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A clue regarding the origin of rock varnish
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Abstract. "’Cs and excess *'°Pb have been found in rock
varnish samples from several localities in the desert regions of
the western United States. As ’Cs was absent in the
environment prior to the atmospheric testing of nuclear
weapons, and as 2'°Pb has a half life of only 22 years, these
isotopes must have been added to this slow growing patina
during the last half of the present century, demonstrating that,
at least in part, the elements constituting varnish are supplied
from the atmosphere. The - discovery opens a window into the
mechanism by which this mysterious substance forms. Not
only radioisotopes but also anthropogenic metals can be
harnessed to assess the ratio of rate of accumulation of a given
element on varnish to its delivery rate from the atmosphere.
Based on measurements reported here, for 2'°Pb this ratio is
about 0.1 and for *’Cs about 0.01.

Introduction

While exploring the uranium and thorium geochemistry of
rock varnish, a Mn- and Fe-rich coating (Potter and Rossman,
1977, 1979) ubiquitous on rock surfaces in desert regions, we
uncovered an interesting clue to the origin of this mysterious
substance. But first a bit of background. Rock varnish is more
than a curiosity for it carries a powerful climatic record (Perry
and Adams, 1978; Dorn, 1984; Cremaschi , 1996; Liu and
Dorn, 1996; Liu et al., 1998). In the Great Basin of the western
USA (Figure 1), varnish formed during the driest periods (i.e.,
the Holocene and the last interglacial) is poor in MnO (as low
as 4%), while that deposited during the wettest intervals of
the last glacial period is rich in MnO (as high as 40%) (Figure
2). Microprobe chemical mapping demonstrates that the color
of the varnish as seen in thin section closely parallels the
MnO content: the darker it is, the higher the MnO content
(Figure 2). Examination of thousands of late Quaternary
varnish thin sections from the Great Basin by one of us (T.L.)
reveals a consistent stratigraphy for the color banding. During
the last glacial period, black (high MnO) layers alternate with
orange (intermediate MnO) layers. This glacial-age varnish is
overlain by yellow Holocene varnish and underlain by yellow
last interglacial-age varnish (Figure 2). Based on varnish
formed on geomorphic features whose ages have been
independently determined by radiocarbon, uranium series, and
in situ cosmogenic datings, it is clear that episodes of high
MnO content correspond to times when the Great Basin lakes
were much larger than they have been at-any time during the
Holocene (Liu et al., 1998). This suggests, but of course does
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not prove, that the chemical composition of varnish is a
wetness indicator. ‘
Varnish grows at the rate of 1 to 15 microns per millennium
and often reaches a thickness of 100 or so microns in
“dimples” (i.e., micro basins) on rock surfaces (Liu, 1994). As
varnish forms on virtually all lithologies including quartzite,
its ingredients must be supplied from the atmosphere delivered
in dust, aerosols, rain or dew. However, because of its
extremely slow growth rate (a few tens of atomic layers per
year), the mechanism behind varnish accumulation remains
obscure. As shown in Figure 2, the Mn, Ca, P, and Ba contents
of varnish are correlated (also see Reneau et al, 1992). The
large swings in Mn content are balanced by mirror-image
changes in the Mg, Al, K, and Si contents. Uranium and
thorium, while greatly énriched over their mean crustal
abundances, are not separated from one another (Table 1). This

] \
% MONTANA
OREGON 7 \ )
K N pra—
® Eugene - b IDAHO M \
A : H
W ¢ \ Bglse i
[ N H
~<Summer Lake”! ; W we-) |
"B (ep3 S (WB-10,11) A
» B (FP-3). Capy, Twin Falls _," V-
_______ : \ W, . ) Phakd l \
'_‘“-—(--—’_ ________ y 'S 4 1
Nt v T T e e —| | Y
v T Pt el
.- 'f Y L
R ' ) } Great SaltLake A "
BN (N
“J ‘1 Salt Lake City,
% NEVADA !
:[\‘o Reno g A|S | N .'I
A}
T
Sacramento \\ RE A UTAH
. N, © , !
I ‘
i J
P T,
/
3 '
’,
eath-Valley - Eas
|
\\ ‘\\lggas:\‘
N
i
1
.’ Searles Lake Nl ARIZONA
. N
\‘\‘~
S
\
.. V] (RT-7,8) Phoenix
RN n°
0 100 200 300 KILOMETERS San ' % South Arizona
Diego __,;-)
0 100 200MILES EX GO

Figure 1. Location map showing the sampling sites of rock
varnish in the desert regions of the western United States. The
boundaries of the Great Basin which used to host a number of
late Pleistocene closed-basin lakes such as Bonneville Lake
(i.e., the precursor of the Great Salt Lake), Searles Lake,
Summer Lake, and Lake Manly in Death Valley are delineated
with dashed lines. ’
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Table 2. Results of Gamma Ray Analysis of Rock Varnish
Sample Sample Sample Area Mass/Area 2%pp ¥1Cs YCs/Pb *1%Ph
Location Number Weight (mg) Scraped (cm?) (mg/cm?) (dpm/mg)  (dpm/mg) (dpm/cm?)
Scablands, ID 95-WB-11 113 . - - 0.48 0.054 0.11 -
Scablands, ID 95-WB-10 5.9 52 1.13 3.25 0.011 0.003 3.7
Scablands, ID 95-WB-6 54 6.4 0.84 1.87 - - 1.6
Searles Lake, CA 95-SL-7 3.2 4.4 0.72 2.15 - - 1.5
Southern Arizona 95-RT-8 43 29 1.48 0.9 B - 1.3
Southern Arizona 95-RT-7 53 3.1 1.71 2.1 - - 3.6

