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Abstract

We have developed a suite of 67 chronometrically-dated rock engravings, based on 106 independent
assays, from the Mojave Desert region of California, USA. These ages have recently been cross-
checked, blind-tested, re-sampled and evaluated by two analysts using the VML and CR techniques.
The most conservative interpretation, based on independently verified chronometric ages, is that the
engraving sequence extends from 11,100 to 250 YBP; that is, from Paleoindian to protohistoric times.
Less certain evidence suggests that the tradition minimally may be 15,100 years in age. Fully 18% of
our dates are greater than 9,000 years old (the Paleoindian period), indicating that the Native
American rock art tradition extends back to the Terminal Pleistocene. The earliest art assemblage
includes a mix of geometric and representational motif forms, disproving claims for an evolution from
abstract to iconic imagery in the region.

The chronometric dating of Great Basin rock engravings was first attempted by
James Bard (1979; Bard et al. 1976), who used Neutron Activation and X-Ray
Florescence Analyses to measure the accumulation of iron and manganese in the rock
varnish that, over time, coats petroglyph grooves. Bard's assumption was that the mass
of these elements would increase as a function of age. Although efforts to apply this
approach periodically reappear (e.g., Lytle et al. 2002), it has been demonstrated to
yield inaccurate results: manganese and iron concentrations have no relationship to age
(e.g., Bard 1979; Dorn 2009). Bard himself, accordingly, has not pursued the technique
that he pioneered in the 1970s.

Successful chronometric petroglyph dating only occurred with a better understanding
of rock varnish formation processes and geochemistry. Chronometric use and
application of this understanding has primarily been provided by Dorn (e.g., 1984, 1986,
1989, 1990, 1992, 1994a, 1994b, 1998a, 1998b, 2001), and Liu (1994; Liu & Dorn
1996; Liu & Broecker 1999, 2007, 2008a, 2008b; Liu et al. 2000; Broecker & Liu 2001)
has extended and refined one of these, VML dating. Chronometric dating research has
been undertaken in the Mojave Desert of eastern California including, especially, the
Coso Range (Dorn & Whitley 1983, 1984; Whitley & Dorn 1987, 1988, 1993, 2010;
Whitley et al. 1998, 1999a, 1999b; Whitley 2009), resulting in a large suite of direct ages
for rock engravings.

The two primary techniques that they have successfully applied are Cation-Ratio
(CR) and Varnish Micro-lamination (VML) dating. CR dating is based on the fact that the
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relatively mobile trace elements of calcium and potassium leach out of a rock varnish
coating more rapidly than less mobile elements, specifically titanium. This rate of
relative change can be calibrated to a temporal scale using independently dated control
surfaces. Previously Potassium-argon-dated basalt flows in the Coso Range were used
to calculate the first regional CR curve (Dorn & Whitley 1983). CR dating has been
independently replicated by six laboratories worldwide (Bull 1991; Dragovich 1998;
Glazovskiy 1985; Jacobson et al. 1989; Patyk-Kara et al. 1997; Pineda et al. 1988,
1989, 1990; Plakht et al. 2000; Whitley & Annegarn 1994; Whitney & Harrington 1993;
Zhang et al. 1990), and has been successfully subjected to blind-tests (Loendorf 1991,
2008; Faris 1995; Francis & Loendorf 2002).

VML dating is a relative or correlative dating technique that is grossly analogous to
tree-ring dating. It is based on the fact that varnish formation processes are influenced
by major paleoclimatic shifts (wet versus dry periods). These are observable in micro-
stratigraphic layers that develop, over time, in a rock varnish coating, and can be
observed and identified in thin-sections. VML has also been replicated internationally
(e.g., Cremaschi 1996; Dietzel 2008; Lee & Bland 2003; Zerboni 2008; Zhou et al.
2000) and has successfully been blind-tested (Liu 2003; Marston 2003; Phillips 2003).
The best dating results, for rock engravings as well as for other kinds of chronometric
research, are always obtained when multiple techniques are combined, however (Dorn
1994, 2001).

We have recently reassessed the chronometric petroglyph chronology for the Mojave
Desert region (Whitley & Dorn 2010; Whitley 2009), with the assistance of Liu. This
involved re-sampling previously dated petroglyphs, re-analyzing archived samples,
additional petroglyph sampling, and blind-tests, including crosschecking the results of
the two techniques and the two analysts. The result is a sample of 106 independent
chronometric assays on 67 individual petroglyphs from six different localities. Twenty-
seven of these petroglyphs are from the Coso Range; the remainder is from other
localities within the Mojave Desert, including the Rodman Mountains, Cima, and Fort
Irwin.

