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Antarctic terrain offers a unique test of the Earth Resources Technology Satellite-1 (ERTs-1) as a tool for
reconnaissance geologic mapping. 2 Most of Antarctica
is free of vegetation, and side-lap images in high latitude regions enable stereo views. Tonal differences on
images resulting from differences in reflectance are related directly to types of rocks; this means that typical
problems encountered in regions with more dense vegetation and rock-soil-vegetation mix reflectance can be
eliminated.
The dry valleys were chosen to test ERTS-i because
large areas are ice-free and because they offer a variety
of rock types. Also there are reconnaissance geologic
maps for most of the dry valleys, and there are detailed
geologic maps for specific areas (a 1:100,000-scale
topographic map has been prepared by the USGS). The
dry valleys have the disadvantage, however, of very high
relief in steep-walled, U-shaped valleys. This relief
creates extreme shadowing, because of a relatively low
sun angle (220 to 250), and makes uncertain the correlation of rock types from shadowed or slightly shadowed
to sunlit valley sites. Fig. 1 is an ERTS-1 image of the

1
This article is from a report prepared for the National
Aeronautics and Space Administration (NASA), Goddard Space
Flight Center (contract number NAS5-21818).
2
ERTS-1 is described in detail in Park (1972), NASA (1972),
and Finch (1973). Summaries are in Loman (1972) and Short
(1973). ERTS-l's most useful sensor for geologic mapping is
a multispectral scanner system (MSS) that records radiation in
four spectral bands: green (0.5-0.6 micrometer), red (0.6-0.7
micrometer), infrared (0.7-0.8 micrometer), and infrared (0.8
to 1.0 micrometer). MSS output is recorded on tape and is reformatted as photographic images covering an area approximately 150 kilometers on a side. A 24 centimeters by 24 centimeters positive transparency produced as a standard data product is most useful to geologic mapping. For most geologic
studies, the infrared band (0.8 micrometer to 1.1 micrometers),
referred to as band 7, is best for mapping and is superior to a
panchromatic film product most often used for photogeology.
ERTS-i data products are available from the U.S. Geological
Survey (usGs), EROS data center, Sioux Falls, South Dakota
57100.
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dry valleys, taken in January 1973. It shows th e area
mapped for this report and recognizable physioraphic
features.

Study methods
A photogeologic map has been prepared for t area
between St. Johns Range and Asgard Range. It was
made from positive transparencies by use of a ausch
and Lomb stereo-zoom microscope and a Richards microscopeinterpretation table. To facilitate mappii'g, an
enlargement of the area to be mapped was mad to an
approximate scale of 1:250,000 (near optimum eilargement from a 70-millimeter ERTS-1 negative). An advantage of satellite imagery is that the enlarged image
was readily fitted to the topographic base with minimal
distortion problems. Images of this area were available
from satellite passes during late November to early
February 1973, but those showing greatest detail and
least snow cover were from passes of January 13 and 16,
1973. Band 7 of ERTS-1 shows the most contrast between the various lithologic units and therefo e was
chosen for this study.
Color additive viewing techniques (Short and MacLeod, 1972) enhanced some rock units (Huston,
1973). But these techniques were more success Ul in
determining glacier distribution and ice structur than
they were in geologic mapping. Maps also wer prepared by using a Joyce-Loebl isodensitracer (Rac ham,
1965). The isodensitracer illustrated the detail of RTS-1
images and was used to compare the less biased computer-generated map with the photogeologic map.
Pre-Quaternary geology
Subsurface rocks in the dry valleys may be divided
into three major groups:
(1) Basement rocks include metasedimentary rocks,
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es

Rose

L

c i

Mt. Ere,

IJ4
'

k"

Icebreaker
1 3eIMMd
and
Scott Base
Shelf
Ice
Ross

14;

Victoria1
Lower
Glacier
h. LAK
Wdht
V1
owef
I
loc!fr

ef

..
*

at
Vj
S

Goc2

§Lft,

op

Figure 1. ERTS band 7 image
of the McMurdo-dry valleys
area, showing physiographic
features and outline of the
geologic map area.

