
istic of the changing concentration and composition
throughout its length could not be established with any
certainty.

A series of 13 samples of water was collected from
the Onyx River during the 1969-1970 austral summer.
The sampling extended over the stream's entire length
and was done in about a 2-hour period (this could
be considered instantaneous sampling). These samples
were analyzed for Na, K, Ca, and Mg, and the data
are given in the table. There are no variations of an
order of magnitude that had been detected previously
from samples collected over a period of several days.
Instead, for this sample profile the concentrations for
the principal cations varied by less than a factor of two.
There was a trend, however, for the concentrations to
increase downstream. As an example, the sodium con-
centration has been plotted against distance in fig. 2.
The concentration of sodium increases smoothly down-
stream, except for a minor decrease in the samples
collected just east of Bull Pass.

The weight ratios of Ca/Na, Ca/Mg, and Na/K
for the water samples are given in the table. The vari-
ations of these ratios indicates a change in composition
of the salts in the stream with distance. For example,
the Ca/Na ratio is plotted in fig. 2. The ratio increases
with distance downstream from the lake at the base
of Wright Lower Glacier, then it decreases and reaches
a minimum in the vicinity of Bull Pass. It increases
once again as the stream nears Lake Vanda.

From the above analyses, concentration and compo-
sition of the principal cations of dissolved salts in the
Onyx River vary continually downstream. Water con-
taining salts of a marked difference in quality and
quantity is being introduced to the stream in the vicinity
of Bull Pass.

I thank the field support of U.S. Navy vxE-6, es-
pecially lieutenant commander Arlan Dyer, for the ex-
cellent series of samples from the Onyx River. Financial
assistance for the field work was provided by National
Science Foundation grants GA-14427 and GA-14573.
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Rubidium-strontium geochronology of
antarctic and South American rocks

MARTIN HALPERN

Institute for Geological Sciences
University of Texas, Dallas

During 1972-1973, the following programs in
rubidium-strontium eochronology and strontium iso-
tope geochemistry were begun with the partial support
of National Science Foundation grant GV-28757.

A. Ritbidium-strontium data for basement rocks from
northeast Marie Byrd Land (with Boris G. Lopatin, Re-
search Institute of the Geology of the Arctic, Leningrad,
USSR):

During the 1967-1968 austral summer, Lopatin, ex-
change scientist with the U.S. Antarctic Research Pro-
gram, participated in the geologic mapping of northeast
Marie Byrd Land. Specimens analyzed for rubidium and
strontium consisted of metamorphic and intrusive base-
ment rocks (fig. 1) capped by Cenozoic volcanic rocks
(Lopatin and Orlenko, 1972). There is no direct evi-
dence to indicate the age and structural position of the
basement rocks. Three specimens have been analyzed:
biotite-quartz-feldspar gneiss (#26), pegmatitic quartz
and potassium feldspar (26d), and aplite (#10e).

Since only one specimen from each outcrop was avail-
able for rubidium and strontium analysis, the reference
isochron plotted in fig. 2 is not intended to indicate a
least squares fit to the data points. Fig. 2 shows a
reference isochron with a slope equivalent to 240 mil-
lion years, using a decay constant of A = 1.47 x 10

Contribution number 237, Institute for Geological Sciences,
University of Texas, Dallas.
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Figure 1. Region of basement rock exposure in northeast Marie
Byrd Land.
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per year and an initial Sr 87/Sr86 ratio of 0.706. Be-
cause the samples represent different rock units from
several outcrops, it can not be assumed that the Sr87/
Sr86 initial ratio was the same for each sample. The
isochron therefore is only a datum against which the
plotted points can be compared (e.g., Hurley and Fair-
bairn, 1972). Ages also have been calculated for each
total rock and mineral concentrate analyzed (table),
with the exception of total rock #26d where the en-
richment in radiogenic Sr 87 is considered too low to
calculate a meaningful date.

To the south and west of the area shown in fig. 1,
a sample of basement (?) quartz diorite at Mount
Strange in the Kohler Range (latitude 74 0 58'S., longi-
tude 113 0 21'W.) was dated by the rubidium-strontium
method, using total rock, biotite, and muscovite (seri-
cite). The line drawn through these three data points
gave a slope having a calculated age of 265 ± 20 mil-
lion years and an initial Sr 87/5r86 ratio of about 0.705
(Halpern, 1972). To the north of the area shown in
fig. 1, on Thurston Island, a minimum age of 280 ± 10
million years was determined by using the rubidium-
strontium method for biotite from quartz diorite gneiss
(Craddock et al., 1964). On the radiometric age map
of Antarctica, compiled by Craddock (1970), additional
radiometric numbers are presented for Thurston Island
rocks. Craddock's listing of dates (1970) by the rubid-
ium-strontium and potassium-argon methods fall within
Paleozoic to early Mesozoic time.

The rubidium-strontium dates given in this paper
(table) suggest that during Permian time the basement
rocks of northeast Marie Byrd Land were involved in
geologic event(s) which resulted in the now-exposed
igneous and metamorphic basement. When combined
with the limited radiometric and stratigraphic age data

Sr8/Sr86
0.7804

,426d0.770.J.	 K-feldspar

o.760t biotite
0.750--

Zrock

0.740-f Nso

ochron, 240 my.
0.730

3L47 x 10yr.'
0.720t Sr87/Sr860.706

0710 t'6d total rock

0.7001	I	 I	 I0	2	4	6	8	10	12	14	16	18	20
-	 Rb87/Sr86
Figure 2. Fit of basement total rock and mineral rubidium-
strontium isotopic data to a 240-million-years reference isochron.

available from the literature, it appears that crustal areas
within West Antarctica were subjected to orogenic
event(s) during the late Paleozoic.

