basis for calibration. One of the drawbacks of 

this card appears to be the glossy coating on the scale, but Bednarik maintains that this can be 

compensated for by shading and editing of digital photographs (Robert G. Bednarik, personal 

communication 2019). Color-correction software for the IFRAO card was developed in India at 

the time of the card’s development, but this software was never released, so Photoshop or the 

GNU Image Manipulation Program (GIMP) is typically used to correct all images to align with 

the IFRAO scale values (Robert G. Bednarik, personal communication 2019). 

Bednarik was the first to use this process on some inscriptions in Australia. Five 

inscriptions from a boulder at the Spear Rock petroglyph complex in Australia were first color 

corrected using the IFRAO Standard Scale and Adobe Photoshop. Specific inscriptions were 

sampled at a minimum of three locations where the varnish was the most typical and 

homogeneous (avoiding areas where there were dense precipitates from saturated solutions). The 

RGB values were then tabulated and mean values calculated and plotted from youngest (1993) to 

oldest (1881). In addition, Bednarik included one inscription from a nearby site as a part of the 

experimental effort, even though this inscription was on a different kind of rock than the ones at 

the Spear Rock petroglyph site. Finally, Bednarik also included two ancient petroglyphs at the 

Spear Rock site whose age had previously been estimated based on microerosion analysis 

(Bednarik 2002). 

Bednarik (2009) found that darker petroglyphs were older than the younger samples and 

there was an obvious drift toward darkness with age. Additionally, Bednarik (2009) found that 

when individual RGB values were eliminated from his chart and the means were plotted, there 
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was an obvious trend over a 3,000-year period, although there was one outlier, which he thought 

may indicate that the date engraved (1917) was false. Bednarik cautioned that this work was 

experimental in nature, had been conducted on just a few images, and needed to be augmented 

with more research by others in the future. 

Light Reflectance 

Like the concept of color, “brightness” is often used without much clarity as to its 

meaning. For example, a laser is bright but cannot illuminate a room like a group of fluorescent 

lamps. The science of photometry measures “brightness” of lights and normalizes the 

measurements of this to obtain photometric quantities (Ohta and Robertson 2005; Ryer 1997). 

Luminance is one such quantity that is measured. Reflectance is similar to luminance. It is a 

quality of emitting light. Reflected light, as measured by a light meter, can be measured and 

compared to other dated and ancient rock images. Once again, it is generally presumed that the 

less light reflected, the older the image. 

Spectrophotometers 

Instruments used to measure color are called colorimeters, spectrophotometers, or 

spectroradiometers (Ohta and Robertson 2005). The values obtained from such instruments are 

colorimetric values and the methods used to arrive at such values are from either direct 

measurement or spectral measurement along with calculation. A third technique involves visual 

color matching, but it suffers from variables related to the observer and from low field 

luminance, leading to significant uncertainties (Ohta and Robertson 2005). According to 

Bednarik (2009), digital colorimetry appears to hold the greatest promise for studying both 

historically dated inscriptions and older petroglyphs (Bednarik 2009a). 
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Many of these instruments use the opponencies basis of color, often referred to as the CIE 

L*a*b* color spectrum, as described above (Ohta and Robertson 2005). Unlike other instruments 

that analyze the red, green and blue hues, the HunterLab photospectrometer defines color in what 

is know as L*a*b* values, a three-dimensional model of color (see Figure 1). In the 1940s, 

Richard Hunter introduced a tristimulus model, Lab, which is scaled to achieve near-uniform 

spacing of perceived color differences. While the HunterLab model was adopted as the de facto 

model for plotting absolute color coordinates and differences between colors, it was never 

formally accepted as an international standard (Hunter and Harold 1987). 

However, the CIE eventually published a version of the Hunter Lab: CIE Lab. The correct 

way to pronounce this is “see-lab,” or “L-star, a-star, b-star,” but some applications and 

instruments simply call it L, A, B, or Lab. Defined by the CIE, the L*a*b* color space was 

modeled after a color opponent (Mouw 2018). 

The CIE L*a*b* color model (Lab) is based on the human perception of color. The 

numeric values in Lab describe all the colors that a person with normal vision sees. The Lab 

color model has a lightness component (L) that ranges on a scale from 0 to 100. Zero is perfect 

black; 100 is perfect white. The a component (red-green axis) comprises of positive values that 

are red and negative values that are green. Zero is neutral. The b component (blue-yellow axis) 

ranges from +127 to –128. Positive values are yellow, negative values are blue, and zero is 

neutral. 

Bednarik (2009) expressed caution about the difficulties of using spectrophotometers in 

assessing the color of rock varnish in petroglyphs. He pointed out that spectrophotometers, like 

the BYK-Gardner model 45/0, were hampered by being inaccurate above a temperature of 35 °C 

or a relative humidity above 85%. In addition, the instrument was not ideal for use on irregular 
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or uneven surfaces, and it was therefore difficult to prevent natural light from distorting the 

readings. Also, the instrument did not measure the entire visible light spectrum. More 

importantly, it had to be able to measure and remeasure the exact same tiny area, within one 

millimeter, every time and for many months in the future. Such precision is difficult to achieve in 

the field even by trained researchers (Bednarik 2009a). Bednarik (2009a:58) concluded that any 

method that cannot guarantee precision “has no relevance.” 

However, the technology of spectrophotometers has improved and some of the difficulties 

cited by Bednarik are no longer so severe. Newer versions of spectrophotometers are not as 

affected by ambient light, for example (Hunter Associates Laboratory 2019). Temperature can be 

monitored and newer versions come with color tiles for instant calibration in the field as 

temperature and humidity changes. Multiple readings can be taken on one image and averaged. 

Furthermore, a luminosity measure (Y) can also be calculated from the instrument’s readings on 

varnish. 

Lau and her colleagues (2013:36) used a portable spectrophotometer to analyze color 

changes in petroglyphs at a site in Australia. They sampled a total of seven specifically selected 

sites on the Burrup Peninsula in Australia. Three spots on each petroglyph and three spots on the 

background rock were measured in situ. Their goal was to see if there were detectable color 

changes in the varnished images over a nine year period. While they found some variance in 

measurements at some sample spots because of the uneven texture of the rock, they found no 

appreciable color change over the nine year period. In fact, in the comparison of color as well as 

spectral mineralogy data between the northern control sites and the southern sites showed “no 

consistent trend in an increasing or decreasing direction” (Lau et al. 2013:5). It bears pointing 
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out that nine years is a very short time frame, and one would not realistically expect to see much 

change in the varnish during such a short period. 
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CHAPTER 3. METHODOLOGIES FOR EVALUATING ROCK VARNISH  
ON DATED AND ANCIENT PETROGLYPHS 

While absolute dating of petroglyphs is still not possible with existing technologies, a 

general comparative chronology possibly can be developed by comparing the darkness of rock 

varnish on historically dated graffiti with that of more ancient petroglyphs (Bednarik 2007; 

Dragovich 1984). This approach might make it possible to analyze reflectance and colorimetry 

from petroglyphs to determine if some images are older or younger than other images. 

While the method of developing chronologies of petroglyphs based on varnish formation is 

controversial and potentially problematic, I agree with Wright (2011) that we should not adopt a 

defeatist perspective that the entire approach is flawed. Many of the concerns about location, 

lithology, exposure, biotic forces and climate can be controlled if we have a basic understanding 

of these forces and if rock images are assessed together on the same rocks and in the same 

location. This is the approach I employed in this thesis to analyze engraved images at three sites 

in Arizona. My central research question was whether modern instruments can measure the 

amount of varnish formation on pecked images with the precision and consistency needed to 

make relative age comparisons between historically dated graffiti and precolumbian petroglyphs. 

In this study, both a light meter and a spectrophotometer were used to measure the color or 

luminosity of the light reflected from petroglyphs. In addition, digital photographs of rock 

images were color corrected to the IFRAO color scale using Adobe Photoshop, following 

Bednarik’s methods, to compare lightness and darkness of images and establish a range of color 

variation present based on RGB means within the study areas of each image (Bednarik 2009a; 

Bednarik and Seshadri 1995). 
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Research Hypotheses 

For my study, I formulated the following research hypotheses. 

1. If the darkness of rock varnish in the grooves of petroglyphs is a proxy for the age of the 

image, then the amount of light reflected by the varnish overlying rock carvings (i.e., 

reflectance) as measured by a light meter will differ based on the carvings’ antiquity. 

2. If the darkness of rock varnish in the grooves of petroglyphs is a proxy for the age of the 

image, then the mean RGB color of the varnish overlying rock carvings as analyzed in 

Photoshop will differ based on the carvings’ antiquity. 

3. If the darkness of rock varnish in the grooves of petroglyphs is a proxy for the age of the 

image, then historic rock inscriptions will be lighter in the L* color value and have a 

higher reflectance value as measured by a spectrophotometer than older, precolumbian 

petroglyphs which will be relatively darker. 

4. If the darkness of rock varnish in the grooves of petroglyphs is a proxy for the age of the 

image, then all three methods should result in similarly consistent measures on both dated 

and undated inscriptions. 

Objectives 

My research project was organized around the following objectives. 

1. To select as many historically dated inscriptions as possible for analysis of rock varnish 

at three sites in southern Arizona. 

2. To also select a number of Indigenous petroglyphs near historically dated inscriptions at 

the three sites in southern Arizona for analysis of rock varnish as potential comparisons 

to results from the modern inscriptions. 
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3. To utilize three different methods to objectively measure the color and light reflectance 

of rock varnish overlying engraved petroglyphs, both ancient and dated historic 

inscriptions, at three sites in southern Arizona. 

4. To compare the results of each method, evaluate each technology’s consistency and their 

similarities and differences at measuring the color properties of rock varnish, and explore 

the reliability of rock varnish color as a means for relatively dating petroglyphs. 

Assumptions 

My research into the analysis of desert varnish on both modern and ancient inscriptions 

entailed several assumptions. 

1. Each petroglyph and historic inscription was made in one sitting, not over several 

months or years. 

2. With location and environmental and geological factors held constant, older 

petroglyphs will have thicker, more darkly colored rock varnish on them. 

3. The colorimetry and reflectance of petroglyphs can be objectively determined through 

analysis of digital photographs, light meters measurements and spectrophotometer 

measurements. 

Site Selection 

My research design included three sites—two sites with granite rock and one with basaltic 

andesite. These three sites were Cocoraque Butte west of Tucson in the Ironwood Forest 

National Monument and an adjacent private ranch site; Painted Rock Petroglyph Site west of 

Gila Bend, Arizona; and the Desert Laboratory on Tumamoc Hill near Tucson, Arizona. The first 
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two sites are dominated by grano-diorite rocks while the third site is comprised of basaltic 

andesite rock. 

All these sites are dominated by ancient petroglyphs suspected of dating from the Archaic 

period (7500 BC–AD 300) up to more recent times. All sites have various examples of Hohokam 

and O’Odham style petroglyphs—pipettes, anthropomorphs, concentric circles, spirals, barbells, 

geometric designs, sunbursts, and many zoomorphs, especially lizards, deer, and antelope. In 

addition, each of the sites has a number of examples of historic graffiti, including dated 

inscriptions from travelers and tourists who visited the sites and felt compelled to leave their own 

marks on the rocks. 

Site Descriptions 

What follows is a brief description and a map of the three sites that are included in the final 

data analysis for this research study (see Figure 2). 

Cocoraque Butte.  

Cocoraque Butte (AZSite AA:15:3 ASM) is located in the far southwest corner of the 

Ironwood Forest National Monument in Pima County, Arizona. Cocoraque Butte is the main hill 

to the south and on top are several presumed ceremonial sites, rock walls, and round enclosures. 

The area is about 800 m above sea level. There are only a few petroglyphs on this particular hill, 

however, and no historic inscriptions. During our survey of this hill in 2018, Bill Gillespie and I 

found no sherds or other artifacts on the top of this hill. This large hill has a number of 

Trincheras-type structures on the north slope and at the base. In our survey of the site, I helped 

map over 200 such structures and observed many sherds of Tanque Verde red on brown pottery, 
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broken metates, Archaic points, shell jewelry and plainware sherds at these sites near the bottom 

of the hill. 

 

Figure 2. Map of research sites. Map by Michael Spears, 2020. 

Nearby to this pominent hill are a number of smaller hills on which the majority of 

petroglyphs are found. Hernbrode and Boyle (2015) documented more than 11,000 individual 

petroglyphs and 120 bell rocks spread over these hills. One hill, which is located on private land 

adjacent to the national monument and next to a spring, has the majority of inscriptions. 

This area is dominated by Sonoran Desert vegetation which includes saguaros, creosote, 

mesquite, catclaw acacia, prickly pear cactus, cholla, and triangle leaved bursage. The soil is 

sandy gravel dominated by granitic gravels. 
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Painted Rock Petroglyph Site.  

Painted Rock Petroglyph Site (AZSite AA:4:3:2 ASM) is located by an ancient trail along 

the Gila River in Maricopa County in western Arizona. The site is located in the Dendora Valley 

and demonstrates use by both Patayan and Hohokam people over many years (Wright 2017). 

Accounts by the Italian Jesuit priest Father Eusebio Kino and his subsequent visits described 

numerous inhabited villages in the area of this site along the Gila River. The people he described 

in the late seventeenth century were predominantly Piiposh (i.e., Cocomaricopas), but some 

O’Odham also resided in these communities as well (Bolton 1919:50). The surrounding area is 

rich in archaeological evidence (Wright 2017). Painted Rock Petroglyph Site is only 180 m 

above sea level and is surrounded by Sonoran Desert scrub dominated by creosote but with some 

saguaros, cholla and prickly pear cactus. Like Cocoraque Butte, the petroglyphs are all etched 

onto granodiorite boulders—more than 600 in total. While the number of petroglyphs is 

estimated at more than 3,800, the site is quite small—only 6100m2 in size (Wright 2017). This 

site also lies along the historic Juan Batista de Anza route through the Dendora Valley west of 

Gila Bend, Arizona, and is also located along the route of a wagon road built by General Crook’s 

Mormon Battalion in the mid-1800s, and used briefly by the Butterfield Overland Mail and Stage 

Line (Wright 2017). Its name is believed to be derived from historic accounts in the eighteenth 

and nineteenth century that told of seeing petroglyph images that had been painted as well 

(Wright 2017). Yavapai tribes are believed to have engaged in such practices and examples of 

painted petroglyphs can still be observed on Perry Mesa in the Agua Fria National Monument 

north of Phoenix, Arizona (Malotki 2007:12) (Figure 3). 
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Figure 3. Painted petroglyph, or pictoglyph, at Perry Mesa, 
Agua Fria National Monument, Arizona. Photograph by author. 

Tumamoc Hill.  

Tumamoc Hill (AZSite AA:16:6 ASM) is an 860-acre flat-topped hill or butte that is an 

ecological reserve just west of downtown Tucson, in Pima County, Arizona. Tumamoc Hill is 

also a designated National Historic Landmark. Like nearby Sentinel Peak (locally known as “A” 

Mountain), Tumamoc Hill is a volcanic remnant of largely basaltic andesite and tuff boulders 

and rocks (Phillips 1976). The top of the hill is approximately 900 m above sea level. The hill 

has evidence of more than 2,500 years of habitation along with four millennia of human activity 
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at its feet along the Santa Cruz River. Like other sites in the Sonoran Desert, the hill is covered 

in creosote, prickly pear cactus, ocotillo, saguaros, triangle leaved bursage, a variety of grasses, 

including the invasive buffelgrass, and mesquite. The site has numerous remnants of habitation 

such as rock circles and walls. The site has been operated by the University of Arizona as an 

ecological research station for over 100 years. Both ancient and historic petroglyphs are scattered 

along the top and sides of this hill (Hartmann and Boyle 2009). 

Methods 

I used the following three methods to measure color and reflectance properties of rock 

varnish overlying the ancient petroglyphs and historic inscriptions at the three study sites: 

• Light Reflectance (In-Field)—I used the Sekonic L-858D-U DigitalMaster light meter, 

an updated version of the same instrument used by Brazeau (2007) and Wright (2011) to 

measure the ambient light striking each petroglyph and the proportion of light reflected 

from the grooves in each inscription (i.e., the varnish’s reflectance) to calculate an “R” 

value for each glyph (reflected light ratio). 

• Colorimetry (In-Field)—I used a HunterLab MiniScan EZ 4500S spectrophotometer to 

measure the color spectrum of light reflected (i.e., the varnish’s color), relying primarily 

on the average L* value recorded from the instrument which is a value between black and 

white. Neither black nor white are true colors because they do not have specific 

wavelengths. The photospectrometer measures the reflected light from an image as a 

number between 0 (black) and 100 (white). White contains all the visible wavelengths of 

light whereas black is the absence of visible light. 

• Colorimetry (Postfield)—Following Bednarik’s (2009) technique, I used Adobe 

Photoshop software to measure the color of varnish in digital images with a resolution of 
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450 dpi. The digital images were color corrected with the IFRAO Standard Scale as a 

reference using Photoshop’s eye dropper feature for correcting color levels in each 

photograph. The mean RGB value was computed from three sample sites of 36 pixels 

each on each image. 

Background to Research Methods 

Prior to going out to the field, I created a Petroglyph Reflectance Documentation Form to 

systematically collect relevant information (see Appendix A). I wanted to create a recording 

form that could be captured on a single side of a page because wind is often an issue in 

fieldwork, and I did not want to have to flip through multiple pages while trying to record data 

(Figure 4). 

 

Figure 4. Collecting data at Painted Rock Petroglyph Site. Photograph by Mike Devito. 
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My research focused on using the light reflectance of varnish as a proxy for antiquity. I 

employed the same three techniques for measuring light reflectance at three sites in Arizona. The 

goal was to compare different measures of light reflectance to determine their consistency and 

precision and to look for patterns in the data. The experimental methods I used in this research 

have the advantage of being nondestructive to the petroglyphs, and the methods rely on natural 

light and reflective measurements to derive a light reflectance ratio and colorimetry. 

Light Meter Readings and Reflectance Ratios 

In the quest to develop a relative chronology of petroglyphs, researchers have investigated 

varnish accumulation on petroglyphs (Brazeau 2007; Wright 2011). Three studies have used 

light meters to quantify varnish formation on petroglyphs: Whitley et al. (1984), Brazeau (2007), 

and Wright (2011). Lambert (1995) used a chromometer to measure reflective colors on rock 

paintings, or pictographs, but he did not use this technique on petroglyphs. 

Using desert varnish as a chronological tool is controversial, and its reliability has been 

debated for decades (Dorn and Oberlander 1982; Loendorf 1989; Whitley et al. 1984). 

Nonetheless, Wright (2011) argued that measuring desert varnish provides a valuable way to 

assess antiquity and develop a chronological method for the relative dating of petroglyphs. 

However, Wright also cautioned that a number of environmental factors influence varnish 

development and, while they complicate using varnish as a dating technique, they “do not 

necessarily invalidate the technique” (2011:256). Brazeau’s (2007) work in Colorado also 

demonstrated the value of this approach to developing relative chronologies based on varnish 

darkness although he had accelerator mass spectrometry data (or radio carbon dating) and other 

means to correlate with his varnish readings. 
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The Sekonic L-858D-U DigitalMaster uses a K of 12.5 and a C of 340 because this model 

uses a hemispheric sensor. ISO speed is an expression of a digital camera’s image sensor’s 

sensitivity to light (Falk et al. 1984). ISO is one of three measures of film speed or sensor 

sensitivity; ASA and DIN are the others. The industry has settled on a standard, and the scales of 

the indexes differ but they are all comparable. For example, a speed of ISO 100/21o is equivalent 

to ASA 100 or DIN 21. Exposure value (EV) is set at zero. 

