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Correspondence 

Th e Ed i to r, 

J Ollmal of CLaciology 

SIR, 

Comments 011 "Claciers ill Picas de Eltra/la , CardiLlna 
Call1dbrica , l70rthwest Spain" by Call<.dle;:. Slldre<. alld Alonso 

Gon zitl ez Sua rez a nd Alo nso ( 1994 ) repo rt ed th e 
discove ry of glaciers a nd glacia l ice in some protec ted 
places a t th e" bottoms o f'hi g h wa ll s in th e Pi cos de Euro p a 
mo un tains. They desc ribed th e presence o f this glacia l ice 
partic ularly a l th e bottom of the summit of the Picos d e 
Eu ro pa, T orrecerred o (2648 m ), in th e g lacio-karst cl osed 
depression orJou Negro. In this let te r , we wish to call 
a Llentio n to the fac t tha t th e exi stence o f th ese glac iers 
had been kn own a nd was discussed long before Gonza lez 
S Uc1 rez a nd Alonso enco untered them in th eir resea rch. In 
additi o n , \\T \\' ish to d esc ribe resea rch we ha \'e conduc ted 
O\'er tb e las t 3 yea rs which contradi c ts some of th e 
scien ti fi e d escri p tions of th ese glaciers o ITe red by Gonza lez 
Sua rez a nd Alonso. 

PREVIOUS RESEARCH ON GLACIER 
EXISTENCE IN PICOS DE EUROP A 

Since the middle of th e 19th century, several a utho rs, 
such as Prado ( 1860 ) a nd , from his re fe rences to th em , 
Sa int Sa ud a nd La bro uche ( 1893 ) a nd Penck (1897 ) 
es ta blish ed the existence o f' glaciers in Pi cos de Euro pa . 
Ind eed , th ese a uth ors ex plicitl y menti o ned J ou N egro 
glacier. A few years la ter, Obermaier ( 19 14) publi shed a 
r igor o us st ud y a bo u t g lac ier la nd fo rm s a nd th e 
Qua ternary expanse o f g lac iers in Pi cos de Euro pa . 
From hi s research, h e conci uded th a t t hese a u thors had 
confused sma ll snowp a tc hes with glac iers. H e recogni zed 
the existence in summ er o f " .. . sma ll snow pa tches in som e 
\\'e ll p ro tec ted sites of hea t action. It is no t poss ible to g ive 
th em g lac ier denomin a ti o n because th ey a re loca ted in 
deep hollows in comple tely dead cond iti o n" . U ntil now, 
thi s o pinion has been held by various a uth ors, \\'ho have 
done resea rch on th e Pi cos de Euro pa Ylassir. Th e 
Spani sh g lacier ca ta logue m ade by the lnstituto Espa ii o l 
de Glac io logia . la ter re\ 'ised , ex tended a nd pu blished by 
j\I a rt i nez de Pison a nd A renill as Pa rra ( 1988), does no t 
consid cr these acc umula tions as glaciers. Also, th e Iberi a n 
Peninsul a glac ier ca talogue, co-ordina ted by Serra t ( 1980), 
expressed the same opini on. :'IIoreol'e r, it is worth noting 
tha t th ese ca talogues do not include Pyrenean perenni a l 
snowpa tches simila r to the Picos de Europa snowpa tches 
loca ted in the M onte Perdid o M assif. 

T wo ex pl a na tions fo r thi s contradi c tory histo ri ca l 
record can be offered. First, the glaciers reported in 1860 
m ay have di sappeared by th e turn of th e century. 
Secondl y, the ori gin a l report of th e g laciers may have 
bee n e rro neous. Prad o's d esc ripti o n o f "glac ia r d e l 
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L1 a mbri o n" is so ambig uo us th a t it is quite possible th a t 
he had m ad e an erroneo us identifi ca ti on. 

