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ABSTRACT. Estima tes have been made' o f th e ma" bucigct o f the to ta l d rai n age' basin or I .a m be' rt C lacie r , 
ThL'sc show a sma ll but sign ifi ca nt pos iti ve state or ba ln nn ' ro r th e intcrior bas in ( the "l'cumul a tion a rca 
up-strca m of the' major ire stream s ), ancl strong ly sugges t a pos iti \'{' bala nce 10 1' the La m be rl Clar icr system 
(the region o f major ice strcams, between Ih e !\ mcry Ice Shelf ancll he inln ior ba~ in ) , The to t a l mass flux 
inlo th e' intcrior b(l ~ jn is est ima tcd {IS 60 Ct a I . R C'~ ult s lIrr pre . .;cn tccl froln II number of ict' Ill O\T nl(' nl 
stations esta blish e cl between 1972 a nd 1974 arou nd Ihe pe ri meter o f the sout h " rn Pri nce C harles 1\ 'lounta ins, 
These resu lt s, togethf'r w ith ice thi c knesses from racl io ech o -sou ncling ill th e a r (,a, g i\'e a to tal ma ss o utAux 
through th e 2 000 m contour of 30 Gt a - I, implying a budget excess of a furth e r :io Ct a I O\'er the w ho k 
inle rio r bas in . R f"s uit s fro ln velocity a nd ice thi ckness nlf'aSUrCTll (:' nt s gin.' a nlass disc ha rge through a section 
nea r the junc ti o n o f I.amberl G lac ier a nd th e Amery Ire S helf o f I I C t a I, L osses wilhin Ih e L ambert 
Glac ie r sys le m proper account for a furth e r 7 GI a I ancl an o\Tra ll mass ('x cess o f 12 C t a I i:: ,·st im a ted 
fo r th e La mbert G lac ie r system, This prese nt pos iti \'(' s la te o f balance cont rasts " ith geom o rph o logica l 
ev iclen ee from the southe l'l1 Prince Cha rl es M o unl a ins o f a la rge c1rop in ice le\'{'1 ill recenl geo log ica l time. 
ancl th e ice surface in , the a rea m ay n ow b e building up aftn a majo r rec('ss ion , 

RESUME. Le bilall dll b(f.Hill ,'ellllll l dll L ambert Glllcier, !ll/Inrctiqlle. On a proCt'dc a des est ima ti o ns el u bi la n de 
I' l' nscmblc du bass in versa nt clu La mbe rt G lac ier, Elks monlrent un 'bi lan fa ible menl III a is sig n ifica ti \'('nH' 111 
p os itifpou r I' inte ri (' ur du bassin (la zone d ' accumula lion a I'amonl c1 u cou ra;ll principa l c1e g lace ) ("I a ppuicnl 
fortement I' h yp o thesc cI ' un bil a n p os itif pour I' ens(' mblc clu sys lcmc du Lam berl Cbcier ( la reg io n c1u 
coura nt p rin c ipa l de g lace, (' ntre I' Amer y Ice Shelf et le ba" in intcril'u r ), I .e Aux lo ta l cle m a"e enlra nl 
d ans le bass in interic ur est cstime a 60 GI pa r an, Les result ats so nt pn'se nlc~s pour un nomb re de sta ti ons 
d e mesure cle mou vemen t cle la g lace e tab li es enlre 1972 cl 1974 a ut ou r du pe-rimhrc c1u Sucl cles Princc 
Cha rlcs Mountains, Ccs result a ts, a ins i que les epaisseurs de glace dedui t es de sondage par ('(' h o raclio, 
d o nnenl un Au x lo la l e ll Inasse sortan l a lravers la li g ne de ni \ ·ca u '2000111 de :10 Ct par all. \'oi t U.ll budge t 
en cxceclent clc plus de :~o G t pa r an sur I'ensemble du ba" ill int eri,'u r. I.es n's ult ats des mesul'('s cll' \ ' itcsse 
e t d'epa isscur cle g la c l' d o nnent un d e bit d e massc a tra\'Crs u ne s(Ttion \'o is ine cle la eonAuence clu Lam be rt 
Glac ie r avec l 'Amcry Ice Shelf de 11 C t pa r a n . Les pe r l<'s dam I'appa rci l gi::tc ia ire de l.al1 lbe r t lui-mi'llle 
inte rviennen t pour plus cle 7 Gt pa r a n e t on eSlime quc le b il a n esl nn'clent ai lT de 12 (;t par a n, Cel bal 
prese nl positif du bil a n contra ste avec les signes gcomor p h o logiques p ro\,(, l1 a llt clu Sud des Prin C(' C h a rl es 
M o unl a ins cI' unc fOrl e baisse clu ni\'ea u (le la glace a u ne epoque geo log ique reccnte. el la su d ",, 'c cle la g lace 
cl a n s n'" s('c tf' ur p e ut {- lre 1l1aintcnant e n progress ion aprt·s ull e n~c(,:is i on maj('u rc . 