The advantage of using a light meter to measure the light reflectance of petroglyphs is that 

the value it generates can be compared to the amount of light available, providing a standard 

ratio for petroglyphs at the same location. The confounding variables of different lighting 

conditions, different days, and different researchers are largely neutralized by this method. Light 

meters measure both luminance and illuminance (Brazeau 2007; Wright 2011). “Luminance 

refers to light reflected by an object, and it is measured in footlamberts (fL), or candelas-per-

square meter (cd/m2)” (Wright 2011:143). In contrast, illuminance is also known as incident 

light, and it is the light falling on an object that could potentially be reflected. Illuminance is 

measured in foot-candles (fc) or is known as “lux.” A foot-candle is equivalent to one lumen per 

square foot (l/ft2). This amount is typically equal to 10.75 lux. Like Wright, I used an ISO speed 

of 100 which makes the conversion of EV by the light meter I used into fL and fc easy. 

In his research, Brazeau (2007) took a total of 10 reflectance measurements on each 

petroglyph he studied—two at each of five points. The 10 measurements were averaged and used 

with the illuminance value to result in a petroglyph reflectance average, which Wright called a 

“R” value. As for ambient light, or illuminance, Wright recorded two measurements and 

averaged the two. 
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In my study, I collected five measurements of ambient light and averaged them to obtain 

an illuminance value in foot-candles (fc). Next, I collected ten measurements of reflected light 

through the Sekonic light meter’s spot finder and averaged these readings to arrive at a 

luminance value in footlamberts (fL). By averaging luminance measures, I accounted for and 

minimized unevenness in the rock surface. To calculate the R value, I used the formula described 

by Wright (2011): fL/fc = R. 

Because the quality of each petroglyph was variable, it was not possible to consistently 

take light meter readings at five specified points, as Brazeau did. Instead, I took readings from 

the areas where there was the greatest removal of the original varnish layer exposing the 

underlying rock to new varnish formation and which were wide enough for the spot finder (10 

mm) to record only light reflected within the groove of the petroglyph. 

In many cases, it was a challenge to find enough viable areas in each inscription for 

analysis. Some dated graffiti images were thinly incised, so that any attempt to collect light 

meter readings off these images would have been confounded by the adjacent varnished rock 

surface captured within the spot finder. Despite the presence of many dated inscriptions at all 

three sites, the narrow incisions made analysis with the light meter impossible, further limiting 

my sample size. 

When possible, I took light meter readings in full sun. If the petroglyph image was in 

partial shade, I used a shade screen to place the entire image in the shade in order to record in a 

consistent light environment. Finally, I made a brief sketch of each image on my recording form 

so the images can be relocated, if necessary. 
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Both Brazeau (2007) and Wright (2011) measured the base rock varnish near the 

petroglyphs. However, this value was never used for any substantive analysis in their studies, 

and I did not take this kind of additional measurement at my sites. 

Digital Photographic Color Correction Using Adobe Photoshop 

The second research method I used was designed to replicate, as closely as possible, a 

technique pioneered by Bednarik (2009) using digital photographs that are color corrected in 

Photoshop. When color correcting the photographs postfieldwork, I relied on the IFRAO color 

card because this is the international standard. Bednarik suggests that the results of correcting the 

images based on this internationally used scale can then be used to assess the darkness of varnish 

formation on petroglyphs, thus contributing to efforts to develop a relative chronology of images 

(Bednarik 2007, 2009; Bednarik and Seshadri 1995). 

Because so few people are familiar with this use of Photoshop for color correction against 

the IFRAO card, I had several email exchanges with Bednarik, who lives in Australia, about the 

details of the color correction and analysis process. Bednarik provided some useful guidance, but 

parts of his published articles leave out critical details for replicating this technique. For instance, 

nowhere in his articles does he provide step-by-step details for color correcting the images and 

deriving RGB mean values for each petroglyph. In addition, one table in his published article 

lacks an identifier for the y-axis (Bednarik 2009a:60). 

Bednarik (2009a) provided a general desciption of the steps he took in his Photoshop 

analysis. First, he corrected each photo of a petroglyph using the IFRAO scale as the reference 

device. Second, he set the dpi (dots per inch) for each image in Photoshop for 300–600 dpi. He 

examined each photograph in order to “establish the type and range of colour variation present 

within the pounded areas” (Bednarik 2009a:60). Third, he made sure not to select areas for 
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further analysis that had obvious patches of dense precipitates such as dissolved salts. Fourth, he 

selected “the most typical and homogeneous areas of patina” (Bednarik 2009a:60). Next, 

Bednarik took test readings in target areas where he perceived the smallest variations located in 

the lighter range of the spectrum. These areas were marked in a 6 x 6 matrix with surrounds of 

one pixel in size. Finally, in each pixel RGB values for each sampled area (what he called an 

aliquot) were determined using Photoshop’s “histogram” feature and tabulated. In some cases, 

Bednarik (2009:60) mentions that multiple readings were taken. A final mean RBG value was 

calculated from the collected values and plotted on a graph by age. 

I set my camera, a Canon PowerShot SX 60HS, to the Program (P) mode which ensures 

that each photograph is taken with the automatic white balance (AWB) setting selected. ISO was 

set at 100 to match with the Sekonic light meter’s settings. 

I also availed myself of the Adobe Creative Campus Tech Garage open training sessions at 

the University of Arizona. Through multiple visits to these help sessions, I was able to learn how 

to correct the digital photos I took in the field to align with the IFRAO scale. Below is the very 

specific, step-by-step process I followed postfield for each photograph. 

1. I imported each photograph into Photoshop for further manipulation. 

2. Using the menu bar, I selected “Image” and in the drop down menu and then I selected 

Image Size. I set the dpi in Photoshop to 450 since Bednarik (2009) mentioned that the 

best setting for analysis was between 300–600 dpi. Since this is a broad range, I chose a 

midpoint for all photographs. Resizing this is done in the resolution box. I selected OK to 

resize. The image was then resized to 450 dpi. 

3. I used the eyedropper function to color correct photographs using the IFRAO scale I had 

posted next to each petroglyph during fieldwork. A new fill or adjustment layer was 
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created, and the eyedropper was used to select the IFRAO card for the appropriate color 

correction. I used the black eyedropper, the white eyedropper, and the gray eyedropper—

although the gray scale has been shown to be inadequate by three researchers (Echevarria 

2009; Mark and Billo 1996; Reijs 2004). This color corrected the image to the IFRAO 

colors. A challenge with using the IFRAO card during fieldwork is that it often had a 

strong reflected glare on it, no matter how much I changed the angles of my 

photographing or used a sun shade. A glare or gloss was often visible on the card no 

matter what kind of light or shade was provided. In some cases, digital photographs were 

not able to be analyzed because of the poor quality and glare on the IFRAO card. 

4. Once the photograph was color corrected, I clicked the “Fill Screen” option at the top of 

the menu bar, and using the zoom function, I then zoomed into the image at three 

locations that showed three variations of varnish formationing—dark, light and 

inbetween. I tried to select areas that were void of any distillates or precipitates per 

Bednarik (2009a). I then used the rectangular “marque tool” in Photoshop on the left side 

of the screen to block off a 6 x 6 square of 36 pixels within the engraved image. 

5. Before recording color values, I used the Save Selection function, which allows anyone 

to come back and see exactly what areas I sampled for color analysis of the varnish. I 

saved each of the three 6 x 6 matrices within each photograph, named Locations 1, 2 and 

3, so that I retained the exact area of analysis. 

6. I used the histogram function to record the values of RGB mean, median and standard 

deviation in the Colors Channel. Luminosity is also provided for this matrix of pixels. All 

decimal fractions were rounded up if 0.50 or higher and rounded down if 0.49 or lower. I 
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used the mean RBG values for calculating an overall average value, per Bednarik 

(2009a). 

7. Finally, I saved each photograph in the Adobe Photoshop PSD file format for future 

reference. This layered image protects the integrity of the original resolution and doesn’t 

degrade each time it is saved, like JPEG files do. The areas I used for analysis can be 

found by selecting “load selection” and clicking on “channel” in the drop-down menu. 

Petroglyph Reflectance Using a Spectrophotometer 

The third research method I used was varnish analysis using a spectrophotometer. The 

spectrophotometer I used was a HunterLabs MiniScan EX 4500S instrument which uses a pulsed 

xenon flash lamp to illuminate the area being sampled, in this case inscription grooves with 

varnish formation (see Figure 5). The light reflected from the sample is separated into its 

component wavelengths through a dispersion grating. The relative intensities of the light at 

different wavelengths along the visible spectrum (400–700 nm) are analyzed to produce numeric 

values for the color spectrum (these light values are expressed as a* and b*). The instrument also 

provides a numerical value of the reflected light between 0 (black) and 100 (white). This 

instrument provides an objective method for quantifying color. The spectrophotometer I used has 

the smallest opening of all models (6 mm) and is suited for use on petroglyphs. 

The instrument also comes with a calibration cylinder so that it can be calibrated to the 

NIST standards of L*a*b* colors in the field and during changing temperature conditions. The 

sample port (opening) was placed on the petroglyph groove and the instrument was activated. I 

took five readings on each petroglyph. The HunterLab instrument averaged these five readings 

and provided a standard deviation for the measurements as well. Color and reflectance values 

were recorded and saved within the instrument, and these were downloaded to a computer or 



 
 

63 

flash drive. In addition, though, I recorded the readings on my Petroglyph Reflectance 

Documentation Form. Three values were recorded for each image: 

L* (lightness) axis: 0 is black, 100 is white, and 50 is middle gray 

a* (red-green) axis: positive values are red, negative values are green, and 0 is neutral 

b* (blue-yellow) axis: positive values are yellow, negative values are blue, and 0 is neutral 

Only the L* value was analyzed, however, because it is most related to darkness/lightness 

measured by the other methods and was recommended by HunterLab customer service 

representatives (Shannon Vayada, personal communication 2020). 

The Hunter Lab EX 4500S instrument can be operated between 10 degrees C and 40 

degrees C. Any time the instrument is used where the temperature changes more than 2 degrees 

C, it requires recalibration. The recommended temperature is 21 degrees C to 28 degrees C. 

 

Figure 5. Author using the HunterLab EZ 4500S instrument to record a 
petroglyph at Tumamoc Hill. Photograph by Mike Devito, February 25, 2020. 
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CHAPTER 4. DATA COLLECTION AND RESULTS 

I obtained the necessary permits prior to fieldwork at all three sites. My research at the 

Painted Rock Petroglyph Site was conducted under BLM permit #AZ-000646 granted to 

Archaeology Southwest on January 3, 2018. My research on Tumamoc Hill operated under the 

blanket Arizona state permit issued to Dr. James T. Watson, associate director at the Arizona 

State Museum, and my research project was assigned the Arizona State Museum accession 

number 2020-0028 where all my data will be housed in the repository. My research at Cocoraque 

Butte was authorized by the BLM-Tucson sector in permit #AZ-00646, issued January 3, 2020 

by BLM aarchaeologist Amy Sobiech. 

Data collection took place between January 2020 and mid-March 2020. In the beginning, I 

collected data on both dated inscriptions and more ancient petroglyphs at three sites representing 

two rock types: granodiorite (Painted Rock Petroglyph Site and Cocoraque Butte) and basaltic 

andesite (Tumamoc Hill). Fortunately, my data collection was completed before closures and 

restrictions that were implement due to the COVID-19 pandemic. Tumamoc Hill was one of the 

sites closed to the public in late February 2020. 

In the following sections, I analyze the data collected from the three sites. I used both 

Excel’s data analysis functions and SPSS for data analysis. 

Statistical Methods 

In my research design, I decided to use four statistical analyses. Two of these, correlation 

analysis and regression, looked at only the readings from historically dated inscriptions to see if 

there were significant differences in the varnish color between images with different dates. I 

wanted to know if these modern instruments could discern a measurable difference of varnish 

formation on inscriptions that only spanned about 140 years. The other two statistical analyses, 
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Student’s t-test and the Mann-Whitney U test, were employed to look at a much larger data set of 

both historic dated inscriptions and more ancient, precolumbian inscriptions without known 

dates. My interest in this second set of statistical procedures was to see if these modern 

instruments could discern statistical differences in varnish color between the two groups of 

images, ancient and modern. The assumption in petroglyph research has always been that older 

images are darker than younger images. I wanted to see if this assumption would hold up in my 

research. 

I began with simple correlation analysis because I wanted to assess if there were 

relationships between the method of analysis and the dates on the inscription, and to assess if 

there were positive relationships between each of the methods of analysis (consistency). 

Correlation analysis provides a numerical index of the relationship between two random 

variables, such as date and varnish color. The resulting correlation coefficient, sometimes called 

the coefficient of determination or Pearson’s r, communicates the extent of the correlation 

between these two variables. The closer the correlation cofficient (designated as r) is to 1.0, the 

stronger the relationship between the independent variable and the dependent variable. A 

correlation cofficient of r = +1.0 signifies a perfect linear relationship. A correlation coefficient 

of r = −1.0 indicates a perfect negative, or inverse, relationship between two variables. A 

correlation coefficient of r = 0 would suggest that there is no relationship between the values of 

the two variables—in other words, that high values are just as likely to be paired with other high 

or even low values. 

What this means for this study is that older dated inscriptions should be darker than more 

recent inscriptions which should be lighter in color. Thus, we would expect to see a more 

positive correlation coefficient in each of the three measurement techniques as compared to the 
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date of the inscription. We would also expect to see a positive relationship between each of the 

measurement techniques if they are all accurately assessing varnish color to the same extent as 

compared to the date. 

Next, I ran regression analysis on the data from the dated inscriptions to see how well the 

varnish color measurements correlated with the known inscription dates. Like the correlation 

analysis, regression analysis provides a way to see if there is a positive relationship (visualized 

by a trend line) between the date of the inscription and its varnish color. The trend line slope 

represents how well the data cluster along the regression line—in other words how well the 

dependent variable (color) is explained by the independent variable (date). The R2 value is a 

correlation coefficient and expresses how close the data points are to the trend line and thus how 

strong the correlation between the independent and dependent variables. Here again we would 

expect to see older dated inscriptions with darker varnish readings while more recent inscriptions 

would demonstrate lighter varnish color on average along the regression line. In each analysis, I 

also included the 95% confidence intervals around the trend line to see how well the data fit. 

Third, I ran a Student’s t-test analysis of the means between dated and more ancient 

petroglyphs to understand if the means of the dated and ancient petroglyphs were different from 

each other. Student’s t-test is a method for looking at the central tendency in data that are 

assumed to be normally distributed, and standard deviation serves as a summary of the variation 

within the data. Here, we would expect to see that historially dated inscriptions are lighter in 

varnish color than the precolumbian inscriptions. Even though we don’t know the age of the 

precolumbian inscriptions, we know that they most likely predate the dated inscriptions by at 

least a few hundred years and in some cases probably thousands of years. We would also hope to 

see that all three methods are able to demonstrate this difference in a consistent way. As 
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described in my hypotheses, another aspect of this study is to compare the three methods to see if 

all three agree on degree of darkness or if one or more are more accurate or precise than others. 

Finally, because of my small sample sizes, I also employed the nonparametric Mann-

Whitney test to examine the medians and distribution of varnish color data points for both 

historic and precolumbian inscriptions. The median is the middle value of a data set, and the 

Mann-Whitney test is a test of ordinal values, which is what all the measures that I collected with 

the three technologies are. The benefit of using the median in statistical analysis is that it is not 

sensitive to the values of the very extreme scores in a distribution. Mann-Whitney, unlike the t-

test, also does not assume a normal distribution of a data set, and so can be more robust in 

detecting differences in variables like varnish color, especially when looking at groups of 

images. With this test, we would expect to see significant differences in varnish darkness 

between more recent historic dated inscriptions and older precolumbian inscriptions. Box and 

whisker plots of the Mann-Whitney test results are presented as useful diagrams that clearly 

show the differences in the medians for the two groups of inscriptions and the spread of the data 

values. 

Cocoraque Butte 

Cocoraque Butte consists of a number of small hills around a large butte within Ironwood 

Forest National Monument (Hernbrode and Boyle 2015). One prominent petroglyph site is on 

private land: the Cocoraque Ranch owned by Jesus Arvizu. Because the hills at Cocoraque Butte 

are close to one another, the data were all analyzed as one set. I researched a number of 

petroglyphs at this site. In total, only 12 dated petroglyphs proved wide enough and bold enough 

for analysis by all three techniques. A number of inscriptions were too narrowly inscribed to be 

analyzed by either the light meter or the spectrophotometer and thus were not included in the 
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final analysis. Unless an inscription was able to be analyzed by all three techniques, it was not 

included. I also collected data on another 19 ancient petroglyphs for comparative purposes. Table 

1 summarizes the data collected on only the dated inscriptions at Cocoraque Butte. 

Table 1. Cocoraque Butte Reflectance and Colorimetry Data for Dated Inscriptions 

Identifier Date RGB Mean R Value L* Value 

CB-A-10-1 1885 99 0.35 74.93 
CR-009-113-1 1885 178 0.54 53.85 

CR-010-040-1 1912 214 0.26 62.55 

CB-A-16-1 1921 137 0.41 67.93 

CR-014-024-1 1923 168 0.24 60.96 

CB-E-021-1 1925 173 0.18 53.99 

CB-A-K-14-1 1933 112 0.26 68.37 

CB-E-020-1 1947 156 0.11 57.08 
CB-A-264-1 1959 124 0.35 52.08 

None4 1959 121 0.35 61.82 

CB-A-59-2 1972 175 0.14 67.21 
CB-A-12-1 1981 185 0.13 64.03 

A simple visual inspection of the raw data in Table 1 reveals that none of the research 

methods were effective in quantifying the amount of varnish formation on the dated descriptions 

to provide a linear guide to age. For example, two inscriptions in Table 1 had the date of 1885, 

but the three methods each produced different values. For example, the RGB mean for one was 

99 while the other was 178 (the higher the number, the lighter the color and the younger the 

supposed age). Reflectance (R) values also show a similar discrepancy—0.35 for one while the 

other was 0.54. Finally, the spectrophotometer L* values demonstrate a similar discrepancy. The 

closer to 100 the L* value is, the lighter it is, while a low L* value indicates a darker image. One 

of these inscriptions was rated nearly 75 while the other was rated 54. Moreover, one of the 1885 

 
4 The inscription in the table above without an identifying ID number is one that we found during our research. It 
apparently was not part of the original database but had an identifiable date. 
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inscriptions had a lower L* value than other more recent inscriptions from the 1920s. A 1981 

inscription received an L* value of 64—similar to the 1912 inscription. 

As explained in the previous chapter, I decided not to include the a* or b* values in my 

analysis because I was interested in lightness vs. darkness. This approach was reinforced by 

consultations with Shannon Vayada at HunterLabs (personal communication 2020). Ms. Vayada 

also cautioned that it would not be advisable to sum all three values (L*a*b*) together to get one 

composite value. 

