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CORRESPONDENCE 

The Ed ito r, 
Journal 0/ Glaciology 

SIR, 

About the orig ill 0/ rock glaciers 

I do not w ish to enter into a public co ntroversy w ith 
W. Haeberli a bout the origin of roc k glaciers; he has a lways 
bee n deaf to my arg uments. Neve rtheless, the reade rs of his 
pass ionate asse rtio ns (Haeberli, 1989) must be aware tha t he 
intentionally omits to quote my detailed observations in the 
dry Andes (Lliboutry, 1955 , 1965, 1986). The co ncep t that 
ma ny rock g lac ie rs co me from old g lac iers, or fro m "buri ed 
g lac ierets" (i.e . debris-rich glac ie re ts, e ntirely covered a t the 
end of the abla tio n season, and no t nourished by ice every 
yea r) is not at all "purely spec ula ti ve" , as he says. I f a n 
interes ted glac io log ist comes to Gre noble, I ca n show him 
the aerial pho tog raph cove rage o f the area tha t I have 
s tudied, with sco res o f such roc k g lacie rs. 

I do not de ny that many (no t a ll ) roc k g lac ie rs a re 
be low melting po int a t depth . In this case, they co ns ist of 
pe rmafros t, but s ho uld slide o n unfrozen gro und .... 
Nevertheless, fo r the ad vance ment o f sc ience, the esse ntial 
po int is not "must roc k glaciers be left to sc ienti sts c la imin g 
to be permafros t spec ialists" but "what can we lea rn from 
the ex istence o f roc k g lac iers in a g iven area"? [ ma inta in 
tha t the geog raphical stud y of roc k glac iers as a n ex tre me 
case of glacie r flu c tua tions, as a n indica tor of favo urab le 
mass balances in th e pas t, or o f pas t surges, wo uld be 
much more rewarding than to co ns ide r them as a me re case 
o f standard pe rma fros t, or of c reeping rego lith. 

[Ull iversiu! Joseph Fourier] L OUIS L LIBOUTRY 

L aboratoire de Glaciologie el Geophys ique 
de (EllvirOll ll emelll du CNRS. 

38402 Sailll - Ma rlill - d 'Heres Cedex. 
France 

26 October 1989 
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SIR, 

All ullusual jokulhlaup ill volvillg pOlholes all Black R a pids 
Glacier . A laska Rallge. A laska. U.S.A. 

Blac k Rapids Glac ier is a large valley glacier in the 
A laska Range w hic h surged in 1936-37 (Hance, 1937) a nd 
was dubbed the "ga lloping glac ie r" b y the popular press. 
The glac ier surface is covered by seve ra l hundred po tho les 
nea r the equilibrium line (Sturm, 1987). These depress io ns 
o r ca uldron-l ike pits , 10-100 m across, are occas iona ll y 
wate r- fill ed , a nd are thought to be a co mplex surface a nd 

eng lacia l water sys te m that is un iq ue to surging g laciers . 
T we nty-six fields o f po tholes have been identified o n th e 
glacie rs of Alaska a nd Yu ko n Terr ito r y; vi rtuall y all are on 
surgi ng glac iers (th o ug h more than 200 surging glaciers do 
no t have f ields o f po tho les) (Sturm , 1987). Due to th e 
re mo te loca tion of mos t of these g lac ie rs, includ ing Black 
Rapids Glac ier, th e re have been few d irec t observa t io ns of 
po th o les fillin g or d ra ining, and th e na ture of the wa ter 
sys te m co nnec ting t he po tholes is poo rly known. 

