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CHAPTER I

THE PROBLEM

I f  a  p ic tu re  war, thought to  be warth 10,000 words by educated men in  

th e  t in e  o f  Confucius (551-^79 B .C .) , what valu e would th ese  p h ilosop h ers  

have p laced  cm a  photograph? Hew much would an a irphoto stereogram  which 

ehowsd ten  square m ile s  o f  th e  e a r th 's  su rface in  th ree-d in a n eio n a l d e ta il  

have been  worth to  thrn? The c h ie f  valu e o f  s te re o  airphotoa sa y  l i e  in  

th e ir  nature as a  n od im  o f  th ree-d im en sion al exp ression  o f  land scape. In  

p o in t o f  f a c t , i t  I s  dcofbtfUl th a t any nucfcer o f  wards can a p t ly , conven

ie n t ly , ra p id ly  and com pletely convey to  th e  reader th e  s p a t ia l r e la t io n 

sh ip s and th e q u a n tita tiv e , q u a lita tiv e  and a sso c ia tiv e  data capable o f  

b ein g  d erived  from an a irp h oto  stereogram .

O bviously i t  i s  m ost d i f f i c u l t ,  i f  not im p o ssib le , to  p la ce  on a e r ia l 

photography an ex a ct valu e in  ten as o f  -words. ’Bws u se fu ln ess  o f  any such 

item  depends upon how w e ll nan has learn ed  to  apply i t  t o  so lv e  h is  prob

lem s. For exam ple, f ir e  was b u t a  hazard to  ssn  u n t i l  he learn ed  to  con

t r o l  i t  and apply i t  t o  h is  own n eed s. S im ila r ly , although th e  f i r s t  a e r ia l 

photographs were o f  boob use when tak en  n early  100 years ago (M cH eil, p . 

1 .0 2 ) , th e ir  va lu e has s in c e  in creased  in  great measure as new ways have 

been found to  u t i l i z e  th en  in  u n ravelin g  th e eni&aas o f  nature faced  by 

modern nan.

In th is  stud y th ere  are dem onstrated ocrae o f  th e methods by which a ir 

photo in terp re ta tio n  can b e a p p lied  to  th e  problems o f  th e  geographer. 

P ortion s o f  th e  A n tarctic  have been se le c te d  fo r  th e dem onstration , p a r tly  

because th e  la ck  o f  f ie ld  work and lite r a tu r e  concerning th ese  s p e c if ic
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lo c a tio n s  en ab les th e  ph otogeographieal method to  provide a  w ider v a r ie ty  

o f  co n tr ib u tio n s to  th e knowledge o f  th e  lo c a l landscapes and p a r tly  because 

th e  in v e s t ig a to r 's  fir st-h a n d  knowledge o f  th e  su b je c t, gen eral area or ana

logy  concerned i s  p r e re q u is ite  to  th e  u t il iz a t io n  o f  th e photogeographieal 

method.

A n tarctica  i s  n early  tw ice  as la rg e  oc th e U nited S ta te s . Only it3  

fr in g e  has been exp lored , and l i t t l e  o f  th is  has been examined in  d e t a il . 

Here l i e  t t o  on ly  s iz a b le  areas o f  th e  earth  which have not y e t been seen  

by nan. The la r g e s t  o f  th ese  areas i s  comparable in  s iz e  to  th e  whole o f  

th e u n ited  S ta te s . 1

Of th e  two e x is t in g  g la c ie r s  o f  c o n tin en ta l proportions in  th e  world 

today, th e  A n tarctic  icecap  i s  th e  b e tte r  although th e le s s e r  known exam ple. 

The stud y o f  th e  p ro cesses and th e  Morphology o f  c o n tin en ta l g la c ie r s  i s  

s ig n if ic a n t  in  th a t through i t  we aay ob ta in  a  b e tte r  understanding o f  the 

landforsBB crea ted  by th e  c o n tin en ta l g la c ie r s  o f  th e  P le is to c en e  Epoch 

which term inated same 25 ,000 years ago, 'These landforras are b a s ic  to  much 

o f  th e  te r r a in  upon Which th e  Uorth American and north European p eop les 

d w ell and th ey  have tod  a  con sid erab le  in flu e n c e , not o n ly  on th e u t i l i s a 

t io n  o f  th e n a tu ra l lan d scap e, but on th e  c u ltu r a l landscape and folkw ays 

as w e ll,

Much o f  th e  th eory concerning th e  lan d foras which have r e su lte d  from  

c o n tin en ta l g la c ia tio n  i s  based upon s tu d ie s  o f  A lpine g la c ie r s  o r  the  

Greenland ic ec a p , n e ith er  o f  which i s  s t r ic t ly  comparable to  th e huge ic e  

sh e e ts  o f  th® P le isto c en e  Epoch. The A lpine g la c ie r s  are to o  s n a il ,  too  

sh a llo w  and to o  con fin ed  4*or d ir e c t  com parison, th e Greenland icecap  is

1Sce Map 1 . The oape are lo ca ted  in  a  sep arate fo ld e r .
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ringed  by m ountains. 0a th e  o th er hand, ic e  m osses o f  th e  P le isto cen e  

Epoch freq u en tly  overrode nom ountaiBous areas to  fr o n t d ir e c t ly  on the  

ocean ao does much o f  th e c o n tin en ta l g la c ie r  o f  A n ta rctica . Since the  

d ir e c tio n  o f  ic e  movement and th e crea tio n  o f  lan d foras from th is  move

ment are dependent to  a con sid erab le  ex ten t upon th e  o r ig in a l la a d fo ra s, 

i t  i s  lo g ic a l to  assume th a t em phasis should be p laced  upon th e study o f  

topographic end ic e  co n d itio n s which moot n early  rasaatble th ose e x is t in g  

on Barth A aerica and Europe during P le isto cen e  tim e. Theaa con d ition s  

e x is t  in  th e  A n ta rc tic .

TSae A n tarctic  c o n tin en ta l g la c ie r  i s  estim ated  to  con ta in  from 02 to  

90-5 par cen t o f  th e  volume o f  th e e a r th ’s  e x is t in g  g la c ie r  ic e .  She 

commonly accepted  co n clu sio n  th a t th is  ic e  i s  grad u ally  m lt in g  i s  gener

a l ly  confirm ed by evidence o f  form er, h igh er g la c ie r  le v e ls  and th e  ob

served. r e tr e a t o f  in d iv id u a l g la c ie r s  in  both hem ispheres. Gutenberg 

(19^1, p . 730), Manser (19^3) and F lin t  (19^7/ p . k29) dem onstrate through 

th e  use o f  t id a l  gage records th a t sea  le v e l i s  r is in g  a t a v a r ia b le  ra te  

which probably averages 2 .5  in ch es per cen tu ry. These authors a ttr ib u te  

t h is  r is e  alm ost w holly  to  a  n et loo® o f  g la c ia l Ice  during th e  name 

p erio d . In th e  fu tu re  our knowledge o f  g la c ia l d is s o lu tio n  can be saach 

enhanced by making s tu d ie s  o f  com parative a e r ia l photography o f  g la c ie r s  

over a  period  o f  tim e.

W hile a  r is e  in  sea  le v e l  approxim ating 2 ,5  in ch es p er century i s  not 

alarm ing, i t  i s  not in con ceivab le  th a t th e  hixaaa mind which has learned to  

c re a te  ra in  and to  explode atom ic bombs m ight a ls o  lea rn  how to  m elt v a st

^Thorarlnsaon (19-kO) 82 p er cen t; Ante vs (1929, p . **3) 8k to  89 per 
cen t; Ramsay (1930/ P* 15) 8? per cen t; and Daly (193^ , p . 12) 90 .5  P ® r  
c e n t. F lin t  (l9 ^ 7 , pp . k29-k3l )  c i t e s  th ese  in  ta b u la r  d e ta il .
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quant i t  le e  o f  g la c ia l ic e .  Such Isnowledge would provide i t s  owner w ith  

a  fa n ta s t ic  weapon su p erior to  any which now e x is t s ,  fo r  by i t s  u se s u f f i 

c ie n t  w ater cou ld  be generated to  in serce  a l l  o f  th e  w orld ’s p ort c i t i e s  

and c o a s ta l p la in s . A side from th e  obvious e f f e c t s  upon th e  p eop les o f  

th e  w orld , such an even t would a f f e c t  th e h a b ita b ility  o f  many areas fo r  

a l l  l iv in g  th in g s , change b ase le v e ls  and areas o f  marina ero sio n  and 

a f fe c t  c lim a tic  co n d itio n s a l l  over th e  ea rth .

R ecent estim a tes o f  th e  r is e  in  sea  le v e l  a ttr ib u ta b le  to  m oltin g  o f  

th e  e a r th ’s  p resen t supply o f  g la c ia l ic e  Include Antevo (1929) 131 to  

197 f e e t  w ithout is o s t a t ic  o r  o th er  adjustm ents; Ramsay (1930) ISO fo o t  

w ith out adjustm ents; Daly (193*0 f e e t  w ithout adjustm ents, le s s  than  

130 f e e t  w ito  ic a s ta t ic  adjustm ent; Thorarinsoon ( 19H0 ) 79 f e e t  in clu d in g  

is o s t a t ic  adjustm ent; end f l i n t  (19**7) <55 to  165 f e e t  w ithout adjustm ent. 

Adjustm ents fo r  is o s t a t ic  rea c tio n s would tend to  reduce th e vmodjusted 

f ig u r e s . These seaae stu d en ts o f  g la c io lo g y  estim ate th e  low nring o f  th e  

sea  le v e l  to  accommodate th e  ic e  o f  th e  Fourth G la c ia l Age to  b e from 230 

to  332 f e e t .

The A n tarctic  and, to  a  much le s s e r  e x te n t, Greenland are not e a s ily  

a c c e s s ib le  to  s c le n t lo t s . A er ia l photographic in ter p r e ta tio n  now appears 

to  o f fe r  th e  b e s t  method to r  th e  prelim in ary s c ie n t if ic  ex p lo ra tio n  o f  

th ese  reg io n s, fo r  th e  is o la t io n  o f  problems req u irin g  f ie ld  stud y and 

fo r  u se in  th e  f ie ld  by th e o cca sio n a l s c ie n t if ic  ex p ed itio n s to  th ese  

fro sen  a r ea s . A eria l photographs nay a ls o  be used to  record th e  fin d in g s  

o f  th e  f ie ld  in v e s tig a to r s  as w e ll as to  raap th e area w ith  s u f f ic ie n t  

accuracy fo r  reconn aissance purposes.

T h erefore, on th e b a s is  o f  th e  a v a ila b le  a e r ia l photography, current 

photo in ter p r e ta tio n  tech n iq u es, ex te n siv e  research  in to  th e  lite r a tu r e



•w ritten about th e  A n tarctic  and two seasons o f  p erson al f ie ld  experience  

th e r e , th e  author a im :

1 . To co n tr ib u te  to  th e  knowledge o f  th e  ic e  foras ty p ic a l o f the  

A n tarctic  c o n tin en ta l g la c ie r  in  g en era l, and to  th e morphology 

and reconnaissance geography o f  one ty p ic a l A n tarctic  reg io n  in  

p a r tic u la r  through th e  use o f  a irp h oto  in terp re ta tio n  od a geo

graphic tech n iq u e, and in  so  doing

2 . To in v e s tig a te  th e  u se , va lu e and 1 in i  t a t  ions o f  a irphoto in te r 

p re ta tio n  as a  geographic technique fo r  th e  inventory and a n a ly sis  

o f  lan d scap es, p a r tic u la r ly  th ose landscapes which occur in  areas 

o f  lim ite d  a c c e s s ib il it y .

•Eusse g oa ls w i l l  be accoeipliohod in  th e  su cceed ing chapters by an 

a n a ly s is  o f  th e  photo in ter p r e ta tio n  techniq ue (Chapter I I ) ;  a  b r ie f  con

s id e r a tio n  o f  th e  area and th e  a p p lic a tio n  o f  th e  photogeographical method 

to  i t  (Chapters I I I  & IV ); th e  p resen ta tio n  o f  photo in terp re ta tio n  keys 

o f  se le c te d  fea tu res  o f  c o n tin en ta l g la c ie r  morphology (Chapter V)j the  

a p p lic a tio n  o f  th o se  keys and f ie ld  exp erien ce in  analogous areas to  th e  

in v e s tig a tio n  o f  s p e c if ic  landscapes which have not been s c ie n t if ic a l ly  

explored by su rface  p a r tie s  (Chapter V I); and f in a l ly , a  susraary o f  the  

fin d in g s o f  th is  in v e s tig a tio n  and an ev a lu a tio n  o f  th e  v a lid ity  o f  photo- 

geograp hical method (Chapter VH)»



CHAPria n

2E3 HBEHQD

SSse co n tr ib u tio n s to  th e  kttovledgo o f  A n tarctic su rface  fea tu res end 

to  th e  reconnaissance geography and eeooorphology o f  th e Ingrid  C hristen

sen  C oast vh ich  are contain ed  in  th is  study are presen ted  through the 

lae&iua o f  photo in ter p r e ta tio n  hays (ijhapter V) and tlirou^a th e  a p p lica 

t io n  o f  such keyu to  th e  a e r ia l photographs o f  a  s p e c if ic  reg io n  (Chapter 

V I),

A lthou^i stu d en ts o f  seTwnal o f  th e  earth  sc ie n c e s  and o f oth er d is 

c ip lin e s  Uav» prepared and are cu rren tly  preparing scsae s e t s  o f  photo 

in ter p r e ta tio n  keys r e la te d  to  th e ir  f ie ld s  o f  in te r e s t , th e form ulation  

o f  Isays c h a r a c te r is tic  o f  geographic reg ion s and th e  d er iv a tio n  o f  in fo r 

m ation o f  geographic s ig n ific a n c e  through th e ir  use are d is t in c t ly  geo

graphic te c h n iq u e . 1

Ih e re fo r e , s in c e  ( 1 ) th e  photo in ter p r e ta tio n  laatbod i s  considered  

on accep tab le geographic tech n iq u e, (2 ) th e  co n tr ib u tio n s o f  th is  study 

are based upon th is  tech n iq u e, and ( 3) in fom sation  o f  t h is  ch aracter i s  

not g en era lly  a v a ila b le  in  th e  geographic lite r a tu r e  or th e lite r a tu r e  

o f  o th er d is c ip lin e s , th is  chapter i s  devoted to  th e  nooenclatu re o f  

photo in ter p r e ta tio n , d escr ip tio n s o f  th e  photo in ter p r e ta tio n  p ro cess, 

an a n a ly s is  o f  th e  purpose and u t i l is a t io n  o f  photo in ter p r e ta tio n  keys 

and ax  exp lan ation  o f  th e  liio to g ro g ra p h ica l method.

‘4 Jhotogrephic in ter p r e ta tio n  i s  a ls o  reco&xlz&l a s s  geographic 
research  technique by th e  Department o f  D efense.



m y s o  j s k s s t o z a z ic m  n a m e s  m >  d s sc h ib s d

HoraoaclaturG . The m ethodology o f  photo in terp re ta tio n  i s  o f  r e la 

t iv e ly  recen t davelojE ient. C onsequently, th e p resen ta tio n  o f  c er ta in  

d e fin it io n s  i s  req u ired  in  order th a t th e  thought p rocesses o f  th e  reader 

Gad th e author may remain on a  eoaaon p lan e. .B ie  fo llo w in g  s ig n if ic a n t  

term s are f i r s t  d efin ed  aivd la te r  d iscu s sad according to  th e ir  usage in  

th is  stu d y.

•Rxrtograph or Photo. A gen era l tern  fo r  a  p o s itiv e  or n egative  

p ic tu r e , lik e n e ss  o r  Image obtained  by exposing a  p la te , film  or oth er  

oed iu a , u su a lly  coated  v ith  c er ta in  cb ea icG ls, to  th e a c tin ic  e f f e c t  o f  

l ig h t .

•A er ia l photo graph or A irphoto. A photograph node from any kind  

o f  an a ir  v e h ic le . The camera len s ie  norm ally depressed s u f f ic ie n t ly  to  

perm it th e  form ation o f  an oblique or v e r t ic a l p ic to r ia l rep resen ta tio n  

o f  th e  ea r th ’s su r fa ce .

•Stereogreet. Two or more photographs o f  th e came area , taken  

from d iffe r e n t camera s ta tio n s  and o r ien ted  in  such a  manner ao to  perm it 

th e  view er to  ob ta in  a  m ental Im pression o f  a  th ree  -d im ensional n od al.

Photo im age.  A p ic to r ia l rep resen ta tio n  o f  a  s p e c if ic  o b jec t 

or substan ce, ir r e sp e c tiv e  o f  c ia o , which i s  cc®q>osed o f  th e sum o f  such 

elem ents as to n e , te x tu r e , shadow, sh ape, e ia e , p a ttern , p o s itio n  and 

p a ra lla x .

•D e fin itio n s  preceded by an a s te r is k  do n ot vary in  any s ig n if ic a n t  
a sp ect from s im ila r  d e fin it io n s  e sta b lish e d  by th e  Committee on nomencla
tu re o f  th e  American S o c ie ty  o f  I^otogranraetry. Terms not preceded by 
a s te r isk s  arc not d efin ed  by th e  cco m ittee . American S o c ie ty  o f  Photo- 
graiaactry, Manual  o f  photograzametry. Pitzaan P u b lish in g  Company, 19^*»
Ch. XVII.
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Photo in ter p r e ta tio n  key. A d ev ice design ed  to  a id  photo 

readers and photo in terp re tsro  in  th e ra p id , accu rate id e n t if ic a t io n  o f  

an o b jec t from th e  study o f  i t e  photo im age. The hey nay assume any o f  

a wide v a r ie ty  o f  forms b u t g en era lly  in clu d es both  a  w r itten  d escr ip tio n  

and a p ic to r ia l rep resen ta tio n  o f  th e c h a r a c te r is tic  r eco g n itio n  fea tu res  

o f  th e  o b jec t concerned.

♦Photogrcuaa; tr y .  The sc ie n c e  or a r t o f  o b ta in in g  r e lia b le  meas

urements o f  any o b jec t by Means o f  photography. (The g r e a te s t p o rtio n  o f  

th e  p h otogrecoetric  e f fo r t  i s  cu rren tly  a p p lied  to  su rveyin g and m apping.)

♦Photo reed in g . The sim ple id e n t if ic a t io n  o r  d e scr ip tio n  o f  

photo images w ith out a n a ly s is  o f  th e ir  meaning.

H ioto in te r p r e ta tio n . The u t i l is a t io n  o f  system s, techniques 

or p ro cesses o f  an a lyzin g  photographs which en ab les s k il le d  s c ie n t if ic  

or p r o fe ss io n a l p erso n n el, by v ir tu e  o f  th e ir  in d iv id u a l ex p er ien ces, to  

produce s ig n if ic a n t , r e lia b le  and d e ta ile d  inform ation  concerning the  

n a tu ra l or c u ltu r a l fe a tu re s  o f  th e  area photographed and to  determ ine 

o r In fer  th e fa c to r s  which th e  observable p resen ce, co n d itio n  or use o f  

th ese  fea tu res im ply.

Ehoto in te llig e n c e . -Hie c o lle c te d  products o f  photo in terp re

ta t io n , c la s s if ie d  and eva lu ated  fo r  m ilita r y  u se .

Photogeograghy.  Photo in terp re ta tio n  a p p lied  to  geographical 

problem s. Mora s p e c if ic a l ly , th e  J o in t employment o f  geograp h ical tr a in 

in g  and exp erien ces to g e th er  w ith  photographic in ter p r e ta tio n  techniques 

fo r  th e  production o f  knowledge r e la t iv e  to  geograp h ical r eg io n s, land

scap es o r  th e  variou s sy stem a tic  d is c ip lin e s  o f  which geography is  coo- 

posed.
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D iscu ssion  o f  nctaonclatura. Q ie meanings o f  th e  terms "photograph" 

and " a er ia l photograph" seem not to  he c o n tr o v e r s ia l. The terras "photo 

in ter p r e ta tio n  key" and "photogeography" are d iscu ssed  in  grea ter  d e ta il  

in  se c tio n s  o f  t h is  chapter which are devoted to  th ese  su b je c ts . For the  

purpose o f  th is  stu d y , some o f  th e  o tte r  tern s c ite d  req u ire e la b o ra tio n : 

Photo image. A com plete understanding o f  th e  photo image and 

th e  elem ents o f  which i t  I s  composed i s  a  r e q u is ite  fo r  th ose who would 

use a irphotoc fo r  s c ie n t if ic  pu rp oses. W ithout th e  knowledge o f  th e in te r 

r e la tio n sh ip s  o f  th ese  photo image elem en ts, s c ie n t i f ic  photo in terp re ta 

t io n  cou ld  n ot be perform ed. The s c ie n t i f ic  photo in terp re ter  must take 

in to  account th e  aim o f  th e elem ents o f  to n e , te x tu r e , shadow, shape, s iz e ,  

p a ttern , p o s it io n  and p a ra lla x  b efo re  ha ia  ab le  to  id e n t ify  or in terp re t 

an a irp h oto  or th e  photo images o f  which i t  i s  composed. T his procedure 

i s  moot o fte n  performed su b co n sc io u sly , bu t upon o cca sio n , i t  becomes 

neceaa&ry to  examine one or more o f  th e  eleaaants in d iv id u a lly  to  a sce r ta in  

th e  nature o f  a  photo Image.

The d if f ic u lt y  o f  a sse ss in g  a  photo image i s  l ik e ly  to  bo com plicated  

by th e sm all s iz e  o f  th e  Image. One o f  th e sc a le s  most freq u en tly  used in  

a e r ia l photography xAlch i s  intended fo r  mapping and In terp reta tio n  pur

p oses i s  th a t o f  l/2 0 ,0 0 0 . A la rg e  p o rtio n  o f  th e  U nited S ta to3 i s  covered  

by photography a t  th is  s c a le . The keenness o f  o p t ic a l and m ental percep

t io n  n ecessary  to  a s se ss  photo images becomes ev id en t when one r e a liz e s

th a t , a t  th is  common s c a le , an o b jec t 20 f e e t  lo n g  on th e  ground i s  ro?ro~ 

se  rated on th e  photograph by an image on ly  one one-thousandth o f  a  fo o t
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Oin  le n g th . ■" W ithin th is  sraall im age, th e in terp re ter  Bay have to  a sse ss  

each o f  th e  elem ents l is t e d  above. Although many images are sm aller  than  

t h i s ,  such as an in d iv id u a l co n ifero u s t r e e , corn s i l o ,  telephon e p o le  or  

g la c ia l e r r a t ic , th ere  ore numerous images o f  la rg er  s iz e  ae w e ll, e .g . ,  

corn f i e ld s ,  most b u ild in g s , major lan d foras a a l most stands o f  n atu ra l 

v eg e ta tio n . Photo images may e x is t  w ith in  photo Images a s , fo r  exam ple, 

th e  image o f  an in d iv id u a l c o n ife r  w ith in  th e  image o f  a  con iferou s wood- 

l o t .  A co n sid era tio n  o f  th e  p r in c ip a l elem ents o f  th e  photo image fo llo w s: 

Tone.  Tone i s  th e fou ndation  upon which a l l  o th er photo imags 

elem ents are b u ilt ;  w ith out i t ,  no o th er  elem ents cou ld  e x is t ,  s in c e  the 

photograph would be but one shade o f  gray and no images would appear.

Tone, th an , denotes th e shades o f  gray in  which th e  su b jec ts  are photo

g ra p h ica lly  d ep ic ted . A ll th e  shades o f  gray frcsa w hite to  b lack  must be 

reckoned w ith . Tone i s  not n e c e ssa r ily  th e reG ult o f  th e  co lo r  o f  th e  

o b jec t photographed. In stead , i t  depends la r g e ly  upon th e amount o f  l ig h t  

r e f le c te d  in to  th e  camera le n s  by th e  o b jec t (o b ject b r il l ia n c e ) , which in  

tu rn  i s  dependent upon such fa c to r s  as th e an gle formed by th e su n , th e  

o b jec t and th e camera le n s; th e  degree o f  sm oothness and th e  o r ie n ta tio n  

o f  th e  su rface  tex tu re  o f  th e  o b jec t; and th e  photographic m a ter ia ls and 

p ro cesses u sed . Ifrs tone in  photo Images o f  th e  same o b jec t any change i f  

any one o f  th ese  v a r ia b le s  i s  a lte r e d . Many coaaon o b jec ts  or su rface  

c o n d itio n s , such as w ater, dampness, v eg e ta tio n , v eg e ta tio n  d is e a se s ,

‘‘Photo in ter p r e te r s  g en era lly  measure th e  s iz e  o f  photo images in  
thousandths o f  a  fo o t , s in c e  th ic  measurement nay be m u ltip lied  d ir e c t ly  
by th e  denoadnator o f  th e  r ep resen ta tiv e  fr a c tio n  to  ob ta in  th e  a c tu a l 
s iz e  o f  th e  o b jec t or d ista n ce  im aged. For exam ple, a  b rid g e 0 .0 0 9  f e e t  
lon g  appearing cm a  1/ 20,000 s c a le  a irp h oto  can be r e a d ily  da to  m in ed  b. 
m ental arith m etic  to  be 130 f e e t  lon g  (9  x  2 0 ).
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track s and so  fo r th , are rendered In ton es on in frared  em ulsion which 

d if f e r  con sid erab ly  frcm th e ton es produced by th ese  o b jec ts  on psaehro- 

taatic em u lsion s.

Tones are most freq u en tly  d escrib ed  by a d je c tiv e s  ouch as dark, 

mediwa o r  l i^ r t .  Sm all ta.bc cu t frees exposed photo p r in ts  o f  various 

to n a l v a lu es ranging from b lack  to  w hite can b e assem bled in  on ord erly  

fa sh io n  to  produce a  g ra y sca le  to  which to n es in  various photo images can 

be cctapared fo r  purposes o f  id e n t if ic a t io n . 'Xhe to n es in  American gray

s c a le s  e re  g en era lly  numbered frcn  one through te n , w ith  th e  num erical 

value In creasin g  w ith  th e  darkness o f  tone (Doeha, 19^ 9). A "G raukeil,"  

sa id  to  have 23 sh ad es, was developed and used in  Germany in  19^*. Gray

sc a le s  have not proved to  be o f  s ig n if ic a n t  va lu e to  date because o f  th e  

taany varying fa c to r s  which may cause photo images o f  th e same o b jec t to  

appear in  d if fe r e n t  ton es in  d iffe r e n t a irp h otoo , or which may cause two 

s im ila r  photo images to  appear in  d iffe r e n t to n es cm th e same a irp h o to .

A t th e  p resen t tim e th is  problem i s  th e  su b jec t o f  an in v e s tig a tio n  by 

members o f  th e  geography and p h ysics s t a f f s  a t  Ifcrtew estern U n iv ersity .

T exture.  The v is ib le  d e ta il  in  a irp h oto  images i s  a c tu a lly  

produced by th e  m inute v n r ia tio n e  in  to n e . The term tex tu re  i s  used to  

in d ic a te  th e  manner in  which th e  taaall c o n stitu en t to n a l p arte o f  te e  

photo image are arranged, d isp osed  o r  u n ited . R u sse ll, F oster  aad MeSlurray 

(19^3* ?dB) d e fin e  tex tu re  a s  te e  number o f  to n a l changes in  any g iven  p art 

o f  te e  photograph. C olw ell (1952, *©) d escr ib es tex tu re  as a  product o f  

th e  aggregate o f  u n it fea tu res  to o  smal l  to  be (r e a d ily ) d isc e r n ib le  (as  

in d iv id u a l fe a tu r e s ) . A ccord in gly , th e  u n it fea tu res  o f  which tex tu re  

i s  com prised must vary w ith  s c a le . In la r g e -sc a le  photography tha ro o f 

t i l e s ,  g u tters  and ro o f r id g e s  may be ob servab le. At su c c e ss iv e ly  sm aller
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s c a le s , however, th e t i l e s ,  th en  th e g u tters and f in a lly  th e  r id g es can 

nt> lon ger be in d iv id u a lly  recogn ized  and beccsae a p art o f  th e  photo te x 

tu r e .

The importance o f  shadows in  th e  com position o f  tex tu re  deserves 

more reco g n itio n  than i t  has g en era lly  been accorded, fo r  although th e  

d escr ip tio n s o f  th e  o th er authors do n ot preclude tho p ert which shadows 

p la y  in  th e  fe m u la tio n  o f  te x tu r e , n e ith er  do th ey  rep ort adequ ately  upon 

i t .  S in ce th e  o b jec ts  which liave p e r fe c tly  smooth and le v e l su rfa ces ore 

few  in  rrunber, e s s e n t ia lly  a l l  o b jec ts  photographed roust c a s t  or co n ta in  

e ith e r  la rg e  o r  m inute shadows. As a  r e s u lt  th e  photo images o f  o b jec ts  

l ik e  croplands con ta in in g  s m l l  gra in  crops are freq u en tly  o f  f in e  tex tu re  

because o f  th e  c lo se  spacing o f  th e  in d iv id u a l stem s o f  grain  and the  

la rg e  nurfber o f  c lo s e ly  spaced , t in y  shadows. C onversely, c o r n fie ld s  have 

a more coarse tex tu re  'because o f  th e  w ider sp acin g o f  a  sm aller number a t  

la rg er  shadows.

T extures ere  sa id  to  be f in e , saodiun or co a rse , s t ip p le d , m ottled , 

dappled, streak ed , Varlam's, te d , lin e d , v e lv e t or fea th ery . In fa c t  any 

a d je c tiv e  which a p tly  conveys th e appearance valu e o f  a  tex tu re  m y  bo used.

Shadow. The b e s t tim es fo r  ta k in g  a e r ia l photography fo r  in te r 

p r e ta tio n  purposes are aid-m orning or nid-affcernoon, lo c a l sun t io e .  At 

t h is  tim e th e l ig h t  i s  q u ite  stron g  and th e sun i s  a t  ouch an an gle th a t  

i t  w i l l  e a s t  shadows lon g  enough to  a id  in  th e id e n t if ic a t io n  o f  photo 

images bu t n ot so  long th a t th ey  w i l l  cover an undue proportion  o f  th e  

adjacent photo im ages.

Shadow i s  p ecu lia r  in  th a t i t  i s  caapoced o f  dark to n es and 

d is t in c t  shape a and y e t m in ts  in s  reco g n itio n  p ro p erties apart from e ith e r  

tone or shape, norm ally shadows are found to  be among the dark est ton es
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on th e  photograph. They arc J e t b lack  on in frared  eg u ls io n s and approach 

th a t on panchrom atic f ilm . The shapes o f shadows are determ ined by th e  

an gle o f  th e su n , th e o u tlin e  o f  the opaque o b jec t from which they are 

c a s t  and th e co n fig u ra tio n  o f  th e te r r a in  upon which th ey  f a l l .

Shadows are freq u en tly  used to  Measure th e  h e ig h ts o f  tr e e s  or 

b u ild in g s . Shadows are im portant because th ey  o ften  rev ea l th e presence 

o f  o b jec ts  which oth erw ise a i^ it  n ot bo v is ib le ,  ouch ae telephone p o le s . 

The shapes o f  shadows nay more n early  resonfcle o b jec ts  as th ey  are seen  

from th e ground as in  th e  case o f  a  suspension  b r id g e . The s ig n ific a n c e  

o f  shadow in  determ ining th e  appearance o f  tex tu re  has been mentioned 

p rev io u sly . Shadows ore a ls o  im portant because th ey  sometimes obscure 

th e  d e ta il  o f  o b jec ts  over which th ey  f a l l .

Shape. The chape o f  a  photo imago o f  any o b jec t i s  determ ined  

by i t s  to n a l edge g ra d ien t,^  th e angle o f  view  and th e  elem ents o f  photo

graphic d is to r tio n  p r e se n t. W hile s o d s  o b jects may be in terp reted  from 

a  s in g le  elem ent o f  th e  photo im age, th is  i s  n et a  sound p r a c tic e  in  th e  

ca se  o f shape s in c e  many o b jec ts  o f  d iffe r e n t s iz e  or ch aracter p o ssess  

th e  same general shape.

The eyes o f  men norm ally view  th e n atu ra l and c u ltu r a l fea tu res  

o f ti« i landscape from a  le v e l  o f  f iv e  to  s ix  f e e t  above i t c  su r fa ce , w ith  

o cca sio n a l ob lique view s from p o s itio n s  o f  vantage on h illto p s  or in  t a l l  

b u ild in g s . The v e r t ic a l a e r ia l photograph, look in g  oquarely down upon 

th ese  fe a tu r e s , p resen ts u n fam iliar o u tlin e s  and h ith e r to  u n rea lized  

ex tern a l appearances o f  o b jec ts  which are fa m ilia r  from o th er , more nor

mal view ing a n g le s .

^The edge grad ien t i s  th e  ra te  o f  to n a l change between th e  edge o f  
a j& oto image and i t s  background or adjacent photo im ages.



S la e . The e ls e  o f  & photo im age, © sp ec ia lly  in  r e la t io n  to  a 

given  s c a le  or in  comparison w ith  a p o e it iv e ly  id e n tif ie d  o b jec t imaged 

on th e  same v e r t ic a l a irp h o to , i s  th e c h a r a c te r is tic  which en ab les a d is 

t in c t io n  to  be made between o b jec ts  o f  s im ila r  shape but o f  d if fe r in g  area  

or volum e. I t  i s  always n ecessary  to  check th e  s c a le  and to  co rr e la te  i t  

w ith  th e s ize  o f  th e photo image in  order to  avoid errors o f  in terp re ta 

t io n .

P attern .  The s p a tia l arrangement o f  th e component p arts o f  the  

t e r r e s t r ia l  landscape nz shown in  a  photo image or th e  arrangement o f  

photo images on th e a irphoto sometimes produces a c h a r a c te r is tic  d esign  

known as th e  p a ttern . In  some in sta n ces p a ttern s may be caused by the 

r e p e t it io n  o f  in d iv id u a l hapes o r  r e la tio n sh ip s . The checkerboard 

p a ttern  o f  th e  farm lands in  our corrfbclt stands in  sharp co n tra st to  th e  

lo n g , narrow, s tr ip e d  p a ttern  o f  f ie ld s  in  many p ortion s o f  Europe and 

th e p a ttern s formed by th e s te p  terra ces  o f  th e  h i l ly  lands in  Japan and 

sou th eastern  A sia . P attern s are freq u en tly  c h a r a c te r is tic  o f  an o b ject 

or co n d itio n , e . g . ,  th e  tra p ezo id a l p attern  o f  an a r t i l le r y  emplacement 

or th e angular p a ttern  o f  t r e l l i s  drainage and i t s  a sso c ia ted  m orphologi

c a l c o n d itio n s . Terms 'used to  d escr ib e  p a ttern s inclu de such a d jec tiv e s  

as reg u la r , ir r e g u la r , random, co n cen tr ic , r a d ia l, and rectan gu lar.

P o s it io n . The s p a t ia l r e la tio n sh ip  o f  a photo image to  i t s  

environm ent or i t s  a sso c ia tio n  w ith  nearby photo images i s  c a lle d  p o s i

t io n  or s i t e .  S ince photo images which are sometimes not otherw ise id en 

t i f ia b le  may o c ca s io n a lly  be id e n tif ie d  on th e  b a c i6 o f  p o s itio n  a lo n e , 

th in  elem ent i s  a  s ig n if ic a n t reco g n itio n  c h a r a c te r is tic . C ertain  natu

r a l fe a tu r e s , such as some epe^ies o f  v eg eta tio n ,a re  eonfin ed  to  s p e c if ic  

la n d fo m , s o i l  or c lim a tic  s i t e s .  In th e  c u ltu r a l landscape, the
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d if fe r e n t ia t io u  betw een th e  hcuGe and th e born in  a  lo c a l farm group con

s is t in g  o f  two la rg e  s in g le -g a b le  roofed, b u ild in g s w ith out chimneys and 

sev e r a l sm aller b u ild in g s i s  made easy  by th e  p o s it io n  o f  th ese  stru ctu res  

in  r e la t io n  to  th e  v is ib le  driveway which bypasses th e house and fan s out 

in to  a  barnyard.

P ara llax . The apparent disp lacem ent o f  th e p o s it io n  o f  an ob

je c t  in  r e la t io n  to  i t s  background, or any otJier p o in t o f  referen ce  which 

Is  caused by a  change in  th e  p o s it io n  o f  tJie observer i s  known as p cra lla * . 

lio r a a lly , a e r ia l photographs ore exposed by moans o f  an e le c tr ic  ia te r -  

valceaater attach ed  to  th e a e r ia l camera s o l ad ju sted  fo r  th e a lt itu d e  and 

ground speed o f  th e  a ir c r a ft  and th e  fo c a l len gth  and an g le  o f  view  o f th e  

coaera so  th a t ooeh photographic exposure w i l l  in clu d e approxim ately 60 

p er cen t o f  th e  e a r th ’s  su rface  th a t was covered by th e  preceding a irp h oto . 

In th is  manner each v is ib le  o b jec t on th e  e a r th 's  su rface w ith in  range 

o f  th e  camera i s  p resen ted  in  photo image fo ra  on a t  le a s t  two su c ce ssiv e  

exp osu res. The h o r izo n ta l d isp lacem ent o f  th ese  photo images in  r e la tio n  

to  a  ecxnon referen ce p o in t con be measured and converted  to  a  fa c to r  

w hich, when m u ltip lied  by th e  sc a le  o f  th e  photograph, w i l l  g iv e  th e  

h e ig h t o f  th e  o b jec t rep resen ted  by tho photo imago as th a t o b ject e x is t s  

on th e  ea rth .

Of nxire importance,^ a s  a  r e s u lt  o f  th is  p a r a lla c tic  d isp la c e 

ment th e photo a n a ly st may view  one o f  th e  two co n secu tiv e , overlapping  

p r in ts  w ith  h ie  l e f t  eye and th e  o th er w ith  h is  r ig h t eye and fo ra  a 

th ree-d im en sion al modal o f  th e photo image- in  h is  b r a in . The a b il it y  

to  c o n tro l or prevent convergence so  th a t each eye can remain focused  on 

a  sep arate photograph a t  th e  same t ir e  i s  e a s ily  acquired  by most people 

w ith  c'pod v is io n  in  both  e y e s . U su a lly , however, th e photo in terp re ter



employs a  stereoscop e to  prevent e y e str a in  an w e ll a s to  m agnify tlie  image 

s iz e .  The change in  th e photo image frora two dim ensione cm a  s in g le  a ir 

photo to  a  th ree-d im en sion al o o 3 e l from view ing a  o tereogrsa  in crea ses  

th e  a n a ly s t’s a b il it y  to  in terp re t th e o b jec ts  in  th e  photo images to  a 

s ig n if ic a n t  d egree.

Other fa c to rs .  3ha q u a lity  o f  a l l  th ese  photo image elem ents 

w ill  be determ ined in  la rg e  p ort by inage sharpness and r e so lu tio n . Image 

sharpness i s  la r g e ly  dependent upon edge g ra d ien t, th e abruptness o f  to n a l 

change between th e  edge o f  a  photo inage and i t s  background. Image r e so 

lu tio n  may be d escrib ed  as a  measure o f  th e  amount o f  d e ta il  v is ib le  on a 

photo image; i t  i s  u su a lly  measured in  tern s o f lin e s  o f  photo image per 

n illim e te r . Image sharpness and image reso lu tio n  are to  a  la rg e  measure 

dependent upon th e  photographic equipm ent, m a ter ia ls , p ro cessin g , exposure, 

s c a le , o b ject photographed and image movement. C olw ell (1952, M3) s ta te s  

th a t th e photo image i s  a ls o  determ ined in  p art by th e  r e f le c t iv e , s e n s i

t i v i t y ,  tranomlGGiou and haze in ter feren ce  sp ectru m . The e f f e c t s  o f  the  

q u a lity  o f  th e  em ulsion and th e co rrectn ess o f  exposure on th e  r e su ltin g  

r e so lu tio n  are s e lf -e v id e n t . linage movement, caused by th e forward motion 

o f  th e a ir c r a ft  or sometimes by th e v ib ra tio n  o f  th e  camera during th e  

fr a c tio n  o f  a  second n ecessary  fo r  th e exposure haa th e  e f f e c t  o f  b lu rrin g  

th e  photo in age. AH con ven tion a l a irp h otos are su b jec t to  t h is ,  bu t to  

a  w id ely  varying d egree. A few  cameras ere  equipped w ith  image m otion 

com pensators,  bu t even th ea e , when a ccu ra tely  s e t ,  cannot prevent b lu rr  

from v ib r a tio n . A lthou^i th e b lu rr  caused by image movement i s  always 

p r e se n t, i t  i s  seldom n o ticea b le  to  th e naked e y e . Saunders ( I 9 l l )  

d escr ib es how to  measure image oovooont and to  determ ine i t s  e f f e c t  upon 

th e  a irp h otos concerned.
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Whether or not images o f  le s s  time, b Given size-o iiap o  fa c to r  

can be seen  by th e  naked eye on a e r ia l photography depends upon th e  photo

graphic s c a le . I-Sagnification o f  a irp h otos up to  four diam eters w i l l  f r e 

qu ently rev ea l images not p rev io u sly  v is ib le  to  th e naked e y e . Further 

m agn ifica tion  g en era lly  produces no a d d itio n a l d e ta il  bu t brin gs ou t the 

G rainineos and m erely makes th e alread y v is ib le  Images la rg er  and fu z z ie r  

in  appearance. In p r a c tic e , th e a n a ly st observes th e  whole photo im age, 

rath er than i t s  in d iv id u a l elesaantc, and d escrib ee  the o b jec t I t  rep re

s e n ts . The in d iv id u a l elem ents o f  th e photo image are merged in to  one 

im pression and norm ally 1% i3  th is  im pression which stim u la tes h is  m ental 

p ro cesses , cau sin g  h is  response to  assume c  p a r tic u la r  fo r a .

Itecdonald (1951) and C olw ell (1952, ’£3) hold  varying view s on 

th e  r e la t iv e  va lu es o f  s c a le  and r e so lu tio n  in  r e la t io n  to  th e reco g n i

t io n  o f  photo im ages. I t  i s  ev id e n t, however, th a t photo images o f  s u f f i 

c ie n t ly  largo  s c a le  fo r  reco g n itio n  con lack  th e  image aliarpaess required  

fo r  id e n t if ic a t io n . L ik ew ise, photo images o f  h igh  r e so lu tio n  valu e con 

be o f  such a  sm all sc a lo  th a t reco g n itio n  i s  aga in  la p o e s ib ie . T herefore, 

th e reco g n itio n  th reshhoid  o u st be determ ined by th e  sc a le -tim e s-r e so lu 

t io n  ©actor a t  which th e  photo image f i r s t  bee ceres id e n tif ia b le  and the 

sc a le -r e so lu tio n  fa c to r  above which th e  image i s  no lon ger id e n t if ia b le .

Hio to  gram a tr y . 7*ie laym an's concept o f  photograncaetry i s  ak in  to  

tire meaning o f  th e  word a s  expressed  in  Webst e r 's  Uew In tern ation a l  D ic

tio n a ry  o f  tire a ig lla h  Language,  Unabridged (1 9 3 9 ), which r e s t r ic t s  th e  

a p p lic a tio n  o f th is  d is c ip lin e  to  su rveyin g in  tire sen se o f  map making. 

A ccording to  th e CoEsaittao cm Ifrm enclature o f  tire American S o c ie ty  o f  

H retognsaastry ( 19V4., p . 790) ,  however, any end a l l  op eration s in  which 

measurements are made from photography are regarded as f a ll in g  w ith in  

th e  purview o f  photogram aetry. These ca te g o r ie s  in c lu d e , a s id e  from
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napping and su rvey in g , such operation s a3 m anuring stands o f  tim ber, 

m easuring lands and crops fo r  purposes o f  ta x a tio n , census or s a le , M a k 

in g  b a l l i s t ic s  t e s t s  and m easuring in d iv id u a ls fo r  custom ta ilo r e d  s u its  

when any o f  th ese  or oth er eq u a lly  varied  tack s are performed by making 

Measurements on photographs. I t  in c lu d es, in  th e view  o f  th is  organ iza

t io n , the p ortion s o f  photo reading and photo in ter p r e ta tio n  which are 

baaed upon measurements fo r  d escr ip tio n  paid in te r p r e ta tio n . C onversely, 

th e p ortion  o f  photogrammetrie map making in  which se le c te d  d e ta il  is  

l i f t e d  fo r  tr a n sfe r  to  th e map com p ilation  base i s  photo read in g . There 

can be no doubt as to  th e  c lo se  r e la tio n sh ip  o f  th e  two f ie ld s  o f  endeavor. 

I t  is  not unreasonable to  s ta te  th a t photograaaetry i s  th e q u a n tita tiv e  

a sp ect and photo reading ana photo in terp re ta tio n  are th e  q u a lita tiv e  

a sp ects o f  a s in g le  a r t or ap p lied  sc ie n c e .

PHOTO RbADITIG, P30T0 IBTSKPREIATIOS A3D PHOTO IHTSLLIG-2EJH

In th e  u n ited  n ta te s , th e m ilita r y  ser v ic e s  are in  agreem ent th at

photo reading and photo in te llig e n c e  are th e p rocesses by which the pro-
k

d u ct, photo in te llig e n c e , i s  d eriv ed .

I t  13 u n fortu n ate, however, th a t th ere .Is no c iv i l ia n  or s c ie n t if ic  

counterpart fo r  th e  phrase "photo in te llig e n c e ,"  i . e . ,  a  phrase which

L
Since most m ilita r y  p u b lica tio n s in  th is  f ie ld  have been devoted to  

th e  p r a c tic a l tr a in in g  o f  photo readers and th e  production  o f  photo in te r 
p re ta tio n  keys alm ost to  th e  ccasplete e x c lu sio n  o f  a r t ic le s  concerning 
th e  th eory o f  photo in te r p r e ta tio n , th ere  i s  no w id ely  d issem inated  w ritten  
a u th o rity  fo r  th is  sta tem en t. I t  i s  in te r e s t in g  to  note in  th is  connection  
th a t on ly  one o f  th e b a sic  term s d efin ed  a t th e  b egin n in g o f  th is  chapter 
i s  m entioned in  th e  g lo ssa ry  o f  th e  Photographic in terp re t a t Ion handbook-- 
U .S. Forces which was published in  l^ S ^ 'at tSa peak ~o¥ th e m ilita r y  photo 
In terp reta tio n  e f f o r t , and w hich, though p resen tly  under r e v is io n , i s  s t i l l  
considered  th e p r in c ip a l w ritten  guide to  m ilita r y  photo in terp re ta tio n .
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would apply to  th e  c o lle c te d  products o f  photo in terp re ta tio n  c la s s if ie d  

and evalu ated  fo r  s c ie n t if ic  uoe. Photo in te llig e n c e  i s  a lso  th e  proper 

ex p ressio n  fo r  c iv i l ia n  use according to  th e  ccsaaon d ic tio n a ry  Gleaning o f  

th e  word in te llig e n c e , bu t because o f  th e  recen t and con tin u in g  s ta te  o f  

in ter n a tio n a l a f f a ir s , th e word in te llig e n c e  i s  alm ost u n iv e r sa lly  thought 

o f  as m ilita r y  in te llig e n c e . Vhe te r n  "photo data" must be ru led  ou t s in ce  

th is  exp ress ion  i s  cctaooaly used to  d esig n a te  inform ation about th e  photo

graphy, i t s e l f ,  a s recorded by th e n a v ig a to r , photographer and photo lab ora

to r y  te c h n ic ia n . "Kioto inform ation" ia  perhaps th e  b ea t o f  th e  remain lag  

synonyms; i t  i s  su ggested  here fo r  u se as th e s c ie n t if ic  counterpart fo r  

th e  terra photo in te llig e n c e .

In  m ilita r y  op eration s photo in te llig e n c e  rep orts are d is tr ib u te d  to  

s t a f f s  and ccraaands which produce gen era l In te llig e n c e  rep orts o r  make 

coKEsand d e c is io n s , based in  p art upon th e  photo in te llig e n c e  rep ort and 

in  p art upon a l l  o th er  sou rces o f  in te llig e n c e  which may be a v a ila b le .

In th e  s c ie n t i f ic  w orld , how sver, th e  crea to r  o f  th e  photo inform ation ia  

l ik e ly  a ls o  to  be th e  end consumer who w i l l  ccstoine th e inform ation he has 

gleaned tro a  th e airphoto?; w ith  w hatever oth er kinds o f  r e lia b le  Informa

t io n  th a t aro a v a ila b le  to  him in  order to  produce h ie  own f in a l  report 

o r  d e c is io n , thus e lim in a tin g  e n t ir e ly  th e n e c e ss ity  o f  a  photo inform a

t io n  rep o rt. I b is  co n d itio n , how ever, may not p r e v a il i f  c iv i l ia n  s c ie n 

t i f i c  groups enyagad in  photo in ter p r e ta tio n  contin ue to  grow in  term s o f  

numbers o f  such groups, numbers o f  mature s c ie n t is t s  and graduate stu d en ts  

w ith in  in d iv id u a l groups and twn&ers o f  research  p r o je c ts  a ssig n ed  to  

in d iv id u a l groups.

In g en era l photo read ing c o n s titu te s  th e  p rocesses by Which fa m ilia r  

o b jec ts  o f  th e landscape are recogn ized  from th e ir  appearance on th e  a ir 

photo; by which o irp h otos are o r ien ted  w h ile in  th e f ie ld  o r  in  resp ec t
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to  aap s; by which a irp h oto  s c a le s  are norm ally determ ined and by which 

lim ite d  photo id e n t if ic a t io n  stay be accom plished w ith  th e a id  o f  photo 

in ter p r e ta tio n  k ey s. Photo in ter p r e ta tio n  c o n s titu te s  th e  ap p lied  te c h n i

que Which produces th ese  keys; th e p rocesses by which th e  ia a g es on the 

photographs are tr a n sla te d  in to  fa c tu a l data or tern s o f  ev id en ce r e la t in g  

to  a  s p e c if ic  f i e ld  o f  in q u iry; and th e  method# by which proper, accurate  

and s ig n if ic a n t  in feren ces are drawn from th e  im p lica tio n s revea led  by the  

photo im ages.

W hile th e  e s s e n t ia l d ifferen ce#  between photo read ing and p h tto  in te r 

p re ta tio n  are g en era lly  agreed upon by th e  geographers, g e o lo g is t s , e c o lo 

g i s t s ,  fo r e s te r s , en gin eers and o th er  s c ie n t is t s  who com on ly  use a e r ia l 

photography, th ere  a r e , o f  co u rse , some disagreem ents as to  the exact 

wording o f  th e  d e f in it io n s . These concepts are bent exp lain ed  by an exam i

n ation  o f  th e  works o f  th e  more com petent photo a n a ly sts  in  th e  various 

d is c ip lin e s  concerned.

R. N. C olw ell (1952> MS), a  fo r e s te r , e c o lo g is t  and m ilita r y  photo 

in ter p r e te r  d escr ib ee  photo in ter p r e ta tio n  a s:

. . . .  th e  a c t o f  exam ining photographic images o f  o b jec ts  
fo r  th e purpose o f  id e n tify in g  th e  o b jec ts  and deducing th e ir  
s ig n if ic a n c e . In accordance w ith  th is  d e f in it io n , v ir tu a lly  
everyone can co n sid er h im se lf a  photographic in ter p r e te r  to  
one degree o r  another. I f  th is  wsre n ot tru e our newspapers 
and popular m agazines would co n ta in  no photographs, th e  por
t r a it s  o f  wanted crim in a ls would not adorn our p o st o f f ic e  
w a lls , th e  m otion p ic tu re  and th e  te le v is io n  in d u str ie s  would 
be non -e x is te n t , and th ere  would be no ra u ltim lllio u  d o lla r  
b u sin ess c a ter in g  to  th e  needs o f  amateur photographers,

However, photographic in ter p r e ta tio n  as indulged in  by th e  
amateur should not b e confused w ith  p r o fe ss io n a l photographic 
In terp reta tio n  as performed by th e  p h o to g eo lo g ist, en g in eer , 
fo r e s te r , c o i l  s c ie n t is t ,  c i t y  p lan n er, or m ilita r y  photo
graphic in te r p r e te r .' TJaeh o f  th ese  a m  u su a lly  has a  s o lid

^Sote th a t C olw all does not in clu d e th e geographers among th e  lead in g  
p ro fe ssio n s which make use o f  a irp h oto  in ter p r e ta tio n .
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background o f  tr a in in g  and exp erien ce in  U is s p e c ia lty . . .  . 
i t  i s  L a r^ ly  by v ir tu e  o f  th is  background th a t th e  pro
fe s s io n a l photo in ter p r e te r  Is  ab le  to  id e n t ify , on photo-  
graphs, o b je c ts  which th e  o m teu r would e ith e r  overlook  
e n tir e ly  or would f a i l  to  in ter p r e t in  th e ir  -proper s ig n i f i 
cance.

C olw ell does not u se th e  te r a  photo read er. In stea d , he d iscu sses  

eraataur and p r o fe ss io n a l photo in te r p r e te r s . He has eesphaGised one impor

ta n t p o in t which i s  scaaethaeo overlooked by o th er authors on th e  su b jec t, 

th a t i s  th a t everyone con in ter p r e t photographs to  one degree or another, 

bu t th a t th is  degree i s  u su a lly  lim ite d  to  sn a p sh o ts, n o tio n  p ic tu r e s , 

v id eo  recep tio n  or ia  seen  ca se s  such siagJle itunas as road s, la k e s , and 

f i e ld  p a ttern s fr o a  a irp h o to e . !Phe determ ination  as to  \& ether th e roads 

are co n cre te , oacadea or ’d ir t ' ;  so  to  whether th e  lak e i s  s a l t  or fresh ; 

and as to  w hether th e  f ie ld  con ta in s corn , v h set or rye demands p ro fe s

s io n a l ex p er ien ce , however.

II. T . U. Smith (19^3, P . 5^)> an ou tstan d in g p h o to g e o lo g ist, ex p la in s  

h is  concept o f  th e  r e la tio n sh ip  between photo read ing and photo in terp re 

ta t io n  ia  th e  fo llo w in g  term s;

Photo read ing r e fe r s  sim ply to  th e id e n t if ic a t io n  o f  fea tu res  
shown on p h otos. Hxrto in te r p r e ta tio n , however, i s  b reed er in  
sco p e , com prising both tb s  reco g n itio n  o f  fea tu res  and th e  draw
in g  o f  in feren ces as to  th e ir  s ig n if ic a n c e , ia  th e  l i s t  o f  a l l  
a v a ila b le  in form ation . D irec t ob servation  ia  supplem ented by 
d ed u ction , obscure o r  hidden fea tu res  are v is u a liz e d  w ith  the  
guidance o f  p revious exp erien ce ,  and th e  Im p lica tion s o f  the  
whole p ic tu re  w ith  resp ec t to  th e  o b serv er 's p a r tic u la r  o b jec
t iv e s  ore a scerta in ed  as fa r  oa p o s s ib le . Ube a c tu a l o b jec tiv e s  
o f  photo in ter p r e ta tio n  are aaay and varied* * • • A ^ j however, 
h&vS a  cotsaon S ta r tin g  p o in t -  -  t h a t o f  o b ta in in g  from th e  photos 
as c le a r  and com plete a  p ic tu re  o f  th e  land su rface  a s  p o s s ib le . 
Further sto p s depend upon th e  ob server'e  fa m ilia r ity  w ith  h is  
f i e ld  o f  in v e s tig a tio n  and on th e  q u a lity  o f  h ie  reason in g .

As i f  to  em phasize th e  im portance o f  th a t la s t  sen ten ce , Smith (19^3, p .

9 3 ) o ta teo :

Ihe second phase o f  photo in ter p r e ta tio n  c o n s is ts  in  tra n s
la t in g  th e p ic tu r e  In to  term s o f  ev idence r e la t in g  to  bozoo



p a r tic u la r  f ie ld  o f  in q u iry , such ae go o lo g ic  or geoiaor- 
phic h is to r y , econoeaie p o s s ib i l i t ie s ,  land u t i l is a t io n  
p r a c tic e s , c i t y  o r  r eg io n a l p lan n in g , m ilita r y  t a c t ic s ,  e tc .

I t  i s  th is  second phase which daaanda th a t th e photo in terp re ter  he w e ll

tra in ed  in  h is  p a r tic u la r  f ie ld  or sc ie n c e  or endeavor. HO MAH CAH UJTHS-

PR3T eetsssivslt from a e r ia l  m r sos that which he could nos? mairiFJr m

SIS FIELD.

G o ttfr ia d  P fe ife r  (19^6, MS p . 1 6 ) , a  German geographer, ime t h is  to

say  in  h ie  d e scr ip tio n  o f  photo in terp re ta tio n ;

Numerous s in g le  iterac and even e n tir e  p a rts o f  landscape are 
a c tu a lly  not id e n t if ie d  d ir e c t ly  fro a  th e a irp h o to , t u t  ra th er
th ey  are in ferred  or In terp reted .................... Stony o b jec ts  are not
p a in sta k in g ly  id e n tifie d ., hu t in terp reted  fr e e  caesaon knowledge 
o r sp e c ia liz e d  s c ie n t i f ic  knowledge.

B rio c ita t io n  em phasises a  p o in t n ot coscatm ia  th e  H aglish  lite r a tu r e  

on photo in te r p r e ta tio n , nam ely, th a t i t  i s  not on ly  th e  sp e c ia liz e d  

s c ie n t i f ic  knowledge la  o n e 's  p a r tic u la r  f ie ld  o f  d is c ip lin e  which enables 

him to  in te r p r e t, bu t a ls o  th a t h is  in terp re ta tio n  i s  dependent upon h is  

ex erc ised  powers o f  ob servation  and th e  ordinary fa c to r s  o f  loadocape 

which l i e  o u tsid e  o f  h is  s p e c ia lty  th a t he m y  have p rev io u sly  lb scrved .

I t  w i l l  be seen  frcsa an a n a ly s is  o f  q u otation s th a t C o lw ll and P fe ife r  

m erely use d iffe r e n t words to  espreoo su b sta n tia lly  th e  earae a t t itu d e .

P fte ifer , E. Meynan and 2 . Otremba (19h6 ,  M3 p . 6 l )  ore quoted as 

p resen tin g  th e  p o in t o f  view  th a t landscape ia to r p r e ta tio n  i s  composed 

o f  th ree  elem en ts: p ercep tio n , ob servation  and. in te r p r e ta tio n . Percep

t io n  i s  lik en ed  to  sim ple photo read ing or th e  id e n t if ic a t io n  o f  s in g le  

o b jec ts  on th e  a irp h o to . Cfraervution endeavors to  reco g n ize  photo images 

w ith  regard to  th e ir  ex ten sio n  ia  fo ra  and d is tr ib u tio n . In terp reta tio n  

inquired in to  th e meaning o f  th e  s itu a t io n  and th e  r e la tio n sh ip s  o f  th e  

o b jec ts  appearing on th e a irp h oto  to  th e  environm ent. Hoe r e s u lt s  o f  

in ter p r e ta tio n  may th en  be applied, to  th e fu rth er  ev a lu a tio n  o f  th e  a irp h oto .



Itoere i s  a  stron g  fe e lin g  canons geographers th a t i t  i s  n ecessary

fo r  photo a n a ly sts  to  have an understanding o f  th e  o r ig in , developm ent

and l i f e  c y c le s  o f  th e  o b jec ts  whose photo haegee th ey  would in ter p r e t.

B u s se ll, F oster and i>fcllurray (19**3, P . 319) f e e l  th a t:

A prime r e q u is ite  fo r  th e in terp re ta tio n  o f  a e r ia l photo
graphs i s  a  knowledge o f th e  p rocesses in vo lved  in  th e pro
d u ction  o f  th e  p a r tic u la r  n atu ra l or c u ltu r a l fea tu re  th a t 
i s  to  b e id e n t if ie d .

I t  was th e  aunaory op in ion  o f  about a  dozen 2uropean s c ie n t is t s  work

in g  on a  s e r ie s  o f  photo in ter p r e ta tio n  p r o je c ts  and numbering among then  

p r o fe ss io n a l men from th e f ie ld s  o f  geography, geo logy , eco lo g y , pedology, 

fo r e s tr y , hydrology, en g in eerin g  and photograawetry (P fe ife r , 19k6 ,  JS3 

p . 102) th a t:

. . . .  con clu sion s /w ere baaed upon/ . . . .  general geo
graphic exp erien ces In  ccsabin&tion w ith  lo c a l f ie ld  exper
ie n c e s .

Previous knowledge concerning ca u sa l r e la t io n s  in  th e land
scape . . . .  broaden th e  ev a lu a tio n  p o s s ib i l i t ie s  and render 
b e tte r  s a fe ty  ia  ev a lu a tio n  according to  th e  experience o f  
most w orkers.

B elch er (19*»3, p . W 2 ), a  p h otop ed ologtst end a  highway en g in eer, 

i s  eq u a lly  in s is te n t  upon th e n e c e ss ity  fo r  th e  in terp re ter  to  know th e  

terra in :

B a s ic a lly , a irp h oto  a n a ly s is  depends upon a  w e ll-v ersed  acquaint
ance w ith  ground fea tu res and s o i l  c h a r a c te r ia tic s . The a e r ia l 
p ic tu re s  provide a  means o f  making a d e lib e r a te  and a  d e ta ile d  
study o f  aa  area and an ev a lu a tio n  o f  th e  landfbnas by an 
enlarged p e r sp ec tiv e . T h e o re tic a lly , th e  same th in g s th a t con 
be stu d ied  in  th e  airp h otos can be examined on the ground} tim e 
and lim ite d  inform ation prevent t h i s .  *iSie optimum con d ition  
i s  rep resen ted  by a  ju d ic io u s ground in v e s tig a tio n  guided by 
a  pbafco a n a ly s is . In most in sta n ces to  se e  a  ground fea tu re  
in  I t s  e n tir e ty  i s  to  understand i t s  o r ig in , i t s  ccm ?position, 
and i t s  in flu en ce  on th e surrounding te r r a in . When stand ing  
on th e  ground, man i s  so  dwarfed ia  e ls e ,  even by th e fea tu res  
o f  m ic r o -r e lie f , th a t th e ir  ou t l in e  and o v e r a ll ch aracter 1b 
obscure o r  hidden.



Photo a n a ly s is  i s  founded ^ o n  ob servation  and in feren ce .
Only fea tu res th a t are a u r f ic ia l can be d ir e c t ly  observed5 
con clu sion s m e t  be in ferred  frora th e se . Studying th e  su r
fa ce  p attern  o f  an area i s  a aeons o f  ev a lu a tin g  subsurface  
c o a lit io n s . Jud^aant m ist be based on aa in ter p r e ta tio n  o f  
c e r ta in  v is ib le  con d ition s th a t rep resen t th e  n e t e f f e c t  o f  
th e  su rface end subsurface co n d itio n s. The a b il it y  to  in fe r  
c o r r e c tly  i s  based on exp erien ce and on a  working knowledge o f  
gecsasrphic, p ed olog ic and e co lo g ic  p r in c ip le s .

F rost and M allard (19^6* P . 5^3) were apparently in  agreem ent, when 

they wrote:

A&eptneoe in  a irp h oto  sapping depends, to  a  la rg e  e x te n t, 
upon & b a sic  knowledge o f  scne o f  th e n atu ral sc ie n c e s;  
s o i l  napping exp erien ce by th e  c o rr e la tio n  o f  f i e ld  data  
w ith  a irp h oto  p a ttern  elem ent®; knowledge o f  en gin eerin g  
problems as th ey  r e la te  to  s o i l  form ation and topographic 
p o s itio n ; and th e  a b i l i t y  to  ob serve, in terp re t and eva lu 
a te  th e  f in e  d e ta ils  o f  th e  a irphoto p a ttern .

However, th ree years la te r , Froot (19^9, p . 5 ) m odified  h is  p o s itio n :

I t  ia  not n ecessary  fo r  th e  in terp re ter  to  become a 
s p e c ia l is t  in  th e  n atu ra l science®  d ea lin g  w ith  su rface  
fea tu res o f  th e  earth ; ra th er , th e in terp re ter  should be 
aware o f  th e sources o f  lite r a tu r e  in  th e  r e la te d  f ie ld s  
s in c e  th is  i s  o f  paramount importance in  o b ta in in g  back
ground m ateria l about a  p a r tic u la r  area.

While F ro st’s  1S&9 statem ent c o r r e c tly  p o in ts  ou t th e  need to  know 

th e  sources o f th e s c ie n t if ic  lite r a tu r e  and ta p lle c  th e  need fo r  u sin g  

th e lite r a tu r e  in  f ie ld s  r e la t in g  to  th e  d is c ip lin e  o f  th e  in ter p r e te r , 

h is  apparent la ck  o f  concern w ith  th e  p ro fe ssio n a l background and f ie ld

experience req u ired  by th e  in ter p r e te r  h im self i s  n ot in  agreem ent w ith
6

th e  op in ions o f  h is  c o lle a g u e s . A o ria l photographs provide no su b stitu te  

fo r  fir st-h a n d  ’aaowledge o f  th e landscape, even thougx th ey  con trib u te  

g r e a tly  to  th a t knowledge. I t  w i l l  be acted  th a t th e c ita t io n s  o f  the 

oth er a u th ors, w ith out ex cep tio n , do not express th is  v iew .

’T his statem ent taay la v e  been in flu en ced  by th e fa c t  th a t i t  was p re
pared fo r  d e liv e r y  b efore a  group composed o f  en g in eerin g  rath er than earth  
sc ie n c e  p r o fe ss io n a l Eton. The members o f  th e  au d ien ce, th en , had p ro fe s
s io n a l backgrounds, but n ot in  th e  earth  sc ie n c e s .



Begley (19^1* P* 1H) asserts:

I t  i s  Important to  becceae acquainted w ith  th e appearances 
o f  o b jec ts  by ex p erien ce . Study o f  photographs should, "be 
aeeorapanied by f ie ld  tr ip s  w ith  th e  photographs in  hand 
and d ir e c t id e n t if ic a t io n  o f  th e  o b jects p ic tu red . As raany 
d iffe r e n t ty p es o f  te r r a in  as p ra c tica b le  should be stu d ied . . . .

Coleman (19^S> p . ^ 72), a  c i v i l  en gineer and naval photo in ter p r e te r ,

in  p o in tin g  to  th e so lu tio n  o f  a  p a r tic u la r  type o f  photo in terp re ta tio n

problem , w rote:

I t  ^ m ilita ry  co a st and beach a n a ly s is / i s  ach ieved  by a  fin e  
b len d in g o f  photogrociaetrie and photographic in terp re ta tio n  
techn iq ues w ith  s c ie n t if ic  knowledge in  geography, geo logy , 
v e g e ta tio n , s o i l s ,  and en g in eerin g , tempered w ith  a  thorough 
understanding o f  amphibious t a c t ic s .

Here a  new p o in t i s  added to  th e con cep t. Coleman's exp erien ce has proved

to  him th a t i t  i s  n ecessary fo r  th e  in terp re ter  to  know and understand th e

u se to  which h is  product w il l  be p u t. This i s  p a r tic u la r ly  tru e  in  ca ses

where tlie  in terp re ta tio n  i s  to  be ap p lied  to  ecee s p e c if ic  use such as

highway en g in eerin g , reg io n a l p lan n in g, e t c .

Spurr (1 9 ^ , p . 176) ,  a  fo r e s te r  has sp e c ia liz e d  ia  teach in g

oth er fo r e s te r s  th e  use and valu e o f  photo in terp re ta tio n  in  fo r e str y ,

i s  o f  th e  op in ion  th a t:

Photo in ter p r e ta tio n  a b il i t y  depends upon th e  ease and 
accuracy w ith  which th e  in terp re ter  can recogn ize under 
th e  stereoscop e o b jec ts w ith  which he ia  fb a ilia r  on the  
ground. I f  te c h n ic a l d is t in c t io n s  are to  be made, ouch as 
sp e c ie 3 id e n t if ic a t io n , th e in ter p r e te r  should have had th e  
n ecessary te c h n ic a l tr a in in g . For th is  reason fo r e s t  photo- 
in ter p r e ta tio n  should ba ca rr ied  out by tra in ed  fo r e s te r s .

I t  ia  o f  th e  utm ost im portance th a t photo -  in terp re ters  
spend s u f f ic ie n t  b ia s in  th e  f i e ld  w ith  photographs and a 
stereoscop e to  develop th e  a b i l i t y  to  c o rr e la te  fo r e s t  fe a 
tu res  on th e  ground and th e  photographc. F a m ilia r ity  w ith  
lo c a l co n d itio n s w il l  do nora than anything e ls e  to  improve 
th e  speed and q u a lity  o f  o f f ic e  photograph ic  -  in te r p r e ts ! io n .
F ie ld  reconnaissance and f ie ld  checking are u su a lly  r e q u is ite s  
o f  fo r e s t  mapping fro n  a e r ia l photographs.

I t  ia  noted, th a t Spurr im p lies th a t th e  photo in terp re ter  should f i r s t
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ob ta in  h is  p r o fe ss io n a l tr a in in g  b efore  a sk in g  photo a n a ly se s . IW s does 

not neon, however, th a t he should com plete a le  p r o fe ss io n a l tr a in in g  b efore  

lea rn in g  th e  photo in terp rets* icm  tech n iq u e. T rain ing ia  p ro fe ssio n a l 

background and in  photo in ter p r e ta tio n  tech n iq u es go b e s t hand in  hand.

Each can m a ter ia lly  co n trib u te  to  th e  e ffe c t iv e n e s s  o f  th e  o th er .

Competent s c ie n t is t s  in  th e  various d is c ip lin e s  in  which airphoto  

in ter p r e ta tio n  aay be used as a  technique o f  s ig n if ic a n t  value have been  

c ite d  above to  th e  e f f e c t  th a t th e  photo in ter p r e te r  should ( l )  be fa m ilia r  

w ith  th e tech n iq u es o f  photo in ter p r e ta tio n  p er s e , (2 ) b e thoroughly  

acquainted w ith  th e  laaovledge and methods req u ired  by h is  d is c ip lin e , ( 3) 

be acquainted  w ith  th e  su b je c t, p rocess or area  which i s  to  b e in terp re ted , 

(k ) have a  working knowledge o f  th e  variou s earth  sc ie n c e s , and (5 ) be 

a wore o f  th e  lite r a tu r e  r e la t iv e  to  h is  problem whether o r  not th is  l i t e r a 

tu re  be w ith in  th e  lite r a tu r e  o f  h ia  d is c ip lin e . There a ls o  seems to  be 

em phatic agreement on th e  fa c t  th a t th e  a irp h oto  a n a ly st can in terp ret w ith  

r e l ia b i l i t y  on ly  th o se  o b jec ts  o r  co n d itio n s which he cou ld  analyze in  th e  

f i e ld .

One fa c to r  n ot brought out in  th is  d isc u ssio n  i s  th e  n e c e ss ity  fo r  

a llo w in g  th e  in ter p r e te r  s t if f ic le n t  t in e  to  prop erly  perform  h ia  a n a ly s is . 

T his p r in c ip le  has not been fo llow ed  in  m ilita r y  photo in ter p r e ta tio n  fo r  

obvioua rea so n s. For s c ie n t i f ic  purpoeec, how ever, th e  n e c e ss ity  fo r  s u f

f ic ie n t  t ia o  i s  ax iom atic.

R eq u isite  tr a in in g . S p ec ia l tr a in in g  o r  exp erien ce i s  needed ia  a t  

le a s t  one app rop riate d is c ip lin e  to  enable th e  in d iv id u a l to  properly p er

form photo in te r p r e ta tio n . A irphotos are n ot to  b e considered  iisplesK nts 

o f  b la ck  m agic. 30 in ter p r e te r  can exp ect to  produce from then more in fo r 

m ation o r  more accu rate inform ation  than he cou ld  ob ta in  from a ground su r

v ey , provided th a t be would tak e th e peina to  raap th e  area  concerned in  as



g rea t d e ta il  a s shown on th e photography.? But th e  in terp re ter  can expect 

to  secure th e inform ation  he d e s ir e s  w ith in  tS»e lim its  o f  h ia  own in te r 

p re ta tio n  a b il i t y  and w ith in  th e  lim its  o f  th e  kinds and degree o f  in fo r 

m ation which i s  ob ta in ab le from a irp h otos by u se o f  cu rren tly  known tech 

n iq u es. T his inform ation w i l l  be made a v a ila b le  to  him in  but a  fr a c tio n  

o f  th e  tim e and c o s t  than would otherw ise be th e  c a se . From th e  view point 

o f  energy expended i t  i s  not p r a c tic a l to  attem pt to  rep resen t an area  

ca rto g ra p h ica lly  in  as g rea t d e ta il  a s i s  provided in  a e r ia l photographs, 

b u t th a t d oes not mean th a t th e  added d e ta il  on th e  airp h otos should  be 

ignored; ind eed , t h is  a d d itio n a l d e ta il  i s  one o f  th e  s ig n if ic a n t  va lu es 

o f  a e r ia l photography. An̂  in ven tory  must be made b efore  a  geographic 

a n a ly s is  or map can be produced. D ecision s r e la t iv e  to  th e con clu sion s  

o f  such an a n a ly s is  o r  th e  con ten t o f  such a  map are based  on th e  com

p le te n e ss  o f  th is  in ven tory. T herefore, w ith out th e  use o f  a irp h otos w ith  

th e ir  w ealth  o f  d e t a il ,  th e  law  o f  d im in ish in g returns as ap p lied  to  

d e ta ile d  in ven tory in g  becomes op erative a t  an e a r lie r  sta g e  o f  th e  in v es

t ig a t io n  because o f  tlia  p r o h ib itiv e  c o s t  o f  procuring th e staaa amount o f  

d e ta il through f ie ld  work.

A p r o fe ss io n a l geographer's tr a in in g  a t  th e  c o lle g e  le v e l  m ight w e ll 

em phasise th e  system atic  earth  sc ie n c e s  w ith  a t  le a s t  ona venture in to

7
'In  a  c e r ta in  few  in sta n ces th is  statem ent mi^rfc n ot b o ld , as fo r  

example when tim e i s  o f  th e  e sse n c e . For exam ple, i f  i t  was d eaired  to  
map th e damage caused by a  hurricane over a thousand m iles o f  c o a s tlin e  
or to  determ ine th e  d is tr ib u tio n  o f  s p e c if ic  hardwoods in. le a f  on the 
f i r s t  day in  I-iay in  an area s ix  thousand square m iles in  s iz e ,  i t  would 
n ot be p o ss ib le  to  c c u p ile  th e  d ata  n ecessary t o  make th e  maps in  one day. 
A irphoto reconn aissance cou ld  e a s ily  c o lle c t  th e  d a ta , however, and s to r e  
th e  inform ation fo r  th e  record u n t il  th e  in v e s tig a tio n  cou ld  be com pleted.



th e f ie ld  o f  r eg io n a l geography in  tern e o f  a  "broad reg io n  end another 

fo r  a  la icro -reg ion  w ith in  th e  la rg er  a rea . S h is abatement i s  based upon 

gen era l agreem ent among photo in terp re ters from th e  sev e r a l earth  sc ien ce  

and en g in eerin g  f ie ld s  to  th e  e f f e c t  th a t th e  im portant p o rtio n s o f  th e  

In te r p r e te r 's  tr a in in g  are in  th e  b a sic  fundam entals o f  th e p er tin en t 

n atu ra l sc ie n c e sj th e o r ig in , p r o c esse s , c h a r a c te r is tic s  and l i f e  c y c le s  

o f  any n atu ra l o r  c u ltu r a l fea tu re  to  be in terp reted j and, s in c e  nothing  

e x is t s  a lon e in  n a tu re, th e  a s so c ia tiv e  r e la tio n sh ip s  o f  th ese  fe a tu r e s .

In a d d itio n , some tr a in in g  in  th e  sy n th esis  o f  th e  variou s earth  

sc ie n c e s  i s  n ecessary  in  order th a t th e  in ter p r e te r  may be a b le  to  produce 

reg io n a l geographic s tu d ie s  and ev a lu a te  lan d scap e. A knowledge o f  th e  

sources o f  lite r a tu r e  fo r  reg ion s and o f  th e methods o f  e x tr a c tin g  the  

p ertin en t data from, t h is  lite r a tu r e  i s  im p erative. Experience in  th e  f ie ld  

w ith  a irp h otos in  hand i s  a ls o  p r e re q u is ite  to  sound photo in terp re ta tio n  

p r a c tic e . In  sh o r t, th e  enount o f  tr a in in g  needed fo r  a  gen era l in terp re

t e r 's  background i s  bo volum inous th a t i t  p reclu d es i t s e l f  fo r  lack  o f  

tim e. I t  th en  beooraaa mandatory fo r  tha in ter p r e te r  to  s p e c ia liz e  in  th e  

d is c ip lin e s  in  which he has been tra in ed  and to  depend upon keys produced 

by o th er sx J ec ia lis ts  fo r  reading su b jects  which are not c lo s e ly  r e la te d  

to  h ie  s p e c ia lty .

Geography and photo in te r p r e ta tio n . Almost a l l  photo in terp re ters  

from f ie ld s  o f  endeavor o th er than geography have in d ica ted  th a t th e  in te r 

p re ter  aunt be fa m ilia r  w ith  th e geography o f  h is  area o f  research . 23ie 

appropriate com m ittee o f  th a  Research and Development Board, composed o f  

ou tstan d in g oarth  s c ie n t is t s  from a l l  over th e  U nited S ta te s , has d e s ig 

nated piioto in ter p r e ta tio n  a  geographic research  tech n iq u e. In  s p ite  

o f  such stron g  in d ic a tio n s  a s  th ese  th a t th e in ter p r e ta tio n  o f  areas and
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o f  landscapes cou ld  b e s t 'bo done by geographers, th e members o f  a  nutsber 

o f  o th er d is c ip lin e s  are cu rren tly  e x h ib itin g  aore ia te r e o t  in  photo 

in ter p r e ta tio n  than p r o fe ss io n a l geographers. G e o lo g is ts , fo r e s te r s , 

p e d o lo g is ts , and highway en g in eers are producing many t la e s  th e  aaount 

o f  research  in  th is  f i e ld  perform ed by geographers in  th e U nited S ta te s . 

A lthou^i no a u th e n tic , r e lia b le  fig u r e s  are known to  have been com piled  

on th e  su b je c t, i t  i s  th e  op in ion  o f  th e  author th a t th e  g rea t M ajority  

o f  in s t itu t io n s  which o ffe r  one o r  more com plete cou rses in  photo in te r 

p r e ta tio n  are p resen tin g  th e  bu lk  o f  th ese  courses ia  departm ents other  

than th e  departm ent o f  geography.

S ex t to  e  te a s  o f  s c ie n t is t s  fr c a  th a  d if fe r e n t  earth  sc ie n c e s , such  

as th e  teen s th a t employed th e  “cca b ia a tio o  m ethod," u t i l iz e d  so  su ccess

f u l ly  by th e  P orsch u n gaataffel (Sm ith and B lack , 1 9 ^ , p . **02), no in d iv i

du al man in  b e tte r  q u a lifie d  by p r o fe ss io n a l tr a in in g  and exp erien ce to  

perform  photo a n a ly ses o f  th e  gen era l landscape than 4  w e ll-tr a in e d  f ie ld  

geographer. Geographers should  taka more in te r e s t  in  t h is  f ie ld  which 

l i e s  so  c lo s e  to  th e  core o f  th e ir  s c ie n c e .'-'

BIS DEFELQFJSEBT OF AIR PHOTO BXEWKSHASKM 

The fo llo w in g  pegee b r ie f ly  d escrib e  a irp h oto  a n a ly s is  in  tarsus o f  

i t s  e a r ly  h is to r y , th e  injpetua g iven  to  i t  by World War 1, th e  iaterw ar 

y ea rs, World War I I  and i t s  p resen t s ta tu s .

B arly h is to r y .  The f i r s t  known a e r ia l photograph was aede by Ifedar 

(1893) in  P a ris in  th e  year 1858.  T aft (1938) s ta te s  th a t th e  f i r s t

%he ForaehungSBtafffel i s  d iscu ssed  in  g rea ter  d e ta il  la  th e next 
se c tio n  o f  th is  ch ap ter. The c ite d  referen ce  to  Sm ith and B lack (1$M5) 
g iv e s  th e  b e s t account o f  t i l l s  o rg a n iza tio n  th a t i s  a v a ila b le  to  American 
geographers tod ay.
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American a irphoto was cade over B oston ia  i8 6 0 . I t  i s  q u ite  l ik e ly  th a t 

a  nuaber o f  experim ental photographs were node from b a llo o n s a t  th is  tim e 

w ith th e  experim enters b ein g  e n t ir e ly  unaware o f  each  o th er . B alloon  and 

k ite  photography continued in  an experim ental s ta te  u n t il  th e  advent o f  

th e  f i r s t  world war. A ccording to  ZteWbronnar (l9-'*9)> even c a r r ie r  pigeons 

were employed a s  a e r ia l photographers by th e  P russian  m ilita r y  fo rces  

during th is  p er io d .

World War I . In th e e a r ly  p art o f  th e f i r s t  world c o n f lic t  th e  Ger

mans in s ta lle d  cameras in  both  l i f t e r  and b a a v ia r-th a n -a ir  c r a f t , an 

a c tio n  soon fo llow ed  by th e  A ll ie s . The d iffe r e n c e s  between th a  cam eras, 

th e  r e su lt in g  a irp h otos and th e  q u a lity  o f  photo in ter p r e ta tio n  o f  the  

two wurld wars are comparable to  th e  more fo a l l ia r  d iffe r e n c e s  between 

th e  mxxtoers and c a p a b ilit ie s  o f  th a  a ir c r a ft  used in  th e two w ars. A eria l 

v photography o f  World Hex I  was used fo r  in te llig e n c e , en g in eerin g  and raap- 

aaicing purposes, b u t m ethodology, instrum entation  and a ir c r a ft  had not 

advanced s u f f ic ie n t ly  a t  th a t t in e  fo r  photo in ter p r e ta tio n  to  became 

recogn ised  and firm ly  e sta b lish e d  an an e s s e n t ia l component o f  th e in t e l

lig e n c e , en g in eerin g  and cartographic f ie ld s .

B ev er th e le ss , th is  f i r s t  nebulous acquaintance th a t many men in  m ili

ta ry  se r v ic e  had w ith  photographic reconnaissance and photo in ter p r e ta tio n  

during World War I  vac one o f  th e  prim e reasons fo r  th e s ig n if ic a n t  p o st

war in crea se  in  c i v i l  photo a n a ly s is .

She iaterw ar y ea rs.  'She a p p lied  sc ien ce  o f  photograasatry advanced 

moot ra p id ly  during th e  two decades between th e  wore. A la rg e  am ber o f  

a e r ia l survey cceapaaiae were formed a f te r  World War I ,  many w ith  p i lo t s ,  

a ir c r a ft  and cameras l e f t  over from th e  c o n f lic t . Although th e  g reet 

m ajority  o f  th ese  companies f a i le d , sev e r a l o f  them, such as Abrams
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A er ia l Survey C orporation and The F a irch ild  A er ia l Surveys, managed to  

secu re co n tra cts and produced sapping photography o f  euch good q u a lity  

th a t th ey  ware a b le  to  su rv ive  and become la rg e  f ir a s  in  a  h ig h ly  compe

t i t i v e  b u sin ess w ith  a  H a lte d  m arket. ®wt p r iv a te  a e r ia l survey com- 

p o n ie s , u su a lly  under sovem aen t c o n tr a st, and th e  gcnwsrnasnt’a own 

a ir c r a ft  produced a  troiaandcuo amount o f  a e r ia l photography, which by th e  

end o f  tha interw ar p eriod  covered m e t  o f  th e  area  o f  th e co n tin en ta l 

U nited S ta te s  a t  s c a le s  su ita b le  fa r  both napping and in ter p r e ta tio n .

C oincident w ith  th e  v a s t ly  iagxroved source o f  supply fa r  airp h otos  

provided by th e  goverm en t and by th e  p r iv a te  survey corp oration s,  was 

th e  rap id  developm ent aade in  photo in ter p r e ta tio n . For th e  f i r s t  t in e  

a r t ic le s  devoted to  th e a n a ly s is  o f  a e r ia l photography began to  appear in  

sm all b u t s ig n if ic a n t  numbers in  th e  Journals o f  th e  sev e r a l in ter e sted  

p r o fe ssio n a l s o c ie t ie s . At f i r s t  th e  a r t ic le s  ware gen era l in  n atu re,

such as W ill 1b T . L ee’s c la s s ic s  Tha fa c e  o f  th e  Barth as Seen from the
g

A ir.  By 1939/ however, l i t e r a l ly  hundreds o f  a r t ic le s  concerned w ith  

photo in ter p r e ta tio n  ia  sp e c ia liz e d  f ie ld s  had been pu b lish ed  in  th e  pro

fe s s io n a l Journals o f  arch aeology, eco lo g y , en g in eerin g , fo r e s tr y , geogra

phy, geology and pedology ia  th e  E n g lish , French and German langu ages.

For esazaple, In  19&* th e  U. 8 . F orest S erv ice  prepared a  ch ron o log ica l 

l i s t in g  o f  236 w orks, published, betw een 1837 and 19^3, r e la t iv e  to  th e

9
Hew York, American G eographical S o c ie ty , S p ec ia l P u b lica tio n  S o . kt 

1922, 122 p p ., 82 maps and p h otos. More recen t S p ec ia l P u b lica tio n s o f  
th e  American G eographical S o c ie ty  which ore based p rim arily  on a e r ia l  
photos in c lu d e: "Jo. 12 , Georgs R. Johnson, Peru fro g  th e  a ir .  1930,
171 P P ., lk l  p h otos. So. 2 6 , John L. R ich , iW  'fee* oT'ScnHh America. 
19^2, 301 pp . Bo. 25, Richard U. L ig h t, Focus on A fr ica . T ^ i ,  226"'pp'.,
323 p h otos.
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use o f  a e r ia l photographs ia  fo r e s t  su rveys. 10

During t h is  p eriod  th ere  w r e  no p r o fe ss io n a l p e r io d ic a ls  devoted  

e x c lu s iv e ly  o r  even c h ie f ly  to  photo in ter p r e ta tio n , ifear th e  c lo se  o f  

th e  p er io d , however, sev e r a l s c ie n t i f ic  jou rn als cosaM M d frequent pub

lic a t io n  o f  a r t ic le s  concerned w ith  a irphoto a n a ly s is . Among th ese  ware 

E hotograapetric E ngineering,  o f  th e  American s o c ie ty  o f  Pbotograjaaetry, 

p u b lish ed  s in c e  1935) L u ftb ild  und Iu ftb lld oegou ag , about 30 is su e s  o f  

which ware p u b lish ed  during th e  la s t  p o rtio n  o f  th e  interw ar p eriod  and 

th e  f i r s t  few  years o f  World war I I )  and Z e lts c h r lft  d er Q eee llsch a ft fu r  

Brdkunde su  B e r lin , w hich, although la r g e ly  devoted to  o th er  n a tte r s , 

ca rr ied  a r t ic le s  on photo In terp reta tio n  in  th e  volumes pu blished  s in c e

1938.

Although photognuaaetry and c e r ta in  a sp ects  o f  s c ie n t i f ic  and e n g i

neerin g  photo in ter p r e ta tio n  rece iv ed  a  great Impetus frcos World war I ,  

m ilita r y  photo in ter p r e ta tio n  fear In te llig e n c e  purposes case to  a  com plete 

s ta n d s t i l l  during th e  era  o f  peace th a t follcmred th e  war. U nlike other  

a r te  and s p e c ia lt ie s  o f  modern w arfare, no tr a in in g  cu rr icu la  were pro

v id ed  to  in su re a  mi l i t ary  photo in te llig e n c e  c a p a b ility . In  Germany, 

however, sev e r a l works were pu blished  b efore tha outbreak o f  World War I I ,  

on th e  m ilita r y  a sp ects  o f  photo read in g , th e  voluao o f  G eneral F ischer  

b ein g  ty p ic a l. 11

Among th e  German geographers who labored fo r  th e  cause o f  photo in te r 

p r e ta tio n  during th e  la t t e r  p o rtio n  o f  th e  interw ar p er io d , th e  noae o f

Gee th e  B ibliograph y o f  Photo In terp reta tio n  B ib lio g ra p h ies appended 
to  t i l l s  d is s e r ta t io n  fo r  com plete referen ce  to  s im ila r  b ib lio g r a p h ie s .

110 b *rstleu taan t Sborhord F isch er . Das lu ftb ild w gaon .  Vhrlag Bernard 
& G roefe, B e r lin , 1933, 3»7 7 9 150 i l lu a .
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P ro fesso r  Carl T r o ll i s  ou tstan d in g . T r o ll, a sso c ia te d  w ith  th e  Geographi

c a l I n s t itu te  o f  th e  U n iv ersity  o f  Bonn, le d  th e  movement fo r  th e  a sta b - 

Ilah aon t o f  th e  W issea sch a ftlich e L u ftb lld s te llf i a t th e G o o d ie  ch a ft fS r  

iirdkunde eu B e r lin . lie  a lso  prdbliohed sev e r a l papers on tlie  su b jec t and 

had R ussian hooks ana a r t ic le s  concerning photo in ter p r e ta tio n  tr a n sla te d  

in to  German. These tr a n s la tio n s  ware jdLneogrophad and d is tr ib u te d  to  

geographers and o th er  s c ie n t is t s  in te r e ste d  in  photo in ter p r e ta tio n .

Ko co n sid era tio n  o f  t h is  p eriod  would b e com plete w ith out m entioning  

s«ae o f  th e  rainy F ederal govem aem t agen cies th a t were ranking ex ten siv e  

use o f  a e r ia l photography during th e  1930"s. The A g ricu ltu ra l Adjustment 

A dm in istration  was sy ste m a tica lly  photographing th e n a tio n 's  crop and 

(5m sin g  lan d s and th e Ibresrt S erv ice  wa3 photographing th e n a tio n 's  tim ber 

reserv es; th e  G eo log ica l Survey was producing topographic quadrangles and 

g e o lo g ic a l aapn with, th e  a id  o f  a irp h otos and th e  S o il Survey was napping 

th e  s o i l s  o f  th e U nited S ta te s  by neons o f  s e r ia l  photography, In ed d i- 

t io n , such r eg io n a l a g en cies os th e T ennessee V a lley  A u th ority , Tsegan to  

so lv e  th e ir  planning and rese ttlem en t problem s by a e r ia l photographic 

napping and in ter p r e ta tio n . 3ven s t a t e , county and m etropolitan  planning  

a g en cies were ra p id ly  ta ilin g  up th e  new n sd lu a .

World Mar I I . The stim u lus provided by World War II  produced a ir 

c r a ft  o f  sway tim es th e  sp eed , m an eu verab ility , payload and c a p a b ility  o f  

th e  pre-w ar f ly in g  m achines. S im ilar improvements were m de in  th e  a e r ia l  

cam eras. A wide v a r ie ty  o f  a e r ia l cam eras, many o f  which a o ct more then  

a  thousand d o lla r s  each , **are purchased by th e thousands fo r  m ilita r y  u se . 

Csje example o f  th e  sp e c ia l caoazuc p er fec ted  during th is  p eriod  i s  the 

continuous s tr ip  c sc sra  (K ia tla r , 19^>) which perm itted  th e  mailing o f  a 

s in g le  stereogram  n ia s  and o n e -h a lf in ch es v id e  and 200 fo o t  in  le n g th .



3^

S h is  p a r tic u la r  esaere. -is im portant fo r  th e  stud y o f  fea tu res w ith  lin e a r  

c h a r a c te r is t ic s , ouch nc b each es, s ta b le  m ilita r y  fr o n ts  and lin e s  o f  

ccsB aunicaticu. A a tr ip  o f  te r r a in , beach , fro n t l in e  o r  road 20 m iles  

lon g  can be covered a t  l/COQ sc a le  w ith  one r o l l  o f  f ilm . An a d d itio n a l 

advantage l i e s  in  th e  fa c t  th a t no d if fe r e n t ia l image occurs dur

in g  exposure so  th a t moving o b je c ts , such aa waves and v ech ic la s  can be 

photographed s te re o g ra p h ie a lly , a  performance not ob ta in ab le w ith  ordinary  

cam eras. This fea tu re  perm its stud y o f  th e  ocean bottcca a lon g  beaches to  

determ ine depth and ch a ra cter . As a  m atter o f  ffhet, h e i^ it  and depth  

measurements from continuous s tr ip  photography sr© lik e ly  to  be more accur

a te  than h o r izo n ta l measurements because o f  th e  Inherent d i f f ic u lt ie s  in

synch ron isin g  th e speed o f  th e  film  in  tho camera w ith  th e  ground speed o f/•

th e  a ir p la a s .  For th is  la t t e r  reason , continuous s tr ip  photography i s  

u n fit  fo r  mopping pu rp oses. Continuous s tr ip  cameras were mode p o ss ib le  

by tlie  uavelopcent o f  f a s t ,  lo w -fly in g  a ir c r a ft .

Tiie tri-m etrogon  ceneru in e ta lla t io n , e s p e c ia lly  designed fo r  recon

n aissan ce mapping, ic  another World War I I  davelojraeat. SSie triiactrogon  

technique ic  a tp e c ia lly  su ita b le  t o  mapping rugged te r r a in  a t  a  t in y  

fr a c tio n  o f  th e tim e and c o st req u ired  by p rev io u sly  developed m ethods.

•fore thau 1 5 ,'XX),000 square m iles were photographed and mapped in  t h is  

fa sh io n  during World War I I  (F itz g er a ld , 19^6). The in s ta lla t io n  cons i s  to  

o f  a  camera mount designed  to  hold  th ree  w id e-an g le, s ix - ln c h - fo c a l- ls n g th - 

le n s  cameras in  such manner aa to  provide h o r izo n -to  -h orizon  cover a t  

r ig h t a n g les to  th e  path  o f  f l ig h t .  A German developm ent, th e  P lean le n s , 

p rovides h a r iso n - to  -h orizon  cover in  a l l  d ir e c tio n s  w ith  a  s in g le  camera, 

bu t in v o lv es s p e c ia l r e c t if ic a t io n  equipment to  overccsae th e  r e su lta n t  

d is to r tio n . IJigfrt photography instrum entation  and in terp re ta tio n  te c h n i

ques in c lu d in g  su p erior * fla r e s, f la s h  boifcs and th e  new e le c tr o n ic  f la sh
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u n its  a ls o  advanced ra p id ly . Late in  th e war radar p o s itio n  plan irsdioa 

to r  30075® photos were used fo r  n ig h t in tero ro ta tlo n  and in terp re tin g  

through clou d s and o th er ob scu ration .

Ttm 'n-'reoaed c a p a b ilit ie s  fo r  procuring a irp h otos c a llo d  fo r  a  cor

responding in crea se  in  tha q u an tity  and q u a lity  o f  In terp reta tio n . Ju st 

p revious to  World War IT , Germany had organized and tra in ed  a groun o f  

m ilita r y  photo in terp re ters to  a  degree unknown to  have e x is te d  in  any 

oth er cou n try . At th e  outbreak o f  h o s t i l i t i e s ,  t h is  group was supple

mented by th e m ilita r iz a t io n  o f  TIansa L u ftb ild , G. ia. b . I I ., an a e r ia l

survey company in to  which a l l  o th er German a e r ia l survey coeapanies p re-

12v io u s ly  had been forced  to  marge. The new o rg a n isa tio n  was known aa 

th e  S o n d erlu ftb ilfla b te ilu n g  o r  S ob ia .

The B r it is h  a ls o  b u ilt  th e ir  f i r s t  m ilita r y  photo in ter p r e ta tio n  cen 

t e r  about a commercial a e r ia l photo survey o rg a n iza tio n , Whose p r in c ip a l 

members were ecraraisaioned in  th e  R .A .F . The U nited ’t a t e s ,  w ith  a tvo  

y ea rs’ warning from 1939 to  19U1 , d id  not fo llo w  th is  p r a c tic e . In stead , 

o ff ic e r s  were sen t abroad to  study th e  B r itish  methods and th en  returned  

to  t h is  country to  tr a in  American m ilita r y  and naval p erson n el. Upon 

reeoamwndation o f  th ese  o f f ic e r s , th e U nited S ta tes government which had 

lon g  been em ploying c iv i l ia n  photogren m etrlsta , employed i t s  f i r s t  c iv ilia n  

photo in terp re ters  in  1 9 ^ 1 .^  Soon a f t e r , a d d itio n a l c iv i l ia n  and m ilita r y  

person nel were assign ed  in ter p r e ta tio n  d u tie s  and a t  th e  tim e o f  th e Pearl

12
This merger was e ffe c te d  by d ecree o f  the German A ir Mini a tr y  on 

1 January 193?*> presumably to  make more e f fe c t iv e  use o f  th e  tech n ic ia n s, 
s c ie n t is t s  and sp e c ia liz e d  equipment fb r  p o ss ib le  m ilita r y  u se .

13In so  fa r  as th e  author i s  aware he was th e f i r s t  c iv i l ia n  s p e c if i
c a lly  d esign ated  ao an a e r ia l photo in terp re ter  by th e  U .S . Government.
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Harbor a tta ck  a  f u l l  procurement and tr a in in g  program vas under nay. Long 

( I 9U7 ) ,  la  a  d e scr ip tio n  o f  th e typ es o f  op era tio n a l photo in terp re ta tio n  

d u tie s  performed by c iv i l ia n  geographers fo r  th e  Army A ir Forces during  

World W«.r I I ,  in d ic a te s  geographers were freq u en tly  su p erior in  photo

graphic in ter p r e ta tio n  to  personnel tra in ed  in  oth er f ie ld s  o f  knowledge.

As th e  demand fo r  in terp re ters increased  in  proportion to  th e in 

creased  amount o f  photo recon n aissan ce, i t  was co n sta n tly  n ecessary  to  

tr a in  new readers and in te r p r e te r s . Schools ware e sta b lish e d  a t  H ildas 

heim , Gaalar and ICiel in  Germany, a t  Jftraeham Bark, P rinces Riaborough 

and Tledmedura in  England and a t  H arrisburg, Haval A ir S ta tio n , A nacostia , 

Camp R itc h ie , Camp Lejeune and Orlando in  th e  U nited S ta te s . In  a d d itio n , 

temporary sch o o ls were freq u en tly  e sta b lish e d  w ith in  lo c a l commands o f  th e  

variou s se r v ic e s  o f  th ese  th ree co u n tries to  tr a in  o r  refresh  m ilita r y  

photo In terp reters fo r  use w ith in  a  p a r tic u la r  th e a te r . Aa a  consequence 

o f  th is  in te n siv e  tr a in in g  program, thousands o f  In d iv id u a ls were exposed  

t o  th e  elem ents o f  photo reading and photo in ter p r e ta tio n . Although th e  

q u a lity  and q u an tity  o f  tr a in in g  varied  con sid erab ly  from sch o o l to  sch o o l, 

th e  production  o f  such a  v a s t maiber o f  reserv e m ilita r y  personnel as photo 

readers and in terp re ters  provided a  considerab le isqjetue to  c i v i l  photo 

in ter p r e ta tio n  ia  th e  post-w ar y ea rs.

Ih e  cogn isan t German, B r itis h  and American commands turned out quan

t i t i e s  o f  h a s t ily  prepared photo reading tr a in in g  m ateria ls and photo 

in terp re ta tio n  referen ce m anuals. . Each o f  th ese  co u n tries a ls o  published  

a p e r io d ic a l p rim arily  fo r  photo in terp re ters  and designed to  b rin g  to  

th e ir  a tte n tio n  a  stead y  flo w  o f  new or In te r e stin g  a irp h otos o f  th e enemy’s 

In s ta lla tio n s  and c u ltu r a l landscapes in  order to  m aintain and improve
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lit
reading and in ter p r e ta tio n  e f f ic ie n c y  as 'anil a s to  improve rycrals. ~ As 

fa r  as ia  known, th e  co n ten ts o f  th ese  m ilita r y  photo in terp re ta tio n  p e r i

o d ic a ls  have never been d e c la s s if ie d , though th is  nay be so re  fro® lack  o f  

personnel and tim e to  review  th e m ateria l than from th e  p o in t o f  view  o f  

se c u r ity .

