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THE PROBLEM

If a picture war, thought to be warth 10,000 words by educated men in
the tine of Confucius (551-279 B.C.), what value would these philosophers
have placed cm a photograph? Hew much would an airphoto stereogram which
ehowsd ten square miles of the earth's surface in three-dinaneional detail
have been worth to thrn? The chief value of stereo airphotoa say lie in
their nature as a nodim of three-dimensional expression of landscape. In
point of fact, it Is dcofbtfUl that any nucfcer of wards can aptly, conven-
iently, rapidly and completely convey to the reader the spatial relation-
ships and the quantitative, qualitative and associative data capable of
being derived from an airphoto stereogram.

Obviously it is most difficult, if not impossible, to place on aerial
photography an exact value in tenas of -words. Bws usefulness of any such
item depends upon how well nan has learned to apply it to solve his prob-
lems. For example, fire was but a hazard to ssn until he learned to con-
trol it and apply it to his own needs. Similarly, although the first aerial
photographs were of boob use when taken nearly 100 years ago (McHeil, p.
1.02), their value has since increased in great measure as new ways have
been found to utilize then in unraveling the eni&aas of nature faced by
modern nan.

In this study there are demonstrated ocrae of the methods by which air-
photo interpretation can be applied to the problems of the geographer.
Portions of the Antarctic have been selected for the demonstration, partly

because the lack of field work and literature concerning these specific



locations enables the photogeographieal method to provide a wider variety
of contributions to the knowledge of the local landscapes and partly because
the investigator's first-hand knowledge of the subject, general area or ana-
logy concerned is prerequisite to the utilization of the photogeographieal
method.

Antarctica is nearly twice as large oc the United States. Only it3
fringe has been explored, and little of this has been examined in detail.
Here lie tto only sizable areas of the earth which have not yet been seen
by nan. The largest of these areas is comparable in size to the whole of
the united States.1

Of the two existing glaciers of continental proportions in the world
today, the Antarctic icecap is the better although the lesser known example.
The study of the processes and the Morphology of continental glaciers is
significant in that through it we aay obtain a better understanding of the
landforsBB created by the continental glaciers of the Pleistocene Epoch
which terminated same 25,000 years ago, 'These landforras are basic to much
of the terrain upon Which the Uorth American and north European peoples
dwell and they have tod a considerable influence, not only on the utilisa-
tion of the natural landscape, but on the cultural landscape and folkways
as well,

Much of the theory concerning the landforas which have resulted from
continental glaciation is based upon studies of Alpine glaciers or the
Greenland icecap, neither of which is strictly comparable to the huge ice

sheets of th® Pleistocene Epoch. The Alpine glaciers are too snail, too

shallow and too confined 4*or direct comparison, the Greenland icecap is

1Sce Map 1. The oape are located in a separate folder.



ringed by mountains. 0a the other hand, ice mosses of the Pleistocene
Epoch frequently overrode nomountaiBous areas to front directly on the
ocean ao does much of the continental glacier of Antarctica. Since the
direction of ice movement and the creation of landforas from this move-
ment are dependent to a considerable extent upon the original laadforas,
it is logical to assume that emphasis should be placed upon the study of
topographic end ice conditions which moot nearly rasaatble those existing
on Barth Aaerica and Europe during Pleistocene time. Theaa conditions
exist in the Antarctic.

TSae Antarctic continental glacier is estimated to contain from 02 to
90-5 par cent of the volume of the earth’s existing glacier ice. She
commonly accepted conclusion that this ice is gradually m lting is gener-
ally confirmed by evidence of former, higher glacier levels and the ob-
served. retreat of individual glaciers in both hemispheres. Gutenberg
(1971, p. 730), Manser (1973) and Flint (19727/ p. k29) demonstrate through
the use of tidal gage records that sea level is rising at a variable rate
which probably averages 2.5 inches per century. These authors attribute
this rise almost wholly to a net loo® of glacial Ice during the name
period. In the future our knowledge of glacial dissolution can be saach
enhanced by making studies of comparative aerial photography of glaciers
over a period of time.

While a rise in sea level approximating 2,5 inches per century is not
alarming, it is not inconceivable that the hixaaa mind which has learned to

create rain and to explode atomic bombs might also learn how to melt vast

A“Thorarlnsaon (19-kO) 82 per cent; Antevs (1929, p. **3) 8k to 89 per
cent; Ramsay (1930/ P* 15) 8? per cent; and Daly (193*, p. 12) 90.5 ror
cent. Flint (1977, pp. k29-k3l) cites these in tabular detail.



quantitlee of glacial ice. Such Isnowledge would provide its owner with

a fantastic weapon superior to any which now exists, for by its use su ffi-
cient water could be generated to inserce all of the world’s port cities
and coastal plains. Aside from the obvious effects upon the peoples of
the world, such an event would affect the habitability of many areas for
all living things, change base levels and areas of marina erosion and
affect climatic conditions all over the earth.

Recent estimates of the rise in sea level attributable to molting of
the earth’s present supply of glacial ice Include Antevo (1929) 131 to
197 feet without isostatic or other adjustments; Ramsay (1930) ISO foot
without adjustments; Daly (193*0 feet without adjustments, less than
130 feet wito icastatic adjustment; Thorarinsoon (19H)) 79 feet including
isostatic adjustment; end flint (19**7) <85 to 165 feet without adjustment.
Adjustments for isostatic reactions would tend to reduce the vmodjusted
figures. These seaae students of glaciology estimate the lownring of the
sea level to accommodate the ice of the Fourth Glacial Age to be from 230
to 332 feet.

The Antarctic and, to a much lesser extent, Greenland are not easily
accessible to sclentlots. Aerial photographic interpretation now appears
to offer the best method for the preliminary scientific exploration of
these regions, for the isolation of problems requiring field study and

for use in the field by the occasional scientific expeditions to these

frosen areas. Aerial photographs nay also be used to record the findings
of the field investigators as well as to raap the area with sufficient
accuracy for reconnaissance purposes.

Therefore, on the basis of the available aerial photography, current

photo interpretation techniques, extensive research into the literature



written about the Antarctic and two seasons of personal field experience
there, the author aim:

1. To contribute to the knowledge of the ice foras typical of the
Antarctic continental glacier in general, and to the morphology
and reconnaissance geography of one typical Antarctic region in
particular through the use of airphoto interpretation OD a geo-
graphic technique, and in so doing

2. To investigate the use, value and linitations of airphoto inter-
pretation as a geographic technique for the inventory and analysis
of landscapes, particularly those landscapes which occur in areas
of lim ited accessibility.

*Eusse goals w ill be accoeipliohod in the succeeding chapters by an
analysis of the photo interpretation technique (Chapter II); a brief con-
sideration of the area and the application of the photogeographical method
to it (Chapters III & IV); the presentation of photo interpretation keys
of selected features of continental glacier morphology (Chapter V)j the
application of those keys and field experience in analogous areas to the
investigation of specific landscapes which have not been scien tifically
explored by surface parties (Chapter VI); and finally, a susraary of the
findings of this investigation and an evaluation of the validity of photo-

geographical method (Chapter VH)»



CHAPria n

2E3 HBEHQD

SSse contributions to the kttovledgo of Antarctic surface features end
to the reconnaissance geography and eeooorphology of the Ingrid Christen-
sen Coast vhich are contained in this study are presented through the
lae&iua of photo interpretation hays (ijhapter V) and tlirou“a the applica-
tion of such keyu to the aerial photographs of a specific region (Chapter
VD,

Althou”i students of seTwnal of the earth sciences and of other dis-
ciplines Uav» prepared and are currently preparing scsae sets of photo
interpretation keys related to their fields of interest, the formulation
of Isays characteristic of geographic regions and the derivation of infor-
mation of geographic significance through their use are distinctly geo-
graphic technique.l

Iherefore, since (1) the photo interpretation laatbod is considered
on acceptable geographic technique, (2) the contributions of this study
are based upon this technique, and (3) infomsation of this character is
not generally available in the geographic literature or the literature
of other disciplines, this chapter is devoted to the nooenclature of
photo interpretation, descriptions of the photo interpretation process,
an analysis of the purpose and utilisation of photo interpretation keys

and ax explanation of the liiotogrographical method.

4 .hotogrephic interpretation is also reco&xlz&l as s geographic
research technique by the Department of Defense.
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HoraoaclaturG. The methodology of photo interpretation is of rela-
tively recent davelojEient. Consequently, the presentation of certain
definitions is required in order that the thought processes of the reader
Gad the author may remain on a eoaaon plane. .Bie following significant
terms are first defined aivd later discussad according to their usage in
this study.

*Rxrtograph or Photo. A general tern for a positive or negative
picture, likeness or Image obtained by exposing a plate, film or other
oediua, usually coated vith certain cbeaicGls, to the actinic effect of
light.

*Aerial photograph or Airphoto. A photograph node from any kind
of an air vehicle. The camera lens ie normally depressed sufficiently to
permit the formation of an oblique or vertical pictorial representation
of the earth’s surface.

*Stereogreet. Two or more photographs of the came area, taken
from different camera stations and oriented in such a manner ao to permit
the viewer to obtain a mental Impression of a three-dimensional nodal.

Photo image. A pictorial representation of a specific object
or substance, irrespective of ciao, which is cc®q>osed of the sum of such
elements as tone, texture, shadow, shape, eiae, pattern, position and

parallax.

*D efinitions preceded by an asterisk do not vary in any significant
aspect from similar definitions established by the Committee on nomencla-
ture of the American Society of [“otogranraetry. Terms not preceded by
asterisks arc not defined by the ccomittee. American Society of Photo-
graiaactry, Manual of photograzametry. Pitzaan Publishing Company, 19*%y»
Ch. XVII.



Photo interpretation key. A device designed to aid photo
readers and photo interpretsro in the rapid, accurate identification of
an object from the study of ite photo image. The hey nay assume any of
a wide variety of forms but generally includes both a written description
and a pictorial representation of the characteristic recognition features
of the object concerned.

¢Photogrcuaastry. The science or art of obtaining reliable meas-
urements of any object by Means of photography. (The greatest portion of
the photogrecoetric effort is currently applied to surveying and mapping.)

4Photo reeding. The simple identification or description of
photo images without analysis of their meaning.

Hioto interpretation. The utilisation of systems, techniques
or processes of analyzing photographs which enables skilled scien tific
or professional personnel, by virtue of their individual experiences, to
produce significant, reliable and detailed information concerning the
natural or cultural features of the area photographed and to determine
or Infer the factors which the observable presence, condition or use of
these features imply.

Ehoto intelligence. -Hie collected products of photo interpre-
tation, classified and evaluated for military use.

Photogeograghy. Photo interpretation applied to geographical
problems. Mora specifically, the Joint employment of geographical train-
ing and experiences together with photographic interpretation techniques
for the production of knowledge relative to geographical regions, land-
scapes or the various systematic disciplines of which geography is coo-

posed.



Discussion of nctaonclatura. Qie meanings of the terms '"photograph"
and "aerial photograph" seem not to he controversial. The terras '"photo
interpretation key" and '"photogeography'" are discussed in greater detail
in sections of this chapter which are devoted to these subjects. For the
purpose of this study, some of the otter terns cited require elaboration:

Photo image. A complete understanding of the photo image and
the elements of which it Is composed is a requisite for those who would
use airphotoc for scientific purposes. Without the knowledge of the inter-
relationships of these photo image elements, scien tific photo interpreta-
tion could not be performed. The scientific photo interpreter must take
into account the aim of the elements of tone, texture, shadow, shape, size,
pattern, position and parallax before ha ia able to identify or interpret
an airphoto or the photo images of which it is composed. This procedure
is moot often performed subconsciously, but upon occasion, it becomes
neceaa&ry to examine one or more of the eleaaants individually to ascertain
the nature of a photo Image.

The difficulty of assessing a photo image is likely to bo complicated
by the small size of the Image. One of the scales most frequently used in
aerial photography xAlch is intended for mapping and Interpretation pur-
poses is that of 1/20,000. A large portion of the United Stato3 is covered
by photography at this scale. The keenness of optical and mental percep-
tion necessary to assess photo images becomes evident when one realizes

that, at this common scale, an object 20 feet long on the ground is ro?ro~

serated on the photograph by an image only one one-thousandth of a foot
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in length.s)' Within this sraall image, the interpreter Bay have to assess
each of the elements listed above. Although many images are smaller than
this, such as an individual coniferous tree, corn silo, telephone pole or
glacial erratic, there ore numerous images of larger size ae well, e.g.,
corn fields, most buildings, major landforas aal most stands of natural
vegetation. Photo images may exist within photo Images as, for example,
the image of an individual conifer within the image of a coniferous wood-
lot. A consideration of the principal elements of the photo image follows:
Tone. Tone is the foundation upon which all other photo imags
elements are built; without it, no other elements could exist, since the
photograph would be but one shade of gray and no images would appear.
Tone, than, denotes the shades of gray in which the subjects are photo-
graphically depicted. A1l the shades of gray frcsa white to black must be
reckoned with. Tone is not necessarily the reGult of the color of the
object photographed. Instead, it depends largely upon the amount of light
reflected into the camera lens by the object (object brilliance), which in
turn is dependent upon such factors as the angle formed by the sun, the
object and the camera lens; the degree of smoothness and the orientation
of the surface texture of the object; and the photographic materials and
processes used. Ifrs tone in photo Images of the same object any change if
any one of these variables is altered. Many coaaon objects or surface

conditions, such as water, dampness, vegetation, vegetation diseases,

“Photo interpreters generally measure the size of photo images in
thousandths of a foot, since thic measurement nay be m ultiplied directly
by the denoadnator of the representative fraction to obtain the actual
size of the object or distance imaged. For example, a bridge 0.009 feet
long appearing cm a 1/20,000 scale airphoto can be readily datomined b.
mental arithm etic to be 130 feet long (9 x 20).
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tracks and so forth, are rendered In tones on infrared emulsion which
differ considerably frcm the tones produced by these objects on psaehro-
taatic emulsions.

Tones are most frequently described by adjectives ouch as dark,
mediwa or li* rt. Small ta.bc cut frees exposed photo prints of various
tonal values ranging from black to white can be assembled in on orderly
fashion to produce a grayscale to which tones in various photo images can
be cctapared for purposes of identification. 'Xhe tones in American gray-
scales ere generally numbered frcn one through ten, with the numerical
value Increasing with the darkness of tone (Doeha, 199). A "Graukeil,"
said to have 23 shades, was developed and used in Germany in 19%*. Gray-
scales have not proved to be of significant value to date because of the
taany varying factors which may cause photo images of the same object to
appear in different tones in different airphotoo, or which may cause two
similar photo images to appear in different tones cm the same airphoto.
At the present time this problem is the subject of an investigation by
members of the geography and physics staffs at Ifcrtewestern University.

Texture. The visible detail in airphoto images is actually
produced by the minute vnriatione in tone. The term texture is used to
indicate the manner in which the taaall constituent tonal parte of tee
photo image are arranged, disposed or united. Russell, Foster aad MeSlurray
(1973* 2dB) define texture as tee number of tonal changes in any given part
of tee photograph. Colwell (1952, *©) describes texture as a product of
the aggregate of unit features too small to be (readily) discernible (as
individual features). Accordingly, the unit features of which texture
is comprised must vary with scale. 1In large-scale photography tha roof

tiles, gutters and roof ridges may be observable. At successively smaller
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scales, however, the tiles, then the gutters and finally the ridges can
nt> longer be individually recognized and beccsae a part of the photo tex-
ture.

The importance of shadows in the composition of texture deserves
more recognition than it has generally been accorded, for although the
descriptions of the other authors do not preclude tho pert which shadows
play in the femulation of texture, neither do they report adequately upon
it. Since the objects which liave perfectly smooth and level surfaces ore
few in rrunber, essentially all objects photographed roust cast or contain
either large or minute shadows. As a result the photo images of objects
like croplands containing sm 1l grain crops are frequently of fine texture
because of the close spacing of the individual stems of grain and the
large nurfber of closely spaced, tiny shadows. Conversely, cornfields have
a more coarse texture 'because of the wider spacing of a smaller number at
larger shadows.

Textures ere said to be fine, saodiun or coarse, stippled, mottled,
dappled, streaked, Varlam'sted, lined, velvet or feathery. In fact any
adjective which aptly conveys the appearance value of a texture my bo used.

Shadow. The best times for taking aerial photography for inter-
pretation purposes are aid-morning or nid-affcernoon, local sun tioe. At
this time the light is quite strong and the sun is at ouch an angle that
it will east shadows long enough to aid in the identification of photo
images but not so long that they will cover an undue proportion of the
adjacent photo images.

Shadow is peculiar in that it is caapoced of dark tones and
distinct shapea and yet m intsins recognition properties apart from either

tone or shape, normally shadows are found 70 be among the darkest tones
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on the photograph. They arc Jet black on infrared egulsions and approach
that on panchromatic film. The shapes of shadows are determined by the
angle of the sun, the outline of the opaque object from which they are
cast and the configuration of the terrain upon which they fall.

Shadows are frequently used to Measure the heights of trees or
buildings. Shadows are important because they often reveal the presence
of objects which otherwise ai” it not bo visible, ouch ae telephone poles.
The shapes of shadows nay more nearly resonfcle objects as they are seen
from the ground as in the case of a suspension bridge. The significance
of shadow in determining the appearance of texture has been mentioned
previously. Shadows ore also important because they sometimes obscure
the detail of objects over which they fall.

Shape. The chape of a photo imago of any object is determined
by its tonal edge gradient,” the angle of view and the elements of photo-
graphic distortion present. While sops objects may be interpreted from
a single element of the photo image, this is net a sound practice in the
case of shape since many objects of different size or character possess
the same general shape.

The eyes of men normally view the natural and cultural features
of ti«i landscape from a level of five to six feet above itc surface, with
occasional oblique views from positions of vantage on hilltops or in tall
buildings. The vertical aerial photograph, looking oquarely down upon
these features, presents unfamiliar outlines and hitherto unrealized
external appearances of objects which are fam iliar from other, more nor-

mal viewing angles.

"The edge gradient is the rate of tonal change between the edge of
a j&oto image and its background or adjacent photo images.



Slae. The else of & photo image, ©specially in relation to a
given scale or in comparison with a poeitively identified object imaged
on the same vertical airphoto, is the characteristic which enables a dis-
tinction to be made between objects of similar shape but of differing area
or volume. It is always necessary to check the scale and to correlate it
with the size of the photo image in order to avoid errors of interpreta-
tion.

Pattern. The spatial arrangement of the component parts of the
terrestrial landscape nz shown in a photo image or the arrangement of
photo images on the airphoto sometimes produces a characteristic design
known as the pattern. In some instances patterns may be caused by the
repetition of individual hapes or relationships. The checkerboard
pattern of the farmlands in our corrfbclt stands in sharp contrast to the
long, narrow, striped pattern of fields in many portions of Europe and
the patterns formed by the step terraces of the hilly lands in Japan and
southeastern Asia. Patterns are frequently characteristic of an object
or condition, e.g., the trapezoidal pattern of an artillery emplacement
or the angular pattern of trellis drainage and its associated morphologi-
cal conditions. Terms 'used to describe patterns include such adjectives
as regular, irregular, random, concentric, radial, and rectangular.

Position. The spatial relationship of a photo image to its
environment or its association with nearby photo images is called posi-
tion or site. Since photo images which are sometimes not otherwise iden-
tifiable may occasionally be identified on the baci6é of position alone,
thin element is a significant recognition characteristic. Certain natu-
ral features, such as some epe”ies of vegetation,are eonfined to specific

landfom, soil or climatic sites. In the cultural landscape, the
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differentiatiou between the hcuGe and the born in a local farm group con-
sisting of two large single-gable roofed, buildings without chimneys and
several smaller buildings is made easy by the position of these structures
in relation to the visible driveway which bypasses the house and fans out
into a barnyard.

Parallax. The apparent displacement of the position of an ob-
ject in relation to its background, or any otJier point of reference which
Is caused by a change in the position of tJie observer is known as pcralla*.
lioraally, aerial photographs ore exposed by moans of an electric iater-
valceaater attached to the aerial camera sol adjusted for the altitude and
ground speed of the aircraft and the focal length and angle of view of the
coaera so that ooeh photographic exposure will include approximately 60
per cent of the earth’s surface that was covered by the preceding airphoto.
In this manner each visible object on the earth's surface within range
of the camera is presented in photo image fora on at least two successive
exposures. 7The horizontal displacement of these photo images in relation
to a ecxnon reference point con be measured and converted to a factor
which, when m ultiplied by the scale of the photograph, will give the
height of the object represented by tho photo imago as that object exists
on the earth.

Of nxire importance,” as a result of this parallactic displace-
ment the photo analyst may view one of the two consecutive, overlapping
prints with hie left eye and the other with his right eye and fora a
three-dimensional modal of the photo image- in his brain. The ability
to control or prevent convergence so that each eye can remain focused on
a separate photograph at the same tire is easily acquired by most people

with c’pod vision in both eyes. Usually, however, the photo interpreter



employs a stereoscope to prevent eyestrain an well as to magnify tlie image
size. The change in the photo image frora two dimensione cm a single air-
photo to a three-dimensional oo3el from viewing a otereogrsa increases
the analyst’s ability to interpret the objects in the photo images to a
significant degree.

Other factors. 3ha quality of all these photo image elements
w ill be determined in large port by inage sharpness and resolution. Image
sharpness is largely dependent upon edge gradient, the abruptness of tonal
change between the edge of a photo inage and its background. Image reso-
lution may be described as a measure of the amount of detail visible on a
photo image; it is usually measured in terns of lines of photo image per
nillim eter. Image sharpness and image resolution are to a large measure
dependent upon the photographic equipment, m aterials, processing, exposure,
scale, object photographed and image movement. Colwell (1952, M3) states
that the photo image is also determined in part by the reflective, sensi-
tivity, tranomlGGiou and haze interference spectrum. The effects of the
quality of the emulsion and the correctness of exposure on the resulting
resolution are self-evident. linage movement, caused by the forward motion
of the aircraft or sometimes by the vibration of the camera during the
fraction of a second necessary for the exposure haa the effect of blurring
the photo inage. AH conventional airphotos are subject to this, but to
a widely varying degree. A few cameras ere equipped with image motion
compensators, but even theae, when accurately set, cannot prevent blurr
from vibration. Althou”i the blurr caused by image movement is always
present, it is seldom noticeable to the naked eye. Saunders (I1911)
describes how to measure image oovooont and to determine its effect upon

the airphotos concerned.
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Whether or not images of less time, B Given size-oiiapo factor
can be seen by the naked eye on aerial photography depends upon the photo-
graphic scale. I-Sagnification of airphotos up to four diameters will fre-
quently reveal images not previously visible to the naked eye. Further
m agnification generally produces no additional detail but brings out the
Grainineos and merely makes the already visible Images larger and fuzzier
in appearance. In practice, the analyst observes the whole photo image,
rather than its individual elesaantc, and describee the object It repre-
sents. The individual elements of the photo image are merged into one
impression and normally 1% i3 this impression which stimulates his mental
processes, causing his response to assume ¢ particular fora.

Itecdonald (1951) and Colwell (1952, ’£3) hold varying views on
the relative values of scale and resolution in relation to the recogni-
tion of photo images. It is evident, however, that photo images of su ffi-
ciently largo scale for recognition con lack the image aliarpaess required
for identification. Likewise, photo images of high resolution value con
be of such a small scalo that recognition is again lapoesibie. Therefore,
the recognition threshhoid oust be determined by the scale-tim es-resolu-
tion ©actor at which the photo image first beeceres identifiable and the
scale-resolution factor above which the image is no longer identifiable.

Hiotogramatry. 7%ie layman's concept of photograncaetry is akin to
tire meaning of the word as expressed in Webster's Uew International Dic-
tionary of tire aigllah Language, Unabridged (1939), which restricts the
application of this discipline to surveying in tire sense of map making.
According to the CoEsaittao cm Ifrmenclature of tire American Society of
Hretognsaastry (19V4, p. 790), however, any end all operations in which
measurements are made from photography are regarded as falling within

the purview of photogramaetry. These categories include, aside from
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napping and surveying, such operations a3 manuring stands of timber,
measuring lands and crops for purposes of taxation, census or sale, Mak-
ing ballistics tests and measuring individuals for custom tailored suits
when any of these or other equally varied tacks are performed by making
Measurements on photographs. It includes, in the view of this organiza-
tion, the portions of photo reading and photo interpretation which are
baaed upon measurements for description paid interpretation. Conversely,
the portion of photogrammetrie map making in which selected detail is
lifted for transfer to the map compilation base is photo reading. There
can be no doubt as to the close relationship of the two fields of endeavor.
It is not unreasonable to state that photograaaetry is the quantitative
aspect and photo reading ana photo interpretation are the qualitative

aspects of a single art or applied science.

PHOTO RbADITIG, P30T0 IBTSKPREIATIOS 43D PHOIO IHTSLLIG2EJH
In the united ntates, the military services are in agreement that
photo reading and photo intelligence are the processes by which the pro-
duct, photo intelligence, is derived.
It 13 unfortunate, however, that there .Is no civilian or scien tific

counterpart for the phrase '"photo intelligence," i.e., a phrase which

Since most military publications in this field have been devoted to
the practical training of photo readers and the production of photo inter-
pretation keys almost to the ccasplete exclusion of articles concerning
the theory of photo interpretation, there is no widely disseminated written
authority for this statement. It is interesting to note in this connection
that only one of the basic terms defined at the beginning of this chapter
is mentioned in the glossary of the Photographic interpretatlon handbook--
U.S. Forces which was published in 1"S~'at tSa peak ~o¥ the m ilitary photo
Interpretation effort, and which, though presently under revision, is still
considered the principal written guide to military photo interpretation.
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would apply to the collected products of photo interpretation classified
and evaluated for scientific uoe. Photo intelligence is also the proper
expression for civilian use according to the ccsaaon dictionary Gleaning of
the word intelligence, but because of the recent and continuing state of
international affairs, the word intelligence is almost universally thought
of as military intelligence. Vhe tern "photo data" must be ruled out since
this expression is cctaooaly used to designate information about the photo-
graphy, itself, as recorded by the navigator, photographer and photo labora-
tory technician. "Kioto information" ia perhaps the beat of the remainlag
synonyms; it is suggested here for use as the scientific counterpart for
the terra photo intelligence.

In military operations photo intelligence reports are distributed to
staffs and ccraaands which produce general Intelligence reports or make
coKEsand decisions, based in part upon the photo intelligence report and
in part upon all other sources of intelligence which may be available.

In the scientific world, howsver, the creator of the photo information ia
likely also to be the end consumer who w ill ccstoine the information he has
gleaned froa the airphoto?; with whatever other kinds of reliable Informa-
tion that aro available to him in order to produce hie own final report
or decision, thus eliminating entirely the necessity of a photo informa-
tion report. Ibis condition, however, may not prevail if civilian scien-
tific groups enyagad in photo interpretation continue to grow in terms of
numbers of such groups, numbers of mature scientists and graduate students
within individual groups and twn&ers of research projects assigned to
individual groups.

In general photo reading constitutes the processes by Which fam iliar
objects of the landscape are recognized from their appearance on the air-

photo; by which oirphotos are oriented while in the field or in respect
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to aaps; by which airphoto scales are normally determined and by which
lim ited photo identification stay be accomplished with the aid of photo
interpretation keys. Photo interpretation constitutes the applied techni-
que Which produces these keys; the processes by which the iaages on the
photographs are translated into factual data or terns of evidence relating
to a specific field of inquiry; and the method# by which proper, accurate
and significant inferences are drawn from the implications revealed by the
photo images.

While the essential difference# between photo reading and phtto inter-
pretation are generally agreed upon by the geographers, geologists, ecolo-
gists, foresters, engineers and other scientists who comonly use aerial
photography, there are, of course, some disagreements as to the exact
wording of the definitions. These concepts are bent explained by an exami-
nation of the works of the more competent photo analysts in the various
disciplines concerned.

R. N. Colwell (1952> MS), a forester, ecologist and m ilitary photo
interpreter describee photo interpretation as:

. the act of examining photographic images of objects

for the purpose of identifying the objects and deducing their

significance. In accordance with this definition, virtually

everyone can consider himself a photographic interpreter to

one degree or another. If this wsre not true our newspapers

and popular magazines would contain no photographs, the por-

traits of wanted criminals would not adorn our post office

w alls, the motion picture and the television industries would

be non-existent, and there would be no raultim llliou dollar

business catering to the needs of amateur photographers,

However, photographic interpretation as indulged in by the

amateur should not be confused with professional photographic

Interpretation as performed by the photogeologist, engineer,

forester, coil scientist, city planner, or military photo-
graphic interpreter.” TJach of these am usually has a solid

ASote that Colwall does not include the geographers among the leading
professions which make use of airphoto interpretation.
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background of training and experience in Uis specialty.

it is Lar”*ly by virtue of this background that the pro-
fessional photo interpreter Is able to identify, on photo-
graphs, objects which the omteur would either overlook
entirely or would fail to interpret in their -proper sign ifi-
cance.

Colwell does not use the tera photo reader. Instead, he discusses
eraataur and professional photo interpreters. He has eesphaGised one impor-
tant point which is scaaethaeo overlooked by other authors on the subject,
that is that everyone con interpret photographs to one degree or another,
but that this degree is usually limited to snapshots, notion pictures,
video reception or ia seen cases such siagJle itunas as roads, lakes, and
field patterns froa airphotoe. !Phe determination as to \& ether the roads
are concrete, oacadea or ’dirt'; so to whether the lake is salt or fresh;
and as to whether the field contains corn, vhset or rye demands profes-
sional experience, however.

I1. T. U. Smith (1923, P. 54)> an outstanding photogeologist, explains
his concept of the relationship between photo reading and photo interpre-
tation ia the following terms;

Photo reading refers simply to the identification of features

shown on photos. Hxrto interpretation, however, is breeder in

scope, comprising both tbs recognition of features and the draw-

ing of inferences as to their significance, ia the list of all

available information. Direct observation ia supplemented by

deduction, obscure or hidden features are visualized with the
guidance of previous experience, and the Implications of the

whole picture with respect to the observer's particular objec-

tives ore ascertained as far oa possible. Ube actual objectives

of ghoto interpretation are aaaz and varied* * ¢ ¢ A”J however,
h&vS a cotsaon Starting point--thatof obtaining from the photos

as clear and complete a picture of the land surface as possible.
Further stops depend upon the observer'e fam iliarity with his
field of investigation and on the quality of hie reasoning.

As if to emphasize the importance of that last sentence, Smith (1943, p.
93) otateo:

Ihe second phase of photo interpretation consists in trans-
lating the picture Into terms of evidence relating to BaZOO



particular field of inquiry, such ae goologic or geoiaor-

phic history, econoeaie possibilities, land utilisation

practices, city or regional planning, military tactics, etc.

It is this second phase which daaanda that the photo interpreter he well
trained in his particular field or science or endeavor. HO MAH CAH UJTHS-
PR3T eetsssivslt from AERIAL m rsos that which he could nos? mairiFJr m
SIS FIELD.

Gottfriad P feifer (1976, MSp. 16), a German geographer, ime this to
say in hie description of photo interpretation;

Numerous single iterac and even entire parts of landscape are

actually not identified directly froa the airphoto, tut rather

they are inferred or Interpreted.............. Stony objects are not

painstakingly identified., hut interpreted free caesaon knowledge

or specialized scientific knowledge.

Brio citation emphasises a point not coscatm ia the Haglish literature

on photo interpretation, namely, that it is not only the specialized
scientific knowledge la one's particular field of discipline which enables
him to interpret, but also that his interpretation is dependent upon his
exercised powers of observation and the ordinary factors of loadocape
which lie outside of his specialty that he my have previously lbscrved.
It will be seen frcsa an analysis of quotations that C olwll and P feifer
merely use different words to espreoo substantially the earae attitude.

P fteifer, E. Meynan and 2. Otremba (1946, M3 p. 61) ore quoted as
presenting the point of view that landscape iatorpretation is composed
of three elements: perception, observation and. interpretation. Percep-
tion is likened to simple photo reading or the identification of single
objects on the airphoto. Cfraervution endeavors to recognize photo images
with regard to their extension ia fora and distribution. Interpretation
inquired into the meaning of the situation and the relationships of the

objects appearing on the airphoto to the environment. Hoe results of

interpretation may then be applied, to the further evaluation of the airphoto.



Itoere is a strong feeling canons geographers that it is necessary
for photo analysts to have an understanding of the origin, development
and life cycles of the objects whose photo haegee they would interpret.

Bussell, Foster and i>fcllurray (19**3, P. 319) feel that:

A prime requisite for the interpretation of aerial photo-
graphs is a knowledge of the processes involved in the pro-
duction of the particular natural or cultural feature that
is to be identified.

It was the aunaory opinion of about a dozen 2uropean scientists work-
ing on a series of photo interpretation projects and numbering among then
professional men from the fields of geography, geology, ecology, pedology,
forestry, hydrology, engineering and photograawetry (P feifer, 19k6, JS3
p. 102) that:

. conclusions /were baaed upon/ . . . . general geo-
graphlc experiences In ccsabin&tion with local field exper-

iences.

Previous knowledge concerning causal relations in the land-
scape . . . . broaden the evaluation possibilities and render
better safety ia evaluation according to the experience of
most workers.

Belcher (19*»3, p. W 2), a photopedologtst end a highway engineer,
is equally insistent upon the necessity for the interpreter to know the
terrain:

B asically, airphoto analysis depends upon a well-versed acquaint-
ance with ground features and soil characteriatics. The aerial
pictures provide a means of making a deliberate and a detailed
study of aa area and an evaluation of the landfbnas by an
enlarged perspective. Theoretically, the same things that con
be studied in the airphotos can be examined on the ground} time
and lim ited information prevent this. *iSie optimum condition

is represented by a judicious ground investigation guided by

a pbafco analysis. In most instances to see a ground feature

in Its entirety is to understand its origin, its ccm?position,
and its influence on the surrounding terrain. When standing
on the ground, man is so dwarfed ia else, even by the features
of micro-relief, that their outline and overall character 1b
obscure or hidden.



Photo analysis is founded “on observation and inference.

Only features that are aurficial can be directly observed5
conclusions m et be inferred frora these. Studying the sur-
face pattern of an area is a aeons of evaluating subsurface
coalitions. Jud”aant mist be based on aa interpretation of
certain visible conditions that represent the net effect of
the surface end subsurface conditions. The ability to infer
correctly is based on experience and on a working knowledge of
gecsasrphic, pedologic and ecologic principles.

Frost and Mallard (1976* P. 543) were apparently in agreement, when

they wrote:

A&eptneoe in airphoto sapping depends, to a large extent,
upon & basic knowledge of scne of the natural sciences;
soil napping experience by the correlation of field data
with airphoto pattern element®; knowledge of engineering
problems as they relate to soil formation and topographic
position; and the ability to observe, interpret and evalu-
ate the fine details of the airphoto pattern.

However, three years later, Froot (1979, p. 5) modified his position:

It ia not necessary for the interpreter to become a

specialist in the natural science® dealing with surface

features of the earth; rather, the interpreter should be

aware of the sources of literature in the related fields

since this is of paramount importance in obtaining back-

ground m aterial about a particular area.

While Frost’s 1S&9 statement correctly points out the need to know
the sources of the scientific literature and tapllec the need for using
the literature in fields relating to the discipline of the interpreter,
his apparent lack of concern with the professional background and field
experience required by the interpreter himself is not in agreement with

6
the opinions of his colleagues. Aorial photographs provide no substitute
for first-hand ’aaowledge of the landscape, even thougx they contribute

greatly to that knowledge. It will be acted that the citations of the

other authors, without exception, do not express this view.

This statement taay lave been influenced by the fact that it was pre-
pared for delivery before a group composed of engineering rather than earth
science professional Eton. The members of the audience, then, had profes-
sional backgrounds, but not in the earth sciences.



Begley (1971* P* 1H) asserts:

It is Important to becceae acquainted with the appearances
of objects by experience. Study of photographs should, "be
aeeorapanied by field trips with the photographs in hand

and direct identification of the objects pictured. As raany
different types of terrain as practicable should be studied.

Coleman (197S> p. "*72), a civil engineer and naval photo interpreter,
in pointing to the solution of a particular type of photo interpretation
problem, wrote:

It “military coast and beach analysis/ is achieved by a fine
blending of photogrociaetrie and photographic interpretation
techniques with scien tific knowledge in geography, geology,
vegetation, soils, and engineering, tempered with a thorough
understanding of amphibious tactics.

Here a new point is added to the concept. Coleman's experience has proved
to him that it is necessary for the interpreter to know and understand the
use to which his product will be put. This is particularly true in cases
where tlie interpretation is to be applied to ecee specific use such as
highway engineering, regional planning, etc.

Spurr (194, p. 176), a forester has specialized ia teaching
other foresters the use and value of photo interpretation in forestry,
is of the opinion that:

Photo interpretation ability depends upon the ease and
accuracy with which the interpreter can recognize under

the stereoscope objects with which he ia fbailiar on the
ground. If technical distinctions are to be made, ouch as
specie3 identification, the interpreter should have had the
necessary technical training. For this reason forest photo-
interpretation should ba carried out by trained foresters.

It ia of the utmost importance that photo-interpreters

spend sufficient bias in the field with photographs and a
stereoscope to develop the ability to correlate forest fea-
tures on the ground and the photographc. Familiarity with
local conditions will do nora than anything else to improve
the speed and quality of office photographic-interprets!ion.
Field reconnaissance and field checking are usually requisites
of forest mapping fron aerial photographs.

It ia noted, that Spurr implies that the photo interpreter should first



26

obtain his professional training before asking photo analyses. IWs does
not neon, however, that he should complete ale professional training before
learning the photo interprets*icm technique. Training ia professional
background and in photo interpretation techniques go best hand in hand.
Each can m aterially contribute to the effectiveness of the other.

Competent scientists in the various disciplines in which airphoto
interpretation aay be used as a technique of significant value have been
cited above to the effect that the photo interpreter should (1) be familiar
with the techniques of photo interpretation per se, (2) be thoroughly
acquainted with the laaovledge and methods required by his discipline, (3)
be acquainted with the subject, process or area which is to be interpreted,
(k) have a working knowledge of the various earth sciences, and (5) be
awore of the literature relative to his problem whether or not this litera-
ture be within the literature of hia discipline. There also seems to be
emphatic agreement on the fact that the airphoto analyst can interpret with
reliability only those objects or conditions which he could analyze in the
field .

One factor not brought out in this discussion is the necessity for
allowing the interpreter stifficlent tine to properly perform hia analysis.
This principle has not been followed in military photo interpretation for
obvioua reasons. For scientific purpoeec, however, the necessity for suf-
ficient tiao is axiom atic.

Requisite training. Special training or experience is needed ia at
least one appropriate discipline to enable the individual to properly per-
form photo interpretation. Airphotos are not to be considered iisplesKnts
of black magic. 30 interpreter can expect to produce from then more infor-
mation or more accurate information than he could obtain from a ground sur-

vey, provided that be would take the peina to raap the area concerned in as



great detail as shown on the photography.? But the interpreter can expect
to secure the information he desires within tS»e lim its of hia own inter-
pretation ability and within the lim its of the kinds and degree of infor-
mation which is obtainable from airphotos by use of currently known tech-
niques. This information w ill be made available to him in but a fraction
of the time and cost than would otherwise be the case. From the viewpoint
of energy expended it is not practical to attempt to represent an area
cartographically in as great detail as is provided in aerial photographs,
but that does not mean that the added detail on the airphotos should be
ignored; indeed, this additional detail is one of the significant values
of aerial photography. An“inventory must be made before a geographic
analysis or map can be produced. Decisions relative to the conclusions
of such an analysis or the content of such a map are based on the com-
pleteness of this inventory. Therefore, without the use of airphotos with
their wealth of detail, the law of diminishing returns as applied to
detailed inventorying becomes operative at an earlier stage of the inves-
tigation because of tlia prohibitive cost of procuring the staaa amount of
detail through field work.

A professional geographer's training at the college level might well

emphasise the systematic earth sciences with at least ona venture into

7'In a certain few instances this statement mi*rfc not bold, as for
example when time is of the essence. For example, if it was deaired to
map the damage caused by a hurricane over a thousand miles of coastline
or to determine the distribution of specific hardwoods in. leaf on the
first day in I-iay in an area six thousand square miles in size, it would
not be possible to ccupile the data necessary to make the maps in one day.
Airphoto reconnaissance could easily collect the data, however, and store
the information for the record until the investigation could be completed.



the field of regional geography in terne of a "broad region end another
for a laicro-region within the larger area. Shis abatement is based upon
general agreement among photo interpreters from the several earth science
and engineering fields to the effect that the important portions of the
Interpreter's training are in the basic fundamentals of the pertinent
natural sciencesj the origin, processes, characteristics and life cycles
of any natural or cultural feature to be interpretedj and, since nothing
exists alone in nature, the associative relationships of these features.

In addition, some training in the synthesis of the various earth
sciences is necessary in order that the interpreter may be able to produce
regional geographic studies and evaluate landscape. A knowledge of the
sources of literature for regions and of the methods of extracting the
pertinent data from, this literature is imperative. Experience in the field
with airphotos in hand is also prerequisite to sound photo interpretation
practice. In short, the enount of training needed for a general interpre-
ter's background is BO voluminous that it precludes itself for lack of
time. It then beooraaa mandatory for tha interpreter to specialize in the
disciplines in which he has been trained and to depend upon keys produced
by other sxJecialists for reading subjects which are not closely related
to hie specialty.

Geography and photo interpretation. Almost all photo interpreters
from fields of endeavor other than geography have indicated that the inter-
preter aunt be fam iliar with the geography of his area of research. 23ie
appropriate committee of tha Research and Development Board, composed of
outstanding oarth scientists from all over the United States, has desig-
nated piioto interpretation a geographic research technique. In spite

of such strong indications as these that the interpretation of areas and
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of landscapes could best 'bo done by geographers, the members of a nutsber
of other disciplines are currently exhibiting aore iatereot in photo
interpretation than professional geographers. Geologists, foresters,
pedologists, and highway engineers are producing many tlaes the aaount
of research in this field performed by geographers in the United States.
Althou”i no authentic, reliable figures are known to have been compiled
on the subject, it is the opinion of the author that the great Majority
of institutions which offer one or more complete courses in photo inter-
pretation are presenting the bulk of these courses ia departments other
than the department of geography.

Sext to e teas of scientists frca tha different earth sciences, such
as the teens that employed the “ccabiaatioo method," utilized so success-
fully by the Porschungaataffel (Smith and Black, 194, p. **02), no indivi-
dual man in better qualified by professional training and experience to
perform photo analyses of the general landscape than 4 well-trained field
geographer. Geographers should taka more interest in this field which

lies so close to the core of their science.'!

BIS DEFELQFJSEBT OF AIR PHOTO BXEWKSHASKM
The following pegee briefly describe airphoto analysis in tarsus of
its early history, the injpetua given to it by World War I, the iaterwar
years, World War Il and its present status.
Barly history. The first known aerial photograph was aede by Ifedar

(1893) in Paris in the year 1858. Taft (1938) states that the first

%he ForaechungSBtafffel is discussed in greater detail la the next
section of this chapter. The cited reference to Smith and Black (1$M5)
gives the best account of tills organization that is available to American
geographers today.
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American airphoto was cade over Boston ia i860. It is quite likely that
a nuaber of experimental photographs were node from balloons at this time
with the experimenters being entirely unaware of each other. Balloon and
kite photography continued in an experimental state until the advent of
the first world war. According to ZteWbronnar (19-'*9)> even carrier pigeons
were employed as aerial photographers by the Prussian military forces
during this period.

World War I. In the early part of the first world conflict the Ger-
mans installed cameras in both lifter and baaviar-than-air craft, an
action soon followed by the A llies. The differences between tha cameras,
the resulting airphotos and the quality of photo interpretation of the
two wurld wars are comparable to the more foalliar differences between
the mxxtoers and capabilities of tha aircraft used in the two wars. Aerial
photography of World Hex I was used for intelligence, engineering and raap-
aaicing purposes, but methodology, instrumentation and aircraft had not
advanced sufficiently at that tine for photo interpretation to became
recognised and firmly established an an essential component of the intel-
ligence, engineering and cartographic fields.

Bevertheless, this first nebulous acquaintance that many men in m ili-
tary service had with photographic reconnaissance and photo interpretation
during World War I vac one of the prime reasons for the significant post-
war increase in civil photo analysis.

She iaterwar years. 'She applied science of photograasatry advanced
moot rapidly during the two decades between the wore. A large amber of
aerial survey cceapaaiae were formed after World War I, many with pilots,
aircraft and cameras le ft over from the conflict. Although the greet

majority of these companies failed, several of them, such as Abrams
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A erial Survey Corporation and The Fairchild A erial Surveys, managed to
secure contracts and produced sapping photography of euch good quality
that they ware able to survive and become large firas in a highly compe-
titive business with a Halted market. ®wt private aerial survey com-
ponies, usually under sovemaent contrast, and the gcnwsrnasnt’a own
aircraft produced a troiaandcuo amount of aerial photography, which by the
end of tha interwar period covered m et of the area of the continental
United States at scales suitable far both napping and interpretation.
Coincident with the vastly iagxroved source of supply far airphotos
provided by the goverment and by the private survey corporations, was
the rapid development aade in photo interpretation. For the first tine
articles devoted to the analysis of aerial photography began to appear in
small but significant numbers in the Journals of the several interested
professional societies. At first the articles ware general in nature,
such as WilllB T. Lee’s classics Tha face of the Barth as Seen from the
Air.g By 1939/ however, literally hundreds of articles concerned with
photo interpretation ia specialized fields had been published in the pro-
fessional Journals of archaeology, ecology, engineering, forestry, geogra-
phy, geology and pedology ia the English, French and German languages.
For esazaple, In 19&* the U. 8. Forest Service prepared a chronological
listing of 236 works, published, between 1837 and 1973, relative to the

9
Hew York, American Geographical Society, Special Publication So. k¢t

1922, 122 pp., 82 maps and photos. More recent Special Publications of
the American Geographical Society which ore based primarily on aerial
photos include: "Jo. 12, Georgs R. Johnson, Peru frog the air. 1930,
171 PP., 1kl photos. So. 26, John L. Rich, iW 'fee* oT'ScnHh America.
1972, 301 pp. Bo. 25, Richard U. Light, Focus on A frica. T *i, 226"'pp’,
323 photos.
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use of aerial photographs ia forest surveys.10

During this period there wre no professional periodicals devoted
exclusively or even chiefly to photo interpretation, ifear the close of
the period, however, several scientific journals cosaMMd frequent pub-
lication of articles concerned with airphoto analysis. Among these ware
Ehotograapetric Engineering, of the American society of Pbotograjaaetry,
published since 1935) Luftbild und Iuftblldoegouag, about 30 issues of
which ware published during the last portion of the interwar period and
the first few years of World war II) and Zeltschrlft der Qeeellschaft fur
Brdkunde su Berlin, which, although largely devoted to other natters,
carried articles on photo Interpretation in the volumes published since
1938.

Although photognuaaetry and certain aspects of scientific and engi-
neering photo interpretation received a great Impetus frcos World war I,
m ilitary photo interpretation fear Intelligence purposes case to a complete
standstill during the era of peace that follcmred the war. Unlike other
arte and specialties of modern warfare, no training curricula were pro-
vided to insure a military photo intelligence capability. In Germany,
however, several works were published before tha outbreak of World War I1,
on the military aspects of photo reading, the voluao of General Fischer
being typical.1l1

Among the German geographers who labored for the cause of photo inter-

pretation during the latter portion of the interwar period, the noae of

Gee the Bibliography of Photo Interpretation Bibliographies appended
to tills dissertation for complete reference to similar bibliographies.

110b*rstleutaant Sborhord Fischer. Das luftbildwgaon. Vhrlag Bernard
& Groefe, Berlin, 1933, 3»7 7 9 150 illua.
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Professor Carl Troll is outstanding. Troll, associated with the Geographi-
cal Institute of the University of Bonn, led the movement for the astab-
Ilahaont of the W isseaschaftliche Luftblldstellfi at the Goodiechaft fSr
iirdkunde eu Berlin. lie also prdbliohed several papers on tlie subject and
had Russian hooks ana articles concerning photo interpretation translated
into German. These translations ware jdLneogrophad and distributed to
geographers and other scientists interested in photo interpretation.

Ko consideration of this period would be complete without mentioning
s«ae of the rainy Federal govemaemt agencies that were ranking extensive
use of aerial photography during the 1930"s. The Agricultural Adjustment
Administration was system atically photographing the nation's crop and
6m sing lands and the Ibresrt Service wa3 photographing the nation's timber
reserves; the Geological Survey was producing topographic quadrangles and
geological aapn with, the aid of airphotos and the Soil Survey was napping
the soils of the United States by neons of serial photography, In eddi-
tion, such regional agencies os the Tennessee Valley Authority, Tsegan to
solve their planning and resettlement problems by aerial photographic
napping and interpretation. 3ven state, county and metropolitan planning
agencies were rapidly tailing up the new nsdlua.

World Mar I1I. The stimulus provided by World War I1 produced air-
craft of sway times the speed, maneuverability, payload and capability of
the pre-war flying machines. Similar improvements were mde in the aerial
cameras. A wide variety of aerial cameras, many of which aoct more then
a thousand dollars each, **are purchased by the thousands for m ilitary use.
Csje example of the special caoazuc perfected during this period is the
continuous strip cscsra (Kiatlar, 192>) which permitted the mailing of a

single stereogram nias and one-half inches vide and 200 foot in length.
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Shis particular esaere. -is important for the study of features with linear
characteristics, ouch nc beaches, stable military fronts and lines of
ccsBaunicaticu. A atrip of terrain, beach, front line or road 20 miles
long can be covered at I/COQ scale with one roll of film. An additional
advantage lies in the fact that no differential image occurs dur-
ing exposure so that moving objects, such aa waves and vechiclas can be
photographed stereographieally, a performance not obtainable with ordinary
cameras. This feature permits study of the ocean bottcca along beaches to
determine depth and character. As a matter of ffhet,hei” it and depth
measurements from continuous strip photography sr© likely to be more accur-
ate than horizontal measurements because of the Inherent difficulties in
synchronising the spegd of the film in tho camera with the ground speed of
the airplaas. For this latter reason, continuous strip photography is
unfit for mopping purposes. Continuous strip cameras were mode possible

by tlie uavelopcent of fast, low-flying aircraft.

Tiie tri-m etrogon ceneru inetallation, especially designed for recon-
naissance mapping, ic another World War II davelojraeat. SSie triiactrogon
technique ic atpecially suitable to mapping rugged terrain at a tiny
fraction of the time and cost required by previously developed methods.
*fore thau 15,'XX),000 square miles were photographed and mapped in this
fashion during World War 11 (Fitzgerald, 1976). The installation consisto
of a camera mount designed to hold three wide-angle, six-Inch-focal-Isngth-
lens cameras in such manner aa to provide horizon-to-horizon cover at
right angles to the path of flight. A German development, the Plean lens,
provides harison-to-horizon cover in all directions with a single camera,
but involves special rectification equipment to overccsae the resultant
distortion. 1Jigfrt photography instrumentation and interpretation techni-

ques including superior *flares, flash boifcs and the new electronic flash
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units also advanced rapidly. Late in the war radar position plan irsdioa
tor 30075® photos were used for night interorotatlon and interpreting
through clouds and other obscuration.

TrM 'm-'reoaed capabilities for procuring airphotos callod for a cor-
responding increase in tha quantity and quality of Interpretation. Just
previous to World War IT, Germany had organized and trained a groun of
m ilitary photo interpreters to a degree unknown to have existed in any
other country. At the outbreak of hostilities, this group was supple-
mented by the m ilitarization of Tlansa Luftbild, G. ia. b. II., an aerial
survey company into which all other German aerial survey coeapanies pre-
viously had been forced to marge.12 The new organisation was known aa
the Sonderluftbilflabteilung or Sobia.

The British also built their first military photo interpretation cen-
ter about a commercial aerial photo survey organization, Whose principal
members were ecraraisaioned in the R.A.F. The United ’tates, with a tvo
years’ warning from 1939 to 19Ul, did not follow this practice. Instead,
officers were sent abroad to study the British methods and then returned
to this country to train American military and naval personnel. Upon
reeoamwndation of these officers, the United States government which had
long been employing civilian photogrenmetrlsta, employed its first civilian
photo interpreters in 1921.~ Soon after, additional civilian and m ilitary
personnel were assigned interpretation duties and at the time of the Pearl

12
This merger was effected by decree of the German Air Miniatry on

1 January 193%> presumably to make more effective use of the technicians,
scientists and specialized equipment fbr possible m ilitary use.

13
In so far as the author is aware he was the first civilian specifi-
cally designated ao an aerial photo interpreter by the U.S. Government.
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Harbor attack a full procurement and training program vas under nay. Long
(I9U7), la a description of the types of operational photo interpretation
duties performed by civilian geographers for the Army Air Forces during
World Wa«r 11, indicates geographers were frequently superior in photo-
graphic interpretation to personnel trained in other fields of knowledge.

As the demand for interpreters increased in proportion to the in-
creased amount of photo reconnaissance, it was constantly necessary to
train new readers and interpreters. Schools ware established at Hildas
heim, Gaalar and ICiel in Germany, at Jftracham Bark, Princes Riaborough
and Tledmedura in England and at Harrisburg, Haval Air Station, Anacostia,
Camp Ritchie, Camp Lejeune and Orlando in the United States. In addition,
temporary schools were frequently established within local commands of the
various services of these three countries to train or refresh military
photo Interpreters for use within a particular theater. Aa a consequence
of this intensive training program, thousands of Individuals were exposed
to the elements of photo reading and photo interpretation. Although the
quality and quantity of training varied considerably from school to school,
the production of such a vast maiber of reserve military personnel as photo
readers and interpreters provided a considerable isqjetue to civil photo
interpretation ia the post-war years.

Ihe cognisant German, British and American commands turned out quan-
tities of hastily prepared photo reading training m aterials and photo
interpretation reference manuals. . Each of these countries also published
a periodical primarily for photo interpreters and designed to bring to
their attention a steady flow of new or Interesting airphotos of the enemy’s

Installations and cultural landscapes in order to maintain and improve
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reading and interpretation efficiency as 'anil as to improve rycrals.l~it As
far as ia known, the contents of these military photo interpretation peri-
odicals have never been declassified, though this nay be sore fro® lack of
personnel and time to review the material than from the point of view of
security.

The United States forces, in particular, published rsany volumes of
photo interpretation keys concerned with a vide variety of subjects fro®
landforos and vegetation to industrial and urban analysis. The British
Forces turned out relatively few of those manuals, partly because of the
paper, personnel end time shortages and partly because their interpreta-
tion was largely centralized, whereas that of tha U.S. was widely dis-
persed.

As the war continued, the German m ilitary photo interpretation capa-

b ility decreased whlla that of the British and Americans increased rapidly.
The causes of the German downfall in ndlitary photo interprettation are many
and varied, but most of thee have to do with the adverse effects of policy
decisions on high levels; the effects of comaading officers in photo re-
connaissance and photo interpretation who were either not technically quali-
fied or not sufficiently aggressive; the rapid expansion of the Luftwaffe
which promoted the best qualified photo reconnaissance and photo interpre-
tation officers out of their technical billets; and strangely enough, the
German penchant for thoroughness which seldom allowed the production of a
method or instrument until it had been made perfect, a fact which resulted
in the Germans* employing much tha same photo interpretation equipment at
ill w
Thaca ware: Germany: Hlttoilungen fur dan Luftbilddlenat
focifeifgcheEfl*-feailunggn

England: “vljtence~in camera
United States: Sjpact
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the end of the war as they had In the beginning. There were stany other
contributory causes, including the jealousy of the intelligence officers
vho finally succeeded in having the photo interpreters wade entirely sub-
servient to them.

In contrast to their military failures in photo interpretation, Smith
and Black (1975) describe the notable advances in the German civil geo-
graphic organizations engaged in photo interpretation. The principal ones
vere:1%

1. Wilseenschaftliehe luftbildstelle, a special unit of the

Deutsche Geographische G eesellschaft, located at the Gessall-

schaft fur Srdkunde., H. Bobefc, Geographer, Head.

2. Abbailung fur Laadeskuode of the Reichsawt fur Landesawfhahjae.
E. Haynes, Geographer, Heed.

3. Porachungsstaffel zur besoarteren Tbrwaoduag, ttjerkoamaado
ifahrmacht. 0. Schulz-Kaqpfhenakel, Geographer, Head.

Visaenschaftliche luftbildstelle had a dual purpose mission: to

promote aerial photo interpretation research on a world-vide basis, and
to make airphoto materials accessible to scientific agencies. The Abtsl-
lung fultr Laadeskuode van devoted solely to furthering regional geography
within Germany. Among other means to this end, Including a library, a map
collection and bibliography, it kept an extensive airphoto collection
designed primarily for developing Internal scientific regional geography
(Troll, 19&9, P. 121).

The Forechungsstaffsl zur besonderen Wsrvendung, Ctoerkoramando VJehr-
macht, coEaaoaly called the ForBChungBstaffbl, was outstanding in its photo

reconnaissance and photo interpretation work applied to special military

"Tbe following civil agencies also made significant use of photo
interpretation: Wil-Oeo (Army), Har-Geo (Havy), Luft-Geo (Air Force),
Eledleoat (Deutsche Seevnrte), TJehrgeologie, Organization Todt, Reiehs-
forsebangsrat, Photogratae trischa Abbellung (Raichaawt fur landesanfttahae),
Beiehsforstat.
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needs, its nobility from one theater of war to another, the celerity with
which it produced the required information, and its famous 'costoination
napping method" by which nature aclentlots fra* the different earth scien-
ces worked in teams in performing the air reconnaissance, the photograaomtry
and especially the photo interpretation necessary to produce military
('taith and Black, 1976, pp. hQI~k02).

Foracinm gsstaffbl operations were frequently one-package affairs. The
staff included photo reconnaissance pilots equipped with suitable aircraft,
photo technicians, photograwanetrlate and a corps of about 80 mature, w ell-
trained scientists from the fields of geography, geology, plant association
botany, forestry, pedology, etc., who worked not as individuals, but in
teams in the process of securing information by photo interpretation and
plotting the results in nap fora.

The outstanding German exponent of photo interpretation during World
War IT was the geographer, promoter and 15%*1, Ur. Otto Scbulis-Ktapfhenkel,
who was not only tho founder and the scientific director of the Forschungs-
staffel, but the official of the German National Research Council (Reich-
forechungerat) responsible for all problems in geographic research. Troll
still retained a wary active and constantly growing interest ia geographic
airphoto analysis, but his efforts to advance photo interpretation were
overshadowed by the aggressive activities of the younger SchnlB-Ktepffcenkel,
a flwt ifeieh ia largely attributed to the latter*b considerable political
influence with hi#i Rasl officials including Reichsmareehall Hermann Goering,
(Fiacher, 19118, p. 300j Troll, 1945, p. 126). Probably not less than two
score other geographers participated regularly in the analysis of aerial

photography for geographic research and military operations. More than
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half of these wre raasfcars of the Forecbungsstafftel.”

An intereating Item to note is that vith the exception of Troll, Bobek
and Meynen, most of the well-known, active German geographic photo Inter-
preters appear to have bean born In the 1901-1909 era, asking them about
30 years of ags at the outset of World khr H. This Age bracket generally
corresponds vith the Agee of photogeographers in Qigland end the United
States, Where fbv geographers i&o have been seriously engaged in photo
interpretation ms a geographic research technique for a period of five or
hops years have yet reached or passed their early forties. The large pro-
portion of photogeograph*rs in the relatively young age brackets is a
natural consequence of the comparative newness of the subject. Most geo-
graphers bom prior to 1910 developed their basic research methods and
field techniques before instruction in airphoto interpretation was avail-
able to tliera. Many geographers born after this date received military
training in airphoto interpretation.

Troll reports (Piacher, 19MS, p. 308) that the Foreehungabeirat fur

Verneeeungtecbnik und Kartographle selected 3" typical regions for minute

ground and airphoto survey to determine the best aoane for their

~“ABra. P. Barts, H. Bdbefc, V. Credner, li. SHlanSberg, S. Swnld, R.Fin-
sterualder, ICreuger, V. Oroteluschen, S. Jfcynan, 3. Otresfee, 0. P felfar,
V. Pillewiaor and S. Sohaithuaen are included. In related fields, the
following sclentlata engaged in the interpretation of airphoto* closely
associated with geographic research: Plant association botanists Drs.
H. Ones, P. Basfce, H. Besaer, H. Hueck, and R. “uexon; geologists Drs.
Ii. Cloos, Splechter; pedologists X. KUron and B.Wagalerj and linnologiat
Dr, E. 'Htsmxad. K. von Klebelnberg interpreted the 12,000 Oblique aerial
photos taken on the Deutsche Aatarktische Expedition, 1938/39- Smith and
Black (19~, P. ~02) note that 80 such scientists were engaged In thistype
of work for the Foraehungcntaffel alone.
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cartographic presentation.-17

Present status. After the cessation of hostilities, the military
photo interpreters, who vsre nearly one hundred per cent reserve personnel,
vere almost entirely demobilised in all countries, except possibly the
Soviet Union. In the U. S. and British araed forces, some photo interpre-
tation schools have been retained on a reduced basis to avoid loss, throng
norraal attrition, of the interpreters still on active duty. In the United
States, civilian photo interpreters have been employed to complement or
even to replace the military interpreters at various military installations.
Civilian employment involves less cost to the government, provides the exact
specialists desired and provides the important element of continuity which
is lacking among the military personnel who are constantly being reassigned
to other duties. On the other land, employment of civilian photo inter-
preters by military setablisbwmte lim its the mobility of such interpre-
tation units.

The civilian and military interpretation personnel of the armed forces
have continued to advance the technique, particularly In terms of moulded
aerial photos, regional and subject photo interpretation keys, improvement
of radaraeope interpretation, development of television and high-speed fac-

sim ile photo interpretation and the development of new methods of reading

17T roll's (1977) analysis, critique and Justification of geographic
science in Germany during the period ftrom 1933 to 1975 was to be written
in two parts, the first of which appeared in 1977 in the initial issue of
the post-war geographic publication, grdkunde, and rtsich was reviewed by
Fischer (19*$) and in part translated ’in€o Snglish by Fischer (Troll, 1979).
Troll stated in a personal comunication to Fischer (Fischer, 1948, p. 309)
that part IT would include . special chapters about scien tific air-
photo interpretation . . . . /and other subjects/. . . . specially developed
In the German geography of the last tem years.In view of the wide accept-
ance of Part I of Dr. Troll’s work, and his unquestionable standing, both
as a geographer and a photo Interpreter, this article, which was to have
appeared in 1979, ie still awaited with considerable Interest.



photographs taken through obscurations.

The veteran photo interpreters who have returned to civilian life
are, in naay instances, applying the techniques of photo interpretation
learned in the military services to their civilian pursuits.Tiaay of
these, especially in England and the United States, have returned to the
universities where they are teaching photo interpretation as a technique
of their particular field of science or engineering.

Scientific research based upon photo interpretation is increasing
annually, especially in the universities. There are numerous reasons for
this, aside fro* the many young scientists vho received World War II train-
ing In the basic technique. At present aerial photography is available
from the Production and Marketing Administration of the U. S. Department
of Agriculture for almost any portion of the United States. A consider-
able amount of aerial photography of the United States and of foreign areas
io available from other sources.19 In addition, Smith (JOUk, p. 729) «od
others have dataonstrated that share precision is not required, anyone pos-
sessing a 35-mn. camera, such as a Ieica or its equal, can hire a snail
aircraft and produce hia own aerial photography.

Other reasons for the upswing in sclentif/a photo Interpretation

include the large amount of literature now available, currently amounting

For example, one group of veterans who mare young geologists formed
an organisation which offers petroleum companies a petroleun prospecting
research service by airphoto interpretation on a consulting basis. The
company has been an outstanding success, increasing its employees fro*
four to more than 70 during its first five years of operation.

190.s. Soil Conservation Service, U.S. Forest Service, U. S. Geological
Survey, U.S. Air Force, U.S. 3avy, U.S. Coast and Geodetic Survey, the
goveraaenta of ntrny foreign countries and the cceraercial aerial survey
companies.
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to thousands of individual referencespQ and the financial support given

to the research staffs of universities, scientific organisations and craa-
a»rcial companies by various state and federal government agencies. At
the present time photo interpretation is being used as the principal tech-
nique in a vide variety of research projects involving several scien tific
disciplines.

While photo Interpretation itself is not a field of science, the num-
ber of scientific personnel in the United States vho are actively inter-
ested in photo reading or photo interpretation number in the thousands.
Ibis mnifber is equal or superior to the mmfcer of professional personnel
engaged in any one of several of the scientific disciplines.22 Bame of

the principal differences between photo interpreters and the mashers of

20
See the Bibliography of Photo Interpretation Bibliographies, appended
hereto.

2IBom of these are:

Principal
Type Study School I*P*. Investigator
Vegetation Analysis Boston U. Osfography Dr. Qrlcksen
Vegetation Analysis Catholic U. Botany Fr. O'Balll
Leadforra Trafficebil ity Cornell U. H’way Etag. Dr. Belcher
Sand Dune Terrain U. of Kkasas Geology Dr. Smith
Coastal Geography La. State U. Geography Dr. Russell
Pleistocene Landforaa N'western U. Geography Dr. Powers
Settlement Patterns !?western U. Geography Dr. Kohn
Crops N°’western U. Geography Hies Smith
Permafrost Purdue U. Eng. Exp. Prof. Frost
Hi*swny Studies Purdue I1 2ag. Exp. Prof. Woods
Regional Keys U. Virginia Geography Ib*. Crittenden
Coastal Landfdrras U.C.L.A. Geology Dr. Putnam

A or example, all classes of aesfoerahip la the Association of American
Geographers, which includes essentially all of tbs professional geographers
in the United States, did not exceed 1600 in 1950%
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any of the raaaller scientific professions are the facts that the former
have no society or association, are unorganized as a group and are largely
unacquainted as individual* or even by reputation. The photo interpreter
quite properly considers him self aa being first of all a geographer, geolo-
gist, ecologist, or whatever his basic profession may be.

