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ABSTRACT. In spite of th eir imporla ncc to globa l c lima te a nd sca le\'e l, th e mass 
ba la nce or th e Antarc ti c ice shcc t a nd th e d yna mics or th e coast o r Anta rc ti ca arc 
la rge h- unknow n. In 1990 . th e U .S. G eo logical S UJ'yey . in coo pera ti o n with th e Seo tt 
Polar R esea rch Institute. U.K., bega n a lo ng-te rm coas ta l ma pping p roj ec t in 
Anta rc ti ca th a t is based on a na lys is of Land sa t images and a ncill a ry so urces . Th e 
proj ec t h as [i\'e objec ti\ 'es: (1) to d etermine coas tlin e cha nges th a t ha ve occurred 
be t \\'een th e mid-1 970s a nd th e la te 1980s/ea rl y 1990s; (2 ) to es ta blish a n acc ura te 
base-line seri es of 24· 1 : 1 000000 sca le ma ps th a t d efin e the glac iologica l charac teristi cs 
or th e coas tline: (3) to d e term ine \'e loc iti es or o ull e t glaciers. ice streams a nd ice 
shch 'es : (4 ) to compil e a comprehensi\ 'C in ve ntory o f' oulle t g laciers a nd icc streams; 
a nd (5 ) to compil e a I: 5 000 000 scale ma p of Anta rn ica d eri\ 'ed rro m the 24 ma ps. 
An a l~ ' s i s o f' im ages used in producing th e first fi\ 'e of th e 24 ma ps has sho\\'n th a t ice 
fronts. ice berg to ng ues a nd glac ier to ng ues a re the mos t d yna mic a nd cha ngea ble 
fea tures in th e coas ta l reg ions of Anta rc ti ca . Sea\l'a rd o f' th e g rounding line of outl et 
g lac ie rs, ice strea ms a nd ice sheh-es . th c noa ting ma rgin is subj ec t to fr equ ent, la rge 
cah-ing c\'(' nts a nd ra pid no\\, . Alth oug h cah 'ing d oes occ ur a long ice \I'a lls, th e 
mag niLUd e o r their change on a n a nnua l to decad a l bas is is gencra lly no t discc rnible on 
La ndsa t im ages; th erefo re, ice wa ll s ca n be used as rela ti ve ly stabl e rdcrence features 
for measurin g o th er cha nges a lo ng th e coas t. V elociti es o f' outl et glacie rs, ice streams 
a nd ice shck es ra nge from 0.1 to se\'era l kilo meters per year , 

INTRODUCTION As Lt res ult , measuremcnt of cha nges in th e Ant a rc ti c ice 
shee t \\'as gi\'en a ve ry hig h pri ority in recommend a ti o ns 

by the U nited States Po la r R esearch Boa rd ( 1986), th e 

Sc ientifi c Committee on Anta rctic R esearch (SC AR) 
(Buclcl a nd oth ers, 1989 ) and the N a ti o na l Science 
Fo unda ti on 's Di " ision (eleva ted to Offi ce sta tus on 13 
Ja nu a ry 1993 ) or Pola r Prog ra ms ( 1990 ). A se t o f m os tl y 
mid-1 970s La ndsa t images of Antarc t ica (Swithinba nk , 

1988 ) gave th e impetus for prepa ring a se ri es of 24 

I : I 000000 sca le U .S. G eo logical Survey Mi sce ll a neo us 
IIl\ 'es tiga ti ons Seri es ma ps (" I- ma ps" ) of th e coas ta l 
rcgions o r An ta rc ti ca (Fig. I ); t he se ri es \I'as la te r 
mod ifi ed to in clud e Land sa t 4 and 5 j\"fulti sp ec tra l 
Sca nn er ( ~ISS ) a nd Thema ti c l\Ia pper (T \l ) images to 

com pa re changes OI'e r a 15- 20 year tim e in terval. 

Background 

C ha nges in th e a rc a a nd volume or pola r ice shee ts arc 
intri ca te lv linked to cha nges in g lo ba l clim a te and may 
se \'e re l), i m pac t on th e d ense l y popu la ted coas ta l regions 
on Ea rth. ~le lting o r th e W es t Anta rc ti c pa rt of th e 

Anta rc ti c ice shee t a lone could ca use a sea-Ie\'e l ri se of as 

much as 6 m. The po tenti a l sea-l evel ri se fo r th e entire 
A n ta rc ti c ice shee t is es timated to be 73 m (\\ ' illi a ms and 
H all . 1993 ). In spite or its import a nce, the mass ba la ncc 
( the ne t vo lum ctri c ga in or loss ) o f' th e Anta rc ti c ice shee t 
is poo rl y kn Ol I'11 ; it is no t kn o\\'n \\'he th er the ice shee t is 

growing or shrinking (U .S. Departm ent of E nergy, 1985) . 
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11 "illiallls alld otherJ: .1l1tarctic (oastal-challge ({lid glaciologiwllllapj 