ZUSA MM ENFASSUNG , Der MO.Hellhallsiwll des LOlllberl-C/acier,<-.-llIs!lIl,Hbeckens, . llIlarklika, h"rr den 1\,la"en­
h aush a lt cles gesa mt e n Einz ugsgebietes d es Lambcrt -Gl a ciers w urcicn ,\ bseh a t zungen a ng, ';I l'iI !. Di cse zc igcn 
" ine geringfugig, aber doch sig nifika nt positi ve Bi lanz fL"rr clas innere Becken (cl as Akklllllll la ti onsgeb iet 
oberh a lb del' g rosse n :' n Eiss troll1e ) a n unci la""n clellt li c h e inr posili \'C Bila n 7, fCIl' clas Systc m cI "s Lambert­
G lac iers (cl as Cebiet clCl' g rossen Ei sst ro m e zwisch e n cle m :\ mcry Ice Shelf unci ciem inn('f'("n Becken ) 
vcrmut en, Oc r gesamte Zustroll1 in das innc rc Bec kcn bet rag l sch atz ungswe ise 60 Cl pro J a hr, Es we rcl en 
Ergebnissc c inige r St a ti ollcn \'orgclcg t , cl ie z ur Beslimmung de f' Eisbewegll ng 7,wisch c n 1972 unci 197+ runcl 
urn d e n Fuss del' sudli c h en Prince C h a rl es M o un ta ins angclcg l w urclen, I.usa mmcn m il Eisci icken aus R ada r­
Echomcssllngen in cliesem Gebiet e rgl"'bc n s ic cinen G<:sal1ltd urc hfluss \'on :io C t pro ,l a hr durch clas \ ' c ri ika l­
pro fi l langs del' 2 000 m-H oh enlinie, was a uf cinc n Uber,sc huss \'on wl' it e re ll 10 Ct pro ,la hr fL"rr clas ga nzc 
inn ere Bceken schli esscn Iiiss!. Gcschwindigkeits- unci Dickl'nmcssungcn e rgcbcn e incn M assc n a u sstoss \ 'on 
t 1 C t pro ,lahr durc h e in Profi l nahe clef' Yl u nclun g des I .ambert- G laei c rs in cias A me ry Ice She lf, \\' eitere 
7 Ct p ro J ahr gch e n im e igentli ch e n L a mbcrt-Glrtseh c rsystc lll ve rl o ren, so cl ass s ic h e in (;l'sa l1'ltL"rb''f',,,huss 
vo n 12 Gt pro J a hr fur cl as Syste m absch a tzcn Hiss!. Diese cI('I'zei t pos it ive Bila n z st c hl im Gcgc nsa tz zu cler 
geomorpholog isch e n Beo bachtung e ine r st a rken Scnkung de l' E isobe rAiic he in gco logischjungcr l,e it a us den 
suclli ch cn Prince C h a rles Mounta ins: die EisobcrAache in c1 iese m Gebiet cii"rrfi e daher jelzt Ilach c inem 
bctraehtli chcn Abbau w iecler anstc ige n. 

I . ] NTRODUCTION 

L a mbert Glacier (long. 680 E" lat. 7[ ~ 75 ° S, ) is th e la rgest ice stream in the world with 
a width of over 40 km a nd a length , from the grounding line of the Amery Ice Shelf to the 
southernmost point where surface flow lines are visible on Landsa t Imagery, of 400 km . At 
its d eepest the ice is 2500 m thi ck (Morgan and Budd , (975)' 
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The glacier li es in a gra ben-like rift valley running a long long. fiR" E. and extending rrom 
the coast to south of lat. 75 S. (Wellman and Tingey, 1976; Fedorov and othcl"s . in press). 
The graben is bounded on the western side by the Prince Charles Mountains a nd on the 
eastern side in the south by the Mawson escarpment. The amplitud e of bedrock relief within 
the glacier valley reaches over 3 500 m and at its deepest the bedrock is more tha n 2 000 m 
b elow sea-level. Tingey (in press) d escribes the geology of the region . 

Lambert Glacier feeds int o the 300 km long Amery Ice Shelf and with its major tributaries , 
M ellor and Fisher Glaciers, drains a large sector of the inter ior of Eas t Antarctica. The ice 
dra inage through this sys tem causes a major 600 km by 300 km troug h in the East Antarctic 
ice sheet (Trai l , 1964). Giovine tto ( 1964) identifies the Amery- Lambert drainage basin as 
the fourth la rges t in Antarctica. Because or its importance to the overall Antarct ic mass 
balance, a number of previous atte mpts have been made to es timate the tot a l mass budget or 
m ass input of the Amery- Lambert system (e.g. Mellor, 1959 ra] ; Mellor, 1964; G iovinetto, 
1964, 1970; Budd and others, 1967) . The mass budgets a ll sugges t tha t the basin has a positive 
balance, although m os t estima tes have been based on very limited d a ta. 

The Amery Ice Shelf has been ex tensively studied by Australian :\a tiona l Antarctic 
R esearch Expeditions (A.N.A .R.E. ) in 1962 , 1963 , a nd 1964 (Budd, 1966; Budd and others, 
1967) and more recentl y in 1968 and 1970. 