THE JOU NEGRO SNOWPATCH AND ITS 
BORDERS 

At th e present tim e. lh e J ou N egro snowpa tch m o rph ology 
is concave throughout the summer, adjusting perfec tl y to 
the northern T orrecerredo slop e a nd the bottom ofth eJ ou 
:\Tegro depress ion. Th ere is a m o ra ine rid ge underl ying the 
bot tom o f' th e J o u Negro pere nni a l snowp a tch , which has 
a characte ri sti c mora ine-g lacier morph ology (Fig . I ). I t 
has a well-d efin ed edge and h as a steep slope towa rds the 
inside o f th e snowpa tch, p a rri cul arl y on th e la tera l 
margins. W e agree with G o nza lez Suarez a nd Alonso's 
interpreta ti on of the inh erited g lacier-m orainic ridge . I t is 
not being formed at the present time but was built 
completely during the Little I ce Age. At present, debris 
acc umula ti o n is not forming a protalus ra mpa rt a t the 
base of th e snoll'pa rch, because wall debris does not 
termina te th ere; this debri s li es in the snowp a tch hollow 
whose centra l level is no t as hig h as its bord ers. 

Go nzalez S uarez a nd Alo nso showed th a t th e J ou 
Negro glacia l ice revea led itself acc identa ll y as a result of 
ve ry consid era ble a bl a ti o n in rece nt yea rs. H o weve r, in 
the ae ri a l ph otograph , ta ke n in Septembe r 1969 by 
Diputacio n d e O viedo, it is possib le to see d a rk-co loured 
ice simi la r to wha t they d escribed bu t onl y in th e central 
part of the snowpa tch. 

We have checked the existence of ice in a pa rt of the 
surface be tween the north e rn wa lls of T orrece rredo a nd 
the well-defin ed moraine ridge. In Jul y, this sm a ll surface 
betwee n th e wa ll s a nd the m o ra ini c arc, a bo u t 14300 111 2 

in area a nd 2235 m in mean a ltitude, is full y covered by 
urn bu t, in Augus t a nd September, befo re the first 
snowfa lls, th e snowpa tch is fragmented b y long sleep
faced debris mounds a bout 6 m high. Meltwa ters have 
crea ted a cha nnel betwee n th e la rges t d ebris mound s; 
both cha nnel ma rgins show up to a few me tres thi ckn ess 
of ice benea th debris (Fig . 2 ) . Also, there are diITerent ice 
bodi es benea th the debri s mounds. 

DISCUSSION 

Th e J o u N egro ice has no laye rs whic h rel'eal a 
sedim enta ry structure a nd n o surface struc tures showing 
ice movem en t such as crevasses or l'illw)'as res u I ti ng from 
fl ow and no t genera ted b y d iITerences in the therma l 
ex pa nsion be tween roc k and urn or ice joints. It is possible 
that som e o f thi s could be fossil ice, inherited fro m the 
Littl e Ice Age, but thi s is immo bile ice; because of this, it 
is diffi cult to call it a glacier. Furtherm ore, th e ice is sti ll 
being form ecl a t present. Th ere are two possible reasons 
why thi s is so: either m eltwaters re freeze a fter their 
infi ltra ti on when they com e into contac t with a seasonal 
ice front a nd fossil ice, or its origin is the tra nsfo rm a ti on of 
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Fig. 1. The ] 011 "'\ egro hollow with a morainic ridge ill the foregrolllld . . \ 'ote the debris mOllnds ill the sllowpatclz. 
( PhotograIJ/z takel/ on 5 SelJ tember 1994 .) 

th e residua l sn ow o r Grn \I·hc ll it rem ains tra pped b enea th 

d ebri s cl er i\ 'ecl fro m th e \\·a lls. I n a n y case, th crc a re hi gh
m o untain pe r ig laeia l processe~ lead ing to pere nni a l a nd 

spa ti a ll y sporacli c ice fo rm a ti on w hi c h a re co nn ec ted wi th 
\'(' r y spcc ia l ('o nd i Li o ns of' cxpos u rc, prcsc rl'at ion a nd 

melting of's now pa tc hcs a t thi s al titud c . 