A - TRINITY PENINSULA G - SAUNDERS COAST M - BANZARE COAST S - PRINCE OLAV COAST 
B - LARSEN ICE SHQF H - ROSS ICE SHELF N - KNOX COAST T - PRINCESS RAGNHILD COA 

U - FIMBUL ICE SHELF C - PALMER LAND I - ROSS ISLAND 0 - QUEEN MARY SHELF 
o - RONNE ICE SHELF J - DRYGALSKI ICE IDNGUE P - AMERY ICE SHELF V - CAPE NORVEGIA 
E - EIGHTS COAST 
F - BAKUTlS COAST 

K - OATES COAST 
L - GEORGE V COAST 

Q - LAMBERT GLACIER 
R - MAWSON COAST 

W - CAI RO COAST 
X - BERKNER ISLAND 

Fig. I. Jlldcc l/lajJ oJ Alltarctica j/io1('illg the locatiolls alld lIam eJ 0/ the plalllled 24 I: 1000000 scale co(l.I tal-challge alld 
glaciological majJs oJ Alltarctica. The Baklltis Coast l77a/) is illr/imled I~)' the letter 1'. 

Objectives 

The coas tal-change and g laciologi ca l mapplllg project 

has fi\ 'C objecti\ 'es: 

I. To determine coastline changes that ha\'C occurred 
betwee n th e mid-1970s and the late I 980s/earh' 1990s. 

2 . To es tabli sh an acc urate base-line se ries of I : I 000000 
sca le maps th a t defines. I'rom th e ana lysis of L andsat 

images, the g laciologica l characteristics le .g . floating 
icc. g rounded icc ofthe coastline of" \nta rc ti ca during 
the t " '0 ti me periods (m id-1 970s and la te 19805 /earl\-
1990s . 

3. To determine \'Clocities or out let g laciers, ice streams 

and ice sheh-es from comparison of' Landsat images or 
thc sam e areas taken o\'Cr time. 

4-. To compile a comprelll'n si\'C in\'('ntol'\' of' named 

(fro m publi shed maps and Landsa t images) and 

unnamed (from ana lysis or Landsa t images) outlet 

g lac iers and ice streams in .\ntarctica that arc 
mappable from Landsa t images o r ri 'om anci ll ary 
so urces (e.g . m a ps, gazettee rs. CD- RO:'.l s) ISwithin­

bank , 1980, 1985: Albens, 198 1; National Science 

Foundation, 1989; BAS, SPR I and \\ 'C.\1 C, 1993 ). 

5. To compi le a I: 5000000 scale map or Antarctica 
deri\ 'Cd from the 24 1: 1 000000 sca le maps. Each 
I: 1000000 scale map extends to the so uthernmost 
nLln atak ,,"ithin each map a rea or to rhe southernmost 

ex tent of Landsa t images about 81.5 S.lal. ). 

Sources of iIllages 

Im ages used in the compi la tion o f' the coas tal-ch a nge and 

g laciologica l maps of Antarctica \,"ere obtained [i-om 

either the C.S. Geological SUI'\'Cy 's EROS Data Centel'. 
Siou~ Fa ll s, SD 57198. L.S ..-\ .. or the Earth Obsenatio ll 
Satcllite ( EOS" \ T ) Corporation, "~300 Forbes Bh-cl. 
Lanham , \ID 20706, u.S.A. The opt imum L andsal I , 
2 and 3 \ISS (\\'illiams and Fcrrigno. 1988 ) and Landsa t 

4- and 5 T\ I images are ShO\\'I1 in t\\"O index maps on each 
m a p sheet; the images used in the final compilation arc 
Ilotcd in und e rh"ing tabl es \\'ilh an asterisk. The 
1: 500000 sca le prints of L a ndsa t images used in the 
analytical phase " T IT en larged [i-o m three types of source 

material: I I: 3 369 000 sca le film transparencies fi'om 

the EROS Data Center, 2 I: I 000000 sca le black-and­

,,"hite or fal se-color prints ['rom EOS .-\T. and 3) 
I : 500000 sca le black-and-\\'hit c print s made ['rom 
digitally enhanced imagcs a t the U.S. Geological 
Sur\'('y's Image Processing Fac ilit ~ · , Flagstaff. AZ. U.S .. \. 

Methodology 

The primary steps ill the compilation of' the coasta l­
change and glacio logical maps 0[' .\ntarc lica are as 
folio,,": 

I. Id e ntification 0[' optimum Land sat \lSS or T\I 

images f(lr the t,,"O lim e periods (mid-1970s and late 
1980s/ea rl ), 1990s and en largemcnt to a nominal 
sca le of' I : 500000. 