For the present study, the total Lambert Glacier drainage basin is divided into two 
sub-areas: the Lambert Glacier sys tem and the inte rior basin (Fig. I ) . The Lambert Glacier 
sys tem is defin ed as the a rea between the sou thern end of the Amery Ice Shelf a nd a p erimeter 
through a number of ice movem ent stations around the Prince C h a rles Mountains (Fig. 2). 
This area includes most of the major ice streams. The interior basin is defin ed as that inland 
accumulation area w hich dra ins into the Lambert Glacier sys tem . 
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Fig. 1. The Lambert Glacier drainage basin: surface elevation contours and net accumulation isopleths. 
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Fig. 2. The Lambert Glacier system: measured ice velocities around the perimeter and across the Amery Ice Shelf. 
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Unpublished data Jj'orn the 1968 and 1970 icc-shelf surveys , together with the results of 
mcaSUl'ernen ts in th e Lambert G lac ie r basin, are used to es timate the total mass flux 

(i ) resulting from ne t accumula tion in the interior bas in, 
(ii ) dra ining into the Lambert G lacier sys tem through a perimeter around the Prince 

Cha rles Mounta ins, a nd 
\ iii ) Jlowing into the southern cn d of the Amery Icc Slwif". 

2 . GLAC I01.0G ICA l. ,T t ' D IES 1:"1 THE L A MBERT GLAC IER BASI l\: 

During the a ustra l sum mer of 197 1/72 , eleve n ice-movement sta tions were es tablished 
du rin g an !\ .~.i\..R.E. a ir-support ed , multi-disciplinary field progl 'a mme in the southern 
Prin ce Charles J\1ount a ins. The sta tions. established beyond the lllounta ins in a perime ter 
around th e sys tem of La mbert Glacier and its tri butari es, were resurveyed during th e summer 
of 197 :1/74 . .'\ erial rad io echo-sounding o f ice thi ckness was carried out a t the same time a nd 
the results of this progl'amme ha ve becn reported by Morgan and Budd (19 75)' 

Th e pos ition of th e stat ions was sdccted to give a l'cpl'esent a ti ve sample of tile ice fl ow into 
th e Lam bert G lacier svs telll. with on e sta ti on sited on the up-strea m region of eac h o f three 
major ice strea ms ( Lam bert , Fisher , a nd Weste rn Lambert G laciers ) a nd wi th o ther sta tions 
in a reas of fair ly unifo rm sheet fl ow. Most of the sta tions were a t eleva ti o ns between I 500 m 
and 2000 m a nd more th an 30 km Ji'om th e neares t m o untain or nuna ta k. The positio ns of 
the sta tions a rc given in T ab le I. 
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Thc position or th e s ta ti ons was d e term ined by te ll uro meter meas ure ment and hor izon ta l 
a ng les read from triangulation sta ti o ns on moun ta in summits. Eleva tions were fo und fronl 
rec iproca l verlica l a ng les mcasured to the mountains. All survey m easurements were- to 

second-order 'acc uracy. Other meas Ul'ements made a t th e sta tions incl uded net balance. 
stra in-I'a tes (on sm a ll stra in grids o r arm length of on ly 100 m) , 10 m firn tempera tun:s. 
gravity. and surfa ce slope. 10 m firn cores were a lso coll ec ted for oxygen- iso tope m eaS Llrc­
men ts. 

Relevant data fro lll tlt e stat ions a l'e g iven in T a ble 11 and the velocity vec tors a r c also 
plo tt ed in Figu re 2. Surface ice ve loei ti es a re accura te to ~ 0.4 m a - '. The highes t m easured 
ve locit y, 2:~0 m a - '. occurs on I:ambert G lacier an d ve ry high stra in-rates were also m easured 
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TABLE 11. D ATA >"KOM I CE ~'IOVEMENT ST A TI ONS I N T il E L AMBEKT GLACIEK BASI N 

TlI lIgl'IIl ~l .\"IIrf{l cf slope . \ cl bll lllllce 
n1 \va l er a , 

.\!IeaN !vl etlll 
SlIrjf/Ce I'floci l )' slo/Ie slope J (j 111 .Mellll of 

Ol 't'T Ol 'er la jirn ./il·e slake S tll llda rd 
Slalillll Speed Direclioll 5 kill 50 kill Ihicklle.'.\' lelllprratll re lIetwork del'ill lioll 