The U nited S ta te s  fo r c e s , in  p a r tic u la r , pu b lish ed  rsany volumes o f  

photo in ter p r e ta tio n  keys concerned w ith  a  v id e  v a r ie ty  o f  su b jec ts  fro®  

land foros and v eg e ta tio n  to  in d u str ia l and urban a n a ly s is . The B r itish  

Forces turned out r e la t iv e ly  few  o f  th ose m anuals, p a r tly  because o f  the  

paper, person n el end tim e shortages and p a r tly  because th e ir  in terp re ta 

t io n  was la r g e ly  c e n tr a liz e d , whereas th a t o f  tha U .S . was w id ely  d is 

p ersed .

As th e  war con tin u ed , th e  German m ilita r y  photo in terp re ta tio n  capa

b i l i t y  decreased w hlla  th a t o f  th e  B r itish  and Americans in creased  ra p id ly . 

The causes o f  th e German dow nfall in  n d lita r y  photo interpret t a t  ion  are many 

and v a r ied , b u t m ost o f  th e e  have to  do w ith  th e adverse e f f e c t s  o f  p o licy  

d e c is io n s  on h igh  le v e ls ;  th e  e f f e c t s  o f  com aading o f f ic e r s  in  photo r e 

connaissance and photo in terp re ta tio n  who were e ith e r  n ot te c h n ic a lly  q u a li

f ie d  or n ot s u f f ic ie n t ly  a g g r ess iv e ; th e  rap id  expansion o f  th e  L uftw affe 

which promoted th e b e s t  q u a lifie d  photo reconnaissance and photo in terp re

ta t io n  o f f ic e r s  out o f  th e ir  te c h n ic a l b i l l e t s ;  and stra n g e ly  enough, the  

German penchant fo r  thoroughness which seldom  allow ed th e  production o f  a 

method or instrum ent u n t i l  i t  had been made p e r fe c t, a fa c t  which resu lted  

in  th e  Germans* em ploying much tha same photo in terp re ta tio n  equipment a t

ill  w
Thaca ware: Germany: H ltto ilu n gen  fu r  dan L u ftb ild d len at

focifeifgcheEfl^-fea ilunggn 
England: ^vljtence~in camera 
U nited S ta te s : Sjpact
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th e  end o f  th e war as th ey  had In th e  begin n in g. There were stany other  

con trib u tory  ca u ses, in clu d in g  th e  jea lo u sy  o f  th e in te llig e n c e  o f f ic e r s  

vho f in a lly  succeeded in  having th e photo in terp re ters  wade e n t ir e ly  sub

se r v ie n t to  them.

In c o n tra st to  th e ir  m ilita r y  fa ilu r e s  in  photo in te r p r e ta tio n , Smith 

and B lack (19^5) d escrib e th e  n otab le  advances in  th e  German c i v i l  geo

graphic organ ization s engaged in  photo in ter p r e ta tio n . The p r in c ip a l ones 

v e r e :1^

1.  W lseen sch aftlieh e lu f t b i ld s t e l le ,  a  sp e c ia l u n it o f  th e  
D eutsche Geograph isch e  G e e se llsc h a ft, loca ted  a t  th e  G e ssa ll-  
sc h a ft fu r  Srdkunde., H. Bobefc, Geographer,  Head.

2 . Abbailung fu r  Laadeskuode o f  th e Reichsawt fu r  Landesawfhahjae.
E. Haynes, Geographer, Heed.

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

V.’isa e n sc h a ftlic h e  lu f t b i ld s t e l le  had a  dual purpose m ission : to

promote a e r ia l photo in ter p r e ta tio n  research  on a  w orld -vid e b a s is , and

to  make a irp h oto  m ateria ls a c c e s s ib le  to  s c ie n t if ic  a g e n c ies . The A b tsl-
It

lung fu r  Laadeskuode van devoted s o le ly  to  fu rth erin g  reg io n a l geography 

w ith in  Germany. Among o th er means to  th is  end, Includ ing a  lib r a r y , a  map 

c o lle c t io n  and b ib lio g ra p h y , i t  kept an ex ten siv e  a irphoto c o lle c t io n  

designed  p rim arily  fo r  d evelop in g In tern a l s c ie n t if ic  reg io n a l geography 

(T r o ll, 19&9, P . 1 2 1 ).

The F orech u n gsstaffs 1 zur besonderen Wsrvendung, Ctoerkoramando VJehr- 

m acht, coEaaoaly c a lle d  th e ForBChungBstaffbl, was outstan d in g in  i t s  photo 

reconnaissance and photo in ter p r e ta tio n  work ap p lied  to  s p e c ia l m ilita r y

^ T b e fo llo w in g  c i v i l  a g en cies a ls o  made s ig n if ic a n t use o f  photo 
in ter p r e ta tio n : W il-Oeo (Army), Har-Geo (Havy), Luft-Geo (A ir F o rce), 
E led leo a t (D eutsche S eev n rte ), T*Jehrgeologie, O rganization T odt, R eieh s- 
fo rseb a n g sra t, Photo gratae  t r isch a  Abbe I lung (Raichaawt fu r  landesanfttahae) , 
B e ie h sfo r s ta t.
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n eed s, i t s  n o b ility  from one th ea ter  o f  war to  another, th e  c e le r ity  w ith  

which i t  produced th e  req u ired  in form ation , and i t s  famous "costoination  

napping method" by which nature ac le n t lo ts  fra *  th e  d if fe r e n t  earth  sc ie n 

c e s  worked in  teams in  perform ing th e  a ir  recon n aissan ce, th e  photograaomtry 

and e sp e c ia lly  th e  photo in ter p r e ta tio n  n ecessary  to  produce m ilita r y  map® 

('ta ith  and B lack , 19^6, pp. hQl~k02).

F oracin m gsstaffb l op eration s were freq u en tly  one-package a f f a ir s . The 

s t a f f  included photo reconn aissance p ilo t s  equipped w ith  su ita b le  a ir c r a ft , 

photo te c h n ic ia n s , photograuame tr la te  and a  corps o f  about 80 m ature, w e ll-  

tra in ed  s c ie n t is t s  from th e  f ie ld s  o f  geography, geo lo g y , p la n t a sso c ia tio n  

b otany, fo r e s tr y , p edology, e t c . ,  who worked not a s  in d iv id u a ls , but in  

teams in  th e  p rocess o f  secu rin g  inform ation b y  photo in terp re ta tio n  and 

p lo t t in g  th e r e s u lt s  in  nap fo ra .

The ou tstan d in g German exponent o f  photo in ter p r e ta tio n  during World 

War IT was th e  geographer, promoter and 15**1, Ur. O tto Scbulis-K tapfhenkel, 

who was not o n ly  tho founder and th e s c ie n t if ic  d ir e c to r  o f  th e  Forschungs- 

s t a f f e l ,  b u t th e  o f f i c ia l  o f  th e  German N ation al Research C ouncil (R eich- 

forech ungerat) resp o n sib le  fo r  a l l  problems in  geographic resea rch . T ro ll 

s t i l l  reta in ed  a wary a c tiv e  and co n sta n tly  growing in te r e s t  ia  geographic 

airp h oto  a n a ly s is , but h is  e f fo r t s  to  advance photo in terp re ta tio n  were 

overshadowed by th e  a g g ressiv e  a c t iv i t ie s  o f  th e  younger SchnlB-K tepffcenkel, 

a flw t ife ieh  ia  la r g e ly  a ttr ib u te d  to  th e  la tte r * b  con sid erab le p o li t ic a l  

in flu en ce  w ith  h i# i  R asl o f f ic ia l s  in clu d in g  R eichsm areehall Hermann G oering, 

(F iacher, 19I18,  p . 30oj T r o ll, 19^5, p . 1 2 6 ). Probably not le s s  than two 

sco re  o th er geographers p a r tic ip a ted  reg u la r ly  in  th e  a n a ly s is  o f  a e r ia l 

photography fo r  geographic research  and m ilita r y  o p era tio n s. More than
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h a lf  o f  th e se  w r e  raasfcars o f  th e F o recb u n g ssta ffte l.^

An in te r e a tin g  Item to  note i s  th a t v ith  th e ex cep tio n  o f  T r o ll, Bobek 

and Meynen, m ost o f  th e  w ell-know n, a c tiv e  German geographic photo In te r 

p re ters appear to  have bean born In th e  1901-1909 e ra , a sk in g  them about 

30 years o f  ags a t  th e  o u tse t o f  World khr H . T his Age b rack et g en era lly  

corresponds v ith  th e  Agee o f  photogeographers in  Qigland end th e  U nited  

S ta te s , Where fb v  geographers i&o have been s e r io u s ly  engaged in  photo 

in ter p r e ta tio n  ms a  geographic research  technique fo r  a  period  o f  f iv e  or 

hops years have y e t reached or  passed th e ir  e a r ly  f o r t ie s .  The la rg e  pro

p o rtio n  o f  photogeograph*rs in  th e  r e la t iv e ly  young age b rack ets i s  a 

n atu ra l consequence o f  th e  com parative newness o f  th e su b je c t. Most geo

graphers b om  p r io r  to  1910 developed th e ir  b a s ic  research  methods and 

f ie ld  tech n iq u es b efo re  in str u c tio n  in  a irp h oto  in ter p r e ta tio n  was a v a il

a b le  to  tliera. Many geographers born a fte r  th is  d ate rece iv ed  m ilita r y  

tr a in in g  in  a irp h oto  in te r p r e ta tio n .

T r o ll rep o rts (P ia ch er , 19M5, p . 308) th a t th e Foreehungabeirat fu r  

V erneeeungtecbnik und K artographle se le c te d  3^ ty p ic a l reg ion s fo r  m inute 

ground and a irp h oto  survey to  determ ine th e  b e s t aoane fo r  th e ir

^^Bra. P . B a r ts , H. Bdbefc, V. Credner, l i . SHlanSberg, S . Swnld, R. F in -
s te r u a ld e r , ICreuger, V . O roteluschen , S . Jfcynan, 3 . O tresfee, 0 . P fe lfa r ,
V. P illew ia o r  and S . Sohaithuaen are in clu d ed . In r e la te d  f i e ld s ,  th e  
fo llo w in g  s c le n t la ta  engaged in  th e in te rp re ta tio n  o f  a irphoto* c lo s e ly  
a sso c ia te d  w ith  geographic research : P lan t a s so c ia tio n  b o ta n is ts  D rs.
H. Ones, P . Basfce, H. B esaer, H. Hueck, and R. ^uexon; g e o lo g is ts  D rs.
Ii. C loos, S p lech ter; p e d o lo g ists  X. KUron and B.W agalerj and lin n o lo g ia t  
D r, E. 'HtsmxaA. K. von K lebelnberg in terp reted  th e 12 ,000  Oblique a e r ia l 
photos taken on th e  Deutsche A atark tisch e E xp ed ition , 1938/39- Smith and 
B lack (1 9 ^ , P . ^02) note th a t 80 such s c ie n t is t s  were engaged In th is  type
o f  work fo r  th e  Fora ehungc n t a f f e  1 a lo n e .
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cartographic p resen ta tio n .-17

P resent s ta tu s . A fter  th e c e ssa tio n  o f  h o s t i l i t i e s ,  th e m ilita r y  

photo in te r p r e te r s , who v sre  n early  one hundred per cen t reserve p erson n el, 

vere alm ost e n t ir e ly  dem ob ilised  in  a l l  c o u n tr ie s , excep t p o ss ib ly  the  

S o v ie t Union. In th e U. S . and B r itish  araed fo r c e s , some photo in terp re 

ta t io n  sch o o ls have been reta in ed  on a  reduced b a s is  to  avoid lo s s , th r o n g  

norraal a t t r it io n , o f  th e in terp re ters s t i l l  on a c tiv e  d u ty . In th e U nited  

S ta te s , c iv i l ia n  photo in te r pr e te r s  have been employed to  complement or 

even to  rep la ce  th e  m ilita r y  in terp re ters a t  variou s m ilita r y  in s ta lla t io n s . 

C iv ilia n  employment in v o lv es le s s  c o st to  th e  governm ent, p rovides th e  ex a ct 

s p e c ia lis t s  d esired  and p rovides th e im portant elem ent o f  c o n tin u ity  which 

i s  lack in g  among th e  m ilita r y  personnel who are co n sta n tly  b e in g  reassign ed  

to  oth er d u tie s . On th e o th er  la n d , employment o f  c iv i l ia n  photo in te r 

p re ters by m ilita r y  seta b lisb w m te  lim its  th e  m o b ility  o f  such in terp re

ta t io n  u n its .

The c iv i l ia n  and m ilita r y  in terp re ta tio n  p erson n el o f  th e armed fo rces  

have continued to  advance th e tech n iq u e, p a r tic u la r ly  In term s o f  moulded 

a e r ia l p h otos, reg io n a l and su b jec t photo in terp re ta tio n  k eys, improvement 

o f  radaraeope in te r p r e ta tio n , developm ent o f  te le v is io n  and h igh-speed  fa c 

s im ile  photo in ter p r e ta tio n  and th e developm ent o f  new methods o f  reading

17
T r o ll's  (19^7) a n a ly s is , c r it iq u e  and J u s t if ic a t io n  o f  geographic 

sc ie n c e  in  Germany during th e  period ftrom 1933 to  19^5 was to  be w ritten  
in  two p a r ts , th e  f i r s t  o f  which appeared in  19^7 in  th e  in i t ia l  is su e  o f  
th e  post-w ar geographic p u b lic a tio n , grdkunde,  and rtsich was review ed by 
F isch er ( l 9*$) and in  p art tra n sla ted  ”in€o S n g lish  by F isch er  (T r o ll, 19^9). 
T ro ll s ta te d  in  a  p erson al com un i ca t ion  to  F isch er  (F isch er , 19^8, p . 309) 
th a t p art IT would inclu de . sp e c ia l chapters about s c ie n t if ic  a ir 
photo in ter p r e ta tio n  . . . .  /and o th er s u b je c ts /. . . .  s p e c ia lly  developed  
In th e German geography o f  th e  la s t  ten  y e a r s . I n  view  o f  th e w ide a ccep t
ance o f  P art I  o f  Dr. T r o ll’s  work, and h is  unquestionab le sta n d in g , both  
as a  geographer and a  photo In terp reter , th is  a r t ic le ,  which was to  have 
appeared in  19^9, ie  s t i l l  aw aited w ith  con sid erab le  In te r e s t .
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photographs taken through ob scu ration s.

Ihe veteran  photo in terp re ters who have returned to  c iv i l ia n  l i f e  

a r e , in  naay in sta n c e s , ap p ly in g th e  techn iq ues o f  photo in terp re ta tio n  

learned in  th e  m ilita r y  se r v ic e s  to  th e ir  c iv i l ia n  p u r s u i t s . T i a a y  o f  

th e s e , e s p e c ia lly  in  England and th e  U nited S ta te s , have returned to  th e  

u n iv e r s it ie s  where th ey  are teach in g  photo in ter p r e ta tio n  a s  a  technique 

o f  th e ir  p a r tic u la r  f ie ld  o f  sc ie n c e  or en g in eerin g .

S c ie n t if ic  research  based upon photo in ter p r e ta tio n  i s  in creasin g  

an n u a lly , e s p e c ia lly  in  th e  u n iv e r s it ie s . There are numerous reasons fo r  

t h i s ,  a s id e  fro *  th e  many young s c ie n t is t s  vho rece iv ed  World War I I  tr a in 

in g  In th e  b a s ic  tech n iq u e. At p resen t a e r ia l photography i s  a v a ila b le  

from th e  Production and M arketing A dm inistration o f  th e  U. S . Department 

o f  A gricu ltu re fo r  alm ost any p ortion  o f  th e  U nited S ta te s . A con sid er

a b le  amount o f  a e r ia l photography o f th e  U nited S ta tes and o f  fo re ig n  areas
19io  a v a ila b le  from oth er so u rces . In a d d itio n , Smith (lOUk, p. 729) «od 

oth ers have dataonstrated th a t share p rec is io n  i s  not req u ired , anyone p os

se s s in g  a  35-mn. camera, such as a  I e ic a  o r  i t s  eq u a l, can h ir e  a s n a il  

a ir c r a ft  and produce h ia  own a e r ia l photography.

Other reasons to r  th e  upswing in  sc  le n t i f  la  photo In terp reta tio n  

in clu d e th e  la rg e  amount o f  lite r a tu r e  now a v a ila b le , cu rren tly  amounting

For exam ple, one group o f  veteran s who mare young g e o lo g is ts  formed 
an o rg a n isa tio n  which o ffe r s  petroleum  companies a  p etro leu n  prosp ectin g  
research  se r v ic e  by a irphoto in terp re ta tio n  on a  co n su ltin g  b a s is . The 
company has been an ou tstan d in g  su c ce ss , in crea sin g  i t s  em ployees fro *  
four to  more than 70 during i t s  f i r s t  f iv e  years o f  op eration .

19o .s . S o il C onservation S e r v ice , U .S . F o rest S e r v ice , U. S . G eolog ica l 
Survey, U .S . A ir  F orce, U .S . 3avy, U .S . Coast and G eodetic Survey, th e  
goveraaenta o f  ntrny fo re ig n  co u n tries and th e  cceraercia l a e r ia l survey 
com panies.
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to  thousands o f  in d iv id u a l referen ces and th e  fin a n c ia l support given  

to  th e  research  s t a f f s  o f  u n iv e r s it ie s , s c ie n t if ic  o rg a n isa tio n s and craa- 

a » r c ia l companies by variou s s ta te  and fe d e r a l government a g e n c ie s . At 

th e  p resen t tim e photo in ter p r e ta tio n  i s  b e in g  used as th e  p r in c ip a l te ch 

nique in  a  v id e  v a r ie ty  o f  research  p r o je c ts  in v o lv in g  se v e r a l s c ie n t if ic  
21d is c ip lin e s .

W hile photo In terp reta tio n  i t s e l f  i s  n ot a f ie ld  o f  s c ie n c e , th e num

b er o f  s c ie n t i f ic  personnel in  th e  U nited S ta te s  vho are a c t iv e ly  in te r 

e ste d  in  photo reading o r  photo in ter p r e ta tio n  number in  th e  thousands. 

I b is  mnifber i s  equal or su p erior to  th e  mmfcer o f  p r o fe ss io n a l personnel 

engaged in  any one o f  sev e r a l o f  th e  s c ie n t if ic  d is c ip lin e s . 22 Bame o f  

th e  p r in c ip a l d iffe r e n c e s  betw een photo in terp re ters  and th e mashers o f

20
See th e  B ibliograph y o f  Photo In terp reta tio n  B ib lio g ra p h ie s, appended 

h e r e to .

21Bom o f  th ese  a re :

Type Study School I*P *.
P r in c ip a l
In v e stig a to r

V egeta tion  A n alysis B oston U. Osfography Dr. Q rlcksen
V egeta tion  A n alysis C ath o lic  U. Botany F r. O 'B a lll
Leadforra T ra fficeb  i l  i t y C orn ell U. H’way Etag. Dr. B elch er
Sand Dune T errain U. o f  Kkasas Geology Dr. Smith
C oasta l Geography La. S ta te  U. Geography Dr. R u sse ll
P le is to c e n e  Landforaa N 'w estern U. Geography Dr. Powers
S ettlem en t P attern s !?'w estern  U. Geography Dr. Kohn
Crops N’w estern  U. Geography H ies Smith
Perm afrost Purdue U. Eng. Exp. P rof. F rost
Hi^swny S tu d ies Purdue 11. 2ag. Exp. P ro f. Woods
R egional Keys U. V irg in ia Geography lb*. C rittenden
C oasta l Landfdrras U.C.L.A. Geology Dr. Putnam

^ o r  exam ple, a l l  c la s s e s  o f  aesfoerahip la  th e  A sso c ia tio n  o f  American 
G eographers, which in clu d es e s s e n t ia lly  a l l  o f  tb s p r o fe ss io n a l geographers 
in  th e  U nited S ta te s , d id  n ot exceed 1600 in  1950*



hh

any o f  th e  raaaller s c ie n t i f ic  p ro fessio n s are th e fa c ts  th a t th e  former 

have no s o c ie ty  or a s so c ia tio n , are unorganized as a  group and are la r g e ly  

unacquainted a s  in d iv id u a l*  or even by rep u ta tio n . The photo in terp re ter  

q u ite  prop erly  con sid ers h im se lf aa b e in g  f i r s t  o f  a l l  a  geographer, g eo lo 

g i s t ,  e c o lo g is t , or w hatever h is  b a s ic  p ro fe ssio n  may b e.

This s itu a t io n  has re su lted  in  a  lack  o f  s tim u la tio n , a lack  o f  in te r 

e s t  in  prom oting photo in terp re ta tio n  research  and conseq uently in  a  la rg er  

share o f  th e  in d iv id u a l photo in te r p r e te r 's  research  e f fo r t  b e in g  expended 

e n t ir e ly  v ith  in  h ie  prim ary f ie ld  o f  in q u iry  w ith out making use o f  th e photo 

in ter p r e ta tio n  tech n iq u e. T his s itu a t io n  has a ls o  resu lted  in  a  lack  o f  

research  in  a irp h oto  a n a ly s is  per se  in c o n s is te n t w ith  th e number o f  pro

fe s s io n a l personnel a c t iv e ly  engaged in  th e p u rsu it. The lack  o f  any sp e 

c i f i c  o rg a n iza tio n  or a s so c ia tio n  to  promote research  in  photo in ter p r e ta 

t io n  and th e  la ck  o f  p r o fe ss io n a l p u b lica tio n s devoted to  th e su b jec t 

fu rth er  retard  in te r e s t  in  photo in ter p r e ta tio n .

The lon g  p eriod  o f  w a itin g  may soon corae to  am and. Two in tern a tio n a l 

and. two n a tio n a l s o c ie t ie s  have in d ica ted  an In te r e s t in  sponsoring photo

in te r p r e ta tio n . 'Hie In tern a tio n a l G eographical Union has e sta b lish e d  a

21Commission on th e  U tiliz a t io n  o f A eria l Photographs J which i s  now prepar

in g  a  rep ort fo r  th e  XVTT Congress to  be held  in  W ashington, D.C. ,  August 

1952.

At th e  Vfth Annual M eeting o f  th e  A sso c ia tio n  o f  American Geographers 

in  C hicago, t'arch 1951# **(} m ak ers o f  th a t a s so c ia tio n  gathered fo r  an 

impromptu s e s s io n  on photo in te r p r e ta tio n . I t  was th e concensus o f  th ose

Catamieeion members are Barrere and le?fehaute o f  France, von 
F r ijta g  Urabbe o f  th e N etherlands,  T inton o f  th e  United. Kingdom and Stone 
and Roscoe o f  th e  U nited S ta te s . The Commission n »t in  P aris in  -January 
1952 to  p lan  it 9  rep ort to  th e JCVTT C ongress.



p resen t th a t a  s u f f ic ie n t ly  good program could be d ev ised  each year to  

ash th e program ccesa ittee fo r  space fo r  a  h a lf-d a y  se ss io n  a t  each annual 

sieetin g  h e r e a fte r , 'lore than eoou^i papers on th is  su b jec t were pledged

f o r  1952 .

O ff ic ia ls  o f  th e Anar lean  S o c ie ty  o f  Thotograjanstry have approached 

lead in g  photo in terp re ters  v ith  th e su g g estio n  th a t a s iz a b le  p ortion  o f  

each is su e  o f  "Photogrcoseaetric Engineering" be devoted to  photo in terp re 

ta t io n  s ife je c ts . The o f fe r  has not been accep ted , la r g e ly  because o f  a 

lack  o f  any organ iza tion  o f  photo in terp re ters  to  sake th e  acceptance, 

n e v e r th e le ss , th e  p r in c ip a l fea tu re  o f  th e Deceetoer 1951 issu e  o f  the  

s o c ie ty 's  p r o fe ss io n a l p e r io d ic a l "Phot ogram e t r ie  Engineering" was a 

w ritten  isyapocim  on "Air Photos in  Geography and S o il Science"  contribu ted
t

to  by geographers Stone o f  W isconsin , Tohn and Powers o f  Northwastern and 

F o ster  o f  I l l in o i s ,  among o th e r s . At th e  annual m eetings o f  th e American 

S o c ie ty  o f  Photograaaaetr y  in  W ashington, January 1952, an o ra l symposium 

on photo in terp re ta tio n  vos h e ld . Tore than BOO menibers o f  th e  so c ie ty  

lis te n e d  to  th e  15 speakers in  s p ite  o f  the fa c t  th a t sim ultaneous sym

p o sia  had been scheduled fo r  oth er s t r ic t ly  photogroam etrie su b je c ts .

Twice a s  many papers are planned fo r  1953.

In  a d d itio n  to  th e  above, CarolbeIon VTI o f  th e  7 th  In tern a tio n a l 

Congress o f  Photogrw rsstry p lan s a  se s s io n  on photo in ter p r e ta tio n  to  be 

h eld  a t  th e  congress in  V&shington, Septaafltor 1952.

A lthou$t a r c h a e o lo g ists , fo r e s ts r e , p e d o lo g is ts , g e o lo g is ts , e c o lo 

g is t s  and e th er  p ro fessio n s are in te r e ste d  in  o r  u t i l i z e  a irp h oto  in te r 

p r e ta tio n , th ere  are no known noveaaats a fo o t to  organize photo in terp re 

te r s  w ith in  th ese  p r o fe ss io n s .

These are sorae o f  th e problem s which fa ce  th e  photo in terp re ters o f  

today:



1 . The form ation o f  a so c ie ty  which wsuld e ith e r  is su e  a  p e r io d ic a l 

d eb ited  to  photo in ter p r e ta tio n  research  or th e  sponsorsh ip  o f  

such a  p e r io d ic a l In one o f  th e  earth  sc ie n c e  or en g in eerin g  

f ie ld s  in  which photo in ter p r e ta tio n  is  employed aa a  standard  

tech n iq u e.

2 . The com pletion  and v id e  d issem in ation  o f  b ib lio g ra p h ies r e la t in g

to  photo in te r p r e ta tio n , p a r tic u la r ly  to  i t s  m ethods, tech n iq u es,
pit

stttiject f ie ld s  and reg io n a l a sp e c ts . *

3 . The com pletion and d issem in ation  o f  a  world a t la s  o f  purchasable 

a e r ia l photography.

h. The com pletion and d issem in ation  o f  a r o ste r  o f  q u a lifie d  photo 

in terp re ters  in clu d in g  th e ir  primary s p e c ia lt ie s  and oth er p e r t i

nent d a ta .

The problem. Recent levelop oen ta  in  o p tic a , em ulsions and film  pro

c e ss in g  have improved r e so lu tio n  and Increased th e  value o f  a e r ia l photo

graphy as a  to o l o f  s c ie n c e , bu t even w ith  th e  f in e s t  r e so lu tio n , photo 

in terp re ters  can n e ith er  adequately d ate n o ise  nor properly d escr ib e  pheno

mena v ith  which th ey  are unacquainted. In d iv id u a l in terp re ters cannot be 

tra in ed  in  a l l  th e  earth  sc ie n c e s  aor can th ey  be fa m ilia r  v ith  th e  myriad 

o f  c u ltu r a l p a ttern s superim posed upon th e  e a r th 's  su r fa ce . A d ev ice  is  

needed to  provide th e  in d iv id u a l photo a n a ly st w ith  th e inform ation n eces

sary  to  ra p id ly  and a ccu ra te ly  perform th e  in terp re ta tio n  problem assig n ed .

2h
Much o f  th e  ground work fo r  th is  has a lread y  been accom plished. Re fa r  

to  th e  B ib liograph y o f  ^boto In terp reta tio n  B ib liograp h ies appended to  
th is  work.
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Under normal o ircu aeten eea  a  photo in terp re ter  can a ccu ra te ly  recog

n is e  o n ly  th e photo Images o f  o b jec ts  v ith  which he i s  fa m ilia r . A n alysis 

and in terp re ta tio n  o f  th ese  Images demand a  competence in  th e d is c ip lin e  

concerned. Most Inte rp re ter s  have received  p r o fe ss io n a l tr a in in g  and per

formed research  in  one o f  th e  en g in eerin g , M ilita r y , b io lo g ic a l or earth  

sc ie n c e  p r o fe s s io n s . But a  g e o lo g is t , \too m y  make h is  liv in g  p rosp ectin g  

fo r  petrolou n  by photo in te r p r e ta tio n , fa lt e r s  In th e a n a ly s is  o f  b u ild in g s  

aad th e ir  s tr u c tu r es; th e  a r c h ite c t freq u en tly  cannot d if fe r e n t ia te  between 

th e  1^5-an , haw itaer and a n t i-a ir c r a ft  emplacements} th e  m ilita r y  exp ert 

fin d s  h im se lf unable to  estim a te  th e  production ca p a c ity  o f  an aluminum 

p la n t ffcsa th e photo Images o f  i t s  f a c i l i t i e s .  These d i f f ic u lt ie s  a l l  

r e s u lt  frcw  th e  la ck  o f  p erson al fsrai 1 ia r ia e t  ion  v ith  th e  o b jec t an alysed , 

i t s  o r ig in s , i t s  l i f t  c y c le  and i t s  a s so c ia tio n s .

I t  i s  Im p ractica l to  attem pt tr a in in g  in d iv id u a l in terp reter*  in  each 

o f  th e  m a y  background f ie ld s .  U h lle In terp reters are norm ally capable 

s p e c ia l is t s  in  cm  f i e ld ,  i t  i s  o fte n  found im p ractica l to  r e s t r ic t  th e ir  

e n tir e  research  o r  op eration s e f fo r t  to  th a t s in g le  s p e c ia lty . I b is  i s  

e s p e c ia lly  tru e  in  th e  case o f  m ilita r y  photo In terp reta tio n  and in  r e 

search  p ro jec ts  vhore a l l  o f  th e  in v e s tig a to r s  are trca. th e earns f ie ld  

o f  earth  s c ie n c e , Where com plete s ta f f in g  i s  n ot p r a c tic a l and where the  

team approach cannot be used .

th e  so lu tio n . A photographic image m y  stim u la te  an in te r p r e te r ’s 

mind in  one o r  both o f  two ways: a sso c ia tio n  or r e c a l l . A b io lo g is t , 

b o ta n is t or e c o lo g is t  in terp re ter  nay determ ine th e  t r a f f ie a b il l t y  o f  a 

c e r ta in  s o i l  type by reco g n isin g  and a n a lysin g  th e  v eg eta tio n  a sso c ia tio n s  

Which grow upon I t ,  and v ith  Which th e  t r a f f ie a b i l l t y  i s  c lo s e ly  a sso c ia te d . 

T his p rocess c o n s titu te s  genuine photo in ter p r e ta tio n . An a r c h ite c t , how

e v e r , m y  determ ine th e saaaa fa c to r  o f  s o i l  t r a f f ie a b i l l t y  i f  he has had
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th e  opportunity o f  see in g  and b e in g  tau gh t th e meaning o f  s t e l la r  tea ses  

on airphoto® p rev io u sly  esaadLnad, T his i s  r e c a l l ,  a  a is© la  asnory tech 

n iq u e , a  p ro cess o f  photo read ing rath er them photo In terp re ta tio n .

O bviously th en , w h ile  an In terp reter  can an alyse and i nt erpret  on ly  

th e  su b jec ts  v ith  which he i s  thoroughly fteri.lla .r , a  tra in ed  in v e stig a to r  

nay a ccu ra tely  read any photographic tee®&, provided he knows where to  

fin d  th e  proper photo In terp reta tio n  hey In  th e  itera o f  a  s t e l la r  Imago 

and i t s  co rrect in te r p r e ta tio n . The so lu tio n  to  to e  prcfelea, th en , H a s  

In th e  p ro v isio n  o f  a  su ita b le  photo image referen ce f i l e ,  con ta in in g  

annotated photo teagee o f  to e  n atu ra l and c u ltu r a l o b je c ts  n oat n ecessary  

t o r  any g iven  photo read er o r  in ter p r e te r  to  know. These annotated photo 

images are c a lle d  photo In terpreta t io n  to y s .

D e fin itio n  o f  to y s .  A er ia l photographic in terp reta t io n  keys are  

v a r io u sly  referred  to  as a irp h oto  in te r pre t a t ion  to y s , photo In terp reta 

t io n  k ey s, photo reading to y s , P . I .  to y s , in ter p r e ta tio n  a id s , oar 0lsg>ly 

to y s , to y s sa y  b e dofinod  as d ev ices designed  to  a id  photo readers and 

photo inte r prete r s  In to e  rapid and accu rate id e n t if ic a t io n  o f  ch jecte  

frost th e  stu d y o f  th e ir  photo tea g o s. T heir e e e e n tla l fu n ctio n  i s  to  <5r ev  

th e  a tte n tio n  o f  th e in v e s tig a to r  to  reco g n itio n  fea tu res  o f  d ia g n o stic  

v a lu e . These reco g n itio n  fea tu res  m y  be e lon an ts o f  photo te n g e s , r iio la  

photo Images o r  photo tea®* ccraplfwsa*.

Keys are c h ie f ly  com prised o f  annotated a e r ia l photography on which 

s p e c if ic  photo teagso o r  elem en ts o f  photo teages are em phasised, There 

la  a  v id e  v a r ie ty  o f  ftm ae la  which to y s  aay appear, however. They nay be 

on s in g le  p r in ts , a o a a le s , stereo g rm s or even s l id e s .  They m y  b© v e r t i

c a l a irp h otoo , hi^fi o r  low  d b litju ea , ground photos o r  caE& iaatloas o f  th e se . 

They sa y  appear in  in frared , c o lo r , c o lo r  caaouglage, ponchroew tic or



o th er  typ os o f  essulsioB S. They may have a n n o ta tio n s, t i t l e s  or legen d s. 

They m y  bo accaagjanied by diagram s, a ketches or draw ings. la  a d d itio n , 

th ey  may be mounted in  a  card f i l e  system , bound in  a  manual, published  

in  a  p e r io d ic a l — o r , as i s  to o  o fte n  th e  c a se , th ey  m y  m erely e x is t  in  

th e  memory o f  an in d iv id u a l in ter p r e te r . Ih e la t t e r  are c a lle d  memory 

keys o r  m ental k ey s.

Most in terp re ters  make ex ten siv e  uae o f  memory keys in  th e  same say  

th a t one makes use o f  h is  vocabulary o f  memorized words or th e  m u ltip lic a 

t io n  ta b le s . U nlike th e  words or th e  m u ltip lic a tio n  ta b le s , however, moat 

memory keys a re  not recorded in  any referen ce work. Thin s itu a t io n  has 

created  two u n d esirab le co n d itio n s . F ir s t  o f  a l l ,  i t  la  d i f f ic u l t  fo r  the  

in ter p r e te r  to  check h ie  memory keys to  see  i f  th ey  ore a l l  a ccu ra te . Thus 

i f  th e  key hae r e su lte d  from an o r ig in a lly  in co rrec t in ter p r e ta tio n , the  

in ter p r e te r  w i l l  continue to  make th e ssa s  e rr o r . Secondly, memory keys 

do n ot provide a  su ita b le  ssa n s fo r  th e experienced  in terp re ter  to  tra n s

m it th e  inform ation th a t he has learned through years o f  p ro fe ssio n a l 

tr a in in g , s p e c ia liz a t io n  and f ie ld  exam ination.

C ategories o f  k eys. A ll keys may b e c la s s if ie d  a s  b elon gin g  to  two 

or more o f  th e  fo llo w in g  f iv e  c a te g o r ie s . Which, th e r e fo r e , are not mutu

a l ly  e x c lu s iv e . The f i r s t  two o f  th ese  are baaed upon th e  manner in  which 

th e  keys convey th e ir  i nformatio n  W hile the rem aining th ree  are concerned 

v ith  th e  kind o f  inform ation th e  keys purvey. The la t t e r  term s are fr e 

q u en tly  used t o  d escr ib e  th e  manner in to  which c o lle c t io n s  o f  keys are 

grouped as w e ll a s  th e  in d iv id u a l keys themes Iv e s .

D irect keys are jfeoto images which are recogn izab le  in  them selves 

fo r  what th ey  a r e , e . g . ,  petroleum  storage tan k , plowed f ie ld .

A sso c ia tiv e  keys are photo images reco g n isa b le  in  them selves and from
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Which, by th e  p rocess o f  d ed u ction , in fb sm tio n  can he provided about te e  

a sso c ia tiv e  fa c to r s , such as c lim a te , which may not he shown in  d ir e c t  

image fo ra  on a e r ia l photography, e . g . ,  th e  id e n t if ic a t io n  o f  a  cer ta in  

v eg e ta tio n  coraplea p rovid es a d d itio n a l a s so c ia tiv e  inform ation about th e  

c l im t e ,  c o l l ,  ground w ater le v e l  and t r a f f ie a b i l l t y ,  none o f  te ic h  may 

be d ir e c t ly  v is ib le  on th e  a irp h o to . A sso c ia tiv e  hoys are th e most impor

ta n t keys a a i a t th e  seas* tim e th e  most d i f f ic u l t  fee ye to  m aster. They 

are based upon te e  axiom t e a t  in  nature nothing occur* by i t s e l f .  Id e n ti

f ic a t io n  o f  p la n t a s so c ia tio n s , g eo lo g ic  stru ctu res and landforms may pro

v id e  c lu e s  to  te e  determ ination  o f  c lim a te , s o i l s ,  hydro lo g ic  co n d itio n s, 

presence o f  c e r ta in  ty p es o f  rock or m ineral d e p o s its , t r a f f ie a b il l t y  and 

many o th er  fa c to r s .

Su b ject keys are photo images concerned w ith  th e  variou s a sp ects o f  

a  s in g le  su b jec t f i e ld ,  e . g . ,  v e g e ta tio n , aluminum m anufacture, reg a rd less  

o f  geographic lo c a tio n .

R egional keys are photo Images concerned w ith  a l l  su b jec ts  w ith in  a 

g iven  geographic or o th er type reg ion  as con trasted  w ith  photo iaagsts o f  

s im ila r  O bjects fo r  o th er reg ion s o r  th e  reg ion s w ith  which w  are f t a i l ia r .

Analogous keys are photo image keys prepared fo r  one g iven  geographi

c a l or o th er s p e c if ie d  typ e reg ion  which may by e x te n sio n , be used to  so lv e  

problem s by means o f  photo in ter p r e ta tio n  in  a  s im ila r , bu t in a c c ess ib le  

r eg io n , e . g . ,  c e r ta in  p o rtio n s o f  Canada have s o i l  and p la n t regim es which 

are s im ila r  to  c e r ta in  known p a rts o f  S o v ie t Europe a a i A sia  Where sc ie n 

t i f i c  tr a v e l may be r e s tr ic t e d .2*5

25Although analogous feeys as such have not appeared p rev io u sly  in  te e  
s c ie n t i f ic  lit e r a tu r e , te a  p r in c ip le  has been used by m ost com petent photo
in ter p r e ters fo r  sows tim e . Spurr (19^8, p . ITS) s ta te s  * "Knowledge gained
from a stu d y o f  photographs fo r  which d e ta ile d  inform ation has been com piled, 
can b e ap p lied  to  th e in ter p r e ta tio n  o f  s im ila r  jhotograptaa in  th e same 
r e g io n ." With wjmal v e r a c ity  Spurr cou ld  have addedi "or s im ila r  reg io n s."
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I b  r e a l i t y , a  s in g le  key s l$ r t  be c la s s if ie d  aa b elon g in g  to  a l l  f iv e  

o f  th ese  c a te g o r ie s . For exaajple, th e image o f  a larch  or tamarack tr e e  

i s  a  d ir e c t  key 'which m y  e a s i ly  be id e n tif ie d  a t  scan seasons front oth er  

conifters because o f  I t s  deciduous ch a ra cter , thus becaning recogn izab le  

In i t s e l f .  The taaareok image a ls o  belon gs to  th e a s so c ia tiv e  key c a te 

gory because i t  rev ea ls  by a sso c ia tio n  th e  presence o f  a c id  s o i l* ,  a high  

ground-water ta b le , poor drainage and, in  th e  A r c tic , th e  p r o b a b ility  o f  

aa extrem ely th in  a c tiv e  la y er  above th e  p en saasa tly  grosen ground. The 

tam arack i s  a  cn&Jact key s in c e  i t  i s  a  p art o f  th e su b ject f i e ld  o f  vege

ta t io n ;  i t  nay a c t as a  reg io n a l key in  th a t i t  i s  a  product o f  th e  Canadian 

aub-A rotie fo r e s t  reg io n . Tha photo inage o f  th e  taaarack a ls o  has an 

analogous q u a lity  s in ce  th is  tr e e  occu rs e x te n s iv e ly  throughout th e Russian  

ta ig a , Which i s  not a c c e s s ib le  to  ea stern  s c ie n t if ic  tr a v e lle r s .

I t  1b w e ll to  p o in t out th a t a o e t o f  th e  in d iv id u a l c o lle c t io n s  o f  

keys c o n s is t  o f  d ir e c t and a s so c ia tiv e  keys concerning a  su b jec t o r  region  

or  scw etim s a  su b jec t w ith in  a  reg io n , e . g . ,  Kebraskan sand dim es, tundra 

v eg e ta tio n  o f  A laska. Su bject as w a ll ao reg io n a l keys may b e va lu ab le  

aa analogous k ey s. A c o lle c t io n  o f  keys r e la t iv e  to  th e  coke, iron  and 

s t e e l  in d u s tr ia l complex in  th e U nited S ta tes would be u se fu l fo r  in te r 

p re tin g  e irp h o to s o f  s im ila r  I n s ta lla tio n s  in  th e  Ruhr or in  Japan.

The dichotoaous o r  b ifu r c a tin g  key, a  d ev ice  designed to  s im p lify  

accu rate read ing fr e e  photo in terp re ta tio n  keys by photo read ers w ithout 

p r o fe ssio n a l backgrounds in  th e  su b ject f ie ld s  concerned, i s  appearing  

so re  freq u en tly  in  th e  lite r a tu r e  o f  tod ay . These tern s r e fe r  to  a  ays te a  

o f  d ia g n o stic  reco g n itio n  keys arranged in  breach ing form ation on a chart 

or in  ta b u la r  f» m . The photo reader i s  c a lle d  upon to  antes a  s e r ie s  o f  

in d iv id u a l b u t s ta p le  d e c is io n s  r e la t iv e  to  th e  appearance o f  th e  photo
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image ha w ishes to  Id e n tify , th is  s e r ie s  o f  d e c is io n s  lea d s him to  th e  

co rrec t in ter p r e ta tio n  o f  a  complex photo Image w ith out th e n e c e ss ity  o f  

having an appropriate p ro fe ssio n a l background or o f  u sin g  the s c ie n t if ic  

term in ology. Stash keys can be d erived  on ly  by exp ert in terp re ters  and have 

thus fa r  been H a lte d  to  m ib ject keys or  la y s  o f  a  s p e c if ic  su b jec t w ith in  

a g iven  reg io n ,

Ae an exam ple, a  photo reader u sin g  a  dichotonoue key n ig h t f i r s t  be 

c a lle d  upon to  determ ine A e th e r  o r  not th e a irp h oto  in  q u estion  showed 

w in ter or stsaaor phase v e g e ta tio n . Having determ ined th a t th e area con

cerned was photographed during th e  siam er phase, th e  reader aigjrfc be c a lle d  

upon to  determ ine whether th e  p a r tic u la r  image o f  n atu ra l v eg eta tio n  b efore  

him cons le t s  o f  abort g r a ss , t a l l  brush or t r e s s .  I f  tr e e s  proves to  be 

th e  answ er, th e  In terp reter  m y  fu rth er  be asked to  determ ine whether th e  

tr e e s  are s itu a te d  in  a  low  marshy a rea , cm a stream  bank, in  h i l ly  te r r a in , 

e t c . In th e s e r ie s  o f  q u estion s th e  current q u estion  Is  always determ ined 

by th e  previous answ er. E ventually a l l  typ es o f  v eg eta tio n  bu t one are 

elim in ated  from co n sid era tio n  and th e  reader la  referred  to  a  d e ta ile d  

d e scr ip tio n  o f  th is  one typ e o f  v eg eta tio n  and it®  s o i l ,  landfona, hydra lo g ic  

and c lim a tic  a s so c ia tio n s .

C olw all (19^5# 1 9 ^ )»  aa e c o lo g is t  and fo r e s te r , e sta b lish e d  a  A icho- 

tcsaouB key fo r  determ ining ground co n d itio n s in  th e  tr o p ic a l P a c ific  areas 

through th e  id e n t if ic a t io n  o f  v e g sta tlo n . B elch er (1 9 5 1 ), a p ed o lo g ist 

and highway en g in eer , e sta b lish e d  an eq u a lly  f in e  method o f  determ ining  

ground co n d itio n s fr o s  a b ifu r c a tin g  a n a ly s is  o f  land foras In tem perate 

a r ea s . S im ila r  branching keys have bean developed by oth er research ers 

working on co n tra ct to  th e  Department o f  D efen se.

v a r ia tio n s  la  keys.  One o f  th e  most d i f f ic u l t  problems faced  b y  th e  

photo in ter p r e te r  attem p tin g to  e s ta b lis h  a  s e r ie s  o f  feeye is  th e tremendous
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nudber o f  v a r ia tio n s  p o ss ib le  in  th e  appearance o f  th e photo images o f  a 

s in g le  typ e o f  o b je c t. In  a  few  in sta n ces th ese  v a r ia tio n s  are so  mv 

raercus th a t keys fo r  c e r ta in  o b je c ts  m ast be incom p lete, extrem ely complex 

or r e la t iv e ly  w o rth less, B o ra a lly , however, th ese  d if f ic u l t ie s  may be 

overeoae througjh th e  Ju d iciou s s e le c t io n  o f  photo images fo r  use aa k eys.

The a c tu a l determ ination  o f  keys i s  a  coop lex  and d i f f i c u l t  p ro cess. 

U nlike sap s which tend to  have standard symbols fo r  th e  d e t a il  s e le c te d  

fo r  oap p resen ta tio n , a e r ia l photographs do not have standard keys fo r  

photo laage d e t a i l .  T his i s  fu rth er  com plicated by th e fa c t  th a t the  

d e t a il  on an a e r ia l photograph i s  n ot s e le c te d  d e ta il  a s th a t appear

in g  on a nap, b u t ra th er  th e  a irp h oto  i s  a  trem endously reduced reproduc

t io n  o f  th e  a c tu a l appearance o f  a  s p e c if ic  p o rtio n  o f  th e  e a r th 's  su rface  

a* a  g iv en  tim e . On a e r ia l photographs th ere are no blank spaces between 

th e  k ey s. In  a d d itio n , th e  keys are n oaoa lly  proport 1 onate in  s iz e  to  the  

o b je c ts  th ey  rep resen t.

An In d iv id u a l key does n ot m erely rep resen t an in d iv id u a l o b jec t or 

a sso c ia tio n  com plex, b u t ra th er , an in d iv id u a l o b ject o r  a s so c ia tio n  com

p lex  ( l )  a t  a  g iv en  s c a le , (2 ) on a  g iven  type o f  f i l a  (panchrom atic, 

in fr a -r e d , c o lo r , a t e . ) ,  (3 )  a t  a  g iven  season o f  th e  y ea r, (k )  a t  a 

s p e c if ic  caawra an gle (v e r t ic a l , O blique, ground), (5 ) w ith  a  g iven  r e la 

tio n sh ip  b e tw e n  th e so u rce , stren g th  and p o s itio n  o f  th e  l ig £ t  and the  

camera le n s , (6 )  under a s p e c if ic  atm ospheric co n d itio n , (7 )  a t  a  given  

t in e  in  th e  age or developm ent c y c le  in  th e  cubJact, (8 )  accord in g to  

th e  n a tu ra l aad c u ltu r a l p a ttern s o f  a  given  reg io n , (9 ) a* processed  

(developed and p r in ted ) accord in g to  a  s p e c if ic  standard , and (1 0 ) w ith  

o th er  v a r ia b le  a such as th e  type o f  s e n s it is e d  paper,  th e  p u r ity  o f  th e  

w ater u eed , or th e  q u a lity  and fo c a l len gth  o f  th e  le n s . I f  any o f  th ese



co n d itio n s are v a r ied , th e  to n e , te x tu r e , shape, s iz e , shadows. p a ra lla x , 

p a ttern  or p o s it io n  which fb ras th e  reco g n itio n  c h a r a c te r is tic s  o f  the 

photo iaagss nay change and thus change tin® appearance o f  th e key i t s e l f .

These v a r ia tio n s  serv e  to  compound an a lread y  ccsnplax s itu a t io n , 

s in c e  th ey  cause many 0t e l l e r  o b jec ts  to  be ch aracterized  by d is s im ila r  

photo images and, co n v erse ly , many t o t a l ly  u n related  o b jec ts  to  p ro jec t 

q u ite  s im ila r  im ages. Sxaaples o f  th is  in clu d e such in co rrec t an alyses  

as th e  photo image o f  a  o n a ll paper fa c to ry  in  China b e in g  in terp reted  as 

a  cem etery, n a tiv e  eugar m illa  on Okinawa aa anim al-powered pumps (Hack,

19*$» p . !'95)> «ad anim al-powered w ater pumps in  tforfch A fr ica  aa occupied
24

gun em placem ents.  W illa a l l  o f  th e se  m istakes were n atu ral fo r  photo 

renders w ith out a cce ss  to  th e proper k eys, reg io n a l photo Interpre t e r s , 

versed  in  th e  lo c a l c u ltu r a l lan d scap e, would n ot be l ik e ly  to  sake such  

error® .

The large ntmfoer o f  v a r ia tio n s p o ss ib le  i s  a  major problem in  the  

production  and p u b lica tio n  o f  k eys. In th e  p rocess o f  determ ining and 

p resen tin g  k ey s, em phasis i s  p laced  upon th e reco g n itio n  c h a r a c te r is tic s  

which are le a s t  v a r ia b le . A ll o f  te e  u su al phases or v a r ie t ie s  o f  th e  

o b jec t Which e a s ts  th e  photo image Must b e w e ll illu s tr a te d . I t  i s  not 

unusual to  fin d  th a t a  large  aussfber o f  keys must be presented  fo r  an 

in d iv id u a l o b jec t or a s so c ia tio n  com plex. For t h is  reason , pub 11 c a t ions 

o f  le y s  are u su a lly  r e s tr ic te d  to  one reg io n , one srib ject o r  even one sub

j e c t  w ith in  one reg io n , in  order to  provide adequate treatm ent o f  th e  keys

2^ .

The paper fa c to r y  was m istaken fo r  a  cem etery because o f  th e  s im i
la r it y  between th e  w hite d o ts o f  paper drying in  th e  sun and w estern  
tca& atonaa. P r im itiv e  Okinawan sugar s i l l s ,  anim al-powered w ater piwpe 
and a n t i-a ir c r a ft  emplacsawnta ore a l l  c ir c u la r  s tr u c tu r es , th e  d ir e c t  
images o f  which reserfble one another a t c e r ta in  photo s c a le s .
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concerned v ith  in  th e  space U n it s  o f  one p u b lica tio n .

In  th e problen o f  id e n tify in g  hays on a e r ia l photography, not the  

le a s t  s ig n if ic a n t  fa c to r  i s  th e  human .one. R egard less o f  th e  care in  th e  

d e fin it io n  o f  a  key, c b jee ta  do n ot look th e  erase to  a l l  p eo p le , nor do 

variou s in d iv id u a ls have th e  saae a b i l i t y  to  d escrib e what th ey  see  under 

th e  stereo sco p e , Where c a r e fu l eteasurecject can b e arade, however, i t  is  

p o ss ib le  to  reduce th e  eleaarrt o f  human error con cid erab ly . Wide back- 

grouni knowledge,  c a re fu l su p erv isio n  during an adequ ately  len gth y  period  

o f  tr a in in g , a v a ila b ility  o f  photo referen ce  key lib r a r y , th e  con stan t use 

o f  photographic in ter p r e ta tio n  tech n iq u es, and freq u en t f ie ld  t r ip s  w ith  

airphotoes in  hand, a l l  tend  to  m inim ise th e  v a r ia b ility  In th e human fa c to r .

T7ses o f  k eys. B a s ic a lly , keys are d ev ices to  enable photo a n a ly sts  

to  read Cr in ter p r e t a e r ia l photography, which i s  not an end in  i t s e l f ,  

bu t an e f f ic ie n t  raeano o f  so lv in g  c e r ta in  problem s. Keys are n ecessary  

to  th e neophyte in te r p r e te r  or th e  n o n ep o e ia list who w ish es to  read a e r ia l 

photography w ith  grea ter  speed and more accuracy. C o lle c tio n s  o f  keys aay 

a ls o  b e employed o s:

1 . L ibrary referen ce  a a te r io la  concerning su b jec ts  or reg ion s o f  

research  in te r e s t s .

2 . Sources o f  tr a in in g  a id s fo r  producing tra in ed  readers o r  in te r 

p re ters in  a  Riinlrmra o f  tin ts .

3 . Permanent records o f  photographic in ter p r e ta tio n  research  and 

exp erien ce a s  opposed to  saeaory k eys.

U. R e lia b le  b ases fo r  exam ining, confirm in g, im proving a a i en larg 

in g  upon e x is t in g  keys and c o lle c t io n s  o f  k ey s, a s w s ll a s  improv

in g  upon th e  tech n iq u es o f  c o lle c t io n , p resen ta tio n , d is tr ib u tio n , 

a a i u t i l iz a t io n  o f  th e  k eys.



CceapllatlCTtt of  k e y s .  I t  b e e o o e G  m a n d a t o r y  f o r  t h e  p f t o t o  i n t e r p r e t e r  

to  co n sid er th e procedures n e c e s s a r y  fo r  e f f e c t iv e  k e y s  to  h e  p r o d u c e d .  

The h ea t keys are produced by f ie ld  resea rch , ’ b e n  t h e  i n t e r p r e t e r  is

a b le  to  v i s i t  th e  area or th e  su b jec t type in s ta lla t io n s , he sa y  organize
27

h is  work in  preparing beys as fo llo w s;

1 . P reparation  o f  a  co n c ise  stateraant o f  th e  problem.

2 . P reparation  o f  an o u tlin e  fo r  a  rep ort on th e  com pilation  o f  

keys n ecessary  to  so lv e  th e  problem.

3 . A lrrhoto search .

h. Documentary and carfcograjftic search .

5 . Review o f  c o lle c te d  a irp b o to a , maps and documents.

6 .  S ca le d eterm in ation , o r ie n ta tio n , p lo t t in g , indexing and f i l in g  

o f  a irp h otoe.

7 . P ro-field -w ork  c tereo  exam ination o f  a irp h otoe.

8 . R ev ision  o f  o u tlin e  fo r  rep ort on k eys.

9 . P reparation  o f  l i s t  o f  problems to  be so lved  by f ie ld  recon n ais

sa n ce.

10. F ie ld  reconnaissance (w ith  stereo sco p e , airphoto* and th e  l i s t  

o f  problems in  hand).

11. P o st-fie ld -w o rk  s te re o  exam ination o f  a irp h otos.

12. F in a l r e v is io n  o f  o u tlin e  fo r  th e rep ort on k eys.

13 . C oordination and p resen ta tio n  o f  fin d in g s in  th e fo ra  o f  a  ’

c o lle c t io n  o f  la y s  r e la t iv e  to  th e  su b ject or area concerned.

  »*

"'Stone (I9k9» P . *+^5 1951# P . 75^) has considered n ine s te p s  n eces
sary fo r  th e  production  o f  a u th o r ita tiv e  photo in terp re ta tio n  key®. The 
fou rteen  s te p s  here shown are baaed upon th e  p erson al exp erien ces o f  th e  
w r ite r , th e  stim u la tio n  created  by Dr. n ton c'o  a r t ic le s ,  th e  paper by 
F ro st end ’foods (19^8, p . 2 ) anil o th er p ro fe ssio n a l caram m ications.
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Ik . P resen ta tion  o f s c ie n t i f ic  fin d in g s based upon keys.

When th e in terp re ter  d e v is in g  th e  keys i s  unable to  v i s i t  th e  area  

or in s ta lla t io n s  concerned, step s 9 , 10 , 11 and 12 raust o f  n e c e ss ity  be 

om itted and th e  r e l ia b i l i t y  o f  th e keys i s  d im inished accord in g ly .

In d iv id u a l photo im g e s  in crease in  value os keys in  proportion to  

th e  amount o f  supporting inform ation p ertin en t to  th e  photographic i l l u s 

tr a tio n  which accom panies each photo key . Much o f  t h is  supporting in f  er 

rant ion  i s  concerned v ith  th e v a r ia b le  co n d itio n s l i s t e d  above.

•E ffective c o lle c t io n s  o f  keys devote con sid erab le  spas® to  e tereo  

exam ples o f  each key under each o f  th e more corason varyin g co n d itio n s, 

and so  enjoy th e  b e n e fits  o f  c omparativ e  photography. A tten tion  i s  drawn 

to  th e  fe a tu re s  which vary th e le a s t  in  appearance and in  m eaning, fo r  

th ese  are th e a o st r e lia b le  reco g n itio n  fe a tu r e s . In  m ny in sta n ce s , the 

most r e lia b le  in d ica to rs  are not th e  a o s t conspicuous on es. Care must be 

taken to  p o in t to  th e d ia g n o stic  fea tu res rath er than th o se  which are a o st  

ev id en t on cursory eza n in a tio n .

A ll a u th o r itie s  agree th a t a u th e n tic ity  o f  keys i s  d erived  p rim arily  

from f ie ld  ex p er ien ce , exam ination o f  a irp h otos w h ile  In th e  f ie ld ,  ob ser

v a tio n  f l ig h t s  and d e ta ile d  knowledge about th e area or su b ject concerned. 

C o lle c tio n s o f  keys a r a , in  fa c t , c o lle c t io n s  o f  th e  co m p iler 's exp erien ces. 

Hera® stu d en ts, such aa P fe ife r  (1 9 ^ , MS p . lU ) a a i W ieslander a a i W ilson  

( l 9kk, p. 7 1 7 ), exp ress th e ir  f i r e  co n v ic tio n  th a t th e  meanings o f  images 

on airp h otos are In ferred  o r  interpreted , on ly  throu^a th e  tr a in in g  ana 

f ie ld  exp erien ce o f  in d iv id u a ls , and th a t th is  exp erien ce and background 

knowledge c o n s titu te  th e  r e a l keys to  photo in te r p r e ta tio n . W hile th is  

i s  not d isp u ted , i t  must be p oin ted  out th a t in ter p r e ta tio n  by tr a in in g  

and experience w ithout graphic keys su ffe r s  fr e a  th e  b a sic  d e fe c ts  a t t r i 

buted to  sjssiory keys e a r lie r  in  th is  s e c tio n .



50

She era  o f  sy stem atic  and r eg io n a l research ,  baaed upon th e  photo

isa g s  and th e photo \smy , ia  nov a t  hand. I t  ia  d i f f ic u l t  to  say  e x a c tly

vhan th e  f i r s t  a irp h oto  in ter p r e ta tio n  keys ware com piled o r  p u b lish ed .

M ilita ry  photo in ter p r e ta tio n  procedures are aanetin»8 ©aid to  date back

to  th e  b a llo o n  ^holography o f  th e C iv il TJtar and F renea-P n isaiaa War. Lee

( 1922,  p . *0 shoved th a t th e tern  key and th e  concept o f  analogous kays

wsre la  th e  a in d s o f  a la r t  in terpr e te r s  as e a r ly  aa 1922,  vhen he wrote t

A n ecessary  prelim in ary i s  an acquaintance v ith  th e  ground 
photographed o r  v ith  s im ila r  reg ion s and fe a tu r e s . W ithout 
such a  key, th e  a e r ia l photograph is  not a lv a y s s e l f  in te r 
p reted  and i s  o ften  u n in te llig ib le .

The development  o f  photo in ter p r e ta tio n  fceye m y  be exp ressed  in  capsu le

fo ra : th e  i nventio n  o f  th e  camera a a i th e developm ent o f  h ea v ier-th a n -a lr

c r a ft  le d  to  an in crease in  a v a ila b le  a ir  photography, la te r  fo llow ed  by

an in crease ia  photo in te r p r e te r s , and s t i l l  la te r  by a r t ic le s  or volumes

concerned v ith  rudim entary k ey s. Luring th e la te  1930’s  and 19^0*a, modern

keys appeared in  numbers and nov m aster k eys, such as th e branching key

system s o f  C olw ell (19^5, 19^6) and B elch er ( 1951) ,  have been p u blished .

PHOT0G20GRAPHY

I t  i s  proposed th a t  th e  procedure o f  applying photo in terp re ta tio n  

to  e f f e c t  th e  so lu tio n  o f  geograp hical prdbleas be e a lla S  photogeography. 

I b is  term i s  e x p r e ss iv e , co n c ise  and v ith  ample precedent In th e  v e i l -  

Imovn and cetamonly used terra photogeology. The terras photobotany and

A cursory g lan ce through th ree  Bunker* o f  Photogream tri.? Ungineering  
( v o l . 13 , no, kf v o l. 15 , n o . k; and v o l. id , no'.' no le s s  than
lk  a r t ic le s  or referen ces to  a r t ic le s  in  vhioh th e  terra photogeology i s  
exp ressed  in  th e  t i t l e .  Author© in clu d e B ru ad all, D eB lieux, D ejard ins, 
D inasyer, M elton, M ille r , Rea, Sm ith, Tetter, Waaera and ISengerd. Putnam 
(19^7) c r e d its  Rea v ith  th e  f i r s t  d escr ip tio n  o f  th e  method
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pbotope&ology have n ot y e t reached th e  w ide acceptance accorded th e  terra 

ph otogeology, h u t I t  appears th a t th e  uoe o f  thea* words i s  a ls o  in crea sin g . 

Those who s p e c ia lis e  ia  th e  p r a c tic e  o f  pfcotogeograjhy m y  he ten ssd  photo- 

geograsfoere in  accordance w ith  th e p a ttern  e sta b lish e d  b y  th e  photogeo 1- 

o g is ta .

N osogeography nay be d efin ed  aa th e  p rocess o f  o b ta in in g  inform ation  

o f  a  geograp h ical nature by m ans o f  th e in terpreta t io n  o f  photographs.

Suefc In terp reta tio n s are based upon th e  J o in t eajployaeat o f  geograp hical 

tr a in in g  a a i exp erien ce a lon g  w ith  a irphoto and su rface photo in terp re ta 

t io n  tech n iq u es. found geograp hical p r a c tic e  d en u d e th a t , whenever f e a s i

b le , photogeogrephy be p ra cticed  w ith  and not in  p la ce  o f  f i e ld  exam ination, 

lib ra r y  research  and o th er standard geographic research  tech n iq u es,

Macfbdden (19^9, 9 . 138) c a l ls  th e  a tte n tio n  o f  geographers to  the 

inadequacy o f  th e  reconnaissance and in ventory to o ls  used ia  geographic 

f ie ld  resea rch . I b is  inadequacy h as r e su lte d  in  e x ce ssiv e  dem ode upon 

th e  resea rch er’s t ia s  fo r  preparation  o f  h is  work In a  s c ie n t i f ic  and 

sch o la r ly  m an or. The f in a l  r e s u lt  i s  e ith e r  a  research  product r e s tr ic te d  

in  scope o r  d e f ic ie n t  in  in tr in s ic  ch aracter . Ihcfteddfltt su ggest*  th e  use  

o f  an ordinary 35-® a. c s a e n  and a  l ig h t  a ir c r a ft  o f  th e  typ e a v a ila b le  

fo r  r e n ta l a t  a  reasonable c o s t  ($6 to  $12 p er hour) a t  ahaost any a a a ll 

a irp o rt as to o ls  fo r  geographic reconnaissance and in ven tory. These to o ls  

have been a v a ila b le  fo r  so re  than two d ecod es, b u t few  geographers other  

than o cca sio n a l p ion eerin g  s p ir it s  (L ig h t, 1S&U; R ich , 19^1, 19^2, 19^7) 

bare talam  advantage o f  th a».

There are eev era l d is t in c t  advantages to  th e  J o in t use o f  th e  35-oa . 

cBaers and th e  ligSrfc a ir c r a ft  a s  a  reconnaissance procedure. Where ec®~ 

a o r c ia l photography Is  w anting, th e  geographer, h im se lf, can o ften  provide
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a  sa tis fa c to r y  su b s titu te ; where i t  i s  p resen t, he can in ex p en siv ely  sup

plem ent i t  v ith  d e ta ile d  ob liq u es o f  th e  s ig n if ic a n t  stib jecte  p ertin en t 

to  h is  problem . To a d d itio n , th e  geographer, as on amateur a e r ia l photog

rapher, nay secu re com plete photo coverage co n tr o lle d  to  h is  ovn sp e c i

f ic a t io n s  to r  such fa c to r s  as s c a le , a n g le , o r ie n ta tio n  o f  v ie v , atmos

pheric c la r i t y , em ulsion , sea so n a l or com parative photography and airphoto  

Image d e ta il  in  com plete conform ity v ith  su rface co n d itio n s a t  th e t ia s  o f  

f ie ld  in v e s tig a tio n . Thus, many o f  -the c h a r a c te r is tic s  o f  orw nercial or  

government a e r ia l photography are a ls o  p resen t in  p r iv a te  reconnaissance 

photography.

Geographic a irp h oto  in ter p r e ta tio n , whether performed w ith  th e  geog

rap h er's ovn photography o r  v ith  airp h otos from gorernoBBt o r  co o a a rc la l 

so u rces, perm its su p erior  production  o f  geographic knowledge In a  v a r ie ty  

o f  -ways. For exam ple, i t  a llo w  th e geographer to  exp lore in  eons d e ta il  

areas o r  landscapes h ith e r to  unknown or p resen tly  in a c c e ss ib le  to  nan, 

euoh as th e  A n ta rc tic . I t  perm its reconnaissance o f  any photographed area  

or reg io n , la rg e  o r  sm a ll, ia  vhioh th e geographer in ten d s to  perform  

f ie ld  work, a f fe c t iv e  a irp h oto  ex p lo ra tio n  and reconnaissance fu rth er  

perm it th e  geographer to  e s ta b lis h  a  su p erior p lan  o f  research  procedures 

ta ilo r e d  to  h is  s p e c if ic  a rea , which in  turn r e s u lt s  in  th e  production o f  

geographic knowledge su p erior in  q n a t lt y  and q u a lity  to  th a t which would 

otherw ise be o b ta in a b le . I t  i s  a ls o  le e s  c o s t ly  in  term s o f  money and In 

th e  most va lu ab le o f  a l l  research  fa c to r s , t in e .

Serna landscape p a tte rn s, unnoticed  fo r  cen tu r ie s  from th e  ground 

v ie v , are e a s ily  d iscern ed  from a irp h o to s. In p a r tic u la r , c e r ta in  an cien t 

ro o d s, w a lls  and earthw orks, lon g  s in c e  grown o v er , b u rled  o r  plowed under, 

show v ith  remarkable c la r ity  in  a r id  region s and som etim es even in  humid
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reg io n s (Crawford, 1938; Foidefcard, 1 9 3 2 ). P a ttern s, oth er than h is t o r i

c a l se ttlem en t p a tte rn s, n ot r e a d ily  recognized from th e  ground Include 

dense v eg e ta tio n  p a tte rn s, major landfoxta p a tte rn s, s o i l  p a ttern s and the 

s p a t ia l r e la tio n sh ip s  o f  a l l  o b jec ts  whose photo images appear In th e  a ir 

p h otos.

Another im portant a sp ect o f  th e  airphoto in  geography la  th a t i t  

o ffe r s  a  d e ta ile d  aad pewaanent record  o f  th e  landscape a t  a  g iven  t le e  

aa a  g iven  d a te . T his fea tu re  makes p o ss ib le  th e escape frees a  freq u en t 

d if f ic u lt y  o f  geographic f ie ld  work: th e  errors or a le  in terp re ta tio n s  

r e su lt in g  fra® th e  c o lle c t io n  o f  d a ta  from d iffe r e n t p a rts o f  aa area dur

in g  d if fe r e n t d a y s, w eeks, m onths, season s o r , in  scon in s ta n c e s , even  

d if fe r e n t  y e a rs . Where req u ired , how ever, coop era tive photography which 

shows th e  d if fe r e n t  a sp ects  o f  th e  sen s landscape a t  d if fe r e n t  seasons or 

in  d if ferent  years Is  o ften  a v a ila b le . In yearn to  co o s , h is to r ic a l geo

graphy w il l  p r o f it  handsomely from th ese  b a s ic  reco rd s, fo r  th e  geographers 

o f  fu tu re t in e s  w il l  la v e  a v a ila b le  scan# o f  th e  same raw m a ter ia l (a ir 

p h otos) th a t are a v a ila b le  to  th e  geographers o f  tod ay . Our p resen t con

cep ts o f  h is to r ic a l geography, sequent occupanee and dynamic landscape 

w ould, no doubt, be con sid erab ly  d if fe r e n t i f  a e r ia l photographs were now 

a v a ila b le  i l lu s t r a t in g  th e  landscape a s  i t  has appeared through th e  cen

tu r ie s .

R u sse ll, F oster  sad ??cMurray (1^*3, P . 315) d escr ib e  t h is  photographic 

record as a  p o te n tia l en cyclop ed ia  o f  geographic, g e o lo g ic , s o c io lo g ic  and 

oth er ty p es o f  inform ation which th ey  ca u tio n , w i l l  n ot bee csss a v a ila b le  

fo r  geographers u n t il  sy stem a tic  methods are developed to  tr a n s la te  the  

variou s elem en ts o f  th e  photo Image in to  a  vocabulary which speaks in  

term s o f  p revious ex p erien ce . S n ith  ( l9 ^ >  p . 7^2) s ta te s  th a t th e  record



provided by a irp h otos i s  more accu rate and more com plete titan th a t  

afford ed  by any save th e most e lab orate  m p s . T his i s  a  con servative  

estim ate •

V e r tic a l a irp h otos are o f  in estim ab le valu e to  th e geographer fo r  

use as a map base in  th e  c o lle c t io n  and com pilation  o f  geographic data  

in  th e f i e ld .  Photos may be annotated by marking v ith  co lored  china  

parking p e n c ils  or tra n slu cen t inks e ith e r  d ir e c t ly  oa the p r in t or on 

a  c e llu lo s e  a c e ta te  or tra c in g  paper o v er la y . F ie ld  manning by annota

t io n  o f  an a irp h oto  or overlay  i s  r e a d ily  performed by the tra v erse  method 

in  which th e  geographer v i s i t s  a t le a s t  one o f  th e  o b jects which cause 

each type o f  photo image appearing on th e a irp h otos o f  h is  reg io n . The 

photography m ust b e brought up to  d ate by th e  f ie ld  tra v erse  s in c e  numer

ous changes may have occurred in  th e  landscape or i t s  u t il iz a t io n  s in ce  

th e d ate o f  th e  a e r ia l photography.

Stereographic view ing o f  th e  a irp h otos in  th e  f ie ld  i s  e a s ily  accom

p lish ed  by photogeogranhera w ith  th e  a id  o f  a  pocket stereo sco p e . For 

f ie ld  con ven ien ce, n early  a l l  f i e ld  in v e stig a to r e  v ith  eyes o f  equal 

stren gth  may lea rn  to  view  s te r e o a e o p ic a lly  w ith out th e use o f  an in s tr u 

ment o f  any k in d . The on ly  requirem ent i s  th e a b i l i t y  to  c o n tro l th e  

convergence and th e  focu s o f  th e  ey es so  th a t th ey  converge a t in f in it y  

w h ile focu ssed  fo r  nearby o b je c ts . The r e su ltin g  stereo  model g iv es th e

im pression o f  r e l i e f  which i s  n ot ob ta in ab le e ith e r  from th e ground or
29from an a ir c r a ft  f ly in g  more than 2 ,0 0 0  ffeat above th e te r r a in .

^Frcra th e  ground, o n ly  th e r e l i e f  fa c in g  th e  observer and not th e  
r e l i e f  in  d e fila d e  can be observed. From an a ir c r a f t , th e  in tero cu la r  
base i s  to o  sm all to  ob ta in  any accu rate sen sa tio n  o f  r e l i e f  when f ly in g  
a t a lt itu d e s  o f  more than 3 ,0 0 0  f e e t  above th e  te r r a in .



The photogoographer i s  a b le  to  v is u a lis e  whole "county s iz e "  p a rcels  

o f  landscape by u sin g  m osa ics. He nay stu d y , in  th e  th ir d  dim ension ren

dered by th e stereo sco p e , areas o f  sev era l square m iles in  a  3in g le  view . 

These fa c to r s  g iv e  th e  photogeographer a broad view  unobtainable by any 

o th er  Tase.no in c lu d in g  th e  view ing o f  maps which contain, on ly  se le c te d  

•d eta il rep resen ted  by con ven tion al s ig n s  end sym bols. R ela tion sh ip s which 

are im portant fa c to r s  in  th e " syn th etic  scien ce"  o f  geography are thus 

more r e a d ily  and more a ccu ra te ly  determ ined. I t  cannot be sa id  o f  th e  

photogeographer th a t he i s  unable to  see  th e  fo r e s t  fo r  th e  tr e e s , a l-  

thou^a u n less ha c a r e fu lly  p lie s  h is  technique th e reverse could occur. 

James (193^, P?- 3b-35) s ta te s  th a t:

In  o th er sc ie n c e s  tlM broad r e la tio n sh ip s  are th e  m ost obvious 
ones; bu t in  geography I t  i s  th e overwhelming d e ta il which i s ,  
a c tu a lly , ob viou s. Like a  m icrobe craw lin g over th e  fa ce  o f  a 
newspaper photograph, we may focu s our a tte n tio n  on th e  d e ta ils  
o f  th e p r in ted  d o ts; bu t u n t il  we g en e ra lise  th o se  d o ts , the  
la rg er  d esig n  o f  th e  photograph l i e s  beyond our range o f  v is io n .
The oore c lo s e ly  we study th e  shape and arrangement o f  th e d ots 
th e  le s s  ws see  o f  th e  la rg er  p a ttern . U n til we b rin g  th e  
la rg er  r e la tio n sh ip s  w ith in  range o f  our v is io n  by malting use 
o f  th e  map, th e s ig n ific a n c e  o f  what v s  see  i s  l o s t .  But is  
not th e  geographer*s prfcw*y o b jec tiv e  th e  reco g n itio n  o f  th ese  
la rg er  p a ttern s — even o f  th e major lineam ents o f  th e  ftuie o f  
th e  earth? May n ot th e d e ta ile d  study o f  th e  d ots be made s ig n i f i 
can t i f  th e  la rg e  p a ttern s o f  d is tr ib u tio n  are recogn ized , and 
i f  th e r e la tio n sh ip  o f  the  d e ta il to  th e more gen era l i s  
deEKinstrated? 30

As u aource o f  geogranhic in form ation , th e a irp h oto  l i e s  raidw&y b e

tween th e m p which shows broad d is tr ib u tio n s  and th e  f ie ld  exam ination  

which rev ea ls  great d e t a i l .  The photo geographer i s  a b le  to  see  many r e la 

tio n sh ip s  n ot a t  once ev id en t to  th e  f i e ld  w orker, b u t d is tr ib u tio n s  over  

la rg e  areas are o t i l l  beyond h ie  ken. M oreover, a irp h otos r ev e a l whole

^Crawford ( 193$ ) e f f e c t iv e ly  dem onstrated th e same concept by tak in g  
" aeria l"  and "ground" photographs o f  a  pattern ed  rug.



landscapes to  th e photogeographer, whereas th e  data presented by tap s 

are more s e le c t iv e . There are advantages and lim ita tio n s  to  m inute f ie ld  

in sp e c tio n , photogeography and map study and th ere  i s  a  p lace o f  each in  

any thorough geographic stu d y.

The u t i l is a t io n  o f  a e r ia l photography in  geography does n ot e lim in a te  

th e  requirem ent fo r  naps illu s tr a t in g  th e broad r e la tio n sh ip s  and large  

p a ttern s o f  d is tr ib u tio n  as expressed  by Jaaesj in stea d , a irp h otos add a 

more e f f e c t iv e  medium to  th e  sc ie n c e  by which c e r ta in  o f  th ese  r e la t io n 

sh ip s and p a ttern s can b e recogn ized  and another dim ension by which they  

can be portrayed or co rre la ted  v ith  oth er phenomena. A irphotos and maps 

are not r ec ip r o c a l; th ey  are complementary.

r1he view s c ite d  in  th e  p revious paragraphs In d icate  th a t th e photo- 

geographer i s  p laced  in  a  p o s itio n  where he may acquire a  " feelin g"  or 

understanding o f  th e  area not a v a ila b le  to  h is  b roth er geographer who does 

not req u ire a irp h otos or who has not learned th e  b a sic  techn iq ues n eces

sary fo r  th e ir  in ter p r e ta tio n .

Very few  works concerning photogeographieal m ethodology appear in  

th e  s c ie n t i f ic  lit e r a tu r e . Stone (1951# p . 751*) s ta te s :

A ir -p h o to -in terp re ta tio n  i s  r e la t iv e ly  new in  geography.
Hvidences o f  t h is  youthfu lneeo are th e s c a r c ity  o f  a r t ic le s  
by geofpraphers on th e tech n iq u e, th e recency o f  developm ent 
and th e  r e la t iv e ly  low  number o f  form al cou rses on th e in te r -  
p r e ta tio n a l u ses o f  a ir  p h otos, and th e  p au city  o f  known geo
grap h ica l research  in v o lv in g  developm ents in  th e tech n iq u e.

Other than th e  a r t ic le  from which th is  q u otation  was ex tra cted , th ere

appears to  b e on ly  one o th er concerning photogeograph le a l m ethodology

worthy o f  co n sid era tio n  h ere . In  an a r t ic le  d escr ib in g  a p p lica tio n s o f

a e r ia l photographs to  geographic in ven tory , R u sa e ll, Footer and McMurray

(19^3, MS) a tta ck  th e  problem from th e view point o f  determ ining s p e e if i-



65

c a lly  what k inds o f  inform ation a irp h otos provide or do n ot provide the

photogeographer:

Many itesw  or elem ents o f  th e  landscape o u st b e In ven toried  
by th e geographer. In  1915# P rofessors W ellington  D. Jones 
aaA C arl 0 . Sauer pu b lish ed  An O utline fo r  F ie ld  Work in  
Geography \d iieh  l i s t e d  21 broaS Item s vb lcfi r e t i r e d  d e S lle d  
In v e stig a tio n . A e r ia l photographs or c o n tr o lle d  m osaics have 
been used to  acq u ire th e  q u a n tita tiv s  and q u a lita tiv e  in fo r 
m ation an c e r ta in  o f  th ese  to p ic s . Numerous item s o f  in foxoa- 
t lo n  are o f  course unobtainable from th e  photographs, b u t only  
In th e  ea se  o f  anim al l i f e  i s  th e  photograph w ithout v a lu e , 
and even h e r e , sen s In d ica tio n  a s  to  a  fe v  c e r ta in  ep eelea  
any be d iscern ed .

This statem ent i s  follow ed by a d e ta iled  a n a ly sis o f  Jones' and Sauer's

o u tlin e  in d ic a tin g  th e  typ e o f  inform ation req u ired  by th e  geographer and

th e  p o rtio n s o f  t h is  inform ation which are ob ta in ab le In i& ole or in  p art

by pihotogeograpbicsl a n a ly s is , a s v e i l  aa  th e  p o rtio n s which a t  th a t tim e
31were n ot ob ta in ab le  by t h is  method. During th e  ten  years s in c e  th e  

a r t ic le  was w r itte n , improvements in  photo in te r p r e ta tio n  have advanced to  

th e  p o in t where a t  le a s t  a  dozen o f  th e  Item s which th e  authors sp e c if ie d  

a s n ot in terp reta fcle  from a irp h otos are new su sc e p tib le  o f  a n a ly s is . For 

exam ple, s a l in it y  was c la s s if ie d  as an elem ent o f  drainage about Which no 

inform ation  was ob ta in ab le  from a e r ia l photographs. 3&e in v e stig a tio n s  

o f  Dr. O 'N e ill, e  p h otd b oten ist a t  th e  C ath olic U n iv ersity  o f  America, 

have s in c e  d isc lo se d  c e r ta in  reeds and w ater g ra sses id e n t if ia b le  on a ir 

photos vhiob n o t o n ly  d is c lo se  th e  presence o f  s a l t  w ater b u t in d ica te
32

th e approximate degree o f  s a lin ity  as w e ll. Advances o f  th is  so r t are

Although th e statem ent c ite d  and the d e ta iled  a n a ly sis  which follow ed  
i t  appeared in  the manuscript copy o f  th e paper by R u sse ll, F oster and 
McMurray, n eith er appeared In th e published version  o f  the a r t ic le . Per
sonal eaasnm ieatian from Dr. Rue s e l l  (26 January, 1952) in d ica tes the rea
son fo r  th i9  om ission was the lack  o f apace.

^ P erso n a l communication ftrcm Dr. O 'H eill
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r e su lt in g  from th e  slow  hu t con stan t progress o f  th e In v estig a tio n s o f  

th e  photogeographers, p h o to b o ta n ists, p h o to g eo lo g ists  are! o th ers. Nov i t  

rem ains fo r  th e  geographer to  secu re photo In terp reta tio n  keys fo r  such 

item s as are not w ith in  h is  personal exp erien ce (a s , fo r  exam ple, the  

p la n t a s so c ia tio n  In d ica tor  o f  sa lin e  w a ter), or even b e tte r , he nay s e 

cure th e c o lla b o ra tio n  o f  h is  co llea g u es experienced in  th e r e la ted  earth  

sc ie n c e s .

In th is  con n ection . T r o ll (19^9, p . 123) in d ica te s  th e d iffe re n c e s

between geography and area research  in  which geographers must p a r tic ip a te

on a  coop erative b a s is  w ith  members o f  oth er d is c ip lin e s . He e r e d lts  Hans

Bobek ao most f i t t in g ly  d escr ib in g  th e  p o s it io n  o f  geography in  r e la tio n

to  area research  by em phasizing:

. . . .  th e  modern methods o f  geography such as fu n ctio n a l 
ob servation  o f  lan d scap es, th e ev o lu tio n a ry , h is to r ic a l  
method o f  research  o f  n atural and c u ltu r a l lan d scap es, geo
grap h ical napping o f  economic lan d scap es, and sy n th etic  a ir 
photo a n a ly s is . 33

W hile photo in terp re ta tio n  i s  b e in g  used as one o f  a  number o f  b a sic  

tech n iq u es fo r  th e  c o lle c t io n  o f  data in  many f ie ld s  o f  knowledge, p a r t i

c u la r ly  in  th e  earth  sc ie n c e s  and in  en g in eerin g , in  a l l  p r o b a b ility  i t  is  

th e  geographers who stand to  ga in  th e  most by fu lly  e x p lo it in g  a e r ia l photog

raphy. Geography is  a  sc ien ce  which d ea ls w ith  areas and w ith  th e  a n a ly sis  

and sy n th esis  o f  th e fa c to r s  o f  which a rm s are composed. In a  manner o f  

sp eak in g, th e  a e r ia l photo or m osaic i s ,  in  i t s e l f ,  a  ra th er  in ten siv e  

geograp hical rep ort on th e photographed area . But i t  i s  w r itten  in  a  fo r 

e ig n  l anguage ,  a p ic tu re  language, w hich, lik e  any o th er language, must 

be m astered b efore  i t  can be r e a d ily  in terp re ted . Once to e  geographer 

p o ssesse s  to e  n ecessary  command o f  th e  language, in  term s o f  reg io n a l and

by Dr. Brie F isc h e r . I t a l ic s  are su p p lied  by th is  author.
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su b ject f ie ld  exp erien ce and reg io n a l and su b ject a irp h oto  k ey s, a enib- 

e ta n t ia l p o rtio n  o f  th e inform ation required fo r  h ie  geographic research  

i s  a v a ila b le  to  him , s p a t ia lly  arranged and in  convenient graphic form.

Reconnalasence photogeography. Exploratory photogeography and the  

making o f  p relim in ary geographic in v e stig a tio n s  or area surveys by analy

s i s  o f  a e r ia l photography c o n s titu te  reconnaissance photogeography. A 

number o f  stu d en ts have made gen era l or elem entary statem ents t e s t ify in g  

to  th e  valu e o f  reconn aissance photo geography, although none o f  them seem 

to  have developed th e su b jec t in  d e t a il . In f a c t , th e  s ta te  o f  th e  recon

n a issan ce ph otogeographical techniq ue i s  w e ll illu s tr a te d  by th e  elem entary  

ch aracter o f  th e  qu otation s th a t fo llo w . Baglay (19^1, P. v i i l )  s ta te s :

A eria l survey® are in d isp en sab le in  e x p lo r a tio n s. Ho p resent 
day ex p ed itio n  i s  s a t is fa c to r i ly  equipped w ithout an a e r ia l 
camera, an a irp la n e su ita b le  fo r  photography and a  sh o rt wave 
rad io  s e t .

E ffe c tiv e , d e ta ile d  geographic or photogeographie s tu d ie s  must aw ait 

ground surveys which in  tu rn  depend upon a c c e s s ib il it y . Whitmore (19^1, 

p . 77) p o in ts out th a t a c c e s s ib il ity  m y  be determ ined from reconnaissance

photogeogr&phy:

. . . .  from prelim in ary a e r ia l photographs o f  unexplored  
country, th e  exp ert may bo ab le  to  determ ine . . . .  th e  
p o ss ib le  lo c a tio n s  o f  rou tes o f  tr a v e l by both land and 
w ater, and th e  p o ss ib le  lo c a tio n s  o f  emergency land ing
f ie ld s  fo r  a ir p la n es .

Time is  a  c r it ic a l  fa cto r  In reconnaissance photogeography. McKinley

( 1932, p . U79) d isc u sse s  th is  p o in t in  r e la t io n  to  h is  a e r ia l photographic

exp lorations in  A ntarctica:

Upon com pletion o f  th e  d evelop in g o f  th e f i r s t  sea so n 's  work,
I  had tim e during the w inter to  study the r e s u lts . I then 
rea lized  how much the airp lane does to  increase one *e con
cep tion  o f  the vm stnsss o f  th is  ic e  covered land. TTimdreds 
o f  square m iles o f  te r r ito r y , w ith long r o llin g  expanses o f  
w h ite, could be seen a t a g lan ce. The in eq u a litie s  o f  sur
fa ce , which show pressure b eneath , and th e outcroppings o f
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rock, ■which d e f in ite ly  mark the presence o f  land, e l l  showed 
p la in ly . Hie work o f  g ig a n tic  fo r c e s , which tw ist sad break 
the b a rrier  in to  deep and awful chasms, became apparent, ao 
I t  never can be to  the lon ely  tr a v e le r , as he stands in  awe 
cm the brink o f  a great p rec ip ice , unable to  see the many 
m iles o f  sim ilar upheaval3 and openings on e ith e r  s id e .

To me In an a irp lan e, a l l  th e m agnificent v is ta  i s  exposed at 
once in  a l l  i t s  in tr ic a te  re la tio n sh ip s. The a e r ia l camera 
r e g is te r s  such a view in  an In sta n t, and i t  may then be care
fu lly  stud ied  a t le isu r e . Moreover, i t  records such more 
fa ith fu lly  than the eye and reta in s much more su rely  than the 
human memory a l l  the marvelous m anifestations o f  Mature which 
can be understood only when studied  in  th e ir  e n tir e ty .

McKinley (1932, p . WJO) compares Preotrude’s  sledge Journey and S c o tt's  

sh ip  Journey w ith h is  a e r ia l camera exp loration  o f  the R ock efeller Moun

ta in s :

. . . .  h is  ^Prestrude* n j  t r ip  occupied alm ost f iv e  weeks; 
ours le s s  than three hours. Prestrude must have tra v e lled  
w ith in  a flew m iles o f  the p oin t from which the R ockefeller  
Mountains w ire d iscovered by Commander Byrd in  h is  p lane, yet 
the former did  not see  them. More o f  King Sdward VII Land 
was seen from our elevated  platform  in  a  few minutes than 
e ith e r  S co tt from h is  sh ip  or Prestrude from the surface saw 
during th e ir  en tire  Journeys.

T b a  f lig h t  over tho R ock efeller Mountains demonstrated d e f i
n ite ly  the value o f  the a e r ia l camera in  exp loration . Hot 
only did i t  show the trend o f  the range and tho rela tio n sh ip  
between the peaks, but the photographs la te r  revealed  much 
more than our observation and memory had been able to  record .
T h e r e  proved to  be many more peaks in  the range than we had 
reaeribered counting v ith  th e naked ey e. Although th e eye can 
record w ith flair accuracy, the memory becomes confused when 
the range o f  view  is  Increased, as in  the a ir , and the scene 
is  changing a t the ra te  o f  100 m iles an hour.

McKinley a lso  p oin ts out th a t the v is ib le  world to  an A ntarctic sledge  

party can hardly exceed 79 square m iles w ith the horizon but f iv e  m iles 

d is ta n t, whereas the a ir  crew fly in g  a t  10,000  fe e t  may have a view  o f  

50,000 square m iles w ith the horizon 130 m iles away.

Bardley ( 19**2 ,  p . l )  exp la in s th a t in a ccessib le  areas are not con

sidered  insuperable hardships in  airphoto reconnaissance:
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An a e r ia l survey may be made in  a  much sh o rter  tim e than a 
ground su rvey , and areas th a t are in a c c e ss ib le  or d i f f ic u lt  
to  nap from th e  ground Impose no s p e c ia l problem to  th e  
a e r ia l surveyor i f  land ing f ie ld s  are not to o  d is ta n t.

The prim ary purpose o f  reconn aissance photo geography i s  to  provide

geographic inform ation o f  a gen era l n atu re, a c c e s s ib il it y  and lo c a tio n a l

d a ta , end broad p a ttern s o f  d is tr ib u tio n . The same airphoto® , hcw ever,

are a v a ila b le  fo r  a n a ly s is  to  provide a more d e ta ile d  in ter p r e ta tio n  o f

areas se le c te d  from th e  reconn aissance fo r  fu rth er  stud y o r  la te r  ground

su rvey. R u s se ll, F o ster  and Mclfurray (19^3, P . H  c le a r ly  d is tin g u ish

between reconn aissance and d e ta ile d  photogeography:

Geographic f i e ld  work may be undertaken on a t  la a c t tv o  p lan es  
o f  d e t a i l ,  one a reconn aissance curvey to  e s ta b lish  broad typ es 
o f  d is tr ib u tio n s , and th e  second a n icro -stu d y  intended to  s e t  
up th e  airruta geographic rela tion sh ip ®  which tak e up tho broader 
p a tte rn s. A eria l photographs are o f  valu e c h ie f ly  in  th e f i r s t ,  
broad typ e o f  f ie ld  in v e s tig a tio n , although m ay o f  tho d e ta ile d  
problems can be recogn ized  and so lved  th rou ^ i an in ter p r e ta tio n  
o f  photographs.

In  sone in sta n ces reconnaissance photogsography may be th e o n ly  a v a il

ab le  source to r  d e ta ile d  in form ation . Hack (19^3, p . *$9) s ta te s :

A eria l photographs are th e  rao3t va lu ab le source m a ter ia l when 
d e ta ile d  inform ation i s  needed, when th e  area under con sid era 
t io n  cannot be v ia l  to d , and when g eo lo g ic  maps and oth er more 
p r e c ise  d ata  are la ck in g .

There i s  e  d is t in c t  d iffe r e n c e , th en , betw een th e tv o  p r in c ip a l u ses  

o f  reconnaissance a e r ia l photography. In unexplored o r  unmapped areaa, 

recom aiaoan ce a irp h otos are produced p rim arily  fo r  tho purpose o f  provid 

in g  g en era lised  maps, abarto or sap  su b s titu te s  or fo r  reconnaissance  

s tu d ie s  o f  a  photogeographic n atu re. The reconnaissance photography, how

e v e r , m y  th en  b e used lik e  any o th er  a e r ia l photography to  perform v a r i

ous kinds o f  d e ta ile d  a irp h oto  a n a ly se s . I t  la  im portant to  note th a t  

th ese  d e ta ile d  in terp re ta tio n s depend upon th e tr a in in g  and p a st
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exp erien ce o f  th e  in terp reter?  th e a v a ila b le  p er tin en t lit e r a tu r e , asps 

or oth er d ata; and h is  f ie ld  work in  th e  a rea , i f  any; a l l  as th ey  e x i3 t  

a t  th e t in e  o f  in te r p r e ta tio n , rath er than a t th e t ia e  th e photography 

flow n .

The A ntarctic photographs used to  illu s tr a te  the photo in terp retation  

keys o f  Chapter V o f  th is  work are produced frost reconnaissance photog

raphy, but Chapter V roust be considered as a d eta iled  study devoted to  

th e preparation o f region al and analogous keys o f con tin en ta l g la c ier  

landscapes, rather than a generalized  photogeographicel reconnaissance 

o f A ntarctica.

The ap p lica tion s o f  the photo reconnaissance, photo in terp retation  

and photogeographic Methods in  the A ntarctic i s  presented a t the end o f 

the next chapter, which i s  concerned w ith the area.



CHAPTER I I I  

THE AREA

The ex p lo ra tio n  o f  A n ta rctica , lik e  th a t o f  A fr ica  end th e  Americas 

in  form er tim e s , i s  b e in g  performed spasm odically  w ith  frequent om ission  

o r d u p lica tio n  o f  s c ie n t i f ic  o b je c tiv e s  and w ith out a c o n s is te n t o v e r -a ll 

p o lic y . Like o th er co n tin en ts in  o th er t in e s , A n tarctica  i s  d is ta n t fr e e  

th e  n a tion s which are co n tr ib u tin g  th e  m ost to  i t s  e x p lo ra tio n , b u t u n lik e  

th e  o th er s , A n tarctica  i s  sep arated  from a l l  o f  i t s  neighboring land m asses 

by 600 to  31OO m ile s  o f  freq u en tly  stormy se a s . Furtherm ore, i t  i s  many 

thousands o f  m iles frora th e  on ly  co u n tries which have both th e  d e s ir e  to  

ex p lo re  th e  reg ion  and th e  fin a n c ia l a b il i t y  to  carry out such a  program. 

M oreover, A n tarctica  i s  g ird led  by form idable m asses o f  f lo a t in g  ic e  which 

are Im penetrable to  m ost sh ip s  and ready to  crush o th er v e s s e ls  a t any 

un foreseen  tu rn  o f  th e  wind o r  sudden drop in  tem perature. F in a lly , th ere  

i s  l i t t l e  in c e n tiv e  in  tern s o f  im e d ia te  monetary retu rn  fo r  ex p lo rin g  

in s id e  th is  b e lt  o f  pack ic e .

The la ck  o f  a c c e s s ib il it y  and th e  sh ort and in freq u en t p eriod s o f  

tim e a v a ila b le  fo r  f ie ld  research  in  th e  A n tarctic have imposed ser io u s  

lim ita tio n s  to  th e  geographic in v e s tig a tio n  o f  th is  c o n tin en ta l area .

There i s  an acu te danger o f  spread ing th e  research  e f fo r ts  to o  th in ly  and 

in e ffe c tu a lly  over idle f iv e  and o n e -h a lf m illio n  square m iles o f  ic e  su r

fa ce  th a t com prise th e  A n ta r c tic , T his danger can bo g r e a tly  reduced by 

th e  u t i l is a t io n  o f  a e r ia l photo reconnaissance and th e  a irp h oto  in terp re 

ta t io n  methods d escrib ed  in  th e  p rev iou s ch ap ter. The a n a ly s is  o f  Ant

a r c t ic  a e r ia l photography en ab les th e  photogeographar to  fu rn ish  two o f
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A n ta rc tic . These e s s e n t ia l elesaerrtG are ( l )  s e le c t io n  o f  th e  areas most 

worthy o f  stud y and ( 2 ) d e tera in in g  th e  b e s t aeanc o f  a ccess to  th ese  

a rea s.

The d eta iled , h is to r y  o f  A n tarctic  ex p lo ra tio n  and th e losotm gsography 

o f  A n tarctica  ore recorded elsew here in  th e  s c ie n t i f ic  lite r a tu r e  concern

in g  th e  South P olar Region, 1 but a  co n c ise  review  o f  th e  d isco v ery  and 

ex p lo ra tio n  and a  b r ie f  d e scr ip tio n  o f  th e A n ta rc tic , c h ie f ly  in  cap fo r a , 

i s  included  here to  provide th e  reader w ith  s u f f ic ie n t  in fo r e s t ion  w ith  

which to  ev a lu a te  th e  hays presen ted  in  Chapter V. Chapters I I I  and IV 

a ls o  in clu d e p er tin en t rem arks, naps and p la te s  r e la t iv e  to  th e  a c c e s s i

b i l i t y  o f  th e  A n ta rc tic , t r a f f ic a b il i t y  over th e  variou s kinds o f  A n tarctic  

su r fa c e s , photo reconn aissance and photo in ter p r e ta tio n  op eration s in  the 

A n ta rc tic , th e  e x is t in g  a e r ia l photographic coverage o f  A n tarctica  end th e  

a p p lica tio n  o f  th e  photogeographic method to  t h is  area .

DISCOVER? ATXD EKPL0RATTC3 33 AIEAECTICA2 

Early h yp oth eses. In th e  e a r ly  days o f  recorded h is to r y  th e  v a st  

m ajority  o f  th e  earth*3 land su r fa ce , though populated  to  sane d egree , was 

unknown to  te e  advanced O rien tal or 'fed iterran sen  c iv i l iz a t io n s . Indeed,

T̂See B ib liograph y o f  A n tarctic  B ib lio g ra p h ie s, appended h ereto , 
o

sources fo r  statem ents o f  uncontented h is to r ic a l fa c t  concerning  
s p e c if ic  ev en ts ere  n ot referen ced  in d iv id u a lly . Among th e  b e e t h is t o r i
c a l referen ces in  th e  E n glish  language or which have been tra n sla ted  in to  
E n glish  arid th e  p r im rv  sources con su lted  in  th$ preparation  o f  th is  sum- 
nary are F rick er (1 9 0 0 ), M ill (lgO S ), Hordenskjold and deciding 
Kayes (1928) ,  Joorg (1930) and. /E n g lis h / (19*^3). B eta iled  
l is t in g s  o f  ex p ed itio n s appear in  U .S . Board on G eographical Uaass 
P u b lica tio n  83 (19^ 7), B r itis h  Adm iralty (19*$) ond /K oscoef (1 9 5 1 ). The 
la s t - c it e d  p u b lica tio n  re fe rs  to  more than *jp00 works on th e  A n tarctic  
by more than gOOO au th ors.



although th e  p ro -C h ristian  Greeks had. d iscovered  tho sp h e r ica l shape o f  

th e  earth  end had estim ated  i t s  s iz e ,  and although s a ilo r s  o f  th a t era  

are rep orted  to  have n early  circum ayirgated A fr ica , the cartograp h ic dogaa 

e sta b lish e d  by Pfcolasy le d  h is  su ccesso rs, even to  th e  t in e  o f  Schoner, 

?fercator and O rteliu o  in  th e 3irtoerrth cen tu ry , to  in clu d e on th e ir  naps 

and g lob es a  v a st h y p o th e tica l co n tin en t c a lle d  T errs A u str a lis  In cogn ita . 