gneiss, schist, and associated syntectonic and posttectonic felsic intrusions. The metasedimentary rocks
are probably Cambrian but may include some rocks of
Late Precambrian age (Warren, 1969). The metasedimentary and metamorphic rocks are metalimestones,
marbles, biotite and hornblende gneisses, caic-silicate
granofels, and diopsidic gneisses and schists. These
rocks have been assigned to the Asgard Formation of the
Koettlitz Group of the Ross Supergroup (Grindley and
Warren, 1964). With the exception of the marbles and
the metalimestones that show a light tone or high reflectance on ERTs-1 band 7, these units show intermediate to dark tones because they have a higher proportion
of mafic minerals (dark colored minerals usually richer
in iron).
Syntectonic (originated during orogeny) felsic intrusives include gneissic bodies that commonly grade into
metamorphic rocks. These rocks usually show a wide
variety of textures and structures as well as variations in
composition. The units probably include rocks that are
pre-orogenic (Olympus granite-gneiss of Gunn and
Warren, 1962) and syn-orogenic (Larsen granodiorite
of Gunn and Warren, 1962), or simply may be various
facies of reconstituted metasedimentary rock (Smithson
et al., 1971). The more homogeneous facies (usually
May-June 1974

more felsic) of these units may show a higher reflectance on ERTS-1 band 7 than associated metamorphic
rocks, but their complex compositional variation suggests that they will show a wide range in reflectance and
thus will be difficult to distinguish from metasedimentary and metamorphic rocks.
Geologists agree that Irizar granite of the dry valleys
is post-tectonic (originated after orogeny). Such granites tend to be clearly cross-cutting with respect to other
rocks and more felsic (less iron, more silica) in composition that most associated rocks. These characteristics
suggest a uniformly light tone or high reflectance for
this granite and for related rocks on ERTS-1 band 7.
(2) Flat-lying sedimentary rocks that unconformly
overly the basement complex are referred to as Beacon
sandstone. At the type section (Hamilton and Hayes,
1963), these sedimentary rocks are about 1,200 meters
thick and consist mostly of sandstone. A basal conglomerate is present in some areas. The upper part of the
sequence contains carbonaceous shale and sandstone;
local siltstones, shale, and pebble conglomerate are
present. These sedimentary rocks range from Devonian
to Jurassic. Relatively pure, high silica rocks such as the
Beacon sandstone normally are light-toned, highly reflectant rocks in ERTS-1 band 7.
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Figure 2. Enlargement of portions of the ERTS Image (fig.
1) that was used to prepare
the photogeologic map (fig.
3).
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(3) Perhaps the most distinctive rocks, and certainly
the rocks that most readily are identifiable on ERTS-1
band 7, are the great diabase sills referred to as the
Ferrar dolerites. These sills intrude rocks of the basement complex and the Beacon sandstone and may reach
a thickness of 450 meters. Three thick sills are present
in the map area along with a number of related dikes

and smaller sills. The bottom thick sill intrudes the
basement complex, the middle sill follows the unconformity (Kukri peneplain of Gunn and Warren, 1962)
between the basement complex and the Beacon sandstone, and the upper sill is within the Beacon sandstone. These sills are considered Late Triassic to Early
Late Jurassic (Warren, 1969).
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Figure 3. Photogeologic map prepared from stereo pairs and from positive transparencies produced by ERTS-1. This map was prepared
from Infrared band 7 images to illustrate a photogeologic map based on limited field information.
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Figure 4. Geologic map of the area between Saint John's Range and Asgard Range. (Generalized from Gunn and Warren (1962), McKelvey and Webb (1962), Allen and Gibson (1962), Fikkan (1968), Smithson (1967, 1970), Murphy (1971), and Lopatin 1970).)

Mafic igneous rocks (rich in ferrous iron) normally
show a strong absorption or decrease in reflectance in
the near infrared (ERTs-1 band 7) (Rowan, 1972; Vincent, 1972). This results in very dark tones on the
ERTS-1 band 7 image. Such units normally show sharp
contrast in reflectance with felsic rocks and thus are
readily distinguished from granite and sandstone.
The dry valley basement complex is cut by hundreds
of dikes that range in composition from basalts to granites. Most of these dikes are too small to be seen on
ERTS-1 images. But in especially abundant areas lines can
be seen on images as faint lines that trend in the direction of strike of the dikes; this probably represents areas
where several parallel dikes are close enough to appear as
a unit.