III a , T 10 .' 10 .' m C 
(; 1. I .}o·5 11)7 ·5 12 .0 I 5 10 28. 1 U. OI U.U I 

CL '2 .} 1.8 110·9 0 ·4 I 750 30.3 -I- 0.04 0 . 0 1 

GI. :l 1<)·5 117·9 '1 . 1 8.8 .}8o -- 0 .0 1 0,0 1 
G I. 4 68·3 9~':1 2:J.Cl 6,0 2 OS" 36.5 f- 0.01 0,04 
(; L 5 16.0 102 .8 1.5 7. 8 I 200 35.8 f- 0.3~ 0.0 1 
(; L 6 :n5 62.6 'H 5.6 I 7 11> i 0 . 11 n .n l 
Cl. 7 78.5 (j4·9 6.~ 7· () 1 800 :l:P 0 .02 0.02 
C L 8 1"6.,, 17. 6 8·7 6. U I :l,)O 34·7 ! 0.07 0.03 
(;L 9 7,0 II .U '} ·7 ti . .} .} :lo I 0 .08 0.02 
G L 10 2:l(J.5 :j~ 1.8 9·b 7·'2 I 95" T o.oB 0.0:1 
C l. 11 24·5 :lO(j.B 5,0 8011 '2 7.8 t 0.06 0.0 1 

a t this site . Prin cipal stra in-ra tes were , 7. 5 X I O ~ '; a ' in th e direc ti on of How and a strong 
compression of - 20 .6 Y 10 3 a ~ , perpendi c ul a r to the fl ow due to converg en ce of the ice 
strea m between the Mawson escarpment a nd the mounta ins to the west. Other hig h velocities 
were a lso m ea sured up-stream o f W estern La mbert , Coli ins, a nd Fisher Glaciers w hil e sta tions 
on more uniform ice moved a t a bo ut 20 40 m a - ' , 

T wo diffe rent es tima tes o f surface slope a l'e given in T a ble 11. The mean surface slope 
over 50 km has been obta in ed fi 'om the surface eleva tion d a ta o f M organ a nd Budd (1975 ) 
whil e slopes over 5 km were o bt a ined by measuring \'Crtica l a ng les to a h~ li copt e r positioned 
2,:1 km up-so-ca m and down-strca m of the sta tio ns. The ice thi ckn esses are ta ken from the 
ori gina l da ta used by Morga n a nd Budd ( 19 75 ) . 

0< C' t ba lan ce measurements w ere made a t the central stee l m a rk er pole a nd th e r(J ur ealll'S 
of the stra in g rids a t each statio n, With the exceptions of sta ti o n CL 5 a nd to a lesser extent 
C L 6, which a re proba bly a fiee ted b\' their cl oseness to the m ass ive Mount M enzies, the net 
ba lances a rc a ll less tha n o. I m wa ter a ' ( 100 kg m ! a ' ) a nd some sta tions show a net 
a bla tion. The net ba la nce is poorl y correla ted w ith telllpera ture a nd eleva tion . 

The 10 m firn tempera tures were measured in a bore ho le w ith a thermisto r bridge , As 
expected , th e tempera tures a re well correla ted with el eva ti o n (r = ° ,90). with te mpera ture 
decreasing a t a ra te of I d eg/ l oo m of eleva tio n . Air tempel'a tlll-C' during the p eriod of fi eld 
work (Janua ry ) varied between - 9°C and - 24cC . 

3. TH E INTERI O R BASIN 

The a rea o f the interior bas in h.1s been determined fi-om ice fl ow lines cOllslI'uc ted perpendi­
cul a r to the surface eleva tio n contours. The surface eleva tio ns (Fig. I) a re based on the 
American Geogra phica l Socie ty I : 5 000 000 map of Anta rc ti ca published in 19 70, althoug h 
adjustlllen ts ha ve been m ad e fo r the more recent data availa ble a round the southern Prince 
Cha rl es M ountains IM orga n a nd Budd, 1975 , and the present study) a nd for the sector long. 
40 E.· 50" E. covered by .l .A .R .E . traverses (Fujiwara a nd o thers, 1971 ; Shimizu, 1(7 7). 
There is a complete lack of eleva tion da ta in th e centre of the b asin (between la titudes 75 S . 
a nd Ho S .) altho ugh the south ern ice di vide is somewha t b e tter defin ed ri-om d a ta frol11 a 
nUlllber of tra verses , 

The a rea of the accul11ula tio n bas in , up-stream of the ice m ovement sta tions, is 1, 09 X lOb 

km' , No true error estimat e fo r this va lue ca n be given but , sin ce the boundaries of the basin 
a re mostl y near traverse routes, th e error is unlikely to exceed 20 u". 
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Bull (1971 ) and Kotlyakov and others (1974) both compiled available data to produce 
maps of the distribution of mean annual snow balance for the whole of Antarctica. While the 
two distributions, in the area of interest to the present study, are very similar in coastal regions, 
they show significant differences in the interior around long. 90° E. The distribution given by 
Kotlyakov and others ( 1974), which includes data from the Soviet traverses inland of Mirny, 
is regarded as more reliable and has been used as the basis of the isopleths of mean annual 
snow balance shown in Figure 1. However, the lack of data from the interior of the Lambert 
Glacier accumulation basin allows several possible interpretations of the distribution of 
accumulation in that area. The low value of net accumulation « 100 kg m - 2 a-I) at most of 
the basin ice-movement stations suggests that the 100 kg m-2 a- I isopleths may actually pass 
to the north of Lambert Glacier and the isopleths of Figure I have been accordingly modified 
from those of Kotlyakov and others ( 1974). 