T his lengendary con tin en t appeared in  d if fe r e n t forms on th e variou s maps 

and glcfceo o f  th e  era  bu t g en era lly  occupied a l l  o f  th e  area Gouth o f  th e  

A n tarctic  C irc le  and h a lf  o f  th o  adjacent tem perate zone and, in  same 

a r ea s , projected , fa r  north o f  th e  T ropic o f  Capricorn (P r ick sr , 1900, raps 

p . 21 and p . 2 o ). T ierra  d e l Fuego, A u stra lia  and scraatioso even Sev 

Guinea were included  as northern p o rtio n s o f  th is  land m ass.

3 a rly  voyages. The voyages o f  Drake (1 5 7 3 ), Q uires ( 1605) ,  Torres 

(1 6 0 6 ), Uuyt (1 6 2 7 ), Tasman (lS H s), Bouvet (1 7 3 3 ), Cook ( 1768) ,  Kerguelen 

(1772) and th e  American and B r itis h  se a le r s  (1730-1330) su c c e ss iv e ly  

reduced th e p o s s ib il it y  o f  th e e x is te n c e  o f  a  Terra A u stra lis  In cogn ita  

to  an area much more n early  th a t o f  th e  A n tarctic C ontinent and i t s  su r

rounding pack ic e  as f t  io  Imovn tod ay . More s ig n if ic a n t  voyages were 

th o se  o f  Cook (1772-1775), B ellin gsh au sen  ( l3 l9 - l8 2 l ) ,  B lscoe  ( 1831- 1832) 

and. Roes (1839-13^ 3), each o f  whom circum navigated th e  c o n tin en t, fu rth er  

reducing i t s  p o ss ib le  e is a . The voyojjas o f  d 'U r v ille  (l837-l31tO ), Hoss 

( 1839- 1^ 3) and W ilkes (1338-1S&2) d e f in ite ly  in d ica ted , how ever, th a t 

a  land raass o f  co n tin en ta l porportion s a c tu a lly  d id  e x is t .

S c ie n t if ic  ex p lo ra tio n .  ISie f i r s t  recorded lan d in g on th e  mainland 

o f  th e  A n tarctic  C ontinent, e x c lu s iv e  o f  p o o sib le  lan d in gs o f  th e  sea le r s  

on th e  northern p o rtio n s o f  th e  Palmer P en in su la , took  p la ce  in  1395 

(K rie ten sen ). The f i r s t  chipboard w in terin g  o f  an exp lorer  was th a t o f
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de Oerlaehe ( 1898- 1899) and th e  f i r s t  v ia te r in g  on th e con tin en t was made 

by Borchgrevink (1899- I 9OO). A side frota th e se , a  number o f  exp ed ition s  

concerned v ith  and equipped fo r  s c ie n t i f ic  ex p lo ra tio n  were sen t in to  th e  

A n tarctic  during th e  p eriod  between th e  tu rn  o f  th e century and th e  F ir s t  

World War. These in clu d e th e  ex p ed itio n s o f  von D ry g a lsk i, B ruce, Charcot 

(2  e x p e d itio n s), Shackleton ( 3) ,  Amundsen, F ilch m r  and ’tewoon. More 

recen t ex p ed itio n s o f  im portance have been th o se  o f  Mavson, W ilkins (2 ) ,  

Byrd (3 ) ,  E llsw orth  (U ), H ym ill, R ita ch ar, U. s .  Havy (2) and th e  con tin u 

ous ex p lo ra tio n s o f  th e  Falkland Isla n d s Dependencies Survey and th e  D is

covery C ocsaittee.

A ir ex p lo ra tio n .  F ly in g  in  th e  A n tarctic vac introduced by both  

W ilkins and Byrd during th e  ex p lo rin g  season  o f  1928-1929. A eria l photog

raphy, however, had preceded th e u t i l iz a t io n  o f  h ea v ier -th a n -a ir  c r a f t , 

th e  f i r s t  airphotoo having been made frcn  ca p tiv e  b a llo o n s by th e  exp ed i

t io n s  o f  von B rygnlsk i ( 19O I-I9O3 ) and S co tt (1901-1O0U), both o f  which 

were p r io r  to  th e  f i r s t  f l i^ r t  o f  O r v ille  W right a t  !T itty Hawk. From th e  

f i r s t  recorded lan d in g , photography  has been con sidered  o f  paramount impor

ta n ce  in  A n tarctic  ex p lo ra tio n ; s in c e  1929 a e r ia l photography has been  

reg u la r ly  em ployed.

M otivatio n . At le a s t  s ix  s t im u li, a c tin g  e ith e r  in d iv id u a lly  or In 

co n cert, have su p p lied  th e  m otivation  fo r  A n tarctic ex p lo ra tio n . In 

approxim ate ch ro n o lo g ica l order th ey  a re: ( l )  th e  d e s ir e  o f  th e  ea r ly  

exp lorers to  open new te r r it o r ie s  fo r  trade and th e b u ild in g  o f  c o lo n ia l 

em pires, which le d  to  th e  e a r lie s t  ex p lo ra tio n s o f  Terra A u stra lia  Incog

n it a , (2 ) th e  slau gh ter  and near e x tin c tio n  o f  fu r  s e a ls  fo r  th e ir  p e lts  

and o i l  and th e  sen  elep h an t fo r  i t s  o i l ,  ( 3) th e  race fo r  th e d iscovery  

o f  th e  South P o le , (h) th e  r is e  o f  p e la g ic  w halin g, (5)  th e  d e s ire  fo r
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p o l i t ic a l  so v ere ig n ty  induced in  p art by n a tio n a l p rid e end in  p art 

by an economic d e s ir e  fo r  w haling r i^ r te  and (6 ) th e  d e s ire  to  perform  

s c ie n t i f ic  resea rch . The d e s ir e s  fo r  adventure, fane and g lo ry  have a lso  

been s ig n if ic a n t  s tim u li.

D u p lica tion  and c d a a lo n .  With b u t few  e x cep tio n s, th e  accounts o f  

th e  variou s A n tarctic  ex p ed itio n s ohow them to  have d u p lica ted  p ro jects  

undertalasn b y  o th er  ex p ed itio n s and to  have em itted  research  p r o je c ts  not 

cove r ed by o th er  e x p e d itio n s. From th e  accounts o f  th ese  ex p e d itio n s.

I t  appears th a t a  la rg e  proportion  o f  geoapa which exp lored  t h is  reg ion  

accum ulated a  con sid erab le  amount o f  th e ir  exp erien ce b y  making many o f  

th e  m istakes th a t were p rev io u sly  made by th e ir  p recu rsors. Upon comple

t io n  o f  f ie ld  research  and subsequent retu rn  to  c iv i l iz a t io n , a l l  to o  many 

ex p ed itio n s have been disbanded, th e ir  sp e c ia liz e d  equipment so ld  o r  trann- 

ferred  to  o th er u se and th e ir  experien ced  p erson n el absorbed in to  oth er  

p u r su its . In  many ca ses on ly  a  fr a c tio n  o f  th e  s c ie n t if ic  O bservations or  

data acquired has been p u b lish ed  or oth erw ise made a v a ila b le  to  th e  p u b lic . 

For exam ple, th e  U .S . Ifeval Task Force 68 "Operation Hi#Jung>" E xpedition  

o f  191*6-19^7, c o n sisted  o f  n ea r ly  5 ,000  aen and 13 sh ip s . A side from two 

popular accounts o f  dtibious s c ie n t i f ic  v n lu e, sev era l popular and s c ie n t i

f i c  a r t ic le s  in  p e r io d ic a ls  and a  few  c la s s if ie d  m ilita r y  docum ents, the 

s c ie n t i f ic  r e s u lt s  have never been  p u b lish ed . On th e  o th er  head , th e  

German n a tio n a l A n tarctic  E xpedition  o f  1901-1903 w ith  a  s c ie n t i f ic  s t a f f  

o f  fo u r , in c lu d in g  th e  le a d e r , von D ryga lsk i, and a  t o t a l  complement o f  

32,  p u b lish ed  volum inous s c ie n t if ic  accounts o f  th e  ex p lo ra tio n s during  

th e  se v e r a l decades a fte r  th e  e x p e d itio n 's  f ie ld  work had been  com pleted.

A irphotos as permanent records o f  ex p lo ra tio n .  T his i s  an a sp ect in  

which a e r ia l photography can be o f  con sid erab le  a id  to  th e  geographer and
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th e  ex p lo rer . In th e  ca se  a t  hand each airphoto i s  a  record o f  a  given  

p o rtio n  o f  th e  A n tarctic a t  th e  t in s  th e n eg a tiv e  -nos exposed . When 

accompanied by th e  p i lo t ' s  lo g  and th e  n a v ig a to r 's  c h a r t, each r o l l  

o f  film  p rovid es th e  "basic raw m ateria l Which m y  "be used a t  any subsequent 

tirae fb r  com p ila tion , recam putation or preparation  o f  s c ie n t i f ic  data and 

aap e. Time may a d v ersely  a f f e c t  th e  memory o f  non by d im in g  h is  r e c o lle c 

t io n s  and fu sin g  h is  im pressions o f  sep arate o b serv a tio n s, b u t th e  a ir 

photo vh ich  record s more d e ta il  than th e  human mind i s  a b le  to  absorb, 

does not su ffe r  from th e  e f f e c t s  o f  tim e , provided th a t th e  film  i s  pro

p e r ly  p reserved .

Hgga.  Teo nape e n t it le d  D iscovery and E xploration  In A n tarctica  and 

D iscovery and E xploration  in  A n ta rctica : P a losr  P en in su la  are appended to  

t h is  study as ’laps 1 and 2 . Ho changes have been m da in  th ese  aape s in c e  

th e  season  o f  19**6-19^7, The a o s t im portant o f  th e  changes Which have 

occurred sin ce  th a t d ate are th e  r e d e fin it io n  o f  th e  e a s t  c o a st o f  the  

b ase o f  Palmer P en in su la  and th e  p rec ise  lo c a tio n  and co n fig u ra tio n  o f  th e  

c o a st south and southw est o f  th e W addell Sea, both  as determ ined by th e  

airp h oto  reconn aissance p a r tie s  o f  th e  Room A n tarctic  Research E xpedition .

The d e lin e a tio n  o f  th e  areas explored  by th e  a irp h oto  reconnaissance  

o f  th e  U .S . Haval Task Force 68 E xpedition was fu rn ish ed  to  th e  map com

p ile r  by th is  w r iter  from th e  o f f i c ia l  rep orts subm itted to  him by the  

in d iv id u a l Jlavy and Marine Corps p i lo t s ,  n avigators and a e r ia l photogra

phers and from h is  p relim in ary rev iew  o f  th e e x p e d itio n 's  65 ,000  a e r ia l 

photographs.
Ho d e ta ile d  treatm ent o f  th e  h is to r y  o f  A n tarctic  d isco v ery  and 

ex p lo ra tio n  i s  presen ted  here in  view  o f  th e  r e la t iv e  com pleteness o f  

Maps 1 and 2 and in  view  o f  th e p rev iou sly  expressed  purpose o f  th is  

stu d y .
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BRI3F GENERAL DESCRIPTION OF T3S ATOARCTIC3 

Name. The accepted  name fop  th e  South P olar C ontinent i s  A n ta rctica . 

In  th is  study th e  te r n , th e  A n ta rctic ,  a  ecracaonly used co n tra ctio n  fo r  th e  

A n ta rctic  R egions, r e fe r s  to  th e South P olar Regions in  which th e  con tin en t 

o f  A n tarctica  i s  cen tered . The lim its  o f  th is  area are d iscu ssed  below .^  

P o sitio n  and s iz e .  A n ta rctica  i s  th a  o n ly  p o la r  co n tin en t. Centered 

near tha South P o le , th e  co n tin en t would b e n ea rly  c ir c u la r  in  shape ware 

i t  n ot fb r  th e  northward exten d in g  F a lser  P en in su la  and tha two deep 

reen tra n ts forasd  by th e  Rosa and Vfedeli S ea s. 'Hie co n tin en t i s  unique 

in  i t s  is o la t io n , b ein g  approx im ately  600 geograp hical m ileo fr c o  South 

Am erica, 1,U00 Aron Hew Z ealand, 1 ,700  from A u stra lia  and 2 ,1 0 0  from A fr ica . 

The land m asses o f  th e  ea r th , o th er  than A n ta rctica , are so  arranged th a t  

one can walk from any p ort o f  one co n tin en t to  any p art o f  any o f  th e  

o th er s , excep t t o r  A u stra lia  \fc ich  i s  sep arated  from A sia  by m rerous 

sh o rt s tr e tc h e s  o f  tr o p ic a l sea s betw een th e  is la n d s o f  A u str a la sia .'5 Evan 

h ere , however, th e  lo n g e st s tr e tc h  o f  open w ater i s  o n ly  Uo ad.lea.

The A n tarctic  land m ass, in clu d in g  th e  ad jacen t is la n d s and th e  firm ly  

attach ed  s h e lf  ic e ,  approxim ates f iv e  end o n e -h a lf m illio n  square m iles in  

a rea , alm ost a l l  o f  Which l i e s  w ith in  th e  A n tarctic  C ir c le . Only th e

^R eferences c ite d  in  th e  p rev iou s fo o tn o te  a ls o  serve as a u th o r ity  
fo r  t h is  in form ation al s e c tio n .

\t e it h e r  A n tarctica  nor th e  A n tarctic  are d efin ed  among th e  hundreds 
o f  p la ce  name dec i s  ion s r e la t iv e  to  t h is  'reg ion  in  th e U .S . Board on Geo
grap h ica l names S p ec ia l P u b lica tio n  0 6 , a lth ou ^ i th e  former tan a  i s  used 
in  th e  t i t l e  o f  th is  p u b lica tio n .

co n tin en ts w ith in  th e  new world and th o se  w ith in  th e  o ld  world 
are Joined by t e r r e s t r ia l  co n n ectio n s. A sia  and North America are Joined  
by th e  w in ter eea  ic e  o f  th e  B ering S t r a it .
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Palmar P en in su la  and a  h a lf  do sen  capes in  E ast A n tarctica  p ro jec t 

equatorward o f  t h is  c ir c le .  I33*e c o a s tlin e  o f  approxim ately I k ,000 m iles  

has been d e lin ea ted  w ith  th e  ex cep tio n  o f  a  ftrv t in y  gape, althcru^i r e f in e 

ments in  d e lin e a tio n  nay be expected  fo r  some years to  eoaa.

Kosack (1950* PP. 202-206) has pu blished  th e  moot recen t study on 

a r e a l measurements in  th e  A n ta rc tic . Among o th e r s , he quotes th e fo llo w 

in g  estim ated  areas said has shown th e ir  lim its  cm a  map:

Region Square M ilae Square 9a.

A n tarctic  C ontinent 5,058,356 13,101,15k

C ontinent and Islan d s 5,037>53k 13,176 ,727

C ontinent, is la n d s  and s h e lf  ic e 5,kk6,959 lk ,107,637

Outer lim it  o f  iceb erg s 29,^82,596 76 ,360 ,000

Oceanic p o la r  fro n t 20,0^ 5,312 51, 920,000

Atmospheric p o la r  fro n t 9,050,18k 23,kk0,000

Average lim it  o f  pack ic e  (Rov* l ) I k ,177,592 36,720 ,000

Isotherm  o f  10 C. (warmest month) 26, 193, 02k 67 , obO, 000

A lthou^i in s u f f ic ie n t  measurements have been made to  provide p roof 

p o s it iv e , A n tarctica  i s  q u ite  g en era lly  accepted  as th e  w orld 's h ig h est 

co n tin en t. I t s  ice-cap p ed  su rfa ce  le v e l  i s  estim ated  a s  averagin g 6 ,000  

f e e t  shove s e e  le v e l  o r  tw ice  th e  average e le v a tio n  o f  A sia , th e  n ext in  

ord er. ̂

The estim a te  fo r  th e  average e le v a tio n  o f  A n ta rctica  Includes i t s  
cover o f  g la c ie r  ic e .  Soma g la c io lo g is ts  and g sd lo g is ts  con sid er g la c ie r  
ic e  as a  form o f  rock and as such to  c o n s titu te  a  p o r tio n  o f  th e  lit h o 
sphere ra th er  than th e  hydrosphere. E stim ates o f  th e  h e ig h t o f  th e  c o n ti
nent exclu d in g  i t s  cover o f  g la c ie r  ic e  are e n t ir e ly  unwarranted a t  th is  
tim e because o f  th e  alm ost a b so lu te  la ck  o f  d ata  concerning th e th ick n ess  
o f  th e  ic e . M oreover, any such fig u r e  would have to  ba corrected  fo r  
iso e ta b ic  and e la s t ic  earth  c r u sta l adjustm ents and e u s ta t le  changes in  
sea  le v e l  which would r e s u lt  from th e  m eltin g  and unloading o f  th e  Ant
a r c t ic  ic e  cap in  order to  b e o f  proper s ig n ific a n c e .
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L im its. "!any c r it e r ia  have been suggested  fo r  th e  d e lin e a tio n  o f  

th e  A n tarctic  Region; among th e  raore s ig n if ic a n t  o f  th ese  are th e  fo llo w 

in g :7

1 . A n tarctic  C ir c le .

2 . Tree l in e .

3 . Equatorvard lim it  o f  Iceb ergs.

h. Equatorvnrd l i n i t  o f  pack ic e .

5 . Ten degree cen tigrad e isotherm  o f  warmest month.

6 . Zero degree cen tigrad e nesn anrmal isotherm  vhere th e  isotherm  
fo r  th e  warmest month i s  below  ten  degrees cen tig ra d e .

7 . I so lln e  a t  which th e tesApernture o f  th e  warmest month equals 
9 .5  degrees cen tigrad e minus l /3 0  th e  tem perature o f  th e  c o ld e st  
month.

8 .  I s o lin e  a t  which th e  tem perature o f  th e  warmest month is  nine  
degrees cen tigrad e minus l/lO  the tem perature o f  th e  c o ld e st  
month.

9 . A n tarctic  Convergence.

Tho A n tarctic  C irc le  bears no d ir e c t r e la tio n sh ip  to  the n atural 

reg io n s. The tr e e  l in o , co  ex p ressiv e  In th e  A r c tic , I s  not su ita b le  to  

th e  ocean expanses o f  th e  southern hem isphere. The equatorward lim it  o f  

iceb erg s v a r ie s  con sid erab ly  from year to  year depending upon such fa c to r s  

a s th e  s iz e  and con ten t o f  th ese  ic e  m asses, th e  tem perature o f  th e  ocean

7C r ite r ia  maabero 1 through b have- been su ggested  by many sources over  
many years and th e o r ig in a l a u th o r ity  Is  u n certa in ; 5 .  A. Gupan, German 
geographer end c lim a to lo g is t;  6 .  0 . Jtordonskjold, Swjdisb geographer and 
p o la r  ex p lo rer; 7 . M. Vhfal, Danish p la n t geographer; 8 . 0 . U ordenskjold; 
and 9 . B r it is h  A dm iralty (19**3, P . l )  from th e  oceanographical research  
ca rr ied  out by th e  many D iscovery E xpeditions and th e Meteor E xpedition  
(1925-1927) o f  A. Mart and F . S p ie ss . The A n tarctic C ircle  and th e  equator- 
ward lim its  o f  iceb erg s and pack ic e  are in d ica ted  on 'lap U. I n s u ffic ie n t  
data are a v a ila b le  to  map c r it e r ia  m ribers 5# 6 ,  7 sad G. The tr e e  lin e  
does not e x is t  in  th e southern hem isphere. C riterio n  number 9 ,  th e  Ant
a r c t ic  Convergence, i s  mapped by Deacon (1937) and a ls o  appears in  Sverdrup’s 
t e x t  (19**2, F ig . 1 5 3 ). I t  has been added to  th e  various lim its  Which 
appear on riap k.
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w aters In which th ey  f lo a t ,  th e d ir e c tio n  and fo rce  o f  th e  ocean currents 

and th e nusfber and e ls e  o f  iceb erg s ca lved  and re lea sed  fron  tho sea  ic e .  

Icebergs freq u en tly  wander in to  tJie sub-A ntarctic areas and o c ca sio n a lly  

d r if t  in to  th e  teraperate r eg io n s. The lim its  o f  pack Ice  are perhaps more 

su ita b le  as a  boundary, bu t th e edge o f  th e pack ic e  v a r ie s  i t s  lo c a tio n  

from month to  month* m oreover, th o se  lo ca tio n s ore not w e ll known.

The isotherm s and th e  formula® fo r  determ ining th e lim its  o f  th e  Ant

a r c t ic  which are based upon isotherm s are dependent upon large  q u a n tities  

o f  data fo r  which tha ob servation s have y e t to  b e made. The d er iv a tio n  

o f  th ese  form ulae rep resen t th e ea rn est attem pts o f  p o la r  s c ie n t is t s  to  

produce a  fa c to r  which can be used as a  boundary c r ite r io n  s im ila r ly  to  

th e  tr e e  lin e  o f  th e A r c tic , but tha fom u lae r e s u lt  frcra th e o r e tic a l rea 

so n in g , whereas th e  tr e e  l in e  io  a  n atural boundary.

The b e s t  c r ite r io n  e sta b lish e d  thus fa r  neems to  be th e  A n tarctic  Con

vergen ce, d efin ed  as th e  l in e  where th e c o ld , northw ard-flow ing A ntarctic  

w aters sin k  beneath th e  r e la t iv e ly  warmer w aters o f  th e  stib -A n tarctic .

The lin e  i s  a c tu a lly  a  zone approxim ately 20 to  30 m iles in  v id th  which 

extends across th e  A tla n tic , P a c ific  end Indian Oceans between th e hQttx 

and 6 l s t  p a r a lle ls  o f  south la t itu d e . The p r e c ise  lo c a tio n  a t  any g iven  

p la ce  and tim e io  mad* ev id en t by th e  sudden change in  su rface tem perature 

which averages f iv e  to  te n  degree® F ah renh eit. Although th is  zone i s  a 

m obile on e, i t  u su a lly  does n ot s tr a y  more than h a lf  a  degree o f  la titu d e  

frcra i t s  mean p o s it io n . T his l in e ,  lik e  th e tr e e  lin e  o f  th® n orth , i s  a  

n atu ra l boundary, rath er than one d erived  from reason in g . I t  not on ly  

sep arates two h y d ro lo g ica l r eg io n s, bu t a lso  sep ara tes areas o f  d is t in c 

t iv e  marina l i f e  a sso c ia tio n s  and o f  d iffe r e n t c lim a te s .

P i v is  lo n e . A n tarctica  io  commonly d ivided  in to  h a lv e s , e a s t  and
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v e s t  o f  th e  Greenwich Prime ’fer id ia n , and known th erefo re  as E ast Ant

a r c t ic a  and West A n ta rctica . Another corraon oathod o f  d iv id in g  A n tarctica  

i s  th e  sep aration  o f  th e p o la r  reg io n  In to  quadrants, each o f  which i s  

u su a lly  named fo r  tho ad jacent ocean or n ea rest c o n tin en ta l land n e ss . 

Quadrants are u su a lly  d iv id ed  by th e  0 ° , 90° and 130° m erid ian s, bu t th e

d iv is io n  lin e s  may be o r ien ted  in  a  d if fe r e n t  manner. Those who agree on
8lin e s  o f  dem arcation, however, do not always agree on quadrant names.

D iv isio n s based upon m eridians as boundarieo served a  purpose when 

th e  region  vao m ostly  unknown, bu t m eridians ore no lon ger su ita b le  s in c e  

th ey  seldom l i e  a lon g  n atu ral boundaries o r  co in c id e  w ith  exp lored  a rea s.

As A n tarctic  ex p lo ra tio n  advanced, th e concept o f  boundaries by h a lv e s , 

quadrants o r  nerid ian& l se c to r s  has la r g e ly  been rep laced  by a  ays te n  which 

in v o lv es th e  d esig n a tio n  o f  a  s e r ie s  o f  lands which are fu rth er  subdivided  

in to  c o a s ts . 'The lands and c o a sts  are baaed upon ex p lo ra tio n  and, In some 

in s ta n c e s , upon n atu ral boundaries.^

P o l it ic a l  d iv is io n s  are g en era lly  p ie-shap ed  sec to r s  bounded by m erid

ia n s . They o v erla p , are based upon unrecognized cla im s and freq u en tly  do 

not co in c id e  w ith  th e  lands and c o a s ts . I t  i s  probable th a t a e r ia l recon

n a issan ce w i l l  provide s u f f ic ie n t  inform ation w ith in  tha n ext generation

3Among th e  most ccsanonly used quadrant nsoacG are American, A frican , 
A u stra lian  and P a c ific  (Denuce, 1906, p . 6 ,  and o th e r s ). Canabich and a lso  
Hacking (1923* P . 236) su ggest A tla n tic , In d ian , A u stra lian  and P a c if ic .
On Hap 1 , appended to  th is  stu d y , U. S . Govern— »t geographers have lo n g i
tu d in a lly  transposed th e quadrants 20°  in  order to  render a  g rea ter  mEfcer 
o f  major physiographic fe a tu r e s , such a s  th e  Rosa S h e lf le e ,  and p o li t ic a l  
d iv is io n s , such as th e  Norwegian c la im , w ith in  a  s in g le  quadrant.

^Tha d iv is io n s  in to  lands and c o a sts  ora w e ll illu s tr a te d  on flap 3 ,
H.O. 2562,  A n ta rctica , Second S l i t io n , 19^7. The names on t h is  reap are 
in  accordance v fS il& e  d e c is io n s  o f  th e  U .3 . Board on G eographical names 
in  ca ses whore d ec i3 ions have been rendered by too  board.



32

t o  perm it d iv is io n  o f  th e  co n tin en t in to  su ita b le  n atu ral r eg io n s. What 

e f f e c t  th is  w i l l  have upon th e  p resen t p o l i t ic a l  d iv is io n s  rem ains to  be 

seen .

Mapc.  A s e r ie s  o f  raps i s  appended to  th is  stu d y . 10 Maps 1 end 

2  r e la t iv e  to  d isco v ery  and ex p lo ra tio n  in  th e  A n tarctic  end -Sap 3» th e  

Hydrographic O ffice  ch art o f  A n ta rctica , have been  c ite d  p rev io u sly .

Map h in d ic a te s  th e  r e la t iv e  a c c e s s ib il it y  o f  th e  variou s c o a sts  o f  Ant

a r c t ic a  and Map 5 c o n s is t s  o f  a  m p o f  th e  A rctic  superim posed on Map k 

fo r  com parison w ith  th e b e tte r  known northern a rea s.

Map d shown th e  pres en t s ta tu s  o f  a irp h oto  coverage la  th e  A n ta r c tic . 

Index raps to  th e  current  hydrographical ch art coverage o f  A n ta rctica ,

'*apc T sand 0 , are accompanied by Appendix I ,  a  d e ta ile d  l i s t in g  o f  th e  

naps and ch a rts p lo tte d  on th e  in d ic es  as w a ll o s  an account o f  raany 

nape which fo r  s c a le  or o th er p er tin en t reason  were n ot so  p lo t te d . Maps 

9 throu^j 15 are naps o f  th e  In grid  C hristensen  C oast. L istin g s  o f  o ld er  

naps and c h a r ts , nov m ainly o f  h is to r ic a l in te r e s t , have been  com piled  

by Denuee (1913) «nd 08005/ ( 1951, S ec tio n  2 0 ).

C lim ate.  A ntarctica, h as a  c o n tin en ta l c lim a te  w ith  co ld  suansrs and 

sev ere  w in ters. Geographers  and c lim a to lo g is ts  u sin g  v a r ia tio n s  o f  th e
n

Kbppen System  a l l  c la s s i f y  A n tarctica  as occu rrin g  alm ost e n t ir e ly  

w ith in  EP (g la c ia l c lim a te ). S n a il c o a s ta l p o rtio n s o f  A n ta rctica , most 

o f  which are lo c a te !  on th e Palmer P en in su la , have EP (tundra c lim a te ). 

Further refinem ent can now b e made w ith in  th e  EP ca teg o ry , fo r  s u f f ic ie n t  

data have been secured to  in d ic a te  th a t th ere  are s ig n if ic a n t  reg io n a l

1(W h  th e  ex cep tio n  o f  Mops 3,  9 , 10 and 11 , a l l  maps appended to  
t h is  stud y were e ith e r  produced b y , produced a t  th e  d ir e c tio n  o f , com piled  
by or com piled in  p art by th e  author.
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v a r ia tio n s  v ith in  tha area c lo s e if io d  a s  KP in  A n ta r c tic a .11 P resent 

d ata  a ls o  In d ica te  th a t la t itu d e  fo r  la titu d e  th e A n tarctic  i s  co ld er  

than th e  A r c tic .

A permanent area o f  hi^h atm ospheric pressure w ith  a n ticy cIo n ic  wind 

c ir c u la tio n  e x is t s  over A n ta rctica . The h igh  p ressure i s  caused in  p art 

by th e  r o ta tio n  o f  th e  e a r th , th e  p lan etary  wind eye te n  and th e  in ten se  

co o lin g  o f  th e  mrrfhea la y e rs  o f  th e  atm osphere over th e  ic e c a p .. Strong  

p o la r  so u th ea ster ly  winds flo w  c e n tr ifu g a lly  outward from th e  h ig h , c o n ti

n en ta l g la c ie r  p la tea u , down th e  e lo p in g  ic e  sh ee t and ou t over th e  ocean. 

The d ir e c tio n  o f  th ese  winds i s  ocraetiaes so  con stan t th a t airphoto® nay 

be o r ien ted  by a lig n in g  th e  sn ow d rifts and sa str u g i w ith  th e  known p re

v a ilin g  wind d ir e c tio n . The lo w est known p ressu res norm ally occur m ar  

tha 65th  p a r a lle l o f  south la t itu d e  Where th e  w estern winds are as ecxraon 

as th e  p o la r  s o u th e a s te r lie e . north o f  65°8 .  th e  atm ospheric pressure  

in crea ses and w ester ly  winds p r e v a il.

Ocean current s  are a lig n ed  s im ila r ly  to  th e  arrangem ent * f  th e  w inds, 

w ith  e a s te r ly  cu rren ts hugging th e  shores o f  A n tarctica  end broad w ester ly  

cu rren ts c trcunnavlg& ting th e  co n tin en t to  th e  north o f  th e  e a s te r ly  shore 

cu rren t.

B liaaard s are known to  b e in te n se , freq u en t, o f  lon g  d u ration  end to  

occur in  a l l  sea so n s. A ccording to  Hayes (1933, PP. 21U-218) Mowson ex 

perien ced  m onthly averages o f  wind speed o f  hp, 51 .5  and 6 0 .7  m iles p er hour

13T5v5se r eg io n a l v a r ia tio n s  are not r e f le c te d  by d iffe r e n c e s  in  reg io n a l 
v eg eta tio n  as i s  th e case w ith  th e  areas in  th e  Xeppen System and most 
oth er r eg io n a l c lim a tic  c la s s i f ic a t io a s , s in c e  excep t fo r  ftew sp e c ie s  o f  
m osses and lic h e n s  th e  se v e r ity  o f  th e  c lim ate  p reclu d es th e  presence o f  
any v e g e ta tio n . N ev erth e less, th e  d iffe r e n c e s  are s ig n if ic a n t  in  term s 
o f  form ation o f  g la c ie r  I c e , th e  r e su lt in g  Ice  forma and th e a b i l i t y  o f  
man to  su rv ive  in  th e  area .
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fo r  th ree  co n secu tiv e  months a t  h is  base cazsp in  1913. W hile on a  91-doy 

sled g a  t r ip  Mnmoa had 6l  days o f  sn o w fa ll or d r i f t ,  aad 33 days w ith  

winds o f  B eaufort Force 8 ,  9/ 10 , 11 or 12 (g a le  through hurricane fo r c e ) .

P r e c ip ita tio n  occurs m in ly  in  th e  fora  o f  snow, w ith  sane h o a rfro st 

and in  sane areas a  l i t t l e  r a in , Strong winds tra n sp o rt th e su rface snow

and lo o se  f ir n , cau sin g  an appearance o f  more p r e c ip ita tio n  than a c tu a lly
12

o ccu rs. Seastaolse io  e carton over open w ater during low  tem peratures.

A n ta rctica  i s  en clo sed  by th e  mean annual lea th ern  o f  3 2°F .,  which 

means i t  o u st have a  c lim a te  th a t i s  co ld er  than even th a t o f  Greenland 

in  th e  n orth . The known w in ter  tem peratures o f  th e  A n ta rctic  soIdem 

exceed  -T5°P. end are moderate con sid erin g  th e  low oess o f  th e  annual seen  

tempera tu re , which i s  accounted fo r  by th e  low  maximum tem peratures o f  th e  

A n tarctic  su so er . The alm ost con stan t winds low er th e  se n s ib le  tempera

tu re s  co n sid era b ly . Wind c h i l l  i s  a  s ig n if ic a n t c h a r a c te r is tic  o f  th e  

reg io n .

Surface fe a tu r e s .  The morphology o f  s p e c if ic  ty p es o f  land and ic e  

su rface  fe a tu re s  In  th e  A n tarctic  i s  trea ted  in  g rea ter  d e ta il  in  Chapter 

7  o f  th is  w ork.1  ̂ In g en era l, th e  rocks and rock stru c tu res o f  A n tarctica  

are s im ila r  to  th o se  o f  th e  o th er  co n tin en ts . Where th e  load  ia  ic e - fr e e , 

th e  su rface  morphology i s  based  upon ign eou s, sedim entary and raetasorphic 

rocks o f  a l l  ages frcta th e  pre-Cambrian to  th e  la te  T er tia r y , as w e ll as

12See Kays 256- 258,  Chapter V.

1'C hapters V and VI co n ta in  cany stereograp h ic illu s tr a t io n s  o f  ty p ic a l 
A n tarctic  su rface fe atu r e s . D oscrip t ion s o f  s p e c if ic  c o a s ta l fe a tu r e s , 
by a rea , may be found in  th e  U .S.H .O . No, 138,  S a ilin g  D irec t ion s fo r  
A n tarctica ,  19^3, and th e  B r it is h  A dm iralty’s  An ta r c tic  '
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v o lca n ic  rock form ation* o f  la te r  d a te s . Exposed fo e e llife r o u s  sedim en- 

ta r ie o  and c o o l seems In d ica te  th a t A n tarctica  had a  ranch warmer c itr a te  

during P a leo zo ic  and Masoaoic t in e a .

A n ta rctica  ̂ 1b alm ost com p letely  covered by an icecap  o f  varyin g th ic k 

n e ss , th e  average depth o f  which has been e e tin a te d  a t  two thousand f e e t ,  

b u t which nay be ranch g rea ter . Exposed land occurs in  th e  fo ra  o f  bare 

Mountain p eak s, dry v a lle y s , " o a ses ,m1̂  sea  c l i f f s  and su rg laci& l m oraines. 

Hock and " *o il"  p o lygon s, s im ila r  to  scrae k inds o f  th o se  in  th e  A rctic  do 

e x is t ,  bu t th e  areas in  which th ey  can be formed are q u ite  r a re .

Soras o f  th e  p resen t day su rface  fea tu res  o f  s ig n ific a n c e  in clu d e the 

South P olar P la tea u , an icecap  ranging frcta s ix  thousand to  e lev e n  thou

sand f e e t  in  a lt itu d e  and which extend* in to  th e  area  a t i l l  unknown to  

man; th e  s h e lf  ic e  form ation s, unique fea tu res  o f  th e  A n ta rc tic , occu rring  

in  th e  Rons end W eddell Geea end attach ed  to  th e  co a st*  a t  numerous oth er  

p o in ts ; and th e  ev er-p resen t c o a s ta l c l i f f s ,  ih e  la t t e r  nay c o n s is t  o f  

e ith e r  ic e - fr e e  or ice-cap p ed  ro ck , b u t m ost o f  them are ccraposed o f  sh eer , 

v e r t ic a l w a lls  o f  f i r o  or g la c ie r  ic e  r is in g  from 10 to  more than 200 f e e t  

above th e  sea  wherever g la c ie r s  or s h e lf  ic e  meet th e  ocean.

R econnaissance and d e ta ile d  in v e s tig a tio n s  o f  many p a rts o f  th e  con

t in e n t  in d ic a te  th a t n ot o n ly  i s  th e  cu rren t trend one o f  g la c ia l  r e c e s 

s io n , but a ls o  th a t former g la c ia tio n  was con sid erab ly  more ex te n siv e  than  

a t  p r e se n t. G la c ia l s t r ia e , perched m oraines and e r r a tic s  dem onstrate 

th a t th e  g la c ie r  ic e  p rev io u sly  rooe to  a lt itu d e s  o f  frcta one to  th ree  

thousand f e e t  h ig ie r  than i t s  p resen t le v e l ,  l a  s p ite  o f  th o  recen t g la c ia l

Areas o f  exposed land e s s e n t ia lly  a t  g la c ie r  le v e l and surrounded by  
g la c ia l ic e  are freq u en tly , though in c o r r e c tly , termed " c a se s ." Ho a ccep t
a b le  terra h as been o ffer ed  fo r  t h is  typ e o f  a rea .
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r e c e ss io n , tha A n tarctic  c o n tin en ta l g la c ie r  i s  s t i l l  in  a  h igh er s ta te  

o f  developm ent than g la c ie r s  anysbete e ls e  on th e ea rth , in c lu d in g  th a t 

o f  G reenland. The presence o f  c o a l aeons and fo e s ilife r o u u  sedim ents 

formed in  th e  la te  M esozoic in d ic a te s  th e  p resen t c o n tin en ta l g la c ie r  

cannot be o ld er  than la te  T ertia ry .

F lora .  Except fo r  rare  in sta n ces o f  snow co lored  by red or green  

a lg a e and excep t fo r  ponds, th e  c o lo r s  o f  which are lik ew ise  a ffe c te d , 

no v eg eta tio n  i s  v is ib le  on airj& otoe o f  A n ta rctica , ftore than 300 sp e

c ie s  o f  lic h e n s  and 70 sp e c ie s  o f  m osses are known to  e x is t  in  th e  Ant

a r c t ic . M ostly, th ey  grovnin sm all patches and in  rock c r e v ic e s  o r  under 

lo o s e , tra n slu cen t sto n es where th ey  are p ro tected  from th e  v in d . Nothing 

comparable to  th e  A rctic  tundra e x is t s  anywhere on th e  c o n tin en t, a lth ou^ j 

one sp e c ie s  o f  g ra ss and one flo w erin g  p la n t have been d iscovered  in  lo c a l 

areas on th e  northw ard-extending P alaer P en in su la . Sco» b a c te r ia  e x is t  

in  b ir d  and m l  excrem ent. Fungi have been found on p eb b les. V egetation  

in  th e  w ater, however, p resen ts a  d if fe r e n t  s to r y . Where sh a llo w , th e  sea  

bottom  i s  freq u en tly  "lush" w ith  v e g e ta tio n . Kelp grows to  a  len g th  o f  

100 ftee t. D iatom s, th e  b a s ic  food  upon ■Which a l l  l i f e  in  th e  A n tarctic  

i s  dependent, are so  numerous in  th e  upper la y ers  o f  th e  ocean th a t they  

o fte n  c o lo r  th o  sea  le e  y e llo w .

Fauna. S ea le  and Whales are th e  on ly  raarsanla in  A n ta rctica . These 

la rg e  anim als are frw ju en tly  v is ib le  on a irp h o to s. In d iv id u a l s e a ls  may 

be observed on medium s c a le  photography; when gathered in  c o lo n ie s  on th e  

ic e ,  s e a ls  may b e observed a t  alm ost any airphoto s c a le . Whales are now 

hunted by a e r ia l reconn aissance (G rierson , 19^9).

B irds in clu d e sev e r a l v a r ie t ie s  each o f  th e  pengu ins, a lb a tr o sse s , 

p e tr e ls , sh a g s, B h ea th b ills  and sk u as. The penguins, l ik e  th e  s e a ls , nay
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b e v is ib le  cm a e r ia l photography, e s p e c ia lly  when th e ir  b lack  backs con

tr a s t  w ith  th e  -white ic e  o r  when th e ir  White ftrontc co n tra st v ith  th e  

dark rock o f  th e ir  r o o k e r ie s . They e re  not u su a lly  v is ib le  on airpbotoe  

when in  th e  w ater, however.

Penguin, a lb a tro ss  and cartaoarwat rook sriea  are id e n t if ia b le  on a ir -  

p h otos, bu t th o se  o f  to e  p e tr e ls  are n o t. Skua b reed in g p la c e s , sskuaries, 

are n ot id e n t if ia b le  on a e r ia l photography, b u t th ey  e x is t  in  or adjacent 

t o  v ir tu a lly  every  penguin rookery, excep t th oea o f  th e  eoperor penguin, 

which breeds during th e  co ld  w in ter n ig h t on th e f a s t  oea Ic e .

The great M ajority o f  to e  A n tarctic  f is h e s  b elon g  to  th e  J fo to toan li- 

fo m es group. They are numerous in  sp e c ie  a , varied  In appearance, gener

a l ly  under tore©  f e e t  in  s l s e ,  bottom  a w inn ers, carnivorous and e d ib le .

T e r r e s tr ia l in v erteb ra tes are f e v  in  ranfbero and s p e c ie s . They are 

u su a lly  found under rocks a t  penguin rook eries and o th er favored p la ces  

and in clu d e such fo m a  as m ite s , r o t i f e r s , p rotoaoa, and a  w in g less n os- 

q u ito , Marine in v e r te b r a te s, bowsvey, ore numerous in  numbers end sp e c ie s .
v

One o f  th en , th e  Suphm isia superbo, feed s upon diatoEss and in  tu rn  serves 

a s  a fbod supply fo r  th e  w h ales, s e a ls , penguins and th e  la rg er  f i s h .

A rctic  v s . A n ta rctic . One o f  th e  b e s t  ways to  b r ie f ly  d escr ib e  th e  

A n tarctic  i s  to  compare and co n tra st madam fa c te  r e la t iv e  to  th is  c o n ti

nent and th e  b e tte r  known A r c tic . A few  such random fa c ta  are:

A rctic  A n tarctic

Ocean surrounded by C ontinent surrounded by
co n tin en ts . ocean s.

W inds, cu rren ts broken by W inds, cu rren ts circurapolar
arrangement o f  land  m asses. end unbroken by land m sse a .

G la c ier  Iceb erg s. Tabular and g la c ie r  iceb erg s.

G laciers in  lim ite d  a rea . G laciers everyw here, s h e lf  ic e .
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A rctic A n tarctic

B eeches, sh allow  w ater.

MUch p a le o c r y s tie  sea  Ic e . 

Puddled se a  le e  cccnon , hard.

V ariety  o f  s o i l s .

Tundra.

C enter: Ice-covered  ocean  
w ith  marine l i f e  p resen t.

Land Meawjalct v&mk ox , r e in 
deer ,  carib ou , fo x , h a re , e tc ,

Amphibious mammals: s e a ls , 
w alru s, p o la r  b ea rs.

Groat Auk (e x t in c t ) .

P ly in g  in s e c t s , oth er  
in se c ts  p le n t ifu l .

Prim itive man.

One m illio n  p op u lation  north  
o f  £00 tf.

Beaches r a r e , v e r t ic a l ic c  
c l i f f s ,  deep w ater o ffsh o r e .

L it t le  p a ieo cry stic  sea  I c e .

Puddled see. le e  le a s  common 
and freq u en tly  r o tte n .

?!antle rock ra re , no s o i l s .

19o tundra, scm  m osses and 
lic h e n s , g ra sses end flow ers 
vary r a r e , no sphagnum.

C enter: Ice-covered  p la tea u , 
no food su p p ly , no l i f e .

Uo Vmd aaanml s ,

Amphibious n aaaals: s e a ls .

Penguin (e x ta n t).

30 f ly in g  in s e c t s , oth er  
in se c ts  ra re .

r?o p r im itiv e  man.

Ho p op ulation  south o f  60° S . ,  
ex cep t w halers and ex p lo rers.

AccEssiBiLrry
S h ip s.  fo r  a t  le a s t  e ig h t months o f  th e year (A p ril through November) 

A n tarctica  cannot be reached by sh ip . Many p o rtio n s o f  th e  co n tin en t are 

n ot a c c e s s ib le  in  a id sta en r  (December and January). During th e  most 

favorab le month fo r  a c c e s s ib il ity  (February) from caw -third  to  tw o-th ird s  

o f  th e  c o n tin en ta l c o a st cannot b e reached by normal su rface v e s s e ls . 

During la te  Btraaer (March) some c o a s ta l areas are open, b u t t h is  I s  a  

m ost dangerous tim e fo r  sh ip  op eration s In th e  A n ta rc tic , s in c e  r e fr e e z 

in g  sometiaeG occu rs w ith out w arning. Ships in s id e  th e  pack during th is
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month stand th e  chance o f  "being b e se t and fro zen -In  fo r  th e  vrinter or  

even o f  b ein g  nipped o r  crushed.

F u lly  o n e-th ird  o f  th e  c o n tin en ta l c o a s tlin e  has never been ap

proached by sh ip  a t  any t in e . Included la  th is  area i s  th e on ly  unclaim ed

c o a st and h in terla n d  in  a l l  A n ta rctica , flrcm 90° V. to  150° v » (Maps 1

o » i fc) - 15

The p r in c ip a l cause o f  t h is  in a c c e s s ib ility  Is  peck ic e  o f  th e  con

so lid a te d  pack v a r ie ty . S h is  la  th e  n oet severe form o f  pack ic e , con

ta in in g  nueh pressure le e  and no s ig n if ic a n t open-vnter sp a ces. I t  la  

n ot navigab le by any type o f  su rface  sh ip .

d o s e  pack, composed o f  f lo e s  which are m ostly  In c o n ta c t, la  n av i

gable b y  s p e c ia lly  con stru cted  v e s s e ls , such as ocean Iceb reak ers, but 

ca m o t b e traversed  by ordinary sh ip s . Open pack c o n s is ts  o f  f lo e s  la  

Infrequent co n ta ct and w ith  many lea d s and p o lla y a s , a sk in g  ic e  naviga

t io n  r e la t iv e ly  sim p le.

C ertain  c o a s ta l areas favored by winds and cu rren ts become e s s e n t ia l

l y  o r  e n tir e ly  fr e e  o f  pack Ice  fo r  H a lte d  p eriod s during tb s  southern  

stro a r . A freq u en tly  used passage to  th e  co n tin en t, r e su lt in g  from th e  

e f f e c t s  o f  fhvorab le winds and curren ts  on th e  pack I c e , l i e s  a lon g  th e  

l3 0 °  a cr id  io n  l e a d i n g  In to  th e  H o b s  Sea. There are no records o f  sh ip s  

having fa ile d  to  g a in  a ccess to  t h i s ,  th e  sou th erm ost sea  In th e  w orld, 

during th e  m s » r  season  (Map 4 ) . T h is area stand s in  co n tra st to  

unclaim ed area m o tio n ed  above wfeich l i e s  In th e  m iddle o f  a  la rg e

^ T t appears th a t th e  n o tio n s which have claim ed th e  more a c c e ss ib le  
or more va lu ab le p o rtio n s o f  tha A n tarctic  have s e t  t h is  60-degre* sec to r  
a sid e  to  be claim ed by th e  u n ited  S ta te s . In fa c t  I t  le  shown as a  U nited  
S ta te s  cla im  on many mops, e . g . ,  GouM (19*«0, F ig . 2 ) , although th e  govern
ment o f  th e  u n ited  S ta tes has never announced a  cla im  to  any p art o f  th e  
A n ta rc tic .
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c o a s ta l area known to  have a  normal s ta te  o f  in a c c e s s ib ilit y . No sh ip  

has ever reached th e co a st in  th e lon g  s tr e tc h  between !Ktvord VII Penin

su la  and A lexander I  I s la n d , a  c o a s tlin e  o f  n early  90 degrees lon gitu d e  

(Itop h ).

Between th e  pack ic e  and th e f a s t  ic e  which fr in g e s  th e  c o a s t lin e , 

a lea d  o f  open w ater i s  found which o a a s tim s  perm its a c e r ta in  amount 

o f  la te r a l p a y a b il i t y  fo r  su rface w easels a lon g  th e  c o a st. A passage 

to  t h is  co n tin en ta l lead  n u st be found b efore  i t  can be u t i l i s e d , however. 

Once a ccess  h as been gained to  ouch a  lea d  o th er problems a u st be faced  

b efore  th e a c tu a l c o a s tlin e  can be reached over th e  narrow fr in g e  o f  fa s t  

ic e . These in clu d e th e tendency o f  th e  ffeat ic e  to  break away and d r if t  

out to  Jo in  th e  pack ic e  w ithout warning and th e  presence o f  cracks in  

th e  f a s t  ic e  farmed as a  r e s u lt  o f  sh ea r, ten sio n  o r  to r s io n .

The raost d i f f ic u l t  problem o f  a l l  i s  encountered when th e pack ic e  

end th e  ftrin ging fo o t ic e  have been passed  and th e  sh ip  or ic e  p arty  ccraes 

face  to  fa ce  w ith  a  p o rtio n  o f  A n ta rctica ’s  c l i f f e d  c o a s t lin e . W hile a 

few  p o rts o f  th e  c o a s tlin e  have a  g en tly  s lo p in g  rock or ic e  su rface  and 

w h ile  beaches occur in  rare in sta n ce s , th e  p r in c ip a l type o f  sh o re lin e  

i s  e ith e r  a  s te ep  rock c l i f f  o r , a s  i s  aore o fte n  th e  c a se , a v e r t ic a l  

ic e  c l i f f  formed by th e  f lo a t in g  sn outs o f  g la c ie r s , s h e lf  ic e  b a rr iers  

or th e  seaward fa ce  o f  piedmont ic e  a f lo a t . An exp lorin g  p arty  fa c in g  

one o f  th ese  c l i f f s  sd^ht hove to  tr a v e l a lon g  th e  co a st fo r  aore than & 

hundred m iles b efore  fin d in g  a p la ce  where a  land ing could be made w ith  

reasonable s a fe ty .

The optimum co n d itio n s fo r  sh ip  land ings in  areas o f  s h e lf  ic e  occur 

where th e b a r r ier  has been s p l i t  by a  ten sio n  cre v a sse , where th e seaward 

advance o f  th e  e h a lf  ic e  has been impeded, by a ettosergsd roc3: form ation,
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th u s cau sin g  th e  fa r m tia n  o f  a  hay in  th e  s h e lf  ic e , ouch ac th e Bay o f  

W hales, or where th e s h e lf  iefe ad jo in s an isla n d  or p ort o f  th e  co n tin en t. 

S h elter  fo r  th e  sh ip  and n atu ra l ranrpe load in g  from th e  sea  ic e  to  th e  

su rface  o f  th e  s h e lf  ic e  occu r siore freq u en tly  a t  th ese  p la c e s . Other 

good lead in g  areas in clu d e fio r d s  and p o rtio n s o f  th e  c o n tin en ta l c o a s tlin e  

■where th e  co n tin en ta l g la c ie r  s lo p e s  g e n tly  to  th e se a .

R econnaissance a e r ia l photography o f  a large  p o rtio n  o f  th e  c o a s tlin e  

o f  A n tarctica  has been com pleted ( ’lap 6 ) .  R ioto  in ter p r e ta tio n  provides 

th e  n o st ra p id ,  most cosjprehensive and n o st r e lia b le  method o f  choosing  

proposed land ing s i t e s  and lan d in g s i t e  a lte r n a te s  and ev a lu a tin g  them 

in  term s o f  s i t e ,  s itu a tio n  and approach.

’tap s. The r e la t iv e  a c c e s s ib il ity  o f  A n tarctica  by use o f  conven

t io n a l su rface  sh ip s i s  in d ica ted  on ’top U, which a ls o  d e lin e a te s  the

e x te n t o f  ic eb erg s, th e  extrem e lim it  o f  th e A n tarctic  pack ic e ,  

th e  probable nintaum  lim it  o f  th e  pack ic e  and th e  32° P . isotherm  o f  th e  

unnaoot month. The e m ll  seal®  o f  th is  m p ,  1 :£0 , 000,000 should be noted . 

While th e  nap i s  la r g e ly  se lf-e x p la n a to r y , th e  reed er’a a tte n tio n  i s  in 

v ite d  to  th e  fa c t  th a t th e  th ree  a c c e s s ib il ity  syubols m erely in d ica te  

th e  degree o f  a c c e s s ib il ity  in  approaching th e  c o a st. Ho in d ic a tio n  ia  

g iven  on th is  nap o f  th e  d if f ic u l t ie s  in  landing once th e  c o a st i s  reached,

'•top 5 i s  s im ila r  to  ’top h excep t th a t i t  la  overprinted, v ith  a  sap  o f  the

A rctic  as soen orth ograp h icn lly  a s  i f  look in g  throujgi a  transparent g lo b e. 

G eneral caen arison s m y  be drawn betw een tile  a c c e s s ib il ity  o f  th e  Antarc

t i c  and th e more fa m ilia r  A r c t ic .^

1 £J?tops b end 5 wore com piled by Dr. Arthur H a ll frcn  ia fo r m tio n  pro
vid ed  by D r. S ip le , th e  w r iter  and o th ers a t  th e  req uest o f  !!r. S . W.
Boggs o f  th e Department o f  R tate.



Frco th e forego in g  i t  appears th a t con ven tion al su rface sh ip s can 

reach th e A n tarctic  c o a st on ly  during c e r ta in  aeeeoae and o n ly  then a t a 

l ia i t e d  nuE&er o f  favorab le lo c a tio n s . 'Judo? th ese  clrcum stanceo th ere  

i s  cn  in crea sin g  p r o b a b ility  th a t airborne ex p lo ra tio n  tech n iq u es w ill  

develop  ra p id ly .

A ir c r a ft. A c c e s s ib ility  b y  a ir c r a ft  i s  an e n t ir e ly  d iffe r e n t problem

frosa a c c e s s ib il ity  by sh ip . Srcep t in  th e case o f  h e lic o p te r s , th e toother

sh ip s o f  which o u st aov  approach w ith in  50 n i le s  o f  th e co n tin en t to  make

th e ir  use fe a s ib le , a ir c r a ft  m y  be launched from o u tsid e  th e  area o f  pock
17ic e  or even frcm one o f  th e  o th er co n tin en ts in  th e  southern henrtcphetre. 

Broad areas o f  unraavigable pack ic o , wide b e lt s  o f  unpred ictab le fa s t  ic e , 

p ressu re r id g e s , oho I f  ic e  b a rr ier s  and roc ley forelan d s are o f  no conse

quence to  the a ir c r a ft  p i lo t .  H is prdblen i s  to  fin d  a  s i t e  on le v e l ,  

undisturbed ic e  su ita b le  fo r  th e  land ings and ta k e -o ffs  o f  th e  type o f  

a ir c r a ft  concerned.

The determ ination  by photo in terp re ters o f  Ico len d in g  areas fo r  a ir 

c r a ft  13 more d i f f ic u l t  and more complex than determ ining sh ip  approaches, 

rhcrto keys fo r  co n d itio n s o f  ic e  m oisture and ic e  s t a b i l i t y  have not y et 

been developed . The c h ie f  va lu e o f  photo in ter p r e ta tio n  in  t h is  case is  

th a t by photo a n a ly s is  o f  th e  ic e  morphology i t  i s  p o ss ib le  to  e lim in ate  

e  la rg e  percentage o f  p ro sp ectiv e  s i t e s  fro a  co n sid era tio n  s a l  to  choose 

fro a  among th e rem in d er th e  s i t e s  which are moot su ita b le  fo r  a c tu a l t e s t .

17The U .S . Havy Task Force 68,  19W-19&7# launched f ly in g  b o a ts from 
seap lane tend ers and cod b in ation  sk i-w h eel a ir c r a ft  frcn  an a ir c r a ft  c a r r ie r , 
th e  ch ip s rem in in g  o u tsid e  th e  pack ic e . The Deutche A ntarktische 2xpe- 
d it io a , 1938-1939 launched f ly in g  b oats fro a  o u tsid e  th e  pack ic e .  The 
U .S . Ibtvy Task Force 39,  19^7-19^-3, employed h e lic o p te r s  which were launched 
from th e f l ig h t  deck o f  an icebreaker and seap lanes which were launched 
in  lead s w ith in  the pack ic e .
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Each typ e o f  a ir c r a ft  has I t s  own requirem ents fo r  a  lan d in g su r

fa c e . In  ca se  o f  a  h e lic o p te r  on f lo a t s ,  any le v e l su rface  o f  uaiiatur'bed  

I c e , f ir n , anov, rock cor w ater which Is  fr e e  o f  o b stru ction s to  th e  ro to r  

b lad es w i l l  s u f f ic e . In  c o n tr a s t, th e heavy, w heeled, jm ilti-en g in ed  a ir 

p lan e req u ires a  prepared runway o f  m at, compacted, f ir n  or e ls e  a  n a tu ra l, 

le v e l ,  crev a sse  and cra ck -free  hard ic e  su rface  covered w ith  a  th in  la y er  

o f  snow o r  f ir n , such as xai&xt be found on a  frozen  n a ltw ater lak e o r  on 

an ic e  f lo e .

E xperience acquired during recen t f i e ld  work in  th e  A n ta rctic  has 

shown th a t li^ x t  a ir c r a f t , we id lin g  up to  8 ,0 0 0  pounds and Haunted on 

s k is , req u ire o n ly  le v e l ,  undisturbed g la c ie r  o r  sea  ic e  fo r  land ing  

a r ea s . A n tarctica  p rovides acre  n a tu ra l lan d in g areas o f  t h is  typ e than  

aay be found in  th e  r e s t  o f  th e  w orld. Very l i t t l e  research  i s  known to  

have been per fo rmed r e la t iv e  to  th e  a b i l i t y  o f  heavy a ir c r a ft  to  land  on 

i c e .  Experience a t  L it t le  Am erica, however, proved th a t a ir c r a f t  w eigh

in g  33 ,000 pounds g r o ss , which i s  now considered  jaediua w eig h t, had l i t t l e  

d if f ic u lt y  in  lan d in g and ta k in g  o f f  on le v e l s h e lf  ic e  su r fa c e s . ̂  More 

in form ation  rauot b e obtained r e la t iv e  to  th e  ainlm ra requirem ents fo r  

s t a b i l i t y  and c a sp ect lb  11 i t  y  o f  snow, f ir n  oad ic e  n ecessary  fo r  ta k e -o ffs  

and la n d in g s, in clu d in g  th e  i n i t i a l  lan d in g  shock, o f  th e  v a rio u s typ es 

o f  a ir c r a ft  which n i$ » t be employed in  p o lar f ly in g .

In  general, the b ast p laces fo r  landing a ir c r a ft  are the saooth, un- 

crevassed areas o f  s h e lf  ic e  or the polar plateau. Smooth, th ick , f a s t ,  

oea ic e  in  sh eltered  location s i s  a lso  acceptable. Areas o f  io e  Bovesaent

In  r e a l i t y , th e  pound p ressu re p er square fo o t  o f  s k i i s  o f  hot* 
im portance -than th e  g ro ss v e ifjr t o f  th e  a ir c r a ft  in  doteirain ing i t s  req u ire 
m ents fo r  lan d in g  on ic e  su r fa ces s in c e  th e  w eight p er u n it o f  co n ta c t su r
fa c e  determ ines w hether o r  n o t th e  snow, f ir n  or ic e  w i l l  oupport th e  s k i-  
equipped a ir c r a f t .
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n u st be considered  poor s i t e s .  A ll known areas o f  exposed rock in  the 

A n ta rctic  are to o  rou^ i fo r  any a ir c r a ft  excep t h e lic o p te r s .

TSAPPICABILm

Hot on ly  i s  th e  A n tarctic  a  d i f f ic u lt  p la ce  t o  approach, i t  i s  a lso  

a d i f f ic u l t  p la ce  in  which t o  move ab ou t, e ith e r  by fo o t  or by v e h ic le . 

T r a f f ic a b ilit y ^  in  A n tarctica  i s  a  product o f  th ree  factor® : physiographic 

fe a tu r e s , su rface co n d itio n s end weather as th ese  f& ctors r e la te  to  th e  

v e h ic le s  a v a ila b le  to  e f f e c t  th e  typ e o f  locom otion d e s ir e d . S in ce the 

ways in  which th e  major physiographic fea tu res a f f e c t  t r a f f i c e b i l i t y  are 

e v id e n t, and s in c e  v e h ic le s  o r ig in a lly  dssigjsBd o r  red esigned  fo r  use in  

p o la r  reg ion s have been m odified  o r  se r v ic e  in  p o lar weather c o n d itio n s, 

th e  im portant co n sid era tio n  ^hich rem ains i s  th e  r e la tio n sh ip  o f  th e  in d i

v id u a l v e h ic le  to  th e  su r fa ce  co n d itio n s p resen t in  th e  A n ta rc tic .

T r& fflc a b illty  ta b le .  To provide fo r  c separat iv e  a n a ly se s , th e  w r iter  

has prepared a  ta b u la r  o u tlin e  o f  su rface t r a f f ic a b il i t y  in  th e  A n tarctic  

(P la te  1 ) . Because o f  i t s  b r e v ity  and th e tremendous nurfber o f  v a r ia tio n s  

p o s s ib le , th is  ta b le  does n o t talcs in to  co n sid era tio n  such v i t a l ly  Impor

ta n t fa c to r s  «o th e  len g th  and purpose o f  th e jou rn ey, th e  range o f  the  

v e h ic le , th e  food and fu e l required, end th e  w eather fo r e c a s ts . For th ese  

reasons th e  ta b le  should n ot b e used as a  s o le  judge fo r  ev a lu a tin g  th e  

s e r v ic e a b ility  o f  a  s p e c if ic  v e h ie li-su r fa c e  com bination.

In stud ying th e  ta b le  i t  i s  im portant to  r e a lis e  th a t g rea t v a r ia tio n s  

tmy occur w ith in  a  s in g le  typ e o f  su r fa c e . Fftrn, fo r  exam ple, any b e rou $i 

as sandpaper or smooth and p o lish e d , lo o se  o r  f im ,  f l a t  o r  in  e a stru g l.

-̂̂ The te r a  tr a ff ic a b  l i l t  y  a s  used here r e fsr e  t o  th e  pas sab i l  i t y  o f  
variou s region© o r  th e  a b i l i t y  o f  v e h ic le s  or p eop le to  move abcat w ith in  
a  c ite d  a rea .
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F o o t  T r a n s p o r t :

1 .  Shoes, m u k lu k s , e t c . . .
2 .  S n o w s h o e s . . . . . . . . . . . . .
3 .  S k i s . . . . . . . . . . . . . . . . . .
4 .  M a n -h a u le d  s l e d . . . . . . .
5 .  D o g -h a u le d  s l e d . . ............

M otor V e h i o l e  T r a n s p o r t :

A i r c r a f t  T r a n s p o r t :

I  SURFACE CHARACTERISTICS 
( A l l  t y p e s  o f  l e v e l  s u r f a c e s )

I I  SEA ICE 
(P r o p e r  s u r f a c e  assu m ed )
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W a ter  T r a n s p o r t ;

1 6 .  S h ip ,  i c e b r e a k e r
1 7 .  S h ip ,  w o o d e n . . . .
1 8 .  S h ip ,  s t e e l ............
1 9 .  B o a t ,  s m a l l ............
2 0 .  R a f t ,  r u b b e r . . . .
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I l l  LEGEND

G -GOOD
S -SATISFACTORY 
U -UNSATISFACTORY o r  DANGEROUS 
•  -NOT APPLICABLE

S h o e s  w i t h  cram p on s a r e  s a t i s f a c t o r y .
B o o ts  a r e  s u i t a b l e  f o r  s h a l lo w  w a t e r  o n l y .  
E x p e r ie n c e d  s k i e r s  m ay c r o s s  o p e n in g s  up t o  
n e a r l y  o n e - h a l f  t h e  l e n g t h  o f  t h e i r  s k i s .  
V e h i o l e  c a n  o p e r a t e  b u t  c a n n o t  p u l l  a  l o a d .  
V e h i c l e  may u s e  p la n k s  o r  d e p e n d  u p on  mo
m entum . C rack s tw o  f e e t  w id e  a r e  d a n g e r o u s .  
U n s a t i s f a c t o r y  b e c a u s e  l u g s  and  t r e a d s  b r e a k .  
May r e q u ir e  a id  o f  s h o v e l s  o r  e x p l o s i v e s .  
D ep en d s u p on  d i s t r i b u t i o n  o f  t h e  f l o e s .  
V a r ie s  i n v e r s e l y  w i t h  s o f t n e s s  o f  sn o w . 
U n s a t i s f a c t o r y  i n  h e a v y  w a v e s  o r  s w e l l s .
O n ly  a i r c r a f t  a r e  a b l e  t o  c r o s s  t h e  b a r r i e r  
o r  g l a c i e r  i c e  o l i f f s  w i t h o u t  u s i n g  a  b a y ,  
i s l a n d  o r  n a t u r a l  ram p.
Bed r o c k  i s  s e ld o m  s u f f i c i e n t l y  sm o o th . 
D ep en d s u p o n  s i z e  o f  i n d i v i d u a l  f l o e s .
D ep en d s u p o n  t h e  w e ig h t  o f  t h e  a i r o r a f t ;  
s a t i s f a c t o r y  f o r  l i g h t  p l a n e s ,  m ay b e  dan
g e r o u s  f o r  h e a v y  v a r i e t i e s .  W h ee ls  u s u a l l y  
r e q u i r e  g r e a t e r  i c e  t h i c k n e s s  th a n  s k i s .  
D ep en d s u p on  s i z e  o f  o p e n  w a t e r  a r e a s .  
S a t i s f a c t o r y  w i t h  t a r p  s p r e a d  f o r  l a n d i n g .  
M odern s t e e l  i c e b r e a k e r s  u s u a l l y  c a n  g e t  
t h r o u g h .  Many v a r i a b l e s ,  i n c l u d i n g  t h e  a g e  
o f  t h e  i c e ,  sn ow oov e r ,  t e m p e r a t u r e ,  s a l t  
c o n t e n t  and  t h e  ty p e  o f  i c e b r e a k e r  d e te r m in e  
w h e th e r  r a m a in g  o r  h e e l i n g  a r e  n e c e s s a r y .
The r u b b e r  r a f t  i s  an e x c e l l e n t  v e h i o l e  f o r  
t r a v e r s i n g  m e l tw a te r  o f  a lm o s t  a n y  d e p th .  
V a r ie s  i n v e r s e l y  w i t h  t h i c k n e s s  o f  sn ow .
T h e se  a r e  s a t i s f a c t o r y  m eth o d s o f  t r a v e l ,  
b u t  t h e  i c e  may b r e a k  up and  g o  o u t .

IV MOTE T h is  t a b l e  w a s p r e p a r e d  b y  t h e  a u th o r  a f t e r  c o n s u l t a t i o n  w i t h  D r . P a u l S i p l e  and  M ajor V ern o n  B o y d , U . S .M .C .,  e x p e r t s  o n  t h e  s u b j e c t  o f  A n t a r c t i c  
t r a f f i c a b i l i t y .  T h e r e  a r e  s o  m any v a r i a b l e s  in v o l v e d  t h a t  n o t  a l l  t h e  r a t i n g s  show n h e r e  w ere  a g r e e d  u p on  u n a n im o u s ly .  T h is  t a b l e  s h o u ld  n o t  b e  u s e d  a s  
t h e  s o l e  b a s i s  f o r  e v a l u a t i n g  t h e  s e r v i c e a b i l i t y  o f  a  s p e c i f i c  v e h i c l e — s u r f a c e  c o m b in a t io n ,  s i n c e  i t  c a n n o t  t a k e  i n t o  a c o o u n t  s u c h  v i t a l l y  im p o r ta n t  
f a c t o r s  a s  t h e  l e n g t h  an d  p u r p o s e  o f  t h e  t r a v e l ,  t h e  r a n g e  o f  t h e  v e h i c l e ,  t h e  fo o d  and f u e l  r e q u ir e d  and t h e  w e a th e r  f o r c a s t s .  T he s l o p e  and o r i e n t a t i o n  
o f  s u r f a c e  f e a t u r e s  were n o t  c o n s i d e r e d  i n  t h e  p r e p a r a t i o n  o f  t h i s  t a b l e .  I n  g e n e r a l ,  t h e  t r a f f i c a b i l i t y  v a r i e s  i n v e r s e l y  w i t h  t h e  d e g r e e  o f  s l o p e  
t h e  c o m p l e x i t y  o f  f e a t u r e  o r i e n t a t i o n .  I n  r a t i n g  f o o t  t r a n s p o r t  i t  s h o u ld  b e  rem em bered  t h a t  s k i s  and sn o w sh o e s  c a n  b e  rem oved  t o  o v erco m e c e r t a i n  
o b s t a c l e s .  I n  r a t i n g  a i r c r a f t  o n l y  l a n d in g  a r e a s  w e r e  t a k e n  i n t o  a c c o u n t .  JHR _________________



on le v e l or r o llin g  ic e  terra in  or on land or sea Ice . Obviously such 

v a ria tio n s have a  decided e f fe c t  upon tr a f f ic  a b ility  and y e t f ir n  has a 

character o f  i t s  own s u ff ic ie n t ly  strong to  M aintain i t s  id e n tity  as a 

p articu lar type o f  su rface.

ta b le  c la s s if ie s  the various modes o f  transport in to  fo o t , not o r , 

a ir c r a ft end sh ip  ca teg o r ie s . A ll v eh ic le s  belonging to  a s in g le  one o f  

th ese  ca teg o ries poooees a  nunber o f  cb a ra cterietico  in  ccraaon regarding 

t r a f f ic a b ilit y , e .g . ,  no Method o f  fo o t transport is  su ita b le  fo r  crossin g  

open w ater. Each v eh ic le  ccwmonly used in  the A ntarctic is  rated fo r  i t s  

a b ility  to  pass over each o f the m jo r  types o f surface found in  th e  South 

Polar Region. A ircra ft m y  pass over a l l  types o f  surface and so  are 

rated only on th e ir  a b ility  to  land and take o f f  from the various su rfaces,

Tfora A ntarctic exp loration  and research has occurred offsh ore than 

on the ieeesp ,  e .g . ,  oceanographical research and co a sta l exp loration  by 

sh ip . In  recogn ition  o f  th is  fa c t  the t r a f f ic a b ility  o f  each v eh ic le  is  

a lso  considered os i t  r e la te s  to  sea  ic e . Part I I  o f  th e ta b le  i s  based 

Upon the assumption th a t th e sea  ic e  surface i s  su ita b le  fo r  the v eh icle  

concerned as in d icated  by Part I ,  and accordingly g ives the value o f  

each v eh ic le  fo r  transport in  r e la tio n  to  the th ickness o f  th e sea ice  

and the percentage o f  water covered by i t .  I f  the se e  ic e  surface condi

tio n s  are not appropriate fo r  the v eh ic le  concerned, th e a n a lyst m y  

elim in ate th is  v eh ic le  w ithout con su ltin g  Part I I .

Prom a b r ie f  glance a t th e ta b le  one m y asm ** th a t th e b eet a l l -  

around v eh ic le s  in  each o f  the four c la sse s  are s k is , amphibious tr a c to r s , 

h elico p ters cm f lo a ts  and icebreakers. While th is  i s  n oroally  tru e , gen

e r a lisa tio n s  lik e  th is  one m y be dangerous sin ce  the purpose o f  the 

tr a v e l, the length  o f  the Journey, too food and fu e l requirem ents, the
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weather to  be encountered end the v a riety  o f  surface con d ition s to  be met 

might make some oth er kind o f  v eh ic le  or combination o f  v eh ic les  fa r  more 

su ita b le  than th ose m entioned. Any modern veil-eq u ip p ed  exp ed ition  would 

be expected to  have sore than h a lf  o f  these naans o f  movement a v a ila b le .2® 

Firn.  F irn  surfaces are alm ost everywhere an a id  to  tran sp ortation . 

A ll v eh ic le s  designed fo r  icocap n o b ility  operate w ell on f ir n . Sk i- 

equipped a ir c r a ft  experience l i t t l e  d if f ic u lty  in  landing or ta k e -o ff. 

Loose f ir n  Is sometimes d if f ic u lt  to  walk through and accentuates b lizzard  

c cod i t  ions on windy days, but th ese fa cto rs do not p roh ib it movement, they  

m erely make I t  more d if f ic u lt .

Snow and ic e . S o ft snow is  le s s  passable than f ir n . Many v eh ic les  

can m o v e  over i t ,  but u su a lly  w ith d if f ic u lty  and a t  a  larger proportion

a te  expenditure o f energy than fo r  sim ila r  movesasnt over f ir n . Hard g la 

c ie r  or  m eltwater ic e , *Aen not s lic k , any be used by alm ost any v e h ic le . 

S lick  ic e , however, mokes a very d if f ic u lt  surface upon which to  move 

and when i t  la  s itu a ted  on a s lo p e , s lic k  ic e  i s  a d e fin ite  hazard. 

Tractors may operate on b are, s lic k  ic e  but are unable to  p u ll th e ir  own 

vai& rt over i t .  Hard le e , s lic k  or otherw ise, w ith a  ftrw Inches o f  snow 

or f ir n  cover, however, mokes one o f  th e very b e s t trarffeeea fo r  a l l  v eh i

c le s  other than those in  th e sh ip  category. Bnow, f ir n  and Ice are a l l

w hite In co lo r  but may be d istin gu ish ed  from each other on airphotos,
21e sp e c ia lly  i f  or more o f  them appear on th e same photograph. Tbo

tifVhe w inter used a l l  th ese  v eh ic le s  w hile in  th e A n tarctic, except fo r  
th e wooden sh ip .

2%gc Chapter ? .
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problem is  la rg e ly  one o f  comparing textu re and tone s c a le s .

r&o tr a g i. Coe o f th e so o t common surface conditions in  A ntarctica

is  the presence o f myriads o f  lon g , low, lin e a r , u su ally  r id g elik *  dunes
22o f  eacw or f ir n  ca lled  ea stru g l. The lin ea r  forms are gen era lly  aligned  

p a r a lle l to  th e d irectio n  o f  the p reva ilin g  wind. They are u su a lly  not 

over two fe e t  in  height and 50 fe e t  in  len gth , althou^i much greater  

lengths occur in  oose areas. Sastrugi are not generally considered o f  

Importance os O bstructions to  ice  v eh ic les  or to  a ir c r a ft Which land par

a l l e l  to  them; however, movement Is impeded by th e ir  presence.

Ice c l i f f s .  V ertica l c l i f f s  o f  ice  occur a t the flo a tin g  ends o f  

g la c ie r s , a t the b arrier ends o f s h e lf  ic e  and a t the s id es  and snouts o f  

w a ll-sid ed  g la c ie r s . Since th ese c l i f f s  fora most o f the sh orelin e o f  

A n tarctica , they ere o f  considerable sig n ifica n ce  in  A ntarctic t r a f f ic 

a b ility  a n a ly sis . Except fo r  a ir c r a ft , no v eh ic le s  are able to  pase over 

th ose b a rr iers . Without a ir c r a ft , passage over the b a rrier  is  found only  

where th e c l i f f s  have been s p l i t  or where they adjoin  land. ISentiem has 

already been made o f  th e m e o f  natural d r if t  ranps, where a v a ila b le .

Ramps may be b u ilt  by the use o f  exp lo siv es and b u lld ozers, i f  the use 

warrants the expense and danger involved.

^The term sa stru g i i s  perhaps more properly sp e lled  as zaatru g i. The 
word is  o f  R ussia^  o r ig in  and was borrow s fo r  English usogp fr S n th e  Ger
man lite r a tu r e . In t l»  Genaan tr a n slite r a tio n  o f the tern  ftroa the C yril
l i c  in to  the Roman alphabets, the in i t ia l  le t te r  "8" is  used sin ce  th is  
is  correct German fo r  th e "z" sound in  the o r ig in a l Russian word. %en 
the word begem appearing in  the English language p u b lica tio n s, th e "c" 
was not replaced by a "z” ae would have been necessary to  re ta in  the sound 
o f  the word as pronounced in  Russian and in  German. The fora aaatrugi 
i s  now so firm ly  esta b lish ed  in  s c ie n t if ic  Sfcgliah usage th a t perhaps" 
more would be lo o t in  terra  o f  energy and confusion than gained in  
etym ological p recisio n  by revertin g  to  the proper sp e llin g  a t th is  tim e.
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Pressure rldgaa. The forces o f  wind, t id e , cu rren ts, sw e ll, tcmpera- 

ture chrmgjs or cot&inertions o f  th ese m y exert su ff ic ie n t  la te r a l pressure 

on sea ic e  to  cause i t  to  b uck le, crack and crackle a t the edges and to  

p ile  up blocks o f  Ic e , sc m tia e s  to  a h ei$vt 'o f 20 f e e t  or more above sea  

le v e l. Pressure rid ges o f th is  so r t are frequently radios in  length  and 

m y  be traced  w ith ease on a irp h otos. VSien le s s  than 30 fe e t  in  length , 

th ese  rid ges are c a lled  huaaocks, aisi pose no t r a f f ic a b ility  problem. The
t

longer pressure rid ges a c t ao minor b arriers to  n ost kinds o f  transport, 

including icebreaker*, sine© a  pressure ridge 12 fe e t  hi£*i might m an a 

to ta l th ickness o f  sea ic e  a t th a t poin t o f nor© than 2k f e e t . Pressure 

rid ges are nearly always p assab le, however, i s  s u ff ic ie n t  e f fo r t  i s  ex

pended.

Disturbed ic e . Areas o f  h igh ly  disturbed ic e , oeracs or areas o f
22cr iss-cro ssed  crevasses are exceedingly dangerous and gen era lly  inpass- 

able to  a l l  forme o f  t r a f f ic , except a ir .

•fe ltv a ter . S tream , la k es, ponds end puddles formed on g la c ie r  or 

s h e lf  ic e  surfaces froa the m elting o f surface snow as a r e su lt o f  d irect 

h eatin g  by the sun or from the presence o f  heat radiated from exposed rock 

or rock dust create a  b arrier to  a l l  types o f  transport except the amphi

b ious tr a c to r s , rdbhor r a fts  and a ir c r a ft, ‘teltw eter streams and ponds 

may be crossed on fo o t or even by dog sled  when the depth does not exceed 

a few in ch es, *feltwater som etim e f i l l s  crevasses. M eltuater puddles 

on sea ic e  may be so numerous th a t tra v e l through such areas by any m ane 

other than icebreaker or a ir c r a ft i s  to  be avoided a t  a l l  c o s ts . Sometimes 

th e m eltwater surfaces frecae over w ith ft cruntal la y er o f  ic e  too  th in

*% b. Icelan d ic term okauk was introduced in to  the English g la c io lo g i
c a l lite r a tu r e  by Taylor (1922, p . P>7) to  be used in  p lace o f  the mar© 
awkward English phrase, crevasse f ie ld .

170691
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to  support the W B l#  o f  a man, even on s k is . I3 i is  type o f  ic e  Is par

t ic u la r ly  poor fo r  dog s led  tr a w l oince i t  cute the paws o f the lo g s  

and sh ortly  renders then u n fit  fo r  tr a v e l.

Exposed land. Bedrock, ta lu s , g la c ia l moraine and volcan ic debris 

are th e p rin cip a l forms assumed by exposed land in  A ntarctica, 'tost bed

rock areas are covered u ith  mnmlnc- or e r r a tic s  end are in  steep , irregu

la r  s lo p e . E x fo lia tio n  13 cannon where the bedrock structure lends i t s e l f  

to  th is  form o f  weathering. Volcanic d eb ris, ta lu s  and loose moraine a l l  

d iffe r  in  o r ig in , but because o f th e ir  unconsolidated character a l l  react 

much the samo in so fa r  as p a sso b ility  i s  concerned. G enerally speaking, 

v eh ic les  designed fo r  ic e  transport as w ell ao wheeled v eh ic les are u se

le s s  here. Tracked v eh ic le s  nay operate but they are d if f ic u lt  to  manage 

and th e lugs ore e a s ily  broken on the sharp rocks. H elicopters on f lo a ts  

provide the b e st oaano o f  transportation  in  th is  type o f  landscape, but 

they ssust be landed w ith extreme care to  prevent the rotor from angling  

over and str ik in g  th e rocks.

S o ils  and vegeta tion , ’teith er c o ils  nor vegeta tion  occur w ith su f

f ic ie n t  frequency in  A ntarctica to  n s r it  consideration  o f th e ir  a f fe c t  on 

trn ffico h  11 i t y .

Pack ic e . The ocean icebreaker w il l  operate in  moot types o f  pack 

ic e  u n til a  n in e-ten th s or ten -ten th s cover o f sea  ice  o f  s u ff ic ie n t  th ick 

ness in reached. I t  i s  th e preferred v eh ic le  fo r  t r a ff ic  through Antarc

t i c  se a s , but i t  does not contain  large holds fo r  storage purposes (ex

cept fo r  a few o f  the Russian icebreakers which arc designed fo r  cargo 

carryin g). A lthougi not evident in  the ta b le , wooden ships are fa r  le e s  

vulnerable to  oae. ic e  than the otoel-sk in n ed  u n less the la tte r  have been 

s p e c if ic a lly  designed to  operate in  oaa ic e . Wooden h u lls  are more
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f le x ib le  than s te e l p la te s  and r ig id  frames.

The large ten -m a  rhbher r a ft  is  a most convenient v eh ic le  fo r  sh ip - 

to -sh ore exp loration . I t  is  e a s ily  portab le, ca rr ies more than a ton  o f  

w eight, i s  o f  very shallow  d ra ft and i s  landed with greater ease under 

cond itions o f  noderate sw ell than a whaleboat or wooden b oat. Althoufgi 

no such instances are kncrun to  th e present w riter , the r a ft  apparently  

would make a  su ita b le  v eh ic le  fo r  crossin g  exten sive areas o f raeltvater.

Past ic e . Sea ic e  which remains fo o t in  i t s  p o sitio n  o f  growth 

along the coast i s  'mown as fa s t  ic e . I t  nay be o f  a few fe e t  or ten s o f  

m iles in  w idth. In some areas i t  becomes much th ick er than ordinary sea  

ie e . Past ic e , because o f  I ts  le v e ln ess  and lack o f  crev a sses, i s  some

tim es preferred to  the adjacent land ic e  for coastw ise t r a f f ic . V ehicles 

employed on Icecaps are gen erally  su ita b le  for use on fa s t  ic e . Dangers 

a r ise  from th in  spots or cracks in  the iee  and from the h ab it o f the fa s t  

ic e  to  break up and d r if t  out to  Join the pack ie e  w ithout warning. Scrae 

exp lorers have gone out to  sea w ith i t .

C oastal lead . In many instances a b e lt  o f  open water separates the 

pack ic e  from the con tin en t and i t s  frin ge o f fa s t  Ic e . As the A ntarctic  

sternor p rogresses, more and more o f  the fa s t  ice  breaks up and d r ifts  out 

to  Join the pack, thus moving th is  b e lt  o f  open water c lo se r  and c lo se r  

to  the con tin en t. In many areas th ese leads o f  open water a c tu a lly  abut 

the continent or l t e  ie e  c l i f f s .  Ib is  i s  true even along large stretch es  

o f  th e 90 degrees o f  co a stlin e  in  Wsst A ntarctica which have never been 

approached by sh ip . Ships and sm all c r a ft m y operate e f fe c t iv e ly  in  

th is  area but f ir s t  must fin d  access to  i t  and then stand in  the danger 

o f  pack ic e  d r iftin g  in  to  c lo se  about them, or o f a sudden freeze .
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V alley g la c ie r s . Along mountainous coasts the v a lle y  g la c iers  

provide the beat hi^ra&ys to  the polar p lateau . Their su rfaces, c o n s is t

ing o f  moving g la c ie r  Ice , are f&r froe id e a l, but are certa in ly  to  be 

preferred fo r  purposes o f  tr a v e llin g  to  the 3urfticeo o f the mountains 

which they separate. Even a ir c r a ft tala* advantage o f  these g la c ia l 

v a lle y s  to  e ltob  s lo v ly  and evenly to  the p lateau le v e l, thus saving  

considerable amounts o f  fu e l.

Polar p lateau . The known portions o f the polar p lateau  provide an 

extrem ely la rg e , r e la t iv e ly  le v e l , f ir n -  and snov-covered surface good 

fo r  operating alm ost any type o f ic e  c r a ft or a ir c r a ft , oven thou^i the 

snow and f ir n  here do itot have the s ta b ility  or compactness o f  the sh e lf  

ic e  or co a sta l g la c ie r  su rfaces.

S ign ifican ce o f  A ntarctic a c c e s s ib ility  and t r a f f ic a b ility . The 

lim ita tio n s o f  aoveoent t o , w ith in  end froa A ntarctica make airphoto 

a n a ly sis  o f  r e la t iv e ly  greater value here than in  areas o f  greater 

a c c e s s ib ility  where s c ie n t if ic  f ie ld  In vestigation s can be accomplished 

conveniently and without unusual d if f ic u lt ie s  or expense. Aside froa i t s  

normal advantagac, a e r ia l photo reconnaissance a a i photo in terp retation  

o f  A ntarctica can provide su ff ic ie n t  inform ation fo r  coa$>iling or correct

ing aeronautical charts or s to ile r  sm all-sca le maps, fo r  d elim itin g  the 

boundaries o f  physiographic reg ion s, fo r  the se le c tio n  o f "type areas" 

ch a ra cter istic  o f  the region and determining the a c c e s s ib ility  o f these  

"type areas,"  fo r  00le c tio n  o f  the most valuable areas in  which to  conduct 

f ie ld  work and fo r  Ind icatin g  the b e st means o f  access to  th ese areas, 

including tlie se le c tio n  o f landing p oin ts fo r  sh ip s and landing areas fo r  

a ir c r a ft.

The value o f  a  photogeogrspber's work in  th is  area i s  the product 

o f  h is  n ative c a p a b ilitie s  tim es such factors ao h is  tra in in g  in  geography,
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h is  experience in  con tin en ta l g la c io lo g y , h is  fa m ilia r ity  v ith  A ntarctica, 

the q u a lity  o f  av a ila b le  a e r ia l photography, h is  knowledge o f  photogeo

graphic methods and h is  a b ility  to  apply then to  the area.



CHAPTER IV

APPLICATION CB? THE ?®THOD TO THE AREA

There ore no s ig n ific a n t d ifferen ces in  the photo reconnaissance 

end photo in terp reta tio n  methods used fo r  A ntarctica and th ose used for  

th e more temperate reg io n s. There a re , however, important lim ita tio n s  

imposed by cond itions o f  the natural environment upon the Bteadard pro

cedures fo r  photo reconnaissance. These lim ita tio n s cause both a  quanti

ta tiv e  end a  q u a lita tiv e  lo se  in  the a e r ia l photography av a ila b le  fo r  

in terp reta tio n , vhich in  turn lim its  the inform ation obtainable from the 

in terp reter 's  a n a ly sis  o f  the resu ltan t photography.

LIMITATIONS OF PHOTO RECONNAISSANCE AND PHOTO INTSRPRSEATIOS IN  ANTARCTICA

The fa cto rs which most sev ere ly  lim it  photo reconnaissance and photo 

in terp reta tion  in  A ntarctica co n sis t c h ie f ly  o f  the d if f ic u lt ie s  involved  

in  A ntarctic f ly in g .

Bases. There are no esta b lish ed  a ir  bases in  A ntarctica . Explorers 

have succeeded in  esta b lish in g  landing areas fo r  lig h t  a ir c r a ft w ith l i t t l e  

d if f ic u lty , but the fu e lin g  and maintenance o f  th ese  planes are a more 

d if f ic u lt  m atter. Light a ir c r a ft are lim ited  in  rad iu s. Medium a ir c r a ft  

have a greater range but represent more d if f ic u lt  basing problems. Heavy, 

m ulti-engine a ir c r a ft  w ith ranges o f  5>000 to  more than 10,000  m iles could  

be more su ita b ly  based on another con tin en t and flown to  A ntarctica. There 

a re , however, no such bases anywhere south o f  55° s .  or le a s  than 9,100  

geographical m iles from the South P o le , and only South America has a baas 

as c lo se  as t h is .  There ia  an area o f  more than 30,000,000 square m iles,
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sore then ten  tim es the a lee  o f  the United S ta te s , centered about the 

South Pole in  which th ere are no su ita b le  bases fo r  th ese a irp la n es.

The a ir c r a ft now in  use on a ir c r a ft ca rr iers and seaplane ten d ers, 

*Aiich can operate ju s t  ou tsid e th e pack ic e , do not have s u ff ic ie n t  range, 

when loaded w ith the fu e l, camera equipment and su rv iva l gear, to  photo

graph the fa r  in te r io r  o f  A ntarctica . The bases used on the continent 

thus fh r have not been capable o f  supporting a ir c r a ft v ith  s u ff ic ie n t  

rang® to  photograph nore then  a  lim ited  area, u su a lly  le e s  than 1,000  

m iles from th e b ase . Wo a lte rn a tiv e  bases e x is t  in  case o f  emergency.

These are the fa cto rs th a t have la rg e ly  determined the lira ito  o f  the 

areas photographed to  d a te.

L o g istic  support. Every Item used by the south p olar exp lorer must 

be carried  to  h is  base sin ce  nothing i s  a v a ila b le  in  A ntarctica except 

ic e  and rock and in  most p laces th ere is  b o  rock. Some food i s  av a ila b le  

in  tersaa o f penguin end se a l n eat s u ff ic ie n t  fo r  sn a il groups a t certa in  

co a sta l lo c a tio n s . Supplying A ntarctic bases by icebreaker-escorted  cargo 

sh ip s throu^i peck ic e  or by a ir  cargo plane over the pack Iqe i s  both 

d if f ic u lt  end expensive.

n avigation . Loran, sboran and radio range systems have not been 

esta b lish ed  In A ntarctica . The sun ic  not v is ib le  daring the long w inter 

and the s ta r s  are unavailable fo r  c e le s t ia l  navigation  during the 

long sto m r day. Hi#s overcasts frequently hide the sun or s ta r s  in  the 

seasons in  which th ey  do appear. Good maps are not ex ta n t. Adequate 

maps are a v a ila b le  for only a few portions o f  the co a sta l area. Lan&forms 

or icefb ros su ita b le  as landmarks ore gen erally  e ith e r  uncharted or 

Incorr e c t ly  charted, e sp e c ia lly  th ose which are in  the con tin en ta l in te r io r . 

Few p ilo t s  have been su ita b ly  trained  in  th e  prdbleraa p ecu liar  to  polar
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n a v ig a tio n . Hero tha m eridians converse ra p id ly , th e  eun may not s e t  

and tha m agnetic cos© ass in  ra re ly  dependable. There ore no ra ilro a d  

tra ck s fo r  th e  lo s t  p i lo t  to  fo llo w . In  sh o r t, i t  1* d i f f ic u l t  fo r  -the 

p ilo t  to  g e t to  Where he wants to  go , to  know when ha i s  th ere  and to  know 

vhare he has b een , i f  and when be can aanago to  retu rn  to  h is  b a se .

Weather and c lim a te .  The p eriod  o f  September through February has 

th u s fa r  provided th e  b e e t f ly in g  weather in  th e  A n ta rc tic . Even during  

t h is  season , p eriod s o f  f ly in g  weather are lim ite d  to  a  few  hours or a  few  

days a t  a  tim e , th e  la t t e r  b ein g  in freq u en t. There nay b e lon ger p eriods 

o f  su ita b le  f ly in g  weather away from th e  marine in flu en ce  a t  th e  c o a s t , 

b u t bases in  th e  in te r io r  would be d if f ic u lt  to  man and su p p ly . Seaplanes 

and f ly in g  b o a ts stand in  danger o f  b e in g  overloaded from th e  accum ulation  

o f  to o  much ie e  from frozen  spray when ta k in g  o f f  a t  a ir  tem peratures below  

fr e e z in g .

Although th e  tem perature o f  th e  la y ers o f  th e  atm osphere ad jacen t to  

th e  Icecap  may r is e  above th e  fr e ez in g  le v e l ,  tem peratures as low  aa minus 

bO° F . may be encountered  in  normal summer photographic f l i g h t s .  Under 

such co n d itio n s, th e a ir c r a ft  cab in  n u ct be heated  or th e  a e r ia l photographer 

w il l  not b e Able to  perform such sim p le, b u t n ecessa ry , ta sk s  a s  th e reload 

in g  o f  th e camera film  m agazines.

High winds a f f e c t  photo reconnaissa n ce  in  two w ays. Winds a t  th e  

a ir c r a ft  base l i f t  th e  lo o se  f ir n  o f f  th e  ic e  su rface  to  fo r a  a  b liz z a r d , 

th u s preventin g  th e  photo a irp la n e froa  ta k in g  o f f .  High su rface winds 

in  th e  area to  b e photographed a ls o  l i f t  th e lo o se  f ir n  from a  few  inches 

to  a  few  fe e t  in to  th e  a ir ,  e f f e c t iv e ly  b lu rr in g  th e  d e ta il  o f  th e te r r a in .

Of g r e a te s t im portance i s  th e  absence o f  m eteo ro lo g ica l s ta tio n s  on 

th e  A n tarctic  C ontinent to  a id  th e  b ase fo reca s te r  in  h is  d a ily



107

p ro g n o stica tio n s and th e  absence o f  com plete and e y sten a tic  waather 

records to  enable him to  make a  g en era l p ro g n o sis.*

L igh t c o n d itio n s . Three kinds o f  freq u en tly  occu rrin g lig h t  con d i

t io n s  p lague th e  a e r ia l photograp h er: ( l )  th e  lon g  v ia to r  n ig h t, ( 2 ) th e  

s m  low on -the h o r izo n , and ( 3 ) th e  h ii£ i o v e rc a st. B est known o f  th ese  

i s  th a  lo n g  w in ter n ig h t, daring which a  p o rtio n  o f  A n tarctica  i s  plunged  

in to  2^-hour darkness w h ile  th e  rem in d er  has b u t se v e r a l hour® o f  t v i -  

li$rfc  each day. A t th e  p resen t tim e nl/$xt reconn aissance photography 

fo r  la r g e  areas i s  n e ith er  p r a c tic a l near d e s ira b le  in  th e  A n ta rc tic , 

a ltb o u #  f la r e s , f la s h  berths and e le c tr o n ic  lig h t in g  u n its  are a v a ila b le  

fo r  ib i s  purpose.

During th e  A n tarctic  sp rin g , th e  amount o f  l ig h t  grad u ally  in crea ses  

and photo reco m a lssen ce  may b e perform ed a t  any tim e which i s  appropriate  

fo r  th e la t itu d e  and th e  o th er  fa c to r s  governing th e  m ount o f  l i^ r t  in  

th e  area to  be photographed. P la te s  2  cud 3 have been prepared by th e  

author so  th a t th e  f l ig h t  planner m y  g ra p h ica lly  , determ ine th e  du ration  

o f  a u a ll^ v t and tv ilig fc t  a t  th e a ir c r a ft  base and in  th e  area  to  be  

photographed.

During a  la rg e  p o rtio n  o f  th e  p erio d s o f  adequate f ly in g  w eather, 

th e  sun io  e ith e r  a t  o r  J u st a  few  degrees above th e h orizon . S in ce in  

tr iiaetrogon  photography th e  th ree  caraoraa are so  o r ien ted  th a t th ey  cover  

th e  e a r th 's  su rface  from h orizon  to  h orizon  and fo r  20 d egress above th e  

tru e  h o rizo n , th e  sun soB »tta»o sh in es d ir e c t ly  in to  th e  ca a w a  la n e .

V h ere are norm ally a  few  w eather s ta t io n s  op eratin g  on th e o u tly in g  
is la n d s , such a s  th e  South Orkney I s la n d s , th e  South Shetland Is  le n d s , 
Heard Islan d  and. Macquarie I s la n d , b u t no permanent w eather s ta tio n s  
operate on th a  co n tin en t i t s e l f .
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DURATION OF SUNLIGHT IN THE ANTARCTIC

SUN BELOW 

HORIZON

SUN ABOVE 

HORIZON
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1616 I 6 6 I 16
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1616 I
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16 I I I16 i16 I16I
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i
JANUARYOCTOBERJULYAPRILMARCHFEBRUARY

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 iso llin i of th is 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 ABOVE HORIZON, while continuous darkness, including tw ilight, oocura i s  the area narked 
SUN BKLO* HORIZON.

In the portions of the graph which are d iffic u lt to read accurately, the phenonanon it s e lf  is  generally uncertain. Even in the nost accurate parts of the graph, tins nay not be deterained 
with a certainty of le ss  than fire  ninutes. The accuracy i s  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 h  hours the sun nay fa i l  to rise or se t. 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 i t  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 w ill cause a difference in the actual period of sunlight. The effeot of 
increases in elevation of le ss  than two thousand feet i s  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 
tw iligh t, sunrise A d  sunset, a supplement to the American cphemsrls (191*6), U. S. Naval Observatory, Washington, D.C. For plans demanding str ic t accuracy, the formulae of th is publication 
should Be oonverteTand ueed for the southern hemisphere, allowing for corrections in tin e , place A d  condition.

J *
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DURATION OF CIVIL TWILIGHT IN THE ANTARCTIC
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C ir ll  tw ilig h t occurs during the somewhat in d e fin ite  periods before sunrise and a fter  sunset during which the natural illum ination usually  remains s u ff ic ie n t ly  intense for the performance of
ordinary outdoor operations. While c i v i l  tw ilig h t i s  now r ig id ly  based upon the in terv a l o f  tlmB when the sun i s  le s s  than s ix  degrees below the horison, the amount o f  illum ination during th is
period varies greatly  according to  weather con d ition s, e sp e c ia lly  cloudiness and hase.

The g ra ph  shows th e  in te r v a l w h ic h  p re ced e s s u n r is e  o r  th a t  w h ic h  fo llo w s  s u n s e t. In  th e  a re a s  m arked CONTINUOUS TWILIGHT OR SUNLIGHT th e  s u n 's  uppe r l ia b  i s  n e ve r more th a n  s ix  degrees b e low  
th e  h o r is o n , w h ile  in  th e  a re a  m arked NO TWILIGHT OR SUNLIGHT c o n tin u o u s  d a rkn e ss  re ig n s . A d ja c e n t to  th e  a re a  m arked NO TWILIGHT OR SUNLIGHT l ie s  a re g io n  in  w h ic h  th e  sun i s  c o n tin u o u s ly  be low  
th e  h o r is o n , b u t n e a r enough to  th e  h o r is o n  f o r  a p o r t io n  o f  each c a le n d a r day to  cause t w i l ig h t  to  o c c u r*  S in ce  th e re  i s  no a c tu a l s u n r is e  w ith in  t h is  re g io n , how ever, th e  "p re -s u n r is e "  t w i l ig h t  ' 
i s  fo llo w e d  im m e d ia te ly  by th e  "p o s t-s u n s e t"  t w i l ig h t  and so th e  v a lu e s  re a d  fro m  t h is  shaded p o r tio n  o f  th e  gTaph m ust be d ou b le d  to  In d ic a te  th e  t o t a l  p e r io d  o f  c o n tin u o u s  t w i l ig h t *  In  th e  
p o r tio n s  o f  th e  g ra p h  w h ic h  a re  d i f f i c u l t  to  re a d  a c c u ra te ly , th e  phenomenon i t s e l f  i s  g e n e ra lly  u n c e r ta in . Even in  th e  n o s t a c c u ra te  p a r ts ,  tim e  may n o t be d e te rm in e d  w ith  a c e r ta in ty  o f  le s s  
th a n  f iv e  m in u te s * The a c c u ra c y  i s  g re a te s t d u r in g  A p r i l  and S eptem ber, and d e cre a se s  r a p id ly  f o r  o th e r  seasons o f  th e  y e a r and to w a rd  th e  p o le . In  a d d it io n  i t  m ust be remembered th a t  any e le v a 
t io n  o f  th e  o b s e rv e r above th e  e a r th 's  s u rfa c e , th e  o c c u rre n c e  o f any u n u su a l a tm o s p h e ric  r e f r a c t io n  o r  th e  p resence  o f  any i r r e g u la r i t ie s  on th e  h o r is o n  w i l l  cause a d if fe re n c e  in  th e  a c tu a l 
p e r io d  o f  t w i l ig h t .  The e f f e c t  o f  e le v a tio n s  o f  le s s  th a n  tw o  thousand  fe e t  i s  n e g lig ib le ,  how ever.