This situation has resulted in a lack of stimulation, a lack of inter-
est in promoting photo interpretation research and consequently in a larger
share of the individual photo interpreter's research effort being expended
entirely vithin hie primary field of inquiry without making use of the photo
interpretation technique. This situation has also resulted in a lack of
research in airphoto analysis per se inconsistent with the number of pro-
fessional personnel actively engaged in the pursuit. The lack of any spe-
cific organization or association to promote research in photo interpreta-
tion and the lack of professional publications devoted to the subject
further retard interest in photo interpretation.

The long period of waiting may soon corae to am and. Two international
and. two national societies have indicated an Interest in sponsoring photo
interpretation. 'Hie International Geographical Union has established a
Commission on the U tilization of Aerial Photographsz!l which is now prepar-
ing a report for the XVIT Congress to be held in Washington, D.C., August
1952.

At the Vfth Annual Meeting of the Association of American Geographers
in Chicago, t'arch 1951# *{(} makers of that association gathered for an

impromptu session on photo interpretation. It was the concensus of those

Catamieeion members are Barrere and le?fehaute of France, von
Frijtag Urabbe of the Netherlands, Tinton of the United. Kingdom and Stone
and Roscoe of the United States. The Commission n»t in Paris in -January
1952 to plan it9 report to the JCOVIT Congress.



present that a sufficiently good program could be devised each year to
ash the program ccesaittee for space for a half-day session at each annual
sieeting hereafter, 'lore than eoou”i papers on this subject were pledged
for 1952.

O fficials of the Anarlean Society of Thotograjanstry have approached
leading photo interpreters vith the suggestion that a sizable portion of
each issue of "Photogrcoseaetric Engineering" be devoted to photo interpre-
tation sifejects. The offer has not been accepted, largely because of a
lack of any organization of photo interpreters to sake the acceptance,
nevertheless, the principal feature of the Deceetoer 1951 issue of the
society's professional periodical "Photogrametrie Engineering" was a
written isyapocim on "Air Photos in Geography and Soil Science" contributed
to by geographers Stone oftWisconsin, Tohn and Powers of Northwastern and
Foster of Illinois, among others. At the annual meetings of the American
Society of Photograaaetry in Washington, January 1952, an oral symposium
on photo interpretation vos held. Tore than BOO menibers of the society
listened to the 15 speakers in spite of the fact that simultaneous sym-
posia had been scheduled for other strictly photogroametrie subjects.
Twice as many papers are planned for 1953.

In addition to the above, Carolbelon VTI of the 7th International
Congress of Photogrwrsstry plans a session on photo interpretation to be
held at the congress in V&shington, Septaafltor 1952.

AlthouS$t archaeologists, forestsre, pedologists, geologists, ecolo-
gists and ether professions are interested in or utilize airphoto inter-
pretation, there are no known noveaaats afoot to organize photo interpre-
ters within these professions.

These are sorae of the problems which face the photo interpreters of

today:



1. The formation of a society which wsuld either issue a periodical
debited to photo interpretation research or the sponsorship of
such a periodical In one of the earth science or engineering
fields in which photo interpretation is employed aa a standard
technique.

2. The completion and vide dissemination of bibliographies relating
to photo interpretation, particularly to its methods, techniques,

stttiject fields and regional aspects.p*it

3. The completion and dissemination of a world atlas of purchasable
aerial photography.

h. The completion and dissemination of a roster of qualified photo

interpreters including their primary specialties and other perti-

nent data.

The problem. Recent levelopoenta in optica, emulsions and film pro-
cessing have improved resolution and Increased the value of aerial photo-
graphy as a tool of science, but even with the finest resolution, photo
interpreters can neither adequately datenoise nor properly describe pheno-
mena vith which they are unacquainted. Individual interpreters cannot be
trained in all the earth sciences aor can they be familiar vith the myriad
of cultural patterns superimposed upon the earth's surface. A device is
needed to provide the individual photo analyst with the information neces-

sary to rapidly and accurately perform the interpretation problem assigned.

Much of the ground work for this has already been accomplished. Refar
to the Bibliography of “boto Interpretation Bibliographies appended to
this work.



Under normal oircuaeteneea a photo interpreter can accurately recog-
nise only the photo Images of objects vith which he is familiar. Analysis
and interpretation of these Images demand a competence in the discipline
concerned. Most Interpreters have received professional training and per-
formed research in one of the engineering, M ilitary, biological or earth
science professions. But a geologist, \too my make his living prospecting
for petroloun by photo interpretation, falters In the analysis of buildings
aad their structures; the architect frequently cannot differentiate between
the 175-an, hawitaer and anti-aircraft emplacements} the military expert
finds him self unable to estimate the production capacity of an aluminum
plant ffcsa the photo Images of its facilities. These difficulties all
result frew the lack of personal fsrailiariaetion vith the object analysed,
its origins, its lift cycle and its associations.

It is Impractical to attempt training individual interpreter* in each
of the may background fields. Uhlle Interpreters are normally capable
specialists in cm field, it is often found impractical to restrict their
entire research or operations effort to that single specialty. Ibis is
especially true in the case of military photo Interpretation and in re-
search projects vhore all of the investigators are trca. the earns field
of earth science, Where complete staffing is not practical and where the
team approach cannot be used.

the solution. A photographic image my stimulate an interpreter’s
mind in one or both of two ways: association or recall. A biologist,
botanist or ecologist interpreter nay determine the traffieabillty of a
certain soil type by recognising and analysing the vegetation associations
Which grow upon It, and vith Which the traffieabillty is closely associated.
This process constitutes genuine photo interpretation. An architect, how-

ever, my determine the saaaa factor of soil traffieabillty if he has had
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the opportunity of seeing and being taught the meaning of stellar teases
on airphoto® previously esaadLnad, This is recall, a ais©la asnory tech-
nique, a process of photo reading rather them photo Interpretation.

Obviously then, while an Interpreter can analyse and interpret only
the subjects vith which he is thoroughly fteri.lla.r, a trained investigator
nay accurately read any photographic tee®&, provided he knows where to
find the proper photo Interpretation hey In the itera of a stellar Imago
and its correct interpretation. The solution to toe prcfelea, then, Has
In the provision of a suitable photo image reference file, containing
annotated photo teagee of toe natural and cultural objects noat necessary
tor any given photo reader or interpreter to know. These annotated photo
images are called photo Interpretation toys.

D efinition of toys. Aerial photographic interpretation keys are
variously referred to as airphoto interpretation toys, photo Interpreta-
tion keys, photo reading toys, P. I. toys, interpretation aids, oar Olsg>ly
toys, toys say be dofinod as devices designed to aid photo readers and
photo interpreters In toe rapid and accurate identification of chjecte
frost the study of their photo teagos. Their eeeentlal function is to <¥ev
the attention of the investigator to recognition features of diagnostic
value. These recognition features my be elonants of photo tenges, riiola
photo Images or photo tea®* ccraplfwsa®.

Keys are chiefly comprised of annotated aerial photography on which
specific photo teagso or elements of photo teages are emphasised, There
la a vide variety of ftmae la which toys aay appear, however. They nay be
on single prints, aoaales, stereogrms or even slides. They my bO verti-
cal airphotoo, hi*fi or low dblitjuea, ground photos or caE&iaatloas of these.

They say appear in infrared, color, color caaouglage, ponchroewtic or



other typos of essulsioBS. They may have annotations, titles or legends.
They my bo accaagjanied by diagrams, aketches or drawings. la addition,
they may be mounted in a card file system, bound in a manual, published
in a periodical — or, as is too often the case, they my merely exist in
the memory of an individual interpreter. Ihe latter are called memory
keys or mental keys.

Most interpreters make extensive uae of memory keys in the same say
that one makes use of his vocabulary of memorized words or the m ultiplica-
tion tables. Unlike the words or the multiplication tables, however, moat
memory keys are not recorded in any reference work. Thin situation has
created two undesirable conditions. First of all, it la difficult for the
interpreter to check hie memory keys to see if they ore all accurate. Thus
if the key hae resulted from an originally incorrect interpretation, the
interpreter w ill continue to make the ssas error. Secondly, memory keys
do not provide a suitable ssans for the experienced interpreter to trans-
m it the information that he has learned through years of professional
training, specialization and field examination.

Categories of keys. A1l keys may be classified as belonging to two
or more of the following five categories. Which, therefore, are not mutu-
ally exclusive. The first two of these are baaed upon the manner in which
the keys convey their information While the remaining three are concerned
vith the kind of information the keys purvey. The latter terms are fre-
quently used to describe the manner into which collections of keys are
grouped as well as the individual keys themeslIves.

Direct keys are jfeoto images which are recognizable in themselves
for what they are, e.g., petroleum storage tank, plowed field.

Associative keys are photo images recognisable in themselves and from
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Which, by the process of deduction, infbsm tion can he provided about tee
associative factors, such as clim ate, which may not he shown in direct
image fora on aerial photography, e.g., the identification of a certain
vegetation coraplea provides additional associative information about the
clim te, coll, ground water level and traffieabillty, none of teich may
be directly visible on the airphoto. Associative hoys are the most impor-
tant keys aai at the seas* time the most difficult feeye to master. They
are based upon tee axiom teat in nature nothing occur* by itself. Identi-
fication of plant associations, geologic structures and landforms may pro-
vide clues to tee determination of clim ate, soils, hydrologic conditions,
presence of certain types of rock or mineral deposits, traffieabillty and
many other factors.

Subject keys are photo images concerned with the various aspects of
a single subject field, e.g., vegetation, aluminum manufacture, regardless
of geographic location.

Regional keys are photo Images concerned with all subjects within a
given geographic or other type region as contrasted with photo iaagsts of
similar Objects for other regions or the regions with which w are ftailiar.

Analogous keys are photo image keys prepared for one given geographi-
cal or other specified type region which may by extension, be used to solve
problems by means of photo interpretation in a similar, but inaccessible
region, e.g., certain portions of Canada have soil and plant regimes which
are similar to certain known parts of Soviet Europe aai Asia Where scien-

tific travel may be restricted.2%

25Although analogous feeys as such have not appeared previously in tee
scien tific literature, tea principle has been used by most competent photo
interpreters for sows time. Spurr (1978, p. ITS) states * "Knowledge gained
from a study of photographs for which detailed information has been compiled,
can be applied to the interpretation of similar jhotograptaa in the same
region." With wjmal veracity Spurr could have addedi "or similar regions."



IB reality, a single key sl$rt be classified aa belonging to all five
of these categories. For exaajple, the image of a larch or tamarack tree
is a direct key 'which my easily be identified at scan seasons front other
conifters because of Its deciduous character, thus becaning recognizable
In itself. The taaareok image also belongs to the associative key cate-
gory because it reveals by association the presence of acid soil*, a high
ground-water table, poor drainage and, in the Arctic, the probability of
aa extremely thin active layer above the pensaasatly grosen ground. The
tamarack is a cn&Jact key since it is a part of the subject field of vege-
tation; it nay act as a regional key in that it is a product of the Canadian
aub-Arotie forest region. Tha photo inage of the taaarack also has an
analogous quality since this tree occurs extensively throughout the Russian
taiga, Which is not accessible to eastern scientific travellers.

It 1b well to point out that aoet of the individual collections of
keys consist of direct and associative keys concerning a subject or region
or scwetims a subject within a region, e.g., Kebraskan sand dimes, tundra
vegetation of Alaska. Subject as wall ao regional keys may be valuable
aa analogous keys. A collection of keys relative to the coke, iron and
steel industrial complex in the United States would be useful for inter-
preting eirphotos of similar Installations in the Ruhr or in Japan.

The dichotoaous or bifurcating key, a device designed to sim plify
accurate reading free photo interpretation keys by photo readers without
professional backgrounds in the subject fields concerned, is appearing
sore frequently in the literature of today. These terns refer to a aystea
of diagnostic recognition keys arranged in breaching formation on a chart
or in tabular f»m . The photo reader is called upon to antes a series of

individual but staple decisions relative to the appearance of the photo
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image ha wishes to Identify, this series of decisions leads him to the
correct interpretation of a complex photo Image without the necessity of
having an appropriate professional background or of using the scien tific
terminology. Stash keys can be derived only by expert interpreters and have
thus far been Halted to mibject keys or lays of a specific subject within
a given region,

Ae an example, a photo reader using a dichotonoue key night first be
called upon to determine A ether or not the airphoto in question showed
winter or stsaaor phase vegetation. Having determined that the area con-
cerned was photographed during the siamer phase, the reader aigjrfc be called
upon to determine whether the particular image of natural vegetation before
him conslets of abort grass, tall brush or tress. If trees proves to be
the answer, the Interpreter my further be asked to determine whether the
trees are situated in a low marshy area, cm a stream bank, in hilly terrain,
etc. In the series of questions the current question Is always determined
by the previous answer. Eventually all types of vegetation but one are
eliminated from consideration and the reader la referred to a detailed
description of this one type of vegetation and it® soil, landfona, hydralogic
and clim atic associations.

Colwall (19"5# 197)» aa ecologist and forester, established a Aicho-
tcsaouB key for determining ground conditions in the tropical Pacific areas
through the identification of vegstatlon. Belcher (1951), a pedologist
and highway engineer, established an equally fine method of determining
ground conditions fros a bifurcating analysis of landforas In temperate
areas. Similar branching keys have bean developed by other researchers
working on contract to the Department of Defense.

variations la keys. One of the most difficult problems faced by the

photo interpreter attempting to establish a series of feeye is the tremendous
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nudber of variations possible in the appearance of the photo images of a
single type of object. In a few instances these variations are so mv
raercus that keys for certain objects mast be incomplete, extremely complex
or relatively worthless, Boraally, however, these difficulties may be
overeoae througjh the Judicious selection of photo images for use aa keys.

The actual determination of keys is a cooplex and difficult process.
Unlike saps which tend to have standard symbols for the detail selected
for oap presentation, aerial photographs do not have standard keys for
photo laage detail. This is further complicated by the fact that the
detail on an aerial photograph is not selected detail as that appear-
ing on a nap, but rather the airphoto is a tremendously reduced reproduc-
tion of the actual appearance of a specific portion of the earth's surface
a* a given time. On aerial photographs there are no blank spaces between
the keys. In addition, the keys are noaoally proportlonate in size to the
objects they represent.

An Individual key does not merely represent an individual object or
association complex, but rather, an individual object or association com-
plex (1) at a given scale, (2) on a given type of fila (panchromatic,
infra-red, color, ate.), (3) at a given season of the year, (k) at a
specific caawra angle (vertical, Oblique, ground), (5) with a given rela-
tionship betwen the source, strength and position of the lig£t and the
camera lens, (6) under a specific atmospheric condition, (7) at a given
tine in the age or development cycle in the cubJact, (8) according to
the natural aad cultural patterns of a given region, (9) a* processed
(developed and printed) according to a specific standard, and (10) with
other variablea such as the type of sensitised paper, the purity of the

water ueed, or the quality and focal length of the lens. If any of these



conditions are varied, the tone, texture, shape, size, shadows. parallax,
pattern or position which fbras the recognition characteristics of the
photo iaagss nay change and thus change tin® appearance of the key itself.

These variations serve to compound an already ccsnplax situation,
since they cause many Oteller objects to be characterized by dissim ilar
photo images and, conversely, many totally unrelated objects to project
quite similar images. Sxaaples of this include such incorrect analyses
as the photo image of a onall paper factory in China being interpreted as
a cemetery, native eugar milla on Okinawa aa animal-powered pumps (Hack,
19*%$» p. '95)> «ad animal-powered water pumps in tforfch A frica aa occupied
gun emplacements.24 Willa all of these mistakes were natural for photo
renders without access to the proper keys, regional photo Interpreters,
versed in the local cultural landscape, would not be likely to sake such
error®.

The large ntmfoer o f variations possible is a major problem in the
production and publication of keys. In the process of determining and
presenting keys, emphasis is placed upon the recognition characteristics
which are least variable. AIll of tee usual phases or varieties of the
object Which easts the photo image Must be well illustrated. It is not
unusual to find that a large ausstber of keys must be presented for an
individual object or association complex. For this reason, publlcations
of leys are usually restricted to one region, one sribject or even one sub-
ject within one region, in order to provide adequate treatment of the keys

2~

The paper factory was mistaken for a cemetery because of the sim i-
larity between the white dots of paper drying in the sun and western
tca&atonaa. Primitive Okinawan sugar sills, animal-powered water piwpe

and anti-aircraft emplacsawnta ore all circular structures, the direct
images of which reserfble one another at certain photo scales.
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concerned vithin the space Units of one publication.

In the problen of identifying hays on aerial photography, not the
least significant factor is the human .one. Regardless of the care in the
definition of a key, cbjeeta do not look the erase to all people, nor do
various individuals have the saae ability to describe what they see under
the stereoscope, Where careful eteasurecject can be arade, however, it is
possible to reduce the eleaarrt of human error conciderably. Wide back-
grouni knowledge, careful supervision during an adequately lengthy period
of training, availability of photo reference key library, the constant use
of photographic interpretation techniques, and frequent field trips with
airphotoes in hand, all tend to minimise the variability In the human factor.

T7ses of keys. Basically, keys are devices to enable photo analysts
to read Cr interpret aerial photography, which is not an end in itself,
but an efficient raeano of solving certain problems. Keys are necessary
to the neophyte interpreter or the nonepoeialist who wishes to read aerial
photography with greater speed and more accuracy. Collections of keys aay
also be employed os:

1. Library reference aateriola concerning subjects or regions of

research interests.

2. Sources of training aids for producing trained readers or inter-

preters in a Riinlrmra of tints.

3. Permanent records of photographic interpretation research and

experience as opposed to saeaory keys.

U. Reliable bases for examining, confirming, improving aai enlarg-

ing upon existing keys and collections of keys, as wsll as improv-
ing upon the techniques of collection, presentation, distribution,

aai utilization of the keys.



CceapllatIiCIit of keys. It beeooeG mandatory for the pftoto interpreter
to consider the procedures necessary for effective keys to he produced.
The heat keys are produced by field research, °ben the interpreter is
able to visit the area or the subject type installations, he say organize
his work in preparing beys as follows;

1. Preparation of a concise stateraant of the problem.

2. Preparation of an outline for a report on the compilation of

keys necessary to solve the problem.

3. Alrrhoto search.

h. Documentary and carfcograjftic search.

5. Review of collected airpbotoa, maps and documents.

6. Scale determination, orientation, plotting, indexing and filin g

of airphotoe.

7. Pro-field-work ctereo examination of airphotoe.

8. Revision of outline for report on keys.

9. Preparation of list of problems to be solved by field reconnais-

sance.
10. Field reconnaissance (with stereoscope, airphoto* and the list
of problems in hand).
11. Post-field-work stereo examination of airphotos.
12. Final revision of outline for the report on keys.
13. Coordination and presentation of findings in the fora of a °
collection of lays relative to the subject or area concerned.
)
"'Stone (I19k9» P. *+~5 1951# P. 75") has considered nine steps neces-
sary for the production of authoritative photo interpretation key®. The
fourteen steps here shown are baaed upon the personal experiences of the

writer, the stimulation created by Dr. ntonc'o articles, the paper by
Frost end ’foods (1978, p. 2) anil other professional carammications.
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Ik. Presentation of scientific findings based upon keys.

When the interpreter devising the keys is unable to visit the area
or installations concerned, steps 9, 10, 11 and 12 raust of necessity be
omitted and the reliability of the keys is diminished accordingly.

Individual photo imges increase in value os keys in proportion to
the amount of supporting information pertinent to the photographic illus-
tration which accompanies each photo key. Much of this supporting infer-
rantion is concerned vith the variable conditions listed above.

*E ffective collections of keys devote considerable spas® to etereo
examples of each key under each of the more corason varying conditions,
and so enjoy the benefits of comparative photography. Attention is drawn
to the features which vary the least in appearance and in meaning, for
these are the aost reliable recognition features. In mny instances, the
most reliable indicators are not the aost conspicuous ones. Care must be
taken to point to the diagnostic features rather than those which are aost
evident on cursory ezanination.

All authorities agree that authenticity of keys is derived primarily
from field experience, examination of airphotos while In the field, obser-
vation flights and detailed knowledge about the area or subject concerned.
Collections of keys ara, in fact, collections of the com piler's experiences.
students, such aa Pfeifer (19~, MS p. IU) aai Wieslander aai Wilson
(19kk, p. 717), express their fire conviction that the meanings of images
on airphotos are Inferred or interpreted, only throu”a the training ana
field experience of individuals, and that this experience and background
knowledge constitute the real keys to photo interpretation. While this
is not disputed, it must be pointed out that interpretation by training
and experience without graphic keys suffers frea the basic defects attri-

buted to sjssiory keys earlier in this section.
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She era of systematic and regional research, baaed upon the photo
isags and the photo \smy, ia nov at hand. It ia difficult to say exactly
vhan the first airphoto interpretation keys ware compiled or published.

M ilitary photo interpretation procedures are aanetin»8 ©aid to date back
to the balloon “holography of the Civil Tlar and Frenea-Pnisaiaa War. Lee
(1922, p. *0 shoved that the tern key and the concept of analogous kays

wsre la the ainds of alart interpreters as early aa 1922, vhen he wrotet

A necessary preliminary is an acquaintance vith the ground

photographed or vith similar regions and features. Waithout

such a key, the aerial photograph is not alvays self inter-

preted and is often unintelligible.

The development of photo interpretation fceye my be expressed in capsule
fora: the invention of the camera aai the development of heavier-than-alr
craft led to an increase in available air photography, later followed by
an increase ia photo interpreters, and still later by articles or volumes
concerned vith rudimentary keys. Luring the late 1930°s and 19*0*a, modern

keys appeared in numbers and nov master keys, such as the branching key

systems of Colwell (1975, 1976) and Belcher (1951), have been published.

PHOTOG20GRAPHY
It is proposed that the procedure of applying photo interpretation
to effect the solution of geographical prdbleas be eallaS photogeography.
Ibis term is expressive, concise and vith ample precedent In the veil-

Imovn and cetamonly used terra photogeology. The terras photobotany and

A cursory glance through three Bunker* of Photogreamtri.? Ungineering
(vol. 13, no, kf vol. 15, no. k; and vol. id, no" no less than
Ik articles or references to articles in vhioh the terra photogeology is
expressed in the title. Author© include Bruadall, DeBlieux, Dejardins,
Dinasyer, Melton, M iller, Rea, Smith, Tetter, Waaera and ISengerd. Putnam
(1977) credits Rea vith the first description of the method
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pbotope&ology have not yet reached the wide acceptance accorded the terra
photogeology, hut It appears that the uoe of thea* words is also increasing.
Those who specialise ia the practice of pfcotogeograjhy my he tenssd photo-
geograsfoere in accordance with the pattern established by the photogeol-
ogista.

Nosogeography nay be defined aa the process of obtaining information
of a geographical nature by mans of the interpretation of photographs.
Suefc Interpretations are based upon the Joint eajployaeat of geographical
training aai experience along with airphoto and surface photo interpreta-
tion techniques. found geographical practice denude that, whenever feasi-
ble, photogeogrephy be practiced with and not in place of field examination,
library research and other standard geographic research techniques,

Macfbdden (1979, 9. 138) calls the attention of geographers to the
inadequacy of the reconnaissance and inventory tools used ia geographic
field research. Ibis inadequacy has resulted in excessive demode upon
the researcher’s tias for preparation of his work In a scien tific and
scholarly manor. The final result is either a research product restricted
in scope or deficient in intrinsic character. Thcfteddfltt suggest* the use
of an ordinary 35-®a. csaen and a light aircraft of the type available
for rental at a reasonable cost (56 to $12 per hour) at ahaost any aaall
airport as tools for geographic reconnaissance and inventory. These tools
have been available for sore than two decodes, but few geographers other
than occasional pioneering spirits (Light, 1S&U; Rich, 191, 1942, 1977)
bare talam advantage of tha».

There are eeveral distinct advantages to the Joint use of the 35-0a.
cBaers and the ligSrfc aircraft as a reconnaissance procedure. Where ec®~

aorcial photography Is wanting, the geographer, him self, can often provide
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a satisfactory substitute; where it is present, he can inexpensively sup-
plement it vith detailed obliques of the significant stibjecte pertinent
to his problem. To addition, the geographer, as on amateur aerial photog-
rapher, nay secure complete photo coverage controlled to his ovn speci-
fications tor such factors as scale, angle, orientation of viev, atmos-
pheric clarity, emulsion, seasonal or comparative photography and airphoto
Image detail in complete conformity vith surface conditions at the tias of
field investigation. Thus, many of -the characteristics of orwnercial or
government aerial photography are also present in private reconnaissance
photography.

Geographic airphoto interpretation, whether performed with the geog-
rapher's ovn photography or vith airphotos from gorernoBBt or cooaarclal
sources, permits superior production of geographic knowledge In a variety
of -ways. For example, it allow the geographer to explore in eons detail
areas or landscapes hitherto unknown or presently inaccessible to nan,
euoh as the Antarctic. It permits reconnaissance of any photographed area
or region, large or small, ia vhioh the geographer intends to perform
field work, affective airphoto exploration and reconnaissance further
permit the geographer to establish a superior plan of research procedures
tailored to his specific area, which in turn results in the production of
geographic knowledge superior in qnatlty and quality to that which would
otherwise be obtainable. It is also lees costly in terms of money and In
the most valuable of all research factors, tine.

Serna landscape patterns, unnoticed for centuries from the ground
viev, are easily discerned from airphotos. In particular, certain ancient
roods, walls and earthworks, long since grown over, burled or plowed under,

show vith remarkable clarity in arid regions and sometimes even in humid
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regions (Crawford, 1938; Foidefcard, 1932). Patterns, other than histori-
cal settlement patterns, not readily recognized from the ground Include
dense vegetation patterns, major landfoxta patterns, soil patterns and the
spatial relationships of all objects whose photo images appear In the air-
photos.

Another important aspect of the airphoto in geography la that it
offers a detailed aad pewaanent record of the landscape at a given tlee
aa a given date. This feature makes possible the escape frees a frequent
difficulty of geographic field work: the errors or aleinterpretations
resulting fra® the collection of data from different parts of aa area dur-
ing different days, weeks, months, seasons or, in scon instances, even
different years. Where required, however, cooperative photography which
shows the different aspects of the sens landscape at different seasons or
in different years Is often available. In yearn to coos, historical geo-
graphy w ill profit handsomely from these basic records, for the geographers
of future tines will lave available scan# of the same raw m aterial (air-
photos) that are available to the geographers of today. Our present con-
cepts of historical geography, sequent occupanee and dynamic landscape
would, no doubt, be considerably different if aerial photographs were now
available illustrating the landscape as it has appeared through the cen-
turies.

Russell, Foster sad ??cMurray (1**3, P. 315) describe this photographic
record as a potential encyclopedia of geographic, geologic, sociologic and
other types of information which they caution, w ill not beecsss available
for geographers until systematic methods are developed to translate the
various elements of the photo Image into a vocabulary which speaks in

terms of previous experience. Snith (19> p. 772) states that the record



provided by airphotos is more accurate and more complete titan that
afforded by any save the most elaborate m ps. This is a conservative
estimate.

Vertical airphotos are of inestimable value to the geographer for
use as a map base in the collection and compilation of geographic data
in the field. Photos may be annotated by marking vith colored china
parking pencils or translucent inks either directly oa the print or on
a cellulose acetate or tracing paper overlay. Field manning by annota-
tion of an airphoto or overlay is readily performed by the traverse method
in which the geographer visits at least one of the objects which cause
each type of photo image appearing on the airphotos of his region. The
photography must be brought up to date by the field traverse since numer-
ous changes may have occurred in the landscape or its utilization since
the date of the aerial photography.

Stereographic viewing of the airphotos in the field is easily accom-
plished by photogeogranhera with the aid of a pocket stereoscope. For
field convenience, nearly all field investigatore vith eyes of equal
strength may learn to view stereoaeopically without the use of an instru-
ment of any kind. The only requirement is the ability to control the
convergence and the focus of the eyes so that they converge at infinity
while focussed for nearby objects. The resulting stereo model gives the
impression of relief which is not obtainable either from the ground or

2
from an aircraft flying more than 2,000 ffeat above the terrain. ?

“Frcra the ground, only the relief facing the observer and not the
relief in defilade can be observed. From an aircraft, the interocular
base is too small to obtain any accurate sensation of relief when flying
at altitudes of more than 3,000 feet above the terrain.



The photogoographer is able to visualise whole "county size" parcels
of landscape by using mosaics. He nay study, in the third dimension ren-
dered by the stereoscope, areas of several square miles in a 3ingle view.
These factors give the photogeographer a broad view unobtainable by any
other Taseno including the viewing of maps which contain, only selected
edetail represented by conventional signs end symbols. Relationships which
are important factors in the "synthetic science'" of geography are thus
more readily and more accurately determined. It cannot be said of the
photogeographer that he is unable to see the forest for the trees, al-
thou”a unless ha carefully plies his technique the reverse could occur.

James (193~, P?- 3b-35) states that:

In other sciences tIM broad relationships are the most obvious

ones; but in geography It is the overwhelming detail which is,

actually, obvious. Like a microbe crawling over the face of a

newspaper photograph, we may focus our attention on the details

of the printed dots; but until we generalise those dots, the

larger design of the photograph lies beyond our range of vision.

The oore closely we study the shape and arrangement of the dots

the less ws see of the larger pattern. Until we bring the

larger relationships within range of our vision by malting use

of the map, the significance of what vs see is lost. But is

not the geographer*s prfcw*y objective the recognition of these

larger patterns — even of the major lineaments of the ftuie of

the earth? May not the detailed study of the dots be made signifi-

cant if the large patterns of distribution are recognized, and

if the relationship of the detail to the more general is

deEKinstrated? 30

As u aource of geogranhic information, the airphoto lies raidw&y be-
tween the mp which shows broad distributions and the field examination
which reveals great detail. The photogeographer is able to see many rela-

tionships not at once evident to the field worker, but distributions over

large areas are o till beyond hie ken. Moreover, airphotos reveal whole

ACrawford (193%) effectively demonstrated the same concept by taking
"aerial" and '"ground" photographs of a patterned rug.



landscapes to the photogeographer, whereas the data presented by taps
aremore selective. There are advantages and lim itations to minute field
inspection, photogeography and map study and there is a place of each in
any thorough geographic study.

The u tilisation of aerial photography in geography does not eliminate
the requirement for naps illustrating the broad relationships and large
patterns of distribution as expressed by Jaaesj instead, airphotos add a
more effective medium to the science by which certain of these relation-
ships and patterns can be recognized and another dimension by which they
can be portrayed or correlated vith other phenomena. Airphotos and maps
are not reciprocal; they are complementary.

rlhe views cited in the previous paragraphs Indicate that the photo-
geographer is placed in a position where he may acquire a '"feeling" or
understanding of the area not available to his brother geographer who does
not require airphotos or who has not learned the basic techniques neces-
sary for their interpretation.

Very few works concerning photogeographieal methodology appear in
the scientific literature. Stone (1951# p. 75F) states:

Air-photo-interpretation is relatively new in geography.

Hvidences of this youthfulneeo are the scarcity of articles

by geofpraphers on the technique, the recency of development

and the relatively low number of formal courses on the inter-

pretational uses of air photos, and the paucity of known geo-

graphical research involving developments in the technique.
Other than the article from which this quotation was extracted, there
appears to be only one other concerning photogeographleal methodology
worthy of consideration here. In an article describing applications of

aerial photographs to geographic inventory, Rusaell, Footer and McMurray

(1973, MS) attack the problem from the viewpoint of determining speeifi-
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cally what kinds of information airphotos provide or do not provide the
photogeographer:

Many itesw or elements of the landscape oust be Inventoried

by the geographer. In 1915# Professors Wellington D. Jones

aaA Carl 0. Sauer published An Outline for Field Work in

Geography \diieh listed 21 broaS Items vblcfi retired deSlled

Investigation. Aerial photographs or controlled mosaics have

been used to acquire the quantitativs and qualitative infor-

mation an certain of these topics. Numerous items of infoxoa-

tlon are of course unobtainable from the photographs, but only

In the ease of animal life is the photograph without value,

and even here, sens Indication as to a fev certain epeelea

any be discerned.
This statement is followed by a detailed analysis of Jones' and Sauer's
outline indicating the type of information required by the geographer and
the portions of this information which are obtainable In i&ole or in part
by pihotogeograpbicsl analysis, as veil aa the portions which at that time
were not obtainable by this method.31 During the ten years since the
article was written, improvements in photo interpretation have advanced to
the point where at least a dozen of the Items which the authors specified
as not interpretafcle from airphotos are new susceptible of analysis. For
example, salinity was classified as an element of drainage about Which no
inform ation was obtainable from aerial photographs. 3&e investigations
of Dr. O'Neill, e photdbotenist at the Catholic University of America,
have since disclosed certain reeds and water grasses identifiable on air-

photos vhiob not only disclose the presence of salt water but indicate

32
the approximate degree of salinity as well. Advances of this sort are

Although the statement cited and the detailed analysis which followed
it appeared in the manuscript copy of the paper by Russell, Foster and
McMurray, neither appeared In the published version of the article. Per-
sonal eaasnmieatian from Dr. Ruesell (26 January, 1952) indicates the rea-
son for thi9 omission was the lack of apace.

APersonal communication ftrem Dr. O 'Heill
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resulting from the slow hut constant progress of the Investigations of
the photogeographers, photobotanists, photogeologists are! others. Nov it
remains for the geographer to secure photo Interpretation keys for such
items as are not within his personal experience (as, for example, the
plant association Indicator of saline water), or even better, he nay se-
cure the collaboration of his colleagues experienced in the related earth
sciences.

In this connection. Troll (199, p. 123) indicates the differences
between geography and area research in which geographers must participate
on a cooperative basis with members of other disciplines. He eredlts Hans
Bobek ao most fittin gly describing the position of geography in relation
to area research by emphasizing:

the modern methods of geography such as functional
observation of landscapes, the evolutionary, historical

method of research of natural and cultural landscapes, geo-

graphical napping of economic landscapes, and synthetic air-

photo analysis. 33

While photo interpretation is being used as one of a number of basic
techniques for the collection of data in many fields of knowledge, parti-
cularly in the earth sciences and in engineering, in all probability it is
the geographers who stand to gain the most by fully exploiting aerial photog-
raphy. Geography is a science which deals with areas and with the analysis
and synthesis of the factors of which arms are composed. In a manner of
speaking, the aerial photo or mosaic is, in itself, a rather intensive
geographical report on the photographed area. But it is written in a for-
eign language, a picture language, which, like any other language, must
be mastered before it can be readily interpreted. Once toe geographer

possesses toe necessary command of the language, in terms of regional and

by Dr. Brie Fischer. Italics are supplied by this author.
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subject field experience and regional and subject airphoto keys, a enib-
etantial portion of the information required for hie geographic research
is available to him, spatially arranged and in convenient graphic form.

Reconnalasence photogeography. Exploratory photogeography and the
making of preliminary geographic investigations or area surveys by analy-
sis of aerial photography constitute reconnaissance photogeography. A
number of students have made general or elementary statements testifying
to the value of reconnaissance photogeography, although none of them seem
to have developed the subject in detail. In fact, the state of the recon-
naissance photogeographical technique is well illustrated by the elementary
character of the quotations that follow. Baglay (1971, P. viil) states:

Aerial survey® are indispensable in explorations. Ho present

day expedition is satisfactorily equipped without an aerial

camera, an airplane suitable for photography and a short wave

radio set.

E ffective, detailed geographic or photogeographie studies must await
ground surveys which in turn depend upon accessibility. Whitmore (1971,
p. 77) points out that accessibility my be determined from reconnaissance
photogeogr& phy:

. from preliminary aerial photographs of unexplored

country, the expert may bo able to determine . . . . the

possible locations of routes of travel by both land and

water, and the possible locations of emergency landing

fields for airplanes.

Time is a critical factor In reconnaissance photogeography. McKinley
(1932, p. U79) discusses this point in relation to his aerial photographic
explorations in Antarctica:

Upon completion of the developing of the first season's work,

I had time during the winter to study the results. I then

realized how much the airplane does to increase one *e con-

ception of the vmstnsss of this ice covered land. TTimdreds

of square miles of territory, with long rolling expanses of

white, could be seen at a glance. The inequalities of sur-
face, which show pressure beneath, and the outcroppings of
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rock, mwhich definitely mark the presence of land, ell showed
plainly. Hie work of gigantic forces, which twist sad break
the barrier into deep and awful chasms, became apparent, ao
It never can be to the lonely traveler, as he stands in awe
cm the brink of a great precipice, unable to see the many
miles of similar upheaval3d and openings on either side.

To me In an airplane, all the magnificent vista is exposed at
once in all its intricate relationships. The aerial camera
registers such a view in an Instant, and it may then be care-
fully studied at leisure. Moreover, it records such more
faithfully than the eye and retains much more surely than the
human memory all the marvelous manifestations of Mature which
can be understood only when studied in their entirety.

McKinley (1932, p. WJIO) compares Preotrude’s sledge Journey and Scott's

ship Journey with his aerial camera exploration of the Rockefeller Moun-

tains:

.. his *Prestrude*n; trip occupied almost five weeks;
ours less than three hours. Prestrude must have travelled
within a flew miles of the point from which the Rockefeller
Mountains wire discovered by Commander Byrd in his plane, yet
the former did not see them. More of King Sdward VII Land
was seen from our elevated platform in a few minutes than
either Scott from his ship or Prestrude from the surface saw
during their entire Journeys.

Tha flight over tho Rockefeller Mountains demonstrated d efi-
nitely the value of the aerial camera in exploration. Hot
only did it show the trend of the range and tho relationship
between the peaks, but the photographs later revealed much
more than our observation and memory had been able to record.
There proved to be many more peaks in the range than we had
reaeribered counting vith the naked eye. Although the eye can
record with flair accuracy, the memory becomes confused when
the range of view is Increased, as in the air, and the scene
is changing at the rate of 100 miles an hour.

McKinley also points out that the visible world to an Antarctic sledge
party can hardly exceed 79 square miles with the horizon but five miles
distant, whereas the air crew flying at 10,000 feet may have a view of
50,000 square miles with the horizon 130 miles away.

Bardley (19*2, p. 1) explains that inaccessible areas are not con-

sidered insuperable hardships in airphoto reconnaissance:



"9

An aerial survey may be made in a much shorter time than a

ground survey, and areas that are inaccessible or difficult

to nap from the ground Impose no special problem to the

aerial surveyor if landing fields are not too distant.

The primary purpose of reconnaissance photogeography is to provide
geographic information of a general nature, accessibility and locational
data, end broad patterns of distribution. The same airphoto®, hcwever,
are available for analysis to provide a more detailed interpretation of
areas selected from the reconnaissance for further study or later ground
survey. Russell, Foster and Mclfurray (193, P. H clearly distinguish
between reconnaissance and detailed photogeography:

Geographic field work may be undertaken on at laact tvo planes

of detail, one a reconnaissance curvey to establish broad types

of distributions, and the second a nicro-study intended to set

up the airruta geographic relationship® which take up tho broader

patterns. Aerial photographs are of value chiefly in the first,

broad type of field investigation, although may of tho detailed
problems can be recognized and solved throu”i an interpretation

of photographs.

In sone instances reconnaissance photogsography may be the only avail-
able source tor detailed information. Hack (19"3, p. *$9) states:

A erial photographs are the rao3t valuable source material when

detailed information is needed, when the area under considera-

tion cannot be vialtod, and when geologic maps and other more

precise data are lacking.

There is e distinct difference, then, between the tvo principal uses
of reconnaissance aerial photography. In unexplored or unmapped areaa,
recomaiaoance airphotos are produced primarily for tho purpose of provid-

ing generalised maps, abarto or sap substitutes or for reconnaissance
studies of a photogeographic nature. The reconnaissance photography, how-
ever, my then be used like any other aerial photography to perform vari-
ous kinds of detailed airphoto analyses. It la important to note that

these detailed interpretations depend upon the training and past
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experience of the interpreter? the available pertinent literature, asps

or other data; and his field work in the area, if any; all as they exi3t

at the tine of interpretation, rather than at the tiae the photography
flown.

The Antarctic photographs used to illustrate the photo interpretation
keys of Chapter V of this work are produced frost reconnaissance photog-
raphy, but Chapter V roust be considered as a detailed study devoted to
the preparation of regional and analogous keys of continental glacier
landscapes, rather than a generalized photogeographicel reconnaissance
of Antarctica.

The applications of the photo reconnaissance, photo interpretation
and photogeographic Methods in the Antarctic is presented at the end of

the next chapter, which is concerned with the area.



CHAPTER 111

THE ARFA

The exploration of Antarctica, like that of Africa end the Americas
in former times, is being performed spasmodically with frequent omission
or duplication of scien tific objectives and without a consistent over-all
policy. Like other continents in other tines, Antarctica is distant free
the nations which are contributing the most to its exploration, but unlike
the others, Antarctica is separated from all of its neighboring land masses
by 600 to 3100 miles of frequently stormy seas. Furthermore, it is many
thousands of miles frora the only countries which have both the desire to
explore the region and the financial ability to carry out such a program.
Moreover, Antarctica is girdled by formidable masses of floating ice which
are Impenetrable to most ships and ready to crush other vessels at any
unforeseen turn of the wind or sudden drop in temperature. Finally, there
is little incentive in terns of imediate monetary return for exploring
inside this belt of pack ice.

The lack of accessibility and the short and infrequent periods of
time available for field research in the Antarctic have imposed serious
lim itations to the geographic investigation of this continental area.
There is an acute danger of spreading the research efforts too thinly and
ineffectually over idle five and one-half million square miles of ice sur-
face that comprise the Antarctic, This danger can bo greatly reduced by
the utilisation of aerial photo reconnaissance and the airphoto interpre-
tation methods described in the previous chapter. The analysis of Ant-

arctic aerial photography enables the photogeographar to furnish two of



the ©leaenta essential to sound planning of geographic research in the
Antarctic. These essential elesaerrtG are (1) selection of the areas most
worthy of study and (2) deteraining the best aeanc of access to these
areas.

The detailed, history of Antarctic exploration and the losotm gsography
of Antarctica ore recorded elsewhere in the scien tific literature concern-
ing the South Polar Region,1 but a concise review of the discovery and
exploration and a brief description of the Antarctic, chiefly in cap fora,
is included here to provide the reader with sufficient inforestion with
which to evaluate the hays presented in Chapter V. Chapters III and IV
also include pertinent remarks, naps and plates relative to the accessi-

b ility of the Antarctic, trafficability over the various kinds of Antarctic
surfaces, photo reconnaissance and photo interpretation operations in the
Antarctic, the existing aerial photographic coverage of Antarctica end the

application of the photogeographic method to this area.

DISCOVER? AIXD EKPLORATTC3 33 AIEAECTICA2
Early hypotheses. In the early days of recorded history the vast
majority of the earth*3 land surface, though populated to sane degree, was

unknown to tee advanced Oriental or 'fediterransen civilizations. Indeed,

"See Bibliography of Antarctic Bibliographies, appended hereto,
0 sources for statements of uncontented historical fact concerning
specific events ere not referenced individually. Among the beet histori-
cal references in the English language or which have been translated into
English arid the primrv sources consulted in th$ preparation of this sum-
nary are Fricker (1900), M ill (IgOS), Hordenskjold and deciding

Kayes (1928), Joorg (1930) and. /English/ (19**3). Betailed

listings of expeditions appear in U.S. Board on Geographical Uaass
Publication 83 (1977), British Admiralty (19*%$) ond /Koscoef (1951). The
last-cited publication refers to more than *jp00 works on the Antarctic
by more than gOOO authors.



although the pro-Christian Greeks had. discovered tho spherical shape of
the earth end had estimated its size, and although sailors of that era
are reported to have nearly circumayirgated Africa, the cartographic dogaa
established by Pfcolasy led his successors, even to the tine of Schoner,
?fercator and Orteliuo in the 3irtoerrth century, to include on their naps
and globes a vast hypothetical continent called Terrs Australis Incognita.
This lengendary continent appeared in different forms on the various maps
and glcfceo of the era but generally occupied all of the area Gouth of the
Antarctic Circle and half of tho adjacent temperate zone and, in same
areas, projected, far north of the Tropic of Capricorn (Pricksr, 1900, raps
p. 21 and p. 20). Tierra del Fuego, Australia and scraatioso even Sev
Guinea were included as northern portions of this land mass.

3arly voyages. The voyages of Drake (1573), Quires (1605), Torres
(1606), Uuyt (1627), Tasman (ISHs), Bouvet (1733), Cook (1768), Kerguelen
(1772) and the American and British sealers (1730-1330) successively
reduced the possibility of the existence of a Terra Australis Incognita
to an area much more nearly that of the Antarctic Continent and its sur-
rounding pack ice as ft io Imovn today. More significant voyages were
those of Cook (1772-1775), Bellingshausen (1319-1821), Blscoe (1831-1832)
and. Roes (1839-1373), each of whom circumnavigated the continent, further
reducing its possible eisa. The voyojjas of d'Urville (1837-131tO), Hoss
(1839-1”* 3) and Wilkes (1338-1S&2) definitely indicated, however, that
a land raass of continental porportions actually did exist.

Scientific exploration. ISie first recorded landing on the mainland
of the Antarctic Continent, exclusive of poosible landings of the sealers
on the northern portions of the Palmer Peninsula, took place in 1395

(Krietensen). The first chipboard wintering of an explorer was that of



de Oerlache (1898-1899) and the first viatering on the continent was made
by Borchgrevink (1899-1900). Aside frota these, a number of expeditions
concerned vith and equipped for scientific exploration were sent into the
Antarctic during the period between the turn of the century and the First
World War. These include the expeditions of von Drygalski, Bruce, Charcot
(2 expeditions), Shackleton (3), Amundsen, Filchm r and ’tewoon. More
recent expeditions of importance have been those of Mavson, Wilkins (2),
Byrd (3), Ellsworth (U), Hymill, Ritachar, U. s. Havy (2) and the continu-
ous explorations of the Falkland Islands Dependencies Survey and the Dis-
covery Cocsaittee.

Air exploration. Flying in the Antarctic vac introduced by both
Wilkins and Byrd during the exploring season of 1928-1929. Aerial photog-
raphy, however, had preceded the utilization of heavier-than-air craft,
the first airphotoo having been made frcn captive balloons by the expedi-
tions of von Brygnlski (1901-19083) and Scott (1901-100U), both of which
were prior to the first fli*rt of Orville Wright at !Titty Hawk. From the
first recorded landing, photography has been considered of paramount impor-
tance in Antarctic exploration; since 1929 aerial photography has been
regularly employed.

Motivation. At least six stimuli, acting either individually or In
concert, have supplied the motivation for Antarctic exploration. In
approximate chronological order they are: (1) the desire of the early
explorers to open new territories for trade and the building of colonial
empires, which led to the earliest explorations of Terra Australia Incog-
nita, (2) the slaughter and near extinction of fur seals for their pelts
and o il and the sen elephant for its oil, (3) the race for the discovery

of the South Pole, (h) the rise of pelagic whaling, (5) the desire for
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political sovereignty induced in part by national pride end in part

by an economic desire for whaling ri*rte and (6) the desire to perform
scien tific research. The desires for adventure, fane and glory have also
been significant stim uli.

Duplication and cdaalon. With but few exceptions, the accounts of
the various Antarctic expeditions ohow them to have duplicated projects
undertalasn by other expeditions and to have emitted research projects not
covered by other expeditions. From the accounts of these expeditions.

It appears that a large proportion of geoapa which explored this region
accumulated a considerable amount of their experience by making many of
the mistakes that were previously made by their precursors. Upon comple-
tion of field research and subsequent return to civilization, all too many
expeditions have been disbanded, their specialized equipment sold or trann-
ferred to other use and their experienced personnel absorbed into other
pursuits. In many cases only a fraction of the scientific Observations or
data acquired has been published or otherwise made available to the public.
For example, the U.S. Ifeval Task Force 68 "Operation Hi#Jung>" Expedition
of 191%6-19"7, consisted of nearly 5,000 aen and 13 ships. Aside from two
popular accounts of dtibious scien tific vnlue, several popular and scien ti-
fic articles in periodicals and a few classified military documents, the
scientific results have never been published. On the other head, the
German national Antarctic Expedition of 1901-1903 with a scien tific staff
of four, including the leader, von Drygalski, and a total complement of
32, published voluminous scientific accounts of the explorations during
the several decades after the expedition's field work had been completed.

Airphotos as permanent records of exploration. This is an aspect in

which aerial photography can be of considerable aid to the geographer and
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the explorer. In the case at hand each airphoto is a record of a given
portion of the Antarctic at the tins the negative NOS exposed. When
accompanied by the pilot's log and the navigator's chart, each roll

of film provides the "basic raw m aterial Which my "be used at any subsequent
tirae fbr compilation, recamputation or preparation of scientific data and
aape. Time may adversely affect the memory of non by diming his recollec-
tions and fusing his impressions of separate observations, but the air-
photo vhich records more detail than the human mind is able to absorb,

does not suffer from the effects of time, provided that the film is pro-
perly preserved.

Hgga. Teo nape entitled Discovery and Exploration In Antarctica and
Discovery and Exploration in Antarctica: Palosr Peninsula are appended to
this study as ’laps 1 and 2. Ho changes have been mda in these aape since
the season of 19**6-1977, The aost important of the changes Which have
occurred since that date are the redefinition of the east coast of the
base of Palmer Peninsula and the precise location and configuration of the
coast south and southwest of the Waddell Sea, both as determined by the
airphoto reconnaissance parties of the Room Antarctic Research Expedition.

The delineation of the areas explored by the airphoto reconnaissance
of the U.S. Haval Task Force 68 Expedition was furnished to the map com-
piler by this writer from the o fficial reports submitted to him by the
individual Jlavy and Marine Corps pilots, navigators and aerial photogra-
phers and from his preliminary review of the expedition's 65,000 aerial
photographs.

Ho detailed treatment of the history of Antarctic discovery and
exploration is presented here in view of the relative completeness of
Maps 1 and 2 and in view of the previously expressed purpose of this

study.
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BRI3F GENERAL DESCRIPTION OF T3S ATOARCTIC3
Name. The accepted name fop the South Polar Continent is Antarctica.
In this study the tern, the Antarctic, a ecracaonly used contraction for the
Antarctic Regions, refers to the South Polar Regions in which the continent

of Antarctica is centered. The lim its of this area are discussed below.”

Position and size. Antarctica is tha only polar continent. Centered
near tha South Pole, the continent would be nearly circular in shape ware
it not fbr the northward extending Falser Peninsula and tha two deep
reentrants forasd by the Rosa and Vfedeli Seas. 'Hie continent is unique
in its isolation, being approximately 600 geographical mileo frco South
America, 1,U00 Aron Hew Zealand, 1,700 from A ustralia and 2,100 from A frica.
The land masses of the earth, other than Antarctica, are so arranged that
one can walk from any port of one continent to any part of any of the
others, except for Australia \fcich is separated from Asia by mrerous
short stretches of tropical seas between the islands of Australasia.'S Evan
here, however, the longest stretch of open water is only Uo ad.lea.

The Antarctic land mass, including the adjacent islands and the firmly
attached shelf ice, approximates five end one-half million square miles in

area, almost all of Which lies within the Antarctic Circle. Only the

“References cited in the previous footnote also serve as authority
for this informational section.

\teither Antarctica nor the Antarctic are defined among the hundreds
of place name decisions relative to this 'region in the U.S. Board on Geo-
graphical names Special Publication 06, althou”i the former tana is used
in the title of this publication.

continents within the new world and those within the old world
are Joined by terrestrial connections. Asia and North America are Joined

by the winter eea ice of the Bering Strait.
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Palmar Peninsula and a half dosen capes in East Antarctica project
equatorward of this circle. B3* coastline of approximately 7k,000 m iles
has been delineated with the exception of a ftrv tiny gape, althcru”i refine-
ments in delineation nay be expected for some years to eoaa.

Kosack (1950* PP. 202-206) has published the moot recent study on
areal measurements in the Antarctic. Among others, he quotes the follow-

ing estimated areas said has shown their lim its cm a map:

Region Square Milae Square 9a.
Antarctic Continent 5,058,356 13,101,15k
Continent and Islands 5,037>53k 13,176,727
Continent, islands and shelf ice 5,kk6,959 1k ,107,637
Outer lim it of icebergs 29,782,596 76,360,000
Oceanic polar front 20,005,312 51,920,000
Atmospheric polar front 9,050,18k 23,kk0,000
Average lim it of pack ice (Rov* 1) 1k,177,592 36,720,000
Isotherm of 10 C. (warmest month) 26,193,02k 67,0b0, 000

Althou”i insufficient measurements have been made to provide proof
positive, Antarctica is quite generally accepted as the world's highest
continent. Its ice-capped surface level is estimated as averaging 6,000
feet shove see level or twice the average elevation of Asia, the next in

order.”

The estimate for the average elevation of Antarctica Includes its
cover of glacier ice. Soma glaciologists and gsdlogists consider glacier

ice as a form of rock and as such to constitute a portion of the litho-
sphere rather than the hydrosphere. Estimates of the height of the conti-
nent excluding its cover of glacier ice are entirely unwarranted at this
time because of the almost absolute lack of data concerning the thickness
of the ice. Moreover, any such figure would have to ba corrected for
isoetabic and elastic earth crustal adjustments and eustatle changes in
sea level which would result from the melting and unloading of the Ant-
arctic ice cap in order to be of proper significance.
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Limits. "lany criteria have been suggested for the delineation of
the Antarctic Region; among the raore significant of these are the follow-
ing:7

1. Antarctic Circle.

2. Tree line.

3. Equatorvard lim it of Icebergs.

h. Equatorvanrd lin it of pack ice.

5. Ten degree centigrade isotherm of warmest month.

6. Zero degree centigrade nesn anrmal isotherm vhere the isotherm
for the warmest month is below ten degrees centigrade.

7. Isollne at which the tesApernture of the warmest month equals
9.5 degrees centigrade minus 1/30 the temperature of the coldest
month.

8. Isoline at which the temperature of the warmest month is nine
degrees centigrade minus 1/10 the temperature of the coldest
month.

9. Antarctic Convergence.

Tho Antarctic Circle bears no direct relationship to the natural
regions. The tree lino, co expressive In the Arctic, Is not suitable to
the ocean expanses of the southern hemisphere. The equatorward lim it of
icebergs varies considerably from year to year depending upon such factors

as the size and content of these ice masses, the temperature of the ocean

7C riteria maabero 1 through b have- been suggested by many sources over
many years and the original authority Is uncertain; 5. A. Gupan, German
geographer end clim atologist; 6. 0. Jtordonskjold, Swjdisb geographer and
polar explorer; 7. M. Vhfal, Danish plant geographer; 8. 0. Uordenskjold;
and 9. British Admiralty (19**3, P. 1) from the oceanographical research
carried out by the many Discovery Expeditions and the Meteor Expedition
(1925-1927) of A. Mart and F. Spiess. The Antarctic Circle and the equator-
ward lim its of icebergs and pack ice are indicated on 'lap U. Insufficient
data are available to map criteria mribers 5% 6, 7 sad G. The tree line
does not exist in the southern hemisphere. Criterion number 9, the Ant-
arctic Convergence, is mapped by Deacon (1937) and also appears in Sverdrup’s
text (19**2, Fig. 153). It has been added to the various lim its Which
appear on riap k.
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waters In which they float, the direction and force of the ocean currents
and the nusfber and else of icebergs calved and released fron tho sea ice.
Icebergs frequently wander into tJie sub-Antarctic areas and occasionally
drift into the teraperate regions. The lim its of pack Ice are perhaps more
suitable as a boundary, but the edge of the pack ice varies its location
from month to month* moreover, those locations ore not well known.

The isotherms and the formula® for determining the lim its of the Ant-
arctic which are based upon isotherms are dependent upon large quantities
of data for which tha observations have yet to be made. The derivation
of these formulae represent the earnest attempts of polar scientists to
produce a factor which can be used as a boundary criterion similarly to
the tree line of the Arctic, but tha fomulae result frcra theoretical rea-
soning, whereas the tree line io a natural boundary.

The best criterion established thus far neems to be the Antarctic Con-
vergence, defined as the line where the cold, northward-flowing Antarctic
waters sink beneath the relatively warmer waters of the stib-Antarctic.
The line is actually a zone approximately 20 to 30 miles in vidth which
extends across the A tlantic, Pacific end Indian Oceans between the hQrtx
and 6lst parallels of south latitude. The precise location at any given
place and time io mad* evident by the sudden change in surface temperature
which averages five to ten degree® Fahrenheit. Although this zone is a
mobile one, it usually does not stray more than half a degree of latitude
frcra its mean position. This line, like the tree line of th® north, is a
natural boundary, rather than one derived from reasoning. It not only
separates two hydrological regions, but also separates areas of distinc-
tive marina life associations and of different clim ates.

Pivislone. Antarctica io commonly divided into halves, east and
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vest of the Greenwich Prime ’feridian, and known therefore as East Ant-
arctica and West Antarctica. Another corraon oathod of dividing Antarctica
is the separation of the polar region Into quadrants, each of which is
usually named for tho adjacent ocean or nearest continental land ness.
Quadrants are usually divided by the 0°, 90° and 130° meridians, but the
division lines may be oriented in a different manner. Those who agree on

lines of demarcation, however, do not always agree on quadrant names.

Divisions based upon meridians as boundarieo served a purpose when
the region vao mostly unknown, but meridians ore no longer suitable since
they seldom lie along natural boundaries or coincide with explored areas.
As Antarctic exploration advanced, the concept of boundaries by halves,
quadrants or neridian&1 sectors has largely been replaced by a aysten which
involves the designation of a series of lands which are further subdivided
into coasts. 'The lands and coasts are baaed upon exploration and, In some
instances, upon natural boundaries.”

Political divisions are generally pie-shaped sectors bounded by merid-
ians. They overlap, are based upon unrecognized claims and frequently do
not coincide with the lands and coasts. It is probable that aerial recon-

naissance w ill provide sufficient information within tha next generation

3Among the most ccsanonly used quadrant nsoacG are American, African,
Australian and Pacific (Denuce, 1906, p. 6, and others). Canabich and also
Hacking (1923* P. 236) suggest A tlantic, Indian, Australian and P acific.
On Hap 1, appended to this study, U. S. Govern— »t geographers have longi-
tudinally transposed the quadrants 20° in order to render a greater mEfcer
of major physiographic features, such as the Rosa Shelf lee, and political
divisions, such as the Norwegian claim, within a single quadrant.

ATha divisions into lands and coasts ora well illustrated on flap 3,
H.O. 2562, Antarctica, Second Slition, 19*7. The names on this reap are
in accordance vfSil& e decisions of the U.3. Board on Geographical names
in cases whore deci3ions have been rendered by too board.
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to permit division of the continent into suitable natural regions. What
effect this will have upon the present political divisions remains to be
seen.

Mape. A series of raps is appended to this study.10 Maps 1 end
2 relative to discovery and exploration in the Antarctic end -Sap 3» the
Hydrographic O ffice chart of Antarctica, have been cited previously.

Map h indicates the relative accessibility of the various coasts of Ant-
arctica and Map 5 consists of a mp of the Arctic superimposed on Map k
for comparison with the better known northern areas.

Map d shown the present status of airphoto coverage la the Antarctic.
Index raps to the current hydrographical chart coverage of Antarctica,
"*apc T sand 0, are accompanied by Appendix I, a detailed listing of the
naps and charts plotted on the indices as wall os an account of raany
nape which for scale or other pertinent reason were not so plotted. Maps
9 throu”j 15 are naps of the Ingrid Christensen Coast. Listings of older
naps and charts, nov mainly of historical interest, have been compiled
by Denuee (1913) «nd 08005/ (1951, Section 20).

Climate. Antarctica, has a continental climate with cold suansrs and
severe winters. Geographers and clim atologists using variations of the
Klll)ppen System all classify Antarctica as occurring almost entirely
within EP (glacial climate). Snail coastal portions of Antarctica, most
of which are locate! on the Palmer Peninsula, have EP (tundra clim ate).
Further refinement can now be made within the EP category, for sufficient

data have been secured to indicate that there are significant regional

1(W h the exception of Mops 3, 9, 10 and 11, all maps appended to
this study were either produced by, produced at the direction of, compiled
by or compiled in part by the author.
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variations vithin tha area closeifiod as KP in Antarctica.l11 Present
data also Indicate that latitude for latitude the Antarctic is colder
than the Arctic.

A permanent area of hi*h atmospheric pressure with anticyclonic wind
circulation exists over Antarctica. The high pressure is caused in part
by the rotation of the earth, the planetary wind eyeten and the intense
cooling of the mrrfhea layers of the atmosphere over the icecap.. Strong
polar southeasterly winds flow centrifugally outward from the high, con ti-
nental glacier plateau, down the eloping ice sheet and out over the ocean.
The direction of these winds is ocraetiaes so constant that airphoto® nay
be oriented by aligning the snowdrifts and sastrugi with the known pre-
vailing wind direction. The lowest known pressures normally occur mar
tha 65th parallel of south latitude Where the western winds are as ecxraon
as the polar southeasterliee. north of 65°8. the atmospheric pressure
increases and westerly winds prevail.

Ocean currents are aligned similarly to the arrangement * f the winds,
with easterly currents hugging the shores of Antarctica end broad westerly
currents ctrcunnavlg&ting the continent to the north of the easterly shore
current.

Bliaaards are known to be intense, frequent, of long duration end to
occur in all seasons. According to Hayes (1933, PP. 21U-218) Mowson ex-

perienced monthly averages of wind speed of hp, 51.5 and 60.7 miles per hour

13T5v5se regional variations are not reflected by differences in regional
vegetation as is the case with the areas in the Xeppen System and most
other regional clim atic classificatioas, since except for ftew species of
mosses and lichens the severity of the climate precludes the presence of
any vegetation. Nevertheless, the differences are significant in terms
of formation of glacier Ice, the resulting Ice forma and the ability of
man to survive in the area.
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for three consecutive months at his base cazsp in 1913. While on a 91-doy
sledga trip Mnmoa had 61 days of snowfall or drift, aad 33 days with
winds of Beaufort Force 8, 9/ 10, 11 or 12 (gale through hurricane force).
Precipitation occurs minly in the fora of snow, with sane hoarfrost
and in sane areas a little rain, Strong winds transport the surface snow

and loose firn, causing an appearance of more precipitation than actually

12
occurs. Seastaolse io ecarton over open water during low temperatures.

Antarctica is enclosed by the mean annual leathern of 32°F., which
means it oust have a climate that is colder than even that of Greenland
in the north. The known winter temperatures of the Antarctic soldem
exceed -T5°P. end are moderate considering the lowoess of the annual seen
temperature, which is accounted for by the low maximum temperatures of the
Antarctic susoer. The almost constant winds lower the sensible tempera-
tures considerably. Wind chill is a significant characteristic of the
region.

Surface features. The morphology of specific types of land and ice
surface features In the Antarctic is treated in greater detail in Chapter
7 of this work.1* In general, the rocks and rock structures of Antarctica
are similar to those of the other continents. Where the load ia ice-free,
the surface morphology is based upon igneous, sedimentary and raetasorphic

rocks of all ages frcta the pre-Cambrian to the late Tertiary, as well as

12See Kays 256-258, Chapter V.

1'Chapters V and VI contain cany stereographic illustrations of typical
Antarctic surface features. Doscriptions of specific coastal features,
by area, may be found in the U.S.H.O. No, 138, Sailing Directions for
Antarctica, 1973, and the British Admiralty’s Antarctic !
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volcanic rock formation* of later dates. Exposed foeelliferous sedimen-
tarieo and cool seems Indicate that Antarctica had a ranch warmer citrate
during Paleozoic and Masoaoic tinea.

Antarctica *1B almost com pletely covered by an icecap of varying thick-
ness, the average depth of which has been eetinated at two thousand feet,
but which nay be ranch greater. Exposed land occurs in the fora of bare
Mountain peaks, dry valleys, "oases,ml* sea cliffs and surglaci&l moraines.
Hock and "*oil" polygons, similar to scrae kinds of those in the Arctic do
exist, but the areas in which they can be formed are quite rare.

Soras of the present day surface features of significance include the
South Polar Plateau, an icecap ranging frcta six thousand to eleven thou-
sand feet in altitude and which extend* into the area a till unknown to
man; the shelf ice formations, unique features of the Antarctic, occurring
in the Rons end Weddell Geea end attached to the coast® at numerous other
points; and the ever-present coastal cliffs, ihe latter nay consist of
either ice-free or ice-capped rock, but most of them are ccraposed of sheer,
vertical walls of firo or glacier ice rising from 10 to more than 200 feet
above the sea wherever glaciers or shelf ice meet the ocean.

Reconnaissance and detailed investigations of many parts of the con-
tinent indicate that not only is the current trend one of glacial reces-
sion, but also that former glaciation was considerably more extensive than
at present. Glacial striae, perched moraines and erratics demonstrate
that the glacier ice previously rooe to altitudes of frcta one to three

thousand feet higier than its present level, la spite of tho recent glacial

Areas of exposed land essentially at glacier level and surrounded by
glacial ice are frequently, though incorrectly, termed "cases." Ho accept-
able terra has been offered for this type of area.
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recession, tha Antarctic continental glacier is still in a higher state
of development than glaciers anysbete else on the earth, including that
of Greenland. The presence of coal aeons and foesiliferouu sediments
formed in the late Mesozoic indicates the present continental glacier
cannot be older than late Tertiary.

Flora. Except for rare instances of snow colored by red or green
algae and except for ponds, the colors of which are likewise affected,
no vegetation is visible on airj& otoe of Antarctica, ftore than 300 spe-
cies of lichens and 70 species of mosses are known to exist in the Ant-
arctic. Mostly, they grovnin small patches and in rock crevices or under
loose, translucent stones where they are protected from the vind. Nothing
comparable to the Arctic tundra exists anywhere on the continent, althou”j
one species of grass and one flowering plant have been discovered in local
areas on the northward-extending Palaer Peninsula. Sco» bacteria exist
in bird and m 1 excrement. Fungi have been found on pebbles. Vegetation
in the water, however, presents a different story. Where shallow, the sea
bottom is frequently "lush" with vegetation. Kelp grows to a length of
100 fteet. Diatoms, the basic food upon mWhich all life in the Antarctic
is dependent, are so numerous in the upper layers of the ocean that they
often color tho sea lee yellow.

Fauna. Seale and Whales are the only raarsanla in Antarctica. These
large animals are frwjuently visible on airphotos. Individual seals may
be observed on medium scale photography; when gathered in colonies on the
ice, seals may be observed at almost any airphoto scale. Whales are now
hunted by aerial reconnaissance (Grierson, 1919).