LDEO’s gamma detection system analyzed varnish scraped
from the surface of a boulder from the Idaho Scablands (see
Figure 1). What surprised us was a very large excess of ?'%Pb
activity over that of other U and Th series gamma emitters. To
check this finding, we sent this sample to University of South
Carolina for reanalysis. W.M. not only confirmed the excess of
210py put also found '*’Cs and concluded that both isotopes
must reside on the surface of the varnish, the *'°Pb being
supplied by the fallout from the atmosphere where it was
produced by the decay of *?Rn and the "’Cs from bomb tests
carried out in the late 1950s and early 1960s. As no attempt
had been made to determine the exact area scraped when this
sample was prepared, the inventory (dpm/cm?) of these
isotopes could only be roughly estimated.

This result piqued our interest. We selected five more
samples' from the Great Basin and adjacent regions of the
western USA (see Figure 1 for sample locations) and scraped
the uppermost portion (roughly 0-10 pm thick) of the varnish
from carefully measured areas. These samples were analyzed by
W.M. in a germanium detector having a 20 mm diameter, 40 nm
deep well. To maximize the detector efficiency for these very
small samples, the bottom of the counting vial was suspended
20 mm from the bottom of the well. Counting periods were 3-7
days. Thé gamma spectra were analyzed using the program
HYPERMET (Phillips and Marlow, 1976). No peaks were
reported unless they were resolved by HYPERMET.

The 3-6 mg samples yielded 830-2700 net counts in the
46.5 keV gamma peak from *'°Pb decay. Sample WB-6 was
counted twice. The first count (2.8 days) yielded 0.273%£0.016
cpm in the 46.5 keV peak; the second count (3.2 days) yielded
0.260+0.016 cpm. Separate measurements of an 18.8 mg
pitchblende standard and a "*’Cs solution in the same
geometry were made to determine the counting efficiency for
the samples. Because the path length was short, we assumed
that self adsorption of the 46.5 keV gamma was the same in the
samples and the pitchblende. A count rate of 0.2 cpm was
equivalent to 10.2 cpm *'°Pb. A long background measurement
during this investigation did not result in a resolvable *'°Pb
peak in the spectrum. Some earlier background measurements
had yielded net *'°Pb peaks of ~0.01 cpm. Although
background did not significantly affect these measurements, we
subtracted 0.01 cpm from all ?'°Pb measurements. The two
positive "*’Cs peaks are based on net counts in the 661 keV
region of 1770 (WB-11) and 271 (WB-10). We have never
resolved a '*’Cs background peak in this detector. The results
of these measurements are reported in Table 2. It must be kept
in mind that the activity per gram of sample counted depends
on the thickness of the varnish scraped. The 2'°Pb-rich upper

few nanometers are diluted with material free of excess 2'°Pb
from below. For the first sample, the entire varnish coating was
removed. For the others only the upper portion (roughly 0-10
pwm thick) of varnish was removed.

Discussion and Implication

Why do we assume that the ?'°Pb and "*’Cs must be on the
very surface? The reason is that the 2'°Pb activity (~2000
dpm/gm) in these samples exceeds the parent U activity (~80
dpm/gm) by more than an order of magnitude. As 2'°Pb has a
half life of only 22 years, this excess activity must have been
supplied during the last century (Nozaki et al., 1978). The
integrated excess *'°Pb activity in uppermost horizon of soils
in this region is on the order of 15 dpm/cm’® (Graustein and
Turekian, 1986) and has been demonstrated to originate from
Rn decay in the atmosphere. Thus only about 10 percent of
the *'°Pb fallout need to have been incorporated into the
varnish to account for its inventory. As *’Cs is a product of
nuclear tests carried out in the atmosphere, it was absent from
the environment prior to 1945. The ratio of *’Cs to excess
21%ph activity in soils averages about 0.8 (Graustein and
Turekian, 1986). The lower B37Cs to 2!°Pb ratios observed in
varnish suggest that lead is more efficiently sequestered into
varnish than is cesium.

The discovery of excess 2'°Pb and '*’Cs creates a window
into the chemical mechanisms responsible for the generation of
this mysterious substance. In addition to these two isotopes
we are in the process of searching for 'Be (half life 53 days) in
recently collected varnish. We are also in the process of
measuring the integrated '°Be inventory in varnish samples of
known basal age. As was the case for *'°Pb and *’Cs, these
inventories can be compared with independently determined
fallout rates. Since this paper was written Bill McDonough
and Roberta Rudnick at Harvard University have analyzed one
of our varnish samples from eastern California using their laser-
ICP system. They observe 10 fold enrichments of lead and zinc
in the upper few microns of the varnish sample, strongly
suggesting an anthropogenic input from smelters. Combined
with the results presented here, it is clear that comparison of
the inventories of a wide range of manmade pollutants in
varnish with their integrated atmospheric deposition will offer
valuable clues to the chemical mechanisms responsible for
varnish accumulation.
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