This p late was produced from information provided in  a number o f  graphs and accompanying te x ts  concerning a sim ilar problem in  the higher northern la titu d es  which may be found in  Tables o f
tw ilig h t , sunrise and sunset, a supplement to  the American ephemsris (191*6), U* S . Naval Observatory, Washington, O.C* For plans demanding s tr ic t  accuracy, the formulae o f th is  publication  
should Be converteTand used for  the southern hemisphere, allowing for  corrections o f tim e, p lace and condition . jm
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F ilt e r s  have been developed to  e lim in a te  some o f  th e  r e su lta n t d i f f ic u lt ie s  

b u t th ere  i s  s t i l l  a  n o ticea b le  la ck  o f  d e ta il  in  th is  kind o f  photography. 

Oblique and su rface photos tak en  d ir e c t ly  away frcsa th e  sun are a ls o  some

what d i f f i c u l t  o f  in ter p r e ta tio n  s in c e  th e  shadows vdiich h elp  rev ea l th e  

d e ta il  are hidden behind th e  fea tu res which c a st th an .

H l# i o v erca st cloud  form ations o r  haze o fte n  b lo t  out th e  A n tarctic  

su n . The a u n li# tt  p en etra tin g  th e o v erca st becom e extrem ely d iffu se d , 

r a d ia tin g  in  a l l  d ir e c t io n s . Some o f  th is  l i g i t  io  r e f le c te d  back to  the  

underside o f  th e  o v erca st vhere a  p o rtio n  o f  i t  i s  aga in  r e f le c te d  a t 

varyin g a n g les to  th e ic e  su r fa c e . T h is p rocess co n tin u ee, b u ild in g  up 

la rg e  m ou nts o f  d iffu se d  l i# r t  in  th e  ataospfcare, which illu m in a tes  a l l  

s id e s  o f  th e  In d iv id u a l o b je c ts  which com prise th e  lan d scap e. As a  r e su lt , 

I t  i s  scraatinsa n ecessary  to  d ecrease th e lew s opening o r  in crea se  th e  

sh u tter  speed o f  th e  camera to  avoid  overexposure.

Overexp osu re, however, i s  th e le a s t  o f  th e photographer's d i f f ic u lt ie s  

a t  t h is  t ia e .  When etch  co n d itio n s occur over ic e  te r r a in  v ith  no open 

w ater o r  exposed land w ith in  v iew , th e  d iffu se d  l i# » t  o b lite r a te s  th e  

h orizon  and e lim in a te s  a l l  shadows. 2 A irphotos taken a t  such tim es are 

e n t ir e ly  u s e le s s . They cannot be notched stereograp h lc& lly  fo r  th ree - 

dim ensional v iew in g . D e ta il, i f  i t  e x is t s  a t  a l l ,  i s  extrem ely poor in  

d e f in it io n . Under such co n d itio n s th ere  i s  a ls o  th e  very r e a l danger o f  

th e  photo reconn aissance a ir c r a ft  f ly in g  in to  th e  p o la r  ic ec a p , fo r  In the  

absence o f  a  H orison th e  p i lo t  i s  unable to  d is tin g u ish  betw een th e over- 

e a s t  above and th e  ic e  b e lo v  u n t i l  I t  i s  to o  la te  to  avoid  a  c r a sh .3

a9ee Chapter V fa r  il lu s tr a t io n s  o f  th is  'V iit e  day" phenomenon.

%n 19*j6-1<&7 and again  in  19^7-19^3 a ir c r a ft  were lo s t  in  th e  
A n ta rctic  in  ju s t  t h is  nanner.
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Topography.  A fu rth er  lim ita tio n  o f  photo reconnaissance r e s u lts  

froE  th e  h i$ i  e le v a tio n  o f  th e  A n tarctic  C ontinent. R e la tiv e ly  few  a ir 

c r a f t  e re  ab le  to  f l y  a t  a  s u f f ic ie n t  a lt itu d e  above th e  11, 000-fo o t  e le v a 

t io n  o f  th e  p o la r  p la tea u  to  make fe a s ib le  i t s  com plete photo coverage a t  

reconn aissance s c a le s . Tha w eight o f  th e  oxygen equipment and th e  ad d i

t io n a l fu e l req u ired  to  f l y  a t  th ese  hi*£i a lt itu d e s  reduces th e  range o f  

th e  a ir c r a f t . Same o f  th e  uncharted m ountains covered w ith  snov o r  ic e  

on one o r  more s id e s  c o n s titu te  a  danger during tw ilig h t , darkness or 

h ig h  o v e rc a sts .

Photographic p ro cessin g .  Lock o f  adequate photo p ro cessin g  equipment 

fo r  r o l ls  o f  a e r ia l f ilm  te n  in ch es wide and more than 200 f e e t  in  len g th  

any n e c e s s ita te  d evelop in g  th e  film  a f te r  th e ex p ed itio n  has l e f t  th e  f ie ld .  

T his e lim in a te s  th e  oppo rtuni t y  fo r  r e f ly in g  photo cover o f  areas where 

th e  o r ig in a l photography proved to  be u n su ita b le . Camera fa ilu r e s  zcsae- 

tin eo  go unnoticed  when th e  film  can n ot be p rocessed .

The problem o f  securing a s u ff ic ie n t  amount o f  fresh  water fo r  negative  

and p rin t washing i s  acute when the fu e l i s  low  or when there are no per

sonnel av a ila b le  to  m elt th e snov. McKinley (1932) reported on th e long  

hours required to  m elt the 200 ga llon s o f  water necessary to  process one 

o f  h ie  75-foot-lcsog r o lls  o f  film . Tha film  in  modern cameras i s  wider 

and three tim es th e length  o f  McKinley’s  film , and the tr ise tro g o n  cameras 

are mounted in  b a tte r ie s  o f  th ree , again  m ultip lying the amount o f  w ater, 

chem icals and other su p p lies required.

Many d i f f ic u l t ie s  are iagjoeefi u n w ittin g ly  upon th e  photo i n terpr e te r  

by th e  photo lab ora tory  tech n ic ia n  iAjo i s  u n sk ille d  in  th e  developm ent and 

p r in tin g  o f  photography o f  le e  te r r a in . In  t h is  in sta n ce  th e  film  i s  o ften  

overdeveloped in  an at te mpt to  b r in g  ou t an hsa®s i&en a l l  th ere  i s  to  be
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brought out c o n s is ts  o f  a  few  shades o f  very dark gray and b lack  (very  

l i $ r t  gray and w hite on th e  p r in t s ) . In  th is  way th e  d e ta il  i s  lo s t  

b efo re  th e  a irp h otos reach th e  a n a ly st.

P rocessin g  standards o f  a irp h otos o f  ice-co v ered  te r r a in  auat be s e t  

h ig h , oth erw ise w ater marks, s t a t ic  e le c t r ic i t y  marks, scra tch es and 

specks o f  d u st sa y  e a s i ly  be m istaken fo r  o b jec ts  which have a  lo g ic a l  

p la ce  on th e  ic e  su rface  such as cra ck s, c r e v a sse s , sa ltw a te r , te n t s , 

sca ttered  s u r f lc ia l  moraine or anim al l i f e .  Lens r e f le c t io n s  should  be 

mini ml zed and p o s it iv e  p r in ts  o f  the ic e  te r r a in  should  be p rin ted  a t  a 

near w h ite , not muddy gray.

Required supplem entary d a ta ,  flaps and ground inform ation which a id  

th e  in ter p r e te r  in  o th er  reg ion s are g en era lly  n ot a v a ila b le  fo r  th e  Ant

a r c t ic . T his lim ita t io n  may be scewi& at o f f s e t  by em ploying a  "gremlin" 

camera su ite d  to  th e  p a r tic u la r  requirem ents o f  th e  problem . The "grem

l i n  " i s  a  record ing camera a c tiv a te d  by th e  earns in tervalcraeter as th e  

reconnaissance eecaeras and s e t  to  photograph th e  gages o f  a  chronom eter, 

therm om eter, rad io  a ltim e te r , p ressu re a ltim e te r , in c lin o m eter, data card 

and th e fa c e s  o f  o th er Instrum ents as ap p rop riate, Which, when analyzed  

w ith  th e reconn aissance photography, th e  p i lo t ’s  lo g  and th e n a v ig a to r's  

tra ck  c h a r t, w i l l  enable th e  photo in terp re ter  to  determ ine such fa c to r s  

as th e  s c a le , lo c a tio n  and o r ie n ta tio n  o f  th e  a irp h o to s. "Gremlin" record  

in g  cameras can supply m ost o f  th e  inform ation needed fo r  napping photog

raphy, b u t do n o t provide d e f in ite  ground co n tro l p o in ts , which are n eces

sary fo r  p r e c ise  mapping. To o b ta in  th is  co n tro l d a ta ,th e  presence o f  

surveyin g p a r tie s  on th e  ic e  i s  req u ired .

S p ec ia l photography.  S p ec ia l photographic tech n iq u es are now being  

used to  overcome some o f  th e  lim ita tio n s  to  photo reconn aissance and photo
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in ter p r e ta tio n  in  th e A n ta rc tic . C olor photography, o f f  to  a  a lo v  s ta r t  

because o f  th e  d if f ic u lt y  o f  p ro cessin g  i t  in  th e  f ie ld  and tha lack  o f  

knowledge concerning th e lo c a l c o lo r  tem perature, i s  now a  p r a c tic a l 

tech n iq u e fo r  r ev e a lin g  fe a tu re s  in  th e  landscape not ev id en t in  b lack  

and w h ite a irp h o to s.  When prop erly  exposed and d evelop ed , c o lo r  a irp h otos  

o f  A n tarctica  mobs some oletaents o f  photo in ter p r e ta tio n  le s s  d i f f ic u l t  

and more a ccu ra te . D ifferen ces in  th e  su rfa ce  te x tu re s  o f  sneer, f ir n  and 

ic e ,  th e  presen ce o f  m eltw ater and i t s  d epth , snenJbrldgee, crev a sses and 

th e  works o f  man are exam ples o f  photo images d ep icted  more c le a r ly  by  

c o lo r . The u se o f  c o lo r  airphoto® o r c o lo r  taction p ic tu res  taken from 

th e  reconn aissance a ir c r a ft  as a  supplem ent to  th e  reg u la r  b lack  and w hite  

a e r ia l photographs i s  o  d is t in c t  b e n e f it  to  th e  photo a n a ly s t, p a r tic u la r ly  

i f  he Ina n o t flow n over th e  eroas concerned.

Continuous s tr ip  s te r e o  photography nay prove u se fu l fo r  record in g  

and exam ining lin e a r  fea tu res  such as s h e lf  ic e  b a r r ier s  and v a lle y  g la c ie r s . 

I t  v i l l  a ls o  be u se fu l in  determ ining depths o f  sa ltw a te r . In frared  emul

s io n s  nay rev ea l c h a r a c te r is tic s  o f  th e  A n tarctic  landscape not v is ib le  

In  panchrom atic f ilm .

The h e lic o p te r  has been used w ith  g rea t su ccess in  o b ta in in g  low  

a lt itu d e  ob liq u es o f  fea tu res  whose im ages d ig i t  b e o f  q u estion ab le  lo te r -  

p r e ta b ility  on h igh  a lt itu d e , s m ll- s c a la  o b liq u es. The h e lic o p te r  has 

n ot y e t  been p erfected  fo r  long-raa® » work nor fo r  lo c a l reconnaissance  

w ith a  v e r t ic a l camera mount. S tu d ies are now under way concerning th e  

ev a lu a tio n  o f  radaracope photography o f  ic e  te r r a in .

Photographic s p e c if ic a t io n s .  A n ta rctic  reconnaissance a e r ia l photog

raphy req u ires s c a le s , oover&s® oth er s p e c if ic a t io n s  s im ila r  to  th ose  

th a t would b e needed in  o th er p a rts o f  th e  world fo r  comparable in terp re ta 

t io n  problem s.
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AERIAL PII7P0GRAHIIC COVERAGE OP ANTARCTICA 

A irphoto ana 1^8 1b o f  A n tarctic  landscapes was n ot p o ss ib le  25 years 

ago . Although by th a t tim e photography m s  a  century o ld  owl p r a c tic a l

a ir c r a ft  to re  no lon ger a  dream, no a irp lan e photography o f  A n tarctica
4e x is te d . But once t h is  Method o f  reconnaissance uaa ap p lied  and the  

r e s u lts  ev a lu a ted , i t s  developm ent cane ra p id ly , though q u ite  ir r e g u la r ly .

More than 110,000 a e r ia l photographs have been taken o f  A n ta rctica . 

H alf o f  th ese  m r e  m d e by a  s in g le  ex p ed itio n  during th e  le t t e r  p art o f  

one eirm er sea so n ,5 v h ilo  th e rem ittin g  h a lf  i s  a  product o f  25 years o f  

e f fo r t  on th e  p art o f  more than 16 e x p ed itio n s.

Beveloptaeat.  S ir  IWbert W ilkins nade th e  f i r s t  A n tarctic f l ig h t  and 

took th e  f i r s t  A n tarctic  a e r ia l photos during a  f l l f g i t  over th e  Palaar 

P eninsu la in  th e  192&-1929 season.*5' L ater In th e  seans southern eunsar, 

C olonel (th en  C aptain) A sh ley C. MoKinley (1 9 3 2 ), a  p ro fe ssio n a l m ilita r y  

a e r ia l photographer v lth  Roar Admiral Byrd’s f i r s t  A n tarctic  ex p ed itio n , 

began th e  s c ie n t i f ic  a irphoto reconnaissance o f  A n ta rctica . T his Included  

airp h otos o f  p o rtio n s o f  th e  c o a st and in te r io r  o f  Marie Byrd Land, the  

R o b s  S h e lf Ice  sad in  th e fo llo w in g  suoaer th e  South Pole i t s e l f .  Wilkin©

^An exceed in g ly  lim ite d  amount o f  experim nntal ca p tiv e  b a llo o n  a o r le l 
photographs bad been made In lo c a l areas which had a lread y been su b ject to  
in ten siv e  su rface  exam ination. Von B ry g a lsk i’s  bellocra photography, taken  
during th e  German A n tarctic  E xped ition , 1901-1903, i s  s t i l l  on f i l e  in  
th e  A rchiv fu r  Polarfbrschung, K iel (R ich ter , 1951), cad th e b a llo o n  
photography o f  Shackleton taken on th e B r itis h  N ation al A n tarctic  Expedi
t io n , 1901- 190U, m s  pu b lish ed  in  1908 /t f i ls o n /.

^U.S. Naval Task Force 6 3 , "Operation H i^ Jtoap ,” 19^ -19^ 7  nada more 
than 6 5 ,000  a e r ia l photographic exposures fo r  reconnaissance purposes. 
Ko&aehrcoa a e r ia l n o tion  p ic tu re s  were a ls o  tak en .

f'Whara n e t oth erw ise n oted , a u th o rity  fo r  a ta tem n to  concerning a e r ia l 
photographic coverage o f  A n tarctica  may b e found Under th e  corresponding  
referen ce in  th e  source column o f  th e  legend on 'tep 6 .
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a le o  continued b in  a e r ia l  photography daring tlie I929- I 93Q c irn e r  ocacon 

and added a e r ia l n o tio n  p ic tu re  photography. During th is  earaa season  tJ»  

B ritieh-A uotralion-JSew  Zealand A n tarctic  Research E xpedition  under th e  

lead ersh ip  o f  S ir  Douglas TlavBon p erfom ed  a e r ia l photo reeotam isBanee in  

Boot A n ta rctica , -while a t  th e  acsae t in e  and hut a sh o rt d ista n ce  to  h ia  

w est, Consul Lars C h risten sen ’s th ird  ex p ed itio n  under th e  ccnaaand o f  

Captain R iisor-L arsen  was a ia i la r ly  occu p ied . Thus, w ith in  a  year o f  th e  

t ir e  o f  th e f i r s t  a irp lan e and a irp h oto  reconnaissance f l ig h t  in  A n tarctica , 

fou r m jo r  ex p ed itio n s ware engaged in  procuring a e r ia l reconnaissance  

photography.

Byrd continued th e  a e r ia l survey o f  'ia r ie  Byrd land and th e  Ross 

S h e lf Ic e  on h is  second ex p ed itio n , 1933-1935* John R ym ill, lea d er  o f

th e  B r itish  Grahajalaad E xped ition , 193^-1937 continued th e a irp h oto  survey
*

o f  th e  Palner P en in su la , con cen tra tin g  on th e c en tr a l s e c tio n  o f  i t s  w est 

c o a st . L incoln  E llsw orth , cm h is  h is to r ic  f l ig h t  a cro ss A n tarctica  from 

th e  W addell to  th e  Rocs Seas in  th e  suraaer o f  1935-193^# took  66 a irphotoe  

o f  landmarks in  th is  p rev io u sly  unexplored area w ith  a  35-a a . caaara.

In  th e  fo llo w in g  suoracr, Consul Lars C hristensen , accompanying h is  

s ix th  ex p ed itio n , d irected  th e  e f fo r ts  o f  Tiggo WiderfSe as p i lo t  and N ils  

Roemaee as a e r ia l photographer in  th e  making o f  ob lique a e r ia l recon

n aissan ce photography fo r  much o f  th e  co a st o f  Queen Maud Land, flaps have
7

been node from th is  photography.

The D eutsche A ntarktische E xp ed ition , 1933-1939, under A lfred  R itseh er  

( l 9*<-2 ) ,  began th e  f i r s t  la r g e -sc a le  a e r ia l photographic a tta ck  on a  p ortion  

o f  th e A n tarctic  in te r io r . With ty p ic a l German thoroughness, R itoch er's

^See ’fap 7 , sh eets  C -l through C-12 (b lu e ). Haps 9 , 10 end 11 are 
reduced p h o to sta ts  o f  th ree  o f  th ese  m p sh e e ts .
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f ly in g  boats took  nore than 12,000 oblique airphotoa which r e su lte d  in  

th ree p u b lish ed  rasps o f  eorae 350,000 square k ilom eters o f  p rev io u sly  un

explored land.®  Again photo survey end ^ lotagrw anetrie in etru n en ts were 

used in  exp osin g th e  photography and in  preparing th e  naps, bu t th e nape 

s t i l l  cou ld  not be sa id  to  be p r e c ise  because o f  a  lack  o f  ground co n tro l 

p o in ts . 0 . von Gruber exp la in ed  th e p b otogram etric  survey p rocesses used  

and R. von Kdebolsberg presented  an a n a ly s is  o f  th e T3ew Scbvsbeniand 

nwrphology in  Der D eutsche A ntarktische a cp ed itio n , 1933-1939 (R Itsch er , 

19^ ).
The U .S . A n tarctic  S erv ice  E xp ed ition , 1939-19^1, w ith  b ases under 

th e  f ie ld  ccasaand o f  Dr. Paul A. S ip le  and Ccrnaandor Richard B. B lack , 

con sid erab ly  expanded th e photo coverage o f  ;!arie Byrd land and th e  Rocs 

S h e lf Ic e  as w e ll ac making an a irphoto survey o f  Charcot and A lexander I  

Islam ic and o f  th e southw est and sou th east c o a sts  o f  th e  Palmer P en in su la . 

A eria l e o lo r  photography vas used exp erim en ta lly  fo r  th e  f i r s t  tirae in  th e  

A n ta rc tic . The technique o f  f ly in g  photo c ir c le s  was p ra c ticed , g iv in g  

e f fe c t iv e  panoramic viewn frora a ir  o ta tio n e  lo ca ted  over geographic 

p o s itio n s  which contain ed  case elem ents o f  ground c o n tr o l. U nfortunately, 

no rape ware p u b lish ed  d ir e c t ly  as a  re  c u lt  o f  th e  a e r ia l photography o f  

t h i3 exp ed ition ^  b u t 13*579 a irphoto n e g a tiv e s , nov f i le d  in  th e  N ation al 

A rch ives, were added to  th e  IS r o l ls  o f  a e r ia l film  made cm th e two e a r lie r  

Byrd ex p ed itio n s and p rev io u sly  f i l e d  th ere .

Tram I 9U1 th rou ^i 19*^, th e  co u n tries o f  th e  Northern Hemisphere wsre

®See Appendix I  fo r  referen ce  to  th ese  Geman naps which ere  not 
p lo tte d  aaong th e  ch a rts on Index ?iap 7 . Ib eee  naps accompany R itsch er 'c  
(19^2) account o f  th e  ex p ed itio n .

-'kuxuscript napa prepared by G iple, B u tler  and oth ers heve not been  
p u b lish ed .
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to o  b u s ily  engaged in  World War I I  to  con sid er A n tarctic  e x p lo ra tio n . An 

A rgentine ex p ed itio n  in  19^3 took  a  fe v  oblique airp h otos in  th e v ic in it y  

o f  P ort Lockroy, horover.

In  th e  I9W -I9V7 season , th e U .S . ’Inval Task Force 6 3 , op erating  

under th e  F ir s t  A n tarctic  D evelopaents P r o je c t, planned and executed  an 

in ten siv e  photo reconnaissance survey o f  the co a sts  o f  A n ta rctica . 

P rev io u sly , o n ly  ob lique photography had been used , bu t th e  a ir c r a ft  o f  

Task Force 68 ware provided w ith  triasetrogon in s ta lla t io n s  vh ich  p er- 

n it te d  h o rizo n -to -h o rizo a  cover end v e r t ic a l photography o f  th e  path o f  

f lig ja t . "Gremlin" cameras were in s ta lle d  to  provide a d d itio n a l data for  

napping c o n tr o ls . S ix ty -f iv e  thousand a e r ia l n eg a tiv es were exposed by 

th e e x p e d itio n 's  12 long-range a ir c r a f t , op erating from two Task Groups 

based on seap lane tend ers a t  sea  and a th ird  Task Group based on th e  s h e lf  

ic© a t L it t le  America. Most o f  th e co a st between 15°2 . and 170°E. end 

between 95°W. and. 130°W. was photographed by s in g le , double or even tr ip le  

trim etrogon  f lig h t s  p a r a lle l to  th e general sh o r e lin e , w ith  o cca sio n a l 

s o r t ie s  in to  th e  in te r io r  averagin g 200 m iles in  depth . Photo recon

n a issan ce was a ls o  ca rried  out over p a rts o f  the p o lar p la tea u , in clu d in g  

th e  South P ole end th e p la tea u  areas o a s t , w est and south o f  th e  Ross S h e lf 

le e .

In 19^7 and 1 9 ^ , th e Royal A u stra lian  A ir Force photographed 

Macquarie and Heard Isla n d s.

The 19L7- I 943 season saw two American ex p ed itio n s in  th e  f i e ld .  The 

U .S. Tfeval Task Force 39, op eratin g  under th e Second A n tarctic  Developments 

P r o je c t, sen t surveyors ashore a t  s e le c te d  p o in ts to  o b ta in  th e ground 

co n tro l n ecessary  fo r  th e  u t i l iz a t io n  o f  th e previous sea so n 's a e r ia l 

photography fo r  mapping purposes. In  a d d itio n , v e r t ic a l a irp h otos were
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taken o f  th e  D avis Sec, c o a s t lin e , Bungar’s "Oasis" and th e fu n ctio n  o f  

th e Knox and Rudd C oasts. Low a lt itu d e  ob liq u es were mode o f  th ese  a rea s, 

as w e ll as McMurdo Sound, L it t le  Am erica, P eter I  Island, end 5teny Fjord  

f im  h e lic o p te r s .

M eanwhile, th e  Ronnc A n tarctic  Research E xpedition was b u s ily  engaged 

in  a  tru aetrogon  survey o f  A lexander I  Isla n d  and. both  co a sts  o f  the Palmer 

P en in su la  to  th e ir  southernm ost lim its?. Ronne's p r in c ip a l aeecsnpliBhnjent 

m s th e d iscovery  o f  th e W eddell Sea S h e lf Ice  and B lith  Ronne Land to  

i t s  so u th . With th ie  d iscovery  eaae th e f in a l su b sta n tia tio n  o f  th e fa c t  

th a t A n tarctica  i s  one co n tin en t, not tw o.

At th is  w r itin g , th e  combined Britinh-W orwegian-Swedish E xpedition  

(1950-1952) i s  a c t iv e ly  engaged in  ex p lo rin g  th e in te r io r  o f  Queen Maud

Land by both  ground and s e r ia l  recon n aissan ce. I t  i s  known th a t a irp h otos
*

have been aa.de o f  th e  s h e lf  ic e  c o a s t lin e  o f  th is  area and a ls o  o f  the  

m ountains near ?3°S . and 13°W. (Sverdrup, 1950j W alford, 1951). A dd itional 

airphoto coverage i s  planned fo r  th e 1951-1952 season .

^ resen t s ta tu s .  ?tep 6 , A n tarctica : A eria l Photographic Coverage, 

i l lu s t r a t e s  th e  p resen t s ta tu s  o f  areas surveyed by reconnaissance type 

a e r ia l photography. A study o f  th is  map rev ea ls  th a t th e symbols fo r  

th e  f l ig h t  lin e s  o f  th e various ex p ed itio n s have varying q u a lita tiv e  va lu es  

in  term s o f  th e  amount o f  te r r a in  a c tu a lly  photographed. In  most in sta n ce s , 

th e  symbols a c tu a lly  rep resen t th e  paths o f  th e a ir c r a ft  when th e a e r ia l 

cameras w r s  in  a c tio n  rath er than th e  area a c tu a lly  covered by th e  

photography, which would n e c e s s ita te  a  much broader sys& ol In m ost c a se s . 10

10For exam ple, the heavy, continuous lin e  symbol o f  Task Force 60 
tr ise tr o g o n  photography in  broken wherever th e  coasras were turned, o f f .
In a  few  in sta n ces where th in  inform ation  was la ck in g , as was th e case  
w ith th e German photography, th ere  woe no a lte r n a tiv e  but to  p lo t  the  
e n tir e  f l i # t  l in e .
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The am unt o f  te r r a in  a c tu a lly  covered In any one photograph depends 

upon aany v a r ia b le  fa c to r s , In clu d in g th e  type o f  camera mounted in  th e  

a ir c r a ft  and i t s  p o s it io n  end fo c a l le n g th , as v e i l  a s th e  a lt itu d e  o f  the  

a irp lan e above th e te r r a in  photographed and th e  lo c a l atm ospheric 

c o n d itio n s . ^

The s p e c if ic  areas covered by a e r ia l photography are not in d ica ted  

on Map 6 b ecam e o f  ( l )  th e lack  o f  a l l  th e  v a ria b le  fa c to r  inform ation  

n ecessary  to  p lo t  th e coverage, ( 2 ) th e  u n a v a ila b ility  o f  a  con sid erab le  

p o rtio n  o f  th e photographic p r in ts  fo r  p lo tt in g  pu rp oses, and. ( 3) the  

lack  o f  aapo a t  a  s u f f ic ie n t ly  la rg e  s c a le  and w ith  a  s u f f ic ie n t  amount 

o f  topographic d e ta il  and a ccu ra te ly  p lo tte d  landmarks upon which to  

p lo t  th e  a irp h otos oth er than e m p ir ic a lly .^ 2

As o f  1951* th e grea ter  p ortion  o f  th e  c o a s tlin e  o f  th e  A n tarctic  

C ontinent was covered by a e r ia l photography, bu t th e in te r io r , ex cep t fo r  

s p e c if ic  in s ta n c e s , was e s s e n t ia lly  barren o f  e ith e r  ex p lo ra tio n  o r  a e r ia l 

photographic coverage. Four s ig n if ic a n t  p a rts o f  th e  c o a s t lin e  s t i l l

An a ir c r a ft  f ly in g  a t an a lt itu d e  o f  10,000 f e e t  above sea  le v e l over 
an ic e  p la tea u  o f  5 ,0 0 0 -fo o t e le v a tio n  and u sin g  a  1 2 -inch fo c a l length  
a e r ia l camera in  a  v e r t ic a l p o s it io n  provides photograph ic  coverage fo r  
on ly  th ree -e ig h th s o f  a n i le  on e ith e r  s id e  o f  th e path o f  f l i g h t ,  or not 
as v id e  a s  th e  f l i g i t  track  drawn on th e  no?. On th e  o th er  hand, th e one- 
s id e  ob liq u e photography o f  th e  U .S . A n tarctic  S erv ice  E xpedition  or the  
b o th -s id e  ob liq u e photography o f  th e  TVsutsehe A ntarktioche E xpedition  
covered v a s tly  w ider t e r r it o r ie s . The tr la e tro g o n  photography b f th e  U .S. 
Ifeval Task Force 68 and o f  Ronne'e ex p ed itio n  covered from h orizon  to  
h orizon  ap p roxin ately  132 o i le s  a t  an e le v a tio n  o f  10 ,000 f e e t  or more 
above th e  te r r a in , assan in g  reasonab le atm ospheric c la r it y  on both  s id e s  
o f  th e  a ir c r a ft .

Comparison o f  ’-tap 6  which record s th e  photo f l ig h t  lin e s  w ith  yap 1 
which shows th e  boundaries o f  th e  "explored” areas io  in v ite d . The la t t e r  
are d erived  fro a  th e  former b y  c a lc u la tin g  hov fa r  th e  aircrew aen could  
see  or th e camera could photograph from th e  path o f  f l i ^ i t  baaed upon the 
v a r ia b le  fa c to r s  c ite d  above and th e  record o f  v i s i b i l i t y  in  th e  p i lo t 's  
lo g .
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remained to  be photographed: 50W. t o  U^-V, f 750*7, to  97°V .,  lUU-'̂ E. to  151°E. 

and th e  north-soirth  s tr e tc h  o f  th e  well-known co a et o f  V ic to r ia  Land fr e e  

7 1 °8 . to  77°S.

The fu tu re .  Row th a t a  su b sta n tia l p o rtio n  o f  th e  A n tarctic  has 

been surveyed by reconnaissance photography over a  period  o f  lean  than  

25 y e a rs , and now th a t many o f  th e  problems in vo lved  in  sectoring a e r ia l 

photography o f  th e  A n tarctic  have been met and d e a lt  w ith , i t  would seen  

an id e a l occasion  to  b eg in  con servation  o f  manpower, con servation  o f  

m a ter ia ls , con servation  o f  t ia s  and con servation  o f  fin an ce through 

organ izin g  and planning fu tu re a e r ia l reconnaissance on a  coop erative  

b a s is . Each fu tu re tala c io n  or group o f  s o r t ie s  should f ly  aegaanta o f  

a  g ild in g  or m aster p la n . W ell-planned reconnaissance w ith  th e  a ir c r a ft  

and equipment now a v a ila b le  cou ld  provide ccn p leta , h ig h -le v e l tr ia e tro g o n  

coverage fo r  a l l  o f  A n tarctica  and a t  fa r  le s s  expense than th e  expendi

tu re s  incurred fo r  th e  random purpose a e r ia l photography o f  A n tarctica  

now ex ta n t.

P revious attem pts to  provide an In tern a tio n a l co n tro l fo r  A n tarctica  

have n ot been n otab ly  s u c c e s s fu l. The su g g estio n  o f  th e U nited S ta te s  th a t 

A n tarctica  be governed under a tr u ste e sh ip  o f  th e  U nited R ations was not 

a cted  upon favorab ly  by th a t body. In  August 1 9 ^ , th e government o f  th e  

U nited S ta te s , n o tin g  w ith  concern th e  maneuvering o f  B r it is h , A rgentine 

and C hilean naval v e s s e ls  in  th e  South American A n tarctic  as a  r e s u lt  o f  

overlap pin g cla im s to  th a t area by th ese  c o u n tr ie s , sen t n otes to  the  

seven co u n tries c la im in g  A n tarctic  te r r ito r y , i . e . ,  A rgentina, A u stra lia , 

C h ile , France, Rev Z ealand, Norway and th e  U nited Kingdom, su g g estin g  the  

estab lish m en t o f  a  U n ite d  fo ra  o f  in tern a tio n a l regim e. The proposals 

were accepted  in  p r in c ip a l by Bfev Zealand and th e  U nited Kingdom, bu t were
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opposed "by some o f  th e o th er s , p a r tic u la r ly  A rgentina and C h ile . A rgentina 

f l a t ly  refu sed  any ei{£vt-power condominium or U nited n a tion s tr u s te e sh ip , 

w h ile  C h ile c ite d  th e  m iserab le fa ilu r e  o f  th e  S p itsb ergen  eight-pow er  

tr e a ty  o f  19lU .*3

The prciblem o f  jo in t  a irp h oto  reconnaissance ex p ed itio n s i s  not 

insurm ountable, h ow ever,^  s in c e  any agreement fo r  a  coop era tive  plan to  

provide a s  r i e l  photo coverage o f  th e  e n tir e  A n tarctic  any s p e c if ic a lly  

s ta te  th a t sovereign  r ig h ts  are in  no way a ffe c te d  by th e  p r o je c t. She 

equipm ent would la r g e ly  have to  be provided by th e  U nited S ta te s  and the  

U nited Kingdcra, would a ls o  have to  share th e  major p o rtio n  o f  the 

c o s t s , aided  by co n tr ib u tio n s from th e  o th e r s , p a r tic u la r ly  A u stra lia ,

Sew Zealand and Sorway, u n le ss  th e p r o je c t cou ld  be fin anced  th rou #j the  

U nited n a tio n s.

However d ev ised  and execu ted , any such p lan  would p rov id e, througj 

a e r ia l photography, photo in ter p r e ta tio n  and reconn aissance jfco tograsm try , 

th e  in i t i a l  ex p lo ra tio n  sad ev a lu a tio n  o f  th e Vhole o f  A n ta rctica , os w e ll as 

airphoto* and maps o f  s u f f ic ie n t  s c a le  and d e ta il  w ith  which to  plan  

fu tu re  op eration s and to  perform  photogeographic and f ie ld  research .

A v a ila b ility .  In  th e U nited S ta te s , se le c te d  p r in ts  o f  A n tarctic  

a e r ia l photography are g en era lly  a v a ila b le  to  q u a lifie d  in d iv id u a ls  and 

in s t itu t io n s  fo r  s c ie n t i f ic  purposes through n eg o tia tio n  w ith  th e  N ational 

A rchives (Byrd I  and I I  E xpeditions and U .S . A n tarctic  S erv ice  photography).

*3lbe e ig h t powsrs were Denmark, France, Germany, Ttetfaerlands, Borway, 
R u ssia , U nited Kingdom and th e  U nited S ta te s . S p itsb ergen  vae f in a lly  
awarded to  Borvay in  1920.

e  B ritish-U orvegien-Sw & dieh A n tarctic  E xpedition  o f  1950-1952 is  
adequate p roof o f  th is  sta tem en t.
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th e  DepartaaHt o f  th e  Etavy (U .S . Task Forces 68 and 39 photography),  the  

Department o f  th e  A ir Force (Ronne A n tarctic  Research E xpedition photog

raphy), and th e  American G eographical S o c ie ty  (E llsw orth  and W ilkina 

ex p ed itio n s photography). V h ile no attem pts have been made by th e  author 

to  procure photographic p r in ts  made by fo re ig n  e x p e d itio n s, i t  i s  assumed 

th a t such photography would be made a v a ila b le  fo r  s c ie n t if ic  purposes by 

th e  B r itish  and French government®, both  o f  which have received  se le c te d  

photography frora th e  American governm ent, end a ls o  by th e  Norwegians.

The fa te  o f  th e  a e r ia l f i l n  made by th e  p erson n el and equipment o f  th e  

D eutsche Lufthansa on th e  German A n ta rctic  E xp ed ition , 1938-1939, i s  not 

known to  th e  author, bu t i f  i t  su rv ived  World War I I ,  i t s  presence i s  

undoubtedly known to  th e  s t a f f  o f  th e  A rahiv fu r  Polarforsehung in  K ie l.

A con sid erab le  q u an tity  o f  s t i l l  and m otion p ic tu re  su rface photog

raphy in  both  c o lo r  and b lack  and w hite i s  a v a ila b le  fo r  c e r ta in  lo c a l  

a r e a s .^  T his photography i s  in va lu ab le  in  th e  o r ien ta tio n  o f  a irphoto  

a n a ly s ts , e s p e c ia lly  th ose who have never been in  th e  a rea . Of p a r tic u la r  

in te r e s t  i s  th e  U .S . Davy's c o lle c t io n  o f  approxim ately 175,000 f e e t  o f  

l6 -n n . kodachroiaa m otion p ic tu re  f ilm , a lon g  w ith  10,000 b lack  a a i w hite  

s t i l l s  and 2 ,250  c o lo r  tra n sp a ren c ies , node on i t s  two recen t exp ed ition s;. 

Some o f  th e 16~se .  kodachrocw fo o ta g e  i s  a e r ia l n o tion  p ic tu re  f i l n .

APPLICATION OF THE METHOD TO THE AREA

Ever s in c e  th e  f i r s t  a irp h otos o f  th e  von Dry g a ls  k i and S co tt 

ex p ed itio n s a t  th e tu rn  o f  th e  cen tury (R ich ter , 1951 i /W ilso n /, 1908),

15^ o s c o e , John u j  (1951) l i s t s  75 se le c te d  o f f i c ia l  and p erson al 
h old in gs and p u b lica tio n s o f  s t i l l  and m otion p ic tu re  photography.
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a e r ia l photographs o f  A n tarctica  have bad bu t th ree  p r in c ip a l u ses to  th e  

s c ie n t is t  and ex p lo rer , who have employed them fo r  f ie ld  o r ie n ta tio n  and 

p lan n in g , nap making or i l lu s t r a t iv e  p u rp oses.1^ Even th ese  th ree  uses 

have bean r a re , con sid erin g  th e  anount o f  photography now a v a ila b le  and 

to e  dearth o f  inform ation about A n tarctica .

I b is  stud y o ffe r s  another use fo r  th e a e r ia l photography o f  the 

A n ta rc tic , namely th a t o f  a  t o o l ,  a  to o l designed to  enable th e  photogeog

rapher to  examine a e r ia l photography o f  u n fam iliar A n tarctic  te r r a in  and, 

by ia»ans o f  p rev io u sly  prepared photo in terp re ta tio n  faeys, to  perform a 

geographical a n a ly s is  o r  pro-ride an accurate d e scr ip tio n  o f  th e  areas 

concerned.

Putnam (19^7, P . 5 5 9 ), vho a lso  c it e s  Eea (l< ftL ), J o l i f f e  (19^5) 

and B rundall (19^7) as b e in g  o f  lik e  a in d , in d ic a te s  th e  oonsperative 

recency o f  u sin g  a irp h otos in  p la ce  o f  ground recon n aissan ce. Rea,

J o l i f f e  and B rundall a ls o  p o in t ou t th e  lim ita tio n s  o f  th e  method. Putnam

l^The itin e r a r y  rad p lanning o f  th e  U nited S ta tes Ifeval E xped ition , 
I9U7- I 9W , vac based upon th e  photography token th e  p reced in g year, 
am n p les o f  th e  cartographic u se in clu d e Hansen's ( 19 6̂ ) s e t  o f  12 naps 
o f  p o rtio n s o f  to e  Queen Maud Land c o a s t , com piled from th e  BirphcrtoB o f  
Lars C h risten sen 's 1935-1936 e x p e d itio n , and von O rdber's s e t  o f  th ree  
aapa o f  Sfev Schwabenland (R ito cb er , 19^ 2), com piled from th e  Deutsche 
A ntarktieche E xp ed ition , 1939-1939 a e r ia l photography. Other naps include 
th e  s e t  o f  s ix  p ro v is io n a l maps o f  th e  Walgreen C oast, Amundsen Sea, 
com piled from th e  U nited S ta te s  Havy photography by to e  U nited S ta tes  
G eolog ica l Survey in  co lla b o r a tio n  w ith  th e  U nited S ta te s  Hydrographic 
O ffice  and lithographed  by th e  A eron autical Chart S er v ice . S ip le  (19^5) 
p resen ts an e x c e lle n t  example o f  u sin g  a e r ia l photography fo r  illu s tr a t in g  
an account o f  th e geograp hical op era tion s frcen to e  West Brae o f  th e  United  
S ta te s  A n tarctic  S erv ice  E xp ed ition , w h ile  B lack (1 9 ^ 5 ), in  c o n tr a st, 
perform s th e  same fu n ctio n  fo r  to e  2aat Base a lto g e th er  w ith out to e  use 
o f  i l lu s t r a t io n s . Debcnhaa (1 9 ^ )  used a e r ia l photos o f  th e  Rose S h e lf  
Ic e  tak en  in  19**7, s e le c te d  fo r  h ia  by th e  au th or, to  i l lu s t r a t e  an 
a r t ic le  fo r  which he had perform ed th e  f ie ld  work sons 35 years e a r lie r . 
R itach er (19**2) pu b lish ed  a  sep arate volume o f  a e r ia l photos and maps nade 
from a irp h otos to  i l lu s t r a t e  h io  account o f  to e  Deutsche Ant& rktische 
E xp ed ition , 1938-1939* O na-toird o f  h is  60 ob lique a irp h oto  illu s tr a t io n s  
arc th ree-d im en sion a l anaglyphs.
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enphas isea  th a t, w hile the rewards in  terras o f saving tirae mid expense 

are tremendous,  there are many p it f a l ls  for the unwary. A ll se e s  to  

agree th a t only in  unusual circum stances can photo an a lysis be a caerolate 

su b stitu te  fo r  f ie ld  work, but recognise th a t there are thaas when f ie ld  

work is  e ith e r  not fe a s ib le  or not p o ss ib le . The method i s  rated os 

unexcelled  fo r  reconnaissance stu d ies o f  in a ccessib le  areas and fo r  

iso la tin g  areas worthy o f d eta iled  a n a ly sis .

f&iith ( 19*&, p . TUb),  in  d iscu ssin g  surface featu res in  gen eral, 

s ta te s:

D etailed  etudieo o f  U n ited  areas frequently  provide a key 
fo r  the in terp reta tion  o f region al gecm rphic fea tu res. In 
applying the r e su lts  o f  the former to  the la t te r , recon
naissance methods are cccmonly employed, end under favorable 
con d ition s c r it ic a l  stu d ies o f  a e r ia l photographs or m osaics 
alone nay c u ffic e .

'The appearance o f  a  p a rticu la r  type o f  ice  surface feature can be 

divided. in to  photo image elem ents which are capable o f  an a lysis and 

th erefore capable o f  su ccessfu l Id e n tific a tio n . I f  the polar geographer 

can learn  to  id e n tify  the photo image elem ents o f  such factors os snow, 

f ir e  and g la c ie r  ic e , the correct in terp reta tion  o f  g la c ia l morphology 

w ill  not be a nere chance but w ill approach aa expected r e a lity .

I f  the reconnaissance a e r ia l photography i s  to  be taken a t a future 

d ate, the photogeogrepher can f a c ilit a t e  h is  in terp reta tion  by planning 

the f lig h ts  in  advance with the p i lo t ,  n avigator, a e r ia l photographer 

and photogrcraraetriot to  make certa in  th a t complete f li^ a t  logo , track  

charts and records o f a ltitu d e  above terra in  ore m aintained. He may a lso  

ask to r  large-Gcfele te a t  photos to  be raade o f ty p ic a l landscapes during 

the regu lar reconnaissance flif* ita  by the in term itten t use o f  long fo ca l
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length  csm ras in  the sasss a ir c r a ft . 1 7

Hie geographer should a lso  plan to  obtain eosae oblique i*otograph3, 

gcrac co lor transparencies and acne infrared photography fo r  region al 

co lo r appreciation  and fo r  images which do not show up w ell in  panchromatic 

em ulsions. In  sorae in sta n ces, d ifferen t f U n - f i l t e r  combinations m y be 

used to  photograjfe id e n tific a tio n  ch a ra cter istic s  not v is ib le  to  the 

naked ey e. Low a ltitv e le  ob liq u es, ground photographs and penoranic photog

raphy may be planned by the photogaograjber i f  a h e lico p ter  i s  a t the 

d isp osa l o f the photo reconnaissance team.

Airphoto in terp reta tion  is  no su b stitu te  fo r  research in  the f ie ld .

I t  i s  a f a c t ,  however, th a t approximately 1 0 0 ,0 0 0  airphotoes have been 

taken o f  areas o f  A ntarctica o n  which rsm has never s e t  fo o t, and o f many 

areas which man i s  not lik e ly  to  explore person ally  fo r  many years to  cooo, 

i f  ev er , Photogeographers can provide geographical analyses o f  these  

areas by use o f  photo in terp reta tio n  keys developed on the b a sis  o f  th e ir  

experiences or the experiences o f  other geographers and exp lorers in  sim ilar
9

regions elsew here in  the A n tarctic.

Chapter V consiota o f  a  s e t  o f  general photo In terp retation  keys 

e sp e c ia lly  developed fo r  A ntarctica . In Chapter VI, th ese  keys are

1(V or exam ple, a  s ix -in c h  tr ta etro g o n  in s ta lla t io n  a t  20 , OX fe e t  above 
te r r a in  w il l  render v e r t ic a l airpfaotos a t 1/U0 ,0 0 0  and ob liq u e airphotos 
a t even sm aller s c a le s . A W 3-imh camera on th e same s o r t ie , however, 
would provide v e r t ic a l photographs o f  s e le c te d  p o rtio n s o f  th e  same 
te r r a in  a t  a  s c a le  o f  1 /5 ,0 0 0 , a llow in g  la r g e -sc a le  airpfaotos from which 
variou s typ es o f  morphology cou ld  be analysed  w ith  nore accuracy. Once 
th e  reco g n itio n  fea tu res  o f  a  p a r tic u la r  form ation o r  co n d itio n  were 
e s t a b l i s h e d  from t h e  la r g e -sc a le  p h otos, such form ations sad con d ition s  
cou ld  be p lo tte d  from th e regu lar o m ll-o c a le  co v er . Photography from th e  
48- Inch fo c a l len g th  earners would n ot be p r a c tic a l fo r  th e  e n tir e  area , 
ho-w ver, s in c e  each photo a t  1/ 5 ,000  would cover on ly  l/6 h  o f  th e area  
covered by a  l / k 0 t 000 a irp h oto  taken under th e  seme c o n d itio n s .



ap p lied , by asans o f photogeography, to  the a n a ly sis  o f  the Ingrid 

C hristensen C oast, an area with which the author and a l l  other p rofession al 

geographers are not fo a ilia r . The r e su lt is  a geographic and morphologic 

an a lysis o f  an A ntarctic region in  which no geographer or m orphologist 

has ever s e t  fo o t.



CHAPTER V

SOME FCEIS FOR TYPICAL ANTARCTIC SURFACE FEATURES

Introduction. R egional photo in terp reta tion  keys are prepared fo r  

tvo  c la sse s  o f  u sers: photo in terp reters and photo readers. The photo 

in terp reter category c o n s is ts  o f  those v ith  sp e c ia l tra in in g  or s k i l l s  in  

one or nore o f th e f ie ld s  c lo se ly  associa ted  v ith  the sub ject concerned: 

in  the case a t hand, the polar geographer, the ice  m orphologist, the 

g la c ia l g e o lo g ist and the polar exp lorer. In the sxfoject concerned, the 

photo reader category i s  composed c h ie f ly  o f  in d iv idu als in  c lo s e ly  a llie d  

p rofession s who are not fa m ilia r  v lth  the processes or ice  form ations 

a sso cia ted  v ith  g la c ia tio n  on a  con tin en ta l s c a le , and those 1*0 nay he 

fu lly  ccsspctent in  other f ie ld s  o f  endeavor, such as cartography, who 

wish to  make use o f  A ntarctic airpfaotos.

Merfbers o f  the photo in terp reter group need l i t t l e  hut the photo 

image and i t s  sca le  in  order to  determine s ig n ific a n t a sso c ia tiv e  factors  

which, them selves, n ig h t not be v is ib le  on a e r ia l photography. This 

determ ination i s  achieved from previous f ie ld  experience. This past 

experien ce, th e sp a tia l o r ien ta tio n  apparent on th e a e r ia l photograph, 

the large f ie ld  o f  coverage a t a s in g le  glance and Hie use o f  the stereo 

scope fo r  three-dim ensional view ing nay enable the w e ll-q u a lifie d  in v e s ti

gator to  d e tec t or id e n tify  many Items o f  consequence th at he could not 

have recognized i f  g iven  th e same or even an appreciably longer period o f  

t in e  fo r  surface in v estig a tio n . For the b en efit o f  the photo readers, 

however, i t  i s  e s s e n tia l th a t as aweh exact and p ertin en t inform ation as 

p o ssib le  he furnished in  3iap l9  terms w ith in  th e b r ie f  space ava ilab le



fo r  caption® and annotations. Photo in terp retation  keys w ith long, 

d eta iled  d escrip tion s nay d efeat th e ir  own purpose.

I t  i s  inportent to  reoeriber th at a lthou^ i c o lle c tio n s  o f  keys are 

c le a r ly  inform ative, th ey  should not he considered as te x ts , but rather 

as to o ls  fo r  th e operating photo reader car photo in terp retation  s p e c ia lis t .

Although th ese  keys were produced as to o ls , severa l o r ig in a l develop

ments have resu lted  frets the reoearch which was required before d iagn ostic  

image elem ents could bo iso la ted  and s ig n ific a n t photo in terp reta tion  keys 

could be derived from them. For example, a fte r  a study was node o f  the 

current ly  e x is tin g  schemas fo r  the c la s s if ic a t io n  o f g la c iers  proposed 

by such students o f  A ntarctic ic e  as Ferror, Oourdon, Hobbs, H ortenskjold, 

V ri^vt and P r ie s t le y , i t  was noted th a t one o f  the most s ig n ific a n t types 

o f  A ntarctic g la c iers  had not been Included in  any o f  the c la s s if ic a t io n s . 

To remedy th is  s itu a tio n , th e term "channel g lacier"  ifl proposed hare to r  

the fea tu res described  in  Tflsye 22 through 30 .

In a d d itio n , new and s ig n ific a n t inforsm tic®  is  provided concerning 

s h e lf  ic e  undulations, the o r ig in  o f  s h e lf  ic e , the configuration  o f  

sa stru g i, the shapes o f  sncralrifta caused by sn a il ob sta cles no w e ll as 

th ose caused by large ob stru ction s, the development o f  sa ltw ater la k es, 

th e occurrence o f  no redoes, ic e  recessio n , polygonal terra in , the "White 

day" phenomenon, g la c ia l d iss ip a tio n  by b lizza rd s and human occupanee o f 

Couth Polar iceform s and landforms. Confirmatory evidence to  support 

previously  e x is tin g  th eo ries concerning the o r ig in  o f many other features 

o f  the natural landscape i s  presented in  photographic fora .

rjev term s, such as " floa tin g  f is s u r e ," "reentrant r i f t ,"  "ice raorass," 

and " ritftt angle d r ift"  are introduced to  describe featu res newly discovered  

or not p rev iou sly  c la s s if ie d .
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Keys. Ifca photo in terp reta tion  keys herein  er^ iiasize d iagn ostic  

fea tu res o f  ty p ic a l A ntarctic landfonns and icefo n a s. They are subdivided

nien ce in to  th e  fo llo w in g  groups:

S tib ject Grouping 5?2»

G laciers .....................................................

I c e  Tongues . ........................................

S h e lf Ice  ......................................................

Snow, F irn  and Ic e  ..................................

S a stru g i .....................................................

Snow drifts ...............................................

C revasses .....................................................

R a d ia tio n .....................................................

M eltvatar .....................................................

^foraines . . . . . . . . .

• fo u n ta in s ......................................................

C o a s t l i n e s ........................... ......

Isla n d s . . . . . . . . .

A n tarctic  Phenomena ...........................

F lora  and Fteuna ........................................

Ifurasn O ccupance........................................

Althou^j the keys have been organised in  sub ject groups, i t  must 

be esaphasised th a t, because o f  the u n ity  o f landscape, e x c e lle n t exaaples 

o f  many o f  ttre s t r e e t s  nay be found in  sectio n s prim arily concerned v ith  

other su b jects. For eaeeajple, snow, f ir n  and ic e  are e sp e c ia lly  treated  in

Kays 87 through 95, y e t alraoat a l l  o f  the 3^3 keys I llu s tr a te  some condition
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o f  enow, f ir n  or Ice . S im ila r ly , sa stru g i, s p e c if ic a lly  examined in  Sfeys 

<?'■ throu^i 117,  appear in  aany other key*.

Sach key co n sisto  o f  two p a rts. 'These p arts are the photo image and 

the associa ted  w ritten  a n a ly sis . The photo images are predominantly 

v e r tic a l and oblique airphotos in  stereogram and s in g le  p rin t fo ra . The 

in d iv id u al p rin ts o f  the stereo  p a irs and stereo  t r ip le t s  are separated  

by heavy black lin e s . This unusual presen tation  technique has been 

devised to  aid  the reader who nay be um ccustcoed to  the use o f the stereo 

scope. Three-dim ensional v is io n  is  b e st obtained by p lacin g the stereoscope  

so th a t i t s  cen terp iece io  d ir e c tly  over the heavy black lin e . I f  t il ls  is  

done, each len s should f a i l  in to  p o sitio n  over a photo image o f  th e same 

o b jec t. Upon looking through the instrum ent, the reader nay observe three  

images o f  the landscape Vhich w ill  appear to  be separated frors each other 

by heavy black l in e s . The images a t the extreme l e f t  sad r igh t may be 

confusing, m y  show superiapooition  o f  d iffe r in g  landscapes and w ill  not 

have depth. The image la  the cantor, however, which ia  framed on both 

s id e s  by heavy, b lack  l in e s , should appear in  three-dim ensional form. I f ,  

in stead  o f  three-dim ensional v is io n , the reader sees double imagery w ithin  

th e cen ter , black-bordered frame, he should a scerta in  the apparent p o sitio n  

o f  any outstanding image v ith  re la tio n  to  i t s  &oifi>le. I f  the du p licate  

images are above and below one another, the reader should ro ta te  the  

stereoscope h o rizo n ta lly  about a v e r tic a l a x is  p assing through i t s  cen ter  

u n til the Images fuse or reach the earns plane. I f  the dup licate image* 

cure s id e  by s id e , rather than above and be la v  one aasth er, the reader 

should adjust the stereoscope by pushing the len ses c lo se r  together or 

p u llin g  thorn farth er apart u n til the images fu se . Almost anyone with 

reasonable power o f  sfa£it in  both eyes can quickly and e a s ily  obtain  

otereo v is io n  v ith  the a id  o f  a stereoscop e. With a l i t t l e  ad d ition al
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p r a c tic e , many people can tr a in  theraBolveo to  "see stereo" w ithout the 

use o f  any instrum ent.

second portion o f  a key c o n sis ts  o f an associa ted  w ritten  an a lysis  

in  th e fora o f  captions sad annotations r e la tiv e  to  photo d ata , sca le  and 

th e d iagn ostic  featu res o f  th e photo image. On th ese keys, known sca le s  

have been in d icated  by a lin e  representing a length  o f  approximately 

1,000 fe e t  on th e surface o f  the earth . Where such lin e s  would obviously  

be too  lon g , th is  d istance has been reduced to  100 f e e t . The d irec tio n  o f  

ic e  movement, where known end deemed p ertin en t, is  ind icated  by arrows 

o n e-h a lf an inch long with a sh aft one-eighth o f  an inch v id e . Arrows o f  

other s iz e s  or shapes which occa sio n a lly  appear cm th e beys are gen erally  

designed to  c a l l  th e a tten tio n  o f the reader to  sp e c ific  o b jects in  the 

photo illu s tr a t io n . Annotations and captions have been kept to  a minimum, 

co n sisten t w ith providing th e reader a l l  o f  the inform ation which he must 

have in  order to  employ the key su c cessfu lly  and e ffe c t iv e ly  in  th e exami

nation  o f  A ntarctic a e r ia l photography.

I t  i s  v ir tu a lly  im possible to  c i t e  the p recise  lo ca tio n s o f  most o f  

th e airphoto keys which fo llo w , sin ce  r e la t iv e ly  few accurate geographic 

p o sitio n s have a ctu a lly  been esta b lish ed  in  A ntarctica, estim ated loca

tio n s  o f th e  keyn can be no more accurate than the n avigator's f l i $ i t  

track  and th e a e r ia l photographer's data sh eets; however, approximate 

lo ca tio n s to  th e  nearest degree are given fo r  those airphoto© which were

not taken a t  sea . This inform ation has been annotated in  the lower r i# r t

corner o f  most o f  the keys. S ince the photo reconnaissance f lig h ts  in  

th e A ntarctic have gen era lly  been along or near the c o a st, i t  has been  

necessary in  most instances only to  in d icate the longitude in  order to

designate the area in  which any airphoto was taken. In  a  few in sta n ces,



132

as in  th e case o f  V ictoria  Land and the F alser P eninsula, vher® the coasts 

trend north and south , or where the alrphotoa have been taken a t considerable 

d istan ces in land , the ap p roxim te la titu d e  and longitude are both recorded.
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Key 1 
/

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

Key 1. The South Polar Ice P lateau occupies the heart of the A ntarc
tic continental g lacier. This airphoto, taken over the South Pole, shows 
the a rea  to be a nearly “ fea tu re le ss”  firn  plain of 10,000 feet elevation. 
The f irn  here is  le ss  dense than at sea  level. Sastrugi (Keys 96-117) 
are  everywhere. Not visible here are  the broad, gentle undulations that 
occur in the surface of the ice plateau adjacent to some of the outlet 
g laciers.

•O'

•«  '
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Key 2. A litto ra l sector of the continental g lacier at a point where it 
is  unimpeded by m ajor topographical b a rr ie rs . Fam ilies of crevasses, 
visible where the ice overrides the more rugged te rra in , and the recently 
exposed islands or peninsulas indicate that the glacial floor is not smooth. 
Ablation, including rem oval of ice by so lar melting, subaqueous melting, 
wind action, 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 w ater is deeper off the ice coastline on the right than at 
the left, probably averaging m ore than 500 feet. The vertical ice cliffs 
at this location probably average m ore than 100'in elevation above sea 
level. H ere, the seaw ard edge of the glacier advances until it becomes 
waterborne, breaking off when sufficient leverage has been created for 
tidal action to crea te  icebergs. Note the typical blending of clouds and 
g lacier which makes the horizon appear quite indistinct.

Key 3. A surface view of the continental g lacier at a  gentle gradient 
coast. H ere, 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 ch arac te ris tic  upslope inland som etim es r is e s  to elevations 
of g rea te r 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 s im ila r to continental glacier ice save for the sm aller 
land m ass involved. Island ice usually covers the entire island upon which 
it r e s ts , blotting out the te rra in  irregu larities . ICE-CAPPED ISLAND is 
the term  for the island thus covered. The phrase ICE BLAND ICEBERG 
describes an iceberg which resem bles an ice-capped island.

Key 4. This ice-capped island is easily distinguished from an iceberg 
by its g reat height, which may be noted in relation to the norm al-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 g laciers (Key 21) or avalanche ice (Key 15) if the rock perim eter 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. P resented  here a re  surface photos of a skerry  covered 
by island ice but lacking the floating ram parts  of the island in Key 4. The 
dimensions of this island are approximately 75 by 150 fe e t. It has an e le
vation of ten  feet with a firn  cover of ten feet. Small islands of this type 
are difficult to recognize on ae ria l photos unless p erim eter rock has been 
exposed by tidal or wave action or unless com parative airphoto cover is 
available.
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HIGHLAND ICE is  defined as a com paratively thin, but continuous, 
ice sheet, with or without firn  or snow cover, overlying any flat or un
dulating land surface and conforming to a considerable extent to the i r 
regu larities of the land upon which it re s ts  (Wright and P riestley , 1922, 
p. 148).

Key 7. Highland ice is m ost easily recognized in areas of rugged 
te rra in  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 
altim eter, is keyed into the photo flight track  by m eans of a grem lin 
cam era or electronic reco rder. The patch of level highland ice at the 
lower right is revealed by the steep ice falls which border it. The 
mountains in the extrem e background have no highland ice cover. The 
heavily crevassed a reas  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 g laciers. 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 illustra tes a  sm all 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, clim atic modification may again 
perm it these cirques to deepai and en
large their depressions by fro st action 
on the cirque walls, m eltw ater action 
at the base of the bergschrund and ice 
movement pushing out the debris. In 
the meantim e, most Antarctic cirques 
rem ain windswept and bare or entirely 
submerged in glacier ice.

Key 10. S tereo-trip let of cirques 
which have formed a re te s ( 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 g laciers in foreground.



SNOWDRIFT ICE must be distinguished from snowdrift. The form er 
consists of relatively perm anent d rifts  which change to f irn  or glacial ice. 
The la tte r is tem porary. Both a re  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 innerm ost tidal crack) upon which it may re s t.

Key 12. Rocky coastlines, extensive m oraines and areas of exposed 
bed rock are  normal sites  for snowdrift ice. H ere, 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 m istaken for snowdrift 
ice. The sm all icefoot g lacier at the center of the photo is fed by ava
lanches of g lacier 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 
form ations at this point (below arrow).
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Key 16

Keys 16 and 17. Icefoot g lac ie rs  derived from  snowdrift ice. Late 
sum m er phase sea  ice in Key 16. Unlike snowdrifts, these glaciers 
contain glacier ice and firn.



VALLEY GLACIERS are s tream s of ice, supplied chiefly by cirques, 
highland ice or continental g laciers which progress to lower elevations 
while confined by valley walls. CIRQUE GLACIERS em erge like tongues 
from cirques, discharging locally into valley g laciers or other ice m asses.

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



Key 19. Valley g lacier and tribu taries. C revasses and ice falls in
dicate sudden changes in the elevation of the underlying rock or the di
rection of ice movement. Valley g lac ie rs  create  channels by modifying 
previously existing drainageways.

Key 20. Complex valley glacier system . Topography, glacial 
junctions and c rev asses  (all shown here) as well as m oraines and 
m eltwater features (not apparent here) aid in in terpretation  of glacial 
motion, speed and direction.



WALL-SIDED GLACIERS are  local rem nants or extrusive extensions 
of highland ice which advance over adjacent exposed rock surfaces uncon
fined by valley w alls. The ch arac te ris tic  features of these g laciers a re ; 
(1) the lack of a distinctive depression for its channel, unless inherited, 
and (2) their steep, wall-like sides of g lacier ice which support the gla- 
c ie t  surface well above the surrounding te rra in .

Key 21. Locational view (inset) and detailed stereogram  illustrating 
the principal characte ris tic s  of w all-sided g laciers as indicated above.
An ice apron appears at the foot of a sim ilar g lacier (top right). Polygons 
indicate charac te r of “so ilv in some regions of perm afrost. Polygons 
(along upper side of w all-sided g lacier) are ra re  in Antarctica.



CHANNEL GLACIERS are stream s of ice located within the continen
tal glacier which p rogress to lower elevations at a m ore rapid ra te  than 
the adjacent continental ice; such g laciers are  not lim ited either by ice 
walls or valley sides and the ir surfaces are at essentially  the same level 
of elevation as the neighboring continental ice.

In vast regions of Antarctica, the continental g lacier 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 g lacier are  moving outward from the polar plateau, aeria l photo 
coverage of the Antarctic L ittoral definitely proves the ice to be advanc
ing m ore rapidly in some a reas  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 g lac ie r” is proposed as a suitable te rm  for th is phenomenon.

Features that readily  distinguish channel g laciers from  the surround
ing glacier ice include p ressu re  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 aeria l photography taken at 
considerable distances from  the g laciers 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 g laciers and the adjacent 
ice, it must be assum ed that the rapid flow is a product of the subglacial 
rock surface structu re , the outlines of which are completely concealed 
by the ice. M oreover, since the presence of such depressions on the 
surface of the subglacial rock is difficult to establish, short of surface 
or airborne geophysical m eans, and since the ice s tream  appears 
appears and acts differently than the typical valley g lacier, channel gla
c ie rs  form a seperate category of g laciers.

Key 22. Portions of a channel glacier complex at the point where 
it in tersects the continental coastline. Note the severe tranversal c re 
vassing in the channels. The adjacent ice is subject to tensions which 
here have resu lted  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.
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Keys 23 and 24. Oblique views of the channel g lacier at Mount Gauss. 
Although it may be difficult for the inexperienced observer to distinguish, 
th is channel g lacier assum es 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 g lacier ice form s on airphotos. Few 
individuals who have not perform ed field work on a  continental glacier 
would estim ate th is “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 sum m it of the "inactive” volcano was found by D rygalski’s 
and Mawsonfs expeditions to have been glaciated in form er tim es but cu r
ren tly  to be supporting m osses, lichens and a petrel rookery.

Channel g lac ie rs  are  prolific p roducers of icebergs. Land-formed 
ice is broken off by tidal action, generally into rectangular blocks which 
resem ble, but a re  distinguishable from , shelf ice tabular icebergs. The 
form er have a content of g lacier ice, ra th e r  than firn , resulting in a 
darker photo-tone and they are  also subject to m ore intense crevassing, 
which is evident from  the a ir view.

In the airphoto looking seaw ard (bottom photo), the open w ater 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 g lacier in the Denman G lacier area. 
Medial moraine and meltwater ice from the nearest nunatak disappear 
into the g lacier downstream. P re ssu re  ridges may have resulted  from 
la te ra l p ressu re  produced at the point where the nunatak re s tr ic ted  the 
glacier. L inear depressions indicate the glacier to be waterborne in 
the foreground and middleground of Key 25.
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Keys 27 and 28. Same g lacier as Keys 25 and 26, looking seaward 
from  the sam e point in space. Note the longitudinal ridges, the dark tone 
of which is  caused by crevasse  shadows, not m oraine. Ridges become 
transverse  and lost in depressions filled  with light-toned d rift snow toward 
the left of the airphoto. The g lacier is waterborne here.
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Keys 29 and 30. Another type of channel g lacier. Large se racs  and 
crevasses at lower left and in stereogram  are  covered by snowdrifts 
downstream but reappear in calving icebergs at g lacier snout. Ridges 
(double arrow), if not crevassed , may be ice-covered m oraines caused by 
nunataks and tribu tary  glaciers upstream . Linear depressions adjacent 
to ridges may contain meltwater under favorable conditions.
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Key 32 I  s e a  i c e

PIEDMONT GLACIERS re su lt from  the confluence of expanded-foot 
g laciers which form  ice sheets over level areas at the bases of mountain
ous te rra in .

EXPANDED-FOOT GLACIERS of Hobbs (1911, p. 45) and Wright and 
P rie stley  (1922, p. 155) are only of academic in te rest here , since they 
ra re ly  occur at the p resen t stage of Antarctic glaciation. Expanded-foot 
g laciers are  valley types with tongues expanded from  the re lease  of 
p ressu re  upon leaving the valleys.

Keys 31 and 32. Piedmont g lacier at Neny Fiord. Highland ice on 
mountains helps supply valley g lac ie rs , the expanded feet of which coa
lesce on the narrow coastal p lain and extend into the fiord in one broad 
sheet. Cliffed front, typical of seaw ard glacial faces appears at right; 
sloping front, typical of g laciers ending on land is  a t left. S tereogram  
shows firn -layered  cliffs at center and rapid r ise  of g lacier 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 g lacier 
descends sharply  and becom es waterborne near its  cliffed edge. Moun
tains with the ir supplying valley g laciers are  often obscured by clouds. 
Precip itation  in s itu  also contributes to the form ation of piedmont ice.

Key 34. A continuation of the piedmont g lacier illustrated  on the 
preceding page. Note calving icebergs, low cliffs and la te ra l moraine.
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ICE TONGUES a re  floating extensions of g lac ie rs . The floating ice 
extends fa rth e r out to sea  than along the coast, otherwise the term  
‘‘'piedmont ice afloat* is  suggested. Since the continental ice
extends into the sea  alom ost everyw here along the coast, the te rm  *ice 
tongue" is  reserved  for extensions that a re  tongue-shaped and function 
like a  tongue with the changes iii s e a  level. The la tte r  is  determ ined 
by whether the glacial extension i s  of sufficient length to r is e  and fall 
with the tide and is  advancing sufficiently fast and w ith the cohesion 
req u ired  to prevent calving at the point*rtfcerfe the ice begins to float.
Ice tongues a re  rela tively  perm anent, lasting fo r cen tu ries , though con
stan tly  changing in  size and shape.

Key 35. A floating ice tongue with glacial c rev asses and hinge lines. 
It is  12 m iles long and ranges from  five to three m iles in  width.



Key 36. A floating ice tongue with drifted-over and cemented glacial 
c rev asses upon which has been superim posed a  se r ie s  of tidal hinge lines. 
The la tte r  a re  formed when ce rta in  specific c rev asses commence to act 
as the hinge upon which the en tire  tongue swings with the tide until the 
floating ice has advanced sufficiently fa r for the tide to again overcome 
the tensile strength of the g lacier ice and form  a new, parallel hinge line 
in one of the c rev asses n ea re r  the point at which the ice becomes w ater
borne. Hinge lines occur at regu lar intervals and a re  readily  visible on 
ae ria l photographs, especially at the sides of the ice tongues where they 
frequently sp lit, perm itting sm all reen tran ts of sea  ice. They also occur 
through the cen ter of the tongues, but they are generally drifted over here, 
making them difficult to spot on airphotos and alm ost impossible to locate 
visually from  the surface. Icebergs usually calve at hinge lines ra ther 
than at sim ple c rev asses , but not always nor a t every hinge line. At the 
right the hinge lines along the coast are  producing icebergs ra ther than 
ice tongue. This may be the resu lt of a steeper descent, slower ice 
movement, bottom configuration or other facto rs not perfectly understood. 
Airphoto examination shows a high correlation  between rapidly moving 
ice and floating ice tongues.
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Key 37

Key 37. A floating ice tongue extending for m ore than four m iles to 
sea , over th ree m iles of which a re  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 a rea  are  evident from  the drifted snow which has almost 
obscured the c rev asses 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 reen tran ts on the left side 
of the tongue.
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Keys 38, 39 and 40. Three views of a floating ice tongue. Long arrow s 
indicate the sam e 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 la s t dozen figures illu stra te  this key, show
ing bright-toned cliffs reflecting the sun and dark-toned cliffs in shadow.



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 m iles long, le ss  than a 
mile wide, has alm ost para lle l sides, ad
vances several feet a day and is  afloat. All 
this can be assessed  from  airphotos. Size 
and shape are  m atte rs of m easurem ent.
Evidence of movement is contained in the 
appearance of thin spots in the fast ice near 
its base, p ressu re  ridges in the se a  ice be
tween it and outlying islands (not visible on 
these photos), and the gentle, transverse  
undulations 'which represen t annual growth 
according to Wright and P riestley  (1922, 
p. 203) but are  m ore than likely a form of 
tidal hinge line. The absence of tide cracks 
in the adjacent fast ice dem onstrates that 
the tongue is afloat. Note the following:
(1) spurs and snow ram p, (2) norm al ice 
dissipation from a high gradient shoreline, 
and (3) exposed portion of a volcanic 
shoreline. Ice tongues here a re  much la rger and far m ore common than 
in the Arctic. Note the difference in surface characte r between the 
one-season sea  ice and the floating ice tongue.
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SHELF ICE is a te rm  denoting m assive and relatively flat-surfaced 
ice form ations attached to and extending seaward from  an ice-covered 
land m ass, 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, persis ten t fast ice, shoals or 
sk e rrie s  or suitable combinations of these. Shelf ice is normally partly 
waterborne with vertical cliffs at the seaward floating edge, called b a r
r ie r s  , 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, g lacier p ressu re  waves, hinge line undu
lations and crevassed  areas. Recent research  (Poulter, 1950) provides 
evidence that the com pressed 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 norm al 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 b a rr ie r  (cliffs) and the tremendous m ass of raised , flat, 
com pressed firn  ice. This large ice mass is known as e ither a b a rrie r  
o ra  shelf ice. The la tte r te rm  predom inates in American usage,in which 
me term  b a rr ie r  is generally re s tr ic ted  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 te rm  in place 
nam es. 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 g lacier. Note the contrast 
between these gross glacial form ations and also the typical zone of shelf 
ice disturbance in the lee of the islands. Such r ifts  reflec t 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  structu res 
illustrated  above appear to resu lt from  both shear and tension. They 
have vertical sides and flat bottoms which are  interrupted by shelf ice 
se racs  and avalanched bits of shelf ice all frozen in a m atrix  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 perm eable and may be saturated below the water line.

The r if ts  widen as they advance seaward, eventually contributing to 
the form ation of icebergs as shown here. The term  “floating f is su re ” 
is suggested for these chasm s which are not known to have been observed 
in other than waterborne ice, nor to have been p recisely  described or 
classified in previous scientific lite ra tu re  These floating fissu res bear 
no relationship to crevasses formed over land m asses and are distinctly 
different from other types of rifts  or riftlike features which occur in 
floating ice, such as hinge lines and hinge line reen tran ts, tension reen 
tran ts  and the like. They might fit within the loose definition for b a r
rancas or dongas (see ^EnglishZ 1943, p. 21) but they have no rea l 
resem blence to the features of African morphology to which these term s 
are  generally applied. (See also Keys 151-158.)
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Keys 50 through 54. Five aspects of shelf ice. Key 50 shows a ten
sion reentrant. F ast ice, hinge line depressions and snow ram ps perm it 
access to the shelf ice through the b a rr ie r  at th is point. Contact of cold 
a ir with open w ater causes “fro st sm oke.'' Key 51 shows traditional shelf 
ice with a smooth, uncrevassed and level surface. The scalloped, se rra ted  
b a rrie r , however, indicates that shelf ice icebergs are  not always tabular, 
rectangular or blocky. Key 52 illu s tra te s  the b a rr ie r  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 'ta b u la r '’icebergs calving from  shelf ice. Tidal m arks 
(not shown here) visible on the b a r r ie r  indicate grounded shelf ice.
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Key 55. Geographic sketch of the Bay of Whales prepared 
by Dr. Siple, m ember 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 g lacier ice afloat.) 
Ice-covered Roosevelt Island, 1,257 feet in elevation, sp lits the outward- 
moving Ross Shelf Ice into two segm ents separated by the Bay of Whales. 
The differential motion of the two segm ent^ as well as the p ressu re  ice 
and the c revasses 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. A rapid  sketch map of the Bay of Whales made from  surface 
rad ar reflections from  the b a rr ie r  walls.

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

Key 58. One year la te r the cro sses  of elevated cloth strip s were 
covered but the m asts rem ained clearly  visible. The th ird  and fourth 
m asts were then a quarter of a mile out of cam era 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  ram m ed but got under way before iceberg usurped its berth.

0H3SAJK.
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Keys 60, 61 and 62. Annotations 1 , 2 , 3  and 4 re fe r  to common points 
on the oblique and vertica l views. Numbers 5 and 6 a re  the m asts shown 
in the preceding figures which w ere aligned the previous sum m er. The 
insets in Key 60 provide a  s te reo  view of the m asts  and covered c ro sses .



SHELF ICE UNDULATIONS occur in a variety  of form s and locations. 
All parties  having crossed  the Ross Shelf Ice to the polar ice plateau r e 
fer to the PRESSURE WAVES form ed in the shelf ice by the impact of the 
tribu tary  g laciers (not illu stra ted  here). Somewhat sim ila r waves occur 
on a sm alle r scale when shelf ice moves through zones of constricted or 
obstructed flow.

Shelf ice coastal a reas  also contain undulations. These may originate 
from various causes including bottom obstructions and the re lease  of 
p ressu re , but from  the regu lar 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 m orainal support to become waterborne, hinge 
line depressions gradually form  at the hinge lines (tidal cracks) from 
which the floating m ass swings vertically  with the tide until the shelf ice 
has extended itse lf sufficiently for the tide to again overcome the tensile 
strength of the shelf ice and form  a new tidal crack  p a rra le l and inshore 
from the old ones. According to Siple (1951, personal communication) 
the m ost landward hinge line may be a straigh t walled canyon with a sea 
ice floor.

Debenham (1948) believes that the valleylike depressions resu lt from 
the tidal action of the sea  w ater entering the hinge line crack and leaving 
a  thin film  of w ater which freezes to each of its w alls, the accumulated 
daily thicknesses of which tend to push the original w alls of the tidal f is 
sure fu rther apart and crea te  a  linear depression in the portion of the 
fissu re  above sea  level. The resulting trough is partia lly  filled with firn 
and snow. It must be pointed out, however, that c rev asses in land ice do 
not d rift-fill in this manner and that tidal cracks in sea ice sometim es 
produce ridges ra th e r than depressions.

Key 66. The spacing, orientation and sym m etry of the relatively sharp 
linear depressions here indicate a tidal origin. Hinge line depressions may 
resem ble ridges on individual airphotos because of an optical illusion. Here 
the sun is  at left throwing shadows to right.
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Key 68

Key 67. Im perfect orientation and lack of sym m etry may indicate a 
tidal origin associated with m ore complex subglacial topography. Two 
basic orientations of depressions are  visible, one generally  paralle l to 
the horizon and the other extending diagonally from  the top left. A scale 
com parison is visible between the c rev asses  typical of land ice form a
tions (right) and the hinge line depressions. The presence of active 
crevasses would indicate that all or a p a rt of the a rea  may be grounded 
or at least grounded at low tide. It is significaht that these undulations 
occur only in the a reas  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  bothersom e to surface 
travel and they re s tr ic t  the directions in which a irc ra ft may land or take 
off, but they are  not dangerous except in crevassed  a rea s  or near the 
seaward edge.



Keys 69 and 70. Shelf ice undulations not paralle l to the shelf ice 
b a r r ie r  form  reen tran ts  in the hinge line depressions. The troughs 
and sw ells of the various types of p re ssu re  w ares and hinge line de
p ressions vary  from  one to 50 feet in re lie f and from  300 feet to three 
m iles between centers. There is no known correlation  between this 
re lie f and spacing, although there  is  le ss  variation  in the hinge line 
undulations than in p ressu re  waves from  tribu tary  g laciers and ob
structions. Sim ilar undulations occur on g lacier ice tongues and 
piedmont ice afloat.
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Key 71

Antarctic icebergs are  here classified  according to (1) place of origin, 
as g lacier icebergs, shelf icebergs and floebergs; (2) character, such 
as tabular icebergs, firnbergs, unconformity icebergs and ice island 
icebergs; and (3) sta te  of-dissolution, such as weathered icebergs, bergy- 
b its , grow lers and brash. These are  described in g rea te r detail in the 
following keys.

GLACIER ICEBERGS originate by calving from  coastal portions of 
the continental g lacier or its  channel, valley, wall-sided, piedmont or 
icefoot g laciers or from  floating ice tongues. They consist of blue- or 
green-tinted glacier ice which is  som etim es covered with lighter-toned 
snow. A ntarctic glacier icebergs are  generally much la rg e r  than their 
Arctic counterparts, frequently reaching lengths of two m iles and occas
ionally reaching much longer lengths. Traditionally, g lacier icebergs 
possess irreg u lar shapes, crevassed  or seracked surfaces and high den
sity  g lacier ice, causing a la rge percentage of the iceberg to rem ain 
submerged.

Shelf icebergs and floebergs are  treated in the following keys.
TABULAR ICEBERG and ICE ISLAND ICEBERG are  descriptive 

te rm s applied to certa in  icebergs because of the ir shapes. The term s 
FIRNBERG and UNCOMFORMITY ICEBERG are  indicative of the ice 
content. All icebergs, reg ard less  of the ir special properties, disinte
g rate successively into WEATHERED ICEBERGS, BERGY-BITS, 
GROWLERS and BRASH. Growlers and brash which are  rem nants of 
icebergs cannot be distinguished from  grow lers and brash which are 
rem nants of other ice form s, except by m icroscopic inspection.

Key 71. Glacier icebergs have traditionally been characterized 
as of irreg u lar 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 sam e g lacier. The block type is calved from channel g laciers and 
floating ice tongues as illu stra ted  in Keys 24 and 36. The terra glacier 
iceberg is  therefore lim ited 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 te rm  for all types 
of icebergs originating in shelf ice. Shelf icebergs tend to vary consid
erably in characte r, producing tabular, firn , unconformity, breadloaf 
(Keys 74 to 77) and ice island icebergs. They are  generally  much la rg er 
than glacier icebergs and floebergs, frequently extending for several 
m iles in length, but they are  le ss  aense than these others.

FLOEBERGS, unlike true  icebergs, a re  largely of m arine origin. 
They form from fast ice which has rem ained in s itu  for severa l seasons, 
accumulating several layers of sea  ice underneath and snow and firn  
above. They also may form  from  icefoot affected by tidal, s to rm  or 
p ressu re  action. F loebergs have flat or irregu lar su rfaces, 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 resem ble icebergs of sev era l varieties.

TABULAR ICEBERGS are  normally derived from shelf ice, but may 
also originate in piedmont ice afloat or g lacier ice tongues. They are 
characterized  by vertical sides (40 to 150 feet), flat upper surfaces 
(smooth or crevassed), blocky appearance, and when form ed in shelf 
ice they may be a dazzling white color and have a la rge in tergranule a ir 
content, making as much as one-fifth of the m ass float above sea  level. 
There are  several authenticated rep o rts  of tabular icebergs 25 m iles or 
m ore in length; /E n g lish / (1942, p. 25) repo rts  one of m ore than 100 
m iles in both length ancfwidth and 130 feet in elevation above sea  level.

FIRNBERG3 (neve icebergs) are  ra re  types of tabular icebergs com 
posed of le ss  dense firn  s tra ta  and floating only half submerged.

Key 72. The large shelf iceberg here lie s  adjacent to norm al 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 e ither a firnberg or from  le ss  dense or thicker shelf ice 
than E. C is e ither a floeberg or from  more dense or thinner shelf ice 
than B. Varied heights are  not due to differential melting, but to o rig 
inal thickness and density. D and E are  g lacier icebergs.



Keys 74 and 75. Calving of icebergs from smooth surface shelf or 
g lacier ice (keys 54 and 71) differs markedly from calving in areas of 
crevassed and undulating ice m asses as illustrated  here . Individual 
convex undulations are  f irs t separated from the main ice m ass along 
hinge line depressions. Then deep transverse  c rev asses aid the sea 
motion in breaking the undulations into rectangular m asses, en echelon.



Keys 76 and 77. Icebergs from  undulating m asses of ice vary  with 
the type of undulation (usually hinge line depressions) and the crevasse 
system  present. Above, the c rev asses a re  alm ost completely covered; 
below, they have developed into se ra cs . Such icebergs usually separate 
from  the m ain m ass 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 sp lit length
wise and placed horizontally, convex face up, on the sea. This loaf 
shape suggests the te rm  BREADLOAF ICEBERG. The type of c rev as
sed surface which appears on the icebergs in Key 77 has already been 
term ed “breadcrust su rface” by Gould. These s tru c tu res  cannot be 
called tabular icebergs since they lack the table shape. They cannot 
be term ed glacier icebergs since they axe not always derived from 
g laciers or g lacier ice.
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Key 78. Ice-covered islands, like the one on the right, are frequent
ly subjected to m isinterpretation as weathered or g lacier 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 w reck
age surrounding an iceberg in otherwise open w ater is  a strong indication 
of disintegration.

Keys 80, 81, and 82. D ifferential subaerial and subaqueous erosion 
re su lt in a  loss of equilibrium which causes icebergs to break up or 
capsize. The typical pinnacle form s, submerged cen ters and spurs of 
the capsized icebergs are shown here. A less  frequently occuring 
type of pinnacle is that attached to the norm al g lacier iceberg at the ex
trem e right in Key 82. Note wreckage, including bergy-b its and grow lers.



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 th e ir  angular portions which were never im m ersed. Note 
the neck at (B) carved at the form er w ater 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. B ergy-bits, the sm allest rem nants of icebergs identifi
able without s truc tu ra l analysis, are shown at (D). They are  the size 
of sm all buildings and are washed free  of snow. G rowlers (E) are  yet 
sm aller and they may also be derived from  m arine ice form s. Individ
ual bits of b rash  are  not large enough to discern  at th is 1:12,000 scale.
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Key 86?

Keys 85 and 86. Unweathered iceberg (top left) has a flat, pitted 
and hummocked surface, open c rev asses and sharp, jagged, corniced 
cliffs. Capsized icebergs show smooth surfaces with varying relief, 
sealed or absent c revasses and no cornices. Below, the same condi
tion is com plicated by d rift and further disintegration in place. Open 
w ater (black) dem onstrates thinness of sea ice bond. If the ice fails 
to break out in the short sum m ers, continued d rift 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
fro st and m eltw ater, the Antarctic continent is everywhere surfaced by 
one of three substances: SNOW, FIRN or GLACIER ICE.

Snow is composed of minute ice crysta ls , a product of atm ospheric 
water vapor precipitated at tem peratures below freezing. Unlike fro 
zen w ater, g lacier ice is a  consolidated m ass of irreg u lar ice crysta ls  
containing bubbles of occluded a ir. This opaque, white, bubbly ice r e 
sults when snowflakes and snow granules are  acted upon by changes in 
tem perature, humidity and p ressu re  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 crysta ls  begin the change 
from flake to granular form , increasing in individual m ass but decreasing 
in total num bers 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 sta tis tics  are  not available, it is quite prob
able that on the high, dry, continuously cold South Polar Ice P lateau the 
sam e development may take many years . The transition  may be has
tened by such factors as the presence of exposed rock, increased  p re s 
su re  caused by la te r deposits of snow or firn , variations in humidity and 
changes in tem perature.

G lacier movement is closely associated with these transition  p ro 
cesses. Wright and P riestley  (1922) believe that under these conditions 
a sm all, outer portion of the individual ice m olecules in certain  grains 
may become liquid and transfer itse lf to adjacent grains, thus allowing 
the la rg e r and better oriented grains or crysta ls to grow at the expense 
of their neighbors. This action “lubricates the glacier, perm itting it to 
“flow” while maintaining an “apparently rig id  structure* This theory 
does not fully coincide with more modern thought on the theory of glacier 
movement (Flint and Dem orest, 1942). The sm alle r firn  granules grad
ually change to form  la rger c ry sta ls  of glacier ice with the a ir form erly 
between the grains of f irn  included with the crysta ls  of glacier ice.

Photo analysts must be able to recognize snow, firn  and glacier ice 
in order to determ ine surface conditions and trafficability. Since all 
three of these surfaces are  white and composed of minute partic les , the 
in terp reter m ust re ly  upon the rela tive 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 te rra in  illustrated  here might be mistaken for snow, glacier 
ice, cloud or even im properly exposed film . The faintly visible surface 
m arkings 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 
g lacier ice.



Key 88. F re sh  snow presen ts a smooth, light-toned and gossam er 
appearance. The constant Antarctic wind moves the freshly fallen 
snow into depressions and form s drifts. Here, on a  glacier ice tongue, 
the hinge line depressions are  filled with fresh  snow. The chasms 
below are  open at the ir seaw ard ends (not visible) and a ir drainage 
prohibits any significant accumulation of snow therein  . Elsewhere the 
snow has filled in irreg u la rities  in the severely crevassed areas be
tween the hinge line depressions. D rifts 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 
m ust be inferred  from a knowledge of glaciology or from sufficient 
photo reading experience to enable the in te rp re ter to recognize a gla
cier ice tongue or an a rea  of inactive, snow-covered crevasses.



Key 89 Wind not only c a rr ie s  freshly fallen snow, depositing it hi 
depressions in firn  or glacier ice su rfaces but, in association with c r i t 
ical changes in tem perature, 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 partia lly  eroded snow deposits, the high points 
a re  barren  of fresh  snow and the remaining areas show wind-oriented, 
linear patches of eroded snow superim posed upon the basic firm surface. 
Genuine sastrug i occur at right center and at upper left and are  oriented 
from 120°. Note the flat character of this a rea  and that only slight de
pressions are requ ired  for these form ations. In this illustration, the 
dark lines running horizontally across the stereogram  and the le ss  defin
ite vertical bandings are photo processing m arks.
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Key 93

The change from  snow to glacier ice is a gradual p rocess 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 m icroscope, ra ther than the airphoto stereoscope, but in air 
photos fresh  snow presen ts an exceedingly light tone while successively 
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 rela tive age may be de
term ined from  tonal differences alone, however. When the lightest 
tone is snow, the determ ination of whether or not an adjacent, darker 
tone is firn  or ice depends upon the analyst’s fam iliarity  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 g lacier ice. The presence and orientation of c revasses are c lea r
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  su rfaces and the subsequent rem oval of the snow. 
Sastrugi som etim es appear to be continuous over the surface contacts 
between the younger and older m aterials. Even under the exaggerated 
depth perception caused by the lens stereoscope, the depressions are 
hardly noticeable as such.
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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 s u r 
face of g lacier ice which has been partly  modified by exposure to m elt- 
w ater. A stream  of m eltwater extends into the younger m aterial, sa tu r
ating a portion of it and causing a  corresponding change in tone. The 
presence of exposed land surfaces frequently resu lts  in the formation of 
m eltw ater which modifies the adjacent ice by introducing saturation in 
the sum m er and ice cry sta ls  form ed from frozen water in other seasons.

Three conditions account for essentially  all the dark or black photo 
images on Antarctic ae ria l photography: exposed land, water and shadow. 
All th ree a re  p resen t here. Exposed land occurs in the mountain a rea  
and in the boulders which have fallen to the surface of the glacier. Water 
occurs in the m eltwater s tream s and under the transparen t 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 m ass 
(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 f irn  dunes, w ind-form ed minor re lie f 
features of the g lacier surface. The te rm  sastru g i is  borrowed from 
the German translite ra tion  of a R ussian word pronounced “zastrug i”. The 
form  “sastrugi,* though perhaps le s s  co rrec t, is  favored in English and 
Am erican usage.

On the surface, sastrug i are  som etim es difficult to distinguish from 
ploughshare ice, ablation p its resulting  from  the effects of sun and low 
rela tive  humidity. Sastrugi form  as a  re su lt of wind deposition, wind 
erosion o r both. The form s they take depend upon the hardness of the 
surface, m oisture content and shape ch a rac te ris tic s  of the loose wind
blown granules or c ry sta ls; the force, direction and variability  of the 
wind; tem perature and relative humidity. They a re  norm ally linear, 
however, and aligned with the prevailing wind(s) (Key 99), storm  wind(s) 
or both (Key 101). So constant is the orientation of A ntarctic sastrugi, 
they frequently may serve as aids to navigation.

In some ways sastrug i form  sim ila rly  to sand dunes, but Hobbs (1911, 
p. 156) to the contrary , the ir steep faces norm ally point upwind at the 
time of form ation (Cornish, 1914, p. 96; Wright and P rie stley , 1922, p. 31; 
Seligman, 1936, p. 231 and M oss, 1938, p. 215). A slight variation in 
wind direction causes undercutting of one linear side, making the original 
facing difficult to determ ine. A m ore distinct change in wind direction 
resu lts  in multiple, complex o r separate ly  oriented sastru g i (Keys 101, 
105). L inear shapes (Key 96) are  the ru le , but barchan shapes (Key 97) 
may form  in favored areas (Keys 107, 109). M oss's studies (1938, p. 217) 
indicate that the special conditions necessary  for barchan form ation and 
the ir short life-cycle make the presence of barchans m ore ra re  than was 
form erly  supposed. When barchans are  visible on airphotos, the in te r
p re te r may assum e them to indicate a hard, flat surface; little  loose ma
te ria l; variable, but not gusty, winds averaging 15 m iles per hour and 
good trafficability . Sometimes no sastrug i are  p resen t (Key 98) or indi
vidual sastrug i appear so sim ila r that stereoscopy is difficult to attain 
(Key 100).



Keys 102 through 113. V ariations in sastru g i patterns. Key 112 
differentiates between sastru g i and drifts caused by obstructions. Keys 
107 and 109 are  barchan-shaped sastrug i, but not true  barchans. Key 
111 reveals undercut erosional sastrug i. Key 113 is sea  ice with p re s 
sure ridges and hummocks (horizontal) and pseudo-sastrugi (vertical). 
P lates XCI and XCII of /Wilsory' (1908) and plates XII through XV of 
Wright and P rie stley  (1922) a re  surface photographs of sastrugi.



Keys 114, 115, 116 and 117. The ubiquity and complexity of sastrug i 
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 p ic tures for illustrating 
sastrug i than the two examples shown below the obliques. Low height, 
sprawling shape and highlights and shadows against a neutral background 
make sastrug i m ore evident to the pilot and the airphoto in te rp re ter 
than to the ground observer. S ir Charles Wright who made comprehen
sive studies of sastrug i on Scott’s  la s t expedition (Wright and P riestley , 
1922) was much su rp rised  upon seeing some of these airphotos and being 
informed that some sastrug i m easured 800 feet in length. His experience 
had left him wid the im pression that they were alm ost always le ss  than 
20 feet long. Compare the size of the sm all sastrug i here with the DC-3 
transport a irc ra ft and the tops of the half-buried personnel tents.
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SNOWDRIFTS are caused or influenced by all factors previously a s 
cribed to depositional sastrug i, by the c ritica l windspeed for each general 
type of snow crystal 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 d rift s truc tu re  into four parts : glacis (windward drift), moat 
(scoured hollow about the obstruction), the obstruction and the d rift (lee
ward snowdrift). Wright and P rie stley  (1922, p. 37) describe snowdrifts 
occurring about sm all and large obstructions (Keys 118 and 119). The 
fact that these sketches differ m arkedly from the sm all-obstruction snow
drifts in Keys 125 through 137 and from  the large-obstruction  snowdrifts 
here illu stra ted  indicates that snowdrifts are  im perfectly inventoried, 
understood and classified.

Key 120. A common type of iceberg snowdrift, including a windward 
glacis; a moat, norm al at top and right, closed at bottom and ever widening 
to the leeward (left); and sp lit leew ard d rifts (left). Wind-blown granular 
snow and firn  has scoured the moat floor so thin that the ocean is f irs t 
exposed at this point when thaw perm its.

Key 121. Another common type of iceberg snowdrift with glacis (right), 
frontal moat partly  concealed by shadow and a  leew ard d rift constant in 
width but gradually thinning.
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'Key 123 Key 124

MULTIPLE, COMPLEX SNOWDRIFTS is the phrase which best de
scribes the drifting that occurs about a group of la rge , irregu lar obstruc
tions.

Keys 122 and 123. F ast-frozen  icebergs provide a nucleus for m ulti
ple, complex snowdrifts. Incipient glaces, funnels and frontal moats are  
visible but la te ra l and lee moats a re  generally absent with the drift piling 
up to the sides and re a r  of the obstructions. M eltwater pools occur at 
all levels from the tops of the icebergs to the moats, which, along with the 
complexity of the d rifts , indicates that this a rea  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 d rift a re  apparent.



Key 126 Key 127

Key 128

I

V

Key 129 Key 130

Key 131

Keys 125 through 131. Small obstructions, other than poles and s im 
ila r  objects, tend to drift sharply to the ir tops within one year and com
pletely disappear within severa l years . F rom  top to bottom the keys show: 
oblique and surface views of a double Quonset Hut after one year, venti
la to rs  of a building erected eight years previously, motor vehicles and 
huts after one y ea r’s exposure, oblique and surface views of the cabtops 
of giant tra c to rs  and a view of a stream lined DC-3 airplane. Note that 
the airplane which offered le s s  wind resis tance  to the wind failed to drift 
over. Note also that Key 129, an airphoto, shows drift form ations 
w hereas in Key 130, a surface photo, they are difficult to detect.
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Keys 132 through 137. Shape, not size, determ ines the d rift habits 
about sm all obstructions. Above, a store of 55-gallon drum s rem ains 
partly  uncovered since the drum shapes offer le ss  wind resistance (Key 
132), but a sim ilar sto re  of drum s placed on end and massed together 
loses this stream lined characteristic  and drifts to the very  uop (Key 134). 
Below, there is a difference in d rift formations about tents and about the 
tentpoles where some tents have caved in. (Keys 135, 136). At bottom 
right is a canvas, fram ed hut drifted to its top (Key 137). Keys 125 
through 137 show one-year accumulations of drift. The average annual 
snowfall here is le ss  than three feet (Wade, 1945, Fig. 14).



T E N S I O N  C R E V A S S E S

CREVASSES are  the m ost dangerous surface features in Antarctica 
and the m ost significant ones as well because of the inform ation they r e 
veal about glacier stru c tu re , g lacier movement and sub-glacial topog
raphy. A ntarctic glaciologists like Gould (1940, p. 734) are  im pressed 
by the meageri evidence of movement in some heavily crevassed  a reas. 
C revasses here may reflect slight movement in rig id  ice ra th e r than 
rapid motion in m ore flexible g lacier ice or firn.

Generally unim pressive in airphotos because of a lack of comparable 
objects of known dimensions, c revasses are  found to be m iles long and 
tens or even hundreds of feet wide when m easured by photo in te rp reters. 
Origin, size, shape, pattern, location, covering and other significant char
ac te ris tic s  a re  m ore readily , quickly and safely determ ined from  a ir 
photos than surface survey because: (1) crevasse fields are  too extensive 
and untrafficable for surface evaluation, (2) cam eras reco rd  differences 
in tonal values not apparent to the unaided human eye which perm it the 
analysis of crevasse lids, (3) the vertical view is easily  converted to 
co rrec t spatial relationships, and (4) crevasse system s are  readily 
recognized from  the air.

TENSION CREVASSES a re  the m ost common type of c revasses in 
A ntarctica. They form perpendicularly to the line of flow and are  often 
found in se r ie s , particu larly  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 tem perature which may cause the 
ice to contract. Upon resum ption of the form er conditions, the crevasses 
may close, cement them selves, drift over and disappear from  view.

SHEAR CREVASSES form  as a re su lt of differential ice movement. 
They occur between stagnant and moving segments of ice and between 
segm ents moving at different ra te s  of speed. Generally oriented in the 
direction of flow, they have a to rn  appearance and are  commonly narrow, 
since la te ra l p ressu re  tends to keep the sides from  spreading far apart. 
Surface features on opposite sides of these c rev asses often fail to match 
because of the displacement of the sides in rela tion  to each other.

SERACS develop when tensions become strong enough to create c re 
vasses which are  of g rea te r width than the original surface areas rem ain
ing between them, thus form ing ridges or pinnacles. Seracs may be 
clean cut or modified by such elem ents of ablation and gravity as thaw, 
wind-chiseling or cave-in. Gradients too steep for se racs  produce ICE 
FALLS in which the ice m ass breaks up, avalanches and reform s at the 
bottom.

Key 138. Sharply defined tension crevasses form  over an upstream  
submerged g lacier bar or change in subglacial gradient (right), then 
close, d rift over, disappear, reappear at a  downstream change in sub
glacial gradient, reopen in ragged secondary form ation (left), close, 
d rift over and disappear downstream.
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Key 139. This multiple crevasse  and se rac  pattern  appears at f irs t 
glance to be oriented from left to righ t on the illustration . Stereoscopic 
analysis, however, revea ls th is 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 superio r 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 d rifts  a re  oriented at right angles to the c rev asses .
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Key 144

Keys 142 and 143. Oblique and enlarged vertical airphotos of c re 
vasses and se racs  forming an im passable '‘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. C revasses a hundred feet wide and m iles long are  here 
filled or bridged with drift. Sastrugi crossing the crevasse  lids indicate 
that they are  alm ost flush with the glacier surface. These crevasse 
sc a rs  are  often not readily apparent from the surface, particularly  un
der snowblinding or overcast conditions.

Key 149. C revasses typical of those which form  on escarpm ents.