Using this distribution of net accumulation, the total mass influx into the interior basin is 
60 Gt a - I which is equivalen t to an average net accumulation over the basin of 55 kg m-2 a-I. 
Again no reliable error estimate of this value can be made, although it is most likely to be near 
the minimum probable value. The net accumulation distributions of Kotlyakov and others 
(1974) lead to a total mass influx of 78 Gt a - I (a mean net accumulation of 72 kg m- 2 a-I). 
Allowing' for errors in the estimate of the area it would seem highly unlikely that the total mass 
influx lies outside the range of 42 to 100 Gt a - I. 

On the basis of earlier data, Mellor ( 1964) and Giovinetto (1964) estimate the mass flux 
required to flow through La mbert Glacier at lat. 73 ° S . for eq uilibrium. Mellor es timates 
a total flux of 81 Gt a-I (an average accumulation of 90 kg m- 2 a - lover an area of 0.90 X 106 

km2) and Giovinetto estimates a flux of 46 ± 26 Gt a - I (39 ± IQ kg m- 2 a-lover 
(1.19 ±0.36) X 106 km2). If ablation losses on Lambert Glacier are neglected, the present 
study gives an influx of 46 Gt a-I (48 kg m - 2 a-I average net accumulation over 0.95 X 106 

km2) for this portion of the drainage basin . 

4. MASS FLUX INTO THE LAMBERT GLACIER SYSTEM 

The mass flux into the Lambert Glacier system has been estimated from data from the 
ice movement stations. 

Figure 3 shows the distribution of ice thickness and surface ice velocity around a perimeter 
through the stations. The ice thickness has been determined from the published t!cho­
sounding results of Morgan and Budd ( 1975) and from the original data used in their study. 
Between the ice movement stations, the surface velocity has been interpolated with reference 
to the ice thickness. Visible flow lines on the Landsat I imagery of the area were used to 
identify any fast-moving ice streams crossing the perimeter. 

The basal shear stress 
'Tb = pg(1.Z, 

where Z is the ice thickness, (1. is surface slope, p is ice density, and g is the acceleration due to 
gravity, is close to or less than I bar at all the ice movement stations with the exception of 
GL 10, and the measured ice velocities can be explained by internal ice deformation with zero 
or negligible basal sliding. Hence, for the cold ice around the perimeter, the relationship 
between surface velocity Vs and the mean velocity of the column V, has been taken as 

..( 

V = ~ J VC;;:) d;;: = 0.8Vs. 

o 

Because the perimeter considered is not orthogonal to the ice flow, the flux rate of ice <I> 
per unit width is given by 

<I> = 0.8VsZ sin 4>, 
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Fig. 3. Cross-section qf ice thickness, surface velocity, and flux rate per unit width around the perimeter if the Lambert Glacier 
system. 

where <p is the angle between the perimeter and the flow direction. At points between ice 
movement stations, <p has been determined from flow lines on the Landsat imagery, where 
visible, or by assuming that the ice flow direction is orthogonal to the surface elevation contours 
of Morgan and Budd (1975). 

The calculated values of <I> are shown in Figure 3. Discontinuities occur where the defined 
perimeter changes direction. The perimeter can be subdivided into five major regions of 
mass flux: a sector of fairly uniform mass flux in the north -west between Shaw Massif and 
Goodspeed Nunataks; Fisher Glacier; the section to the south which includes drainage into 
Geysen, Collins, and Mellor Glaciers; Western Lambert Glacier (the branch of Lambert 
Glacier between Wilson Bluff and Mount Borland); and the major branch of Lambert 
Glacier. The maximum flux per unit width of over 0.35 km2 a - I of ice occurs in the centre 
of the main branch of Lambert Glacier. 

The total mass flux for each sector, assuming an ice density of 0.87 t m - J, is given in 
Table Ill. The mass flux into the Lambert Glacier system through the whole perimeter 
amounts to 30 Gt a -I . 

An 'attempt was made to obtain some idea of the error involved in the interpolation 
between the measurement points, by estimating the flux from an interpolation based on only 
half the ice radar data. The resultant distribution of mass flux around the perimeter was 

TABLE II 1. MASS FLUX INTO THE LAMBERT GLACIER SYSTEM 

Mean flux rate Maximum flux rate Total 
Length Mean Mean of ice per of ice per mass 

of ice surface unit width unit width flux 
Section sector depth speed (j) <l>m3x Q 

km m m a-I km' a- I X 10- 3 km' a-I X 10- 3 Gt a-I 

North-western 223 1050 24 17·9 54 3·5 
Fisher Glacier 49 1300 24 34·7 112 1.5 
Southern 178 1550 44 50.6 112 7.8 
Western Lambert Glacier III I 150 68 56.8 117 5·5 
Lambert Glacier 169 1050 64 67,5 352 11.5 

Total 730 1200 45 44·4 29·7 
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simil ar to tha t in Fig ure J a nd th e to ta l mass lIux es tima te was less th a n IS"" d iffe re nt. In 
addition , fo r the seCIOI' betwee n Binders ;\J unatak and S haw Massif, the mass flu x was est i­
ma ted across a red efin ed perimeter, pa l-a ll el to the sUI'face contours. The es tima ted flu x int o 
the bas in across thi s peri me ter was a bo ut 20"" grea te l' than tha t fl'om Figu re :{. 

