Dorn, R.I., and Oberlander, T.M., 1981. Microbial Origin of Desert Varnish. Science: v. 213, p. 1245-1247.

This paper uses scanning electron microscopy and energy dispersive x-ray on varnish to support their hypothesis that microorganisms concentrate maganese at levels much higher than the ambient level.  The previous accepted origin of desert varnish was chemical rather than microbial.  They also state that they could grow varnish in the laboratory in six months to support the microbial origin.  They state that the previous method of using color (dark vs. light) as a relative dating tool is invalid due to outside factors affecting varnish growth such as climate and pH.

This is the first in the Dorn series of rock varnish papers.  The figures are mostly micrographs of varnish which do not do much to support the argument.

Dorn, R.I., and Oberlander, T.M., 1981. Rock Varnish origin, characteristics, and usage. Z. Geomorph.: v. 25, p. 420-436.

This paper describes the biological theory of varnish formation, and the potential uses of rock varnish.  The paper has the first data to try to use the cation ratio dating technique. The data are from Lake Lahontan shore lines, and do not show a simple trend, but Dorn explains the irregularity on refilling to a later highstand.  Dorn states many problems with using rock varnish including: lithology, erosion, climate change.  Dorn describes the basis for the dating technique (leachable Ca, K, and Na relative to nonleachable Ti). States the potential uses of rock varnish including dating tool for geomorphology and archeology and a paleoclimate indicator.

I do not know enough of the analytical chemistry to critically analyze this paper.  I don’t feel that Dorn adequately addressed the data in the Lake Lahontan example.  The method section of the paper is weak.  I don’t know how you could use varnish as a paleoclimate indicator when there is a dating control question and an erosion question.

Dorn, R.I., 1983. Cation-Ration Dating: A New Rock Varnish Age-Determination Technique. Quaternary Research: v. 20, p. 49-73.

Dorn describes the basis for the cation-ration dating technique.  He provides only four limitations or assumptions that must be met 

-varnish from same source as fallout/constrain cation exchange rate

-rock varnish serves as cation exchange medium, capacity is similar for all varnish

-Na, Mg, P, K, and Ca are more mobile than Ti

-rates and magnitude of leaching are similar for compound samples

The method involves scraping the varnish and using one of two methods to obtain the bulk chemistry (Particle induced X-ray emission, PIXE, or X-ray fluorescence, XRF).  Dorn used sites ranging from California to Israel to construct the cation ratio dating curve.

I will save discussion of this paper for seminar.

Dorn, R.I., and DeNiro, M.J. 1985. Stable Carbon Isotope ratios of rock varnish organic matter: A new paleoenvironmental indicator. Science: v. 227, p. 1472-1474.

Dorn uses ( 13C analysis on thick varnish units to show past environmental change.  Dorn states that during times when the environment was humid the C4 plants were the dominant vegetation and the thus the ( 13C values were more negative.  During periods of arid climates the C3 plants were the dominant vegetation and thus the ( 13C values were less negative.  Dorn also states some complications with this technique:

-presence of autotrophic organisms on rock surfaces whose ( 13C value is not related to the abundance of different photosynthetic types in adjacent plants

-some plants may contribute more than other plants, thus skewing the ratio

-varnish growth may be greatest in seasons where organic debris does not represent the ( 13C values accurately

The use of varnish has now expanded to a paleoenviromental indicator.  The main problems that I see with this technique are:

-dating control for different varnish layers

-how can you sample different varnish layers when varnish is so thin to begin with?

-how thick do these layers have to be? 

Dorn, R.I., and Dickinson, W.R., 1989. First paleoenvironmental interpretation of a pre-Quaternary rock-varnish site, Davidson Canyon, southern Arizona. Geology: v. 17, p. 1029-1031. 

This paper is a corollary to the 1985 Science paper, in that Dorn uses varnish as a paleoenvironmental indicator by determining the input of either C3 or C4 plants.  The site was a fossil surface covered by later deposition.  The results suggest that the area was more humid when the varnish was forming (in contrast to the arid environment of today).  The dating control is from geologic relations and from an earlier 1989 paper published by Dorn et al. on AMS dating of carbon from varnish.