It is important to recognize the different strategies used to sample the engraving
localities to fully understand the results. Sampling in the Coso Range was primarily
directed towards identifying the oldest motifs, hence the Coso ages are skewed towards
the earlier end of the chronological sequence. Sampling at Fort Irwin, another of our
study localities, in contrast, was structured to yield a representative understanding of
the entire sequence, not just the early end (Whitley et al. 1996; Whitley & Dorn 2010).
The data set as a whole provides a reasonable estimate for the longevity of the
engraving tradition although again, the earlier end of the sequence is over-emphasized
in the distribution of ages.

The most conservative consideration of the suite of 67 dated engravings (based on
engravings with multiple overlapping age estimates using the two independent
techniques, and full concurrence from both analysts) indicates that the sequence
extends minimally from 11,100 to 250 YBP. Less certain results push the initial ages
back into Pre-Clovis times (i.e., >12,000 YBP), perhaps as early as 15,100 YBP. But
18% of the ages are greater than 9,000 years, providing firm support for Paleoindian
rock art production. At the other end of the time scale, 45% of the ages are less than
3,000 years old, and 13% fall within the last 700 years, during the Numic phase (AD
1300-1850).
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Given the differing sampling emphases used in the studied localities, the Coso ages
are weighted towards the earlier portion of the Mojave sequence. The most
conservative interpretation of the Coso ages, based on multiple overlapping results
using the two independent techniques, and full concordance between analysts, is a
petroglyph tradition that minimally runs from at least 11,100 to 1,300 years ago. Bighorn
motifs are securely dated as early as 5,900 years old, but appear to be as much as
11,200 years in age.

The results for motif R96ST13 warrant special mention, as they provide plausible
support for Pre-Clovis rock engravings. A blind-test identification of this motif, by a
paleontologist specializing in Mojave Desert Pleistocene fauna, suggested that it is an
extinct species of North American llama, thereby indicating that it should be early
Holocene or earlier in age (Whitley 1999, 2000, 2009). The CR age on this engraving,
13,400 + 2000 yrs cal BP, is consistent with the VML date (17,150 yrs cal BP) at two
standard deviations, though one analyst qualified the VML readings as requiring
additional sampling for full verification. An experimental AMS C age was obtained on a
calcium oxalate layer inter-bedded in the rock varnish. This yielded an age of 11,860
+ 60 yrs cal BP (Beta 90197). It provides stratigraphic and chronological concordance to
the minimum-limiting VML layer and age, and the CR results. Although additional
sampling is required to verify this age with confidence, four lines of evidence support the
possibility that it represents a Pre-Clovis aged petroglyph.

An additional comment is warranted concerning possible Pleistocene faunal
depictions in the corpus. The second oldest CR dated representational image has an
age of 11,700 + 1000 yrs cal BP (Cima 2-5). It is a snake engraving. The third oldest, at
11,200 = 1200 yrs cal BP (CM-7), is a bighorn sheep petroglyph. Although this species
is commonly depicted in later art across almost the entirety of western North America,
the bighorn has been present on the landscape since the Late Pleistocene, as have
been snakes. All three of the Pleistocene-dated representational petroglyphs in the
corpus, in other words, depict species that were present during that early time period.

The chronometric results, whether taken for the Mojave Desert as a whole or just in
terms of the Coso Range, provide no support for Heizer and Baumhoff's (1962) stylistic
chronology, or the calendar ages they linked to it. The chronometric results, on the other
hand, support Grant's (1968) contention that representational and geometric motifs co-
occur throughout the sequence, but the ages do not match the dates he assigned to his
two phases, or the three temporal phases he proposed.

Note again that 13% of the total suite of ages date to the Numic Period, supporting
the continuity of the rock art tradition into recent times, contrary to the positions of
Heizer and Baumhoff (1962) and Grant (1968). Numic rock art production is
independently confirmed by the historical motifs and ethnographic commentary. Further,
with 45% of the motifs dating to the last 3,000 years, some degree of ritual
intensification appears to have occurred during the later portions of Mojave Desert
prehistory.

Regardless of this last point, the Mojave Desert CR and VML ages provide strong
support for the hypothesis that rock art production occurred in the Americas during the
Terminal Pleistocene, and that it was likely a cultural tradition brought into the continent
by its earliest settlers.

CD-587



Symposium Amériques

BIBLIOGRAPHY

BARD J. 1979. — The development of a patination dating technique for Great Basin petroglyphs using neutron activation
analysis and X-ray fluorescence. Berkeley: UC Berkeley, Department of Anthropology. (Unpublished Ph.D. dissertation).