2. Identification and plotting of' g round cOlllro l points 

and pass points on Landsa t images (pass points tie 
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11 'illirlllls and a/hen : AII/arc/ic coas/al-c!wlIge and glaciological mal}s 

on : r1 a pp ing L andsa t im ages toge th er in th e a bse nce o r 

g ro und contro l) fi 'om geod e ti c f1 e ld-suf\ 'ey info rm a­

ti o n (e.g . field n o te boo ks, ta bl es. ve rti ca l a nd 
tri melrogo n aeria l p ho tog ra phs. m a ps) are hi \"(~d in 
th e U.S. Geologica l SU J"\-cy's SC AR Library (R esto n, 
\,A 22092, G .S .A. ) . Pl o llin g o f pass po ints o n 

o\'e ri a pping La ndsa t images a nd tra nsfe r o f co n tro l 

po ints a nd pass po ints to tra nspa rent o\'erl ays to 
p ro \'ide ti es bet\\-cen images in a reas wh ere geod eti c 
g ro und contro l d oes no t yet ex ist. 

3. ~l a nu a l a nn o tat ion ofglac io logica l fea tures b y SCAR 

Cod e (SC AR, 1980 ) o r Anta rct ic Dig ita l D a ta base 

(ADD ) Geocod e (BA S, SPRI a nd \\'C ~r C, 1993 ) on 

I : 500000 sca le tra nspa rent o \'e rl ays o f L a nd sa t 
im ages fo r bo th time periods. (T he A DD p roj ect 
pro \'id es a di g itized coast lin e a nd o th e r ca rtogra phi c 
info rm a ti o n o n Anta rc ti ca ge ne ra li zed to a sca le o f 

I : I 000000 w hi ch is m'a il a bl e on a C D-RO I'd (BAS, 

S PRI a nd \\·C fl.l C, 1993 ). Th e ADD CD-RO~l 

p rO\' id es th e bes t ex istin g coas tlin e info rm a ti on fo r 
An ta rc ti ca. ) 

+. fl.la nu a l tra nsfe r of th e eo m bined ( ~I SS \\' i th T~I ) 

a nn o ta ted o\"C rl ays to I : 500000 sca le o bli q ue 

l\fcrcato r m aps o f eac h m a p shee t. T;-,1 im ages 

p ro\' id e th e mos t geo m etri ca ll y acc ura te base fo r 
combining th e a nno ta ti ons de ri\ -cd from a na lys is o f 
th e ;\ISS a nd T;\I im ages. 

5. Dig i ti za ti o n , a t I : 500 000 sca le, usi ng th e U.s. 

Geologica l S UIYCV'S i\ I APG El\' so ft wa re (E \'end en 

a nd Botbo l, 1985 ) a nd a di g iti zing p rogra m ca ll ed 
" di g in ", \\"I' it ten b y G. 1. E\ 'C nd en (unpubli sh ed ). o f 
g lac io logica l an no ta ti ons a nd o ther re la ted info rm a­
ti o n on th e obliq ue ~l ercaLO r p roj ect io ns by SC. \R 

Cod e o r ADD Geocode. 

6 . Tra ns fo rm a ti o n o f di g iti ze d a nn o tati o n s to a 

I : 1 000000 sca le po la r s te reographi c m a p b ase 

(sta nd ard p a ra llel a t 7 1 S lat .) using th e U .S . 
Gco logica l S Ur\ 'Cy's j\J A PGEN so ftw a re (E \'e llden. 
1990) . 

7. Add i ti OIl or g lacier \T loc i ti es, gcogra phic place-na m es, 

inc luding codes fo r u n na m ed o utl e t g lac iers a nd ice 
strea ms id entifi ed on L a ndsa t im agcs (T a ble I ) . a nd 
m od i fi ca ti o ll 0[" se lected to pogra p hi c (BAS, SPR T a nd 
\\ 'C '\I C, 1993 ) [a rm lines a nd ba th yme tri c co n to urs. 

8. A na lys is of coas ta l cha nges, g lac io logica l fea tures a nd 

outl e t-g lacie r , ice-stream a nd ice-shelf \·e loeiti es . 