Correlation Analysis 

The first analysis I ran on the data at each site was correlation analysis to see if there was 

any relationship between the three methods of analysis. Table 2 presents these data for Cocoraque 

Butte. In this table and in all the following correlation tables, a correlation value of 1 simply 

means that the variable correlates perfectly with itself (i.e., the date correlates perfectly with 

itself). 

If we look first at the Pearson correlation coefficients for R and L*, the minus sign in the 

table indicates that the relationship is the inverse of what we should expect—more recent 

inscriptions are darker than older inscriptions. The positive Pearson’s r for RGB suggests the 

relationship with varnish color and date is positive but is weak and statistically insignificant. 

However, we can see that there is one significant relationship here—the reflectance ratio 

obtained from the light meter is significant at the 0.017 level, which is less than the standard 

threshold of p < 0.05. But such a result does not help us in testing our hypotheses. This result 

implies that as date increases in value (say, from 1885 to 1930), the R value decreases in value 

(say, from 50 to 20), and vice versa (date goes down; R value goes up). Again, this is contrary to 
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what we would expect and although the difference is significant, this probably due to chance. As 

this table suggests, there is also little consistency between the three methods. 

Table 2. Correlation Data and Significance Levels for Three Methods on  
Dated Inscriptions, Cocoraque Butte (p < 0.05) 

 Date RGB Value R Value L* Value 

Date Pearson Correlation 1 0.071 −0.614* −0.113 

Sig. (1-tailed)  0.414 0.017 0.363 

N 12 12 12 12 

RGB Mean Pearson Correlation 0.071 1 −0.306 -.0357 

Sig. (1-tailed) 0.414  0.167 0.128 

N 12 12 12 12 

R Ratio Pearson Correlation −0.614* −0.306 1 −0.065 

Sig. (1-tailed) 0.017 0.167  0.420 

N 12 12 12 12 

L* Mean Pearson Correlation −0.113 −0.357 −0.065 1 

Sig. (1-tailed) 0.363 0.128 0.420  

N 12 12 12 12 

*Correlation is significant at the 0.05 level (1-tailed). 

Regression Analysis 

The next analysis I performed was regression analysis. Statistical analysis only further 

reinforces the messiness of the data in my attempt to help develop a relative dating system for 

petroglyphs. Figure 6 below illustrates the linear relationship between these values. In each 

analysis, an R2 is provided in the upper right corner of each figure. This value is simply the 

Pearson’s r value squared and is always a positive number that represents the amount of 

variation for the dependent value (varnish color or y-axis) that is explained by the independent 

variable (date or x-axis). An R2 value of 0.50 would suggest that half of the variation can be 

reasonably explained by the independent variable. Here, the R2 value is very low, 0.005, 
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indicating a weak relationship between the date and the RGB value, but at least the slope of the 

line is going in the expected direction, although it is nearly flat. 

 

Figure 6. Regression analysis for RGB means, Cocoraque Butte (p = 0.83). 

It is worth pointing out that most of the data at least fall within the 95% confidence 

interval. Looking at the far left of the graph, one can see that of the two 1885 inscriptions, one 

falls within this interval, but one is an outlier. The 1912 inscription is far outside this interval and 

is another outlier. None of the inscriptions fall along the trend line. 

Next, I performed the same analysis in SPSS on the reflectance (R) values at Cocoraque. 

As one can see, the relationship in this case is the inverse to what we would expect—older 

images are lighter than more recent inscriptions, which are darker (see Figure 7). The R2 value of 

0.377 suggests that only a third of the variation can be explained by the model’s inputs. Five data 

points fall within the 95% confidence interval, but five other data points fall outside this 
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parameter. Again, while one of the 1885 inscriptions falls within the confidence interval and is 

close to the negative trend line, the other 1885 inscription is outside the confidence interval. 

While the p value in this analysis is 0.03, the result is not significant, and the faint 

relationship is most likely due to chance, since the R2 value is low and the relationship is inverse 

of what we would expect in such an analysis. 

 

Figure 7. Regression analysis for reflectance (R) values, Cocoraque Butte (p = 0.03). 

The same inverse relationship and weak correlation coefficient turned up in the 

spectrophotometer L* values (see Figure 8). In three cases, images from the 1940s, 1970s, and 

1980s all had the lowest R values in the data set (see Table 1). Even though the R2 value is not as 

weak as the RGB R2 value, it is still not strong, suggesting that the model explains little of the 

variation. 
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Figure 8. Regression analysis for average L* values, Cocoraque Butte (p = 0.73). 

While several inscriptions in this analysis fall along or are close to the inverse trend line, it 

is instructive to look at the data points for the two 1885 inscriptions. In this analysis, both fall 

outside the 95% confidence interval. Six of the 12 inscriptions are outside the confidence 

interval. In this case, the three technologies provided quite different results, did not agree with 

each other, and failed to distinguish a difference in varnish color relative to date. 

Student’s t-Test Comparisons of Means for Dated and Undated Petroglyphs 

Because one of the goals of this study was to assess the relative varnish formation on both dated 

and undated (or ancient) petroglyphs, I began by running Student’s t-tests in SPSS on the three 

methods of data collection to determine whether the variances between dated and undated 

petroglyphs were equal or unequal. The raw data for both dated and ancient inscriptions are 
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presented below in Table 3. In total, 12 dated inscriptions and 19 ancient ones were analyzed by 

all three methods. 

Table 3. Raw Data from Three Methods for Dated and Undated Inscriptions 

Identifier Date 
RGB 

Mean R Value L* Value 

CB-A-10-1 1885 99 0.35 74.93 
CR-009-113-1 1885 178 0.54 53.85 

CR-010-040-1 1912 214 0.26 62.55 

CB-A-16-1 1921 137 0.41 67.93 
CR-014-024-1 1923 168 0.24 60.96 

CB-E-021-1 1925 173 0.18 53.99 

CB-A-K-14-1 1933 112 0.26 68.37 
CB-E-020-1 1947 156 0.11 57.08 

CB-A-264-1 1959 124 0.35 52.08 

None 1959 121 0.35 61.82 
CB-A-59-2 1972 175 0.14 67.21 

CB-A-12-1 1981 185 0.13 64.03 

None Ancient 127 0.24 62.29 
None Ancient 135 0.22 51.44 

None Ancient 65 0.45 59.32 

None Ancient 127 0.45 51.41 
None Ancient 140 0.28 55.07 

None Ancient 107 0.21 51.37 

None Ancient 120 0.20 57.12 
None Ancient 111 0.22 54.57 

None Ancient 163 0.33 57.41 

None Ancient 70 0.22 57.4 
None Ancient 218 0.17 51.52 

None Ancient 176 0.34 48.51 

None Ancient 90 0.08 33.96 
None Ancient 88 0.07 37.85 

None Ancient 113 0.09 44.18 

None Ancient 116 0.10 46.64 
None Ancient 106 0.32 56.16 

None Ancient --5 0.12 36.5 

None Ancient 160 0.28 62.19 

 
5 This digital photograph could not be analyzed for RGB because of the glare from the IFRAO card. 
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Table 4 presents the results of the t-test analysis. As this table indicates, both the RGB 

means from digital photographs and L* means from the spectrophotometer measures show 

significant differences between the varnish on dated and more ancient petroglyphs. There is not a 

significant difference between the means of dated and undated inscriptions detected in the 

reflectance (R) values. This means they are approximately equal. Thus, any difference between 

them can be attributed to chance. The spectrophotometer appears to provide a more reliable and 

significant difference between the two because of its higher significance value (p = 0.001). 

Table 4. Student’s t-test Comparing Means of Dated and Undated Inscriptions,  
Cocoraque Butte (p < 0.05) 

Method F test t-test Sig. (2-tailed) 
RGB Means .112 2.299 0.029* 
R Value .306 1.032 0.31 
L* Value .267 3.733 0.001* 

Mann-Whitney Test 

On small samples, it is often advisable to also run the nonparametric Mann-Whitney test 

since the analysis of the medians may be more robust. Running this test on the two samples 

(dated and undated) showed that only the L* median values are significant (p = 0.47), and thus 

the null hypothesis should be rejected. Once again, it appears that the spectrophotometer is better 

able to distinguish between darkness and lightness on petroglyphs at this site and shows that 

older, precolumbian images are darker than modern dated inscriptions. On the other hand, both 

the RGB and R median values were not significantly different between the dated and undated 

inscriptions, so the null hypothesis should be retained in these two cases (Table 5). 
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Table 5. Mann-Whitney Test on Dated and Undated Petroglyphs (p < 0.05) 

Method U Value Significance 
RGB Means 59 0.123 
R Value 86 0.423 
L* Value 37 0.047* 

In Figure 9, I present a box and whisker plot that visually illustrates the differences for L* 

() medians between dated and undated inscriptions. Box and whisker plots are a useful visual 

way to illustrate ordinal data such as this because they visually show the differences and spread 

of data values. The boxed area represents the first and third quartiles of data (25% above and 

below the median), and the median is indicated as a bold dark line through the middle. The 

whiskers represent maximum and minimum data points. Group 1 represents the dated 

inscriptions; group 2 represents the older, precolumbian inscriptions. 

 
Figure 9. Box and whisker plot of L* medians for dated (group 1) and 
undated (group 2) inscriptions at Cocoraque Butte (p = 0.047). 



 
 

77 

In sum, correlation analysis from this research at Cocoraque Butte indicated that there was 

generally a negative relationship between historic engravings, with more recent images 

seemingly darker than older inscriptions. Both correlation analysis and regression analysis failed 

to provide consistent interpretations of the measures from the three technologies. However, the t-

test showed significant differences for the RGB means for dated and undated inscriptions at this 

site. In addition, both the t-test and the Mann-Whitney test did show a significant difference in 

the color of the varnish on dated and ancient inscriptions from data collected by the 

spectrophotometer (L* values). Based on these results, we can surmise that the color of varnish 

can act as a relative dating technique when comparing dated and ancient precolumbian 

petroglyphs if certain statistical analyses are employed. 

Tumamoc Hill 

Tumamoc Hill is a large, flat-topped volcanic hill west of downtown Tucson that has been 

a University of Arizona research site for over 100 years (Hartmann and Boyle 2013). An 

extensive documentation project on the petroglyphs there was published by Hartmann and Boyle 

(2009). They recorded more than 120 dated inscriptions during their survey of various locations 

on the hill. The oldest is thought to be from 1868 or 1869, engraved by a soldier from Fort 

Lowell (see Figure 24), and the most recent are from the twenty-first century. 

Upon investigation into the color photographs of these dated images, I identified 25 

potential candidates for analysis. However, only sixteen looked viable once I studied the 

photographs. Once I was in the field, though, only eight proved to be viable—wide enough and 

deep enough for analysis by light meter and spectrophotometer. Many images were incised with 

a nail or knife tip that made analysis of the groove impossible with current instruments. Below is 

the raw data for the dated inscriptions on Tumamoc Hill (Table 6). 
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Table 6. Tumamoc Hill Reflectance and Colorimetry Data for Dated Inscriptions 

Identifier Date RGB Mean R Value L* Value 

TUM4410 1891 177 0.17 41.65 
TUM458 1891 111 0.21 51.21 

TUM418 1896 151 0.3 42.9 

TUM518 1905 159 0.12 45.4 
TUM17 1939 148 0.22 47.64 

TUM423 1939 151 0.23 37.98 

TUM416 1992 102 0.13 33.14 
TUM415 1992 138 0.17 35.17 

 

Again, simple visual inspection of the data reveals that there is an inverse relationship to 

what we might expect. Older inscriptions have lighter measures than younger inscriptions. For 

example, the highest L* value is associated with one of the oldest inscriptions (TUM4410) at this 

site—1891. The 1896 inscription (TUM418) has the highest reflectance value (0.30). The lowest, 

or darkest, RGB mean of 102 is associated with one of the most recent inscriptions, from 1992 

(TUM415). Further statistical analysis indicates the confusion in these measurements. 

Correlation Analysis 

Calculation of correlation coefficients for the Tumamoc Hill inscriptions showed problems 

with consistency. In addition, there was the same inverse relationship expressed in the data as we 

saw at Cocoraque Butte. We can see that there is one significant relationship here—the L* value 

was particularly strongly inverse in this dataset with date and was statistically significant (p = 

0.013) but weak in correlation with the other methods, as one can see in Table 7. 

Once again, though, such a result does not help us in testing our hypotheses. As the 

inscription date becomes more recent, the L* value decreases toward the black end of the 

continuum. Again, this is contrary to what we would expect—although the difference is 

statistically significant. 
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Like the results from the dated inscriptions at Cocoraque Butte, these correlation results 

show an inverse relationship to date and very weak correlation with each other. As this table 

indicates, the values from the spectrophotometer were significantly different but in an inverse 

way from what we would expect. Even though the L* value was statistically significant in this 

table, it is likely due to chance, since the relationship is negative. 

Table 7. Correlation coefficients and significance levels for dated inscriptions,  
Tumamoc Hill (p < 0.05) 

 Date RGB R Value L Value 

Date Pearson Correlation 1 −0.472 −0.362 −0.767* 

Sig. (1-tailed)  0.119 0.189 0.013 

N 8 8 8 8 

RGB Pearson Correlation −0.472 1 0.147 0.137 

Sig. (1-tailed) 0.119  0.364 0.373 

N 8 8 8 8 

R Value Pearson Correlation −0.362 0.147 1 0.286 

Sig. (1-tailed) 0.189 0.364  0.246 

N 8 8 8 8 

L Value Pearson Correlation −0.767* 0.137 0.286 1 

Sig. (1-tailed) 0.013 0.373 0.246  

N 8 8 8 8 

*Correlation is significant at the 0.05 level (1-tailed). 

Regression Analysis 

When the data from each of the three methods were analyzed, the RGB means showed a 

somewhat weak explanation with an R2 of only 0.22. But again, the older images were lighter in 

color than the younger inscriptions, as can be seen in Figure 10. The results are not statistically 

significant. 
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Figure 10. RGB means for dated inscriptions, Tumamoc Hill (p = 0.237). 

The 1896 inscription (TUM418) falls along the negative trend line, while one of the 1891 

inscriptions (TUM458) is an outlier beyond the 95% confidence interval. Interestingly, the other 

1891 inscription (TUM4410) is contained within the confidence interval. 

The data for reflectance (R) values show a similar problem (Figure 11). While some older 

petroglyphs have lower reflectance values, this is not true with all measurements. Some very 

recent inscriptions have very low values (they are darker), and the R2 is very weak. In the same 

way as with the inscriptions at Cocoraque, the oldest inscriptions at Tumamoc Hill are often 

rated as lighter than the newer ones—inverse of what we would expect the technologies to 

measure. In addition, there were no statistically significant results in this analysis. 

L* values collected by the spectrophotometer for the dated inscriptions are found in Figure 

12. These also show an inverse relationship with date, and there is no statistical significance. In 

this case, the two 1891 inscriptions can be seen at the left of this figure, and both are contained 

within the 95% confidence interval; one lies near the trend line (TUM458).  
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Figure 11. Reflectance values for dated inscriptions, Tumamoc Hill (p = 0.38). 

 

Figure 12. Average L* values for dated inscriptions, Tumamoc Hill (p = 0.26). 
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The 1896 inscription (TUM418) falls outside the confidence interval and is an outlier in 

this analysis. The data in this figure are a bit tighter than in the previous two figures, and two 

inscriptions lie along the inverse trend line. All but one of the data points are included in the 95% 

confidence interval. 

Student’s t-Test Comparisons of Dated and Undated Petroglyphs 

Table 8 presents the complete data for all three methods on both dated (8) and undated (11) 

inscriptions at Tumamoc Hill. As Table 9 indicates, there are no significant differences in the 

means between the dated and undated inscriptions sampled at Tumamoc Hill. None of the 

methods were reliable in detecting a difference in varnish formation between the two types of 

inscriptions. A major reason is probably due to the small sample size. 

Table 8. Raw Data from Three Methods for Dated and Undated Inscriptions 

Identifier Date RGB Mean R Value L* Value 

TUM17 1939 148 0.22 47.64 
TUM423 1939 151 0.23 37.98 

TUM518 1905 159 0.12 45.4 

TUM4410 1891 177 0.17 41.65 
TUM416 1992 102 0.13 33.14 

TUM415 1992 138 0.17 35.17 

TUM418 1896 151 0.30 42.9 
TUM458 1891 111 0.21 51.21 

Ancient  99 0.23 40.05 

Ancient  118 0.14 49.56 
Ancient  164 0.17 40.67 

Ancient  71 0.23 42.12 

Ancient  184 0.06 39.16 
Ancient  158 0.14 43.84 

Ancient  111 0.15 38.23 

Ancient  121 0.12 41.1 
Ancient  97 0.17 34.49 

Ancient  75 0.10 32.68 

Ancient  116 0.11 44.21 
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Table 9. Student’s t-test for Means of Dated and Undated Inscriptions,  
Tumamoc Hill (p < 0.05) 

Method F test t-test Sig. (2-tailed) 
RGB Mean 0.853 1.53 0.144 
R Value 0.250 1.83 0.085 
L* Value 1.165 0.54 0.599 

 

Mann-Whitney Test 

Results of running the Mann-Whitney test revealed that there were no significant 

differences between the medians of the dated and undated inscriptions (Table 10). Again, this 

result is probably due to the small sample size. In all cases, the null hypothesis is retained, and 

there are no statistical differences in the varnish colors between dated and undated inscriptions. 

Table 10. Mann-Whitney test on data from Tumamoc Hill inscriptions (p < 0.05) 

Method U Value Significance 
RGB Mean 28.5 0.206 
R Value 25.5 0.129 
L* Value 37.00 0.60 

 

In summary, none of the three methods were able to show significant differences in the 

darkness between dated inscriptions at Tumamoc Hill. Moreover, none of the three methods 

showed any difference in the varnish color between dated and undated inscriptions. 

Nonparametric statistics even failed to find significant differences in varnish color between dated 

and more ancient petroglyphs at this site. 

Painted Rock Petroglyph Site 

The Painted Rock Petroglyph Site has a large number of petroglyphs, both ancient and 

modern, because it is located near ancient migration routes south of the Gila River and along 
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historic roads like the Butterfield Stage Route. A total of 15 inscriptions were judged to be viable 

(wide enough) for analysis. Results of measurements on the dated inscriptions with the three 

methods are presented in Table 11. 

Table 11. Reflectance and Colorimetry Data for All Inscriptions,  
Painted Rock Petroglyph Site 

Identifier Year RGB Mean R Value L* Value 

Boulder 37B 1879 148 0.26 53.26 
Boulder 37A 1907 208 0.28 45.61 

Boulder 1 1908 102 0.55 43.11 

Boulder 62B 1912 127 0.16 26.84 
Boulder 54 1915 218 0.11 45.09 

Boulder 62A 1919 171 0.23 37.00 

Boulder 185 1920 153 0.28 48.32 

Boulder 801 1927 198 0.58 35.73 

Boulder 951 1937 164 0.22 43.64 
Boulder 851 1954 128 0.27 51.93 

Boulder 47 1957 104 0.2 34.06 

Boulder 955 1971 142 0.23 36.26 

Boulder 31 1971 104 0.24 43.33 

Boulder 103 1983 112 0.22 38.91 

Unknown 1985 --6 0.07 31.62 
 

As at the other sites, I began with a simple visual scan of this data to see if any patterns or 

trends were evident. And yet again, some of the oldest inscriptions had values lighter than more 

recent inscriptions. For example, Boulder 37B had a date of 1879, yet its RGB mean was higher 

than some others, such as Boulder 47, which is from 1957, and Boulder 31, which had a date of 

1971 and has an RGB of 104. 