The paper seems like a Dorn chose a well constrained sample site.  If Dorn explained better his methods, it would be easier to understand this paper.  The paper was short, and most text was used to describe the study site with little text on methods and results of the project.

Bierman P.R., Gillespie, A.R., and Kuehner, S., 1991. Precision of rock-varnish chemical analyses and cation-ration ages. Geology: v. 19, p. 135-138.

Bierman et al. report that the analyses used to determine the bulk chemistry of rock varnish is not precise.  The authors state that major problems in reproducing the cation-ratio technique must be addressed.  Some of these problems are fundamental such as the process of rock varnish is not understood.  Other problems are in the methods used in varnish dating.  Method problems include: technique is not rigorously reported (such as sample number per analysis or the size of varnish required from scraping the rock surface), error propagation of correlated elements (Ti, Ca, and K) are greater than Dorn states, and different samples were previously lumped together.

This paper is a much more rigorous treatment of rock varnish than was previously reported by Dorn.  The paper is difficult to read if you are not familiar with the varnish technique previously reported by Dorn.  The statistical treatment can easily lose many readers.  The basic message of the paper is easy enough to obtain even if you cannot follow the technical aspects of the paper. 

Bierman,  P.R., and Gillespie, A.R., Accuracy of rock-varnish chemical analyses: Implications for cation-ratio dating.  Geology: v. 19, p. 196-199.

Bierman and Gillespie suggest that the cation-ratio dating method is not accurate due to problems with determining the bulk chemistry of varnish.  Bierman and Gillespie state that measurement of Ti (which is very important to measure accurately as it is  part of the ratio) in the presence of Ba is not accurate when determined by the PIXE analysis.  The PIXE analysis, used most often to determine the bulk chemistry of varnish, did not independently produce results of a synthetic varnish in an interlaboratory comparison.

This is the second in the series of Bierman and Gillespie’s papers on the problems with the cation-ration dating technique.  This is a rigorous approach to testing varnish bulk chemistry.  My other comments I will save for class.

Comments and Replies on “Accuracy of rock-varnish chemical analyses: Implications for cation-ratio dating” Geology, 1992, p. 469-472.

Cahill has three major comments on Bierman and Gillespie’s paper

1. the PIXE analysis only had trouble separating Ba from Ti since 1987, and was fine prior to that date

2. the protocols used “were not analogous to the sophisticated ones used by Dorn et al. (1986, 1992).” 

3. Data in the paper described as UCD data did not come from Cahill, but from reduced data.  Furthermore the data were explicitly not to be used for publication.

Reply by Bierman:

1. Cahill’s comment #1 confirms that Dorn’s analyses made between 1987 and 1990 are inaccurate due to problems measuring Ti in the presence of Ba

2. Bierman and Gillespie’s samples were prepared by UCD staff using the same techniques as Dorn’s samples.

3. Data did come from UCD and were only published after Bierman traveled to UCD, talked to Cahill and received permission for publication.

Dorn:

1. Provides examples of cation-ratio dates corresponding with independent age estimates from cosmogenic isotopes, and 14C dates.

2. UCD lab as long history of reproducible dates

3. No problem with Ba in Dorn’s samples

4. Five labs world wide found time-dependent  decrease in varnish ratios

Reply:

1. Dorn’s blind tests disregard inconsistent ages, omit pertinent information and include circular reasoning

2. Cahill admits problems

3. Dorn previously has stressed the presence of Ba, his previous samples cannot be assessed because he did not publish all data.

4. Not being critical with the other studies

Reneau, S.L., Raymond, R.Jr., 1991. Cation-ratio dating of rock varnish: Why does it work? Geology, v. 19, p. 937-940.

This paper suggests that there is no evidence for significant preferential leaching of cations in relation to Ti.  This finding means that cation leaching curves are a misnomer, and the initial ratio is not substantial.  Furthermore, contamination with substrate probably contribute to the decrease in cation-ratio.