THE BAKUTIS COAST MAP 

Ana lys is of th e two se ts o f La ndsa t im ages fo r th e t\\·o time 

pe ri od s has Ixe n completed for fi vc o f thc 24 m a ps (Fig. 
I) (Ei ghts Coast, Ba kuti s Coas t (Swithinba nk a nd o th ers, 
in press ), Sa und e rs Coas l, Ross l ee She lf and R oss 
Isla nd ) . Th e fo llowing d isc uss ion of th e Ba ku ti s Coas t 

ma p is used as a n exa mple of th e typ es o f coas tal-cha nge 

a nd g la cio logieal info rm a ti o n th a t can be d e ri\'ed from 

a na lysis o f La ndsa t :-'JSS a nd Ti\L Im ages (Swithinba nk 
a nd o th e rs, in press ) . 
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Table I. lllllelllOl), ~r named alld llIlllamed glaciers loai/ed 
lvi/hill the Baklllis Coast majJ 

Geographic 1I{/1I1e' 

,\ (/llIed 

Beakle y Glac ier 

Bosc hert G lac ie r 
Brush G lac ie r 
Bunner G lacier 

C la use n G lac ier 

D orchuk G lac ier 

H a milton Ice Pi edmont 

H ay nes G lac ie r 
H o lt G lac ier 
H o rra ll G lac ier 
K eys G lac ie r 

K o hl er Gl ac ier 

fl.l cClinton Gl ac ier 
Pa r k G lac icr 
Par ks G lacier 
Pope G lac ie r 

R oos G lac ier 

S im m ons G lacier 

Singe r G lac ier 
S mi th G lacier 
Sorenso n G lac ier 
S te LII ' i G lac ie r 

Thurston G lacie r 

Th \\'a i tes G lac ie r 

T hwa ites G lacie r T ong ue 

T hwa ites I ce berg T ong ue 
Tru e G lac ie r 
\ 'a ne G lac ier 

Yod el' G lacier 

Zuniga Gl acier 

A:"J11 344W 7427 
A N J 135 1\\'7+23 

ANI 1637 \\"7423 

A:\ 11 950 \\'7420 

AN 12032 \ \ ' 7353 
,\:\ 12420 \ " 7353 
A :\ 1243 1 \\ '73+9 

AN 12500 \\' 7349 

A N 12524 \\'7 345 

AN1 2543 \v 7334 

AN 12608 \\'7322 
.\ N 125+2\\'7444 
AN 129 19 \\' 7+52 
A:\ 12957 \ \ '7455 

Glaciologi{({l /em? 

ice stream 

o u (l e t g lac ier 
ou t le t g lacier 
o utlet g lac ie r 
o utle t g lac ier 

ou tl c t glac ier 

no t a tru e ice pi edmont 

ice stream 
o u Li e t g lac ier 
Oll tlet glac ier 
o u tlet g lacier 

ice stream /o u tl e t g lac ie r 

o lltl c t g lac ie r 
o utl e t g lac ie r 
Olltlet g lac ie r 
ice strea m /o utlct g lac ie r 

ou tl e t g lacier 

o u tlet g lac ie r 

ou tl e t g lac ie r 

ice strea m /o utl e t g lac ie r 
o utl e t g lac ie r 
Oll tl et g lac ie r 

o u Li e t g lacier 

ice strea m 

ice shel f/g lac ier to nguc 
ice be rg to ng ue 
Oll ti e l glacie r 
o u tl e t g lac ie r 

o u tl et g lac ier 

o utl e t g lacier 

o utl e t g lacier 
a ll tiet g lacie r 

ice stream 

ice stream 

ou tl e t g lacie r 
() u tlet g lac ie r 
ou tl e t g lacie r 

ou tlet g lacier 

OLl tl e t g lacie r 

ou tlet g lac ier 

O Ll tl e t g lac ier 
ice stream 
ice strea m 
ice strea m 

I C:olllp rehcnsi\'(' list ing of glacie rs a nd sekned o ther re!c, 'an t geograph ic 

[t'alurcs d cri\Td from pub li shed m aps or Ihe arca e ncompassed h, the 
Ihk u ti, Coast Ill ap a nd inc luded in A lberts 1198 1) a nd Nat iona l Scicnce 
Fou ndat io n ( 1989 1, 

1 G lac io logica l ter ms d efi nec\ in A rms tro n,.; a nd ot hers \ 1973. 1977 ) 

(prill1al'l' refe re nccs ) and in Ba tcs and J ac kso n 11987 ) Isccondar\' 

ref(-rcnce ' 

I Geograp hi c locat io n code fo r u nnamed o utl e t g lac ier, a nd ice Slrea ms 

that h 'I\T bee n iden tified on La nc\ sat im ages .. \'\ 11 3++\\, 7+27 represe n ts 
.\ nta rClica .\ '\f. 113 ++' \I ' 11 3·11 \\ .. 7 1 27' S 7+27. 
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Glaciological features 