I n te r pola tion er ro rs will be mos t im p o rt an t in the fas t- moving ice stl ·eams. For exam ple a 
10 km error in defi n ing the width of the high-ve locity core of La m bert G lacier wou ld give' 
a bo ut a 10"" erro r in the to ta l flu x. H owever the w idth of the f ~l s t -moving ice st rea m s CIII . 

be fa ir ly acc ura tely d e termined from vi sib le fl ow lines o n the Land sa t p hotogr aphs. (h'era ll 
it wo uld seun reason ab le to assig n error lim its of - :)ou" to the to ta l estima ted m ass !Il1X 

th ro ug h the peri me ter. 

5. w l Ass FU 'X I NTO T HE A~I ERY ICE S H ELF 

D u ring 1968 a te ll u rometer traverse was made across t he Ame ry Ice Shel f betwee n Beaver 
La ke and ~ew Year N u na taks. S takes a long this line were res urveyed a t the begin ni ng of 
1970 a lld contin uous rad io echo-sou nd ing of ice thickness was obtai ned a t the same ti me. The 
rt's ult a nt ice velociti es a nd ice thi ckness across the ice shelf a re show n in Figure 4. V e loc ities 
arc accura te to ± I m a - I a nd ice thi c kness to ± 20 m . 

. I 'he secto r of t he ice shelf fe d fi-om t he La m hert G lac in systcIIl has becn de tcnll i n cd fi 'olll 
fl ow li nes visi hle o n the La ndsa t image ry. Flow lines a re clearly discc rn ible a nd the wi dth 
of the ice shelf ori ginat ing from Lam bert G lacier can be d e termined to w ithin a few kil ometres. 
The ice ori gina tin g fm m Lambert G lacier corresponds well with th e hig h-velocit y core of th e 
ice shel f. This ice has a fa irl y constant thi ckn ess a nd velocit y across the ice shelf; the mea n 
thi ckness is 743 ± 20 m a nd the mean ve locit y 340 -± 5 m a - I. Isos tasy considera tio n s show 
th a t thi s sec ti on of t he ice shelf is free -fl oa ting with a mean densit y of 0 .88 t m - 3 a nd he nce 
th e m ean column vel ocit y is equa l to the surface ve locit y. 
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Th e a rms of th e traverse route we re not exactl y o rthogona l to th e ice fl ow an d th e wid th 
of the cross-sec tion of the Amery Ice She lf a t rig ht- a n g les to Ihe flu x is 50 km -l IOU ... Th e 
tot a l m ass flux through this sectio n o f th e ice shelf is 11.1 Cl a ' i IS"". 

b . MASS LOSS WITHIN THE L AMBERT (; l. AC IER SYSTUl 

Muc h of th e La mbe rt G lacier sys le lll is a n area o f ne t ab la tion a nd nidI streams a nd la kes 
form o n th e g lac ier surface during S U 111 Illl'l" . Th e 10 In firn tempera ture a t G 3 is - 23 °C 
1 Budd , 19(6) and th a t a t G L I is - 2B C, ill di ea ting an a nnualmca n a ir tempera ture in th e 
glaci er' basin of aro u nd - 25 C. i\llca n SUl llll1CJ" telllpe ra tures a rc a bo ut - 10' C to - 15 <(;· 
At these tempera tures a blation due to n ;a porati on o nl y is sma ll , 0. 05 to 0.10 m wa te r a - I 
I Budd , 19(7 ) , and eve n a ll owing fOl' a Strollg radia ti ve e Acct fi 'om the M a wson escarpme nt 
a nd surrounding mount a ins, th e a bl a tioll rat e is unlikel y to exceed 0. 15 In wat er a "" . 

The area subj ec t to ne t abla tio n was fo ulld fi 'o!l1 t h e well-delin ea ted blue-ice a r eas on 
Landsa t photographs to be :1:1.2 X 10 3 kIll ". The res t o f"th e L a lllbert G lac ie r sys tem is ass umed 
to have a ze ro ne t b a la n ce. The to ta l Illass loss fro!l1 eva pora tion in the bas in is es tima ted 
a t 5.oGta- ' a nd the limits on thi s es tima te a re a bo ut 1.7(;t a ' la m ea n a bla tion ra te of 
0.05 m water a - ' ) to 6.7 G t a ' (0.20 m wa ter a' ) . 

M e lt water is extensive on the g lac ier surfa ce d uri ng' SUlllll1er ( l\ l e ll o r and M eKinnon. 
1960), but it is thought that this water rcf"reel.es ill w int el". in the firn o r in crevasses, a nd 
represen ts a mass redi stribution ra th e r th a ll a 11Iass loss I Budd and othns, IlJ(7 ) . Weertman 
119 73 ) suggests that w a ter - fi ll ed crevasses ca ll real' h till ' bottolll ofa tClllpna te glacin' but no 
a llowance for melt-wa ter loss has been Ill ade ill thi s Slud\·. 