Evaluation of the ERTS-1 geologic map
Figs. 2, 3, and 4 illustrate, respectively, the enlarged
the ERTS-1 band 7 image used for compilation
v, the ERTS-1 photogeologic map, and a geoof the area compiled from the literature.
parison of figs. 3 and 4 shows that ERTS-1
useful to reconnaissance geologic mapping.
major units (basement complex, Beacon
and Ferrar dolerite) have been mapped with
to 70 percent accuracy. We think that these
divisions could be made by an experienced
gist who even is not familiar with the area.
acon sandstone is recognizable as a sedimenby its bedded nature. The relatively high
in band 7 suggests that the unit is a sand1974

stone, limestone, or dolomite. The Ferrar dolerite
appears to be mafic igneous rock because of its very
strong absorption (dark tone) in the infrared. Basement rocks are more difficult to distinguish, but the
areas underlain by Irizar granite and other light-colored
igneous rocks probably are identifiable as felsic igneous
rocks since these rock types usually show high reflectance (light tone) in band 7. The irregular contacts of
the felsic igneous rocks also suggest rocks of igneous
origin. It is likely that an unbiased photogeologist
would make three subdivisions in the basement complex:
units of low reflectance (dark tone) would be interpreted as mafic rocks (probably metamorphic); units of
intermediate reflectance would be interpreted as igneous
rocks of intermediate composition; and the units of
high reflectance would be interpreted as felsic igneous
rocks. There is not much doubt, however, that marbles
cropping out in the Insel area would also have been
interpreted as felsic igneous rocks; this is because of a
similarity in reflectance for these rocks and the reflectance of the granite. This similarity in reflectance illustrates the necessity for some kind of ground truth (field
checks or limited mapping) when photogeologic techniques are employed.
Fig. 3 is an example of the type of geologic map
that can be prepared from ERTS images with the help of
limited field checks and the help of local geologic maps.
For example, distinctions are made between granite and
marble that could not be made without ground truth.
A number of units are mapped inaccurately, however,
because we think they would have been interpreted in
this manner by most photogeologists. As an example,
Beacon sandstone is shown to cap Mount Insel despite
the fact that most geologic maps of this area show the
71
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top of the mountain to be underlain by Ferrar dolerite.
We thus have made an attempt to present a type of
geologic map (fig. 3) that could be prepared from
ERTS imagery if limited ground truth is available.

Example of optimum mapping

The clarity of antarctic images is remarkable. Although we have not examined images of northern polar
regions, we have studied hundreds of images from the
western United States and from some areas outside of
the United States. Very few show the detail of antarctic images. This detail is illustrated by the contact
between Irizar granite and Ferrar dolerite seen south of
Lake Vida (figs. 2 and 3). If we compare the details
of this contact, as mapped with ERTs-1, with the same
contact mapped on the ground by Fikkan (1968) at the
scale of 1:25,000, the correspondence is excellent (fig.
5). The Ferrar dolerite sill of this area intrudes the
Irizar granite, probably following a horizontal fracture
system in the granite, and the dolerite is both overlain
and underlain by granite. The contact at Lake Vida's
south border is developed by erosion of the base of the
72

Figure S. Comparison o geologic map A (Fikkan, 1968),
originally made at 1:25,000
scale, with photogeologif map
B (prepared from a portion
of an ERTS image)4