Key 145
i o O o  l e e t

'Key 143
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R egardless of size, shape or orientation, all c revasses a rise  from 
s tre s se s  or s tra in s  which cannot be absorbed by the relatively rigid 
m olecular fram ework of glacier ice. Since low tem peratures reduce 
the power of m olecular adjustment of ice to tension (Wright and P riestley , 
1922, p. 253), it is probable, all other conditions being equal, that g laciers 
in the Antarctic are  more intensively crevassed  than elsew here in the 
world. Appearances are  deceptive, however, for m ost of the Antarctic 
c revasses a re  hidden beneath c rev asse  lids, sealed by p ressu re , filled 
with snow and firn  or covered by drift.

Key 150. Ice troughs many tim es the width of norm al crevasses 
tend to develop where independently moving segm ents of shelf or g la
c ie r ice abut.



Key 151. This stereogram , illustrating the form ation of floating 
fissu res , p resen ts some of the differences between genuine crevasses 
which a re  form ed over land and the form ation of somewhat sim ila r fea
tu res  in floating ice. Each stage in the process of floating fissu re  fo r
mation is  shown from  the original depression in which the form er 
c rev asse  system  is  exposed and sastrug i a re  absent (top) to the lens - 
shaped r if t  with a  floor of sea  ice and debris (bottom). The specific 
cause fo r the form ation of these features is  unknown but it is probably 
assignable to differential ice movement in a reas  of unconfined, floating 
ice o r by subm erged obstructions in the path of the floating ice. F ea
tu res  of th is  general type have been term ed r if ts  (English), barrancas 
(Spanish) o r dongas (Zulu) by A ntarctic exp lorers, but the usage of 
these te rm s h a s  been tbo  vague fo r application to this feature.



Key 152. A la rge floating fissu re  
in sheif ice. It is 2,000 feet wide and 
two m iles long. The fissu re  floor is 
composed of shelf ice debris in a  m a
tr ix  of se a  ice and drift. (See Key 49.)

Keys 153 and 154. Key 154 is an 
oblique view of a se rie s  of floating f is 
su res  cutting old tension c rev asses 
nearly  at right angles. Key 153 is  a 
vertical stereogram  of a fissu re  which 
is  located adjacent to and toward the 
read er from  the one in the foreground 
of Key 154. These floating fissu res  
a re  a product of shear as evidenced by 
the ir s e ria l alignment, the shear c re 
vasses at left (thin arrow) and the d is
turbed lids of the tension crevasses. 
Some of the floating fissu res  have 
joined ends to produce icebergs m iles 
inside the floating ice coastline. Note 
the open sea  in the distance.



REENTRANT RIFTS form in all types of floating g lacier or shelf ice. 
"hey resu lt from  tension, shear or m arine influences.

Keys 15o and 156. R eentrants caused by ice tension or marine in
fluences invade both sides of a g lacier ice tongue.

Key 157. A giant tension reentrant on the unexplored east coast of 
the Shackleton Shelf Ice. The stra igh t, horizontal, black line is a tear in 
the photo negative; the irreg u la r, vertica l line is the shadow of the b a r
r ie r  cliff on the sea  ice floor. Black, open w ater appears near the low
e r  left corner. The scale is le ss  than 1:40,000 in the foreground.

Key 158. A shear reen tran t r ift caused by the shelf ice passing an 
obstruction (island). The rift is now controlled by m arine influences.
O ne Liny black spots in the shadow are  Weddell sea ls .



Key 159

BRIDGED CREVASSES, difficult to see from  the surface, a re  easily 
identified on airphotos by the lighter tone of d rift 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, Wright and P riestley , 1922, p. 31, p. 256; as contrasted 
with Poulter, 1950, p. 89.) All students agree, however, that the lip -lid  
contacts are  the weak points. Sledging experience has indicated that lids 
of le ss  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 c rev asses  occurring in p ressu re  ice (fore
ground). Wide, flat-bottom ed crevasse and orientation of ice debris 
(background) indicate that th is ice is waterborne.

Keys 160, 161 and 162. The life cycle of RIGHT ANGLE DRIFTS 
includes the ir form ation at crevasse  lips (Key 160), extending from 
lid holes, here 200 feet wide (Key 161), and as the sole rem aining evi
dence of completely covered c revasses (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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Key 168

Keys 163 through 168. Contrast the sharply defined, open crevasses 
(Key 163) with the several varie ties  of filled  and bridged c rev asses illu s
tra ted . Note that the c rev asses are plainly visible from  the air view, 
even when covered. Note also that .right angle d rifts do not always form , 
even if the prevailing winds, as  shown by sastrug i, are  favorable.



RADIATION of heat from exposed bed rock, m oraines, scattered  de
b ris , e rra tic s  or dust may modify adjacent glacial surface features con
siderably. Although the average annual tem perature of the Antarctic 
litto ra l is assumed to be near zero  degrees F . and the average summnr 
tem peratures in the m id-tw enties F ., black bulb tem peratures of 154 F. 
have been observed (Taylor, 1922, p. 47). Rock absorbs a far g reater 
amount of so lar radiation than does ice. This absorbed energy is then 
rerad iated  in the form  of long (heat) waves into the adjacent a ir and ice, 
causing both ice evaporation and thaw to occur.

Rock m ateria l on glacier surfaces, such as m oraines, e rra tic s  or 
wind-blown dust, occurs either as dispersed p artic les  or concentrated 
deposits. This distinction is important;for it determ ines the manner in 
which the rock affects the underlying ice. Radiated heat from  scattered  
rock partic les  or extrem ely thin rock cover c rea tes depressions in the 
ice surface by evaporation or thaw. Wright and P rie s tley  (1922, p. 283) 
found that a few grains of sand may cause the evaporation of a depression 
seven inches in diam eter or that 0.1 gram  of sand may melt 300 cubic 
inches of ice in one sum m er. 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 d is 
sipation by wind, low relative humidity and d irec t so la r radiation are 
likewise prevented. (See Keys 199 and 200).

Key 169. At top is a  glacier ice surface m arked by many meltwater 
channels. Below, the presence of moraine and bed rock crea tes a drain
age system  in which the m eltw ater s tream s a re  made m ore prominent 
because of the ir g rea te r activity, which is caused by the radiation, and 
the presence of rock partic les  in the ir channels. Note meltwater lake.



M E L T W A T E R  S T R E A M )

Key 170. Radiation from  this large m ass of exposed rock has pro
duced la te ra l m eltw ater s tream s and two lee lakes. The la tte r  are 
m eltwater lakes found on the downglacier sides of nunataks and exposed 
land m asses. 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 partia l thawing and refreezing of the lake or by the 
a rriv a l of fresh  m eltwater. M eltwater stream s a re  active in m id-glacier, 
at extrem e left. The medial m oraine extending downglacier from  the 
glacier junction is typically paralleled  by a meltwater stream  which p re 
sents an appearance sim ila r to  that of the moraine, but which on close 
inspection is found to exhibit ch arac te ris tic s  quite distinct from  it.



Key 171. (The stereogram  is  oriented so  that i ts  bottom lies at the 
right m argin of the page.) At bottom, radiation gullies and meltwater 
stream s a re  found adjacent to exposed sk e rr ie s . Above, a  section of sea 
ice is  covered by wind-blown partic les . Radiation from  these has made 
an im passable ICE MORASS. At top is a  sim ila r a rea  of sea ice exposed 
to the same so lar rad iation  but without m orainal partic les .



Key 175 i

Keys 172 and 173. Two oblique views of a combination d rift moat 
and radiation gully about an island in shelf ice. F rozen meltwater from 
radiation is visible on the moat floor in both illustrations.

Key 174. An exposed sk e rry  with sm all m eltw ater pools at its  base. 
The sea ice here is too thin to perm it the form ation of a radiation gully.

Key 175. An exposed sk e rry  in thickly covered se a  ice exhibits a 
moat caused by wind scour, ice evaporation and thaw. M eltwater areas 
are  just above the sea ice level. Evaporation is probably as im portant a 
cause of ice rem oval as thaw but its  process is invisible.

Key 176. A nunatak with associated m eltwater lake and radiation 
gully. The drift atop the nunatak has its own m eltw ater pond. The ice 
surface in the upper level of the moat, top left, probably resu lted  from 
radiation caused melting and refreezing  in situ. Note that ice surfaces 
are  illustrated  in three photo tones (see Keys 87-95).

Many exam ples of so lar radiation and the iceform s it produces are 
evident in the next sixty keys.

Key 172
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Key 178

GLACIAL STREAMS AND LAKES 
behave differently than the ir te r re s tr ia l  
counterparts in that they generally  lack 
erosional tools, enlarge the ir channels 
chiefly by solution and are  inactive 
(frozen) most of the year.

Key 177. Contrast the fine net of 
thaw stream le ts  with the single, deep 
50-foot-wide m eltwater channel that 
d isappears into the g lacier. Low ice 
tem peratures make englacial s tream s 
relatively ra re . Low m eltw ater tem 
pera tu res cause deep surglacial chan
nels to be infrequent.

Key 178. M eltwater on thick, flat sea ice characteristically  appears 
puddled, with shallow, wandering, blue-colored channels frequently 200 
feet in width.

i M E L T W A T E R  C H A I

Key 179. Thousands of tiny, white m eltw ater channels, most of which 
are  not more than a  few feet wide and a few inches deep, extend down the 
continental g lacier slope into an arm  of the sea.



R I N G E D  M E L T W A T E R  L A K E

M E L T W A T E R  L A K E S

Keys 180 and 181. M eltwater lakes thaw centerw ard from shallow 
edges and frequently leave inner cores of ice frozen to the bottom. The 
se rie s  of rings illustrated in Key 180 are  common. They could resu lt 
from  the a rr iv a l of fresh  m eltw ater before the lake thaws, from seasonal 
meltwater increm ents or because the summ er thaw extended succes
sively shorter distances toward the lake center in each of severa l suc
cessive seasons, partly as a resu lt of the lake being enlarged each season 
from the addition of fresh  m eltw ater. The transparent outer ring 

perm its airphoto analysis of c revasses and other elem ents of glacial 
structu re  which otherwise might be covered with snow or firn . The 
crevasses in the lake bottoms are  sealed by frozen m eltw ater accum 
ulated in previous years. Light-toned snow, above at top, is  a typical 
cover for frozen meltwater lakes. Note the “ drowned”  sastrug i which 
appear on the ice near the center of the lake in Key 180.



Key 182. M eltwater lakes are  distinguished from  cloud shadows 
with ease in the foreground but with difficulty in the background on 
oblique aeria l photos. New, transparent ice is form ing on the main 
lake, which is severa l m iles in length.

Key 183. This m eltwater 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 m eltwater stream  
to form  a chain of new lakes in a chain of old lakes.
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Keys 184 and 185. F rozen  meltwater lakes here occupy crevasses 
on a floating ice tongue. The absence of meltwater s tream s indicates 
the lakes were formed from  melting ice in situ. Since the lake belt co
incides with the intensely crevassed  channel g lacier, the action of solar 
radiation on the north sides of the se ra c s  may account for the individual 
crevasse  lakes.



to o o  feet

Keys 186 through 191. Six stereogram s illustrating  various aspects 
of typical A ntarctic m eltw ater features including streak s of blue ice 
(186), c rev asses under m eltwater lake (187), m eltw ater surface (188), 
partly  snow-covered m eltw ater lake (189), braided m eltwater stream  
on puddled surface (190). The triangular m eltw ater lake (191) is 
form ed in the sam e manner as the ringed lake in Key 180. These 
lakes do not thaw completely every sum m er.
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Key 192. A slight change in Antarctic sum m er tem peratu res may 
cause rad ical variations in local iceform s. Here nunatak-radiated heat 
produces radiation gullies and form s lakes adjacent to the land m asses.
The medial moraine tapers off and disappears as it extends downglacier 
because its individual rocks radiate sufficient heat to melt them selves 
into the adjacent ice, som etim es forming cryoconite holes. The light- 
toned m eltwater stream s darken, enlarge and change character after 
passing over the moraine at center. Two m eltwater lakes, produced 
without benefit of rock radiation, each with its m ajor tribu tary  m elt
w ater stream , are  visible at right cen ter. The white, snow-covered, 
frozen m eltw ater lakes in the background should be differentiated from 
the w ater m arks from  the negative of this p rin t. Many ponds and 
puddles occupy the foreground.



Key 193

The presence of land in A ntarctica is indicated by exposed or evi- 
dent-though-covered m oraines, mountains, coasts and islands. C revas
ses which indicate subglacial topography are  considered separately.

Surface m oraines are  conspicuous by their sm all number, especially 
in rela tion  to the vast a reas  of glacier ice in A ntarctica (Taylor, 1922, 
p. 126; Wright and P riestley , 1922, p. 224; Gould, 1940c, p. 732). This 
occurs for at least five reasons: deposition of term inal m oraines in the 
ocean, high ra tio  of ice-covered to exposed rock, submergence of the 
surface m oraines caused by so lar radiation, excess precipitation and 
drifting snow and firn , and lack of erosive power caused by the slowness 
of the ice movement. Arcuate (sem i-circular), la te ra l, medial, re c e s 
sional and ground m oraines are  all present in A ntarctica and illustrated  
in these keys. Moraines occur in surg lacial, englacial, subglacial or in 
fossil form . Surface m oraines originate in four ways: accumulation 
from  valley w alls, accumulation from  nunataks, em ergence of subglacial 
m ateria l and the re-em ergence of surface m oraines which were sub
m erged from the effects of radiation upon the surrounding ice or from 
being drifted over by snow or loose firn.

Key 193. M idsummer view of a recessional moraine. Note change 
of ice slope at the moraine.



Keys 194 and 195. Late sum m er view of the upthrust recessional 
moraine in the preceding key and an oblique of a sim ila r moraine. Note 
the m eltwater s tream s, absence of sastrugi, change of ice slope at the 
moraine. The sea ice has broken up and drifted out to sea.



Keys 196, 197 and 198. Arcuate or sem i-c ircu la r m oraines may 
occur where constriction or sudden change in subglacial slope increase;; 
ice velocity or at cirque lips. In these keys note also the m oats, medial 
moraine (bottom left), fallen rocks and drift pattern. The glacier ice 
and the brib ing  snow and firn  are  moving in different directions.
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Key 199

N a t i o n a l  A n t a r c t i c  E x p e d i t i o n , 1 9 0 1 - 1 9 0 4 .
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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, iyOl-1904, published by the Royal 
Society, London, 1908.

These photos show no bed rock, only m oraine-covered ice. They illu s
tra te , as no high altitude, vertica l airphoto could, the phenomenon of 
m orainal 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 
gradually but considerably reduced by these erosional agents. As the 
level of the ice at the edge of the moraine is lowered, m orainal debris 
ro ll or slide to the lowered surface. This process may continue until 
the m oraine-covered ice becom es a ridge or a linear se r ie s  of cones.
The m orainal m aterial may then ro ll 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 form er ridge. At any stage in the process a 
change in the m eteorological conditions resulting in excess precipitation 
over ablation may cause the whole moraine to become ice-covered.
(Keys 29 and 30 may rep resen t this sta te  or may simply show pressure  
ridges. See also Key 205).

Surface m oraines are difficult to evaluate either from  airphotos or 
from  field examination without digging, drilling or sounding.
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Key 201. L ateral m oraines consist of rock debris which have fallen 
to the g lac ie r surface or which has been corraded la tera lly  at subglacial 
levels. The extrem e A ntarctic cold is unfavorable to their form ation. 
Note ta lus slopes as the p rim ary  source m aterial of this moraine.

Key 202. Medial m oraines, products of joined la te ra l m oraines, 
frequently disappear into the ice shortly  after forming. The two chief 
causes of m orainal subm ergence, drift and so lar radiation, may not 
apply h ere  since this a rea  is obviously being denuded by thaw and the 
moraine here appears sufficiently thick to prevent radiation to the ice 
beneath. Ice-covered m oraine ridges border the exposed portions.
The detailed topography of the g lacier surface is revealed by the m elt
w ater drainage pattern.



Keys 203 and 204. Some medial m oraines bear a  distinct re se m 
blance to ra ilro ad  beds because of the ir linear shapes and the ir long, 
graceful, ra ilroadlike curves and also because they stand above the 
adjacent te rra in  like ra ilro ad  tracks on gravel fill. This m edial m oraine, 
probably form ed by a junction of la te ra l m oraines from  valley g lac ie rs  in 
the mountains (background) is in term ittent in ch a rac te r, f irs t being sub
m erged through drift and radiation and then reappearing downglacier as a 
resu lt of ablation. Note the stra igh t lines and graceful curves of this mo
raine as contrasted  with the m eandering channels of the m eltwater s tream s 
and the irreg u la r character of the c rev asses . Note also the thaw lakes 
in the background.



Key 205. A large medial m oraine in a  valley g lacier which originates 
in the South P o lar Ice P lateau  and discharges into the R oss Shelf Ice. Mo
ra ina l ridges with m eltwater s tream s occur in both ice-covered  and ice- 
free  form s, (stereogram  is oriented with its  bottom at the right m argin.)
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Key 206. A composite, trim etrogon, vertical and oblique view of 
several exposed and ice-covered  medial m oraines, each denoting one 
or m ore tribu tary  g laciers or nunataks upglacier. P re ssu re  from  the 
large tribu tary  at right causes several individual m edial m oraines to 
coalesce into a single, compound moraine. The depressions between 
the ridges of m oraine contain m eltw ater s tream s and ponds which are  
form ed in part as a  resu lt of radiation from  these sam e m oraines.
The m eltw ater is lighter in photo tone and smoother in photo texture 
than the m orainal debris. C irques, a re te s  and cols occupy the right 
foreground. (See Key 18.)

Key 207. The diminished continental g lacier is  no longer able to 
supply this valley g lacier with sufficient ice to m aintain itse lf. The 
valley floor is covered by ground m oraine left in place as the glacier 
melted back. It consists of unconsolidated and unstratified  rock  debris 
partly  channeled by m eltw ater. A recessiona l moraine occurs at the 
ice edge.

Key 208. A la te r stage than illustrated  in  Key 207. H ere, the ice 
has re trea ted  entirely  from  the a re a  and has left a “ dry valley,, in its 
wake. The rela tively  smooth appearance of this m orainal m aterial 
from  the a ir  is misleading since any method of surface tran sp o rt would 
be most difficult over th is m ass of loose rock debris. Although the 
valley and the mountain peaks a re  “ dry/’ highland ice s ti ll  surv ives on 
the uplands, from  which sev era l tongues of w all-sided g lacier ice, one 
with a  large ice apron, extend over the valley side. (See Key 21).
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Key 209. Glacial recession  resu lts  from: (1) a more rapid  ra te  of 
ice dissipation than ice advance at the glacier front and (2) a general 
lowering of the glacier surface through the p rocesses of ablation^ Above, 
the la tte r type of recession  has lowered the ice surface in the main chan
nel (left), exposing nunataks at the head of its d istribu taries (center and 
right) and the ir medial and associated ground m oraines. Two arcuate 
m oraines appear to be emerging in the n earest d istributary . Snow and 
loose firn  have drifted into the shallow depressions and lee a reas  behind 
rock projections. The darker ice tones are  areas of glacier ice.
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Key 210

Key 210. Ice recess io n  exposing 
valley is evident from  m arginal lake with 
elevated, d issected deltas which indicate 
fo rm er, higher lake levels. Note the 
snout of a  w all-sided g lacier with fring
ing ice aprons, ridges of fo rm er la te ra l 
m oraines, vertica l valley g lac ie r walls 
and moat with sm all s tream  but no 
conspicuous la te ra l m oraine. (The g la
c ie r at righ t is shown in Key 21.)

Key 211. A valley exposed by the 
recessio n  of its  g lacier from  lack of 
ice supply. \



Key 212. Not only is land being ex
posed by the re tre a t of valley g laciers, 
but in ce rta in  areas it is  being exposed 
by the re tre a t of the continental glacier 
itself. T arns, south slope snowdrifts, 
m eltw ater s tream s, bed rock (rough 
texture) and m oraine (smooth texture) 
are  apparent in this airphoto.

Key 213. T arns are  brackish  as 
a resu lt of excessive evaporation, except 
when surface or subsurface outlets are 
present. T arns a re  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 diam eter.
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POLYGONAL TERRAIN occurs but occasionally in Antarctica since 
the conditions necessary  for its  formation (sem i-plastic, waterlogged 
mantle rock, silty  to gravelly in texture, and tem peratures that fluctuate 
about freezing) are  infrequently present. In some favored areas, how
ever, the forces of fro st, thaw and gravity combine to produce solifluc- 
tion. Cracks, which become filled with ice wedges, rad ia te  in three 
directions from  points of stra in . The cracks from adjacent points unite 
to form  hexagons suggestive of suncracks in mud or columnar basalt 
form ations. Both depressed-cen ter and ra ised -cen ter (channel type) 
polygons are  present, the p rec ise  form depending in large m easure upon 
the character of the earth  m aterial. Antarctic polygons differ from 
their northern counterparts in their la rger size, fewer varieties, loca
tions on steeper slopes and the absence of vegetation. This la s t condition 
facilita tes the airphoto study of m icrorelief in polygonal a reas. Poly
gons indicate the presence of mantle rock, seasonal tem peratures which 
fluctuate about freezing, presence of perm afrost (permanently frozen 
ground) beneath, poor traffic  ability and som etim es ice wedges which may 
m elt and become m oats in the sum m er. (See Key 254).

Key 215. Snow-covered, channel-type polygonal patterns grading 
into rock strip es  with changes in gradient.

Key 216 D epressed-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 the ir absence on outcrops of bed rock.

Key 218. Channel polygons formed in a recessional moraine. Note 
pattern  alignment on steeper slopes, arcuate moraine, m oraine-covered 
g lacier ice (top) and soil flow (left).



MOUNTAIN PEAKS, CLIFFS and ESCARPMENTS, which in some 
instances are  wholly or partia lly  barren  of ice, account for much of 
the ice -free  land in Antarctica. Latitude, altitude, precipitation, humid
ity, wind, gradient, orientation of slope and rock color all seem  to play 
a significant p a rt 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 perm it any individual type of peak or cliff to be exposed, 
partially  exposed or ice-covered do not yet exist.

Key 219. Two sm all 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 w ater’s edge. Much of its black cinder and lava s u r 
face is ice-free  but may contain buried ice lenses.
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Key 221. These mountain peaks are entirely  ice-covered. Irregu
la ritie s  in the ice surface (left foreground) re su lt from the re lie f of the 
underlying rock structu res which may include completely buried peaks 
and ridges.

Key 222. Although not apparent at f irs t glance, stereographic ex
amination of the illustration  will reveal four distinct mountain ranges. 
The relatively level sum m its and some slopes a re  ice-covered. The 
medium gray photo tone (foreground) is the crevassed , ice-covered sum 
m it of a mountain protruding from  the upper surface of an extensive 
cloud bank (middleground) in a sim ilar manner to the more distant 
mountains (background).

Key 223. These mountains have ice-covered slopes facing the 
cam era and ice-free  slopes on their opposite sides. Note the great 
size of the shadows, a typical feature of the Antarctic which resu lts 
from the position of the polar sun low on the horizon. Note also the 
presence of meltwater s tream s descending from the mountain ridge 
(center) and the tension c rev asses (foreground).



Key 228

Key 224. The tonal difference between shadow and exposed rock is 
le ss  in the left than in the right prin t of this stereogram . The la tte r was 
properly processed for photo interpretation use; the form er was not.

Key 225. Dark tones on ice are  not always indicative of rock debris. 
C revasses, m eltwater, cloud shadows, shadows of adjacent land m asses 
and, as in this illustration, the shadows of ice ridges are also dark in 
tone. The crevasse proves th is dark tone to be shadow ra th e r than rock.

Key 226. Mountains in the distance are difficult to distinguish when 
cloud form ations 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, m assive, bed rock form ation 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 sm all outliers form islands.
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Ice-free areas in the A ntarctic certainly account for le ss  than one 
per cent of the known te rra in . 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 m ost easily inferred from its  surface character.

Keys 229 and 230. P a ra lle l and transverse  views of ice-covered 
mountain ranges with protruding peaks and ridges. Low lying, level, 
darker-toned a rea s  in the backgrounds are clouds, not sea  ice, a fact 
readily  determ ined by s te reo  examination of such prin ts.

Key 231. Although the precise  shoreline cannot be distinguished, 
the presence of land with relatively rugged re lie f under the crevassed 
ice surfaces is  unmistakable.

Key 232. Antarctic coastal cliffs are ice-free  when they are suf
ficiently vertical to avalanche the ir ice-cover to the sea  below (middle- 
ground). If the cliffs are  le ss  steep, the ice will cascade downslope 
(foreground). If there is little or no ice movement, the cliffs may 
assum e a drifted-over appearance (background). •



Key 233. This rock cliff coastline is too steep for lodgment of ice 
without support at its base. Note sim ilarity  in photo tones of the dark 
rock and open w ater, 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 s till reaches 
the sea  over some of the less  steep portions of the coast.
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Key 235. A m ile-high cliffed mountain coastline with avalanche 
ice-foot g laciers. 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 trip le  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 elem ents 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 is, 
nevertheless, a  certainty (left). Icebergs, sea ice and open water are 
also p resen t (right). Volcanic Mount Siple on the horizon r ise s  two 
m iles above the ocean.

Key 239. Contrast the appearance of the coastline concealed by 
g lacier 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 
sedim ent laden meltwater s tream s. Numerous bed rock islands with 
adhering fast ice flank the coast. S im ilar groups of offshore islands 
completely covered by thick ice may easily  be m istaken for ice-covered 
portions of the continent.



Key 241. Numerous, glaciated, ice-free  rocks, sk e rr ie s  and islands 
occur offshore the Antarctic continent, rem inders of an even g rea te r ice 
age in Pleistocene tim e. Unlike their northern  counterparts, many of 
these islands a re  situated in relatively deep w ater, thus allowing easy 
access to la rg e-d raft vessels in years when the sea  ice conditions perm it. 
Uncharted, submerged peaks rem ain  a danger, however. These 
islands are  frequently used by the birds and sea ls  for their rookeries.
The coast, covered by the continental g lacier (background), and the end 
of a glacier tongue (near top left) are  visible. A typical d rift pattern  has 
formed about the islands (foreground). The sudden ending of some of 
these d rifts  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 g lacier channels norm ally cause medial mo
raines to appear on the ir downglacier sides. Here, however, the chan
nel glacier is afloat, the nunataks are  rea lly  islands and the erosional 
rock debris are  deposited on the ocean floor. Since la tera l p ressure 
which occurs in landrsupported ice is absent in ice tongues, the islands 
are  able to sp lit the floating g lacier, forming moats with scalloped 
g lacier-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. S im ilar 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 them selves above the ice surface. 
Note the sim ilarity  in photo tones but the differences in texture and 
pattern  of the clouds in com parison with the ice.
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Keys 243 and 244. While sm alle r islands are  frequently ice-free  
(below), many of the la rger ones are so completely ice-covered that 
they may never be seen by modern man (above). The arrow s are 
aligned in the direction of ice movement and point to the b a rr ie r  edge 
of an hourglass-shaped island completely covered by a flat dome of 
island ice which here r is e s  to an elevation of approximately 1,000 
feet. This is the climax stage of island glaciation.
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ICE-BLINK and WATER-SKY

Keys 245 and 246. A white or yellowish-white g lare just above the 
horizon is often the f irs t sign that one is approaching a reas  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 f irs t sign that one is 
approaching open water may be a dark streak  above the horizon. This 
is w ater-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 w ater-sky since open w ater absorbs more 
light. Land-sky is relatively  ra re  in the A ntarctic because of the lack 
of exposed land. Sometimes the line of dem arkation between w ater-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 A ntarctic phenomenon caused by the occurrence 
of a completely overcast sky over an a rea  that is completely ice-covered. 
Much sunlight is diffused through the overcast and reaches the ice s u r 
face where most of it is  reflected  back to the underside of the overcast. 
Many of these rays are  in tu rn  reflected earthw ard from  the lower lay
e rs  of the clouds. This p rocess may continue until the diffused sunlight 
lighting any individual iceform  may exceed the amount p resen t on a 
c lear sunlit day. This large amount of diffused sunlight equally lights 
all sides of individual iceform s, prohibiting the form ation of any shadows. 
The om nipresent whiteness causes the ice and sky to look alike and the 
horizon to disappear. Such w eather is one of the g rea test 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
tr ian  even stum bles over the sastrugi.

Keys 248 through 253. These illustrations rep resen t six combin
ations of exposure and processing used in an attem pt to reco rd  the 
horizon on a white day. There a re  five objects in each of the pictures: 
a  man, two ten-foot poles, the ice and the sky, but no m atter how the
photographs are  exposed or processed, both m asts and man appear as 
if suspended in a ir and no horizon is  visible.



OPTICAL ILLUSION
Key 254. Differential ra te s  of ice movement on c lear, smooth, 

dark-toned w ater may crea te  the optical illusion of ice floating at v a r
ious levels. Although there a re  several apparent slopes in the sea 
ice, individual ice cakes do not seem  to be tilted. While in this in
stance the photographs w ere taken in the A rctic, the phenomenon 
also occurs in A ntarctica (Key 233).

Compare the polygons shown here with those in A ntarctica (Keys 
215-218). These particu lar polygons are m ore variable in diam eter 
(30 to 160 feet within the sam e general area), rectangular ra ther than 
pentagonal or hexagonal and covered by vegetation. Note their influ
ence on drainage.



CALMS and GALES
Key 255. The open w ater of the Antarctic seas within the pack ice 

is  frequently calm  and without waves or swell. Here the calm  resu lts  
in a m irro rlike  surface perm itting the reflection of a cliff on a  floating 
ice tongue. Such reflections should not be confused with photo images 
of subm arine portions of the ice cliffs, since the cam era  is able to 
penetrate the surface lay ers  of the calm  A ntarctic w aters in certain  
instances.

Key 256. Open w ater within the pack ice becomes quite rough when 
gales blow from  the continent. The little  white specks here are  white- 
caps which are  not subject to s tereo  fusion with standard ae ria l photog
raphy. The “ clouds’ ’ a re  actually s tream ers  of snow and loose firn  
blowing off the Antarctic coast (bottom right). Wind, as an erosive 
force, plays an important p a rt in the transport and modification of snow, 
firn  and even ice. Many typical Antarctic b lizzards resu lt wholly from 
wind without any precipitation being involved.



GALES
Keys 257 and 258. The amount of loose firn  and snow ca rried  to 

the open sea  or deposited on sea  ice during a typical year in Antarctica 
m ust be trem endous. It would be difficult to estim ate the number of 
cubic m iles of potential glacier ice dissipated in this manner. From  
such b lizzards 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 A ntarctic, it is f r e 
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 ce rta in  m erits  not inherent in ordinary landform photog
raphy. If the sim 's ray s  s trik e  the lens elem ents, they cause multiple 
reflections (Key 259). If the sun is photographed, it will show as a bright 
spot accompanied by one or m ore c irc les , hexagons and linear patterns 
(Key 260) which make in terpretation  of minor re lie f features, like sa s-  
trug i, quite difficult.
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CLOUDS and CLOUD SHADOWS
Clouds bar photo analysis in several ways. They may partia lly  or 

wholly obscure the ea rth '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 
a re  som etim es difficult to distinguish from  snow and ice.

Key 262. This stereogram  shows a ridge of the sam e mountains 
with clouds below on one side (left) and a sum m it ice field on the other 
(right). Note the sim ilarity  in appearance

Keys 263 and 264. H ere are  vertical and oblique views of clouds 
and their shadow effects on the ice surface.

Key 265. Belts of c rev asses (shown here) and m eltw ater (Key 182) 
som etim es appear sim ilar 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 sum m its o r be omnipresent, according to the local 
atm ospheric conditions at a  given tim e. Clouds are thought to form  le ss  
often in the continental in te rio r, away from the m arine influence.

Key 266. A bank of clouds over the land surface may act as an aid 
to the photo in te rp re te r 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 th is illustration indicates 
that the cloud form ations (middle and background) occur only over ice- 
covered te rra in  and that the sea-ice  a reas  (foreground, left, and between 
middle and backgrounds) are  cloud-free. The direction and slow p ro g res
sion of the clouds is evident from  the way they pile up to the windward 
of the peaks.



FLORA and FAUNA
Plant life in A ntarctica is conspicuous by its  scarc ity . Rock crevices 

and ta rn s  may sw arm  with m icroscopic anim als and plants. Where the 
se a  is  quite shallow, lush growths of m arine vegetation may occur. Hun
dreds of species of algae, lichens and m osses a re  known. B acteria occur 
in b ird  and seal droppings. But except on the northw ard extending Palm er 
Peninsula, no g ra sse s  o r flowering plants a re  to be found. Nowhere is 
there  vegetation of sufficient density and extent to be viewed by the a e r
ial cam era , although ta rn s  are  som etim es colored by algae. Plankton, the 
basic m arine flo ra  and fauna, consists of m yriads of tiny plants and ani
m als. Among these the diatoms a re  especially num erous, often staining 
the sea  ice yellow. These low form s are  fed upon by k rill, the shrim ps 
upon which the higher types of m arine life and avafauna depend for food.

The em peror and Adelie penguins breed  along the shores of A ntarctica. 
There a re  six species of sub-A ntarctic penguins. Some 36 species of 
flying b irds nest in the A ntarctic or sub-A ntarctic, including albatrosses, 
gulls, p e tre ls , shags, sheathbills, skuas and te rn s.

Keys 268-271. V arious aspects of penguin life. Em peror penguins 
(268) may weigh 50—90 pounds and stand over th ree  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.

Key 271



ADELIE ROOKERIES a re  situated on rook outcrops on islands and 
along the coast of the continent. After long periods of use, a  so r t of 
“ so il”  develops in the rookeries composed of some mantle rock, much 
guano, penguin, chick and egg rem ains, bacteria, m ites and other form s 
of m icroscopic life. Emperorl penguins establish the ir rookeries on 
sheltered  portions of the sea-ice edge and breed during the long, cold 
winter night. The rem ains of the ir rookeries are  ca rrie d  out to sea 
when the fast ice breaks up.

Key 272. Adelies nest alm ost everywhere. Some pebble nests are 
in the m eltw ater at lower left.

Key 273. Generally all penguins in a  rookery, except those engaged 
in courting, nest-building o r fighting, face the sam e way. Note sentinels.

Key 274. M assed penguins or penguin “ so il”  may cause their 
rookeries to be visible as fa r as the eye can see. M assed penguins may 
make the rookeries appear dark (above); guano appears lighter than most 
rocks.
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Key 277

Keys 275 and 276. The skua is the only A ntarctic bird, other than 
the penguin, whose presence can som etim es be determ ined by aeria l 
photo interpretation. This determ ination 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 form s of A ntarctic life that can recognize food out of w ater. Their 
occasional inland flights make them the w orld’s southernm ost-ranging 
animal.

Key 277. The em peror penguin and his tracks. T racks made while 
walking are  at righ t, tracks made while “ tobogganing’’are at left.

Keys 278 and 279. The k ille r whale, the most dangerous Antarctic 
anim al, hunts in packs and is  recognized by the high dorsal fin and buff 
patches on h is head (278). He feeds on any of the higher form s of animal 
life and especially  on penguins, seals and porpoises. Baleen whales, not 
shown here , are  many tim es la rg e r than k ille rs  but feed on tiny k rill.
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Key 284

Five kinds of seals inhabit Antarctica: Weddell, crabeater, elephant, 
the ra re  Ross and the dangerous sea  leopard. Tiny herds of once num er
ous colonies of fur seals ex ist on some sub-A ntarctic islands.

Key 280. A Weddell seal suns itself on the fast ice.
Key 281. Sea leopards eat penguins and other sea ls . 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 p re s 

ence is dependent upon the crack in the ice; the ir source of food is the 
ocean below.
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HUMAN OCCUPANCE
There are  no perm anent settlem ents or inhabitants in the Antarctic. 

The cu rren t force of the whaling fleet is, perhaps, 5,000 men, but the 
employment of the w halers is  seasonal and their norm al a rea  of opera
tions is close to the outer edge of the pack ice, tens or even hundreds 
of m iles offshore. A m ere handful of explorers, sc ien tis ts  and govern
ment rep resen ta tives constitute an occasional population. These men 
seldom rem ain  for longer than two years at a tim e. Antarctic tra n s 
portation is provided by ships, boats, a ircraft, motor vehicles, dog 
sleds, sk is, 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 p ressu res 
m ore readily . Modern icebreakers are  of especially designed steel 
construction with rounded bottom s, heeling tanks, shallow forward 
draft, deep s te rn  draft and without keels.

Keys 285 and 286. Oblique and vertical airphotos of w ind-class 
icebreakers. Icebreakers may be identified by the ir exceptionally broad 
beam s (length-beam ra tic  of about 4:1). D estroyers, by comparison, 
may be twice as long and only half as wide. Note the slatted  helicopter 
flight deck and the seaplane, the Greenland c ru ise r, the whaleboats and 
the cranes for handling these vehicles. Ships of th is type are  too expensive 
fo r individual or com m ercial 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 c ru ise r (288) was especially 
designed for polar use. The motor whaleboat (289) is  useful in fa ir 
weather. The rubber ra ft (290, 291) is efficient for short distances, 
shallow -draft exploration, fording m eltw ater and pack-ice trave l. The 
iceboat (292) is  not generally useful for working purposes. V essels 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 a irc ra ft which may be based on land, 

at sea or on the ice. Their g reat range perm its some of them to cover 
thousands of m iles in one day. O thers are  designed for maneuverability 
and may take off from alm ost any kind of a surface.

Keys 294 and 295. Such planes as these R 4D transports and PEM 
flying boats can perform  exploratory or photo flights from  shore bases 
or seaplane tenders, respectively. When they a re  fully laden with fuel, 
cam era equipment and survival gear, they may require  a je t-a ss is ted  
take-off (JATO) as shown here.

Keys 296 and 297. H elicopters are  ideal for short-range field work 
and surveying. Along with cub planes they provide a medium for hand
held cam eras. 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 d rift during the two weeks 
of foul w eather which ensued before it was located. Open w ater was 
but eight m iles distant (300) but not d irectly  visible to the survivors, 
pointing to the importance of knowing ice topography and w ater-sky.

T ra ils  over the continental ice, shelf ice or sea  ice are  alm ost always 
plainly visible, regard less of the vehicle used. Key 301 shows a  tra il 
made by five walking surv ivors of the crash  above and a s le d . The 
individuals, the ir shadows, the sled  and the tra il  are  all clearly  d iscern 
ible. This mishap occurred on Operation Highjump in 1946-1947.



RUNWAYS
Runways are  generally  unnecessary for ski-equipped a irc ra ft, which 

may land on level, uncrevassed glacier ice, shelf ice, frozen lakes or 
sea  ice. The c ritica l factors are the weight of the a irc ra ft per square 
inch of sk i and the initial landing shock. Skis may freeze to the ice 
from  the film  of m eltw ater produced by landing unless they are rim up 
on a  plywood, canvas or sim ila r surface placed on the airfie ld  for th is use.

Keys 302 through 305. An experim ental runway on shelf ice. It is 
shown during its construction and after a period of one year.

Key 306. Float-equipped helicopters may land alm ost anywhere. 
Canvas ta rp s  a re  som etim es employed as a  tem porary  m easure to 
designate helicopter landing fields or to guide pilot to a  safe landing area.

Key 307. Food cases a re  usually stacked outside building walls and 
perm itted  to be drifted-over, thus providing additional protection from  
the weather. F reshly-baked bread  stored in this “ deep freeze”  will taste 
as fre sh  the day it is  unfrozen as the day it was baked.



246

C

Key 3U8 Key 309 1 6  M U '

Key 311

-  Key 312r Key 313 1 6 4 *

Key 314

SURFACE VEHICLES
Keys 308 through 312. Wheeled vehicles, even jeeps with chains 

(308), a re  useless in snow and loose firn  but may operate on a reas  with 
ice surfaces. The “ ca t”  trac to r 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) through areas of p re s 
sure ice. (The p re ssu re  ridge has been cut and paved with p ierced  planks.)

Keys 313, 314 and 315. Amphibious tra c to rs  have a useful range of 
severa l hundred m iles over many kinds of glacial surfaces.
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Key 319 Key 320

Keys 316 and 317. The “w easel”  is a so rt of tracked and amphibi
ous jeep. It is useful for carrying and towing personnel, food and 
equipment both in camp and in the field.

Key 318. Dog sled, tim e-honored method of polar travel, is still 
the mainstay of long hauls over unexplored ice surfaces.

Keys 319 and 320. Skis are  faste r and generally m ore useful than 
snowshoes in Antarctica. The soft snow surfaces of the A rctic and sub- 
Arctic which requ ire  snowshoes are le ss  common here.
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SETTLEMENTS
Settlem ents in A ntarctica may be classed  as sem iperm anent, seasonal 

or tem porary. There are  no perm anent settlem ents on the continent, a l
though a few government bases, mostly on the outlying islands, are c u r
rently  maintained on the rotation plan, with complete changes in personnel 
every two years. The sem iperm anent sh e lte rs , built to last for several 
years, are  usually prefabricated. F acilities for a single summ er season 
generally consist of prefabricated huts, floored ten ts and sim ila r sh e lte rs . 
Tem porary sh e lte rs , for use in field travel, a re  lim ited to sm all tents.

Keys 321, 322 and 323. Three views of S ir E rnest Shackleton’s camp 
which had stoutly re s is ted  40 years  of Antarctic blizzards when these 
photos w ere made. F rom  a distance the prefabricated building blends 
into the te rra in  (arrows). The building was occupied for five years  by 
m em bers 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 m issing from  the opposite side. Packing cases 
of food and supplies, piled about the house for additional protection, have 
been toppled by the strong winds. Sim ilar cases once formed a stable 
for M anchurian ponies on the lee side of the structu re . 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 m oisture necessary  to spoil some of the food s to res  and ru st 
some of the iron equipment.

Keys 324, 325 and 326. Three views of a tem porary camp on ice 
taken from  successively lower altitudes. Although m ost of the camp 
equipment stands in sharp  contrast to the glaring white ice, the camp is 
so  sm all that it might easily be overlooked from higher altitudes. The 
white and dark-green  ten ts em phasize the importance in tonal contrast 
for locating, recognizing and analyzing objects.



Keys 327 and 328. All sem iperm anent settlem ents 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 form s a long 
lean-to shed against the dwelling. Note c ro ss  on horizon.
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Keys 329 and 330. L ittle Am erica IV, a one-season settlem ent on 
shelf ice. Some of the chief airphoto recognition characte ris tic s  of new 
camps are  the relatively dark appearing stru c tu res , 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 
f irs t to Little A m erica IV (1946-1947) and then to a new building atop 
the drifted-over sem iperm anent settlem ent at L ittle Am erica III (1939- 
1941). The vents of the la tte r  and a new tunnel leading to it are visible 
at the right of the new building. T racks 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 A m erica IV, taken during its 
construction and one year la ter, show nearly all of the abandoned tents 
to be blown down or caved in by the weight of the drift.



V. 251

Key 333 16 tw

f ' J

>  .  V .

Key 334 16 iw
A '  A

Key 335 \  '

k

Key 336

Keys 333 and 334. M asts of Little A m ericas I and II (333) and the 
vents and m asts of Little A m erica III (334) are  the only visible rem nants 
of sem iperm anent settlem ents built 19, 14 and eight years  before these 
photos w ere made.

Keys 335 and 336. Tent poles and sto res  a re  s till visible at Little 
A m erica IV after one year. Note shape and height of m arker on sto res .
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Keys 337 and 338. A sem iperm anent camp is shown immediately 
after its construction (337) and one year la ter (338). Although the 
double Quonset hut has drifted to its  ridge, the level of the surrounding 
ice te rra in  has risen  only th ree  feet.

Key 339. “ W easel”  track s reveal the d rift accumulation of a few 
weeks.

Key 340. Semipermanent B ritish  (left) and A m erican (right) camps 
on Stonington Island. Although the American camp was eight years old 
when th is photo was taken, no perm anent d rifts have developed here.



Key 341. Tem porary camps on recently-deposited ground moraine 
are  difficult to identify on aeria l photographs because the blending of all 
s izes, shapes and colors of rocks form s 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) p e r
m its 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 th is from the surface.



CHAPTER V I

THE INGRID CHRTSTEIS® COAST 

AS APPLICATION OF RECONNAISSANCE PaOTOOEOORAPHY

T his chapter presen ts o r ig in a l geog rap h ica l data ob ta in s! by applying  

th e  photogeo graphical method to  th e  reconnaissance a e r ia l photography o f  

a  coop le x  A ntarctic c o a sta l area never v is ite d  by geographers. These 

data have been Obtained through th e use o f  analogous geographic photo 

in terpre ta tio n  k eys, such as th ose presented In the previous chapter, 

and the au thor's f ie ld  experience acquired in  sim ila r  regions in  

A n tarctica .

Pres ent  s ta te  o f  frnovlsdga o f  the area.  A ntarfber o f  short n otes in  

newspapers and p olar p er io d ica ls  m e n t io n  th e passage o f  whaling v e sse ls  

or exp ed ition  sh ip s o f f  t h e  Ingrid  C hristensen Coast (?feps 9 , 10 , 1 1 ). 

A side from th e se , not more than about a  doaen b r ie f  ref erences to  th e  

geography o f  th is  area can be found in  th e lite r a tu r e . In th e se , the  

co a st i s  described varlem ely as extending approxim ately from 73°B. to  

to  8 l°E , ,fro u  about 7*°E. to  8 l°E . and from 76°E. to  T ^ . 1  A ll In v e sti

gators agree th a t the co a st gen era lly  trends southw esterly from th e West 

S h e lf le e  to  Seadefjord Bay (Mop 3 ) . The l i t e ratu re a lso  d escrib es th is  

co a st as b ein g  fo r  th e most p art ic e -fr e e  and backed by m ountains, 

a lle g a tio n s  which are shown, la te r  in  th is  chapter, to  be erroneous.

'Shese d escrip tion *  occur r e sp ec tiv e ly  in : U .3 . H . O .  No. 1 3 8 ,  S a ilin g  
d irec tio n s fo r  A n tarctica , 19^3, p . 235: U .S. Board cm G eographical Names, 
S p ecia l P u b lica tion  Bo. 8 6 , I 9V7,  p . 182; ana B r itish  Adm iralty, The 
A ntarctic P ilo t , 19**8, p . 306.
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The principal arms o f exposed land along th is coast have been 

eigrted sand named, althou#* there la  a considerable divergence o f opinion 

among the authorities concerning the locations, the extent and even the 

cams o f certain o f these areas (Appendix II) .

More precisely, the coast (Maps 9 , 10, 11) Is described to current 

literature as lee-e llfto d , 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 ho  miles and Is becked by the Vest-fold Mountains 

(Map 10). to is  1 co-free coast terminateo at the Earsdal Glacier (Map 10), 

Which la approximately nine a lia s wide. Beyond th is , the ice-free coast 

is  said to  reappear , backed by the Remvik Mountains (?«ap 3) . For the next 

ten m iles, the coast is  described as ice-covered, after which there is  

another ice-free stretch backed by the Larsaearm Mountains (Map 11). The 

coast than remains ice-covered for it s  la st h o  a lia s , as tor as Mount 

Caroline Mlkkeleen at the head o f SaaSefJord Bay (Map U ). Three groups 

o f 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. A ll itwd islands are noted as being

ice-free, but the presence o f ice at the base o f the Larceraann® is  mentioned. 

The area is  aaid to  be accessible to Ships for a b rief period each stsaeer 

(Map h ) t  although only three ships are known to  have v isited  the (pmaral 

area, and although Sir Bougies Maroon (1930, 1932) to lled  to  gain access 

in  the 1929-1930 o x A  the 1930-1931 seasons.

According to  notes in the Geographical Journal (1939, 9^*207), the 

coast waa f ir s t  alerted from a very great distance by Maws on while he was 

participating in on exploratory flig h t f r o m  hia ship on 9 February, 1931, 

sad omad by him Princess Elisabeth Land. The actual discovery o f the
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coast is  generally credited to a wb&ling captain, Klarius Mikkelsen, idj o  

made a b rief leading there and named i t  Ingrid Christensen Lead after the 

wife o f hie employer who, h erself, flev  over the area too years later la  

1937.

T h e  negligible amount o f exploration perforated la  the area has 

occurred largely la  the form o f by-products o f  o t h e r  missions, such as 

■whaling. During the 1936-1937 whaling season, Lars Christensen and bis 

w ife, Ingrid, together with the p ilo t and aircraft aanuiWitarer, Vlggo 

Widerj&j, and the aerial photographer, lflls  Rconees, accompanied Captain 

ttlkfcelsea on the Thcrshavn, a tanker la  Christensen's Antarctic whaling 

f le e t . Viderjfe end Romanes made airphoto reconnaissance flig h ts over 

the Ingrid Christensen Coast and some 2,000 kilometers o f adjacent coasts. 

The only attempted landing In the area m e  fo iled  by a midden change la  

the weather.

The Wyatt Harp, carrying the fburth Antarct ic  expedition o f Lincoln 

Ellsworth (with S ir 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 fa st sea toa to serve as ea airstrip  f o r  a ski-plana 

flig h t toward the interior of the continent. The ship was based near the 

Hauer Islands (Map 10) during a l l  but two days o f th is time. Seven of 

the many Islands o ff the Ingrid Christensen Coast were v isited  (ELlsvorth, 

1939b, p. 136; Beylins sad Crwuwton, 1939). On 11 January, Wilkins 

(1939, MS 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 o f parts o f t h e  Antarctic coastal area 

were based on the oblique aerial photos made by Wlderjie and Romanes on
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th e  Lars C h risten sen  ex p ed itio n  In 1937. Tfco coverage o f  th e  In grid  

C h ristensen  C oast Is  com p letely  w ith out ground co n tro l and Is p laced  on 

th e  t e r r e s t r ia l  g r a tic u le  by a s so c ia tio n  w ith  th e  n a u tic a l ob servation s  

frees th e  Iftorshgvn o ffsh o r e . I t i s  a t la s  i s  an anomaly in  th a t i t  p re

sen ts  scrae o f  th e  b e s t  A n tarctic  naps fa r  soae o f  th e  le a s t  exp lored  

c o a sta l r eg io n s. T h is , In i t s e l f ,  o u st stand  a s  a  tr ib u te  to  th e valu e  

o f  a e r ia l photography la  geographic recon n aissan ce.

In  19**7, th e  U .S .8 .  Curritu c k , seap lan e ten d er and fla g sh ip  o f  Task 

Group 6 8 .2 , le y  o u tsid e  th e  pack Ice  more th an  150 m iles o f f  th e  In grid  

C hristen sen  C oast. Proa th e r e , two trim strogoa  photo reconn aissance  

f l ig h t s  ea rs  made over 1&e In grid  C h ristensen  and ad jacen t c o a sts  a t  an 

a lt itu d e  o f  1 0 ,000  fto et, producing v e r t ic a l photography o f  p a rts o f  th e  

area  a t  a  s c a le  o f  1/ 20 ,000  and o b liq u es o f  th e  rem ainder a t  In crea sin g ly  

sm a ller  s c a le s . A p o rtio n  o f  th e  in te r io r  m e  obscured by c lo u d s . As 

fa r  a s  can be determ ined, no use has been made o f  t h is  photography exoep t 

in  th e  stud y a t  hand.

In  s p ite  o f  th e  v i s i t s  m entioned, r e lia b le  and s p e c if ic  geographic 

i n format io n  concern ing th e  area I s  la c k in g . T his Is  due p rim arily  to  th e  

fa c t  th a t no ex p lo rer  o r  g eographe r  has ev er  ftxm sed h is  in te r a c t on th is  

a rea . Meraeon xma never a b le  to  approach  c lo s e  enough to  th e  area to  

examine i t .  M ikkalsen and C hristensen  were m ostly  concerned w ith  w haling  

and w ith  photographing th e  e n tir e  “Norwegian Corot" from th e a ir .  

E llsw orth  (1939a) and W ilkins (1939* 5® d ia ry ) were preoccupied w ith  th e  

f l i ^ i t  to  th e  American H ighland, sad  In te r  w ith  th e  care o f  a  s h ip 's  

o f f ic e r  who had to  b e rushed beck to  c iv i l i s a t io n  fo r  m edical a id  fo r
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a  knee crushed by f lo a t in g  ic e . 2 F in a lly , U .S.!?. Task Force 68 was 

occupied  w ith  th e  recon n aissan ce a e r ia l photography o f  th e  e n tir e  Ant

a r c t ic  l i t t o r a l  and c e r ta in  p o r tio n s o f  th e  In te r io r .

With f i r s t  in te r e s ts  alw ays e le e v h e r e , i t  la  b u t sa a .ll wonder th a t  

so  l i t t l e  i s  known o f  th e  p r e c ise  geography o f  th e  In grid  Chri s ten sen  

C oast. Appendix I I  shove hoar l i t t l e  agreem ent th ere  i s  eaang th e  

a u th o r itie s  o s  t o  th e  lo c a tio n , e x te n t end g en era l appearance o f  te e  

a rea . The rock out crops o f  t e e  e a ster n  end o f  th e  V w tfo ld  area (Hep 10) 

have bean recorded ae sedim en tary  b y  t e e  M ikkalsen shore p arty  (P olar  

R ecord, 1935, 10*156) flood a s  igneous by E llsw orth  (1939a , p . 3J 1939b) and 

W ilk ins (1 9 3 9 , SB d ia r y , H  Jh au ). A lthoutfi H ikkelaea and W ilkine both  

c o lle c te d  rock epee law ns, no p te lish e d  account* o f  th e  a n a ly s is  o f  e ith e r  

o f  th o se  c o lle c t io n *  a re  known to  e x i s t .  Moreover, p erson a l cow suniea- 

t io a a  (1951) tr a a  H. U. Sverdrup, D irec to r  o f  t e e  Uorok P o la r ln st i t u t t , 

sad  S ir  Httoert W ilk ins in d ic a te  th a t a  p e tr o lo g ic  exam ination o f  th ese  

c o l le c t  Iona by con p eten t s p e c ia l lo ta  has probably n ever been  perform ed.

H ikkeleen'B  shore p arty  a ls o  rep orted  th a t no v e g e ta tio n  was seen  

(T olar R ecord, 1935, 10:126) Whereas W ilkins (1 9 5 1 , p erson a l cossstm ication ) 

s ta te s  t e a t  n o t o n ly  v e r t lic h e n s  and m asses p resen t b a t t e a t  came g ra sses  

r esed b lin g  th o se  o f  OrabaolmKl (Palw er FVraincula) e x is te d  in  p ro tected  

a rea s.

Furtherm ore, M ikkeleen'c group d escrib ed  te e  c o a s ta l area ae one o f  

ic e - fr e e  rock , commonly capped b y  a  d e p o sit o f  penguin guano approxim ately

‘Vtwe yserts la t e r , te e  P o la r  Record ( 19I&, p . 11^) noted tea t*
"Attempts to  o b ta in  a u th o r ita tiv e  in i’txnw tion  about te e  d isc o v e r ie s  o f  
t h is  e x p ed itio n  have been  tnanacoessfui" . A side ft-om newspaper a r t ic le s ,  
a  very b r ie f  popular account In th e  Sa t lo c a l Geographic Efagazino (E llsw o rth , 
1939b) ©eeoe t o  b e te e  o n ly  p d b lish eT  record .



259

one a ste r  th ic k , forming th e flo o r  o f  penguin rookeries which extended as  

flu* as th e eye could se e . (P olar Record, 1935# 10:128-129). M ikkelsea 

a lso  ccranented on th e  presence o f  large ntabers a t  seal® and penguins.

In  co n tra st, E llsw orth (1939s# P. 3 ) sta ted  th a t a fte r  tw> days in  tho 

area (sore tim e than Mifckelsea had spent th ere) he had observed only t o o  

k il le r  w hales, a  few sm all rookeries o f  A dslle penguins, no emperor 

penguins and no s e a ls .

Incongruous as th ese  w id ely  d ivergen t rep orts gay b e , th ey  c o n s titu te  

th e  o n ly  known fir s t-h a n d  accounts o f  th e  In grid  C hristensen  C oast. While 

i t  i s  to  b e expected  th a t a  c o a s t lin e  m a r ly  U00 ad le e  la  len g th  w i l l  vary  

con sid erab ly  in  ch aracter fro n  p la ce  to  p la c e , M lk helsen 's sad W ilk in 's 

accou nts in d ic a te  th a t t h e ir  lea d in g s on  th e  A n tarctic  m ainland B ust hare 

been w ith in  a  vary few  a&leo o f  each o th er .

In  susrnary, th en , i t  m y  be sa id  th a t our knowledge o f  th e  geography 

o f  th e  In grid  C hristensen  C oast i s  q u ite  m eager. tbm  rep o rts on th e  

g eo lo g y , f lo r a  sad  fauna o f  th e  area b y  th e  two p a r tie s  th a t hove leaded  

l a  th e  area  d if fb r  co n sid era b ly . There la  no evid en ce th a t  th e  rock c o l

le c t io n s  have been c r i t ic a l ly  exam ined. The c o a s ta l d e scr ip tio n s  in  th e  

variou s s a il in g  d ir e c tio n s  and p ilo t s  e re  n o t in  agreem ent. Moreove r ,  

th ere  i s  n ot a  s in g le , p r e c ise  geographic p o s it io n  recorded w ith in  th e  

area- Mora encouraging a re  Hansen’s  presumably f a ir ly  r e lia b le  maps 

(lisp s 9 , 1 0 , U )  w hich , how ever, are y e t  to  b e t ie d  to  th e  te r r e s tr ia l  

g r id , and th e  a v a ila b ility  o f  th e  Sorwegiaa and American airphoto© to  

s c ie n t is t s  who m y  b e s u f f ic ie n t ly  in te r e ste d  In  th e  area  t o  perform  a ir 

photo a n a ly se s.

Purpose o f  th is  stu d y.  I t  i s  th e purpose o f  t h is  ch ap ter to  demon

s tr a te  th a t by v ir tu e  o f  sound p r o fe ss io n a l tr a in in g , b y  use o f  p ertin en t



r eg io n a l and analogous photo in ter p r e ta tio n  k ey s, and by a p p lic a tio n  o f  

f i e ld  exp erien ce acquired  In  s im ila r  r eg io n s, i t  i s  q u ite  fe a s ib le  to  

d er iv e  con sid erab le  o r ig in a l and s ig n if ic a n t  knowledge concerning an area  

which one hrw never y ie it e d , o r  even  an area  which h as nevwr been  axaKtnad 

by p r o fe ss io n a l s c ie n t is t e  o f  any d e sc r ip tio n . The In grid  C hristensen  

C oast o f  A n ta rctica  has been  chosen a s  J u st such an area .

I t  i s  n o t su ggested  th a t th e  pSvrtogeographic ssrthod rep la ce  geographic 

f i e ld  work in  p o la r  r eg io n s; b u t r a th e r , th a t i t  b e used  os a to o l fo r  th e  

rap id  acccsapliobraent o f  geographic recon n aissan ce and prelim in ary Inven

to r y  th a t would oth erw ise b e  im p ractica l to  perfbrra b eesu se o f  th e  lack  

o f  a c c e s s ib il i t y  and th e  v a stn ess  o f  th e  a rea  to  be cowered* I t  i s  sug

g e ste d , however, th a t  th e  employment o f  a e r ia l photography fo r  p lan n in g  

p o la r  f ie ld  o c t iv i t i e e  and a s  a  method fo r  c o lle c t io n  and s y n th e s is  o f  

d ata  w h ile  perform ing f ie ld  war?: In  p o la r  areas w i l l  r e s u lt  in  th e  acq u i

s it io n  o f  a cre  com plete and nor* accu rate geographic d ata  than would 

oth erw ise be th e  c a se .

I t  w i l l  b e n oted  in  th e  work which fo llow s th a t n ot th e  le a s t  o f  th e  

co n tr ib u tio n s o f  pbofcossography la  th e  p o s s ib il it y  o f  is o la t in g  in  th is  

manner problem s which req u ire in  ten s  1 we f ie ld  a n a ly s is . I t  ic  g en era lly  

agreed ‘th a t in  most A n ta rctic  reg ion s th ere  ore so  many problem s th a t 

th e y  cannot bo so lv ed  sim u lta n eo u sly , Thereftare, r e lia b le  methods are  

req uired  to  determ ine rtw ro research  e f fo r t s  may b e expended w ith  th e  

g r e a te s t e x p e c ta tio n  o f  w orth-w hile retu rn s. Seconnaleaaace photo- 

geography i s  one such r e lia b le  method.

THE COASTAL AREAS

G eneral d e sc r ip tio n .  The p r e c ise  lo c a tio n  o f  th e  southw estern  

ex trem ity  o f  th e  In g rid  C hristensen  Coast (Mops 12 , 1 3 , 1^, 15) i s
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unknown but i t  o c c u p i e s  nearly  ten  degrees o f  longitude along tb s  north-  

Bocrt—southw est trend ing A ntarctic c o a stlin e  between 70°27*S ., 71°26*S. 

end 67°57, S»» 8l°06*E*3 i t s  a ir lin e  length  Is  not le s s  then  270 sta tu te  

m ile s , w hile th e general confbrma tlon  o f  th e co a st I s  a t  le a s t  392 m ile s . 

Tbs ex a ct len gth s o f  both th e da facto** and the tru e  chore lin e s  are 

considerably la r g e r , p a rtly  because o f  th e c lo se ly  spaced p en insu las and 

fio r d s  In th e ic e -fr e e  a rea s.

Southw esterly from th e  West S h e lf Ice  (£feg> 12) along th e  general 

conform ation o f  th e As flscto  sh o r e lin e , th e fo llow in g  c o a s ta l areas are 

n e t w ith and w i l l  b e considered in  turns Pryds ccn tln e o ta l ic e  c o a sta l 

area (93 m ile s , Maps 12 , 135 F ig s . 1 -3 , 8 ); V batfold R ills  c o a sta l area  

(32 a l ia s ,  *5ap 13 ,  fo g s . 5 -33,)> Soredal G lacier Tongue (11 id le s ,  Hap 13, 

F ig s . 26 -35a); Rraer Insu lar c o a sta l area (15 m ile s , Hap 13,  F ig s . 39-^5) 

Raarlk Ic e  Tongue c o a sta l area (3 2  a l ia s ,  Hsp 13,  F ig s . W»-50)j Stunner 

Insu lar c o a sta l area ( h i  m ile s , Hep 13 ,  F ig s . 36- 38,  5 1 -57 ); Lareenann 

Insu lar c o a sta l area  (3 0  a i le a , Hep I k ,  F ig e . 38 ,  58-73)? P u b lication  

g la c ie r  Tongues (50  m ile s , e stin o to d  as average; la  19^7, I t  was 75 n ile s ,  

Hap lH , F ig s . 66 - 67 ,  73-90)3 Snatefjord  in su la r  c o a sta l area (23 ml le e , 

Hap I k ,  P ig s . 37 -95); and Baber Three co a sta l area (nore than 65 m iles , 

flap 1 5 , F ig s . 96 -101).

^Slace th e  tru e p o sitio n  o f  th is  co a st has y e t to  be determined by 
p rec ise  geod etic means, fra c tio u s o f  degrees are not considered s ig n if i 
cant In  d efin in g  ab so lu te lo c a tio n . They are used throughout th is  paper, 
however, t o  d efin e  r e la tiv e  lo ca tio n s w ith in  the c o a s ta l area  concerned.

Ss» to m  "de fa c to  sh orelin e"  i s  suggested to  In d icate th e  lin e  
along which sea  or  saa ic e  abuts land o r  land ic e , as opposed to  the true  
sh o relin e  which would e x is t  i f  th ere wave so  ic e  p resen t.

w
e
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Ottleso otherw ise noted, the eoaota l areas here described have been 

seen  or eould have been seen , but vero not landed upon, by the fo llow in g  

exp ed ition s: ( l )  MlMselseo (1935) from th e a sa , (2 ) C hristensen (1937) 

from to e  sea  and to e  a ir , (3 ) E llsw orth (1939) te r m  to® am  and th e a ir ,  

and ( h )  U .S . A n y  Tael? Force 68  (19**7) front to e  a ir . Alrnhotos were 

made o f  to e  co a st by to e  C hristensen Expedition nod to e  U .S. Hawy. Ho 

exp ed ition  remained v itfa in  to e  392-mHo co a sta l area fb r  aore than part 

o f  one day, except t o s t  o f  KLlsworto, whose sh ip  cru ised  o f f  th e eoaet 

fo r  n early  two weeks w hile look ing fo r  a  su ita b le  area o f  eea  le e  upon 

which to  launch a sk i-p lan a  and w hile w aitin g  out poor f ly in g  weather.

flags and A lrphotos. Maps 9 , 10 end 11 axe sh eets frcra Haaeea's 

A tla s over d e ls  gar to t  A ntsrtctisbs Qwtlaad# which have been photoetated  

a t  a  s lig h t ly  reduced s e a ls . Maps 12 , 13 and I k  are to e  sea t mops over

p rin ted  w ith p ertin en t Inform ation r e su ltin g  from th is  study. Maps 9>

10 and 11 and to e  appropr ia te  p ortion s o f  to e  12  paragraphs which cost- 

p r ise  to e  a tla s  te x t  appear to  fo ra  to e  n earest approach to  l i t era ture 

o f  a  s c ie n t if ic  nature p erta in in g  to  to e  Ingrid C hristensen C oast. Hap 

15 has b am  prepared e sp e c ia lly  to  show an area in  to e  Ingrid C hristensen  

c o a sta l region  which has not been napped p rev iou sly .

The airphoto* node by th e U .S. Bevy flask Tore* 68 la  1 9 ^ 7  show the 

Starve®ton napa to  be adequate in so fa r  as r e la t iv e  lo ca tio n s o f  in su lar  

groc^w, g la c iers  and c o a stlin e s  ere concerned, They to  not appear to  be 

as accurate w ith  regard to  e le v a tio n s , which may be somewhat overeat la sted ;  

howeve r ,  h eigh ts era not nearly  so  exaggerated as th ose p reviou sly  reporte d 

ftroo n a u tica l ob servation s.5 Ww most ccwaan errors In th ese saps in c lid e

^Mount C aroline Mlkkelaeu (F ig . 95# lower l e f t )  wee reported from 
n a u tica l sources os being about 1,500 fe e t  in  e lev a tio n  (u.S.It.O . 133# 
19^3, p . 235, 1,^75 fa e t)  (B r itish  Adm iralty, 1^*8, p . 306 ,  1,500 f a s t ) .  
I t  I s  shown on Map U  to  be b u t h a lf  th is  h e ig h t, o r  762  fh e t.
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the freq u en tly  Incorrect d e lin ea tio n  o f  in d iv id u a l islan d s w ith in  islan d  

groups, th e inaccurate d iffe r e n tia tio n  between 1blands and peninsulas 

and the s im ila r ly  Inaccurate d iffe r e n tia tio n  between lakes and fio r d s .

The most ser io u s error la  th e cccp le te  om ission o f  th e Baker Three 

co a sta l area (F ig s . 96-IO I). The Inaccuracies undoubtedly eroee In part 

fro ex  th e O bliquity o f  the photography end the presence o f  sea  Ice and 

snow d r if t s  a t  th e tin e  o f  bhotogrepfay. O bliquity perm its areas to  remain 

in  d efila d e  behind rock h i l l s  and is la n d s , which no (mount o f  r e c t if ic a 

t io n  w ill  e lim in a te , w hile th e sea  Ice and snov d r if t s  tend to  prerant 

accurate d e lin ea tio n  end p lo ttin g  o f  Insular sh o r e lin es . A s ig n ific a n t  

d efic ien cy  o f  th e Norwegian asps Is  th e  lack  o f  any g la c ia l d e ta il other 

than ic e  conto ur s  ( fo r a lin a s) sad th e  naasa fo r  two g la c ie r s . Ice  tongues, 

fo r  ananple, a re not in d icated , nor d iffe r e n tia te d  from the g la c ie r s  in  

which th ey o r ig in a te , even though th ese  fa cta  are c le a r ly  r is ib le  on the  

a e r ia l photographs and are o f  s ig n ifica n ce  to  th e geographer, g la c io lo g is t , 

exp lorer, whaler and mariner a lik e .

By and la r g e , horaver, th e ea stern  and cen tra l parts o f  th e Ingrid  

C hristensen Coast ore b e tte r  napped fo r  reconnaissance purposes than a o st  

o f  th e explored or unexplored parts o f  the A ntarctic c o a st, oth er than 

th e r e la t iv e ly  e n s ll  areas around the bases o f  some o f  th e former expedi

tio n s  which were eurraysd w ith geod etic co n tro l. Mape 12, 13 , 1^ and 15 

should be referred  to  con stan tly  when reading th e  fo llow in g  pages, t o r  

although nearly  a l l  o f  th e co a st has been illu s tr a te d . I t  la  not fe a s ib le  

to  reproduce here d e ta ile d , th ree-d iu an aion al, airphoto coverage o f  the  

e n tir e  392 m iles o f  c o a st.

B n  B a s t mad W est In g r id  Ch r is t ensen  C o a s ts .  P o r e ffe c tiv e  a n a ly s is , 

th e  re g io n  h a s b een  d iv id e d  In to  th re e  s e c to rs ;



The eastern  p ortion  (Jtopss 12 and 13) o f  th e  co a et If? about 13*5 m iles 

lon g , co n e istin g  o f  th e Prydz c o n tin en ta l Ice eo a sta l area , 1be V estfold  

3111s and the Sorsdal G lacier Tongue. V ith in  th is  area awy he found a l l  

o f  th e  major m orphological fea tu res which appear 1b  th e mare oxten slve  

West Ingrid  C hristensen C oast. S p e c ific a lly , th ese  fea tu res include the 

co a sts formed by ( 1 ) th e con tin en ta l g la c ie r  © p illla g  in to  th e ewe, ( 2 ) 

th e recension  o f  th e con tin en ta l g la c ie r  exposing ic e -fr e e  in su la r , pseudo- 

peninsular and peninsular areas an w e ll as (3 ) th e  presence o f  ftost-amrlng 

ic e  s tr eams w ith in  th e con tin en ta l g la c ie r  which r e su lt  in  the p ro jection  

o f  1e r g s , f lo a tin g  ic e  tongues. The h in terlan d  fo r  a l l  th ese  forms is  

b a s ic a lly  same and i s  described in  the sec tio n  r e la tin g  to  th e  Bast 

Ingrid  C hristensen C oast.

The West Ingrid  C hristensen Coast (Hops 13 and 1*0, shout 191 m iles 

in  len g th , con tain s weary In terestin g  varian ts o f  th ese  m a m  aorphological 

ty p es, but Is analyzed as an e n tity  rather them b y sm aller u n its .

*flws Ingrid  C hristensen Coast extended.  A "new" c o a s t, extending  

southwest frcn  th e Zngrld C hristensen Coast has been designated as the  

Baker Three c o a sta l area (Map 1 5 ). I t  i s  revealed  by th e 19^7 a e r ia l 

photography , no aeratio n  o f  t h is  co a st hays ever appeared in  the lite r a tu r e . 

I t  i s  bound by Isa i-fb ra ed  ic e  f o r  i t s  e n tir e  len g th , which exceeds 65 

m iles.

Ib s d iv is io n  o f  th is  study in to  c o a sta l secto rs perm its a  more 

d eta iled  reconnaissance treatment o f  each m orphological type as i t  is  

f i r s t  a r t  w ith on th e Bast Ingrid  C hristensen C oast. The varian ts occurring  

in  the two other secto rs are then trea ted  on ly  in so fa r  os th ey  d if fe r  from 

th e ir  eastern  counterparts, thus perm itting a  more complete a n a ly sis  and 

a sure  lu c id  d escr ip tio n  w hile avoiding unnecessary d u p lica tio n . Photo- 

geographical d isco v er ies regarding th e geographic d elin ea tio n  o f  the
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c o a sta l areas and recasseendationa fo r  th e p rin cip a l changes In p lace  

Q*n358 aada necessary by auch changes, are presented fo r  each o f  th e se c to r s .

THE PfiYDZ COOTIBBHEAL ICE COASTAL AREA 

gen eral d escr ip tio n . As a  physiographic w i t ,  t i l ls  a re * ,  which repre

sen ts n early  a fourth  o f  th e  Ingrid C hristensen C oast, I s  s im p lic ity  

I t s e l f .  I t  c o n s is ts  o f  a 93-o il*  lin e  o f  con tact between the co n tin en ta l 

ic e  sad th e  Indian Ocean extending fr e e  th e Meet S h e lf Ice  (Bornkberriar) 

on Map 9  to  th e  Vtestfold H ills  (VeetfO ld P a e lla ) on Map 10.^ So s ig n if i 

can t g la c ie r s , ic e  tongues or  areas o f  s h e lf  Ice are p resen t. L ikew ise, 

m ountains, Ic e -fr e e  c o a s tlin e s , o u rg la a ia l nom inee and s o i ls  are com

p le te ly  lack in g .

Maps and a lrp h otos. Tw>-thirds o f  Maps 9  end 12 and on e-th ird  o f  

Maps 10 and 13 are devoted to  th e Prydz con tin en ta l le e  c o a sta l area . The 

" featu reless"  co a st I s  p a r t ia lly  cowered by American airphoto* and acre  

f u lly  covered by the Airphoto reconnaissance o f  th e  Sorveglaaa, although  

th e exact p r in t ra sters o f  th e  la t t e r  are unknown (Map 6 ) .

TABLE 1 . FTTTDfc COSnBSKCAl ICE COAST* AIRPHOTO COVERAGE

P rin t Bos Angle R oll M ission Agent A lt/T  F/L Scale Datev$J35/i m si-zrm n h* rax® ir* mas nsnr?
I - 3 5 A  1AV8=R 66  M26 AAW k n a r  TKWraSe 98OO 6 " 196OO 1 Mar h i

703-7T? Obi D Horv Wlder^e 6550 S * " --------  26 Jaa 37

geographic d e l In se t Ion and p lace naaes. Insofar as can be determ ined

free* th e 19^7 photography, th ere are no e r rors  o f  moment  in  th e d e lin ea tio n

o f  th e co n tin en ta l lea  co a st under co n sid era tion . A p la ce  d esign ation  Is

required fo r  th is  fe a tu r e , however, I f  on ly so  th is  fea tu re can be referred

^Mileagaa are based upon Maps 9  through 15 and the U .S.N . Task Force 
63 a e r ia l photography o f  19^7.
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to  In th is  work. The term "Prydz con tin en ta l ic e  co a sta l area” fo r  

t h is  area bounding on th e Prydr. Bay Is  suggested sin ce  th in  Is th e only 

s iz a b le  se c tio n  o f  th e  co n tin en ta l g la c ie r  which forms d ir e c t contact 

w ith th e sea  along th e  Ingrid  C hristensen C oast.

•The con tin en ta l ic e .  Hare, the con tin en ta l ic e  (F iga . 1 , 2 ,  8 ) 

p o ssesses a  character s im ila r  to  th a t in  many sec tio n s o f  th e A ntarctic 

(Wsy 2 ) where th e  ic e  no van over th e  surface o f  th e con tin en t and in to  

th e  ocean w ithout farming channel g la c ie r s , ic e  tongues or  s h e lf  ic e .

The edge o f  the ic e  i s  a f lo a t , forming p recip ito u s ic e  c l i f f s  which r ise  

to  such h e lg its  above aea le v e l th a t gen era lly  i t  isn an t fe a s ib le  to  

a ttempt l andings by means oth er than h e lico p ter  or oth er su ita b le  a ir 

c r a f t . Above th e  ic e  c l i f f s ,  th e surface o f  C ontinental ic e  r is e s  

s te e p ly  ‘toward th e in te r io r  a t  an in i t ia l  ra te  o f  perhaps f iv e  fh e t in  

a  hundred ( f ig .  8 ) ,  then  le v e ls  o f f  u n til the increase i s  so  alifd rt th at 

I t  i s  hardly n o tice a b le . T his gradual ra te  o f  Increase may continue u n til 

th e p o lar p lateau  or h igh  in te r io r  mountains are reached. I t  Is  Importa nt 

t o  n ote th a t th e r is e  o ften  occurs w ithout a  s in g le  r is ib le  change in  type 

o f  Ice topography. H il ls ,  v a lle y s , escarpments end th e IDos are conspicu

ous by th e ir  absence. She radio a ltim eter  o f th e U .S . Ttavy photo recon

naissance a irp lan e found to e  con tin en ta l ic e  here to  have r ise n  in  Just 

such a manner to  ea  e le v a tio n  o f  7 ,7 0 0  f e e t  a t 70°k9’3 . ,  77°5^'K ., 105 

a ile e  Inland firm  the Ingrid  C hristensen C oast. 5h ie represen ts an 

average r is e  o f  I .3 8  feet, per hundred and even le s s  slop® than one fo o t 

per hoadred a f te r  to e  in i t ia l  rapid r is e . Such condition®  crea te  a  

dangerous s itu a tio n  fo r  in land flig h t® , sin ce  to e  le e  su rface may r ise  

to  meet any a ir c r a ft  f ly in g  a t  lea s than 10 ,000  f e e t  w ithout to e  aircrew  

r e a lis in g  to la  f a c t ,  u n less th e plane i s  f it t e d  w ith  a  rad io a ltim eter
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or sim ila r  la s t ruaent which records a ltitu d e  above ic e  terra in .

The f lo a tin g  edge o f  th e con tin en ta l Ice i s  so  narrow, I ts  descent 

so  steep  and I ts  crevasses so  numerous th a t only r e la tiv e ly  sm all por

tio n s  o f  i t ,  such as those illu s tr a te d  la  P ig s . 2  and 3» can separate  

an masse as Icebergs from say  one p la ce  a t  any one tim e. Complete 

remova l o f  th e Ice would not m ateria lly  change th e p o sitio n  o f  th is  

c o a s tlin e , although I ts  con figu ration  would probably be r a d ic a lly  a ltered  

by such a n  even t.

The surface o f  the continent a l  le e  here c o n s is ts  b a s ic a lly  o f  hard, 

lig h t  p a ste l-b lu e  tin ted  g la c ie r  le e  (JOsyo 87- 95 ) which causes th e nsdium- 

gray photo ton es in  T ig . 1 . ’taoarous shallow , Irregu larly  shaped depres

sio n s are p a r t ia lly  f i l l e d  w ith w hiter and l if t e r - to n e d , wind-blown fir n  

and snow. These depressions are notable fo r  th e ir  uniform o rien ta tio n  

end fo r  th e ir  longer s id e s , u su a lly  b ein g  perpendicular to  th e  d irec tio n  

o f  th e surface drainage sad p a r a lle l to  th e  general trend o f  th e c o a st.

Although rock , rock d u st, s o i l  end other m aterials which might 

increase th e lo c a l absorption o f  the su n 's h eat end i t s  rerad ia tion  to  

th e  adjacent ic e  are not p resen t, the photographs shew th a t during recen t 

Burners, temperat ures have been s u ff ic ie n t ly  h lg i to  permit moderate sur

fa ce sm itin g . I f  examined c lo s e ly , F ig . 1 revea ls thousands o f  t in y  

channels on the Ice surface which fo ra  p art o f  a v a st suaasr drainage 

network. Moreover, many o f  the ligh t-ton ed  depressions are m eltvater

?The f lig h t  lo g  f o r  Task Oroup 6 8 .2 , M ission 9# shows th a t a t  23^5 
h ours, 21 January I9U7 ,  th e aircrew  o f  th e f ly in g  boat concerned suddenly 
found them selves a t  an a ltitu d e  o f  only 1 ,9 0 0  fteet above the con tin en ta l 
ic e , although th e ir  pressure a ltim eter  in d icated  an a ltitu d e  o f  11,300  
fe e t  above see  le v e l . Since th e e lev a tio n  o f  th e icecap a t  th is  p oin t 
(726*3 5 *8 . ,  135° 0 0 , B .) was h igher than th e s in g le  engine performance 
ca p a b ility  o f  the tw in engine a ir c r a ft , fa ilu r e  o f  only one engine would 
have resu lted  in  a  crash landing in  th e con tin en ta l In ter io r .



268

lakes covered by snow and f ir a . The dark tones In F ig . IB represent 

s u r fa c e  drainage fraa  one such lake to  another. The dark tones In F ig .

1C are clouds and cloud shadows (Kays 263- 267) •

Long, p a r a lle l crevossea o f  the ten sion  o r  downs lop e-ten s ion  types 

appear In g reet nuafcer s .  These are e sp e c ia lly  notable along th e c o a stlin e  

where th ey are subjected to  le s s  pressure and widen because o f  increased  

ten sio n  in  th is  area . In  sosse c a se s , th e crevasses axe c lo se d , p a r tia lly  

f i l l e d  w ith f tr a  and snow, or bridged.

S astru gi (Keys 96 - 117) are present  but not conspicuous, a  charoc-
o

t e r ls t lc  o f  n orth -facin g  con tin en ta l g la c ie r  c o a sta l areas In la te  su aasr. 

The a a stru g l, as w e ll as the a m ll d r if t s  created  by ragged edges o f  

crevasse l ip s ,  in d ica te  the p rev a ilin g  wind d irec tio n  to  be gen erally  

downs lope and toward the sea .

Ic e -fr e e  land occurs a t  on ly  two p laces along th is  c o a s t, and In both 

Instances, the occurrence Is in  the fbra o f  o ffsh ore sh e rr ies: T v iste ln  

a t  63c*® ,9 . ,  78°21»2. and Stafiukjera a t 6 8 °2 5 'S ., 7 5 ° l6 rK. (Map 10, F ig s.

2  and 3)* Each o f  th ese  c o n s is ts  o f  two s n a il, s te e p , bare rock I s le s .  

These i s le s  ere about a  quarter o f  a  a ilo  lcaog a t T viata in  and 300 and 

600 fe e t  long a t  fb fiskjera. L ight-toned s ta in s  in d ica te  th a t both groups 

nay support sm all M e l i e  penguin rook eries. A side froa  th ese fa c to r s , 

however, there i s  an e s se n tia l d ifferen ce  In th e appearance o f  th e two 

p airs o f  Isla n d s. Safiakjera appears to  c o n s is t o f  m s s iv e , Jointed rock, 

s o f t ly  rounded by g la c ia tio n . T v iste ln  appears  darker, w ith sharper, more

^Alrphotos taken daring the midsuntser 19^6-19^7 o f  areas which were 
rephotographed la  la te  eraser 19^7-19^  illu s tr a te  th e disappearance o f  
sa stru g i In cer ta in  c o a sta l areas during the la te  mxnasr Booths (Keys 
193-19^). S im ila r ly , th e Norwegian airphotoe o f  th is  co a st were m de 
during stdsuenw r (2b January) 1937, V hile the O .S. airphotos were Bade 
during la te  orawar ( l  ?Sarch) ten  years la te r .
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rugged peaks, -which 007  in d ica te  a d if ferent  wanner o f  re s ista n ce  to  

g la c ia l erosion  caused. by a  variance in  th e rock stru ctu re . W ill* 

n om in a l ranter 1*0 . I s  not ev id en t on the Ffacrfcograj&s, th e author 'a ex

p erience w ith sim ila r  d o w ries pexnita h la  to  preswaa th e presence o f  

sca ttered  e r r a tic  m ateria l cm th ese  i s l e s .

ran v v z m o u D  c o a sta l area  

General d escr ip tio n . The A ntarctic c o a s tlin e  i s  in su la r , perttlatrular 

and alm ost e n t ir e ly  to e -fr e e  between 60°27’3 . ,  78^12*8. end 68°i*6 *S ., 

77°25*e. 9  This in d en tation  o f  th e con tin en ta l g la cier’ extends fo r  32 

w ile s  (26  a ir  w ile s )  along th e co a st w ith a  raoxiasa width o f  about l4  

m iles m ar i t s  cen ter . The area i s  H a lted  by th e Prydz con tin en ta l ice  

c o a sta l area an th e  n orth east and e a s t , by the Sorsdal G lacier oa th e  

south east and by th e  9$rsdal G lacier Tongue on th e south .

The Thorahawn (P olar Record, 1935, P . 126) th e  f i r s t  sh ip  to  

reach th e VbstfoM  H ills  c o a sta l area. I t  rwm ined in  the v ic in ity  T o r  

about a  quarter o f  one dry, during p ert o f  which ttcae i t s  cap ta in , KLarlns 

Mikteelean, led  a  party aahoare fo r  th e purpooe o f  e s ta b lish in g  a  sm all 

emergency d ep ot, b u ild in g  a ca irn , r a is in g  the TJareegisa f la g  and having 

lunch. Ho s c ie n t is t s  are known to  have been among th e seven erev  w to er s  

who rowed Captain S ikhelaen  and h is  v ifb  ashore, but soma p ictu res wsrs 

taken and a  e o a ll c o lle c t io n  o f  rocks was unde shout which nothing i s  

known to  hove appeared in  the lite r a tu r e .

The landing s i t e  i s  th o u ^ tto  ba illu s tr a te d  in  F ig . 21 a t  l e f t

-fin e®  th e  aroa h as aryfc beon a ff ix e d  to  th e  ta r r o o tr ia l g r id , th ese  
lo c a t io n s , taken frcw ?%pe 9 # 10 and 11 ,  must b e con sid ered  o n ly  te n ta tiv e .
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c e n te r, b u t th e  o ff ic ia ls )  o f  th e  T iers k  P o la r ia s t itu t t  c o u ld  n o t id e n t ify  

I t  A ro n  th e  a irp h o to a  fu rn ie b e d  them  b y  th e  w r ite r .  The ro c k  h e re  was 

tb o u g *&  to  b e  s e d im e n ta ry  w ith  s tr a ta  a t  h a rd e r, d a rk e r ro c k  tw o  to  th re e  

m e te rs  th ic k .

LynDwrraer a a i n ir  Ifcfcert W ilkins (1939 ,  MS d ia ry , 11 J a n .) , both  

B r itish  sr ib jects, went ashore four years la te r  in  th e same general area 

to  claim  th e  land fo r  the Coa maw ea lth  o f  A u stra lia . On th a t asm  day, 

Iynfcmraer, aa p i lo t ,  end L incoln SLLsucrtfc (1939*, P . l ) ,  leader and 

fin a n c ier  o f  th e ex p ed itio n , fle w  in to  th e co n tin en ta l in te r io r  where the  

la t t e r  claim ed soon 8 0 ,0 0 0  square a lie n  o f  co n tin en ta l ice-capped land 

fo r  th e Ottitad s ta te s . A ll fir st-h a n d  knowledge o f  th e Vfcstfbld H ills  

co a sta l area stem s from th e  landings o f  MUckalsen and W ilkins, the Nor

wegian a irjfccto  f lig h t s  on 27 January 1937 (C hristen sen , 1939, P . 9 )10 

and th e A earicsn photo rec onnaissan ce o f  1 March 19^7. So other lendings 

or f l i n t s  over th e area are recorded la  th e p o lar Journals.

Maps end  A lrp h o to a .  «ap ID, p re p a red  tram  th e  N o rw eg ian  a e r ia l 

p h o to g ra p h y , is  r e lia b le  f o r  re co e o & lssa a e e  pur poses and lo c a tin g  a re a s  

o f  ic e - fre e  te r r a in ,  b u t I t  is  e n t ir e ly  in a d e q u a te  fo r  th e  p re c is e  d e lin e a 

t io n  o f  te r r a in  c o n fig u ra tio n . I t  c a n n o t b e  used, to r  c la s s ify in g  la a d - 

ta rm , e ra n  in to  such  b re e d  c a te g o rie s  o s is la n d s  end p e n in s u la s . The 

v a lid it y  o f  th is  s ta te m e n t is  s u b s ta n tia te d  in  th e  fo llo w in g  te s t  and 

a irp h o to  I llu s t r a t io n s ,  ih e  cause  fo r  th is  in a d e q u a cy  ca n  be  a ss ig n e d  

to  one o r  m ore o f  th e s e  fa c to rs : ( l )  e cus o f  th e  N o rw eg ian  a irp h o to s

may n o t have  b een  o f  s u ita b le  q u a lity  o r  s c a le , (2 )  th e  o b liq u e  a n g le

H ansen ( l 9*tf>, p . H) s ta te s  th a t th ese f lig h t s  took p lace on 26 
Jenaary 1937. N either author Ind icates which t in e  acme was used fa r  
reckoning d a tes.
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o f  th e photography asy  h aw  prevented a n a ly sis o f  the arena la  d efila d e  

t r o a  the oazwrs le n s , (3 ) th e  presence o f  nee Ice may have wade the 

a n a ly sis  o f  la v -ly in g  areas d i f f ic u lt ,  (U) th e photogywnaetrtet who 

p lo tted  th e d e ta il upon the ecefipilation sh eets did  not have f ie ld  exp eri

ence la  A ntarctic terra in 11  or ( 5 ) th e cap wee aetie s t r ic t ly  by photo- 

grame t r lc  p lo ttin g  techniques w ithout the use o f  photo in terp reta tion  

methods fo r  a n a ly sis  o f  th e p lo tted  d e ta il . 11

Sunmms la k e s , ocean In le ts  and areas o f  le a -fr e e  land are e ith e r  

represented in co rrectly  or  om itted . Areas o f  w jo r  error or m is s io n  are 

in d icated  on Mop 13 . P recise  correction s cannot be made w ithout rep lo ttin g  

th e e n tir e  nap from th e airphoto® and n avigation al data o f  the 19^7 photo 

reconnaissance aJsa lo iw . The employmen t o f  shotoayem netriBta end te chnic a l  

p lo ttin g  equipeawrt to  rep lo t th ese  airphotoa would c o s t sev era l thousand 

d o lla r s , a ltb o o g i th is  expenditure would be b u t a fra ctio n  o f  th e  c o st o f  

a  comparable ground survey. But even rep lo ttin g  mod recom pilation would 

not perm it th e r e su lts  to  conform to  the te r res t r i a l  grid  u n less ground 

con tro l p o in ts were f ir s t  dbtalned. T herefore, because o f  th e ex isten ce  

o f  Hansen’s  a t la s , which i s  o f  s u ff ic ie n t  accuracy fo r  most xwoceraaissaace 

purposes, i t  i s  o a t  fe a s ib le  to  p lo t  new a e r ia l photography u n til geographic 

p o sitio n s (lon g itu d e, la titu d e  and e lev a tio n ) feu* a few se le c ted  control 

p o in ts have been esta b lish ed . U n til th a t t in s  i t  w il l  be acre p ra ctica l 

to  moke correction s on Hansen’s naps. A ccordingly, Map 13, an overprint 

o f  tfap 10 , has been prepared to  illu s tr a te  th e anjor changes in  co a sta l 

d elin ea tio n  and th e recoBBendstlons ftar nav p lace nance a r isin g  from 

th ese  chengoe.

1J'Per8an al cosaaunicatice from H. U. Sverdrup, D irector o f  the Sara It 
B la r ln s titu tt , Jan. 1952.
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13m facts cited  above ante It sMndatory that Maps 10 and 13 be 

used only as guides. I t  oust be emphasized, however, that they are 

most useful guides, t o r  they present information relative to  the charac

ter  o f the area Which is  not available elsewhere In bo  usable a fora.

In addition, they can serve as temporary base naps upon which to  plot 

further discoveries, 'top 13 has been used far th is purpose. Map 13 

also serves os a location index for the aerial xfeotogrsphs Which are 

used to  Illustrate th is chapter.

There ore no individual car paired airphoto© which cover a sufficient 

mount of the Yestfold K ills 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 I tse lf  easily  to rectification  

nod subsequent mosaicking, nearly a ll  of the area concerned, however, 

is  represented In photographic fora in  one or nore o f the illustrations 

presented in th is chapter and indexed on ’tap 13. Ib is index should be 

consulted whenever the reader desires to vlev a particular port tan of 

the area.

The Vhstfbld K ills are covered by a to ta l of about 210 airphoto* as 

follow s:

TABLE 2 . VSOTPOLD TULLS? AIRPHOTO C0VSRA0E

P r in t ?foe
f f i

B o ll M ission  Agent A l t / ?
74

S ca le T a te
$2-S£/i 67 >426 AAV Aaer 0S1CT68 10000 255G5 1 !!ar ^

1-5 on 13 M36 MW Aaer USJWT683 9000 12" 1 Mar k7
30-71 CL 18 826 MW Aaer UBEJTP63 5900 12" . . . . . 1 Mar U7
72-82 ■JH 18 ?426 MIT Aaer 0BSSF68 5900 12” 1 Mar *7

83-113 0L 18 r«s6 AAW Aaer USTfTT̂ S 5900 12" . . . . . 1 Mar U7
680-703 Obi . ,;-JD ftorv V lderjo 6550 &bn 27 Jan 37

Oeographi0 d e lin e a tio n  and p la c e  name■b.  The p r in c ip a l geograrfcic

features of th is area tfcich require improved delineation ore 13m islands.
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peninsulas, and "alleged" mainland areas os v e il as the tarns, lakes, 

fiords, ocean in le ts , and beys. The larger ones o f these features and the 

more strategically  situated smaller ones also require place names or 

other means of iden tification . Mere aafcers on the map compiler's sheet* 

way su ffice for the smaller end less Important features. Unless -vertical 

stereo airphoto cover is  available for any given point la  th is region, i t  

la sometimes quite d iffic u lt to  assess whether one is  viewing a tarn, 

fiord or boy on cans hand or an island, peninsula or a part o f the mainland 

on the other. Other than isolated islands and open bays, there appear to 

be but very few exceptions to th is . The d ifficu lty  ie  caused by the pres

ence o f sea ice in various stages of growth and decomposition in  an area 

of very unusual topography and rugged r e lie f .

Comprehensive analysis of the 1$&7 aerial photography, taken at a 

time when there vob  relatively  l i t t l e  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. On Map 10, some 

peninsula* -sere delineated as islands car a* undivided larger peninsulas.

Boys are shown as fiords and fiords appear as l a k e * . 1 3

Three d istin ct problems arise from these discoveries by use o f the 

pfeotogeographical method. The f ir s t  is  concerned with the prdbleas of

^Ufctil the continental ice retreats o r  u n til mechanical, electronic 
or other sounding methods are carried out in th is area, i t  w ill not be 
know f a r  certain whether the land areas now projecting from the continental 
glacier are islands or peninsular portion* o f the continental mainland.

example, contrast Map 10 with Fig. 20. The island pictured here 
was a m  a t  those placed on the map as a peninsula. The error way have been 
caused by sea lee  bearing snow d rifts between the island end -the peninsula 
a t top le f t . Conversely , the peninsula at right on Fig. 11 is  shown as an 
Island on Map 10, while the channel shown on Fig. 11 does not ex ist on the 
map. The emission o f  th is 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 o f which have already received descriptive mass vith  

generic sroffixea In Sorwegian. The third probles deals vith the reclassi

fication  o f the landforta* and the detenainatlon o f 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 lie s  between TrynevUta (Snout 

Bay) sad Trynefjorden (Snout Plard), should be represented as an 

Island, with Trynesundst (Snout Sound) separating i t  frcsa the 

area Indicated as Mainland on the east and a newly discovered 

channel (Pig. 21) separating i t  t r a a  Langneoet on the vest.

2 . IoagmefJordan (Long Peninsula Fiord) should be extended to 

Include Breidvotmt (Brood Late) which is  an integral part of 

th is body o f water. The sea-lee-covered channel connecting 

these bodies o f water is  illustrated  in P igs, h  and 5 and is  

given in three-dirssnsional d eta il In P ig. 23.

3. The Breldvetoet  sector o f Laagnesf jorten oust be extended to th e  

south. The exact H alts o f th is extension are not deterainable 

frcas the existing photography, bat a portion of the area of ex

tension is  Indicated la  P ig. 5 , la  which the known parts o f the 

LRBgnecfJordon system have been stippled for illu strative purposes.

b. The Breldvntnet sector o f Lnagnesfjordsn any also extend northward 

under the d r ift snow between the rock outcrops la  th is v icin ity  

(Pig. 21).
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5. Large area? o f lee-covered water are v isib le la  Figs. b , 8 a n d  

21, south of Trynevtka, east of fryuefjorden and north of the 

Brei&vatnet sector o f Laagnesf jorden. Until these bodies of 

water are subsequently eotsbllahed as connected or separate, 

Langneset asast rsn&ln suspect as an Insular area.

6 . A haaaarhead-shaped peninsula, nearly three oU m  la  length, 

located on the south shore o f Laagaesf Jorden oust be renapped 

as an Island (fig . SO).

7 . Langevatnet (Long Lake) Is connected d irectly to the ocean by a

channel at Mulvik (f ig s . 11, IS, 13). Hence, th is major body of

aster constitutes a fiord rather than a lake. Hate should be

node o f the eastward continuation o f the fiord valley with Its 

bottm  now above sea level end partly f ille d  with a chain of 

lakes (fig . 12) .

3 . The discovery o f  the fiord at Laagsvertnet divides Breidneeet 

(Broad Peninsula) into two relatively  narrow peninsulas or into 

a single peninsula with two long prongs.

9. Krokfjorden (Crooked Fiord)(Figs. 28, 29, 33) oast be extended

eastward between the Vest fold  Hllla  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 v isib le  on the ser ia l photographs, but th is p ossib ility  cannot 

be ruled out u n til a fie ld  survey has been made or a c r e  suitable 

airphotoa beccas available.

10. Rrokvatnet is  larger than Indicated cm Map 10. I t  possesses 

several sizable Islands as well (Figs. 30, 31).
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11. Krofcfjorden is  really not a fiord at a l l ,  its  southern shoreline 

being a taaporary ice w all. n the Soredol Glacier Tongue 

recedes, as i t  eventually must, the sain portion of Krokf Jordan 

w ill disappear and leave the Vestfold H ills projecting & doxen 

miles out to  sea (Higs. 20, 2 9 ). Moreover, i f  better aerial 

photography, a ground survey or a g lacia l recession should show 

that the Rfokfjosden and the Breldvatnet sector o f Langnesfjorden 

are connected by a water channel, then the main portion of the 

Vhfftfold H ills area is  Insular.

12. Uwneraus islands, rocks, abandoned lahes and channel* evident 

on the 19^7 airphoto© have not bean recorded on Map 10.

In view o f these changes in the configuration o f the Vestfold H ills

coastline, and in view of the Norwegian descriptive names and generics now

In use, i t  is  suggested, that the following m ess which hove been placed cm

Map 13 be established fear some o f the wore significant portions of the 
1^Vestfold ec«plex,

1. Tryne Island fbr Langawrfcrynet.

2 . Tryne In let far Tryoefjorden.

3. Tryne Channel for the channel dividing Tryne Island from 

langneeet.

U. Tryne Strait for Tryneeundet.

5 .  Leases Channel fe a r  Lsngrassf Jordan and Breldvatnet.

6. E llis  Fjord for Laasgevataet.

7. Krok In let for Rrokf jorden.

^Thaa© rwaes have been sx&xalttad by the writer to  the U.S. Board on 
Geographies! rfeuaas. T h e  naoss were examined during February 1952 by the 
Board*3 Antarctic Caaaittee, a* which tiae they w re tentatively approved.
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Hinterland. At the Vestfold H ills , the continental ice hinterland 

Is exactly as described fbr the Prydz continental Ice coastal area, except 

t o v  the lin e o f contact o f the continental glacier ice with the ice-free  

terrain. Here, It presents cliffted faces to bays, fiords and Marginal 

lakes (Figs. U, 8,  lU, 21, 23); terminates in a marginal moraine and 

meltwater complex (Figs. 5, 6,  7, 21, 23)j or slopes or d r ifts to the 

ice-free rock (Figs. 7, 10).

Area and configuration. The f ir s t  coastal rock outcrop opposite 

sflrsteholaen (Map 13) narks the separation o f the ice-free Vestfold H ills 

coastal area from the continental Ice-covered coast to the northeast.

For three miles south o f th is in it ia l outcrop, however, the continental 

ice fronts on Tyrnevika. Except for the presence o f offshore rooks and 

islands, th is portion o f 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 o f I t  miles (Map 13). In the rou^j triangle thus formed, 

the amount o f exposed land, including lakes, is  about 200 square m iles.