BARD J., ASARAO F., HEIZER R. 1976. — Perspectives on Dating Great Basin Petroglyphs by Neutron Activation Analysis
of Patinated Surfaces. Report submitted to U.S. Energy Research and Development Administration.

BROECKER W.S. & LIU T. 2001. — Rock varnish: recorder of desert wetness? GSA Today, 11 (8), p. 4-10.

BULL W.B. 1991. — Geomorphic responses to climatic change. Oxford: Oxford University Press.

CREMASCHI M. 1996. — The rock vamish in the Messak Sattafet (Fezzan, Libyan Sahara): age, archaeological context,
and paleoenvironmental implication. Geoarchaeology, 11, p. 393-421.

DIETZEL M., KOLMER H., POLT P., SIMIC S. 2008. — Desert varnish and petroglyphs on sandstone — Geochemical
composition and climate change from Pleistocene to Holocene (Libya). Chemie der Erde, 68, p. 31-43.

DORN R.l. 1983 — Cation-Ratio Dating: A New Rock Varnish Age-Determination Technique. Quaternary Research, 20,
p. 49-73.

DORN R.I. 1984. — Cause and implications of rock varnish microchemical laminations. Nature, 310, p. 767-770.

DORN R.I. 1986. — Rock varnish as an indicator of aeolian environmental change. In: NICKLING W.G. (ed.), Aeolian
Geomorphology, p. 291-307. London: Allen and Unwin.

DORN R.I. 1989. — Cation-Ratio Dating of Rock Varnish: A Geographical Perspective. Progress in Physical Geography, 13,
p. 559-96.

DORN R.I. 1990. — Quaternary Alkalinity Fluctuations Recorded in Rock Varnish Microlaminations on Western U.S.A.
Volcanics. Palaeogeography, Palaeoclimatology, Palacoecology, 76, p. 291-310.

DORN R.I. 1992. — Paleoenvironmental signals in rock varnish on petroglyphs. American Indian Rock Art, 18, p. 1-17.

DORN R.I. 1994a — Dating petroglyphs with a 3-tier rock varnish approach. In: WHITLEY D.S. & LOENDORF L.L. (eds.)

New Light on OId Art: Advances in Hunter-Gatherer Rock Art Research, p. 2-36. Los Angeles: University of California
(UCLA Institute of Archaeology Monograph Series; n° 36).

DORN R.I. 1994b. — Rock varnish as an indicator of climatic change. In: ABRAHAMS A.D. & PARSONS A.J. (eds.), Desert
Geomorphology, p. 539-552. London: Chapman and Hall.

DORN R.l. 1998a. — Age Determination of the Coso Rock Art. In: YOUNKIN E. (ed.), New Perspectives on the Coso
Petroglyphs, p. 69-96. Ridgecrest, CA: Maturango Museum.

DORN R.I. 1998b. — Rock Coatings. Amsterdam: Elsevier.

DORN R.I. 2001. — Chronometric techniques: engravings. In: WHITLEY D.S. (ed.), Handbook of Rock Art Research, p. 167-
189. Walnut Creek, CA: AltaMira Press.

DORN R.I. 2007. — Rock varnish. In: NASH D.J. & MCLAREN S.J. (eds.), Geochemical Sediments and Landscapes,
p. 246-297. London: Blackwell.

DORN R.l. 2009. — Desert rock coatings. In: PARSONS A.J. & ABRAHAMS A.D. (eds.), Geomorphology of Desert
Environments, 2 Edition, p. 153-186. Dordrecht, Netherlands: Springer. .

DORN R.I. & WHITLEY D.S. 1983. — Cation ratio dating of petroglyphs from the western United States, North America.
Nature, 302, p. 816-818.

DORN R.I. & WHITLEY D.S. 1984. — Chronometric and relative age determination of petroglyphs in the western United
States. Annals of the Association of American Geographers, 74, p. 308-322.

DRAGOVICH D. 1998. — Microchemistry and Relative Chronology of Small Desert Varnish Samples, Western New South
Wales, Australia. Earth Surface Processes and Landforms, 22, p. 445-53.

FARIS P. 1995. — Petroglyph chronology in southeast Colorado. Southwestern Lore, 61, p. 7-35.

FRANCIS J.E. & LOENDORF L.L. 2002. — Ancient Visions: Petroglyphs and Pictographs from the Wind River and Bighorn
Country, Wyoming and Montana. Salt Lake City: University of Utah Press.