Birds include several varieties each of the penguins, albatrosses,

petrels, shags, Bheathbills and skuas. The penguins, like the seals, nay
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be visible cm aerial photography, especially when their black backs con-
trast with the -white ice or when their White ftrontc contrast vith the
dark rock of their rookeries. They ere not usually visible on airpbotoe
when in the water, however.

Penguin, albatross and cartaoarwat rooksriea are identifiable on air-
photos, but those of toe petrels are not. Skua breeding places, sskuaries,
are not identifiable on aerial photography, but they exist in or adjacent
to virtually every penguin rookery, except thoea of the eoperor penguin,
which breeds during the cold winter night on the fast oea Ice.

The great Majority of toe Antarctic fishes belong to the Jfototoanli-
fom es group. They are numerous in speciea, varied In appearance, gener-
ally under tore© feet in slse, bottom awinners, carnivorous and edible.

Terrestrial invertebrates are fev in ranfbero and species. They are
usually found under rocks at penguin rookeries and other favored places
and include such foma as m ites, rotifers, protoaoa, and a wingless nos-
quito, Marine invertebrates, bowsvey, ore numerous in numbers end species.
One of then, the Suphmisia superbo, feedvs upon diatoEss and in turn serves
as a fbod supply for the whales, seals, penguins and the larger fish.

Arctic vs. Antarctic. One of the best ways to briefly describe the
Antarctic is to compare and contrast madam facte relative to this conti-

nent and the better known Arctic. A few such random facta are:

Arctic Antarctic

Ocean surrounded by Continent surrounded by
continents. oceans.

Winds, currents broken by Winds, currents circurapolar
arrangement of land m asses. end unbroken by land m ssea.
Glacier Icebergs. Tabular and glacier icebergs.

Glaciers in lim ited area. Glaciers everywhere, shelf ice.
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Arctic Antarctic

Beeches, shallow water. Beaches rare, vertical icc
cliffs, deep water offshore.

MUch paleocrystie sea Ice. L ittle paieocrystic sea Ice.

Puddled sea lee cccnon, hard. Puddled see. lee leas common
and frequently rotten.

Variety of soils. ?'antle rock rare, no soils.
Tundra. 190 tundra, scm mosses and

lichens, grasses end flowers
vary rare, no sphagnum.

Center: Ice-covered ocean Center: Ice-covered plateau,
with marine life present. no food supply, no life.
Land Meawjalct v&mk ox, rein- Uo Vmd aaanmls,

deer, caribou, fox, hare, etc,

Amphibious mammals: seals, Amphibious naaaals: seals.
walrus, polar bears.

Groat Auk (extinct). Penguin (extant).

Plying insects, other 30 flying insects, other
insects plentiful. insects rare.

Primitive man. r?o prim itive man.

One m illion population north Ho population south of 60° S .,
of £00 tf. except whalers and explorers.

Ax¥ssiRiTrry
Ships. for at least eight months of the year (April through November)
Antarctica cannot be reached by ship. Many portions of the continent are
not accessible in aidstaenr (December and January). During the most
favorable month for accessibility (February) from caw-third to two-thirds
of the continental coast cannot be reached by normal surface vessels.
During late Btraaer (March) some coastal areas are open, but this Is a

most dangerous time for ship operations In the Antarctic, since refreez-

ing sometiaeG occurs without warning. Ships inside the pack during this
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month stand the chance of "being beset and frozen-In for the vrinter or

even of being nipped or crushed.

Fully one-third of the continental coastline has never been ap-
proached by ship at any tine. Included 1la this area is the only unclaimed
coast and hinterland in all Antarctica, flrem 90° V. to 150° v» (Mapsl
o»i fo)-15

The principal cause of this inaccessibility Is peck ice of the con-
solidated pack variety. Shis la the noet severe form of pack ice, con-
taining nueh pressure lee and no significant open-vnter spaces. It la
not navigable by any type of surface ship.

dose pack, composed of floes which are mostly In contact, la navi-
gable by specially constructed vessels, such as ocean Icebreakers, but
camot be traversed by ordinary ships. Open pack consists of floes la
Infrequent contact and with many leads and pollayas, asking ice naviga-
tion relatively simple.

Certain coastal areas favored by winds and currents become essential-
ly or entirely free of pack Ice for Halted periods during tbs southern
stroar. A frequently used passage to the continent, resulting from the
effects of fhvorable winds and currents on the pack Ice, lies along the
130° acridion leading Into the Hobs Sea. There are no records of ships
having failed to gain access to this, the southermost sea In the world,
during the m s»r season (Map 4). This area stands in contrast to

unclaimed area motioned above wfeich lies In the middle of a large

ATt appears that the notions which have claimed the more accessible
or more valuable portions of tha Antarctic have set this 60-degre* sector
aside to be claimed by the united States. In fact It le shown as a United
States claim on many mops, e.g., GouM (19*«0, Fig. 2), although the govern-
ment of the united States has never announced a claim to any part of the
A ntarctic.
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coastal area known to have a normal state of inaccessibility. No ship
has ever reached the coast in the long stretch between !Ktvord VII Penin-
sula and Alexander I Island, a coastline of nearly 90 degrees longitude
(Itop h).

Between the pack ice and the fast ice which fringes the coastline,
a lead of open water is found which oaastims permits a certain amount
of lateral payability for surface weasels along the coast. A passage
to this continental lead nust be found before it can be utilised, however.
Once access has been gained to ouch a lead other problems aust be faced
before the actual coastline can be reached over the narrow fringe of fast
ice. These include the tendency of the ffeat ice to break away and drift
out to Join the pack ice without warning and the presence of cracks in
the fast ice farmed as a result of shear, tension or torsion.

The raost d ifficult problem of all is encountered when the pack ice
end the ftringing foot ice have been passed and the ship or ice party ccraes
face to face with a portion of Antarctica’s cliffed coastline. While a
few ports of the coastline have a gently sloping rock or ice surface and
while beaches occur in rare instances, the principal type of shoreline
is either a steep rock cliff or, as is aore often the case, a vertical
ice cliff formed by the floating snouts of glaciers, shelf ice barriers
or the seaward face of piedmont ice afloat. An exploring party facing
one of these cliffs sd*ht hove to travel along the coast for aore than &
hundred miles before finding a place where a landing could be made with
reasonable safety.

The optimum conditions for ship landings in areas of shelf ice occur
where the barrier has been split by a tension crevasse, where the seaward

advance of the ehalf ice has been impeded, by a ettosergsd roc3: formation,
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thus causing the farm tian of a hay in the shelf ice, ouch ac the Bay of
Whales, or where the shelf iefe adjoins an island or port of the continent.
Shelter for the ship and natural ranrpe loading from the sea ice to the
surface of the shelf ice occur siore frequently at these places. Other
good leading areas include fiords and portions of the continental coastline
mwhere the continental glacier slopes gently to the sea.

Reconnaissance aerial photography of a large portion of the coastline
of Antarctica has been completed (Clap 6). Rioto interpretation provides
the nost rapid, most cosjprehensive and nost reliable method of choosing
proposed landing sites and landing site alternates and evaluating them
in terms of site, situation and approach.

taps. The relative accessibility of Antarctica by use of conven-
tional surface ships is indicated on ’top U, which also delineates the

extent of icebergs, the extreme lim it of the Antarctic pack ice,
the probable nintaum lim it of the pack ice and the 32° P. isotherm of the
unnaoot month. The em Il seal® of this mp, 1:£0,000,000 should be noted.
While the nap is largely self-explanatory, the reeder’a attention is in-
vited to the fact that the three accessibility syubols merely indicate
the degree of accessibility in approaching the coast. Ho indication ia
given on this nap of the difficulties in landing once the coast is reached,
'top 5 is similar to ’top & except thatit la overprinted,vith a sap of the
Arctic as soen orthographicnlly as if looking throujgi a transparent globe.
General caenarisons my be drawn between tile accessibility of the Antarc-

tic and the more familiar A rctic.?

1g]‘?tops b end 5 wore compiled by Dr. Arthur Hall frcn iaform tion pro-
vided by Dr. Siple, thewriter and others at the request of !!r. S. W
Boggs of the Departmentof Rtate.



Frco the foregoing it appears that conventional surface ships can
reach the Antarctic coast only during certain aeeeoae and only then at a
liaited nuE&er of favorable locations. 'Judo? these clrcumstanceo there
is cn increasing probability that airborne exploration techniques will
develop rapidly.

Aircraft. A ccessibility by aircraft is an entirely different problem
frosa accessibility by ship. Srcept in the case of helicopters, the toother
ships of which oust aov approach within 50 niles of the continent to make
their use feasible, aircraft my be launched from outside the area of pock

ice or even frcm one of the other continents in the southern henrtcphetre. 17

Broad areas of unraavigable pack ico, wide belts of unpredictable fast ice,
pressure ridges, oholf ice barriers and rocley forelands are of no conse-
quence to the aircraft pilot. His prdblen is to find a site on level,
undisturbed ice suitable for the landings and take-offs of the type of
aircraft concerned.

The determination by photo interpreters of Ico lending areas for air-
craft 13 more difficult and more complex than determining ship approaches,
rherto keys for conditions of ice moisture and ice stability have not yet
been developed. The chief value of photo interpretation in this case is
that by photo analysis of the ice morphology it is possible to eliminate
e large percentage of prospective sites froa consideration sal to choose

froa among the reminder the sites which are moot suitable for actual test.

17The U.S. Havy Task Force 68, 19W-19&7# launched flying boats from
seaplane tenders and codbination ski-wheel aircraft frcn an aircraft carrier,
the chips remining outside the pack ice. The Deutche Antarktische 2xpe-
ditioa, 1938-1939 launched flying boats froa outside the pack ice. The
U.S. Ibtvy Task Force 39, 1977-197-3, employed helicopters which were launched
from the flight deck of an icebreaker and seaplanes which were launched
in leads within the pack ice.
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Each type of aircraft has Its own requirements for a landing sur-
face. In case of a helicopter on floats, any level surface of uaiiatur'bed
Ice, firn, anov, rock cor water which Is free of obstructions to the rotor
blades w ill suffice. In contrast, the heavy, wheeled, jmilti-engined air-
plane requires a prepared runway of mat, compacted, firn or else a natural,
level, crevasse and crack-free hard ice surface covered with a thin layer
of snow or firn, such as xai&xt be found on a frozen naltwater lake or on
an ice floe.

Experience acquired during recent field work in the Antarctic has
shown that li* xt aircraft, weidling up to 8,000 pounds and Haunted on
skis, require only level, undisturbed glacier or sea ice for landing
areas. Antarctica provides acre natural landing areas of this type than
aay be found in the rest of the world. Very little research is known to
have been performed relative to the ability of heavy aircraft to land on
ice. Experience at Little America, however, proved that aircraft weigh-
ing 33,000 pounds gross, which is now considered jaediua weight, had little
difficulty in landing and taking off on level shelf ice surfaces.” More
inform ation rauot be obtained relative to the ainlmra requirements for
stability and caspectlb1lity of snow, firn oad ice necessary for take-offs
and landings, including the initial landing shock, of the various types
of aircraft which ni$»t be employed in polar flying.

In general, the bast places for landing aircraft are the saooth, un-
crevassed areas of shelf ice or the polar plateau. Smooth, thick, fast,

oea ice in sheltered locations is also acceptable. Areas of ioe Bovesaent

In reality, the pound pressure per square foot of ski is of HOT*
importance -than the gross veifjrt of the aircraft in doteiraining its require-
ments for landing on ice surfaces since the weight per unit of contact sur-
face determines whether or not the snow, firn or ice will oupport the ski-
equipped aircraft.
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nust be considered poor sites. All known areas of exposed rock in the

Antarctic are too rou”i for any aircraft except helicopters.

TSAPPICABILmM

Hot only is the Antarctic a difficult place to approach, it is also
a difficult place in which to move about, either by foot or by vehicle.
Trafficability” in Antarctica is a product of three factor®: physiographic
features, surface conditions end weather as these f&ctors relate to the
vehicles available to effect the type of locomotion desired. Since the
ways in which the major physiographic features affect trafficebility are
evident, and since vehicles originally dssigjsBd or redesigned for use in
polar regions have been modified or service in polar weather conditions,
the important consideration “hich remains is the relationship of the indi-
vidual vehicle to the surface conditions present in the Antarctic.

Tr& fflcabillty table. To provide for cseparative analyses, the writer
has prepared a tabular outline of surface trafficability in the Antarctic
(Plate 1). Because of its brevity and the tremendous nurfber of variations
possible, this table does not tales into consideration such vitally Impor-
tant factors «o the length and purpose of the journey, the range of the
vehicle, the food and fuel required, end the weather forecasts. For these
reasons the table should not be used as a sole judge for evaluating the
serviceability of a specific vehieli-surface combination.

In studying the table it is important to realise that great variations
tmy occur within a single type of surface. Fftrn, for example, any be rouS$i

as sandpaper or smooth and polished, loose or fim , flat or in eastrugl.

A"The tera trafficablilty as used here refsre to the passability of
various region© or the ability of vehicles or people to move abcat within

a cited area.



Plate 1
ANTARCTIC SURFACE TRAFFICABILITY TABLE

1 SURFACE CHARACTERISTICS 11 SEA ICE 111 LEGEND
(A1l types of level surfaces) (Proper surface assumed)
I .
© G -GOOD
K I S -SATISFACTORY
fi M K 0 i
c u Woom . P 6» Thick Solid Cover U -UNSATISFACTORY or DANGEROUS
a . ¢ -NOT APPLICABLE
e 0 £ M a & o o ¢
89 J °? o %V&
v 9 2 . ,
S m -p Shoes with crampons are satisfactory.
§ 3 H o rH § u lL .
19 111 Mo 0 Boots are suitable for shallow water only.
Q 7 . ]8) (()) I Experienced skiers may cross openings up to
o o o nearly one-half the length of their skis.
rH H tH O Vehiole can operate but cannot pull a load.
> > > < Vehicle may use planks or depend upon mo-
J & 4 S mentum. Cracks two feet wide are dangerous.

Foot Transport: Unsatisfactory because lugs and treads break.

1. Shoes, mukluks, etc... u S 1 s S s U u u G s s 2 « e * Uy 8 U U200 s S S May require aid of shovels or explosives.

2. Snowshoes............. G S U S S U U U u * * * U =* L S U U200 s U U Depends upon distribution of the floes.

3. SKiSee v, S GU GS 3 u u u oo U« * * U G U U2 G 3 u Varies inversely with softness of snow.

4. Man-hauled sled....... U Gs G S S u u u * * « g « * « U G U U200 G S s Unsatisfactory in heavy waves or swells.

5. Dog-hauled sled ...... U GU G S S uu u = * * u « « * u G U U200 G S s Only aircraft are able to cross the barrier
or glacier ice oliffs without using a bay,

Motor Vehiole Transport: island or natural ramp.

UU4 s UUUUUUu S U U U « « u 19 U U2 s U u Bed rock is sel‘dom su.fflc.le.:ntly smooth.

Us 4GS 51U 1UuUu&UuUsws 6 6 u -* ¥ % 419 U U2 G 5 7 Depends upon size of' individual floes.

U G4 G S 5 U Uwuws 6 6 G s G 8 8 G Us s G5 7 Dep.ends upon the w'elght of the airoraft;

o G4 G s 5 u uUuUSsS B 6 GIo S 8 8 G Uus G5 7 satisfactory for llgh.t [.)lanes, may be dan-
gerous for heavy varieties. Wheels usually
require greater ice thickness than skis.

Aircraft Transport: .
* Depends upon size of open water areas.

10. Airplane, wheelS .. UUUuU s Uwwu ull 13{ 9 u o 13 13 13 S u vi4d s v U Satisfactory with tarp spread for landing.
11. Airplane, skis....... 9 g u G S u u ull % % u ¢ 13 13 13 G u Uul4 G U U Modern steel icebreakers usually can get
12. Airplane, floats..... ° L O « s IS 15 15 u uuvuvuuu through. Many variables, including the age
13. Airplane, flying boat * « « « « * * o ] * * % « G 15 15 15 u UUUUUu of the ice, snowoover, temperature, salt
14. Helicopter, wheels... 16 S s G S u u I 6 s s u = 13 s 8 G uuvs 6 uu content and the type of icebreaker determine
15. Helicopter, floats... S 0 s Gs uwu sil Gs s s 8 G G G G Uu s GU u whether ramaing or heeling are necessary.

18. The rubber raft is an excellent vehiole for
Water Transport; traversing meltwater of almost any depth.
16. Ship, icebreaker * « * G G G s 17 G G Gl17 * s Varies inversely with thickness of snow.
17. Ship, wooden.... L N € s 8 8 U S §$s U U * 1u These are satisfactory methods of travel,
18. Ship, steel.uuuu.. R ¢ S 8 U u S S U U * u but the ice may break up and go out.
19. Boat, sm all..... « **F e g S 8§ u u u u U U * u
20. Raft, rubber.... ¥ F* R s S 8 U u u U UU* u

IV . MOTE This table was prepared by the author after consultation with Dr. Paul Siple and Major Vernon Boyd, U.S.M.C., experts on the subject of Antarctic
trafficability. There are so many variables involved that not all the ratings shown here were agreed upon unanimously. This table should not be used as
the sole basis for evaluating the serviceability of a specific vehicle—surface combination, since it cannot take into acoount such vitally important
factors as the length and purpose of the travel, the range of the vehicle, the food and fuel required and the weather forcasts. The slope and orientation
of surface features were not considered in the preparation of this table. In general, the trafficability varies inversely with the degree of slope
the complexity of feature orientation. In rating foot transport it should be remembered that skis and snowshoes can be removed to overcome certain
obstacles. In rating aircraft only landing areas were taken into account. JHR



on level or rolling ice terrain or on land or sea Ice. Obviously such
variations have a decided effect upon trafficability and yet firn has a
character of its own sufficiently strong to Maintain its identity as a
particular type of surface.

table classifies the various modes of transport into foot, notor,
aircraft end ship categories. All vehicles belonging to a single one of
these categories poooees a nunber of cbaracterietico in ccraaon regarding
trafficability, e.g., no Method of foot transport is suitable for crossing
open water. Each vehicle ccwmonly used in the Antarctic is rated for its
ability to pass over each of the m jor types of surface found in the South
Polar Region. Aircraft my pass over all types of surface and so are
rated only on their ability to land and take o ff from the various surfaces,

Tfora Antarctic exploration and research has occurred offshore than
on the ieeesp, e.g., oceanographical research and coastal exploration by
ship. In recognition of this fact the trafficability of each vehicle is
also considered os it relates to sea ice. Part II of the table is based
Upon the assumption that the sea ice surface is suitable for the vehicle
concerned as indicated by Part I, and accordingly gives the value of
each vehicle for transport in relation to the thickness of the sea ice
and the percentage of water covered by it. If the see ice surface condi-
tions are not appropriate for the vehicle concerned, the analyst my
eliminate this vehicle without consulting Part II.

Prom a brief glance at the table one my asm** that the beet all-
around vehicles in each of the four classes are skis, amphibious tractors,
helicopters cm floats and icebreakers. While this is noroally true, gen-
eralisations like this one my be dangerous since the purpose of the

travel, the length of the Journey, too food and fuel requirements, the
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weather to be encountered end the variety of surface conditions to be met
might make some other kind of vehicle or combination of vehicles far more
suitable than those mentioned. Any modern veil-equipped expedition would
be expected to have sore than half of these naans of movement available.2®

Firn. Firn surfaces are almost everywhere an aid to transportation.
All vehicles designed for icocap nobility operate well on firn. SKki-
equipped aircraft experience little difficulty in landing or take-off.
Loose firn Is sometimes difficult to walk through and accentuates blizzard
ccoditions on windy days, but these factors do not prohibit movement, they
merely make It more difficult.

Snow and ice. Soft snow is less passable than firn. Many vehicles
can move over it, but usually with difficulty and at a larger proportion-
ate expenditure of energy than for similar movesasnt over firn. Hard gla-
cier or meltwater ice, *Aen not slick, any be used by almost any vehicle.
Slick ice, however, mokes a very difficult surface upon which to move
and when it la situated on a slope, slick ice is a definite hazard.
Tractors may operate on bare, slick ice but are unable to pull their own
vai&rt over it. Hard lee, slick or otherwise, with a ftrw Inches of snow
or firn cover, however, mokes one of the very best trarffeeea for all vehi-
cles other than those in the ship category. Bnow, firn and Ice are all
white In color but may be distinguished from each other on airphotos,

especially if or more of them appear on the same photograph.21 Tho

tifVhe winter used all these vehicles while in the Antarctic, except for
the wooden ship.

2%GaGC Chapter ?.
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problem is largely one of comparing texture and tone scales.

r&otragi. Coe of the soot common surface conditions in Antarctica
is the presence of myriads of long, low, linear, usually ridgelik* dunes
of eacw or firn called eastrugl.22 The linear forms are generally aligned
parallel to the direction of the prevailing wind. They are usually not
over two feet in height and 50 feet in length, althou”i much greater
lengths occur in oose areas. Sastrugi are not generally considered of
Importance os Obstructions to ice vehicles or to aircraft Which land par-
allel to them; however, movement Is impeded by their presence.

Ice cliffs. Vertical cliffs of ice occur at the floating ends of
glaciers, at the barrier ends of shelf ice and at the sides and snouts of
wall-sided glaciers. Since these cliffs fora most of the shoreline of
Antarctica, they ere of considerable significance in Antarctic traffic-
ability analysis. Except for aircraft, no vehicles are able to pase over
those barriers. Without aircraft, passage over the barrier is found only
where the cliffs have been split or where they adjoin land. ISentiem has
already been made of the me of natural drift ranps, where available.
Ramps may be built by the use of explosives and bulldozers, if the use

warrants the expense and danger involved.

"The term sastrugi is perhaps more properly spelled as zaatrugi. The
word is of Russia” origin and was borrows for English usogp frSnthe Ger-
man literature. In tl» Genaan transliteration of the tern ftroa the Cyril-
lic into the Roman alphabets, the initial letter "8" is used since this
is correct German for the '"z" sound in the original Russian word. %en
the word begem appearing in the English language publications, the "¢"
was not replaced by a "z” ae would have been necessary to retain the sound
of the word as pronounced in Russian and in German. The fora aaatrugi
is now so firmly established in scientific Sfcgliah usage that perhaps"
more would be loot in terra of energy and confusion than gained in
etymological precision by reverting to the proper spelling at this time.
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Pressure rldgaa. The forces of wind, tide, currents, swell, tecmpera-
ture chrmgjs or cot&inertions of these my exert sufficient lateral pressure
on sea ice to cause it to buckle, crack and crackle at the edges and to
pile up blocks of Ice, scmtiaes to a heiSvt 'of 20 feet or more above sea
level. Pressure ridges of this sort are frequently radios in length and
my be traced with ease on airphotos. VSien less than 30 feet in length,
these ridges are called huaaocks, aisi pose no trafficability problem. The

‘
longer pressure ridges act ao minor barriers to nost kinds of transport,
including icebreaker®, sine© a pressure ridge 12 feet hif*i might man a
total thickness of sea ice at that point of nor© than 2k feet. Pressure
ridges are nearly always passable, however, is sufficient effort is ex-
pended.

Disturbed ice. Areas of highly disturbed ice, oeracs or areas of
criss-crossed crevasses>> are exceedingly dangerous and generally inpass-
able to all forme of traffic, except air.

*feltvater. Stream, lakes, ponds end puddles formed on glacier or
shelf ice surfaces froa the melting of surface snow as a result of direct
heating by the sun or from the presence of heat radiated from exposed rock
or rock dust create a barrier to all types of transport except the amphi-
bious tractors, rdbhor rafts and aircraft, ‘teltweter streams and ponds
may be crossed on foot or even by dog sled when the depth does not exceed
a few inches, *feltwater sometime fills crevasses. Meltuater puddles
on sea ice may be so numerous that travel through such areas by any mane

other than icebreaker or aircraft is to be avoided at all costs. Sometimes

the meltwater surfaces frecae over with ft cruntal layer of ice too thin

*%b. Icelandic term okauk was introduced into the English glaciologi-
cal literature by Taylor (1922, p. P> to be used in place of the mar©
awkward English phrase, crevasse field.

170691
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to support the W Bl# of a man, even on skis. Biis type of ice Is par-
ticularly poor for dog sled trawl oince it cute the paws of the logs
and shortly renders then unfit for travel.

Exposed land. Bedrock, talus, glacial moraine and volcanic debris
are the principal forms assumed by exposed land in Antarctica, 'tost bed-
rock areas are covered uith mnminc- or erratics end are in steep, irregu-
lar slope. Exfoliation /3 cannon where the bedrock structure lends itself
to this form of weathering. Volcanic debris, talus and loose moraine all
differ in origin, but because of their unconsolidated character all react
much the samo insofar as passobility is concerned. Generally speaking,
vehicles designed for ice transport as well ao wheeled vehicles are use-
less here. Tracked vehicles nay operate but they are difficult to manage
and the lugs ore easily broken on the sharp rocks. Helicopters on floats
provide the best oaano of transportation in this type of landscape, but
they ssust be landed with extreme care to prevent the rotor from angling
over and striking the rocks.

Soils and vegetation, ‘’teither coils nor vegetation occur with suf-
ficient frequency in Antarctica to nsrit consideration of their affect on
trnfficoh 11ity.

Pack ice. The ocean icebreaker w ill operate in moot types of pack
ice until a nine-tenths or ten-tenths cover of sea ice of sufficient thick-
ness in reached. It is the preferred vehicle for traffic through Antarc-
tic seas, but it does not contain large holds for storage purposes (ex-
cept for a few of the Russian icebreakers which arc designed for cargo
carrying). Althougi not evident in the table, wooden ships are far lees
vulnerable to oae. ice than the otoel-skinned unless the latter have been

specifically designed to operate in oaa ice. Wooden hulls are more
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flexible than steel plates and rigid frames.

The large ten-m a rhbher raft is a most convenient vehicle for ship-
to-shore exploration. It is easily portable, carries more than a ton of
weight, is of very shallow draft and is landed with greater ease under
conditions of noderate swell than a whaleboat or wooden boat. Althoufgi
no such instances are kncrun to the present writer, the raft apparently
would make a suitable vehicle for crossing extensive areas of raeltvater.

Past ice. Sea ice which remains foot in its position of growth
along the coast is 'mown as fast ice. It nay be of a few feet or tens of
miles in width. In some areas it becomes much thicker than ordinary sea
iee. Past ice, because of Its levelness and lack of crevasses, is some-
times preferred to the adjacent land ice for coastwise traffic. Vehicles
employed on Icecaps are generally suitable for use on fast ice. Dangers
arise from thin spots or cracks in the iee and from the habit of the fast
ice to break up and drift out to Join the pack iee without warning. Scrae
explorers have gone out to sea with it.

Coastal lead. In many instances a belt of open water separates the
pack ice from the continent and its fringe of fast Ice. As the Antarctic
sternor progresses, more and more of the fast ice breaks up and drifts out
to Join the pack, thus moving this belt of open water closer and closer
to the continent. In many areas these leads of open water actually abut
the continent or Ite iee cliffs. 1Ibis is true even along large stretches
of the 90 degrees of coastline in Wsst Antarctica which have never been
approached by ship. Ships and small craft my operate effectively in
this area but first must find access to it and then stand in the danger

of pack ice drifting in to close about them, or of a sudden freeze.
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Valley glaciers. Along mountainous coasts the valley glaciers
provide the beat hi*ra&ys to the polar plateau. Their surfaces, consist-
ing of moving glacier Ice, are f&r froe ideal, but are certainly to be
preferred for purposes of travelling to the 3urfticeo of the mountains
which they separate. Even aircraft tala* advantage of these glacial
valleys to eltob slovly and evenly to the plateau level, thus saving
considerable amounts of fuel.

Polar plateau. The known portions of the polar plateau provide an
extremely large, relatively level, firn- and snov-covered surface good
for operating almost any type of ice craft or aircraft, oven thou”i the
snow and firn here do itot have the stability or compactness of the shelf
ice or coastal glacier surfaces.

Significance of Antarctic accessibility and trafficability. The
lim itations of aoveoent to, within end froa Antarctica make airphoto
analysis of relatively greater value here than in areas of greater
accessibility where scientific field Investigations can be accomplished
conveniently and without unusual difficulties or expense. Aside froa its
normal advantagac, aerial photo reconnaissance aai photo interpretation
of Antarctica can provide sufficient information for coa$>iling or correct-
ing aeronautical charts or stoiler small-scale maps, for delimiting the
boundaries of physiographic regions, for the selection of '"type areas"
characteristic of the region and determining the accessibility of these
"type areas,”" for OOlection of the most valuable areas in which to conduct
field work and for Indicating the best means of access to these areas,
including tlie selection of landing points for ships and landing areas for
aircraft.

The value of a photogeogrspber's work in this area is the product

of his native capabilities times such factors ao his training in geography,
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his experience in continental glaciology, his familiarity vith Antarctica,
the quality of available aerial photography, his knowledge of photogeo-

graphic methods and his ability to apply then to the area.



CHAPIER IV

APPLICATION B? THE ?®THOD TO THE AREA

There ore no significant differences in the photo reconnaissance
end photo interpretation methods used for Antarctica and those used for
the more temperate regions. There are, however, important lim itations
imposed by conditions of the natural environment upon the Bteadard pro-
cedures for photo reconnaissance. These limitations cause both a quanti-
tative end a qualitative lose in the aerial photography available for
interpretation, vhich in turn lim its the information obtainable from the

interpreter's analysis of the resultant photography.

LIMITATIONS OF PHOTO RECONNAISSANCE AND PHOTO INTSRPRSEATIOS IN ANTARCTICA

The factors which most severely lim it photo reconnaissance and photo
interpretation in Antarctica consist chiefly of the difficulties involved
in Antarctic flying.

Bases. There are no established air bases in Antarctica. Explorers
have succeeded in establishing landing areas for light aircraft with little
difficulty, but the fueling and maintenance of these planes are a more
difficult matter. Light aircraft are limited in radius. Medium aircraft
have a greater range but represent more difficult basing problems. Heavy,
multi-engine aircraft with ranges of 5>000 to more than 10,000 miles could
be more suitably based on another continent and flown to Antarctica. There
are, however, no such bases anywhere south of 55° s. or leas than 9,100
geographical miles from the South Pole, and only South America has a baas

as close as this. There ia an area of more than 30,000,000 square m iles,
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sore then ten times the alee of the United States, centered about the
South Pole in which there are no suitable bases for these airplanes.

The aircraft now in use on aircraft carriers and seaplane tenders,
*Aldich can operate just outside the pack ice, do not have sufficient range,
when loaded with the fuel, camera equipment and survival gear, to photo-
graph the far interior of Antarctica. The bases used on the continent
thus fhr have not been capable of supporting aircraft vith sufficient
rang® to photograph nore then a limited area, usually lees than 1,000
miles from the base. W0 alternative bases exist in case of emergency.
These are the factors that have largely determined the liraito of the
areas photographed to date.

Logistic support. Every Item used by the south polar explorer must
be carried to his base since nothing is available in Antarctica except
ice and rock and in most places there is s0o rock. Some food is available
in tersaa of penguin end seal neat sufficient for snail groups at certain
coastal locations. Supplying Antarctic bases by icebreaker-escorted cargo
ships throu”i peck ice or by air cargo plane over the pack Iqge is both
difficult end expensive.

navigation. Loran, sboran and radio range systems have not been
established In Antarctica. The sun ic not visible daring the long winter

and the stars are unavailable for celestial navigation during the
long stomr day. Hi#s overcasts frequently hide the sun or stars in the
seasons in which they do appear. Good maps are not extant. Adequate
maps are available for only a few portions of the coastal area. Lan&forms
or icefbros suitable as landmarks ore generally either uncharted or
Incorrectly charted, especially those which are in the continental interior.

Few pilots have been suitably trained in the prdbleraa peculiar to polar
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navigation. Hero tha meridians converse rapidly, the eun may not set
and tha magnetic cos©ass in rarely dependable. There ore no railroad
tracks for the lost pilot to follow. In short, it 1* difficult for -the
pilot to get to Where he wants to go, to know when ha is there and to know
vhare he has been, if and when be can aanago to return to his base.

Weather and clim ate. The period of September through February has
thus far provided the beet flying weather in the Antarctic. Even during
this season,periods of flying weather are limited to a few hours or a few
days at a time, the latter being infrequent. There nay be longer periods
of suitable flying weather away from the marine influence at the coast,
but bases in the interior would be difficult to man and supply. Seaplanes
and flying boats stand in danger of being overloaded from the accumulation
of too much iee from frozen spray when taking off at air temperatures below
freezing.

Although the temperature of the layers of the atmosphere adjacent to

the Icecap may rise above the freezing level, temperatures as low aa minus

bO° F. may be encountered in normal summer photographic flights. Under
such conditions,the aircraft cabin nuct be heated or the aerial photographer
w ill not be Able to perform such simple, but necessary, tasks as the reload-
ing of the camera film magazines.

High winds affect photo reconnaissance in two ways. Winds at the
aircraft base lift the loose firn off the ice surface to fora a blizzard,
thus preventing the photo airplane froa taking o ff. High surface winds
in the area to be photographed also lift the loose firn from a few inches
to a few feet into the air, effectively blurring the detail of the terrain.

Of greatest importance is the absence of meteorological stations on

the Antarctic Continent to aid the base forecaster in his daily
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prognostications and the absence of complete and eystenatic waather
records to enable him to make a general prognosis.*

Light conditions. Three kinds of frequently occurring light condi-
tions plague the aerial photographer: (1) the long viator night, (2) the
sm low on -the horizon, and (3) the hiifi overcast. Best known of these
is tha long winter night, daring which a portion of Antarctica is plunged
into 2*-hour darkness while the reminder has but several hour® of tvi-
liSrfc each day. At the present time nl/$xt reconnaissance photography
for large areas is neither practical near desirable in the Antarctic,
altbou# flares, flash berths and electronic lighting units are available
for ibis purpose.

During the Antarctic spring,the amount of light gradually increases
and photo recom alssence may be performed at any time which is appropriate
for the latitude and the other factors governing the mount of li*rt in
the area to be photographed. Plates 2 cud 3 have been prepared by the
author so that the flight planner my graphically , determine the duration
of auall*vt and tviligfct at the aircraft base and in the area to be
photographed.

During a large portion of the periods of adequate flying weather,
the sun io either at or Just a few degrees above the horizon. Since in
triiaetrogon photography the three caraoraa are so oriented that they cover
the earth's surface from horizon to horizon and for 20 degress above the

true horizon, the sun soB»tta»o shines directly into the caawa lane.

Vhere are normally a few weather stations operating on the outlying
islands, such as the South Orkney Islands, the South Shetland Islends,
Heard Island and. Macquarie Island, but no permanent weather stations
operate on tha continent itself.
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DURATION OF SUNLIGHT IN THE ANTARCTIC

SUN ABOVE SUN BELOW SUN ABOVE
HORIZON HORIZON HORIZON
I 16 16 i 16 I 16 I 16 I 16 | 6 i 6 6 16 I 16 I 16 I
JANUARY FEBRUARY MARCH APRIL MAY JULY SEPTEMBER OCTOBER NOVEMBER JANUARY

Sunrise and sunset are considered to occur when the upper edge of the disk of the sun appears to be exactly on the horison. The isollini of this graph indicate the nusber of hours froa sun-
rise to sunset, in effect the nusber of hours of daylight. Continuous daylight occurs in the area narked SUN 430 HORIZON while continuous darkness, including twilight, oocura is the area narked
SUN BKIO* HORIZON

In the portions of the graph which are difficult to read accurately, the phenonanon itself is generally uncertain. Even in the nost accurate parts of the graph, tins nay not be deterained
with a certainty of less than fire ninutes. The accuracy is greatest during March and September and decreases rapidly for other seasons of tlie year and toward the polo. Near tha curves narked
2 hours and 22 hours tha uncertainty nay exceed an hour Ad near the curves narked 0 hours and 2~ hours the sun nay fail to rise or set. These large uncertainties are the inevitable oonsequenoes
of the physical circumstances which create the phenomenon and are not due to any inadequacy in the graph per se. In addition it nost be remembered that any elevation of the observer above the
earth's surface, the occurrence of any unusual atmospheric refraction or the presence of irregularities on the horison will cause a difference in the actual period of sunlight. The effeot of
increases in elevation of less than two thousand feet is negligible, however.

This plate was produced from information provided in a nusber of graphs and accompanying texts concerning a similar problem in the higher northern latitudes which may be found in Tables of
twilight, sunrise a « sunset, a supplement to the American cphemsrls (191%6), U. S. Naval Observatory, Washington, D.C. For plans demanding strict accuracy, the formulae of this publication

should Be oonverteTand ueed for the southern hemisphere, allowing for corrections in tine, place s 4 condition.
J*
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DURATION OF (VIL TWILIGHT IN THE ANTARCTIC

Plate 3

CONTINUOUS TWILIGHT NO TWLIGHT CONTINUOUS TWILIGHT
OR SUNLIGHT OR SUNLIGHT OR SUNLIGHT
I 16 I 16 | 16 I 16 | 16 I 16 | 16 I 16 | '6 1 16 | 16
JANUARY FEBRUARY MARCH APRIL JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER

Cirll twilight occurs during the somewhat indefinite periods before sunrise and after sunset during which the natural illumination usually remains sufficiently intense for the performance of
ordinary outdoor operations. While civil twilight is now rigidly based upon the interval of timB when the sunis less than six degrees below the horison, the amount of illumination during this

period varies greatly according to weather conditions, especially cloudiness and hase.

The graph shows the interval which precedes sunrise or that which follows sunset. In the areas marked CONTINUOUS TWILIGHT OR SUNLIGHT the sun's upper liab

the horison, while in the area marked NO TWILIGHT OR SUNLIGHT continuous darkness reigns. Adjacent to the area marked

80* S

JANUARY

is never more than six degrees below
NO TWILIGHT OR SUNLIGHT lies a region in which the sun is continuously below

the horison, but near enough to the horison for a portion of each calendar day to cause tw ilight to occur* Since there is no actual sunrise within this region, however, the "pre-sunrise" twilight '
is followed immediately by the "post-sunset" tw ilight and so the values read from this shaded portion of the gTaph must be doubled to Indicate the total period of continuous tw ilight* In the
the nost accurate parts, time may not be determined with a certainty of less
than five minutes® The accuracy is greatest during A pril and September, and decreases rapidly for other seasons of the year and toward the pole. In addition it must be remembered that any eleva-

portions of the graph which are d ifficult to read accurately, the phenomenon its e If is generally uncertain. Even in

tion of the observer above the earth's surface, the occurrence of any unusual atmospheric refraction or the presence o
period of twilight. The effect of elevations of less than two thousand feetis negligible, however.

This plate was produced from information provided in a number of graphs andaccompanying texts concerning
twilight, sunrise and sunset, a supplement to the American ephemsris (191%6), U* S. Naval Observatory, Washington, O.C*
should Be converteTand used for the southern hemisphere, allowing for corrections of time, place and condition.

f any irregularities on the horison w ill cause a difference in the actual

a similar problem in thehigher northern latitudes which may be foundin Tables of

For plans demanding strict accuracy, the formulae of this publication

jm
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Filters have been developed to eliminate some of the resultant difficulties
but there is still a noticeable lack of detail in this kind of photography.
Oblique and surface photos taken directly away frcsa the sun are also some-
what difficult of interpretation since the shadows vdiich help reveal the
detail are hidden behind the features which cast than.

HI1#i overcast cloud formations or haze often blot out the Antarctic
sun. The aunli#tt penetrating the overcast become extremely diffused,
radiating in all directions. Some of this ligit io reflected back to the
underside of the overcast vhere a portion of it is again reflected at
varying angles to the ice surface. This process continuee, building up
large mounts of diffused li#rt in the ataospfcare, which illuminates all
sides of the Individual objects which comprise the landscape. As a result,
It is scraatinsa necessary to decrease the lews opening or increase the
shutter speed of the camera to avoid overexposure.

Overexposure, however, is the least of the photographer's difficulties
at this tiae. When etch conditions occur over ice terrain vith no open
water or exposed land within view, the diffused li#»t obliterates the
horizon and eliminates all shadows.2 Airphotos taken at such times are
entirely useless. They cannot be notched stereographlc&lly for three-
dimensional viewing. Detail, if it exists at all, is extremely poor in
definition. Under such conditions there is also the very real danger of
the photo reconnaissance aircraft flying into the polar icecap, for In the
absence of a Horison the pilot is unable to distinguish between the over-

east above and the ice belov until It is too late to avoid a crash.3

a9ee Chapter V far illustrations of this 'Viite day" phenomenon.

%n 19%-1<&7 and again in 1977-1973 aircraft were lost in the
Antarctic in just this nanner.
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Topography. A further lim itation of photo reconnaissance results
froE the hi$i elevation of the Antarctic Continent. Relatively few air-
craft ere able to fly at a sufficient altitude above the 11,000-foot eleva-
tion of the polar plateau to make feasible its complete photo coverage at
reconnaissance scales. Tha weight of the oxygen equipment and the addi-
tional fuel required to fly at these hi*£i altitudes reduces the range of
the aircraft. Same of the uncharted mountains covered with snov or ice
on one or more sides constitute a danger during twilight, darkness or
high overcasts.

Photographic processing. Lock of adequate photo processing equipment
for rolls of aerial film ten inches wide and more than 200 feet in length
any necessitate developing the film after the expedition has left the field.
This eliminates the opportunity for reflying photo cover of areas where
the original photography proved to be unsuitable. Camera failures zcsae-
tineo go unnoticed when the film can not be processed.

The problem of securing a sufficient amount of fresh water for negative
and print washing is acute when the fuel is low or when there are no per-
sonnel available to melt the snov. McKinley (1932) reported on the long
hours required to melt the 200 gallons of water necessary to process one
of hie 75-foot-Icsog rolls of film. Tha film in modern cameras is wider
and three times the length of McKinley’s film, and the trisetrogon cameras
are mounted in batteries of three, again multiplying the amount of water,
chemicals and other supplies required.

Many d ifficulties are iagjoeefi unwittingly upon the photo interpreter
by the photo laboratory technician 1AJO is unskilled in the development and
printing of photography of lee terrain. In this instance the film is often

overdeveloped in an attempt to bring out an hsa®s i&en all there is to be
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brought out consists of a few shades of very dark gray and black (very
li$rt gray and white on the prints). In this way the detail is lost
before the airphotos reach the analyst.

Processing standards of airphotos of ice-covered terrain auat be set
high, otherwise water marks, static electricity marks, scratches and
specks of dust say easily be mistaken for objects which have a logical
place on the ice surface such as cracks, crevasses, saltwater, tents,
scattered surflcial moraine or animal life. Lens reflections should be
minimlzed and positive prints of the ice terrain should be printed at a
near white, not muddy gray.

Required supplementary data, flaps and ground information which aid
the interpreter in other regions are generally not available for the Ant-
arctic. This lim itation may be scewi&at offset by employing a '"gremlin"
camera suited to the particular requirements of the problem. The '"grem-
lin " is a recording camera activated by the earns intervalcraeter as the
reconnaissance eecaeras and set to photograph the gages of a chronometer,
thermometer, radio altim eter, pressure altim eter, inclinom eter, data card
and the faces of other Instruments as appropriate, Which, when analyzed
with the reconnaissance photography, the pilot’s log and the navigator's
track chart, will enable the photo interpreter to determine such factors
as the scale, location and orientation of the airphotos. '"Gremlin" record
ing cameras can supply most of the information needed for napping photog-
raphy, but do not provide definite ground control points, which are neces-
sary for precise mapping. To obtain this control data,the presence of
surveying parties on the ice is required.

Special photography. Special photographic techniques are now being

used to overcome some of the limitations to photo reconnaissance and photo
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interpretation in the Antarctic. Color photography, off to a alov start
because of the difficulty of processing it in the field and tha lack of
knowledge concerning the local color temperature, is now a practical
technique for revealing features in the landscape not evident in black
and white airphotos. When properly exposed and developed, color airphotos
of Antarctica mobs some oletaents of photo interpretation less difficult
and more accurate. Differences in the surface textures of sneer, firn and
ice, the presence of meltwater and its depth, snenJbrldgee, crevasses and
the works of man are examples of photo images depicted more clearly by
color. The use of color airphoto® or color taction pictures taken from
the reconnaissance aircraft as a supplement to the regular black and white
aerial photographs is o distinct benefit to the photo analyst, particularly
if he Ina not flown over the eroas concerned.

Continuous strip stereo photography nay prove useful for recording
and examining linear features such as shelf ice barriers and valley glaciers.
It vill also be useful in determining depths of saltwater. Infrared emul-
sions nay reveal characteristics of the Antarctic landscape not visible
In panchromatic film.

The helicopter has been used with great success in obtaining low
altitude obliques of features whose images digit be of questionable loter-
pretability on high altitude, sm ll-scala obliques. The helicopter has
not yet been perfected for long-raa®» work nor for local reconnaissance
with a verticalcamera mount. Studies are now under way concerning the
evaluation of radaracope photography of ice terrain.

Photographic specifications. Antarctic reconnaissance aerial photog-
raphy requires scales, oover&s® other specifications similar to those

that would be needed in other parts of the world for comparable interpreta-

tion problems.
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AERIAL PII7POGRAHIIC COVERAGE OP ANTARCIICA

Airphoto anal”81b of Antarctic landscapes was not possible 25 years
ago. Although by that time photography ms a century old owl practical
aircraft Tore no longer a dream, no airplane photography of Antarctica
e);(isted.4 But once this Method of reconnaissance uaa applied and the
results evaluated, its development cane rapidly, though quite irregularly.

More than 110,000 aerial photographs have been taken of Antarctica.
Half of these mre mde by a single expedition during the letter part of
one eirmer season,5 vhilo the remitting half is a product of 25 years of
effort on the part of more than 16 expeditions.

Beveloptaeat. Sir IWbert Wilkins nade the first Antarctic flight and
took the first Antarctic aerial photos during a fllfgit over the Palaar
Peninsula in the 192&-1929 season.*3 Later In the seans southern eunsar,
Colonel (then Captain) Ashley C. MoKinley (1932), a professional m ilitary
aerial photographer vith Roar Admiral Byrd’s first Antarctic expedition,
began the scientific airphoto reconnaissance of Antarctica. This Included
airphotos of portions of the coast and interior of Marie Byrd Land, the

Roes Shelf Ice sad in the following suoaer the South Pole itself. Wilkin©

“An exceedingly limited amount of experimnntal captive balloon aorlel
photographs bad been made In local areas which had already been subject to
intensive surface examination. Von Brygalski’s bellocra photography, taken
during the German Antarctic Expedition, 1901-1903, is still on file in
the Archiv fur Polarfbrschung, Kiel (Richter, 1951), cad the balloon
photography of Shackleton taken on the British National Antarctic Expedi-
tion, 1901-190U, m s published in 1908 /tfilson/.

AU.S. Naval Task Force 63, "Operation Hi*Jtoap,” 194-1947 nada more
than 65,000 aerial photographic exposures for reconnaissance purposes.

Ko&aehrcoa aerial notion pictures were also taken.

f'Whara net otherwise noted, authority for atatemnto concerning aerial
photographic coverage of Antarctica may be found Under the corresponding
reference in the source column of the legend on 'tep 6.
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aleo continued bin aerial photography daring tlie 1929-193Q cirner ocacon
and added aerial notion picture photography. During this earaa season tJ»
Britich-Auotralion-JSew Zealand Antarctic Research Expedition under the
leadership of Sir Douglas TlavBon perfomed aerial photo reeotamisBanee in
Boot Antarctica, -while at the acsae tine and hut a short distance to hia
west, Consul Lars Christensen’s third expedition under the ccnaaand of
Captain Riisor-Larsen was aqiailarly occupied. Thus,within a year of the
tire of the first airplane and airphoto reconnaissance flight in Antarctica,
four m jor expeditions ware engaged in procuring aerial reconnaissance
photography.

Byrd continued the aerial survey of 'iarie Byrd land and the Ross
Shelf Ice on his second expedition, 1933-1935*% John Rymill, leader of
the British Grahajalaad Expedition, 1937-1937 continued the airphoto survey

*
of the Palner Peninsula, concentrating on the central section of its west
coast. Lincoln Ellsworth, cm his historic flight across Antarctica from
the Waddell to the Rocs Seas in the suraaer of 1935-193*# took 66 airphotoe
of landmarks in this previously unexplored area with a 35-aa. caaara.

In the following suoracr, Consul Lars Christensen, accompanying his
sixth expedition, directed the efforts of Tiggo WiderfSe as pilot and Nils
Roemaee as aerial photographer in the making of oblique aerial recon-
naissance photography for much of the coast of Queen Maud Land, flaps have
been node from this photography.7

The Deutsche Antarktische Expedition, 1933-1939, under Alfred Ritseher
(19), began the first large-scale aerial photographic attack on a portion

of the Antarctic interior. With typical German thoroughness, Ritocher's

ASee ’fap 7, sheets C-l through C-12 (blue). Haps 9, 10 end 11 are
reduced photostats of three of these mp sheets.
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flying boats took nore than 12,000 oblique airphotoa which resulted in
three published rasps of eorae 350,000 square kilometers of previously un-
explored land.® Again photo survey end “lotagrwanetrie inetrunents were
used in exposing the photography and in preparing the naps, but the nape
still could not be said to be precise because of a lack of ground control
points. 0. von Gruber explained the pbotogrametric survey processes used
and R. von Kdebolsberg presented an analysis of the T3ew Scbvsbeniand
nwrphology in Der Deutsche Antarktische acpedition, 1933-1939 (RItscher,
197).

The U.S. Antarctic Service Expedition, 1939-19*1, with bases under
the field ccasaand of Dr. Paul A. Siple and Ccrnaandor Richard B. Black,
considerably expanded the photo coverage of ;!arie Byrd land and the Rocs
Shelf Ice as well ac making an airphoto survey of Charcot and Alexander I
Islamic and of the southwest and southeast coasts of the Palmer Peninsula.
Aerial eolor photography vas used experimentally for the first tirae in the
Antarctic. The technique of flying photo circles was practiced, giving
effective panoramic viewn frora air otatione located over geographic
positions which contained case elements of ground control. Unfortunately,
no rape ware published directly as a recult of the aerial photography of
thi3 expedition” but 13*579 airphoto negatives, nov filed in the National
Archives, were added to the IS rolls of aerial film made cm the two earlier

Byrd expeditions and previously filed there.

Trcgs "OUL throu”i 19*”,the countries of the Northern Hemisphere wsre

\S
b

®See Appendix I for reference to these Geman naps which ere not
plotted aaong the charts on Index ?iap 7. Ibeee naps accompany Ritscher'c
(1972) account of the expedition.

-'kuxuscript napa prepared by Giple, Butler and others heve not been
published.
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too busily engaged in World War II to consider Antarctic exploration. An
Argentine expedition in 1973 took a fev oblique airphotos in the vicinity
of Port Lockroy, horover.

In the I9W -19V7 season, the U.S. ’Inval Task Force 63, operating
under the First Antarctic Developaents Project, planned and executed an
intensive photo reconnaissance survey of the coasts of Antarctica.
Previously, only oblique photography had been used, but the aircraft of
Task Force 68 ware provided with triasetrogon installations vhich per-
nitted horizon-to-horizoa cover end vertical photography of the path of
fligjat. '"Gremlin" cameras were installed to provide additional data for
napping controls. Sixty-five thousand aerial negatives were exposed by
the expedition's 12 long-range aircraft, operating from two Task Groups
based on seaplane tenders at sea and a third Task Group based on the shelf
ic© at Little America. Most of the coast between 15°2. and 170°E. end
between 95°W. and. 130°W. was photographed by single, double or even triple
trimetrogon flights parallel to the general shoreline, with occasional
sorties into the interior averaging 200 miles in depth. Photo recon-
naissance was also carried out over parts of the polar plateau, including
the South Pole end the plateau areas oast, west and south of the Ross Shelf
lee.

In 1947 and 197, the Royal Australian Air Force photographed
Macquarie and Heard Islands.

The 19L7-1943 season saw two American expeditions in the field. The
U.S. Tfeval Task Force 39, operating under the Second Antarctic Developments
Project, sent surveyors ashore at selected points to obtain the ground
control necessary for the utilization of the previous season's aerial

photography for mapping purposes. In addition, vertical airphotos were



110

taken of the Davis Sec, coastline, Bungar’s "Qasis" and the function of
the Knox and Rudd Coasts. Low altitude obliques were mode of these areas,
as well as MMurdo Sound, L ittle America, Peter I Island, end 5teny Fjord
fim helicopters.

Meanwhile, the Ronnc Antarctic Research Expedition was busily engaged
in a truaetrogon survey of Alexander I Island and. both coasts of the Palmer
Peninsula to their southernmost limits?. Ronne's principal aeecsnpliBhnjent
ms the discovery of the Weddell Sea Shelf Ice and Blith Ronne Land to
its south. With thie discovery eaae the final substantiation of the fact
that Antarctica is one continent, not two.

At this writing, the combined Britinh-Worwegian-Swedish Expedition
(1950-1952) is actively engaged in exploring the interior of Queen Maud
Land by both grmind and serial reconnaissance. It is known that airphotos
have been aa.de of the shelf ice coastline of this area and also of the
mountains near ?3°S. and 13°W. (Sverdrup, 1950j Walford, 1951). Additional
airphoto coverage is planned for the 1951-1952 season.

Aresent status. ?tep 6, Antarctica: Aerial Photographic Coverage,
illustrates the present status of areas surveyed by reconnaissance type
aerial photography. A study of this map reveals that the symbols for
the flight lines of the various expeditions have varying qualitative values
in terms of the amount of terrain actually photographed. In most instances,
the symbols actually represent the paths of the aircraft when the aerial
cameras wrs in action rather than the area actually covered by the

photography, which would necessitate a much broader sys&ol In most cases. 10

10For example, the heavy, continuous line symbol of Task Force 60
trisetrogon photography in broken wherever the coasras were turned, o ff.
In a few instances where thin information was lacking, as was the case
with the German photography, there woe no alternative but to plot the
entire fli# t line.
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The amunt of terrain actually covered In any one photograph depends
upon aany variable factors, Including the type of camera mounted in the
aircraft and its position end focal length, as veil as the altitude of the
airplane above the terrain photographed and the local atmospheric
conditions. "

The specific areas covered by aerial photography are not indicated
on Map 6 became of (1) the lack of all the variable factor information
necessary to plot the coverage, (2) the unavailability of a considerable
portion of the photographic prints for plotting purposes, and. (3) the
lack of aapo at a sufficiently large scale and with a sufficient amount
of topographic detail and accurately plotted landmarks upon which to
plot the airphotos other than em pirically.”2

As of 1951*% the greater portion of the coastline of the Antarctic
Continent was covered by aerial photography, but the interior, except for
specific instances, was essentially barren of either exploration or aerial

photographic coverage. Four significant parts of the coastline still

An aircraft flying at an altitude of 10,000 feet above sea level over
an ice plateau of 5,000-foot elevation and using a 12-inch focal length
aerial camera in a vertical position provides photographic coverage for
only three-eighths of a nile on either side of the path of flight, or not
as vide as the fligit track drawn on the no?. On the other hand, the one-
side oblique photography of the U.S. Antarctic Service Expedition or the
both-side oblique photography of the TVsutsehe Antarktioche Expedition
covered vastly wider territories. The trlaetrogon photography bf the U.S.
Ifeval Task Force 68 and of Ronne'e expedition covered from horizon to
horizon approxinately 132 oiles at an elevation of 10,000 feet or more
above the terrain, assaning reasonable atmospheric clarity on both sides
of the aircraft.

Comparison of ’-tap 6 which records the photo flight lines with yap 1
which shows the boundaries of the "explored” areas io invited. The latter
are derived froa the former by calculating hov far the aircrewaen could
see or the camera could photograph from the path of fli” it baaed upon the
variable factors cited above and the record of visibility in the pilot's
log.
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remained to be photographed: 50W. to U”-V,f 750%, to 97°V., IUU'"E. to 151°E.
and the north-soirth stretch of the well-known coaet of Victoria Land free
71°8. to 77°S.

The future. Rowthat a substantial portion of the Antarctic has
been surveyed by reconnaissance photography over a period of lean than
25 years, and now that many of the problems involved in sectoring aerial
photography of the Antarctic have been met and dealt with, it would seen
an ideal occasion to begin conservation of manpower, conservation of
m aterials, conservation of tias and conservation of finance through
organizing and planning future aerial reconnaissance on a cooperative
basis. Each future talacion or group of sorties should fly aegaanta of
a gilding or master plan. Well-planned reconnaissance with the aircraft
and equipment now available could provide ccnpleta,high-level triaetrogon
coverage for all of Antarctica and at far less expense than the expendi-
tures incurred for the random purpose aerial photography of Antarctica
now extant.

Previous attempts to provide an International control for Antarctica
have not been notably successful. The suggestion of the United States that
Antarctica be governed under a trusteeship of the United Rations was not
acted upon favorably by that body. In August 197, the government of the
United States, noting with concern the maneuvering of British, Argentine
and Chilean naval vessels in the South American Antarctic as a result of
overlapping claims to that area by these countries, sent notes to the
seven countries claiming Antarctic territory, i.e., Argentina, Australia,
Chile, France, Rev Zealand, Norway and the United Kingdom, suggesting the
establishment of a United fora of international regime. The proposals

were accepted in principal by Bfev Zealand and the United Kingdom, but were
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opposed '"by some of the others, particularly Argentina and Chile. Argentina
flatly refused any ei{fvt-power condominium or United nations trusteeship,
while Chile cited the miserable failure of the Spitsbergen eight-power
treaty of 191U.*3

The prciblem of joint airphoto reconnaissance expeditions is not
insurmountable, however,” since any agreement for a cooperative plan to
provide asriel photo coverage of the entire Antarctic any specifically
state that sovereign rights are in no way affected by the project. She
equipment would largely have to be provided by the United States and the
United Kingdcra, would also have to share the major portion of the
costs, aided by contributions from the others, particularly Australia,

Sew Zealand and Sorway, unless the project could be financed throu#j the
United nations.

However devised and executed, any such plan would provide, througj
aerial photography, photo interpretation and reconnaissance jfcotograsmtry,
the initial exploration sad evaluation of the Vhole of Antarctica, os well as
airphoto* and maps of sufficient scale and detail with which to plan
future operations and to perform photogeographic and field research.

A vailability. In the United States, selected prints of Antarctic
aerial photography are generally available to qualified individuals and
institutions for scientific purposes through negotiation with the National

Archives (Byrd I and II Expeditions and U.S. Antarctic Service photography).

*3lbe eight powsrs were Denmark, France, Germany, Ttetfaerlands, Borway,
Russia, United Kingdom and the United States. Spitsbergen vae finally
awarded to Borvay in 1920.

e British-Uorvegien-Sw& dieh Antarctic Expedition of 1950-1952 is
adequate proof of this statement.
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the DepartaaHt of the Etavy (U.S. Task Forces 68 and 39 photography), the
Department of the Air Force (Ronne Antarctic Research Expedition photog-
raphy), and the American Geographical Society (Ellsworth and Wilkina
expeditions photography). Vhile no attempts have been made by the author
to procure photographic prints made by foreign expeditions, it is assumed
that such photography would be made available for scientific purposes by
the British and French government®, both of which have received selected
photography frora the American government, end also by the Norwegians.
The fate of the aerial filn made by the personnel and equipment of the
Deutsche Lufthansa on the German Antarctic Expedition, 1938-1939, is not
known to the author, but if it survived World War II, its presence is
undoubtedly known to the staff of the Arahiv fur Polarforsehung in Kiel.
A considerable quantity of still and motion picture surface photog-
raphy in both color and black and white is available for certain local
areas.” This photography is invaluable in the orientation of airphoto
analysts, especially those who have never been in the area. Of particular
interest is the U.S. Davy's collection of approximately 175,000 feet of
l16-nn. kodachroiaa motion picture film, along with 10,000 black aai white
stills and 2,250 color transparencies, node on its two recent expeditions;.

Some of the 16~sc. kodachrocw footage is aerial notion picture filn.

APPLICATION OF THE VEIHOD TO THE AREA
Ever since the first airphotos of the von Drygalski and Scott

expeditions at the turn of the century (Richter, 1951i /W ilson/, 1908),

5"oscoe, John u j (1951) lists 75 selected o fficial and personal
holdings and publications of still and motion picture photography.
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aerial photographs of Antarctica have bad but three principal uses to the
scientist and explorer, who have employed them for field orientation and
planning, nap making or illustrative purposes.1” Even these three uses
have bean rare, considering the anount of photography now available and
toe dearth of information about Antarctica.

Ibis study offers another use for the aerial photography of the
Antarctic, namely that of a tool, a tool designed to enable the photogeog-
rapher to examine aerial photography of unfamiliar Antarctic terrain and,
by iavans of previously prepared photo interpretation faeys, to perform a
geographical analysis or pro-ride an accurate description of the areas

concerned.

Putnam (1977, P. 559), vho also cites Eea (I<ftL), Joliffe (1975)
and Brundall (1977) as being of like aind, indicates the oonsperative
recency of using airphotos in place of ground reconnaissance. Rea,

Joliffe and Brundall also point out the lim itations of the method. Putnam

I"The itinerary rad planning of the United States Ifeval Expedition,
I9U7-19W, vac based upon the photography token the preceding year,
amnples of the cartographic use include Hansen's (19%6) set of 12 naps
of portions of toe Queen Maud Land coast, compiled from the BirphcrtoB of
Lars Christensen's 1935-1936 expedition, and von Ordber's set of three
aapa of Sfev Schwabenland (Ritocber, 1972), compiled from the Deutsche
Antarktieche Expedition, 1939-1939 aerial photography. Other naps include
the set of six provisional maps of the Walgreen Coast, Amundsen Sea,
compiled from the United States Havy photography by toe United States
G eological Survey in collaboration with the United States Hydrographic
O ffice and lithographed by the Aeronautical Chart Service. Siple (19"5)
presents an excellent example of using aerial photography for illustrating
an account of the geographical operations frcen toe West Brae of the United
States Antarctic Service Expedition, while Black (1975), in contrast,
performs the same function for toe 2aat Base altogether without toe use
of illustrations. Debcnhaa (19%) used aerial photos of the Rose Shelf
Ice taken in 19**7, selected for hia by the author, to illustrate an
article for which he had performed the field work sons 35 years earlier.
Ritacher (19**2) published a separate volume of aerial photos and maps nade
from airphotos to illustrate hio account of toe Deutsche Ant&rktische
Expedition, 1938-1939% Ona-toird of his 60 oblique airphoto illustrations
arc three-dimensional anaglyphs.
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enphasisea that, while the rewards in terras of saving tirae mid expense
are tremendous, there are many p itfalls for the unwary. All sees to
agree that only in unusual circumstances can photo analysis be a caerolate
substitute for field work, but recognise that there are thaas when field
work is either not feasible or not possible. The method is rated os
unexcelled for reconnaissance studies of inaccessible areas and for
isolating areas worthy of detailed analysis.

f&iith (19*&, p. TUb), in discussing surface features in general,
states:

Detailed etudieo of United areas frequently provide a key

for the interpretation of regional gecmrphic features. In

applying the results of the former to the latter, recon-

naissance methods are cccmonly employed, end under favorable

conditions critical studies of aerial photographs or mosaics

alone nay cuffice.

'The appearance of a particular type of ice surface feature can be
divided. into photo image elements which are capable of analysis and
therefore capable of successful Identification. If the polar geographer
can learn to identify the photo image elements of such factors os snow,
fire and glacier ice, the correct interpretation of glacial morphology
w ill not be a nere chance but will approach aa expected reality.

If the reconnaissance aerial photography is to be taken at a future
date, the photogeogrepher can facilitate his interpretation by planning
the flights in advance with the pilot, navigator, aerial photographer
and photogrcraraetriot to make certain that complete fli*at logo, track
charts and records of altitude above terrain ore maintained. He may also

ask for large-Gcefele teat photos to be raade of typical landscapes during

the regular reconnaissance flif*ita by the intermittent use of long focal
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length csmras in the sasss aircraft. /7

Hie geographer should also plan to obtain eosae oblique i*otograph3,
gerac color transparencies and acne infrared photography for regional
color appreciation and for images which do not show up well in panchromatic
emulsions. In sorae instances, different fU n-filter combinations my be
used to photograjfe identification characteristics not visible to the
naked eye. Low altitvele obliques, ground photographs and penoranic photog-
raphy may be planned by the photogaograjber if a helicopter is at the
disposal of the photo reconnaissance team.

Airphoto interpretation is no substitute for research in the field.
It is a fact, however, that approximately 100,000 airphotoes have been
taken of areas of Antarctica on which rsm has never set foot, and of many
areas which man is not likely to explore personally for many years to cooo,
if ever, Photogeographers can provide geographical analyses of these
areas by use of photo interpretation keys developed on the basis of their
experiences or the experiences of other geographers and explorers in similar
regions elsewhere in the Angtarctic.

Chapter V consiota of a set of general photo Interpretation keys

especially developed for Antarctica. In Chapter VI, these keys are

1(Vor example, a six-inch trtaetrogon installation at 20,0X feet above
terrain will render vertical airpfaotos at 1/U0,000 and oblique airphotos
at even smaller scales. A W3-imh camera on the same sortie, however,
would provide vertical photographs of selected portions of the same
terrain at a scale of 1/5,000, allowing large-scale airpfaotos from which
various types of morphology could be analysed with nore accuracy. Once
the recognition features of a particular formation or condition were
established from the large-scale photos, such formations sad conditions
could be plotted from the regular omll-ocale cover. Photography from the
48-Inch focal length earners would not be practical for the entire area,
ho-wver, since each photo at 1/ 5,000 would cover only I/6h of the area
covered by a I/k0t000 airphoto taken under the seme conditions.



applied, by asans of photogeography, to the analysis of the Ingrid
Christensen Coast, an area with which the author and all other professional
geographers are not foailiar. The result is a geographic and morphologic
analysis of an Antarctic region in which no geographer or morphologist

has ever set foot.



CHAPTER V
SOME KEIS FOR TYPICAL ANTARCIIC SURFACE FEATURES

Introduction. Regional photo interpretation keys are prepared for
tvo classes of users: photo interpreters and photo readers. The photo
interpreter category consists of those vith special training or skills in
one or nore of the fields closely associated vith the subject concerned:
in the case at hand, the polar geographer, the ice morphologist, the
glacial geologist and the polar explorer. In the sxfoject concerned, the
photo reader category is composed chiefly of individuals in closely allied
professions who are not familiar vith the processes or ice formations
associated vith glaciation on a continental scale, and those 1*0 nay he
fully cesspetent in other fields of endeavor, such as cartography, who
wish to make use of Antarctic airpfaotos.

