
changes in the near infrared reflectance as tools for studying
ecological features of the algal and moss communities in and
along dry valley streams. The acquisition of ecologically
meaningful spectral data will require a thorough investiga-
tion of the relationships between spectral features and bio-
mass, physiological status, pigment content, three-dimen-
sional structure of the assemblage, production, and nutrient
status of dry valley stream communities.

This work was supported by National Science Founda-
tion grant OPP 92-11773 and an Institutional Project Assign-
ment grant from the Desert Research Institute, Reno, Neva-
da. We thank the Desert Research Institute for the use of the
ASD PSI! Spectrometer, M. Anthony for chlorophyll analysis,
and D.M. McKnight for field assistance and advice. Use of
trade names in this article is for identification purposes only
and does not constitute endorsement by the U.S. Geological
Survey.

References

Dewey, S.L., F. deNoyelles, Jr., K. Price, I. Schalles, and A. Clements.
1993. Predicting stream periphyton biomass from spectral
reflectance using a high-resolution, hand-held spectroradiometer.
Bulletin of the Ecology Society ofAmerica, 74, 214.

Howard-Williams, C., and W.F. Vincent. 1989. Microbial communities
in southern Victoria Land streams (Antarctica). I. Photosynthesis.
Hydrobiologia, 172,27-38.

Peñuelas, J., J.A. Gamon, K.L. Griffin, and C.B. Field. 1993. Assessing
community type, plant biomass, pigment composition, and pho-
tosynthetic efficiency of aquatic vegetation from spectral
reflectance. Remote Sensing Environment, 46, 110-118.

Strickland, J.D.H., and T.R. Parsons. 1968. A practical handbook of
seawater analysis (Fisheries Research Board of Canada Bulletin
No. 167). Ottawa, Canada: Fisheries Research Board of Canada.

Vincent, W.F., R.W. Castenholz, M.T. Downes, and C. Howard-
Williams. 1993. Antarctic cyanobacteria: Light, nutrients, and pho-
tosynthesis in the microbial mat environment. Journal of Phycolo-
gy, 29, 745-755.
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A lthough much information has been gathered on the cli-
..CImatological and glaciological histories of the dry valleys
(e.g., Stuiver et al. 1981, pp. 319-436; Denton et al. 1989), rel-
atively little is known about the physicochemical and biologi-
cal state of past lakes in the region. For a recent review of
paleolimnology in the McMurdo Dry Valleys, see Doran,
Wharton, and Lyons (1994). The main objectives of this
research are
• to put the present lake environments into historical per-

spective,
• to trace environmental change (e.g., changes in lake pro-

ductivity, chemistry, sedimentology, and so forth) through
recent time using lake-bottom sediments,

• to confirm and extend this record by using paleolake sedi-
ments left by high lake stands (e.g., perched deltas left by
Glacial Lake Washburn between approximately 12,000 to
24,000 years ago), and

• to investigate new dating techniques to overcome carbon
reservoir effects.

Short cores [less than 35 centimeters (cm)] collected
from Lake Hoare in Taylor Valley (figure 1) have been ana-
lyzed for character and amount of carbonates and organic
matter, siliceous algal remains, geochemistry, mineralogy,
and texture. Carbonates in the short cores are sporadic, usu-
ally occurring in the fine-grained strata (figure 2; table), and
so far have all been determined to be calcite with varying cal-
cium-to-magnesium ratios. For the 31 oxic samples meas-
ured to date (strata from cores taken from DH1 and DH2),

carbonates range from 0.3%o to 8.4%o isotopic carbon-13
(ô'C), with a mean value of 5.6%o. This is remarkably close
to the 5.4%o value that Aharon (1988) predicts for antarctic
lakes precipitating calcite in equilibrium with atmospheric
carbon dioxide (CO2) at 0°C. Lake Hoare sediment 813C val-
ues reported here are heavier than those of its nearest neigh-
bor, Lake Fryxell (Lawrence and Hendy 1989), by approxi-
mately 507oo.

According to Green, Angle, and Chave (1988), Lake
Hoare surface waters are supersaturated with respect to cal-
cite whereas waters below 20 meters depth are undersaturat-
ed. Mass-balance calculations further showed that calcium
carbonate (CaCO3) is precipitated in the shallow regions of
the lake, the area from which our core was extracted. This,
coupled with the relatively heavy Lake Hoare dissolved inor-
ganic carbon values resulting from the lack of surface water
inflow and mixing (Wharton, Lyons, and Des Marais 1993),
helps to explain the isotopically heavy sedimentary carbon-
ate. Sedimentary carbonate 813C increases with core depth to
approximately 30 cm in the core depicted in figure 2, sug-
gesting a change in lake hydrology and/or productivity over
recent time.

