Stable Carbon Isotope Ratios of Rock Varnish Organic Matter:

A New Paleoenvironmental Indicator

Abstract. Stable carbon isotope ratios of organic matter in rock varnishes of
Holocene age from western North America and the Middle East show a strong
association with the environment. This isotopic variability reflects the abundance of
plants with different photosynthetic pathways in adjacent vegetation. Analyses of
different layers of varnish on late Pleistocene desert landforms indicate that the
carbon isotopic composition of varnish organic matter is a paleoenvironmental

indicator.

Rock varnishes are natural accretions
of manganese and iron oxides, clay min-
erals, trace elements, and small quanti-
ties of organic matter that form dark
coatings on stable surfaces in terrestrial
weathering environments (I, 2). Varnish
in deserts is characterized by biogeo-
chemical stability and slow rates of for-
mation (2, 3), features that allow it to be
used in dating (3) and to record fluctua-
tions in alkalinity (4). We now show that
stable carbon isotopic analysis of organic
matter extracted from rock varnish pro-
vides paleoenvironmental and paleoeco-
logical information.

One strategy to determine whether the
organic matter in rock varnish contains
an environmental signal would be to

sample historic varnish films and relate
their isotopic compositions to recorded
climate. However, varnish forms too
slowly and does not contain enough or-
ganic matter to make this approach feasi-
ble (5). We therefore sampled thicker
varnish deposits that were formed during
long periods of relative climatic constan-
cy. We chose Holocene age varnishes (6)
because the present gross environmental
regimes (desert, semiarid, or montane
humid) have been well established since
the early Holocene in the areas where we
sampled (7). There is a strong correlation
between local environment and the 8'3C
values (8) of organic matter (9) in these
varnish samples (Table 1). The 3'C val-
ues for varnishes from arid sites range

Table 1. The 5'3C values of organic matter in rock varnish sampled at sites in western North
America, Israel, and the Sinai Peninsula. Samples marked with an asterisk came from Holocene
age landforms; unmarked samples were collected by scraping only the very surface layer from
varnish deposits whose oldest layers may predate the Holocene. Negative 3!C values represent

depletion.
. SIJC
Site (per mil)
Semiarid to humid
Galilee (Israel) —-23.5
Sunflower, northern Arizona -22.5
Pinal, northern Arizona -23.9
Schulman Grove, White Mountains, California -23.9
*Lake Louis, Canada -23.4
Alpine, west Texas -23.1
Amistad Reservoir, west Texas -23.6
37 km west of Davis, west Texas —15.4
Hyperarid to arid
*Searles Lake, California, west shoreline -11.8
*Silver Lake, California, west shoreline —14.1
*Timna Valley, Negev Desert (Israel) —14.5
*Searles Lake, California, east shoreline -15.4
*Pyramid Lake, California, north shoreline -15.5
*Shoreline Butte, Death Valley, California —15.6
Marsa Mugpbila (Sinai Peninsula) east margin -15.8
Salt Springs, Mojave Desert, California -16.0
Piedmont of Gila Mountains, Arizona -17.9
Copper Creek, talus cone, Death Valley, California -19.3
Altitudinal-climatic transects

Kitt Peak, Arizona

914 m —16.2

1219 m -17.0

1524 m =22.%

1890 m —24.1
Central Mojave Desert, California

Bristol Dry Lake, 366 m -14.6

Clipper Valley, 817 m -14.8

Hole-in-the-Wall, 1250 m -22.3

Mid Hills, 1585 m -22.7

Providence Mountains, 1646 m -23.3
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from —12 to —19 per mil [negative values
represent depletion relative to PDB stan-
dard (8)], whereas samples from more
humid locales have values around —23
per mil, with one exception that is dis-
cussed below. The 3'C values for var-
nishes collected along two altitudinal
transects also show a correlation with
environment, becoming more negative
as elevation increases (Table 1). Large
shifts (—=17.0 to —22.2 per mil at Kitt
Peak and —14.8 to —22.3 per mil in the
Mojave Desert) occur at elevations
where the transitions from arid to more
humid conditions are demarcated by
vegetation changes, with desert scrub
being replaced by chaparral and by sage,
pinyon, and juniper.