The U.S. Hydrographic Office (19**3, p. 236), the U. S. Board on 

Geographical !taaaes (19^7, p. 2^5) «nd the British Admiralty (19**8> p. 306) 

a ll  record the elevation of the Vestfold h illtop s as lying between 600 and 

1,000 fse t, but an analysis o f the aerial photographs indicates the eleva

tions to be more in agreement with those o f Hansen's atlas (1 9 ^ , Map l l ) .  

The 19^7 airphotoa show that the h illy  terrain apparently does not exceed 

h 2 5  feet In elevation. The higher h ills  are located in the central portion 

of the ice-free area and extend from th is point southeastward toward the 

Junction o f the continental ice with the base o f Rorsdal Glacier Tongue 

(Figs. 10, 17, 18). While the land on a ll aides o f th is h illy  core is
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lo v e r , i t  iff s t i l l  q u ite  rugged (F ig s . 12 , 2 1 ). In  f a c t , th e  land i s  

n early  a l l  in  s te ep  s lo p e , excep t fo r  former lak e and channel beds where 

■ermine has been d ep o sited  (F ig . 22 ) and s n a il areas o f  bed rock near th e  

seaward edges o f  th e  V estfo ld  H ills  (F ig s . 1 3 , 2 9 ). The fa c t  th a t low - 

ly in g  areas e x is t  betw een th e h ig h er  h i l l s  and th e  c o n tin en ta l ic e  h in te r 

land i s  s ig n if ic a n t , fb r  i t  In d ica tes th a t  when th e  ic e  reced es fu r th e r , 

th e  V eetfb ld  H il ls  sa y  a l l  become "V estfold  Is la n d s ."

The h i l l s ,  when view sd fro *  seaward ( i . e . ,  fro *  th e w s s t) , may appear 

as in d iv id u a l, cone-shaped peaks (F ig . 12 , to p  l e f t ) .  When view ed fro *  

th e  north  o r  so u th , how ever, th e ir  a lig n ed  arrangem ent a t  once becomes 

apparent.

Su rface com position .  The su rfa ce  c o n s is ts  o f  th e  lo c a l bed rock , 

ln tr u s iv e s , a o r a la a l m a ter ia l, m antle rock and le e .  An in d ica ted  p rev io u sly  

by th e  apparent d iffe r e n c e  in  r e s is ta n c e  to  g la c ia l e ro sio n  (F ig s . 2 and 

3) ,  th ere  probably i s  mora th en  one kind o f  rock in  th e  reg ion  ad jacen t to  

th e  n o r th ea st. Although s im ila r  e r o s io a a l d iffe r e n c e s  nay e x i s t  in  th e  

V estfo ld  r eg io n , ex cep t fb r  th e  d ik e r id g es  p a r a lle lin g  Lsngnes Channel 

(F ig . 1 7 ), th e  p ic tu re hare i s  e s s e n t ia lly  one o f  r e la t iv e ly  eq u al r e s is t 

ance to  g la c ia l  a c tio n . The b a sic  rock components o f  th e  V estfo ld  H ills  

are d i f f i c u l t  t o  determ ine from a e r ia l photographs b u t appear d e f in ite ly  

t o  b e Hwtaaorphic in  o r ig in . Igneous rock i s  a ls o  p resen t in  th e  fo r a  o f  

se v e r a l s e r ie s  o f  d ik e s .

A side from th e  U biquitous d ik e s , th e  very  presence o f  which lo  in d ic a 

t iv e  o f ,  a lth o u ^ t n o t p roof o f ,  m ta n o rp h isa , ev idence o f  nwtaraorphic 

ch aracter occu rs In tb e  bed rock a t  th e  entrance to  E ll is  Fjord (F ig . 11) 

where th ree  s e r ie s  o f  p a r a lle l l in e s  are ev id en t in  th e rock s tr u c tu r e .

Tbe th ree  s e r ie s  are a ls o  c le a r ly  v is ib le  in  F ig . 13 where one o f  them .
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th e  s e r ie s  o f  b lack  s tr ip e s  running h o r iso n ta lly  across th e  i l lu s t r a t io n .

Is  q u ite  o b v io u sly  a  s e r ie s  o f  d ik e s . Of th e  o th er two s e r ie s  o f  p a r a lle l  

l in e s ,  one i s  o r ien ted  from th e  upper l e f t  to  th e  lo v er  r ig h t o f  th e  p ic 

tu r e . I t s  p r e c ise  ch a ra cter  has n o t been  determ ined, although g la c ia l  

grooving boobs to  b e a  p o s s ib i l i t y . The th ir d  s e r ie s  tren d s from top  to  

bottom  o f  th e  fig u re  and appears to  c o n s is t  o f  11z»b o f  mrtaa orphic  

f o l ia t io n .

W hile to  th e  ca su a l ob server th e  bed rock everywhere in  th e  V bstfb ld  

K ills  seems to  r e f le c t  th e  same gray to n es i s  th e  panchrom atic em u lsion , 

th e  more exp erien ced  eye te e  l i t t l e  d if f ic u lt y  in  lo c a tin g  th e su b tle  

v a r ia tio n s  in  ton e id iich  rev ea l changes in  rock com position , s te e p  e lo p es  

which have a  minimum o f  g la c ia l  overburden are g en era lly  th e  p la c e s  where 

th e se  l in e s  o f  co n ta ct betw een di f f eren t q u a lit ie s  o f  rock are b e s t  rev ea led . 

I s  T ig . 17 such lin e s  o f  co n ta c t are v i s ib le ,  exten d in g  h o r iz o n ta lly  a cro ss  

th e  il lu s t r a t io n  in  th e  m iddle ground near where d ik es seem to  in te r s e c t  on 

th e  h i l l s id e s  a t  approxism tcly r ig h t  a n g le s .

The in tru siv e® , so  conspicuous by th e ir  tib lq u lty , a l l  appear to  be 

s im ila r  in  n a tu re , la r g e ly  because o f  th e ir  s im ila r  photo te r n s , y e t r e la 

t iv e  d iffe r e n c e s  in  th e ir  r e s is ta n c e  to  e r o s io n  as compared to  th e  r e s is ta n c e  

fo r  th e  ad jacen t bed rock can b e n o ted .*5 in  moot o f  th e  i l lu s t r a t io n s , the 

d ik es seem to  have about th e  same o r  a  l i t t l e  g rea ter  r e s is ta n c e  to  ero sio n  

than th e  bed rock in to  which th ey  have in tru d ed . In  some in s ta n c e s , how

e v e r , th e  ia tr u s iv e a  stand above th e  country rock to  a  marked degree (P ig s . 

1 7 , 1 8 ) , d iv id e  lin e a r  d ep ression s in to  in d iv id u a l lak e b a sin s  (P lgB . 12, 16)

* 5 it  i s  p o s s ib le , o f  co u rse , th a t th e  d iffe r e n c e s  in  r e s is ta n c e  to  e ro sio n  
nay occu r in  tb e  ad jacen t bed rock ra th er  than in  th e  in tro s  Iv e s ; th e  in d i
v id u a l d ik es seem to  show th e  same r e la t iv e  r e s is ta n c e  throughout th e ir  
le n g th s .
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o r serve a s  sp in es fb r  peninsular; (F ig s . 1 1 , 13 ) ,  a l l  o f  which in d ica te  

a  g rea ter  a b i l i t y  t o  w ith stan d  th e  agen ts o f  e r o s io n . 'Hie prominence o f  

th e  d ik e-r id g es  in  F ig . IT , vh ich  may run p a r a lle l to  th e  form er course o f  

th e  g la c ie r  aerrga ant ,  nay in d ic a te  th a t although th e  d ik es n ot p a r a lle l  

to  th e  d ir e c tio n  o f  Ice  Movement are wore r e s is ta n t  th en  th e  surrounding 

rock to  ozdlnary e r o s io n , th ey  have been plataad le v e l  w ith  th e  lo c a l bed 

rock by g la c ia l  a c tio n .

O ccasional s tr a ig h t , narrow d ep ression s la  an  a rea  o f  rugged r e l i e f  

su g g est th e p resen ce o f  sorae le e s  r e s is ta n t  in tr u s iv e 0 (F ig . 1 9 ). In  

th ese  c a se s , th e  dark to n es are a b sen t, e ith e r  because o f  a  d iffe re n c e  in  

th e  r e f le c t iv e  q u a lity  o f  another v a r ie ty  o f  in tr u s iv e  m ateria l o r  because  

th e  d ep ression s ere  f i l l e d  w ith  m oraine. I t  i s  s ig n if ic a n t  th a t th e  f lo o r s  

o f  th e  lin e a r  d ep ression s in  T ig . 19,  vh ich  run p a r a lle l to  th e  b lack  lin e  

sep a ra tin g  th e  h a lv es o f  th e  stereogram , vary in  e le v a tio n  frocs th e ad jacen t 

topography. Although t h is  cou ld  in d ica te  th e  presen ce o f  a  widened J o in t 

system, i t  does n ot appear to  do bo,  s in c e  sm aller  d ik es any be seen  extend

in g  a cro ss th ese  d ep ressio n s.

R egardless o f  th e ir  r e la t iv e  r e s is ta n c e , th e  d ik es  are tra cea b le  fo r  

laBtty m ile s , b u t freq u en tly  they d isappear under d e p o s its  o f  ground moraine 

or b o d ies o f  w ater. The w idth o f  some o f  th e  d ik es h as been  m entioned by  

M lkkaleea's p arty  (P o la r  R ecord, 1935,  flto. 10 , p . 126) as b e in g  two to  

th ree  a s te r s  ( s ix  and a  h a lf  to  ten  f e e t ) .  W ilkins (1 9 3 9 , MS d ia r y , 11 

.January) d escr ib es th e  sp o t a t  vh ich  he p laced  th e  A u stra lia n  f la g  and 

cla im  aa b e in g  lo c a te d  on a  b la ck  d ik e , which was fou r la ch es wide a t  s e e  

le v e l ,  in crea sin g  to  a  w idth o f  fou r fleet a t  to e  h i l l  to p . F ig . 15 i l l u s 

tr a te s  th e  tremendous d iffe r e n c e  la  w idth o f  th e  variou s d ik e s . B ikes so  

narrow th a t th ey  can h ard ly  b e noted in  th e  a lrp h otos occu r a lo n g sid e  a
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la rg e  on e, id iich  i s  co n serv a tiv e ly  estim ated  a s  b e in g  120 f e e t  w ide.

S evera l system s o f  p a r a lle l d ik es appear to  be exposed in  tb e  area .

The system  co n ta in in g  th e  la r g e s t  n in te r  o f  d ik es I s  o r ien ted  in  a  n orth , 

n o rth ea st-so u th , southw est d ir e c tio n  (F ig s . 1 1 , 13 , 16 ,  1 8 , 2 0 ). A le s s e r  

number o f  lon g  d ik es fortas a  second system  vh ich  tren d s in  a  northwest* 

so u th ea st d ir e c t io n , d ia g o n a lly  In te r se c tin g  th e  f i r s t  system  a t an an gle  

o f  approxim ately 65 degrees (F ig . 1 0 ) . 8 t l l l  a  th ir d  system  o f  d ik es  

tren d s e a s t-w e s t. Tfceee d ik es acre few er in  m a te r , b u t ra th er  d is t in c t iv e  

in  s iz e  and r e s is ta n c e  to  ero sio n  (T ig . IT ), ft co n d itio n  which aay have 

r e su lte d  from th e se  d ik es b e in g  a lig n ed  in  th e  d ir e c tio n  o f  g la c ie r  move

m ent. In  a d d itio n  to  th ese  th ree  system s, a l l  o f  which eon b e seen  In F ig . 

17,  o th er d ik es o ccu r, o r ien ted  in  alm ost every  con ceivab le  d ir e c tio n  

(P ig . 10) .

W hile most o f  th e  d ik es cause th e  seme photo to n es on panchrom atic 

f ilm , th e ir  v a r ia tio n s  in  r e s is ta n c e , o r ie n ta tio n , th ick n e ss  and manner o f  

in te r se c tio n  seem to  in d ic a te  th a t th ey  were not generated  sim u ltan eou sly . 

The absence o f  numerous la te r a l d isp lacem ents in d ic a te s  th a t th ere  has been  

no s ig n if ic a n t  p o s t-in tr u a ir e  fa u lt in g . P o e t-in tr o s  ir e  fa u ltin g  has 

occurred to  a  lim ite d  e x te n t, however, as illu s tr a te d  la  F ig . 15. Fhoto- 

g e o lo g is ts  experien ced  in  th e  a irp h oto  a n a ly s is  o f  in te n siv e  rocks would, 

no doubt, b e a b le  to  add con sid erab ly  to  th e  g e o lo g ic a l knowledge o f  the 

area from th ese  a irp h otoe.

The ecrapoe i t  io n  o f  ground moraine i s  d escrib ed  in  th e  s e c tio n  on su r

fa c e  fe a tu r e s . Except t o r  some o f  th e  f in e r  m a ter ia l, th e  moraine here  

probably c o n s is t s  la r g e ly  o f  igneous and th e  more r e s is ta n t  o f  th e  m eta- 

morphlc ro ck s, s in c e  m ost o f  th e  sedim entary ro ck s, i f  an y, and th e  b r i t t le
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o r  laoa  r e s is ta n t  a e t amorphic rocks would have been  broken up or ground 

to  b i t s  d arin g  g la c ia l tr a n sp o r t.1^

A m antle rock approaching th e  ch aracter o f  s o i l  probably e x is t s  In 

a  fbw favored lo c a l i t ie s  o f  th e  a rea . Sm all d ep ressio n s, abandoned tarn s  

and m inute, sh e lte r e d  areas among th e  M oraines and la k e  bads co n ta in  

patches o f  t in y  roek fra^ p en ta , rock f lo u r , rem ains o f  a lg a e , guano o r  

com binations o f  th e s e . T hick d e p o s its  o f  penguin guano occupy c e r ta in  

o f  th e  mors a c c e s s ib le  p o r tio n s o f  th e  o u ter  is la n d s  and -the seaward tlp o  

o f  th e  p en in su la s . W hile th ese  s a te  r ia l s  cannot be con sidered  as s o i l s  by  

e sta b lish e d  stan d ard s, th ey  provide a  b ase t o r  th e  growth o f  th e  p resen t 

f lo r a  and m inute fauna lA leh  must Include a lg a e and n e sse s  as w e ll as 

b a c te r ia , m ites and o th er  fb m e o f  m icroscopic in v e r te b r a te s . Under such  

c o n d itio n s , i t  la  q u ite  p o s s ib le  th a t very  sp a rse , sc a tte r e d  stand s o f  

g ra sse s  nay e x i s t ,  a s  claim ed by W ilkins (1951; per so n a l coamun ic  a t  ion s to  

th e  w r ite r , 6  end l 6  J u ly ) . S o il  form ing p rocesses are now o p era tin g . 

L ich en s, which do n o t req u ire  s o i l  o r  m antle roek , are n ot v is ib le  in  th e  

a lrp h otos b u t grow on alm ost every  known exposure o f  bad rock in  A n tarctica  

and, th e r e fo r e ,a r e  presumed to  b e p resen t h ere .

Only a  tmr su r fa ces h ere are composed o f  i c e .  These are predom inantly 

la k es  end fio r d s  which a re  froaen  over to r  th e  g rea ter  p art o f  th e  year. 

BnowJbrift Ice  (T ig s . 5 ,  7 ,  10 , 1 6 , 23) ,  s im ila r  to  th e  typ e found on s lo p es  

p ro tected  from th e  mm, wind o r  b oth  in  th e  Banger Lakes a rea , occurs near 

th e  c o n tin en ta l le e  h in ter la n d  b u t i s  g en era lly  ab sen t e lsew h ere. Seasonal 

sn o w d r ifts , which m y  form In  th e  absence o f  th e  sun during th e  lo n g  w inter

The w r ite r  npeftt  se v e r a l daye in  a  s im ila r  n om in e-covered  c o a sta l 
area  a t  101° 31’B . during which tim e on ly  two e r r a tic s  o f  sedim entary  
ch aracter were n o tic e d . S ee Keys 3U I-3&3.
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n ig h t, e v id e n tly  d isappear e a r ly  in  th e  sto n er  a s  a  r e s u lt  o f  th e  

r e la t iv e ly  in ten se  h ea t ra d ia ted  b y  th e  exposed rock . A nusfber o f  sm all 

d r if t s  a re  to  b e  seen  near th e  S orsd al G la cier  Tongue, however (F ig s .

28,  2 9 ).

Surface fe a tu r e s . Many kinds o f  landfoarms Vhich are ty p ic a l o f  

th e  b e lt s  o f  axam nolatloa o f  th e  P le is to c e n e  g la c ie r *  in  th e  northern  

hem isphere are ab sen t In th is  reg io n  o r  occur o n ly  In frequent l y ,  fto

term in a l, la t e r a l ,  in te r lo b a te  o r  m edial m oraines, outvoeh p la in s , karaes,
17d ro a lin e  o r  esfcere appear i s  th e  photographs o f  t h is  a rea . ' The su rface  

shove very  l i t t l e  ev id en ce o f  g la c ia l p o lish in g , e s p e c ia lly  fo r  an area  

so  r e c e n tly  r e le a se d  ttam  th e  ic e ,  b u t th en , th e  typ e o f  bod rock p resen t 

may n ot lend  i t s e l f  to  p o lish in g .

S ev era l d is t in c t ly  g la c ia l fe a tu r e s , however, can b e  ob served . The 

shapes o f  th e  h i l l s  sbov k acb llk e  rounding (T ig . 1 9 , among o th e r s ) . Ground 

moraine (Keys 207-218) i s  p e c u lia r ly  l ig h t  in  acme areas (T ig . 9 )  ®«d 

p a r tic u la r ly  heavy in  o th ers (F ig . 2 2 ). Large b o u ld ers , prcfoebly g la c ia l  

e r r a t ic s , are om nipresent, b u t th e  ground moraine occu rs predom inantly as 

a  f i l l  in  th e  d ep ress loan and ch a n n els. Tbe a irp h oto  image d if f e rent ia t io n  

bet ween th e  bed rock and th e  ground m oraine, which approxim ate th e  seme 

photo to n s , i s  a id ed  by a  d iffe r e n c e  in  te x tu re  and b y  th e  superSbualnnce 

o f  dark-toned in tr u s iv e  a Vhich I n v a r i a b l y  g iv e  th e  exposed bed rook a  con

tr a s t in g  b la o k -str lp e d  p a tte rn .

^ flin e *  ic e - fr e e  land i s  thought t o  occupy fa r  la s s  than one p er  cen t 
o f  th e  co n tin en t o f  A n ta rc tica , landfanaa o f  any kind are r a r e . Tbe char
a c te r  o f  ouch o f  th e  ic e - fr e e  land th a t  does e x i s t ,  i . e . ,  m ountain p eaks, 
dry v a lle y s , c l i f f s ,  p en in su la s and s im ila r  farm s (Kays 169- 2M1) ,  does n ot 
len d  I t s e l f  t o  st& portlng th e  ty p es o f  laadfarow  ty p ic a l o f  th e  b e lt s  o f  
accum ulation o f  th e  P le is to c e n e  g la c ie r s  o f  tb e  northern hem isphere. Such 
landfbrns w i l l  no doubt appear a f t e r  g la c ia l r e c e ss io n  b eg in s to  takeover 
la r g e  p o rtio n s o f  A n ta rctica .



Both th e  bed roek and th e  ground m oraine h ere r e f le c t  th e  same 

gen era l photo Image ton e on panchrom atic f ilm , b u t th e  ground moraine 

appears to  have a  sm oother photo image te x tu r e  (Key 2 1 2 ). Tbe moraine 

la  som etim e p it te d  w ith  la r g e , sh a llo w , k e t t le  I lk a  d ep ression s (F ig . 22) .  

Tbe upper la s e r s  o f  th e  grow rt m a ter ia l have been  p a r tly  reworked by o a lt -  

v n ter  d erived  from th e  g la c ie r , from trapped I c e , from p r e c ip ita tio n  and 

firm  wind-blown snow and f ir n . The rew orking by a e ltw e te r  may account in  

p e r t fb r  th e  " flow in g,"  "emooth” appearance o f  th e  a o ra in a l te r r a in  as  

view ed on airphoto® . In  a c tu a lity , t h is  v a r ie ty  o f  photo bangs represen ts  

te r r a in  th a t i s  fa r  from sm ooth. I t  i s  composed o f  a  wide v a r ie ty  o f  s le e s  

shapes and c o lo r s  o f  rock m a ter ia l and appears from  th e  a irp h oto# to  be 

q u ite  s im ila r  t o  th e  typ e te r r a in  found a t  th e  h e lic o p te r  lan d in g  f ie ld  

in  th e  Bunger la k e s  R egion (Key 3U3) .

C ircu lar and oval-sh ap ed  d ep ression s appear in  th e  bed rock In  one 

area  (F ig . 9 ) i *  vh ich  a  cover o f  m oraine o r  m antle rock i s  conspicuous by 

I t s  ab sen ce. These h o le s  are app aren tly  fa r  to o  la rg e  to  b e g la c ie r  m ills  

and do n ot have th e  shapes g en era lly  a sso c ia te d  w ith  th ese  fe a tu r e s , a l 

though th e  e x a c t procedure by which g la c ie r  m ills  era excavated  la  not 

f u l ly  understood (S tr e  iff -B e c k e r , 1951a, p . 138; 1951b , p . 532; H o llin g s

w orth , 1951* P . 1»90). Sams o f  th ese  bow l-shaped d ep ression s co n ta in  la k es  

and o th ers c le a r ly  show th e  presen ce o f  fb ra sr  sh o r e lin e s . The p r e c ise  

o r ig in  o f  th ese  d ep ressio n s la  n ot apparent to  th e  w r ite r .

D rainage.  Perhaps no o th er  s in g le  fb c to r  i l lu s t r a t e s  th e  recency o f  

th e  emergence o f  th e  area from th e  c o n tin e n ta l ic e  b e tte r  th an  th e  drainage 

P le is to c e n e  d e p o o itlo n a l lendfbxrae la  Korth America and Burope a re  s t i l l  

o b str o r tin g  "normal" drainage a f t e r  25 ,000  year® o f  freedom  from th e  

c o n tin e n ta l l e e .  Tbe drainage system  h e r e , how ever, more resem bles c e r ta in
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p o rtio n s o f  Canada in  vh ich  g la c ia l  e ro sio n  I s  co n sid era b ly  g rea ter  than  

g la c ia l d e p o s itio n . Drainage i s  lo c a lly  ob stru cted  c h ie f ly  by ero e io n a l 

fe a tu r e s  and i s  la r g e ly  in te r n a l. Th* len g th  o f  a  ty p ic a l su r fa ce  run

o f f  strew s I s  v ery  sh o r t, Merely exten d in g  downs lop e to  th e  n ea rest b a sin  

vh ich  g e n e ra lly  does n o t have an o u t le t . Scans s lo p e s  d ra in  d ir e c t ly  in to  

th e  ocean o r  in to  ch an n els o r  f io r d s  lea d in g  t o  th e  ocean , h u t t h is  Is  

n ot y e t th e  r u le .

S treams are few , sh o r t, sea so n a l end g e n e ra lly  in  extrem a youth.

1* 11* th ey  a re  v a r ia b le  In  w id th , th ey  ere  u su a lly  q u ite  sh a llo w , w ith  

asa y  p r o je c tin g  e r r a t ic  b o u ld ers . Such stresses do n o t c o n s titu te  a  bar 

t o  f i e ld  p a r tie s  in  ord in ary f ie ld  c lo th in g . In  a l l  p r o b a b ility , a  s i g n i f i 

ca n t percentage o f  th e  volune o f  th ese  otreassa moves through th e  g la c ia l  

g ra v els  in  th e  atr e na b ed , c ea sin g  th e  s tr a w s  to  appea r  ea (dark-toned) 

n e t strea k s superim posed upon th e  photo image te x tu re  novsm l t o  th e  area  

( f i g .  12,  bottom  l e f t ) .

The la k es  end ta rn s are o f  two o r ig in s . M arginal la k e s , vh ich  r e c e iv e  

th e  n e ltw a ter  o f  th e  c o n tin en ta l i c e ,  a re  lo ca ted  a lo n g  th e  l in e  o f  con

t a c t  o f  th e  c o n tin e n ta l ic e  and tb e  ic e - f r e e  land  ( f i g s .  h, 5 , 2 1 ), S in ce  

a  p o r tio n  o f  th e  sh o r e lin e  o f  th ese  la k es  i s  freq u en tly  faomed by a  fee*  

o f  th e  reced in g  g la c ie r , th e  shape, le v e l  cad v o lu w  o f  th ese  la k es ore  

q u ite  tenparsary in  n a tu re . In  th e  V estfb ld  a rea , a sa y  o f  th en  are con

n ected  w ith  ocean in le t s  and th u s do n o t e x is t  a s  independent la k e s . There 

are se v e r a l im portant d iffe r e n c e s  betw een th e  w aters o f  th e  f io r d s  and th e  

la k e s . Theec d iffe r e n c e s  in clu d e th e  s t a b i l i t y  o f  th e  w ater l e v e l ,  th e  

pre e ence  o r  absence o f  d ilu te d  (ocean ) s a l t  In  th e  w ater, th e  pre s e nce or  

absence o f  n arin *  p la n t and s n ln a l l i f e  and th e  preeence o r  absence o f  

such elem en ts a s  t id e s  and m arine tem peratures aa fa c to r s  in  tb e  so lu tio n
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and e ro sio n  o f  g la c ia l l e e ,  which freq u en tly  dame one a id e o f  th ese  

b o d ies o f  w ater.

Away frcaa th e  g la c ie r  fr o n t, la k es are le s s  aoaarous and u su a lly  

r e s u lt  from th e  c o lle c t io n  o f  drainage w ater front p r e c ip ita tio n  and th e
l8m eltin g  o f  wind-blown snow end f ir o  th a t had found lodgm ent in  th e  h i l l s .

In  th e  e a s t  m ajority  o f  in sta n ces  th ere  I s  abundant m a ter ia l a v a ila b le  fo r  

u se In  aggrading la k e  b a s in s . B asin s f u l ly  aggraded o r  aggraded to  a  p o in t 

Where overflow  w i l l  occur under th e  e x is t in g  w ater economy, how ever, are 

in freq u en t. T h is s itu a t io n  i s  brou^rt about by th e  la ck  o f  accum ulation  

o f  p r e c ip ita t io n  and m e ltm to r  In  s a  a rea  where evaporation  may balan ce  

o r  exceed  p r e c ip ita tio n . The la ck  o f  lak e o u t le t s  cau ses a  b ra ck ish  w ater  

to  d evelop  which a lte r a  ttm  ch a ra cter  o f  th e  m icroscop ic l i f t  in  th e  lak es  

and th e  c  capos i t  io n  o f  th e  bottom  d e p o s its .

O cca sio n a lly , th e se  la k es and ta rn s do have overflow  o u t le ts  o r  «&>- 

su rfb ee o u t le t s  which d ra in  through th e  m oraine, ra th er  than on i t s  su r fa c e . 

The lo c a tio n  o f  such la k es i s  i aroorte a t  in  term s o f  th e ir  p o te n t ia l u se  as  

a  fr e sh  w ater supply fo r  f ie ld  p a r tie s  in  an area where moot w ater b o d ies  

are b rack ish  end anow i s  n ot r e a d ily  a v a ila b le .

Both th e  su rfh ee  area and depth o f  th e  la k es  and ta rn s vary co n sid er

a b ly , depending upon th e  ch a ra cter  o f  th e  baa In , th e  s iz e  o f  th e  accum ula

t io n  a rea  and th e  presence o r  absence o f  d is tr ib u ta r y  ch an n els. W hile many

1^ Ih aa$i no accu rate m eteo ro lo g ica l or c lis m tic  d ata  are a v a ila b le  fo r  
t h is  lo c a l  a rea , I t  Deems reasonab le to  assume th a t no g rea ter  anouafe o f  
p r e c ip ita tio n  occu rs here than a t  o th er  s im ila r  lo c a tio n s  in  t it le  p o rtio n  
o f  th e  A n ta r c tic . T h is would mean a  zaaxbaat arom as o f  10 la ch es p er annua. 
D uring th e  course o f  th e  y ea r , b liz z a r d s  which may n ot b e  accanpenled by  
p r e c ip ita tio n  (JSsyu 256- 258) m y  move g rea ter  q u a n titie s  o f  caow and f i m  in to  
o r ou t o f  an area  than i s  accum ulated as a  r e s u lt  o f  th e  normal annual 
p r e c ip ito tia n .
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b a sin s  are c o n tr o lle d  by th e  co n fig u ra tio n  o f  th e  bed rock , con sid erab le  

amounts o f  u n con so lid ated  g la c ia l d eb ris nay h id e  th e  rock s tr u c tu r e , pro- 

r id e  moans fb r  m & surfsee drainage o r  crea te  t empora ry lo c a l b a se  le v e ls .

Most o f  th e  la k es  sad  ta rn s in  th e  V betfb ld  H ills  are not rep resen ted  

00 Map 10 . In  sane in s ta n c e s , t h is  em ission  h as occurred because th e  s c a le  

o f  th e  nap I s  n ot s u f f ic ie n t ly  la rg e  to  perm it th e ir  In c lu s io n . In  oth er  

c a se s , th e  a ttics ton  can b e c r e d ite d  t o  poor q u a lity  airphoto® o r  a  la ck  

o f  adequate photo a n a ly s is . W hile th e  la k e s  end ta rn s occur  more freq u en tly  

in  th e  h i l l y  areas near th e  c en ter  o f  th e  Ic e -fr e e  la n d , th ey  are a ls o  

found in  th e  lin e a r  d ep ression  sys t e ms (F ig s . 10,  lS ) ,  in  bow l-shaped  

d ep ression s In th e  bed rock (F ig . 9)>  in  over-deepened p o rtio n s o f  fio r d  

v a lle y s  (F ig . 1 2 , background), and as remnant la k es  a t  th e  bottom  o f  form er 

la k es o r  ocean channels (F ig . 2 2 ).

Changes in  w ater le v e l  are ev id en t in  a  anftw r o f  th e  la k es  and ta r n s . 

The la k e  in  F ig . 2 2 , a s p r ev io u sly  Injp lied , i s  a  remnant o f  a  much la r g er  

s a l t  w ater body vh ich  o r ig in a lly  may have been an In te g r a l p a rt o f  th e  

f io r d  and ocean channel system . I t  o ccu p ies an', over-deepened p o rtio n  

o f  th e  channel In  which I t  l i a s  sad  I s  approx im ately  a t  sea  le v e l .  The 

ground m oraine which covers  th e  r e t t  o f  th e  channel f lo o r  i s  d e f in ite ly  

above sea  le v e l .  (Leagues Channel a t  th e  top  l e f t  I s  an ocean in le t ;  th e  

w ater a t  b ottca i l e f t  and b ottcw  r ig h t are p o r tio n s o f  th e  o c e a n .) The 

le v e l  o f  th e  la k e  has ap p aren tly  receded th rou f$  e vaporat io n . I t s  p resen t 

le v e l  nay b e c o n tr o lle d  e ith e r  b y  aecianulatiem  ftrxa drainage and lo s s  by  

evap oration  o r  perhaps by su b su rface drainage betw een I t  and th e  nearby 

fio r d  through perm eable g la c ia l  m oraine. I f  th is  lak e i s  a  s ’u rface  ex 

p r e ss io n  o f  th e  w ater ta b le  c o n tr o lle d  by th e  fio r d  o r  i f  i t  i s  dm  to  

■toe recen t brookin g up o f  la r g er  w ater b o d ies connected w ith  th e  s e a , i t s  

s a l t  co n ten t nay w holly  o r  p a r tly  r e s u lt  f r m  I t s  p resen t o r  fo n a sr
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r e la tio n sh ip  w ith  th e  ocean . Many o f  th e  b ra ck ish  la k e s  and ta rn s In tb e  

a rea , how ever, are w e ll above eca  le v e l  and cou ld  n o t have been  svfoject 

to  such In flu e n c e s . S h e ir  s a l t  co n ten t a « s t b e  d erived  from  th e  evapora

t io n  o f  lakewK ter v h ich  con ta in ed  s a l t s  in  so lu tio n  frcm co n ta c t w ith  

th e  n o m in e , m antle rock and bed rock .

A ser lo a  o f  form er sh o r e lin e s  in  c le a r ly  v is ib le  in  P ig . 9# in d ic a tin g  

th a t  th e  la k es  vh ich  occupy o r  coca oeci$>led th e se  bow l-shaped dep ress lo w  

la  bed rock have undergone a  gradual lam rlx tg  o f  su rfa ce  le v e l .  The com

p le te  absence o f  iakac in  th e  bottom  o f  some o f  th e se  d ep ressio n s end th e  

red u ctio n  o f  th e  la k e s  3a o th ers t o  t in y  rwanan te o f  th e ir  fbrmer s e lv e s  

a re  a ttr ib u te d  to  th e  e x ce ss  o f  evap oration  over su p p ly . Ham, th ere  can 

b e l i t t l e  d ou b t, fo r  th e  form er sh o r e lin e s  c le a r ly  show th a t th e  £m »*oub  

e x te n t o f  th e  w ater and th e  b a sin s  am  o f  s o lid  bed rock , which a f f e c t iv e ly  

preven t th e  escap e o f  tb e  m eenesilated w ater in  any o th er  fb ro  th en  as w ater 

vapor. Bote th e  gen era l absence o f  ground m oraine h em  la  co n tra st w ith  

tb e  trwaendcrus amounts appearing la  F ig . 22 (Keys 212-21k , 3 k lr  3^3).

S h o re lin es . T h is sr fcjec t hen been  tr e a te d  p r e v io u sly  In con n ection  

w ith  cartograp h ic rep resen ta tio n  and p la c e  nam es. I t  I s  m entioned here  

in  term s o f  c o n fig u r a tio n , r e la t iv e  ebea&a In  w ater le v e l  and marine 

in f lu e n c e s .

Although fu rth er  co rr e c tio n s  nay b e req u ired . Map 13 dem onstrates 

th e  gen era l c o n fig u ra tio n  o f  th e  c o a st more adeq u ately  than cou ld  any 

word p ic tu r e . The sh o r e lin e  lo  everywhere ir r e g u la r  and la  se v e r a l 

p la ces  i s  s e v e r e ly  indented  by f io r d s . Isla n d s and p en in su la s are th e  

r u le  ra th er  than th e  e x ce p tio n . H ost o f  th e  sh o r e lin e  i s  steep  o r  even  

p r e c ip ito u s . In  th e  ram  in sta n ces  In  which beaches do o ccu r, th e y  are 

g en era lly  p ock et beaches con n ectin g  w ith  form er ocean ch an n els (T ig . 2k ) .
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% re, e n itc  82*?. s im ila r  fberootions are a b sen t, p a r tly  because o f  th e  

s te e p  grad ien ts o ffsh o r e , p a r tly  because o f  a  lack  o f  su ita b le  b u ild in g  

m a ter ia ls and in  largp  Measure because o f  th e  a c t io s  o f  th e  pack Ice in  

e lim in a tin g  o r  red ucing waves and a v a il.

The ch aracter o f  th e  p resen t sh o re lin e  h as been  co n sid era b ly  a ffe c te d  

by g la c ia l e ro s io n  end d e p o sitio n  and very lU eely  by su b sidence sad  anar- 

gsace a s  v e i l .  The o r ig in a l lau d fom e wore eroded by th e  g la c ie r  and the 

area  was depressed, by i t s  v e i# x t . When th e  p o rtio n  o f  th e  c o n tin en ta l 

g la c ie r  in  th is  gen era l v ic in it y  decreased in  th ick n ess and f in a l ly  receded  

fr c n  th is  s p e c if ic  a rea , landfonoa o f  g la c ia l e ro sio n  and d e p o s itio n  vere  

formed in  th e  c o a s ta l acme and th e  land o u st have been l e f t  out o f  is o s ta t lc  

adjustm ent and perhaps ou t o f  e la s t ic  adjustm ent f r a  th e  r e le a se  o f  the  

grant w eight o f  th e  I c e . Daring t h is  p er io d , « o s t  o f  th e  v a lle y s  and dry 

chann els in  th e  illu s tr a t io n s  nay have bean below  se a  le v e l ,  th u s forming 

ocean in le t s  and cau sin g  th e  V estfo ld  S i l l s  area to  be d iv id ed  in to  sm all 

Islan d s and in su la r  group* s im ila r  t o  th ose vh ich  war l i e  o f f  th e  t ip  o f  

th e  soutiharnaost p en in su la  n ear Sorsd al G lacier  Tongue (F ig . 2 6 ). fltraad- 

l in e e , wave cu t c l i f f s  (P ig s . 1 1 , 2?) end p revious channel d e p o s its  (F ig .

22) dem onstrate th e  coarse o f  th e  emergence o f  th e c o a st as th e  g la c ie r  

continued to  recede end th e  e a r th 's  c ru st began to  reopood to  th e  g la c ia l  

unload in g.

Wenger l  (1951, p . 6 l6 )  concludes th a t in  th e  A rctic  such stran d lin oa  

". .  .  .  th e  r e s u lt  o f  ep iso d ic  b u t reg u la r  s t i l ls ta n d s  o f  th e  sea  between  

r e la t iv e ly  rap id  p o s it iv e  p la s t ic  reod ju stn en ts in  d elayed  response to  

ic e  u n lo a d in g ." Frew th e  m w aarleo o f  changes in  sen  le v e l  b y  D aly (19^5) 

and F lin t  (19^7, Ch. 1 9 ), i t  i s  In ferred  th a t major changes in  th e  le v e l  

o f  th e  oceans vh ich  r e su lte d  frcn  th e  disappearance o f  th e  P le isto c en e
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g la c ie r s  I s  tb e  northern hem isphere o u st have occurred he fo re  tb s  Ice  

receded fr c n  th e  VCatfold H i l ls ,  I f  s t» h  i s  th e  e s s e , tb e  stm n d lin ea  

do p resen t ev id en ce th a t t h is  area  has r is e n  r e c e n tly  because o f  g la c ia l  

unloading n eth er  than e  change la  th e  le v e l  o f  tb e  ocean . *9 j f  th e  emer

gence o f  tb e  V a stfo ld  H ills  took  p la ce  w h ile  tb e  sea  le v e l  van s t i l l  

r is in g  fr c n  th e  e a te r  re lea sed  by th e  P le is to c e n e  g la c ie r s , th e  evid en ce  

Is  even  aore co n v in cin g , s in c e  tb e  lo c a l len d  would have t o  b e r is in g  

oore ra p id ly  th an  th e  se a  t o  produce e tra n d lln es end s im ila r  r a ise d  shore 

f t n a .

I b is  upward ie o c ta t ie  and /or e la s t ic  readjustm ent, retu rn in g  th is  

p o rtio n  o f  th e  ea r th ’s cru et to  a  p o s it io n  a cre  n early  eq u iv a len t to  i t s  

r e la t iv e  p o s it io n  preced in g g la c ia t io n , has a lread y  r e sta te d  in  th e  com

b in a tio n  o f  son s o f  th e  form er In su la r  elem en ts o f  th e  V estfo ld  H ills  

In to  la r g e r  u n it s , sen s o f  vh ich  nay b e a ttacb ed  to  th e  c o n tin en ta l Main

land a s  pen in su las.^ ®  I f  upward adjustm ent c o n tin u e s, th e  en tran ces to  

Tryne I n le t , Laagaes Channel and th e  newly d iscovered  E l l is  F jo rd , which 

was portrayed a s  Lange vatn et  on nap 10 , w i l l  b e s e a le d , th u s form ing nev  

la rg e  la k es which m y  shrink  frc*a an e x ce ss  o f  evaporation  over supply  

u n t i l  th e y , to o , are b rou ^ tt in to  adjustm ent w ith  th e  lo c a l w ater economy 

and perhaps neeembla th e  area  in  F ig . 22.

As th e  g la c ie r  reced es, i t  nay contin ue to  r ev e a l so re  and more w ater

*% hie ev id en ce cerm et b e sa id  to  b e a b so lu te  p ro o f, c ln c e  i t  I s  
p o ss ib le  th a t an is o s t a t ic  movemen t o f  a  sep arate o r ig in  may have caused  
th e  u p l i f t .

au et be noted th a t e ith e r  th is  is o e ta t ic  readjustm ent occurs w ith  
greater c e le r ity  than l u l l e d  by Daly (1925, 193*0 aa3 F lin t  (19**7) or 
th a t th e recessio n  o f  the g la c ie r  from the V estfold  H ills  is  o f  r e la t iv e ly  
long standing.
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b o d ies which c o n s t itu te  M arginal ex ten sio n s o f  Tryne I n le t ,  Laagnoe 

Channel and Krolc I n le t .  I f  t h is  derveloiraeufc shou ld  con tin u e u n t il  th e  

In te r io r  p o r tio n s o f  Leagues Channel b ee one connected w ith  Tryne I n le t ,

ICrok I n le t  o r  b o th , a  su b s ta n tia l p o rtio n  o r  a l l  o f  th e  V estfo ld  H ills  

w i l l  have to  b e redrawn oo th e  nap a s  th e  " V estfold  I s la n d s ." However,

I f  i s o s t s t lo  o r  e la s t ic  readjustm ents la  t i l l s  lo c a l  area  tak e p la c e  more 

ra p id ly  than g la c ia l r e c e ss  Ion (perhaps caused by g rea ter  su rfa ce  a b la tio n  

th an  term in a l w a sta g e), th e  V estfo ld  H ills  w i l l  become s u f f ic ie n t ly  e lev a ted  

to  r a is e  a l l  v a lle y s  above son le v e l .  The is la n d s  a id  p en in su las w i l l  th en  

disapp ear la  ftxvor o f  a  rugged te r r a in  vh ich  would b e  e  p e r t o f  th e  main

land  o f  th e  A n ta rctic  c o n tin en t.

’fer in e  in flu e n c e s  on th e  sh o re lin e  are le a s  th an  m ight b e exp ected . 

Although w ave-cut and s to r a -c u t areas do o ccu r, th e  preeence o f  f a s t  to e  

over th e  sea  fo r  m ost o f  th e  year and th e  co n sta n t presen ce o f  pack ic e  

o ffsh o re  p reven ts irach o f  th e  e ro s io n  b y  sw e ll end wave th a t would o th er

w ise  occu r. T id a l a c tio n  i s  n o t barred by th e preeence o f  f lo a t in g  ic e ,  

b u t th e  t id a l  range In  th e  V feetfold H ills  c o a s ta l areas i s  n ot very g r e a t.

TJo prom inent sea  ic e  t id a l  crack s car o th er  ev id en ce o f  h igh  t id e  occurs 

in  th e  a ir p h o to s. T h is i s  c o n s is te n t w ith  what i s  known about A n tarctic  

t id e s . But th en  t id e , o f  i t s e l f ,  has l i t t l e  e f f e c t  upon th e  s te ep  shore

l in e .  Perhaps th e  g r e a te s t marine fa c to r  a f fe c t in g  th e  sh o r e lin e  i s  th e  

p resen ce o f  sea  ic e  vh ich  expands a g a in st i t  w ith  g rea t pressu re in  th e  

w in ter  and buape a g a in st i t  in  th e  msaoer.

O ffsh ore. The U. S . Hydrographic O ffice  (19^ 3, p . £36) rep orts a  

w est s e t t in g  cu rren t to  have boon observed in  t h is  s e c to r , ifo il*  Informa

t io n  frcsa one a e r ia l photo s o r t ie  cannot b e con sid ered  a s  p ro o f, th e  a ir 

photos fo r  1 March 19I17 c le a r ly  show th a t su rface winds over th e  sea  and
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su r fa ce  cu rren ts wore nerving t o  th e  sou th  and southw est o r  g e n e ra lly  

p a r a lle l t o  th e  c o a s t lin e . F ig . 26 shows th e  su rface  cu rren t bending 

brash  around is la n d s . F ig s . 1 0 , 2 1 , 2U and 25 r e v e a l th a t th e  winds 

have s im ila r ly  pushed a l l  th e  la k e  and f io r d  ic e  ou t o f  bays exposed  to  

tb s  sou th  and in to  th o se  fe e in g  n orth .

A side fr a n  th e  is la n d s  w ith in  i t s  f io r d s  (F ig s . 5# 8 ,  2 0 , 2 1 ) , th e  

seaward a id e  o f  th e  V e stfo ld  H ills  c o a s ta l area  i s  r in ged  by h a lf  a  

doaen is la n d s  up to  two m ile s  in  le n g th  and by se v e r a l hundred s n a il  

is la n d s , 3 n o ll rock s abound on a l l  s id e s  from  T rym vika to  Krak I n le t ,  

b u t th e  w ater does n o t appear t o  be p a r tic u la r ly  sh a llo w , n a v ig a tio n  

would e v id e n tly  be tepeded by th e  danger o f  submerged p in nacle© . A ll  

is la n d s  o re  lo c a te d  c lo s e  in sh o r e , th e d is ta n ce  sep a ra tin g  th e  o u ter -  

moot Isla n d s frcra th e  p en in su la s b ein g  n ot more than th ree  m ile s . Saa® 

o f  th e  is la n d s  are v is ib le  in  th e  backgrounds o f  F ig s . k ,  3 ,  and 6 ,  but 

b e tte r  view s a f  them ore o ffe r e d  in  th e  background o f  F ig . 9 ,  in  th e  

foreground o f  F ig . 21 and e s p e c ia lly  l a  F ig s . 26  and 3h. F ig . lfc pro

v id e s  a  th r e e -d ia e a a io n a l, v e r t ic a l view  o f  acgsteholraen, th e  northern

m ost is la n d  group o f  th e  V eo tfo ld  H il ls  com plex.
f t

The g r e a te s t f lo a t in g  ic e  a c t iv it y  i s  n oted  a t  Bcorataholraen and 

a lon g  th e  sh ares o f  Trynevika (F ig s . 8 ,  l k ,  2 1 ) . The iceb erg s and ic e  

f lo e s  jsnxaed aoorag th e  t in y  is la n d s  c r e a te  a  c o n fu sin g , ever-ch an gin g  

p a tte rn  in  w hich i t  i s  d i f f i c u l t  t o  sep a ra te  ic e  m asses fr o a  lan d  m ooses 

w ith ou t stereogram s. In  F ig . i t ,  a ty p ic a l f lo a t in g  ic e  phencexman i s

23T b is cu rren t p a r a lle l t o  th e  c o a st i s  a  w est s e t t in g  cu rren t in  th e  
sen se  o f  oao w hich s e t s  westward around th e  caatiaam t.
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again  n oted , th e  b o rg y -b ito  appearing t o  f lo a t  on a  h lg w r  p lan s than  

th e  iceb erg s (Keys 233 , 25*0.

In  raiatlle or la ta  A ntarctic ousaar, the con tin en ta l lead  Which 

separata a th e  moving pock ic e  frees th e share bound f a s t  ic e , advances 

Imtdw&nl u n til the V botfold H ills  c o a s ta l a rea  i s  reached (T iff. 2 6 ) . At 

th is  ttate there i s  no d if f ic u lt y  in  n e r lg s tln g  v tth in  th e  c o a s ta l a rea , 

save fb r  th e  p recau tionary aeasurofi which must be adopted fo r  areas w ith  

Icebergn and stft— opgsd p eak k ..  53* approach t o  th e  a rea , how ever, i s  

e i t i l l  tlirough th e  pack I c e , th e  le n g th , th ic k n e ss , com pactness,  s ta te  o f  

d is in te g r a tio n  and d is tr ib u tio n  o f  which Is e sta b lish e d  p o r tly  by o th er  

than lo c a l oaactitlon a .  The pock ic e ,  here as e lsew h ere, probably v a r ie s  

ccttBl& ewibly fm a  year to  y ea r.

F lora aod.jftmna.  Jk> f lo m  was observed by any o f  M ikkeleen’a p arty  

(P o lar R ecord, 1935 , Jto. 1 0 , p . 1 2 6 ), b u t th en  no nsafcers o f  h ie  party  

are known t o  have been  tra in ed  la  s c ie n c e , in te r e ste d  in  botany oar e s p e c ia l

ly  in te r e ste d  in  search in g  fo r  f lo r a . tfilfctsa  ( 1951,  p erson al c o a n a le ft-  

t io a  to  th e  a u th o r), who had d e a lt w ith  f lo r a  on p rev iou s A n tarctic  

e x p e d itio n s , n o tes th a t he found a lg a e , lic h e n s , a n sen s, and 30 to  UO 

t u f t s  o f  g ra ce . Both p a r tie s  observed a n ia a l l i f e ,  p a r tic u la r ly  in  th e  

A d elle  penguin ro o k er iec . A er ia l photography does n ot n o r m lly  record  

th e  presen ce o f  v eg e ta tio n  ao o o a ll a n i so  w id ely  sc a tte r e d , nor does i t  

o fte n  p ic tu re  th e  e n lz n l llf fe  by d ir e c t  ia a g o . A irphoto in te r p r e ta tio n , 

how ever, etna in d ic a te  th e  presen ce and typ es o f  p la n t and an t a i l  l i f e  n ot 

d ir e c t ly  v is ib le  on airphotoo by a n a ly s is  o f  th e  photo taagps o f  o b jec ts  

or co n d itio n s known to  r e la te  to  th e ir  p resen ce.

Frora p rev iou s f ie ld  exp erien ce in  th e  A n ta r c tic , i t  has b een  le'feer- 

mined th a t th e  presence o f  tarn c in  ic e - fr e e  a rea s g en era lly  in d ic a te s  a
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r e la t iv e  abandonee o f  m inute organism s, both  p le a t  and anim al. Suneroue 

sp e c ie s  o f  a lg a e  are u su a lly  p resen t. Pew la rg e  areas o f  ic e - fr e e  land  

la  A n tarctica  are known t o  b e t o t a l ly  w ith out l i f e .  P erkins (19^5, 

p . 283) contends th a t th e  g r e a te s t s in g le  ffcetor H a lt in g  th e  m ak ers 

and v a r ie t ie s  o f  p la n ts  and th e ir  d is tr ib u tio n  in  th e  A n ta rctic  in  th e  

absence o f  w ater in  an a v a ila b le  fcm a. Although h e h as app arently  over

looked th e  fundam ental im portance o f  a  su ita b le  b ase fToa which to  grow, 

i t  i s  s ig n if ic a n t  th a t  h is  in v e s tig a tio n s  show th a t th e  im portance o f  

w ater In  u sab le  farm I s  o f  th e  sea s order as th e  im portance o f  su n ll^ r t.

He report s  th a t whenever th ere  I s  s u f f ic ie n t  w ater In th e  rock , even  

In m in iature c a v e s , lic h e n s  are ap t to  be found growing th e r e .

B ip le  (1938) fbwad a  d ir e c t  c o r r e la tio n  betw een peaks -which supported 

b ir d  rook eries and peaks Which supported a  r e la t iv e ly  abundant v eg e ta tio n .

The w ealth  o f  v e g e ta tio n  seemed to  be apart from th e  b a c te r ia  and p la n t 

l i f b  supported d ir e c t ly  by th e  guano, fo r  th e  c le a n  peart io n s  o f  th e  rock  

suppor t ed  su p erio r  amounts o f  v eg e ta tio n  a s  w e ll.

T h erefore, in  th e  absence o f  any in d ic a tio n s  to  th e  con trary , and 

because th e  a irp h otos dem onstrate th e  V b stfo ld  H ills  to  b e  ic e - f r e e , large  

la  e x te n t, in c lu s iv e  o f  la k e s , ta r n s , stream s and s a l t  and fre sh  w ater, 

and h o st to  penguin r o o k e r ie s . I t  seaas reasonab le to  assume th a t a lg a e , 

lic h e n s , a o e se s , b a c te r ia , s i t e s  and o th er forms o f  Minute p la n t and 

anim al l i f e  e x is t  h e r e . Swan s o , m ost o f  th e  p la n t and a a ia a l l i f e  in  

th e  a rea , b oth  la  term s o f  stren g th  o f  aunfcers and v a r ie ty  o f  spec ic e ,  

l iv e  la  th e  ocean o ffsh o re  and la  th e  fio r d s  and I n le t s  la  th e  T bstfdlA  H i l l s .

exposed peaks o f  th e  Raymond, posd lck  ’fou n tain s,  however, were 
exantasd  aad found la ck in g  In v e g e ta tio n . A ccording to  P erkins (19^5, 
p . 303) t h is  la ck  any b e due to  th e  chem ical o o n p o eitlo a  o f  th e  very  dark 
v o lca n ic  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 t&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. lV, 3 h ,  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 is lands 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 (1911*, p. 96, Kig. 70) 
show* a rookery atop Cape Adare, a thousand-foot, one-hour clis& for short 
penguin legs, f̂ormally, 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 (l March 
’•>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 27U).
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Fron f i e ld  ex p er ien ce , i t  b m o s  reasonab le to  assume th a t  rook eries  

o f  o th er  b ir d s  e x is t  in  th e  area  a s  v e i l .  S in ce  th e  o th er  A n tarctic  

b ir d s  f l y ,  th e ir  ro o k er ie s  a re  u su a lly  on s te e p  slo p e*  and in  nooks and 

c r e v ic e s  in  th e  ro ck s. 17b g rea t amount o f  guano accu m ulates, however, 

and a s so c ia tiv e  keys fo r  th e  presen ce  o f  such n e s tin g  p la c e s  have not 

been e s ta b lis h e d . O ils  reg io n  nay p la y  h o st to  ouch b ir d s  aa th e  cape 

p ig eo n , W ilson 's stom a p e tr e l end th e  snow p e t r e l.

A d elie  penguin ro o k er ie s a r e , prbbebly w ith ou t e x ce p tio n , accompanied 

b y  n e stin g  skuas who p la c e  th e ir  "skuarles* d ir e c t ly  a lo n g sid e  o r  even  

w ith in  th e  ro o k eries and prey  on th e  A d elie  e g g s , th e  c h ic k s ,  and th e  

s ic k  o r  starvation-w eakened  a d u lts . In  a  s im ila r  fa sh io n , leopard s e a ls  

lu rk  o f f  th e  ocean  en tran ces to  th e  ro o k eries to  fe e d  upon to e  Adel lea  

a s th ey  e n te r  to e  w ater t o  b atoe and search  fb r  fb od .

Thus, w h ile  n ot a  s in g le  s a lm i  i s  v is ib le  on th e se  airphoto® , to e  

p resen ce o f  s is a b le  d e p o s its  o f  penguin guano p rov id es adequate ev id en ce  

o f  th e  fu rth er  p resen ce o f  b a c te r ia , b ir d  p a r a s ite s , n i t a s , skuas and 

se a  leo p a rd s. These anim als fo ra  a  normal fau n a l a s so c ia tio n  In  Ant

a r c t ic a  which la  based  on th e  presence o f  an A d elie  penguin co lo n y . 

M oreover, to e  appearance o f  to e  land makee i t  reason ab le to  p r e d ic t th e  

presen ce o f  c e r ta in  o th er  b ird s which n ea t on to e  A n ta rctic  c o a s t , but 

In d ica to r  keys to  su b sta n tia te  to la  fa c t  do n o t y e t  e x i s t .

Human oceupaace.  !fc> a irp h oto  (toyB 285-3^3) « r  o th er  evid en ce  

e x is t s  which In d ic a te s  to o t  humans have ever  liv e d  in  th e  V estfo ld  H ills  

c o a s ta l a rea . Even p r ia lt iv e  p eo p les u su a lly  d isru p t n a tu ra l p a ttern s  

In  ecrae way, b u t no c le a r ly  v is ib le  ev id en ce o f  a  c u ltu r a l p a ttern  super

imposed over to e  n a tu ra l co n d itio n s p r ev io u sly  d escrib ed  e x is t s .  More

o v e r , o n ly  on experim ent couM  t e l l  w hether a  p r im itiv e , e sk ia o -ty p e  o r
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a a n o li " c iv ilis e d "  European typ e co lo n y  cou ld  su rv ive  and prosper in  

t h is  lo c a l i t y , Gince no p r im itiv e  p eop les have had th e  opp ortunity o f  

goin g  th ere  and no " c iv iliz e d "  p eop les have had s u f f ic ie n t  d e s ir e .

W hile th e  area i s  d e f in it e ly  n ot ease o f  h o s p ita lity , s n a il groups o f  

people radsirt e x i s t  th ere  I n d e fin ite ly  i f  provided proper gu idance.

The V estfo ld  H ills  c o a s ta l area  m i^st h e su ita b le  as a  te gporary  

base fo r  A n ta rctic  e x p lo ra tio n , o r  a s  a  permanent o c ie n t lf ie  s ta t io n .

I t  appears to  b e a c c e s s ib le  to  modern sh ip e fo r  a  sh o rt p eriod  o f  t in e  

a la o s t  ovary mrxaar (Map b ) ,  I t  providee aany sh e lte re d  areas fo r  

mooring o r  even w in terin g  s h ip s . I t  I s  lo ca ted  in  aa  area  which has 

bean landed on tw ice  b u t never exp lored . I t  o ffe r s  f i e ld  research  

proto la s*  o f  in te r e s t  to  s c ie n t is t s  frao n a y  d is c ip lin e s . F ie ld  s tu d ie s  

can be porfoneed during e ith e r  sto n er  o r  w in ter season s oa th e  g la c ie r  

i c e ,  sea  ic e ,  la n d , la k es and ocean . F in a lly , th is  area co n ta in s one 

o f  th e  few  land term in i o f  tike A n tarctic  c o n tin en ta l g la c ie r .

On th e  o th er  hand, one s u e t record th e  problems o f  tr m ff io a b ility  

o v er th e  n o m in a l su r fa ce  (Key 3U3) ,  th e  la ck  o f  a  su ita b le  a ir s t r ip  In  

sunaaer and th e  problem  o f  o b ta in in g  fte a li w ater. With fo r e s ig h t , good 

planning and. th e  u se o f  h e lic o p te r s , th ese  d i f f ic u l t ie s  al& st b e ov»r- 

e o a a e .

THE SORSBAL GLACIER TOHOOE

G eneral 3 a e c r ip tia n . Froa 6SPU 6*G ., 77®25*E. t o  6 8 °5 2 * S ., 7 7 °^ * * . 

th e  c o a s t lin e  f i r s t  tren d s so u th , th en  so u th ea st and f in a lly  southw est 

(Map 1 3 ) . The do fa c to , i e e - c l i f f  sh o re lin e  h u e  la  over 11 m iles  

(8 .7  a ir  n ile o )  lo n g  although th e  Borodai G la c ier  Tongue which f a n *  i t
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I s  o n ly  about 8 .5  re lies v id e  and 10 mi Lea lo n g . The e x a c t in te r io r  

boundary o f  th e  g la c ie r  tongue h as n ot been determ ined , bu t th e f lo a t 

in g  ic e  txisa i s  U n ite d  on th e  north  by th e  V e stfo ld  H i l ls ,  on th e  e a st  

by i t s  parent g la c ie r  and on th e  sou th  and v e s t  by  th e  Indian Ocean.

P revious d e sc r ip tio n s  h a w  been both  b r ie f  and In a ccu ra te. Tho 

ex p lo rers have p a id  l i t t l e  a tte n tio n  t o  th is  ic e  ton gu e, vh ich  to  thsca 

v o s Ju st one o f  ataxy g la c ie r  tongues In  th e  a rea . Among th e  a u th o rita 

t iv e  c a a p lln tlo n  so u rces, th e  U. S . Hydrographic O ffic e  ( 19U3 , p . 236) 

a llo v a  i t  fou r se n te n c e s , two o f  vh ich  cure in  erro r  w h ile  th e  oth er two 

m ight apply t o  a liaoet any A n ta rctic  g la c ie r  d isch a rg in g  in to  th e ocean.

The B r itis h  A dm iralty (1 9 4 3 , p . 306) m erely m entions th a t a  la r g e , rough 

g lacie r  reach es th e  sea  h ere . The U. S . Board on G eographical Homes 

(1 9 4 7 , p . 23*0 has bu t a  s in g le  d e sc r ip tiv e  sen ten ce v h ich  seems to  have 

been in ferred  fr e e  H ansen's a t la s  (1 9 4 6 , Mop 1 0 ).

Maps and a lrp h o to s. Mopo 10 end 13 cover th e  Borodai G lacier  

Tongue w ith  th e  omas d egrees o f  accuracy p rev io u sly  M entioned fo r  the  

V eatfo ld  H il ls . As vac th e  ca se  w ith  tho c o n tin en ta l ic e  h in terlan d  

which backs th e V ea tfo ld  H i l ls ,  th e  g la c ie r  vh ich  backs th e  Borednl 

G la cier  Tongue con n ot be rep resen ted  w ith  any degree o f  accuracy. I t s  

w h iten ess, tho absence o f  d is tin g u ish in g  fe a tu r e s , clou d  cover and i t s  

d ista n ce  from th e  ob liq u e camera moke p lo tt in g  tra a  a lrp h otos d i f f ic u l t .

The S orsd al G la c ier  Tongue ia  covered by a  t o t a l  o f  38 ob liq u e and 

th ree  v e r t ic a l a lrp h otos os fo llo w s :

TABLE 3 . SORSDAI, OLACXEB TCMKKJ AIRPHOTO COVERAGE 

F r is t  Bos Angle B o ll M ission  Agent A lt/P  ? /L  S ca le  Date’is-ss/r ~w sstot i5£fmssFGr mm ir  sm  ~TSrT7
2 9 -4 2 /1  B 67 ffi6  AAK Anser 03835*63 10000 6"   1  Mar 47

6 -3  OR 13 M26 AAH Aoer 0SOTF63 9^00 12" ----------  1  Itor 4?
27-29  OR 18 M26 AAH Amer USUIS’68 10000 12"   1  liar 1*7

114-117 OL 18 IG6 AAH Amer US8 EP68 5900 12"   1 Itor 4?
118-223 OL Id  M26 AAW Aoer USHTF66 ','900 1 2 " ---------------1  Mar 47
677-685 Obi D Baev Wider^e 6550 8 £ " ----------- 26 Jan 37
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Geographic d e lin e a tio n  and p la ce  nanao. In o i l  known lit e r a tu r e  

in  vh ich  th is  c o a s ta l fea tu re  i s  d escrib ed  and uanod, i t  hoe been terraed 

erron eou sly  "Sara&al G la c ie r ." A b r ie f  referen ce  to  th e  a lr p h o to s, how

e v e r , i s  a l l  th a t  i s  req u ired  to  show i t  to  be a  tru e ic e  to n g u e, extend

in g  seaward aa a  f lo a t in g  naas fa r  epgrcoctm tely  10 n i l e s .  In  f a c t ,  so  

p e r fe c t 1s  th e  stru c tu re  o f  t h is  ic e  ton gu e, i t  can be co n sidered a 

c la s s ic  exam ple, and accord in g ly  i t  has been p laced  in  Chapter ¥  o s  Key

35.

A lthough th e  fr o n t (F ig s . 31*, 36) ©ad both  a id es (F ig s . 2 9 , 32 , 33) 

o f  th e  ic e  tongue changed shape during th o  10  y ea rs v h ich  elap oed  between 

th e  two a e r ia l photo recon n aissan ce m iss io n s , th e  b a s ic  shape and s iz e  

o f  th e  Soro&al G la c ier  Tongue rem ains s t e l la r  in  a l l  e s s e n t ia l  a sp e c ts .

3b 19^7, th e  tongue vac n o t oo lo n g  as i t  hod been in  1937 , accord in g to  

Map 10 . T h is Aoee n o t prove g la c ia l  sh rin k age, however, i in c e  th e  

d iffe r e n c e  i s  r e la t iv e ly  s l ig h t  and m ight be accounted fo r  by tb s  ir r e g -  

u litr  ca lv in g  o f  ic e b e r g s .

Other changes Include th e  exposure o f  a d d itio n a l rook su r fa c e s .

For axncqpie, a  m arginal peak v h ich  p ro jected  fr c n  an angu lar bend on the  

n orth  s id e  o f  tha ic e  tongue in  1937 (Mop 10)  has now beccrao s u f f ic ie n t ly  

exposed to  be redrawn on th e  mop as an is la n d  (F ig . 3 3 ). The b e s t  in d i

c a tio n  o f  g la c ia l r e c e ss io n  in  th e  area i s  th e  exposure o f  f iv e  new 

peaks through su rfa ce  w astage v h ich  repre s en t s t e l la r  is la n d s  s t i l l  

covered  by th e  ic e  ton gue. T hese are lo c a te d  near th e  narrow w a is t o f  

Krok I n le t  (F ig . 3 3 ). C revasoed su rface areas (F ig s . 32 , 33) which were 

n o t in d ica ted  on Map 10 n ig h t p r o fita b ly  be in se r te d  on new, la r g e r -  

s c a le  naps o f  th e  a rea , s in c e  tho p o s it io n s  o f  th o se  areas are le s s  

l ik e ly  to  vary than th e  shape o f  th e  ic e  tongue i t s e l f .
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The cmly r a a jc o r  chonga In place maaea recaanen&ed hare is the sub
stitution of the term "Sara&al Glacier Tongue'1 far this feature which 
until new has been known officially os S^rsdal Glacier (U. S. Board on 
Geographical Baaaea, Sp. Pub. 85, 19*»7, p. 23*0 . Tho tern "Sarsdal Glacier" 
should then be applied, to the relatively unknown channel glacier which
dr a in s  th e  h in ter la n d  to  fe e d  th in  g la c ie r  ton gue.

Hinterland. In 19*»7, the hinterland (Pigs. 2 8, 29, 30, 33, 35)
was la r g e ly  obscured by c lou d  forrnotlons a t  th e  t in e  o f  th e  photography, 

and l i t t l e  can be rep orted  concerning I t s  n a tu re . I t  would appear fr a n  

th e nroall p o r tio n  w hich i s  exposed th a t i t  ia  vary s im ila r  to  th e  h in te r 

land  p r e v io u sly  d escr ib ed , ex cep t fo r  th e  probab le p resen ce a f a  sub- 

g la c ia l  d ep ression  ia  th e  bed rock which has caused  a  channel G lacier  

to  form , th u s p erm ittin g  wore rap id  ic e  drainage f r e e  th e  in te r io r  a t  

t h is  p o in t.

Area and c o n fig u ra tio n . W hile th e  p r e c is e  d iv is io n  l in e  between  

th e  S arodal G la c ier  Tongue and th e  S orodal G la c ier  cannot be e s ta b lish e d  

because o f c lcu d  co v er  o c  th e  a e r ia l photography, th e  urea o f  th e  tongue 

con be s a id  to  opproKliaate 90 square m ile s . S u ita b le  p h otograru etrio  

p lo t t in g  equipm ent wae n ot r e a d ily  a v a ila b le  to  th e  w r ite r , bu t otaa&nrd, 

im provised he ig h t-f ln d ln g  methods in d ic a te  th e  h e ig h t o f  th e  ic c  c l i f f  

a t  th e  fr o n t o f  t h is  g la c ie r  ic e  tongue to  be n o t le c s  th en  98 f o o t , and 

p o s s ib ly  a s  nuch a s  150 f e e t .  F ig . 3s* ( s c a le  1 /2 0 ,0 0 0 ) shows th e  g la c ie r  

tongue tow erin g over th e  ad jacen t i s l e t s .

23 b * names “Sarodal G la c ier” and "Sorodal G la c ier  Tongue" fa r  th eoe  
fe a tu r e s  were approved te n ta t iv e ly  by th e  U. S . Boerd on G eographical 
Smses in  February 1952 . A ccording to  th e  g en era l p o lic y  e s ta b lish e d  by 
The A n ta rctic  Caraciittoe o f  t h is  B oard, when a  g la c ie r  and th e tongue de
r iv e d  from  I t  bear th e  sane nsssa, th e  tongue i s  named a  g la c ie r  ton gue.
I f  th e  tongue and th e  g la c ie r  which su p p lied  i t  bear d if fe r e n t  n a o cs, th e  
tongue ia  named an ic e  tongue.
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U nlike th e  c o n tin en ta l I c e , th e  su rface  o f th e  g la c ie r  tongue 

does n o t r is e  r a p id ly  from th e  de fa c to  o h o r e lia e . A t f i r s t  g lan ce i t  

appears to  be le v e l  and f l a t  but an c lo se r  o x sa ia u tlo u  g e n tle  undulations 

are v is ib le  as v e i l  o s  a gradual in crea se  in  e le v a tio n  toward th e  

In te r io r  (F ig s . 3 1 -35 )• W hile o s  a  r u le  th e  tongue I s  h igh er toward 

I t s  cen ter  and toward i t s  b a se , th is  does n o t apply throughout i t s  

e x te n t. L ocal areas o f  r e la t iv e ly  h igh  or low  e le v a tio n s  can be seen  

by c lo s e ly  tm asin ing tb s  ic e  c l i f f  In  F ig . 32. F ig . 30 shows th a t  

I n i t ia l ly  e le v a tio n s  in  tb s  h in ter la n d  in crea se  in  w y h  th e  ssa e  Banner 

as th o se  o f  th o  c o n tin en ta l ic e  h in terlan d  to  th e  north  and th e  sou th .

Surface ccE g o e lticn . The su rface  c o n s is ts  o f  g la c ie r  ic e  w ith  

o cca sio n a l sn ow d rifts and depressed  areas f i l l e d  w ith  f ir n  and onow (Keys 

8 7 -9 6 ). The a ccu a u la tio n  o f  f ir n  and anew in  o th er  than p ro tected  de

p ressio n s and crev a sse  f i l l i n g s  i s  probably prevented by th e  oocp la to  

exposure o f  th e  tongue to  e r o s iv e  winds frcu  a l l  d ir e c t io n s , whereas 

on ly  e a s te r ly  winds can carry  d r if t  to  th e  tongue.

Surface fe a tu r e s . So bod rock or oaraln e su r fa ces  ore exposed on 

th e  g la c ie r  ton gu e, excep t fo r  th e  few  sm all is la n d s  and peaks p rev io u sly  

raentlooed which are ad jacen t to  Krok I n le t  and farm a  p a rt o f  th e  V est

fo ld  ccn p lex . T h erefo re , o n ly  ic e  su rface  fe a tu re s  are con sid ered  bore. 

For th e  3ared al G la c ier  Tongue th ese  i nclude o o str u g i, sn o w d r ifts , 

crev a sses and h in ge l in e  d ep ressio n s. The fa c e  o f  th e  v e r t ic a l ic e  c l i f f  

i s  d escrib ed  in  th e  s e c tio n  p er ta in in g  to  sh o r e lin e s .

G astrugi (Kayo 96-117) ore p resen t but in  a  lo o se r  number and a  mere 

m od ified  form than th o se  o f  th e  h in terla n d  p rev io u sly  d escr ib ed . The 

su rface  o f  th e  g la c ie r  tongue ia  so  cu t by crev a sses th a t th e form ation  

o f  sa str u g l i s  h indered con sid erab ly  (F ig . 3*0 • Evan where crevaeaed
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areas have ‘been somewhat covered over by d r i f t ,  th e  s& atrugl are not 

p a r tic u la r ly  v e i l  developed (F ig s . 3 5 , 3 5 » ). T heir o r ie n ta tio n  in d ica te s  

th a t  th ey  nay have been  formed by v in d s blow ing from th e  co n tin en ta l 

in te r io r  toward th e  eo u th u eet. 9 a a ll sn ow d rifts caused by th e  ragged 

l ip s  o f  c rev a sse s  p r o je c tin g  in to  th e  a ir flo w  are a ls o  p resen t. 5?w 

fornsation o f  lon g  d r if t s  i s  prevented b y  th e in te n s iv e ly  crevaased  a rea s.

In  se v e r a l p a rts o f  th e  le e  ton gu e, groupe o f  sh o r t, lin e a r  r id g es  

w ith  a sso c ia te d  d ep ression s seam t o  cu t across th e tra n sv erse  crevasse  

system . r id g e s  reeesfc ls  r ig h t an gle d r if t s  (Keys l6 0 - l6 2 )  in  ( l )

th o ir  s p a tia l r e la tio n sh ip  to  th e  crev a sse  system  and (2 ) th e  manner in  

w hich th ey  r e f le c t  as strea k s o f  b r i l l ia n t  w hite (F ig . 31) o r  dark gray 

(F ig . 32)  accord in g to  th e ir  o rien ta tio n , w ith  th e  sun in  resp ec t to  th e  

ob server . (They appear to  d if f e r  from r lg x t  an g le  crev a sses in  th a t th ey  

( l )  occu r in  lin e a r  sem es p a r a lle l to  -the d ir e c tio n  o f  g la c ia l  movement, 

(2 > ore o f  s u f f ic ie n t  age to  reessfc le  th e  appearance o f  g la c ie r  ic e  and 

t o  b e  crevaseed  in  a  Banner s im ila r  to  th e  lo c a l g la c ie r  le a , ( 3 ) fr e 

qu en tly  co n ta in  sa ltw a te r , and (h) do n ot have a ccess  h o le s  t o  deep 

c r e v a sse s .

Couple® crev a ssin g  (Khys 138- 168) occurs alm ost everyw here. Several 

system s a t  lo n g itu d in a l and tra n sv erse  crev a sse s  ore d is t in c t ly  recog

n is a b le , b u t v e r t ic a l photography o f  t h is  la s  tongue and I t s  parent 

g la c ie r  may b e req u ired  b e fo re  th e ir  p r e c ise  d er iv a tio n s can d e f in ite ly  

b e e s ta b lish e d . Many crev a sse s  pre s ent  are ty p ic a l o f  th o se  th a t must 

hove been  formed during th e  p eriod  th e  Ice  flow ed down th e  Sarsd al Q lacier
f t  JP

b e fo re  e n te r in g  th e  S o re d a l G la c ie r Tongue.

O th e rs  a re  ty p ic a l a t  th o s e  re s u ltin g  trcm  te n s io n  a n flth h e  re le a s e  

o f  p re s s u re  w h ic h  re s u lts  when th e  ic e  f t t o  a  c o n fin e d  g la c ie r  b e g in s  to
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spread out in  a f lo a t in g  m s s  upon th e  o e s . Although th e  e n tir e  g la c ie r  

lo  crevasaed , beads o f  open, d is to r te d  crem sG es, a lte r n a tin g  v ith  taaootiber, 

d r lfta d -o v e r  a r e a s , exten d  th e  Length o f  th e  ic e  ton gue.

UhlXe th e  crev a sses ere  d eep , v id e , in te r se c tin g  and occu r fr e 

q u en tly , t h is  te e  tongue does n o t p o ssess  th e  c h a o tic a lly  rougji surface  

a scr ib ed  to  i t  by th e  0 .3 . Hydrographic O ffice  (19^3* P* 236) and th e  

B r itis h  Adm iralty (19*»8# P . 30^)* e s p e c ia lly  when compared v ith  th e  o th er  

te e  su r fa ces in  th e  area (P ig . U7 ) o r  in  to e  A n tarctic  in  g en era l (Keys 

36-U i) . 'fhte te  n o t meant t o  im ply th a t to e  su rface  o f  to e  Soredal 

G la c ier  Tongue ia  recanaeaded fo r  ic e  t r a f f l e s b i l i t y  (P la te  l ) .

Hinge l in e  dapreeaiow *, n ot proatoeofc in  P ig s . 2 6 -3 5 , a re  p resen t 

n e v e r th e le ss , to y  35 i l lu s t r a t e s  th en  v e i l ,  to r e  th ey  e x is t  la  to e  form  

o f  d r ifte d  over d ep ression s v h ich  have b lo tte d  ou t th e  c re v a sse s . The 

d ep ressio n s are p a ra lle l  to  th e  ic e  tongue f r o s t .

There are no ourfbca m oraines o f  any kind p resen t.

D rainage,  a a a ll q u a n tit ie s  o f  sa ltw a te r  o r  fro zen  m sltu a ter  (to y s  

177-191) «re r i s ib le  on many p o r tic o s  o f  to #  te e  ton gu e. P ig s . 32, 33 

and 35 i l lu s t r a t e  a  la rg a  m e ltsa te r  lathe near to e  southw est p o r tio n  o f  

to e  te e  ton gu e, ch a in s o f  m ltw a te r  ponds in  to e  e l i c i t  d ep ression s  

betw een to e  crevnseed  zo n es, and auoarous a e ltw a ter  p o o ls in  th e  hollow s  

a sso c ia te d  w ith  to o  lin e a r  r id g es  d escrib ed  under eurlfcce fe a tu r e s , above. 

Other dark areas on to e  su rfa ce  are canoed b y  clou d  shadows ra th er  to m  

&BBfp a t  v a t ic e  su r fa c e s .

tta ltw ater stream  p a ttern s s t e l la r  to  th ooe on to e  h in ter la n d  c o n ti

n en ta l te e  (P ig s . 1 , 6 ) do n ot e x i s t  on t o t e  g la c ie r  ton gu e. A fbv  

sa ltw a te r  stream s lea d  in to  th e  la rg e  a e ltw a ter  la k e  and th e  ponds.

Streams generated  in  th e  h e a v ily  crevassed  areas are s h o r t- liv e d , to e
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roc& iain s raeatuater B trecm  are d iscu ssed  iax3cr r c d ia t lo c , below .

W hile in  l$ k j  tia o succwr taEperatesres were n ot s u f f ic ie n t ly  warn 

t o  thccw th e  e n tir e  su r fa ce  o f  th e  le r g s  raeltw ater laiae an S orsd n l G la c ier  

Tongue, a  q u an tity  o f  fr e sh  thaw w ater was app arently  added to  th e  la k e .

I t  i s  n o t p o o e ib le  to  s ta te  from th e  a e r ia l photography w hether a d d itia n e  

wore made to  th e  o th er  sa ltw a te r  p o o ls  t h is  y ea r  car whether th e ir  con

te n ts  rep resen t th e  accum ulations o f  p a s t season s e x c lu s iv e ly '.

B adinticm  (Hays 169-176) fr a a  th e  cock  erea  o f  th e  V estfo ld  H ills  

ad jacen t to  th e  SoracLal G la c ier  Tongue has produced a  su b s ta n tia l amount 

o f. m e ltin g . The r a d ia tio n  from th e area  on a  w hole h as crea ted  a s lo p ed , 

ra th er  than c l i f f  o d , su r fa ce  on t h is  edge o f  th e  ic e  tongue over w hich a 

s e r ie s  o f  m ltw a te r  stream s d ra in  In to  th e  upper reach es o f  JCrck I n le t  

(F ig* 31)* L ik ew ise , r a d ia tio n  m altin g  has caused  th e  w idening o f  Krok 

I n le t  (F ig s . 3 0 , 2 9 ) . In  a d d itio n , r a d ia tio n  from in d iv id u a l rock s or 

i s l ands boa produced r a d ia tio n  a cu te  an th e  S arsd a l share o f  XTok I n le t  

(F ig . 3 3 ).

The m ajor fcsra o f  m eltin g  and drainage in  th e  area  in  terras o f  volume 

la  hidden fr e e  d ir e c t  view  and can o n ly  he estim a ted  from a s so c ia tiv e  

fa c to r s . Marine c o n ta c t o r  subaqueous m eltin g  I s  caused  by th e  presence  

o f  ocean w ater in  c o n ta c t w ith  th e  bottom  and th e  l « * r  a id e  w alla  o f  

th e  ic e  ton gue. T h is c o n ta c t co n tin u es fear th e  e n t ir e  y e a r , ra th er  th en  

f c r  J u st a  b r ie f  ausxser sea so n . The ocean lo  m ost l ik e ly  a  l i t t l e  warmer 

th an  th e  ic e  tongue which cau ses th e  ic e  c r y s ta ls  in  c o n ta c t w ith  th e  

m arine w aters t o  m e lt and "drain" In to  th e  ocean by s o lu tio n . T h is pro

c e s s  in  n o t sea so n a l but may con tin u e throughout th e  y e a r . W hile th e  m alt

in g  i t s e l f  cannot be observed from  th o  a irp h o to , th e  co n d itio n s under 

which i t  may occu r can be a sse sse d  and i t s  a f te r  e f f e c t 0 ,  such aa  th e
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low erin g o f  th e  su rface  l e v e l ,  raay h e noted. and aeem rm d, I f  coap ara ilve  

a lrp h otos one a v a ila b le .

The p o rtio n s o f  th e Sorsda.1 G la cier  Tongue su rfa ce  a c t covered  by 

fr e sh  d r if t  snow p resen t su rface  pattern* c h a r a c te r is tic  o f  a b la tio n  

a r e a s . L ike a a r la e  co n ta c t sm itin g , th e  prooeoa o f  a b la tio n  i s  Im possible 

to  s e e , but i t s  e f f e c t s  are v i s ib le .  A blet io n  i s  in  g rea t tMoeure respon

s ib le  fo r  th e  presen ce o f  th e  f iv e  a d d itio n a l peaks which aov protrude 

througji th e  Soredal G la c ier  Tongue.

Meaauraaant o f  s o lid  d ra in age, i . e . ,  th e  ca lv in g  o f  ic e b e r g s , req u ires 

th e  uoe o f  cOTparatiwe photography, s in c e  th e  r a te  o f  g la c ia l  raovwoent 

nn& th e  average len g th  o f  th e  Ice  tongue must f l r e t  b e  computed.

S h orelin es.  On a l l  s id e s  o f  th e  Soredal G la c ier  Tongue, save to r  

sons o f  th e  p o rtio n s iia a a d ia te ly  ad jacen t to  th e  e a s t  where I t  adjoin*  

i t s  parent g la c ie r  and on th e  north where i t  meet* th e  V e«tfold  H ills  

(P ig . 31)# th e  sh o r e lin e  c o n s is ts  o f  v e r t ic a l c l i f f s  (P ig s . 3 2 -3 5 * ).

These c l i f f s  g en era lly  reach e le v a tio n s  fro a  100 to  150 fteet above sea  

l e v e l ,  excep t fo r  occar lo n a l low  p la c e s  euch ob th e  s n a il bay on th e  

soutehw etern t ip  o f  th e  tongue (F ig . 35®)> • * »  la v  point®  oa th e  southern  

ic e  v n ll (P ig . 3 2 ) , and th e  northern lim it  vh ich  has been  expoeed to  th e  

r a d ia tio n  firm  th e  Vfcertfbld m i s  (P ig . 3 1 ). In  a d d itio n  to  i t s  h e ig it  

above oea le v e l ,  th e  d e n s ity  o f  th e  g la c ia l ic e  la  r e la t io n  to  th e  d en sity  

o f  w ater and th e absence o f  euy in d ic a tio n  th a t th e  ic e  tongue i s  n ot 

Tooring w ith  th e  t id e  m a t e  i t  c e r ta in  th a t th e  p o r tio n  o f  th e  © m i c l i f f s  

below  3ea le v e l  ore g rea ter  than th e  exposed p o r tio n .

In  s p ite  o f  th e  c la r it y  o f  th e  A n tarctic  w aters and th e  la ck  o f  a  

r ip p led  surffac® a t  th e  t in e  o f  th e  I 9V7 photography, th e underwater por

t io n  o f  th e  c l i f f  cou ld  n ot b e photographed because o f  th e  a n g le  o f  th e
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sun in  r e la t io n  to  th e  p o s itio n s  o f  th e  camera and th e  Ice  c l i f f  end 

because o f  th e  presence o f  f r a z i l  le e  c r y s ta ls  on th e  su rface  o f  th e  

e s t e r . The apparent co n tin u a tio n  o f  th e  ic e  c l i f f  beneath  th e  su rface  

o f  th e  e a te r  la  so w  o f  th e  illu s t r a t io n s  (F ig s . 35 > 35a) ia  a e r e ly  a 

r e f le c t io n  o f  th e  upper p o r tio n  (Ray 255) .

S evera l in te r e s t in g  fea tu res  any b e noted concern ing th e  c l i f f s  

v h ich  fr o n t th e  B orsdal G la c ier  Tongue (F ig s . 35> 35»). F ir s t , th ere  i s  

th e  d if fe r e nce la  appearance betw een th e  c l i f f  fa c e s  on th e  north s id e  

(T ig . 35) end cm th e  sou th  s id e  (F ig . 3 5 a ). T h is d iffe re n c e  In appearance 

I s  ceased  b y  th e  typ e o f  c l i f f  fa c e  which r e m is s  a f te r  th e  c a lv in g  o f  

Iceb ergs and subsequent avalanche e r o s io n . Icebergs g en era lly  c a lv e  a t  

th e  h in ge l in e  d ep ression s (Keys 3 5 , 66-7 0 ) b u t In one ca se , t h is  i s  per

p en d icu lar to  th e  p r in c ip a l d ir e c tio n  o f  c jw a ss ln g  and In th e  other, I t  

la  n o t. The d iffe r e n c e s  betw een c l i f f s  o f  t h is  typ e end th e  b a r r ie r  fa ce  

o f  e h e lf  ic e  are e sta b lish e d  by ccap arison  o f  th ese  fig u r e s  w ith  Key 52 . 

S im ila r ly , th e  d iffe r e n c e s  betw een th e  e l i f f a  o f  Ice  tongues and th o se  o f  

piedm ont g la c ie r s  can b e noted  by a cap erin g th ese  illu s t r a t io n s  to  Hhys 

31 and 32.

A w h ite l in e  occu rri ng a lon g  th e  co n ta c t between  th e  Ice  c l i f f ,  

w ater and a ir  nay rep resen t eax I c e fo o t , a  w ave-cut n ip  o r  a  t id a l  m rk  on 

th e  ic e  c l i f f .  I f  i t  were th e  la s t  named, i t  would in d ic a te  th a t th e  body 

o f  le e  concerned la  n ot f lo a t in g  fr e e ly  w ith  th e  t id e . The w h ite lin e  in  

F ig . 35 does not repr ese n t such an in sta n ce  because I t  i s  in  th e  w ater, 

n ot on th e  io e  c l i f f  and because I t  does not extend fo r  th e  len g th  o f  th e  

c l i f f .  Although th ere  i s  s e w  ev id en ce o f  w ave-cut e r o s io n , vhihh occurs 

on both  stranded and fr e e - f lo a t in g  io e  naaaea, t h is  l in e  m ost l ik e ly  

rep resen ts & t h i s  accum ulation o f  brash ic e  a lon g  th e edge o f  th e  tongue.
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Uxe <3* fa c to  sh o r e lin e  o f  th e  ic e  tongue co n sta n tly  cu ffero  changes 

in  le v e l  and lo c a tio n  caused b y  th e  forward aovaas ut  o f  th e  uneven su r

fa c e  o f  th e  ic e  ton gu e, th e  m arine co n ta c t m a ltin g , m inor avalanches and 

th e  c a lv in g  o f  ic e b e r g s . Changes in  le v e l  h ere , th en , have no d ir e c t  

r e la tio n sh ip  to  is o e ta t lc  ao rsamrta  o r  changes in  sea  le v e l  u n le ss  th ese  

Boveaent s  a f f e c t  th e  q u a lity  o f  th e  Ice  supply and th e  speed v lth  vh ich  

i t  i s  d e liv e r e d .

A m ajor change w i l l  occur in  th e  fr o n ta l se c to r  o f  th e  ic e  tongue 

when one o r  so re  iceb erg s are severed  a t  th e  w id ely  cracked f lo a t in g  

f is s u r e  c le a r ly  v is ib le  in  F ig . 35.

O ffsh ore.  Isla n d s o ffsh o re  th e  S orsd al G la cier  Tongue b elon g  e ith e r  

t o  th e  T betfb ld  ecejp ler on th e  north o r  to  th e  Bsuer Isla n d s on th e  south  

and are con sid ered  in  th e  se c tio n s  devoted to  th o se  r eg io n s.

Su rface cu rren ts and su rfa ce  winds are s im ila r  t o  th o se  d escrib ed

fo r  th e  a rea  p r ev io u sly  co n sid ered . A c o n tin en ta l lea d  dove lop e betw een  

th e  ic e  tongue and th e  d r if t in g  pack ic e  in  th e  su am r.

la  F ig . 35 th e  sm ooth, o i ly  ch aracter o f  th e  sea  in d ic a te s  th e  growth 

o f  f r a z i l  c r y s t a ls , th e  f i r s t  s ta g s  in  th e  form ation  o f  th in  b la ck  (tr a n s 

p a ren t) se a  I c e . Normally th is  th in  ic e  w i l l  fo r a  and break up se v e r a l 

tim es b efo re  th e  f in a l  w in ter  co a t o f  f a s t  ic e  ta b es f ir n  h o ld , lo ck in g  

in  th e  f le d g lin g  iceb ergs fo r  another sea so n . The ton gu e, I t s e l f ,  w i l l  

con tin u e to  push forw ard, how ever, ca u sin g  cracks to  occur in  th e  s e a  I c e .

F lora  and ftocaa. So anim al o r  p la n t l i f e  (Keys 268- 28b ) ia  ev id en t

o r  l ik e ly  to  e x i s t  on th e  Sorsd al G la cier  Tongue, accep t fo r  bottom

v e g e ta tio n , lim ite d  because o f  th e  g rea t depth o f  th e  v o te r , th e  marine 

l i f e  o f f  th e  ic e  tongue m ust resasfcle th a t o f f  th e  rwaainder o f  th e  In grid  

C h ristensen  C oast.
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Hunan occupance. There le  no rescan! o f  a irp h oto  ev id en ce (Keys
H

265- 3^3 ) o f  h m m s h avin g landed upon th e  B orsdal G la c ier  Tongue o r  o f  

i t s  su r fa ce  ev er  h avin g  been  ex p lo red . Su rface lan d in gs o r  su rfa ce  ex 

p lo r a tio n s  b y  any aaans •would be con sid ered  dangerous, b u t th e  zaoot 

f e a s ib le  m an s o f  approach b y  a  a a a ll party  o f  ex p lo rers o r  s c ie n t is t s  

would be by h e lic o p te r , i f  a v a ila b le , o r  by fo o t  freer th e  in te r io r  por

t io n  o f  -the V estfo ld  o r  Hauer c o a s ta l a r e a s . I t  i s  u n lik e ly  th a t s u f

f ic ie n t  m otiv a tio n  t o  accom plish  t h is  f e a t  w i l l  occu r fo r  aoae tim e.

THE W3ST C1QRID CHRJSTKRSEH COAST 

In  th e  p reced in g  pages th e  morphology o f  th e  Pryds c o n tin en ta l le e  

c o a s ta l a r ea , th e  V hetfoM  H ills  c o a s ta l area and th e  S orsd al G la cier  

Tongue, which ecraprioe th e  e a stern  p o rtio n  o f  th e  stu d y a r ea , has b ees  

b r ie f ly  in v en to ried  and an alysed  from a e r ia l photographs. R econnaissance 

photogeograpfey o f  th e  Went In g rid  C h risten sen  C oast (Maps 1 3 , 1*0 r ev e a ls  

th a t  i t  con sist®  o f  elem en ts o f  th e  M orphological ty p e s  encountered  in  

th e  a rea  p r ev io u sly  d escr ib ed . T h erefore , s in c e  d e ta ile d  a n a ly s is  o f  

each in d iv id u a l ic e  form ation  o r  la n d fo m  a lo n g  th e  rem in d er  o f  th e  

In grid  C h risten son  C oast would b e r e p e t it io u s , t h is  area  o f  ty p ic a lly  

in teg ra ted  A n ta rctic  c o a s ta l Ice  form ations and la a d fo ra e w i l l  b e tr e a ted  

a s a  u n it .

G eneral d e sc r ip tio n . The co ea t ftroea 68^ 52*8 ., 77°**2*5. to  69°kB »S., 

73°11*£* e o n o lsta  o f  a lte r n a tin g  a rea s o f  le e - f r e e  in su la r  and pseudo- 

p en in su la r  groups, c o n tin e n ta l ic e -co v ered  c o a sts  and both  a a a ll and large  

ic e  tongues backed b y  g la c ia l  stream s o f  corresponding volu oea and r a te s  

o f  advance. P roceeding frees th e  n orth ea st to  th e  sou th w est, u sin g  Map®

13 and lk  as g u id e s , th e  p r in c ip a l m orphological a rea s a lon g  th e  W sst
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In grid  C hristensen Coast are clef load  aa:

Rauer in su la r  c o a s ta l area  
68°5 2 * s ., 77° ^ ’S . to  6 9 * 0 1 * 8 ., T7°Z7*%.
15 ta lle s  by c o n s t, 1 2 .4  a l ia s  by a ir  lin e  
F ig s . 3 9 -4 5 , Map 13

Renvik le e  Tongue c o a s ta l area  
6gQ0 1 * S ., T r°27'E . to  69° l6 * S ., 76° 5 4 '2 .
32 E illes b y  c o a s t , 2 1 .1  a i l e s  b y  a ir  lin e  
F ig s . 4 4 -5 0 , Map 13

Bvsnaar In su lar  c o a s ta l area  
6 9 ° l6 * S ., 76°5^*B. t o  6 9 °2 8 * S ., 75°53'B . 
b l  m iles b y  c o a s t , 2 9 .2  a l ia s  b y  a ir  lin e  
F ig a . # - 3 8 ,  5 1 -5 9 , Map 13

Laroeaaan In su la r  c o a s ta l area
6 9 °2 8 » g ., 75°53'E . t o  69°37 fS . ,  75°20*E.
30 a i l e s  by c o a s t,  1 5 .6  B ila s  b y  a ir  lin e  
F ig s . 5 7 -7 3 , ?*»!> 14

P u b lica tio n  G la cier  Tongues 
69d3 7 * S ., 75°20*S. t o  69°U 3*s . # 73°58*S.
50 s l i c e  by c o a s t , 3 5 .4  a l ia s  b y  a ir  lin e  
F ig s . 66,  67 ,  7 2 -9 0 , Hap 14

Saadefjord  in su la r  co asta l area
69°49’S . ,  73°58SE .to 69048*8 . ,  7 3 °U * 2 .
23 m ile s  b y  c o a s t , 1 8 .6  m ile s  by a ir  lin e  
F ig s . 8 7 -9 5 , Hap lU

Tw> o ffsh o r e  is la n d  groups are:

Stb&o&t  Isla n d s  
6 9 0 0 6*8 ., 76025*3.
12 to  14 m ile s  o ffsh o re  
F ig s . 36,  5 2 , Map 13

B olln gen  Isla n d s  
69^3 3 *8 . ,  75°10*E.
0  to  8  a l ia s  o ffsh o re  
F ig s . 38,  5 8 -5 9 , 6 4 -7 3 , Mbsp lb

The reg io n  Is  bounded by th e  Borodai G la c ier  Tongue on th e  n orth ea st

said th e  Anery S h e lf  Ic e  vh ich  ju ts  ou t Aran th e  Lars C hristensen  C oast

on th e  sou th w est.

Theee areas wwre d iscovered  by M ikhelaen (P o lar R ecord, 1935, Bo. 10,
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pp. 126-129) (luring a  c r u ise  a lon g  th ese  191 E l i e s  o f  c o a s t lin e  which  

occurred Treat 2000 hours to  1100 hours on th e  n ig h t and on m in g o f  20-21  

February 1951. Bo lan d in gs were cod e. On 2  January 1939# E llm w th  

(1939a , p . 3) s ig h ted  th e  Bauer I s la n d s . The n ext day he landed b r ie f ly  

co  another in su la r  group v h ic h , fran  h ie  d e scr ip tio n  and th a t o f  W ilkins 

(1939# d ia r y , 3 J a n .) , aay have been th e  Svenner Is la n d s . On 6 Janu

ary W ilk ins ( 1939,  SB d ia r y , 6 J o n .) record s b r ie f  lan d in gs swde upon 

is la n d s , presum ably th e  H auers. E llsw orth  (1 9 39a) g en era lly  agrees bu t 

p la c e s  th e  d ate one day la t e r . Ia  a l l ,  E llsw orth  (1939b) records seven  

is la n d s  to  have been v is it e d  and 50 pounds o f  rock sam ples to  h a v e  been
o||

gath ered . Ia  1937, tb s  Bcarwaglore node photo f l ig h t s  in  th e a rea . In  

19^7, th e  Azaericaae cu rried  ou t a e r ia l photo recon m iasan oe o f  th e  co a st 

and th e  h in ter la n d . Ho lan d in gs on is la n d s  have occurred o th er  than th ose  

J u st p rev io u sly  d escr ib ed , and no lan d in gs o f  any d e scr ip tio n  are recorded  

fa r  th e  psosxio-penin su la car m ainland area .

The tac*m , prim ary oourcc re feren ces to  th e  geography o f  t h is  area  

in c lu de t

TABLE k . WB3I HXSOD CBKPTEJBEH COAST: SKMftBV SO K ES

A uth ority  Bate Q uantity
...

C h ristensen  
C h risten sen  
C h ristensen  
E llsw orth  
E llsvcorth  
Hansen

0 3 5 7  ~ i /3  page t e x t  (iYcrc t& kiaslaen).
1933) Two sen ten ces o f  t e x t .
1939a) Bo t e x t ,  one o a r la l photo.
1939b) 1 /5  page ta r t .
1939a) l /2  page t e x t , one photo.
1939b; 1 /8  page t e x t ,  fou r p h otos.
19^6) Bo t e x t , fou r a e r ia l p h otos, kroa 

supped fr a a  a e r ia l photos w ith out 
ground c o n tr o l a t  1/ 250 ,000  s c a le .

^ W ilk in s d iv id ed  th e  G eo log ica l specim ens in to  two rop reoon tativo  
c o lle c t io n s , g iv in g  ana t o  L in coln  E llsw orth  and th e  o th er to  S ir  Douglas 
Hoarsen. The fanner c o lle c t io n  i s  n ia s in g  and th e  la t t e r  c o lle c t io n  has 
never been rep orted  upon la  th e  p r o fe ss io n a l lit e r a tu r e .
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Whan d u p lica tio n  o f  in ftm m tio n  i s  em itted , th e  t o t a l  amount o? d escr ip 

t iv e  m a ter ia l from p u b lish ed  o r ig in a l sou rces (T able U) vh ich  a p p lie s  

s p e c if ic a l ly  to  th e  geography o f  th e  191 m ile s  o f  c o a s t lin e  under con

s id e r a tio n  amounts t o  le s s  than one page o f  p r in ted  t e x t .  Moreo v er , 

o n ly  a  renal 1 p o r tio n  o f  t h i s  t e x t  i s  s u f f ic ie n t ly  p r e c ise  to  "be u s e fu l, 

th e  rem ainder b e in g  ecraeuhat vague and in  some in sta n ces  in cor r e c t . 

P ublished maps and ph otos are more h e lp fu l. The e n tir e  191 m ile s  o f  

c o a s t lin e  have been  mapped by a lr p h o to s, b u t v ith o u t th e  u se o f  ground 

c o n tr o l, a t  th e  s e a ls  o f  1 /2 50 ,000  (Hap* 1 0 , 1 1 ) . F ive  a lrp h otos and 

f iv e  mnrffcee photos have been p u b lish ed .

Maps and a irp h o to * .  Maps 10 and 11 cover th e  area  concerned.

They are r e lia b le  fo r  recca a a lssa a ee  purposes and in  lo c a tin g  areas o f  

ic e - fr e e  te r r a in  b u t e n t ir e ly  inadequate to r  p r e c is e  d e lin e a tio n  o f  th e  

c o a s t lin e  o r  te r r a in  c o n fig u ra tio n . Maps 13 end lH are rep rod uctions o f  

Mops 10 and 11 overp rin ted  w ith  i n format io n  produced in  t h is  stu d y . I f  

Maps 13 and lU are fo ld ed  in  h a lf  h o r iz o n ta lly  and th en  Joined la t e r a lly ,  

a  mop o f  W est In grid  C h risten sen  C oast r e s u lt s .

More than 1 ,7 9 0  airphoto®  have been  made o f  t h is  c o a s t , thou^s o n ly  

f iv e  are known to  hove been  made g en era lly  a v a ila b le  through pub 1 l e s t  io n . 