Budd a nd o th ers (r 1970] ) ca lcula te I h a l a la rge part o f" till' La lllll l'!"t G la cier basin is at th e 
pressu re -melting po int and mass loss b y basa l llI elt III1I s t bt' cOllsicit-red . 

The distributio n o f" b asa l shear stress TiJ \Vith in the g- lac itT s\·, tt'nl was calcu laled fi 'olll ice 
thi ckn esses a nd surface slopes derived f"rom th e wor k o f" ;\\ organ a nd Bud d 1197 j ) . I)mv ll­
stream !i' 01ll th e ice move ment stations the shL'a r Sll"l'SS rClllains f ~l irl y CO ll ~ tant a t a va lul ' of" 
around I bar , ulltil r eaching the uppc r parts of th e IlI a j()r ice streallls ",hn(' it rapidl y in c reases 
to 1. 5 to 2 ba r. Th e point of rapid inc rease eo in cicks w ilh a c ha llt;t' ill SlIr! ;l Cl' slope b('twee n 
the Illounta ins fro m con vex up to con cave up a ll d i t is a ss ulI l<.:d that basa l sli pping" se ts in in t hi s 
reg ion . The area o f" basa l melt is a ss ulll ed to e()\' lT th e regio ns cl()\\ ' n-~ lIT , 111I fi '()J1I w he lT the 
shea r' s tlTSS reaches 1'.1 b a r . and includ es a ll th e Illajor iCT streallls. 

VVithin the UPP(T parts of the ice s lr('a llls th e Slll'cH stress rCllI a ins f ~l irly CO llsta llt bUI ill tilt' 
lIl a ill La llJi H'rt C lac ilT il decn 'ases ,l4Ta dua ll y frolll 1-;) ba l' north " r CUlllpslon \l assiL to \ 'IT\' 
low va lues of a bo llt U. I ba r Il ea l' the ;\Ill e l"\' Ice Shelf". \ t is thnu g" ht th at the 10wlT La III iJnt 
G lac ier. with a ve l"\ ' low sLII ·LIce slope b lIt hi g h ve loc it y. is Ill ov ill ,t;" a llll os t cOlllplctl'l y b\· iJasa l 
sli din g. :\ orth o f \\ OUlll Slinca r , basa l s tresses reac h iJe l\HT Il 1.:-) a nd + b a r ill the reg- ioll (If" 
hi g h surface slope o n th e westl'J"1l iJou ndary of th e lowlT La mbert G lac ier. Basa l nll'ltill g IS 
a lso a ss lIllI ed to occur ill t h is regio ll . 

VVh c re til e hasa l ice is <1 1 th e p ress un'- llI elting point. th l' melt rate .1/ is give n bv 

.11 T I, rl /. . 

W hlTe I , is t II!' I:r t l' lll h ed t o f fll sio ll o f" iCl' , o . J:H \ IJ kg ' ). ' I'hl' t'S I i ilIa I('el 1I1t·1t ra te fe)!' d irk l"!'lI t 
. reg" io ns o f tll<" ' 1,:l IIIiJL' rt G lacier sys tc lll is g'ive ll ill T a ble I V. The lota l es timated m c lt of 

2 C t a ' . shou ld be cons idered as vny a pproxilll a tt', iJuI r"l'prese llt s oll ly a slll a ll tl'J"1ll in Ihe 
tot a l budge t. Error limi ts a rc proba bl y o f th e ord er or ! lOO "". 

Fedorov a nd o th l'!"S I in press ) prese llt ev idell ce fe)! ' th e exi stt'Il Ct' ora Sl,("O lld la rge rirt \ ' a ll c~' 

to th c cast of the l\ lawson eSGlr[lllle lll , a lthoug h it nO\\' h a s 110 refle c tion ill th e sub-i ce topo­
g,'aph y. The ex isl c n ce of a va lln' on th e cas t of tht' esca l'p"l<' llt cou ld res ult ill a ll o utfl ow o f' 
ice in th e region o f G L I I f"rolll th e defined La lll be rt G lacier svs le m . l-'I ()w lint'S on thc 
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'rAlll.E 1\ ', ESTI\1ATEIJ BAS Al. '\H. I.T IN TilE LAMBEH.l" (;LACIEK SYSTEM 
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Landsa t photographs show strong flow to the eas t of the northern part of the escarpment but 
no evidence that the flow line through GL I I turns northward to the eas t of the escarpment. 
The velocity vec tor at GL I I shows no strong preferred orientation for the eventual northward 
flow being to the east of the escarpment or in the m ain Lambert stream. The flow has been 
considered to reach the main Lambert Glacier eventually , although an estimated outflow 
between GL I I and the Mawson escarpment of 2 Gt a - I (750 m thi ckness moving at 50 m a - I) . 
is considered in the error es timates. 

The estima ted total ice loss from within the La mbert Glacier system is 7 Gt a - I, with 
probable limits be tween about 2 Gt a - I and 13 Gt a - I. 