The following model can be used to
explain the relation between 8'>C values
of varnish organic matter and environ-
ment. Varnish organic matter is derived
from micrometer-sized airborne plant
material that accumulates on rock sur-
faces (Fig. 1A) (10). Some of this plant
material is metabolized by bacteria (Fig.
1B) (2, 11-13), microcolonial fungi (Fig.
1C) (13), and other microorganisms (Fig.
1D) (12) that are ubiquitous inhabitants
on varnish. The isotopic composition of
the microbial organic matter, which is
incorporated into varnish along with
plant debris (/4), is similar to that of the
plant debris (I5). The 3'C values of
incoming plant material reflect the rela-
tive abundance of C; plants versus C,
and CAM plants (/6) in the adjacent
vegetation. Since C4 and CAM plants are
more abundant in warm arid environ-
ments than in the cool moist environ-
ments where C; plants predominate (/7),
3"3C values of varnish organic matter
reflect the local environment.

This model is supported by most of the
data shown in Table 1. Varnishes from
semiarid and humid sites have 3'3C val-
ues that reflect the dominance of C;
plants at present and throughout the Ho-
locene. The only exception, with a 3'C
value of —15.4 per mil, came from near a
predominantly C, grassland that con-
tains some C; grasses. Varnishes from
arid sites have 8'3C values that reflect
the presence of C4 or CAM plants or
both in nearby vegetation. Among these
locales, those with the least negative
3"3C values are areas currently dominat-
ed by C4 or CAM plants or both (for
example, Atriplex confertifolia, a C,
shrub, at Searles Lake), whereas those
with the most negative 3'3C values (Salt
Springs, Piedmont of Gila Mountains,
and Copper Creek) are areas where the
C; plant creosote, Larrea tridentata, to-
gether with some C4 and CAM plants,
make up most of the plant cover.
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There are exceptions to the correlation
between the abundance of photosynthet-
ic types that make up present-day vege-
tation and 8'3C values of varnish organic
matter. For example, C; shrubs are com-
mon now at Pyramid Lake in the western
Great Basin and at Salt Springs and
Clipper Valley in the Mojave Desert, but
the varnishes from these localities yield
C4CAM isotopic signatures (Table 1).
Because most rock varnishes have not
accumulated much organic matter since
European colonization (5), the dispari-
ties between the 3'3C values of Holocene
age varnish and the composition of the
present plant cover may be useful in
deciphering ecological changes accom-
panying European settlement in the New
World.

To explore the possibility of obtaining
paleoenvironmental information from
isotopic analysis, we sampled surface
and subsurface layers of varnish on late
Pleistocene volcanic deposits in eastern
California. The 8'3C values indicate the
basal layers were formed under more
humid conditions than the surficial lay-
ers (Table 2). These results are consist-
ent with observations that more moist
conditions occurred in the southwestern
United States during the last major gla-
cial interval compared with the greater
aridity of the Holocene (7).

Isotopic analysis of different layers of
varnish from the middle talus flatiron in a
sequence of three flatirons in the Timna
Valley, Negev Desert of Israel (Table 2),
indicate sequential arid, humid, and arid
periods. This sequence is consistent with
Gerson’s (18) climatic geomorphology
model for the evolution of talus flatirons
in deserts—that is, a talus cover is de-
posited during a long wet period and, as
the environment becomes arid, erosion
separates the talus cover from the talus
source, producing a flatiron. At this
point, varnish would have started to
form on the flatiron that we sampled.
The basal layer of varnish has a 8°C
value corresponding with this arid peri-
od. The subsequent humid and arid peri-
ods indicated by 8'3C values for the
middle and surface layers of the varnish
correspond to the climatic changes

Fig. 1. Sources of organic matter in rock
varnish. (A) Incorporation of organic plant
detritus (arrows) into varnish from Halloran
Springs, Mojave Desert. Scale bar, 50 um. (B)
Filamentous budding bacteria, perhaps Me-
tallogenium (22), on varnish near Copper
Creek alluvial fan, Death Valley. Scale bar, 5
pm. (C) Microcolonial fungi on varnish near
Florence Junction, east of Phoenix. Scale bar,
10 pm. (D) Unidentified microorganism on
manganese-rich varnish collected by T. M.
Oberlander near Copiapo, Atacama Desert,
Chile. Scale bar, 2 um.
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Table 2. The 8'C values of organic matter in different layers of rock varnish from sites in the
western United States and in Israel. Negative values represent depletion.