The U nited S ta te s  Tfavy a e r ia l photography amounts t o  l ,$ » l  9" x  9" t r l -  

aetrogem  exp osu res. The Sorwegians have taken more than lUO j"  x  7" 

o b liq u e s . The breakdown fo llo w s:



TABLE 5 . WTJT IWW1B qm W HBffSffl COAST: ATRP30TO COVERAGE

P r in t 9cm Angle R o ll Mias Ion A flj j j t  A lt/T  F^L B ea le  Parte
“5 f"  SS^'aB# Aner USW®P̂ 5 53$5 o" 18366

70-lW »/2 L & m  65 M25 AAW Aaer TJSTTPF68 600Q 12000 2? Feb *7
IU5- I 6 9 /3  L&vaa 65 M25 AAW Aner UBWFF68 3100 6 " 6200 27 Feb Vf
170-19H /3 L&7&R 65 M25 AAW Aaer JJSOTF68 2900 6 " 5300 2?  Feb *7
1 3 3 -1 6 0 /2  LAV&R 66 M26 AAV Aaer USSTF68 7300 6 " 1U600 1 Mar U7
1 6 1 -1 9 2 /2  IAVW 66 M26 AAT? Aner OS1PTF68 9500 6" 19000 1 Msr U7

l - 2 5 / l  IAVSR 67  M26 AAW At*sr USWTF68 10000 6 " 20000 1 Mar *»7
B l-1 6 0 /2  IATOB 67 M26 AAW Aner UPOTF63 10000 6 " 20000 1 War *»7
3 0 -1 1 2 /2  IAVAR 69  !426 AAW Aner 03STF68 8000 6 " 16000 1 Mar k j

1 1 3 -2 2 7 /3  lAVW 69 M26 AAW Aaer WjrTFCe 9700 6 " 1«A00 1 Mar 1»7
9 -2 6  OR 18 M26 AAW Aaer USHTF68 98OO 12"---- 1 Mar h i

12U-151 Of? 13 M26 AAW Aner t!P!Wp63 10000 12" -- 1 Mar k7
521-680 Obi P Worw Widerjfe 6550 31”   26 Jan 37

Except fb r  l e f t  o b liq u e , v e r t ic a l and r ig h t ob liq u e r o l l s  nun- 

bared 65, vh ich  were exposed la  th e  in te r io r , sad  th e  s ix th  sad  ten th  

l i s t in g s  above which b is e c t  th e  c o a s t lin e , a l l  o th er  photography gener

a l ly  p a r a lle ls  th e  c o a s t . Bcrae photographs in clu d e o n ly  sea  le e  or  

"feat ure  le e  s'* ic e c a p , b u t th e se  are n ecessary  fb r  photo c o n tr o l and fb r  

a sc e r ta in in g  th e  p resen ce o r  absence o f  s n a il is la n d s  o r  s ig n if ic a n t  

su r fa ce  fe a tu re s  In th e  a rea s concerned . Clouds p ro h ib ited  photographing  

se a s  o f  th e  in o sd la te  h in te r la n d .

Geographic d e lin e a tio n  and p la c e  nance.  The Insu l ar  sad  pseudo- 

p en in su la r  groups o f  1he West In g r id  C h risten sen  C oast a re  ia  need o f  

more accu rate  d e lin e a tio n . In  scrae in s ta n c e s , th e  o ld  nm ee w i l l  con

tin u e  t o  aehe sen se  when a p p lied  t o  th e  c o r r e c tly  d e lin ea ted  la n d fo ra e , 

b u t la  o th e r s , new nones or a t  le a s t  new g en er ic s  o u st be u t i l i s e d .  S in ce  

th e  a rea  i s  so  la r g e  in  r e la t io n  to  th e  eoct r aaa ly  numerous m inor changes, 

on ly  ea se  o f  th e  aore s ig n if ic a n t  changes a re  con sid ered  h e r e . Consaenc- 

in g  w ith  th e  Reuer Is la n d s  and proceed in g  from th e  n o rth ea st to  th e  sou th - 

w est (Mope 1 0 , 1 1 ) , th e  fo llo w in g  p r in c ip a l changes in  la e d fo m  d e lin e a 

t io n  o r  cartograp h ic rep resen ta tio n  a r e  in  o rd er . The nore s ig n if ic a n t  

o f  th e se  changes have been  raade cm Maps 13 end lb :
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1 . F i l la  (!teg Isla n d ) and Itopoy (Bbo&I I s la n d ), th e  two c h ie f  

Isla n d s o f  th e  R suer Group and th e  two la r g e s t  In su la r  m asses 

a lon g  th e  e n tir e  In grid  C h ristensen  C oast, o u st each he redrawn 

and sep arated  In to  su re  than a  h a lf-d o  sen  in d iv id u a l Islan d s  

and nany s n a il sk e r r ie s  and rooks (F ig s . 39-^ 3).

2 . Ranvttctaagen (RanvHc Tongue) o f  th e  Saner in su la r  co a st o u st he  

sep arated  ftron th e  ad jacen t rock outcrop* on th e  Ice  c o a s t . I t  

th en  must h e fu rth er  d iv id ed  In to  one p r in c ip a l is la n d  and 

se v e r a l i s l e t s  (F ig . M i).

3 . The ic e - fr e e  land areas in sh ore frora F ills -o e a n  (Bag S t r a it ) ,  

p r e v io u sly  d esign ated  as u n cer ta in , sa y  sow h e shown as is la n d s , 

excep t fb r  th e  second group from th e  southern en d , which m ist 

con tin u e to  b e in d ica ted  a s  a  p o s s ib le  p en in su la  (F ig . M i).

U. The Baxter Isla n d s nay now h e redrawn to  show th e  pres en ce  o f

su re  than 125 is la n d s  and hundreds o f  ro ck s. In d iv id u a lly  th ese  

changes are n o t s ig n if ic a n t , b u t c o l le c t iv e ly  th ey  are im portant 

in  terras o f  n a v ig a tio n  as w e ll a s in  terras o f  e s ta b lis h in g  th e ir  

s p a t ia l o r ie n ta tio n  and asp  p a ttern  which in  tu rn  nay a id  in  

e s ta b lis h in g  th e  c la s s if ic a t io n  and o r ig in  o f  th ese  f e at ure s  

(F ig s . 3 9 -^ 5 ).

5 . Ranvikhreen (Ranvik G la c ier) and two s t e l la r ,  uncaged areas 

nearby should  h e in d ica ted  a s  ic e  tongues hacked by em ail g la -

. c ie r s  (F ig s . U5- 50) .

6 . An in d ic a tio n  o f  -the presen ce o f  th e  s a a ll  Ice  tongue a t  Bovdes 

i s  q u ite  in  order (F ig . 3 ^ ). The e lifP e d  tarn edgs here i s  not 

in d ica ted  on H ansen's nap (Map 1 0 ).
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7 . Laracnanaf je lla . (Lara-boy Mountains) are d efin ite ly  lasuffloent 

la  mass or e lev a tio n  to  be tensed  mountain*?. Pseudo-peninsular 

la  th e ir  do fe e to  ch aracter, I t  Is  alm ost certa in  th a t a  further  

recessio n  o f  th e io e  w i l l  rev ea l sany, i f  not a l l ,  o f  th eee h il lo  

to  be in su la r  rather than con tin en ta l (F ig s . 5®-^3)«

8 .  In  th e  L a rse a sn n fje lla , S toraeak loa (Largs Claw P en in su la ) i s  

In su la r  rath er than p en in su lar  and should  b e napped a s  an isla n d  

connected to  S tom as (Large Cape) b y  a  ecofcin ation  remnant  and 

sn ow d rift g la c ie r  (F ig . 6 3 ) .
•  w

9 . B ollngen and Boartrens Isla n d s appear to  poaaees no q u a lit ie s  

which req u ire th a t th ey  b e con sidered  a s  sep arata and d is t in c t  

frora each o th er  or frcra th e  in su la r  p o rtio n s o f  L arsearanafJella. 

The major d iffe r e n c e  between th eee  th ree  is la n d  groups seems to  

be th e  r e la tio n sh ip  o f  th e ir  in d iv id u a l s i t e s  t o  vary in g  k inds 

o f  se a  ic e  which surround than* Although s u f f ic ie n t  d ata  are  

n o t y e t  a v a ila b le  to  b e  a b so lu te ly  c e r ta in , th e  Larwanann f  J e lla  

apparent ly  beeorae fr e e  o f  se a  ic e  fo r  a  p o rtio n  o f  a la o s t  every
ft

ste n e r , w hile th e se c  ic e  surrounding th e Bo 1 ingen Islan d s breaks 

up and goes out to  sea  le a s  o ften  and th e So stre ae isla n d s are 

t r apped in  a  coe& iaatlon o f  extrem ely heavy sea  and land ice  

between two le e  tongues. When i t  la  considered th a t a l l  o f  th ese  

di f f e rences  are o f  but a temporary nature, i t  w o ld  seem a s i f  

th e sz b itr sr y  d iv is io n  in to  th ree group* has no v a lid  b a sis  la  

f e e t  (F ig s . 38,  5 8 -7 3 ).

1 0 . Tfigoy o f  th e  B o llagen  group appears to  b e  s l ig h t ly  d is to r te d  as  

i t  la  rendered an Mop 1 1 . A s tr in g  o f  i s l e t s  ad jacen t to  i t  ore  

la ck in g  on th e  raap (F ig s . 6 8 ) .
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1 1 . The Xndre Bo lin d en  (In n er Hard) Isla n d s a ls o  appear saraevhet 

d is to r te d  In th e ir  p resen ta tio n  on Map 11,  hut th ey  are f a it h 

f u l ly  rep resen ted  In d e t a i l ,  excep t fo r  Sfcoroy Vhich c o n s is ts  

o f  two is la n d s ra th er  than one (F ig s . # > -6 7 ).

1 2 . The S o etrw *  (S is t e r )  Isla n d s are in d ica ted  on Map 11 a s  two 

major is la n d s , Vtosle S y e ter  ( L it t le  S la te r ) and S to re  S y ster  

(B ig  S is t e r )  togertiw r w ith  th ree  s n a il ro ck s. The a lr p h o to s, 

how ever, ahov th a t one o f  th e se  rock s Is  th e  exposed p o rtio n  

o f  an tce-co v ered  is la n d  lo n g sr  than S tore S y a ter . At le a s t  

two o th er  ice-covarad  is la n d s  la r g er  than Vtesla S y eter  a re  ia  

th e  group (P ig s . 7 2 , 73# Hap 1*0 •

1 3 . outo t anding ic e  fea tu re  o f  th e  e n tir e  In grid  C hristen sen

C oast, accord in g to  Maps 9 , 10 and 11 , i s  a  huge s h e lf  le e  vh ich  

occu p ies th e  c o a s t lin e  from 73°55*E. to  75°20*E. and p r o je c ts

22 ntHne in to  th e  s e a . Map 11 g iv e s  no In d ie a tlo o  th a t  th is  

area  c o n s is t s  o f  an yth in g o th er  than th e  f l a t ,  "fe a tu r e le s s"  

ic e  p la in  ty p ic a l o f  s h e lf  ic e  s tr u c tu r ee . Hansen*a t e x t  which

accom panies h is  nape confirm s t h is  in p reea io e  b y  in d ic a tin g  th e
25boundary symbol used Is  th a t o f  s h e lf  ic e . Hovevey, no s h e lf

^ B hasen  ( 19^ »  p . 7)? JCyetlinJen e r  teg n e t ned en enJuslt l in j e  hvor 
dens fb rl^ p  an ses forijo ld v ia  konsrfcant, og m d  en  ddbbelt l ia j e  a»d 
tv errstre lo sr  fo r  utH ytanfte b a r r ie r e . T h is has been  tr a n s la te d : ?Sie 
c o a s t lin e  i s  drawn w ith  a  s in g le  l in e  where I t s  course i s  regarded as 
f a ir ly  perm anent, nod w ith  two lin e s  Joined by c r o s s lin e s  fo r  s h e lf  i c e . " 
I t  nay b e p o s s ib le  th a t u tfly te a d e  b a r r ier e  can be tr a n s la te d  more broadly  
th an  aha I f  ic e  olthoufjx th a t I s  Ttansen ̂ 'ap p roved  tr a n s la tio n . I t  th en  
becom es n ecessa ry  t o  d atern in e A e th e r  th e  terra b a rr iere  i s  th e  eq u iv a len t 
o f  th e  E n glish  te r n  b a r r ie r , w eening s h e lf  I c e , or tK e" American term  
b a r r ie r , aenning th e  c llf f b d  edge o f  th e  s h e lf  ie e . In  any c a s e , e ith e r  
th e  s t atem ent i s  in  erro r  o r  th e  Ifarweglano d id  not d is tin g u ish  betw een  
s h e lf  ie e  and ic e  ton gue.



ic e  i s  a c tu a lly  p resen t cm th e  In grid  C hristen sen  C oast, even  

though th e  standard c a s p ila t lo n  sou rces (U . 3 . Hydrographic 

O ff ic e , 19^3# P* 237 and B r it is h  A dm iralty, 19^8, p . 306) 

both  so  s t a t e . A la r g e  m s s  o f  f lo a t in g , t e r r e s t r ia l ly  fanned  

ic e  does e x is t  o f f  th e  c o a st a t  th le  p o in t, b u t o n ly  a  g lan ce  

a t  th e  i l lu s t r a t io n s  (F ig s . 66,  6 7 ,  7 2 -9 0 ) la  needed to  d e te r 

m ine th a t  t h is  ic e  i s  th e  product o f  th e  f lo a t in g  ie e  ton gues 

o f  f iv e  g la c ie r s . A b r ie f  in sp e c tio n  o f  th e  keyc fo r  s h e lf  

ic e  (K«ya H7-6 5 ) and ie e  ton gu es (Tfttye 35-^6 ) r e a d ily  confirm s 

t h is  o p in io n . The ic e  h ere  s te a d s  in  s ta r t lin g  c o n tr a st In  

appearance and fu n c tio n  t o  th o  genuine s h e lf  ic e  fr o n tin g  Lars 

C hrlstenoea land  vh ich  i t  a lm ost tou ch es a t  th e  entra n ce  to  

aaad efjord  B ay. th e  ch aracter o f  t h i s  v a s t Ic e  tongue complex 

shou ld  b e tr u ly  rep resen ted  on th e  wap (F ig s . 7 2 -9 0 ), Accord

in g ly , i t s  19^7 appearan ce has been  sketch ed  in  on Map lfc.

lh .  The shape o f  th e  ic e  tongue com plex changed m arkedly during

th e  te n  y ea rs in terv en in g  betw een th e  two photo r e c o n n a i s s a n c e  

s o r t ie s  ( c f .  Maps 1 1 , lU ). The 1S&7 Ice  tongue s tr e tc h e d  20 

railan fu r th er  o u t to  se a  than th e  1937 ic e  rasas a s  in d ica ted  

by i t s  napped b ou n d aries. The ic e  tongue from  th e  p r in c ip a l 

su p p ly in g  g la c ie r  fb raa a  curved sp in e  fb r  th e  ic e  tongue com

p le x  and in  19^7, i t  averaged sera© 12 rsilea  in  w id th . The 

s p e c if ic  v id th  a t  any one p la c e  I s  d i f f i c u l t  to  d eterm in e, 

s in e s  th e  s id e s  o f  t h is  tongue cone lo t  o f  i t s  own m assed ic e 

b erg s and s im ila r  la rg e  fra& asnts o f  th e  a d jo in in g  ic e  tongues 

(F ig s . 7 2 -9 0 ).

1 5 . One m ajor, th re e  meditsa and one m inor g la c ie r s  ( ’lap l b ) ,  none
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o f  which are in d ica ted  on Stop 3 1 , supply th e  f iv e  ic e  tongues 

th a t com prise th e  ic e  tongue ccnplesc (P ig s . 7 2 -7 5 , 7 9 , 83-& », 

9*0.

16 . Sandefjordbulcta (Sandefjord Bay) a ls o  r a d ic a lly  changed i t s  

shape during th e  te n  years frees 1937 to  19^7. However, a o o e ll  

p o rtio n  o f  i t e  southern c o a st i s  fr in g ed  w ith  is la n d s , i s  p o r tly  

ic o - fr e e  and d id  n ot change i t s  shape. The rem in d er  o f  Sandef- 

fJordBay la  a  do ffceto a f f a ir  o f  an epheneral nature crea ted  by  

th e  dynastic boundaries o f  th e  s h e lf  i c e ,  g la c ie r  ic e  and ic e  

ton gues in  Which i t  i s  form ed. I t s  o n ly  (ic e -c o v er e d ) land  

boundary w il l  fo r a  a  cape ra th er  -then a  b ey  upon ev en tu a l r e 

c e ss io n  o f  th e  ic e .  Because th e  bay le  o f  ouch a  dynamic end 

ephem eral ch a ra cter , co n sta n tly  undergoing changes in  I t s  p o s i

t io n , sh ape, o r ie n ta tio n  and s i s e ,  such fa c to  should  b e rep re

sen ted  on th e  nape and e  su ita b le  sy ilb o lir a tio n  a p p lied  to  I t s  

boundaries (F ig s . 7 2 -9 0 ).

17 . 'fount C aroline filk h eleen  n u st b e raoharted  to  a  p o s it io n  d ir e c t

ly  cet th e  c o a s t lin e . There i s  even  see*  ev id en ce la  th e  photoe 

which In d ic a te s  th a t th is  peak cou ld  b e an is la n d , b u t t h is  has 

n ot been  proved.

In  v iew  o f  th e se  changes in  th e  co n fig u ra tio n  o f  th e  V est In grid  

C h ristensen  C oast and in  v iew  o f  th e  Sorwegian d e sc r ip tiv e  p la ce  aaaes 

and g en er ic s  now in  u s e , th e  fo llo w in g  aaaes are proposed and have been

r~ These nones have been subm itted by th e w r ite r  to  th e  U .S . Board on 
Geographic a l  ISsaea. The names were eaerolnBd during February 1952 b y  th e  
B oard's A n ta rctic  Committee, a t  Which t in e  t it ty  were te n ta t iv e ly  approved .
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p laced  on Maps 13 and lUj

1 . F i l la  Isla n d  t o r  th e  aew»r, a a n lle r -s ia e d  P illa . (14ap 1 3 , P ig s .

39 , fcO).

2 . Hop Isla n d  fb r  th e  newer, an aaller-oised  Tlopoy (ftep 13, F ig . 1*2).

3 . Ranvlk Islan d  fo r  th e  p r in c ip a l is la n d  which fam ed  th e  Ramrik- 

tangen , (ftep 1 3 , Fig* *&).

W. Browns G la cier  Tongue fo r  th e  unneaed le e  tongue ad jacen t on 

th e  south  to  th e  b ase o f  th e  form er Rarwlktangen (step 1 3 , F ig .

kk).

5 . Browns G la cier  fo r  th e  g la c ie r  which su p p lies Brown* G la cier  

Tongue (Map 13) .

6 .  Chaos G la c ier  Tongue t o r  th e  unnamed ic e  tongue betw een Browns 

l e e  Tongue and Raarikbrek&a (Mhp 13,  F ig . U7 ) .

7 . Chaoa G la c ier  fo r  th e  G la cier  which su p p lies Chaos G lacier  

Tonga* (Map 13) .

8 .  Rarrrik I c e  Tongue fo r  BarrriKbreen (Map 13,  F ig s . US-55, 5 5 ) .

9 .  Hovdo ic e  Tongue fb r  th e  unasoed Ice  tongue a t  Borden (Mop 13 , 

P ig - 3 6 ).

10 . F l& tass Ic e  Tongue fb r  F ln ta es (F la t P en in su la) (Map 1 3 , P ig .

3 6 ).
o

11 . Dalk G la c ier  fo r  on unnamed g la c ie r  ending in  a  Fjord in  

Dolkoybukta (Map 1^, F ig s . 38,  5 ^ ).

12. L areeoszn H ills  fb r  th o se  p o rtio n s o f  th e  L arserannnfjella which 

a re  p en in su lar  or pseudo-p en in su lar (Map lfc , F ig s . 53 , 60-6 l ) .  

(Approved by U. S . Board on G eographical Names la  I t s  S p ec ia l 

P u b lica tio n  86 . )

13. Timid S is t e r , Hidden S is te r  and Shy R io ter  fo r  th ree  urawaed 

is la n d s  In th e  R ostren* group which l i e  ad jacen t to  th e  e a ster n -
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m ost ic e  tongue o f  th e  ic e  tongue complex (Map lk , P ig s . 72,

7 3 ).

lk . Debutante fb r  th e  lo n g , e lim  is la n d  in  th e  Soetrene group 

south o f  S tore S y ster  which i s  J u st b eg in n in g  to  "cone out" 

ftnsa under i t s  Ice  cower (Map l 1*, F ig s . 7 2 , 7 3 ).

15 . P u b lica tio n  G lad ier Tongues fo r  th e  ic e  tongue complex formed 

by f iv e  g la c ie r s  d isch a rg in g  in to  th e  se a  betw een th e  Bo 1 ingen  

Isla n d s end Sandsfjord  le e  Bay (Map lk , F ig s . 7 2 -8 6 ).

16 . Polnr&rboken G la c ier  fb r  th e  easternm ost o f  th ese  f iv e  g la c ie r s , 

th e  tongue o f  which p a sses c lo se  aboard th e  S o strea t Islan d s  

(Map lk ,  F ig s . 7 2 , 7 3 ).

1 7 . P olar Record G la c ier  fo r  th e p r in c ip a l g la c ie r  o f  th ese  f iv e  

and th e  second one frota th e  e a s t  which p a sses betw een th e  

S ostren e Isla n d s and A issknatten, su p p ly in g  th e  a a ln  tongue In  

th e  ic e  tongue complex (Map lk ,  F ig s . 7 3 -7 5 ).

18 . P olarforschung G la c ier  fo r  th e  m iddle o f  th ese  g la c ie r s  which 

p a sses wwrt o f  M eknattaoe and around V estk n stten  (Map lk ,  F ig s . 

7 9 , 8 3 ) .

19 . I I  P olo  G la c ier  fb r  th e  fou rth  and le a s t  a c t iv e  o f  th ese  f iv e  

g la c ie r s . The g la c ie r  I s  n ot as g r e a tly  crev essed  a s  i t s  

n ei^ ib ora  (Map Ik , F ig s . 79a , 8k ) .

2 0 . P o lar T ines G la c ier  fo r  th e  f i f t h  and w esten sa o st o f  th ese  

f iv e  g la c ie r s , reach in g Sandefjord Ic e  Bay and form ing th e  

w estern  boundary o f  th e  P u b lica tio n  G la c ier  Tongues a t  T v lllin g -  

f j e l l  (Map lk . F ig . 8k ) .

2 1 -2 5 . Polar& bofesn G la cier  Tongue, P olar Record G la c ier  Tongue,

P olarforschung G la c ier  Tongue, I I  P olo  G la c ier  Tongue and P olar
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Tinea G la cier  Tongue r e sp e c tiv e ly  fb r  th e  ic e  tongues steam ing  

from th e  f ir e  g la c ie r s  l i s t e d  above ( ’Sap lU , F ig s . 72-8U ).

26 . Sandefjord Ic e  Bay fb r  Sandefjordbukta (Hop lU , F ig s . 8 8 -9 2 ).

27 . C aroline M ik telsen  Peak fb r  C aroline M ikkelsen F J e ll (Map I t ,

Fig* 95)* (Approved by th e  U. S . Board on G eographical {femes 

in  i t s  S p ec ia l P u b lica tio n  n o . 86 . )

The fo llo w in g  names are used  In r e fe r r in g  to  s p e c if ic  is la n d  groups 

b u t have not been  su ggested  fb r  u se as fo m a l p la ce  names:

1 . Hop Isla n d  group fb r  Hop Isla n d  and th e  s n a il is la n d s  about i t  

(Mop 10,  F ig . U2 ) .

2* F i l in  Isla n d  group fo r  F l l la  Isla n d  and th e  em ail is la n d s  about 

i t  (Msp 10 , F ig s . 39 , t o ) .

3 .  Rsnvik Isla n d  group fb r  Banvlk Isla n d  and th e  s n a il is la n d s  

about i t  (Jtep 1 0 , F ig . t o ) .

k .  B ast Isla n d  group fo r  th e  is la n d s In th e  Ransr Isla n d s which l i e  

ad jacen t to  th e  c o n tin en ta l c o a st (Map 10 , F ig . t o ) .

H interland .  Along th e  Wteat In grid  C hristensen  C oast th e  h in terlan d  

appears to  be s im ila r  to  th a t o f  i t s  e a stern  coun terpar t .  H ere, however, 

th ere  i s  b e tte r  a e r ia l photography a v a ila b le  w ith  which to  I llu s tr a te  i t s  

p r in c ip a l f eat ures .  The in te r io r , to  a  depth o f  a t  le a s t  200 m ile s , i s  

com prised o f  a  es&oth " fea tu re le ss"  ic e  p la in  o f  th e  typ e illu s tr a te d  in  

th e  f oreground and m iddle ground o f  F ig . 55. The iceca p  here i s  e s s e n t ia lly  

l e v e l ,  b u t has a  c o n sta n t, a lth o u ^ i alm ost im p ercep tib le , r is e  in  e le v a tio n  

toward th e  in te r io r . An ic e  e le v a tio n  o f  7 ,7 0 0  f e e t  was measured by rad io  

a ltim e te r  from a  photo reconna issa n ce  a ir c r a ft  105 m ile s  in lea d  a t  7 0 °to * 8 ., 

77°56 , S . on 27 February 19**7.

In land from i t s  i n i t i a l  r is e  near th e  c o a s t , th e  ic e  p resen ts a  

sa stru g i-co v ered  su r fa ce  so  co n sta n t in  appearance th a t i t  becomes
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d i f f i c u l t  to  fu se  tha a irp h otos In  s te r e o  v is io n . F usion  I s  d i f f i c u l t  

because th e  sa a tr u g i, which fo r a  th e  o n ly  v is ib le  su rfa ce  fe a tu r e s , look  

so  s im ila r  t o  one another th a t an arduous e f fo r t  Is  req u ired  to  fin d  and 

natch  two photo im ages o f  th e  same in d iv id u a l s a s tr u g i. C revasses ore  

g e n e ra lly  sh een t in  t h is  p a r tic u la r  a rea . Me I t  w ater stream s, puddles 

and ponds are so ld cn  in  ev id en ce h ere . F ev , i f  any, o f  th e  c o a s ta l g la 

c ie r s  p en etra te  in lan d  t h is  fo r , fo r  m ost o f  th en  end w ith in  a  fe v  mi le a  

o f  th e  c o a s t lin e  (F ig . 56) .

As i t  nears th e  c o a s t , th e  downward s lo p e  o f  th e  c o n tin en ta l ic e  

su r fa ce  suddenly In creases I t s  p rev iou s r a te  o f  d escen t eons fo u r  o r  more 

tim e s . The r e le a s e  o f  p ressu re r e s u lt in g  fro a  th e  low er end o f  th e  Ice  

b ein g  suppor te d  in  w ater w ith ou t m arginal confinem ent perm its a  s e r ie s  

o f  lo n g  te n s io n  crev a sses to  d evelop  in  th e  ic e  flo w in g  dovnalope (F ig . 

5 7 ) . V a lley s o r  d ep ression s in  th e  bod rock su rfa ce  underneath  th a  I c e , 

o r ien ted  in  th© gen era l d ir e c tio n  o f  g la c ie r  movement, may g iv e  r is e  to  

th e  presen ce  o f  c o a s ta l channel g la c ie r s  (F ig s . 5h , 56 ,  8*5) .  The su rfa ces  

o f  th e se  g la c ie r s  are g e n e r a lly  th orou ghly crewaeeed and nay or  may not 

b e e l i g i t l y  depressed  below  th e  gen era l le v e l  o f  th e  ic e  in  th e  adjacen t 

a rea . O ccasional ooaataks a re  mat v ith  a s  th e  c o a st comes w ith in  s i^ r t  

(F ig . O7 ) .  G la c ia l r e c e ss io n  has uncovered numerous fr in g in g  rock s a t  

th a  c o a s t lin e . In  a d d itio n  to  th e  c re v a sse s  and n u aetak s, m ltw n ter  

fe a tu re s  are p resen t on th e  c o n tin en ta l ic e  o f  th e  c o a s ta l zone. D epres

s io n s  which have h e ld  m eltw ster stream s o r  ponds In th e  p a st are g en era lly  

covered w ith  snow and egxpear a s  very l i^ r t  gray sp lo tc h e s  on th e  a irp h otos 

(P ig . 5^)» A ctiv e  n e ltw ste r  ponds and str ea m  appear d art gray and a t  a



27d ista n ce  nay e a s i ly  Tvs a lsta k o n  fo r  roc’1:, c lou d s or clou d  shadows.

F ig . 56  fte n lsh e c  a  good iap reoa ioa  o f  th e ch aracter o f  th e  h in te r 

land su rffcee, w h ile  F ig . 57 chows th a  ch aracter o f  th e c o n tin en ta l ic e  

in  more rap id  d escen t oe th e  c o a s t lin e  i s  approached. F ig . 5$  i l lu s t r a t e *  

th e  boundary betw een th ese  two raorphological zon es. 'Dovnr.lape te n s io n  

cro reo ees or© e ls o  v is ib le  in  th e  clou d  shadows o f  F ig . 6l .

Area and con figu ration ..  The West In grid  C hristensen  Ccact extend*

Tar 191 »il© B alon g  th e Indian Ocean. A irphoto coverage i s  a v a ila b le  fb r  

th e  e n tir e  len g th  o f  t h is  c o a s t lin e  on& fa r  p o rts o f  th e  in te r io r  to  depths 

o f  iTon 150 to  200 m ile s . Thao, th e  p o rtio n  o f  th e  In grid  CSxrlotanoon 

C oast under co n sid era tio n  exceeds 30,000 square u tile s , or more than th ree  

t in e s  th e  a lz e  a t  th e s ta te  o f  r-ferylaad. A lth ou #i cone o f  th e  h in te r  land  

a rea  i s  bidden by c lo u d s , enou#i i s  v is tb ln  t o  s ta te  th a t , in so fa r  e s  th e  

g la c ie r  su rface  i s  concerned, th e  g rea t b u lk  ( i f  n ot e l l )  o f  th e  c m  

tx& lnd th e  c o a s ta l soas m y  be con sid ered  aa a  a o rp h o log ica l u n it w ith  a 

sim p le nurfftco sta tic  to r e . T his hac been  d escrib ed  under th e  su b sectio n  

d e a lin g  w ith  th e  h in terla n d  above. U ouever, th ere  is  nonnidsrnblo v a r ia 

t io n  in  th e  morphology o f  th e  c o a sta l z o o s, and a cco rd in g ly , I t  has hotsn 

g iv en  rxrre d e ta ile d  a tte n tio n  in  t h is  stu d y .

Idle approxl?nate e x te n t o f  arun nod th o  r e l i e f  o f  th e  Ice  tm gaen  and 

ic e - fr e e  le n d s , in e lu d in g  th e  is la n d s , p en in su la s and p eak s, d o n g  th e  

West Ingrid  C h ristensen  C oast ore:

^ 'toltw etfier fea tu red , rook, clou d s and cloud  r.hodovn a l l  appear on 
F ig . 73 vbere t h e ir  r e la t iv e  d if fe r e nce s  la  appearance nay b e s tu d ied .
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TABLE 6 .  VB3T BKBID CHRIS758SS? COAST* AREAS AHD RELIEF

Square MI le a  o f
P lace _________________   L and/ice Tongue ?teei«ua R e lie f0 3
R au ^ ”i5 » u la r  eaasftiil area  2$  3  566 fleet
Raarik Ic e  Tongue c o a s ta l area  0  75 200 f e e t

RanvIMaekka 0  0  1 ,300  f r e t
Svenner in su la r  c o a s ta l a rea  6  21 UlO fe e t
L^rBosBim in su la r  c o a s ta l ansa 20 0  U90 f e e t
B olingen Isla n d s 6 0  275 f e e t
P u b lica tio n  G lacier Tongues 2 .5  737 6hO f e e t
Saad eflard  in su la r  c o a s ta l area  2 .5  0  770 f e e t

West In grid  Chris t en sen  C oast 66 833 1,300 fe e t

As co n tra sted  w ith*
V est fo ld  m i l s  c o a s ta l area  200 0  kS5 f e e t
Soredal G la c ier  Tongue 0  50 200 f e e t

^W xtfsnaa r e l i e f  f ig u r e s  are based  upon tb s  p lo t t in g s  by Bernhard 
Luacke. Hansen (19^># P- 7 -0 ) adadts th a t  th e se  d e r a t io n s  a re  probably  
in  e rro r  because o f  th e  la ck  o f  ground c o n tr o l. Stetson In d ica tes th e  
erro r  stay b e a s  grea t  aa e ig h t  p er c e n t . L ike H ansen, t h is  author has 
no ground c o n tr o l d a ta . F urtberaore, he la ck s th e  p lo t t in g  aach lnery o f  
Luacke, which Is  n ot warranted fo r  a  recon n aissan ce stud y o f  -tills k in d , 
n e v e r th e le ss , he i s  o f  th e  op in ion  th a t moot e le v a t io n s  cou ld  be reduced  
by te n  p er c e n t and o c r a e  by aa such a s  25 p er c e n t. There a r e , however, 
no fa c t s  a v a ila b le  t o  support o r  c o n te s t t h is  o p in io n . M oreover, a  change 
o f  te n  p er cen t in  th a  e le v a tio n s  o f  th e  ic e - fr e e  te r r a in  would n o t m t e -  
r t a l ly  a f f e c t  th e  co n clu sio n s o f  t h is  stu d y .

These fig u r e s  show th e  c o lle c t iv e  ic e - fr e e  lan d s o f  th e  West In grid  

C hristen sen  C oast to  b e b a re ly  o n e-th ird  o f  th e  ic e - fr e e  a rea  a t  V b stfo ld  

H il ls .  They a ls o  demonstr a te  th e  vn stn es s  o f  th e  P u b lica tio n  G la cier  Tongues 

vh lch  exceed th e  area o f  th e  Soredal G la c ier  Tongue by scrae 15 tim e s . The 

aggregate area  o f  th e  sm a ller  Ice  tongues a lon g  th e  Iteorlk end Rvevwrr 

C oasts amounts to  about tw ice  th e  area  o f  th e  Soredal G la cier  Tongue.

The Rawer Isla n d s are fb r  th e  raoat p a rt lo v e r  la  e le v a tio n  than th e  

V b stfo ld  H i l ls ,  b u t a  s in g le  peak on th e  south ern  shore o f  th e  Bauer 

in su la r  c o a s ta l a rea  (T ig* **0 and a  p a r t ia l c lo se -u p  oa T ig . hk) accounts 

fo r  tha h i$ ie r  r e l i e f  accorded th e  Rauer a r ea . Has Baavlk Ic e  Tongue
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e o e a ta l area  has th e  ty p ic a l lew  r e l i e f  o f  f l a t  ic e  to n g u es, excep t fb r  

th e  rou^hnses o f  Chaos G la c ier  Tongue (F ig . 1*7) and th e  steep n ess o f  vhat 

must h e  prem ised to  be ice -co v ered  land a t  RanriKbrelcJca (T ig , 1*5) between 

th e  Chaos G la c ier  Tongue and th e  Hanvik Ic e  Tongue. RanvlKbrekkB r is e s  

sooe 1 ,3 0 0  f e e t  in  th e  f i r s t  th ree-q u a rters o f  a  r a ile , a t  a  r a te  o f  one 

fo o t  in  e le v a t io n  fo r  every  th re e  f e e t  In land . The steep n ess o f  th is  

slo p e  i s  Hatched in  t h is  a rea  o n ly  by th e  ic e  f e l l s  o f  th e  P o lar Record 

G la c ier .

W hile th e  Bvsane r  In su la r  c o a s ta l area  i s  Shown as having a  maxtnwH 

e le v a tio n  o f  over 1*00 fte e t, th e  average r e l i e f  o f  th e  ic e - fr e e  su rfa ces  

fr in g in g  t h is  c o a st i s  n o t g rea ter  th an  300 f e e t .  The Svenner Isla n d s  

range Aron 30 to  260 fle e t in  e le v a t io n . The average hsl^rfc o f  a l l  is la n d s  

o f f  t h is  p o rtio n  o f  th e  c o a s t , exclu d in g  r o ck s, approximat e s  135 f e e t .

The Larnaaaan H ills  have se v e r a l peaks which r is e  to  about U9 0  fh e t  

and one peak on S torn es may exceed  500 f e e t .  The L ereeaana and B olingen  

Isla n d s do n ot exceed  275 f w t  in  e le v a tio n  b u t T eale S y s te r , one o f  th e  

Sootrene I s la n d s , r is e s  to  a cre  than 1*00 f e e t  above sea  le v e l .

Rone o f  the: ;s a a ll nun&tahs and is la n d s v ith ln  th e  P u b lica tio n  G la cier  

Tongues complex o r  th e  S on tefjord  in su la r  c o a s ta l a rea  reach es a cre  than  

575 f e e t  in  e le v a t io n , ex cep t fo r  one o f  th e  M ekaattaae, Which la  cred ited  

v ith  an a lt itu d e  o f  6hO fleet (T ig . 83) and C aroline M Utkelsen Peak (P ig . 

9 5 ) . The laat-n an ed  peak la  about 750 fb e t in  e le v a tio n  and i s  th e  h ig h e st  

ic e - fr e e  lan d  in  th e  reg io n , Although i t  h ard ly  h as th e  s ta t ure o f  a  aoun- 

t a ln , i t  i s  n ea r ly  alw ays ta m ed  a s  such in  th e  lit e r a tu r e .

By ta r  th e  h i p e s t  e le v a tio n s  b elon g  t o  th e  c o n tin en ta l Ice which 

r is e s  r a p id ly  a t  f i r s t  and th en  wore grad u ally  to  aa  e le v a tio n  o f  7»700 

fe e t  w ith in  th e  la a e d ls te  h in terla n d  o f  th e  c o a s ta l acne concern ed . One
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m y  surm ise th a t t h i s  r i s e  con tin u es a t  a  c o n sta n tly  reducing r a te  u n t i l  

th e  e le v a t io n  o f  th e  p o la r  p la tea u  a t  approxim ately 10 ,000  float above 

se a  le v e l  i s  reach ed . p r o f ile  o f  th e  Icecap  hare c lo s e ly  reserib les

th e  f la tte n e d  dome form th ou $rt to  h e  c h a r a c te r is tic  o f  c o n tin e n ta l g la 

c ie r s . In  scats c a s e s , th e  sharp r is e s  la  e le v a t io n  a t  th e  c o a st appear 

t o  b e c o n tr o lle d  by th e  u n d erly in g  topography ra th er  than b y  th e  p la s t ic i t y  

o f  g la c ie r  ic e .  Nowhere i s  t h is  more e v id e n t than a t  Banvikbrekka (Map 

13) a lread y  c it e d , and a t  th e  B rettek jo een  on th e  P o lar Hocord G la c ier  

(Map 1*0 where th e  ic e  descends more th an  1 ,5 0 0  f e e t  la  le a s  than a  m ile .

The many ic e - f r e e  is la n d s  and fr in g in g  rock sh o r e lin e s  o f  th e  Meat 

In grid  C h risten sen  C oast a re  s t i l l  daorfted b y  th e  c o n tin en ta l ic e  from  

which th ey  arc em erging. W hile th ese  ic e - fr e e  areas are consp icuous b y  

th e ir  very  p resen ce in  a  land where Ice  cover  i s  U b iq u itou s, th e  c o a st  

I s  r e a lly  dom inated by th e  c o n tin en ta l g la c ie r . In  order to  m ain tain  th e  

proper p e r sp ec tiv e  during th e  e v a lu a tio n  o f  t h is  c o a s t , i t  i s  n ecessa ry  

to  keep t h is  f a c t  in  m ind, fo r  th e  g rea ter  p o rtio n  o f  th e  t e x t  and i l l u s 

tr a t iv e  m a ter ia ls  pres ent e d h ere  are d evoted  to  th e  ic e - fr e e  a r e a s , le e  

tongues and c o a s ta l g la c ie r s . T h is was made n ecessary  b y  th e  wore com

p le x  su r fa ce  morphology o f  th e se  f u n s  and th e  g rea ter  s ig n if ic a n c e  o f  

th e  c o a s ta l a r e a s .

S u rface com p osition .  The two p r in c ip a l su rface  m a ter ia ls  o f  th e  

Meet In g rid  C h risten sen  C oast a re  ic e - fr e e  bed rock and g la c ie r  i c e .
1

A sso c ia ted  w ith  th e  bed rock are m o l l  q u a n tit ie s  o f  m oroinlc m a te r ia ls . 

S in ce th e  ic e - f r e e  lan d  i s  p r im a rily  composed o f  sm all bed  rock Isla n d s  

and p e n in su la s , th e  su r fa ces  o f  which a re  alm ost e n t ir e ly  in  s lo p e , th e  

p la c e s  in  which moraine nay accum ulate above th e  su rfa ce  o f  th e  s e a  are  

ferv in  nuafcer and em ail In s iz e .  In d iv id u a l b ou ld ers and a a a ll d e p o s its
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la  bed roelt. S o i l ,  aa such , i s  n o n ex isten t h e r e , bu t sorae areas p o ssess  

saa ll penguin r o o k e r ie s , th e  gueao o f  tfa ich , In  a s so c ia tio n  w ith  f in e  

g la c ia l d e b r is , com prises th e  c lo s e s t  approach to  s o l i  in  t h is  area .

D ik es, which p layed  an tap ortaa t p art In  th e  ch aracter o f  th e  V est- 

f o i l  bed ro ck , e re  p resen t h ere , b u t to  a  markedly le s s e r  d egree. The 

stu d en t need o n ly  compare p ig . 10,  which il lu s t r a t e s  th e  in tru siv e  

a c t iv it y  In  th e  V b stfo ld  H i l ls ,  w ith  F ig s . 39, $3 , 65 and. 67,  which

show th e  d ik es and probable in tru siver. in  th e  area  under co n sid era tio n , 

to  n ote th e  d iffe r e n c e  la  th e  q u an tity  o f  d ik es  p resen t.

A lth ou gi AUsee are la r g e ly  ab sen t from th o  area  a t  hand, i t  seems 

reasonab le to  s ta te  th a t a t  le a s t  a  p o rtio n  o f  th e bed rock . I f  n ot m ost 

o f  I t ,  I s  netsraorphie. The is la n d s  toward shore in  th e  m iddle ground o f  

F ig . hO co n ta in  v e r t ic a l banding o f  th e  so r t  th a t I s  ccraaon In  g n e i s s ic  

roefca.

S t r ic t ly  sp eak in g, major str u c tu r a l lin e s  In th e  rock nay be con

sid ered  an su rfeeo  fe a tu r e s . *11107 are tr e a ted  here n o t o n ly  because th ey  

extend in to  th e  rock stru c tu re  and are r e la te d  to  I t s  form ation , b u t a ls o  

because th ey  are one o f  th e  b e s t  In d ica to rs o f  su rface  m a ter ia ls . L ines 

In  bed rock In d ic a tiv e  o f  m orphological stru c ture ore caused b y  such  

fa c to r s  o s  th e  presen ce o f  bedding p la n e s . J o in ts , f e u lt o , m ineral bend

in g , s c h la to e ity , stra n d lin ea  o r  in tru n iv eo . Thaaa lin e s  are soaetln ea  

rendered v is ib le  to  th e  a irp h oto  in ter p r e te r  when o u tlin ed  by c r e v ic e -  

lodged snow, when hl^hll^rfced by sun r e f le c t io n  o r  darkened by shadow, 

and when o u tlin e d  by d iffe r e n c e  In  photo ton e o r  b y  th ree  dim ensional 

v is io n .
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•Hiene lin e s  in  th e  rock  stru c tu re  are n o t alw ays v is ib le  in  a ir -  

p h o to e, b u t th ey  are apparent in  F ig s . 36,  39> 51* 59* 60*

6 3 ,  6b ,  6 5 ,  67 ,  <58 end 95- M ost erf th ese  lin e s  are n ot p a r a lle l to  th e  

g en era l d ir e c tio n  o f  g la c ie r  novenent in  t h is  a rea , a  fa c t  which -would 

seem to  e lim in a te  g la c ia l  grooving as a  primary ca u se . There are a  fe v  

n o ta b le  ex cep tio n s to  t h i s ,  p a r tic u la r ly  in  th e  ca se  o f  C arolin e M ikkalsen 

P eek , Klungoyane and th e  ad jacen t is la n d s  (F ig . 95) and a t  H opoysteiaane 

in  th e  Bauer Isla n d s (T ig . k 2 a ). Moat o f  th e  l in e s ,  how ever, appear to  

tren d  g en era lly  p a r a lle l to  th e  c o a st in  a  n orth ea st—southw est o r ie n ta 

t io n  (F ig s . fcO, 58* 6 0 , 6b ,  6 5 ,  68) .  In  se v e r a l a r ea s , more than a  

s in g le  s e t  o f  lin e s  has been observed (F ig . 51)* la  th e  m ajority  o f  such  

c a s e s , i t  i s  q u ite  probable th a t  a t  le a s t  one o f  th ese  s e r ie s  o f  lin e s  

rep resen ts l in e s  o f  f o l ia t io n , in d ic a tin g  th e  presence o f  aetazaorpbic 

rock .

Along th e  Prydz c o n tin en ta l ic e  c o a s ta l a rea , &aSskJera (F ig . 2 ) 

and T v ie te in  (F ig . 3) ,  th e  o n ly  tv o  areas o f  exposed rock in  more than  

92 m ile s , l i e  v ith ln  a  fe v  m ile s  o f  each o th er  and are O bviously o f  

d if fe r e n t  com p osition . S im ila r  v a r ie ty  i s  thought to  e x is t  in  th e  T est- 

fo ld  B i l l s  end aga in  a lon g  th e  West In grid  C hristen sen  C oast.

In  a l l  o f  th e se  r e g io n s , how ever, th ere  ia  ev id en ce th a t rook o f  a  

oetaaorp h lc ch aracter p r e d c e d n ste s .^

29In  scrae a r e a s , th e  tru e  nature o f  th e  bed rock i s  very  d i f f i c u l t  to  
determ ine even frcta f i* ld  a n a ly s is . D r. E arl A pffel, Chairman o f  th e  
Depar t ment  o f  G eology a t  Syracuse E ta iversity , would n ot s ta te  th e  nature 
o f  th e  bed rock a t  B u agsr's L akes, 600 m ile s  to  th e  e a s t , a f te r  spending  
se v e r a l days th ere  in  th e  f i e ld  w ith  th is  author in  19**8. The rock was 
so  com plex th a t he p referred  to  make th in  s e c tio n s  and lab oratory  a n a ly s is  
b efo re  a sk in g  a  p o s it iv e  sta teaw n t concerning I t s  aetaaorp h lc  ch aracter . 
D rs. Mayuga a a i C h isn e ll, g e o lo g is ts  a ttach ed  to  th e  H eadquarters, U. 5 . 
A ir F orce, o s  v e i l  aa W illiam  F isch er  and asdbere o f  h is  a r c t ic  ph oto- 
g e o lo g ic a l s t a f f  a t  th e  U .S . G eo lo g ica l Survey examined th e  a irp h o to s o f
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The "basic Ice  ccranonent o f  th e  West In grid  C h ristensen  Coast area  

I s  g la c ie r  ic e . For th e  roost p a r t, t h is  i s  covered  b y  layer©  o f  f ir n  

and bjwv in  th e  h in terla n d  (F ig . 55) .  rarin g  i t s  rap id  d escen t fro a  

th e  h in ter la n d  t o  th e  s e a , how ever, th e  g la c ie r  ic e  i s  rrwpt c le a n  o f  

lo o se  f ir n  and snow, excep t fo r  sraall am unts vAiicb are lodged in  the  

crev a sses o r  th e  su r fa ce  d ep ression s (P ig s . 56 ,  5 7 ). Along th e  c o a sta l 

a r e a s , th e  d r if t  sncnr hag lod^sd In th e  rou^i p o rt lon e o f  th e  lo c a l  

g la c ie r s  and h as f i l l e d  in  nany o f  th e  erevassed  areas on th e  ic e  tongues 

(F ig s , hb, h9, 77 , 7 8 ).

Surface fe a tu r e s .  The landforaa a o e t  freq u en tly  a sso c ia te d  w ith  

P le is to c en e  c o n tin en ta l g la c ia t io n  in  th e  northern  hem isphere are not 

found alon g  th e  Want In g rid  C hristensen  C oast. The ic e - fr e e  rock  r e 

f l e c t s  th e  recen t p resen ce o f  th e  c o n tin en ta l g la c ie r  more through i t s  

rounded contours than fro a  g la c ia l p o lish  or la rg e  d e p o s its  o f  n o m in e .

'She g la c ia lly  excavated  chann els so  ev id en t ia  th e  V estfo ld  H il ls  c o a s ta l 

area  in  th e  forra o f  lo n g  la k e s , chain s o f  lateen or dry v a lle y s  are not 

n ea rly  ao conspicuous in  t h is  area  south o f  th e  Sorsd al G la c ier  Tongue.

The illu s t r a t io n s  o f  th e  Rauer end la ra e m m  in su la r  e o a e ta l a r e a s , how

e v e r , may w e ll lea d  one to  b e lie v e  th a t i t  i s  o n ly  a  m t t e r  o f  t in s  u n t il  

continued ic e  recen sio n  and is o s t a t lc  adjustm ent to  g la c ia l unloading  

b r in g  such chann els shove sea  le v e l .

Surface fe a tu r e s  a sso c ia te d  w ith  c o n tin en ta l g la c ie r  ic e ,  however, 

are n ot la ck in g  on th e  B est In g rid  C hristensen  C oast. C onversely , th e  

c o a st i s  d co lm ted  by th e  overwhelm ing presen ce o f  th e  c o n tin en ta l g la c ie r

t h is  aran  a f te r  t h is  ch ap ter was w r itte n , bu t were u m b le  to  mSsa p o s it iv e  
statem en ts concern in g th e  o r ig in  o f  th e  lo c a l rocfe which would co n tra d ic t 
th e  op in ion s h o ld  h ere .



329

i t s e l f  and ch a ra cter ized  by th e  presence o f  rasay c o a s ta l channel g la 

c ie r s  and ic e  ton gu es.

Map 13 shows th e  ocean to  b e p en etrated  here by Browns (P ig . bb) 

and Chaos (F ig . b7) G la c ier  Tongues aa w e ll a s  b y  Ranvfk (F ig s . 1*8-50), 

Hovde (F ig . 36) and F la tn es (F ig . 36) le e  Tongues, each o f  which i s  

backed up by a  r e la t iv e ly  sh o rt c o a s ta l g la c ie r .

Map lb  i l lu s t r a t e s  th e  DfiUc (F ig s . 33 , 6 0 ) and H argreaves (Fi^ps. 87,  

9 3 , 9*0 G la c iers to  b e w ith out ic e  to n g u es. The P olar Record G la c ier  

Tongue (F ig s . 7 b , 7 5 ) , supported by th e  f lo a t in g  ex ten sio n s o f  th e  

Polarfirboken (F ig s . 7 2 , 7 3 ) ,  th e  P olarforschung (F ig s . 7 9 , 8 3 ) , th e  I I  

P o lo  (F ig s . 7 9 , 8b) and th e  P o lar T in es (F ig . 8b ) G la c ie r s , fe r n s  th e  

P u b lica tio n  G la c ier  Tongues com plex, th o  a a in  tongue o f  which extended  

b2 n d lee  to  sea  in  19b7 (F ig s . 85- 86 ,  8 8 -9 0 ).

R early a l l  o f  th e  g la c ie r s  o f  th e  area  have a  c a n o n  p a tte rn  bu t 

vary co n sid era b ly  in  s i z e .  From th e ir  appearance, i t  would seen  th a t  

each one occu p ies a  sub g la c ia l rock d ep ressio n  which a c ts  as a  fu n n el 

fo r  d ra in in g  th e  ad jacen t f ie ld s  o f  g la c ie r  ic e .  In  moot c a se s  th e  ic e  

su r fa ce  o f  th ese  g la c ie r s  forms a  s te ep  in c lin e  o r  an ic e  f a l l s  ju s t  

b efo re  reach in g th e  s e a , b ecco ln g  in te n s iv e ly  crevacsed  as I t  does s o .

11 P olo  and H argreaves G la c iers are n ot so  crevassed  and are th ere fo re  

ex cep tio n s to  t h is  r u le .

The ic e  tongues f a l l  in to  se v e r a l c a te g o r ie s . They may b e e n t ir e ly  

la ck in g  a s  in  th e  ca se  o f  D&lk and H argreaves G la c ie r s . They nay be  

d o l l a r  to  Sarsd al G la cier  Tongue in  su rfa ce  and b a r r ier  c h a r a c te r is t ic s , 

b u t n ot in  le n g th , as in  th e  ca ses  o f  Browne G la cier  Tongue and H enrik, 

Horde and F la tn es  Ic e  Tongues. They may p o ssess  a  fa n ta s t ic a lly  roug£ 

su r fa c e , a s in  th e  case o f  Chaos G la c ier  Tongue. The tongues o f  f iv e  

o f  th e  g la c ie r s , PolarSrboken, P olar R ecord, Pola r f or schung, I I  P olo  and
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P olar Times G la c ie r s , fo ra  an a sso c ia te d  com plex. The su rface  fea tu res  

o f  th ese  tongues are con sid ered  elsew h ere In  t h is  s e c tio n  and In th e  

se c tio n  on d rain age.

The P u b lica tio n  G la cier  Tongues deserve s p e c ia l M ention. 'Use P olar  

Record G la c ier  sends fo r th  a  tongue o f  Ice  which In  1937 was napped as 

exten d in g  22  m ile s  out to  sea  (Map 1 1 ). B y 19^7> th is  d ista n ce  had In

creased  to  approxim ately k2 m iles (Map l k ) .  Bear I t s  b a se , th is  tongue 

Is  Joined b y  tongues frcta tha four g la c ie r s  M entioned In th e  la t t e r  p art 

o f  th e  p rev iou s paragraph ,  a l l  o f  vdiich nerge In to  a  a u lt i-sp in e d  a a ss  o f  

Ice  ton gues a f lo a t  v ith  m asses o f  iceb erg s trapped between th e  sp in e s , 

fr o  sen  In a  m atrix o f  h e a v ily  d r ifte d  sea  ic e .  T his ic e  complex in  no way 

reserib les s h e lf  ic e ,  and y e t every document known to  th e author which men

t io n s  th e  p resen ce o f  ic e  on both  s id e s  o f  th e  Saaftefjord Ic e  Bay te r m  

t h is  m ess a s  su ch . Converse l y ,  th ere  i s  no m ention o f  th e  presen ce o f  

a a  le e  tongue h e r e , to  say n oth in g about such a  v a st Ice  tongue com plex.

I c e  tongues are s tr u c tu r a lly  d if fe r e n t  ftran s h e lf  I c e . Ih e form er 

norm ally p o ssess  a  much s a a lle r  fr a c tio n  o f  f ir n  ic e  d erived  from th e  

accum ulation o f  enow and lo o se  f ir n  over a  p eriod  o f  many y e a rs . The 

su r fa ce  o f  th a  ic e  tongue i s  th erefo re  le s s  reg u la r  and th e  mass con

s id era b ly  taora dense than th e  corresponding su rface  and d e n s ity  o f  s h e lf  

io e , a l l  o th er  fa c to r s  b e in g  eq u a l. The Iceb ergs which fo ra  from th ese  

n a sses r e f le c t  th e  ch aracter o f  th e ir  parent Ice  m ass. Iceb ergs from  

ton gu es are l ik e ly  to  r id e  low er in  th e  w ater than s h e lf  iceb erg s and 

a ls o  t o  have a  more rounded, erevaased  su rfa ce  and ir re g u la r  o u tlin e  

ra th er  than a  ta b u la r  shape.

The P o la r  Record G la c ier  Tongue o f  tho P u b lica tio n  G la cier  Tongues 

ccntplax advanced seaward w ith  an average annual n et ga in  o f  a t  le a s t  two
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E ille e  during th e  decade betw een 1937 and 19^7. C oncurrently, th e  Amery 

S h e lf Ic e  (Mop U ,  P ig s . 85-93 ,  9 9 -1 0 1 ), which foams th e  o p p o site  shore 

o f  S an iefjord  Ice  B ey, a ls o  advanced seaward a t  an undeterm ined, but 

s lo w er , r a te . A cursory g la n ce  a t  th e  1937 and 19^7 p o s itio n s  o f  th ese  

ic e  m asses as p r in ted  cad sk etch ed  on Map lU , dem onstrates th a t soon the  

ic e  tongue and th e  s h e lf  Ice  must m eet. As a  m atter o f  f a c t , th e  m eeting  

has w ith ou t doubt occurred p r io r  to  th e  w r itin g  o f  th in  ch a p ter , which was 

prepared during th e  season  o f  1951-52 b u t based  on a irp h otos o f  th e  

season  19h6 ~hj, Wien th e  two ic e  m asses m et, p ressu re from th e s h e lf  

ic e  ex erted  upon th e  tongue may have caused & huge ic eb er g , perhaps 30 

m iles  in  le n g th , to  ca lv e  from  th e  P olar Becord G la c ier  Tongue and f lo a t  

ou t to  s e a . I t  would b e u n lik e ly  th a t a  major sequent o f  th e  s h e lf  ic e  

would be broken o f f  a t  th e same tim e because o f  th e  o r ie n ta tio n  o f  the 

p ressu res in  r e la t io n  t o  th e  stru ctu re  o f  each a t  th e  tim e o f  th e  m ast

in g  o f  th e  two ic e  m asses.

The P u b lica tio n  G la c ier  Tongues sad th e  Amery S h e lf  Ice  o f f  th e  Lars 

C h risten sen  C oast, both  dynamic ic e  m asses, have p r ev io u sly  bee® c ite d  

b j s  form ing th e  e a s t  and th e  w est c o a sts  o f  Sandefjord I c e  Bay (Map 1*0, 

which a ls o  m erits s p e c ia l co n sid era tio n  h ere . The o th er  l.ln d t6 to  th e  

bay are th e  Baker Three G la c ier  (Map 15) on th e  south w est and th e  Sande- 

fjo r d  in su la r  c o a s ta l area  (Map lU ) on th e  so u th ea st. The la t t e r  i s  

cowered by c o n tin en ta l g la c ie r  le e  In r e c e ss io n , exp osin g  fr in g in g  ic e -  

fr e e  is la n d s  and p en in su la s end as such i s  th e  on ly  r e la t iv e ly  s ta b le  

c o a st o f  th e  Sandef jord  I c e  Bay. The bay Is dependent upon th e  s h e lf  ic e ,  

th e  f lo a t in g  ie e  tongue cco p lex  and th e  g la c ie r . The movements o f  th ese  

th ree  ic e  m asses determ ine th e  s iz e  o f  th e  b ay , th e  w idth o f  i t s  entrance 

and even i t s  very e x is te n c e .



Changes brou#rt about by le e  movement o f  th e se  components con

t in u a lly  a lt e r  th e  ch aracter o f  Saadefjord Ic e  Hay. For exam ple, th e  

entrance t o  tha b ey  In 1937 was 1 2 .5  a i ie e  v id e , whereas 10 yeorc la te r  

th e  serae en tran ce hod been  reduced to  a  em ail fr a c tio n  o f  one m ile  In 

w idth . The fu n ctio n in g  o f  t h is  p in cers movement i s  ev id en t Its th e  shear  

erackn o f  th e  y ea r-o ld  se a  ic e  coverin g  th e  e n te r s  o f  th e  bay (F ig s . 9 3 , 

95) and In  th e iceb erg s trapped by th e  narrow b o ttle n e ck  entrance (F ig s . 

85 , 8 9 , 9 0 ) .

I c e  bays o f  t h is  s o r t , w ith  a  r e la t iv e ly  con stan t presence bu t an 

e s s e n t ia lly  ep b em ral ch a ra cter , occur elsew here in  th e  A n ta rc tic , as 

t o r  esw role th e  Bay o f  Whales in  th e  R o g s  S h e lf Ic e  (Keys 56-6 5 ) .  In  

th a t c a se , th e  oi&eo o f  the  bay are formed by two segm ents o f  th e  Ross 

S h e lf Ic e  which ore s p l i t  by R oosevelt Isla n d . The e f f e c t  o f  th e  inde

pend en tly  moving s h e lf  ic e  segm ents which c o n tin u a lly  change th e  

appearance o f  t h is  fhncun bay has been d escrib ed  many tim es in  th e  pro

fe s s io n a l l it e r a tu r e . In  s p ite  o f  th e  fa c t  th a t th e  ch aracter o f  th e  

Handefjord Ic e  Bay chances w ith  more them s i r  t in e s  th e  c e le r ity  o f  i t s  

frmom  Ross Den cou n terp art, no referen ces to  i t s  ephemeral ch aracter  

are noted in  th e  d e scr ip tio n s  o f  th e  area .

Iceb ergs form alon g  a l l  p a rts o f  th e In grid  C hristensen  C oast, 

ex cep t a t  th e  Ifea tfo ld  R i l l s .  The P u b lica tio n  G lacier  “Tongues are  

v e r ita b le  iceb erg  fa c to r ie s , producing th ese  f lo a t in g  ic e  m ooes in  large  

m nflsere, in  a d d itio n  to  th o ir  a b i l i t y  to  accom plish sh o rt terra n e t gain® 

in  th e ir  own len g th  anproacliaRting 10 ,000 f e e t  par annum. S ince iceb erge  

g a n ero lly  f lo a t  away upon c a lv in g , n ot a  g rea t d ea l con be d iscovered  

concerning th e  iceb erg s which fbrra In  a  p a r tic u la r  area u n less  th e  in v e s

t ig a to r  i s  on th e  s i t e  when th e  c a lv in g  ta k es p la c e . H ere, however, many
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o f  th e  iceb erg s are trapped betw een th e  sp in es o f  th e  variou s ic e  

tongues com prising th e  complex o r  in  Sandefjord Ice  Bay (Map lh )  where 

th ey  may be examined in  s i t u  a f t e r  th e ir  form ation . P ig . 80 , a  v e r t ic a l  

stereogram  o f  th e  area  in  th e  m iddle background o f  P ig . 79# i*  a  par

t ic u la r ly  good example o f  iceb erg s which have formed as a  r e s u lt  o f  th e  

im pact o f  th e  Polarfbrachung end th e P olar Record G la cier  Tongues. I f  

met a t  s e a , th e se  iceb erg s would undoubtedly be c la s s if ie d  as ta b u la r  by  

a l l  bu t th e  m ost d iscr im in a tin g  e y e s . While th e ir  shapes are indeed  

ta b u la r , th e ir  co n ten ts are o f  g la c ie r  ic e  ra th er  than th e  la rg e  p er

centage o f  com pressed f ir n  ic e  a sso c ia te d  w ith  th e  c la s s ic a l  concept o f  

ta b u la r  iceb erg s o f  s h e lf  ic e  o r ig in .

Rome m ention o f  th e  s iz e  o f  th ese  Icebergs i s  o f  in te r e s t . The 

iceb erg  in  th e  cen ter  o f  th e  stereogram  P ig . 80 i s  0.U 2 m ile s  in  len g th , 

w h ile  th e  one on i t s  rigjht from which i t  has Ju st r e c e n tly  separated  

(w h olly  v is ib le  in  P ig . 79) i s  *>.59 a llie s  lo n g . These by no means rep re

sen t th e  spread o f  s iz e s ,  fo r  many iceb ergs are s u b s ta n tia lly  sm aller  

than th e  former or la r g er  than th e  la t t e r . A con cep tion  o f  th e  s is e  and 

d is tr ib u tio n  o f  th e  Icebergs here may be gained from exam ination o f  P ig s . 

79 and 86 . P ig . 90 i s  In te r e s tin g  in  th a t I t  dem onstrates how a  la rg e  

se c tio n  o f  Ice  tongue nay break o f f  and e f f e c t iv e ly  preven t sm aller  ic e 

b ergs fro a  d r if t in g  ou t to  sea  by b lock in g  th e  b o ttlen eck  entrance to  

th e  b ey . A b lock  in  th is  p o s it io n  would a ls o  prev en t th e  sea  ic e  from 

escap in g  were th e  sea  ic e  to  break up under marine and wind in flu e n c e s . 

Because o f  ib i s  f a c t , I t  may b e estim ated  th a t th e  la rg e  iceb erg  has not 

been b lo ck in g  th e  bay entrance fo r  more than a  y ea r , s in c e  th e  ic e  w ith in  

th e  bay does not appear to  be more than a  year o ld . The evidence fo r  

t h is  i s  th e  lack  o f  p ressu re r id g es in  a s so c ia tio n  w ith  th e  shear cracks
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In  th e  se a  le e  produced by th e  p la cers  movement o f  th e  b a y 's  independent

ly  moving sid e*  (Key 6 3 ) .

Among th e  le s s e r  su rfa ce  fe a tu r e s , c r e v a sse s , h in ge l in e s , f lo a t in g  

f is s u r e s , reen tra n t r i f t s ,  d r if t  and sa e tru g i m erit comment. C revasses 

(Keys 138- 168) f i r s t  cone In to  prominence a t  th e  b eg in n in g  o f  th e  steep  

s lo p e s  vh ieh  nark th e  c o a s ta l zon e. Here th ey  emerge by reason  o f  wind 

lo s s  o f  th e  su rface  enow co v er , th e  w idening o f  p r e -e x is t in g  cemented 

crev a sse s  and th e  opening o f  new ones fro a  th e  e f f e c t s  o f  te n s io n  (F ig . 

5 7 ) . In  sates in s ta n c e s , th e  lo n g  te n sio n  crev a sses which are g en era lly  

p a r a lle l to  th e  contou rs o f  th e  s lo p e  are In terrupted  by sh o r ter  crev a sses  

caused by o b stru ctio n s In th e  u n d erly in g  rock topography (F ig . 5 7 ). 

S im ila r  sh o rt c rev a sse s  p erp en d icu lar to  th e  g la c ie r  edge occur where 

th e  g la c ie r  m eets th e  sea  near a  fr in g in g  rock , rock sh o a l o r  o th er  

o b stru ctio n  (F ig s . U3,  5 1 ). Sometimes th is  may occur near th e  edge o f  

an ic e  ton gu e, cau sin g  crev a sses s im ila r  to  th o se  appearing on F ig . U9 . 

Sm all b a s in s  a t  th e  c o a s t , a c tin g  as ic e  accum ulators, c re a te  both normal

ly  and tr a n sv e rse ly  o r ien ted  te n s io n  crev a sses In  th e ir  sh o rt runs to  th e  

am  (F ig . 5*0 . In  Rome c a s e s , crevasse®  and sera cs develop  which cannot 

be covered by d r if t  b e fo re  th e  Ic e  in  which th ey  are formed e a lv e s  o f f  

th a  main mass or ic e  tongue and goes out to  s e a . M oreover, th e  main 

system  o f  crev a sses and sera cs  may b e a lig n ed  w ith  th e  p r e v a ilin g  wind 

d ir e c t io n , ms a t  Chaos G la c ier  Tongue (P ig . **7), ra th er  than perpendicu

la r  to  i t ,  as a t  Hanvlk Ic e  Tongue (F ig . ^ 9 ). In  th e former In sta n ce , 

th e  energy o f  th e  wind Is  harnessed  to  keep th e  sera cs  and crev a sses fr e e  

o f  d r i f t  snow, w h ile  in  th e  la t t e r  c a se , lo o se  f ir n  and snow d r if t  Into  

th e  crev a sses and a  con sid erab ly  d if fe r e n t le e  stru ctu re  r e s u lt s  (con

tr a s t  F ig s . ^7 and b $ ), S in ce ic e  tongues freq u en tly  have sev e r a l



335

d i f f e r e n t ly  o r ie n te d  groups o f  c re v a sse s , i t  i s  cobbqor h e re  to  f in d  

some b e l t s  o f  c rev asses  kep t f re e  o f  d r i f t  by  th e  very  suuas winds th a t  

cover th e  a d jacen t c rev asses  w ith  d r i f t  (Tig. UH).

C revasses which form and widen during th e  d escen t to  sea  le v e l  

norm ally become in a c tiv e  when th e  ie e  m a s in  which th ey  era  s itu a te d  

becomes a f lo a t . I f  th e se  crev a sse s  are n o t a lig n ed  w ith  th e  wind, th ey  

w il l  f i l l  o r  b rid ge and d r if t  over u n t i l  com p letely  lo s t  from v iew , pro

vid ed  th ey  a re  n ot ca lved  o f f  in  iceb erg s b efo re  th a t sta g e  i s  reached.

Such a  s e r ie s  i s  to  be seen  in  th e  a irp h otoa o f  th e P olar Record G la cier  

Tongue taken near i t s  b a se , m id sectio n  and c a lv in g  end (T ig s . ?6 ,  77#

7 8 , 86) .  R ote, how ever, th a t  even a f t e r  th e  crev a sses have been  covered , 

th e  a irp h oto  can b e used  to  tr a c e  th en  and determ ine th e ir  o r ie n ta tio n , 

w idth and freq uen cy . The fa in t  lin e s  which perm it th is  a irp h oto  in te r 

p r e ta tio n  a re  not v is ib le  to  th e  su rfa ce  ob server. I t  wry a ls o  b e noted  

th a t th e  crev a sses are not alw ays com p letely  covered , even  under favor

a b le  circu m stan ces. The la r g er  ser a c s  in  th e  cen ter  o f  th e  r o l ls  between  

th e  h in ge l in e  d ep ression s nay remain uncovered a f te r  a l l  tr a c es  o f  th e  

o th er  crev a sses have vanished (F ig . 8l ) .

Hinge l in e  d ep ression s (Keys 6 6 -7 0 ) occur on a l l  ic e  tongues (Keys 

35-1*0) o f  th e  area  and are rem arkably w e ll developed 00 th e  p u b lic a tio n  Gla

de? Tongue*, T ig s . 76,  7 7 , 78 and 86 show th e  developm ent o f  th e  h in ge  

l in e s  from a  p o in t near th e  b a se  o f  an ic e  tongue to  th e ex trem ity  o f  

th e  same ton gu e. T heir s te e p  s id e s  are created  a t  th e ir  p o in t o f  o r ig in  

where th ey  a c t as th e  h in ge o r  a x is  upon which th e  tongue r is e s  and f a l l s  

w ith  th o  t id e .  Once th e  ic e  m s s  has pushed s u f f ic ie n t ly  fa r  in to  th e  

cea  to  perm it t id a l  leverage to  crack a  new h in g e , th e  o ld  one becomes 

in a c tiv e . T his i s  th e  sta g e  shown in  P ig . 78 .  The s te ep  s id e s  and



336

ex treme depth o f  th e  h in ge l in e  d ep ression s beecrae la s s  pronounced as 

d r if t  b eg in s to  m odify th e ir  shape (F ig . 7 7 ) . At th e ex trem ity  o f  th e  

ic e  tongue th e  h in ge lin e s  fr e q u e n tly , b u t n ot a lw ays, a c t  o s  zonae o f  

■weakness and predeterm ine th e  s iz e  and shape o f  th e  iceb erg s which form 

(F ig . 7 8 ).

I a  F ig . 86, i t  i s  p o s s ib le  t o  see  th a t th e se  h in ge l in e  d ep ression s  

are som etim es o f  a  compound n a tu re. ^Svat ia ,  th e  h in ge lin e s  may be 

o r ien ted  in  se v e r a l d ir e c t io n s  (Ktey 6 7 ) ,  ra th er  than in  s ta p le  lin e s  

p a r a lle l to  each o th er  and to  th e  ic e  tongue fro n t and p erp en d icu lar to  

th e  d ir e c t io n  o f  th e  ic e  m ownont (Key &>). The p r e c ise  reason  fo r  th is  

h as n ot been e s ta b lis h e d , a lth o u ^ i th e  w r ite r  b e lie v e s  i t  to  b e caused  

by th e  Shape o f  th e  lin o  a t  which th e  tongue b ecom e w aterborne, os 

w e ll a s by b o tto n  o b stru ctio n s in  t h is  a rea . On th e  P olar Record G la cier  

Tongue th ere  e x is t s  in  th e  con ven tion a l p o s it io n  a  m ajor s e r ie s  o f  h in ge  

l in e s  to  which are connected se v e r a l s e r ie s  o f  sh o rt h in ge l in e  d ep ression s  

o r ien ted  a t  o b liq u e a n g le s . A s im ila r  p a ttern  o f  h in ge lin e  d ep ression s  

occu rs on th e  Aaory S h e lf Ic e  (F ig . 8 9 ) .

F lo a tin g  f is s u r e s  (Shye ^9 , 151-15b) and reen tran t r i f t s  (Keys 

155-3-58) both  occur in  th e  P u b lica tio n  G la cier  Tongues. The o r ig in  o f  

t* e  f lo a t in g  f is s u r e s  (P ig 3 .  7 2 -7 5 , 7 8 ) here m ust l i e  in  good measure 

w ith in  th e  ecejplex s tr e s s e s  and s tr a in s  e s ta b lish e d  by th e  c o l l i s io n  o f  

to e  f iv e  ic e  to n g u es, ra th er  than in  th e  sim ple te n s io n  near th e  edge o f  

f lo a t in g  Ic e  m oaea which norm ally accou nts fo r  th e ir  p resen ce . Sane o f  

th e  reen tr an t r i f t s  (F ig s . 79 , 83,  0*0 ore crea ted  by p ressu re a t  to e  

Ju n ction s o f  th e  variou s ic e  to n g u es, w h ile  o th ers owe th e ir  o r ig in  to  

th e  p resen ce o f  nunataka a t  to e  fo o t  o f  g la c ie r s  (*feknBttane, F ig . 8 3 ) 

car o f  is la n d s  which s p l i t  to e  ic e  ton gues (V bstk natten , P ig . 8 3 ) .
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Hinge lin a  d ep ress Io n s, f le e t in g  f is s u r e s  and reen tra n t r lf t o  a l l  

occur on th e Aaery H h elf le e  cm such a  grand s c a le  th a t th ey  can b e seen  

in  th e  d is ta n t backgrounds o f  F ig s . 87 and 91 -93» a lthough th e n ea rest 

ones are 12 Ed le a  m ay  erid th e  fa r th e s t  ones n early  reach th e  h orizon .

D r ift  in  ev id en t alm ost everyw here. Only scrao o f  th e  s teep er  

c o a sta l s lo p e s  o f  th e  c o n tin en ta l g la c ie r  have been  sw ept c le a r  o f  d r if t  

end even here I t  la  found lodged ia  th e  crev a sses aivi In  th e  d ep ression s  

(F ig . 5*>). Oa th e  ic e  tongues i t  has p a r t ia lly  (F ig . WO o r  alm ost 

w holly  (F ig s . UQ-50) o b lite r a te d  th e o r ig in a l erevaaee and ocrac str u c 

tu r e , depending upon th e  o r ie n ta tio n  o f  th is  stru c tu re  to  th e  p r e v a ilin g  

w inds. F ig s . 8l  and 82 dem onstrate th e  e f f e c t  o f  d r if t  in  cam ouflaging  

th e  Sandefjord le e  Bay and B olingen  Inland s id e s  o f  th e  P u b lica tio n  G lacier- 

Tongues. In  th e  la t t e r  e a s e , i t  i s  e s p e c ia lly  d i f f i c u l t  to  t e l l  where 

th e  ic e  tongues end and th e  d r ift-c o v e r e d  eea  ic e  b e g in s , in  s p ite  o f  

th e  rapid r a te  a t which th e  le e  tongues are m oving. D r ift  a ls o  covers 

iceb erg s w ith in  th e  tongue corap le x  (P ig . 79c) and p rovid es n atu ra l ramps 

fo r  th e  f lo a t in g  f is s u r e s  th e r e in  (F ig . 7*0. R l^ b t-ea g le  d r if t s  can be 

seen  d evelop in g a t  h o le s  in  th e  crev a sse  l id s  in  F ig . 5 7 . A d r if t - ic e  

g la c ie r  c r e a te s  a  t emporar y  tod b olo  a t  Stornrakloa (F ig . 63) .  In  f a c t ,  

d r if t  seeras U b iq u itou s, i t s  v a r ied  e f f e c t s  b e in g  fbund on th e  airphoto  

il lu s t r a t io n s  o f  a l l  o f  th e  TJhat In grid  C hristensen C oast.

S aatrag i (Keys 96- U 7 )  have been p rev io u sly  c ite d  a s  b e in g  b e s t  

developed in  th e  h in ter la n d  (F ig . 5 5 )/ th en  fad in g  ou t and d isapp earin g  

(perhaps fb r  la ck  o f  snow) on th e  s teep er  c o a s ta l s lo p e s  o f  th e c o n ti

n en ta l g la c ie r . Where th e  d r if t  a now awl f ir n  again  accum ulate on tha  

ic e  to n g u es, sa e tru g i a ls o  occu r, a lth o u g i th e ir  fb rn a tio n  i s  so n etio cs  

hampered by th e  presen ce o f  rou$t i c e ,  sera cs and c r e v a sse s . Where the
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d r if t  has succeeded In o b lite r a tin g  th in  roughn ess, th e  sa str u g l have 

formed w ith  g rea ter  r e g u la r ity . P ig s . 3U, 93 and 9^ , how ever, show th e  

absence o f  w ell-form ed  sa e tru g i in  eotae c o a s ta l zones even where snow 

cover  i s  p r e se n t. P ig s . 77  and 78 show two d e lic a te  p a ttern s o f  r e la 

t iv e ly  s n a il sa s tr u g i which e x is t  cm th e  snow cover h id in g  th e  crev a sses  

near th e  e x tr emity  o f  th e  P o lar Record G la c ier  Tongue.

21o s u r g la c ia l d e p o s its  o f  n om in e are v is ib le  anywhere w ith in  th e  

West In g rid  C h risten sen  C oast a rea . Banded iceb erg s ,  how ever, appear 

trapped in  th e  se a  ic e  o f  8aad»f,1ord I c e  Bay o f f  T v i l l in g f j e l l  (F ig . 8U ), 

which in d ic a te s  th e  presen ce o f  en g laci& l m a ter ia l somewhere in  th e  a rea .

I t  l i e s  w ith in  th e  r e a ls  o f  p o s s ib il it y  th a t th e se  p a r tic u la r  Icebergs 

are products o f  th e  Aaery S h e lf I c e  o r  even th a t th ey  d r ifte d  in to  

Sandefjord I c e  Bay fr o a  somewhere e l s e ,  b u t th e ir  appearance a s  a  group, 

th e  b lock ed  so u th  a t  th e  bay and th e  fa c t  th a t s h e lf  iceb erg s are n ot 

u su a lly  banded, a l l  in d ic a te  th e  form ation o f  th e  iceb erg s fr c «  acme 

p art o f  th e  southern co n st o f  th e  Sandefjord le e  Bay.

D rainage.  In  th e  ic e - fr e e  reg io n s o f  th e  Weet In grid  C hristen sen  

C oast, th e  te r r a in  g en era lly  c o n s is ts  o f  bed rock e lo p in g  down to  t id e  

w ater. BO perman en t stream s a re  known to  e x lo t  h e r e . Tarns (Keys 212- 

213) are pres e n t ,  how ever, in  th e  fbw a rea s where s u f f ic ie n t ly  large  

c o lle c t in g  b a sin s  e x is t  on th e  rock su r fa c e . Perched ta rn s occu r in  th e  

Bauer Isla n d s (F ig s . UO, U 2), Larseaann M ilo  (F ig s . 6 0 , 62 ,  6 3 ) ,

Larsemaan Isla n d s (F ig . S i)  end th e  B olln gen  Isla n d s (F ig s . 6V, 6 9 ) .

Ic e  drainage occurs by a b la tio n , etftxaqueous so lu tio n  and th e  c a lv in g  

o f  Iceb erg s. A b la tio n  i s  probably a c t iv e  throughout th e  area  b u t i s  

d i f f i c u l t  t o  d iscern  from photo a n a ly s is , even  i f  a b la tio n  p it s  are crea ted  

on th e  su r fa c e . Subaqueous so lu tio n  o f  th e  p o rtio n s o f  th e  ic e  tongues
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and g la c ie r s  in  d ir e e t  co n ta c t w ith  tha r e la t iv e ly  warmer m arine water* 

ia  a ls o  d i f f i c u l t  to  d ate m in e  from a e r ia l p h otos. However, th e  amount 

o f  ic e  su rfa ce  exposed  to  a b la tio n  and (to  a  le s s e r  degree o f  accu racy) 

th e  amount o f  su r fa ce  exposed to  m arine m eltin g  can be determ ined by 

a irp h oto  a n a ly s is . I f  e lh a a tic  and ocean ograp hical d a ta  e x is t  in  

s u f f ic ie n t  d e t a i l ,  th ey  can b e a p p lied  to  th e se  su r fa ce  areas to  pro

v id e  an estim a te  o f  ic e  w astage through a b la tio n  and frjbexquemtn d rain age. 

U n fortu n ately , t h is  d ata  doe a n o t y e t e x i s t  fb r  th e  Ifest In grid  C h risten 

sen  C oast.

S o lid  d ra in age, th e  c a lv in g  o f  iceb erg s (Keys 23~2!i,  35 , 5^» 71 , 

l k - T j ) ,  cnanot b e dote-ralned ftrom a  s in g le  s e t  o f  a e r ia l photographs. 

Comparative cover in  req u ired , w ith  th e  degree o f  accuracy depending upon 

th e  nunfcer o f  compar a tiv e  a irp h oto  m issio n s and th e ir  tim e r e la t io n sh ip s . 

In  th e  ca se  a t  hand, th er e  are o n ly  th ree  a irp h oto  m iss io n s , two o f  them  

w ith in  UQ hours o f  each o th er  and th e  o th er  one ta n  year* p rev io u s. W hile 

th e se  raise io n s have p erm itted  on estim a te  o f  th e  n e t annual g a in  over a 

p erio d  o f  ten  y e a r s , th ey  have been e ith e r  to o  c lo s e  to g e th er  o r  to o  fa r  

ap art to  determ ine th e  ex a ct r a te  o f  s o lid  d ra in age. I t  can b e s ta te d  

w ith  accu racy, how ever, th a t ( l )  s o lid  drainage ie  more rap id  a t  th e  

P u b lica tio n  G la c ier  Tongues than anywhere e ls e  a lon g  th e  In grid  C hristen

sen  C oast and th a t (?.) s o l id  drainage undoubtedly accou n ts fo r  aora ic e  

w astage in  th e  P u b lica tio n  G la c ier  Tongues area  than e ith e r  o b la tio n  or 

subaqueous m e ltin g .

A co n sid era b le  amount o f  a irp h oto  ev id en ce e x is t s  con cern in g su rface  

thaw  end ru n o ff (Keys 1^9-P !!*) • S iz a b le  rw ltw ater la b es are v is ib le  a t  

th e  bftee o f  th e  P u b lica tio n  G la c ier  Tongues, p a r tic u la r ly  near th e  base o f  

th e  P olar Pocord G la c ier  Tongue, a t  th e  PolarSibofesn G la c ier  Tongue and
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th e  area  betw een th ese  tongues (F ig s . 72-75# 7 9 ). The h in ge l in e  

d ep ressio n s o f  th e  P u b lica tio n  G la cier  Tongues a ls o  co n ta in  a e ltw a ter  

(F ig s . 75# 7 6 ) . Parkis and puddles o f  B B ltw ater are r is ib le  cm th e  

Banvik I c e  Tongue (P ig s . hO, U9 ) .  H e ltv a ter  lak es a ls o  occur midway 

on dSuc G la c ier  (F ig . 5^ )- la r g e  a e ltw n ter  strea a e  are la c k in g , hov

e r s  r ,  and even o a a ll ones o f  any len gth  are sc a r c e . A pparently taost 

a e ltw e te r  d ra in s d ir e c t ly  in to  th e  ocean , in to  lo c a l n e ltv a te r  la k e s , 

ponds and puddles o r  d isapp ears in to  th e  c re v a sse s . The ic e fo m e  o f  

th e  a rea  p reclu d e la rg e  drainage b a s in s .

R ad iation  (Keys 169- 176,  193- 21U) i s  fb r  le e s  e f f e c t iv e  here then  

in  th e  neighborhood o f  th e  V estfo ld  IT illo  where 200 square mi le a  o f  ic e -  

fr e e  dark rock absorb and rere& Iate s u f f ic ie n t  h ea t to  a f f e c t  th e  su r

rounding ic e .  The b e s t  ev id en ce o f  th e  occurrence o f  r a d ia tio n  a lon g  

th e  West Tngrld C h ristensen  C oast i s  a t  C aroline 'lik k e lsen  3feak (F ig .

9 5 ) oad a t  th e  ad jacen t peaks where r a d ia tio n  from th e  dark rock in  on 

area  o f  slo w  moving ic e  h as perm itted  th e  form at io n  o f  r a d ia tio n  rnoete 

(Keys 173- 176) and a e ltw a ter  ponds. Another lo c a l ev id en ce o f  r a d ia tio n  

m eltin g  occu rs a t  F lstn a s Ic e  Tongue (F ig . 3 ^ ), bu t in  g en era l, th e  

phencosnon to  la ck in g  here because o f  th e  sm all s iz e ,  in s u la r ity  and 

sc a tte r e d  d is tr ib u tio n  o f  th e  ic e - fr e e  land m asses.

S h o re lin es . I f  from t h is  stu d y th e  reader h as g ila e d  th e  im pression  

th a t  th e  sh o r e lin e  o f  th e  West In grid  C hristen sen  Coast ia  extrem ely  more 

com plicated  th an  th a t o f  th e  E ast In grid  C hristen sen  C oast, h e m ust r e 

member th a t in  th e  a n a ly s is  o f  th e  la t t e r ,  in d iv id u a l "pure" typ e areas 

were examined a s  a  f e a s ib le  sarthod o f  becom ing acquainted  w ith  them .

ISie approach to  th e  area  a t  hand has been one o f  d ea lin g  w ith  a  more 

ty p ic a l , m u lti-elem ent, A n tarctic  c o a s t . A c tu a lly , in  a l l  o f  th e  West
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In grid  C hristensen Coast area th e re  are o n ly  two kind# o f  ic e  te r r a in  

■which were not examined in  d e t a il  in  th e  e a stern  a r e a s . These are tha  

kindn o f  ic e  found in  th o  Baker Three G la c ie r , which borders it a  aouthem  

extrem ity  and which w i l l  h e  con sidered  in  th e  s e c tio n  on th e  In grid  C hristen

sen  Coast a tten d ed , and th e  Anery S h e lf  I c e , which forms th e  w est boundary 

o f  Saadafjoxd le e  Bay en d , th e r e fo r e , I s  a c tu a lly  o u tsid e  th e  study area  

o f  t h is  t h e s is .

Isla n d s ly in g  o ffsh o r e , son© o f  which axe connected  to  th e  m in la n d  

by g la c ie r  ic e ,  occu r in  th e  Hauer (P ig s . 39-̂ *0» Sweiwer (P ig s . 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  ic e  co n d itio n s perm it a  e lo e e  approach to  th e  sh o re , r e la t iv e ly  

ea sy  a ccess  t o  th e  co n tin en t may b e  gained by th e  sim p le exp ed ien t o f  

a v o id in g  th e  ic e  c l i f f s  and clim b in g  to  th e  c o n tin en ta l ic e  su rface  aver  

th e  rock fr in g e .

Browns and Chaos G lacier  Tongues, Ranvik, Hovde and F la tn es Ice  

Tongues and th e  Eftlk and H argreaves G la c iers p resen t v e r t ic a l ic e  c l i f f  

sh o re lin es  s im ila r  to  th e  one p rev io u sly  d escrib ed  fo r  th e  Soredal 

G la c ier  Tongue. W hile th e  P u b lica tio n  G la c ier  Tongues are 8ta ilo r  to  

th e  Sorsd al G la cier  Tongue in  many w ays, th ere  are earn s ig n if ic a n t  

d iffe r e n c e s .  Ttio prim ary one i s  th e  g rea ter  in s t a b il it y  o f  th e  sh o re lin e  

o f  th e  fo rme r ,  which appare n tly  advances and r e tr o g r e sse s  (by c a lv in g )  

a t a  fa r  more rap id  r a te . The a c c e s s ib il it y  o f  th e  sh o r e lin e  a ls o  d if fe r s  

between th a  two a r ea s . A t th a  S orsd al G la cier  Tongue a l l  sea  fa c e s  are 

v e r t ic a l le e  c l i f f s ,  w h ile  th e  edges o f  th e  P u b lica tio n  G la cier  Tongues 

fa c in g  Sandefjord Ic e  Bay are so in fe s te d  w ith  p a r tly  o r  w h olly  ca lved
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icebergB  a l l  eocgjouaded by d r i f t ,  th a t i t  i s  d i f f ic u l t  to  t a l l  J u st 

where th e  tr u e  ed ges o f  th e se  Ice  ton gues l i e .  A la rg e  p o rtio n  o f  th e  

e a s t  s id e  o f  th e  P u b lica tio n  G la c ier  Tongues i s  bounded by o ld  sea  ic e  

and d r i f t .  Here i t  i s  p o s s ib le  fo r  one to  descend fro®  th e  ic e  tongue 

to  th e  d r ifte d  se a  I c e , to  th e  heavy f lo e  sea  ic e ,  to  th e  on e-season  

se e  ic e  and f in a l ly  to  open w ater w ith ou t M eeting any c l i f f s .  S tr ip e  

o f  photos in d ic a tin g  such a  cou rse are p resen ted  as F ig . 82ah e.

The p r e c ise  lo c a tio n  o f  th e  r e a l sh o r e lin e  o f  th e  Meet In grid  

C h risten sen  C oast a s  opposed to  i t s  de fa c to  shore l ia s  i s  d i f f i c u l t  to  

determ ine (Keys 231-252 , 237-2^ 1). Except fo r  p en in su las and f io r d s , i t  

probably e x is t s  somewhere betw een th e  100-  and 200-a s te r  fo m lin e s  on 

Maps 10 and 11. As y e t , th e r e  i s  no con crete  ev id en ce to  prove  th a t  

arty one o f  th e  p seu d o-p en in su las uncovered by th e  r e c e ss io n  o f  th e  c o n ti

n e n ta l g la c ie r  la  d e f in it e ly  a  p art o f  th e  A n ta rctic  m ainland. On th e  

o th er  hand, th ere  i s  no con v in cin g  p ro o f th a t  c e r ta in  o f  th e  h ig h er  

p o rtio n s o f  th e  Rawer and Laroem nn In su la r  c o a s ta l areas ere  n ot p a rts  

o f  th e  mainland..

In  any ev en t ,  th e  q u estio n  a s  to  th e  r e a l s ig n ific a n c e  o f  th e  presen t  

tru e  c o a s t lin e  nay p rop erly  a r is e , s in c e  th e  lo s e  o f  a  s u f f ic ie n t  amount 

o f  le e  to  r e v e a l i t  oigjbt r e s u lt  In  an im portant lo c a l ie o a ta t le  ehaage 

such a s  th a t which new m ust b e occu rrin g  In th e  V estfb ld  H i l l s ,  fo r  which 

ample ev id en ce has been shown p r e v io u s ly . I f  a l l  t h is  should  o ccu r, th e  

fr in g in g  rocks sad  p seu d o-p en in su las which now f a l l  su sp ect o f  b e in g  o f  

In su la r  ch a ra cter  would become a  d e f in ite  p a rt o f  th e  m ainland. Indeed , 

i t  i s  p o s s ib le  th a t e v en tu a lly  th e  io o e ta t ic  changes ra i^ it b e  o f  su f

f ic ie n t  m agnitude to  in c lu d e  a l l  th e Hauer, Larseaann and B olin gen  Isla n d s  

a s a  p a r t o f  th e  A n ta rctic  m ainland.
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O ffsh ore.  There are no e s s e n t ia l  d if f e rence s  In th e  o ffsh o r e  con

d it io n s  here compared to  th o se  p r ev io u sly  a scr ib ed  to  th e  se v e r a l areas 

o f  th e  B ast In grid  C h ristensen  C oast. The Svenaer I s la n d s , a group o f  

about a  dozen is la n d s  and rock s (F ig . 52) e x is t  same 12 m ile s  n orth  o f  

Kavde le e  Tongue on th e  Svenaer in su la r  c o a s ta l a rea . U nfortunate ly ,  

th e  a e r ia l photography a v a ila b le  Is  n o t o f  s u f f ic ie n t  q u a lity  to  count 

th e se  is la n d s  a c c u r a te ly , ranch la s s  to  perfores a  photo geograp h ica l 

a n a ly s is  o f  them .

F lora  and fauna.  P r e c is e ly  th e  sane typ e o f  l i f e  e x is t s  h ere as  

p r ev io u sly  rep orted  fo r  th e  V e stfo ld  and 3orad»l a r e a s . The amount o f  

l i f e  cm th e  In g r id  C h risten sen  C oast which i s  r e la te d  t o  th e  presen ce o f  

A d elie  penguin ro o k eries (Keys 2T2-271* ), how ever, d ecrea ses to  th e  south

w est from th e  V testfold H i l ls .  The la r g e s t  ro o k eries and th e  la r g e s t  

number o f  ro o k er ie s  cue on th e  i s  lan d s o f f  th e  V estfb ld  H i l ls .  While 

se v e r a l p n xstoen t c o lo n ie s  occu r in  tb a  Hauer Isla n d s (Fi^ps. 39 ,  U l) , 

th e se  grow fe v e r , sm a ller  and fa r th e r  apart toward Sands fjo r d  Ic e  Ray. ^  

The g en era l absence o f  ro o k er ie s  in  th e  so u th eastern  area  nay be a scrib ed  

t o  th e  fa c t  th a t th e  annual departure o f  th e  sea  ic e  frees around th ese  

is la n d s  and p en in su la s i s  e ith e r  very  urcert& la o r  occu rs very  la te  in  

th e  sea so n . One must a ls o  co n sid er  th a t th ere  i s  r e la t iv e ly  l i t t l e  ic e -  

fr e e  land  s u ita b le  fo r  A d e lie  ro o k eriee  in  th e  southw estern  a rea s.

Hunan occupance.  SO a irp h oto  ev id en ce (Keys 2B5-3Ji3 ) o r  o th er  

record s e x i s t  o f  humans ev er  h avin g landed on any p a r t o f  th e  Weet Ingrid  

C h risten sen  C oast, a lth ough  H U ovorth and W llklne (1939 , MS d ia r y , 3 J a n .)

% h e  Svenm r In lan d s o u st b e excep ted  from t h is  sta tem en t, s in c e  th e  
s c a le  and ob liq u e an g le  a t  which th ey  appear in  t h is  photography make: 
photo a n a ly s is  o f  t h is  d e ta ile d  nature im p o ssib le .
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landed b r ie f ly  one even in g on th e  Svenaer Isla n d s 12 m ilee  o ffsh o re  

and on th e  R suer I s la n d s . K ikfcelsan and C hrietenaen have s a ile d  p a st 

th e  a rea .

1303135 GHRISCTSSf? COAST EXTSRBSD: BAKER TORES COASTAL AREA

One o f  th e  rewards o f  o r ig in a l research  i s  th e  o cca sio n a l occurrence 

o f  a  bonus in  th e  form o f  a  s ig n if ic a n t  d isco v ery  o f  a  t o t a lly  unexpected  

n a tu re . Such an  occur r ence  was brought about by th e  photogeographical 

a n a ly s is  o f  th e  In g rid  C h risten sen  C oast, when a  h ith e r to  unknown c o a st  

was d isco v ered .

A ccording to  a l l  e x is t in g  naps and l it e r a tu r e , th e  Lars and In grid  

C h risten sen  C oasts J o in  a t  Sandefjord Bay (Map 1 1 ). TOie was a  reason 

a b le  statem en t from shipboard a n a ly s is , s in c e  th e  de fh c to  c o a s ts  o f  

th e se  two lan d s do jo in  act t h is  p o in t. But S sad efjord  Bay I s  formed in  

ic e  and i s  more c o r r e c tly  term ed Sandefjord I c e  Bay (Map lk ) .

A eria l photographs (P ig s . 96-101) c le a r ly  show th a t th e  tru e  c o a st

l in e  o f  th e In g r id  C h ristensen  C oast does n o t m eet th e  c o a s t lin e  behind  

th e  Anery S h e lf Ic e  near t h is  p o in t , b u t in s te a d , con tin u es in  a  sou th 

w est d ir e c t io n  fo r  a  d is ta n ce  n o t y e t e x a c tly  determ ined, b u t c e r ta in ly  

fo r  a cre  than 65 m ile s  (Map 1 5 ).

T his e x ten sio n  p o sse sse s  a  ch a ra cter  q u ite  ap art from e ith e r  th a t  

o f  Lars or In g rid  C hristen sen  C oast. The d esig n a tio n  "Baker Three c o a s ta l 

a rea ,"  a f t e r  th e  name o f  th e  f i r s t  a ir c r a f t  to  v i s i t  and to  photograph  

t h i s  a rea  (2 7  February and 1 March 1S&7), i s  su g g ested , to  perm it th e  

a rea  to  be d is tin g u ish e d  frc*a th e  form er C h risten sen  C oasts. The names 

g iv en  to  th e  in d iv id u a l laad foraa  and ic e  str u c tu r es  th ereo n , (Map 15,  

P ig s . 9 6 -1 0 1 ), honor th e  members o f  th e  two a ircrew s who endangered th e ir  

l iv e s  to  o b ta in  t h is  photography, which i s  th e  o n ly  record o f  th e
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31 32a r ea . * Vffiil# th e  Banker ^hree c o a s ta l area  d id  n o t c o n s t itu te  a  p art
1

o f th e  o r ig in a l problem , th e  d e te r n im tia n  o f  i t s  presen ce i s  o f  such  

a ccen t th a t i t  o u s t b e tr e a te d  h e r e , I f  o n ly  la  &n abridged manner.

Use Baker T arse c o a s ta l erea  i s  a  southw estuard co n tin u a tio n  o f  

th e  tru e  A n ta rctic  c o a s t fra o  th e  p o in t a t  which th e  d® fh c to  C h risten sen  

f3oast8 J o in  a t  B sndefjord I c e  Day. There i s  no w ater a lo n g  th e  c o n st, 

u n le ss  i t  be u n iem ea th  c r  p era o a tia g  th e  g la c ie r  Icq which borders i t .  

The c o a st has n ot been  exp lored  p rev io u sly ; I t s  e x is te n c e  has n ever been  

recorded .

Only th e  n o rth ea stern  p o r tio n  o f  th e  BnJar Three c o a s ta l area  i s  

v is ib le  on 'Sap 1 1 . Ssxsept fear t h is  o x tr r a ity , n e ith e r  i t  nr*r th e  area  

in  -dbJeh I t  l i e s  appears on any o f  th e  nape in  H ansen's A tla s  ( 191*6 ) ,  

vh ich  i s  devoted  to  th e  aapping o f  t h is  p o r tio n  o f  th e  A n ta rctic  c o a st

l in e .  For th is  reaoon , tfoe c o a st 2nd i t s  fczsaediate h in te r ls t t i have been  

sloetched on Ifesp 1 5 , The a rea  ie  a ls o  covered by th e  fo llo w in g  c-a r ia l 

photographs;

TABLE 7 .  MKSR THREE COASTAL AREA; AIRPHOTO COVERAGE 

P r in t libs Angle R o ll M ission  Agent A lt/T  F / l  S ca le  Datemz2875 ~??r ssSTmmi o t - t w j i t
1- 5 /1  IAVSR 68  5*26 MW Arasr USimP68 9^00 6" 19200 1 Mar U?

l - 69/ l  L&V&R 65 M25 AAV Amor USSIP68 9100 6" 13200 27 Feb hr

The d e lin e a tio n  o f  th e  BaJcer Three c o a s ta l area  i s  w e ll d isp la y ed

3-krhree aircrew asn  lo s t  th e ir  l iv e s  in  cra sh es induced by th e  A n tarctic
"white day" phenotannoa w h ile  pbctofjraphing th e  A n ta rctic  c o a s t lin e  during  
t h is  19^6-19^7 scanon.