 
6 This digital photograph could not be analyzed for RGB because of the glare from the IFRAO card. 
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Correlation Analysis 

Correlation coefficients were then calculated for each method in the table. The results are 

presented in Table 12. As this table shows, the relationships have a largely negative correlation 

compared to the date. In other words, older inscriptions are rated lighter than younger ones. This 

is contrary to what we would expect. Between-method correlations are also weak and do not 

indicate much agreement. None of the correlations were significant, although the RGB Pearson r 

indicates a significance of p = < 0.49. As in the other two sites, this is probably largely due to 

chance, and the value is negative in any case. 

Table 12. Correlation Coefficients and Significance for Dated Inscriptions,  
Painted Rock Petroglyph Site (p < 0.05) 

 Date RGB R Value L Value 

Date Pearson Correlation 1 −0.459* −0.193 −0.258 

Sig. (1-tailed)  0.049 0.254 0.187 

N 14 14 14 14 

RGB Pearson Correlation −0.459* 1 −0.014 0.153 

Sig. (1-tailed) 0.049  0.481 0.300 

N 14 14 14 14 

R Value Pearson Correlation −0.193 −0.014 1 0.045 

Sig. (1-tailed) 0.254 0.481  0.439 

N 14 14 14 14 

L Value Pearson Correlation −0.258 0.153 0.045 1 

Sig. (1-tailed) 0.187 0.300 0.439  

N 14 14 14 14 

*Correlation is significant at the 0.05 level (1-tailed). 

Regression Analysis 

As at the other two sites, I ran regression analysis on the dated inscriptions to see if there 

was a positive relationship between the dates and the varnish color. Figure 13, Figure 14, and 

Figure 15 present the results for each of the three methods I employed. Again, in these analyses, 
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like those at most of the previous sites, the relationship of darker petroglyphs to age is inverse of 

what we would expect—those younger are darker than older inscriptions. There is also no 

statistical significance. However, with an R2 = 0.35, the relationship for RGB means is stronger 

than other examples but is still weak and can explain only a third of the variance between date 

and varnish color. 

 

Figure 13. RGB means for dated inscriptions, Painted Rock Petroglyph Site (p = 0.099). 

A few observations about this figure. Most of the data points fall within the 95% 

confidence interval, and several fall near or along the inverse trend line. There are four outliers. 

Next, I ran regression analysis for the reflectance (R) and L* values for the dated 

inscriptions at Painted Rock Petroglyph Site. The results in Figure 14 and Figure 15 illustrate the 

inverse nature of the relationships between the various methods for measuring the color and 

reflectance values of the varnish and their inscribed dates. Again, all the R2 values are quite low 

and do not indicate a strong relationship. There is no statistical significance in these data. 
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Figure 14. R value means for dated inscriptions, Painted Rock Petroglyph Site (p = 0.508). 

 

Figure 15. L* value means for dated inscriptions, Painted Rock Petroglyph Site (p = 0.373). 
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Like the previous regression analysis of RGB means, Figure 14 shows that many points 

fall along the inverse trend line, and there were several outliers. Just as with the previous two 

regression analyses, data for the means collected by the spectrophotometer above illustrate a 

messy data set with outliers and only a few points at or near the inverse trend line. Regression 

analysis does not appear to provide much insight into varnish development as a function of 

antiquity on dated inscriptions. 

Student’s t-Test Comparison of Dated and Undated Petroglyphs 

Although regression analysis of just the date inscriptions showed no relationship between 

colors of the varnish formation on the dated petroglyphs, I also ran Student’s t-tests on the three 

methods to see if there were significant differences between the mean values of the varnish on 

dated and more ancient petroglyphs. Table 11 presents the data for all 29 inscriptions that I 

analyzed by the three methods. 

Table 12 presents the results of the t-test for the three research methods on 29 images 

studied at Painted Rock Petroglyph Site. As the above table indicates, both the RGB medians and 

R value medians were statistically significant. Only the values from the spectrophotometer were 

not significant. At this site, t-test analysis was able to demonstrate a difference in the color of 

varnish on dated and more ancient petroglyphs. The reflectance (R) values were particularly 

significant. 
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Table 11. Raw Data from Three Methods for Dated and Undated Inscriptions,  
Painted Rock Petroglyph Site 

Identifier Year RGB Mean R Value L* Value 

Boulder 37B 1879 148 0.26 53.26 

Boulder 37A 1907 208 0.28 45.61 

Boulder 1 1908 102 0.55 43.11 

Boulder 62B 1912 127 0.16 26.84 

Boulder 54 1915 218 0.11 45.09 

Boulder 62A 1919 171 0.23 37.00 

Boulder 185 1920 153 0.28 48.32 

Boulder 801 1927 198 0.58 35.73 

Boulder 951 1937 164 0.22 43.64 

Boulder 851 1954 128 0.27 51.93 

Boulder 47 1957 104 0.2 34.06 
Boulder 955 1971 142 0.23 36.26 

Boulder 31 1971 104 0.24 43.33 

Boulder 103 1983 112 0.22 38.91 

Unknown 1985 –7 0.07 31.62 
Boulder 37C  73 0.23 43.79 

Boulder 47  156 0.16 37.89 

Ancient  100 0.21 40.52 
Ancient  168 0.19 42.63 

Historic8  107 0.17 44.72 

Ancient  73 0.21 47.26 
Ancient  111 0.12 46.83 

Ancient  41 0.1 28.05 

Ancient  64 0.08 26.53 
Ancient  117 0.06 24.57 

Ancient  –9 0.1 37.57 

Ancient  104 0.05 34.6 
Ancient  90 0.095 26.57 

Ancient  –10 0.12 35.78 
 

 

 
7 The digital photograph of this inscription was accidentally erased, so no RGB data is available for it. 
8 This image was a person on a horse, so it is historic but not ancient. 
9 This digital photograph could not be analyzed for RGB because of the glare from the IFRAO card. 
10 This digital photograph could not be analyzed for RGB because of the glare from the IFRAO card. 
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Table 12. Student’s t-test on Dated and Undated Inscriptions,  
Painted Rock Petroglyph Site (p < 0.05) 

Method F test t-test Sig. (2-tailed) 
RGB Mean 0.010 3.228 0.004* 
R Value 1.685 3.128 0.004* 
L* Value 0.047 1.409         0.170 

Mann-Whitney Test 

As at the other sites, I also ran this statistical test on the medians for the two groups—dated and 

undated inscriptions. Table 13 presents the results of that test. Similar to the t-test results above, 

at this site there are significant differences for the RGB and R reflectance means. Older 

inscriptions were found to be darker than more recent dated inscriptions. At the Painted Rock 

Petroglyph Site, there were statistical differences in the varnish between the dated and undated 

inscriptions as measured by two methods. This is further illustrated in the following box and 

whisker plot of the RGB means for the two groups (Figure 16). 

Table 13. Mann-Whitney test for Dated and Undated Inscriptions,  
Painted Rock Petroglyph Site (p < 0.05) 

Method U Value Sig. (2-tailed) 
RGB Mean 44.0 0.047* 
R Value 31.5 0.009* 
L* Value 78.0 0.715 

 
The reflectance (R) value medians for dated and undated inscriptions at this site reveal 

significant differences as well (Figure 17). 
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Figure 16. Box and whisker plot of RGB medians for dated 
(group 1) and undated (group 2) inscriptions at Painted Rock 
Petroglyph Site (p = 0.047). 

 
Figure 17. Box and whisker plot of R value medians for dated 
(group 1) and undated (group 2) inscriptions at Painted Rock 
Petroglyph Site (p = 0.009). 
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Only the L* median values for the dated and undated inscriptions failed to show significant 

differences (Figure 18). There is overlap in the reflectance data for the two groups of 

inscriptions, although the medians are quite different but not significantly so. 

 
Figure 18. Box and whisker plot of L* value medians for dated 
(group 1) and undated (group 2) inscriptions at Painted Rock 
Petroglyph Site (p = 0.715). 

In sum, once again correlational analysis and regression analysis of the dated inscriptions 

failed to show that older inscriptions were darker than more recent examples. However, when 

dated inscriptions were compared to undated ancient petroglyphs, two methods, RGB analysis 

and reflectance (R), were able to show a significant difference in varnish color through both the 

t-test and the Mann-Whitney test. But unlike Cocoraque Butte, where spectrophotometer data 

and the RGB means from digital photographs showed differences, the reflectance (R) measure 

here at Painted Rock Petroglyph Site was the other method that showed significant differences, 

not the measurements from the spectrophotometer. Why the spectrophotometer failed to detect 
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significant differences in varnish color between the dated and undated inscriptions at this site is 

puzzling, especially when the other two methods showed that more ancient inscriptions are 

darker than more recent dated ones. 
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CHAPTER 5. CONCLUSIONS 

Archaeologists have struggled for years to find a reliable method for the relative dating of 

petroglyphs. Some of these efforts have focused on the analysis of varnish overlying 

petroglyphs. However, Loendorf (1989) cautioned some time ago that there is a lack of precision 

in using varnishing as a dating technique. Most of these efforts have not proved consistent or 

accurate enough to develop a chronology, even with dated inscriptions. 

Let’s review each of my original hypotheses now after having conducted this research and 

explain the results. 

Research Hypotheses 

1. If the darkness of rock varnish in the grooves of petroglyphs is a proxy for the age of 

the image, then the amount of light reflected by the rock varnish overlying rock 

carvings as measured by a light meter (i.e., reflectance) will differ based on the 

carvings’ antiquity. 

Result: This hypothesis was false when analyzing only the dated inscriptions, but it 

was true for a comparison of dated and undated inscriptions at the Painted Rock 

Petroglyph Site, as demonstrated by both the t-test and the Mann-Whitney test for the 

light meter. It was not held to be true at the other two sites. 

2. If the darkness of rock varnish in the grooves of petroglyphs is a proxy for the age of 

the image, then the mean RGB color of the varnish overlying rock carvings analyzed 

in Photoshop will differ based on the carvings’ antiquity. 

Result: This hypothesis was false when analyzing only the dated inscriptions by 

themselves, but it was true of the comparison between the dated and undated 

inscriptions at Cocoraque Butte and the Painted Rock Petroglyph Site. At Cocoraque 
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Butte, the t-test showed significant differences in color between the dated and 

undated inscriptions, and at the Painted Rock Petroglyph Site, both the t-test and the 

Mann-Whitney test showed significant differences in the colors of the varnish for 

dated and undated inscriptions. No significant differences were detected at the 

Tumamoc Hill site for the two groups of petroglyphs. 

3. If the darkness of rock varnish in the grooves of petroglyphs is a proxy for the age of 

the image, then historic rock inscriptions will be lighter in the L* color value and 

have a higher reflectance value as measured by a spectrophotometer than older, 

precolumbian petroglyphs, which will be relatively darker. 

Result: This hypothesis was false when analyzing just the dated inscriptions by 

themselves, but it was true of the comparison between the dated and undated 

inscriptions at Cocoraque Butte, as indicated by both the t-test and the Mann-Whitney 

test. However, the spectrophotometer did not show any significant differences in 

varnish between the two groups at the other two sites. 

4. If the darkness of rock varnish in the grooves of petroglyphs is a proxy for the age of 

the image, then all three methods should result in similar measures on both dated and 

undated inscriptions. 

Result: This hypothesis was false because all three methods at all three sites provided 

messy and inconsistent results. Readings of varnish formation on dated inscriptions 

and undated inscriptions were quite varied and inconsistent. 

While my results were variable with regard to the hypotheses, my research findings 

contribute to and validate the work of Bednarik (2009a), Brazeau (2007), Whitley et al. (1984), 

and Wright (2011). Varnish color can serve as a proxy for relative dating of petroglyphs but with 
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some provisos. My research shows that older petroglyphs are darker than younger ones, but we 

cannot suggest a very detailed chronology. With respect to the dated inscriptions, varnish color is 

not an effective estimate of age because the temporal span is too short. However, when they are 

coupled with precolumbian images, we can find differences in varnish color based on whether 

the images are ancient or modern. 

Data sets must be large enough (I would recommend at least 40 to 50 images), time scales 

have to be broad enough (centuries rather than years or decades), and a variety of statistical 

procedures should be employed to tease out the differences in varnish color. In addition, 

comparisons can only be done at specific sites and not between sites because of the confounding 

environmental differences that would affect cross-site comparisons, as pointed out previously. 

A major question is what instrument provides the most reliable results. The answer, like 

most of archaeology, is not simple. Each instrument proved useful at different sites and with 

different statistical procedures. RGB means, reflectance values, and L* values all showed 

themselves capable of showing differences in the color of varnish between modern dated 

inscriptions and older precolumbian petroglyphs. An added consideration is cost. The 

spectrophotometer is the most expensive of the three tools I used, costing almost $10,000. The 

light meter costs a fraction of this amount, somewhere around $500. Digital photography is about 

the same cost, depending upon the kind of camera purchased, but it is still around $500 for a 

high-quality camera that includes an all-white balance feature. There is also the cost of a shade 

device as well as the cost of the color cards that need to be included in the frame of each 

photograph. And there is the cost for the software program needed to analyze the pixels in the 

digital photographs. These are all incidental costs, but they add up. As I pointed out, though, 

digital photographic analysis is time consuming, and total workload is certainly something to 
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consider when deciding which instrument to use if a researcher has to choose. Postfield color 

correction of digital photographs, pixel analysis, recording of the values, and then averaging of 

the RGB means took nearly 20 minutes per image, whereas both the light meter method and the 

spectrophotometer took just a minute to find the related reflectance (R) value and the L* value. If 

I had to choose just one instrument, I would probably choose the light meter because of its cost, 

ease of use, and simple calculations. 

Based on my research in this thesis and on the research efforts of Bednarik (2009a), 

Brazeau (2007), and Wright (2011), I think that it is possible to scientifically approach the 

relative dating of petroglyphs based on varnish if various methods are employed and the data is 

analyzed with an array of appropriate statistical tools. As technology improves and more practice 

is gained in measuring varnish on both ancient and modern dated inscriptions, our knowledge 

will improve. At the same time, Loendorf’s (1989) caution that there is a lack of precision in 

using varnish as a dating technique still needs to be heeded. There is still much to learn about 

evaluating varnish on dated inscriptions and improving the precision of doing so. Before 

addressing the challenges with the individual methods, I want to discuss some general challenges 

that affected my research results. 

General Challenges 

As the data analysis in Chapter 4 indicates, there is very weak correlation between the 

color of the varnish and the dates when the dated inscriptions are analyzed by themselves. Often 

the relationship is inverse of what we might expect—older inscriptions are scored lighter than 

younger inscriptions. Despite instances of statistical significance in the correlation tables, this 

result is more likely simply related to chance. Regression analysis showed no relationship 

between the varnish color and date, and many data points fell outside the 95% confidence 
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intervals. As suggested above, the data may be just too imprecise to support a high-resolution 

temporal trend for dated inscriptions. We have a time frame of only about 150–200 years with 

which to work. 

However, analyzing groups of petroglyphs based on whether they were modern or 

ancient proved more useful. Using t-tests on the means of the dated and ancient petroglyphs 

found some significant differences, most notably at Cocoraque Butte and Painted Rock 

Petroglyph Site. The Mann-Whitney nonparametric test on the medians of both dated and 

undated inscriptions also showed some significant differences between the color medians of 

ancient and more modern inscriptions, but not in all cases. At Cocoraque Butte, L* values 

showed significant differences in the means and medians for dated and undated inscriptions, 

indicating that older petroglyphs were darker than younger dated inscriptions. 

On Tumamoc Hill, however, there were no significant differences in the means of dated 

and undated inscriptions by any of the three research methods or through any of the statistical 

tests. Admittedly, my sample size was quite small compared to the other two sites, and I believe 

this is the major reason for the lack of any significant results by any of the research methods. 

Tumamoc Hill is also the only one of my three sites that is predominated by petroglyphs on 

basaltic andesite. Perhaps the basaltic andesite rock represents a difference in revarnishing, 

although Brazeau (2007) did not find such inconsistencies in his study of petroglyphs on basalt 

rocks in Colorado, so this attempt at explanation seems weak at best. Finally, many of the dated 

inscriptions were not deeply engraved and were also uneven in execution. All of these factors 

may explain why no significant results were found among any of the three methods used at 

Tumamoc Hill. 



 
 

99 

At Painted Rock Petroglyph Site, both the t-test and nonparametric statistics showed that 

there were significant differences of the varnish color on the dated and undated inscriptions in 

two of three methods—RGB and R means. Only the spectrophotometer L* values failed to show 

any significant differences between the two groups of images. 

There are several possible explanations of why these relationships were weak, inverse, or 

inconsistent across sites. First, it is worth noting that Bednarik (2007) raised the question as to 

what extent groove depth influences varnish formation rates. No one knows, and this feature of 

petroglyph research has not been studied. Certainly, I know from my own experience that there 

was a huge variability in groove depth and width. Does groove depth or width, or both, influence 

varnish formation rates? Using microscopes and gauges, one could easily measure groove depth 

and compare varnish color with depth. By comparing petroglyphs of various depths and the 

colorimetry of their varnish, one might be able to develop a linear relationship between depth 

and color. Similar research could be carried out on inscription width. These are areas that need 

more systematic research. 

Second, there remain questions about the process of varnish formation and growth rates. 

Dorn (1998, 2008) has insisted that darkness does not equate with age. He argues that varnish 

darkness is influenced by a multitude of factors—lithology, climate, elevation, orientation, and 

other environmental factors. Dorn suggests that rates of varnish formation also differ, most likely 

between sites but also just as likely within sites. 

Contrary to Dorn’s assertion, I believe that my research has shown that varnish color can 

be equated with age, but clearly other variables intervene at different sites. Yet at the same site, 

these variables should be relatively consistent. Again, comparison across centuries rather than 

years appears to be more meaningful in showing differences in varnish color. 
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However, as my own research has shown, there were differences in the varnish color 

between even dated inscriptions that showed that the process could be quite random and 

nonlinear. Inscriptions over a hundred-year period indicated no relationship between date and 

varnish darkness, as the regression analysis showed at all three sites. Still, it should be reiterated 

that both the t-tests and the Mann-Whitney tests did show a significant difference in the color of 

the varnish between modern and ancient inscriptions. 

In reviewing past research on varnish color, I think Whitley (1982:186) based his original 

work on some assumptions that I do not think now were valid. For example, he assumed that 

varnish formation is a mathematically linear process; however, it seems just as likely that the 

relationship is nonlinear and random (Malotki and Dissanayake 2018:58). Nature can be an 

unstable, aperiodic, nonlinear, dynamic system (Turner 1996:125). 

Whitley also assumed that biases due to microenvironmental factors could be controlled by 

comparing a petroglyph’s reflection to the reflection of the varnish on adjacent undisturbed rock. 

I am not confident that this is a valid assumption after studying the various petroglyphs at three 

sites in my study. I noticed that petroglyphs—both ancient and modern—exhibited uneven 

varnish formation and color variations over the whole of the image. Figure 19 presents one 

example of this phenomenon. Why are some areas darker than others? It seems that varnish 

formation is neither linear nor regular. 