GLAZOVSKIY A.F. 1985. — Rock varnish in the glacierized regions of the Pamirs. Data of the Glaciological Studies, 54,
p. 136-141. Moscow. [in Russian].

GRANT C. 1968. — Rock Drawings of the Coso Range, Inyo County, California. China Lake (CA): Maturango Museum.

HEIZER R.F. & BAUMHOFF M. 1962. — Prehistoric Rock Art of Nevada and Eastern California. Berkeley: University of
California Press.

JACOBSON L., PINEDA C.A., PEISACH M. 1989. — Dating patinas with cation ratios: a new tool for archaeologists. The
Digging Stick, 6 (2), p. 8.

CD-588



WHITLEY D.S. & ROWE R.I., The Earliest rock art in Far Western North America

LEE M.R. & BLAND P.A. 2003. — Dating climatic change in hot deserts using desert varnish on meteorite finds in Australia.
Earth and Planetary Science Letters, 206, p. 187-198.

LIU T. 1994. — Visual laminations in rock varnish: A new paleoenvironmental and geomorphic tool in drylands research.
Tempe: Arizona State University, Department of Geography. (Ph.D. dissertation).

LIU T. 2003. — Blind testing of rock varnish microstratigraphy as a chronometric indicator: results on late Quaternary lava
flows in the Mojave Desert, California. Geomorphology, 53, p. 209-234. .

LIUT. & BROECKER W.S. 1999. — Rock varnish evidence for Holocene climate variations in the Great Basin of the western
United States. GSA [Geological Society of America] Abstracts with Program, 31, p. 418.

LIUT. & BROECKER W.S. 2000. — How fast does rock varnish grow? Geology, 28, p. 183-186.

LIUT. & BROECKER W.S. 2001. — Rock varnish: recorder of desert wetness? GSA Today, 11 (8), p. 4-10.

LIU T. & BROECKER W.S. 2007. — Holocene rock varnish microstratigraphy and its chronometric application in the
drylands of western USA. Geomorphology, 84, p. 1-21.

LIU T. & BROECKER W.S. 2008a. — Rock varnish microlamination dating of late Quaternary features in the drylands of
western USA. Geomorphology, 93, p. 501-523.

LIU T. & BROECKER W.S. 2008b — Rock varnish evidence for latest Pleistocene millennial-scale wet events in the drylands
of western United States. Geology, 36, p. 403-406.

LIU T. & DORN R.I. 1996. — Understanding the Spatial Variability of Environmental Change in Drylands with Rock Varnish
Microlaminations. Annals of the Association of American Geographers, 86, p. 187-212.

LIUT.,BROECKER W.S., BELL J.W., MANDEVILLE C.W. 2000. — Terminal Pleistocene wet event recorded in rock varnish
from the Las Vegas Valley, southern Nevada, Paleogeography, Paleoclimatology, Paleoecology, 161, p. 423-433.

LOENDORF L.L. 1991. — Cation-ratio varnish dating and petroglyph chronology in southeastern Colorado. Antiquity, 65,
p. 246-255.

LOENDOREF L.L. 2008. — Thunder and Herds: The Rock Art of the High Plains. Walnut Creek, CA: Left Coast Press.

LYTLE F.W., LYTLE M., ROGERS A K., GARFINKEL A.P., MADDOCK C., WIGHT W., COLE C. 2008. — An Experimental
Technique for Measuring Age of Petroglyph Production: Results on Coso Petroglyphs. Paper presented at the 31st Great
Basin Anthropological Conference, Portland.

MARSTON R.A. 2003. — Editorial note. Geomorphology, 53, p. 197.

PATYK-KARA N.G., GORELIKOVA N.V., PLAKHT J., NECHELYUSTOQV G.N., CHIZHOVA L.A. 1997. — Desert varnish as

an indicator of the age of Quaternary formations (Makhtesh Ramon Depression, Central Negev). Transactions (Doklady)
of the Russian Academy of Sciences/Earth Science Sections, 353A, p. 348-351.

PHILLIPS F.M. 2003. — Cosmogenic Cl-36 ages of Quaternary basalt flows in the Mojave Desert, California, USA.
Geomorphology, 53, p. 199-208.

PINEDA C.A., PEISACH M., JACOBSON L. 1988. — lon beam analysis for the determination of cation ratios as a means of
dating southern African rock varnishes. Nuclear Instruments and Methods in Physics Research, B35, p. 463-466.

PINEDA C.A., PEISACH M., JACOBSON L. 1989. — The time-clock of aged patinas. Nuclear Active, 41, p. 17-20.