This paper is the third within a year that is provides a rigorous look at cation-ratio dating.  Like the previous two papers,  it is packed with data, and the results do not support the technique.

Dorn, R.I. 1991. Rock Varnish. American Scientist: v. 79, p. 542-553.

Dorn gives an easy to read account of the history of rock varnish and the potential uses that he was working on.  One can easily see that Dorn is a good writer and can convey his message in a believable manner.  The method, when read in a less rigorous journal, seems logical and believable. 

Hooke, R.L., and Dorn, R.I., 1992.  Segmentation of alluvial fans in Death Valley, California: New insights from surface exposure dating and laboratory modeling. Earth Surface Processes and Landforms: v. 17, p.557-574.

Hooke and Dorn use rock varnish ages and modeling to explain the incision of the alluvial fans of Death Valley.  The varnish ages were about an order of magnitude older than the ages provided by Hooke two decades earlier.  Hooke and Dorn explain how the disequilibrium of sedimentation, the tectonic tilting, and the loading of water all contribute to the measured chronology.

This paper is a good example of how the rock varnish method negates all of the other science that is in the paper.  Furthermore, a basic trust between scientists is broken.  It is a shame that many other papers like this one, wasted the time and energy of other scientists.  This example shows that the cation-ratio technique was believable to many scientists.

Bierman, P.R., and Gillespie, A.R., 1994.  Evidence suggesting that methods of rock-varnish cation-ratio dating are neither comparable nor consistently reliable.  Quaternary Research: v. 41,  p. 82-90.

Bierman and Gillespie sampled rock varnish in the Mojave Desert and could not find a consistent relationship between cation ratio and the relative age of varnish.  The authors conclude that this evidence, when combined with other recent evidence, suggests that cation ratio dating is not reliable.

This paper uses field data to suggest that cation-ratio is not a reliable dating method.  The weakness of the study is the results are based on common-sense age relationships and not on sites with good dating control. 

Dorn, R.I. 1996. Uncertainties in the radiocarbon dating of organics associated with rock varnish: a plea for caution. Physical Geography: v. 17, p. 585-591.

Dorn states that there is a problem with radiocarbon dating of rock varnish.  This paper is to serve as a warning.  Dorn states that there are two populations of samples with two different ages.  Dorn states that he had previously reported such problems with his data.  On the other hand he supports his work based on blind tests of samples collected and analyzed separately from Portugal.

This is a back-tracking on using radiocarbon dating of rock varnish.  To Dorn’s credit the was published two years prior to the well-known Science article.

Beck et al., 1998. Ambiguities in direct dating of rock surfaces using radiocarbon measurements: v. 280, p. 2132-2135.

Beck and others conducted a blind check of Dorn’s samples and consistently found two populations of carbon.  Each population had a different age, and the amalgamated age is meaningless.  A subsequent check of Dorn’s samples reveled that the vast majority of the samples had the two populations of carbon.  A resampling of a Dorn site showed that there was not two carbon populations only a mm away.  Furthermore, preparation using the same technique at the Dorn lab and at a Lamont Doherty Lab reveled that samples from Dorn’s lab had two populations, while the samples from Lamont Doherty did not.

This is the paper that effectively put an end to the rock varnish research.  The evidence is pretty compelling that something is different with Dorn’s samples compared to other samples.  Such unexplainable differences prove that radiocarbon dating varnish is unreliable.

Watchman, A. 2000.  A review of the history of dating rock varnishes. Earth-Science Reviews: v. 49, p. 261-277.

Watchman gives an extensive review of the history of rock varnish.  This is a complete summary of the important papers on the subject over the past two decades.  The paper starts with cation-ratio dating and the unreliability of the method.  The next section discusses the AMS 14C dating technique and the problems associated with the Dorn samples.  The end of the paper describes possible future directions of rock varnish dating techniques.

This is a great paper to quickly learn about the history of rock varnish.  It is well written and easy to understand.  