A third reason for the lack of consistent results in this study may be the relatively short 

time span of the dated inscriptions. Indigenous petroglyphs are known to be thousands of years 

old, some attributed to the Archaic period (Brazeau 2007; Malotki and Dissanayake 2018; 

Wright 2011). Dated inscriptions in Arizona span about 170 years. Scholars found in Australia 

that nine years was not enough time to detect differences in varnish formation (Lau et al. 2013). 
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It is questionable if 25 or 30 years is even long enough to detect measurable differences in the 

varnish on dated inscriptions given the slow estimated growth rates discussed in Chapter 2. In the 

longer time frame of human habitation in North America, 170 years is a short time span, and 

existing technologies may not be sensitive enough yet to measure differences in varnish 

formation over short time spans. Although the question raised by Dorn (1998, 2008) about 

whether darkness even equates with age lingers, my research and that of others (Brazeau 2007; 

Wright 2011) shows that older petroglyphs are darker than more recent ones. 

 

Figure 19. Variable varnish on an inscription at Cocoraque Butte. 

A fourth explanation may lie in the small sample sizes of my study, particularly at 

Tumamoc Hill. Very large sample sizes would help increase the data set for analysis, but at this 
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time there are relatively few dated inscriptions with wide enough grooves to be viable for 

analysis at individual sites. While this is a good thing for petroglyph sites—graffiti is lamentable 

and often defaces and alters precolumbian images—it also limits the ability to conduct research 

on varnish development across time. 

Fifth, there are factors inherent in the rocks themselves that can confound analysis. In both 

granodiorite and basalt rocks, when petroglyphs are pecked into the rock surface, not all the 

original rock varnish is completely removed. Small holes and divots in the rock retain some 

varnish, so it is difficult to get a true analysis of only the varnish that has accumulated since the 

image was originally created. This issue relates to the problem that Bednarik (2007) pointed out 

about the depth of grooves influencing varnish formation. Some modern inscriptions are only 

lightly abraded on the rock surface and leave lots of the original varnish in place or buried in 

divots or holes in the rock. 

Mineral components of the rock also contribute to confounding readings of the 

instruments. These instruments are not able to distinguish between varnish and mica flecks or 

other igneous components of the parent rock that contribute to color but are not part of the 

varnish. The mineral composition even within one rock is not consistent, especially as it relates 

to the location of an engraved image. 

Furthermore, petroglyph creators were quite variable in their execution techniques. Some 

simply abraded the rock surface, removing only a portion of the visible varnish—just enough to 

leave behind an inscription or image (Figure 20). Yet much of the original varnish remains, and 

this presents a challenge to analysis, particularly with the light meter scope. In other cases, some 

inscriptions are very lightly incised or narrowly etched—too narrow to be analyzed with today’s 

techniques. Hopefully, more precise and sensitive instruments will be developed in the future in 
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order to analyze the many inscriptions that I was not able to include in my study, particularly 

those on Tumamoc Hill, where there are more than 120 dated inscriptions. 

 

Figure 20. Modern abraded-style inscriptions at Independence Point. 

Finally, weather conditions are also an important influencing factor. I took advantage of a 

winter rainstorm to return to Painted Rock Petroglyph Site and collect data on additional images, 

as well as do a repeated sampling of previously recorded images, including both a dated and an 

ancient petroglyph. The results showed that water trapped inside the divots and grooves affected 
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the readings from the instruments, giving darker readings from all methods than when the rocks 

were completely dry. Weather at the time of analysis, thus, is critical, and a researcher needs to 

know how long to wait after storms to take varnish readings. In my opinion, at least a week of 

dry, hot weather is needed to remove all moisture in petroglyph grooves. 

Let me now turn to each of the methods I used in my research for specific comments, 

concerns, and recommendations. 

Digital Photography and RGB Means 

As indicated in previous chapters, I attempted to replicate as nearly as possible the 

technique used by Bednarik (2009a) in Australia. While, in two cases, significant differences 

were found in the color of the varnish between modern and ancient images, I found the 

methodology to be highly subjective and suffused with many opportunities for bias. Moreover, 

while a researcher may attempt to find areas free of distillates and other corrupting influences as 

recommended by Bednarik (2009a), the selection of an area that is light in color, another dark, 

and one in between is quite arbitrary and would differ from one researcher to another. I found 

this to be the case when I analyzed the same two images after a period of two weeks. As a result, 

I got very different readings for the RGB means based on what areas of the image I sampled. 

Bednarik (2009a) studied only seven images, which is quite small. To be fair, he 

acknowledged that this was an experimental study and that the sample size of petroglyphs was 

necessarily small. However, he summarized 756 individual, manually acquired color 

determinations—which seems like a lot but in the bigger picture of the entire image is quite a 

small sample. Since he measured 36 pixels per image, this means that he sampled only 3 areas in 

each petroglyph (36 pixels x 3 locations within each image = 108 pixels per petroglyph x 7 

petroglyphs = 756 pixels). Bednarik found a positive linear relationship of the varnish with age, 
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except for one inscription that was an outlier with a 1917 date that he suggested might be a 

forgery. 

As I implemented his methods, I identified two concerns: 

1. The grooves in dated inscriptions are not a consistent color. Petroglyphs do not develop a 

varnish at the same consistent or uniform rate everywhere on the rock surface. Some 

varnished areas are darker than others; some are lighter. 

2. The decision about which areas of the engraved image to sample is highly subjective. 

This is especially true when you drill down to the pixel level in digital photographs. 

There are literally hundreds of thousands of pixels within any image. Sampling three 

locations—or even ten—hardly begins to be a representative sample. 

Moreover, the color-correction process is uneven and inconsistent. Perhaps of more 

concern is the use of the IFRAO color scale, which does not perform well in direct sun because 

of the plastic coating on the scale. In some cases, it was nearly impossible to eliminate all glare 

in order to have a good, strong image on which to base the color correction. As Table 11 

indicated, I was not able to analyze two images in Photoshop because the color card had so much 

glare on it (even in overcast, rainy conditions) that the color-corrected images were black. 

As indicated above, the decisions about what areas to sample are subjective, and only 

selecting the lightest areas or the darkest areas would bias the sample toward the most recent or 

the oldest relative date rather than assessing a wide range of areas in a petroglyph. Bednarik’s 

trials suggested that “thirty-six pixels was the smallest aliquot size offering reasonable 

representative data from the quite variable repatination colours at the resolution range used (300–

600 dpi)” (Bednarik 2009a:60). A larger number of sampled areas may improve the calculation 



 
 

106 

of a mean RGB for each image. Yet it must be affirmed that my research replicating his approach 

demonstrated statistically significant differences between ancient and modern inscriptions at two 

sites. 

However, this method of relative dating seems more subjective than the other methods. 

Bednarik urged me to find homogeneous areas of petroglyphs for analysis (Robert G. Bednarik, 

personal communication 2019). But this method also relies on the researcher to determine 

relative darkness or lightness even after color correction in Photoshop. According to Bednarik, 

In my own work, I am satisfied—if the photograph is of good colour fidelity—to 
simply adjust the R-Y-G chips in the image visually, matching the actual Scale, 
and then checking that the blue has also corrected, or adjusting it too. I have 
checked this simple procedure by comparing the adjusted image with the real 
object and found an excellent correspondence. Naturally, this still relies on my 
vision and could be improved upon, I am perfectly aware of that. Perhaps you can 
work on an improved procedure [Robert G. Bednarik, personal communication 
2019]. 

 
I would recommend taking at least 10 samples from a range of different hues and locations 

on each petroglyph to get a fuller representation of varnish formation and color. Obviously, one 

major flaw in this method is that not all areas of a petroglyph form varnish at the same rate. 

Color differences are readily evident to the naked eye, especially on petroglyphs that are not 

completely and fully pecked into the rock. 

Bednarik did not explain why he selected just three areas in each petroglyph for analysis. 

Perhaps it was because this was a preliminary experimental approach. My research would 

suggest that more areas need to be included to increase the data set, but a challenge with this 

process is how much time is needed to collect and process data. Photoshop color correction and 

pixel analysis were the most time consuming of all the techniques in this research study. Thus, 

increasing the number of sampled sites within each image would add considerably to the time 

needed for processing. Perhaps Adobe Lightroom is a better software program for doing the 
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color correction. Reijs used PaintShop Pro for color correction and reported that it is more 

versatile than Photoshop (Victor Reijs, personal communication 2020). This is another area 

where more comparative research is needed on using varnish as a dating technique. 

My research suggests that analysis of the RGB means on a large number of petroglyphs 

may be an effective method for relative dating of inscriptions. If other methods of relative dating 

can be found, as both Brazeau (2007) and Wright (2011) were able to do with the stylistic 

seriation of rock motifs, RGB analysis may be an effective method for future analysis. Moreover, 

RGB analysis might be the only method right now that could effectively evaluate varnish in the 

very narrow dated inscriptions that were so common on Tumamoc Hill. This is an interesting 

avenue for future research because the other two methods are unable to evaluate the varnish in 

such narrow declivities. 

There are abiding concerns with the color card and the software program used in the 

analysis. As Echevarria (2009), Mark and Billo (1996), and Reijs (2004) pointed out, the card 

suffers from a glossy coating that reflects sunlight, even in cloudy settings. It also does not 

include enough gray scales for comparison, unlike some other cards, and is rather small in size 

(10 x 4 cm). These flaws affect the ability to correct the petroglyph colors accurately. Glare is a 

significant issue, especially out in the field, and this flaw contributed to the challenges with color 

correcting digital photographs to the same colors in every photograph. Colorimetry research 

(Mark and Billo 1996; Reijs 2004; Ruiz and Pereira 2014) suggests that several gray scales are 

important to color correction. The small size of the card also contributes to a lack of precision, 

whereas a larger card would provide a substantial template on which to make the color 

corrections in any software program. When challenged about these deficiencies, Bednarik 

(2009b) tried to address some of these concerns but did not acknowledge or dismissed the major 
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concerns with the card’s flaws. Photoshop may also not be the best software program for doing 

this analysis. The use of a different color card and the use of another software program, like 

Lightroom, are two additional potential avenues of research that should be exploited in the 

future. 

During the course of my research, I had the opportunity to record two images twice at the 

same site under very different conditions—a clear, sunny day and a cloudy, rainy day. On the 

cloudy day, the photographs could not be color corrected because of the washed-out appearance 

of the IFRAO scale in the images. Despite several attempts to reposition the card and my camera 

angle, I could not obtain usable photographs that could be analyzed in Photoshop for RGB values 

(Figure 21). 

 

Figure 21. Ancient petroglyph with washed-out IFRAO card, Painted Rock Petroglyph Site. 
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In other instances, when I included the DGK color card in my photographs, I could see a 

notable difference in the clarity of the color swatches on each card, as shown in Figure 22. 

 

Figure 22. Ancient petroglyphs with both IFRAO and DGK color cards, Cocoraque Butte. 

Researchers at the Shumla Archaeological Research and Education Center are using the X-

Rite ColorChecker Passport card instead of the IFRAO scale. Jerod Roberts (personal 

communication 2020) said that this color scale provides several advantages over the IFRAO 

scale: 

1. It allows for automated color calibration through Adobe Lightroom instead of the 

multistep process in Photoshop that I went through to color correct my photographs. 
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2. IFRAO scales typically fade quickly, rendering them useless except as measurement 

scales. The X-Rite scale comes in a case that protects the card from dust and dirt, 

factors which contribute to false color values on the IFRAO card. 

3. The color science behind the color patches is consistently checked, as X-Rite provides 

professional, photography-standard calibration equipment. 

4. The color patches are matte instead of glossy like the IFRAO card, and this cuts down 

on reflection glare. 

5. There is a white balance card on the reverse side of the X-Rite card, and it contains an 

18% gray balance card as well. 

6. An exposure scale is built in and works quite well. 

7. It is easier to attach to a selfie stick with camera adapters for tall or hard-to-reach 

places where petroglyphs might be located. 

In sum, while RGB means may be an effective method for assessing the antiquity of rock 

engravings, there is a need to use more recent color scales in petroglyph and pictograph 

photography. The IFRAO card, developed nearly 30 years ago, no longer meets the needs or 

requirements for modern digital photography and color-correction software programs 

(Echevarria 2009; Ruiz and Pereira 2014). I would suggest that it is critical to use a color card 

like the X-Rite ColorChecker passport card or the DGK color card for color correction that is 

more likely to be accurate and consistent across sites and times of day. These cards are larger in 

size (18 x 12 cm), have a matte finish, and include a number of color tiles, including gray scales, 

for color correction (see Figure 22). The IFRAO card, while in wide use, is unsuitable in many 

situations and should be replaced. As suggested by researchers at Shumla, Lightroom may be a 

better software program than Photoshop for performing color correction, but I do not know of 
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any studies that have evaluated the differences between the two software applications. Making 

these changes may result in even better results using RGB means for relative dating of modern 

and ancient petroglyphs. 

Light Meter Reflectance Values 

My research attempted to replicate the methods of measuring ambient and reflected light 

that were pioneered by Whitley (1982), Brazeau (2007), and Wright (2011). As explained earlier, 

I took five ambient light readings and 10 reflected light readings on each petroglyph to arrive at 

one reflectance ratio (R) value. Figure 23 shows the Sekonic light meter I used with one of the 

challenging dated inscriptions that posed problems for the light meter. There are parts of this 

inscription that simply cannot be evaluated by the light meter because the abrading is so light. 

Although we can detect that the date is 1972, only the first two numbers are wide enough for 

analysis, and those only in a few spots. 

One of the challenges with this method is that the viewfinder needs approximately 10 mm 

of surface area in order to analyze only the reflected light from the groove in the petroglyph and 

in order to avoid recording the surrounding rock varnish. In comparison to the 

spectrophotometer, which needs only 6 mm of surface area, this limited the number and type of 

petroglyphs that could be analyzed. This was particularly true on Tumamoc Hill, where many 

inscriptions are too narrowly incised to analyze with the tools I possessed (Figure 24 and Figure 

25). 
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Figure 23. Sekonic DigitalMaster light meter with a dated inscription,  

Cocoraque Butte. 

 

Figure 24. Lightly incised soldier’s signature too narrow to analyze,  
Tumamoc Hill. 
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Figure 25. Incised inscription too narrow to analyze, Independence Point. 

As data analysis in the previous chapter showed, many times the correlation and regression 

relationships were absent or the inverse of what we might expect. While it still may be true that 

the darker a petroglyph, the older it is, we have not been able to substantiate this during the 

current study with the light meter except at Painted Rock Petroglyph Site, where the reflectance 

medians were significantly different between the two groups of petroglyphs. 

As the data analysis in Chapter 4 revealed, the difference in reflectance values between 

dated and undated inscriptions on images at Cocoraque Butte was not significant—either in the t-

tests or in the Mann-Whitney tests. There were significant differences between the means of 

these two types of inscriptions for the RGB means and L* values, with the spectrophotometer 
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providing a higher level of significant difference between the two. However, at Tumamoc Hill, 

none of the three methods showed any significant differences between the dated and undated 

means. 

Both Brazeau (2007) and Wright (2011) found that when groups of images were analyzed 

for varnish differences with a light meter, older petroglyphs were darker than more recent 

images. My research validates this finding. The Mann-Whitney tests in particular were effective 

at showing that the medians were statistically significant for all three methods but not at all three 

sites. As Wright (2011:301) pointed out in his research at South Mountain, “Such studies may 

not reveal patterns on a case-by-case basis; rather, patterns should be explored through larger 

datasets.” Like my study, Wright (2011) found that a number of cases deviate from the patterns 

of darkness or lightness based on antiquity. Perhaps there will always be some outliers. In 

addition, varnish thickness “may not be great enough to produce color differentials observable to 

the eye” (Wright 2011:142). 

Again, it is important to emphasize that the rates of varnish formation are unknown and 

may be influenced by a number of factors—humidity, temperature, elevation, inclination on the 

rock, and aspect among the most important. Even individual rocks at a site may confound our 

analysis. For instance, even though all rocks are of a granodiorite composition, each individual 

boulder may be different enough to lend differences to varnish formation at different points on 

the rock (e.g., sun, shade, vertical, hortizontal, aspect). 

Finally, any technologies used to assess rock varnish will need to increase in sensitivity. It 

would be ideal to be able to measure the varnish in very narrow but deep inscriptions, but so far 

no such tool exists. 
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Spectrophotometer Readings 

Unlike the previously discussed RGB means from digital photographs or reflectance values 

generated from the use of advanced light meters, no one else (that I am aware of) has used a 

spectrophotometer in research on petroglyphs. The use of this technology has been usually 

confined to industrial manufacturing settings, but its ability to measure color based on the four-

color opponencies model and along the full visible light spectrum makes it an attractive tool for 

use in archaeology. 

Of the three methods, I found the spectrophotometer to be the easiest to use in terms of its 

ability to evaluate the varnish on petroglyphs. The HunterLab MiniScan EZ 4500S has a small 

opening, and because a light source is generated within the instrument, the readings are 

apparently not affected by ambient light. If the instrument is held steady, it also seems unaffected 

by the uneven rock surface. These assumptions, though, need to be further tested because use of 

a spectrophotometer on petroglyphs is a new approach with an instrument that is generally 

designed for conditions that are consistent and controlled. 

I took five readings per image, and that seems adequate, but increasing the number of 

readings would provide a larger sample for calculating a mean and improving the accuracy of the 

readings. However, the instrument’s measurements were no more accurate or consistent with the 

other methods I employed except at Cocoraque Butte, as shown by the data analysis in Chapter 

4. At Painted Rock Petroglyph Site, both RGB and reflectance (R) means for dated and undated 

petroglyphs showed significant differences. Why the spectrophotometer readings were less 

significant is a mystery. It would be useful to remeasure the same inscriptions again and see if 

similar or different measures are collected with this instrument. 
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Like the light meter, using this instrument on narrowly incised inscriptions was 

challenging and in many cases just not possible, limiting my sample size (see Figure 26). I am 

convinced, though, that this instrument shows promise, and I would continue to use it for 

analysis of rock varnish at other sites. 

 

Figure 26. Narrow dated inscription, Cocoraque Butte. 

Future Directions 

My research efforts suggest several possibilities for future avenues of research. First, I 

would recommend an experimental approach using three different color cards for color 

correction of digital photographs: the IFRAO card, the DGK color card, and the X-Rite 

ColorChecker Passport. The three methods could be compared for consistency of results for 
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evaluating the color of varnish on both dated and more ancient inscriptions. Both the DGK color 

card and the X-Rite ColorChecker Passport are used throughout the world by professional 

photographers, robotic vision systems, forensic photographers, underwater videographers, and 

medical systems, including Adobe Photoshop instructors (DGK Color Tools 2013). For instance, 

the DGK color card “consists of one or a series of spectrally neutral colors, skin colors, primary 

colors and process colors. As a result, the light reflected from the cards is a true and accurate 

representation of the physical qualities of the light illuminating the card” (DGK Color Tools 

2013). 

Of course, I am aware that a large constituency of petroglyph and pictograph researchers 

are invested in the IFRAO color card because they have used it for years, but my research and 

that of others shows many limitations for this reference standard (Mark and Billo 1996; Reijs 

2004; Ruiz and Pereira 2014). It may be that the IFRAO color card is outdated, and it is time for 

a new standard to be used. Research on this could tell us whether a new approach is warranted. 

