
It appears that this ice-margin position of the Victoria Upper
Glacier was contemporaneous with that of the Victoria Lower
Glacier, dated at approximately 10,000 years ago. It is expected
that radiocarbon dates, to be derived from fossil algae collected
from within the western delta, will confirm this tentative
correlation.

The question of the source of the former, more extensive
Victoria Upper Glacier, either from the inland ice or from local
alpine basins, is unresolved at this time, as is the reason for the
contemporaneous enlargement of Lake Vida.

This research was supported by National Science Foundation
grant DPP 76-23460.
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Patterned-ground studies
in Victoria Land

ROBERT E BLACK
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University of Connecticut
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Patterned ground is a general term for those features vari-
ously described as polygons, circles, nets, steps, and stripes
which characterize, but are not restricted to,, ground subject to
frost action. This study is restricted to polygons generated by
thermal contraction cracking in permafrost during the annual
change of the seasons. In winter, cold ground temperatures
cause ice-cemented ground to shrink and develop cracks in
polygonal array normal to the surface. In the cracks that outline
the polygons, drifting sand in and areas and ice in humid areas
add increments of material to the ground. The process con-
tinues annually, building wedge-shaped forms whose widths
reflect the rate of growth and the total time involved. Unconsoli-
dated sand and gravel, till, and even bedrock may host the
wedges. Because ice has a much higher coefficient of thermal
expansion than rock, wedges that grow in fine-textured sedi-
ments cemented with much ice grow much faster than wedges
in bedrock or in sediments cemented with little ice. The pur-
pose of this study was to determine the age of polygons in
various geomorphic settings. This is done by measuring annual
growth rates of the wedges and dividing the average maximum
width of wedges in various geomorphic settings by the mean
annual growth rate. Thus, ages of young glacial deposits,
drained lake beds, abandoned stream channels, and other mor-
phologic forms where wedges started to grow as soon as the
ground was exposed can be approximated.

Widths of wedges outlining polygons at 14 sites in Victoria
Land were measured over an interval of 6 to 8 years, from 1961 to
1969 (Black 1973). During January 1982, Scott Ryan and I mea-
sured the same wedges again after a 12-year interval (late 1969 to

January 1982) or, in one instance, a 13-year interval. Although
only limited data analysis has been completed, it is clear that
growth rates (that is, changes in widths of wedges) during
the two intervals-the 6-8-year interval during the 1960's and
the 12-13-year interval during the 1970's-differed markedly
(table 1).

During the 1960's, the width of wedges increased a net aver-
age of 0.79 millimeter per year. (One site had a negative net
average growth-that is, widths of wedges on the average de-
creased.) During the 1970's, 6 of the 14 sites had negative net-
growth rates, and the average net growth of wedges at all sites
was only 0.04 millimeter per year-a rate change of -0.75
millimeter per year from the earlier period. The only site ex-
hibiting an increase in net-growth rate (0.04 millimeter per year)

Table 1. Rate of change of widths of wedges at 14 sites in Victoria
Land. See Berg and Black (1966) and Black (1973) for exact locations

and descriptions of sites.

Growth from Growth from
Site	 1961 to 1969 1969 to 1982	Net difference

Windy Crater	-0.39	-0.79	-0.40
Nussbaum-delta	+0.35	-0.79	-1.14
Nussbaum-hill	+0.34	-0.20	-0.54
New Harbor-delta	+0.89	+0.24	-0.65
New Harbor-

moraine	 +1.58	+ 0.76	-0.82
Beacon Valley-A	+0.82	+0.35	-0.47
Beacon VaIIeyB	+0.84	+0.58	 -0.26
Cape Evans-ramp	+0.82	-1.17	-1.99
Cape Evans-base	+1.22	-0.01	 -1.23
Wright Valley-A	+0.70	+0.38	-0.32
Wright VaIIEj-B	+1.39	+0.78	-0.61
Wright Valley-C	+0.90	+0.33	-0.57
Wright Valley-D	+0.48	+0.52	+0.04
Hobbs	 +1.09	-0.48	-1.57

Net average	+0.79	+0.04	-0.75

Note. All numbers are net average changes in millimeters per year.
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Table 2. Preliminary computations of net average annual growth
rates and computed ages of wedges In Victoria Land. No thermal or
other corrections are Included. See Berg and Black (1966) and Black

(1973) for exact locations and descriptions of sites.

