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ice-free valleys of southern Victoria
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Landsat multispectral scanner (Mss) image data (20279 -
19361) and laboratory spectra of field samples were used to
differentiate different lithologic units in bedrock and surficial
deposits of part of the ice-free valleys of Antarctica. The absence
of vegetation, the clean atmosphere, and the physically
weathered bedrock provide a good area for using spectral dis-
crimination of geologic materials to facilitate geologic mapping
in an area where field work is difficult and costly. A previous
study, which used Landsat MSS image data of the ice-free val-
leys, established that MSS band 7 images provide the best spec-
tral contrast between rock units for photogeologic interpreta-
tion and are, therefore, best used for tracing lithologic contacts
(Houston, Zochol, and Smithson 1974). Outcrops of igneous
and metamorphic rocks, sandstone, and dolerite, ranging in
age from Precambrian to Jurassic, were mapped with an ac-
curacy of 60 to 70 percent. Houston et al. (1974) concluded that
rocks of similar reflectance (such as granite, felsic igneous rock,
and marble) could not be differentiated. In addition, they con-
cluded that Quaternary surficial deposits, specifically glacial
drift and alluvium, were difficult to differentiate from their
parent bedrock because of similar spectral reflectance.

The theoretical basis for discrimination among rock types by
using remotely sensed data is the known variation in spectral
reflectance of different lithologic materials in the visible to near-
infrared (NIR) region of the electromagnetic spectrum. The re-
flectance variations are due, in part, to absorption bands of
ferric-iron-bearing minerals, commonly known as limonite.
Absorption bands in the NIR region are associated with elec-
tronic vibration of the ferric-iron cation in the mineral lattice of
oxides (Hunt and Salisbury 1971). Reflectance variations in the
visible to NIR region, as well as variations due to ferric-iron
absorption in the NIR, can be visually enhanced by band-ratio
techniques (Rowan et al. 1974).

Landsat digital number (ON) values, correlation coefficient
matrices (Chavez, Berlin, and Sowers 1982), and laboratory
spectral-reflectance measurements of the Beacon sandstone,
the Ferrar dolerite, and the Vida granite were obtained to deter-
mine the optimum band-ratio and contrast-enhancement pa-
rameters needed best to differentiate each rock type. Correla-
tion coefficient matrices of MSS bands 4, 5, 6, and 7 (0.5 to 0.6
micrometer, 0.6 to 0.7 micrometer, 0.7 to 0.8 micrometer, and
0.8 to 1.1 micrometer, respectively) show a low correlation of
MSS band 4 to band 7, which is caused by differences between
reflectance spectra of geologic materials. The high values dis-
played by the MSS band 7/band 4 ratio for sandstone, granite,
and felsic igneous rock make this a good ratio to discriminate
these from other rocks. The MSS band 7/band 6 ratio proved
optimum for distinguishing dolerite. Reflectance spectra were
obtained of sandstone, granite, and dolerite samples provided
by Gunter Faure, Ohio State University, by using a Beckman
UV5240 spectrophotometer. Ratio values of reflectance spectra
correlate with the DN band ratio selection.

A linear stretch of MSS band 7 was used to enhance the
contrast in reflectance between mafic and felsic rocks at these
NIR wavelengths (figure). A hybrid color composite was pro-
duced by using the MSS band 7/band 4 ratio (red), the MSS band 7/
band 6 ratio (blue), and the stretched MSS band 7 (green). Out-
crops of Beacon sandstone (A), Vida granite (B), Ferrar dolerite
(C), Asgard metasediments (D), and felsic igneous rocks (E)
could be distinguished (figure). Mafic to intermediate differen-
tiated rock in a Ferrar dolerite sill (C), stratigraphic variations in
the Beacon Sandstone Supergroup (A), and the contact of felsic
igneous intrusives into gneiss basement (F) were visually
delineated.

Nearly one-third of the study area is covered by Quaternary
deposits, many of which are difficult to distinguish from bed-
rock because they are derived from the same parent material.
Correct geologic interpretation also requires that both land-
forms and surface roughness be taken into account because of
the effects of shadows on the apparent reflectance. Pho-
togeologic interpretation of the computer-enhanced MSS image
allows discrimination between postglacial alluvial/colluvial de-
posits and glacial drift on the basis of surface roughness and
composition. Alluvial/colluvial deposits tend to be bright be-
cause of their relatively smooth surfaces, a result of the com-
paratively uniform grain sizes associated with wind sorting and
water sorting. Quaternary glacial drift and till deposits, on the
other hand, tend to be darker, both because of the rougher
surface associated with diverse grain size and because of the
presence of abundant mafic clasts. For example, deposits de-
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rived from different glacial episodes could be delineated on the
image because of the more mafic composition and homogeneity
of the Inset drift (C) versus the more heterogeneous material of
the Victoria drift (H) (Calkin 1964). Talus slopes (I) and col-
luvium (J) derived from sandstone and dolerite sills as well as
moraines (K) and alluvial fans (L) of alpine drift could be dis-
tinguished on the image. Nontopographic tonal anomalies (M)
are present in some otherwise uniform deposits mapped by
Denton and others (1984) and Calkin (1964); however, their
origin could not be determined even though medium-altitude
color aerial photography was inspected.

Q	 10 km

.'.'

Black-and-white photograph of a linear-stretched Landsat MSS band
7 image. The scene, 20279-19361, path 57, row 116, was acquired on
28 October 1975 and is available from the Earth Resources Observa-
tion Systems (ERos) Data Center, Sioux Falls, South Dakota 57198.

Limitations that detract from the use of computer-enhanced
Lansat MSS data for geologic investigations in the ice-free valleys
region include high topographic relief, low solar-elevation an-
gle, low spatial resolution of the sensor, the inability to discrimi-
nate different types of basement rocks, and the inability to
differentiate between basement outcrop and adjoining alluvial/
colluvial and till deposits (N). Topographic relief in excess of

1,000 meters creates shadows (0). High solar-elevation angles
are needed for maximum reflectance of solar radiation for im-
proved spectral reflectance. The inability to distinguish among
basement rocks is due to spectral reflectance similarity of these
rocks in the visible to NIR wavelength regions.

The limitations of low-resolution [79-meter picture element
(pixel)] and spectral wavelengths may be overcome by using
Landsat Thematic Mapper (TM) data that have 30-meter pixels
and a new spectral wave band in the 2.08 to 2.35 micrometer
region (TM band 7). TM band 7 records absorption features
related to bending-stretching vibrations of the mineral lattice of
layered silicates, such as clay minerals resulting from hydro-
thermal alteration (Hunt, Salisbury, and Lenhoff 1973). Labora-
tory reflectance spectra of the Terra Cotta and Mount Robeson
sandstones of the Beacon Sandstone Supergroup display ab-
sorption features in the 2.08 to 2.35 micrometer region, charac-
teristic of kaolinite and montmorillonite, respectively.
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