A second recommendation is the use of different software for the color correction of digital 

photographs. Reijs (2004) not only recommended using the DGK color card but also suggested 

PaintShop Pro for the color-correction process. I have not used this program, but it may offer 

promise in analyzing varnish formation on both dated and undated petroglyphs. The Shumla 

Archaeological Research and Education Center uses a different color card for calibration, as 

mentioned above, but they also use Adobe Lightroom for color correction. Future research 

efforts might focus on a comparison of these methods for consistency and precision. This avenue 

of research might compare the three software programs’ consistency and ease of use for 

analyzing varnish on both dated and undated inscriptions. This would be another valuable area 

for future research that could advance the study of petroglyphs. 
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A third recommendation is that advanced light meters like the one I used in this research 

should continue to be used in petroglyph varnish research. It is a simple method that is 

inexpensive and adaptable to many field conditions. As my research showed, this technology has 

now been used in four studies (Brazeau, Whitley, Wright, and Astroth) and has shown an ability 

to discern statistically significant differences in varnish color between ancient and modern 

inscriptions. 

A fourth recommendation involves exploiting the options included in modern 

spectrophotometers. One feature of the HunterLab spectrophotometer that I found out about too 

late to include in this study is a Y value that the instrument can collect if set up ahead of time. 

The Y value is actually a luminosity value, or an overall percentage of reflectance that the 

instrument measures, and it might correlate better with the R values or even the luminosity 

readings provided in RGB pixel analysis in Photoshop. However, because the Y value is a 

calculated version of the L* value, there may not be much difference in the end result. The 

spectrophotometer has many settings that are just beginning to be understood outside of 

industrial uses, such as application in rock imagery analysis. This is an area still ripe for 

exploration. 

In the future, hopefully technology will advance and make more sophisticated analysis of 

the varnish on both dated and undated inscriptions possible. Instruments that can analyze very 

narrow grooves on dated inscriptions are especially needed. 

Ms. Vayada and the statisticians with whom I consulted all said that the best way to get 

more accurate readings using the spectrophotometer would be to pound a small hole in the rocks 

near the petroglyphs being studied to get a base-level comparison of what color the parent rock 

would have registered when the original engravers made their petroglyphs. This method of 
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destructive analysis, of course, is controversial, and I am doubtful that any of the land managers 

who participated in my study would allow such destructive analysis, but it certainly suggests an 

avenue for developing a more accurate relative dating chronology. 

Finally, a fifth area of potential research that has not been explored, to my knowledge, is 

the analysis of varnish on petroglyphs based on aspect and whether they are horizontal, vertical, 

or in an overhang. I noticed in my research that often horizontal inscriptions seemed to be more 

heavily varnished than those on vertical rocks (see the ancient readings in Appendix B for an 

example). Do images in overhangs, shielded from direct sun and rain, develop a varnish at a 

different rate than those in more exposed locations? We don’t know. 

Aspect, or compass orientation, may be another factor that accounts for differences in 

varnish formation. I did not have enough images in the four quadrants of the compass, but a 

future study could easily collect varnish reflectance readings by one or more of the methods I 

used on multiple images in four different compass quadrants: 0–89°, 90–179°, 180–269°, and 

270–360°. This would be a very interesting research study that could inform the field. 

My research to explore methods for relative dating of petroglyphs was unable to develop a 

detailed chronological sequence of petroglyphs based on varnish formation on either dated or 

precolumbian petroglyphs. Obviously, it is easy to develop a chronology of dated petroglyphs 

simply by using dates or other chronological clues (e.g., name of the inscriber, horses, guns, 

bows and arrows, cattle brands) to know the relative time frame for when these were created and 

often who created them. Varnish darkness does not appear to be that useful for these kinds of 

images with a short temporal time frame. 

Establishing a deeper chronology for more ancient petroglyphs based on varnish darkness 

is possible, as shown by Wright (2011) and this study. We can use varnish darkness to say that 
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“this is darker than that,” so we have a general notion of age, but not specific calendrical dates or 

a deep chronology. Still, as Wright (2011) has shown, we might be able to seriate various motifs 

at the same site based on varnish color, but how varnish accumulation is impacted by aspect or 

orientation on a rock has yet to be determined. There is still much to learn. 

Petroglyph Research in Narrative History 

In the beginning of this thesis, I presented some discussion around Lekson’s notion that 

chronology coupled with narrative history leads to explanatory theory. Thus, narrative is central 

to good anthropology and thus also good archaeology. “A narrative is a chronological story of 

events linked causally” (Lekson 2018:181). Compelling archaeology tells us a story of 

humankind. Archaeology needs those stories. As Turner (1996:106) observed: “The necessary 

work of science produces information, but what we need are stories, stories that produce lore.” 

Why is chronology important? Chronology is what provides context for our narrative of 

the past. Chronology, then, is critical for four reasons. 

Residency. The ability to develop a chronology of the past can help establish Indigenous 

claims of prior habitation and their presence on vast landscapes that are much larger than current 

reservation boundaries. In addition, such information can serve to support Native peoples’ 

understanding of their own past and help establish broader claims to the landscape beyond 

artificial reservation boundaries and counter the dispossession experienced since European 

colonization. Proof of presence can counter European claims that Native people were not making 

effective use of natural resources and therefore have forfeited any claim to ownership. 

Antiquity. The ability to develop a chronology, through rock imagery styles and common 

motifs in petroglyphs and pictographs, can help establish the age and sequence of cultural groups 

(Whitley 2018). Such information can counter claims that Indigenous people are relatively recent 
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nomadic arrivals in the Americas whose connections to the land were ephemeral and currently 

unsupportable. For example, recent revelations about the antiquity of petroglyphs on a lake shore 

in the Winnemucca basin in Nevada pushed back our knowledge of how long people have been 

in the Americas (Benson et al. 2013). 

Descendant communities. Chronology is also helpful to Indigenous groups who need to 

demonstrate that they are descendant communities for repatriation of human remains, objects of 

cultural patrimony, funerary objects, and other cultural artifacts. Petroglyph and pictograph sites 

can also provide evidence for extensive migration routes, long-distance dynamics, cultural 

interaction, and movement patterns. 

Sequencing. Understanding the sequence of migration and habitation patterns contributes 

to our understanding of the Indigenous settlement and antiquity of the Americas. As Lekson 

(2018:100) pointed out: “Our views on what Indians could do or could not do were shaped by a 

century of bias. These people got around a whole lot more than we’d (like to) think.” 

Chronology, then, can help contribute to narrative history and hence aid in the 

development of explanatory theory, as Lekson points out. Loendorf’s research (1990, 2014) 

demonstrated the value of rock image research in southwest Montana for understanding the 

prehistory of Plains people. Shield-warrior figures were most likely placed on the sandstone 

cliffs by Athabaskan people rather than Shoshone people based on his research, although it must 

be acknowledged that the jury is still out on this conclusion. 

All this suggests that petroglyphs should not remain outside the narrative of which Lekson 

speaks or remain unable to inform us about human behavior, ideology, epistemology, and other 

aspects of the human experience in ancient times. Loendorf (1990, 2014) has shown that rock 

imagery can contribute to such a narrative. For instance, analysis of pictograph motifs and their 
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associated artifacts has informed our understanding of diffusion, migration, and habitation 

patterns on the northern Plains in Wyoming and Montana. My own volunteer work with 

Loendorf in the summer of 2019 on the Middle Fork of the Powder River discovered two 

Fremont images near Kaycee, Wyoming. These petroglyphs are the easternmost evidence of 

Fremont influence. Loendorf’s work shows that it is possible to “expand the inventory of cultural 

manifestations beyond a handful of chipped stone arrowheads, a few broken bones, and some 

scattered charcoal” (Loendorf 1990:52). 

The quest to be able to date petroglyphs continues. While we will continue to rely on other 

material evidence of past lifeways to inform our understanding of how people lived in the past, 

petroglyphs and pictographs can add to and be part of that knowledge. It might take a while 

longer to develop reliable methods for dating petroglyphs, but eventually we will get there. In the 

meantime, dismissing rock imagery as inscrutable or simply “doodling” only serves “to 

normalize and erase Indigenous genocide and colonization, hiding a shameful history underneath 

a wide-brimmed hat” (Segerstrom 2020:10). Developing methods for reliably dating rock 

imagery can advance our efforts to construct archaeological narratives that honor, validate, and 

respect Indigenous history as important as any other. 
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APPENDIX A 

 

PETROGLYPH REFLECTANCE DOCUMENTATION FORM 
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Petroglyph Reflectance Documentation Form (PRDF) 
 
AZSITE #_____________  Land Ownership:____________________________ 
 
Location Description and Previous Feature ID Number (if applicable): 
 
Presumed Age of Panel: Modern______ Historic_______ Protohistoric_____ 
    Prehistoric________  Unknown__________ 
 
Site Name______________________ Date______________  Time_____________ 
Weather____________________________ Temperature____________Shaded or Full Sun? 
 
Panel Location: Cliff Face:________ Boulder:________ Flat Outcrop_________ 
Other: (explain) 
 
Inclination:  Horizontal_________ Vertical___________ Overhead_______
 Sloping__________ 
 
GPS Datum Fomat: NAD 83 + GLONASS 
Zone: Easting:______________   Northing:__________________ 
Aspect/Facing: (compass reading degrees from north)______________    
Dimensions: (cm) X (cm)_______________________________________________ 
 
Illuminance Readings (foot-candles [fc]) (ambient light)  
_________ ________ _______ ________ _______________  
 
Luminance Readings (footlamberts [fL]) (reflected light) 
________ _________ __________ __________ _____________ 
 
_______ _________ _________ __________ _____________ 
 
Execution Technique (stipple pecked, solid pecked, abraded, incised/etched, scratched, drilled) 
 
Execution Intensity (light, medium, heavy)         
Superimpositioning?  Yes No     Short Description and sketch: 
 
Photo Image #s: 
 
Other Information: Use back if necessary 
 

 
 
 

KA/01-21-2020 (rev) 
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Photographic Documentation (Postfield Analysis in Photoshop) 
 

RGB Values 
 

 Mean STD Median Red Green Blue  Luminosity 
Location 1        
        
Location 2        
        
Location 3        
        
Composite 
Mean 

       

 
2019 Canon SX 60S HD 
 
 
 
Spectrophotometer Readings:  Reading #_____________ 
HunterLab MiniScan EZ 4500S 
 
Average of 5 Readings: 
 
L*______________ 
 
a*______________ 
 
b*______________ 
 
Standard Deviation: 
 
L*______________ 
 
a*______________ 
 
b*______________ 
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APPENDIX B 

 

COCORAQUE BUTTE RAW DATA 
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Cocoraque 
Butte 
Petroglyph 
Site               

Identifier 
Land 
Ownership 

Site 
Name Panel Age Date Time Weather Temp 

Panel 
Location Aspect Dimensions Execution Intensity 

Shaded 
or Full 
Sun? Inclination 

CB-A-10-
1 BLM 

The 
Knoll 

Modern—
1885 IS 10/25/19 10:30 

sunny, 
windy 73 Boulder 

30 
degrees 30 X 30 cm pecked Heavy Shaded Vertical 

None BLM 
The 
Knoll Ancient 10/25/19 12:00 

sunny, 
windy 73 Boulder 

158 
degrees 34 X 27 cm pecked Heavy Full Sun Vertical 

CB-A-16-
1 BLM 

The 
Knoll 

Modern—
1921 10/25/19 11:45 

sunny, 
windy 73 Boulder 

41 
degrees 15 X 31 cm pecked Heavy 

Partial 
sun so 
shaded 
for 
recording Flat Top 

CB-A-K-
14-1 BLM 

The 
Knoll 

Modern—
1933 10/25/19 

1:20 
PM 

sunny, 
windy 78 Boulder 

88 
degrees 10 X 19 cm pecked Medium Shaded Vertical 

None BLM 
The 
Knoll ancient 10/25/19 

1:10 
PM 

sunny, 
windy 78 Boulder Due north 26 X 28 cm pecked Medium Shaded Vertical 

CB-A-K-
105-1 BLM 

The 
Knoll 

Modern—
2015 10/25/19 12:55 

sunny, 
windy 78 Boulder 

320 
degrees 20 X 10 cm pecked Light Shaded Vertical 

CB-A-59-
2 BLM 

The 
Knoll 

Modern—
1972 10/25/19 12:40 

sunny, 
windy 75 Boulder Flat top 12 X 27 cm pecked Light Full sun Flat top 

CB-A-12-
1 BLM 

The 
Knoll 

Modern—
1981 10/25/19 12:15 

sunny, 
windy 73 Boulder 1 degree 43 X 28 cm pecked Medium Full sun Vertical 

None BLM 
The 
Knoll Ancient 10/25/19 1:45 

Sunny, 
windy 78 Boulder 

230 
degrees 24 X 18 cm pecked Heavy 

Partial 
sun  Vertical 

CB-A-K-
88-1 BLM 

The 
Knoll 

Modern—
ano de 
1883 11/8/19 

1:10 
PM 

partly 
cloudy 78 Boulder 

85 
degrees 32 X 24 cm pecked light Shaded Vertical 

None BLM 
the 
Knoll ancient 11/8/19 

1:15 
PM 

partly 
cloudy 78 Boulder 

85 
degrees 10 X 10 cm pecked medium Shaded Vertical 
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None BLM 
The 
Knoll Ancient 11/8/19 12:20 

partly 
cloudy 78 Boulder 

115 
degrees 19 X 31 cm pecked heavy Shaded Vertical 

None BLM 
The 
Knoll Ancient 11/8/19 12:20 

partly 
cloudy 78 Boulder 

115 
degrees 29 X 18 cm pecked heavy Shaded Vertical 

None BLM 
The 
Knoll Ancient 11/8/19 12:20 

partly 
cloudy 78 Boulder 

115 
degrees 12 X 16 cm pecked heavy Shaded Vertical 

None BLM 
The 
Knoll 

Modern—
59 L.O. 11/8/19 12:10 

partly 
cloudy 78 Boulder 

143 
degrees 18 X 18 cm pecked heavy Shaded Vertical 

CB-A-
264-1 BLM 

The 
Knoll 

Modern—
Joe 59 11/8/19 12:00 

partly 
cloudy 78 Boulder 

142 
degrees 36 X 32 cm pecked heavy Shaded Vertical 

None BLM 
The 
Knoll Ancient 11/8/19 11:00 

partly 
cloudy 77 Boulder 

110 
degrees 77 X 62 cm pecked medium Shaded Vertical 

None BLM 
Locus 
G Ancient 11/8/19 10:50 

partly 
cloudy 75 Boulder 

185 
degrees 10 X 22 cm pecked heavy Shaded Vertical 

None BLM 
Locus 
G Ancient 11/8/19 10:40 

partly 
cloudy 75 Boulder 

180 
degrees 27 X 21 cm pecked heavy shaded 

Vertical—
overhang 

None BLM 
Locus 
G Ancient 11/8/19 10:25 

partly 
cloudy 75 Boulder 

125 
degrees 32 X 60 cm pecked heavy shaded Vertical 

CB-G-
038-1 BLM 

Locus 
G 

Modern—
AW 11/8/19 10:15 

partly 
cloudy 75 Boulder 

280 
degrees 22 X 15 cm pecked medium shaded Vertical 

CB-E-
021-1 BLM 

Locus 
E 

Modern—
Oct 1925 11/8/19 9:45 

partly 
cloudy 70 Boulder 

42 
degrees 55 X 68 cm pecked heavy full Sun Vertical 

CB-E-
020-1 BLM 

Locus 
E 

Modern—
1947 
PVM 11/8/19 

9:30 
AM 

partly 
cloudy 70 Boulder 

33 
degrees 29 X 25 cm pecked medium 

partially 
shaded Vertical 

None BLM 
The 
Knoll Ancient? 11/8/19 

1:15 
AM 

partly 
cloudy 78 Boulder 

85 
degrees 10 X 10 cm pecked medium full sun vertical 

None BLM 
Locus 
G Ancient 11/9/19 10:50 

sunny, 
windy 75 Boulder 

177 
degrees 30 X 42 cm pecked medium full sun Vertical 

None BLM 
Locus 
G Ancient 11/9/19 10:50 

sunny, 
windy 75 Boulder 

177 
degrees 30 X42 cm pecked medium full sun Vertical 
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CR-009-
113-1 Arvizu Ranch 

Modern—
Ano de 
1885 11/14/19 9:50 

clear, 
sunny 68 Boulder 

310 
degrees 53 X 27 cm pecked light shaded vertical 

CR005-
038-1 Arvizu Ranch 

Modern—
MB 1926 11/14/19 9:25 

clear, 
sunny 67 Boulder 

291 
degrees 14 X 25 cm incised light shaded vertical 

CR-010-
067-1 Arvizu Ranch 

Modern—
WK 
Rudolfo 
1932 11/14/19 10:15 

clear, 
sunny 70 Boulder due north 35 X 38 cm incised medium full sun vertical 

CR-013-
008-1 Arvizu Ranch 

Modern—
RG 1936 11/14/19 10:40 

clear, 
sunny 69 Boulder 

235 
degrees 24 X 14 cm incised light shaded vertical 

CR-010-
033-1 Arvizu Ranch 

Modern—
1931 11/14/19 11:15 

clear, 
sunny 75 Boulder horizontal 16 X 10 cm incised medium full sun horizontal 

CR-010-
067-1 Arvizu Ranch 

Modern—
1931 11/14/19 12:30 

clear, 
sunny 75 Boulder horizontal 25 X 21 cm incised medium full sun horizontal 

CR-013-
008-1 Arvizu Ranch 

Modern—
1936 11/14/19 12:30 

clear, 
sunny 73 Boulder horizontal 40 X 30 cm incised medium full sun horizontal 

CR-013-
008-1 Arvizu Ranch 

Modern—
1936 11/14/19 12:30 

clear, 
sunny 73 Boulder horizontal 20 X 15 cm incised medium shaded horizontal 

CR-010-
040-1 Arvizu Ranch 

Modern—
1912 11/14/19 11:00 

clear, 
sunny 74 Boulder 

235 
degrees 89 X 20 cm pecked heavy shaded vertical 

None Arvizu Ranch Labyrinth 

12/6/19 
and 
11/14/2019 11:45 

clear, 
sunny 77 Boulder 

257 
degrees 55 X 58 cm pecked medium shaded vertical 

None Arvizu Ranch 
Sun 
Image 11/14/19 9:25 

clear, 
sunny 67 Boulder 

294 
degrees 12 X 16 cm pecked heavy shaded vertical 

None Arvizu Ranch Footprint 11/14/19 12:45 
clear, 
sunny 78 Boulder horizontal 26 X 15 cm pecked heavy full sun horizontal 

None Arvizu Ranch Bug 11/14/19 12:45 
clear, 
sunny 78 Boulder horizontal 20 X 19 cm pecked heavy full sun horizontal 