Merfbers of the photo interpreter group need little hut the photo
image and its scale in order to determine significant associative factors
which, themselves, night not be visible on aerial photography. This
determination is achieved from previous field experience. This past
experience, the spatial orientation apparent on the aerial photograph,
the large field of coverage at a single glance and Hie use of the stereo-
scope for three-dimensional viewing nay enable the well-qualified investi-
gator to detect or identify many Items of consequence that he could not
have recognized if given the same or even an appreciably longer period of
tine for surface investigation. For the benefit of the photo readers,
however, it is essential that as aweh exact and pertinent information as

possible he furnished in 3iapl9 terms within the brief space available



for caption® and annotations. Photo interpretation keys with long,
detailed descriptions nay defeat their own purpose.

It is inportent to reoeriber that althou”i collections of keys are
clearly informative, they should not he considered as texts, but rather
as tools for the operating photo reader car photo interpretation specialist.

Although these keys were produced as tools, several original develop-
ments have resulted frets the reoearch which was required before diagnostic
image elements could bo isolated and significant photo interpretation keys
could be derived from them. For example, after a study was node of the
currently existing schemas for the classification of glaciers proposed
by such students of Antarctic ice as Ferror, Oourdon, Hobbs, Hortenskjold,
Vri*vt and Priestley, it was noted that one of the most significant types
of Antarctic glaciers had not been Included in any of the classifications.
To remedy this situation, the term '"channel glacier" ifl proposed hare for
the features described in Tfisye 22 through 30.

In addition, new and significant inforsmtic® is provided concerning
shelf ice undulations, the origin of shelf ice, the configuration of
sastrugi, the shapes of sncralrifta caused by snail obstacles no well as
those caused by large obstructions, the development of saltwater lakes,
the occurrence of noredoes, ice recession, polygonal terrain, the "White
day" phenomenon, glacial dissipation by blizzards and human occupanee of
Couth Polar iceforms and landforms. Confirmatory evidence to support
previously existing theories concerning the origin of many other features
of the natural landscape is presented in photographic fora.

rjev terms, such as "floating fissure," "reentrant rift," '"ice raorass,"
and "ritftt angle drift" are introduced to describe features newly discovered

or not previously classified.
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Keys. Ifca photo interpretation keys herein er”iiasize diagnostic
features of typical Antarctic landfonns and icefonas. They are subdivided
nience into the following groups:

Stibject Grouping 572

G laciers

Ice Tongues

Shelf Ice

Snow, Firn and Ice

Sastrugi

Snowdrifts

Crevasses

R adiation.

M eltvatar .

Aforaines

efountains

C 0aStlin €S8 eeeeeeeeeeeeeeeeeeee ceeeen

Islands

Antarctic Phenomena

Flora and Fteuna

Ifurasn Occupance

Althou”j the keys have been organised in subject groups, it must
be esaphasised that, because of the unity of landscape, excellent exaaples
of many of #fre streets nay be found in sections primarily concerned vith
other subjects. For eaeeajple, snow, firn and ice are especially treated in

Kays 87 through 95, yet alraoat all of the 33 keys Illustrate some condition
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of enow, firn or Ice. Similarly, sastrugi, specifically examined in Sfeys
<m throu”i 117, appear in aany other key*.

Sach key consisto of two parts. 'These parts are the photo image and
the associated written analysis. The photo images are predominantly
vertical and oblique airphotos in stereogram and single print fora. The
individual prints of the stereo pairs and stereo triplets are separated
by heavy black lines. This unusual presentation technique has been
devised to aid the reader who nay be umccustcoed to the use of the stereo-
scope. Three-dimensional vision is best obtained by placing the stereoscope
so that its centerpiece io directly over the heavy black line. If tills is
done, each lens should fail into position over a photo image of the same
object. Upon looking through the instrument, the reader nay observe three
images of the landscape Vhich w ill appear to be separated frors each other
by heavy black lines. The images at the extreme left sad right may be
confusing, my show superiapooition of differing landscapes and w ill not
have depth. The image la the cantor, however, which ia framed on both
sides by heavy, black lines, should appear in three-dimensional form. If,
instead of three-dimensional vision, the reader sees double imagery within
the center, black-bordered frame, he should ascertain the apparent position
of any outstanding image vith relation to its &oifi>le. If the duplicate
images are above and below one another, the reader should rotate the
stereoscope horizontally about a vertical axis passing through its center
until the Images fuse or reach the earns plane. If the duplicate image*
cure side by side, rather than above and belav one aasther, the reader
should adjust the stereoscope by pushing the lenses closer together or
pulling thorn farther apart until the images fuse. Almost anyone with
reasonable power of sfafit in both eyes can quickly and easily obtain

otereo vision vith the aid of a stereoscope. With a little additional
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practice, many people can train theraBolveo to '"see stereo" without the
use of any instrument.

second portion of a key consists of an associated written analysis
in the fora of captions sad annotations relative to photo data, scale and
the diagnostic features of the photo image. On these keys, known scales
have been indicated by a line representing a length of approximately
1,000 feet on the surface of the earth. Where such lines would obviously
be too long, this distance has been reduced to 100 feet. The direction of
ice movement, where known end deemed pertinent, is indicated by arrows
one-half an inch long with a shaft one-eighth of an inch vide. Arrows of
other sizes or shapes which occasionally appear cm the beys are generally
designed to call the attention of the reader to specific objects in the
photo illustration. Annotations and captions have been kept to a minimum,
consistent with providing the reader all of the information which he must
have in order to employ the key successfully and effectively in the exami-
nation of Antarctic aerial photography.

It is virtually impossible to cite the precise locations of most of
the airphoto keys which follow, since relatively few accurate geographic
positions have actually been established in Antarctica, estimated loca-
tions of the keyn can be no more accurate than the navigator's fli$ it
track and the aerial photographer's data sheets; however, approximate
locations to the nearest degree aregiven for those airphoto© which were
not taken at sea. This informationhas been annotated in the lower ri#rt
corner of most of the keys. Since the photo reconnaissance flights in
the Antarctic have generally been along or near the coast, it has been
necessary in most instances only to indicatethe longitude in order to

designate the area in which any airphoto was taken. In a few instances,
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as in the case of Victoria Land and the Falser Peninsula, vher® the coasts
trend north and south, or where the alrphotoa have been taken at considerable

distances inland, the approximte latitude and longitude are both recorded.
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3

Key/ 1 O .

CONTINENTAL GLACIER is the term applied to an ice sheet or ice
cap which covers a substantial portion of a land mass of continental size,
obliterating its surface configurations.

Key 1. The South Polar Ice Plateau occupies the heart of the Antarc-
tic continental glacier. This airphoto, taken over the South Pole, shows
the area to be a nearly “featureless” firn plain of 10,000 feet elevation.
The firn here is less dense than at sea level. Sastrugi (Keys 96-117)
are everywhere. Not visible here are the broad, gentle undulations that

olccqr in the surface of the ice plateau adjacent to some of the outlet
glaciers.



Key 2. A littoral sector of the continental glacier at a point where it
is unimpeded by major topographical barriers. Families of crevasses,
visible where the ice overrides the more rugged terrain, and the recently
exposed islands or peninsulas indicate that the glacial floor is not smooth.
Ablation, including removal of ice by solar melting, subaqueous melting,
wind actlon wave action and evaporation, at this location is at least equal
to the supply, keeping the continental ice from advancing far beyond the
shoreline. The water is deeper off the ice coastline on the right than at
the left, probably averaging more than 500 feet. The vertical ice cliffs
at this location probably average more than 100'in elevation above sea
level. Here, the seaward edge of the glacier advances until it becomes
waterborne, breaking off when sufficient leverage has been created for
tidal action to create icebergs. Note the typical blending of clouds and
glacier which makes the horizon appear quite indistinct.

Key 3. A surface view of the continental glacier at a gentle gradient
coast. Here, the grounded ice wall is only 10 feet above sea level. The
sea floor at such locations may be profusely covered with marine vege-
tation. The characteristic upslope inland sometimes rises to elevations
of greater than 9,000 feet without a significant break or change in the
topography. Scale is indicated by the two men followed by three penguins.



BLAND ICE is similar to continental glacier ice save for the smaller
land mass involved. Island ice usually covers the entire island upon which
it rests, blotting out the terrain irregularities. I[CE-CAPPED ISLAND is
the term for the island thus covered. The phrase ICE BLAND ICEBERG
describes an iceberg which resembles an ice-capped island.

Key 4. This ice-capped island is easily distinguished from an iceberg
by its great height, which may be noted in relation to the normal-sized tab-
ular iceberg off the coast near the center of the island. When the island
ice recedes, it will leave highland ice (Keys 7, 8 and 9) and perhaps wall-
sided glaciers (Key 21) oravalancheice (Key 15) if the rock perimeter is
sufficiently steep. The adjacent seas bear undisturbed fast ice of one
season’s growth. Clouds and cloud shadows are billowy in the background.

Keys 5 and 6. Presented here are surface photos of a skerry covered
by island ice but lacking the floating ramparts of the island in Key 4. The
dimensions of this island are approximately 75 by 150 feet. It has an ele-
vation of ten feet with a firn cover of ten feet. Small islands of this type
are difficult to recognize on aerial photos unless perimeter rock has been
exposecll by tidal or wave action or unless comparative airphoto cover is
available.
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CLOUD

CREV ASSES f/k

Key 7 HIGHLAND ICE 16

HIGHLAND ICE is defined as a comparatively thin, but continuous,
ice sheet, with or without firn or snow cover, overlylng any flat or un-
dulating land surface and conforming to a considerable extent to the ir-
regularities of the land upon which it rests (Wright and Priestley, 1922,

p. 148).

Key 7. Highland ice is most easily recognized in areas of rugged
terrain where conformance of the overlying ice sheet, except for occas-
ional cliff faces, is self-evident. Recognition or location of highland
ice in flat lands is not feasible by either airphoto or ground analysis
unless an electronic device, such as an airborne magnetometer or radio
altimeter, is keyed into the photo flight track by means of a gremlin
camera or electronic recorder. The patch of level highland ice at the
lower right is revealed by the steep ice falls which border it. The
mountains in the extreme background have no highland ice cover. The
heavily crevassed areas beneath the direction-of-movement arrow are
areas of rapid ice drainage from the valleys into the ocean, lower left.

Keys 8 and 9. Here local fields of highland ice supply the tributary
ai.d valley glaciers. In the background of Key 8, highland ice occupies
the slopes of coastal mountains and the tops of mountains too high for
the continental ice to submerge. Key 9 illustrates a small highland ice

plateau.



CIRQUE ICE is the body of glacier
ice within a cirque, when the cirque de-
pression is not obliterated by continen-
tal, island or highland ice which pro-
hibits normal cirque action. While at
present many Antarctic cirques are in-
active, climatic modification may again

ermit these cirques to deepai and en-
arge their depressions by frost action
on the cirque walls, meltwater action
at the base of the bergschrund and ice
movement pushing out the debris. In
the meantime, most Antarctic cirques
remain windswept and bare or entirely
submerged in glacier ice.

Key 10. Stereo-triplet of cirques
which have formed aretes( sharp ridges),
and cols (ridge saddles). Sharp differ-
ences in elevation make stereo vision
difficult to attain on this stereogram.

Key 11. Incipient cirques and cirques
with cirque glaciers in foreground.



SNOWDRIFT ICE must be distinguished from snowdrift. The former
consists of relatively permanent drifts which change to firn or glacial ice.
The latter is temporary. Both are caused by the accumulation of drift
snow in the lee of projections or in depressions. Along the coastline,
snowdrift ice is frequently associated with icefoot (the ice inshore from
the innermost tidal crack) upon which it may rest.

Key 12. Rocky coastlines, extensive moraines and areas of exposed
bed rock are normal sites for snowdrift ice. Here, snowdrift ice may be
seen behind the ship (which is 269 feet long), along the coast and inland.

Key 13. Insular snowdrift ice with icefoot along the coastline and
sea ice at the bottom of the stereogram.

Key 14. Snowdrift ice in cirque basins and depressions.

Key 15. AVALANCHE ICE may frequently be mistaken for snowdrift
ice. The small icefoot glacier at the center of the photo is fed by ava-
lanches of glacier ice and its cover of firn and snow from the highland
ice above, the edge of which can be seen dipping below the local cloud

formations at this point (below arrow).
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LATE SUMMER SEA ICE

Key 16

Keys 16 and 17. Icefoot glaciers derived from snowdrift ice. Late
summer phase sea ice in Key 16. Unlike snowdrifts, these glaciers
contain glacier ice and firn.



VALLEY GLACIERS are streams of ice, supplied chiefly by cirques,
highland ice or continental glaciers which progress to lower elevations
while confined by valley walls. CIRQUE GLACIERS emerge like tongues
from cirques, discharging locally into valley glaciers or other ice masses.

Key 18. Left, a small valley glacier fed by cirques and drifts.
Right, active cirques with cirque glaciers. Note that bergschrundes are
not always visible in airphotos. Note meltwater below the cirques.



Key 19. Valley glacier and tributaries. Crevasses and ice falls in-
dicate sudden changes in the elevation of the underlying rock or the di-
rection of ice movement. Valley glaciers create channels by modifying
previously existing drainageways.

Key 20. Complex valley glacier system. Topography, glacial
junctions and crevasses (all shown here) as well as moraines and

meltwater features (not apparent here) aid in interpretation of glacial
motion, speed and direction.



WALL-SIDED GLACIERS are local remnants or extrusive extensions
of highland ice which advance over adjacent exposed rock surfaces uncon-
fined by valley walls. The characteristic features of these glaciers are;
(1) the Yack of a distinctive depression for its channel, unless inherited,
and (2) their steep, wall-like sides of glacier ice which support the gla—
ciet surface well above the surrounding terrain.

Key 21. Locational view (inset) and detailed stereogram illustrating
the principal characteristics of wall-sided glaciers as indicated above.
An 1ce apron appears at the foot of a similar glacier (top right). Polygons
indicate character of “soilvin some regions of permafrost. Polygons
(along upper side of wall-sided glacier) are rare in Antarctica.



CHANNEL GLACIERS are streams of ice located within the continen-
tal glacier which progress to lower elevations at a more rapid rate than
the adjacent continental ice; such glaciers are not limited either by ice
walls or valley sides and their surfaces are at essentially the same level
of elevation as the neighboring continental ice.

In vast regions of Antarctica, the continental glacier slopes gradually
downward from an elevation of 10,000 feet to sea level without any signif-
icant break in the ice topography. While essentially all parts of the con-
tinental glacier are moving outward from the polar plateau, aerial photo
coverage of the Antarctic Littoral definitely proves the ice to be advanc-
ing more rapidly in some areas than in others and thus not evenly
along the entire continental glacier front. These fast-moving portions
act as outlet channels for much of the continental ice, therefore, the name
“channel glacier”is proposed as a suitable term for this phenomenon.

Features that readily distinguish channel glaciers from the surround-
ing glacier ice include pressure ice, ice-covered or ice-free medial
moraines along the line of flow and/or intense crevassing with the major
crevasses oriented at right angles to the direction of glacial movement.
These features are identifiable on oblique aerial photography taken at
considerable distances from the glaciers concerned.

Glacial flow is controlled by both the configuration of the underlying
topography and the surface level of the ice. Since there is no difference
between the surface elevations of the channel glaciers and the adjacent
ice, it must be assumed that the rapid flow is a product of the subglacial
rock surface structure, the outlines of which are completely concealed
by the ice. Moreover, since the presence of such depressions on the
surface of the subglacial rock is difficult to establish, short of surface
or airborne geophysical means, and since the ice stream appears
appears and acts differently than the typical valley glacier, channel gla-
ciers form a seperate category of glaciers.

Key 22. Portions of a channel glacier complex at the point where
it intersects the continental coastline. Note the severe tranversal cre-
vassing in the channels. The adjacent ice is subject to tensions which
here have resulted in a network of minor crevasses oriented in a differ-
ent direction and covered with drifting snow or firn. The open sea is at
top left but the actual coastline is near the center of the airphoto.



CONTINENTAL GLACIER

Keys 23 and 24. Oblique views of the channel glacier at Mount Gauss.
Although it may be difficult for the inexperienced observer to distinguish,
this channel glacier assumes the form of an icefall, descending sharply,
perhaps as much as 1000 feet, to the sea. This introduces the subject of
scale appreciation of continental glacier ice forms on airphotos. Few
individuals who have not performed field work on a continental glacier
would estimate this “exposed rock”to be 1150 feet in elevation with glacier
ice rising to 400 feet on the continental side and falling to sea level at the
ocean. The summit of the "inactive” volcano was found by Drygalski’s
and Mawsonfs expeditions to have been glaciated in former times but cur-
rently to be supporting mosses, lichens and a petrel rookery.

Channel glaciers are prolific producers of icebergs. Land-formed
ice is broken off by tidal action, generally into rectangular blocks which
resemble, but are distinguishable from, shelf ice tabular icebergs. The
former have a content of glacier ice, rather than firn, resulting in a
darker photo-tone and they are also subject to more intense crevassing,
which is evident from the air view.

In the airphoto looking seaward (bottom photo), the open water of the
ocean is covered with a layer of clouds right up to the coastline, a common
Antarctic phenomenon. Note that a discerning eye is necessary to dif-
ferentiate between cloud, as in the background of this photo, and glacier
ice, as in the background of the landward view (top photo).
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Keys 25 and 26. A channel glacier in the Denman Glacier area.
Medial moraine and meltwater ice from the nearest nunatak disappear
into the glacier downstream. Pressure ridges may have resulted from
lateral pressure produced at the point where the nunatak restricted the
glacier. Linear depressions indicate the glacier to be waterborne in
the foreground and middleground of Key 25.



Keys 27 and 28. Same glacier as Keys 25 and 26, looking seaward
from the same point in space. Note the longitudinal ridges, the dark tone
of which is caused by crevasse shadows, not moraine. Ridges become
transverse and lost in depressions filled with light-toned drift snow toward
the left of the airphoto. The glacier is waterborne here.
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Keys 29 and 30. Another type of channel glacier. Large seracs and
crevasses at lower left and in stereogram are covered by snowdrifts
downstream but reappear in calving icebergs at glacier snout. Ridges
(double arrow), if not crevassed, may be ice-covered moraines caused by

nunataks and tributary glaciers upstream. Linear depressions adjacent
to ridges may contain meltwater under favorable conditions.
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PIEDMONT GLACIERS result from the confluence of expanded-foot
glaciers which form ice sheets over level areas at the bases of mountain-

ous terrain.

EXPANDED-FOOT GLACIERS of Hobbs (1911, p. 45) and Wright and
Priestley (1922, p. 155) are only of academic interest here, since they
rarely occur at the present stage of Antarctic glaciation. Expanded-foot
glaciers are valley types with tongues expanded from the release of
pressure upon leaving the valleys.

Keys 31 and 32. Piedmont glacier at Neny Fiord. Highland ice on
mountains helps supply valley g%aciers, the expanded feet of which coa-
lesce onthe narrow coastal plain and extend into the fiord in one broad
sheet. Cliffed front, typical of seaward glacial faces appears at right;
sloping front, typical of glaciers ending on land is at left. Stereogram
shows firn-layered cliffs at center and rapid rise of glacier surface.
The scale is indicated by the ships (top) and the helicopter (bottom).
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Key 33. The crevasse pattern indicates that this piedmont glacier
descends sharply and becomes waterborne near its cliffed edge. Moun-
tains with their supplying valley glaciers are often obscured by clouds.
Precipitation in situ also contributes to the formation of piedmont ice.

Key 34. A continuation of the piedmont glacier illustrated on the
preceding page. Note calving icebergs, low cliffs and lateral moraine.
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ICE TONGUES are floating extensions of glaciers. The floating ice
extends farther out to sea than along the coast, otherwise the term
“piedmont ice afloat*is suggested. Since the continental ice
extends into the sea alomost everywhere along the coast, the term *ice
tongue" is reserved for extensions that are tongue-shaped and function
like a tongue with the changes iiisea level. The latter is determined
by whether the glacial extension is of sufficient length to rise and fall
with the tide and is advancing sufficiently fast and with the cohesion
required to prevent calving at the point*rtfcerfe the ice begins to float.
Ice tongues are relatively permanent, lasting for centuries, though con-
stantly changing in size and shape.

Key 35. A floating ice tongue with glacial crevasses and hinge lines.
It is 12 miles long and ranges from five to three miles in width.



Key 36. A floating ice tongue with drifted-over and cemented glacial
crevasses upon which has been superimposed a series of tidal hinge lines.
The latter are formed when certain specific crevasses commence to act
as the hinge upon which the entire tongue swings with the tide until the
floating ice has advanced sufficiently far for the tide to again overcome
the tensile strength of the glacier ice and form a new, parallel hinge line
in one of the crevasses nearer the point at which the ice becomes water-
borne. Hinge lines occur at regular intervals and are readily visible on
aerial photographs, especially at the sides of the ice tongues where they
frequently split, permitting small reentrants of sea ice. They also occur
through the center of the tongues, but they are generally drifted over here,
making them difficult to spot on airphotos and almost impossible to locate
visually from the surface. Icebergs usually calve at hinge lines rather
than at simple crevasses, but not always nor at every hinge line. At the
right the hinge lines along the coast are producing icebergs rather than
ice tongue. This may be the result of a steeper descent, slower ice
movement, bottom configuration or other factors not perfectly understood.
Airphoto examination shows a high correlation between rapidly moving
ice and floating ice tongues.
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Key 37. A floating ice tongue extending for more than four miles to
sea, over three miles of which are visible here. Some ice tongues are
so long that they have been explored and named independently of their
glacial roots. The apparently strong and constant local winds (from left
to right) in this area are evident from the drifted snow which has almost
obscured the crevasses and hinge lines. The local ocean current, invis-
ible beneath the sea ice, appears to be in the same direction. This is
indicated by the superior development of the reentrants on the left side

of the tongue.
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Keys 38, 39 and 40. Three views of a floating ice tongue. Long arrows
indicate the same landmark. Note the two ice-covered islands.
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Keys 41, 42, 43 and 44. Four examples of floating ice tongues. In
Key 43 a huge section of the floating ice tongue, separated from its base
in a previous season, will go to sea as a gigantic iceberg when the local
fast ice breaks out. This appears to be imminent from the presence of the
coastal lead (background) and the shear crack (foreground).

Photo tone value for cliffed ice, except under overcast conditions, will

nearly always differ significantly from the surface ice tones, enabling easy
recognition of ice cliffs. The last dozen figures illustrate this key, show-

ing bright-toned cliffs reflecting the sun and dark-toned cliffs in shadow.
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Keys 45 and 46. Famous Glacier Ton-
gue in McMurdo Sound was studied by mem-
bers of Scott’s and Shackleton’s expeditions
which were based nearby. It is 40 to 100
feet high, about five miles long, less than a
mile wide, has almost aralle% sides, ad-
vances several feet a (Ely and is afloat. All
this can be assessed from airphotos. Size
and shape are matters of measurement.
Evidence of movement is contained in the
appearance of thin spots in the fast ice near
its base, pressure ridges in the sea ice be-
tween it and outlying islands (not visible on /
these photos), and the gentle, transverse
undulations 'which represent annual growth
according to Wright and Priestley (1922,
p. 203) but are more than likely a form of
tidal hinge line. The absence of tide cracks
in the adjacent fast ice demonstrates that
the tongue is afloat. Note the following:
(1) spurs and snow ramp, (2) normal ice v
dissipation from a high gradient shoreline, IS'46!
and (3) exposed portion of a volcanic
shoreline. Ice tongues here are much larger and far more common than
in the Arctic. Note the difference in surface character between the
one-season sea ice and the floating ice tongue.



SHELF ICE is a term denoting massive and relatively flat-surfaced
ice formations attached to and extending seaward from an ice-covered
land mass, and which originated from and are nourished by a constant
accumulation of snow and wind-blown firn upon seaward extensions of

land ice, beset or grounded icebergs, persistent fast ice, shoals or
skerries or suitable combinations of these. Shelf ice is normally partly

waterborne with vertical cliffs at the seaward floating edge, called bar-
riers , from which tabular and other types of icebergs calve periodi-
cally. The nearly level shelf ice surface is frequently disturbed by such,
features as submerged islands, glacier pressure waves, hinge line undu-
lations and crevassed areas. Recent research (Poulter, 1950) provides
evidence that the compressed firn below sea level may be saturated with
sea water. (Continued on following page.)

Key 47. A vertical ice cliff (barrier) divides the sea ice (left) from
the shelf ice (right). Minute surface patterns illustrated here are typical
for each of these types of ice. Capsized and normal icebergs are beset in
the sea ice (lower left). Black tones are shadow, not open water.



SHELF ICE. Two predominent, visible features of shelf ice are the
constant vertical barrier (cliffs) and the tremendous mass of raised, flat,
compressed firn ice. This large ice mass is known as either a barrler
ora shelf ice. The latter term predominates in American usage,in which
me term barrier is generally restricted to the cliffed edge of the shelf.
Nordenskjold (1909, p. 322) proposed shelf ice as a morphological term
and Joerg (1930, p. 4) proposed the consistent use of this term in place
names. Roberts (1950) and Wordie (1950) present the cases for and
against this usage.

Key 48. The Gillies Islands project through the Shackleton Shelf Ice
at a point near its junction with the continental glacier. Note the contrast
between these gross glacial formations and also the typical zone of shelf
ice disturbance in the lee of the islands. Such rifts re?lect white in the
sunlight (as here), black in the shade and are indistinguishable in over-
cast weather.



Key 49. FLOATING FISSURES. The wide, crevasse-like structures
illustrated above appear to result from both shear and tension. They
have vertical sides and flat bottoms which are interrupted by shelf ice
seracs and avalanched bits of shelf ice all frozen in a matrix of sea ice
and partially drifted over with snow and firn. The cliffed sides extend
below sea level and may continue through to the bottom of the shelf ice,
although this is not essential to the presence of water and sea ice since
the shelf ice is permeable and may ge saturated below the water line.

The rifts widen as they advance seaward, eventually contributing to
the formation of icebergs as shown here. The term “floating fissure”
is suggested for these chasms which are not known to have been observed
in other than waterborne ice, nor to have been precisely described or
classified in previous scientific literature These floating fissures bear
no relationship to crevasses formed over land masses and are distinctly
different from other types of rifts or riftlike features which occur in
floating ice, such as hinge lines and hinge line reentrants, tension reen-
trants and the like. They might fit within the loose definition for bar-
rancas or dongas (see “EnglishZ 1943, p. 21) but they have no real
resemblence to the features of African morphology to which these terms
are generally applied. (See also Keys 151-158.)



SHELF ICE

Keys 50 through 54. Five aspects of shelf ice. Key 50 shows a ten-
sion reentrant. Fast ice, hinge line depressions and snow ramps permit
access to the shelf ice through the barrier at this point. Contact of cold
air with open water causes “frost smoke." Key 51 shows traditional shelf
ice with a smooth, uncrevassed and level surface. The scalloped, serrated
barrier, however, indicates that shelf ice icebergs are not always tabular,
rectangular or blocky. Key 52 illustrates the barrier face of crevassed
shelf ice showing typical cleavage. Note the wave-cut ice foot just above
sea level. Kev 53 shows the appearence of crevassed shelf ice from above.
Key 54 shows 'tabular”icebergs calving from shelf ice. Tidal marks
(not shown here) visible on the barrier indicate grounded shelf ice.
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Key 55. Geographic sketch of the Bay of Whales prepared
by Dr. Siple, member of all four expeditions concerned, is
presented for orientation of the illustrations which follow.
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When shelf ice passes over or around obstacles, bays and disturbed
ice patterns are formed. (Similar formations occur in glacier ice afloat.)
Ice-covered Roosevelt Island, 1,257 feet in elevation, splits the outward-
moving Ross Shelf Ice into two segments separated by the Bay of Whales.
The differential motion of the two segment” as well as the pressure ice
and the crevasses resulting from the impact of the shelf ice on the island,
causes the bay to be constantly changing in size, shape, location and general
appearance.

Key 56. Arapid sketch map of the Bay of Whales made from surface
radar reflections from the barrier walls.

Key 57. Four masts and crosses were aligned across the narrow bay
entrance by Dr. Siple in 1947. This photo, taken two weeks later, shows
the crosses to be 65 feet out of alignment, indicating a differential ice lobe
movement of 4.6 feet per day.

Key 58. One year later the crosses of elevated cloth strips were
covered but the masts remained clearly visible. The third and fourth
masts were then a quarter of a mile out of camera range.

Key 59. An iceberg navigated the narrow entrance channel and bore
down upon the ships moored to the ice. The 10,000-ton ship at right was
nearly rammed but got under way before iceberg usurped its berth.
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Keys 60, 61 and 62. Annotations 1,2,3 and 4 refer to common points
on the oblique and vertical views. Numbers 5 and 6 are the masts shown
in the preceding figures which were aligned the previous summer. The

insets in Key 60 provide a stereo view ofthe masts and covered crosses.



SHELF ICE UNDULATIONS occur in a variety of forms and locations.
All parties having crossed the Ross Shelf Ice to the polar ice plateau re-
fer to the PRESSURE WAVES formed in the shelf ice by the impact of the
tributary glaciers (not illustrated here). Somewhat similar waves occur
on a smaller scale when shelf ice moves through zones of constricted or
obstructed flow.

Shelf ice coastal areas also contain undulations. These may originate
from various causes including bottom obstructions and the release of
pressure, but from the regular alignment and spacing of some, it appears
evident that these, at least, are products of tidal movement. As the shelf
ice leaves its bed rock and morainal support to become waterborne, hinge
line depressions gradually form at the hinge lines (tidal cracks) from
which tﬁe floating mass swings vertically with the tide until the shelf ice
has extended itself sufficiently for the tide to again overcome the tensile
strength of the shelf ice and form a new tidal crack parralel and inshore
from the old ones. According to Siple (1951, personal communication)
the rﬁlost landward hinge line may be a straiglﬁ)t walled canyon with a sea
ice floor.

Debenham (1948) believes that the valleylike depressions result from
the tidal action of the sea water entering the hinge line crack and leaving
a thin film of water which freezes to each of its walls, the accumulated
daily thicknesses of which tend to push the original walls of the tidal fis-
sure further apart and create a linear depression in the portion of the
fissure above sea level. The resulting trough is partially filled with firn
and snow. It must be pointed out, however, that crevasses in land ice do
not drift-fill in this manner and that tidal cracks in sea ice sometimes
produce ridges rather than depressions.

Key 66. The spacing, orientation and symmetry of the relatively sharp
linear depressions here indicate a tidal origin. Hinge line depressions may
resemble ridges on individual airphotos because of an optical illusion. Here

the sun is at left throwing shadows to right.
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Key 67. Imperfect orientation and lack of symmetry may indicate a
tidal origin associated with more complex subglacial topography. Two
basic orientations of depressions are visible, one generally parallel to
the horizon and the other extending diagonally from the top left. A scale
comparison is visible between the crevasses typical of land ice forma-
tions (right) and the hinge line depressions. The presence of active
crevasses would indicate that all or a part of the area may be grounded
or at least grounded at low tide. It is significaht that these undulations
occur only in the areas of ice adjacent to the ocean.

Key 68. Sastrugi are absent on the lee sides and in the bottoms of
hinge line depressions. These undulations are bothersome to surface
travel and they restrict the directions in which aircraft may land or take
off, but they are not dangerous except in crevassed areas or near the
seaward edge.



Keys 69 and 70. Shelf ice undulations not parallel to the shelf ice
barrier form reentrants in the hinge line depressions. The troughs
and swells of the various types of pressure wares and hinge line de-
pressions vary from one to 50 feet in relief and from 300 feet to three
miles between centers. There is no known correlation between this
relief and spacing, although there is less variation in the hinge line
undulations than in pressure waves from tributary glaciers and ob-
structions. Similar undulations occur on glacier ice tongues and
piedmont ice afloat.
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Antarctic icebergs are here classified according to (1) place of origin,
as glacier icebergs, shelf icebergs and floebergs; (2) character, such
as tabular icebergs, firnbergs, unconformity icebergs and ice island
icebergs; and (3) state of-dissolution, such as weathered icebergs, bergy-
bits, growlers and brash. These are described in greater detail in the
following keys.

GLACIER ICEBERGS originate by calving from coastal portions of
the continental glacier or its channel, valley, wall-sided, piedmont or
icefoot glaciers or from floating ice tongues. They consist of blue- or
green-tinted glacier ice which is sometimes covered with lighter-toned
snow. Antarctic glacier icebergs are generally much larger than their
Arctic counterparts, frequently reaching lengths of two miles and occas-
ionally reaching much longer lengths. Traditionally, glacier icebergs
possess irregular shapes, crevassed or seracked surfaces and high den-
sity glacier 1ce, causing a large percentage of the iceberg to remain
submerged.

Shelf icebergs and floebergs are treated in the following keys.

TABULAR ICEBERG and ICE ISLAND ICEBERG are descriptive
terms applied to certain icebergs because of their shapes. The terms
FIRNBERG and UNCOMFORMITY ICEBERG are indicative of the ice
content. All icebergs, regardless of their special properties, disinte-
grate successively into WEATHERED ICEBERGS, BERGY-BITS,
GROWLERS and BRASH. Growlers and brash which are remnants of
icebergs cannot be distinguished from growlers and brash which are
remnants of other ice forms, except by microscopic inspection.

Key 71. Glacier icebergs have traditionally been characterized
as of irregular shapes and crevassed surfaces. Airphotos, however,
reveal a high incidence of smooth-surface icebergs and blocky icebergs.
Here both crevassed and smooth-surface types are being calved from
the same glacier. The block type is calved from channel glaciers and
floating ice tongues as illustrated in Keys 24 and 36. The terraglacier
iceberg is therefore limited to place of origin and ice content and has
no significance in relation to size, shape or surface condition.



SHELF ICEEERG is proposed here as a genetic term for all types
of icebergs originating in shelf ice. Shelf icebergs tend to vary consid-
erably in character, producing tabular, firn, unconformity, breadloaf
(Keys 74 to 77) and ice island icebergs. They are generally much larger
than glacier icebergs and floebergs, frequently extending for several
miles in length, but they are less aense than these others.

FLOEBERGS, unlike true icebergs, are largely of marine origin.
They form from fast ice which has remained in situ for several seasons,
accumulating several layers of sea ice underneath and snow and firn
above. They also may form from icefoot affected by tidal, storm or
pressure action. Floebergs have flat or irregular surfaces, commonly
reaching ten feet above the sea surface, although heights of 40 feet do
occur. Low floebergs are difficult to distinguish from sea ice; high
floebergs resemble icebergs of several varieties.

TABULAR ICEBERGS are normally derived from shelf ice, but may
also originate in piedmont ice afloat or glacier ice tongues. They are
characterized by vertical sides (40 to 150 feet), flat upper surfaces
(smooth or crevassed), blocky appearance, and when ?ormed in shelf
ice they may be a dazzling white color and have a large intergranule air
content, making as much as one-fifth of the mass float above sea level.
There are several authenticated reports of tabular icebergs 25 miles or
more in length; /English/ (1942, p. 25) reports one of more than 100
miles in both length ancfwidth and 130 feet in elevation above sea level.

FIRNBERG3 (neve icebergs) are rare types of tabular icebergs com-
posed of less dense firn strata and floating only half submerged.

Key 72. The large shelf iceberg here lies adjacent to normal sized
glacier icebergs and shelf icebergs, all of which are beset in sea ice.

Key 73. A and E are new tabular icebergs. Because of A’s super-
ior height it is either a firnberg or from less dense or thicker shelf ice
than E. Cis either a floeberg or from more dense or thinner shelf ice
than B. Varied heights are not due to differential melting, but to orig-
inal thickness and density. D and E are glacier icebergs.



Keys 74 and 75. Calving of icebergs from smooth surface shelf or
glacier ice (keys 54 and 71) differs markedly from calving in areas of
crevassed and undulating ice masses as illustrated here. Individual
convex undulations are first separated from the main ice mass along
hinge line depressions. Then deep transverse crevasses aid the sea
motion in breaking the undulations into rectangular masses, en echelon.



Keys 76 and 77. Icebergs from undulating masses of ice vary with
the type of undulation (usually hinge line depressions) and the crevasse
system present. Above, the crevasses are almost completely covered;
below, they have developed into seracs. Such icebergs usually separate
from the main mass in the low portions of the linear depressions and at
lines approximately at right angles to these depressions. Thus they
possess a shape which appears very much like a cylinder split length-
wise and placed horizontally, convex face up, on the sea. This loa
shape suggests the term BREADLOAF ICEBERG. The type of crevas-
sed surface which appears on the icebergs in Key 77 has already been
termed “breadcrust surface” by Gould. These structures cannot be
called tabular icebergs since they lack the table shape. They cannot
be termed glacier icebergs since they axe not always derived from
glaciers or glacier ice.
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Key 78. Ice-covered islands, like the one on the right, are frequent-
ly subjected to misinterpretation as weathered or glacier icebergs. There
is no difficulty, however, in distinguishing them from tabular icebergs like
that at the left.

Key 79. A caved and rapidly disintegrating tabular iceberg. While
caves are not visible on vertical airphotos, a large amount of ice wreck-
age surrounding an iceberg in otherwise open water is a strong indication
of disintegration.

Keys 80, 81, and 82. Differential subaerial and subaqueous erosion
result in a loss of equilibrium which causes icebergs to break up or
capsize. The typical pinnacle forms, submerged centers and spurs of
the capsized icebergs are shown here. A less frequently occuring
type of pinnacle is that attached to the normal glacier iceberg at the ex-
treme right in Key 82. Note wreckage, including bergy-bits and growlers.



Key 83. Weathering may produce tilting (A), lay-over (B) or cap-
sizing (C). Smooth, waterworn portions of (A) and (B) stand in sharp
contrast to their angular portions which were never immersed. Note
the neck at (B) carved at the former water line where erosion is the
most effective. Long spurs, dangerous to navigation, form as the
upper portions of the iceberg collapse from neck development.

Key 84. Bergy-bits, the smallest remnants of icebergs identifi-
able without structural analysis, are shown at (D). They are the size
of small buildings and are washed free of snow. Growlers (E) are yet
smaller and they may also be derived from marine ice forms. Individ-
ual bits of brash are not large enough to discern at this 1:12,000 scale.
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Keys 85 and 86. Unweathered iceberg (top left) has a flat, pitted
and hummocked surface, open crevasses and sharp, jagged, corniced
cliffs. Capsized icebergs show smooth surfaces with varying relief,
sealed or absent crevasses and no cornices. Below, the same condi-
tion is complicated by drift and further disintegration in place. Open
water (black) demonstrates thinness of sea ice bond. If the ice fails
to break out in the short summers, continued drift may generate the

conditions thought necessary for forming a type of shelf ice.
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Except for the occasional presence of exposed land, pond ice, hoar-
frost and meltwater, the Antarctic continent is everywhere surfaced by
one of three substances: SNOW, FIRN or GLACIER ICE.

Snow is composed of minute ice crystals, a product of atmospheric
water vapor precipitated at temperatures below freezing. Unlike fro-
zen water, glacier ice is a consolidated mass of irregulgar ice crystals
containing bubbles of occluded air. This opaque, white, bubbly ice re-
sults when snowflakes and snow granules are acted upon by changes in
temperature, humidity and pressure over a period of time.

During the stages of transition from snow to glacier ice the substance
is known as firn or neve. Once fallen, the snow crystals begin the change
from flake to granular form, increasing in individual mass but decreasing
in total numbers and overall volume. Under the most favorable condi-
tions, the complete transition from snow to glacier ice takes but a few
days or weeks, but although statistics are not available, it is quite prob-
able that on the high, dry, continuously cold South Polar Ice Pcllateau the
same development may take many years. The transition may be has-
tened by sucE factors as the presence of exposed rock, increased pres-
sure caused by later deposits of snow or firn, variations in humidity and
changes in temperature.

Glacier movement is closely associated with these transition pro-
cesses. Wright and Priestley (1922) believe that under these conditions
a small, outer portion of the individual ice molecules in certain grains
may become liquid and transfer itself to adjacent grains, thus allowing
the larger and better oriented grains or crystals to grow at the expense
of their neighbors. This action “lubricates the glacier, permitting it to
“flow” while maintaining an “apparently rigid structure* This theory
does not fully coincide with more modern thought on the theory of glacier
movement (Flint and Demorest, 1942). The smaller firn granules grad-
ually change to form larger crystals of glacier ice with the air formerly
between the grains of firn included with the crystals of glacier ice.

Photo analysts must be able to recognize snow, firn and glacier ice
in order to determine surface conditions and trafficability. Since all
three of these surfaces are white and composed of minute particles, the
interpreter must rely upon the relative difference in tone values, the
surface topography and a knowledge of glaciology for ice recognition.

Key 87. The most difficult task in the interpretation of snow, firn
and glacier ice occurs when only one surface tone appears in the photog-
raphy. The terrain illustrated here might be mistaken for snow, glacier
ice, cloud or even improperly exposed film. The faintly visible surface
markings preclude the use of stereo examination but indicate this area
to be surfaced with firn ice. If this airphoto had been exposed on a
“white day”(see keys on phenomena) it could just as certainly be snow or

glacier ice.



Key 88. Fresh snow presents a smooth, light-toned and gossamer
appearance. The constant Antarctic wind moves the freshly fallen
snow into depressions and forms drifts. Here, on a glacier ice tongue,

the hinge line depressions are filled with fresh snow. The chasms
below are open at their seaward ends (not visible) and air drainage
prohibits any significant accumulation of snow therein . Elsewhere the
snow has filled in irregularities in the severely crevassed areas be-
tween the hinge line depressions. Drifts are forming to the leeward
of the projecting crevasse lips and old seracs. Since the glacier ice
underneath this thin snow mantle is not directly visible, its presence
must be inferred from a knowledge of glaciology or from sufficient
photo reading experience to enable the interpreter to recognize a gla-
cier ice tongue or an area of inactive, snow-covered crevasses.



Key 89 Wind not only carries freshly fallen snow, depositing it hi
depressions in firn or glacier ice surfaces but, in association with crit-
ical changes in temperature, humidity and wind speed, it may also pack
the snow, harden it and then erode a portion or all of it. Here, the slight
depressions are filled with partially eroded snow deposits, the high points
are barren of fresh snow and the remaining areas show wind-oriented,
linear patches of eroded snow superimposed upon the basic firm surface.
Genuine sastrugi occur at right center and at upper left and are oriented
from 120°. Note the flat character of this area and that only slight de-
pressions are required for these formations. In this illustration, the
dark lines running horizontally across the stereogram and the less defin-

ite vertical bandings are photo processing marks.
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Key 93

The change from snow to glacier ice is a gradual process which de-
fies sharp distinction between old snow and young firn or old firn and
young glacier ice. The crystalline differences are of the type visible
under the microscope, rather than the airphoto stereoscope, but in air
photos fresh snow presents an exceedingly light tone while successwely
darker tones depict young firn, old firn and glacier ice. Although the
photo tones are influenced by film exposure and laboratory processing,
they maintain this constant relationship. Only relative age may be de-
termined from tonal differences alone, however. When the lightest
tone is snow, the determination of whether or not an adjacent, darker
tone is firn or ice depends upon the analyst’s familiarity with the region
and his knowledge of continental glacier surface conditions.

Keys 90 and 91. Old snow and/or young firn drifting over crevas-
sed glacier ice. The presence and orientation of crevasses are clear-
ly indicated by the snow which has drifted into the slight depressions
in the crevasse lids.

Keys 92, 93 and 94. Various stages in the drifting of snow to de-
pressions in old firn surfaces and the subsequent removal of the snow.
Sastrugi sometimes appear to be continuous over the surface contacts
between the younger and older materials. Even under the exaggerated
depth perception caused by the lens stereoscope, the depressions are
hardly noticeable as such.



MELTWATER STREAM!

Key 95. A variety of surface conditions is shown in this stereogram.

Old snow or young firn ice, probably less than a year old, covers a sur-
face of glacier ice which has been partly modified by exposure to melt-
water. A stream of meltwater extends into the younger material, satur-
ating a portion of it and causing a corresponding change in tone.  The
presence of exposed land surfaces frequently results in the formation of
meltwater which modifies the adjacent ice by introducing saturation in
the summer and ice crystals formed from frozen water in other seasons.

Three conditions account for essentially all the dark or black photo

**177

1S9ET705

images on Antarctic aerial photography: exposed land, water and shadow.

All three are present here. Exposed land occurs in the mountain area
and in the boulders which have fallen to the surface of the glacier. Water
occurs in the meltwater streams and under the transparent ice of the
ponds adjacent to the mountain.  Shadow occurs everywhere, but espe-
cially in each crevasse and behind each projection of the glacier ice
(top). Shadow obscures entirely the near side of the mountain mass

(left) from its ridge to a point beyond its base. Cloud shadows are of
common occurrence and are illustrated under phenomena.



SASTRUGI consist of snow or firn dunes, wind-formed minor relief
features of the glacier surface. The term sastrugi is borrowed from
the German transliteration of a Russian word pronounced “zastrugi”. The
form “sastrugi,* though perhaps less correct, is favored in English and
American usage.

On the surface, sastrugi are sometimes difficult to distinguish from
ploughshare ice, ablation pits resulting from the effects of sun and low
relative humidity. Sastrugi form as a result of wind deposition, wind
erosion or both. The forms they take depend upon the hardness of the
surface, moisture content and shape characteristics of the loose wind-
blown granules or crystals; the force, direction and variability of the
wind; temperature and relative humidity. They are normally linear,
however and aligned with the prevailing wind(s) (Key 99), storm w1nd(s)
or both (Key 101). So constant is the orientation of Antarctic sastrugi,
they frequently may serve as aids to navigation.

In some ways sastrugi form similarly to sand dunes, but Hobbs (1911,
p. 156) to the contrary, their steep faces normally point upwind at the
time of formation (Cornish, 1914, p. 96; Wright andpPrlestley, 1922, p. 31;
Seligman, 1936, p. 231 and Moss, 1938, p. 215) A slight variation in
wind direction causes undercuttmg of one linear side, making the original
facing difficult to determine. A more distinct change in wind direction
results in multiple, complex or separately oriented sastrugi (Keys 101,
105). Linear shapes (Key 96) are the rule, but barchan shapes (Key 97)
may form in favored areas (Keys 107, 109). Moss's studies (1938, p. 217)
indicate that the special conditions necessary for barchan formation and
their short life-cycle make the presence of barchans more rare than was
formerly supposed. When barchans are visible on airphotos, the inter-
preter may assume them to indicate a hard, flat surface; little loose ma-
terial; variable, but not gusty, winds averaging 15 miles per hour and
good trafficability. Sometimes no sastrugi are present (Key 98) or indi-
vidual sastrugi appear so similar that stereoscopy is difficult to attain
(Key 100).



Keys 102 through 113. Variations in sastrugi patterns. Key 112
differentiates between sastrugi and drifts caused by obstructions. Keys
107 and 109 are barchan-shaped sastrugi, but not true barchans. Key
111 reveals undercut erosional sastrugi. Key 113 is sea ice with pres-
sure ridges and hummocks (horizontal) and pseudo-sastrugi (vertical).
Plates XCI and XCII of /Wilsory' (1908) and plates XII through XV of

Wright and Priestley (1922) are surface photographs of sastrugi.



Keys 114, 115, 116 and 117. The ubiquity and complexity of sastrugi
are difficult to comprehend from the surface. A diligent search of more
than 300 surface photos taken the same day the two oblique airphotos
above were made failed to reveal any better pictures for illustrating
sastrugi than the two examples shown below the obliques. Low height,
sprawling shape and highlights and shadows against a neutral background
make sastrugi more evident to the pilot and the airphoto interpreter
than to the ground observer. Sir Charles Wright who made comprehen-
sive studies of sastrugi on Scott’s last expedition (Wright and Priestley,
1922) was much surprised upon seeing some of these airphotos and being
informed that some sastrugi measured 800 feet in length. His experience
had left him wid the impression that they were almost always less than
20 feet long. Compare the size of the small sastrugi here with the DC-3
transport aircraft and the tops of the half-buried personnel tents.



Key 118 Small Object Drift. Key 119 Large Object Drift'
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SNOWDRIFTS are caused or influenced by all factors previously as-
cribed to depositional sastrugi, by the critical windspeed for each general
type of snowcrystal or snow granule airborne and by the shape and the
size of the obstruction about which they form. Taylor (1922, p. 74) divides
the typical drift structure into four parts: glacis (windward drift), moat
(scoured hollow about the obstruction), the obstruction and the drift (lee-
ward snowdrift). Wright and Priestley (1922, p. 37) describe snowdrifts
occurring about small and large obstructions (Keys 118 and 119). The
fact that these sketches differ markedly from the small-obstruction snow-
drifts in Keys 125 through 137 and from the large-obstruction snowdrifts
here illustrated indicates that snowdrifts are imperfectly inventoried,
understood and classified.

Key 120. A common type of iceberg snowdrift, including a windward
glacis; a moat, normal at top and right, closed at bottom and ever widening
to the leeward (left); and split leeward drifts (left). Wind-blown granular
snow and firn has scoured the moat floor so thin that the ocean is first
exposed at this point when thaw permits.

Key 121. Another common type of iceberg snowdrift with glacis (right),
frontal moat partly concealed by shadow and a leeward drift constant in

width but gradually thinning.
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MULTIPLE, COMPLEX SNOWDRIFTS is the phrase which best de-
scribes the drifting that occurs about a group of large, irregular obstruc-
tions.

Keys 122 and 123. Fast-frozen icebergs provide a nucleus for multi-
ple, complex snowdrifts. Incipient glaces, funnels and frontal moats are
visible but lateral and lee moats are generally absent with the drift piling
up to the sides and rear of the obstructions. Meltwater pools occur at
all levels from the tops of the icebergs to the moats, which, along with the
complexity of the drifts, indicates that this area has not broken up and
drifted out for a considerable period of time.

Key 124. A uniform and very thick snow cover over the adjacent sea
ice obscures the configuration of this fast-frozen iceberg. None of the

“typical”features of drift are apparent.
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Key 126 Key 127

Key 128

Key 129 Key 130

Key 131

Keys 125 through 131. Small obstructions, other than poles and sim-
ilar objects, tend to drift sharply to their tops within one year and com-
pletely dlsappear within several years. From top to bottom the keys show:
oblique and surface views of a double Quonset Hut after one year, venti-
lators of a building erected eight years previously, motor vehicles and
huts after one year’s exposure, oblique and surface views of the cabtops
of giant tractors and a view of a streamlined DC-3 airplane. Note that
the airplane which offered less wind resistance to the wind failed to drift
over.  Note also that Key 129, an airphoto, shows drift formations
whereas in Key 130, a surface photo, they are difficult to detect.
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Keys 132 through 137. Shape, not size, determines the drift habits
about small obstructions. Above, a store of 55-gallon drums remains
partly uncovered since the drum shapes offer less wind resistance (Key
132), but a similar store of drums placed on end and massed together
loses this streamlined characteristic and drifts to the very uop (Key 134).
Below, there is a difference in drift formations about tents and about the
tentpoles where some tents have caved in. (Keys 135, 136). At bottom
right is a canvas, framed hut drifted to its top (Key 137). Keys 125
through 137 show one-year accumulations of drift. The average annual
snowfall here is less than three feet (Wade, 1945, Fig. 14).



TENSION CREVASSES

CREVASSES are the most dangerous surface features in Antarctica
and the most significant ones as well because of the information they re-
veal about glacier structure, glacier movement and sub-glacial topog-
raphy. Antarctic glaciologists like Gould (1940, p. 734) are impressed
by the meageri evidence of movement in some heavily crevassed areas.
Crevasses here may reflect slight movement in rigid ice rather than
rapid motion in more flexible glacier ice or firn.

Generally unimpressive in airphotos because of a lack of comparable
objects of known dimensions, crevasses are found to be miles long and
tens or even hundreds of feet wide when measured by photo interpreters.
Origin, size, shape, pattern, location, covering and other significant char-
acteristics are more readily, quickly and safely determined from air-
photos than surface survey %ecause: (1) crevasse fields are too extensive
and untrafficable for surface evaluation, (2) cameras record differences
in tonal values not apparent to the unaided human eye which permit the
analysis of crevasse Fids (3) the vertical view is easily converted to
correct spatial relationships, and (4) crevasse systems are readily
recognized from the air.

TENSION CREVASSES are the most common type of crevasses in
Antarctica. They form perpendicularly to the line of flow and are often
found in series, particularly where the glacier changes gradient, changes
direction of flow, rounds an obstacle, passes over a submerged bar or is
subjected to a sudden, severe change in temperature which may cause the
ice to contract. Upon resumption of the former conditions, the crevasses
may close, cement themselves, drift over and disappear from view.

SHEAR CREVASSES form as a result of differential ice movement.
They occur between stagnant and moving segments of ice and between
segments moving at different rates of speed. Generally oriented in the
direction of flow, they have a torn appearance and are commonly narrow,
since lateral pressure tends to keep the sides from spreading far apart.
Surface features on opposite sides of these crevasses often fail to match
because of the displacement of the sides in relation to each other.

SERACS develop when tensions become strong enough to create cre-
vasses which are of greater width than the original surface areas remain-
ing between them, thus forming ridges or pinnacles. Seracs may be
clean cut or modified by such elements of ablation and gravity as thaw,
wind-chiseling or cave-in. Gradients too steep for seracs produce ICE
‘EALLS in which the ice mass breaks up, avalanches and reforms at the

ottom.

Key 138. Sharply defined tension crevasses form over an upstream
submerged glacier bar or change in subglacial gradient (right), then
close, drift over, disappear, reappear at a downstream change in sub-
glacial gradient, reopen in ragged secondary formation (left), close,
drift over and disappear downstream.
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Key 139. This multiple crevasse and serac pattern appears at first

glance to be oriented from left to right on the illustration. Stereoscopic
analysis, however, reveals this to be an optical illusion produced by the
drifting snow. The principal axis of the crevasse system is actually
from top to bottom of the picture. Stereoscopic study also discloses the
reasons why airphoto analysis is superior to surface survey for many
aspects of crevasse research (see the preceding page).

Key 140. Tension crevasses in rapidly moving ice.

Key 141. Drifted snow or loose firn fills or bridges tension crevasses.
Note that drifts are oriented at right angles to the crevasses.
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Keys 142 and 143. Oblique and enlarged vertical airphotos of cre-
vasses and seracs forming an impassable 'skauk”™ (Icelandic for crevasse
field, Taylor, 1922, p. 87 and p. 187). The thinly bridged crevasses at
the bottom of Key 143 are very dangerous.

Key 144. Crevasses a hundred feet wide and miles long are here
filled or bridged with drift. Sastrugi crossing the crevasse lids indicate
that they are almost flush with the glacier surface. These crevasse
scars are often not readily apparent from the surface, particularly un-
der snowblinding or overcast conditions.

Key 149. Crevasses typical of those which form on escarpments.
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Regardless of size, shape or orientation, all crevasses arise from
stresses or strains which cannot be absorbed by the relatively rigid
molecular framework of glacier ice. Since low temperatures reduce
the power of molecular adjustment of ice to tension (Wright and Priestley,
1922, p. 253), it is probable, all other conditions being equal, that glaciers
in the Antarctic are more intensively crevassed than elsewhere in the
world. Appearances are deceptive, however, for most of the Antarctic
crevasses are hidden beneath crevasse lids, sealed by pressure, filled
with snow and firn or covered by drift.

y 150. Ice troug hs man (f’ times the width of normal crevasses
tend to develop where 1ndepen ently moving segments of shelf or gla-
cier ice abut.
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~ Key 151.  This stereogram, illustrating the formation of floating
fissures, presents some of the differences between genuine crevasses
which are formed over land and the formation of somewhat similar fea-

tures in floating ice. Each stage in the process of floating fissure for-
mation is shown from the original depression in which the former
crevasse system is exposed and sastrugi are absent (top) to the lens -
shaped rift with a floor of sea ice and debris (bottom). The specific
cause for the formation of these features is unknown but it is probably
assignable to differential ice movement in areas of unconfinecﬁ floating
ice or by submerged obstructions in the path of the floating ice. Fea-
tures of this general type have been termed rifts (English), barrancas
(Spanish) or dongas (Zulu) by Antarctic explorers, but the usage of
these terms has beentbo vague for application to this feature.



Key 152. A large floating fissure
in sheif ice. It is 2,000 feet wide and
two miles long. The fissure floor is
composed of shelf ice debris in a ma-
trix of sea ice and drift. (See Key 49.)

Keys 153 and 154. Key 154 is an
oblique view of a series of floating fis-
sures cutting old tension crevasses
nearly at right angles. Key 153 is a
vertical stereogram of a fissure which
is located adjacent to and toward the
reader from the one in the foreground
of Key 154. These floating fissures
are a product of shear as evidenced by
their serial alignment, the shear cre-
vasses at left (thin arrow) and the dis-
turbed lids of the tension crevasses.
Some of the floating fissures have
joined ends to produce icebergs miles
inside the floating ice coastline. Note
the open sea in the distance.



REENTRANT RIFTS form in all types of floating glacier or shelf ice.
"hey result from tension, shear or marine influences.

Keys 150 and 156. Reentrants caused by ice tension or marine in-
fluences invade both sides of a glacier ice tongue.

Key 157. A giant tension reentrant on the unexplored east coast of
the Shackleton Shelf Ice. The straight, horizontal, black line is a tear in
the photo negative; the irregular, vertical line is the shadow of the bar-

rier cliff on the sea ice floor. Black, open water appears near the low-
er left corner. The scale is less than 1:40 ,000 in the foreground.

Key 158. A shear reentrant rift caused by the shelf ice passing an

obstruction (island). The rift is now controlled by marine influences.
One Liny black spots in the shadow are Weddell seals.



Key 159

BRIDGED CREVASSES, difficult to see from the surface, are easily
identified on airphotos by the lighter tone of drift snow in the depressed
bridges (Key 91), shadow and sun reflection on opposing lip-lid contacts,
lid holes, distant exposed portions of the crevasse system and/or right
angle drifts. Investigators differ sharply on crevasse lid formation.
(See, for example, VVgI‘l ht and Priestley, 1922, p. 31, p. 256; as contrasted
with Poulter, 1950, p. 89) All students agree, however that the lip-1id
contacts are the weak points. Sledging experience has indicated that lids
of less than 20 feet in width are apt to be the most dangerous. Sledge or
ski crossings are made at right angles to the crevasse.

Key 159. Open tension crevasses occurring in pressure ice (fore-
ground). Wide, flat-bottomed crevasse and orientation of ice debris
(background) indicate that this ice is waterborne.

Keys 160, 161 and 162. The life cycle of RIGHT ANGLE DRIFTS
includés their formation at crevasse lips (Key 160), extending from
lid holes, here 200 feet wide (Key 161), and as the sole remaining evi-
dence of completely covered crevasses (Key 162). The last stage is
the same as the lenticular holes photographed by Ronne and described
by Knowles (1945, p. 175) but there is no relationship to waterborne ice

as Knowles indicated.
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Keys 163 through 168. Contrast the sharply defined, open crevasses
(Key 163) with the several varieties of filled and bridged crevasses illus-
trated. Note that the crevasses are plainly visible from the air view,
even when covered. Note also that.right angle drifts do not always form,

even if the prevailing winds, as shown by sastrugi, are favorable.



RADIATION of heat from exposed bed rock, moraines, scattered de-
bris, erratics or dust may modify adjacent glacial surface features con-
siderably. Although the average annual temperature of the Antarctic
littoral 1s assumed to be near zero degrees F. and the average summnr
temperatures in the mid-twenties F., black bulb temperatures of 154 F.
have been observed (Taylor, 1922, p. 47). Rock absorbs a far greater
amount of solar radiation than does ice. This absorbed energy 1s then
reradiated in the form of long (heat) waves into the adjacent air and ice,
causing both ice evaporation and thaw to occur.

Rock material on glacier surfaces, such as moraines, erratics or
wind-blown dust, occurs either as dispersed particles or concentrated
deposits. This distinction is important;for it determines the manner in
which the rock affects the underlying ice. Radiated heat from scattered
rock particles or extremely thin rock cover creates depressions in the
ice surface by evaporation or thaw. Wright and Priestley (1922, p. 283)
found that a few grains of sand may cause the evaporation of a depression
seven inches in diameter or that 0.1 gram of sand may melt 300 cubic
inches of ice in one summer. Conversely, if the rock cover is continuous
and at least a few inches thick, the long wave radiation from the upper
surface is not only prevented from reaching the ice, but normal ice dis-
sipation by wind, low relative humidity and direct solar radiation are
likewise prevented. (See Keys 199 and 200).

Key 169. Attop is a glacier ice surface marked by many meltwater
channels. Below, the presence of moraine and bed rocﬁ creates a drain-
age system in which the meltwater streams are made more prominent
because of their greater activity, which is caused by the radiation, and
the presence of rock particles in their channels. Note meltwater lake.



MELTWATER STREAM)

Key 170. Radiation from this large mass of exposed rock has pro-
duced lateral meltwater streams and two lee lakes. The latter are
meltwater lakes found on the downglacier sides of nunataks and exposed
land masses. The lee lake at top left is covered by black (transparent)
ice, while that at bottom right is partly fringed by black ice. This fringe
may be caused by the partial thawing and refreezing of the lake or by the
arrival of fresh meltwater. Meltwater streams are active in mid-glacier,
at extreme left. The medial moraine extending downglacier from the
glacier junction is typically paralleled by a meltwater stream which pre-

sents an appearance similar to that of the moraine, but which on close
inspection is found to exhibit characteristics quite distinct from it.



Key 171. (The stereogram is oriented so that its bottom lies at the
right margin of the page.) At bottom, radiation gullies and meltwater
streams are found adjacent to exposed skerries. Above, a section of sea
ice is covered by wind-blown particles. Radiation from these has made
an impassable ICE MORASS. Attop is a similar area of sea ice exposed
to the same solar radiation but without morainal particles.



Key 172

Key 1751

Keys 172 and 173. Two oblique views of a combination drift moat
and radiation gully about an island in shelf ice. Frozen meltwater from
radiation is visible on the moat floor in both illustrations.

Key 174.  An exposed skerry with small meltwater pools at its base.
The sea ice here is too thin to permit the formation of a radiation gully.

Key 175. An exposed skerry in thickly covered sea ice exhibits a
moat caused by wind scour, ice evaporation and thaw. Meltwater areas
are just above the sea ice level. Evaporation is probably as important a
cause of ice removal as thaw but its process is invisible.

Key 176. A nunatak with associated meltwater lake and radiation
gully. The drift atop the nunatak has its own meltwater pond. The ice
surface in the upper level of the moat, top left, probably resulted from
radiation caused melting and refreezing in situ. Note that ice surfaces
are illustrated in three photo tones (see Keys 87-95).

Many examples of solar radiation and the iceforms it produces are
evident in the next sixty keys.
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MALLOW, WANDERING MELTWATER STREAMS

GLACIAL STREAMS AND LAKES
behave differently than their terrestrial
counterparts in that they generally lack
erosional tools, enlarge their channels
chiefly by solution and are inactive
(frozen) most of the year.

Key 177. Contrast the fine net of
thaw streamlets with the single, deep
50-foot-wide meltwater channel that
disappears into the glacier. Low ice
temperatures make englacial streams
relatively rare. Low meltwater tem-
peratures cause deep surglacial chan-
nels to be infrequent.

iMELTWATER CHAI

MELTWATER STREAM CHANNEI

Key 177

SEA ICE

Key 178

Key 178. Meltwater on thick, flat sea ice characteristically appears
puddled, with shallow, wandering, blue-colored channels frequently 200

feet in width.

Key 179. Thousands of tiny, white meltwater channels, most of which
are not more than a few feet wide and a few inches deep, extend down the

continental glacier slope into an arm of the sea.



RINGED MELTWATER LAKE

MELTWATER LAKES

Keys 180 and 181. Meltwater lakes thaw centerward from shallow
edges and frequently leave inner cores of ice frozen to the bottom. The
series of rings illustrated in Key 180 are common. They could result
from the arrival of fresh meltwater before the lake thaws, from seasonal
meltwater increments or because the summer thaw extended succes-
sively shorter distances toward the lake center in each of several suc-
cessive seasons, partly as a result of the lake being enlarged each season
from the addition of fresh meltwater. The transparent outer ring
permits airphoto analysis of crevasses and other elements of glacial
structure which otherwise might be covered with snow or firn. The
crevasses in the lake bottoms are sealed by frozen meltwater accum-
ulated in previous years. Light-toned snow, above at top, is a typical
cover for frozen meltwater lakes. Note the “drowned” sastrugi which

appear on the ice near the center of the lake in Key 180.



Key 182. Meltwater lakes are distinguished from cloud shadows
with ease in the foreground but with difficulty in the background on
oblique aerial photos. New, transparent ice is forming on the main
lake, which is several miles in length.

Key 183. This meltwater lake may be sufficiently deep for the
center ice core to be afloat and to have drifted to its present position.
The ice topography at upper right has caused the meltwater stream
to form a chain of new lakes in a chain of old lakes.



Keys 184 and 185. Frozen meltwater lakes here occupy crevasses
on a floating ice tongue. The absence of meltwater streams indicates
the lakes were formed from melting ice in situ. Since the lake belt co-
incides with the intensely crevassed channel glacier, the action of solar
radiation on the north sides of the seracs may account for the individual

crevasse lakes.
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Keys 186 through 191. Six stereograms illustrating various aspects
of typical Antarctic meltwater features including streaks of blue ice
(186), crevasses under meltwater lake (187), meltwater surface (188),
partly snow-covered meltwater lake (189), braided meltwater stream
on puddled surface (190). The triangular meltwater lake (191) is
formed in the same manner as the ringed lake in Key 180. These
lakes do not thaw completely every summer.