B. Rubidium-strontium geochronology of the Prince
Charles Mountains (with Garrik Grikurov, Research
Institute of the Geology of the Arctic, Leningrad,
USSR):

In progress are total rock analyses of a large suite of
igneous and metamorphic specimens.

C. Rubidium-strontium geochronology of the meta-
morphic basement and intrusive plulonic rocks of the
Argentine Andes between latitudes 41° and 43 0 S.
(with Pedro N. Stipanicic and Roberto 0. Toubes,
Atomic Energy Commission, Argentina):

Initial results of this study indicate a Paleozoic age
for basement biotite schist and a Mesozoic age for

Rubidium-strontium analytical results of igneous and metamorphic rocks from
northeast Marie Byrd Land, West Antarctica.

Sample	 Calculated age **
number	Material	 SrSh/Sr°*	Rb87/Sr	Sr80(M/g)	Rbs7(M/g)	(million years)

lOe	total
rock

26	 biotite

26d	total
rock

26d	K-feldspar

	

0.7204	 3.98

	

0.7201	 3.94

	

0.7563	 14.3

	

0.7092	 0.716
0.7086

	

0.7719	18.8

	

0.0688	 0.274

	

0.0694	 0.273

	

0.0629	 0.901

	

0.257	 0.184

	

0.0651	 1.223

244 ± 44

240 ± 20

not calculated
enrichment in
radiogenic Sr
too low

238 ± 17

* Normalized to Sr/Sr ratio of 0.1194. At the time of these analyses, the normalized Sr"/Sr' ratio of the M.I.T. Eimer & Amend
SrCO3 standard was 0.70790 ± 0.0005 (20), the N.B.S. SrCO 3 standard # 987 of the normalized Sr`/Sr' ratio was 0.7100 5 ±

0 .00092 (20) (mean of 4 analyses).
** Using Rbs? 'k 	x 1011 per year, assumed initial Sr'/Sr" ratios of 0.704 to 0.708, and a possible error of about 4 percent

for the combined Rb87/Sr and Sr"/Sr' ratios.
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granitic total rocks of the Andean batholithic complex.
The assistance of Gary M. Carlin, W. I. Manton, and

G. Grikurov is gratefully acknowledged.
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lems and the amount of data involved, a single com-
puter program was written in Fortran IV language. It
takes raw data and applies the necessary correction fac-
tors to maintain proper time versus temperature relation-
ships. To simplify comparison between recorders and
stations, all data were converted to an hourly tempera-
ture record. Time-series programs have been written
for auto-correlation, cross-correlation, and spectrum
analysis. Application of these thus far has been lim-
ited, but in combination with Fourier analysis they will
be helpful in filling gaps in the records and in correlat-
ing weather records from McMurdo and elsewhere in
Victoria Land.

Preliminary analysis of selected records indicates a
large number of freeze-thaw cycles per year, in the sur-
face soil. The effects of clouds, shadows, and snowcover
on the soil temperature are remarkably evident. A va-
riety of other correlations seems possible.

Further studies include the application of thermal
correction factors for the growth rates of patterned-
ground wedges, analysis of seasonal moisture movements
in the active layer, quantification of the thermal proper-
ties of the active layer in relation to its composition, and
quantification of the freeze-thaw cycles for better ap-
preciation of weathering rates.
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Patterned-ground studies in Antarctica

TERRILL L. BURCH and ROBERT F. BLACK
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Between 1962 and 1970, about 135,000 hours of con-
tinuous records of near-surface ground temperature, sur-
face ground temperature, and near-ground air tempera-
ture were collected by thermal recording stations lo-
cated at Nussbaum Riegel in Taylor Valley and near
McMurdo Station. The closing of these unmanned sta-
tions marked the end of the patterned-ground project's
field studies (Black, 1970, 1973).

The thermal recorders and those thermistors that
could be recovered were tested and calibrated under
laboratory conditions at a temperature range of —60°C.
to +20 0C. Individual recorder's idiosyncracies were
analyzed, as well as decreases in thermistor sensitivity.
Corrections for unrecovered thermistors were based on
the statistically most suitable curve for the correction
factors of the recovered thermistors. The recorder-
thermistor combinations and the time marking system
also were calibrated at varying voltages. Power outages
were identified.

Because of the complexity of these and other prob-

Black, Robert F. 1970. Patterned-ground studies in Antarctica.
Antarctic Journal of the U.S., V(4): 104-105.

Black, Robert F. 1973. Growth of patterned-ground in Vic-
toria Land, Antarctica. Second International Permafrost Con-
ference, Yakuti-k, USSR. National Academy of Sciences. 193-
203.

Cartographic activities of the
U.S. Geological Survey, 1972-1973

RUPERT B. SOUTHARD, JR.

Topographic Division
U.S. Geological Survey

The Topographic Division is responsible for the pro-
duction, under the Antarctic Cartographic Program, of
various map series and cartographic products. The
1:250,000-scale topographic map series is the most im-
portant part of this program. Maximum effort continues
to be directed toward the completion of this series'
1:250,000-scale shaded-relief maps. Five 1:250,000-
scale maps were issued, covering the Saunders Coast of
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