On 16 August 1989, we observed wa ter drainin g from 
a ma rg inal ice-da mm ed lake and fl ow ing through severa l 
po tho les on Blac k R ap ids G lac ie r in a man ner th a t 
co nfi r med that the po tho le-d ra inage sys te m was bo th su p ra
and e nglac ial. The jokulh laup was co ming f rom a lake 
loca ted along the no rth marg in of th e glacier (F ig. I-A) 
wh ic h has a histo r y o f be ing the so urce of j6k ulhl aups. A 
dis tin c ti ve strand line o n the ice surface ind ica ted that wate r 
had recentl y bee n a t leas t 20 m a bove the current lake 
surface (Fig. I- B). T he lake, whic h is over 1000 m lo ng 
whe n full , probab ly fill s a nd dra ins every summer. It was 
o bse rved drainin g o n 10 August 1985 , and a d ra ining eve nt 
was photographed in Jul y 1987 usin g an automatic 8 mm 
mov ie ca mera (unpu b lished da ta of T. Clarke) . In bo th 
yea rs, the d ischa rge was e nglac ial. In M a rc h 1984, the wa ter 
level in the lake rose several meters a nd frac tured a th ick 
ice cove r, eve n th o ug h below-freez in g a ir tempe ra tu res 
p reva il ed and th e re was no surface run -o ff , suggest ing t hat 
there was a sign ificant r echarge of wate r into the lake from 
a n e nglac ial so u rce (pe rso nal co mmunica tio n fro m M. 
Wum kes, 1987). 

In 1989, the di sc ha rge f ro m th e la ke was suprag lac ia l. 
Wa te r fl owed app rox im a te ly 800 m thro ug h a verti ca l-wa ll ed 
can yon inc ised at leas t 20 m into the ice surface (Fig. I --c) . 
This ca nyo n had se ve ra l sharpl y a ng led bends in it , 
s ugges tin g that f rac tures o r weaknesses in the ice co nt ro ll ed 
its loca tion. 

Th e canyo n ended where the wate r disappea red in to 
th e ice. Several hundred meters fa rth e r down-glacie r the 
wate r e merged in a po tho le that was a pproximately 50 m in 
dia me te r (Fig. I-D). It was unmistakable that the water in 
the pothole was co ming fro m the lake because bo th 
co nta ined turbid , b ro wn water, in contrast to the c lea r 
wa te r see n elsewhe re o n the glac ie r s urface. Water fl owed 
ove r the dow n-glacie r lip of the po tho le, then th ro ug h a 
sha llo w channel to a seco nd pothole (Fig. I -E). It cascad ed 
in to the seco nd po tho le in a wa terfa ll w hich was at least 
10 m high. The wa te r in this potho le was observed to be 
sw irl ing rapidl y in a c lock wise direc tio n , sugges ting th a t it 
was drai ning throug h a hole in the bo tto m of the potho le. 
Th e wa te r carri ed num erous small icebe rgs and bits o f ice. 
Doze ns of small icebe rgs were stranded above the wa te r 
surface along th e d o wn- glac ier end of the po th o le, 
indi ca tin g that th e wa te r level had bee n higher in th e 
rece nt past. 

Th e wa ter fl owed under the ice fo r seve ral hun d red 
me te rs and emerged in a third pothole (Fig. I-F), whe re it 
was upwelling in a bo il with signi f ica nt super-e leva tio n . 
Wa te r fl owed out of the third poth ole a nd ove r the surface 
of the ice in a poo rl y defin ed , sha llow channel in to a 
fourth po thole (Fi g. I-G). The po th o le is loca ted at th e 
ex tre me down- glac ie r e nd of the potho le fi e ld . Water fl owed 
out of this pothole in a sheet which spread over the surface 
of th e ice. During th e 2 h we were in the vicinity, th e 
shee t o f wa ter pro paga ted several hundred meters dow n 
glac ie r a long the ice surface, covering a swath hundreds of 
me te rs wide. Crevasses, which are num e ro us in the sec ti o n 
of g lac ie r be low the po thole fi eld, we re fill ed with wa te r as 
the fl ood passed (Fig. I - H). 

Our observa tion s verify seve ral charac teri sti cs o f 
potho les which we have suspec ted were true. First, poth o les 
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Fin I TI " .. ' le pOlho l e field / B IO 'hlch i!> abouI 4 km wid~ . lack Rapids Glacier ill Ihe Alaska R 
helwcell 20 alld 150 .' IS /lo\V/Ilg from righl to I / . ange , cellli al Ala5krz . /11( . m III dlOmeler I h e I. The View IS I Th e glacier . 