sill exposing the underlying Irizar granite. Several
patches less than 50 meters in width of basal doerite
can be seen lying on the Irizar granite. Also, several
dikes (less than 14 meters in width) that cuti the
granite can be seen as a linear feature, although they
cannot be resolved individually.
Another interesting aspect of this part of the E1TS-1
image is that the basal part of the Ferrar dolerite sill is
darker than the upper part. Using the ERTs-1 image the
sill can be divided in four ascending zones: a thin, very
dark zone at the base; a thick zone of slightly lihter
tone; a thick zone of gray tone; a thin, dark zone iear
the sill's top (figs. 2 and 5). This same zonatio4i in
the Ferrar dolerite sill can be seen in a U.S. ?Tavy
oblique photograph of this area taken in 1971 (fig. 6).
The zonation of the sill must be related to texture and
mineralogical composition. But unfortunately this
ticular sill has not been subdivided in the field nor ampled in detail at 60-meter intervals; but their pet ography is too generalized to determine if the sill is di erentiated. Gunn (1962, p. 820-863) described a sill
located in the Kukri Hills south of the Lake Vida
locality but probably in the same stratigraphic position
and probably a part of the same sill discussed here. He
shows (Gunn, 1962, p. 826-836) that this sill is if-
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(1964) recognizes two major episodes of glaciation in
the dry valleys, designated Insel and Victoria glaciations.
Insel glaciation results from a strong advance of inland
ice (ice from the antarctic continent) that moved eastward into the dry valleys. Calkin (1964, p. 27-28) describes Insel drift as very silty, as fairly homogeneous, as
containing clasts that are chiefly mafic igenous rocks from
the Ferrar dolerite, and as being marked by extensive
mantling by solifluction. The Victoria deposits are
thought to result from a westward advance of glaciers
from the seaward side of the dry valleys. Calkin subdivides these younger deposits into three parts, each
related to an advance from the seaward side of the
valley and subsequent retreat. The Victoria drift is
described as less silty and somewhat more heterogeneous
in lithology of clasts than the Insel drift. These younger
deposits have better developed glacial topography, especially the deposits of the most recent episode of glaciation. Other Quaternary deposits include alluvial sand
and gravel, dune sand, unsorted material in debris fans,
lake silts, and various deposits of mass wasting such as
talus, mudflows, and solifluction sheets.
These Quaternary deposits cover more than one-third
of the area mapped, as in fig. 7 (map of Quaternary
deposits in Victoria Valley, Calkin, 1964). The deposits are very difficult to distinguish from bedrock in
ERTs-1 images, however, probably for several reasons:
a lack of characteristic vegetation that often helps to
distinguish these types of deposits outside of Antarctica;
a dominance of mechanical over chemical weathering
that results in less chemical change (therefore less color

ferentiated and that the lower two-thirds of it is richer
in mafic minerals (mostly dark-colored pyroxene), and
the upper one-third of it is richer in felsic minerals
(mostly light-colored feldspar). Perhaps tonal variations noted in both the ERTS-1 image and the U.S. Navy
photograph express mineralogical variations similar to
those described by Gunn. If so, the very dark zones at
base and top may be chilled borders (usually darker in
color because of the fine grain of constituents), and the
lower dark gray zone simply may be pyroxene-rich (as
compared with the upper light gray zone).
The excellent relationship between ground truth and
photógeologic interpretation in this locality results from
severl factors. The most important is selection of the
best photographic band for distinguishing this particular rck. ERTS-1 band 7 (near infrared) is at least a
very Igood, if not perfect, band for distinguishing granite (r rocks with low ferrous iron that show high reflectnce) from basalt (or rocks with high ferrous iron
that show strong absorption). Also important is that
this area is one of relatively low relief; sun angle and
sun location was such that rocks received even illumination and no shadowing. Finally, it appears that resolution in Antarctica generally is better perhaps because of
less scattering in the clear atmosphere.
Quaternary geology
Sediments of direct or indirect glacial origin are, by
far, the most important Quaternary deposits. Calkin

s:

.t.—
-

Figure 6. Lake Vida (upper
left), Victoria Valley, as photographed from an airplane.
lrlzar granite (light gray) is
to the right of the lake, layered sill of Ferrar dolerite is
to the right of the granite,
and Irizar granite is in the
upper right. Note that the sill
Is zoned with a dark layer at
Its 'base, a dark gray unit
above this, a unit of intermediate tone above this, and
a dark layer at the top (compare with figs. 5B and 2).
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change between bedrock and clastic deposits derived
from it). Even stereo views from space fail to reveal
the characteristic topography of these rocks.
Some deposits resulting from mass wasting, such as
debris fans and large masses of talus, can be recognized. But none of the deposits of drift or even alluvial
deposits can be distinguished with certainty. A dark
tonal area due south of the Insel Range (compare figs.
2 and 7) probably is Insel drift. The eastern contact
between this Insel drift and a markedly lighter-toned
Victoria drift is seen clearly on ERTS-1 images. Probably
in this case the Insel drift has more boulders and pebbles of mafic igneous rock, making it darker in tone than
the Victoria drift. Victoria drift, however, also is present west of the Insel drift and here the two types can
not be distinguished in this area probably because both
have a high proportion of mafic rocks.
Sand dunes readily recognized on ERTS-1 images in
most parts of the world (Houston and Short, 1973;
McKee, 1973) also are difficult to distinguish in this
area. Several large areas of dune deposits are present
to the north and east of Lake Vida (fig. 7). The dune
deposits appear as areas of somewhat lighter tone on
the ERTS-1 image, but these areas can not be recognized
as dunes nor can they be separated from other rock
types.
It seems clear that ERTs-1 images can help in some
cases to trace contacts between Quaternary units,