K-Ar
. leC
Site age .
(10 years) (per mil)

Coso Range volcanic 1* 81+ 8
Surface layer -19.5
Basal layer -22.3

Cima volcanic h,t 60 + 30
Surface layer -15.3
Basal layer -21.2

Talus Flatiron, Timna Valley, Israelt

Surface layer -14.2
Middle layer -23.5
Basal layer -15.4
Entire varnish coat -17.8

“-?Salngled from the top of a rhyolite dome (20).

which, according to Gerson’s model,
would have produced the youngest flat-
iron at the site.

Several factors may complicate inter-
pretation of 3'3C values in varnish organ-
ic matter. First, the presence of autotro-
phic organisms on rock surfaces could

tSampled from a basalt flow (21).

1Site discussed in

contribute organic matter whose 8'3C
value is not related to the abundance of
different photosynthetic types in the ad-
jacent plants. Among autotrophic orga-
nisms that occur in environments where
varnishes form, lichens are inimical to
varnish and cyanobacteria, although oc-




casionally present on varnish, are rare
(2). Although some fungi may incorpo-
rate atmospheric CO; into their biomass,
the microcolonial fungi commonly found
on varnish seem to obtain their carbon
from airborne organic matter derived
from adjacent soil and vegetation (/3).
Second, certain types of plants may con-
tribute more than their share of organic
debris to the atmosphere, thus leading to
bias in varnish 3'3C values. Third, it is
possible that varnish growth is favored
during seasons when organic debris is
shed by plants with nonrepresentative
3"°C values. Finally, 3'3C values of
CAM and C4 plants may change in re-
sponse to variations in environmental
factors (/9). Fortunately, the isotopic
changes these plants experience are such
that the environmental signal in varnish
organic matter 3'°C values would be
enhanced, rather than weakened, by
such changes.

In conclusion, our stable isotope anal-
yses of organic matter in rock varnish
reveal that 8'°C values are strongly cor-
related with environment and that §'3C
values in fossil varnish reflect past envi-
ronmental conditions. The abundance of
plants possessing different photosynthet-
ic pathways in adjacent vegetation gov-
erns the carbon isotopic composition of
rock varnish organic matter. However,
before carbon isotope ratios of varnish
organic matter can be used routinely as
paleoenvironmental and paleoecological
indicators, the method of extracting lay-
ers of fossil varnish only a few micro-
meters thick must be refined.
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Effect of Vanadate on Elevated Blood Glucose and
Depressed Cardiac Performance of Diabetic Rats

Abstract.

The trace element vanadium has an unclear biological function.

Vanadate, an oxidized form of vanadium, appears to have an insulin-like action. The
effect of vanadate on blood glucose and cardiac performance was assessed in female
Wistar rats 6 weeks after they were made diabetic with streptozotocin. Wlhen
vanadate was administered for a 4-week period to the diabetic rats, their blood
glucose was not significantly different from that of nondiabetic controls despite a low
serum insulin. In contrast, blood glucose was increased about threefold in the
diabetic rats that were not treated with vanadate, these rats also had low insulin
levels. Cardiac performance was depressed in the untreated diabetic animals, but
the cardiac performance of the vanadate-treated diabetic animals was not signifi-
cantly different from that of nondiabetic controls. Thus vanadate controlled the high
blood glucose and prevented the decline in cardiac performance due to diabetes.

Vanadium, a trace element in the envi-
ronment (I, 2), is found in plants and
animals, but its biological function is
unclear (3). Studies have shown that
vanadium directly affects glucose metab-
olism (/-7). Tolman et al. (I) reported
that vanadate stimulates glucose oxida-
tion and transport in adipocytes, en-
hances glycogen synthesis in liver and
diaphragm, and inhibits hepatic gluco-
neogenesis and intestinal glucose trans-
port. An insulin-like effect of vanadate
was also reported by other investigators
(2-7). Vanadate can also influence cardi-
ac performance. It induced a positive
inotropic effect in the isolated rat heart
(8) and isolated cat papillary muscle (9)
and had a negative inotropic effect in

most atria (/0). These observations sug-
gest that vanadate may have a role in
regulating glucose metabolism and cardi-
ac performance in vivo. We thérefore
investigated the possibility that vanadate
can affect the elevated blood glucose
concentration and depressed cardiac
contraction of diabetic tats.

The animals used ih this study are
described in Table 1. Body weights of
rats made diabetic with streptozotocin
but not treated with varadate were sig-
nificantly lower than body weights of
untreated controls. There was no Sighifi-
cant difference between the weight$ of
the two groups of vanadate-treated ani-
mals but they gained weight more slowly
than did the controls; however, the dif-
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