Th e Ba kuti s C oast (Sw ithinba nk a nd o th ers, in press ) 

sho ll's two d o min a nt g lac io logiea l [(:a rures : relati n' ''' 
na rrow rring ing ice shek cs (Ge tz, Do tso n a nd Crosso n 

lee She k es ) a nd th e Th\I'a it es Gl ac ier s\'stem Thwa ites 

Gl acier , Th\l'a i tes G lacier T o ng ue a ncl Th\\"a i tes r ce be rg 

T o ng ue ) . G e tz Ice S hell' continu es fo r a no th er 150 km to 
th e II'('S t into th e Sa unders Coas t m a p . The Ba kuti s C oas t 
m a p is dil 'id ed in to li\'e ice-fi'o nr segm e nts by f() ur isla nds 
(D ea n , Sipl e, C a rn e y and \\'ri g ht ) loca ted bcr\l'Ce n 

D e \ ' icq G lac ie r a nd :'la rtin Peninsul a. Sip lc Isl a nd , 

C a rn el' Isla nd , :'I a rtin Peninsul a a nd Bea r Pe ninsul a a lso 

conta in small ice she k es se pa ra ted by ice lI'a ll s. T\I'ent v­
seve n na m ed a nd 1+ unn a m ed o utl e t g lac ie rs a nd ice 
s trea ms [l Oll' into th l' icc she k cs o r direct " into th e 
Amundsc n Sea : th rce o th er nam ed g lac ie rs a re loca ted in 

inte ri o r m o unta in ra nges (T a bl e I ). The la rge r g lac iers, 

suc h as Th\l'a ites G lacier , m ay ha \ 'C a re la ti\ 'C ly co he re nt 

ice be rg LO ng ue as a d e tac hed pa rt o r th e g lac ier LO ng ue , 
All th rec g lae io log ica l !Ca tures a rc pro m i ne n t e no ug h in 
th e Th ll'a it es Gl ac ie r sys tem to carry three se pa ra te pl ace­

na m es. 

Coastal change 

As lI'o uld be ex pec ted, th e ice rrOnts. ice berg to ng ues a nd 
g lac ie r to ng ues arc th e m os t dyn a mi c a ncl c ha ngea ble 

['ea lures in th e coas ta l regio ns 0 [' Anta rctica Ta bl e 2 ' 

Sea \l'a rd of th e g ro undin g line o f o utl e t g lac ie rs, ice 

strea m s a nd ice shel ves . th e noating ice marg in is subj ec t 

to fi'eque nt a nd la rge ca h-ing e \ 'e m s o r ra pid nO\l'. Bo th or 
th ese situ a ti o ns lead to a nnual a nd c1 ccada l cha nges in th e 
pos iti o n o f'i ce fro nts on th e o rd e r o r sc \ '(' r a l kil o lTI e ters , 

C\T Il te ns 0[' kil o m e te rs in ex trem e cases o r majo r ca h-in g 

e \T nts. Alth o ug h ca king d oes occ ur a lo ng ice \I 'a lls. th e 

m agnitude o r c ha nge o n an a nnu a l to d ecad a l basis is 

ge ne ra ll y no t di sce l'llibk o n L a ndsa t im ages: th e refo rc, 
ice \I 'a lls ca n be used as rc la ti\ 'C ly s ta ble rc fere ll ce rt'atures 
aga ins t \I 'hi e h to m eas ure o ther cha nges a lo ng th e coas t: 

o nl y a sin gle o bse n 'a ti o n d a te is g i\T n ro r th e pos iti o n o f' 

ice \I'a lls. 

T able 2. G'laciological .fea/Ilres II/a/J/)(Ible Oi l L(IIIr/.ra/ 
ill/ages /li a/ are /lI'esetl/l'd 011 /lt e coas/al-challge and 
glaci%gicnl lIIa/)s of An/arc/ica. T he corre.I/)ollding 
SC.iR Codes ( SC:JR , 1980) or ADD Geocode.1 ( 8 , lS. 
SPRI alld II 'C.liC'. 1993) are also giz'eI/ 

Flo lI'lines 
Gro unding lin e 
Iceberg to ng ue 

Ice rro n t 

I ce ri se ( \\'ithin a G a nd /o r " ' )1 

Ice rumple (within a G and /o r " ' ) I 

lee \I'a 11 
Rid ge I i ne on ice 
Rift 

R oc k coas tlin e 

Thin ice shell' 

SC-\R 3. 1 
S CAR 2 .1 0 
SC.-\R 2.3 

SC.-\R 2 .5 

ADD 22090 

,\DO 22020 
ADD 232+0 

ADD 220 11 

I G indi ca tes g ro undin g line; \\' indi ca tes ice \I'a 11 , 

/I 'illiam,1 alld o/ha,l: . III/arc/ic corlO/al-chonge alld glaciologi(({l 11/0/)1 

. \ n a na l: 'sis o f' c ha nges (i'o m \\ ' rig le \' Gulf' o n th e 

\I'es te rn part o r th e Ba kuti s Coas t m a p to th e \ITS tern pa rt 

o f' Pin e isl a nd Ba y o n th e cas t 130 10+ '" lo ng . I . 

indi ca tes th e !c) lI o \l 'ill g . " 'es t a nd no rth 0 /' Dean Isla lld , 

th e Ge tz I ce Shelr ach 'a ncccl 3 12 km be t\l'l'c n II J a nu an' 

1973 a nd 25 Fc brua n 1988 ac ross a 5 1 km \I'iel e ice (i 'o llt . 