/111 11"1111/, alacier' 11. / . 11 I e /oregroUlld soul I; the lleOleSl /' 0 '" '"'~, f h ' " ' m,1I ,, 'b p"'/w/" m, 
Fealllre5 mmked IO 'lIh exl. radlOl crevasses " 111 / 0 /he cl/ers are explai lled ill 1111' I 0 I IS glacier is spli l by I ulary glaclel IS PUShlll" 

a re connected b s y complex englac' I d 
bystems that persist from yea I~ an supraglacial drainage 

ecause the transition b r 0 year. We conclude tlll'S 
observed i etween surface . 'f n the 1989 j6kulhla and englaclal flow 

~VS::~l s u~face water had conn~~te~O~~th only h~v~ occurred 
: . oweve r, the tunnel an eXisting tunnel 

Since the drainage pattern sys tem must evolve slowl ~yl~~ered from that observe~f i~h~ 9~~85sand 1987 j6kulhla u ~~ 
em In th e area f h . econdly the d . 

sys tem found e lse ~ t e potholes differs fro~ the drainage w ere on the gl . ralnage 
moslt surface features (primaril aCler. In the pothole field 
e ng aCla l water sys tem' I y potholes) connect to ' 
(crevasses) do not Th' '. e. sew here, most surface f t an 
the pothole field' thels IS Illustrated by the fact that ewautlr~s 

I water fl d f I lIn 
~~~~ ler, but elsewhere , the spr~a~~n rom one pothole to 

f ) h those crevasses that were d ' I
g ~he~t of water filled 

o t ese crevasses diverted the gect y In ItS path, and none 
system. ow Into an englacial water 

We do not know wh . 
pothole field develops ' y the drainage system . . In such d" in the 
It IS connnected to th b a IstInctive manner nor if 
to pla y a. key role in esur~~~1 water system, which i~ known 
feel that It would be I g (Kamb and others 1985) \V 
th h va uable to' ' . e 
througl an entire surge cycle in ~onItor the pothole field 

e re atIO nship between potholes or
d 

er to understand better an surgmg. 

V.S. Armv Cold R . E . . eglOns Research 
ngllleerillg Laborator I 

Hanover . ) , 

New Hampshire 03755-1290, 

Geophys ical Illslilule, 
VIl/VersllY 0/ Alaska 
Fairballks ' 
Alaska 99705. V.S.A. 

19 Seplember 1989 
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SIR, 

Commenls on: "Ch subgl . I aracler 0/ lh ablal~~a . dra/l1age syslem in e eng lacial alld 
dye I mea 0/ SLOrglaciiiren Ihe lower pari 0/ Ihe 

_ race sludies" ' Sweden, as revealed by 

Dye tracing throu h . studying the . g . glaCiers provides one 
Unfortunately th~naccessl~ le glacial drainage means of 
drainage syst~m ~domp e~,. unstable character sfystem. 
sed' ' rap I vanatlOns f d' 0 the 

I.ment concentrations mak 0 .Ischarge, and hi h 
envIronment challeng' e the tracIng in the I g I 
other (198 109. The recent g aCla 
g l . s 8) constitutes perhaps th ~aper by Seaberg and 

ac~er tracmg by virtu f . e es~ work to date on 
tracmg, and sys temat"c e 0 hIgh-qualIty data replicate 
alternative explanatl'o I f analysis. However, ther~ 

Th 

ns or some of th . may be 
e tracer break th elr data. 

sno t - rough curve b . u results from d" 0 tamed at the gl . 
Seaberg and others Is~erslOn, dilution, and flow aCler 
a h conSidered the e I . routmg 
. omogeneously braided ng aCI31 flow route to b~ 
Increase.s in s in uosity with open channel with dramatic 
proportIOnal relationship b stage accounting for th 

;h<Y ",,'b""d """""'~tw::~,,"r'l "rn, ,.d d'''h"g,' 
urves to temporary development IP rPeaked break-through 

routes from the homogeneously bra .od d
a 

few dominant flow I e channel. 
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