although these units have to be identified by use of lowflying airplane images or be identified on the ground
before accurate mapping can be done.
Although the lack of vegetation in Antarctica is a
great advantage in mapping bedrock, it appears to be a
disadvantage in mapping unconsolidated Quaternary
deposits, making additional mapping errors likely without ground control. A number of these errors areseen
when comparing figs. 2 and 3 where, for example,
Quaternary deposit areas in the southwest are mapped
as intermediate igneous rocks or felsic gneiss.

Present and future potential
ERTS-1 is experimental and was designed for mu tidisciplinary use. One of its principal advantages is repetitive coverage of a given area to enable agricu tural
scientists to establish crop calendars (Colwell, 1 70).
ERTS-1 also helps land planners to determine urba and
rural growth patterns. It has been assumed tha one
good image of an area is all a geologist needs to tudy
rocks, since most geologic phenomena do not cl!ange
during a human life span. This may be true for areas
with extremely cold climates, like Antarctica, or very dry
climates like the Sahara. But some rock types are identified by vegetation covers that change seasonally, and

Figure 7. Glacial geology In
the Victoria Valley region.
(Generalized from CakIn,
1964.)
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structi re clearly is enhanced by light snow cover in
someareas (Webber and Martin, 1973). Geologists
also re aware that many geomorphic processes and
sedim ntation processes, as well as volcanism, show
changes within a year that are more extensive than
those seen by land planners. The repetitive system still
is not as useful to geologists primarily interested in
mapping as it is to some other scientists.
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Conclusion

Geologic studies in Antarctica proliferated during
and after the International Geophysical Year (19571958). Craddock (1970) states that ". . . few areas of
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survey of antarctic images may well show some areas
that have been overlooked (Southard and McDonald,
1973).
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Investigations of Lower Paleozoic granites
in the Beardmore Glacier region
JOHN GUNNER

Department of Geology
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Columbus, Ohio 43210
The origin of granite is a question that has engaged
geologists for many decades. Recent advances in geophysics (particularly in the theory of plate tectonics),
however, have provided a new framework in which to
consider possible mechanisms of granite formation.
This article summarizes my study, in the light of plate
tectonics, of granitic intrusions in the Beardmore Glacier
region of the Transantarctic Mountains.
Rocks of granitic composition occur in most exposed
continental areas. Yet no single theory has been stated
to explain the origin of these rocks. In many cases,
evidence for how a particular body of granite was
formed may be equivocal. Theories traditionally have
been labelled "magmatic" or "solid state." Proponents
of the solid state theory argue that a body of granite
was formed by recrystallization without significant quantities of liquid from older crustal rocks. If the parent
rocks were of different composition from the resulting
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granite, then it is possible that the necessary chemical
components migrated.
Those favoring the magmatic theory of granite formation stipulate that a body of granite once was liquid,
at least largely, and by normal igneous processes the
granite crystallized from this magma. If the magma
was not generated in situ, it must have come from elsewhere, presumably from greater depth. This raises
another question: what was the magma's parent4ge?
Generally speaking, granitic magmas are thoughl to
have two possible origins: they either generated within
the crust by melting of older material, or they derved
from juvenile magmas generated in the mantle.
Geologic setting
The granites examined in this study consist of relatively small plutons that intrude Precambrian and Lower
Paleozoic rocks over a wide area around Beardmore
Glacier. It is doubtful that the granites are magm4tic.
ANTARCTIC JO