Th e eastern part or th e ton g ue o r D e\ ' icq Glac ier (m os tl y 

o n th e Sa uncl ers C oas t map l reced ed 6 km, " 'es t of' 
C a rn ey Isla nd th e G e tz lee Sh ell' reced ed 2 5 kill be tllTc n 
22 Deccmbe r 1972 a nd 25 F l' bru a l'y 1988 a nd. o n th e 
cas t , 0 2 km be t\l'ce n 23 :\To I'l' mb er 1973 a nd 25 

D ecember 19862+ J a nu a ry 1990 . Th e "~6 km \I'id e ice 

fro nt of D o ts o n Ice Sh e lf' a lso reced ed 1 5 km be t\l'ee n 16 

January 1973 a nd 23 J a nuar:' 1990 Fig , 2 ) , Th e la rges t 
c ha ngcs, IH)IITIT I'. occ uITcd in th e Th ll'a it cs Gl ac ie r 
T o ng uc a nd th e a dj ace nt Cro"on j ce She lf'. FrOIll th e 

so uth eastern c nd o f'th c icc lI'a ll o f' H a milto n Ice Pi edm o nt 

(a bo ut 11 0 \\ ' lo ng . I to th e ice m tll \I 'es t of' Pine Island 

Glacie r a bo ut 104- \\' lo ng . is a di sta ncc o f' 186 km. 

Al o ng a 62 km lI'ide li'onr o r Crosso n Ire Sh clf' th a t 
in c lud es the co ni1u f' ncc o f Smith , POJlc and \ 'a n c 
Gl ac iers. th e ice ['ro nt r['ced ed 5 13 kill be tll'l'c n 2 7 

D ecemher 1972 and 22 J a nu a ry 1988. Th e irregul a r 

8 3 km lI'id e te rminu s o f' Th\l'ait es Gla c ier Ton g ue 

ach'a nced a bo ut [ Okm be t\l'ee n 27 D ece mbe r 1972 a nd 

22 J a nu a n ' 1988 : bc tll 'ee n 22 J a nu a ry 1988 a nd 9 
F ebruary 1989 . it ach- <l ncl'd a no th cr 2 kill. Th e Th ll'a it cs 
I ce berg T o ng uc has conlinued to m ol'(' l ~lI'th c r IITs t since 

1989 . 

Outlet-glacier, ice-strealll, and ice-shelf velocities 

\' eloc iti es o f' fl oa ting g lac ie rs e,g . g lacie r to ng ues. icc 
strea m s. ice shek cs ) II l' lT d c termined b y tll'O m e th ods: a n 

in te racti\ 'e o nc in \I' hi c h crC\'a sse pa ttc l'll s a rc traced 

\ 'isua ll y o n im ages Lucc hitta a nd o th ers, 1993 a nd a n 

a u to-co rrel a ti o n p rogra III d c\ 'C lo pcd by Bi ndsc hadl e r a nd 

Sca mbos ( 199 11 a nd SCLl mbos a nd o th ers ( 1992 ). Gnd er 
o ptimum co nditi o ns. erro rs can bf' as sm a ll as ±O,02 km 
at. but ro r m os t La ndsa t image pairs, 1I'!ll're regis tra ti o n 

o r ka tures is o nl y acc ura te to t\l 'O o r three pi xel s, th e 

acc u racy o f' \ 'C loc i t \ ' \ '('c to rs is ± O. I km a I . Th e la rger 

g lac ier to ng ues a nd ice she k es h£\\'e \I'C II-d C\'C lo ped rif't 

pa tt e rn s tha t ca n be uscd [o r , 'C locity m eas urcm e nts. 
Fro m 10 to 50 m eas urc m e llt p o int s lI'e rc m a d e 10 1' eac h 
gla cier to ng ue o r icc shelf: Thll a it cs Gl ac ier T o ng ue has 
a n <I1'('I'agc \ 'l' loe it y o f' 2 .8 km at. o n th c bas is or La ndsa t 

im ages acquired o n 2 D ecembe r 198+ (50276-1+52+) and 

9 J a nu a ry 1990 +273 -~-1 +552 1 ( Ferri g no a nd o th e rs. 

1993 Th e Th\l'a it es Ice berg T o ng uc m o \ 'Cd lI' es t 
bc tll'l'c n th e ea rl y 1970s a nd th c la te 1980s, On th e 