.TWATFR PONDS

Key 192

Key 192. A slight change in Antarctic summer temperatures may
cause radical variations in local iceforms. Here nunatak-radiated heat
produces radiation gullies and forms lakes adjacent to the land masses.
The medial moraine tapers off and disappears as it extends downglacier
because its individual rocks radiate sufficient heat to melt themselves
into the adjacent ice, sometimes forming cryoconite holes. The light-
toned meltwater streams darken, enlarge and change character after
passing over the moraine at center. Two meltwater lakes, produced
without benefit of rock radiation, each with its major tributary melt-
water stream, are visible at right center. The white, snow-covered,
frozen meltwater lakes in the background should be differentiated from
the water marks from the negative of this print. Many ponds and
puddles occupy the foreground.
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Key 193

The presence of land in Antarctica is indicated by exposed or evi-
dent-though-covered moraines, mountains, coasts and islands. Crevas-

ses which indicate subglacial topography are considered separately.

Surface moraines are conspicuous by their small number, especially
in relation to the vast areas of glacier ice in Antarctica (Taylor, 1922,
p. 126; Wright and Priestley, 1922, p. 224; Gould, 1940c, p. 732). This
occurs for at least five reasons: deposition of terminal moraines in the
ocean, high ratio of ice-covered to exposed rock, submergence of the
surface moraines caused by solar radiation, excess precipitation and
drifting snow and firn, and lack of erosive power caused by the slowness
of the ice movement. Arcuate (semi-circular), lateral, medial, reces-
sional and ground moraines are all present in Antarctica and illustrated
in these keys. Moraines occur in surglacial, englacial, subglacial or in
fossil form. Surface moraines originate in four ways: accumulation
from valley walls, accumulation from nunataks, emergence of subglacial
material and the re-emergence of surface moraines which were sub-
merged from the effects of radiation upon the surrounding ice or from
being drifted over by snow or loose firn.

Key 193. Midsummer view of a recessional moraine. Note change
of ice slope at the moraine.



Keys 194 and 195. Late summer view of the upthrust recessional
moraine in the preceding key and an oblique of a similar moraine. Note
the meltwater streams, absence of sastrugi, change of ice slope at the
moraine. The sea ice has broken up and drifted out to sea.



mKey 198

Keys 196, 197 and 198. Arcuate or semi-circular moraines may
occur where constriction or sudden change in subglacial slope increase;;
ice velocity or at cirque lips. In these keys note also the moats, medial
moraine (bottom left), fallen rocks and drift pattern. The glacier ice
and the bribing snow and firn are moving in different directions.
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Keys 199 and 200. These illustrations, from photos by R. W. Skelton
in 1902, appeared in the Album of Photographs and Sketches of the
(British) National Antarctic Expedition, 1yO1-1904, published by the Royal
Society, London, 1908.

These photos show no bed rock, only moraine-covered ice. They illus-
trate, as no high altitude, vertical airphoto could, the phenomenon of
morainal debris deposited on an ice surface in sufficient thickness to
protect the ice beneath from radiation, evaporation, wind erosion and
thaw. The level of the unprotected ice adjacent to the moraine may be

radually but considerably reduced by these erosional agents. As the
evel of the ice at the edge of the moraine is lowered, morainal debris
roll or slide to the lowered surface. This process may continue until
the moraine-covered ice becomes a ridge or a linear series of cones.
The morainal material may then roll or slide away from the ridge, even-
tually exposing ice at this point. The ice exposed at the ridge may then
be eroded by the same agents to form either an ice- or debris-covered
trough in place of the former ridge. At any stage in the process a
change in the meteorological conditions resulting in excess precipitation
over ablation may cause the whole moraine to become ice-covered.
(Keys 29 and 30 may represent this state or may simply show pressure
ridges. See also Key 205).

Surface moraines are difficult to evaluate either from airphotos or
from field examination without digging, drilling or sounding.
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Key 201. Lateral moraines consist of rock debris which have fallen
to the glacier surface or which has been corraded laterally at subglacial
levels. The extreme Antarctic cold is unfavorable to their formation.
Note talus slopes as the primary source material of this moraine.

Key 202. Medial moraines, products of joined lateral moraines,
frequentty disappear into the ice shortly after forming. The two chief
causes of morainal submergence, drift and solar radiation, may not
apply here since this area is obviously being denuded by thaw and the
moraine here appears sufficiently thick to prevent radiation to the ice
beneath. Ice-covered moraine ridges border the exposed portions.
The detailed topography of the glacier surface is revealed by the melt-

water drainage pattern.



Keys 203 and 204. Some medial moraines bear a distinct resem -
blance to railroad beds because of their linear shapes and their long,
graceful, railroadlike curves and also because they stand above the
adjacent terrain like railroad tracks on gravel fill. This medial moraine,
probably formed by a junction of lateral moraines from valley glaciers in
the mountains (background) is intermittent in character, first being sub-
merged through drift and radiation and then reappearing downglacier as a
result of ablation. Note the straight lines and graceful curves of this mo-
raine as contrasted with the meandering channels of the meltwater streams

and the irregular character of the crevasses. Note also the thaw lakes
in the background.



Key 205. A large medial moraine in a valley glacier which originates
in the South Polar Ice Plateau and discharges into the Ross Shelf Ice. Mo-
rainal ridges with meltwater streams occur in both ice-covered and ice-
free forms, (stereogram is oriented with its bottom at the right margin.)



A L3

"2061 o, \ Kéy 2081

Key 206. A composite, trimetrogon, vertical and oblique view of
several exposed and ice-covered medial moraines, each denoting one
or more tributary glaciers or nunataks upglacier. Pressure from the
large tributary at right causes several individual medial moraines to
coalesce into a single, compound moraine. The depressions between
the ridges of moraine contain meltwater streams and ponds which are
formed in part as a result of radiation from these same moraines.
The meltwater is lighter in photo tone and smoother in photo texture
than the morainal debris. Cirques, aretes and cols occupy the right
foreground. (See Key 18.)

Key 207. The diminished continental glacier is no longer able to
suﬂply this valley glacier with sufficient ice to maintain itself. The
valley floor is covered by ground moraine left in place as the glacier
melted back. It consists o%unconsolidated and unstratified rock debris
partly channeled by meltwater. A recessional moraine occurs at the
ice edge.

Key 208. A later stage than illustrated in Key 207. Here, the ice
has retreated entirely from the area and has left a “dry valley,, in its
wake. The relatively smooth appearance of this morainal material
from the air is misleading since any method of surface transport would
be most difficult over this mass of loose rock debris. Although the
valley and the mountain peaks are “dry/’ highland ice still survives on
the uplands, from which several tongues of wall-sided glacier ice, one
with a large ice apron, extend over the valley side. (See Key 21).
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Key 209. Glacial recession results from: (I) a more rapid rate of
ice dissipation than ice advance at the glacier front and (2) a general
lowering of the glacier surface through the processes of ablation® Above,
the latter type of recession has lowered the ice surface in the main chan-
nel (left), exposing nunataks at the head of its distributaries (center and
right) and their medial and associated ground moraines. Two arcuate
moraines appear to be emerging in the nearest distributary. Snow and
loose firn have drifted into t %e shallow depressions and lee areas behind
rock projections. The darker ice tones are areas of glacier ice.



WALL—-STOED GLACIER

Key 210

Key 210. Ice recession exposing
valley is evident from marginal lake with
elevated, dissected deltas which indicate
former, higher lake levels. Note the
snout of a wall-sided glacier with fring-
ing ice aprons, ridges of former lateral
moraines, vertical valley glacier walls
and moat with small stream but no
conspicuous lateral moraine. (The gla-
cier at right is shown in Key 21.)

Key 211. A valley exposed by the
recession of its glacier from lack of
ice supply.



Key 212. Not only is land being ex-
posed by the retreat of valley glaciers,
but in certain areas it is being exposed
by the retreat of the continental glacier
itself. Tarns, south slope snowdrifts,
meltwater streams, bed rock (rough
texture) and moraine (smooth texture)
are apparent in this airphoto.

Key 213. Tarns are brackish as
a result of excessive evaporation, except
when surface or subsurface outlets are
present. Tarns are frequently colored
by the presence of algae.

Key 214. The smooth appearing
moraine in Key 212 above looks like
this from the ground. The black boulders
are two feet in diameter.



ROCK STRIPES
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POLYGONAL TERRAIN occurs but occasionally in Antarctica since
the conditions necessary for its formation (semi-plastic, waterlogged
mantle rock, silty to gravelly in texture, and temperatures that fluctuate
about freezmg) are infrequently present In some favored areas, how-
ever, the forces of frost, thaw and gravity combine to produce solifluc-
tion. Cracks, which become filled with ice wedges, radiate in three
directions from points of strain. The cracks from adjacent points unite
to form hexagons suggestive of suncracks in mud or columnar basalt
formations. Both depressed-center and raised-center (channel type)
polygons are present, the precise form depending in large measure upon
the character of the earth material. Antarctic polygons differ from
their northern counterparts in their larger size, fewer varieties, loca-
tions on steeper slopes and the absence of Vegetatlon This last condition
facilitates the airphoto study of microrelief in polygonal areas. Poly-
gons indicate the presence of mantle rock, seasonal temperatures which
fluctuate about freezing, presence ofpermafrost (permanently frozen
ground) beneath, poor trafficability and sometimes ice wedges which may
melt and become moats in the summer. (See Key 254).

Key 215. Snow-covered, channel-type polygonal patterns grading
into rock stripes with changes in gradient.

Key 216 Depressed-center polygons situated in rock waste. Note
shadow of mountain at bottom right.
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Key 217. Lodgment of wind-blown snow in the channels accentuates
the polygonal pattern. Note the presence of polygons on the steep slopes
and their absence on outcrops of bed rock.

Key 218. Channel polygons formed in a recessional moraine. Note
pattern alignment on steeper slopes, arcuate moraine, moraine-covered
glacier ice (top) and soil flow (left).



MOUNTAIN PEAKS, CLIFFS and ESCARPMENTS, which in some
instances are wholly or partially barren of ice, account for much of
the ice-free land in Antarctica. Latitude, altitude, yreci{)itation, humid-
ity, wind, gradient, orientation of slope and rock color all seem to play
a significant part in determining whether or not a particular peak or
cliff will be ice-covered. The relationships between these factors are
so complex, however, that feasible formulae for determining whether

they will permit any individual type of peak or cliff to be exposed,
partially exposed or ice-covered do not yet exist.

Key 219. Two small peaks near the coastline (top left), one of
which appears to be completely covered while the other exhibits steep,
bare, northern slopes to the leeward.

Key 220. Mount Erebus is the only Antarctic volcano which is
definitely known to be currently active. Its 13,000-foot elevation dwarfs
the ice cliffs at the water’s edge. Much of its black cinder and lava sur-
face is ice-free but may contain buried ice lenses.



Key 221. These mountain peaks are entirely ice-covered. Irregu-
larities in the ice surface (left foreground) result from the relief of the
underlying rock structures which may include completely buried peaks
and ridges.

Key 222. Although not apparent at first glance, stereographic ex-
amination of the illustration will reveal four distinct mountain ranges.
The relatively level summits and some slopes are ice-covered. The
medium gray photo tone (foreground) is the crevassed, ice-covered sum-
mit of a mountain protruding from the upper surface of an extensive
cloud bank (middleground) in a similar manner to the more distant
mountains (background).

Key 223. These mountains have ice-covered slopes facing the
camera and ice-free slopes on their opposite sides. Note the great
size of the shadows, a typical feature ofpthe Antarctic which results
from the position of the polar sun low on the horizon. Note also the

resence of meltwater streams descending from the mountain ridge
%center) and the tension crevasses (foreground).
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Key 228

Key 224. The tonal difference between shadow and exposed rock is
less in the left than in the right print of this stereogram. The latter was
properly processed for photo interpretation use; the former was not.

Key 225. Dark tones on ice are not always indicative of rock debris.
Crevasses, meltwater, cloud shadows, shadows of adjacent land masses
and, as in this illustration, the shadows of ice ridges are also dark in
tone. The crevasse proves this dark tone to be shadow rather than rock.

Key 226. Mountains in the distance are difficult to distinguish when
cloud formations meet the ice on the horizon. The dark tones at left may
be mountains while those at right are among the clouds.

Key 227. A jointed, massive, bed rock formation outcrops on the
coast. The scale is best indicated by the presence of men on the summit.

Key 228. Ice-free mountains which form a segment of the Antarctic

coastline. Large and small outliers form islands.
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Ice-free areas in the Antarctic certainly account for less than one
per cent of the known terrain. The presence of land beneath the ice,
however, is evident quite frequently. Mountains and coastlines are the
chief places where ice-free land occurs and where the presence of land
beneath the ice may be most easily inferred from its surface character.

Keys 229 and 230. Parallel and transverse views of ice-covered
mountain ranges with protruding peaks and ridges. Low lying, level,
darker-toned areas in the backgrounds are clouds, not sea ice, a fact
readily determined by stereo examination of such prlnts

Key 231. Although the precise shoreline cannot be distinguished,
the presence of land with relatively rugged relief under the crevassed
ice surfaces is unmistakable.

232. Antarctic coastal cliffs are ice-free when they are suf-
flclentf/y vertical to avalanche their ice-cover to the sea below (middle-
ground). If the cliffs are less steep, the ice will cascade downslope
(foreground). Ifthere is little or no ice movement, the cliffs may
assume a drifted-over appearance (background). ¢



Key 233. This rock cliff coastline is too steep for lodgment of ice
without support at its base. Note similarity in photo tones of the dark
rock and open water, as well as the differences in texture and pattern.

Key 234. This shoreline was once completely covered with ice but
glacial recession has uncovered the cliffs, though the ice still reaches
the sea over some of the less steep portions of the coast.



THICK ICECAP

Key 235. A mile-high cliffed mountain coastline with avalanche
ice-foot glaciers. The icebreaker (foreground) is 269 feet long.

Key 236. Heavy icecap on a rock cliff coast.
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Key 237. The presence of an ice-covered coastline (left) is clearly
evident from the character of the ice topography. A triple junction
occurs where the ice-covered land (left) meets the shelf ice (top right)
and the open sea (bottom right). Light-toned, polygonal shapes are
flare spots from the sun’s reflection in the elements of the lens.

Key 238. The precise shoreliiie is concealed by the floating edge
of the glacier ice (center). The existence of land under the ice 1is,
nevertheless, a certainty (left). Icebergs, sea ice and open water are
also present (right). Volcanic Mount Siple on the horizon rises two
miles above the ocean.

Key 239. Contrast the appearance of the coastline concealed by
glacier ice afloat in Key 238 with the situation here where glacier ice
extends to, but not beyond, the coastline. Portions of the rock coast
are visible through openings in the ice.

Key 240. This coastline is revealed by a recessional moraine and
sediment laden meltwater streams. Numerous bed rock islands with
adhering fast ice flank the coast. Similar groups of offshore islands
completely covered by thick ice may easily be mistaken for ice-covered

portions of the continent.



Key 241. Numerous, glaciated, ice-free rocks, skerries and islands
occur offshore the Antarctic continent, reminders of an even greater ice
age in Pleistocene time. Unlike their northern counterparts, many of
these islands are situated in relatively deep water, thus allowing easy
access to large-draft vessels in years when the sea ice conditions permit.
Uncharted, submerged peaks remain a danger, however. These
islands are frequently used by the birds and seals for their rookeries.
The coast, covered by the continental glacier (background), and the end
of a glacier tongue (near top left) are visible. A typical drift pattern has
formed about the islands (foreground). The sudden ending of some of
these drifts is caused by the periodic dissipation of the sea ice. Note
how the long, dark shadows exaggerate the size of the islands.



Key 242. Nunataks in glacier channels normally cause medial mo-
raines to appear on their downglacier sides. Here, however, the chan-
nel glacier is afloat, the nunataks are really islands and the erosional
rock debris are deposited on the ocean floor. Since lateral pressure
which occurs in landrsupported ice is absent in ice tongues, the islands
are able to split the floating glacier, forming moats with scalloped
glacier-ice borders and covered with sea ice. The ice disturbance in
the right foreground is caused by another island out of view near top
right. Similar disturbances in shelf ice and glacier ice afloat which
seem to occur without any apparent reason are often caused by insular
obstructions which do not project themselves above the ice surface.
Note the similarity in photo tones but the differences in texture and
pattern of the clouds in comparison with the ice.
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Keys 243 and 244. While smaller islands are frequently ice-free
(below), many of the larger ones are so completely ice-covered that
they may never be seen by modern man (above). The arrows are
aligned in the direction of ice movement and point to the barrier edge
of an hourglass-shaped island completely covered by a flat dome of
island ice which here rises to an eﬁevatlon of approximately 1,000

feet. This is the climax stage of island glaciation.



ICE-BLINK and WATER-SKY

Keys 245 and 246. A white or yellowish-white glare just above the
horizon is often the first sign that one is approaching areas of ice-covered
land or water. This phenomenon, known as ice-blink, is caused by the
reflection of light from the ice surface to the underside of extensive
cloud layers or a hazy sky. Snow-blink is brighter than ice-blink.

Key 247. Conversely, when in the ice, the first sign that one is
approaching open water may be a dark streak above the horizon. This
is water-sky, the antithesis of ice-blink. It is caused by the absence
of reflected light on the underside of a cloudy or hazy sky.

Land-sky, also caused by a lack of reflected light to the overcast
or hazy sky, is not as dark as water-sky since open water absorbs more
light. Land-sky is relatively rare in the Antarctic because of the lack
of exposed land. Sometimes the line of demarkation between water-sky
and ice-blink is sufficiently sharp to provide the navigator with a sky
chart of the ice edge.
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WHITE DAY

The white day is an Antarctic phenomenon caused by the occurrence
of a completely overcast sky over an area that is completely ice-covered.
Much sunlight is diffused through the overcast and reaches the ice sur-
face where most of it is reflected back to the underside of the overcast.
Many of these rays are in turn reflected earthward from the lower lay-
ers of the clouds. This process may continue until the diffused sunlight
lighting any individual iceform may exceed the amount present on a
clear sunlit day. This large amount of diffused sunlight equally lights
all sides of individual iceforms, prohibiting the formation of any shadows.
The omnipresent whiteness causes the ice and sky to look alike and the
horizon to disappear. Such weather is one of the greatest flying hazards
in Antarctica. Flying in it is somewhat like flying in a thick, dense,
white, never-ending cloud. No surface feature is visible. The pedes-
trian even stumbles over the sastrugi.

Keys 248 through 253. These illustrations represent six combin-
ations of exposure and processing used in an attempt to record the
horizon on a white day. There are five objects in each of the pictures:
a man, two ten-foot poles, the ice and the sky, but no matter how the
photographs are exposed or processed, both masts and man appear as

if suspended in air and no horizon is visible.



OPTICAL ILLUSION

Key 254. Differential rates of ice movement on clear, smooth,
dark-toned water may create the optical illusion of ice floating at var-
ious levels. Although there are several apparent slopes in the sea
ice, individual ice cakes do not seem to be tilted. While in this in-
stance the photographs were taken in the Arctic, the phenomenon
also occurs in Antarctica (Key 233).

Compare the polygons shown here with those in Antarctica (Keys
215-218). These particular polygons are more variable in diameter
(30 to 160 feet within the same general area), rectangular rather than

pentagonal or hexagonal and covered by vegetation. Note their influ-
ence on drainage.



CALMS and GALES

Key 255. The open water of the Antarctic seas within the pack ice
is frequently calm and without waves or swell. Here the calm results
in a mirrorlike surface permitting the reflection of a cliff on a floating
ice tongue. Such reflections should not be confused with photo images
of submarine portions of the ice cliffs, since the camera 1s able to

enetrate the surface layers of the calm Antarctic waters in certain
mstances.

Key 256. Open water within the pack ice becomes quite rough when
gales blow from the continent. The {)ittle white specks here are white-
caps which are not subject to stereo fusion with standard aerial photog-
raphy. The “clouds’’ are actually streamers of snow and loose firn
blowing off the Antarctic coast (bottom right). Wind, as an erosive
force, plays an important part in the transport and modification of snow,
firn and even ice. Many typical Antarctic blizzards result wholly from
wind without any precipitation being involved.



GALES

Keys 257 and 258. The amount of loose firn and snow carried to
the open sea or deposited on sea ice during a typical year in Antarctica
must be tremendous. It would be difficult to estimate the number of
cubic miles of potential glacier ice dissipated in this manner. From
such blizzards fast ice in favored localities may be thickened to pro-
duce floebergs or perhaps even shelf ice.



LENS REFLECTIONS

Keys 259 and 280.
In the Antarctic, it is fre-
quently necessary to take
photographs directly into
the low sun. Since ice
topography is revealed by
shadows on the white ice
surface (which are not visible to one facing away from the sun), this
practice has certain merits not inherent in ordinary landform photog-
raphy. If the sim's rays strike the lens elements, they cause multiple
reflections (Key 259). If the sun is photographed,it will show as a bright
spot accompanied by one or more circles, hexagons and linear patterns
(Key 260) which make interpretation of minor relief features, like sas-

trugi, quite difficult.
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CLOUDS and CLOUD SHADOWS

Clouds bar photo analysis in several ways. They may partially or
wholly obscure the earth's surface. They may form high overcasts
leading to white day conditions, which makes ice photography useless
and photo flying dangerous. Finally, cloud shadows may prevent adequate
photo interpretation.

Key 261. Ice-covered mountains protrude above white clouds which
are sometimes difficult to distinguish from snow and ice.

Key 262. This stereogram shows a ridge of the same mountains
with clouds below on one side (left) and a summit ice field on the other
(right). Note the similarity in appearance

Keys 263 and 264. Here are vertical and oblique views of clouds
and their shadow effects on the ice surface.

Key 265. Belts of crevasses (shown here) and meltwater (Key 182)
sometimes appear similar to cloud shadows from a distance.



CLOUDS and CLOUD SHADOWS

Banks of clouds may form over the ocean, over the continental ice,
about the mountain summits or be omnipresent, according to the local
atmospheric conditions at a given time. Clouds are thoughtto form less
often in the continental interior, away from the marine influence.

Key 266. A bank of clouds over the land surface may act as an aid
to the photo interpreter by providing him with a clue to the steepness
of the ascent of the ice surface. This is evaluated by measuring the
varying distances between the cloud and its shadow on the ice surface.
Note calving icebergs and lens reflection.

Key 267. Stereoscopic examination of this illustration indicates
that the cloud formations (middle and background) occur only over ice-
covered terrain and that the sea-ice areas (foreground, left, and between
middle and backgrounds) are cloud-free. The direction and slow progres-
sion of the clouds is evident from the way they pile up to the windward

of the peaks.



Key 271

FLORA and FAUNA

Plant life in Antarctica is conspicuous by its scarcity. Rock crevices
and tarns may swarm with microscopic animals and plants. Where the
sea is quite shallow, lush growths of marine vegetation may occur. Hun-
dreds of species of algae, lichens and mosses are known. Bacteria occur
in bird and seal droppings. But except on the northward extending Palmer
Peninsula, no grasses or flowering plants are to be found. Nowhere is
there vegetation of sufficient density and extent to be viewed by the aer-
ial camera, although tarns are sometimes colored by algae. Plankton, the
basic marine flora and fauna, consists of myriads of tiny plants and ani-
mals. Among these the diatoms are especially numerous, often staining
the sea ice yellow. These low forms are fed upon by krill, the shrimps
upon which the higher types of marine life and avafauna depend for food.

The emperor and Adelie penguins breed along the shores of Antarctica.
There are six species of sub-Antarctic penguins. Some 36 species of
flying birds nest in the Antarctic or sub-Antarctic, including albatrosses,
gulls, petrels, shags, sheathbills, skuas and terns.

Keys 268-271. Various aspects of penguin life. Emperor penguins
(268) may weigh 50—90 pounds and stand over three feet high. Adelie
penguins weigh about 14 pounds (269-271). These illustrations show
penguins on the ice, in the pack, swimming and in the rookery.



ADELIE ROOKERIES are situated on rook outcrops on islands and
along the coast of the continent. A fter long periods of use,a sort of
“soi1l” develops in the rookeries composed of some mantle rock, much
guano, penguin, chick and egg remains, bacteria, mites and other forms
of microscopic life. Emperorl penguins establish their rookeries on
sheltered portions of the sea-ice edge and breed during the long, cold
winter night. The remains of their rookeries are carried out to sea
when the fast ice breaks up.

Key 272. Adeliesnest almost everywhere. Some pebble nests are
in the meltwater at lower left.

Key 273. Generally all penguins in a rookery, except those engaged
in courting, nest-building or fighting, face the same way. Note sentinels.
Key 274. Massed penguins or penguin “soil” may cause their
rookeries to be visible as far as the eye can see. Massed penguins may
make the rookeries appear dark (above); guano appears lighter than most

rocks.
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Keys 275 and 276. The skua is the only Antarctic bird, other than
the penguin, whose presence can sometimes be determined by aerial
photo interpretation. This determination is by association, since skuas
may be found nesting adjacent to all Adelie penguin rookeries during their
common breeding season. The skua does not build a nest. Skuas are
predatory and cannibalistic. They are also scavengers and one of the very
few forms of Antarctic life that can recognize food out of water. Their
oc_casilonal inland flights make them the world’s southernmost-ranging
animal.

Key 277. The emperor penguin and his tracks. Tracks made while
walking are at right, tracks made while “tobogganing’’are at left.

Keys 278 and 279. The killer whale, the most dangerous Antarctic
animal, hunts in packs and is recognized by the high dorsal fin and buff
patches on his head (278). He feeds on any of the higher forms of animal
life and especially on penguins, seals and porpoises. Baleen whales, not
shown here, are many times larger than killers but feed on tiny krill.



Key 282

Key 283 Key 284

Five kinds of seals inhabit Antarctica: Weddell, crabeater, elephant,
the rare Ross and the dangerous sea leopard. Tiny herds of once numer-
ous colonies of fur seals exist on some sub-Antarctic islands.

Key 280. A Weddell seal suns itself on the fast ice.

Key 281. Sea leopards eat penguins and other seals. Note jaws.

Key 282. A crabeater makes tracks on the pack ice.

Keys 283 and 284. Three herds of seals on the sea ice. Their pres-
ence is dependent upon the crack in the ice; their source of foodis the
ocean below.
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HUMAN OCCUPANCE

There are no permanent settlements or inhabitants in the Antarctic.
The current force of the whaling fleet is, perhaps, 5,000 men, but the
employment of the whalers is seasonal and their normal area of opera-
tions 1s close to the outer edge of the pack ice, tens or even hundreds
of miles offshore. A mere handful of explorers, scientists and govern-
ment representatives constitute an occasional population. These men
seldom remain for longer than two years at a time. Antarctic trans-
portation is provided by ships, boats, aircraft, motor vehicles, dog
sleds, skis, snowshoes and boots.

SHIPS

All transportation to and from the continent is provided by ships.
Whale-oil tankers and ships which do not enter the pack are frequently
designed along traditional lines. Ships which navigate in the ice are
generally of wooden construction which accomodates the ice pressures
more readily. Modern icebreakers are of especially designed steel
construction with rounded bottoms, heeling tanks, shallow forward
draft, deep stern draft and without keels.

Keys 285 and 286. Oblique and vertical airphotos of wind-class
icebreakers. Icebreakers may be identified by their exceptionally broad
beams (length-beam ratic of about 4:1). Destroyers, by comparison,
may be twice as long and only half as wide. Note the slatted helicopter
flight deck and the seaplane, the Greenland cruiser, the whaleboats and
the cranes for handling these vehicles. Ships of this type are too expensive
for individual or commercial operation.

Key 287. A wooden ship of a type used by explorers.
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BOATS

Keys 288 through 293. Small boats provide good transportation for
areas near open water. The Greenland cruiser (288) was especially
designed for polar use. The motor whaleboat (289) is useful in fair
weather. The rubber raft (290, 291) is efficient for short distances,
shallow-draft exploration, fording meltwater and pack-ice travel. The
iceboat (292) is not generally useful for working purposes. Vessels of
all sizes can be moored to the ice by burying and freezing-in a “dead
man” with a toggle cable attached (293).



AIRCRAFT

The modern polar vehicles are aircraft which may be based on land,
at sea or on the ice. Their great range permits some of them to cover
thousands of miles in one day. Others are designed for maneuverability
and may take off from almost any kind of a surface.

Keys 294 and 295. Such planes as these R4Dtransports and PEM
flying boats can perform exploratory or photo flights from shore bases
or seaplane tenders, respectively. When they are fully laden with fuel,
camera equipment and survival gear, they may require a jet-assisted
take-off (JATO) as shown here.

Keys 296 and 297. Helicopters are ideal for short-range field work

and surveying. Along with cub planes they provide a medium for hand-
held cameras. Note that helicopters with wheels ( 295) and floats (297)

are illustrated here.



AIRCRAFT WRECKS and RESCUES

Keys 298 through 301. A crashed airplane. In this case weather
conditions (“white day”) caused a PBM to plow into the flat ice surface
(298). The wreck was partially covered with drift during the two weeks
of foul weather which ensued before it was located. Open water was
but eight miles distant (300) but not directly visible to the survivors,
pointing to the importance of knowing ice topography and water-sky.

Trails over the continental ice, shelf ice or sea ice are almost always
plainly visible, regardless of the vehicle used. Key 301 shows a trail
made by five walking survivors of the crash above and a sled. The
individuals, their shadows, the sled and the trail are all clearly discern-

ible. This mishap occurred on Operation Highjump in 1946-1947.



RUNWAYS

Runways are generally unnecessary for ski-equipped aircraft, which
may land on level, uncrevassed glacier ice, shelf ice, frozen lakes or
sea ice. The critical factors are the weight of the aircraft per square
inch of ski and the initial landing shock. Skis may freeze to the ice
from the film of meltwater produced by landing unless they are rim up
on a plywood, canvas or similar surface placed on the airfield for this use.

Keys 302 through 305. An experimental runway on shelf ice. It is
shown during its construction and after a period of one year.

Key 306. Float-equipped helicopters may land almost anywhere.
Canvas tarps are sometimes employed as a temporary measure to
designate helicopter landing fields or to guide pilot to a safe landing area.

Key 307. Food cases are usually stacked outside building walls and
permitted to be drifted-over, thus providing additional protection from
the weather. Freshly-baked bread stored in this “deep freeze” will taste
as fresh the day it is unfrozen as the day it was baked.
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SURFACE VEHICLES

Keys 308 through 312. Wheeled vehicles, even jeeps with chains
(308), are useless in snow and loose firn but may operate on areas with
ice surfaces. The “cat” tractor with tracks widened for use on firn
surfaces is a useful workhorse. Here it transports personnel (310)
and fuel (311) and supplies from the ship (312) througﬁ areas of pres-
sure ice. (The pressure ridge has been cut and paved with pierced planks.)

Keys 313, 314 and 315. Amphibious tractors have a useful range of
several hundred miles over many kinds of glacial surfaces.
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Keys 316 and 317. The “weasel” is a sort of tracked and amphibi-
ous jeep. It is useful for carrying and towing personnel, food an
equipment both in camp and in the field.

Key 318. Dog sled, time-honored method of polar travel, is still
the mainstay of long hauls over unexplored ice surfaces.

Keys 319 and 320. Skis are faster and generally more useful than
snowshoes in Antarctica. The soft snow surfaces of the Arctic and sub-
Arctic which require snowshoes are less common here.
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SETTLEMENTS

Settlements in Antarctica may be classed as semipermanent, seasonal
or temporary. There are no permanent settlements on the continent, al-
though a few government bases, mostly on the outlying islands, are cur-
rently maintained on the rotation plan, with complete changes in personnel
every two years. The semipermanent shelters, built to last for several
years, are usually prefabricated. Facilities for a single summer season
generally consist of prefabricated huts, floored tents and similar shelters.
Temporary shelters, for use in field travel, are limited to small tents.

Keys 321, 322 and 323. Three views of Sir Ernest Shackleton’s camp
which had stoutly resisted 40 years of Antarctic blizzards when these
photos were made. From a distance the prefabricated building blends
into the terrain (arrows). The building was occupied for five years by
members of two Shackleton expeditions. It consists of double walls,
floors and roofs. Even though the roof is reinforced and wired down,
one of the outer panels is missing from the opposite side. Packing cases
of food and supp]?ies, piled about the house for additional protection, have
been toppled by the strong winds. Similar cases once formed a stable
for Manchurian ponies on the lee side of the structure. Dark rock and
the lack of snow and ice surfaces, except for hillside patches and the
frozen pond (foreground in 322), have caused sufficient radiation to supply
the heat and moisture necessary to spoil some of the food stores and rust

some of the iron equipment.

Keys 324, 325 and 326. Three views of a temporary camp on ice
taken from successively lower altitudes. Although most of the camp
equipment stands in sharp contrast to the glaring white ice, the camp is
so small that it might easily be overlooked from higher altitudes. The
white and dark-green tents emphasize the importance in tonal contrast
for locating, recognizing and analyzing objects.



Keys 327 and 328. All semipermanent settlements in Antarctica are
located near the sea. Above, helicopters visit the base of Scott's last
expedition (1910-1912) which consists of a main working-and-dwelling
unit with several attached sheds. Below, a pony stable forms a long

lean-to shed against the dwelling. Note cross on horizon.
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Keys 329 and 330. Little America IV, a one-season settlement on
shelf ice. Some of the chief airphoto recognition characteristics of new
camps are the relatively dark appearing structures, extensive and un-
channeled track activity and the lack of accumulated drift. Three ships
may be seen in the Bay of Whales (background) from which tracks lead
first to Little America IV (1946-1947) and then to a new building atop
the drifted-over semipermanent settlement at Little America III (1939-
1941). The vents of the latter and a new tunnel leading to it are visible
at the right of the new building. Tracks within the new camp area have
not yet conformed to a distinct pattern as is the case in older camps.

Keys 331 and 332. Photos of Little America IV, taken during its
construction and one year later, show nearly all of the abandoned tents

to be blown down or caved in by the weight of the drift.
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Key 336

Keys 333 and 334. Masts of Little Americas I and II (333) and the
vents and masts of Little America IIl (334) are the only visible remnants
of semipermanent settlements built 19, 14 and eight years before these

photos were made.
Keys 335 and 336. Tent poles and stores are still visible at Little

America IV after one year. Note shape and height of marker on stores.
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Keys 337 and 338. A semipermanent camp is shown immediately
after its construction (337) and one year later (338). Although the
double Quonset hut has drifted to its ridge, the level of the surrounding

ice terrain has risen only three feet.
Key 339. “Weasel” tracks reveal the drift accumulation of a few

weeks.
Key 340. Semipermanent British (left) and American (right) camps

on Stonington Island. Although the American camp was eight years old
when this photo was taken, no permanent drifts have developed here.



Key 341. Temporary camps on recently-deposited ground moraine
are difficult to identify on aerial photographs because the blending of all
sizes, shapes and colors of rocks forms a natural camouflage. The camp
(arrow) consists of three green and two white tents' and two helicopters
with rotating blades flashing in the sunlight. The tidal crack (top) per-
mits distinction between ice:-covered ocean inlets and ice-covered lakes
(below).

Key 342. Same camp, two white tents, one helicopter.

Key 343. The “smooth” appearing helicopter landing area in Key 341

looks like this from the surface.



CHAPTER VI

THE INGRID CHRTSTEIS® COAST

AS APPLICATION OF RECONNAISSANCE PaOTOOEOORAPHY

This chapter presents original geographical data obtains! by applying
the photogeographical method to the reconnaissance aerial photography of
a cooplex Antarctic coastal area never visited by geographers. These
data have been Obtained through the use of analogous geographic photo
interpretation keys, such as those presented In the previous chapter,
and the author's field experience acquired in similar regions in
Antarctica.

Present state of frnovisdga of the area. A ntarfber of short notes in
newspapers and polar periodicals mention the passage of whaling vessels
or expedition ships off /2e¢ Ingrid Christensen Coast (?feps 9, 10, 11).
Aside from these, not more than about a doaen brief references to the
geography of this area can be found in the literature. In these, the
coast is described varlemely as extending approximately from 73°B. to
to 8I°E, .frou about 7*°E. to 8I°E. and from 76°E. to 7 ~ .7 All Investi-
gators agree that the coast generally trends southwesterly from the West
Shelf lee to Seadefjord Bay (Mop 3). The literature also describes this
coast as being for the most part ice-free and backed by mountains,

allegations which are shown, later in this chapter, to be erroneous.

'Shese description* occur respectively in: U.3.H.0. No. 138, Sailing
directions for Antarctica, 1973, p. 235: U.S. Board cm Geographical Names,
Special Publication Bo. 86, 19V7, p. 182; ana British Admiralty, The
Antarctic Pilot, 19**8, p. 306.
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The principal arms of exposed land along this coast have been
eigrted sand named, althou#* there la a considerable divergence of opinion
among the authorities concerning the locations, the extent and even the
cams of certain of these areas (Appendix II).

More precisely, the coast (Maps 9, 10, 11) Is described to current
literature as lee-ellftod, with occasional rock outcrops, treading south-
vast from the Vfeat Sthelf lee fbr about 60 miles (Map 9), after which the
coast Is ice-free for 7o miles and Is becked by the Vest-fold Mountains
(Map 10). tois Ico-free coast terminateo at the Earsdal Glacier (Map 10),
Which la approximately nine alias wide. Beyond this, the ice-free coast
is said to reappear, backed by the Remvik Mountains (>ap 3). For the next
ten miles, the coast is described as ice-covered, after which there is
another ice-free stretch backed by the Larsaecarm Mountains (Map 11). The
coast than remains ice-covered for its last zno0 alias, as tor as Mount
Caroline Mlkkeleen at the head of SaaSefJord Bay (Map U ). Three groups
of islands, the Bauer, the Svenner and the Sostrme, are mentioned as
being located offshore respectively frcra the Sorsdal Glacier, the iee-
eovered coast between the Rmtrlk Mountains and the Larseomm Mountains,
end the Larseaoxm Mountains. All itwd islands are noted as being
ice-free, but the presence of ice at the base of the Larceraann® is mentioned.
The area is aaid to be accessible to Ships for a brief period each stsaeer
(Vap 7): although only three ships are known to have visited the (pmaral
area, and although Sir Bougies Maroon (1930, 1932) tolled to gain access
in the 1929-1930 o0x4 the 1930-1931 seasons.

According to notes in the Geographical Journal (1939, 92%207), the
coast waa first alerted from a very great distance by Mawson while he was
participating in on exploratory flight from hia ship on 9 February, 1931,

sad omad by him Princess Elisabeth Land. The actual discovery of the
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coast is generally credited to a wb&ling captain, Klarius Mikkelsen, idio
made a brief leading there and named it Ingrid Christensen Lead after the
wife of hie employer who, herself, flev over the area too years later la
1937.

The negligible amount of exploration perforated la the area has
occurred largely la the form of by-products o f osher missions, such as
mwhaling. During the 1936-1937 whaling season, Lars Christensen and bis
wife, Ingrid, together with the pilot and aircraft aanuiWitarer, Viggo
Widerj&j, and the aerial photographer, Iflls Rconees, accompanied Captain
ttlkfcelsea on the Thershavn, a tanker la Christensen's Antarctic whaling
fleet. Viderjfe end Romanes made airphoto reconnaissance flights over
the Ingrid Christensen Coast and some 2,000 kilometers of adjacent coasts.
The only attempted landing In the area » « foiled by a midden change la
the weather.

The Wyatt Harp, carrying the fburth Antarctic expedition of Lincoln
Ellsworth (with Sir Hubert Wilkins aboard), was o ff the Ingrid Christensen
Coast free -the second to the fifteenth of January 1939* searching far a
suitable stretch of fast sea toa to serve as ea airstrip for a ski-plana
flight toward the interior of the continent. The ship was based near the
Hauer Islands (Map 10) during all but two days of this time. Seven of
the many Islands off the Ingrid Christensen Coast were visited (ELIsvorth,
1939b, p. 136; Beylins sad Crwuwton, 1939). On 11 January, Wilkins
(1939, MB diary, 3 Jan.) went ashore for a flag-raising ceremony on what
be considered to be a part of the mainland in the Vbetfbld area (Map 10),

Th 19**6, Hansen's Atlas over dela ay dot Aatarfctlebs kyatland was
published in Oslo. These maps of parts of 2 Antarctic coastal area

were based on the oblique aerial photos made by Wlderjie and Romanes on
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the Lars Christensen expedition In 1937. Tfco coverage of the Ingrid
Christensen Coast Is completely without ground control and Is placed on
the terrestrial graticule by association with the nautical observations
frees the Iftorshgvn offshore. Itis atlas is an anomaly in that it pre-
sents scrae of the best Antarctic naps far soae of the least explored
coastal regions. This, In itself, oust stand as a tribute to the value
of aerial photography la geographic reconnaissance.

In 19%*7, the U.S.8. Currituck, seaplane tender and flagship of Task
Group 68.2, ley outside the pack Ice more than 150 miles o ff the Ingrid
Christensen Coast. Proa there, two trimstrogoa photo reconnaissance
flights ears made over 1&e Ingrid Christensen and adjacent coasts at an
altitude of 10,000 ftoet, producing vertical photography of parts of the
area at a scale of 1/20,000 and obliques of the remainder at Increasingly
smaller scales. A portion of the interior me obscured by clouds. As
far as can be determined, no use has been made of this photography exoept
in the study at hand.

In spite of the visits mentioned, reliable and specific geographic
information concerning the area Is lacking. This Is due primarily to the
fact that no explorer or geographer has ever ftxmsed his interact on this
area. Meraeon xma never able to approach close enough to the area to
examine it. Mikkalsen and Christensen were mostly concerned with whaling
and with photographing the entire ‘Norwegian Corot" from the air.
Ellsworth (1939a) and Wilkins (1939* 5® diary) were preoccupied with the
fli® it to the American Highland, sad Inter with the care of a ship's

officer who had to be rushed beck to civilisation for medical aid for
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a knee crushed by floating ice.2 Finally, U.S.!?. Task Force 68 was
occupied with the reconnaissance aerial photography of the entire Ant-
arctic littoral and certain portions of the Interior.

With first interests always eleevhere, it la but saa.ll wonder that
so little is known of the precise geography of the Ingrid Christensen
Coast. Appendix II shove hoar little agreement there is eaang the
authorities os to the location, extent end general appearance of tee
area. The rock outcrops of tee eastern end of the Vwtfold area (Hep 10)
have bean recorded ae sedimentary by tee Mikkalsen shore party (Polar
Record, 1935, 10*156) flood as igneous by Ellsworth (1939a, p. 3J 1939b) and
Wilkins (1939, SB diary, H Jhau). Althoutfi Hikkelaea and Wilkine both
collected rock epeelawns, no ptelished account* of the analysis of either
of those collection* are known to exist. Mreover, personal cowsuniea-
tioaa (1951) fraa H. U. Sverdrup, Director of tee Uorok Polarlnstitu tt,
sad Sir Httoert Wilkins indicate that a petrologic examination of these
collectlona by conpetent speciallota has probably never been performed.

Hikkeleen'B shore party also reported that no vegetation was seen
(Tolar Record, 1935, 10:126) Whereas Wilkins (1951, personal cossstmication)
states teat not only vert lichens and masses present bat teat came grasses
resedbling those of OrabaolmKl (Palwer FVraincula) existed in protected
areas.

Furthermore, Mikkeleen'c group described tee coastal area ae one of

ice-free rock, commonly capped by a deposit of penguin guano approxim ately

‘Vtwe yserts later, tee Polar Record (191&, p. 11*) noted teat*
"Attempts to obtain authoritative initxnwtion about tee discoveries of
this expedition have been tnanacoessfui". Aside ft-om newspaper articles,
a very brief popular account In the Satlocal Geographic Efagazino (Ellsworth,
1939b) ©eceoe to be tee only pdblisheT record.
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one aster thick, forming the floor of penguin rookeries which extended as
flu* as the eye could see. (Polar Record, 1935# 10:128-129). Mikkelsea
also ccranented on the presence of large ntabers at¢ seal® and penguins.

In contrast, Ellsworth (1939s# P. 3) stated that after tw> days in tho
area (sore time than Mifckelsea had spent there) he had observed only to0
killer whales, a few small rookeries of Adslle penguins, no emperor
penguins and no seals.

Incongruous as these widely divergent reports gay be, they constitute
the only known first-hand accounts of the Ingrid Christensen Coast. While
it is to be expected that a coastline marly U00 adlee la length will vary
considerably in character fron place to place, Mlkhelsen's sad Wilkin's
accounts indicate that their leadings on the Antarctic mainland Bust hare
been within a vary few a&leo of each other.

In susrnary, then, it my be said that our knowledge of the geography
of the Ingrid Christensen Coast is quite meager. thm reports on the
geology, flora sad fauna of the area by the two parties that hove leaded
la the area diffbr considerably. There la no evidence that the rock col-
lections have been critically examined. The coastal descriptions in the
various sailing directions and pilots ere not in agreement. Mreover,
there is not a single, precise geographic position recorded within the
area- Mora encouraging are Hansen’s presumably fairly reliable maps
(lisps 9, 10, U) which, however, are yet to be tied to the terrestrial
grid, and the availability of the Sorwegiaa and American airphoto© to
scientists who my be sufficiently interested In the area to perform air-
photo analyses.

Purpose of this study. It is the purpose of this chapter to demon-

strate that by virtue of sound professional training, by use of pertinent



regional and analogous photo interpretation keys, and by application of
field experience acquired In similar regions, it is quite feasible to
derive considerable original and significant knowledge concerning an area
which one hrw never yieited, or even an area which has nevwr been axaKtnad
by professional scientiste of any description. The Ingrid Christensen
Coast of Antarctica has been chosen as Just such an area.

It is not suggested that the pSvrtogeographic ssrthod replace geographic
field work in polar regions; but rather, that it be used os a tool for the
rapid acccsapliobraent of geographic reconnaissance and preliminary Inven-
tory that would otherwise be impractical to perfbrra beesuse of the lack
of accessibility and the vastness of the area to be cowered* It is sug-
gested, however, that the employment of aerial photography for planning
polar field octivitiee and as a method for collection and synthesis of
data while performing field war?: In polar areas will result in the acqui-
sition of acre complete and nor* accurate geographic data than would
otherwise be the case.

It will be noted in the work which follows that not the least of the
contributions of pbofcossography la the possibility of isolating in this
manner problems which require intenslwe field analysis. It ic generally
agreed that in most Antarctic regions there ore so many problems that
they cannot bo solved simultaneously, Thereftare, reliable methods are
required to determine rtwro research efforts may be expended with the
greatest expectation of worth-while returns. Seconnaleaaace photo-

geography is one such reliable method.

THE COASTAL AREAS
General description. The precise location of the southwestern

extremity of the Ingrid Christensen Coast (Mops 12, 13, 1#, 15) is
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unknown but it occupies nearly ten degrees of longitude along tbs north-
Bocrt—southwest trending Antarctic coastline between 70°27*S., 71°26*S.
end 67°57,5» 8I°06*E*3 its airline length Is not less then 270 statute
m iles, while the general confbromtlon of the coast Is at least 392 miles.
Tbs exact lengths of both the da facto** and the true chorelines are
considerably larger, partly because of the closely spaced peninsulas and
fiords In the ice-free areas.

Southwesterly from the West Shelf Ice (ffeg> 12) along the general
conformation of the As flscto shoreline, the following coastal areas are
net with and w ill be considered in turns Pryds ccntlneotal ice coastal
area (93 miles, Maps 12, 135 Figs. 1-3, 8); Vbatfold Rills coastal area
(32 alias, *5ap 13, fogs. 5-33)> Soredal Glacier Tongue (11 idles, Hap 13,
Figs. 26-35a); Rraer Insular coastal area (15 miles, Hap 13, Figs. 39-*5):
Raarlk Ice Tongue coastal area (32 alias, Hsp 13, Figs. W»-50)j Stunner
Insular coastal area (2i miles, Hep 13, Figs. 36-38, 51-57); Lareenann
Insular coastal area (30 ailea, Hep 74, Fige. 38, 58-73)? Publication
glacier Tongues (50 m iles, estinotod as average; la 1977, It was 75 niles,
Hap IH, Figs. 66-67, 73-90)3 Snatefjord insular coastal area (23 mllee,
Hap 7k, Pigs. 37-95); and Baber Three coastal area (nore than 65 miles,

flap 15, Figs. 96-101).

ASlace the true position of this coast has yet to be determined by
precise geodetic means, fractious of degrees are not considered signifi-
cant In defining absolute location. They are used throughout this paper,
however, to define relative locations within the coastal area concerned.

SS) tom "de facto shoreline" is suggested to Indicate the line
along which sea or saa ice abuts land or land ice, as opposed to the true
shoreline which would exist if there wave so ice present.



afe

Ottleso otherwise noted, the eoaotal areas here described have been
seen or eould have been seen, but vero not landed upon, by the following
expeditions: (1) MIMselseo (1935) from the asa, (2) Christensen (1937)
from toe sea and toe air, (3) Ellsworth (1939) term to® am and the air,
and (») U.S. Any Tael? Force 68 (19%*7) front toe air. Alrnhotos were
made of toe coast by toe Christensen Expedition nod toe U.S. Hawy. Ho
expedition remained vitfain toe 392-mHo coastal area fbr aore than part
of one day, except tost o f KLIsworto, whose ship cruised o ff the eoaet
for nearly two weeks while looking for a suitable area of eea lee upon
which to launch a ski-plana and while waiting out poor flying weather.

flags and Alrphotos. Maps 9, 10 end 11 axe sheets frcra Haaeea's
Atlas over dels gar tot Antsrtctisbs Qwtlaad# which have been photoetated
at a slightly reduced seals. Maps 12, 13 and /4 are toe seat mops over-
printed with pertinent Information resulting from this study. Maps 9>
10 and 11 and toe appropriate portions of toe 12 paragraphs which cost-
prise toe atlas text appear to fora toe nearest approach to literature
of a scientific nature pertaining to toe Ingrid Christensen Coast. Hap
15 has bam prepared especially to show an area in toe Ingrid Christensen
coastal region which has not been napped previously.

The airphoto* node by the U.S. Bevy flask Tore* 68 la 79~7 show the
Starve®ton napa to be adequate insofar as relative locations of insular
groc*w, glaciers and coastlines ere concerned, They to not appear to be
as accurate with regard to elevations, which may be somewhat overeatlasted;
however, heights era not nearly so exaggerated as those previously reported

ftroo nautical observations.5 Ww most ccwaan errors In these saps inclide

“Mount Caroline Mlkkelaeu (Fig. 95# lower left) wee reported from
nautical sources os being about 1,500 feet in elevation (u.S.It.0. 133#
1973, p. 235, 1,75 faet) (British Admiralty, 1**8, p. 306, 1,500 fast).
It Is shown on Map U to be but half this height, or 762 fhet.



263

the frequently Incorrect delineation of individual islands within island
groups, the inaccurate differentiation between lblands and peninsulas

and the similarly Inaccurate differentiation between lakes and fiords.

The most serious error la the cccplete omission of the Baker Three

coastal area (Figs. 96-101). The Inaccuracies undoubtedly eroee In part
froex the Obliquity of the photography end the presence of sea Ice and

snow drifts at the tine of bhotogrepfay. Obliquity permits areas to remain
in defilade behind rock hills and islands, which no (mount of rectifica-
tion will eliminate, while the sea Ice and snov drifts tend to prerant
accurate delineation end plotting of Insular shorelines. A significant
deficiency of the Norwegian asps Is the lack of any glacial detail other
than ice contours (foralinas) sad the naasa for two glaciers. Ice tongues,
for ananple, are not indicated, nor differentiated from the glaciers in
which they originate, even though these facta are clearly risible on the
aerial photographs and are of significance to the geographer, glaciologist,
explorer, whaler and mariner alike.

By and large, horaver, the eastern and central parts of the Ingrid
Christensen Coast ore better napped for reconnaissance purposes than aost
of the explored or unexplored parts of the Antarctic coast, other than
the relatively ensll areas around the bases of some of the former expedi-
tions which were eurraysd with geodetic control. Mape 12, 13, 1" and 15
should be referred to constantly when reading the following pages, tor
although nearly all of the coast has been illustrated. It la not feasible
to reproduce here detailed, three-diuanaional, airphoto coverage of the
entire 392 miles of coast.

Bn Bast mad West Ingrid ( ris tensen Coasts. Por effective analysis,

the region has been divided Into three sectors;



The eastern portion (Jtopss 12 and 13) of the coaet If2 about 13*5S miles
long, coneisting of the Prydz continental Ice eoastal area, 1be Vestfold
3111s and the Sorsdal Glacier Tongue. Vithin this area awy he found all
of the major morphological features which appear 1b the mare oxtenslve
West Ingrid Christensen Coast. Specifically, these features include the
coasts formed by (1) the continental glacier © pilllag into the ewe, (2)
the recension of the continental glacier exposing ice-free insular, pseudo-
peninsular and peninsular areas an well as (3) the presence of ftost-amring
ice streams within the continental glacier which result in the projection
of lergs, floating ice tongues. The hinterland for all these forms is
basically same and is described in the section relating to the Bast
Ingrid Christensen Coast.

The West Ingrid Christensen Coast (Hops 13 and 1%0, shout 191 miles
in length, contains weary Interesting variants of these mam aorphological
types, but Is analyzed as an entity rather them by smaller units.

*fiws Ingrid Christensen Coast extended. A '"new" coast, extending
southwest frcn the Zngrld Christensen Coast has been designated as the
Baker Three coastal area (Map 15). It is revealed by the 197 aerial
photography, no aeration of this coast hays ever appeared in the literature.
It is bound by Isai-fbraed ice for its entire length, which exceeds 65
m iles.

Ibs division of this study into coastal sectors permits a more
detailed reconnaissance treatment of each morphological type as it is
first art with on the Bast Ingrid Christensen Coast. The variants occurring
in the two other sectors are then treated only insofar os they differ from
their eastern counterparts, thus permitting a more complete analysis and
a sure lucid description while avoiding unnecessary duplication. Photo-

geographical discoveries regarding the geographic delineation of the
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coastal areas and recasseendationa for the principal changes In place

(Q*n358 aada necessary by auch changes, are presented for each of the sectors.

THE PfiYDZ COOTIBBHEAL ICE COASTAL ARFA

general description. As a physiographic w it, tills are*,which repre-
sents nearly a fourth of the Ingrid Christensen Coast, Is sim plicity
Itself. It consists of a 93-0il* line of contact between the continental
ice sad the Indian Ocean extending free the Meet Shelf Ice (Bornkberriar)
on Map 9 to the Vtestfold H ills (VeetfOld Paella) on Map 10.* So signifi-
cant glaciers, ice tongues or areas of shelf Ice are present. Likewise,
mountains, Ice-free coastlines, ourglaaial nominee and soils are com-
pletely lacking.

Maps and alrphotos. Tw>-thirds of Maps 9 end 12 and one-third of
Maps 10 and 13 are devoted to the Prydz continental lee coastal area. The
"featureless" coast Is partially cowered by American airphoto* and acre
fully covered by the Airphoto reconnaissance of the Sorveglaaa, although

the exact print rasters of the latter are unknown (Map 6).

TABLE 1.FITID COSnBSKCAI ICE COAST* AIRPHOTO (COVERAGE

Pript Angle, Roll Missi Agent Alt/LT_F/L, Scale Date
WBYi m*Si-zrm n X®1r* mas nsnr?
I-35A 1AV8R 66 M6 AAW knar TKWraSe 9800 6'"19600 1 Mar £
703-7T? Obi D Horv Wlder*e 6550 S*" ——- 26 Jaa 37
geographic dellnsetlon and place naaes. Insofar as can be determined
free* the 1977 photography, there are no errors of moment in the delineation

of the continental lea coast under consideration. A place designation Is

required for this feature, however, If only so this feature can be referred

AMileagaa are based upon Maps 9 through 15 and the U.S.N. Task Force
63 aerial photography of 1977.
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to In this work. The term "Prydz continental ice coastal area” for
this area bounding on the Prydr. Bay Is suggested since thin Is the only
sizable section of the continental glacier which forms direct contact
with the sea along the Ingrid Christensen Coast.

°‘The continental ice. Hare, the continental ice (Figa. 1, 2, 8)
possesses a character similar to that in many sections of the Antarctic
(Wsy 2) where the ice novan over the surface of the continent and into
the ocean without farming channel glaciers, ice tongues or shelf ice.
The edge of the ice is afloat, forming precipitous ice cliffs which rise
to such helgits above aea level that generally it isnant feasible to
attempt landings by means other than helicopter or other suitable air-
craft. Above the ice cliffs, the surface of Continental ice rises
steeply toward the interior at an initial rate of perhaps five fhet in
a hundred (fig. 8), then levels off until the increase is so alifdrt that
It is hardly noticeable. This gradual rate of Increase may continue un til
the polar plateau or high interior mountains are reached. It Is Important
to note that the rise often occurs without a single risible change in type
of Ice topography. H ills, valleys, escarpments end the IDos are conspicu-
ous by their absence. She radio altimeter of the U.S. Ttavy photo recon-
naissance airplane found toe continental ice here to have risen in Just
such a manner to ea elevation of 7,700 feet at 70°k9°3 ., 77°5~'K., 105
ailee Inland firm the Ingrid Christensen Coast. Shie represents an
average rise of 1.38 feet, per hundred and even less slop® than one foot
per hoadred after toe initial rapid rise. Such condition® create a
dangerous situation for inland flight®, since toe lee surface may rise
to meet any aircraft flying at leas than 10,000 feet without toe aircrew

realising tola fact, unless the plane is fitted with a radio altim eter
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or similar lastruaent which records altitude above ice terrain.

The floating edge of the continental Ice is so narrow, Its descent
so steep and Its crevasses so numerous that only relatively small por-
tions of it, such as those illustrated la Pigs. 2 and 3» can separate
an masse as Icebergs from say one place at any one time. Complete
removal of the Ice would not m aterially change the position of this
coastline, although Its configuration would probably be radically altered
by such an event.

The surface of the continental lee here consists basically of hard,
light pastel-blue tinted glacier lee (JOsyo 87-95) which causes the nsdium-
gray photo tones in Tig. 1. ‘’taoarous shallow, Irregularly shaped depres-
sions are partially filled with whiter and lifter-toned, wind-blown firn
and snow. These depressions are notable for their uniform orientation
end for their longer sides, usually being perpendicular to the direction
of the surface drainage sad parallel to the general trend of the coast.

Although rock, rock dust, soil end other materials which might
increase the local absorption of the sun's heat end its reradiation to
the adjacent ice are not present, the photographs shew that during recent
Burners, temperatures have been sufficiently hlgi to permit moderate sur-
face smiting. If examined closely, Fig. 1 reveals thousands of tiny
channels on the Ice surface which fora part of a vast suaasr drainage

network. Moreover, many of the light-toned depressions are meltvater

?The flight log for Task Oroup 68.2, Mission 9# shows that at 2375
hours, 21 January 19U/, the aircrew of the flying boat concerned suddenly
found themselves at an altitude of only 1,900 fteet above the continental
ice, although their pressure altimeter indicated an altitude of 11,300
feet above see level. Since the elevation of the icecap at this point
(72685%8., 135°00,B.) was higher than the single engine performance
capability of the twin engine aircraft, failure of only one engine would
have resulted in a crash landing in the continental Interior.
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lakes covered by snow and fira. The dark tones In Fig. IB represent
surface drainage fraa one such lake to another. The dark tones In Fig.
1C are clouds and cloud shadows (Kays 263-267)-

Long, parallel crevossea o f the tension or downslope-tension types
appear In greet nuafcers. These are especially notable along the coastline
where they are subjected to less pressure and widen because of increased
tension in this area. In sosse cases, the crevasses axe closed, partially
filled with ftra and snow, or bridged.

Sastrugi (Keys 96-117) are present but not conspicuous, a charoc-
terlstlc of north-facing continental glacier coastal areas In late suaasr.0
The aastrugl, as well as the am 1l drifts created by ragged edges of
crevasse lips, indicate the prevailing wind direction to be generally
downslope and toward the sea.

Ice-free land occurs at only two places along this coast, and In both
Instances, the occurrence Is in the fbra of offshore sherries: Tvisteln
at 63¢®,9., 78°21»2. and Stafiukjera at 68°25'S., 75°16 1 K. (Map 10, Figs.

2 and 3)* Each of these consists of two snail, steep, bare rock Isles.
These isles ere about a quarter of a ailo lcaog at Tviatain and 300 and
600 feet long at fbfiskjera. Light-toned stains indicate that both groups
nay support small Melie penguin rookeries. Aside froa these factors,
however, there is an essential difference In the appearance of the two
pairs of Islands. Safiakjera appears to consist of m ssive, Jointed rock,

softly rounded by glaciation. Tvisteln appears darker, with sharper, more

AAlrphotos taken daring the midsuntser 1976-19"7 of areas which were
rephotographed la late eraser 1947-19” illustrate the disappearance of
sastrugi In certain coastal areas during the late mxnasr Booths (Keys
193-197). Similarly, the Norwegian airphotoe of this coast were mde
during stdsuenwr (2b January) 1937, Vhile the O.S. airphotos were Bade
during late orawar (1 ?Sarch) ten years later.
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rugged peaks, -which 007 indicate a different wanner of resistance to
glacial erosion caused. by a variance in the rock structure. Will*
nominal ranter10. Is not evident on the Ffacrfcograj&s, the author'a ex-
perience with similar dowries pexnita hla to preswaa the presence of

scattered erratic material cm these isles.

ran vvzmouD coastal area
General description. The Antarctic coastline is insular, perttlatrular

and almost entirely toe-free between 60°27°3 ., 78712*8. end 68°%6 *S.,

77°25%e.9 This indentation of the continental glacier’ extends for 32
wiles (26 air wiles) along the coast with a raoxiasa width of about 14
miles mar its center. The area is Halted by the Prydz continental ice
coastal area an the northeast and east, by the Sorsdal Glacier oa the
southeast and by the 98rsdal Glacier Tongue on the south.

The Thorahawn (Polar Record, 1935, P. 126) the first ship to
reach the VbstfoM Hills coastal area. It rwmined in the vicinity Tor
about a quarter of one dry, during pert of which ttcae its captain, KLarlns
Mikteelean, led a party aahoare for the purpooe of establishing a small
emergency depot, building a cairn, raising the TJareegisa flag and having
lunch. Ho scientists are known to have been among the seven erev wtoers
who rowed Captain Sikhelaen and his vifb ashore, but soma pictures wsrs
taken and a eoall collection of rocks was unde shout which nothing is
known to hove appeared in the literature.

The landing site is thou”tto ba illustrated in Fig. 21 at left

-fine® the aroa has aryfc beon affixed # the tarrootrial grid, these
locations, taken frcw ?%pe 9# 10 and 11, must be considered only tentative.
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center, but the officials) of the Tiersk P o laria stitutt could not id e n tify
It Aron the airphotoa furniebed them by the w riter. The rock here was
tboug*& to be sedimentary with strata af harder, darker rock two to three
m eters thick.

LynDwrraer aai nir Ifcfcert Wilkins (1939, MS diary, 11 Jan.), both
British sribjects, went ashore four years later in the same general area
to claim the land for the Coamawealth of Australia. Onthat asm day,
Iynfcmraer, aa pilot, end Lincoln SLLsucrtfc (1939*%, P. 1), leader and
financier of the expedition, flew into the continental interior where the
latter claimed soon 80,000 square alien of continental ice-capped land
for the Ottitad states. Al first-hand knowledge of the Vfecstfbld H ills
coastal area stems from the landings of MUckalsen and W ilkins, the Nor-
wegian airjfccto flights on 27 January 1937 (Christensen, 1939, P. 9)10
and the Aearicsn photo reconnaissance of 1 March 19%7. So other lendings
or flin ts over the area are recorded la the polar Journals.

Maps end Alrphotoa. «ap ID, prepared fram the Norwegian aerial
photography, is reliable for recoeo&lssaaee purposes and locating areas
ofice-free terrain, but It is entirely inadequate for the precise delinea-
tion ofterrain configuration. |t cannotbe used, for classifying laad-
tarm, eran into such breed categories os islands end peninsulas. The
validity of this statementis substantiated in the folowing test and
airphoto Illustrations, ihe cause for this inadequacy can be assigned
to one or more of these factors: (I) ecus ofthe Norwegian airphotos

may not have been of suitable qualty or scale, (2) the obligue angle

Hansen (19%f, p. H) states that these flights took place on 26
Jenaary 1937. Neither author Indicates which tine acme was used far
reckoning dates.
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of the photography asy haw prevented analysis of the arena la defilade
troa the oazwrs lens, (3) the presence of nee Ice may have wade the
analysis of lav-lying areas difficult, (U) the photogywnaetrtet who
plotted the detail upon the ecefipilation sheets did not have field experi-
ence la Antarctic terrainll or (5) the cap wee aetie strictly by photo-
grametrlc plotting techniques without the use of photo interpretation
methods for analysis of the plotted detail. 11

Sunmms lakes, ocean Inlets and areas of lea-free land are either
represented incorrectly or omitted. Areas of wjor error or mission are
indicated on Mop 13. Precise corrections cannot be made without replotting
the entire nap from the airphoto® and navigational data of the 1977 photo
reconnaissance aJsaloiw. The employnent of shotoayemnetriBta end technical
plotting equipeawrt to replot these airphotoa would cost several thousand
dollars, altboogi this expenditure would be but a fraction of the cost of
a comparable ground survey. But even replotting mod recompilation would
not permit the results to conformto the terrestrial grid unless ground
control points were first dbtalned. Therefore, because of the existence
of Hansen’s atlas, which is of sufficient accuracy for most xwoceraaissaace
purposes, it is oat feasible to plot new aerial photography until geographic
positions (longitude, latitude and elevation) feu* a few selected control
points have been established. Until that tins it will be acre practical
to moke corrections on Hansen’s naps. Accordingly, Map 13, an overprint
of tfap 10, has been prepared to illustrate the anjor changes in coastal
delineation and the recoBBendstlons ftar nav place nance arising from

these chengoe.

1J'Per8anal cosaaunicatice from H. U. Sverdrup, Director of the Saralt
Blarinstitutt, Jan. 1952.
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13m facts cited above ante It sMndatory that Maps 10 and 13 be

used only as guides. It oust be emphasized, however, that they are
most useful guides, /o » they present information relative to the charac-
ter of the area Which is not available elsewhere In 30 usable a fora.
In addition, they can serve as temporary base naps upon which to plot
further discoveries, 'top 13 has been used far this purpose. Map 13
also serves os a location index for the aerial xfeotogrsphs Which are
used to Illustrate this chapter.

There ore no individual car paired airphoto© which cover a sufficient
mount of the Yestfold Kills coastal area to be useful for general
reference or Index purposes. Moreover, -the aerial photography Is nostly
of the Oblique type Which does not lend Itself easily to rectification
nod subsequent mosaicking, nearly all of the area concerned, however,
is represented In photographic fora in one or nore of the illustrations
presented in this chapter and indexed on ’tap 13. Ibis index should be
consulted whenever the reader desires to vlev a particular porttan of
the area.