3% hese names have b een  srib n itted  by th e  w r ite r  to  th e  U. S . B oeri on 
G eographical Tteraee. The naass were examined du rin g February 1952 by th e  
B oard's A n ta rctic  C cw adttee, a t  vh ich  t in e  th ey  were t e n t a t iv e ly  approved.
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in  F ig . 96 ,  on vh ich  th e  c o a s t lin e  la  v is ib le  o s  a  s e r ie s  o f  ice-co v ered  

and ic e - fr e e  b lu f f s  tren d in g  d ir e c t ly  away frees th e  o b serv er . To i t s  

l e f t  (n orth w est) th e  Baker Three G la c ier  c o lle c t s  th e  con ten ts  o f  th e  ic e  

pouring over th e  c o a s t from th e  h in te r la n d , fon a in g  a  s o r t  o f  a  s o lid  

shore cu rren t vh ich  flo w s toward Saadefjord  I c e  Bay in  th e  background.

T his g la c ia l  ic e  stream  sep a ra tes th e  Baker Three c o a s ta l area  from th e  

Araary S h e lf  le e  (?tep 1 5 ) , r i s ib le  In  th e  upper r l # t  o f  F ig . 96 and In  

th e  backgrounds o f  F ig s . 99 through 101. To th e  rlgjht (so u th ea st) o f  

th o se  b lu f f s  l i e s  tb s  c o n tin e n ta l g la c ie r .

Proeee- in g  sou th vestvard  from S«*i* fjo r d  I c e  Bay (Map 15 ) ,  th e  

c o a s ta l b lu f f s  a re  a t  f i r s t  ra th er  in d is t in c t  under th e  lee-co v ered  c o a s t . 

Boon, how ever, th e  S ta b ler  H ills  (F ig s . 96 ,  9 9 ) appear a s  a  group o f  about 

a dowsn le e - fr e e  peaks p rotru d in g firm  a  s in g le  ic e -co v ered  rock mass and 

from h ere on th e  c o a s ta l o u t lin e  i s  q u ite  d e f in it e . Between th e  S ta b ler  

H ills  and th e  MeKbskle H ills  l i e s  th e  Rogers G la c ier  (F ig s . 96,  9 9 ) , th e  

f i r s t  o f  s e v e r a l s iz a b le  g la c ie r s  to  emerge from t h is  c o a s t . I t  i s  in te r 

rupted by th e  !>5&ris (F ig . 99) and th e  VJhienauxt (F ig s . 96# 99) H oaataks, 

w hich a t  sane fu tu re  d a te  may p o sse ss  fu n ctio n s s im ila r  t o  M ek nttaae and 

F m tk a a ttea  o f  th e  Polarfbrechung G la c ier  (F ig . 83) in  s p l i t t in g  th e  f lo a t 

in g  Ice  ton gues o f  th e se  g la c ie r s  and cau sin g  reen tra n t r i f t s  to  form .

McKaskle H il ls  (F ig s . 96 ,  100) and H ls t lc h e ll i  H ills  (F ig s . 9 6 ,  100) 

ore th e  p r in c ip a l ic e - fr e e  s e c tio n s  o f  th e  c o a s ta l b lu f f s  b etroen  Rogers 

and Stevenson  G la c ie r s . The la t t e r  (F ig s . 96 ,  101) la  th e  second la r g e s t  

g la c ie r  to  d isch arge from  t h is  co a o t in to  th e  Baker © iree le e  stream .

Near th e  mouth o f  Stevenson G la c ier  th e  io e  app aren tly  cascades over 

c o a s ta l b lu f f s ,  producing th e  Patera on Ice  F a lls  (F ig s . 96 ,  1 0 1 ).

B rn n ste tter  Rocks. (F ig . 96) and T h il Isla n d  (F ig s . 96,  90) sep arate  

Stevenson G la c ier  frcra Jennings Prm ontory (F ig s . 96,  96a , 9 7 ), an
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a sy u sa tr ic a l r ld g a  vh ich  p resen ts I t s  s te e p  s id e  to  th e  c o a s t . Jean luge  

L ate (F ig s . $6# 9&*# 97) borders Jennings Promontory a t  th e  c o a s t .

K reitzer  G la cier  (F ig . 97)# a  th ir d  la rg e  g la c ie r  d isch a rg in g  fran  

th e  h in te r la n d , l i e s  ad jacen t to  th e  Jennings Promontory. C ontinuing  

soutfavestward are th e  Re in b o lt  H llla  (F ig . 9 7 ). At t h is  p o in t G illo ck  

Isla n d  (F ig . 97)# by fa r  th e  la r g e s t  known is la n d  a lon g  th e  e n t ir e  area  

covered  b y  t h is  study# appears o ffsh o re  betw een th e  Baker Three G la cier  

and th e  Araery S h e lf I c e . Speyd o u t lie r  (F ig . 9 7 ) l i e s  o ffsh o re  near th e  

southern end o f  G illo ck  Isla n d  and P reston  P o in t i s  a t  i t s  northern  

ex trem ity . F iv e  sep ara te M ountain ranges are r is ib le  on th e  d is ta n t  

h orizon  above G illo ck  Isla n d  and beyond th e  Artery S h e lf  Ic e  (F ig . 9 7 ).

The h in ter la n d  o f  th e  Baker Three c o a s ta l a rea  seems t o  b e s im ila r  

to  th a t  o f  th e  West In grid  C h risten sen  C oast in  a l l  p e r tin e n t r e sp e c ts .

The a e r ia l photography i s  n o t o f  s u f f ic ie n t ly  ©xxl q u a lity  to  p er

m it id e n t if ic a t io n  o f  th e  ch a ra cter  o f  th e  ic e - fr e e  bed  rock . D e fin ite  

d is to r te d  l in e s  in  th e  rock stru c tu re  appear on Jennings Prcoontory above 

Jennings Lake (F ig . 96a ) ,  a  f a c t  vh ich  su g g ests  th e  p o s s ib i l i t y  o f  a  

co n tin u a tio n  o f  th e  aetastorphie rock s o f  th e  In grid  C h risten sen  C oast.

Many g la c ie r  su rfa ce  fe a tu re s  here d if f e r  from th e ir  cou n terp arts 

a lo n g  th e  In g rid  G irin ten een  C oast. For in stan ce#  h ere occur th e  on ly  

su r  g la c ia l  m ed ia l m oraines (Keys 202- 206) encountered in  th e  e n t ir e  

area under co n sid era tio n  (F ig s . 96-98# 1 0 0 -1 0 1 ).

M eltw ater fe a tu re s  (Keys 177-191) ore p a r tic u la r ly  prom inent. 

TJmaarous stream s# strea m lets#  la k e s  and ponds appear on th e  su r fa ce  o f  

th e  Baker Three G la c ie r . Such fe a tu r e s  are c le a r ly  v is ib le  an every  

photograph o f  th e  area  (F ig s . 96-IO I). M oreover, a l l  o f  th e  n e ltv s te r
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fe a tu r e s  appear to  be a c t iv e . The la k es  are thawed or sheer s ig n s  o f  

thaw . The n ea rly  le v e l  le e  su rface  o f  th e  Baker Three G la c ier  i s  

honeyc.cashed w ith  t in y  iaeltw ater stream s, soraa o f  vh ich  have deep channels 

(Key 177) • Here a ls o , fo r  th e  f i r s t  tim e In th e  stu d y a r ea , a  la r g e , 

contin uous m eltw ater s tr e am i s  found (T ig . 96) .  Huaerous e u r f le ia l  

m eltw ater stream s descend to  Baker Three G lacier  from th e  c o n tin en ta l 

i c e ,  p a r tic u la r ly  where th e  la t t e r  comes under th e  In flu en ce  o f  ra d ia tio n  

frcot nearby I c e -fr e e  rock m asses (P ig s . 9 6 -9 9 ).

The e n tir e  Baker Three c o a s ta l area  la  Icebound by th e  Baker Throe 

G la c ie r , ao unusual kind o f  eon ic e  stream  v h ic h , tiu jugj app aren tly  not 

h e a v ily  crevaased  i t s e l f ,  d ra in s th e  crevasaed  g la c ie r s  frees th e  c o n ti

n e n t, Includes su r  g la c ia l m oraines and sep arates th e  co n tin en t frcot th e  

Amery S h e lf  I c e . L ike th e  la t t e r ,  th e  Baker Three G la c ier  moves toward 

th e  Sanflefjord le e  B ay, b u t u n lik e  th e  s h e lf  i c e ,  i t  p o sse sse s  an obviou s

ly  d if fe r e n t  Ice  stru c tu re  as ev id en ced  by I t s  f l a t  su r fa c e , m eltva ter  

(Keys 1 7 7 -1 9 2 ), su rfa ce  n o ra in eo , end i t s  la c k  o f  h in ge l in e s ,  f lo a t in g  

f is s u r e s , reen tran t r i f t s  and o th er  s ig n s  o f  f lo a t in g  ic e  m osses. Many, 

alth ough  not a l l ,  o f  th e se  d iffe r e n c e s  ere  in d ic a tiv e  o f  th e  f t c t  th a t  

th e  Amery S h e lf I c e  i s  a f lo a t  w h ile  th e  Baker TTxree G la c ier  may be 

grounded on sh e lv in g  c o a s t lin e  o r  m oraine.

There Is  some ev id en ce which In d ica tes th a t th e  Baker Three G lacier  

m y  b e p a r t ia l ly  a f lo a t  o r  a t  le a s t  permeated by m arine w a ters. One such 

b i t  o f  ev id en ce i s  th a t th e  g la c ie r  does n ot appear to  b e more than hOO 

f e e t  above sea  le v e l ,  which i s  probably th e  upper l im it  o f  e le v a t io n  fo r  

f lo a t in g  ie e .- ^  Another b i t  o f  ev id en ce l i e s  in  th e  m arkings which appear

v a lid  rep o rts are known to  e x is t  o f  f lo a t in g  Ic e  In  which the  
g en era l e le v a tio n  o f  th e  upper ic e  su rfa ces is y  U00 f e e t  o r  more above 
th e  s e a . The R arveglan-B rltinh-Sw edish  E xp ed ition  o f  19*^9-1952 i s  e x 
p ected  to  b r in g  back more d e f in ite  inform ation  con cern in g  th is  su b je c t, 
how ever.



ia  Jennings Lake (F ig s . 9^ / 9 7 ) . Viewed la  th ir d  dim ension (F ig . 

what f i r s t  a&pears to  b e aa in n o cen t-lo o k in g  m eltv a ter  lak e shows th e  

d is t in c t iv e  M ark ings around i t s  sh o r e lin e  and th e  sh o r e lin e s  o f  I t s  

island*! vh ich  ore m ost freq u en tly  a sso c ia te d  w ith  t id a l  cracks and 

m arine ic e  fo& t.

^ h ile  i t  ie  p o s s ib le  th a t  t id e  v e te r  reach es -Use area o f  Jennings 

Lake v ia  passage under th e  s h e lf  i c e ,  i t  would n ot be prudent t o  c la s s if y  

Baker Three G la c ier  a s  a  f lo a t in g  g la c ie r  on t h is  ev id en ce a lo n e , e s 

p e c ia lly  in  v iew  o f  th e  t o t a l  la ck  o f  o th er  ev id en ce as p rev io u sly  demon

s tr a te d . I t  i s  w e ll w ith in  th e  realm  o f  p o s s ib i l i t y  th a t th e  m arkings 

on Jennings Lake are caused b y  d if f e re n ti a l  thaw , which ia  c o n tr o lle d  

e ith e r  by vary in g  w ater depths or  r a d ia tio n  fra *  th e  ad jacen t ic e  m asses 

(Keys 1 8 0 -1 9 2 ).

E xcept fo r  th e  presence o f  I s la n d s , th e  o ffsh o re  co n d itio n s here 

are t o t a l ly  u n lik e  th e  open w ater co n d itio n s o f  th e  In grid  C hristen sen  

C oast, fa ils  fa c to r  a lon e i s  o f  s u f f ic ie n t  m erit to  req u ire  th e  e s ta b lis h 

ment o f  a  sep ara te  narae fo r  t h is  c o a s ta l a rea  and fo r  i t s  treatm ent aa 

an e n t it y .

F lora  and fauna co n d itio n s here are unknown, bu t th e  presen ce o f  

ic e - fr e e  rock a t  t h is  e le v a tio n  su g g ests  th e  presen ce o f  se v e r a l sp e c ie s  

o f  A n ta rctic  lic h e n s  and perhaps some m osses. In  some, b u t n ot a l l  

in s ta n c e s , m inute in s e c ts  are a sso c ia te d  w ith  th is  typ e o f  f lo r a  in  

A n ta rc tica . T h eir  presen ce h e r e , though, i s  a  m atter fo r  sp e c u la tio n , 

’form ally , land  t h is  c lo s e  to  th e  c o a s ta l area  cou ld  be exp ected  to  bouse 

ro o k eries o f  such b ir d s  a s  Cape P ig eo n s, Snowy P e tr e ls  and W ilson 's  

P e tr e ls , b u t w ith  so  many more fhw orable c i t e s  a v a ila b le  nearer th e  ocean 

{feeding grounds, i t  i s  d ou b tfu l w hether th e ic e - fr e e  te r r a in  o f  th e  Baker
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Tteree c o a s ta l area i s  in h ab ited  by b ir d  l i f e .  There ore no ev id en ces  

o f  th e  presen ce o f  penguins o r  s e a ls . The c lo s e s t  th a t hunann are  

known to  hsv© approached th e  area  i s  a  d ista n ce  o f  about two m ile s , 

and t h is  was fr c o  above, by photo recon n aissan ce a ir c r a f t .
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RIMHUW AND C0I1CLUDT0NR

Stcaaary. ’tyriads o f  a irp h oto  Imogen precerrt landscape Inform ation  

In en cyclop ed ic  d e t a il  and v a r ie ty . A ccord in g ly , I t  I s  n ot poos lb  l e  fo r  

th e  a irp h oto  In terp re ter  to  r ec o g n iz e , an alyze and in ter p r e t a l l  a ir 

photo images vh ich  may bo p resen t on h is  a e r ia l photography. S p e c if ic a lly , 

h e v l l l  n ot "be a b le  to  in te r p r e t v ith  caraplete r e l ia b i l i t y  th e  a irp h oto  

im ages o f  o b je c ts , co n d itio n s and s itu a t io n s  v ith  which he has n ot had 

exp erien ce on th e  ground.

S in ce  no photo In terp re ter  can b e fa m ilia r  v ith  a l l ,  or even  a  sub

s t a n t ia l ly  la rg e  p o r tio n  o f  th e  im ages vh ich  appear on a irp h o to s, I t  

becomes n ecessary  to  fin d  a  method b y  vh ich  th e  photo In terp reter  m y  

c o r r e c tly  an a lyze photo im ages v ith  vh ich  he i s  p a r t ia lly  or w h olly  un

fa m ilia r . The m ost p r a c tic a l system  developed th u s fa r  to  so lv e  th is  

problem  in v o lv es  th e  syotesaatlc d e r iv a tio n  o f  annotated  a irp h oto  Im ages, 

c a lle d  photo In terp reta tio n  k ey s, which any be c la s s if ie d  accord in g to  

a r ea , tn fcject o r  b o th . Chapter V i s  such an asserrfblage o f  photo im ages.

The s c ie n t is t  who d e r iv e s  and com piles photo in ter p r e ta tio n  keys 

m ust b e th o ro u ^ ily  fa m ilia r  w ith  th e  su b je c t, th e  area o r  th e  analogous 

f& ctors concerned . 3ueh keys cannot be e s ta b lish e d  from th e stud y and 

a n a ly s is  o f  a irp h otoo  a lo n e . F ie ld  stu d y i s  req u ired , fo r  on ly  by compar

in g  e irp h o to s w ith  a c tu a l eood itionB  observed cm th e  ground can one r e a d ily  

le a r n  to  reco g n ize  th e  im portant in d ic a to r  keys and to  d if fe r e n t ia te  betw een  

them, and such Im g es os may n o t rem ain con stan t o r  may not be o f  d ia g n o stic  

v a lu e . F ie ld  in sp e c tio n  i s  a ls o  req u ired  to  recojp iize vbat Smith (19̂ 7,



p . olB) c a lls  ". . . . th e su b tle  markings th a t ch aracterize im m erable 

obscure fea tu res , and . . . .  d ifferen ces between thiiVTjg Vhich seem

sim ila r  and th e s im ila r it ie s  between th in gs vhich seen  d iffe r e n t. "
%

A u n iversa l or v o rld -v id e  s e t  o f  a e r ia l photo in terp reta tio n  keys 

would be so  voltsnincnis and would require so much research , th a t I ts  cces- 

p ila t lo n  ia  not fe a s ib le  a t p resen t. K ioto In terp reta tion  key# fo r  

cer ta in  geographic region s or fo r  in d iv id u al su b jec ts , e .g . ,  ra ilro a d s, 

sand dunes, crop s, a n ti-a ir c r a ft  defense p o s it io n s , and various indus

t r ie s ,  are fe a s ib le , however, and a  lim ited  number o f  thaa have already  

been e sta b lish ed .

9&ch iceform , lan&form and natural fea tu re on th e ea r th 's  curfaee 

i s  unique. TJo two g la c ie r s , crev a sses, mountain peaks or other natural 

fea tu res ore ex a c tly  a lik e . V ith In any one c la s s  o f  natural fe a tu re s ,  

however, th ere  may be a  su b sta n tia l amaber o f  c h a r a c te r is tic s  which are 

repeated in  th e  great m ajority o f  th e fea tu res f a ll in g  w ith in  th a t c la s s . 

The se le c tio n  o f  k eys, th ere fo re , must be based upon d iagn ostic  charac

t e r i s t ic s  which are o f  s t a t is t ic a l ly  s ig n if ic a n t recurrence. O bjects, 

con d ition s and s itu a tio n s  are sydbolized  when portrayed on maps, but the 

airphoto images o f  th ese  very same o b jec ts , con d ition s and s itu a tio n s  

w r y  in  appearance. This v a r ia tio n  in  appearance i s  th e  p rin cip a l d i f 

feren ce between airphoto in terp reta tio n  keys and the symbols o f  the map 

legend.

While th e  ex isten ce  o f photo in terp reta tio n  keys stakes p o ssib le  a 

prelim inary a n a ly sis  o f  airphotos by other than q u a lifie d  f ie ld  in v e s t i

g a to rs, i t  should be emphasized th a t, in  th e hands o f  p ro fessia n a lly  

tra in ed  p erson nel, such keys r e su lt in  fa r  more adequate and accurate 

analyses than when the came keys are u t iliz e d  by in d iv id u a ls who have



had no s p e c ia l tr a in in g  in  th e  su b jec t concerned or in  a  c lo s e ly  a l l ie d  

f i e ld ,  'tore g e n e r a lly , i t  can be sa id  th a t th e  degree o f  e f fe c t iv e n e s s  

in  th e  u t i l i s a t io n  o f  photo in te r p r e ta tio n  keys v a r ie s  d ir e c t ly  w ith  

th e  m ount o f  in te r p r e ta tio n  exp erien ce  and th e  p r o fe ss io n a l com petence 

o f  th e  in d iv id u a l photo in te r p r e te r .

In  s p e c ia l in sta n ces  which s te p  front th e  e x te n t o f  th e  a rea  con

cern ed , th e  scope o r  ch a ra cter  o f  th e  in v e s t ig a tio n , o r  th e  in a c c e s s i

b i l i t y  o f  th e  a r ea , keys nay have to  be r e lie d  upon w ith ou t con firm ation  

by f i e ld  ch eck in g . Where areas are in a c c e ss ib le  because o f  p o l i t i c a l ,  

p h y sic a l o r  f in a n c ia l rea so n s, th e  u se o f  photo in te r p r e ta tio n  keys nay 

provide th e  o n ly  accep ta b le  a lte r n a tiv e  e ith e r  t o  f i e ld  ea n a in a tio n  or 

to  photo in te r p r e ta tio n  v ith  f i e ld  ch eck s.

The co n v en tio n a l methods fo r  th e  study o f  an area such os th e  an aly

s i s  o f  th e  p e r tin e n t lit e r a tu r e  and maps, a re  a ls o  u se fu l in  th e  in te r 

p r e ta tio n  o f  a irp h otos o f  th a t a rea . In  f a c t , i t  i s  mandatory th a t th e  

c crape te n t  photo in te r p r e te r  b e aware not o n ly  o f  th e  sou rces o f  lit e r a tu r e  

p e r ta in in g  to  su b jec ts  and areas w ith in  h is  own f i e ld  o f  en iea v o r , bu t 

a ls o  o f  th e  sou rces o f  p e r tin e n t su b jec t and r eg io n a l lite r a tu r e  concern

in g  th e  r e la te d  ea rth  s c ie n c e s .

The "photogeographer."  The term  "photogeographer" an y, in  a  manner 

o f  sp eak in g , be lik en ed  to  such term s as " fie ld  geographer” and "armchair 

geograp h er.” Bach p la y s a  n ecessa ry  r o le . The "photogeographer" con

d u cts h is  research  p rim arily  fr o a  a ir p h o to s, u sin g  f ie ld  exam ination , 

maps and lit e r a tu r e  fo r  supplem entary pu rp oses. The " fie ld  geographer” 

b a ses h is  s tu d ie s  on f ie ld  exam ination , u sin g  maps, lit e r a tu r e  and a ir 

ph otos fo r  supplem entary pu rp oses. The "armchair geographer" b a ses h is  

work on l it e r a tu r e , on maps and ( le s s  o fte n ) on a irp h otos as exam ined in  

th e  o f f ic e .



But in d iv id u a l geographers are n o t alw ays con fron ted  w ith  th e  sane 

ty p es o f  probleoD . Perhaps a  more r e a l i s t i c  method o f  a n a ly sin g  th e  

s itu a t io n  would b e t o  d iv id e  th e  problem ) th a t geographers stud y Into  

th ree  groups, v i s .  ( l )  th e  problem s b e e t  so lv e d  by th e  u t i l iz a t io n  o f  

photo in te r p r e ta tio n  as a  prim ary m ethod, (2 ) th e  problem s to  which a ir 

photo in te r p r e ta tio n  can make s ig n if ic a n t  co n tr ib u tio n s and (3 )  th e  

problem s b e s t  so lv ed  w ith ou t th e  u se o f  a irp h o to s . 1 Hhen th e  geographic 

problem s, ra th er  than th e  geographers, are so  d iv id e d , i t  i s  a t  once 

c le a r  th a t on in d iv id u a l may a c t  as a  "photogeographer" in  so lv in g  one 

problem  and an "armchair geographer" in  h is  approach to  th e  n e x t. More

o v e r , th e  m ethodology adopted in  each in sta n ce  may be th e  m ost sound one 

fo r  th e  p a r tic u la r  problem  a t  hand.

I t  i s  e q u a lly  apparent th a t i t  ie  n o t n ecessary  fo r  th e  geographer 

t o  become a  s p e c ia l is t  in  photo in te r p r e ta tio n . Fhotogaography i s ,  and 

should  rem ain, one o f  th e  im portant tech n iq u es fear th e  a n a ly s is  o f  

geographic problem s. T h erefore , photogeogrephy cannot be lik en ed  to  

such su b je c ts  a s  s o i l  geography, urban geography o r  biogeogrnptoy, fo r  

th e se  are sy stem a tic  branches w ith in  th e  broad f i e ld  o f  geography. 

N eith er can photo geography be lik en ed  to  cartography, th ou #i both  are 

se r v ic e  tech n iq u e a fo r  th e  variou s sy stem a tic  branches o f  geography. 

Pfcotogeogrsphy i s  more n early  th e  eq u iv a len t o f  f i e ld  geography, th a t  i e ,  

a  method o f  geograp h ica l in v en tig a ticm , ra th er  than any o th er  a sp ec t o f  

th e  d is c ip lin e .

^The au th or'o  exam ination o f  th e  currant  l i s t  o f  t i t l e s  o f  r e c e n tly  
com pleted d ia se r ta tio n a  fo r  th e  degree o f  D octor o f  P h ilosophy in  
Geography ccsxpiled by Hewee (1951)» r e v e a ls  th a t 30 p er cen t o f  th ese  
th e se s  may f a l l  w ith in  th e  f i r s t  ca teg o ry , k0 p er cen t w ith in  th e  second  
ca teg o ry  and th e  rem aining 30 p er cen t in to  th e  th ir d  ca teg o ry .



The photogeographer, then , must f i r s t  o f  a l l  he a geographer who, 

by v ir tu e  o f  M s background o f  general exp erien ce, p ro fessio n a l tra in in g  

and airphoto in terp reta tio n  experien ce, a ttack s p ertin en t problems in  

geography by naans o f  th e a n a ly sis  o f  a irp h otos.

The "airphoto landscape." Without q u estion , the landscape as 

described  by th e  photogeograpfcar s o le ly  on th e b a s is  o f  airphoto analy

s i s  d if fe r s  scxaarwhat fron  r e a lity . Often the ex ten t o f  th is  d ifferen ce  

w ill  depend in  large Measure upon the type o f  landscape concerned. For 

example, asam in g the sane degree o f  tech n ic a l s k i l l  on th e part o f  the  

in ter p r e ter , d esert landscapes end p olar landscapes m y  be in terpreted  

w ith greater accuracy than landscapes Which include a complex cu ltu ra l 

M orphology.

Because o f  th e  d ifferen ces between th e a ctu a l landscape and. the one 

conceived s o le ly  from a irp h otos, i t  i s  suggested  th a t geographers and 

oth er in v estig a to rs d iffe r e n tia te  between th e two by c a llin g  the la t te r  

th e  "airphoto landscape" and th e former the " te r r e str ia l landscape" or 

m erely "landscape." F ield , and lib ra ry  research con be applied  to  the  

"airphoto landscape" to  d erive th e '’te r r e s tr ia l landscape."2

a ctu a l p r a c tic e , the "airphoto landscape" i s  m erely a concept, 
fo r , whenever he can, th e photo geographer rakes f ie ld  tra v erses w ith the  
airphotos in  hand, stu d ies th e  aapa end roads the lite r a tu r e  concerning 
th e area concurrently w ith h ie  airphoto a n a ly s is . In th is  way, th e  "air
photo landscape stage"  i s  circum vented except in  the Instances o f  in 
a c c e ss ib le  areas where th e "airphoto landscape" hecanes th e iisasd iate goal 
o f  th e  research prc/blem. This concept o f  “airphoto landscape" is  a u se fu l 
ona> however, because I t  enables ub to  determ ine the ex ten t o f  th e  c o n tr i
bution  o f  photogeogrephy to  th e methods and techniques and to  th e  various 
branches o f  geography. While norm ally i t  is  necessary to  secure ad d ition 
a l d e ta ils  or confirm ation o f  data frcn  f ie ld  inventory or lib ra ry  research  
in  order to  re so lv e  the d ifferen ces between te e  "airphoto landscape" end 
th e " te r r e str ia l landscape," i t  sw ot be renerotbervd te a t  such fa c to rs  as 
th e v e r t ic a l or oblique a ir  view , the view ing o f  many square m iles o f  
area sim ultaneously , and th e use o f  d is t in c tiv e  f l l a - f i l t e r  cceibinations 
m y  introduce cer ta in  d e ta ils  in to  th e "airphoto landscape" which, although  
a  p art o f  te e  actu a l landscape, could not be obtained from f ie ld  examina
t io n , no n a tte r  Yvat thoroupji I t  may ba.
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V a lid ity  o f  photogeographico.1 nathoA s. Do ph utogeographical te c h 

n iques provide a  sound ban 18 fa r  geograp h ical in v e s tig a tio n ?  T his 

depends upon th e  degree to  which observab le surffe.ee fe a tu r e s  m y  be 

recogn ized  frcra th e ir  photo im ages as w e ll a s  th e  degree to  which th e  

in ages o f  th e  v a rio u s su r fa ce  fea tu res  provide a  b a s is  fo r  ev a lu a tin g  

th e  army fe a tu r e s  o f  landscape vh ich  m y  not be longed in  th em selv es, 

e .g . ,  c l ia a t e , v eg eta tio n -co v ered  s o i l s ,  h yd rology, e t c .

S in c e , in  m ost in s ta n c e s , th e photo inagsa o f  su rfh ee fe a tu re s  can 

ho recogn ized  on a e r ia l photographs and s in c e  knmra r e la tio n sh ip s  o f  

th e se  observab le fe a tu r e s  to  I n v is ib le , bu t s ig n if ic a n t , fa c to r s  provide 

much o f  th e  Inform ation  req u ired  fo r  th e  proper e v a lu a tio n  o f  land scape, 

i t  i s  p o s s ib le  to  determ ine many o f  th e  e s s e n t ia l  elem en ts o f  an area  

frora i t s  a e r ia l photography. The r e su lt in g  stu d y , how sver, must be 

recofptlzed  aa one o f  an "airphoto landscape.  ” In  order to  determ ine 

th e  geography o f  th e  a c tu a l lan d scap e, th e  stu d y must b e ca rr ied  to  i t s  

co n c lu sio n  by means o f  lib r a r y  resea rch , f ie ld  exam ination and o th er  

ap p rop riate means o f  in v e s t ig a tio n , norm ally, how ever, th e  geographer 

byp asses th e  "airphoto lan d scap e” sta g e  by u t i l iz in g  o th er  methods o f  

area research  con cu rren tly  w ith  h is  a n a ly s is  o f  th e  a e r ia l photography.

'Hie v a lid ity  o f  photogeographic& l m ethods, such aa th o se  dem onstrated  

in  Chapters V and V I, depends upon such fa c to r s  a s  th e  typ e o f  problem  

to  be so lv ed , th e  nature o f  th e  source m a ter ia ls and th e  com petence o f  

th e  photoeeographer. rTb* v a lid ity  o f  th e  in d iv id u a l photogeographical 

stu d y i s  a ls o  a ffe c te d  by th e  scope o f  -fee problem , in c lu d in g  ev a lu a tio n  

o f  whole landscapes o r  in d iv id u a l landscape com ponents, th e  kind o f  land

sca p e, th e  s c a le  o f  th e  in v e s tig a tio n  and th e  r e l ia b i l i t y  o f  th e  known 

photo im g e  in d ic a to r s  o r  d ia g n o stic  k eys.



System atic research in  photogeography la  s t i l l  In ito  I n it ia l  

s ta g e s , b u t w h ile th e baa in  fo r  f in a l Judgment on the substance and 

value o f  th is  technique i s  s t i l l  q u ite  U n ite d , i t  can b e sa id  th a t, 

a sid e  froB  in ten siv e  f ie ld  in v estIg a tio n , no other hoown. medium can o ffe r  

th e  geographer such com plete and such accurate data concerning the land

scap e, i t s  co n d itio n , th e d istr ib u tio n  and s p a tia l in terrela tion ah ip o  

o f  i t s  component parte a id  th e p h y sica l exp ression  o f  nan's adjustment 

to  i t .  TO i s  inform ation, however, i s  in  the form o f  raw data whieh must 

be se le c te d  and analyzed by th e photogeoRrapfaer. Since no geo graphic 

inform ation i s  a v a ila b le  from th e airphotos u n til a fte r  th ey  have been 

analyzed by th e photogeographer, i t  i s  a t once apparent th a t i t  i s  h is  

competence and industry th a t are th e  determ ining fa cto rs in  the d erivation  

o f  geographical knowledge from a e r ia l photographs.

TOe Ingrid  C hrlstem en Coast: A dem onstration. The a n a ly sis  o f

th e Ingrid  C hristensen Const by pbotogeogranh ic a l methods (Chapter VI) 

has presented  new d isc lo su res o f  moment euch as the ex isten ce  o f  the  

Ba?ser TOree c o a sta l area , th e tru e  nature o f  th e P u b lica tion  G lacier  

Tongues, th e ephemeral character o f  Sandefjord Ice  Bay and th e evidence 

o f  an is o e ta t ic  or e la s t ic  response to  th e g la c ia l m lo sd in g  in  th e Vfcst- 

fb ld  H ills  c o a sta l area. In a d d itio n , i t  has resu lted  in  a considerably  

b e tte r  understanding o f  th e  geography o f  th is  area , an understanding 

■Which d iffe r s  m a ter ia lly  from any th a t nay have been gained by even the  

moot exhaustive exam ination o f  the e x is t in g  lite r a tu r e . Moreover, the  

new understanding i s  su b stan tiated  by evidence in  th e fo ra  o f  annotated  

a e r ia l photographs and stereogram s vhich perm its competent p ro fessio n a l 

personnel in  a v id e  v a r ie ty  o f  d isc ip lin e s  to  examine and determ ine fo r  

them selves th e v a lid ity  o f  th e s p e c if ic  statements? in  th e  t e x t  o f  th is
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stu d y or to  e la b o ra te  upon p o in ts  p e c u lia r  to  th e ir  in d iv id u a l pro

fe s s io n a l in t e r e s t s .

More im portant th an  t h is  ex ten sio n  o f  th e  ‘boundaries o f  knowledge 

by th e  photogeographic a n a ly s is  o f  th e  In grid  C h risten sen  C onst, how ever, 

i s  th e  fa c t  th a t t h i s  stu d y d id  n o t req u ire  th e  presen ce o f  th e  in v e s t i

g a to r  in  th e  area  concerned . 'T herefore, to  th e  e x te n t th a t th is  study

can be Bald to  p o sse ss  genuine geographic v a lu e , geographers hove a  

u se fu l and p rod u ctive m ethod, h ith e r to  l i t t l e  used  by th en , a v a ila b le  

fo r  a tta ch in g  problem s in  areas o r  su b jec ts  o f  t h e ir  s p e c ia l in t e r e s t s , 

lh a  method i s  an e s p e c ia lly  va lu ab le  one fo r  u t i l i s a t io n  in  areas o f  

lim ite d  a c c e s s ib i l i t y .

O b jectives o f  th e  stu d y . The two prim ary o b je c tiv e s  o f  t h is  in v e s

t ig a t io n , os c ite d  in  Chapter I ,  have been:

1 . To co n tr ib u te  to  th e  knowledge o f  th e  ic e  forms ty p ic a l 
o f  th e  A n ta rctic  c o n tin en ta l g la c ie r  in  g e n e ra l, and to  
th e  morphology and recon n aissan ce geography o f  one ty p i
c a l A n ta rctic  reg io n  in  p a r tic u la r  through th e  use o f
a irp h oto  in te r p r e ta tio n  as a  geographic tech n iq u e , and
in  so doin g

2 . To in v e s t ig a te  th e  u s e , v a lu e  and lim ita tio n s  o f  a ir 
photo in te r p r e ta tio n  no a  geographic tech n iq u e fb r  th e  
in ven tory  and a n a ly s is  o f  la n d sca p es, p a r tic u la r ly  th o se  
landscape0 v h ich  occu r in  areas o f  lim ite d  a c c e s s ib i l i t y .

I t  i s  d e s ir a b le  a t  t h is  sta g e  to  examine and Btatnarize th e  c o n tr i

b u tio n s con ta in ed  in  t h is  stud y in  order to  a sc e r ta in  to  vhat e x te n t th e  

g o a ls  o f  th e  in v e s t ig a tio n  have been  a tta in e d  end to  draw co n clu sio n s  

regard in g  th e  merit® o f  photogeogrsphlc& l m ethods.

C on trib u tion s. 3orae o f  th e  s ig n if ic a n t , o r ig in a l co n tr ib u tio n s  

which have accrued frcta t h is  in v e s tig a tio n  in c lu d e:

1 . A com prehensive d e sc r ip tio n  and a n a ly s is  o f  photo read in g , 

photo in te r p r e ta tio n  and photo I n te llig e n c e .
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2 .  A m asw ttlon o f  th e  h is to r y  o f  photo in te r p r e ta tio n .

3 . A eorcprebennive a n a ly s is  o f  th e  concept, th e  methods o f  d er iv a 

t io n  and th e  u se o f  photo in ter p r e ta tio n  b eys.

k . The developm ent or? th e  con cep t o f  p h oto^ ogrop hy, a  v a lu a b le  

method o f  geographic resea rch .

5 . An a n a ly s is  o f  th e  r e g io n a l lim ita tio n s  to  photo recacm aioaaace 

and photo In te r p r e ta tio n  imported by th e  A n ta rctic  environm ent.

6 .  The d e r iv a tio n  and. esta b lish m en t o f  sev e r a l hundred an n otated , 

reg io n a l photo In terpret a tio n  keys o f  th e  A n ta rctic  and su b jec t 

photo in te r p r e ta tio n  keye o f  landf orm  and ice fo ra a  a sso c ia te d  

v ith  a c t iv e  c o n tin en ta l g la c ie r s .

7 . The a n a ly s is  and c la s s if ic a t io n  o f  m ajor and minor ic e  forma

tio n s  a sso c ia te d  v ith  a c tiv e  c o n tin en ta l ic e  m asses, in c lu d in g  

A n tarctic  ty p es o f  g la c ie r s , ic e  to n g u es, c r e v a sse s , e t c .

S . The i l lu s t r a t io n , d e sc r ip tio n , a n a ly s is  and naming o f  a  number 

o f  ieefortas n ot p r ev io u sly  recogn ised  or not known to  have been  

m entioned in  e x is t in g  s c ie n t i f ic  lit e r a tu r e , such or. "channel 

g la c ie r ,” “f lo a t in g  f i s s u r e ," "reentrant r i f t , ” ” ic e  m r a e e ” 

and " righ t a n g le  d r i f t . ”

9 . The p resen ta tio n  o f  nev ond s ig n if ic a n t  in form ation , d erived  

ft-ora a e r ia l photographs, concerning th e  m orphological charac

t e r  lo t  ic e  and th e  d ev e lo rm n t o f  such icefO ras and lan d form  as 

s h e lf  i c e ,  h in ge l in e  d ep ressio n s, sa c tr u g i, sn o w d r ifts , a e l t -  

v a te r  la k e s , a o ra in es and p olygon al te r r a in . In form ation  d erived  

from airphoto®  is  a ls o  p resen ted  about ouch p ro cesses os c o n ti

n en ta l ic e  r e c e s s io n , g la c ia l  d is s ip a tio n  by b liz z a r d s  and th e  

"white day" phenomenon.
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10 . A dffE cn stration  o f  th e  f e a s ib i l i t y  o f  accom plish in g a 

recon n aissan ce geographic stud y from a e r ia l photography, even  

though no geographer o r  o th er  s c ie n t i s t ,  in c lu d in g  th e  in v e s t i

g a to r , has ev er  v is it e d  th e  a r ea . T h is dem onstration has been  

accom plished by means o f  a  photo geographic a n a ly s is  o f  th e  

In grid  C h risten sen  C oast, an A n ta rctic  c o a s ta l area o f  ap p roxi

m ately 1*00 m iles in  len g th  w ith  w id e ly  v a r ied  b a t ty p ic a l  

A n ta rctic  ic e fo n a s  and la n d fo m a .

11 . A r e v is io n  o f  th e  cu rren tly  e x is t in g  naps o f  th e  Ingrid  

C h risten sen  C oast w ith  a a  improved d e lin e a tio n  o f  th e  c o a s t

l in e ,  in c lu d in g  is la n d s , ic e  to n g u es, f io r d s  and Inland fe a tu r e s .

12 . The f i r s t  p r e c ise  d e sc r ip tio n  o f  th e  major p h ysiograph ic  

fe a tu r e s  o f  th e  In grid  C h risten sen  C oast.

1 3 . The p resen ta tio n  o f  ev id en ce o f  th e  astaraorphic ch a ra cter  o f  

th e  bed rock a lon g  th e  In grid  C h risten sen  C oast.

lh . The p resen ta tio n  o f  ev id en ce r e la t in g  to  a  probable u p lif t

o f  th e  V b stfo ld  H ills  c o a s ta l area  r e s u lt in g  fr c o  th e  un load-
*

in g  o f  g la c ie r  ic e .

15 . The d isco v ery  o f  th e  tr u e  ch a ra cter  o f  numerous s p e c if ic

p h ysiograp h ic fe a tu r e s  o f  th e  In g rid  C h risten sen  C oast, -fee 

m ost infportant o f  which are:

a . The Carsdeflord I c e  Bay. The d e lin e a t io n , napping and an a ly 

s i s  o f  an u n sta b le  ic e  bay bounded by g la c ie r  ic e  and th e  

c o n tin e n ta l c o a s t lin e  a t  i t s  head , and formed b y  dynamic 

p r o je c tio n s  o f  g la c ie r  ic e  ton gues and s h e lf  ic e .  The 

d isco v ery  o f  th e  ftect th a t , fo r  th e  p eriod  frcra 1937 to  

I9U7 , th e  dynamic land-form ed ic e  c r e a tin g  th e  bay and



ca u sin g  i t s  ephem eral sh ap e, advanced a t  a  r a te  o f  aore  

th an  s ix  t in e s  th a t o f  th e  ic e  fozw inc th e  u n stab le Pay 

o f  W hales, th e  on ly  vell-kncnm  ic e  bey in  A n ta rctica .

b . The P u b lica tio n  G la c ier  T ongues. The d e lin e a t io n , tripping

s a l  a n a ly s is  o f  an area  form erly d escrib ed  as eh® I f  ic e .

c .  11ms Bafo&r Three c o a s ta l a rea . T9ae d isc o v er y , d e lin e a tio n ,

o&Fping end a n a ly s is  o f  c  p r ev io u sly  urimcnm c c e n ta l a rea ,

an ice-b ou n d , aauthwestward ex ten sio n  o f  th e  In grid  C hriaten- 

cen C oast.

l o .  The is o la t io n  o f  nunerouc p rd b leae vh ich  -je r it  fu rth er  in v e s t i

g a tio n .

A d d ition a l co n tr ib u tio n s r e s u lt in g  free: th e  in v e s tig a tio n  in clu d e:

1 7 . A msacEry, coBS>ilatinn and index 203 o f  th e  e x is t in g  a e r ia l  

photographic coverage o f  A n ta rctica .

18 . TSie cocrpiiatlori o f  ntamogrqA* i l lu s t r a t in g  th e  d u ration  o f  sun- 

l l g i t  and c i v i l  in  th e  A n ta rctic  fo r  any g iv en  data

and la t itu d e .

1 9 . An a n a ly s is  and ch er t o f  A n ta rctic  su rfa ce  t r a f f i c a b i l i t y  by

20 nethofis o f  tra n sp o rt ( s e e  a ls o  Iveys 265- 320) aver 2 f̂ h inds 

o f  ty p ic a l A n ta rctic  uu rfaceo .

2 0 . Tho stflsa isa ion  o f  proposed p la ce  naaes fo r  th e  la r g e r  sad  mean 

s ig n if ic a n t  physiograph ic fe a tu r e s  d escrib ed  in  th e  area  under 

c o n a id crstio n  t o  th e  U. S . Board an G eographical Hancc and th e  

te n ta tiv e  approval o f  th e se  nam e by th a t l>oard (flaps 13,  lh ,

1 5).

2 1 . A b ib lio g ra p h y  c f  A n ta rctic  b ib lio g r a p h ie s .

2 2 . A b ib lio g ra p h y  o f  photo in te r p r e ta tio n  b ib lio g r a p h ie s .

23 .  The concep t o f  th e  "airph oto ln n d sca p e."
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C on clu sion s.  In  comparing th e  fin d in g s v ith  th e  o r ig in a l d b je c tiv e s  

o f  th e  I n v e s tig a tio n , i t  may b e concluded th a t th e se  a lo e  hare e s s e n t i

a l ly  been  a ch iev ed . In  v ie v  o f  t h is  f a c t , th e  fo llo w in g  co n clu sio n s  

have been  drawn]

1 . That th e  phcto geograp h ica l method lo  a  v a lid  tech n iq u e fo r  

geograp h ica l research  and a  p a r tic u la r ly  v a lu a b le  geograp h ica l 

resea rch  tech n iq u e fo r  u ee in  areas o f  U n ite d  a c c e s s ib il i t y  

to  f i e ld  in v e s t ig a to r s .

2 . That b y  means o f  photogeogrnphical m ethods, th e  geographer i s  

enabled  to  cap tu re th e  geograp h ica l e ssen ce  o f  an area and 

is o la t e  th e  problem s and th e  p la ce s  v ith  in  th e  area Which 

req u ire or moat m erit f i e ld  a n a ly s is  o r  d e ta ile d  stu d y .
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APPENDIX

i  :aps aid charts or m c m

So ccsaplete l i s t in g  o f  the ac.pc and ch erts o f  A n tarctica  Is  known to  

e x i s t .  A n ta rctic  aapo end ch a rts  o f  h is to r ic a l In te r e s t find th o se  p o 

lis h e d  b efo re  Cforld 'U&r I  ore l i s t e d  by Detaxc (l9 1 o ) and [fcxicxtbj (1951) • 

In  th is  stu d y , th e  p r in c ip a l hydrographic ch a rts o f  A n tarctic  areas are  

indexed on !5apc 7 and 3 . T his appendix, design ed  to  aeccag&iay Mope 7  and 

3 , i s  d iv id ed  in to  th e  fo llo w in g  se c tio n s :

1 . Stay t o  Map 7 , H. 0 . M isc. No. 150*0.

2 . Hey t o  Map 3 , H. 0 . M isc. !to. 150*0-1.

3 .  Maps and Charts o f  A n tarctica  Hot Indexed on Haps 7 and 8 .

Chart I?o.

. ItEY 20 lift?  7 , 3 - 0 . MB3C. HO. 150*0 

T it le S ca le  l / -

0823

U .S .R .C . CEASTS 
(Shown in  Bad)

S . P a c if ic  Ocean & W. Const o f  S , A n erlca , Sh. I 5 ,9 9 0 ,1 5 7

082* S . P a c if ic  Ocean, Sh. 31 5 ,9 9 0 ,1 5 7

0325 S . P a c if ic  Ocean, Sh. IH 5 ,9 9 0 ,1 5 7

0326 f>. P a c if ic  Ocean, Sh. IV 5 ,9 9 0 ,1 5 7

0953 S . A tla n tic  Ocean, Southw estern P art 5 , 17*,016

0959 S . A tla n tic  Ocean, E astern Part 6 ,* 5 * ,3 3 1

1071 S . A tla n tic  Ocean 8 ,W a ,5 7 2

1500 P a c if ic  Ocean 2 1 ,9 1 2 ,9 9 2

5*11 A n ta rctic  Regione 1 ,6 5 9 ,6 1 2

5*12 A n ta rctic  Reglona 1 ,0 8 3 ,0 8 1

5**6 In d ian  Ocean 7 ,5 9 9 ,7 1 6

5301 P a c if ic  Ocean, Southw est P o r t, S i .  I I 6 , 62*,080



Chart Tto. T it le

1+23 

S ca le  l /~

66 5h A n ta rc tica , Cape M are to  M ima B lu ff  (Rose Sea) 203,080

25^2 A n ta rctica , G eneral Chart 11, 250,000

V-30-105 A n ta rc tica , A ir n a v ig a tio n  Chart 2 , 188,800

V -30-107 A n ta rc tica , A ir rfevlgation  Chart 2 , 188,800

V-30-SP A n ta rc tica , A ir n a v ig a tio n  Chart 2 , 188,800

V-30-SP-1 A n ta rc tica , A ir  ?%avigation Chart 2, 188,800

V -30-3P-2 A n ta rc tica , A ir n a v ig a tio n  Chart 2 , 188,800

V-30-SP-3 A n ta rc tica , A ir  n a v ig a tio n  Chart 2 ,188 ,300

V-30-SP-U A n ta rc tica , A ir  n a v ig a tio n  Chart

BRITISH AKHRALT? CHARTS 
(Shown in  Green)

2 , 188,800

1775 South Orkney Iclaarie P lans:

Uruguay Cove 25,000

S c o tia  Bay und H ill  Cove 25,000

In w all I s la a l  a a l visahingtan S tr a it 100,000

IH lefaen  Harbour 12,500

Queens or Borge Bay 12,500

Signy Isla n d 50,000

Sandefjin'd Bay 25,000

3170 A n ta rctic  R egion s, Sh. I 2 , 600,000

3171 A n ta rctic  R egion s, Sh. II 2 , 600,000

3172 A n ta rctic  R egion s, f-fh. H I 2 , 600,000

3173 A n ta rctic  R egion s, Sh. TV 2, 600,000

317U A n tarctic  R egions, Sh. V 2 , 600,000

3175 A n tarctic  R egions, Sh . VI 2, 600,000

Plan: P eter  I  Tsieuxl 200,000

3176 A n ta rctic  R egions, Sh. VII 600,000



Chart 'To, T lt lo P en is l / -

3177 Rocs Pen to  South Polo 3,3oo#coo

3206 A n tarctic  R egions, Ch. T U I 2 ,600,000

3593 South Sandwich Isla n d s 900,000

P lan s: N elson S tr a it 50,000

Ferguson Bay 25,000

OSHAH CHARTS 
(Shown in  Brown)

Oer 1057 Pahrt ua Ttepfooora 1, 500,000

Ger 106l DraJoe S traaee b is  20°  Ost 5 , 000,000

Ger 1062 15° Oct b ia  Kaox Land 5 , 000,000

Ger IO63 Koox Land bis 16O0 West 5 , 000,000

Oer 106U 165°  West b is  Brake Straaee 5 , 000,000

P lan: P eter  I  In se l 256,000

AUSTRALIAN CHART 
(Shown in  Brown)

Aue A, B A n ta rc tica , G eneral Chart

N03W20IAN CHARTS 
(Shown in  B lu e)

7 , 500,000

N ote: The fo llo w in g  Norwegian n a u tic a l 
ch a rts were prepared fo r  U m lftm gam es A ssuraace- 
fo ra n in g , SaoSatjord  by Norgee Geogm fintee 
O pneling, 1939* *

H -l Sydiohavet

P lan: Bouvet fan

5 , 000,000

3 -2 Sydiahavet

Plana: Heard fan

5, 000,000

K erguelen I ,  G azelle  Havna 

Kterguelen I ,  Cfcrietoaa Havna
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Chart No. 

H-3

H-fc

H-5

C -l

C-2

C-3—C-12

_______________________ T i t l e _________________________

K erguelen I ,  A c cess ib le  B ukte, B etoy Vika 

K erguelen I ,  Isla n d  IJavna, Royal Fund 

K srgnelan  

S yd lsh avet

Plans'.: ’-!acquarle $en , ISasseborough BuJrt

Auk land jfcn 

C oapbell ^on 

A ntipodes 0en  

Syd lsh avet

Plan: P e ter  I  *fen 

Roaahavet

N ote: The fo llo w in g  Norwegian ch a rts were 
p u b lish ed  frcra th e  work o f  th e  Lars C hristensen  
E xp ed ition , 1936-1937 hy Barges Oeogm fiBk* 
O rnallng, 1 9 ^ :

A n ta rc tica , L a t. <9°10*S. t c  L et. 72°30 'F .
Long. 2X°00*E. to  Long. 27°00'E .

A n ta rc tica , l e t .  68°lK>'S. to  l e t .  70°20'S .
Long. 36°50, E . to  Long U0°'X>«E.

A n ta rc tica , L at. 65°30»S. to  L et. 70o 10*F..
Long. 5 ^ 0 0 * 3 . to  Long. Q^OO'E.

N ote: The K o r  C b efo re  each ch art mxdber 
above i s  an a rb itra ry  d esig n a tio n  fo r  u se  o f  th e  
0 . S . Hydrographic O ffic e . I t  does n ot appear on 
th e  fa c e  o f  th e  chart..

S cale  l / -

1 ,105 ,377

5,000,000

35^,890

386,360

5. 000.000

2.000.000

500.000

250.000

250.000



KS7 TO MAP 8,  H. 0 . TflCSC. 150UO-1

Chart «o . _______________________ T ltla ____________________________ S ca le  l /~

U .r.FT .O . COASTS 
(Shown In Red)

6650 Plans on th e  w est c o a st o f  th e  Palraer P eninsu la

Hac&apl&e Bay k ,050

.ta tto o  Cove U,080

B lack Isla n d  to  Uruguay Isla n d  7 ,680

S c h o lla er t Channel to  Setraayer Channel 201,350

6651 flrisenfcaci I s la o ta  3 ,580

6652 B lack Ttnxb 'fountain  to  Blgourdan Fjord 109,^90

6653 Cope Evenstm to  Anwrre Isla n d  251,200

P lan i P ort Lockroy 10,0^0

Br it ish  ASrmtALTr charts 
(Shown in  Green)

3205 South Shetlands and a d jo in in g  is la n d s  end lands 670,000

P lan ej D ecoption Isla n d  100,000

t-Cing Georgs Bay 112,500

Fendulm  Cove 18 ,060

Tteptune'n B ellow s l8 ,0 6 0

3213 P lans in  th e  South Shetland* and v ic in it y  o f  Grehaa Land

S c h o lla er t and Tteuaayer Channels 200,000

M elcbolr IfeAcwr 35,000

D iscovery Sound 12,500

A rgentine Isla n d s 15,000

P ort Loekroy 10 ,000

A dm iralty Bay 100,000

V isca  o r  Earth Anchorage 25 ,000

Debetihan Isla n d s 12 ,500



Chart No. ______________________d t l a __________________________  Scale l / -

PRfifflCH CHARTS 
(Shown In  Brosm)

Pr 5 ^ 3  B ale de l»A nirw xte 50,000

Fr 5 ^ 9  I s le  D eception  5 0 ,OCX)

Plana: Pendulwa Cove 10,000

P e s c o  &u C hallenger e t  Anse dcs B a le ln le r s  10,000

Pr 5^52 Shot lands du Sud cfc6,500

ARGENTINE CHARTS 
(Shown i s  Brown)

Arc 100 I s la  D ecepclon 50,000

Arg 101 A rch ip lelago  M elehictr 20 ,000

MAPS ARD CHARTS OF ANTARCTICA HOT riDHXED ON MAPS 7 AND 8 

In  a d d itio n  to  th e  rasps and ch a rts indexed on Maps 7 and 0 , numerous 

n ap s, c h a r ts , plow s and p lo t t in g  sh e e ts  are a v a ila b le  fo r  referen ce  pur

p oses a t  th e  U, S . Navy Hydrographic O ffic e . These do n o t, by any sw ans, 

c o n s titu te  a  com plete l i s t in g  o f  A n ta rctic  ssp e  and c h a r ts .

AMERICAN CHARTS OF ANTARCTICA

Chart H o . _______________________T it le ______________________ S ca le  1° Long. =

5609 r fe teo ro lo g lca l P lo tt in g  Chart

5693 M eteoro log ica l P lo ttin g  Chart

58UO ’krtearD logical P lo tt in g  Chart

2?>01 P ilo t  Chart o f  -fee South P a c ific  Ocean (q u a rterly )

2603 P ilo t  Chart o f  t2w Ind ian  Ocean (rsonthly)

1701-S  H orizon tal In te n s ity  o f  th e  E arth’s M agnetic Force
fo r  th e  Yeer 1S&5, South Po3isr Area



Chart TJo. T it le S ea le  1° Long. =

1703-S

1705-S

1706-5  

5192
4

11993
M isc.

T ota l In te n s ity  o f  th e  B arth's ’tagn etic
Force fo r  th e  Tear 19U5 ,  South P o lar Area

The B ast Component o f  th e  Barth fo r  th e  Year 
19^5# South P olar Area

V aria tion  o f  th e Compass fo r  th e  Year 19^5# 
South P olar Area

TisM Zone Chart o f  th e  World

A n ta rctic  Ic e  and Current Chert

S otes The fo llo w in g  are H.O. P o sitio n  
P lo ttin g  S h ee ts . Bach covers a  d e f in ite  band 
o f  la t itu d e  and la  a p p lica b le  to  any lo n g itu d e . 
In  th e  3000 (1  to  18) s e r ie s  th e o v e r -a ll s iz e  
i s  35 X U6 in ch es.

3000-10 L at. U90 — L at. 5U° K. or S . 2 inches

3000-11 L at. 53° — L at. 57° H. o r S . 2 inches

3000-12 L at. 56° — L at. 60°  w. or S . '2 Inches

3000-13 L at. 59° — L at. 63°  !?. or s . 2 Inches

3000- 1L L at. 62° — L at. 65°  w. or s . 2 Inches

3000-15 L at. 6h° — L at. 71° n. or s . 2 inches

3000-16 L at. 70° — L at. 75° N. or 0 . 2 inches

3000-17 L at. 7U0 L at. 78° W. or s . 2 Inches

3000-18 L at. 77° — L at. Ql° s. or 8 . 2 inches

3000-r L at. 80° — l a t . 89° N. or 8 . O.lU inches

3000-s L at. 89° — L at. 89°U5' N. or 8 . O.lfc inches

11960-1
M isc.

L at. 63° — L at. 66°  h . or 3 . 3 .2 inches

11960-2
M isc.

L at. 66° —■ * L at. 69°  1?. or S. 3 .2 ?1

11960-3
M isc.

L at. 69° — L at. 72° N. or S . 3 .2 inches

11960-H
M isc.

L at. 72° — Lat. 75° N. or S . 3 .2 inches



h29

C h a rt T o. ________________________ T i t l e ________________________S e a le  1 °  Long;. =

5^00 P o ler  P lo ttin g  Sh eet (a s in u th a l, e fjn id ie ta n t,
rfcereogwspfiic and gncraonic p r o je c tio n s )

9 9 ^  P o lar C oordinate P lo ttin g  Short
M isc.

2S01 P i lo t  Chart o f  th e  Sooth P a c if ic . Index o f  p ilo t
ch a rt a r t ic le s ,  n a v ig a tio n , ic e ,  ocean cu rren ts, 
w v e s  ana m eteo ro lo g ies! inform ation  from Jon. 
lolfS to  P ec. 13^7.

D ote: The D. S . Wavy Hydrographic O ffice  has 
in  i t s  referen ce  f i l e s  th e fo llo w in g  su rreys:

_______________________________ T it le _______________________________ S ca le  l / -

Saot Base and V ic in ity , fr o r  Heny F.iord to  B i l l s  C aleb, A lC 3,000
survey by -the IT. S . A n tarctic  s e r v ic e  E xp ed ition  o f  1939-^1.

Jteuy and Stonington  Island® ♦ (T rion gu la tion  su rv ey .) 20 ,000

Anchorage o f  th e  U .S .S . Bear in  Horseshoe Isla n d  Gove. (S k e tch .) 13 ,000

Andersen Harbor, M elchior I s la n d s . A survey by th e  U .S .S . 3 ,500
North S ta r .

3Bfft B ase, S ton ln gton  I s la n d . A p lan  by th e  U. S . A n tarctic  1 ,000
S e r r ie e  E xp ed ition , 1939-U l.

BRITISH CHARTS OP A3SARCTICA 

____________________________  T it l e ____________________________S ca le  l / -

The p ercen tsoe o f  sa tu ra tio n  v ith  oxygen o f  a  su rfa ce  stratum  
100 a . deep in  th e  Falkland s e c to r . D iscovery R eports, 
1933, V o l. 7 ,  P ig . 17.

The S a lin ity  o f  a  su rface  s tr a tu s  100 n . deep in  th e  Falkland  
s e c to r . D iscovery R ep orts, 1933, V ol. 7 , F ig . 13.

Temperature o f  a  su rfa ce  stratum  100 m. deep in  th e  Falkland  
se c to r  (°C ). D iscovery D ep orts, 1933, V o l. 7 , P ig . 12.

A n ta rctic  and S u b trop ica l convergences; th e  boundary between  
W eddell Sea and B ellin gsh au sen  Sea w aters. D iscovery  
R ep orts, 1933, V o l. 7 , P ig . 0 .

The tem perature o f  th e  warm deep w ater in  th e  Falkland sec to r  
(°C ). D iscovery R eports, 1933, V ol. 7 , P ig .
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R oss Isla n d  -  pJest C oast, Report on S u rveys, B r it is h  A ntorc- 100,000
t i c  E xp ed ition , 1910-13 (T erm  n ova). Map V.

P lan: Sisanit o f  Erebus 50 ,000

Cepe Iv a n s, Rose I s la n d . Report on S u rveys, B r it is h  A n ta rctic  12,500
E xp ed ition , 1910-13 (T erra n ova). Map V H I.

iTirt P o in t P en lnpu la, Rocs Is la n d . R eport on S u rveys, B r it is h  50 ,000
A n ta rctic  E xp ed ition , 1910-13 (T erra Ttom ). 24sp X.

Erebus Bay, Roen Is la n d . R eport on S u rveys, B r it is h  A n ta rctic  50 ,000  
E xp ed ition , 1910-13 (T erra N ova). !5ap X I.

Cape Royde D is t r ic t , Rose Is la n d . Report on S u rveys, B r it is h  25 ,000
A n ta rctic  E xp ed ition , 1919-13 (Terra N ova). 'Jap IX.

*

Mc'-tardo Sound R egion, Ross S ea . Report on S u rveys, B r it is h  500,000
A n ta rctic  E xp ed ition , 1910-13 (T erra N ova). Mop IV .

The su r fa ce  iso th en a s and cu rren ts In  th e  Falkland Rector. D is
covery  R ep orts, 1933, V ol. 7 ,  P ig . 8 .

G ranite Harbour, Rosa flea . Report on S u rveys, B r it is h  A n ta rctic  100,000
E x p ed itio n , 1910-13 (T erra N ova). Map VI.

P e r r a r -K o e ttllts  D is t r ic t , XfcMur&o Sound. Report on S u rveys, 200,000
B r it is h  A n ta rctic  E xp ed ition , 1910-13 (T erm  N ova). Map V H .

T erra Nova B ay, Rosa S ea . Report on S u rveys, B r it is h  A n ta rctic  250 ,000
E xp ed ition , 1910-13 (T erm  N ova). Map XIV.

R obertson Bay and Cepe A dare. Report on S u rveys, B r it is h  100,000
A n ta rctic  E xp ed ition , 1910-13 (T erra N ova).

P lan : R id ley  Beach, Cape Adare 15,000

Grohaa Land Peninnula and ad jacen t is la n d s , shew ing lo c a l i t i e s
where c o lle c t io n s  o f  lic h e n s  have been aa&e. D iscovery R eports,
V ol. 2 5 , P . U.

P lan : South Orkneys

The e a s t  c o a st o f  th e  T r in ity  P en in su la , Grahar. Land, show ing 611,700
p o s itio n s  o f  th e  c o lle c t in g  s ta t io n s . (Based on th e  survey  
node by Major Andrew T a y lo r , B .C .S ., a s s is te d  by C sp t. V ictor  
R u s se ll, R .E ., in  19^ 5.)

Chart N o .____________T i t l e ______________________________S ca le  l / -

BA iS -A  G ocoooic C hart, South A tla n tic  and Southern Oceans

DA 53-A Gacraonlc C hart, South P a c if ic  and Southern Oceana
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BA 5302 vtorld C lim atic Chart I I  (J u ly )
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Chart I t o . T it le

Ger 2002
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W eltkarte, Zur U bereicht d er ItoeresBtrotaungca

Ger 270^ G rosekroiskartc deu Suftliehon S t i l lc n  Gasans

Ger 2703 O rosskreisk arta dee la d isch en  Osseans

Ger 2701 G roealaxjisharte doe S u d atlan tiscb on  Osseoas

T it le

A tlan tin ch es S u d p olarseer, K it t le r e  Wftsserbervagung an dor 
O berflache in  Sudectsaer. Doutacba Arrfcarfctlocho Expedi
t io n , 1933-39 (R itscb er , 19^3# P . 9 0 ).

C ^ rflachsnteraperatur des W eddellaeeres i»  Su&sciaaBr. A rchlv 
dor Deutccben G eovnrte, 1921, V ol. 39# P. ^+. Deutsche 
A n tark tiscb e E xp ed ition , 1911-12.

W tetterlage cna 30 Januar 1939 und Zugbahn e ln o s ? le fc  voa 
20-2*4 Jan . A rchlv d er Deutsche© Seeuarfce, Aug. 1939» 
p . 3*». Deuteche A ntarktlscha E xped ition , 193S-39.

Das S eh e lfa ia  d er Posadownky B a l. Deutsche Gudpolar Expedi
t io n , 1901-03.

D&a In lands Is an Q aussberg. D eutsche Sudpolnr E xpedition , 
1901-03.

!?eu-9chwabenl»nd. D eutsche A ntarktische E xp ed ition , 1930-39 
(R itsc h e r , 19^3).

W ahlthat-M aaeiv, !feu-OehMBbenland. Deutsche A ntnrktlsche  
E xp ed ition , 1933-39 (R itsch er , 19^3# I ) .

A lexander von Ifusfcoldt Geblrf^e, Iteu-SchuHbenlond. Deutsche 
A ntarktiscfaa E xp ed ition , 1930-39 (K itseh er , 191*3,  ??ap XI) .
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Jfeu^Sclnaabenland. D eutsche A n tark tisch e E xp ed ition , 193&-39 500*00°
(M to cb er , 19>*3, Mas? i n ) .

/S u rfttce cu rren ts In th e  A tla n tic  Couth P olar Saoc in  th e
southern Ruraaer./ D eutsche A n tsrk tiseb e E xp ed ition , 193&-39 
(R itsc h e r , 19^37.

/S u rfa ce  tem perature o f  th e  W eddell and S c o tia  Seaa in  the
southern su en erv / Deutsche A ntarktiech e E xp ed ition , 1911-12.

AUSTRALIAN CHARTS CP ANTARCTICA

T it le  S ca le

King Georoe Lend. A u stra la sia n  A n tarctic  E xp ed ition , 1.&5" * 30 ttL. 
1911-1^ (A urora). S c ie n t if ic  R ep orts, S e r ie s  A,
V ol. 1 .

The c o a st o f  A d elie  Land and s le d ^  tra ck s o f  th e  ISssrtem i f  1 ,^ 3 3 ,°55  
S led ge P a rty . A u stra la sia n  A n ta rctic  E xp ed ition , 1911- 
lU (A urora). S c ie n t if ic  R ep orts, S e r ie s  A, V ol. 1 ,
P la te  V II.

Cape D enison , r is in g  s lo p e  o f  th e  in lan d  ic e  s h e e t . Aus- 0 .89"  s  220 yd s. 
tr& l& atan A n ta rctic  E xp ed ition , 1911-lk  (A urora).
S c ie n t if ic  R ep orts, S e r ie s  A, V ol. 1 .

A& elie Land and King George Tend ad ja cen t to  Cape 1 .32"  * 10 m i.
D enieon. A u stra la sia n  A n ta rctic  E xp ed ition , 1911-lU  
(A urora). S c ie n t if ic  R ep orts, S e r ie s  A, V ol. 1 ,
PI. y i.

Tracks o f  th e  Aurora o f f  th e  c o a st o f  A d elie  Lead and 1/ 1 ,^ 33,095
King George Land. A u stra la sia n  A n ta rctic  E xp ed ition ,
1911-1^ (A urora). S c ie n t if ic  R ep orts, S e r ie s  A, V ol. 1 ,
P I . I I .

P o rtio n  o f  King Georgs Land oad th e  H erts G lacier  1 .3 2 ” •  10 m i.
Tongue. A u stra la sia n  A n ta rctic  E xp ed ition , 1911-lU  
(A urora). S c ie n t if ic  R ep orts, S e r ie s  A, V ol. 1 ,
P I. IV .

VftlkBO C oast o u tlin e d  by C spt. D avis on board th e Aurora l / l , 2 ^ ,0 5 5
a f t e r  i t s  d isco v ery  in  Jan. 1912.  A u stra lasian  Ant
a r c t ic  E xp ed ition , 1911-lk  (A urora). S c ie n t if ic  
R ep orts, S e r ie s  A, V o l. 1 .

The O iaraock lte C oast and sled g e  tra ck s o f  th e  Ifear-E ast 1 .7 ” * 5 H i. 
P a rty . A u stra la sia n  A n tarctic  E xp ed ition , 1 9 H -lk  
(A urora). S c ie n t if ic  R ep orts, S e r ie s  A, V o l. 1 , !iap V.



* * 3 3

______________________T i t l e _____________________________________ Scale

The M acKellap I s l e t s  and onchorafje o f f  Cape D enison. 2.5,?" -  1 n . m l. 
A u stra la sia n  A n ta rctic  B q »ed itian , 1911-lk  
(A urora). S c ie n t if ic  R eports, S e r ie s  A, V o l. 1 ,
F ig . k .

ItacK sllar I s l e t s .  (MavBon, 1915, V ol. I I ,  p . 2 5 ? ). 0 .3 5 ” » 1,000'

David Islan d  and p o rtio n  o f  Queen ?>!ary Land. Ana- 0 .7 ^ ” ■ U m l.
tr a la a ia n  A n ta rctic  E xp ed ition , 1911-lU  (A urora).
S c ie n t if ic  R ep orts, S e r ie s  A , V o l. 1 , F ig . 21*.

H asw ell Id . (View lo o k in g  north  a cro ss Hamas 11 Islan d .) O.7S" ■ 10 chain s  
A u stra la sia n  A n ta rctic  E xp ed ition , 1911-lU  (A urora).
S c ie n t if ic  R ep orts, S e r ie s  A, V ol. 1 , F ig . 27 .

’rfestern Base S ta tio n . A u stra lasian  A n ta rctic  Expodi- 2 .5 2 ” “ 50 a i .
t lo n , 1911-lU  (A urora). S c ie n t if ic  R ep orts, S e r ie s  
A, V ol. 1 .

Track o f  th e  S .Y . Aurora on th ree  A n ta rctic  voyages.
A u stra la sia n  A n ta rctic  E xp ed ition , 1911-lU  (A urora).
S c ie n t if ic  R ap orts, S e r ie s  A, V o l. 1 , F ig . 2 .

30RWECIA17 CHARTS OF ANTARCTICA 

T it le

Vlnd og L u ftten p ertu r. A tla s aver Antcarfetla og S yd ish avet (iten sen , 193^, 
P.fc>.

The wind can d itlon n  over th e  A tla n tic  A n tarctic  Ocean in  Burner. In: 
'looby, The sea  su rfa ce  and tho a ir .  D ot. Horshe V idonokapoakadesi, 
O slo , 1933, F ig . 15.

P ak k isgrem er fo r  1 TJovwsiber, 15 Iteseatoer, 15 Jenucr, 1 tters. A tla s  
over A atarlctis og S yd ish avet (Hansen, 1936, p .3 ) .

Roto: The fo llo w in g  ch a rts are based upon th e  s c ie n t i f ic  r e s u lt s
o f  th e  riorwsgian A n tarctic  E xp ed ition , 1927-1933 and J»y b e  found in :
Mosby, The w aters o f  th e  A tla n tic  A n ta rctic  Ocean. D ot. Itorske
V idenskapsakadeoi, O slo , 193**>

Maximsa te sp era tu re  o f  th e  hydrosphere (F ig . 5 , I>* 2 0 ).

Depth o f  d is c o n tin u ity  betw een tro p o - and strata-h yd rosp h ere (F ig . 6 ,
P . 2 2 ).

Temperature o f  w in ter  w ater compared to  fr e e z in g  p o in t ( t - r )  (F ig . 7 ,
P . 2 5 ).

Bottom tem perature o f  th e  A tla n tic  A n ta rctic  Ocean (F ig . 1 0 , p . 32) .
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T it le

H orizon tal d is tr ib u tio n  o f  tem perature, s a l in it y  and d e n sity  &t 2 ,000  
m. (F ig . 20 , p . kk).

H orizon tal d is tr ib u tio n  o f  tem perature, s a l in it y  and d e n s ity  bv a t  1 ,000  
n . (F ig . 21 , p . 4 5 ) .

H orizon ta l d is tr ib u tio n  o i  tem perature, s a l in it y  and d e n s ity  &t at  k00 ra. 
(F ig . 2 2 , p . U6 ) .

H orizon tal d is tr ib u tio n  o f  tem perature, s a l in it y  and d e n sity  6fc a t  75 a . 
(F ig . 23,  p . U7 ) .

R e la tiv e  topography, 1 ,0 0 0 -2 ,0 0 0  d ecib ars (F ig . 2k , p . 51) .

R e la tiv e  topofpraphy, l,0 0 0 -k 0 0  d ecib ars (F ig . 25 , p . 5 3 ) .

R e la tiv e  topography, 1 ,000-75  d ecib ars (F ig . 26,  p . 5k ) .

R e la tiv e  topography, 1 ,0 0 0 -0  d ec ib a rs (F ig . 27 , p . 5 5 ).

R e la tiv e  topography, 2 ,0 0 0 -0  d ecib ars (F ig . 28 , p . 56) .

FREPJCH CHARTS OF ANTARCTICA 

T it le

Abords de P ort Lockroy, H e  Wlenefce. E xpedition  A ntarctique 
Fr0n9td .se , 1903-1905.

Finn: Port Loekroy

l i e  Ptfteraean. Dettselsae E xpedition  A nterctiqu e F ranpiaeo,
1908- 1010,  P I. V.

P lans das in s ta lla t io n s  d HdvomagB a  P ort C harcot. Expedi- 
t io n  A n terctiq u e F raa^ aioe, 1903- 1905,  F ig . 37.

I  la  Booth (t-fem&el). E xpedition  A ntarctique Franks is o ,  1903-
1905,  P I. V.

P ort C irco n cisio n  ( l i e  P eterm a n ). Beuxissae E xpedition  
A nterctiqu e Fran^&isa, 1908-1910, P I . VI.

P ort Charcot (H e  B an d el). E xpedition  A ntarctiqoe F raaq a ise ,
1903-1905, P I . VI.

Environs de la  s ta t io n  d T iivern age. Deuxiesse E xpedition  
A ntarctique Fraap& iae, 1903-1910, P I. IV.

A rch ipel de Pafcner, Hxpoditicin A ntarctique F m s^ a iee , 1907- 
1905, P I. I I I .

S ca le  l / -  
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I I  G3X3RAPHIC SOURCE ?SH?3RIALS FOR 1512 1SQRID CHRISTIS-EST COAST

PriraBry sou rce m a ter ia ls  fo r  th e  geography o f  th e  Ingrid  C hristen

sen  C oast a re  co n fin ed  la r g e ly  to  sh ip s ' lo g s , p erson al unpublished  

d ia r ie s  and b r ie f  o r  popular a r t ic le s  by M ibkelsen (P o lar Record,  1935), 

C hristensen  (1930* 1939a, 1939b ), E llsw orth  (1939a, 1939*) and Hansen's 

a t la s  ( 19^ ) .

Secondary source m a te r ia ls , c a r e fu l a n a ly ses o f  th e  referen ces c ite d  

above, in c lu d in g  sh ip s*  lo g s  and d ia r ie s ,  have g iven  th e  b e e t com posite 

p ic tu re  o f  th e  area  p rev io u sly  a v a ila b le .  The moot a u th o r ita tiv e  o f  

th ese  sou rces are th e  U nited S ta te s  Jtavy D epartm ent's Hydrographic O ffice  

P u b lica tio n  Bo. 138, S a ilin g  D irectio n s fo r  A n ta rc tica , 19^3; th e  B r itish  

A dm iralty's A n ta rctic  P i lo t , !<$&; and th e U nited S ta te s  Board on Geo

grap h ica l Jfanee' S p ec ia l P u b lica tio n  Bo. 8">, 19**7.

The p o rtio n s o f  th e  U. S . rfevy and B r it is h  A dm iralty p u b lica tio n s  

r e le v a n t to  th e  reg io n  concerned are reproduced in  f u l l  by p h o to sta t on 

th e  n ext th ree  p a g es. T h is i s  fo llow ed  by p e r tin e n t excerp te from th e  

d e c is io n s  rendered on A n ta rctic  p la ce  neaes by th e  U. S .  Board cm Geo

grap h ica l Sames In  i t s  S p ec ia l P u b lica tio n  No. &>.

C arefu l a n a ly s is  o f  th e  m a ter ia ls contain ed  h ere in  r ev e a ls  a  general 

lacl? o f  agreem ent among th e  a u th o r it ie s .  Comparison w ith  th e photogeo-  

grap h ica l a n a ly s is  o f  th e  area  in  Chapter VI dem onstrates a l l  previous 

so u r ce s , both  prim ary and secondary, to  su ffe r  con sid erab ly  from in co rrect 

sta tem en ts, am ission s and fa ilu r e  to  capture th e  geographic ch aracter o f  

th e  c o a s t . P ortion s o f  th e  appended p a rts o f  th e se  p u b lica tio n s which 

are d e f in ite ly  in  erro r  have been crossed  o u t. Inform ation r e la t iv e  to  

la t itu d e  and lo n g itu d e , o th er  doU btful inform ation  and Im m aterial



Infornetion haa not "been so  in d icated . The greaterrt errors, o f  course, 

are those o f  om ission.



Excerpt from H. 0 . 138,  S a ilin g  D irections for A ntarctica, 19^3. 
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[C b ap tc i VI

T h e  In g r id  C h r is te n se n  C o a st lies approxim ately  
betw een 73° and 81° E. T h e  in te rio r as fa r as 7^? S. 
has been nam ed A m e rica n  H ig h la n d  by  E llsw orth. 
A bout mil so oT th ls roast line is free of ire  and snow. 
M any  landing  places an d  su itab le  base s ite s  a re  avail
able. Fresh w a te r  lakes, penguins, an d  seals a re  to be 
found in g rea t num bers. l>we to the preva iling  easterly 
winds, the eoea l liaa m ay  be tee-free  the greater p a r t 
o f the year.

O n F eb ruary  19. 1935, the  Thnmharn  reached 67°38 '
5 ., 80°3.V E .. from  w hich position  ( ’ap t. K . M ikkelsen 
sighted the  W est Shelf Ice. A land ing  was m ade 
a t  68°29 ' S ., 78°36 ' E .,  and a  depo t of provisions 
established.

T h e  Thorshacn then  sk irted  the  coast sou thw estw ard  
un til s igh ting  M oun t C aro line M ikkelsen, then  tu rned  
northw estw ard , sk irtin g  the  M ackenzie S ea shelf ice 
as far as 68°51 ' S., 73°32 ' E.

On Ja n u a ry  27, 1937, the  w hale ca tc h e r  F iren i was 
off th is  coast, an d  L ars  C hristensen  m ade a  series of 
flights m apping  th is region from  th e  air.

In  J a n u a ry  1939, the  W yatt K arp  cru ised  along  this 
coast, an d  on J a n u a ry  I I ,  1939, E llsw orth  an d  Lyin- 
bum o r flew sou thw ard  from  08°30 ' S., 79° E . to  72°
5 ., 79° E.

C o a s t .—  From  Ca|>e I’enck th e  ice-covered coast 
trends w est sou thw estw ard  alxm t 90 m iles then turns 
sou thw ard  betw een parallels 67° an d  08° S., th is  por
tion of th e  co as t being fron ted  by  th e  W est S helf Ice. 
T h e  coast then  takes a  sou thw esterly  tren d  for about 
150 m iles w here it  form s th e  easte rn  shore of the 
Macken zie Baa.
, The sou thern  lim it o f the  W est B arrie r is approxi
m ately in 08° S., 81° E ., w here th e  w estern  edge of the 
b a rrie r anil the con tinen tal shore line form  O laf I 'rydz 
B ay. H ere th e  coast line continues a s  an  ice cliff, 
te rm in a tin g  the  ice cascades descending from  th e  high 
in terio r. M any rook ou tcropo jut—through the ice 
eliffo aw l  n umerous ialoU and  skerries lie close to  the 
shore. A sounding of 19 fa thom s (34.7 m .) was 
recorded by  th e  Thnrsham  in 68°37 ' S ., 77°40 ' E .

Ruclen.— Subm erged rocks and pinnacles abound  and

Vest fold M ountains
: C lr f« f< a « n

nav igato rs ore cau tioned  to  proceed carefully  in  these 
w aters an d  m a in ta in  a  lookou t aloft. W hen cruising 
in  th e  v ic in ity  of land , a  sm ull b o a t should b e  sent 
ahead of the  sh ip  to  sound the  approach  w hich m ay 
shoal rapidly.

C u r r e n t .— A w est se ttin g  cu rren t has been observed 
along th is  coast.

D e p o t.— A cache of provisions is placed on a  rocky 
headland  near the  n o rth e rn  end of th e  Vestfold M oun 
tains in C8°29' S ., 78°36 ' E . T h is site  is a  rocky snow- 
free peninsu la m ark ing  th e  junc tion  of the  ice cliffs 
w ith  th e  V estfold range. A chain  of islets an d  skerries 
stretches from  the  n o rth e rn  extrem ity  of th e  peninsula 
to  the  m ain land . A land ing  m ay be m ade in  a  sm all 
bay on  th e  so u th e rn  shore of th e  pensinula betw een two 
ridges. T h e  uneven  land slopes steeply  to  tw o ridges 
about 410 feet (125.0 m .) high. T h e  depo t site  is on 
the  w estern  side of th e  easternm ost o f th e  tw o ridges. 
N o vegeta tion exiwto here . T h e  rock is o f Sedim entary 
origin. A sm all gully betw een th e  ridges leads to  an 
inland fresh-w ater lake s itua ted  ab o u t 100 feet (30.5 
m .) aliove sea  level, from  w hich a  creek flows west ward 
to  th e  sea. A large penguin rookery exists 011 th e  bare 
rocks in  th is  region. T h e  en tire coast offers several 
good landing  places, good w ater, an d  pro tected  flat 
sites for h u ts  an d  bases. D etailed  investigation  m ay 
disclose good harbors. T h e  long ice-free coast line, 
and th e  abundance of seals an d  penguins, suggests 
accessibility  by  sh ip  each year, and hence an  ideal 
region for fu tu re  exploration.

T h e  V ea tfo ld  M a u n t a l— i frnm  800  * 0  1,000 fr e t  
<183.0 to 30 4 ,8 in .) h igh , extend from  the  d ep o t site 
sou thw estw ard  abou t  40  m ilna. These barren , rounded, 
and jagged hills ju t  seaw ard from  the  con tinen ta l ice 
edge for a  d istance of abou t  8 n tilw  an d  arc  m ostly  
in su lar w ith  th ic k  fast ice interlocking th e  land masses. 
T he land  ice beh ind  these  hills is high an d  is broken  by 
v as t crevasses an d  hum m ocks.

T h e  S tfred a l Ok u i w  lies southwestw  ard of th e  Vest-
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fo ld  -Mo u n ta in s. I t  is  a b o u t  10 m ile s  w id e  a n d  o f - 
u n k n o w n  len g th .  T h e  b lu e  ice  s u r fa c e  is oh a o tio  in  
a p p e a r a n ce  w i th  iee  ■pin n a el eo, b r o k e n  ieefallo , a n d
c re v a s se s . C a lv in g  o f  th is  gla c ie r  fa c e  o c c u rs  d u r in g  
th e  su m m e r  m o n th s .

R a u e r  I s l a n d s ,  a  g ro u p  o f  aiw inloto w ith  m a n y  
s m a lle r  ro c k s , lie  a b o u t 2  m ile s  w e s tw a rd  o f  th e  S o rsd a l 
G la c ie r .  T h e s e  sn o w -fre e  is le ts  a r e  d o m e -sh a p e d  an d  
ic e -p o lish e d , c o n s is tin g  p r in c ip a lly  o f  g r a n i te  a n d  
gneiss .

T h e  R a n v ik - M n a n t a in f l , -  f ro m  l o<) t o  0 0 0  fe e t (46.7 

S o rs d n l G la c ie r  faw n  d tn tn n o e  of a b o u t  11 m ile s . T h is

in  t y p e,w h ich  fo c -tb r  
co n t i nen ta l  iee  d e p e

rrc n t e r  pw rt r r t r n d  s e a w a rd  o f t h e
l ilnr  in  wnw rnr n n ee t om e t Mc c s m n tnr m  np p r ar niw

t h e  V eo tfo ld  M o u n ta in s.
S o u th w e s t-w a rd  o f-+ h e  R a n v ik  M o u n ta in s  th e  c o a s t 

l in e  fo r  t h e  n e x t 10 m ile s  is fo rm e d  b y  a n  ice eW f from  
104 to  32S  fee t (*>0.0 to  100 .0  m .)  h ig h .

S o u th w e s tw a rd  of. th i s  a t r e U-h o f  ioo -U u m d  co a s t  a re  
t h e  L a rse m a n n  M o u n ta in s ,  s im ila r  in  c h a r ac t e r  t o  t h e 
R a n v ik  M o u n ta in s ,  b u t  w In c h  wxUmd. f w so m u d is t an ce  
in b m d , w h e re  th e  iee s lo p e s  r ise  a b o v e  ice-co v e red  la n d . 
T h e s e  m o u n ta in s  fo rm  th e  co n st lin e  fo r  a  d is ta n c e  of
11 m iles. T h ic k - f a c t  -ret* -envelope*- tin* slwm-s o f - t l t e  
a re h ija d a g o ; m o l - 1  his- b f  >■» h e ld - to  p h o t-  b y  su b m erg e d  
ro e k o -a n d  sh o a ls . T h e  s t r o n g ly  g la c ia te d  o u t l in e s  of 
th e  m o u n t a in s  o f  In g r id  C h r is te n s e n  c o a s t a r e  p ro o f 
t h a t ,  a t  on e  t im e , th e  c o n t in e n ta l  ice s h e e t w as  m o re  
e x te n s iv e . T4w» sn o w -fre e  m o u n ta in c o a s ts  a r e  y e llo w  
in  co lo r  a n d  in d ic a te  th e  p re se n c e  o f  la rg e  p e n g u in  
ro o k e r ie s  w ith  v a s t g u a n o  d e p o s its .

T h e  S v e n n e r  I s l a n d s  W .)°K )' S . ,  7(1°30' a g ro u p  
o f  1 (i sm a ll is la n d s , lie  a b o u t  2 m ile s  from  th e  c o n t i 
n e n ta l  ice. T h e s e  d o m e -sh a p e d  1 's  c o n s is t o f 
g r a n i t e  a n d  g n e is s  w ith  v e in s  o f  h o rn b le n d e  a n d  q u a r tz  
w h ic h  y ie ld  q u a n t i t ie s  o f  g a r n e ts  a n d  m in e ra l o res. 
(S ee v iew  o n  p. 2 3 s .)

T h e  S o s t r e n e  I s l a n d s  ( T h e  S i s t e r s ) ,  t wn n o m d e d  
li>- u h u n t— iM— in ilcn—w a it hwt-st wa rd  rrf—th ei s i a m l

hvotiw  l a lu+uk* mid a b o u t 3 m ile s  from  th e  c o a s t. 

m t r t h w tm l .
T h e  c o a s t line  o p p o s ite  th e  S o s tre n e  I s la n d s  t r e n d s  

s o u th w e s tw a r d  a b o u t  -to m iles  to  M ou n t C a ro lin e  
M ik k e lse n , alw m t  t ,4 7 o -b«*4 n o g-h igh  lo c a te d  in
il'.C-t'.t' S ., 7-1'•’1)1' Iv  R com  th is  ^H*ak th e  const, line  
t c o o ls  n o r t h w a rd . th u s  fo rm in g  S a n d e f jo rd  B a y  a t  th e  
h ea d  o f  th e  M acke n z ie Sea. A b o u t o m iles  s o u th w a rd  
o f  th e  S o s tre n e  I s la n d s  is s lte lf  ic e  h a v in g  ua  .av er age 
w id th- <4  a b o u t -Ui n u le e  a n d  >■ l .—l. ^L ii i^  it... c t,« r i. |ln^  
<rf S n n d ef j im l B a y , b e h in d  w h ich  th e  in la n d  ice r ises  in 
s te e p  slopes.

13
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E xcerpt from th e  / B r i t i s h /  A d m ira lty ’s The A n ta rc tic  P i l o t ,  I9I+8.

JO I n g r id  C h r is te n se n  c o a s t .— In  ab o u t long. 76° E ., th e  coast 
recedes so u th w a rd  to  ab o u t L a t .  69° 5 0 ' S ., th e  b igh t th u s  form ed being 
n am ed  S andefio rd  b a y . N ea r th e  h ead  o f  th is  b ay  th e  co ast is  fringed 
b y  num erous sm all rocks, a n d , in  J a n u a ry ,  1937, L ars  Christensen 
rep o r te d  th a t  i t  w as filled w ith  firm  sea-ice, in  w hich  n u m ero u s icebergs 

1 5  w ere frozen. Mmmt C aroline M ikkelsen. about 1,50 0  fc*  ( i W ») high , 
lies close w ith in  th e  h ead  o f  th is  bay.

F ro m  th e  so u th e rn m o st p a r t  o f S an d efio rd  bay , th e  edge of th e  
tre n d s  in  a  n o rth -e as te r ly  d irec tio n  an d , in  places, th e  coast 

is v e ry  b roken , w ith  num erous off-ly ing islands. S ostrene islands lie 
20 offshore a b o u t 40  m iles n o rth -e as tw ard  o f  M ount C aroline M ikkelsen. 

This  part of tho  eoast-ifrioe-fcaa and b y . I.MSwaann Htotti i t o a . ,
w hich  tre n d  in  a  n o rth -e as te r ly  d irec tion  fo r a b o u t 14 m iles. Tm s 
iee free stretch  of coast ir. followed by another a r e toh, about  10 m ike 
lewg, which io *m  aewwad , Off the  adga of th e  ice, which ic between 

2 5  lo frand -380  fee t (45°»7 and UXWi) hig h , lie S v en n er islands. Thence 
th e  coast, s ti ll tre n d in g  n o rth -eas tw ard , aga in  becom es ice-free an d  is 
bae lted bv Ranvik m ount ains , w hich  ex te n d  a b o u t 11 miles. N o rth 
eastw ard  of th e  n o rth e rn  lim it of these  m o u n ta in s  a  abou t
9  m iles w ide, reaches th e  sea. I ts turfaca  is reported to  be  va ry rough .

•  •  •  3 0  a  grot+P of num erous sm all ro c k y  islands, lie close off
shore n ea r  th e  foo t o f th is  glacier. F rom  th is  glaoiar a n  ice-free s tre tch  
of co as t tre n d s  n o rth -e as tw ard  fo r about 40  m ilec , being ba ched by  
Veotfold m oun ta ins, which  rioa ta atowat iona o f 660  ta L OOP faat 
(201"*2 to  304D’8). B eh ind  these  mo>m«nint th e  ice-cap can , in ptooeo. 

35 be seen rising  above them . In  1937, L ars C hristensen  rep o r te d  seeing 
m a n y  ice-free freshwater lakes in  th ese  m ou n ta in s . T hese  w ere again 
seen b y  th e  U n ited  S ta te s  N a v y  A n ta rc tic  ex p ed itio n  in 1946—47,-*nd 
were reported , b y  this expedition; to  cover on  area o f  m ore t han  
106  square m iles.

4 0  In  1935, a  d ep 6 t o f s to res  w as la id , a t  a n  e leva tion  of ab o u t 150 feet 
(46“ 7), n e a r  a  sm all ridge close to  a  fresh -w ater lake in la t. 68° 29' S ., 
long. 783 36 ' E . A  lan d in g  w as m ade  in  a  cove betw een tw o  ridges 
on  th e  so u th e rn  side o f  a  sm all pen insula.

K la riu s  M ikkelsen, w hen  jH fjjtfflpp  ttlH  finagt in t' , n ‘‘ra l in  1935, 
4 5  s ta te d  th a t  h e  th o u g h t i t  is ap p ro ach ab le  fo r a  period  every  year. 

T h e  re la tiv e ly  ex tensive  snow - a n d  ice-free areas, a n d  th e  la rge  penguin 
rookeries in  th is  region w ould seem  to  in d ica te  th is . H e s ta te d  th a t  
th e re  a re  num erous good lan d in g  p laces w here fresh  w a te r  is ava ilab le  ; 
th a t  food in  th e  form  of p engu ins eggs, y o u n g  pengu ins an d  seal can  

5 0  be fo u n d  in  p le n ty  ; an d  th a t  th e re  a re  also  m a n y  p laces w here exped i
tio n  h u ts  cou ld  be erected .

B eyond l it t le  is know n  of th e  coast, th o u g h  it
is rep o rted  to  tre n d  n o rth -eas tw ard  for a bm rt 60  m ile: before tu rn ing  
n o rth w a rd  to .K in ^ L e iy > o lc ^ n d ^ u e e i^ A s tn d i<c o a ^ .

Chart 1240.



P ertin en t Qiccryrto frca  sp e c ia l P u b lication  No. 36 o f  

to e  on itcd  S ta tes Board 011 G eographical IJaaao,

Ing r id  -to rtstenaen Coast s  th a t  p o rtio n  o f  th e  c o a s t o f  A n ta rctica  

ex ten d in g  fra n  !*ount C arolin e ‘tUckeioen a t  th e  head o f  San defiord  Bay, 

in  about ?4°S . to  about O l°S . D iscovered  by Capt. fQ arlu s M iltkelsea o f  

th e  Thorshavn,  who landed h ere in  1935- iJeraed fb r  In grid  C h risten sen ,

■who s a ile d  in  A n ta rctic  w aters v ith  h er  husband, llo ti  In grid  C h risten 

sen  Land. (p . 132)

V eetfo ld  m i l s : b a rren , rounded, and jagged h i l l s ,  ffrew &GQ t*  1*008 

f e e t  ex ten d in g  Terr about 20 a l l e e  northeastw ard o f  th e  S^rsdal

O bM tea, on th e  In g r id  C h risten sen  C osat; in  63%D’S . 77°50*B. D is

covered  on February 2 0 , 1935 b y  C apt. K lariua Mifc&aleen in  th e  Thorshavn,  

Norwegian w haling sh ip  se n t o u t b y  Lara C h risten sen . V e stfo ld  i s  a  county  

in  ?*carway where San defjord , headquarters o f  th e  w haling in d u stry , i s  

lo c a te d , fia ts F e stfb ld  fiau n ta in o . (p . 2^5 )

Sjfa ra d a l gla a is r :  a  g la e ie r , about 8 m iles v id e  and »£ unknown le n g th , 

ly in g  south  o f  th e  V ectfO ld H i l l s ,  cm to e  In g r id  C h risten sen  C oast; in  

t'i9°U0, S . 7 7 °5 0 'S . D iscovered  February 2 0 , 1935 by C ayt. KLarius M ilskeloen 

in  th e  Thorahavn,  Soruegiaa w haling sh ip  se n t exit by Lars C h risten sen .

H ot: S ored al G la c ie r , Sew sdal d e a le r ,  (p . 23k)

fteuer i B lrod s: a  group o f  rocky iolnndn ly in g  south w est o f  th e

ei& aiov  a lo n g  th e  In grid  C h risten sen  Coast j ia  68055*8 .  77°20*5. 

D iscovered  February 2 0 , 1935 by Cacpt. 31ariu s M ffloelsen in  th e  Thorohava, 

fJOrwegian w haling sh ip  se n t ou t b y  Loro C h risten sen . !fot: Rauer Group.

(p . 217)
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Ranvik Say: an essbaynent ly in g  southward o f  th e  Rauer Isla n d s  

a lon g  th e  In grid  C h risten sen  C oast; in  ('i9O07'S» 77°15 ’ 12. D iscovered

and charted  in  February 1935 by Capt. "Qarius M ikkelsen in  tins Thorchavn. 

?taaed fo r  th e  town o f  R anvik, Barway. (p . 217)

.Rvenner I s la a lc : a  group o f  10 s n a il , rocky is la n d s  ly in g  o f f  th e

In grid  C hristen sen  C oast in  th e  southern p e r t o f  Prydz Bay; in  69°06*S. 

7o°25*E. D iscovered end charted  in  February 1935 by Capt. K larlus 

M ikkelsen in  th e  Thorshavn. Baaed fo r  th e Svenaer In lands o f  Norway.

(p . 239)

Larseqana H il ls : low , rounded h i l l s  which nark th e  shore l in e  fo r  

a d ista n ce  o f  about 10 m ile s  a lo n g  th e  Ingrid  C h risten sen  C oast; in  about 

r>9°30*S. 7 5 °^ * S . D iscovered  February 2 0 , 1935 b y  Capt. TOarios M ikkelsen  

in  th e  Thorshavn,  Norwegian w haling sh ip  se n t ou t by Lars C h risten sen .

Wot: Larsemrm Mountains. (p . 190)

gjfojtagg I s la n d s: a  group o f  is la n d s ly in g  o f f  th e  In grid  C hristen

sen  C oast, a t  th e  ea e tera  eKtaramee *» 6aade££e«el Bay; cen ter in g  in  69°33'

S . 75°10'D . D iscovered and charted  In February 1935 b y  Capt. K larlus 

M ikkelsen in  th e  Fhorshcm . (p . 138)

Bjfatoeae I s la n d s: tw» sm all is la n d s  ly in g  southwestward o f  th e  

Bffciagen Isla n d s and abate* ?  a i l s s  o f f  th e  In grid  C hristen sen  C oast; in

77°50'E . D iscovered and charted  in  February 1935 by Capt. Idarluo  

M ikkelsen in  th e  Thoroho.vn. Iioraed fo r  th e  S^stveae Isla n d s o f  Norway.

N ot: Saairw w  I s la a ia , Soetvene I s la n d s , The S is t e r s , (p . 23U)

Sandefjord Bay: a  bay ly in g  in  th e  southw estern p o r tio n  o f  Pry&z Bay, 

a lon g  th e  chore o f  th e  Lara Shristaatso* and In grid  C h risten sen  C oasts; 

in  about ^ 9 ^ 0 ’S . 7 ^ °3 0 '3 . D iscovered in  February 1935 by C apt. K larius 

’iik k eln en  in  th e Thorshnvn, a  w haling sh ip  nerrt out by Lars C h risten sen .



IIaaj*d fo r  th e  town o f  Sandofjord , B ow ay, c en te r  o f  th e  Norwegian w haling  

in d u stry , (p . 225)

C aroline M lkfaelsen, Mount; a  M stattain peak, about 900 flee t h ig h , ly in g  

on th e  In grid  C h risten sen  C oast a t  th e  heed o f  Saadefjard  Bay; in  

{'scPk9'S. 7 3 °5 0 'S . B ioeovered February 2 0 , 1935 b y  Ca.pt. K lariua Mik- 

k elo en  in  th e  ?horshavn,  Jlorweglan d ia lin g  sh ip  se n t ou t by Lars C h risten 

se n . Tinned fo r  th e  v i f e  o f  Capt. TCLariuo M iMcelsen 1*0 accompanied h er  

husband on t h is  voyage, (p . lUh)
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U n i v e r s i t y  o f  C a l i f o r n i a  a t  L.A. 1939
S y racu se  U n iv e r s i t y  1939-41 M.S. 16 A ugust 1941
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B ib l io g ra p h y  o f  p h o to g ra p h ic  i n t e r p r e t a t i o n :  s e l e c t e d  w i th  em
p h a s i s  upon k e y s ,  t e c h n iq u e s  and  r e s e a r c h .  B eport No. 102A/&0, 
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15 Feb ruary  1960.

A n t a r c t i c  b i b l i o g r a p h y .  P u b l is h e d  by th e  d i r e c t i o n  o f  t h e  C h ie f  
o f  th e  Bureau o f  A e r o n a u t i c s ,  D epartm ent o f  t h e  Navy, W ashington , 
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m e n ts ,  U .S. Government P r i n t i n g  O f f i c e ,  W ashington  2 5 ,  D .C .)
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U n d e rg rad u a te  A s s i s t a n t ,  S y racu se  U n iv e r s i t y  
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War I I
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Bueno* Aire*

D u n e d i
N E W \

'• '" Z E A L A N D

Cnpctod

AUGUST

Islands

A n tarc tic  R eg io n s

K now n la n d  a rea  
(a lm o s t c o m p le te ly  ice-covered )

ShelMce

Glacier

C o a s t g e n e ra lly  a c c e s s ib le  
in  s u m m e r  (tew  w eeks)

  C o a s t  o ccas io n a lly  a c c e s s ib le  -
jn  s u m m e r  

C o a s t in a c c e s s ib le  a t  a ll t im e s  
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