None Arvizu Ranch Trilobite 

12/6/19 
and 
11/14/2019 10:40 

clear, 
sunny 69 Boulder 

233 
degrees 22 X 17 cm pecked heavy full sun vertical 
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None Arvizu Ranch 
Linear 
figure 11/14/19 9:55 

clear, 
sunny 68 boulder 

188 
degrees 62 X 17 cm pecked medium full sun vertical 

None Arvizu Ranch 

Double 
spike 
figure 11/14/19 9:55 

clear, 
sunny 68 boulder 

198 
degrees 35 X 26 cm pecked medium full sun vertical 

None Arvizu Ranch Critter 11/14/19 10:20 
clear, 
sunny 69 boulder 

157 
degrees 13 X 16 cm pecked medium full sun vertical 

None Arvizu Ranch 
Abstract 
design 11/14/19 11:00 

clear, 
sunny 74 boulder 

235 
degrees 105 X 102 pecked heavy shaded vertical 

CR-014-
024-1 Arvizu Ranch 

Modern 
CR 23 12/6/19 12:45 cloudy 66 boulder 

358 
degrees 57 X 40 cm pecked medium full sun vertical 

None Arvizu Ranch 
Abstract 
image 

12/6/2019 
and 
11/14/19 12:15 

clear, 
sunny 77 boulder 

214 
degrees 78 X 28 cm pecked heavy full sun vertical 

CR-014-
008-1 Arvizu Ranch 1914 12/6/19 12:30 

overcast, 
cloudy 66 boulder 

330 
degrees 21 X 15 cm pecked light full sun vertical 

None Arvizu Ranch brand? J 12/6/19 11:55 
partly 
cloudy 66 boulder horizontal 14 X 19 cm pecked heavy full sun horizontal 

CR-010-
067-1 Arvizu Ranch 

W.K. 
1932? 1/29/20 10:53 

sunny, 
clear, 
slight 
breeze 57 boulder horizontal 36 X 17 cm 

pecked 
and 
incised heavy full sun horizontal 

CR-010-
067-01 Arvizu Ranch 

Roben G. 
1936 1/29/20 10:53 

sunny, 
clear, 
slight 
breeze 57 boulder horizontal 34 X 12 cm 

solid 
pecked medium full sun horizontal 

CR-
0110029-1 Arvizu Ranch 

Church 
with star 1/29/20 10:55 

sunny, 
clear, 
slight 
breeze 57 boulder horizontal 32 X 13 cm 

solid 
pecked medium full sun horizontal 

CR-011-
028-1 Arvizu Ranch 

R.G. with 
star 1/29/20 10:55 

sunny, 
clear, 57 boulder horizontal 30 X 16 cm 

solid 
pecked medium  horizontal 
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slight 
breeze 
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APPENDIX C 

TUMAMOC HILL RAW DATA 
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Tumamoc Hill            

Identifier 
Land 
Ownership Panel Age Date Time Weather Temp 

Panel 
Location Aspect Dimensions Execution Intensity 

Shaded or 
Full Sun? Inclination 

TUM17 AZ 1939 2/7/20 3:00 
sunny, 
clear 

68 
degrees boulder 57 degrees 34 X 55 cm pecked medium shaded  vertical 

TUM423 AZ 1939 2/7/20 2:45 
sunny, 
clear 

70 
degrees boulder 0 degrees 37 X 15 cm pecked medium shaded  vertical 

TUM518 AZ 1905 2/7/20 12:50 
sunny, 
clear 

64 
degrees boulder horizontal 76 X 35 cm pecked medium full sun horizontal 

TUM4410 AZ 1891 2/7/20 1:45 
sunny, 
clear 

64 
degrees boulder 

140 
degrees 83 X 58 cm 

stipple, 
scratched medium full sun vertical 

TUM416 AZ 1992 2/12/20 11:20 
sunny, 
clear 

55 
degrees boulder 88 degrees 30 X 20 cm incised medium full sun vertical 

TUM415 AZ 1992 2/12/20 11:40 
sunny, 
clear 

57 
degrees boulder 67 degrees 33 X 33 cm 

solid 
pecked medium full sun vertical 

TUM418 AZ 1896 2/12/20 11:00 
sunny, 
clear 

55 
degrees boulder 28 degrees 40 X 14 cm incised medium shaded vertical 

TUM458 AZ 1891 2/12/20 12:00 
sunny, 
clear 

57 
degrees boulder horizontal 29 X 37 cm 

solid 
pecked light full sun horizontal 

Ancient AZ sunburst 2/12/20 12:10 
sunny, 
clear 

57 
degrees boulder 

143 
degrees 27 X 23 cm 

solid 
pecked heavy full sun vertical 

Ancient AZ deer 2/12/20 1:15 
sunny, 
clear 

59 
degrees boulder 

153 
degrees 13 X 17 cm 

solid 
pecked heavy full sun vertical 

Ancient AZ squares 2/12/20 9:45 
sunny, 
clear 

50 
degrees boulder 84 degrees 44 X 26 cm 

solid 
pecked medium full sun vertical 

TUM594 AZ antelope 3/9/20 12:30 
sunny, 
clear 

73 
degrees boulder 

210 
degrees 17 X 18 cm 

solid 
pecked heavy full sun vertical 

TUM590 AZ 
crowned 
sun 3/9/20 12:50 

sunny, 
clear 

73 
degrees boulder 90 degrees 22 X23 cm 

solid 
pecked heavy full sun vertical 

TUM512 AZ anthro 3/9/20 1:25 
sunny, 
clear 

75 
degrees boulder 81 13 X 19 cm 

solid 
pecked heavy full sun vertical 

Ancient AZ 
bow & 
Arrow 3/9/20 2:15 

sunny, 
hazy 

75 
degrees boulder 177 26 X 16 cm 

solid 
pecked heavy full sun vertical 

Ancient AZ sunburst 3/9/20 2:20 
sunny, 
hazy 

75 
degrees boulder 131 10 X 10 cm 

solid 
pecked heavy full sun vertical 

Ancient AZ big Anthro 3/9/20 2:30 
sunny, 
hazy 

77 
degrees boulder horizontal 39 X 22 cm 

solid 
pecked heavy full sun horizontal 

Ancient AZ 

large 
concentric 
circles 3/9/20 2:40 

sunny, 
hazy 

77 
degrees boulder horizontal 26 X 26 cm 

solid 
pecked heavy full sun horizontal 
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Ancient AZ squares 3/9/20 2:50 
sunny, 
hazy 

79 
degrees boulder 168 36 X 27 cm 

solid 
pecked heavy full sun vertical 
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APPENDIX D 

PAINTED ROCK PETROGLYPH SITE RAW DATA 
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Painted Rock 
Petroglyph Site              

Identifier 
Land 
Ownership 

Site 
Name Date Date Time Weather Temp 

Panel 
Location Aspect Dimensions Execution Intensity 

Shaded 
or Full 
Sun? Inclination 

Boulder 

37B BLM 

Painted 

Rock 1879 2/13/20 3:15 

sunny, 

clear 

68 

degrees boulder 

92 

degrees 30 X 19 cm 

solid 

pecked heavy shaded vertical 

Boulder 

37A BLM 

Painted 

Rock 1907 2/13/20 3:15 

sunny, 

clear 

68 

degrees boulder 

92 

degrees 44 X 11 cm 

solid 

pecked heavy shaded vertical 

Boulder 1 BLM 

Painted 

Rock 1908 2/12/20 11:40 

sunny, 

clear 

61 

degrees boulder 

47 

degrees 71 X 39 cm 

solid 

pecked heavy full sun vertical 

Boulder 

62B BLM 

Painted 

Rock 1912 2/13/20 12:20 

sunny, 

clear 

61 

degrees boulder horizontal 22 X 11 cm 

solid 

pecked heavy full sun horizontal 

Boulder 54 BLM 

Painted 

Rock 1915 2/13/20 1:30 

sunny, 

clear 

64 

degrees boulder 

125 

degrees 33 X 32 cm 

solid 

pecked light/med full sun vertical 

Boulder 

62A BLM 

Painted 

Rock 1919 2/13/20 12:15 

sunny, 

clear 

61 

degrees boulder 

188 

degrees 43 X 21 cm 

solid 

pecked heavy full sun vertical 

Boulder 

185 BLM 

Painted 

Rock 1920 2/13/20 2:15 

sunny, 

clear 

66 

degrees boulder 

303 

degrees 68 X 40 cm 

solid 

pecked light  shaded vertical 

Boulder 

801 BLM 

Painted 

Rock 1927 2/13/20 2:30 

sunny, 

clear 

65 

degrees boulder 

170 

degrees 44 X 25 cm 

solid 

pecked heavy shaded vertical 

Boulder 

951 BLM 

Painted 

Rock 1937 2/13/20 10:00 

sunny, 

clear 

57 

degrees boulder 

121 

degrees 43 X 43 cm 

solid 

pecked heavy full sun vertical 

Boulder 

851 BLM 

Painted 

Rock 1954 2/13/20 2:40 

sunny, 

clear 

66 

degrees boulder 

256 

degrees 28 X 23 cm 

solid 

pecked heavy shaded vertical 

Boulder 47 BLM 

 

Painted 

Rock 1957 2/13/20 12:00 

sunny, 

clear 

61 

degrees boulder 

107 

degrees 37 X 18 cm 

solid 

pecked heavy full sun vertical 

Boulder 

955 BLM 

Painted 

Rock 1970 2/14/20 10:22 

sunny, 

clear 

61 

degrees boulder 

255 

degrees 45 X 19 cm 

lightly 

pecked light shaded vertical 

Boulder 31 BLM 

Painted 

Rock 1971 2/14/20 9:44 

sunny, 

clear 

55 

degrees boulder 

60 

degrees 39 X 30 cm 

solid 

pecked heavy shaded  vertical 
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Boulder 

103 BLM 

Painted 

Rock 1983 2/14/20 11:00 

sunny, 

clear 

63 

degrees boulder horizontal 25 X 36 cm 

solid 

pecked heavy full sun horizontal 

unknown BLM 

Painted 

Rock 1985 3/11/20 3:50 

cloudy, 

rainy 

66 

degrees boulder vertical 17 X 9 cm 

solid 

pecked med/light cloudy vertical 

Boulder 

37C BLM 

Painted 

Rock 

Ancient 

Anthro 2/13/20 3:25 

sunny, 

clear 

68 

degrees boulder 

92 

degrees 24 X 15 cm 

solid 

pecked heavy shaded vertical 

Boulder 47 BLM 

Painted 

Rock 

Ancient 

Anthro 2/13/20 12:20 

sunny, 

clear 

61 

degrees boulder 

107 

degrees 26 X 19 cm 

solid 

pecked medium full sun vertical 

Ancient-top BLM 

Painted 

Rock 

Ancient 

Mesh 2/13/20 2:55 

sunny, 

clear 

68 

degrees boulder 

185 

degrees 44 X 25 cm 

solid 

pecked heavy full sun vertical 

Ancient BLM 

Painted 

Rocks Anthro 2/13/20 1:50 

sunny, 

clear 

65 

degrees boulder 

166 

degrees 55 X 16 cm 

solid 

pecked heavy full sun vertical 

Historic BLM 

Painted 

Rocks 

Horse & 

Rider 2/14/20 11:10 

sunny, 

clear 

63 

degrees boulder horizontal 22 X 26 cm 

solid 

pecked heavy full sun horizontal 

Ancient BLM 

Painted 

Rocks 

Staff 

image 2/14/20 12:00 

sunny, 

clear 

66 

degrees boulder 

130 

degrees 75 X 26 cm 

solid 

pecked heavy full sun vertical/horizontal 

Ancient BLM 

Painted 

Rocks Turtle? 2/14/20 12:05 

sunny, 

clear 

66 

degrees boulder 

240 

degrees 20 X 20 cm 

solid 

pecked heavy full sun vertical 

Ancient BLM 

Painted 

Rock Abstract 3/11/20 2:30 

cloudy, 

rainy 

66 

degrees boulder 

110 

degrees 40 X 15 cm 

solid 

pecked heavy cloudy vertical 

Ancient BLM 

Painted 

Rock Crane? 3/11/20 2:40 

cloudy, 

rainy 

66 

degrees boulder 

68 

degrees 40 X 43 cm 

solid 

pecked heavy cloudy vertical 

Ancient BLM 

Painted 

Rock 

Sun 

Image-

Overhang 3/11/20 2:55 

cloudy, 

rainy 

66 

degrees boulder 

125 

degrees 28 X 23 cm 

solid 

pecked medium cloudy vertical 

Ancient BLM 

Painted 

Rock Snake 3/11/20 3:15 

cloudy, 

rainy 

66 

degrees boulder 

96 

degrees 32 X 8 cm 

solid 

pecked heavy cloudy vertical 

Ancient BLM 

Painted 

Rock 

Anthro 

w/Whip 3/11/20 3:20 

cloudy, 

rainy 

66 

degrees boulder 

151 

degrees 26 X 25 cm 

solid 

pecked medium/heavy cloudy vertical 

Ancient BLM 

Painted 

Rock Bird? 3/11/20 3:35 

cloudy, 

rainy 

66 

degrees boulder 

155 

degrees 22 X 33 cm 

solid 

pecked heavy cloudy vertical 
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Ancient BLM 

Painted 

Rock Lizard 3/11/20 4:00 

cloudy, 

rainy 

66 

degrees boulder horizontal 18 X 11 cm 

solid 

pecked heavy cloudy horizontal 



 
 

139 

REFERENCES CITED 

Abreu, M. S. De, and Robert G. Bednarik 
2000  Fariseu Rock Art Not Archaeologically Dated. Rock Art Research 17:65–8. 
 

Aitken, M. J., D. W. Zimmerman, and S. J. Fleming 
1968  Thermoluminescent Dating of Ancient Pottery. Nature 219:442–445. 

 
Ballenger, Jesse, Vance Holliday, and Guadalupe Sanchez 

2017  Earliest People in the Southwest. In Oxford Handbook of Southwest Archaeology, 
edited by Barbara Mills and Severin Fowles, pp. 209–230. Oxford University Press, 
Oxford, UK. 

 
Beck, Warren, Douglas J. Donahue, A. J. T. Jull, George Burr, Wallace S. Broecker, G. Bonani, 
I. Hajdas, and Ekkehart Malotki 

1998  Ambiguities in Direct Dating of Rock Surfaces Using Radiocarbon Measurements. 
Science 280:2132–2135. 

 
Bednarik, Robert 

1992  A New Method to Date Petroglyphs. Archaeometry 34(2):279–291. 
 
1993  Geoarchaeological Dating of Petroglyphs at Lake Onega, Russia. Geoarchaeology 

8:443–463. 
 
1994  Introducing the IFRAO Standard Scale. Rock Art Research 11:74–75. 
 
1998  Cosmogenic Radiation Nuclides in Archaeology: A Response to Phillips et al. Antiquity 

72(278):811–815. 
 
2002  The Dating of Rock Art: A Critique. Journal of Archaeological Science, 29:1213–1233. 
 
2007  Rock Art Science: The Scientific Study of Paleoart. Aryan Books International, New 

Delhi, India. 
 
2009a  Experimental Colorimetric Analysis of Petroglyphs. Rock Art Research 26(1):55–64. 

 
2009b Reply to Echevarria. Rock Art Research 26(2):226. 

 
Bednarik, Robert G., and Kulasekaran Seshadri 

1995  Digital Colour Re-Constitution in Rock Art Photography. Rock Art Research 12(1):1–
18. 

 
Belzoni, Giovanni Battista 

1820  Narrative of the Operations and Recent Discoveries within the Pyramids, Temples, 
Tombs and Excavations in Egypt and Nubia, Vol. 1. J. Murray, Farnborough, Gregg 
International, London. 

 
Benson, L. V., E. M. Hattori, J. Southon, and B. Aleck 

2013  Dating North America’s Oldest Petroglyphs, Winnemucca Lake Subbasin, Nevada. 
Journal of Archaeological Science 40:4466–4476. 

 
Beschel, R. E. 

1950  Flechten als Altersmaßstab rezenter Moränen. Zeitschrift für Gletscherkunde und 
Glazialgeologie 1:152–161. 

 
1957  Lichenometrie im Gletschervorfeld. Jahrbuch des Vereins zum Schutze der 

Alpenpflanzen und –tiere 22:164–185. 
 

Bolton, Herbert Eugene (editor) 
1919  Kino’s Historical Memoir of Pimeria Alta: A Contemporary Account of the Beginnings 

of California, Sonora, and Arizona. Arthur Clark Publishing, Cleveland, Ohio. 
 



 
 

140 

Bostwick, Todd W. 
2005  Rock Art Research in the American Southwest. In Discovering North American Rock 

Art, edited by Lawrence L. Loendorf, Christopher Chippindale, and David S. Whitley, pp. 
51–92. University of Arizona Press, Tucson, Arizona. 

 
Brady, Liam M., and Paul S. C. Taçon (editors) 

2016  Relating to Rock Art in the Contemporary World: Navigating Symbolism Meaning, and 
Significance. University Press of Colorado, Boulder, Colorado. 

 
Brazeau, Craig E. 

2007  Chronologically Dating Rock Art Elements and Its Cultural Importance in the Symbolic 
Interpretation of Cultural Identity. Master’s thesis, Department of Anthropology, 
University of Colorado-Denver, Colorado. 

 
Castaneda, Amanda M., Charles W. Koenig, Jerod L. Roberts, Victoria L. Roberts, Jay D. 
Franklin, Carolyn E. Boyd, and Karen L. Steelman 

2019  Portable X-Ray Fluorescence Analysis on Red Linear Style Figures at 41VV1000. 
Bulletin of the Texas Archaeological Society 90:19–34. 

 
Christensen, Don D., Jerry Dickey, and Steven M. Freers 

2013  Rock Art of the Grand Canyon Region. Sunbelt, San Diego, California. 
 
Cole, Sally J. 

2009  Legacy on Stone: Rock Art of the Colorado Plateau and Four Corners Region. Johnson 
Books, Boulder, Colorado. 

 
Conkey, Margaret W. 

1990  Experimenting with Style in Archaeology: Some Historical and Theoretical Issues. In 
The Uses of Style in Archaeology, edited by Margarat W. Conkey and Chrstine A. Hastorf, 
pp. 5–17. Cambridge University Press, Cambridge, UK. 

 
2018  Interpretative Frameworks and the Study of Rock Arts. In The Oxford Handbook of the 

Archaeology and Anthropology of Rock Art, edited by Bruno David and Ian J. McNiven, 
pp. 25–50. Oxford University Press, Cambridge, UK. 

 
David, Bruno, and Ian J. McNiven 

2017  Introduction: Towards an Archaeology and Anthropology of Rock Imagery. In The 
Oxford Handbook of the Archaeology and Anthropology of Rock Art, edited by David 
Bruno and Ian J. McNiven, pp. 1–21. Oxford University Press, Cambridge, UK. 

 
DGK Color Tools 
2013  DGK Color Tools Digital Color Card User’s Guide. Electronic document, 
https://www.pdf-manuals.com/dgk-color-tools-dkc-pro-color-calibration-dkc-pro-set-of-2-
237648-manual, accessed February 26, 2020. 
 
Domingo Sanz, Ines 

2014  Rock Art Recording Methods: From Traditional to Digital. In Encyclopedia of Global 
Archaeology (Archaeology of Art), edited by Claire Smith, Jo McDonald, Ines Domingo, 
and Damae Fiore, pp. 6351–6357. Springer Books, New York. 

 
Domingo:, Ines, and Manuel Bea 

2016  From Science to Heritage: New Challenges for World Heritage Rock Art Sites in 
Mediterranean Spain in the Twenty-First Century. In Relating to Rock Art in the 
Contemporary World, edited by Liam M. Brady and Paul S. C. Taçon, pp. 213–244. 
University Press of Colorado, Boulder CO. 

 
Dorn, Ronald I. 

1982  Observations on the Use of “Desert Varnish” in the Age-Determinations of Surfaces. 
Society for California Archaeology Newsletter 16(1):1518. 