bas is or L a ncl sa t im ages a cquired on 13 Jallu a n ' 1973 

11 7+-1 +325 a nd 22 J a nu a r: ' 1988 +20 16-1+3+3, th e 

noa ting to ng ue of S mith Gl ac ie r m 0\'('(1 a t a n a\'(Tage 

fat e of' 0 .6 km a I, a lth o ug h th e \'e1 oc ity d ec reased to 

0 .5 km a I nea r th e g ro undin g lin e . Th e Smith Gl ac ie r 
to ngue increascd in \'(' Ioc it l' to a n a l'e ragc o f' O,7 km a I 

be tll'cc n 19 J a nu a ry 1988 and 23 .Janua ry 1990 . [)o tso n 
Ice Sh e lf'. in to \I 'hich sl'I 'C ra l namcd (Singcr , \lcClinto n . 

D o rc huk. K eys. K o h le r. Bosc hc rt, True. Zuniga, Brush 

a nd So re nso n Glacie rs ) a nd o th er unn a m cd g la cie rs fl o\\'. 
has a n <l \'C ragc \ 'e locit \' o f' 0 ,+ km a I ( I .u cc hitl a a nd 

o th ers. 1993. 199+ 

287 https://doi.org/10.3189/S0260305500015950 Published online by Cambridge University Press

https://doi.org/10.3189/S0260305500015950


f l 'iLliams and others: . III/arc/ic coasla/-c/wllge alld glaci%gical mal)s 

APPROXIMATE SC ALE 
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Flj; . 2. The Dolson Ice Shelf and e/ll'irolls pari of Ihe Baklllis Coaslmap showing coaslal change and glaciologicalJealllres 
derived Ji-olll ana[l'sis (if Landoal .I/S'S and T 11/ imageo and comjJilNI on an illlerilll oblique 11/er[({lor mal) at a s[({fe of 
1 : 500000. The I: 1000000 scale IIW/) (Swi/ltillbank alld oliters, ill /Jress) uses coLor to differenliateJea/lIres. On Ihis ma/) 

/ellers are used: r I ' (ice wall), D (ridge line all ice), S (J7owlilles ) , G (grounding lille) and F (ice jiolll) (see Table 2). 
Contro/j)oill/s are showlI with a (, +" and identified b)1 elevalioll ill meters above meall sea level, if available. and [J'pe if 
obser1'{[lioll : A, (/j/rollolllical; .11 , ma/) coordinale. Two 1II1/lallled glaciers identified 011 Landsat images are a/so shown: 
.1,\ )135111 7423 and . L\D3-N-I I 7427 ( .L \ -= . llIlarcliea; 1135111 ' = 113" 5f' 11 ' long.: 7423 = 740 23' S Lal,). The 
si \ l leloci~)I veclors 1J..'ere [alwlated Jroll1 lIIovemenl qJIealures all lu'o Lalldsal images, a T ,I I image (base image) acqllilwl 
011 2 ]anl/al)1 1988 (41996-14580 ) al/d ([11 .IISS image (coregis/ered image) acquired 01/ 16 ]al11l(/I~Y 1973 ( 11 77-14500). 
r -eloci{J' is indicated ill km a I 

Map revisions 

The Ea kuti s Coast map \I-as compiled primarily Crom 

Landsat 4 a nd S im ages (supplemen ted \I'ith Landsar 1,2 
a nd 3 im ages to fill in gaps or to delineate coasta l 
changes ), by use of'selec ted geodetic con trol [i-om th e II 
rele\ 'ant sheets of th e I: 250000 sca le T opographi c 
R econnaissance :-laps (I\'ith shadecl reli ef') and, three 
I: 500000 scale Sketch i\Japs (shaded relier shown, but 

gene ra ll y without contours ) pub li shed by th e U,S . 
Geological Survey a nd newer control acq uired with 
globa l positioning sys tem (GPS ) equ ipmen t. Th e on ly 
except io n to the use of Landsa t 4 and 5 images is in the 
western part of the Eakuti s Coast map, \I·here a n II 

J a nuary 1973 Landsa t im age was used to delineate the ice 

front a nd the grounding lin es of D ean Isla nd and th e 
inland ice sheet within th e area cO\Tred by th e I : 250000 
sca le Dean Island Topographic R econna issance map , 
~e\l'er geodetic contro l shows that some coas ta l features 
were misloca ted on ea rli er maps. (The Antarctic Digital 
Data base (EAS, SPRI a nd \\' C ?-.IC, 1993 ) indicates th at 
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Landsa t im ages we re used in some coas ted regions to 
better deEne the coas t. H owe\'er, in thc ADD. topo­
graphic conto urs and /o r ro rm lines are displaced to the 

so uth with respect to the coas tlin e di g iti zed from 

published V.S, Geological Sun'ey ma ps. ) S iplc I sland 
li es 20 km \\'es t and 25 km south of' its origin a ll y mapped 
pos ition; cor respond in g features on Siple I sla nd were 
misplaced by as mLlch as 33 km. The coas tlin e ri-o m Sipl e 
Island eas t to the Bcar Pen insula was misplaced by 10-
15 km to the \\'es t of its true positi on. Thwaires I ceberg 