Fig. 2. Sketch from the ] Oll . \ 'egro hoLlOlc'. I. 111 ominic ridge ji'om the Little Ice Age . 2, 3, 4, 5, 6 and 7. D ebris mOllnds 
with ice bodies. 8. J1el/water channel ill the deb ris acclllllulatioll over ice. 9. Fi1'll. 
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CONCLUSION 

Th ere a re no tru e glaciers in the Pi cos de Europa M ass if 
but pe renni a l snowpa tches with urn where the p resence of 
sma ll foss il ice bodi es is possible. In the J ou N egro dep
ress ion, one o f these snowpatc h es con ta ins peri g lacial ice 
a nd , a lso, the re could be ice inherited from th e Little l ee 
Age. H owever , these are examples of dead , no t m O\'ing, 
ice a nd they se rve to esta bli sh th e presence of sporadi c 
perm a frost in the Picos de Euro p a periglacia l be lt. 
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S IR , 

Glacial-ice ji'agmenls in An/arclic sea ice 

Sea ice, as the result of freez ing of sea wa ter, can have 
va ri ous tex tures determined b y the prel'a ilin g therma l 
a nd hydrod yna mic conditio ns during ice fOrIna tio n and 
subsequ ent g row th (Weeks a nd Ac kl ey, 1982; Ei c ken and 
La nge , 1989) . In th e Anta rc ti c, fl oodin g of surface snow 
also often lead s to snow-i ce fo rma ti on, gil'ing rise to a 
meteoric compo nent in th e sea ice (La ngc a nd o thers, 
1990; Eicke n a nd others, 1994), \\'hi ch has a granula r 
tex ture with gra ins of seve ra l millimeters up to some 
centimeters in size . Snow-i ce is believed to fo rm up to 4% 
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o f th e to tal sea-ICe vo lume in th e vV cdd ell Sea (E icken 
a nd o th ers, 1994) a nd perh aps m o re th a n twice as much 
in th e R oss, Amund sen a nd Bellings h a usen Seas Ue ITries 
a nd o thers, 1994) . 

H ere, \\ 'e repo rt a nOI'el fin d ing of glac ia l-i ce frag
m ents (up to seve ra l centim eters in di a meter) in a sea-ice 
co re o bta in ed in th e Bellin gsh a use n Sea no rth of 
Alexand er Isla nd , Anta rcti ca . T o o ur kn owledge, g lacial 
ice has not pre\ 'io usly been desc ri bed as an im portan t 
component of sea ice, a lthough in t hi s co re it a mounted to 

20 % of the co re I'o lume. The fea tures of the co re, 
in c luding texture, sa linity and <5

IBO measuremen ts, a re 
rep o rted a nd the re le\ 'a nce of glac ia l ice fragmen ts as a 
component of the sea ice in this regio n of the Ant a rc ti c is 
discussed . 

GENERAL ICE-CORE PROPER TIES 

I ce coring was pa n o f a larger sea-i ce p rogram during a n 
exp edition of RV Polarslem to th e Bellingsha usen a nd 
Amundsen Seas in th e la te a ustra l summer of 1994 (Fig. 
I ; i\llill er a nd Gro bc, 1995). The ice co re was obta in ed o n 
29 J a nuary 1994 during an ice sta ti on at 68 4·0 .2' S, 
72 °37.3 ' \ \' . approxim a tel\' 11 na uti ca l miles (n .m .) sou th 
o f th e sea-i ce edge a nd 20 n.m . fi'o m the coast. Th e ice 
co nce ntration was 10/10 and th e ice fl oes we re most ly 10 
100 m in diameter w ith piled-up bras h in betll·ee n. Th ere 
was ha rdl y any ev id ence of ire d eform a ti on (sce H a as a nd 
Vi e hofr (1994) fo r a detailed d esc rip tion of ice co nd
iti o ns) . The fl oe sa m p led was approx im ately 30 m x 40 m 
in size a nd had a mea n ice thi c kness of 3. 1 ± 1.1 rn , 
cove red with 0. 5 1 ± 0. 13 m of snow. A thi ckn ess pro fil e 

D Approximate mean 

sea·ice extent during 

the expedition 
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Fig. I. ,11ajJ of lhe cruise Irack . The sile where l/ie glacial
ice ji'agll1enls were fOllnd is marked b)1 all arrow. ALl oLiter 
coring siles dUTing lite eX/Jedi lion are indicaled k)' black 
circles . 

d erived fi"om drilling (Fig. 2) revea led tha t, alth o ug h the 
surface was ra the r fl a t, the unde rsid e o f the ice was hig hl y 
irregul ar. During drilling, ma n y g aps or I'oids gel 'e ral 
cen ti meters thi ck were pene tra ted . Th ese \\'elT rn a i n I y in 
th e upperm ost ice a nd may be c ha racteri sti c of summer 
sea ice in this regio n UeITri es a nd o th ers, 1994) . Some 
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