Organic matter 8 13C is relatively light. This may be relat-
ed to the findings of Rau, Takahashi, and Des Marais (1989),
who suggest that increased solubility of CO2 in colder water
favors isotopic discrimination by phytoplankton. The rela-
tively heavy organic 8 13 C values in the coarser material
reflect an allogenic source for the material.
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Figure 1. Map showing locations of dive holes (DH) on Lake Hoare.
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These preliminary results suggest that
• solution/ dissolution of calcium carbonate is an

important process in the lake;
• carbon dynamics have not been stable over

recent time; and
• organic matter is primarily derived from alloc-

thonous input during periods of high sedimen-
tation rates, and during low sedimentation peri-
ods, autochthonous organic input is dominant.

More than 30 freshwater diatom taxa have
been documented from a Lake Hoare core (from
DH2#4). Total number of diatom valves per mil-
ligram of dry weight sediment varies from less than
1,000 to 117,000 (figure 3). Total abundance is
greatest at 17-18 cm depth. Although benthic
cyanobacterial mats are clearly evident within the
core, the 17-18-cm section is not associated with
mat material. Additional analyses will determine
whether diatom abundance is consistently nega-
tively correlated to total organic material. Chryso-
phyte cysts and fragments of marine diatoms are
also present. Marine diatom fragments are not as
common in Lake Hoare sediments as in Lake Fryx-

Percentages of calcium carbonate (CaCO) and organic matter
(CH20), and 51 C values (in %o) for selected strata in Lake Hoare
core DH2#4. Sample numbers correspond to those found in figure 1.
(IC=insufficient carbon.)
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ell. The marine fragments are likely to have entered the lake
from terrestrial deposits, possibly transported by streamfiow.

Samples of perched deltas left from Glacial Lake Wash-
burn were collected during the 1993-1994 field season and
will undergo the same types of analyses as the lake sedi-
ments. Results so far indicate that calcite is the only carbon-
ate present in the delta samples. The amount of carbonate
and organic matter per unit volume of perched delta sedi-
ment is extremely variable and seems to decrease with delta
size.

During the 1994-1995 field season, we will continue col-
lecting perched delta samples and attempt to collect long
cores from the lakes using a modified Nesje corer (Nesje
1992). Ideally, we would like to penetrate Lake Hoare sedi-
ments and obtain Lake Washburn sediments lying below.
One of the key questions that could be answered with the
long cores is whether Lake Hoare evaporated to dryness
1,200 years ago during a prolonged dry period that drew
other dry valley lakes down to brine ponds. Furthermore, we
may have the opportunity to compare sediments below Lake
Hoare with perched delta sediments of the same age.

A suite of dating techniques is being tested and tried on
the sediments retrieved from the dry valleys. These include
thermoluminescence, uranium /thorium, and paleomagnet-
ism.

This research is funded by National Science Foundation
grant OPP 92-11773. We thank David Anderson, Glenn Berg-
er, David Des Marais, Robert Karlin, and W.B. Lyons for their
collaboration.
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McMurdo LTER: Inorganic geochemical studies with special
reference to calcium carbonate dynamics
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D
uring the first field season (1993-1994) of the McMurdo
Dry Valleys Long-Term Ecological Research (LTER) pro-

gram, we collected, processed, and analyzed samples for geo-
chemical and biogeochemical analysis. The following analy-
ses were conducted on the majority of these samples: pH, dis-
solved inorganic carbon (CO2), sodium (Na), potassium
(K), magnesium (Mg2 -), calcium (Ca2 ), chloride (Cl-), sulfate
(SO421, nitrate (NO3-), nitrite (NO2j, ammonium (NH4),
phosphate (PO4 3-), dissolved organic carbon (DOC), and sta-
ble isotope ratios (8 180 and ÔD) of the water.

Each of the three major lakes in Taylor Valley (Bonney,
Fryxell, and Hoare) were sampled at least three times during
the field season. Lakes were systematically sampled at regular
depths, and biological as well as chemical samples were
obtained (Priscu, Antarctic Journal, in this issue). Although
previous work on the geochemistry of these lakes has been
published since the early 1960s, little comparison work has
been undertaken. Chloride profiles from the third "limno
run" of the season (21 December 1993, 23 December 1993, 29
December 1993, and 7 January 1994) are shown for both the
east and west lobes of Lake Bonney as well as Lakes Fryxell
and Hoare in figure 1. This comparative approach emphasizes
the radically different chemical compositions of lakes, with
Lake Hoare being the freshest and Lake Bonney (both lobes)
being the most saline. One of the most intriguing questions
about the McMurdo Dry Valleys is, how did these lakes,
essentially evolving in a similar climatic region, draining simi-
lar geologic materials, evolve into such different lake
chemistries?

Figure 2 is a plot of the Ca:Cl ratios in the lakes. Included
in this figure are data for Lake Vanda in Wright Valley from
Green and Canfield (1984). The Ca 2 profiles are "normalized"
to Cl-to eliminate any variation due to changes in total dis-
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Figure 1. Depth profile of Cl- in Lake Bonney, Lake Hoare, and Lake
Fryxell.
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