Tongue has ad\'C1I1ced from its origina l ma pped positio n, 
as would be expected. Thc shape is somcwha t different 
from its 1966 o utlin e that was based on rectification of 
(ob lique ) trimerrogon aeri a l photographs. I ts actua l 
leng th is 142 km \ 'S 132 km in 1966, a n 8% incrcase O\Tr 

the previousl y published map \'e rsion; its greatest width is 

67 km \ 's 53 km , a 26% increase, Burke I sla nd is a lso 
displaccd a bout 10 km to the so uthwest on published US 
Geologica l SUrl'ey maps, Its approx im a te dimensions are 
30 km long and 12 km wide. rather than thc pub li shed 
22 km long and ;) km wide. Table 3 lists geographic p lace­
names and co rresponding geographi c features that havc 
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Table 3. GI{{ciological alld olher /ealllrt'.1 011 lite Baklllij 
Coa.11 majJ, .Iome if which hm'e been rel'ised 011 the basis oJ 
alla(J'Jis of LalldJal imageJ . For e\a/l1jJle . Armour alld 
Phi/bill fillets are ice shelz'es: Bear alld Dllllcall Penill­
.l lIla.1 are IHobab[), islallds: Deall alld . \ '111111 Islands ({re ire 
n.les 

Armour r Ill e r ice shelf 

Bea r Peninsula island e) 
Burkc i sland isla nd 
Carney Isla nd island 
C lark Isla nd island 

Crossoll Ice Shelf ice shelf 

D ean fsl a nd Ice ri se 
])otson Tce Sh elf' ice she lf 
Dun can P en insula island (?) 
Gctz Ice Shelf ice shel f 

Gurnoll Peninsula penins ula 

~I art in P eninsula peninsula 

~I oo re Dome ice do m e 

:--Junn Island Ice ri se 
Philbin In let ice shelf 
S CO ll Pen insula peninsula 
Siplc Island island 

\\' ri g h t Isla nd island 

bee n rc\·ised on th e basis of a na lys is of Landsa t \lSS and 

1'\1 images . For example. Armour and Philbin Inlets a re 

ice sheh'es; Bea r and Dun can Pen insul as are probabh' 

islands: D ea n and :\ unn Isla nds arc ice ri ses . 

GLACIER INVENTORY 

Producing a sophisticated g lacier im'enlory of Antarctica 

accord ing to th e requirements of th e \\'o rld Glacie r 

'\foni LOring Sen·ice . as part o f their ongoing " \\'o rld 
Gl ac ier Im'C nLOry" program . is imposs ible with the 
prese nt stat e of g lac iological knowl ed ge about Anta rctica 

(S\\'ithinbank. 1980 ). It is, hO\l'e \Tr, possible [0 use 

Landsa l images, suppl emented by o th e r sa tellite images 

south of 81.5 S lal. (e.g. SPOT, Soy uzka rta. N OA.-\ 

A \ ' HRR ), a nd a \'ai lable maps to produ ce a reasonably 
complete ill\ 'C ntory of nam ed a nd unnamed ou tl e t 
glac iers alld ice stream s a nd a lso to d e fine more 
accuratel y re lated glaciolog ica l featu res, such as ice 

domes, ice piedmonts, ice sheh'es, ice ri ses. ice rumples, 

g lac ie r LOngues and ice berg tongues (Tables I a nd 3 ) . 
Satellile images also pe rmit belle r distincti on of'islands 
and pe ninsula s, phys ical feature s that \\'l're ofte n 
i Ilco rrec t I y id e n tified and dell n ed on ea 1'1 ier ma ps 

beca use of th e lac k o r appropria tc dat a T a ble 3 ). 

The comprehensive lis tin g of 27 named g lac iers a nd 

se lected o th er na m ed g lacio logica l a nd physical fe a tures is 
deri\'Cd fi 'om publi shed maps of th e area encompassed hy 
th e l3akuti , Coast map and inc lud ed in Alberts ( 1981 ) 
and National Science F oundation ( 1989 \. For d efinition s 

of g lacio logica l terms, see Armslrong and others (1973, 

1977 \ (primar:' references ) and Bates and J ackson (198 7\ 

(secondary refe rence. The 1..J. unnamed g laciers and 

I I 'illialllJ ([lid olherj : . III/arc/ic coas/al-challge alld glariologi[({l malJs 

corrections to lIamed g lac io logica l and ph ysica l fea tures 

arc deri\Td fi'om anah'sis of the Landsat images . 
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