The Vhstfbld Kills are covered by a total of about 210 airphoto* as

follows:
TABLE 2. VSOTPOLD TULLS? AIRPHOTO COVSRAOE
Print ?foe Boll Mission Agent Alt/? Scale Tate
$2-S£/i f f i 67 >426 AAV Aaer 0SICT68 10000 7  255G5 1 !lar *
1-5 on 13 M36 MW Aaer USJWT683 9000 12" 1 Mar k7
30-71 CL 18 826 MW Aaer UBEJTP&3 5900 12" ..... 1 Mar U7
72-82 wH 18 2426 MIT Aaer O0BSSF68 5900 127 1 Mar *7
83-113 OL 18 r«s6 AAW Aaer USIHTTS 5900 12" ..... 1 Mar U7
680-703 Obi . w=JD ftorv Viderjo 6550 &bn 27 Jan 37

Oeographi0 delineation and place names®. The principal geograrfcic

features of this area tfcich require improved delineation ore 13V islands.
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peninsulas, and "alleged" mainland areas os veil as the tarns, lakes,
fiords, ocean inlets, and beys. The larger ones of these features and the
more strategically situated smaller ones also require place names or
other means of identification. Mere aafcers on the map compiler's sheet*
way suffice for the smaller end less Inportant features. Unless -vertical
stereo airphoto cover is available for any given point la this region, it
la sometimes quite difficult to assess whether one is viewing a tarn,
fiord or boy on cans hand or an island, peninsula or a part of the mainland
on the other. Other than isolated islands and open bays, there appear to
be but very few exceptions to this. The difficulty ie caused by the pres-
ence of sea ice in various stages of growth and decomposition in an area
of very unusual topography and rugged relief.

Comprehensive analysis of the 18&7 aerial photography, taken at a
time when there vo» relatively little sea lee In the Vestfold region, has
revealed that mawrous areas, mapped as peninsula® from the 1937 photog-
raphy, actually are island*. The reverse Is also true. OnMap 10, some
peninsula® -sere delineated as islands car a* undivided larger peninsulas.
Boys are shown as fiords and fiords appear as 1ake*.13

Three distinct problems arise from these discoveries by use of the

pfeotogeographical method. The first is concerned with the prdbleas of

AUfctil the continental ice retreats o until mechanical, electronic
or other sounding methods are carried out in this area, it will not be
know fa r certain whether the land areas now projecting from the continental
glacier are islands or peninsular portion* of the continental mainland.

example, contrast Vbhp 10 with Fig. 20. The island pictured here
was am at those placed on the map as a peninsula. The error way have been
caused by sea lee bearing snow drifts between the island end -the peninsula
at top left. Conversely, the peninsula at right on Fig. 11 is shown as an
Island on Vhp 10, while the channel shown on Fig. 11 does not exist on the
map. The emission o this channel cussed a fiord to be mapped a* a lake.
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cartographic representation. The second involves the renaaing of these
features, many of which have already received descriptive mass vith
generic sroffixea In Sorwegian. The third probles deals vith the reclassi-
fication of the landforta* and the detenainatlon of their origins. This
lent prdblesa w ill be treated separately.

Proceeding frcsa northeast to southwest on Hop 10, the following

m jor changes In landfom delineation and cartographic representation are
la order. A washer of these changes appear an Hop 13:

1. Laagnestrynert (Long Snout Peninsula), the northeast portion of
Laagaeset (Long Peninsula), which lies between TrynevUta (Snout
Bay) sad Trynefjorden (Snout Plard), should be represented as an
Island, with Trynesundst (Snout Sound) separating it frcsa the
area Indicated as Mainland on the east and a newly discovered
channel (Pig. 21) separating it /r«« Langneoet on the vest.

2. loagmefJordan (Long Peninsula Fiord) should be extended to
Include Breidvotmt (Brood Late) which is an integral part of
this body of water. The sea-lee-covered channel connecting
these bodies of water is illustrated in Pigs, » and 5 and is
given in three-dirssnsional detail In Pig. 23.

3. The Breldvetoet sector of Laagnesfjorten oust be extended to rne
south. The exact Halts of this extension are not deterainable
frcas the existing photography, bat a portion of the area of ex-
tension is Indicated la Pig. 5, la which the known parts of the
LRBgnecfJordon system have been stippled for illustrative purposes.

b. The Breldvntnet sector of Lnagnesfjordsn any also extend northward
under the drift snow between the rock outcrops la this vicinity

(Pig. 21).
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Large area? of lee-covered water are visible la Figs. », 8 and
21, south of Trynevtka, east of fryuefjorden and north of the
Brei&vatnet sector of Laagnesfjorden. Until these bodies of
water are subsequently eotsbllahed as connected or separate,
Langneset asast rsn&In suspect as an Insular area.

A haaaarhead-shaped peninsula, nearly three oUm la length,
located on the south shore of LaagaesfJorden oust be renapped

as an Island (fig. SO).

Langevatnet (Long Lake) Is connected directlyto the ocean bya
channel at Mulvik(figs. 11, IS, 13). Hence, this major body of
aster constitutes a fiord rather than a lake. Hate should be
node of the eastward continuation of the fiord valley with Its
bottm now above sea level end partly filled with a chain of
lakes (fig. 12).

The discovery of the fiord at Laagsvertnet divides Breidneeet
(Broad Peninsula) into two relatively narrow peninsulas or into
a single peninsula with two long prongs.

Krokfjorden (Crooked Fiord)(Figs. 28, 29, 33)oast be extended
eastward between the Vestfold Hlla and Sorsdal Glacier to a
point south of Xbakvatnet (Crooked Lake) (Figs. 10, 29, 30, 31).
Ho present water connection between KrokfJordan and Kn& vatast

la visible on the serial photographs, but this possibility cannot
be ruled out until a field survey has been made or «cre suitable
airphotoa beccas available.

Rrokvatnet is larger than Indicated ¢n Map 10. It possesses

several sizable Islands as well (Figs. 30, 31).
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Krofcfjorden is really not a fiord at all, its southern shoreline
being a taaporary ice wall. n the Soredol Glacier Tongue
recedes, as it eventually must, the sain portion of KrokfJordan
w ill disappear and leave the Vestfold Hills projecting & doxen
miles out to sea (Higs.20, 29). Mwreover, if better aerial
photography, a ground survey or a glacial recession should show
that the Rfokfjosden and the Breldvatnet sector of Langnesfjorden
are connected by a water channel, then the main portion of the
Vhfftfold Hills area is Insular.

Uwneraus islands, rocks, abandoned lahes and channel* evident

on the 1977 airphoto© have not bean recorded on Vhp 10.

In view of these changes in the configuration of the Vestfold Hills

coastline, and in view of the Norwegian descriptive names and generics now

In use, it is suggested, that the following mess which hove been placed an

Map 13 be established fear some of the wore significant portions of the

1
Vestfold ec«plex,

1.
2.
3.

A

Tryne Island fbr Langawrfcrynet.

Tryne Inlet far Tryoefjorden.

Tryne Channel for the channel dividing Tryne Island from
langneeet.

Tryne Strait for Tryneeundet.

Leases Channel fear LsngrassfJordan and Breldvatnet.
Ellis Fjord for Laasgevataet.

Krok Inlet for Rrokfjorden.

AThaa© rwaes have been sx&xalttad by the writer to the U.S. Board on
Geographies! rfeuaas. 7/ naoss were examined during February 1952 by the
Board*3 Antarctic Caaaittee, a* which tiae they wre tentatively approved.
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Hinterland. At the Vestfold Hills, the continental ice hinterland
Is exactly as described fbr the Prydz continental Ice coastal area, except
tov the line of contact of the continental glacier ice with the ice-free
terrain. Here, It presents cliffted faces to bays, fiords and Marginal
lakes (Figs. U, 8, 1U, 21, 23); terminates in a marginal moraine and
meltwater complex (Figs. 5, 6, 7, 21, 23)j or slopes or drifts to the
ice-free rock (Figs. 7, 10).

Area and configuration. The first coastal rock outcrop opposite
sflrsteholaen (Map 13) narks the separation of the ice-free Vestfold Hills
coastal area from the continental Ice-covered coast to the northeast.

For three miles south of this initial outcrop, however, the continental
ice fronts on Tyrnevika. Except for the presence of offshore rooks and
islands, this portion of the continental glacier is in most respects simi-
lar to the continental ice coast to the northeast (Fig. 8). For the next
30 miles south, the coastline is both ice-free and deeply indented for a
maximum depth of It miles (Map 13). In the rou”j triangle thus formed,
the amount of exposed land, including lakes, is about 200 square miles.

The U.S. Hydrographic Office (19**3, p. 236), the U. S. Board on
Geographical !taaaes (1917, p. 275) «nd the British Admiralty (198> p. 306)
all record the elevation of the Vestfold hilltops as lying between 600 and
1,000 fset, but an analysis of the aerial photographs indicates the eleva-
tions to be more in agreement with those of Hansen's atlas (197, Map 11).
The 1977 airphotoa show that the hilly terrain apparently does not exceed
h25 feet In elevation. The higher hills are located in the central portion
of the ice-free area and extend from this point southeastward toward the

Junction of the continental ice with the base of Rorsdal Glacier Tongue

(Figs. 10, 17, 18). While the land on all aides of this hilly core is
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lover, it iff still quite rugged (Figs. 12, 21). In fact, the land is
nearly all in steep slope, except for former lake and channel beds where
mermine has been deposited (Fig. 22) and snail areas of bed rock near the
seaward edges of the Vestfold Hills (Figs. 13, 29). The fact that low-
lying areas exist between the higher hills and the continental ice hinter-
land is significant, fbr it Indicates that when the ice recedes further,
the Veetfbld H ills say all become "Vestfold Islands."”

The h ills, when viewsd fro* seaward (i.e., fro* the wsst), may appear
as individual, cone-shaped peaks (Fig. 12, top left). When viewed fro*
the north or south, however, their aligned arrangement at once becomes
apparent.

Surface composition. The surface consists of the local bed rock,
Intrusives, aoralaal m aterial, mantle rock and lee. An indicated previously
by the apparent difference in resistance to glacial erosion (Figs. 2 and
3), there probably is mora then one kind of rock in the region adjacent to
the northeast. Although similar erosioaal differences nay exist in the
Vestfold region, except fbr the dike ridges paralleling Lsngnes Channel
(Fig. 17), the picture hare is essentially one of relatively equal resist-
ance to glacial action. The basic rock components of the Vestfold H ills
are difficult to determine from aerial photographs but appear definitely
to be Hwtaaorphic in origin. Igneous rock is also present in the fora of
several series of dikes.

Aside from the Ubiquitous dikes, the very presence of which lo indica-
tive of, althou”t not proof of, mtanorphisa, evidence of nwtaraorphic
character occurs In tbe bed rock at the entrance to E llis Fjord (Fig. 11)
where three series of parallel lines are evident in the rock structure.

Tbe three series are also clearly visible in Fig. 13 where one of them.
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the series of black stripes running horisontally across the illustration.
Is quite obviously a series of dikes. Of the other two series of parallel
lines, one is oriented from the upper left to the lover right of the pic-
ture. Its precise character has not been determined, although glacial
grooving boobs to be a possibility. The third series trends from top to
bottom of the figure and appears to consist of 11z»b of mrtaaorphic
foliation.

While to the casual observer the bed rock everywhere in the Vbstfbld
K ills seems to reflect the same gray tones is the panchromatic emulsion,
the more experienced eye tee little difficulty in locating the subtle
variations in tone idiich reveal changes in rock composition, steep elopes
which have a minimum of glacial overburden are generally the places where
these lines of contact between different qualities of rock are best revealed.
Is Tig. 17 such lines of contact are visible, extending horizontally across
the illustration in the middleground near where dikes seem to intersect on
the hillsides at approxismtcly right angles.

The intrusive®, so conspicuous by their tiblqulty, all appear to be
similar in nature, largely because of their similar photo terns, yet rela-
tive differences in their resistance to erosion as compared to the resistance
for the adjacent bed rock can be noted.*5S in moot of the illustrations, the
dikes seem to have about the same or a little greater resistance to erosion
than the bed rock into which they have intruded. In some instances, how-
ever, the iatrusivea stand above the country rock to a marked degree (Pigs.

17, 18), divide linear depressions into individual lake basins (PlgB. 12, 16)

*5it is possible, of course, that the differences in resistance to erosion
nay occur in tbe adjacent bed rock rather than in the introslves; the indi-
vidual dikes seem to show the same relative resistance throughout their
lengths.
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or serve as spines fbr peninsular; (Figs. 11, 13), all of which indicate

a greater ability to withstand the agents of erosion. 'Hie prominence of
the dike-ridges in Fig. IT, vhich may run parallel to the former course of
the glacier aerrgaant, nay indicate that although the dikes not parallel

to the direction of Ice Movement are wore resistant then the surrounding
rock to ozdlnary erosion, they have been plataad level with the local bed
rock by glacial action.

Occasional straight, narrow depressions la an area of rugged relief
suggest the presence of sorae lees resistant intrusive0 (Fig. 19). In
these cases, the dark tones are absent, either because of a difference in
the reflective quality of another variety of intrusive material or because
the depressions ere filled with moraine. It is significant that the floors
of the linear depressions in Tig. 19, vhich run parallel to the black line
separating the halves of the stereogram, vary in elevation frocs the adjacent
topography. Although this could indicate the presence of a widened Joint
system, it does not appear to do BO, since smaller dikes any be seen extend-
ing across these depressions.

Regardless of their relative resistance, the dikes are traceable for
laBtty m iles, but frequently they disappear under deposits of ground moraine
or bodies of water. 7The width of some of the dikes has been mentioned by
Mlkkaleea's party (Polar Record, 1935, fito. 10, p. 126) as being two to
three asters (six and a half to ten feet). Wilkins (1939, MS diary, 11
January) describes the spot at vhich he placed the Australian flag and
claim aa being located on a black dike, which was four laches wide at see
level, increasing to a width of four fleet at toe hill top. Fig. 15 illus-
trates the tremendous difference la width of the various dikes. Bikes so

narrow that they can hardly be noted in the alrphotos occur alongside a
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large one, idiich is conservatively estimated as being 120 feet wide.

Several systems of parallel dikes appear to be exposed in tbe area.
The system containing the largest ninter of dikes Is oriented in a north,
northeast-south, southwest direction (Figs. 11, 13, 16, 18, 20). A lesser
number of long dikes fortas a second system vhich trends in a northwest*
southeast direction, diagonally Intersecting the first system at an angle
of approximately 65 degrees (Fig. 10). 8 tlll a third system of dikes
trends east-west. Tfceee dikes acre fewer in m ater, but rather distinctive
in size and resistance to erosion (Tig. IT), ft condition which aay have
resulted from these dikes being aligned in the direction of glacier move-
ment. In addition to these three systems, all of which eon be seen In Fig.
17, other dikes occur, oriented in almost every conceivable direction
(Pig. 10).

While most of the dikes cause the seme photo tones on panchromatic
film , their variations in resistance, orientation, thickness and manner of
intersection seem to indicate that they were not generated simultaneously.
The absence of numerous lateral displacements indicates that there has been
no significant post-intruaire faulting. Poet-introsire faulting has
occurred to a limited extent, however, as illustrated la Fig. 15. Fhoto-
geologists experienced in the airphoto analysis of intensive rocks would,
no doubt, be able to add considerably to the geological knowledge of the
area from these airphotoe.

The ecrapoeition of ground moraine is described in the section on sur-
face features. Except for some of the finer material, the moraine here
probably consists largely of igneous and the more resistant of the meta-

morphle rocks, since most of the sedimentary rocks, if any, and the brittle
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or laoa resistant aetamorphic rocks would have been broken up or ground

to bits daring glacial transport.1*

A mantle rock approaching the character of soil probably exists In
a fbw favored localities of the area. Small depressions, abandoned tarns
and minute, sheltered areas among the Moraines and lake bads contain
patches of tiny roek fra“penta, rock flour, remains of algae, guano or
combinations of these. Thick deposits of penguin guano occupy certain
of the mors accessible portions of the outer islands and -the seaward tlpo
of the peninsulas. While these saterials cannot be considered as soils by
established standards, they provide a base for the growth of the present
flora and minute fauna l1Aleh must Include algae and nesses as well as
bacteria, mites and other fbme of microscopic invertebrates. Under such
conditions, it la quite possible that very sparse, scattered stands of
grasses nay exist, as claimed by Wilkins (1951; personal coamunic ations to
the writer, 6 end 16 July). Soil forming processes are now operating.
Lichens, which do not require soil or mantle roek, are not visible in the
alrphotos but grow on almost every known exposure of bad rock in Antarctica
and, therefore,are presuned to be present here.

Only a tmr surfaces here are composed of ice. These are predominantly
lakes end fiords which are froaen over for the greater part of the year.
BnowlJbrift Ice (Tigs. 5, 7, 10, 16, 23), similar to the type found on slopes
protected from the mm, wind or both in the Banger Lakes area, occurs near
the continental lee hinterland but is generally absent elsewhere. Seasonal

snowdrifts, which my form In the absence of the sun during the long winter

The writer npeftt several daye in a similar nomine-covered coastal
area at 101°31°B. during which time only two erratics of sedimentary
character were noticed. See Keys 3UI-3&3.



283

night, evidently disappear early in the stoner as a result of the
relatively intense heat radiated by the exposed rock. A nusfber of small
drifts are to be seen near the Sorsdal Glacier Tongue, however (Figs.
28, 29).

Surface features. Many kinds of landfoarms Vhich are typical of
the belts of axamnolatloa of the Pleistocene glacier* in the northern
hemisphere are absent In this region or occur only Infrequently, fto
terminal, lateral, interlobate or medial moraines, outvoeh plains, karaes,
droaline or esfcere appear is the photographs of this area.rZ The surface
shove very little evidence of glacial polishing, especially for an area
so recently released #fam the ice, but then, the type of bod rock present
may not lend itself to polishing.

Several distinctly glacial features, however, can be observed. The
shapes of the hills sbov kacbllke rounding (Tig. 19, among others). Ground
moraine (Keys 207-218) is peculiarly light in acme areas (Tig. 9) ®«d
particularly heavy in others (Fig. 22). Large boulders, prcfoebly glacial
erratics, are omnipresent, but the ground moraine occurs predominantly as
a fill in the depressloan and channels. Tbe airphoto image different iation
between the bed rock and the ground moraine, which approximate the seme
photo tons, is aided by a difference in texture and by the superSbualnnce
of dark-toned intrusivea Vhich 1nvariabiy give the exposed bed rook a con-

trasting blaok-strlped pattern.

Afline* ice-free land is thought to occupy far lass than one per cent
of the continent of Antarctica, landfanaa of any kind are rare. Tbe char-

acter of ouch of the ice-free land that does exist, i.e., mountain peaks,
dry valleys, cliffs, peninsulas and sim ilar farms (Kays 169-2Ml), does not
lend Itself to st&portlng the types of laadfarow typical of the belts of
accumulation of the Pleistocene glaciers of tbe northern hemisphere. Such
landfbrns w ill no doubt appear after glacial recession begins to takeover
large portions of Antarctica.



Both the bed roek and the ground moraine here reflect the same
general photo Image tone on panchromatic film, but the ground moraine
appears to have a smoother photo image texture (Key 212). Tbe moraine
la sometime pitted with large, shallow, kettlellka depressions (Fig. 22).
Tbe upper lasers of the growrt material have been partly reworked by oalt-
vnter derived from the glacier, from trapped Ice, from precipitation and
firm wind-blown snow and firn. The reworking by aeltweter may account in
pert fbr the "flowing," "emooth” appearance of the aorainal terrain as
viewed on airphoto®. 1In actuality, this variety of photo bangs represents
terrain that is far from smooth. It is composed of a wide variety of slees
shapes and colors of rock material and appears from the airphoto# to be
quite similar to the type terrain found at the helicopter landing field
in the Bunger lakes Region (Key 3U3).

Circular and oval-shaped depressions appear in the bed rock In one
area (Fig. 9) i* vhich a cover of moraine or mantle rock is conspicuous by
Its absence. These holes are apparently far too large to be glacier m ills
and do not have the shapes generally associated with these features, al-
though the exact procedure by which glacier m ills era excavated la not
fully understood (Streiff-Becker, 1951a, p. 138; 1951b, p. 532; Hollings-
worth, 1951* P. »90). Sams of these bowl-shaped depressions contain lakes
and others clearly show the presence of fbrasr shorelines. The precise
origin of these depressions la not apparent to the writer.

Drainage. Perhaps no other single fbctor illustrates the recency of
the emergence of the area from the continental ice better than the drainage
Pleistocene depooitlonal lendfbxrae la Korth America and Burope are still
obstrorting '"normal" drainage after 25,000 year® of freedom from the

continental lee. Tbe drainage system here, however, more resembles certain
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portions of Canada in vhich glacial erosion Is considerably greater than
glacial deposition. Drainage is locally obstructed chiefly by eroeional
features and is largely internal. Th* length of a typical surface run-
o ff strews Is very short, Merely extending downslope to the nearest basin
vhich generally does not have an outlet. Scans slopes drain directly into
the ocean or into channels or fiords leading to the ocean, hut this Is
not yet the rule.

Streams are few, short, seasonal end generally in extrema youth.
¥ 11* they are variable In width, they ere usually quite shallow, with
asay projecting erratic boulders. Such stresses do not constitute a bar
to field parties in ordinary field clothing. 1In all probability, a signifi-
cant percentage of the volune of these otreassa moves through the glacial
gravels in the atrena bed, ceasing the straws to appear ea (dark-toned)
net streaks superimposed upon the photo image texture novsml to the area
(fig. 12, bottom le ft).

The lakes end tarns are of two origins. Marginal lakes, vhich receive
the neltwater of the continental ice, are located along the line of con-
tact of the continental ice and tbe ice-free land (figs. h, 5, 21), Since
a portion of the shoreline of these lakes is frequently faomed by a fee*
of the receding glacier, the shape,level cad voluw of these lakes ore
quite tenparsary in nature. In the Vestfbld area, asay of then are con-
nected with ocean inlets and thus do not exist as independent lakes. There
are several important differences between the waters of the fiords and the
lakes. Theec differences include the stability of the water level, the
preeence or absence of diluted (ocean) salt In the water, the presence or
absence of narin* plant and snlnal life and the preeence or absence of

such elements as tides and marine temperatures aa factors in the solution
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and erosion of glacial lee, which frequently dame one aide of these
bodies of water.

Away frcaa the glacier front, lakes are less aoaarous and usually
result from the collection of drainage water front precipitation and the
m elting of wind-blown snow end firo that had found lodgment in the h ills.18
In the east majority of instances there Is abundant material available for
use In aggrading lake basins. Basins fully aggraded or aggraded to a point
Where overflow w ill occur under the existing water economy, however, are
infrequent. This situation is brou”rt about by the lack of accumulation
of precipitation and meltm tor In sa area where evaporation may balance
or exceed precipitation. The lack of lake outlets causes a brackish water
to develop which altera #tm character of the microscopic lift in the lakes
and the ccaposition of the bottom deposits.

O ccasionally, these lakes and tarns do have overflow outlets or «&>-
surfbee outlets which drain through the moraine, rather than on its surface.
The location of such lakes is iaroorteat in terms of their potential use as
a fresh water supply for field parties in an area where moot water bodies
are brackish end anow is not readily available.

Both the surfhee area and depth of the lakes and tarns vary consider-
ably, depending upon the character of the baaln, the size of the accumula-

tion area and the presence or absence of distributary channels. While many

17ThaaS$i no accurate meteorological or clism tic data are available for
this local area, It Deems reasonable to assume that no greater anouafe of
precipitation occurs here than at other similar locations in title portion
of the Antarctic. This would mean a zaaxbaat aromas of 10 laches per annua.
During the course of the year, blizzards which may not be accanpenled by
precipitation (JSsyu 256-258) my move greater quantities of caow and fim into
or out of an area than is accumulated as a result of the normal annual
precipitotian.
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basins are controlled by the configuration of the bed rock, considerable
amounts of unconsolidated glacial debris nay hide the rock structure, pro-
ride moans fbr m & surfsee drainage or create temporary local base levels.

Most of the lakes sad tarns in the Vbetfbld H ills are not represented
00 Map 10. In sane instances, this emission has occurred because the scale
of the nap Is not sufficiently large to permit their Inclusion. In other
cases, the atticston can be credited to poor quality airphoto® or a lack
of adequate photo analysis. While the lakes end tarns occur more frequently
in the hilly areas near the center of the Ice-free land, they are also
found in the linear depression systems (Figs. 10, IS), in bowl-shaped
depressions In the bed rock (Fig. 9)> in over-deepened portions of fiord
valleys (Fig. 12, background), and as remnant lakes at the bottom of former
lakes or ocean channels (Fig. 22).

Changes in water level are evident in a anftwr of the lakes and tarns.
The lake in Fig. 22, as previously Injplied, is a remnant of a much larger
salt water body vhich originally may have been an Integral part of the
fiord and ocean channel system. It occupies an', over-deepened portion
of the channel In which It lias sad Is approximately at sea level. The
ground moraine which covers the rett of the channel floor is definitely
above sea level. (Leagues Channel at the top left Is an ocean inlet; the
water at bottcai left and bottcw right are portions of the ocean.) The
level of the lake has apparently receded throuf$ evaporation. Its present
level nay be controlled either by aecianulatiem ftrxa drainage and loss by
evaporation or perhaps by subsurface drainage between It and the nearby
fiord through permeable glacial moraine. If this lake is a surface ex-
pression of the water table controlled by the fiord or if it is dm to
mtoe recent brooking up of larger water bodies connected with the sea, its

salt content nay wholly or partly result frm Its present or fonasr
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relationship with the ocean. Many of the brackish lakes and tarns In tbe
area, however, are well above eca level and could not have been svfoject
to such Influences. Sheir salt content a«st be derived from the evapora-
tion of lakewKter vhich contained salts in solution frcm contact with
the nomine, mantle rock and bed rock.

A serloa of former shorelines in clearly visible in Pig. 9# indicating
that the lakes vhich occupy or coca oeci$>led these bowl-shaped depresslow
la bed rock have undergone a gradual lamrixtg of surface level. The com-
plete absence of iakac in the bottom of some of these depressions end the
reduction of the lakes 3a others to tiny rwanante of their fbrmer selves
are attributed to the excess of evaporation over supply. Ham,there can
be little doubt, for the former shorelines clearly show that the £m»*oub
extent of the water and the basins am of solid bed rock, which affectively
prevent the escape of the meenesilated water in any other fbro then as water
vapor. Bote the general absence of ground moraine hem la contrast with
tbe trwaendcrus amounts appearing la Fig. 22 (Keys 212-21k, 3klr 373).

Shorelines. This srfcject hen been treated previously In connection
with cartographic representation and place names. It Is mentioned here
in terms of configuration, relative ebea&a In water level and marine
influences.

Although further corrections nay be required. Map 13 demonstrates
the general configuration of the coast more adequately than could any
word picture. The shoreline lo everywhere irregular and la several
places is severely indented by fiords. Islands and peninsulas are the
rule rather than the exception. Host of the shoreline is steep or even
precipitous. In the ram instances In which beaches do occur, they are

generally pocket beaches connecting with former ocean channels (7ig. 2k).
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% re, enitc 8*2 similar fberootions are absent, partly because of the
steep gradients offshore, partly because of a lack of suitable building
m aterials and in largp Measure because of the actios of the pack Ice in
eliminating or reducing waves and avail.

The character of the present shoreline has been considerably affected
by glacial erosion end deposition and very IUeely by subsidence sad anar-
gsace as veil. The original laudfome wore eroded by the glacier and the
area was depressed, by its vei#xt. When the portion of the continental
glacier in this general vicinity decreased in thickness and finally receded
frcn this specific area, landfonoa of glacial erosion and deposition vere
formed in the coastal acme and the land oust have been left out of isostatlc
adjustment and perhaps out of elastic adjustment fr a the release of the
grant weight of the Ice. Daring this period, «ost of the valleys and dry
channels in the illustrations nay have bean below sea level, thus forming
ocean inlets and causing the Vestfold Sills area to be divided into small
Islands and insular group* similar to those vhich war lie o ff the tip of
the soutiharnaost peninsula near Sorsdal Glacier Tongue (Fig. 26). fltraad-
linee, wave cut cliffs (Pigs. 11, 2?) end previous channel deposits (Fig.
22) demonstrate the coarse of the emergence of the coast as the glacier
continued to recede end the earth's crust began to reopood to the glacial
unloading.

Wngerl (1951, p. 616) concludes that in the Arctic such strandlinoa
". . . . the result of episodic but regular stillstands of the sea between
relatively rapid positive plastic reodjustnents in delayed response to
ice unloading." Frew the mwaarleo of changes in sen level by Daly (1925)
and Flint (1977, Ch. 19), it is Inferred that major changes in the level

of the oceans vhich resulted frcn the disappearance of the Pleistocene
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glaciers Is tbe northern hemisphere oust have occurred hefore tbs Ice
receded frcn the VCatfold H ills, If st»h is the esse, tbe stmndlinea
do present evidence that this area has risen recently because of glacial
unloading nether than e change la the level of tbe ocean.*9 jf the emer-
gence of the Vastfold H ills took place while tbe sea level van still
rising frcn the eater released by the Pleistocene glaciers, the evidence
Is even aore convincing, since tbe local lend would have to be rising
oore rapidly than the sea to produce etrandllnes end similar raised shore
ftna.

Ibis upward ieoctatie and/or elastic readjustment, returning this
portion of the earth’s cruet to a position acre nearly equivalent to its
relative position preceding glaciation, has already restated in the com-
bination of sons of the former Insular elements of the Vestfold H ills
Into larger units, sens of vhich nay be attacbed to the continental Main-
land as peninsulas."® If upward adjustment continues, the entrances to
Tryne Inlet, Laagaes Channel and the newly discovered E llis Fjord, which
was portrayed as Langevatnet on nap 10, w ill be sealed, thus forming nev
large lakes which my shrink frc*a an excess of evaporation over supply
un til they, too, are brou”tt into adjustment with the local water economy
and perhaps neeembla the area in Fig. 22.

As the glacier recedes, it nay continue to reveal sore and more water

*% hie evidence cermet be said to be absolute proof, clnce it Is
possible that an isostatic movement of a separate origin may have caused
the uplift.

auet be noted that either this isoetatic readjustment occurs with
greater celerity than lulled by Daly (1925, 193*0 aa3 Flint (19%*7) or
that the recession of the glacier from the Vestfold Hills is o f relatively
long standing.
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bodies which constitute Marginal extensions of Tryne Inlet, Laagnoe
Channel and Krolc Inlet. If this derveloiraecufc should continue until the
Interior portions of Leagues Channel beeone connected with Tryne Inlet,
ICrok Inlet or both, a substantial portion or all of the Vestfold Hills
w ill have to be redrawn oo the nap as the "Vestfold Islands." However,
If isoststlo or elastic readjustments la tills local area take place more
rapidly than glacial recesslon (perhaps caused by greater surface ablation
than terminal wastage), the Vestfold H ills w ill become sufficiently elevated
to raise all valleys above son level. The islands aid peninsulas w ill then
disappear la ftxvor of a rugged terrain vhich would be e pert of the main-
land of the Antarctic continent.

ferine influences on the shoreline are leas than might be expected.
Although wave-cut and stora-cut areas do occur, the preeence of fast toe
over the sea for most of the year and the constant presence of pack ice
offshore prevents irach of the erosion by swell end wave that would other-
wise occur. Tidal action is not barred by the preeence of floating ice,
but the tidal range In the Vfeetfold H ills coastal areas is not very great.
Tl prominent sea ice tidal cracks car other evidence of high tide occurs
in the airphotos. This is consistent with what is known about Antarctic
tides. But then tide, of itself, has little effect upon the steep shore-
line. Perhaps the greatest marine factor affecting the shoreline is the
presence of sea ice vhich expands against it with great pressure in the
winter and buape against it in the msaoer.

O ffshore. The U. S. Hydrographic O ffice (1973, p. £36) reports a
west setting current to have boon observed in this sector, ifoil* Informa-
tion frcsa one aerial photo sortie cannot be considered as proof, the air-

photos for 1 March 19117 clearly show that surface winds over the sea and
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surface currents wore nerving to the south and southwest or generally
parallel to the coastline. Fig. 26 shows the surface current bending
brash around islands. Figs. 10, 21, 2U and 25 reveal that the winds
have sim ilarly pushed all the lake and fiord ice out of bays exposed to
tbs south and into those feeing north.

Aside fran the islands within its fiords (Figs. 54 8, 20, 21), the
seaward aide of the Vestfold Hills coastal area is ringed by half a
doaen islands up to two miles in length and by several hundred snail
islands, 3noll rocks abound on all sides from Trymvika to Krak Inlet,
but the water does not appear to be particularly shallow, navigation
would evidently be tepeded by the danger of submerged pinnacle©. All
islands ore located close inshore, the distance separating the outer-
moot Islands frcra the peninsulas being not more than three m iles. Saa®
of the islands are visible in the backgrounds of Figs. k, 3, and 6, but
better views af them ore offered in the background of Fig. 9, in the
foreground of Fig. 21 and especially la Figs. 26 and 3h. Fig. Ifc pro-
vides a three-diaeaaional, vertical view of acgsteholraen, the northern-
most island group of the Veotfold H ills complex.

The greatest floating ice activity is noted at Bféorataholraen and
along the shares of Trynevika (Figs. 8, /k, 21). The icebergs and ice
floes jsnxaed aoorag the tiny islands create a confusing, ever-changing
pattern in which it is difficult to separate ice masses froa land mooses

without stereograms. In Fig. it, a typical floating ice phencexman is

23Tbis current parallel to the coast is a west setting current in the
sense of oao which sets westward around the caatiaamt.
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again noted, the borgy-bito appearing to float on a hlgwr plans than
the icebergs (Keys 233, 25*0.

In raiatlle or lata Antarctic ousaar, the continental lead Which
separataa the moving pock ice frees the share bound fast ice, advances
Imtdw&nl until the Vbotfold H ills coastal area is reached (Tiff. 26). At
this ttate there is no difficulty in nerlgstlng vtthin the coastal area,
save fbr the precautionary aeasurofi which must be adopted for areas with
Icebergn and stft—opgsd peakk.. 53* approach to the area, however, is
eitill tlirough the pack Ice, the length, thickness, compactness, state of
disintegration and distribution of which Is established portly by other
than local oaactitlona. The pock ice, here as elsewhere, probably varies
ccttBl& ewibly fim a year to year.

Flora aod.jftmna. J&>flom was observed by any of Mikkeleen’a party
(Polar Record, 1935, Jto. 10, p. 126), but then no nsafcers of hie party
are known to have been trained la science, interested in botany oar especial-
ly interested in searching for flora. tfilfctsa (1951, personal coanaleft-
tioa to the author), who had dealt with flora on previous Antarctic
expeditions, notes that he found algae, lichens, ansens, and 30 to UO
tufts of grace. Both parties observed aniaal life, particularly in the
Adelle penguin rookeriec. Aerial photography does not norm lly record
the presence of vegetation ao ooall ani so widely scattered, nor does it
often picture the enlznl liffe by direct iaago. Airphoto interpretation,
however, etna indicate the presence and types of plant and antail life not
directly visible on airphotoo by analysis of the photo taagps of objects
or conditions known to relate to their presence.

Frora previous field experience in the Antarctic, it has been le'feer-

mined that the presence of tarnc in ice-free areas generally indicates a
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relative abandonee of minute organisms, both pleat and animal. Suneroue
species of algae are usually present. Pew large areas of ice-free land
la Antarctica are known to be totally without life. Perkins (1975,

p. 283) contends that the greatest single ffcetor H alting the makers
and varieties of plants and their distribution in the Antarctic in the
absence of water in an available fcma. Although he has apparently over-
looked the fundamental importance of a suitable base fToa which to grow,
it is significant that his investigations show that the importance of
water In usable farm Is of the seas order as the importance of sunll”rt.
He reports that whenever there Is sufficient water In the rock, even

In miniature caves, lichens are apt to be found growing there.

Biple (1938) fbwad a direct correlation between peaks -which supported
bird rookeries and peaks Which supported a relatively abundant vegetation.
The wealth of vegetation seemed to be apart from the bacteria and plant
lifb supported directly by the guano, for the clean peartions of the rock
supported superior amounts of vegetation as well.

Therefore, in the absence of any indications to the contrary, and
because the airphotos demonstrate the Vbstfold Hills to be ice-free, large
la extent, inclusive of lakes, tarns, streams and salt and fresh water,
and host to penguin rookeries. It seaas reasonable to assume that algae,
lichens, aoeses, bacteria, sites and other forms of Minute plant and
animal life exist here. Swan so, most of the plant and aaiaal life in
the area, both la terms of strength of aunfcers and variety of specice,

live la the ocean offshore and la the fiords and Inlets la the TbstfdlA H ills.

exposed peaks of the Raymond, posdlck ’fountains, however, were
exantasd aad found lacking In vegetation. According to Perkins (1975,
p. 303) this lack any be due to the chemical oonpoeitloa of the very dark
volcanic rock.
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Althou” it is not difficult to prove beyond a reasonable dotfct by
moans of associative photo interpretation keys (Kays 271-275) ***i corre-
lated field work that flora and fauna exist in the area, it probably will
never be possible to detendoB the precise species of all the plants and
oalaals by this method. Associative keys for a /&v of then have been
developed, but indicator keys fbr most of the minute species appear to
be “probable o f formulation.

The penguin rookeries of the 'destfold Hills coastal area are visible
in the illustrations (Pigs. 1V, 3k, 25, 26, 27) as splotches of guano
(light tone) against the debris and bed rock (darker tone). Hie rookeries
of visible sise arc almost entirely confined to the offshore islands and
to the seaward portions of the peninsulas. This suggests that tike fiords
leading to the interior usually are not ice-free at the time the penguin*
arrive at their rookeries in early meaner. At that tine, the ocean sur-
rounding the islands is probably covered by ffcst ice which extends for
several miles out to sea. While most rookeries are near the sea on
relatively level ground, steepness of slope, unless a sheer precipice la
involved, is no bar to the Addle penguin. Lerlek (191F%, p. 96, Kig. 70)
show* a rookery atop Cape Adare, a thousand-foot, one-hour clisé& for short
penguin legs, “formmally, however, the rookariea are located at the outer-
noet extensions of the land in the manner indicated by the distrfbectioo
of the guano deposits visible in the airphotoo of this area.

The rookeries appear to bo largely uninhabited at this tine (1 March
'e>7), since the guano (light tones) le plainly visible end not covered by
masses of penguins (dark tones). A month or two earlier, the occupied

rookeries ndg!*t have looked very dark with light-toned edges (Key 270).



294

Fron field experience, it svm os reasonable to assume that rookeries
of other birds exist in the area as veil. Since the other Antarctic
birds fly, their rookeries are usually on steep slope* and in nooks and
crevices in the rocks. 17b great amount of guano accumulates, however,
and associative keys for the presence of such nesting places have not
been established. Oils region nay play host to ouch birds aa the cape
pigeon, Wilson's stoma petrel end the snow petrel.

A delie penguin rookeries are, prbbebly without exception, accompanied
by nesting skuas who place their "skuarles* directly alongside or even
within the rookeries and prey on the Adelie eggs, the chicks, and the
sick or starvation-weakened adults. In a similar fashion, leopard seals
lurk o ff the ocean entrances to the rookeries to feed upon toe Adellea
as they enter toe water to batoe and search fbr fbod.

Thus, while not a single salm i is visible on these airphoto®, toe
presence of sisable deposits of penguin guano provides adequate evidence
of the further presence of bacteria, bird parasites, nitas, skuas and
sea leopards. These animals fora a normal faunal association In Ant-
arctica which la based on the presence of an Adelie penguin colony.
Moreover, toe appearance of toe land makee it reasonable to predict the
presence of certain other birds which neat on toe Antarctic coast, but
Indicator keys to substantiate tola fact do not yet exist.

Human oceupaace. !¢ airphoto (toyB 285-373) «r other evidence
exists which Indicates toot humans have ever lived in the Vestfold H ills
coastal area. Even prialtive peoples usually disrupt natural patterns
In ecrae way, but no clearly visible evidence of a cultural pattern super-
imposed over toe natural conditions previously described exists. More-

over, only on experiment couM tell whether a prim itive, eskiao-type or
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a anoli "civilised" European type colony could survive and prosper in
this locality, Gince no primitive peoples have had the opportunity of
going there and no "civilized" peoples have had sufficient desire.
While the area is definitely not ease of hospitality, snail groups of
people radsirt exist there Indefinitely if provided proper guidance.

The Vestfold Hills coastal area mi®st he suitable as a tegporary
base for Antarctic exploration, or as a permanent ocien tlfie station.
It appears to be accessible to modern shipe for a short period of tine
alaost ovary mrxaar (Map b), It providee aany sheltered areas for
mooring or even wintering ships. It Is located in aa area which has
bean landed on twice but never explored. It offers field research
protolas* of interest to scientists ffao nay disciplines. Field studies
can be porfoneed during either stoner or winter seasons oa the glacier
ice, sea ice, land, lakes and ocean. Finally, this area contains one
of the few land termini of tike Antarctic continental glacier.

On the other hand, one suet record the problems of trm ffioability
over the nominal surface (Key 3U3), the lack of a suitable airstrip In
sunaaer and the problem of obtaining fteali water. With foresight, good
planning and. the use of helicopters, these difficulties al&st be ov»r-

€oaac.

THE SORSBAL GLACIER TOHOOE
General 3aecriptian. Froa 6SPU6*G., 7TT®25*E. to 68°52*S., 77°M**,
the coastline first trends south, then southeast and finally southwest
(Map 13). The do facto, iee-cliff shoreline hue la over 11 miles

8.7 air nileo) long although the Borodai Glacier Tongue which fan* it
( ) g g g
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Is only about 8.5 relies vide and 10 milLea long. The exact interior
boundary of the glacier tongue has not been determined, but the float-
ing ice #xisa is United on the north by the Vestfold H ills, on the east
by its parent glacier and on the south and vest by the Indian Ocean.

Previous descriptions haw been both brief and Inaccurate. Tho
explorers have paid little attention to this ice tongue, vhich to thsca
vos Just one of ataxy glacier tongues In the area. Among the authorita-
tive caapllntlon sources, the U. S. Hydrographic O ffice (1903, p. 236)
allova it four sentences, two of vhich cure in error while the other two
might apply to aliaoet any Antarctic glacier discharging into the ocean.
The British Admiralty (1943, p. 306) merely mentions that a large, rough
glacier reaches the sea here. The U. S. Board on Geographical Homes
(1947, p. 23*0 has but a single descriptive sentence vhich seems to have
been inferred free Hansen's atlas (1946, Mop 10).

Maps and alrphotos. Mopo 10 end 13 cover the Borodai Glacier
Tongue with the omas degrees of accuracy previously Mentioned for the
Veatfold H ills. As vac the case with tho continental ice hinterland
which backs the Veatfold H ills, the glacier vhich backs the Borednl
Glacier Tongue con not be represented with any degree of accuracy. Its
w hiteness, tho absence of distinguishing features, cloud cover and its
distance from the oblique camera moke plotting fraa alrphotos difficult.

The Sorsdal Glacier Tongue ia covered by a total of 38 oblique and
three vertical alrphotos os follows:

TABLE 3. SORSDAIL, OLACXEB TCMKKJ AIRPHOTO COVERAGE

rist B s Angle Boll M ission . ent Alt/P  %/L Scale
S-S/t w sstot i5giissFG mm iF st ~TSFT7

29-42/1 B 67 ffi6 AAK Anser 03835%63 10000 o" 1 Mar47
6-3 OR 13 M6 AAHAoer 0SOTF63 9170012" - 1 Itor 4?
27-29 OR 18 M26 AAH Amer USUIS’68 10000 12" 1 liar 1¥7
114-117 OL 18 1G6 AAH Amer US8 EP68 590012" 1 Itor 4?
118-223 OL Id M26 AAW Aoer USHTF66 %9001 2 " - 1 Mar47

677-685 Obi D Baev Wider”e 6550 8£ " -———-26 Jan 37
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Geographic delineation and place nanao. In oil known literature
in vhich this coastal feature is described and uanod, it hoe been terraed
erroneously '"Sara&al Glacier." A brief reference to the alrphotos, how-
ever, is all that is required to show it to be a true ice tongue, extend-
ing seaward aa a floating naas far epgrcoctmtely 10 niles. In fact, so
perfect 1s the structure of this ice tongue, it can be considered a
classic example, and accordingly it has been placed in Chapter ¥ os Key
35.

Although the front (Figs. 3F, 36) ©Oad both aides (Figs. 29, 32, 33)
of the ice tongue changed shape during tho 10 years vhich elapoed between
the two aerial photo reconnaissance missions, the basic shape and size
of the Soro&al Glacier Tongue remains stellar in all essential aspects.
3b 1977, the tongue vac not oo long as it hod been in 1937, according to
Map 10. This Aoee not prove glacial shrinkage, however, iince the
difference is relatively slight and might be accounted for by tbs irreg-
ulitr calving of icebergs.

Other changes Include the exposure of additional rook surfaces.

For axncqpie, a marginal peak vhich projected frcn an angular bend on the
north side of tha ice tongue in 1937 (Mop 10) has now beccrao sufficien tly
exposed to be redrawn on the mop as an island (Fig. 33). The best indi-
cation of glacial recession in the area is the exposure of five new
peaks through surface wastage vhich represent stellar islands still
covered by the ice tongue. These are located near the narrow waist of
Krok Inlet (Fig. 33). Crevasoed surface areas (Figs. 32, 33) which were
not indicated on Map 10 night profitably be inserted on new, larger-
scale naps of the area, since tho positions of those areas are less

likely to vary than the shape of the ice tongue itself.
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The cmly raajcor chonga In place maaea recaanen&ed hare is the sub-
stitution of the term "Sara&al Glacier Tongue'l far this feature which
until new has been known officially os S*rsdal Glacier (U. S. Board on
Geographical Baaaesa, Sp. Pub. 85, 19%y, p. 239 . Tho tern "Sarsdal Glacier"
should then be applied, to the relatively unknown channel glacier which

drains the hinterland to feed thin glacier tongue.

Hinterland. In 19%y, the hinterland (Pigs. 28, 29, 30, 33, 35)
was largely obscured by cloud forrnotlons at the tine of the photography,
and little can be reported concerning Its nature. It would appear fran
the nroall portion which is exposed that it ia vary similar to the hinter-
land previously described, except for the probable presence af a sub-
glacial depression ia the bed rock which has caused a channel Glacier
to form, thus permitting wore rapid ice drainage free the interior at
this point.

Area and configuration. While the precise division line between
the Sarodal Glacier Tongue and the Sorodal Glacier cannot be established
because of clcud cover oc the aerial photography, the urea of the tongue
con be said to opproKliaate 90 square m iles. Suitable photograruetrio
plotting equipment wae not readily available to the writer, but otaa&nrd,
improvised height-flndIng methods indicate the height of the icc cliff
at the front of this glacier ice tongue to be not lecs then 98 foot, and
possibly as nuch as 150 feet. Fig. 3s* (scale 1/20,000) shows the glacier

tongue towering over the adjacent islets.

23B* pames “Sarodal Glacier” and "Sorodal Glacier Tongue" far theoe
features were approved tentatively by the U. S. Boerd on Geographical
Smses in February 1952. According to the general policy established by
The Antarctic Caraciittoe of this Board, when a glacier and the tongue de-
rived from It bear the sane nsssa, the tongue is named a glacier tongue.
If the tongue and the glacier which supplied it bear different naocs, the
tongue ia named an ice tongue.
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Unlike the continental Ice, the surface of the glacier tongue
does not rise rapidly from the de facto ohoreliae. At first glance it
appears to be level and flat but an closer oxsaiautlou gentle undulations
are visible as veil os a gradual increase in elevation toward the
Interior (Figs. 31-35)c While os a rule the tongue Is higher toward
Its center and toward its base, this does not apply throughout its
extent. Local areas of relatively high or low elevations can be seen
by closely tmasining tbs ice cliff In Fig. 32. Fig. 30 shows that
Initially elevations in tbs hinterland increase in wyh the ssae Banner
as those of tho continental ice hinterland to the north and the south.

Surface ccEgoelticn. The surface consists of glacier ice with
occasional snowdrifts and depressed areas filled with firn and onow (Keys
87-96). The accuaulation of firn and anew in other than protected de-
pressions and crevasse fillings is probably prevented by the oocplato
exposure of the tongue to erosive winds frcu all directions, whereas
only easterly winds can carry drift to the tongue.

Surface features. So bod rock or oaralne surfaces ore exposed on
the glacier tongue, except for the few small islands and peaks previously
raentlooed which are adjacent to Krok Inlet and farm a part of the Vest-
fold ccnplex. Therefore, only ice surface features are considered bore.
For the 3aredal Glacier Tongue these include oostrugi, snowdrifts,
crevasses and hinge line depressions. The face of the vertical ice cliff
is described in the section pertaining to shorelines.

Gastrugi (Kayo 96-117) ore present but in a looser number and a mere
modified form than those of the hinterland previously described. The
surface of the glacier tongue ia so cut by crevasses that the formation

of sastrugl is hindered considerably (Fig. 3*0c Evan where crevaeaed
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areas have been somewhat covered over by drift, the s&atrugl are not
particularly veil developed (Figs. 35, 35»). Their orientation indicates
that they nay have been formed by vinds blowing from the continental
interior toward the eouthueet. 9aall snowdrifts caused by the ragged
lips of crevasses projecting into the airflow are also present. 5?w
fornsation of long drifts is prevented by the intensively crevaased areas.

In several parts of the lee tongue, groupe of short, linear ridges
with associated depressions seam to cut across the transverse crevasse
system. ridges reeesfcls right angle drifts (Keys 160-162) in (1)
thoir spatial relationship to the crevasse system and (2) the manner in
which they reflect as streaks of brilliant white (Fig. 31) or dark gray
(Fig. 32) according to their orientation, with the sun in respect to the
observer. (They appear to differ from rlgxt angle crevasses in that they
(1) occur in linear semes parallel to -the direction of glacial movement,
(2> ore of sufficient age to reessfcle the appearance of glacier ice and
to be crevaseed in a Banner sim ilar to the local glacier lea, (3) fre-
quently contain saltwater, and (#) do not have access holes to deep
crevasses.

Couple® crevassing (Khys 138-168) occurs almost everywhere. Several
systems atf longitudinal and transverse crevasses ore distinctly recog-
nisable, but vertical photography of this las tongue and Its parent
glacier may be required before their precise derivations can definitely
be established. Many crevasses present are typical of those that must
hove been formed during the period the Ice flowed down the Sarsdal Qlacier
before entering the S'oredal G lacier J'IEongue.

Others are typical at those resulting frcm tension anflthhe release

of pressure which results when the ice ftto a confined glacier begins to
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spread out in a floating m ss upon the oes. Although the entire glacier
lo crevasaed, beads of open,distorted cremsGes, alternating vith taaootiber,
driftad-over areas, extend the Length of the ice tongue.

UhlXe the crevasses ere deep, vide, intersecting and occur fre-
quently, this tee tongue does not possess the chaotically rougji surface
ascribed to it by the 0.3. Hydrographic O ffice (1943* P* 236) and the
British Admiralty (19*»8% P. 30”")* especially when compared vith the other
tee surfaces in the area (Pig. U/) or in toe Antarctic in general (Keys
36-Ui). 'fhte te not meant to imply that toe surface of toe Soredal
Glacier Tongue ia recanaeaded for ice trafflesbility (Plate 1).

Hinge line dapreeaiow®, not proatoeofc in Pigs. 26-35, are present
nevertheless, toy 35 illustrates then veil, tore they exist la toe form
of drifted over depressions vhich have blotted out the crevasses. The
depressions are parallel to the ice tongue frost.

There are no ourfbca moraines of any kind present.

Drainage, aaall quantities of saltwater or frozen msltuater (toys
177-191) «re risible on many porticos of to# tee tongue. Pigs. 32, 33
and 35 illustrate a larga meltsater lathe near toe southwest portion of
toe tee tongue, chains of mltwater ponds in toe elicit depressions
between toe crevnseed zones, and auoarous aeltwater pools in the hollows
associated with too linear ridges described under eurlfcce features, above.
Other dark areas on toe surface are canoed by cloud shadows rather tom
&BBfp at vat ice surfaces.

ttaltwater stream patterns stellar to thooe on toe hinterland con ti-
nental tee (Pigs. 1, 6) do not exist on tote glacier tongue. A fbv
saltwater streams lead into the large aeltwater lake and the ponds.

Streams generated in the heavily crevassed areas are short-lived, toe



roc& iains raeatuater Btrecm are discussed iax3cr rcdiatloc, below.

While in I$kj tiao succwr taEperatesres were not sufficien tly warn
to thcew the entire surface of the lergs raeltwater laiae an Sorsdnl Glacier
Tongue, a quantity of fresh thaw water was apparently added to the lake.
It is not pooeible to state from the aerial photography whether additiane
wore made to the other saltwater pools this year car whether their con-
tents represent the accumulations of past seasons exclusively'.

Badinticm (Hays 169-176) fraa the cock erea of the Vestfold H ills
adjacent to the SoracLal Glacier Tongue has produced a substantial amount
of. melting. The radiation from the area on a whole has created a sloped,
rather than cliffod, surface on this edge of the ice tongue over which a
series of mltwater streams drain Into the upper reaches of JCrck Inlet
(Fig* 31)* Likewise, radiation malting has caused the widening of Krok
Inlet (Figs. 30, 29). In addition, radiation from individual rocks or
islands boa produced radiation acute an the Sarsdal share of XTok Inlet
(Fig. 33).

The major fesra of melting and drainage in the area in terras of volume
la hidden free direct view and can only he estimated from associative
factors. Marine contact or subaqueous m elting Is caused by the presence
of ocean water in contact with the bottom and the l« *r aide walla of
the ice tongue. This contact continues fear the entire year, rather then
fcr Just a brief ausxser season. The ocean lo most likely a little warmer
than the ice tongue which causes the ice crystals in contact with the
marine waters to melt and "drain" Into the ocean by solution. This pro-
cess in not seasonal but may continue throughout the year. While the malt-
ing itself cannot be observed from tho airphoto, the conditions under

which it may occur can be assessed and its after effect0, such aa the
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lowering of the surface level, raay he noted. and aeemrmd, If coaparailve
alrphotos one available.

The portions of the Sorsda.l Glacier Tongue surface act covered by
fresh drift snow present surface pattern* characteristic of ablation
areas. Like aarlae contact smiting, the prooeoa of ablation is Impossible
to see, but its effects are visible. Abletion is in great tMoeure respon-
sible for the presence of the five additional peaks which aov protrude
througji the Soredal Glacier Tongue.

Meaauraaant of solid drainage, i.e., the calving of icebergs, requires
the uoe of cOTparatiwe photography, since the rate of glacial raovwoent
nmn& the average length of the Ice tongue must flret be computed.

Shorelines. On all sides of the Soredal Glacier Tongue, save tor
sons of the portions iiaaadiately adjacent to the east where It adjoin*
its parent glacier and on the north where it meet* the Ve«tfold H ills
(Pig. 31)# the shoreline consists of vertical cliffs (Pigs. 32-35%).
These cliffs generally reach elevations froa 100 to 150 fteet above sea
level, except for occarlonal low places euch ob the snail bay on the
soutehwetern tip of the tongue (Fig. 35®)> «*» lav point® oa the southern
ice vnll (Pig. 32), and the northern lim it vhich has been expoeed to the
radiation firm the Vfcerttbld m is (Pig. 31). In addition to its heigit
above oea level, the density of the glacial ice la relation to the density
of water and the absence of euy indication that the ice tongue is not
Tooring with the tide mate it certain that the portion of the omi cliffs
below 3ea level ore greater than the exposed portion.

In spite of the clarity of the Antarctic waters and the lack of a
rippled surffac® at the tine of the I9V7 photography, the underwater por-

tion of the cliff could not be photographed because of the angle of the
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sun in relation to the positions of the camera and the Ice cliff end
because of the presence of frazil lee crystals on the surface of the
ester. The apparent continuation of the ice cliff beneath the surface
of the eater la sow of the illustrations (Figs. 35> 35a) ia aerely a
reflection of the upper portion (Ray 255).

Several interesting features any be noted concerning the cliffs
vhich front the Borsdal Glacier Tongue (Figs. 35> 35»). First, there is
the difference la appearance between the cliff faces on the north side
(Tig. 35) end cm the south side (Fig. 35a). This difference In appearance
Is ceased by the type of cliff face which rem iss after the calving of
Icebergs and subsequent avalanche erosion. Icebergs generally calve at
the hinge line depressions (Keys 35, 66-70) but In one case,this is per-
pendicular to the principal direction of cjwasslng and In the other, It
la not. The differences between cliffs of this type end the barrier face
of ehelf ice are established by ccaparison of these figures with Key 52.
Similarly, the differences between the eliffa of Ice tongues and those of
piedmont glaciers can be noted by acapering these illustrations to Hhys
31 and 32.

A white line occurring along the contact between the Ice cliff,
water and air nay represent eax Icefoot, a wave-cut nip or a tidal mrk on
the ice cliff. If it were the last named, it would indicate that the body
of lee concerned la not floating freely with the tide. The white line in
Fig. 35 does not represent such an instance because It is in the water,
not on the ioe cliff and because It does not extend for the length of the
cliff. Although there is sew evidence of wave-cut erosion, vhihh occurs
on both stranded and free-floating ioe naaaea, this line most likely

represents &this accumulation of brash ice along the edge of the tongue.
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Uxe <3* facto shoreline of the ice tongue constantly cuffero changes
in level and location caused by the forward aovaasut of the uneven sur-
face of the ice tongue, the marine contact malting, minor avalanches and
the calving of icebergs. Changes in level here, then, have no direct
relationship to isoetatlc aorsamrta or changes in sea level unless these
Boveaents affect the quality of the Ice supply and the speed vith vhich
it is delivered.

A major change w ill occur in the frontal sector of the ice tongue
when one or sore icebergs are severed at the widely cracked floating
fissure clearly visible in Fig. 3S5.

O ffshore. Islands offshore the Sorsdal Glacier Tongue belong either
to the Thetfbld ecejpler on the north or to the Bsuer Islands on the south
and are considered inthe sections devoted to those regions.

Surface currents and surface winds are similar to those described
for the area previously considered. A continental lead dovelope between
the ice tongue and the drifting pack ice in the suamr.

la Fig. 35 the smooth, oily character of the sea indicates the growth
of frazil crystals, the first stags in the formation of thin black (trans-
parent) sea Ice. Normally this thin ice w ill fora and break up several
times before the final winter coat of fast ice tabes firn hold, locking
in the fledgling icebergs for another season. The tongue, Itself, will
continue to push forward, however, causing cracks to occur in the sea Ice.

Flora and ftocaa. So animal or plant life (Keys 268-28b) ia evident
or likely to exist on the Sorsdal Glacier Tongue, accept for bottom
vegetation, lim ited because of the great depth of the voter, the marine
life off the ice tongue must resasfcle that off the rwaainder of the Ingrid

Christensen Coast.
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Hunan occupance. There le no rescan! of airphoto evidence (Keys
265-3”3) of hmms having landed upon the Blgrsdal Glacier Tongue or of
its surface ever having been explored. Surface landings or surface ex-
plorations by any aaans ewould be considered dangerous, but the zaoot
feasible mans of approach by a aaall party of explorers or scien tists
would be by helicopter, if available, or by foot freer the interior por-
tion of -the Vestfold or Hauer coastal areas. It is unlikely that suf-

ficient motivation to accomplish this feat will occur for aoae time.

THE W3ST CI1QRID CHRISTKRSEH COAST

In the preceding pages the morphology of the Pryds continental lee
coastal area, the VhetfoM H ills coastal area and the Sorsdal Glacier
Tongue, which ecraprioe the eastern portion of the study area, has bees
briefly inventoried and analysed from aerial photographs. Reconnaissance
photogeograpfey of the Went Ingrid Christensen Coast (Maps 13, 1*0 reveals
that it consist® of elements of the Morphological types encountered in
the area previously described. Therefore, since detailed analysis of
each individual ice formation or landfom along the reminder of the
Ingrid Christenson Coast would be repetitious, this area of typically
integrated Antarctic coastal Ice formations and laadforae w ill be treated
as a unit.

General description. The coeat ftroea 68*52%8., 77°%*2*5, to 69°kB»S.,
73°11*£* eonolsta of alternating areas of lee-free insular and pseudo-
peninsular groups, continental ice-covered coasts and both aaall and large
ice tongues backed by glacial streams of corresponding voluoea and rates
of advance. Proceeding frees the northeast to the southwest, using

13 and lk as guides, the principal morphological areas along the Wsst
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Ingrid Christensen Coast are clefload aa:

Rauer insular coastal area
68°52*s., 77° "~ °’S. to 69*01*8., T7°Z7*%.
15 talles by const, 12.4 alias by air line
Figs. 39-45, Map 13

Renvik lee Tongue coastal area
6gQQ1*S., Tr°27'E. to 69°16 *S., 76°54'2.
32 Eilles by coast, 21.1 ailes by air line
Figs. 44-50, Map 13

Bvsnaar Insular coastal area
69°16*S., 76°5**B. to 69°28*S., 75°53'B.
bl miles by coast, 29.2 alias by air line
Figa. #-38, 51-59, Map 13

Laroeaaan Insular coastal area
69°28»g., 75°53'E. to 69°37fS ., 75°20*E.
30 ailes by coast, 15.6 Bilas by air line
Figs. 57-73, 7> 14

Publication Glacier Tongues
69D37*S., 75°20*S. to 69°U3*s.# 73°58*S.
50 slice by coast, 35.4 alias by air line

Figs. 66, 67, 72-90, Hap 14

Saadefjord insular coastal area
69°49°S ., 73°58SE.to 69048*8., 73°U *2.
23 miles by coast, 18.6 miles by air line
Figs. 87-95, Hap IU

Tw> offshore island groups are:

STB&O&T Islands
69006% ., 760257,
12 to 14 miles offshore
Figs. 36, 52, Map 13

Bollngen Islands
69733*8., 75°10*E.
0 to 8 alias offshore
Figs. 38, 58-59, 64-73, Mwp Ib
The region Is bounded by the Borodai Glacier Tongue on the northeast
said the Anery Shelf Ice vhich juts out Aran the Lars Christensen Coast

on the southwest.

Theee areas wwre discovered by Mikhelaen (Polar Record, 1935, Bo. 10,
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pp. 126-129) (luring a cruise along these 191 E 1ies of coastline which
occurred Treat 2000 hours to 1100 hours on the night and onming of 20-21
February 1951. Bo landings were code. On 2 January 1939# Ellm w th
(1939a, p. 3) sighted the Bauer Islands. The next day he landed briefly
co another insular group vhich, fran hie description and that of Wilkins
(1939+# diary, 3 Jan.), aay have been the Svenner Islands. On 6 Janu-
ary Wilkins (1939, SB diary, 6 Jon.) records brief landings swde upon
islands, presumably the Hauers. Ellsworth (1939a) generally agrees but
places the date one day later. Ia all, Ellsworth (1939b) records seven
islands to have been visited and 50 pounds of rock samples to have been
gathered.o|| Ia 1937, tbs Bcarwaglore node photo flights in the area. In
1977, the Azaericaae curried out aerial photo reconmiasanoe of the coast
and the hinterland. Ho landings on islands have occurred other than those
Just previously described, and no landings of any description are recorded
far the psosxio-peninsula car mainland area.

The tac*m, primary oourcc references to the geography of this area
includet

TABLE k. WB3I HXSOD CBKPTEJBEH COAST: SKMftBY SOKES

Authority Bate Quantity

0357~ i/3 page text (iYcrc t& kiaslaen).
Christensen 1933) Two sentences of text.
Christensen 1939a) Bo text, one oarlal photo.
Christensen 1939b) 1/5 page tart.
Ellsworth 1939a) 1/2 page text, one photo.
Ellsvcorth 1939b; 1/8 page text, four photos.
Hansen 1976) Bo text, four aerial photos, kroa

supped fraa aerial photos without
ground control at 1/250,000 scale.

AW ilkins divided the Geological specimens into two ropreoontativo
collections, giving ana to Lincoln Ellsworth and the other to Sir Douglas
Hoarsen. The fanner collection is niasing and the latter collection has
never been reported upon la the professional literature.
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Whan duplication of inftm m tion is emitted, the total amount o? descrip-
tive material from published original sources (Table U) vhich applies
specifically to the geography of the 191 miles of coastline under con-
sideration amounts to less than one page of printed text. Mreover,
only a renall portion of this text is sufficiently precise to "be useful,
the remainder being ecraeuhat vague and in some instances incorrect.
Published maps and photos are more helpful. The entire 191 miles of
coastline have been mapped by alrphotos, but vithout the use of ground
control, at the seals of 1/250,000 (Hap* 10, 11). Five alrphotos and
five mnrffcee photos have been published.

Maps and airphoto*. Maps 10 and 11 cover the area concerned.

They are reliable for reccaaalssaaee purposes and in locating areas of
ice-free terrain but entirely inadequate for precise delineation of the
coastline or terrain configuration. Maps 13 end IH are reproductions of
Mops 10 and 11 overprinted with information produced in this study. If
Maps 13 and IU are folded in half horizontally and then Joined laterally,
a mop of West Ingrid Christensen Coast results.