 



 
 

141 

1990  Quaternary Alkalinity Fluctuations Recorded in Rock Varnish Microlaminations on 
Western U.S.A. Volcanoes. Paleogeography, Paleoclimatology, Paleoecology 76:291–
310. 

 
1996  Uncertainties in the Radiocarbon Dating of Organics Associated with Rock Varnish: A 

Plea for Caution. Physical Geography 17:585–591 
 
1998  Developments in Earth Surface Processes: Rock Coatings, Vol. 6., edited by Ronald 

Dorn. Elsevier Publishing, New York. 
 
2008  Rock Varnish. In Geochemical Sediments and Landscapes, pp. 246–297. Blackwell 

Publishing, Oxford, UK. 
 
2009  The Rock Varnish Revolution: New Insights from Microlaminations and the 

Contributions of Tanzhuo Liu. Geography Compass 3:1–20. 
 
Dorn, Ronald I., Douglas R. Bamforth, T. A. Cahill, J. C. Dohrenwend, B. D. Turrin, D. J. 
Donahue, A. J. Jull, A. Long, M. E. Macko, E. B. Well, David S. Whitley, and T. H. Zabel 

1986  Cation-Ratio and Accelerator Radiocarbon Dating of Rock Varnish on Mojave Artifacts 
and Landforms. Science 231:830–833. 

 
Dorn, Ronald I., and Theodore Oberlander 

1982  Rock Varnish. Progress in Physical Geography 6(3):317–367. 
 
Dorn, Ronald I., and David S. Whitley 

1983  Cation-Ratio Dating of Petroglyphs from the Western Great Basin, North America. 
Nature 302:816–818. 

 
1984  Chronometric and Relative Age Determination of Petroglyphs in the Western United 

States. Annals of the Association of American Geographers 74(2):308–322. 
 

Dragovich, D. 
1984  Desert Varnish as an Age Indicator for Aboriginal Rock Engravings: A Review of 

Problems and Prospects. Archaeology in Oceania 19(2):48–56. 
 
2000  Rock Engraving Chronologies and Accelerator Mass Spectrometry Radiocarbon Age of 

Desert Varnish. Journal of Archaeological Science 27:871–876. 
 

Echevarria-Lopez, Gori Tumi 
2009  The IFRAO Standard Scale: A Revision. Rock Art Research 26(2):225–226. 

 
Engel, C. G., and R. S. Sharp 

1958  Chemical Data on Desert Varnish. Geological Society of America Bulletin 69:487–518. 
 
Falk, David S., Dieter R. Brill, and David G. Stork 

1986  Seeing the Light: Optics in Nature, Photography, Color, Vision, and Holography. 
Wiley and Sons, New York. 

 
Francis, Julie E. 

2005  Pictographs, Petroglyphs, and Paradigms. In Discovering North American Rock Art, 
edited by Lawrence L. Loendorf, Christopher Chippindale, and David S. Whitley, pp. 182–
195. University of Arizona Press, Tucson, Arizona. 

 
Francis, Julie E., and Lawrence L. Loendorf 

2002  Ancient Visions: Petroglyphs and Pictographs of the Wind River and Big Horn 
Country, Wyoming and Montana. University of Utah Press, Salt Lake City, Utah. 

 
Frederick, Ursula K. 

2016  Marks and Meeting Grounds. In Relating to Rock Art in the Contemporary World: 
Navigating Symbolism Meaning, and Significance, pp. 337–362. University Press of 
Colorado, Boulder, Colorado. 

 



 
 

142 

2018  Out of Time and Place: Graffiti and Rock Art Research. In The Oxford Handbook of the 
Archaeology and Anthropology of Rock Art, edited by Bruno David and Ian J. McNiven, 
pp. 635–653. Oxford University Press, Oxford, England 

 
Goodwin, A. J. H. 

1960  Chemical Alteration (Patination) of Stone. In The Application of Quantitative Methods 
in Archaeology, edited by R. F. Heizer and S. F. Cook, pp. 300–323. Quadrangle Books, 
Chicago. 

 
Harris, Edward, and Robert G. Gunn 

2018  The Use of Harris Matrices in Rock Art Research. In The Oxford Handbook of the 
Archaeology and Anthropology of Rock Art, edited by Bruno David and Ian J. McNiven, 
pp. 912–926. Oxford University Press, Cambridge, England 

 
Hartmann, Gayle Harrison, and Peter C. Boyle (editors) 

2009  Tumamoc Hill Rock Art Revisited. Arizona State Museum, University of Arizona, 
Tucson, Arizona. 

 
2013  New Perspectives on the Rock Art and Prehistoric Settlement Organization of Tumamoc 

Hill, Tucson, Arizona. Arizona State Museum Anthropological Series 208. Arizona State 
Museum, University of Arizona, Tucson, Arizona. 

 
Heizer, Robert F., and Martin A. Baumhoff 

1962  Prehistoric Rock Art of Nevada and Eastern California. University of California Press, 
Berkeley. 

 
Hernbrode, Janine, and Peter Boyle 

2015  Data, Notes, and Photographs:Cocoraque Butte Rock Art Recording Project, Bureau of 
Land Management and Arizona Archaeological and Historical Society, AZ AA:15:3 
(ASM) on file Bureau of Land Management, Tucson Field Office. 

 
Heyd, Thomas 

2018   Rock Art and Aesthetics. In The Oxford Handbook of the Archaeology and 
Anthropology of Rock Art, edited by Bruno David and Ian J. McNiven, pp. 717–739. 
Oxford University Press, Oxford, England. 

 
Hunter Associates Laboratory 

2019  MSEZ User’s Manual. Reston, Virginia. 
 
Hunter, Richard S., and Richard W. Harold 

1987  The Measurement of Appearance, 2nd ed., John Wiley and Sons, New York. CIE 
International Commission on Illumination, Recommendations on Uniform Color Spaces, 
Color-Difference Equations, Psychometric Color Terms, Supplement No. 2 to CIE 
Publication No. 15, Colorimetry, 1971 and 1978. 

 
Jones, Kevin 

2019  Standing on the Walls of Time: Ancient Art of Utah’s Cliffs and Canyons. University of 
Utah Press, Salt Lake City, Utah. 

 
Keyser, James D., and Michael A. Klassen 

2001  Relative Dating Methods. In Handbook of Rock Art Research, edited by David  
 Whitely, pp. 167–189. Altamira Press, Walnut Creek, California. 

 
Lambert, David 

1995  Colour Monitoring. In Preservation of Rock Art. Occasional AURA Publication 9, 
edited by Andrew Thorn and Jacques Brunet, pp. 77–79. Australian Rock Art Research 
Association, Melbourne. 

 
Lau, Deborah, Erick Ramanaidou, Lionel Fonteneau, and Tracey Markley 

2013  Birrup Penninsula Aboriginal Petroglyphs: Colour Change & Spectral Mineraology 
2004–2012. CSIRO Materials Science and Engineering, Australia. Confidential Report 
#EP138017. 



 
 

143 

 
Lekson, Stephen H. 

2006  The Archaeology of Chaco Canyon: An Eleventh-Century Pueblo Regional Center. 
School of American Research Press, Santa Fe, New Mexico. 

 
2018  A Study of Southwestern Archaeology. University of Utah Press, Salt Lake City, Utah. 

 
Loendorf, Lawrence L. 

1988  Rock Art Chronology and the Valley of the Shields Site (24CB1094) in Carbon County, 
Montana. Archaeology in Montana 29(2):11–24. 

 
1989  Nine Rock Art Sites in the Pinon Canyon Maneuver Site, Southeastern Colorado. 

Department of Anthropology, University of North Dakota, Grand Forks, North Dakota. 
Contribution No. 248. 

 
1990  A Dated Rock Art Panel of Shield Bearing Warriors in South Central Montana. Plains 

Anthropologist 35(127):45–54. 
 
2008  Thunder and Herds: Rock Art of the High Plains. Taylor and Francis, New York. 
 
2014  Basketmaker Paintings in Canyon de Chelly, Arizona. Chapter 14 in Rock Art Studies: 

Interpretation through Multidisciplinary Approaches, edited by Bansi Lal Malla, pp. 295–
308. Indira Gandhi National Centre for the Arts and Aryan Books International, New 
Delhi, India 

 
Loendorf, Lawrence L., Christopher Chippindale, and David S. Whitley (editors) 

2005  Discovering North American Rock Art. University of Arizona Press, Tucson, Arizona. 
 

Loendorf, Lawrence L., and Linda Scott-Cummings 
2016  Radiocarbon Dates at Valley of the Shields: A Lesson for Northwestern Plains 

Archaeologists. Archaeology in Montana 57(2):1–10. 
 
Lui, Tanzhuo S. 

1994  Visual Microlaminations in Rock Varnish: A New Paleoenvironmental and 
Geomorphic Tool in Drylands. PhD dissertation. Arizona State University, Department of 
Geology, Tempe, Arizona. 

 
Lui, T. H., and W. S. Broecker 

2000  How Fast Does Rock Varnish Grow? Geology 28:183–186. 
 

Lycett, Stephen J., and James D. Keyser 
2019  Dating Crow Rock Art through Multivariate Statistical Comparison with Biographic 

Artworks. American Antiquity 84(4):632–650. 
 
Lytle, F. W., M. Lytle, A. K. Rogers, A. P. Garfinkel, C. Maddock, W. Wright, and C. Cole 

2008  An Experimental Technique for Measuring Age of Petroglyph Production: Results on 
Coso Petroglyphs. Paper presented at the 31st Great Basin Anthropological Conference, 
Portland, Oregon. 

 
Macholdt, D. S., K. P Jochum, C. Pohlker, A. Arangio, J. D. Forster, B. Stoll, U. Weis, B. 
Weber, M. Muller, M. Kappl, M. Shiraiwa, A. L. D. Kilcoyne, M. Weigand, D. Scholz, G. H. 
Haug, A. Al-Amri, and M. O. Andreae 

2017  Characterization and Differentiation of Rock Varnish Types from Different 
Environments by Microanalytical Techniques. Chemical Geology, 459:91–118. 

 
Mallery, Garrick 

1893  Picture-Writing of the American Indians. In Tenth Annual Report of the Bureau of 
[American] Ethnology [for] 1888–’89. Reprint, 2 vols., New York. 

 
Malotki, Ekkehart 

2007  The Rock Art of Arizona: Art for Life’s Sake. Kiva Publishing, Walnut, California. 
 



 
 

144 

Malotki, Ekkehart, and Ellen Dissanayake 
2018  Early Rock Art of the American West: The Geometric Enigma. University of 

Washington Press, Seattle, Washington. 
 

Mark, Robert K., and E. B. Billo 
1996  The IFRAO Color Scale: Some Considerations. Proceedings of the 1996 International 

Rock Art Congress, pp. 28–31. Namibia. 
 
McNeil, James A. 

2010  Making Lemonade: Using Graffiti to Date Petroglyphs. Utah Rock Art 24(9):20. Paper 
presented at the Utah Rock Art Research Association annual conference. 

 
Monney, Julien, and Leila Baracchini 

2018  The Production of Ethnographic Records and Their Use in Rock Art Research. In The 
Oxford Handbook of the Archaeology and Anthropology of Rock Art, edited by Bruno 
David and Ian J. McNiven, pp. 529–544. Oxford University Press, Oxford, UK. 

 
Mouw, Tim 

2018  Lab Color Values. X-rite Pantone Colors Blog. Electronic document, 
https://www.xrite.com/blog/lab-color-space, accessed January 22, 2020. 

 
Nash, George 

2010  Graffiti-Art: Can It Hold the Key to the Placing of Prehistoric Rock Art? Time and 
Mind: The Journal of Archaeology, Consciousness and Culture 3(2):41–62. 

 
Ohta, Noboru, and Alan R. Robertson 

2005  Colorimetry: Fundamentals and Applications. John Wiley and Sons, West Sussex, UK. 
 
Patterson, Alex 

1992  A Field Guide to Rock Art Symbols of the Greater Southwest. Johnson Books, Boulder, 
Colorado. 

 
Petchey, Fiona 

2018  Radiocarbon Dating in Rock Art Research. In The Oxford Handbook of the 
Archaeology and Anthropology of Rock Art, edited by Bruno David and Ian J. McNiven, 
pp. 927–944. Oxford University Press, Oxford, England. 

 
Phillips, Mark Paul 

1976  Geology of Tumamoc Hill, Sentinel Peak and Vicinity, Pima County, Arizona. Master’s 
thesis, Department of Geosciences, University of Arizona, Tucson, Arizona. 

 
Quinlan, Angus R., and Alanah Woody 

2003  Marks of Distinction: Rock Art and Ethnic Identification in the Great Basin. American 
Antiquity 68(2):372–390. 

 
Reijs, Victor 

2004  Color Optimization with IFRAO Standard Scale. A seminar presentation to the RASI 
2004 Rock Art Conservation and Management, Symposium P, Agra, India. Electronic 
document, https://www.slideshare.net/vreijs1/rockartvr122004-02, accessed October 4, 
2019. 

 
Renaud, Etienne B. 

1939  Report on Lichen of Spanish Diggings. University of Wyoming, Work Progress 
Administration, Work Project No. 885. Official Project No. 665-83-3-17. Wyoming 
Archaeological Project. Quarterly Report. 

 
Roberts, Richard G. 

2018  Optical Dating of Rock Art. In The Oxford Handbook of the Archaeology and 
Anthropology of Rock Art, edited by Bruno David and Ian J. McNiven, pp. 945–952. 
Oxford University Press, Oxford, UK. 

 



 
 

145 

Roberts, Richard, Grahame L. Walsh, Andrew Murray, Jon Olley, Rhys Jones, Michael 
Morwood, Claudio Tuniz, Ewan Lawon, Michael MacPhail, Doreen Bowdery, and Ian Naumann 

1997  Luminescence Dating of Rock Art and Past Environments Using Mud-Wasp Nests in 
Northern Australia. Nature 387:696–699. 

 
Rogers, Richard A. 

2018  Petroglyphs, Pictographs, and Projections: Native American Rock Art in the 
Contemporary Landscape. University of Utah Press, Salt Lake City, Utah. 

 
Rowe, Marvin W. 

2005  Dating Studies of Prehistoric Pictographs in North America. In Discovering North 
American Rock Art, edited by Lawrence L. Loendorf, Christopher Chippindale, and David 
S. Whitley, pp. 240–263. University of Arizona Press, Tucson, Arizona. 

 
Ruiz, Juan F., and Jose Pereira 

2014   The Colours of Rock Art: Analysis of Colour Recording and Communication Systems 
in Rock Art Research. Journal of Archaeological Science 50:338–350. 

 
Russ, Jon, Marian Hyman, and Marvin Rowe 

1992  Direct Radiocarbon Dating of Rock Art. Radiocarbon 34:867–872. 
 
Russell, Will, and Aaron Wright 

2008  How Far Is a Pipette? Iconographic Evidence for Inter-Regional Connectivity in the 
Prehistoric Southwest and Beyond. The Artifact, 45:19–45. The Texas Archaeological 
Society, El Paso, Texas. 

 
Ryer, Alexander D. 

1997  Light Measurement Handbook. Technical Publications Department. International Light, 
Newbury, Massachusetts. 

 
Schaafsma, Polly 

1971  The Rock Art of Utah. University of Utah Press, Salt Lake City, Utah. 
 
1985  Form, Content, and Function: Theory and Method in North American Rock Art Studies. 

In Advances in Archaeological Method and Theory 8:237–77. 
 

2018  Chaco Rock Art Matters. Journal of the Southwest 60(1):42–73. 
 
Segerstrom, Carl 

2020  All Hat, No Cattle: Plant-Based Burgers, Cowboy Myths and the Industrial Food 
Culture. High Country News 52(4):10–11. 

 
Service, E. 

1941  Lithic Patina as an Age Criterion. Michigan Academy of Sciences, Arts, and Letters 
Papers, 27:553–558. 

 
Simek, Jan F., and Alan Cressler 

2005  Images in Darkness: Prehistoric Cave Art in Southeastern North American. In 
Discovering North American Rock Art, edited by Lawrence L. Loendorf, Christopher 
Chippendale, and David S. Whitley, pp. 93–113. University of Arizona Press, Tucson, 
Arizona. 

 
Spangler, Jerry D. 

2013  Nine Mile Canyon: The Archaeological History of an American Treasure. University of 
Utah Press, Salt Lake City, Utah. 

 
Turner, C. G. I. 

1963  Petroglyphs of the Grand Canyon Region. In Museum of Northern Arizona Bulletin 
38:1–74. 

 
Turner, John S. 

1996  The Abstract Wild. University of Arizona Press, Tucson, Arizona. 



 
 

146 

 
Von Humboldt, Alexander 

1812  Personal Narrative of Travels to the Equinoctial Regions of America during the Years 
1799–1804, Vol II. Translated by T. Ross in 1907. George Bell and Sons, London. 

 
Weisbrod, Richard 

1978  Rock Art Dating Methods. Journal of New World Archaeology 2(4):1–8. 
 
Whitley, David S. 

1982  The Study of North American Rock Art: A Case Study from South-Central California. 
PhD dissertation, Department of Anthropology, University of California, Los Angeles. 
University Microforms, Ann Arbor, Michigan. 

 
2001  The Art of the Shaman: Rock Art of California. University of Utah Press, Salt Lake 

City, Utah. 
 
2011a  Introduction to Rock Art Research. 2nd ed. Left Coast Press, Walnut Creek, 

California. 
 
2011b  Rock Art, Religion, and Ritual. In The Oxford Handbook of the Archaeology of Ritual 

and Religion, edited by Timothy Insoll. Electronic document accessed online. Oxford 
University Press, Oxford, UK. 

 
2018  Rock Art of North America. In The Oxford Handbook of the Archaeology and 

Anthropology of Rock Art, edited by Bruno David and Ian J. McNiven, pp. 253–272. 
Oxford University Press, Cambridge, UK. 

 
Whitley, David S., James Baird, Jean Bennett, and Robert G. Tuck, Jr. 

1984  The Use of Relative Repatination in the Chronological Ordering of Petroglyph 
Assemblages. Journal of New World Archaeology 6(3):19–25. 

 
Wright, Aaron Michael 

2011Hohokam Rock Art, Ritual Practice, and Social Transformation in the Phoenix Basin. 
Doctoral dissertation. Department of Anthropology, Washington State University, 
Pullman, Washington. 

 
Wright, Aaron Michael, and Todd W. Bostwick 

2009  Technological Styles of Hohokam Rock Art Production in the South Mountains, South-
Central Arizona. In American Indian Rock Art, Vol. 35, edited by James D. Keyser, David 
Kaiser, George Poetschat, and Michael W. Taylor, pp. 61–78. American Rock Art 
Research Association, Tucson, Arizona. 

 
2014  Religion on the Rocks: Hohokam Rock Art, Ritual Practice, and Social Transformation. 

University of Arizona Press, Tucson, Arizona. 
 
2017  Assessing the Stability and Sustainability of Rock Art Sites: Insights from 

Southwestern Arizona. Journal of Archaeologial Method and Theory 25:911–952. (2018). 
https://doi.org/10.1007/s10816-017-9363-x. 

 
Wright, Aaron Michael, and Arleyn W. Simon 

2012  Review of Introduction to Rock Art Research, second edition, by David S. Whitley. 
Left Coast Press, 2011. Kiva 77(4):21–23. 