PINEDA C.A., PEISACH M., JACOBSON L., SAMPSON C.G. 1990. — Cation-ratio differences in rock patina on hornfels
and chalcedony using thick target PIXE. Nuclear Instruments and Methods in Physics Research, B49, p. 332-335.

PLAKHT J., PATYK-KARA N., GORELIKOVA N. 2000. — Terrace pediments in Makhtesh Ramon, central Negev, Israel.
Earth Surface Processes and Landforms, 25, p. 29-30.

WHITLEY D.S. 1999. — A possible Pleistocene camelid petroglyph from the Mojave Desert, California. San Bernardino
County Museum Association Quarterly, 46 (3), p. 107-108.

WHITLEY D.S. 2000. — The Art of the Shaman: Rock Art of California. Salt Lake City: University of Utah Press.

WHITLEY D.S. 2008. — Assessment of CA-INY-434 & -7117, China Lake NAWS, Inyo County, California. Manuscript
submitted to China Lake NAWS.

WHITLEY D.S. 2009. — Cave Paintings and the Human Spirit: The Origin of Art and Belief. New York: Prometheus Books.

WHITLEY D.S.& ANNEGARN H. 1994. — Cation-ratio dating of rock engravings from Klipfontein, Northern Cape Province,
South Africa. In: DOWSON T.A. & LEWIS-WILLIAMS J.D. (eds.), Contested Images: diversity in Southern African rock
art research, p. 189-197. Johannesburg: Witwatersrand University Press.

WHITLEY D.S.& DORN R.I. 1987. — Rock art chronology in eastern California. World Archaeology, 19, p. 150-164.

WHITLEY D.S. & DORN R.I. 1988. — Cation-ratio dating of petroglyphs using PIXE. Nuclear Methods and Instruments in
Physics Research, B35, p. 410-414.

WHITLEY D.S. & DORN R.I. 1993. — New Perspectives on the Clovis vs Pre-Clovis Perspective. American Antiquity 58,
p. 626-647.

CD-589



Symposium Amériques

WHITLEY D.S. & DORN R.I. 2010. — The Coso Petroglyph Chronology. Pacific Coast Archaeological Society Quarterly 43,
p. 135-157.

WHITLEY D.S. & HARRINGTON C.D. 1993. — Relict colluvial boulder deposits as paleoclimatic indicators in the Yucca
Mountain region, southern Nevada. Geological Society of America Bulletin 105, p. 1008-1018.

WHITLEY D.S, SIMON J.M., DORN R.I. 1996. — Archaeological Survey and Recordation of Rock Art on “The Whale”, Fort
Irwin National Training Center, San Bernardino County, California. Manuscript on file, DPW, Ft. Irwin NTC.

WHITLEY D.S, SIMON J.M., DORN R.I. 1998. — Rock Art Studies at CA-SBR-2347, the Paradise Bird Site, Fort Irwin
N.T.C., San Bernardino County, California. Report on file, Archaeological Information Center, San Bernardino County
Museum.

WHITLEY D.S, DORN R.I., SIMON J.M., RECHTMAN R., WHITLEY T.K. 1999a. — Sally’s Rockshelter and the Archaeology
of the Vision Quest. Cambridge Archaeological Journal 9, p. 221-247.

WHITLEY D.S., SIMON J.M., DORN R.I. 1999b. — The Vision Quest in the Coso Range. American Indian Rock Art 25, p. 1-
32.

ZERBONI A. 2008. — Holocene rock varnish on the Messak plateau (Libyan Sahara): Chronology of weathering processes.
Geomorphology (2008), doi: 10.1016/geomorph.2008.06.010. .

ZHANG Y., LIU T., LI S. 1990. — Establishment of a cation-leaching curve of rock varnish and its application to the boundary
region of Gansu and Xinjiang, western China. Seismology and Geology (Beijing) 12, p. 251-261.

ZHOU B.G,, LIU T., ZHANG Y.M. 2000. — Rock varnish microlaminations from northern Tianshan, Xinjiang and their
paleoclimatic implications. Chinese Science Bulletin 45, p. 372-376.

Quote this article

WHITLEY D.S. & ROWE R.I. 2012. — The Earliest rock art in Far Western North America. In: CLOTTES J. (dir.), L’art
pléistocene dans le monde / Pleistocene art of the world / Arte pleistoceno en el mundo, Actes du Congrées IFRAO,
Tarascon-sur-Ariége, septembre 2010, Symposium « Art pléistocéne dans les Amériques ». N° spécial de Préhistoire,
Art et Sociétés, Bulletin de la Société Préhistorique Ariége-Pyrénées, LXV-LXVI, 2010-2011, CD: p. 585-590

CD-590