More than 1,790 airphoto® have been made of this coast, thou”s only
five are known to hove been made generally available through publlestion.
The United States Tfavy aerial photography amounts to 1,$»1 9" x 9" trl-
aetrogem exposures. The Sorwegians have taken more than 1UO j" x 7"

obliques. The breakdown follows:



TABLE 5. WIJT IWWIB qm W HBfiSffl COAST: ATRP30TO COVERAGE

Print 9cm Angle Roll Miaslon A fljjjt Alt/T F"L Beale Parte
“Sf" SSA'AB# Aner USW®PAS 5385 o" 18366
70-1IW»/2 L&m 65 M5 AAW Aaer TSITPHS8 600Q 12000 2? Feb *7

IUS-169/3 Lé&vaa 65 M25 AAW Aner UBWEF68 3100 6" 6200 27 Feb Vf
170-19H/3 L&I&R 65 M25 AAW Aaer JJSOIF68 2900 6" 5300 2? Feb *7
133-160/2 TAV&R 66 M26 AAV Aaer USSTF68 7300 6" 1U600 1 Mar U7

161-192/2 TAVW 66 M26 AAI? Aner OSIPTF68 9500 6" 19000 1 Msr U/
1-25/1 TAVSR 67 M26 AAW At*sr USWIFo68 10000 6" 20000 1 Mar *»7
B1-160/2 IATOB 67 M26 AAW Aner UPOTF63 10000 6" 20000 1 War %7
30-112/2 JAVAR 69 426 AAW Aner 03STF68 8000 6" 16000 1 Mar kj
113-227/3 I1AVW 69 M6 AAW Aaer WjrTFCe 9700 6" 1«<A00 1 Mar 1»7
9-26 OR 18 M26 AAW Aaer USHTF68 9800 12"—-- 1 Mar hi
12U-151 o 13 M26 AAW Aner t'P!Wp63 10000 12" — 1 Mar k7
521-680  Obi P Worw Widerjfe 6550 31~ 26 Jan 37

Except fbr left oblique, vertical and right oblique rolls nun-
bared 65, vhich were exposed la the interior, sad the sixth sad tenth
listings above which bisect the coastline, all other photography gener-
ally parallels the coast. Bcrae photographs include only sea lee or
"featurelees'* icecap, but these are necessary fbr photo control and fbr
ascertaining the presence or absence of snail islands or significant
surface features In the areas concerned. Clouds prohibited photographing
seas of the inosdlate hinterland.

Geographic delineation and place nance. The Insular sad pseudo-
peninsular groups of lhe West Ingrid Christensen Coast are ia need of
more accurate delineation. In scrae instances, the old nmee w ill con-
tinue to aehe sense when applied to the correctly delineated landforae,
but la others, new nones or at least new generics oust be utilised. Since
the area is so large in relation to the eoctraaaly numerous minor changes,
only ease of the aore significant changes are considered here. Consaenc-
ing with the Reuer Islands and proceeding from the northeast to the south-
west (Mope 10, 11), the following principal changes in laedfom delinea-
tion or cartographic representation are in order. The nore significant

of these changes have been raade cm Maps 13 end 1b:
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Filla (!teg Island) and Itopoy (Bbo&I Island), the two chief

Islands of the Rsuer Group and the two largest Insular masses
along the entire Ingrid Christensen Coast, oust each he redrawn
and separated Into sure than a half-dosen individual Islands
and nany snail skerries and rooks (Figs. 39-"3).

Ranvttctaagen (RanvHc Tongue) of the Saner insular coast oust he
separated ftron the adjacent rock outcrop* on the Ice coast. It
then must he further divided Into one principal island and
several islets (Fig. Mi).

The ice-free land areas inshore frora Fills-oean (Bag Strait),
previously designated as uncertain, say sow he shown as islands,
except fbr the second group from the southern end, which mist
continue to be indicated as a possible peninsula (Fig. Mi).

The Baxter Islands nay now he redrawn to show the presence of
sure than 125 islands and hundreds of rocks. Individually these
changes are not significant, but collectively they are important
in terras of navigation as well as in terras of establishing their
spatial orientation and asp pattern which in turn nay aid in
establishing the classification and origin of these features
(Figs. 39-75).

Ranvikhreen (Ranvik Glacier) and two stellar, uncaged areas
nearby should he indicated as ice tongues hacked by email gla-
ciers (Figs. 5-50).

An indication of -the presence of the saall Ice tongue at Bovdes
is quite in order (Fig. 3%). The elifPed tarn edgs here is not

indicated on Hansen's nap (Map 10).
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Laracnanafjella. (Lara-boy Mountains) are definitely lasuffloent
la mass or elevation to be tensed mountain*?. Pseudo-peninsular
la their do feeto character, It Is almost certain that a further
recession of the ioe will reveal sany, if not all, of theee hillo
to be insular rather than continental (Figs. 5®-"3)«

In the Larseasnnfjella, Storaeakloa (Largs Claw Peninsula) is
Insular rather than peninsular and should be napped as an island
connected to Stomas (Large Cape) by a ecofcination remnant and
snowdrift glacier (Fig. 63).

B.ollngen and Bz))vartrens Islands appear to poaaees no qualities
which require that they be considered as separata and distinct
frora each other or frcra the insular portions of LarsearanafJella.
The major difference between theee three island groups seems to
be the relationship of their individual sites to varying kinds
of sea ice which surround than* Although sufficient data are
not yet available to be absolutely certain, the LarwanannfJella
apparently beeorae free of sea ice for a portion of alaost every
stener, while the sec ice surrounding the B{;lingen Islands breaks
up and goes out to sea leas often and the Sostreae islands are
trapped in a coe&iaatlon of extremely heavy sea and land ice
between two lee tongues. When it la considered that all of these
differences are of but a temporary nature, it wold seem as if
the szbitrsry division into three group* has no valid basis la
feet (Figs. 38, 58-73).

Tfigoy of the Bollagen group appears to be slightly distorted as

it la rendered an Mop 11. A string of islets adjacent to it ore

lacking on the raap (Figs. 68).
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11. The Xndre Bglinden (Inner Hard) Islands also appear saraevhet
distorted In their presentation on Map 11, hut they are faith-
fully represented In detail, except for Sfcoroy Vhich consists
of two islands rather than one (Figs. #>-67).

12. The Soetrw* (Sister) Islands are indicated on Map 11 as two
major islands, Vtosle Syeter (L ittle Slater) and Store Syster
(Big Sister) togertiwr with three snail rocks. The alrphotos,
however, ahov that one of these rocks Is the exposed portion
of an tce-covered island longsr than Store Syater. At least
two other ice-covarad islands larger than Vtesla Syeter are ia
the group (Pigs. 72, 73# Hap 1*0-

13. outotanding ice feature of the entire Ingrid Christensen
Coast, according to Maps 9, 10 and 11, is a huge shelf lee vhich

occupies the coastline from 73°55*E. to 75°20*E. and projects

22 ntHne into the sea. Map 11 gives no Indieatloo that this
area consists of anything other than the flat, "featureless"
ice plain typical of shelf ice structuree. Hansen*a text which
accompanies his nape confirms this inpreeaioe by indicating the

boundary symbol used Is that of shelf ice.25 Hovevey, no shelf

ABhasen (19”» p. 7)? JCyetlinJen er tegnet ned en enJuslt linje hvor
dens fbrl”*p anses forijoldvia konsrfcant, og md en ddbbelt liaje a»d
tverrstrelosr for utHytanfte barriere. This has been translated: ?Sie
coastline is drawn with a single line where Its course is regarded as
fairly permanent, nod with two lines Joined by crosslines for shelf ice."
It nay be possible that utflyteade barriere can be translated more broadly
than ahalf ice olthoufjx that Is Ttansen”'approved translation. It then
becomes necessary to daternine A ether the terra barriere is the equivalent
of the English tern barrier, weening shelf Ice, or tKe"American term
barrier, aenning the cllffbd edge of the shelf iee. In any case, either
the statement is in error or the Ifarweglano did not distinguish between
shelf iee and ice tongue.
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15.

ice is actually present cm the Ingrid Christensen Coast, even
though the standard caspilatlon sources (U. 3. Hydrographic

O ffice, 1973# P* 237 and British Admiralty, 198, p. 306)

both so state. A large mss of floating, terrestrially fanned
ice does exist off the coast at thle point, but only a glance
at the illustrations (Figs. 66, 67, 72-90) la needed to deter-
mine that this ice is the product of the floating iee tongues
of five glaciers. Abrief inspection of the keyc for shelf
ice (K«ya H7-65) and iee tongues (Tfttye 35-76) readily confirms
this opinion. The ice here steads in startling contrast In
appearance and function to tho genuine shelf ice fronting Lars
Chrlstenoea land vhich it almost touches at the entrance to
aaadefjord Bay. the character of this vast Ice tongue complex
should be truly represented on the wap (Figs. 72-90), Accord-
ingly, its 1977 appearance has been sketched in on Map Ifc.
The shape of the ice tongue complex changed markedly during
the ten years intervening between the two photo reconnaissance
sorties (cf. Maps 11, 1IU). The 1S&7 Ice tongue stretched 20
railan further out to sea than the 1937 ice rasas as indicated
by its napped boundaries. The ice tongue from the principal
supplying glacier fbraa a curved spine fbr the ice tongue com-
plex and in 1977, it averaged sera© 12 rsilea in width. The
specific vidth at any one place Is difficult to determine,
sines the sides of this tongue conelot of its own massed ice-
bergs and similar large fra& asnts of the adjoining ice tongues
(Figs. 72-90).

One major, three meditsa and one minor glaciers (’lap 1b), none
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of which are indicated on Stop 31, supply the five ice tongues
that comprise the ice tongue ccnplesc (Pigs. 72-75, 79, 83-&»,
9*0.

16. Sandefjordbulcta (Sandefjord Bay) also radically changed its
shape during the ten years frees 1937 to 1947. However, a ooell
portion of ite southern coast is fringed with islands, is portly
ico-free and did not change its shape. The reminder of Sandef-
fJordBay la a do ffceto affair of an epheneral nature created by
the dynastic boundaries of the shelf ice, glacier ice and ice
tongues in Which it is formed. Its only (ice-covered) land
boundary w ill fora a cape rather -then a bey upon eventual re-
cession of the ice. Because the bay le of ouch a dynamic end
ephemeral character, constantly undergoing changes in Its posi-
tion, shape, orientation and sise, such facto should be repre-
sented on the nape and e suitable syilboliration applied to Its
boundaries (Figs. 72-90).

17. 'fount Caroline filkheleen nust be raoharted to a position direct-
ly cet the coastline. There is even see* evidence la the photoe
which Indicates that this peak could be an island, but this has
not been proved.

In view of these changes in the configuration of the Vest Ingrid

Christensen Coast and in view of the Sorwegian descriptive place aaaes

and generics now in use, the following aaaes are proposed and have been

r These nones have been submitted by the writer to the U.S. Board on
Geographical ISsaea. The names were eaerolnBd during February 1952 by the
Board's Antarctic Committee, at Which tine titty were tentatively approved.
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placed on Maps 13 and 1Uj

1.

10.

11.

12.

13.

F illa Island for the aew»r, aanller-siaed Pilla. (14ap 13, Pigs.
39, fcO).

Hop Island fbr the newer, anaaller-oised Tlopoy (ftep 13, Fig. 1*2).
Ranvlk Island for the principal island which famed the Ramrik-
tangen, (ftep 13, Fig* *&).

Browns Glacier Tongue for the unneaed lee tongue adjacent on
the south to the base of the former Rarwlktangen (step 13, Fig.
kk).

Browns Glacier for the glacier which supplies Brown* Glacier
Tongue (Map 13).

Chaos Glacier Tongue for the unnamed ice tongue between Browns
lee Tongue and Raarikbrek&a (Mhp 13, Fig. U7).

Chaoa Glacier for the Glacier which supplies Chaos Glacier
Tonga* (Map 13).

Rarrrik Ice Tongue for BarrriKbreen (Map 13, Figs. US-55, 55).
Hovdo ice Tongue fbr the unasoed Ice tongue at Borden (Mop 13,
Pig- 36).

Fl& tass Ice Tongue fbr Flntaes (Flat Peninsula) (Map 13, Pig.
36).

Doalk Glacier for on unnamed glacier ending in a Fjord in
Dolkoybukta (Map 1+, Figs. 38, 5%).

Lareeoszn H ills fbr those portions of the Larserannnfjella which
are peninsular or pseudo-peninsular (Map Ifc, Figs. 53, 60-61).
(Approved by U. S. Board on Geographical Names la Its Special
Publication 86.)

Timid Sister, Hidden Sister and Shy Rioter for three urawaed

islands In the Rostren* group which lie adjacent to the eastern-
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most ice tongue of the ice tongue complex (Map lk, Pigs. 72,
73).

lk. Debutante fbr the long, elim island in the Soetrene group
south of Store Syster which is Just beginning to '"cone out"
ftnsa under its Ice cower (Map 1 ¥, Figs. 72, 73).

15. Publication Gladier Tongues for the ice tongue complex formed
by five glaciers discharging into the sea between the Bolingen
Islands end Sandsfjord lee Bay (Map lk, Figs. 72-86).

16. Polnr&rboken Glacier fbr the easternmost of these five glaciers,
the tongue of which passes close aboard the Sostreat Islands
Map 1k, Figs. 72, 73).

17. Polar Record Glacier for the principal glacier of these five
and the second one frota the east which passes between the
Sostrene Islands and Aissknatten, supplying the aaln tongue In
the ice tongue complex Map lk, Figs. 73-75).

18. Polarforschung Glacier for the middle of these glaciers which
passes wwrt of Meknattaoe and around Vestknstten (Map lk, Figs.
79, 83).

19. 1II Polo Glacier fbr the fourth and least active of these five
glaciers. The glacier Is not as greatly crevessed as its
nei*ibora (Map Ik, Figs. 79a, 8k).

20. Polar Tines Glacier for the fifth and westensaost of these
five glaciers, reaching Sandefjord Ice Bay and forming the
western boundary of the Publication Glacier Tongues at T villing-
fjell Map lk. Fig. 8k).

21-25. Polar&bofesn Glacier Tongue, Polar Record Glacier Tongue,

Polarforschung Glacier Tongue, II Polo Glacier Tongue and Polar
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Tinea Glacier Tongue respectively fbr the ice tongues steaming
from the fire glaciers listed above (’Sap 1U, Figs. 72-8U).

26. Sandefjord Ice Bay fbr Sandefjordbukta (Hop 1U, Figs. 88-92).

27. Caroline Miktelsen Peak fbr Caroline Mikkelsen FJell (Map It,

Fig* 95)* (Approved by the U. S. Board on Geographical {femes
in its Special Publication no. 86.)

The following names are used In referring to specific island groups
but have not been suggested fbr use as fom al place names:

1. Hop Island group fbr Hop Island and the snail islands about it

(Mop 10, Fig. W2).

2* Filin Island group for Fllla Island and the email islands about

it (Msp 10, Figs. 39, to).

3. Rsnvik Island group fbr Banvlk Island and the snail islands

about it (Jtep 10, Fig. to).

k. Bast Island group for the islands In the Ransr Islands which lie

adjacent to the continental coast (Map 10, Fig. to).

Hinterland. Along the Wteat Ingrid Christensen Coast the hinterland
appears to be similar to that of its eastern counterpart. Here, however,
there is better aerial photography available with which to Illustrate its
principal features. The interior, to a depth of at least 200 miles, is
comprised of a es&oth "featureless" ice plain of the type illustrated in
the foreground and middleground of Fig. 55. The icecap here is essentially
level, but has a constant, althou”i almost imperceptible, rise in elevation
toward the interior. An ice elevation of 7,700 feet was neasured by radio
altim eter from a photo reconnaissance aircraft 105 miles inlead at 70°to*8.,
77°56,S. on 27 February 19**7.

Inland from its initial rise near the coast, the ice presents a

sastrugi-covered surface so constant in appearance that it becomes
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difficult to fuse tha airphotos In stereo vision. Fusion Is difficult
because the saatrugi, which fora the only visible surface features, look
so similar to one another that an arduous effort Is required to find and
natch two photo images of the same individual sastrugi. Crevasses ore
generally sheent in this particular area. Meltwater streams, puddles
and ponds are soldcn in evidence here. Fev, if any, of the coastal gla-
ciers penetrate inland this for, for most of then end within a fev milea
of the coastline (Fig. 56).

As it nears the coast, the downward slope of the continental ice
surface suddenly Increases Its previous rate of descent eons four or more
times. The release of pressure resulting froa the lower end of the Ice
being supported in water without marginal confinement permits a series
of long tension crevasses to develop in the ice flowing dovnalope (Fig.
57). Valleys or depressions in the bod rock surface underneath tha Ice,
oriented in th©O general direction of glacier movement, may give rise to
the presence of coastal channel glaciers (Figs. Sh, 56, 8%). The surfaces
of these glaciers are generally thoroughly crewaeeed and nay or may not
be eligitly depressed below the general level of the ice in the adjacent
area. Occasional ooaataks are mat vith as the coast comes within si*rt
(Fig. O7). Glacial recession has uncovered numerous fringing rocks at
tha coastline. In addition to the crevasses and nuaetaks, mltwnter
features are present on the continental ice of the coastal zone. Depres-
sions which have held meltwster streams or ponds In the past are generally
covered with snow and egxpear as very li*rt gray splotches on the airphotos

(Pig. 5*)» Active neltwster ponds and stream appear dart gray and at a



distance nay easily Tvs alstakon for roc’l, clouds or cloud shadows.27

Fig. 56 ftenlshec a good iapreoaioa of the character of the hinter-
land surffcee, while Fig. 57 chows tha character of the continental ice
in more rapid descent oe the coastline is approached. Fig. 5% illustrate*
the boundary between these two raorphological zones. 'Dovnr.lape tension
croreoees or© elso visible in the cloud shadows of Fig. 6l.

Area and configuration.. The West Ingrid Christensen Ccact extend*
Tar 191 »ilOB along the Indian Ocean. Airphoto coverage is available fbr
the entire length of this coastline on& far ports of the interior to depths
of iTon 150 to 200 m iles. Thao, the portion of the Ingrid CSxrlotanoon
Coast under consideration exceeds 30,000 square utiles, or more than three
tines the alze at the state of r-ferylaad. Althou#i cone of the hinterland
area is bidden by clouds, enou#i is vistbln to state that, insofar es the
glacier surface is concerned, the great bulk (if not ell) of the cm
tx&Ind the coastal soas my be considered aa a aorphological unit with a
sim ple nurfftco statictore. This hac been described under the subsection
dealing with the hinterland above. Uouever, there is nonnidsrnblo varia-
tion in the morphology of the coastal zoos, and accordingly, It has hotsn
given rxrre detailed attention in this study.

Idle approxl?nate extent of arun nod tho relief of the Ice tmgaen and
ice-free lends, ineluding the islands, peninsulas and peaks, dong the

West Ingrid Christensen Coast ore:

A'toltwetfier featured, rook, clouds and cloud r.hodovn all appear on
Fig. 73 vbere their relative differences la appearance nay be studied.
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TABLE 6. VB3T BKBID CHRIS758SS? COAST* AREAS AHD RELIEF

Square Milea of

Place Land/iceTongue?teeicua R elief(0 3
Rau””5»ular eaasftiil area 28 3 566 fleet
Raarik Ice Tongue coastal area 0 75 200 feet

RanvIMaekka 0 0 1,300 fret
Svenner insular coastal area 6 21 UlO feet
LArBosBim insular coastal ansa 20 0 W0 feet
Bolingen Islands 6 0 275 feet
Publication Glacier Tongues 2.5 737 6h0 feet
Saadeflard insular coastal area 2.5 0 770 feet
West Ingrid Christensen Coast 66 833 1,300 feet
As contrasted with*

Vestfold m ils coastal area 200 0 kS5 feet

Soredal Glacier Tongue 0 50 200 feet

AWxtfsnaa relief figures are based upon tbs plottings by Bernhard
Luacke. Hansen (19># P- 7-0) adadts that these derations are probably

in error because of the lack of ground control. Stetson Indicates the
error stay be as great aa eight per cent. Like Hansen, this author has

no ground control data. Furtberaore, he lacks the plotting aachlnery of
Luacke, which Is not warranted for a reconnaissance study of -tills kind,
nevertheless, he is of the opinion that moot elevations could be reduced
by ten per cent and ocrae by aa such as 25 per cent. There are, however,
no facts available to support or contest this opinion. Moreover, a change
of ten per cent in tha elevations of the ice-free terrain would not m te-
rtally affect the conclusions of this study.

These figures show the collective ice-free lands of the West Ingrid
Christensen Coast to be barely one-third of the ice-free area at Vbstfold
H ills. They also demonstrate the vnstness of the Publication Glacier Tongues
vhlch exceed the area of the Soredal Glacier Tongue by scrae 15 tim es. The
aggregate area of the smaller Ice tongues along the Iteorlk end Rvevwrr
Coasts amounts to about twice the area of the Soredal Glacier Tongue.

The Rawer Islands are fbr the raoat part lover la elevation than the
Vbstfold H ills, but a single peak on the southern shore of the Bauer

insular coastal area (Tig* *0 and a partial close-up oa Tig. hk) accounts

for tha hiSier relief accorded the Rauer area. Has Baavlk Ice Tongue
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eoeatal area has the typical lew relief of flat ice tongues, except fbr
the rou“hnses of Chaos Glacier Tongue (Fig. 1*7) and the steepness of vhat
must he premised to be ice-covered land at RanriKbrelcJca (T ig, 1*5) between
the Chaos Glacier Tongue and the Hanvik Ice Tongue. RanvlKbrekkB rises
sooe 1,300 feet in the first three-quarters of a raile, at a rate of one
foot in elevation for every three feet Inland. The steepness of this
slope is Hatched in this area only by the ice fells of the Polar Record
Glacier.

While the Bvsaner Insular coastal area is Shown as having a maxtnwH
elevation of over 1*00 fteet, the average relief of the ice-free surfaces
fringing this coast is not greater than 300 feet. The Svenner Islands
range Aron 30 to 260 fleet in elevation. The average hsl*rfc of all islands
off this portion of the coast, excluding rocks, approximates 135 feet.

The Larnaaaan H ills have several peaks which rise to about W0 fhet
and one peak on Stornes may exceed 500 feet. The Lereeaana and Bolingen
Islands do not exceed 275 fw t in elevation but Teale Syster, one of the
Sootrene Islands, rises to acre than 100 feet above sea level.

Rone of the:;saall nun&tahs and islands vithln the Publication Glacier
Tongues complex or the Sontefjord insular coastal area reaches acre than
575 feet in elevation, except for one of the Mekaattaae, Which la credited
vith an altitude of 6hO fleet (Tig. 83) and Caroline MUtkelsen Peak (Pig.
95). The laat-naned peak la about 750 fbet in elevation and is the highest
ice-free land in the region, Although it hardly has the stature of a aoun-
taln, it is nearly always tamed as such in the literature.

By tar the hipest elevations belong to the continental Ice which
rises rapidly at first and then wore gradually to aa elevation of 7»700

feet within the laaedlste hinterland of the coastal acne concerned. One
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my surmise that this rise continues at a constantly reducing rate un til
the elevation of the polar plateau at approximately 10,000 float above

sea level is reached. profile of the Icecap hare closely reseribles
the flattened dome form thouS$rt to he characteristic of continental gla-
ciers. In scats cases, the sharp rises la elevation at the coast appear

to be controlled by the underlying topography rather than by the plasticity
of glacier ice. Nowhere is this more evident than at Banvikbrekka (Map
13) already cited, and at the Brettekjoeen on the Polar Hocord Glacier
(Map 1*%0 where the ice descends more than 1,500 feet la leas than a mile.

The many ice-free islands and fringing rock shorelines of the Meat
Ingrid Christensen Coast are still daorfted by the continental ice from
which they arc emerging. While these ice-free areas are conspicuous by
their very presence in a land where Ice cover is Ubiquitous, the coast
Is really dominated by the continental glacier. In order to maintain the
proper perspective during the evaluation of this coast, it is necessary
to keep this fact in mind, for the greater portion of the text and illus-
trative materials presented here are devoted to the ice-free areas, lee
tongues and coastal glaciers. This was made necessary by the wore com-
plex surface morphology of these funs and the greater significance of
the coastal areas.

Surface composition. The two principal surface materials of the
Me(it Ingrid Christensen Coast are ice-free bed rock and glacier ice.
Associated with the bed rock are m oll quantities of moroinle m aterials.
Since the ice-free land is primarily composed of small bed rock Islands
and peninsulas, the surfaces of which are almost entirely in slope, the
places in which moraine nay accumulate above the surface of the sea are

ferv in nuafcer and email In size. Individual boulders and aaall deposits



of anraiae are plentiful, but In the mala, the? .-surface rock of the area
la bed roelt. Soil, aa such, is nonexistent here, but sorae areas possess
saall penguin rookeries, the gueao of tfaich, In association with fine
glacial debris, comprises the closest approach to soli in this area.

Dikes, which played an taportaat part In the character of the Vest-
foil bed rock, ere present here, but to a markedly lesser degree. The
student need only compare pig. 10, which illustrates the intrusive
activity In the Vbstfold H ills, with Figs. 39, $3, 65 and. 67, which
show the dikes and probable intrusiver. in the area under consideration,
to note the difference la the quantity of dikes present.

Althougi AUsee are largely absent from tho area at hand, it seems
reasonable to state that at least a portion of the bed rock. If not most
of It, Is netsraorphie. The islands toward shore in the middleground of
Fig. hO contain vertical banding of the sort that Is ccraaon In gneissic
roefca.

Strictly speaking, major structural lines In the rock nay be con-
sidered an surfeeo features. *11107 are treated here not only because they
extend into the rock structure and are related to Its formation, but also
because they are one of the best Indicators of surface m aterials. Lines
In bed rock Indicative of morphological structure ore caused by such
factors os the presence of bedding planes. Joints, feulto, mineral bend-
ing, schlatoeity, strandlinea or intruniveo. Thaaa lines are soaetlnea
rendered visible to the airphoto interpreter when outlined by crevice-
lodged snow, when hl1*hll*rfced by sun reflection or darkened by shadow,

and when outlined by difference In photo tone or by three dimensional

vision.
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*Hiene lines in the rock structure are not always visible in air-
photoe, but they are apparent in Figs. 36, 39> 51* 59* 60*
63, 6b, 65, 67, <8 end 95- Most erf these lines are not parallel to the
general direction of glacier novenent in this area, a fact which -would
seem to eliminate glacial grooving as a primary cause. There are a fev
notable exceptions to this, particularly in the case of Caroline Mikkalsen
Peek, Klungoyane and the adjacent islands (Fig. 95) and at Hopoysteiaane
in the Bauer Islands (Tig. k2a). Moat of the lines, however, appear to
trend generally parallel to the coast in a northeast—southwest orienta-
tion (Figs. fcO, 58* 60, 6b, 65, 68). In several areas, more than a
single set of lines has been observed (Fig. 51)* 1la the majority of such
cases, it is quite probable that at least one of these series of lines
represents lines of foliation, indicating the presence of aetazaorpbic
rock.

Along the Prydz continental ice coastal area, &aSskJera (Fig. 2)
and T vietein (Fig. 3), the only fvo areas of exposed rock in more than
92 m iles, lie vithln a fev miles of each other and are Obviously of
different composition. Similar variety is thought to exist in the Test-
fold B ills end again along the West Ingrid Christensen Coast.

In all of these regions, however, there ia evidence that rook of a

oetaaorphlc character predcednstes.”

9In scrae areas, the true nature of the bed rock is very difficult to
determine even frcta fi*ld analysis. Dr. Earl Apffel, Chairman of the
Department of Geology at Syracuse Etaiversity, would not state the nature
of the bed rock at Buagsr's Lakes, 600 miles to the east, after spending
several days there in the field with this author in 19**8. The rock was
so complex that he preferred to make thin sections and laboratory analysis
before asking a positive stateawnt concerning Its aetaaorphlc character.
Drs. Mayuga aai Chisnell, geologists attached to the Headquarters, U. 5.
Air Force, os veil aa William Fischer and asdbere of his arctic photo-
geological staff at the U.S. Geological Survey examined the airphotos of
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The "basic Ice ccranonent of the West Ingrid Christensen Coast area
Is glacier ice. For the roost part, this is covered by layer© of firn
and bjwv in the hinterland (Fig. 55). raring its rapid descent froa
the hinterland to the sea, however, the glacier ice is rrwpt clean of
loose firn and snow, except for sraall amunts vAiich are lodged in the
crevasses or the surface depressions (Pigs. 56, 57). Along the coastal
areas, the drift sncnr hag lod”sd In the rou”i portlone of the local
glaciers and has filled in nany of the erevassed areas on the ice tongues
(Figs, hb, h9, 77, 78).

Surface features. The landforaa acoef frequently associated with
Pleistocene continental glaciation in the northern hemisphere are not
found along the Want Ingrid Christensen Coast. The ice-free rock re-
flects the recent presence of the continental glacier more through its
rounded contours than froa glacial polish or large deposits of nomine.
'She glacially excavated channels so evident ia the Vestfold H ills coastal
area in the forra of long lakes, chains of lateen or dry valleys are not
nearly ao conspicuous in this area south of the Sorsdal Glacier Tongue.
The illustrations of the Rauer end laraemm insular eoaetal areas, how-
ever, may well lead one to believe that it is only a m tter of tins until
continued ice recension and isostatlc adjustment to glacial unloading
bring such channels shove sea level.

Surface features associated with continental glacier ice, however,
are not lacking on the Best Ingrid Christensen Coast. Conversely, the

coast is dcolmted by the overwhelming presence of the continental glacier

this aran after this chapter was written, but were umble to mSsa positive
statements concerning the origin of the local rocfe which would contradict
the opinions hold here.
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itself and characterized by the presence of rasay coastal channel gla-
ciers and ice tongues.

Map 13 shows the ocean to be penetrated here by Browns (Pig. bb)
and Chaos (Fig. b7) Glacier Tongues aa well as by Ranvfk (Figs. 1%8-50),
Hovde (Fig. 36) and Flatnes (Fig. 36) lee Tongues, each of which is
backed up by a relatively short coastal glacier.

Map Ib illustrates the DfiUc (Figs. 33, 60) and Hargreaves (Fi*ps. 87,
93, 9*0 Glaciers to be without ice tongues. The Polar Record Glacier
Tongue (Figs. 7b, 75), supported by the floating extensions of the
Polarfirboken (Figs. 72, 73), the Polarforschung (Figs. 79, 83), the II
Polo (Figs. 79, 8b) and the Polar Tines (Fig. 8b) Glaciers, ferns the
Publication Glacier Tongues complex, tho aain tongue of which extended
b2 ndlee to sea in 19b7 (Figs. 85-86, 88-90).

Rearly all of the glaciers of the area have a canon pattern but
vary considerably in size. From their appearance, it would seen that
each one occupies a subglacial rock depression which acts as a funnel
for draining the adjacent fields of glacier ice. In moot cases the ice
surface of these glaciers forms a steep incline or an ice falls just
before reaching the sea, beccolng intensively crevacsed as It does so.
11 Polo and Hargreaves Glaciers are not so crevassed and are therefore
exceptions to this rule.

The ice tongues fall into several categories. They may be entirely
lacking as in the case of D&Ik and Hargreaves Glaciers. They nay be
dollar to Sarsdal Glacier Tongue in surface and barrier characteristics,
but not in length, as in the cases of Browne Glacier Tongue and Henrik,
Horde and Flatnes Ice Tongues. They may possess a fantastically rougéf
surface, as in the case of Chaos Glacier Tongue. The tongues of five

of the glaciers, PolarSrboken, Polar Record, Polarforschung, II Polo and
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Polar Times G laciers, fora an associated complex. The surface features
of these tongues are considered elsewhere In this section and In the
section on drainage.

The Publication Glacier Tongues deserve special Mention. 'Use Polar
Record Glacier sends forth a tongue of Ice which In 1937 was napped as
extending 22 miles out to sea (Map 11). By 197> this distance had In-
creased to approximately k2 miles (Map /k). Bear Its base, this tongue
Is Joined by tongues frcta tha four glaciers Mentioned In the latter part
of the previous paragraph, all of vdiich nerge Into a aulti-spined aass of
Ice tongues afloat vith masses of icebergs trapped between the spines,
frosen In a matrix of heavily drifted sea ice. This ice complex in no way
reseribles shelf ice, and yet every document known to the author which men-
tions the presence of ice on both sides of the Saaftefjord Ice Bay term
this mess as such. Conversely, there is no mention of the presence of
aa lee tongue here, to say nothing about such a vast Ice tongue complex.

Ice tongues are structurally different ftran shelf Ice. Ihe former
normally possess a much saaller fraction of firn ice derived from the
accumulation of enow and loose firn over a period of many years. The
surface of tha ice tongue is therefore less regular and the mass con-
siderably taora dense than the corresponding surface and density of shelf
ioe, all other factors being equal. The Icebergs which fora from these
nasses reflect the character of their parent Ice mass. Icebergs from
tongues are likely to ride lower in the water than shelf icebergs and
also to have a more rounded, erevaased surface and irregular outline
rather than a tabular shape.

The Polar Record Glacier Tongue of tho Publication Glacier Tongues

centplax advanced seaward with an average annual net gain of at least two
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Eillee during the decade between 1937 and 19%7. Concurrently, the Amery
Shelf Ice (Mop U, Pigs. 85-93, 99-101), which foams the opposite shore
of Saniefjord Ice Bey, also advanced seaward at an undetermined, but
slower, rate. A cursory glance at the 1937 and 1977 positions of these
ice masses as printed cad sketched on Map IU, demonstrates that soon the
ice tongue and the shelf Ice must meet. As a matter of fact, the meeting
has without doubt occurred prior to the writing of thin chapter, which was
prepared during the season of 1951-52 but based on airphotos of the
season [/9h6~hj, Wien the two ice masses met, pressure from the shelf
ice exerted upon the tongue may have caused & huge iceberg, perhaps 30
miles in length, to calve from the Polar Becord Glacier Tongue and float
out to sea. It would be unlikely that a major sequent of the shelf ice
would be broken off at the same time because of the orientation of the
pressures in relation to the structure of each at the time of the mast-
ing of the two ice masses.

The Publication Glacier Tongues sad the Amery Shelf Ice off the Lars
Christensen Coast, both dynamic ice masses, have previously bee® cited
sss forming the east and the west coasts of Sandefjord Ice Bay (Map 1*0,
which also merits special consideration here. The other l.Indt6 to the
bay are the Baker Three Glacier (Map 15) on the southwest and the Sande-
fjord insular coastal area (Map IU) on the southeast. The latter is
cowered by continental glacier lee In recession, exposing fringing ice-
free islands and peninsulas end as such is the only relatively stable
coast of the Sandefjord Ice Bay. The bay Is dependent upon the shelf ice,
the floating iee tongue ccoplex and the glacier. The movements of these
three ice masses determine the size of the bay, the width of its entrance

and even its very existence.



Changes brou#rt about by lee movement o f these components con-
tinually alter the character of Saadefjord Ice Hay. For example, the
entrance to tha bey In 1937 was 12.5 aiiee vide, whereas 10 yeorc later
the serae entrance hod been reduced to a email fraction of one mile In
width. The functioning of this pincers movement is evident Its the shear
erackn of the year-old sea ice covering the enters of the bay (Figs. 93,
95) and In the icebergs trapped by the narrow bottleneck entrance (Figs.
85, 89, 90).

Ice bays of this sort, with a relatively constant presence but an
essentially epbemral character, occur elsewhere in the Antarctic, as
tor eswrole the Bay of Whales in the ... Shelf Ice (Keys 56-65). In
that case, the oi&eo of the bay are formed by two segments of the Ross
Shelf Ice which ore split by Roosevelt Island. The effect of the inde-
pendently moving shelf ice segments which continually change the
appearance of this fhncun bay has been described many times in the pro-
fessional literature. In spite of the fact that the character of the
Handefjord Ice Bay chances with more them sir tines the celerity of its
frmom Ross Den counterpart, no references to its ephemeral character
are noted in the descriptions of the area.

Icebergs form along all parts of the Ingrid Christensen Coast,
except at the Ifeatfold R ills. The Publication Glacier Tongues are
veritable iceberg factories, producing these floating ice mooes in large
mnflsere, in addition to thoir ability to accomplish short terra net gain®
in their own length anproacliaRting 10,000 feet par annum. Since iceberge
ganerolly float away upon calving, not a great deal con be discovered
concerning the icebergs which fbrra In a particular area unless the inves-

tigator is on the site when the calving takes place. Here, however, many
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of the icebergs are trapped between the spines of the various ice
tongues comprising the complex or in Sandefjord Ice Bay (Map /h) where
they may be examined in situ after their formation. Pig. 80, a vertical
stereogram of the area in the middle background of Pig. 79# i* a par-
ticularly good example of icebergs which have formed as a result of the
impact of the Polarfbrachung end the Polar Record Glacier Tongues. If
met at sea, these icebergs would undoubtedly be classified as tabular by
all but the most discriminating eyes. While their shapes are indeed
tabular, their contents are of glacier ice rather than the large per-
centage of compressed firn ice associated with the classical concept of
tabular icebergs of shelf ice origin.

Rome mention of the size of these Icebergs is of interest. The
iceberg in the center of the stereogram Pig. 80 is 0.U2 miles in length,
while the one on its rigjht from which it has Just recently separated
(wholly visible in Pig. 79) is *>59 allies long. These by no means repre-
sent the spread of sizes, for many icebergs are substantially smaller
than the former or larger than the latter. A conception of the sise and
distribution of the Icebergs here may be gained from examination of Pigs.
79 and 86. Pig. 90 is Interesting in that It demonstrates how a large
section of Ice tongue nay break o ff and effectively prevent smaller ice-
bergs froa drifting out to sea by blocking the bottleneck entrance to
the bey. A block in this position would also prevent the sea ice from
escaping were the sea ice to break up under marine and wind influences.
Because of ibis fact, It may be estimated that the large iceberg has not
been blocking the bay entrance for more than a year, since the ice within
the bay does not appear to be more than a year old. The evidence for

this is the lack of pressure ridges in association with the shear cracks
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In the sea lee produced by the placers movement of the bay's independent-
ly moving side* (Key 63).

Among the lesser surface features, crevasses, hinge lines, floating
fissures, reentrant rifts, drift and saetrugi merit comment. Crevasses
(Keys 138-168) first cone Into prominence at the beginning of the steep
slopes vhieh nark the coastal zone. Here they emerge by reason of wind
loss of the surface enow cover, the widening of pre-existing cemented
crevasses and the opening of new ones froa the effects of tension (Fig.
57). In sates instances, the long tension crevasses which are generally
parallel to the contours of the slope are Interrupted by shorter crevasses
caused by obstructions In the underlying rock topography (Fig. 57).
Similar short crevasses perpendicular to the glacier edge occur where
the glacier meets the sea near a fringing rock, rock shoal or other
obstruction (Figs. U3, 51). Sometimes this may occur near the edge of
an ice tongue, causing crevasses similar to those appearing on Fig. .
Small basins at the coast, acting as ice accumulators, create both normal-
ly and transversely oriented tension crevasses In their short runs to the
am (Fig. 5*0. In Rome cases, crevasse® and seracs develop which cannot
be covered by drift before the Ice in which they are formed ealves o ff
tha main mass or ice tongue and goes out to sea. Moreover, the main
system of crevasses and seracs may be aligned with the prevailing wind
direction, ms at Chaos Glacier Tongue (Pig. **7), rather than perpendicu-
lar to it, as at Hanvlk Ice Tongue (Fig. *9). In the former Instance,
the energy of the wind Is harnessed to keep the seracs and crevasses free
of drift snow, while in the latter case, loose firn and snow drift Into
the crevasses and a considerably different lee structure results (con-

trast Figs. 77 and b$), Since ice tongues frequently have several
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differently oriented groups of crevasses, it is COBBQOR here to find
some belts of crevasses kept free of drift by the very suuas winds that
cover the adjacent crevasses with drift (Tig. UH).

Crevasses which form and widen during the descent to sea level
normally become inactive when the iee mas in which they era situated
becomes afloat. If these crevasses are not aligned with the wind, they
w ill fill or bridge and drift over until completely lost from view, pro-
vided they are not calved off in icebergs before that stage is reached.
Such a series is to be seen in the airphotoa of the Polar Record Glacier
Tongue taken near its base, midsection and calving end (Tigs. 26, 77#
78, 86). Rote, however, that even after the crevasses have been covered,
the airphoto can be used to trace then and determine their orientation,
width and frequency. The faint lines which permit this airphoto inter-
pretation are not visible to the surface observer. It wry also be noted
that the crevasses are not always completely covered, even under favor-
able circumstances. The larger seracs in the center of the rolls between
the hinge line depressions nay remain uncovered after all traces of the
other crevasses have vanished (Fig. 81).

Hinge line depressions (Keys 66-70) occur on all ice tongues (Keys
35-1%0) of the area and are remarkably well developed 00 the publication Gla-
de? Tongue*, Tigs. 76, 77, 78 and 86 show the development of the hinge
lines from a point near the base of an ice tongue to the extremity of
the same tongue. Their steep sides are created at their point of origin
where they act as the hinge or axis upon which the tongue rises and falls
with tho tide. Once the ice mss has pushed sufficiently far into the
cea to permit tidal leverage to crack a new hinge, the old one becomes

inactive. This is the stage shown in Pig. 78. The steep sides and
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extreme depth of the hinge line depressions beecrae lass pronounced as
drift begins to modify their shape (Fig. 77). At the extremity of the
ice tongue the hinge lines frequently, but not always, act os zonae of
mweakness and predetermine the size and shape of the icebergs which form
(Fig. 78).

Ia Fig. 86, it is possible to see that these hinge line depressions
are sometimes of a compound nature. “Svat ia, the hinge lines may be
oriented in several directions (Ktey 67), rather than in staple lines
parallel to each other and to the ice tongue front and perpendicular to
the direction of the ice mownont (Key &>). The precise reason for this
has not been established, althou”i the writer believes it to be caused
by the Shape of the lino at which the tongue become waterborne, os
well as by botton obstructions in this area. On the Polar Record Glacier
Tongue there exists in the conventional position a major series of hinge
lines to which are connected several series of short hinge line depressions
oriented at oblique angles. A similar pattern of hinge line depressions
occurs on the Aaory Shelf Ice (Fig. 89).

Floating fissures (Shye "9, 151-15b) and reentrant rifts (Keys
155-3-58) both occur in the Publication Glacier Tongues. The origin of
t*e floating fissures (Pig3. 72-75, 78) here must lie in good measure
within the ecejplex stresses and strains established by the collision of
toe five ice tongues, rather than in the simple tension near the edge of
floating Ice moaea which normally accounts for their presence. Sane of
the reentrant rifts (Figs. 79, 83, 0*0 ore created by pressure at toe
Junctions of the various ice tongues, while others owe their origin to
the presence of nunataka at toe foot of glaciers (*feknBttane, Fig. 83)

car of islands which split toe ice tongues (Vbstknatten, Pig. 83).
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Hinge lina depresslons, fleeting fissures and reentrant rlfto all
occur on the Aaery Hhelf lee cm such a grand scale that they can be seen
in the distant backgrounds of Figs. 87 and 91-93» although the nearest
ones are 12 Edlea may erid the farthest ones nearly reach the horizon.

Drift in evident almost everywhere. Only scrao of the steeper
coastal slopes of the continental glacier have been swept clear of drift
end even here It la found lodged ia the crevasses aivi In the depressions
(Fig. 5*>). OQOa the ice tongues it has partially (Fig. WO or almost
wholly (Figs. UQ50) obliterated the original erevaaee and ocrac struc-
ture, depending upon the orientation of this structure to the prevailing
winds. Figs. 81 and 82 demonstrate the effect of drift in camouflaging
the Sandefjord lee Bay and Bolingen Inland sides of the Publication Glacier-
Tongues. In the latter ease, it is especially difficult to tell where
the ice tongues end and the drift-covered eea ice begins, in spite of
the rapid rate at which the lee tongues are moving. Drift also covers
icebergs within the tongue coraplex (Pig. 79¢) and provides natural ramps
for the floating fissures therein (Fig. 7%0. RI1*bt-eagle drifts can be
seen developing at holes in the crevasse lids in Fig. 57. A drift-ice
glacier creates a temporary todbolo at Stornrakloa (Fig. 63). In fact,
drift seeras Ubiquitous, its varied effects being fbund on the airphoto
illustrations of all of the TJhat Ingrid Christensen Coast.

Saatragi (Keys 96-U 7) have been previously cited as being best
developed in the hinterland (Fig. 55)/ then fading out and disappearing
(perhaps fbr lack of snow) on the steeper coastal slopes of the conti-
nental glacier. Where the drift anow awl firn again accumulate on tha
ice tongues, saetrugi also occur, althougi their fbrnation is sonetiocs

hampered by the presence of rou$t ice, seracs and crevasses. Where the
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drift has succeeded In obliterating thin roughness, the sastrugl have
formed with greater regularity. Pigs. 3U, 93 and 9%, however, show the
absence of well-formed saetrugi in eotae coastal zones even where snow
cover is present. Pigs. 77 and 78 show two delicate patterns of rela-
tively snail sastrugi which exist cm the snow cover hiding the crevasses
near the extremity of the Polar Record Glacier Tongue.

2o surglacial deposits of nomine are visible anywhere within the
West Ingrid Christensen Coast area. Banded icebergs, however, appear
trapped in the sea ice of 8aad»f,lord Ice Bay off T villingfjell (Fig. 8U),
which indicates the presence of englaci&l m aterial somewhere in the area.
It lies within the reals of possibility that these particular Icebergs
are products of the Aaery Shelf Ice or even that they drifted into
Sandefjord Ice Bay froa somewhere else, but their appearance as a group,
the blocked south a7 the bay and the fact that shelf icebergs are not
usually banded, all indicate the formation of the icebergs frc« acme
part of the southern const of the Sandefjord lee Bay.

Drainage. In the ice-free regions of the Weet Ingrid Christensen
Coast, the terrain generally consists of bed rock eloping down to tide
water. BO permanent streams are known to exlot here. Tarns (Keys 212-
213) are present, however, in the fbw areas where sufficiently large
collecting basins exist on the rock surface. Perched tarns occur in the
Bauer Islands (Figs. UO, U2), Larseaann M ilo (Figs. 60, 62, 63),
Larsemaan Islands (Fig. Si) end the Bollngen Islands (Figs. 6V, 69).

Ice drainage occurs by ablation, etftxaqueous solution and the calving
of Icebergs. Ablation is probably active throughout the area but is
difficult to discern from photo analysis, even if ablation pits are created

on the surface. Subaqueous solution of the portions of the ice tongues
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and glaciers in direet contact with tha relatively warmer marine water*
ia also difficult to datemine from aerial photos. However, the amount
of ice surface exposed to ablation and (to a lesser degree of accuracy)
the amount of surface exposed to marine melting can be determined by
airphoto analysis. If elhaatic and oceanographical data exist in
sufficient detail, they can be applied to these surface areas to pro-
vide an estimate of ice wastage through ablation and frjbexquemtn drainage.
Unfortunately, this data doea not yet exist fbr the Ifest Ingrid Christen-
sen Coast.

Solid drainage, the calving of icebergs (Keys 23~2!i, 35, 5% 71,
lk-Tj), cnanot be dote-ralned ftrom a single set of aerial photographs.
Comparative cover in required, with the degree of accuracy depending upon
the nunfcer of comparative airphoto missions and their time relationships.
In the case at hand, there are only three airphoto missions, two of them
within UJQ hours of each other and the other one tan year* previous. While
these raiseions have permitted on estimate of the net annual gain over a
period of ten years, they have been either too close together or too far
apart to determine the exact rate of solid drainage. It can be stated
with accuracy, however, that (1) solid drainage ie more rapid at the
Publication Glacier Tongues than anywhere else along the Ingrid Christen-
sen Coast and that (2.) solid drainage undoubtedly accounts for aora ice
wastage in the Publication Glacier Tongues area than either oblation or
subaqueous m elting.

A considerable amount of airphoto evidence exists concerning surface
thaw end runoff (Keys 179-P!%¥)e Sizable rwltwater labes are visible at
the bftee of the Publication Glacier Tongues, particularly near the base of

the Polar Pocord Glacier Tongue, at the PolarSibofesn Glacier Tongue and
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the area between these tongues (Figs. 72-75# 79). The hinge line
depressions of the Publication Glacier Tongues also contain aeltwater
(Figs. 75# 76). Parkis and puddles of BBlItwater are risible cm the
Banvik Ice Tongue (Pigs. hO, 19). Heltvater lakes also occur midway

on dSuc Glacier (Fig. 5%)- large aeltwnter streaae are lacking, hov-

ersr, and even oaall ones of any length are scarce. Apparently taost
aeltweter drains directly into the ocean, into local neltvater lakes,
ponds and puddles or disappears into the crevasses. The icefome of
the area preclude large drainage basins.

Radiation (Keys 169-176, 193-21U) is fbr lees effective here then
in the neighborhood of the Vestfold ITillo where 200 square milea of ice-
free dark rock absorb and rere&late sufficient heat to affect the sur-
rounding ice. The best evidence of the occurrence of radiation along
the West Tngrld Christensen Coast is at Caroline 'likkelsen 3feak (Fig.
95) oad at the adjacent peaks where radiation from the dark rock in on
area of slow moving ice has permitted the formation of radiation rnoete
(Keys 173-176) and aeltwater ponds. Another local evidence of radiation
m elting occurs at Flstnas Ice Tongue (Fig. 3%), but in general, the
phencosnon to lacking here because of the small size, insularity and
scattered distribution of the ice-free land masses.

Shorelines. If from this study the reader has gilaed the impression
that the shoreline of the West Ingrid Christensen Coast ia extremely more
complicated than that of the East Ingrid Christensen Coast, he must re-
member that in the analysis of the latter, individual "pure" type areas
were examined as a feasible sarthod of becoming acquainted with them.
ISie approach to the area at hand has been one of dealing with a more

typical, multi-element, Antarctic coast. Actually, in all of the West
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Ingrid Christensen Coast area there are only two kind# of ice terrain
mwhich were not examined in detail in the eastern areas. These are tha
kindn of ice found in tho Baker Three Glacier, which borders ita aouthem
extremity and which w ill he considered in the section on the Ingrid Christen-
sen Coast attended, and the Anery Shelf Ice, which forms the west boundary
of Saadafjoxd lee Bay end, therefore, Is actually outside the study area
of this thesis.

Islands lying offshore, son© of which axe connected to the minland
by glacier ice, occur in the Hauer (Pigs. 39-**0» Sweiwer (Pigs. 36,
51-5*0, Inrseaaon (Pigs. 38, 58-73) a»* SamSefJord (Pigs. 92-93, 95)
coastal areas. The de facto shorelines here consist of on adssixture of
ice-free rock peninsulas and bluffs intermingled with low ice cliffs.
When sea ice conditions permit a eloee approach to the shore, relatively
easy access to the continent may be gained by the simple expedient of
avoiding the ice cliffs and climbing to the continental ice surface aver
the rock fringe.

Browns and Chaos Glacier Tongues, Ranvik, Hovde and Flatnes Ice
Tongues and the Eftlk and Hargreaves Glaciers present vertical ice cliff
shorelines similar to the one previously described for the Soredal
Glacier Tongue. While the Publication Glacier Tongues are 8tailor to
the Sorsdal Glacier Tongue in many ways, there are earn significant
differences. Ttio primary one is the greater instability of the shoreline
of the former, which apparently advances and retrogresses (by calving)
at a far more rapid rate. The accessibility of the shoreline also differs
between tha two areas. At tha Sorsdal Glacier Tongue all sea faces are
vertical lee cliffs, while the edges of the Publication Glacier Tongues

facing Sandefjord Ice Bay are so infested with partly or wholly calved
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icebergB all eocgjouaded by drift, that it is difficult to tall Just
where the true edges of these Ice tongues lie. A large portion of the
east side of the Publication Glacier Tongues is bounded by old sea ice
and drift. Here it is possible for one to descend fro® the ice tongue
to the drifted sea Ice, to the heavy floe sea ice, to the one-season
see ice and finally to open water without Meeting any cliffs. Stripe
of photos indicating such a course are presented as Fig. 82ahe.

The precise location of the real shoreline of the Meet Ingrid
Christensen Coast as opposed to its de facto shorelias is difficult to
determine (Keys 231-252, 237-271). Except for peninsulas and fiords, it
probably exists somewhere between the 100- and 200-aster fom lines on
Maps 10 and 11. As yet, there is no concrete evidence to prove that
arty one of the pseudo-peninsulas uncovered by the recession of the conti-
nental glacier la definitely a part of the Antarctic mainland. On the
other hand, there is no convincing proof that certain of the higher
portions of the Rawer and Laroemnn Insular coastal areas ere not parts
of the mainland..

In any event, the question as to the real significance of the present
true coastline nay properly arise, since the lose of a sufficient amount
of lee to reveal it oigjbt result In an important local ieoatatle ehaage
such as that which new must be occurring In the Vestfbld H ills, for which
ample evidence has been shown previously. If all this should occur, the
fringing rocks sad pseudo-peninsulas which now fall suspect of being of
Insular character would become a definite part of the mainland. Indeed,
it is possible that eventually the iooetatic changes rai*it be of suf-
ficient magnitude to include all the Hauer, Larseaann and Bolingen Islands

as a part of the Antarctic mainland.



O ffshore. There are no essential differences In the offshore con-
ditions here compared to those previously ascribed to the several areas
of the Bast Ingrid Christensen Coast. The Svenaer Islands, a group of
about a dozen islands and rocks (Fig. 52) exist same 12 miles north of
Kavde lee Tongue on the Svenaer insular coastal area. Unfortunately,
the aerial photography available Is not of sufficient quality to count
these islands accurately, ranch lass to perfores a photogeographical
analysis of them.

Flora and fauna. Precisely the sane type of life exists here as
previously reported for the Vestfold and 3orad»l areas. The amount o f
life cm the Ingrid Christensen Coast which is related to the presence of
A delie penguin rookeries (Keys 2T2-27¥), however, decreases to the south-
west from the Vtestfold H ills. The largest rookeries and the largest
number of rookeries cue on the islands off the Vestfbld H ills. While
several pnxstoent colonies occur in tba Hauer Islands (Fi*ps. 39, Ul),
these grow fever, smaller and farther apart toward Sandsfjord Ice Ray.”
The general absence of rookeries in the southeastern area nay be ascribed
to the fact that the annual departure of the sea ice frees around these
islands and peninsulas is either very urcert&la or occurs very late in
the season. One must also consider that there is relatively little ice-
free land suitable for Adelie rookeriee in the southwestern areas.

Hunan occupance. SO airphoto evidence (Keys 2BS5-3Ji3) or other
records exist of humans ever having landed on any part of the Weet Ingrid

Christensen Coast, although HUovorth and Wllklne (1939, MS diary, 3 Jan.)

% he Svenmr Inlands oust be excepted from this statement, since the
scale and oblique angle at which they appear in this photography make:
photo analysis of this detailed nature impossible.
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landed briefly one evening on the Svenaer Islands 12 milee offshore
and on the Rsuer Islands. Kikfcelsan and Chrietenaen have sailed past

the area.

1303135 GHRISCTSSf? COAST EXTSRBSD: BAKER TORES COASTAL AREA

One of the rewards of original research is the occasional occurrence
of a bonus in the form of a significant discovery of a totally unexpected
nature. Such an occurrence was brought about by the photogeographical
analysis of the Ingrid Christensen Coast, when a hitherto unknown coast
was discovered.

According to all existing naps and literature, the Lars and Ingrid
Christensen Coasts Join at Sandefjord Bay (Map 11). TOie was a reason-
able statement from shipboard analysis, since the de fhcto coasts of
these two lands do join act this point. But Ssadefjord Bay Is formed in
ice and is more correctly termed Sandefjord Ice Bay (Map lk).

Aerial photographs (Pigs. 96-101) clearly show that the true coast-
line of the Ingrid Christensen Coast does not meet the coastline behind
the Anery Shelf Ice near this point, but instead, continues in a south-
west direction for a distance not yet exactly determined, but certainly
for acre than 65 miles (Map 15).

This extension possesses a character quite apart from either that
of Lars or Ingrid Christensen Coast. The designation "Baker Three coastal
area," after the name of the first aircraft to visit and to photograph
this area (27 February and 1 March 1S&7), is suggested, to permit the
area to be distinguished frc*a the former Christensen Coasts. The names
given to the individual laadforaa and ice structures thereon, (Map 15,
Pigs. 96-101), honor the members of the two aircrews who endangered their

lives to obtain this photography, which is the only record of the



375

31, 32

1
of the original problem, the deternim tian of i#s presence is of such

area. Vffiil# the Banker “hree coastal area did not constitute a part
accent that it oust be treated here, If only la &n abridged manner.
Use Baker Tarse coastal erea is a southwestuard continuation of
the true Antarctic coast frao the point at which the d® fhcto Christensen
f3oast8 Join at Bsndefjord Ice Day. There is no water along the const,
unless it be uniemeath cr peraoatiag the glacier IcQ which borders it.
The coast has not been explored previously; Its existence has never been
recorded.
Only the northeastern portion of the BnJar Three coastal area is
visible on 'Sap 11. Ssxsept fear this oxtrraity, neither it nr*r the area
in -dbJeh 1t lies appears on any of the nape in Hansen's Atlas (191%),
vhich is devoted to the aapping of this portion of the Antarctic coast-
line. For this reaoon, tfoe coast 2nd its fczsaediate hinterlstti have been
sloetched on Ifesp 15, The area ie also covered by the following c-arial
photographs;
TABLE 7. MKSR THREE COASTAL AREA; AIRPHOTO COVERAGE

Print libs Angle Roll Missj Agent Alt/T F /1 Scale Date
M 72875-27F ss&Tmnii ot-twjit

1-5/1 TIAVSR68 5%*26 MW Arasr USimP68 9700 6" 19200 1 Mar U?

1-69/1 L&V&R6S M25 AAV Amor USSIP68 9100 6" 13200 27 Feb hr

The delineation of the BaJcer Three coastal area is well displayed

3-krhree aircrewasn lost their lives in crashes induced by the Antarctic
"white day" phenotannoa w hile pbctofjraphing the Antarctic coastline during
this 1976-19"7 scanon.

3% hese names have been sribnitted by the writer to the U. S. Boeri on
Geographical Tterace. The naass were examined during February 1952 by the
Board's Antarctic Ccwadttee, at vhich tine they were tentatively approved.
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in Fig. 96, on vhich the coastline la visible os a series of ice-covered
and ice-free bluffs trending directly away frees the observer. To its
left (northwest) the Baker Three Glacier collects the contents of the ice
pouring over the coast from the hinterland, fonaing a sort of a solid
shore current vhich flows toward Saadefjord Ice Bay in the background.
This glacial ice stream separates the Baker Three coastal area from the
Araary Shelf lee (?tep 15), risible In the upper r1#t of Fig. 96 and In
the backgrounds of Figs. 99 through 101. To the rigjht (southeast) of
those bluffs lies tbs continental glacier.

Proeee- ing southvestvard from S«*i*fjord Ice Bay (Map 15), the
coastal bluffs are at first rather indistinct under the lee-covered coast.
Boon, however, the Stabler Hills (Figs. 96, 99) appear as a group of about
a dowsn lee-free peaks protruding firm a single ice-covered rock mass and
from here on the coastal outline is quite definite. Between the Stabler
H ills and the MeKbskle H ills lies the Rogers Glacier (Figs. 96, 99), the
first of several sizable glaciers to emerge from this coast. It is inter-
rupted by the >5&ris (Fig. 99) and the VJhienauxt (Figs. 96# 99) Hoaataks,
which at sane future date may possess functions similar to Meknttaae and
Fmtkaattea of the Polarfbrechung Glacier (Fig. 83) in splitting the float-
ing Ice tongues of these glaciers and causing reentrant rifts to form.

McKaskle H ills (Figs. 96, 100) and H Istlchelli Hills (Figs. 96, 100)
ore the principal ice-free sections of the coastal bluffs betroen Rogers
and Stevenson Glaciers. The latter (Figs. 96, 101) la the second largest
glacier to discharge from this coaot into the Baker ©iree lee stream.
Near the mouth of Stevenson Glacier the ioe apparently cascades over
coastal bluffs, producing the Pateraon Ice Falls (Figs. 96, 101).

Brnnstetter Rocks. (Fig. 96) and Thil Island (Figs. 96, 90) separate

Stevenson Glacier frcra Jennings Prmontory (Figs. 96, 96a, 97), an



asyusatrical rldga vhich presents Its steep side to the coast. Jeanluge
Late (Figs. $6# 9&*# 97) borders Jennings Promontory at the coast.
Kreitzer Glacier (Fig. 97)# a third large glacier discharging fran
the hinterland, lies adjacent to the Jennings Promontory. Continuing
soutfavestward are the Reinbolt Hllla (Fig. 97). At this point Gillock
Island (Fig. 97)# by far the largest known island along the entire area
covered by this study# appears offshore between the Baker Three Glacier
and the Araery Shelf Ice. Speyd outlier (Fig. 97) lies offshore near the
southern end of Gillock Island and Preston Point is at its northern
extrem ity. Five separate Mountain ranges are risible on the distant
horizon above Gillock Island and beyond the Artery Shelf Ice (Fig. 97).
The hinterland of the Baker Three coastal area seems to be similar
to that of the West Ingrid Christensen Coast in all pertinent respects.
The aerial photography is not of sufficiently ©xxl quality to per-
mit identification of the character of the ice-free bed rock. D efinite
distorted lines in the rock structure appear on Jennings Prcoontory above
Jennings Lake (Fig. 96a), a fact vhich suggests the possibility of a
continuation of the aetastorphie rocks of the Ingrid Christensen Coast.
Many glacier surface features here differ from their counterparts
along the Ingrid Girinteneen Coast. For instance# here occur the only
surglacial medial moraines (Keys 202-206) encountered in the entire
area under consideration (Figs. 96-98# 100-101).
Meltwater features (Keys 177-191) ore particularly prominent.
TJmaarous streams# streamlets# lakes and ponds appear on the surface of
the Baker Three Glacier. Such features are clearly visible an every

photograph of the area (Figs. 96-101). Moreover, all of the neltvster
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features appear to be active. The lakes are thawed or sheer signs of
thaw. The nearly level lee surface of the Baker Three Glacier is
honeyc.cashed with tiny iaeltwater streams, soraa of vhich have deep channels
(Key 177) Here also, for the first time In the study area, a large,
continuous meltwater stream is found (7Tig. 96). Huaerous eurfleial
meltwater streams descend to Baker Three Glacier from the continental
ice, particularly where the latter comes under the Influence of radiation
frcot nearby Ice-free rock masses (Pigs. 96-99).

The entire Baker Three coastal area la Icebound by the Baker Throe
G lacier, ao unusual kind of eon ice stream vhich, tiujugj apparently not
heavily crevaased itself, drains the crevasaed glaciers frees the conti-
nent, Includes surglacial moraines and separates the continent frcot the
Amery Shelf Ice. Like the latter, the Baker Three Glacier moves toward
the Sanflefjord lee Bay, but unlike the shelf ice, it possesses an obvious-
ly different Ice structure as evidenced by Its flat surface, meltvater
(Keys 177-192), surface noraineo, end its lack of hinge lines, floating
fissures, reentrant rifts and other signs of floating ice mosses. Many,
although not all, of these differences ere indicative of the ftct that
the Amery Shelf Ice is afloat while the Baker TTxree Glacier may be
grounded on shelving coastline or moraine.

There Is some evidence which Indicates that the Baker Three Glacier
my be partially afloat or at least permeated by marine waters. One such
b it of evidence is that the glacier does not appear to be more than hOO
feet above sea level, which is probably the upper lim it of elevation for

floating iee.-* Another bit of evidence lies in the markings which appear

valid reports are known to exist of floating Ice In which the
general elevation of the upper ice surfaces isy W0 feet or more above
the sea. The Rarveglan-Briltinh-Swedish Expedition of 19%19-1952 is ex-
pected to bring back more definite information concerning this subject,
however.



ia Jennings Lake (Figs. 94/ 97). Viewed la third dimension (Fig.
what first a&pears to be aa innocent-looking meltvater lake shows the
distinctive Markings around its shoreline and the shorelines of Its
island*! vhich ore most frequently associated with tidal cracks and
marine ice fo&t.

“hile it ie possible that tide veter reaches -Use area of Jennings
Lake via passage under the shelf ice, it would not be prudent to classify
Baker Three Glacier as a floating glacier on this evidence alone, es-
pecially in view of the total lack of other evidence as previously demon-
strated. It is well within the realm of possibility that the markings
on Jennings Lake are caused by differential thaw, which ia controlled
either by varying water depths or radiation fra* the adjacent ice masses
(Keys 180-192).

Except for the presence of Islands, the offshore conditions here
are totally unlike the open water conditions of the Ingrid Christensen
Coast, fails factor alone is of sufficient merit to require the establish-
ment of a separate narae for this coastal area and for its treatment aa
an entity.

Flora and fauna conditions here are unknown, but the presence of
ice-free rock at this elevation suggests the presence of several species
of Antarctic lichens and perhaps some mosses. In some, but not all
instances, minute insects are associated with this type of flora in
Antarctica. Their presence here, though, is a matter for speculation,
form ally, land this close to the coastal area could be expected to bouse
rookeries of such birds as Cape Pigeons, Snowy Petrels and Wilson's
Petrels, but with so many more fhworable cites available nearer the ocean

{feeding grounds, it is doubtful whether the ice-free terrain of the Baker
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Tteree coastal area is inhabited by bird life. There ore no evidences
of the presence of penguins or seals. The closest that hunann are
known to hsv©O approached the area is a distance of about two m iles,

and this was frco above, by photo reconnaissance aircra ft.
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RIMHUW AND COI1CLUDTONR

Stcaaary. ’tyriads of airphoto Imogen precerrt landscape Information
In encyclopedic detail and variety. Accordingly, It Is not pooslble for
the airphoto Interpreter to recognize, analyze and interpret all air-
photo images vhich may bo present on his aerial photography. Specifically,
he v 111 not "be able to interpret vith caraplete reliability the airphoto
images of objects, conditions and situations vith which he has not had
experience on the ground.

Since no photo Interpreter can be familiar vith all, or even a sub-
stantially large portion of the images vhich appear on airphotos, It
becomes necessary to find a method by vhich the photo Interpreter my
correctly analyze photo images vith vhich he is partially or wholly un-
fam iliar. The most practical system developed thus far to solve this
problem involves the syotesaatlc derivation of annotated airphoto Images,
called photo Interpretation keys, which any be classified according to
area, tnfcject or both. Chapter V is such an asserrfblage of photo images.

The scientist who derives and compiles photo interpretation keys
must be thorou”ily familiar with the subject, the area or the analogous
f& ctors concerned. 3ueh keys cannot be established from the study and
analysis of airphotoo alone. Field study is required, for only by compar-
ing eirphotos with actual eooditionB observed cm the ground can one readily
learn to recognize the important indicator keys and to differentiate between
them,and such Imges os may not remain constant or may not be of diagnostic

value. Field inspection is also required to recojpiize vbat Smith (1947,



p. olB) calls ". . . . the subtle markings that characterize immerable
obscure features, and . . . . differences between thiiVTjg Vhich seem
similar  and the sim ilarities between things vhich seen different."