Net average
change	 Age

Site	 (millimeters/year)a	(years)

Windy Crater	 —0.44	 N.D.b
Nussbaum-delta	 —0.32	 N.D.
Nussbaumhill*	 +0.06	12,500
New Harbor-delta	 +0.51	 1,380
New Harbor-moraine	 +0.84	 830

Beacon Valley-A	 +0.53	 5,990
Beacon ValleyB*	 +0.68	 5,000
Cape Evans-ramp	 +0.17	 3,235
Cape Evans-base	 +0.14	 2,890

Wright Valley-A'	 +0.55	 1,640
Wright Valley-B'	 +1.00 	 2,000
Wright Valley-C'	 +0.58	 2,580
Wright Valley-D'	 +0.56	 720
Hobbs*	 +0.03	 9,490

aTwenty years of records available at unstarred sites; 19 years of records
available at starred sites.

b N . D . = not determined.

since the 1960's adjoins a nearly perennial snowbank and stayed
wetter than other sites.

The decreased rates of growth during the 1970's are attributed
especially to warmer temperatures. Perennial snowbanks dis-
appeared or became much smaller during the 1970's. At the one
site where such measurements were made, the centers of poly-
gons increased in width by a net average of 0.31 millimeter per
year during the 1970's but decreased a net average of 0.20 milli-
meter per year during the 1960's. Warming of the permafrost
accounts for the expansion of the centers of polygons and the
shrinkage of many bordering wedges during the 1970's. Limited
weather data from McMurdo (Naval Weather Service Detach-
ment) support the warming trend.

Apparently, the bare, patterned ground of the and to semi-
arid parts of Victoria Land is affected more by short-term fluc-
tuations in climate and ground conditions than are the vege-
tated ice wedges of the more humid regions of northern Alaska.
Consequently, antarctic wedges are less useful for dating pur-
poses than are Alaskan wedges. For example, during the 1960's
the computed ages of the wedges at the 13 sites exhibiting
positive net average growth rates ranged from 280 years to 4,050
years (obtained by dividing average widths of wedges at a site
by the positive net average annual growth rate) (Black 1973). For
the 1970's the computed ages of the wedges at the eight sites
exhibiting positive net average growth rates ranged from 770 to
9,140 years. The wedges at the 12 sites exhibiting positive net
average growth rates over the 19 to 20 years of measurements
(0.03 to 1.00 millimeter per year) have computed ages of 720 to

-...
•	 .-.. .	I.	 .	,ç	:'-

•1	*

.-.-	-

•1

Sand wedge exposed in cross section In higher terrace of the Onyx
River, site C, Wright Valley (Berg and Black 1966, pp. 97-99).

12,500 years (table 2). Only half the sites have wedges of suffi-
cient uniformity of growth to lend confidence in the use of
growth rates of wedges as a method of dating in Antarctica.
Clearly, many decades of measurement are required to deter-
mine reasonably precise growth rates and ages over the lives of
antarctic polygons. Conversely, dating by radioactive carbon in
Alaska confirms the more generally uniform growth rates there.

In addition to the measurements of wedges, typical wedges
were excavated by gasoline-powered jackhammer at all sites not
previously excavated (figure). Samples have not yet been ana-
lyzed; nor have other data been evaluated. A planned summary
paper of the long-term project will update that of Berg and Black
(1966).

This research was supported in part by National Science
Foundation grant DPP 80-18562.
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