7. DISCUSSION 

The mass budgets for the interior basin and the Lambert Glacier system, as well as for the 
total drainage basin , arc given in Table V . In all cases there is a positive budget despite the 
fact tha t influx terms have been es tima ted conserva tivel y while loss terms have been maximized 
throughout this study. The limits given in T a ble V are for the worst possible combinat ion of 
magnitude a nd sign of the estimated errors discussed above. 

For the interior basin the mass surplus of 30 Gt a - I is equiva lent to a surface rise of 0.03 
m water a - I averaged over the whole basin . The error limits allow that the budget may be 
close to zero but d efinitel y not nega tive. A similar result is implied fi'om the budget o rthe total 
drainage basin , with an average rise rate of 0.04 m a - I. Earlier est imates of the mass budget 
of the Lambert Glacier basin (Melior, 1959[a] ; Budd and others, 1967; Giovinetto , rI 970] ) 
also gave mass surpluses of comparable or greater magnitude. Budd and others ( r I 970] ) also 
imply a positive budget from the fact that the calculated balance velocity for the A mery l ee 
Shelf is about twice the measured velocity. 

TABLE V. MASS BUDGET OF THE LAMBERT GLACIER DRAINAGE BASIN 

Interior Lambert Glacier Total drainage 
basin system basin 

Inflow (Gt a- I) +30 

Gain within basin (Gta-I) +60 -7 { +60 
-7 

Outflow (Gta-I) -30 -11 -11 

Budget (Gt a-I ) +30 +12 +42 
Estimated limits of budget (Gt a-I) (+3 to +79) (-4,5 to + 28) (+g to +8g) 
Area (km· X IQ3) logo 62 I 152 
Mean annual surface-level change (m water a-I ) +0.03 +0.19 +0.04 
Estimated limits of surface-level change +0.003 to +0.07 -0.07 to ;+-0.45 +0.01 to + 0.08 

(m water a-I ) 
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Simila r positi ve budge ts have a lso been found for other Antarctic drainage basins: the 
western part of the R oss Ice Shelf (Giovinetto and ot hers , 1966); the eastel-n pa rt of the Ross 
Ice Shelf (Giovinetto a nd Zumberge, 1968) (although Whillans (1977) obtains a nega tive 
ba lance for this basin from a study of velocities along the flow line through Byrd Station ), 
and for th e section of An ta rcti ca which drains through the coas t of Terre Adelie (Lorius, 1962). 
The fa c t that most studies or the mass budget of Antarctic drainage basins up-stream of the 
grounding line give a positive result tends to indicate the general validity of the many earlier, 
admittedl y crude, but a lmost a lways positive, mass-budget es timates of the whole of Antarctica 
(e.g. Loewe, 196 7: Ba rdin and Suyetova, 196 7). 

Within the Lambert Glacier system the results of Table V indicate a fairly rapid surface 
rise or o. It) m a - " although error limits do permit the budget to be marginally nega tive. 
While loss by melt water within the basin was not considered , it is difficult to see how any such 
loss could account for the tota l imba lance, and the overall indica tion is that the ice level is 
n smg. 

G eomorphological evidence indicates that the ice levels in the Lambert Glacier system 
have rall en dras ticall y a t some time in the past. Glacial striae, roches moulonnees, and moraine 
deposits are widespread on summits up to 800 m above the present ice (Tingey, 1974) and the 
crests of la teral moraincs a longside the smaller valley glaciers of the Mawson escarpment are 
50 m above the present glacier surface (M elior, 1959[b1 ). Tingey ( 1974) claims that the 
preserva tion or striae in soft rocks and the retention of clay rraetions in pockets or moraine 
indicate recent recession or the ice, while Mellor (1959[b] ), on the basis of evidence from a 
water-cut gorge between Radok and Beaver Lakes, postulates that the ice of the Lambert 
Glacier region has not been much a bove its present level during the past few hundred years . 
If then , the ice level in the Lambert Glacier basin is currentl y rising, as strongly suggested b y 
the mass budge t. it can only have been doing so ror a comparatively short time. 

Hollin ( 1962, [1970] ) rails to find any evidence for major fluctua tions at the Antarctic Ice 
Sheet m a rgins and sugges ts that a positive mass budget would imply a surge-type build up in 
the interior of the ice sheet. Budd and Md nnes ([C 1 978] ) have applied a surge model to the 
east Antarctic flow line through Mirny and suggest that the Lambert Glac ie r system also has a 
high potential for surging. Their prelimina ry modelling results suggest rapid collapse of the 
coastal regions of the ice sheet during a surge, with much less surface lowering further inland . 
After the surge the ice sheet builds up slowly to its pre-surge maximum elevation. While not 
confirming the existence of surges, neither the geomorphological evidence nor the mass balance 
results fo r the Lambert Glacier basin preclude the possibility or their occurrence. rr surges do 
occur the balance results impl y tha t the basin could be undergoing a post-surge build-up, and 
that it will take about five thousand yea rs a t the present rate befor e reaching the previous 
elevation 800 rn above th e present level. During this period the interior basin would rise by 
about 100 200111. which is in genera l agl-ecl1lent with the modelling results_ 
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