A universal or vorld-vide set of aerial photo interpretation keys
would be so voltsnincnis and would require so much research, that Its cces-
pilatlon ia not feasible at present. Kioto Interpretation key# for
certain geographic regions or for individual subjects, e.g., railroads,
sand dunes, crops, anti-aircraft defense positions, and various indus-
tries, are feasible, however, and a limited number of thaa have already
been established.

9&ch iceform, lan&form and natural feature on the earth's curfaee
is unique. TJo two glaciers, crevasses, mountain peaks or other natural
features ore exactly alike. VithIn any one class of natural features,
however, there may be a substantial amaber of characteristics which are
repeated in the great majority of the features falling within that class.
The selection of keys, therefore, must be based upon diagnostic charac-
teristics which are of statistically significant recurrence. Objects,
conditions and situations are sydbolized when portrayed on maps, but the
airphoto images of these very same objects, conditions and situations
wry in appearance. This variation in appearance is the principal dif-
ference between airphoto interpretation keys and the symbols of the map
legend.

While the existence of photo interpretation keys stakes possible a
preliminary analysis of airphotos by other than qualified field investi-
gators, it should be emphasized that, in the hands of professianally
trained personnel, such keys result in far more adequate and accurate

analyses than when the came keys are utilized by individuals who have



had no special training in the subject concerned or in a closely allied
field, 'tore generally, it can be said that the degree of effectiveness
in the utilisation of photo interpretation keys varies directly with
the mount of interpretation experience and the professional competence
of the individual photo interpreter.

In special instances which step front the extent of the area con-
cerned, the scope or character of the investigation, or the inaccessi-

b ility of the area, keys nay have to be relied upon without confirm ation
by field checking. Where areas are inaccessible because of political,
physical or financial reasons, the use of photo interpretation keys nay
provide the only acceptable alternative either to field eanaination or
to photo interpretation vith field checks.

The conventional methods for the study of an area such os the analy-
sis of the pertinent literature and maps, are also useful in the inter-
pretation of airphotos of that area. In fact, it is mandatory that the
ccrapetent photo interpreter be aware not only of the sources of literature
pertaining to subjects and areas within his own field of enieavor, but
also of the sources of pertinent subject and regional literature concern-
ing the related earth sciences.

The "photogeographer.” The term '"photogeographer" any, in a manner
of speaking, be likened to such terms as '"field geographer” and "armchair
geographer.” Bach plays a necessary role. The "photogeographer" con-
ducts his research primarily froa airphotos, using field examination,
maps and literature for supplementary purposes. The "field geographer”
bases his studies on field examination, using maps, literature and air-
photos for supplementary purposes. The "armchair geographer" bases his
work on literature, on maps and (less often) on airphotos as examined in

the office.



But individual geographers are not always confronted with the sane
types of probleoD. Perhaps a more realistic method of analysing the
situation would be to divide the problem) that geographers study Into
three groups, vis. (1) the problems beet solved by the utilization of
photo interpretation as a primary method, (2) the problems to which air-
photo interpretation can make significant contributions and (3) the
problems best solved without the use of airphotos.1 Hhen the geographic
problems, rather than the geographers, are so divided, it is at once
clear that on individual may act as a '"photogeographer" in solving one
problem and an "armchair geographer" in his approach to the next. More-
over, the methodology adopted in each instance may be the most sound one
for the particular problem at hand.

It is equally apparent that it ie not necessary for the geographer
to become a specialist in photo interpretation. Fhotogaography is, and
should remain, one of the important techniques fear the analysis of
geographic problems. Therefore, photogeogrephy cannot be likened to
such subjects as soil geography, urban geography or biogeogrnptoy, for
these are systematic branches within the broad field of geography.
Neither can photogeography be likened to cartography, thou#i both are
service techniquea for the various systematic branches of geography.
Pfcotogeogrsphy is more nearly the equivalent of field geography, that ie,
a method of geographical inventigaticm, rather than any other aspect of

the discipline.

AThe author'o examination of the currant list of titles of recently
completed diasertationa for the degree of Doctor of Philosophy in
Geography ccsxpiled by Hewee (1951)» reveals that 30 per cent of these
theses may fall within the first category, k0 per cent within the second
category and the remaining 30 per cent into the third category.



The photogeographer, then, must first of all he a geographer who,
by virtue of Ms background of general experience, professional training
and airphoto interpretation experience, attacks pertinent problems in
geography by naans of the analysis of airphotos.

The "airphoto landscape."  Without question, the landscape as
described by the photogeograpfcar solely on the basis of airphoto analy-
sis differs scxaarwhat fron reality. Often the extent of this difference
w ill depend in large Measure upon the type of landscape concerned. For
example, asaming the sane degree of technical skill on the part of the
interpreter, desert landscapes end polar landscapes my be interpreted
with greater accuracy than landscapes Which include a complex cultural
Morphology.

Because of the differences between the actual landscape and. the one
conceived solely from airphotos, it is suggested that geographers and
other investigators differentiate between the two by calling the latter
the "airphoto landscape" and the former the "terrestrial landscape" or
merely "landscape." Field, and library research con be applied to the

"airphoto landscape" to derive the "terrestrial landscape."2

actual practice, the "airphoto landscape" is merely a concept,
for, whenever he can, the photogeographer rakes field traverses with the
airphotos in hand, studies the aapa end roads the literature concerning
the area concurrently with hie airphoto analysis. In this way, the "air-
photo landscape stage" is circumvented except in the Instances of in-
accessible areas where the "airphoto landscape' hecanes the iisasdiate goal
of the research prec/blem. This concept of “airphoto landscape" is a useful
ona> however, because It enables UB to determine the extent of the contri-
bution of photogeogrephy to the methods and techniques and to the various
branches of geography. While normally it is necessary to secure addition-
al details or confirmation of data frcn field inventory or library research
in order to resolve the differences between tee "airphoto landscape'" end
the '"terrestrial landscape,” it swot be renerotbervd teat such factors as
the vertical or oblique air view, the viewing of many square miles of
area simultaneously, and the use of distinctive flla-filter cceibinations
my introduce certain details into the "airphoto landscape" which, although
a part of tee actual landscape, could not be obtained from field examina-
tion, no natter Yvat thoroupji It may ba.
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V alidity of photogeographico.l nathoAs. Do phutogeographical tech-
niques provide a sound ban18 far geographical investigation? This
depends upon the degree to which observable surffe.ee features my be
recognized frcra their photo images as well as the degree to which the
inages of the various surface features provide a basis for evaluating
the army features of landscape vhich my not be longed in themselves,
e.g., cliaate, vegetation-covered soils, hydrology, etc.

Since, in most instances, the photo inagsa of surfhee features can
ho recognized on aerial photographs and since knmra relationships of
these observable features to Invisible, but significant, factors provide
much of the Information required for the proper evaluation of landscape,
it is possible to determine many of the essential elements of an area
frora its aerial photography. The resulting study, howsver, must be
recofptlzed aa one of an "airphoto landscape.” In order to determine
the geography of the actual landscape, the study must be carried to its
conclusion by means of library research, field examination and other
appropriate means of investigation, normally, however, the geographer
bypasses the "airphoto landscape” stage by utilizing other methods of
area research concurrently with his analysis of the aerial photography.

'Hie validity of photogeographic&l methods, such aa those demonstrated
in Chapters V and VI, depends upon such factors as the type of problem
to be solved, the nature of the source materials and the competence of
the photoeeographer. Hb* validity of the individual photogeographical
study is also affected by the scope of -fee problem, including evaluation
of whole landscapes or individual landscape components, the kind of land-
scape, the scale of the investigation and the reliability of the known

photo imge indicators or diagnostic keys.



Systematic research in photogeography la still In ito Initial
stages, but while the baain for final Judgment on the substance and
value of this technique is still quite United, it can be said that,
aside froB intensive field investIgation, no other hoown. medium can offer
the geographer such complete and such accurate data concerning the land-
scape, its condition, the distribution and spatial interrelationahipo
of its component parte aid the physical expression of nan's adjustment
to it. TOis information, however, is in the form of raw data whieh must
be selected and analyzed by the photogeoRrapfaer. Since no geographic
information is available from the airphotos until after they have been
analyzed by the photogeographer, it is at once apparent that it is his
competence and industry that are the determining factors in the derivation
of geographical knowledge from aerial photographs.

TOe Ingrid Christemen Coast: A demonstration. The analysis of
the Ingrid Christensen Const by pbotogeogranhical methods (Chapter VI)
has presented new disclosures of moment euch as the existence of the
Ba?ser TOree coastal area, the true nature of the Publication Glacier
Tongues, the ephemeral character of Sandefjord Ice Bay and the evidence
of an isoetatic or elastic response to the glacial mlosding in the Vfest-
fbld Hills coastal area. In addition, it has resulted in a considerably
better understanding of the geography of this area, an understanding
mWhich differs m aterially from any that nay have been gained by even the
moot exhaustive examination of the existing literature. Moreover, the
new understanding is substantiated by evidence in the fora of annotated
aerial photographs and stereograms vhich permits competent professional
personnel in a vide variety of disciplines to examine and determine for

themselves the validity of the specific statements? in the text of this
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study or to elaborate upon points peculiar to their individual pro-
fessional interests.

More important than this extension of the boundaries of knowledge
by the photogeographic analysis of the Ingrid Christensen Const, however,
is thefact that this study did not require the presence of the investi-
gator in the area concerned. 'Therefore, to the extent that this study
can be Bald to possess genuine geographic value, geographers hove a
useful and productive method, hitherto little used by then, available
for attaching problems in areas or subjects of their special interests,
lha method is an especially valuable one for utilisation in areas of
lim ited accessibility.

Objectives of the study. The two primary objectives of this inves-
tigation, os cited in Chapter I, have been:

1. To contribute to the knowledge of the ice forms typical

of the Antarctic continental glacier in general, and to
the morphology and reconnaissance geography of one typi-
cal Antarctic region in particular through the use of
airphoto interpretation as a geographic technique, and
in so doing

2. To investigate the use, value and lim itations of air-

photo interpretation no a geographic technique fbr the
inventory and analysis of landscapes, particularly those
landscape0 vhich occur in areas of limited accessibility.

It is desirable at this stage to examine and Btatnarize the contri-
butions contained in this study in order to ascertain to vhat extent the
goals of the investigation have been attained end to draw conclusions
regarding the merit® of photogeogrsphlc&1 methods.

Contributions. 3orae of the significant, original contributions
which have accrued frcta this investigation include:

1. A comprehensive description and analysis of photo reading,

photo interpretation and photo Intelligence.
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A maswttlon of the history of photo interpretation.

A eorcprebennive analysis of the concept,the methods of deriva-
tion and the use of photo interpretation beys.

The development or? the concept of photo®ogrophy, a valuable
method of geographic research.

An analysis of the regional limitations to photo recacmaioaaace
and photo Interpretation imported by the Antarctic environment.
The derivation and. establishment of several hundred annotated,
regional photo Interpretation keys of the Antarctic and subject
photo interpretation keye of landform and iceforaa associated
vith active continental glaciers.

The analysis and classification of major and minor ice forma-
tions associated vith active continental ice masses, including
Antarctic types of glaciers, ice tongues, crevasses, etc.

The illustration, description, analysis and naming of a number
of ieefortas not previously recognised or not known to have been
mentioned in existing scien tific literature, such or. "channel
glacier,” “floating fissure,”" "reentrant rift,” ” ice mraee”
and "right angle drift.”

The presentation of nev ond significant information, derived
ft-ora aerial photographs, concerning the morphological charac-
terlotice and the develormnt of such icefOras and landform as
shelf ice, hinge line depressions, sactrugi, snowdrifts, aelt-
vater lakes, aoraines and polygonal terrain. Information derived
from airphoto® is also presented about ouch processes os con ti-
nental ice recession, glacial dissipation by blizzards and the

"white day" phenomenon.



10.

11.

12.

13.

lh.

15.

U<A

A dffEcnstration of the feasibility of accomplishing a
reconnaissance geographic study from aerial photography, even
though no geographer or other scientist, including the investi-
gator, has ever visited the area. This demonstration has been
accomplished by means of a photogeographic analysis of the
Ingrid Christensen Coast, an Antarctic coastal area of approxi-
m ately 1*00 m iles in length with widely varied bat typical
Antarctic icefonas and landfom a.

A revision of the currently existing naps of the Ingrid

Christensen Coast with aa improved delineation of the coast-

line, including islands, ice tongues, fiords and Inland features.

The first precise description of the major physiographic

features of the Ingrid Christensen Coast.

The presentation of evidence of the astaraorphic character of

the bed rock along the Ingrid Christensen Coast.

The presentation of evidence relating to a probable uplift

of the Vbstfold Hills coastal area resulting frco the unload-

ing of glacier ice.

The discovery of the true character of numerous specific

physiographic features of the Ingrid Christensen Coast, -fee

most infportant of which are:

a. The Carsdeflord Ice Bay. The delineation, napping and analy-
sis of an unstable ice bay bounded by glacier ice and the
continental coastline at its head, and formed by dynamic
projections of glacier ice tongues and shelf ice. The
discovery of the ftect that, for the period frera 1937 to

1907, the dynamic land-formed ice creating the bay and



causing its ephemeral shape, advanced at a rate of aore
than six tines that of the ice fozwinc the unstable Pay
of Whales, the only vell-knecnm ice bey in Antarctica.

b. The PublicationG lacier Tongues. The delineation, tripping
salanalysis of an area formerly described as eh®If ice.

c. 1lnw Bafo&r Threecoastal area. TYae discovery, delineation,
0&Fping end analysis of ¢ previously urimenm ccental area,
an ice-bound, aauthwestward extension of the Ingrid Chriaten-
cen Coast.

lo. The isolation of nunerouc prdbleae vhich -jerit further investi-

gation.

A dditional contributions resulting free: the investigation include:

17. A msacEry, coBS>ilatinn and index 203 of the existing aerial
photographic coverage of Antarctica.

18. TSie cocrpiiatlori of ntamogrqA* illustrating the duration of sun-
Ilgit and civil in the Antarctic for any given data
and latitude.

19. An analysis and chert of Antarctic surface trafficability by
20 nethofis of transport (see also Iveys 265-320) aver 2°f hinds
of typical Antarctic uurfaceo.

20. Tho stflsaisaion of proposed place naaes for the larger sad mean
significant physiographic features described in the area under
conaidcrstion to the U. S. Board an Geographical Hancc and the
tentative approval of these name by that I>oard (flaps 13, [h,
15).

21. A bibliography cf Antarctic bibliographies.

22. Abibliography of photo interpretation bibliographies.

23. The concept of the "airphoto Inndscape."
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Conclusions. In comparing the findings vith the original dbjectives

of the Investigation, it may be concluded that these aloe hare essen ti-

ally been achieved. In viev of this fact, the following conclusions

have been drawn]

1.

That the phctogeographical method lo a valid technique for
geographical research and a particularly valuable geographical
research technique for uee in areas of United accessibility
to field investigators.

That by means of photogeogrnphical methods, the geographer is
enabled to capture the geographical essence of an area and
isolate the problems and the places vithin the area Which

require or moat merit field analysis or detailed study.
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APPENDIX

1 :aps AID CHARTS or m ¢ m

So ccsaplete listing of the ac.pc and cherts of Antarctica Is known to
exist. Antarctic aapo end charts of historical Interest find those p o -
lished before Cforld 'U& I ore listed by Detaxc (1910) and [fexicxthj (1951)¢
In this study, the principal hydrographic charts of Antarctic areas are
indexed on !Sapc 7 and 3. This appendix, designed to aeccag&iay Mope 7 and
3, is divided into the following sections:

1. Stay to Map 7, H. 0. Misc. No. 150%0.

2. Hey to Map 3, H. 0. Misc. !to. 150%0-1.

3. Maps and Charts of Antarctica Hot Indexed on Haps 7 and 8.

. tEY 20 Iift? 7, 3- 0. MB3C. HO. 150*0
Chart I?o. T itle Scale 1/-

U.S.R.C. CEASTS
(Shown in Bad)

0823 S. Pacific Ocean & W. Const of S, Anerlca, Sh. I 5,990,157
082* S. Pacific Ocean, Sh. 31 5,990,157
0325 S. Pacific Ocean, Sh. IH 5,990,157
0326 f>. Pacific Ocean, Sh. IV 5,990,157
0953 S. Atlantic Ocean, Southwestern Part 5,17%,016
0959 S. Atlantic Ocean, Eastern Part 6,%5% 331
1071 S. Atlantic Ocean 8.Wa, 572
1500 Pacific Ocean 21,912,992
5*%11 Antarctic Regione 1,659,612
5%12 Antarctic Reglona 1,083,081
5%*%6 Indian Ocean 7,599,716

5301 Pacific Ocean, Southwest Port, Si. II 6,62%,080
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665h

2572
V-30-105
V-30-107
V-30-SP
V-30-SP-1
V-30-3P-2
V-30-SP-3

V-30-SP-U

1775

3170
3171
3172

3173
317U

3175

3176

Antarctica,
Antarctica,

Antarctica,

T itle

Cape M are to Mima Bluff (ROSE Sea)
General Chart

Air navigation Chart

Antarctica, Air rfevlgation Chart

Antarctica, Air navigation Chart

Antarctica,

Air ?%avigation Chart

Antarctica, Air navigation Chart

Antarctica, Air navigation Chart

Antarctica, Air navigation Chart

BRITISH AKHRALT? CHARIS
(Shown in Green)

South Orkney Iclaarie Plans:

Uruguay Cove

Scotia Bay und H ill Cove

Inwall Islaal aal visahingtan Strait

IHlefaen Harbour

Queens or Borge Bay

Signy Island

Sandefjin'd Bay

Antarctic

Antarctic

Antarctic

Antarctic

Antarctic

Antarctic

Regions,
Regions,
Regions,
Regions,
Regions,

Regions,

Sh. I

Sh. 11

fth. HI

Sh. TV

Sh. V

Sh. VI

Plan: Peter 1 Tsieuxl

Antarctic Regions, Sh. VII

123

Scale 1/~

203,080
11,250,000
2,188,800
2,188,800
2,188,800
2,188,800
2,188,800
2,188,300

2,188,800

25,000
25,000
100,000
12,500
12,500
50,000
25,000
2,600,000
2,600,000
2,600,000
2,600,000
2,600,000
2,600,000
200,000

600,000
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3177
3206
3593

Oer 1057
Ger 106l
Ger 1062
Ger 1063

Oer 106U

Aue A, B

3-2

T Itlo
Rocs Pen to South Polo
Antarctic Regions, Ch. TUI
South Sandwich Islands
Plans: Nelson Strait
Ferguson Bay
OSHAH CHARIS
(Shown in Brown)
Pahrt ua Ttepfooora
DraJoe Straaee bis 20° Ost
15° Oct bia Kaox Land
Koox Land bis 1600 West
Brake Straaee

165° West b is

Plan: Peter I Insel

AUSTRALIAN CHART
(Shown in Brown)
Antarctica, General Chart
NO3W20IAN CHARIS
(Shown in Blue)
Note: The following Norwegian nautical
charts were prepared for Umlftmgames Assuraace-

foraning, SaoSatjord by Norgee Geogmfintee
Opneling, 1939%

Sydiohavet
Plan: Bouvet fan
Sydiahavet
Plana: Heard fan

Kerguelen I, Gazelle Havna

Kterguelen I, Cfcrietoaa Havna

Penis 1/-
3,300#co0
2,600,000
900,000
50,000

25,000

1,500,000
5,000,000
5,000,000
5,000,000
5,000,000

256,000

7,500,000

5,000,000

5,000,000



Chart No.

H-3

H-fc

C-3—C-12

Title

Kerguelen I, Accessible Bukte, Betoy Vika
Kerguelen I, Island IJavna, Royal Fund
Ksrgnelan
Sydlshavet
Plans'.: ’-!lacquarle $Sen, ISasseborough BuJrt
Aukland jfen
Coapbell “on
Antipodes Oen
Sydlshavet
Plan: Peter I *fen
Roaahavet
Note: The following Norwegian charts were
published frcra the work of the Lars Christensen
Expedition, 1936-1937 hy Barges OeogmfiBk*
Ornallng, 19":

Antarctica, Lat. <9°10*S. tc Let. 72°30'F.
Long. 2X°00*E. to Long. 27°00'E.

Antarctica, let. 68°IK>'S. to let. 70°20'S.
Long. 36°50,E. to Long U(0°'X>«E.

Antarctica, Lat. 65°30»S. to Let. 70010*F..
Long. 5400*3. to Long. Q*OO'E.

Note: The Kor Cbefore each chart mxdber
above is an arbitrary designation for use of the

0. S. Hydrographic O ffice. It does not appear on

the face of the chart..

Scale 1/-

1,105,377
5,000,000
357,890

386,360

5.000.000

26000.000

500.000

250.000

250.000



KS7 TO MAP §, H. 0. THCSC. 150U0-1

Chart «o. T Itla Scale I/~
U.r.FT.0. COASTS
(Shown In Red)
6650 Plans on the west coast of the PalraerPeninsula
Hac&apl&e Bay k,050
.tattoo Cove U,080
Black Island to Uruguay Island 7,680
Schollaert Channel to SetraayerChannel 201,350
6651 flrisenfcaci Islaota 3,580
6652 Black Ttnxb 'fountain to Blgourdan Fjord 109,790
6653 Cope Evenstm to Anwrre Island 251,200
Plani Port Lockroy 10,070
BRITISH ASrmtALTr CHARTS
(Shown in Green)
3205 South Shetlands and adjoining islandsend lands 670,000
PlaneJ Decoption Island 100,000
t-Cing Georgs Bay 112,500
Fendulm Cove 18,060
Tteptune'n Bellows 18,060
3213 Plans in the South Shetland* and vicinity of Grehaa Land
Schollaert and Tteuaayer Channels 200,000
M elcbolr IfeAcwr 35,000
Discovery Sound 12,500
Argentine Islands 15,000
Port Loekroy 10,000
Admiralty Bay 100,000
Visca or Earth Anchorage 25,000

Debetihan Islands

12,500



Chart No.

Pr 573

Fr 59

Pr 5752

Arc 100

Arg 101

dtla

PRAAICH CHARIS
(Shown In Brosm)

Bale de I»Anirwxte
Isle Deception
Plana: Pendulwa Cove
PEsco &uChallenger et Anse dcs Balelnlers

Shotlands du Sud

ARGENTINE CHARTS

(Shown is Brown)
Isla Decepclon

Archiplelago Melehictr

MAPS ARD CHARIS OF ANTARCTICA HOT riDHXED ON MAPS 7 AND 8

Scale 1/-

50,000

50,009

10,000
10,000

cfc6,500

50,000

20,000

In addition to the rasps and charts indexed on Maps 7 and 0, numerous

naps, charts, plows and plotting sheets are available for reference pur-

poses at the U, S. Navy Hydrographic O ffice.

constitute a complete listing of Antarctic sspe and charts.

AMERICAN CHARIS OF ANTARCTICA

These do not, by any swans,

Chart H o . T itle Scale 1° Long.
5609 rfeteorologlcal Plotting Chart

5693 M eteorological Plotting Chart

5800 ’krtearDlogical Plotting Chart

22>01 Pilot Chart of -fee South Pacific Ocean (quarterly)

2603 Pilot Chart of t2w Indian Ocean(rsonthly)

1701-S Horizontal Intensity of the Earth’s Magnetic Force

for the Yeer 1S&5, South Po3isr Area



Chart Tlo.

1703-S

1705-S

1706-5

5192

11993
Misc.

3000-10

3000-11

3000-12

3000-13

3000-1L

3000-15

3000-16

3000-17

3000-18

3000-r

3000-s

11960-1
Misc.

11960-2
Misc.

11960-3
Misc.

11960-H
Misc.

T itle Seale 1° Long. =

Total Intensity of the Barth's ’tagnetic
Force for the Tear 1915, South Polar Area

The Bast Component of the Barth for the Year
1975# South Polar Area

Variation of the Compass for the Year 19/5#
South Polar Area

TisM Zone Chart of the World

Antarctic Ice and Current Chert

Sotes The following are H.O. Position
Plotting Sheets. Bach covers a definite band

of latitude and la applicable to any longitude.

In the 3000 (1 to 18) series the over-all size
is 35 X b inches.

Lat. W0 — Lat. 5U° K. or S.
Lat. 53° — Lat. 57° H. or S.
Lat. 56° — Lat. 60° w. or S.
Lat. 59° — Lat. 63° !2. or s.
Lat. 62° — Lat. 65° w. or s.

Lat. 6h° — Lat. 71° n. or s.

Lat. 70° — Lat. 75° N. or 0.
Lat. 700 Lat. 78° W. or s.
Lat. 77° — Lat. QI° s. or 8.
Lat. 80° — lat. 89° N. or 8.
Lat. 89° — Lat. 89°US5' N. or 8.

Lat. 63° — Lat. 66° h. or 3.
Lat. 66° % Lat. 69° P. or S.

Lat. 69° — Lat. 72° N. or S.

Lat. 72° — Lat. 75° N. or S.

O.1U

O.lfc

3.2

3.2

3.2

3.2

inches

inches

Inches

Inches

Inches

inches

inches

Inches

inches

inches
inches

inches

-

inches

inches



Chart To. T itle Seale

5700 Poler Plotting Sheet (asinuthal, efjnidietant,
rfcereogwspfiic and gncraonic projections)

99~ Polar Coordinate Plotting Short

Misc.

2501 Pilot Chart of the Sooth Pacific. Index of pilot

chart articles, navigation, ice, ocean currents,
wves ana meteorologies! information from Jon.
lolfS to Pec. 1377.

Dote: The D. S. Wavy Hydrographic O ffice has
in its reference files the following surreys:

T itle

Saot Base and Vicinity, fror Heny F.iord to B ills Caleb, A

survey by -the IT. S. Antarctic service Expedition of 1939-"1.

Jteuy and Stonington Island®e (Triongulation survey.)

h29

1° Long;.

Scale 1/-

1C3,000

20,000

Anchorage of the U.S.S. Bear in Horseshoe Island Gove. (Sketch.) 13,000

Andersen Harbor, Melchior Islands. A survey by the U.S.S.
North Star.

3Bfft Base, Stonlngton Island. A plan by the U. S. Antarctic
Serriee Expedition, 1939-UL
BRITISH CHARIS OP A3SARCTICA

T itle

The percentsoe of saturation vith oxygen of a surface stratum
100 a. deep in the Falkland sector. Discovery Reports,
1933, Vol. 7, Pig. 17.

The Salinity of a surface stratus 100 n. deep in the Falkland
sector. Discovery Reports, 1933, Vol. 7, Fig. 13.

Temperature of a surface stratum 100 m. deep in the Falkland
sector (°C). Discovery Deports, 1933, Vol. 7, Pig. 12.

Antarctic and Subtropical convergences; the boundary between
Weddell Sea and Bellingshausen Sea waters. Discovery
Reports, 1933, Vol. 7, Pig. 0.

The temperature of the warm deep water in the Falkland sector
(°C). Discovery Reports, 1933, Vol. 7, Pig.

3,500

1,000

Scale 1/-



*-30

Title Scale i/-
Ross Island - pJest Coast, Report on Surveys, BritishAntorc- 100,000
tic Expedition, 1910-13 (Term nova). Map V.
Plan: Sisanit of Erebus 50,000
Cepe Ivans, Rose Island. Report on Surveys, British Antarctic 12,500

Expedition, 1910-13 (Terra nova). Map VHI.

iTirt Point Penlnpula, Rocs Island. Report on Surveys, British 50,000
Antarctic Expedition, 1910-13 (Terra Ttom). 24sp X.

Erebus Bay, Roen Island. Report on Surveys, British Antarctic 50,000
Expedition, 1910-13 (Terra Nova). !Sap XI.

Cape Royde D istrict, Rose Island. Report on Surveys,British 25,000
Antarctic Expedition, 1919-13 (Terra Nova). 'Jap IX.

Mc'-tardo Sound Region, Ross Sea. Report on Surveys, British 500,000
Antarctic Expedition, 1910-13 (Terra Nova). Mop IV.

The surface isothenas and currents In the Falkland Rector. Dis-
covery Reports, 1933, Vol. 7, Pig. 8.

Granite Harbour, Rosa flea. Report on Surveys, British Antarctic 100,000
Expedition, 1910-13 (Terra Nova). Map VI.

Perrar-Koettllts D istrict, XfcMur&o Sound. Report on Surveys, 200,000
British Antarctic Expedition, 1910-13 (Term Nova). Map VH.

Terra Nova Bay, Rosa Sea. Report on Surveys, British Antarctic 250,000
Expedition, 1910-13 (Term Nova). Map XIV.

Robertson Bay and Cepe Adare. Report on Surveys, British 100,000
Antarctic Expedition, 1910-13 (Terra Nova).

Plan: Ridley Beach, Cape Adare 15,000

Grohaa Land Peninnula and adjacent islands, shewing localities
where collections of lichens have been aa&e. Discovery Reports,

Vol. 25, P. U.
Plan: South Orkneys

The east coast of the Trinity Peninsula, Grahar. Land, showing 611,700
positions of the collecting stations. (Based on the survey
node by Major Andrew Taylor, B.C.S., assisted by Cspt. Victor
Russell, R.E., in 1975))

Chart No. T it le Scale 1/-

BA iS-A Gocoooic Chart, South Atlantic and Southern Oceans

DA 53-A Gacraonle Chart, South Pacific and Southern Oceana



Chart Ho. \Title. Scale 1/-
A 12%H Ice Chart of the Southern ISeaisphere
BA 5301 World Cllm tlc Chert I (January)

BA 5302 vtorld Clim atic Chart I1 (July)

3A Pt*
163 Atlas of ’feteorological Charts of the World
OIDXAW CTAHTS OF ANTARCTICA
Chart ... T itle Scale 1/-
Ger 2002 Weltkarte, Zur Ubereicht der Itoerethrontaungca 26,000,000

Ger 270" Grosekroiskartc deu Suftlichon S tillcn Gasans
Ger 2703 Orosskreiskarta dee ladischen Osseans

Ger 2701 Groealaxjisharte doe Sudatlantiscbon Osseoas
T itle Scale 1/-

Atlantinches Sudpolarseer, Kittlere Wftsserbervagung an dor
Oberflache in Sudectsaer. Doutacba Arrfcarfctlocho Expedi-

tion, 1933-39 (Ritscber, 1973# P. 90).

C rflachsnteraperatur des Weddellaeeres i» Su&sciaaBr. Archlv
dor Deutccben Geovnrte, 1921, Vol. 39% P. ~+. Deutsche
Antarktiscbe Expedition, 1911-12.

W tetterlage cna 30 Januar 1939 und Zugbahn elnos ?lefc voa
20-2*4 Jan. Archlv der Deutsche© Seeuarfce, Aug. 1939»
p.- 3*» Deuteche Antarktlscha Expedition, 193S-39.

Das Sehelfaia der Posadownky Bal. Deutsche Gudpolar Expedi- 250,000
tion, 1901-03.

D&a InlandsIs an Qaussberg. Deutsche Sudpolnr Expedition, 15,000
1901-03.

!2eu-9chwabenl»nd. Deutsche Antarktische Expedition, 1930-39 1,500,000
(Ritscher, 1973).

W ahlthat-M aaeiv, !feu-OehMBbenland. Deutsche Antnrktlsche 50,000
Expedition, 1933-39 (Ritscher, 1973# I).
Alexander von Ifusfcoldt Geblrf*e, Iteu-SchuHbenlond. Deutsche 50,000

Antarktiscfaa Expedition, 1930-39 (Kitseher, 1913, ??ap XI).



U32

Title Seals 1/-

Jfeu”Sclnaabenland. Deutsche Antarktische Expedition, 193&-39 500%00°
(M tocber, 19>*3, Mas? 11 ).

/Surfttce currents In the Atlantic Couth Polar Saoc in the
southern Ruraaer./ Deutsche Antsrktisebe Expedition, 193&-39
(Ritscher, 19437.

/Surface temperature of the Weddell and Scotia Seaa in the
southern suenerv/ Deutsche Antarktieche Expedition, 1911-12.

AUSTRALIAN CHARITS CP ANTARCTICA

T itle Scale
King Georoe Lend. Australasian Antarctic Expedition, 1.&5" * 30 ttL.
1911-1~ (Aurora). Scientific Reports, Series A,

Vol. 1.

The coast of Adelie Land and sled * tracks of the ISssrtem if 1,233,°55
Sledge Party. Australasian Antarctic Expedition, 1911-
IU (Aurora). Scientific Reports, Series A, Vol. 1,
Plate VII.

Cape Denison, rising slope of the inland ice sheet. Awus- 0.89" s 220 yds.
tr&l& atan Antarctic Expedition, 1911-1k (Aurora).
Scientific Reports, Series A, Vol. 1.

A &elie Land and King George Tend adjacent to Cape 1.32" * 10 mi.
Denieon. Australasian Antarctic Expedition, 1911-1U
(Aurora). Scientific Reports, Series A, Vol. 1,
PI. yi.

Tracks of the Aurora o ff the coast of Adelie Lead and 1/ 1,233,095
King George Land. Awustralasian Antarctic Expedition,
1911-1* (Aurora). Scientific Reports, Series A, Vol. 1,
PI. II.

Portion of King Georgs Land oad the Herts Glacier 1.32” « 10 mi.
Tongue. Awustralasian Antarctic Expedition, 1911-1U
(Aurora). Scientific Reports, Series A, Vol. 1,
PI. IV.

VitlkBO Coast outlined by Cspt. Davis on board the Aurora 1/1,27,055
after its discovery in Jan. 1912. Awustralasian Ant-
arctic Expedition, 1911-1k (Aurora). Scientific
Reports, Series A, Vol. 1.

The Oiaraocklte Coast and sledge tracks of the Ifear-East 1.7” * § Hi.
Party. Australasian Antarctic Expedition, 19H -1k
(Aurora). Scientific Reports, Series A, Vol. 1, liap V.



*x33

T itle Scale

The MacKellap Islets and onchorafje o ff Cape Denison. 252" - 1 n. mL
Australasian Antarctic Bqg»editian, 1911-1k
(Aurora). Scientific Reports, Series A, Vol. 1,

Fig. k.
ItacKsllar Islets. (MavBon, 1915, Vol. II, p. 257?). 0.35” »1,000'
David Island and portion of Queen ?>lary Land. Ana- 0.7*” m Uml

tralaaian Antarctic Expedition, 1911-1U (Aurora).
Scientific Reports, Series A, Vol. 1, Fig. 2F.

Haswell Id. (View looking north across Hamasll Island.) O.7S" = 10 chains
Australasian Antarctic Expedition, 1911-1U (Aurora).
Scientific Reports, Series A, Vol. 1, Fig. 27.

Yfestern Base Station. Australasian Antarctic Expodi- 2.52” “50 ai.
tlon, 1911-1U (Aurora). Scientific Reports, Series
A, Vol. 1.

Track of the S.Y. Aurora on three Antarctic voyages.
Australasian Antarctic Expedition, 1911-1U (Aurora).
Scientific Raports, Series A, Vol. 1, Fig. 2.

30RWECIA17 CHARITS OF ANTARCTICA
T itle

Vind og Lufttenpertur. Atlas aver Antcarfetla og Sydishavet (itensen, 1937,
P.fe>.

The wind canditlonn over the Atlantic Antarctic Ocean in Burner. In:
'looby, The sea surface and tho air. Dot. Horshe Vidonokapoakadesi,

Oslo, 1933, Fig. 15.

Pakkisgremer for 1 TJovwsiber, 15 Iteseatoer, 15 Jenucr, 1 tters. Atlas
over Aatarlctis og Sydishavet (Hansen, 1936, p.3).

Roto: The following charts are based upon the scientific results

of the riorwsgian Antarctic Expedition, 1927-1933 and J»y be found in:
Mosby, The waters of the Atlantic Antarctic Ocean. Dot. Itorske

Videnskapsakadeoi, Oslo, 193*>
Maximsa tesperature of the hydrosphere (Fig. 5, B* 20).

Depth of discontinuity between tropo- and strata-hydrosphere (Fig. 6,
P. 22).

Temperature of winter water compared to freezing point (t-r) (Fig. 7,
P. 25).

Bottom temperature of the Atlantic Antarctic Ocean (Fig. 10, p. 32).



T itle

[9218)

Horizontal distribution of temperature, salinity and density &t 2,000

m. (Fig. 20, p. kk).

Horizontal distribution of temperature, salinity and density bv at 1,000

n. (Fig. 21, p. 45).

Horizontal distribution oi temperature, salinity and density &t at k00 ra.

(Fig. 22, p. 15).

Horizontal distribution of temperature, salinity and density 6fc at 75 a.

(Fig. 23, p. U7).
Relative topography, 1,000-2,000 decibars (Fig. 2k, p. 51).
Relative topofpraphy, 1,000-k00 decibars (Fig. 25, p. 53).
Relative topography, 1,000-75 decibars (Fig. 26, p. 5k).
Relative topography, 1,000-0 decibars (Fig. 27, p. 55).

Relative topography, 2,000-0 decibars (Fig. 28, p. 56).

FREPJCH CHARITS OF ANTARCTICA
T itle

Abords de Port Lockroy, He Wlenefce. Expedition Antarctique
FrOn9td.se, 1903-1905.

Finn: Port Loekroy

lie Ptfteraean. Dettselsae Expedition Anterctique Franpiaeo,
1908-1010, PI. V.

Plans das installations d HdvomagB a Port Charcot. Expedi-
tion Anterctique Fraa“aioe, 1903-1905, Fig. 37.

Ila Booth (t-fem&el). Expedition Antarctique Franksiso, 1903-
1905, PI. V.

Port Circoncision (lie Peterman). Beuxissae Expedition
Anterctique Fran“&isa, 1908-1910, PI. VI.

Port Charcot (He Bandel). Expedition Antarctiqoe Fraaqaise,

1903-1905, PI. VI.

Environs de la station dTiivernage. Deuxiesse Expedition
Antarctique Fraap&iae, 1903-1910, PI. IV.

Archipel de Pafcner, Hxpoditicin Antarctique Fms” aiee, 1907-
1905, PI. III.

Scale 1/-

20,000

5,000

U,065

2,000

20,000

1,000

5,000

66,666



AFPET(DIX

IT G3X3RAPHIC SOURCE ?SH?3RIALS FOR 1512 1SQRID CHRISTIS-EST COAST

PriraBry source m aterials for the geography of the Ingrid Christen-
sen Coast are confined largely to ships' logs, personal unpublished
diaries and brief or popular articles by Mibkelsen (Polar Record, 1935),
Christensen (1930* 1939a, 1939b), Ellsworth (1939a, 1939%) and Hansen's
atlas (197).

Secondary source m aterials, careful analyses of the references cited
above, including ships* logs and diaries, have given the beet composite
picture of the area previously available. The moot authoritative of
these sources are the United States Jtavy Department's Hydrographic O ffice
Publication Bo. 138, Sailing Directions for Antarctica, 1973; the British
Admiralty's Antarctic Pilot, /<$&, and the United States Board on Geo-
graphical Jfanee' Special Publication Bo. 8'> 19**7.

The portions of the U. S. rfevy and British Admiralty publications
relevant to the region concerned are reproduced in full by photostat on
the next three pages. This is followed by pertinent excerpte from the
decisions rendered on Antarctic place neaes by the U. S. Board cm Geo-
graphical Sames In its Special Publication No. &>

Careful analysis of the materials contained herein reveals a general
lacl? of agreement among the authorities. Comparison with the photogeo-
graphical analysis of the area in Chapter VI demonstrates all previous
sources, both primary and secondary, to suffer considerably from incorrect
statements, amissions and failure to capture the geographic character of
the coast. Portions of the appended parts of these publications which
are definitely in error have been crossed out. Information relative to

latitude and longitude, other doUbtful information and Immaterial



Infornetion haa not "been so indicated. The greaterrt errors, of course,

are those of omission.



Excerpt from H. 0.
236 '

The Ingrid Christensen Coast lies approximately
between 73° and 81° E. The interior as far as 7"? S.
has been named American Highland by Ellsworth.

About milso oTthls roast line is free of ire and snow.
Many landing places and suitable base sites are avail-
able. Fresh water lakes, penguins, and seals are to be
found in great numbers. I>we to the prevailing easterly
winds, the eoeal liaa may be tee-free the greater part
of the year.

On February 19. 1935, the Thnmharn reached 67°38'
5., 80°3.V E.. from which position (’apt. K. Mikkelsen
sighted the West Shelf Ice. A landing was made
at 68°29' S., 78°36' E., and a depot of provisions
established.

The Thorshacn then skirted the coast southwestward
until sighting Mount Caroline Mikkelsen, then turned
northwestward, skirting the Mackenzie Sea shelf ice
as far as 68°51' S., 73°32' E.

On January 27, 1937, the whale catcher Fireni was
off this coast, and Lars Christensen made a series of
flights mapping this region from the air.

In January 1939, the Wyatt Karp cruised along this
coast, and on January II, 1939, Ellsworth and Lyin-
bumor flew southward from 08°30' S., 79° E. to 72°
5., 79° E.

Coast.—From Cal>e I’enck the ice-covered coast

trends west southwestward alxmt 90 miles then turns
southward between parallels 67° and 08° S., this por-
tion of the coast being fronted by the West Shelf Ice.
The coast then takes a southwesterly trend for about
150 miles where it forms the eastern shore of the
Mackenzie Baa.
, The southern limit of the West Barrier is approxi-
mately in 08° S., 81° E., where the western edge of the
barrier anil the continental shore line form Olaf I'rydz
Bay. Here the coast line continues as an ice cliff,
terminating the ice cascades descending from the high
interior. Many rook outcropo jut—through the ice
eliffo awl numerous ialoU and skerries lie close to the
shore. A sounding of 19 fathoms (34.7 m.) was
recorded by the Thnrsham in 68°37'S., 77°40' E.

Ruclen— Submerged rocks and pinnacles abound and

u37

138, Sailing Directions for Antarctica, 1973.
PRINCESS ELIZABETH LAND

[Cbaptci VI

Vestfold Mountains

: Clrf«f<a«n

navigators ore cautioned to proceed carefully in these
waters and maintain a lookout aloft. When cruising
in the vicinity of land, a smull boat should be sent
ahead of the ship to sound the approach which may
shoal rapidly.

Current.—A west setting current has been observed
along this coast.

Depot.—A cache of provisions is placed on a rocky
headland near the northern end of the Vestfold Moun-
tains in C8°29'S., 78°36"' E. This site is a rocky snow-
free peninsula marking the junction of the ice cliffs
with the Vestfold range. A chain of islets and skerries
stretches from the northern extremity of the peninsula
to the mainland. A landing may be made in a small
bay on the southern shore of the pensinula between two
ridges. The uneven land slopes steeply to two ridges
about 410 feet (125.0 m.) high. The depot site is on
the western side of the easternmost of the two ridges.
No vegetation exiwto here. The rock is of Sedimentary
origin. A small gully between the ridges leads to an
inland fresh-water lake situated about 100 feet (30.5
m.) aliove sea level, from which a creek flows westward
to the sea. A large penguin rookery exists o11 the bare
rocks in this region. The entire coast offers several
good landing places, good water, and protected flat
sites for huts and bases. Detailed investigation may
disclose good harbors. The long ice-free coast line,
and the abundance of seals and penguins, suggests
accessibility by ship each year, and hence an ideal
region for future exploration.

The Veatfold Mauntal—i frnm 800 =0 1,000 fret
<183.0 to 304,8 in.) high, extend from the depot site
southwestward about 40 milna. These barren, rounded,
and jagged hills jut seaward from the continental ice
edge for a distance of about 8 ntilw and arc mostly
insular with thick fast ice interlocking the land masses.
The land ice behind these hills is high and is broken by
vast crevasses and hummocks.

The Stfredal Okuiw lies southwestw ard of the Vest-



fold -Mountains. It is about 10 miles wide and of-
unknown length. The blue ice surface is ohaotio in
appearance with iee mpnnaeleo, broken ieefallo, and
crevasses. Calving of this glacier face occurs during
the summer months.

Rauer Islands, a group of aiw inloto with many
smaller rocks, lie about 2 miles westward of the Sorsdal
Glacier. These snow-free islets are dome-shaped and
ice-polished, consisting principally of granite and
gneiss.

The Ranvik-M nantainfl,- from lo<to 000 feet (46.7

Sorsdnl Glacier fawn dtntnnoe of about 11 miles. This

in type,which foc-tbr rrcnter pwrtrrtrnd seaward ofthe
continental iee depe met Mcsmhinr im wpprarnivee to
the Veotfold Mountains.

Southwest-ward of-+he Ranvik Mountains the coast
line for the next 10 miles is formed by an ice eWf from
104 to 32S feet (*>0.0 to 100.0 m.) high.

Southwestward of.this atreU-h of ioo-Uumd coast are
the Larsemann Mountains, similar in character to the
Ranvik Mountains, but winch wxUmd. fw somu distance
inbmd, where the iee slopes rise above ice-covered land.
These mountains form the const line for a distance of
11 miles. Thick-fact -ret* -envelope*- tin* slwm-s of-tlte
arehijadago; mol-1 his-b f >®held-to phot- by submerged
roeko-and shoals. The strongly glaciated outlines of
the mountains of Ingrid Christensen coast are proof
that, at one time, the continental ice sheet was more
extensive. T4w» snow-free mountain coasts are yellow
in color and indicate the presence of large penguin
rookeries with vast guano deposits.

The Svenner Islands W.)°K)'S., 7(1°30' a group
of 1(i small islands, liec about 2 miles from the conti-
nental ice. These dome-shaped (31 's consist of
granite and gneiss with veins of hornblende and quartz
which yield quantities of garnets and mineral ores.
(See view on p. 23s.)

The Sostrene Islands (The Sisters), twn nomded
isiaml li>> vhunt—iM—inilen—waithwt-stward mf—the
hvotiw lalu+uk* mid about 3 miles from the coast.

mtrthwtml.

The coast line opposite the Sostrene Islands trends
southwestward about -to miles to Mount Caroline
Mikkelsen, alwmt t,47 o -b«*4 nog-high located in
il.C-t't' S., 7-I'’I)1' Iv  Rcom this ~H*ak the const, line
tcools northward. thus forming Sandefjord Bay at the
head of the M ackenzie Sea. About o miles southward
of the Sostrene Islands is sltelf ice having ua .average
wid th-<4 about -Uinulee and >ml.—. "Liii” it... ct,«ri. [In”
<tf Snndefjim 1 Bay, behind which the inland ice rises in
steep slopes.
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Ingrid Christensen coast.—In about long. 76° E., the coast
recedes southward to about Lat. 69°50' S., the bight thus formed being
named Sandefiord bay. Near the head of this bay the coast is fringed
by numerous small rocks, and, in January, 1937, Lars Christensen
reported that it was filled with firm sea-ice, in which numerous icebergs
were frozen. Mmmt Caroline Mikkelsen. about 1,500 fc* (iW ») high,
lies close within the head of this bay.

From the southernmost part of Sandefiord bay, the edge of the

trends in a north-easterly direction and, in places, the coast
is very broken, with numerous off-lying islands. Sostrene islands lie
offshore about 40 miles north-eastward of Mount Caroline Mikkelsen.
This partof tho eoast-ifrioe-fcaa and by.I.MSwaann Htottiitoa.,
which trend in a north-easterly direction for about 14 miles. Tms
iee free stretch of coast ir. followed by another aretoh, about 10 mike
lewg, which io %n aewwad, Off the adga of the ice, which ic between
lofrand -380 feet (45°%7 and UXWi) high, lie Svenner islands. Thence
the coast, still trending north-eastward, again becomes ice-free and is
baelted bv Ranvik mountains, which extend about 11 miles. North-
eastward of the northern limit of these mountains a about
9 miles wide, reaches the sea. Its turfaca is reported to be vary rough.
a grot+P of numerous small rocky islands, lie close off-
shore near the foot of this glacier. From this glaoiar an ice-free stretch
of coast trends north-eastward for about 40 milec, being bached by
Veotfold mountains, which rioa ta atowationa of 660 ta LOOP faat
(201"*2 to 304D8). Behind these mo>m«nint the ice-cap can, in ptooeo.
be seen rising above them. In 1937, Lars Christensen reported seeing
many ice-free freshwater lakes in these mountains. These were again
seen by the United States Navy Antarctic expedition in 1946—47,-*nd
were reported, by this expedition; to cover on area of more than
106 square miles.

In 1935, a dep6t of stores was laid, at an elevation of about 150 feet
(46“ 7), near a small ridge close to a fresh-water lake in lat. 68° 29' S,
long. 783 36" E. A landing was made in a cove between two ridges
on the southern side of a small peninsula.

Klarius Mikkelsen, when jHfjjtfflpp ttIH finagt in t,n“ral in 1935,
stated that he thought it is approachable for a period every year.
The relatively extensive snow- and ice-free areas, and the large penguin
rookeries in this region would seem to indicate this. He stated that
there are numerous good landing places where fresh water is available ;
that food in the form of penguins eggs, young penguins and seal can
be found in plenty ; and that there are also many places where expedi-
tion huts could be erected.

Beyond little is known of the coast, though it
is reported to trend north-eastward for abmrt 60 mile: before turning
northward to.Kin*Leiy>olc"nd”ueei®Astndi<coa”.

Chart 1240.
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Pertinent Qiccryrto frca special Publication No. 36 of

toe onitcd States Board 011 Geographical 1Jaaao,

Ingrid -tortstenaen Coasts that portion of the coast of Antarctica
extending fran !*ount Caroline ‘tUckeioen at the head of Sandefiord Bay,
in about ?4°S. to about OI°S. Discovered by Capt. fQarlus Miltkelsea of
the Thorshavn, who landed here in 1935- iJeraed fbr Ingrid Christensen,
mwho sailed in Antarctic waters vith her husband, [Ilo#ti Ingrid Christen-
sen Land. (p. 132)

Veetfold m ils: barren, rounded, and jagged h ills, ffrew &3Q t* 1*008
feet extending Terr about 20 allee northeastward of the S*rsdal
ObMtea, on the Ingrid Christensen Cosat; in 63%D’S. 77°50*B. Dis-
covered on February 20, 1935 by Capt. Klariua Mifc&aleen in the Thorshavn,
Norwegian whaling ship sent out by Lara Christensen. Vestfold is a county
in ?*carway where Sandefjord, headquarters of the whaling industry, is
located, fiats Festfbld fiauntaino. (p. 275)

Sifaradal glaaisr: a glaeier, about § miles vide and »£ unknown length,
lying south of the VectfOld H ills, cm toe Ingrid Christensen Coast; in
t'i9°U0,S. 77°50'S. Discovered February 20, 1935 by Cayt. KLarius Milskeloen
in the Thorahavn, Soruegiaa whaling ship sent exit by Lars Christensen.
Hot: Soredal Glacier, Sewsdal dealer, (p. 23k)

fteuer i Blrods: a group of rocky iolnndn lying southwest of the

ei&aiov along the Ingrid Christensen Coastj ia 68055*8. 77°20*5.
Discovered February 20, 1935 by Cacpt. 31arius Mffloelsen in the Thorohava,

fJOrwegian whaling ship sent out by Loro Christensen. !fot: Rauer Group.

(p. 217)



kkl

Ranvik Say: an essbaynent lying southward of the Rauer Islands
along the Ingrid Christensen Coast; in (I907'S» 77°15° 12. Discovered
and charted in February 1935 by Capt. "Qarius Mikkelsen in tins Thorchavn.
?taaed for the town of Ranvik, Barway. (p. 217)

.Rvenner Islaalc: a group of 10 snail, rocky islands lying o ff the
Ingrid Christensen Coast in the southern pert of Prydz Bay; in 69°06*S.
70°25*E. Discovered end charted in February 1935 by Capt. Klarlus
Mikkelsen in the Thorshavn. Baaed for the Svenaer Inlands of Norway.

(p. 239)

Larseqana H ills: low, rounded h ills which nark the shore line for
a distance of about 10 miles along the Ingrid Christensen Coast; in about
r>9°30*S. 75°~*S. Discovered February 20, 1935 by Capt. TOarios Mikkelsen
in the Thorshavn, Norwegian whaling ship sent out by Lars Christensen.
Wot: Larsemrm Mountains. (p. 190)

gjfojtagg Islands: a group of islands lying off the Ingrid Christen-
sen Coast, at the eaetera eKtaramee *» 6aadeffe«el Bay; centering in 69°33'
S. 75°10'D. Discovered and charted In February 1935 by Capt. Klarlus
Mikkelsen in the Fhorshecm. (p. 138)

Bjfatoeae Islands: tw» small islands lying southwestward of the
Bffciagen Islands and abate* ? ailss off the Ingrid Christensen Coast; in

77°50'E. Discovered and charted in February 1935 by Capt. Idarluo
Mikkelsen in the Thoroho.vn. lioraed for the S”stveae Islands of Norway.

Not: Saairww Islaaia, Soetvene Islands, The Sisters, (p. 23U)

Sandefjord Bay: a bay lying in the southwestern portion of Pry&z Bay,
along the chore of the Lara Shristaatso® and Ingrid Christensen Coasts;
in about #9710°S. 77°30'3. Discovered in February 1935 by Capt. Klarius

’iikkelnen in the Thorshnvn, a whaling ship nerrt out by Lars Christensen.



aaj*d for the town of Sandofjord, Boway, center of the Norwegian whaling
industry, (p. 225)

Caroline Mlkfaelsen, Mount; a Mstattain peak, about 900 fleet high, lying

on the Ingrid Christensen Coast at the heed of Saadefjard Bay; in

{&cPk9'S. 73°50'S. Bioeovered February 20, 1935 by Ca.pt. Klariua Mik-
keloen in the ?horshavn, Jlorweglan dialing ship sent out by Lars Christen-
sen. Tinned for the vife of Capt. TCLariuo MiMcelsen 1*0 accompanied her

husband on this voyage, (p. 1Uh)



VITA

Name: John H. Rosooe

Address: One Brookhaven Drive, McLean, Virginia

Degree to be eonferred: Doctor of Philoaophy (Geography)
Date of degree to be oonferred: 7 June 1962

Date of birth: 23 March 1919

Place of birth: Syracuse, New York

Secondary education: Flushing High Sehool (June 1936)

Collegiate institutions attended Dates Degree Date of degree
Syracuse University 1936-39 B.6. I1 August 1939
University of California at L.A. 1939

Syracuse University 1939-41 M.S. 16 August 1941
University of California at L.A. 1941

University of Maryland 1949-52

Publications: Author or co-author of numerous classified, government
publications. Unclassified publications include:

Bibliography of photographic interpretation: seclected with em-
phasis upon keys, techniques and research. Beport No. 102A/&0,
U.S. Naval Photographio Interpretation Center, Washington, D.C.
15 February 1960.

Antarctic bibliography. Published by the direction of the Chief
of the Bureau of Aeronautics, Department of the Navy, Washington,
D.C. 1 February 1961. (For sale by the Superintendent of Docu-
ments, U.S. Government Printing O ffice, Washington 25, D.C.)

Academic positions held:
Undergraduate Assistant, Syracuse University
Graduate Assistant, Syracuse University
Graduate Assistant, University of California at Los Angeles
Assistant and Associate Professor, University of Georgia
Lecturer, George Washington University
Lecturer, Montgomery Junior College
Instructor in Air Force, Navy and Marine Corps Schools during World
War 11

Other positions held:

Photo Interpreter, A-2, War Department

U.S. Naval Photographio Interpretation Center
Head, Physical Vulnerability Section
Head, Geographio Analysis Section
Head, Hesearch and Analysis Division

Reoonnaissance Branoh, Dir. Intelligence, Hq U.S. Air Force
Chief, Geographio Unit
Chief, Photo Reconnaiseanoe Utilisation Section



AMERICAN

O  BRITISH

AMERICAN & BRITISH

DISCOVERY AND EXPLORATION IN ANTARCTICA
INDIC QUADRANT (160°E-70"E)

1



DISCOVERY AND EXPLORATION IN ANTARCTICA
PACIFIC QUADRANT (110"W-160’E)

O JAPANESE

NORWEGIAN



AMERICAN
BRITISH
GERMAN

MComaslc 0 NORWEGIAN

DISCOVERY AND EXPLORATION IN ANTARCTICA
AFRICAN QUADRANT (70E-20°'W)



DISCOVERY AND EXPLORATION IN ANTARCTICA
SOUTH AMERICAN QUADRANT (20°W-110'W)

«



DISCOVERY AND EXPLORATION

NORWEGIAN!

PETER 1 ISLAND

IN ANTARCTICA: PALMER PENINSULA

RUSSIAN

SOUTH ORKNEY ISLAND*

ARGF.VTIM

GERMAN

SOUTH ORKNTV



N-2SU2

ANTARCTICA

v}fkv; '\,i 1A

com

=t 3¢

, a f>



PROVISIONAL

11036

Dunedi
NEW\

"“M"ZEALAND

Map U

Saritio
SOUTH [
AMERICA / =
Bueno* Aire*
A
AUGUST
Islands

ANTARCTICA

RELATIVE ACCESSIBILITY* PACK-ICE, ICEBERGS, 32 F. ISOTHERM OF THE WARMEST MONTH.

Map Branch. CIA. 9-48 (First Revision 6-49*

"AccM.ibilttv b, conventional .otfae. .hip.

Cnpctod

—

11036

Antarctic Regions
Known land area
(almost completely ice-covered)
ShelMce
Glacier

Coast generally accessible
in summer (tew weeks)

Coast occasionally accessible -
in summer

Coast inaccessible at all times
(to datei

Pack-ice at all seasons

Pack-ice only part of the year
Antarctic Convergence

(A fter Deacon, 1937)
Ingrid Christensen Coast

Azimuthal equidistant projection

Scale 1:60,000.000 along the meridians

miqe

1C00

WOO STATUTE MILES

“poo  j— = m ViV

Comp/W »cidr.w, CotI*. U. S. D .p.thn.« ¢/ Seat, h W la IS. Kna



Map 5 11063

ARCTIC anda ADJACENT REGIONS

As seen from the southern hemisphere through a transparent globe

PROVISIONAL

Arctic Regions

1 1 Pack-ice at all seasons

Aliiliago YAV Pack-Ice only pan of the year

SOUTH . .
Antarctic Regions
AMERICA
Buenos\irc*
Known land area
(almost completely ice-covered>

Shelf-ice

Glacier
Coast generally accessible
In summer (few weeks)

Coast occasionally accessible
In summer

Coast i ssible at all ti E
. 16913773 o s s

Pack-ice at all seasons

Pack-ice only pan of the year

"'ZEALAND

Capctow
Kergutlen'
Islands
Azimuthal equidistant projection
Scale 1:60.000.000 along the meridians
H>> STATUTE M tIfS
S 7000 I -=TXX' »i
mon NAUT.CAL MILES
RELATIVE ACCESSIBILITY * PACK-ICE. ICEBERGS. 52 F. ISOTHERM OE THE WARMEST MONTH.
Accennibilley by conventional aurface »hip» . |
Compiled and drawn for the U. S. Department of State, November IS, 1QUS

:063  Map Branch. CIA, 9-48 (First Revision 6-49"



OV.NV PUNOX UUYa

KONG LEOPOLD oc DRONNING

ASTRID LAND

NORSKEBARRIERA

MP 9

ANTARKTIS

FRA 67 «* TIL 66 » S.BR OG FRA 79 OfTIL6? w 0 LGD
HUmokk 1 250X0
Vil H.E. Mwir>
Uurb*id*« pi jrunnl*| .. (MofrannMr oppuit ikrlu fra luften a*
LAAS CHABTENSENS EKSP£DIS|ON 1936-37
«— twn Mhr.~ 1 E.urtt
Kbmmw Of O'«le«’ Mod 1-Vt pro» WaM<K W I~ W MUI >~ «ft «f -.4.6..1
MMukur«MM .MnlorhoM3*laiA rc.treci(«-r<in*4MiH>K- Hkri «*4Mro*«*K lo44
A e MulfeunkorreM 100~ Cmow ma*<e« W OFM rU « U4 * . «ujim mi4 inti
K«M IM#* M~Pr. orMfin «—far CfW»*9.« ,, rttrr *M ia* oturM fM *
O 'y *9'> M * 1o« MMtil ITu M MkUIO-M U ot MM<c**e) « )+
K

ANTARCTICA

FROM LAT 67 *aTO 66 w S. AND FROM LONG 79 00 TO 62 oa E
* 1-230000
.E Hamro
Worked out on litc bam of oMiqur phowojrmph» uken from iKr air by
LARS CHRISTENSEN S EXPEDITION 1936-37
fWnaf *r br-U ft laortr

OuMn of row n w%4rmm m tUd tUM mHIMof —Mm-**»ma
«MMO*Of TV — M 1 Ut f— *rn Im «»m *twM W9, WMt - «Ui
-a> to *"*<e Mr* v.n<u MxmfiTOD- Don* tu*> <avilM <. «* M iw
= lf la* Mrlfkli #» »OM « mwrv TV |m oN V> V*" appiof O
(V taw of navoui otMnnloM

TV« —7 pooi itiwfi mow*a MITKTOB (V pVIOf>tfkl O f %
cew —twly ATvooa n > tf  «

12



(KKF PRNOX RAT

vtsiroio-'

INGRID CHRISTENSEN LAND

»> »

ANTARKTIS

pi M *lottfaiBar /fu a UiruIn In
TAAS QVVBTTNSENS Si*OtS|ON 1M6-J7

ANTARCTICA
FAOMIAT.66 « TO69» S ANO«OH LONG w w TOITw 1



ANTARKTIS

irw SM.OG Ttrwe ico.

ANTARCTICA

OVI|F PRTOX sviva

INGRID CHRISTENSEN LAND

MuK.



Q. NY PRNOZ fcUXCT

KONG LEOPOLD oz DRONNING

ASTRID LAND

Onl*n »d (O-ic.n ». *»i< « s @ IM

coeieauf-n, are nor.napped do—

Map 12

IMAPTOACCOMPANYB

12

CONTRIBUTIONS TO THE STUDY OF

ANTARCTIC SURFACE FEATIJRRK
BY PHOTOGEOGRAPHICAL METHODS

| JOHN H. ROSCOEI

1?
Itwo colors and at a scale of 1:250,000.

ANTARKTIS

FRA 67 « TIL 68 » SBR OG FRA 79 00 TIL 8? o0 0 IGO
Mlleitokk 1 25000C
Ved H. 1 Macten
U<w»fbfidet pi jrgnnlaj a> fotoffammer opptatt ikriu fra Mien a»
LARS CHRISTENSENS EKSPEDISjON 1936-37
Koxil'ueet IV Ber**ifd !+*<m

Ko-<v'ff Of »-<nr o tr|*ei »VIO' IWMertr »+'! of -M »Uii “ O ' del »f
Hverbe*e*e mevnfe'M An H'e.e'de i*[*ei iUmiv«i 'Hiii*f lo<«
'ftt inti*4 ««"o' “u'.fy 100 * “<"9y birt of <Nrtin :i«S" m w -r« ivae*
P'lkkn )« ree+fin mmelt' Gnd*e"e< tr run "i i.oc
,(@)kﬂ« itvilfeni *mei ;e V" *ke ka" veri o socofrwn -1 atreo-ike

"i-enir ofctr'vai.oeies

»€1 pi Kanri

ANTARCTICA

FROM LAT.67 *o TO 66 » S ANO FROM LONG 7900 TO 8? o0 E

BpME Hawn

Worked out on (he bantof oblique photojrapht taken from the air by

LARS CHRISTENSEN S EXPEDITION 1936- 37
"otied bp Be>"K|'d lu'ekr

tM B¥« *nrf on#'* 4 2

The <oq0«n ff Pi.- » t'hM rr VXIvbere "ffi'ded '»'l. @iane i>*n

vim ** broke* mmi Vmol **eeeat. 100- Ooeiea M (t<iw iMeui i*e brl*>"
&léed Fd <M Wr« U*d Mtifku lee W ei * «ficen The [>M*ytr **1 bee* ipp *d O
Sull 6F At obtev

tset

ere mop pouMp eim mall iarsh-**» >1*+01 beirKed 1y (1 oioipM acd



MAP TO ACCOMPANY!

<Y PHOTOGEOGRAPHICAL METHODS'

NAM"PPUEI il "TUDYj

The names applied in this study were
tentatively approved by the U.S. Board on
Geographical Names on 25 February 1952.

¢ base map originally appeared in i
o colors and at a scale of 1:250,000"

ire- sortriiyi'tin ilAx B

OLNE PHTD1 BUVO

INGRID CHRISTENSEN LAND

ANTARKTIS
WArt-mw-SM 07,i>*;+mi, "jw0,0Q

Slr-* 1| M ~In L *n
14 ) CMUCHNeNS fKSFICHIO*. 1«U T

ANTARCTICA
MOMIAT tf« TOM- | 4MD MOMLONG 7t m TQ7*> (

TANSCMH-TO,SIN4 CXROITION IM*-JJ

W g,



PAISI| A So[Eds puE SOp MeRY)

1-070ST 'ON "OSIN 'O H

RESTRir.TFD



H O.Misc. No. 15040

I AMERICA

AFRICA

AUSTRALIA

Chart titles and scales are listed on accompanying key w>*1u.. MIWU? <*U. KKCVCTAMY o r THE NAVT H 0. Misc. No. 15040



nr

LEGEND

PALMER PEMNSXA

ANTARCTICA
AERIAL PHOTOGRAPHIC

Rodiol Scolr p latitude + 60 noutieoi m
Ajinuthai Equldrtton* Protection

COVERAGE



ICIOUO co*c«>

> UTOH W T

wrall JUU
MIMVT metm 0 "'\
IHUHIUI m m
>#urno™ icc mu
iTCTfSQW HU 1111
tfM VT Tj. moqu”
mu tsunofiag
jfmoi um7 <
IftTO OWTIU*
MAP TO AC'

CONTRIBUTIONS T
ANTARCTIC SURF.
BY PHOTOGEOGRAP

JOHN H.

11U NAME APPL]J
f USN TF 68 P!
OBUQUE 4n

7 VERTICAL 4

NOTE

The names applied IrJ
tentatively approved byl
Geographical Names on

*ci con>i.i «m,

JTUDY OF
ATURES
METHODS'

E STUDY.
[GHT LINE

udy were
Board on
euary 1952.

IT#2a*0»NaTTIn *

con?iNINi »i siaeir*

SMOjQBD ICf »a

rot** nms cucm



