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AnSTRACT: DELJNE P., CHI/\RtE IV!. & MORTARA G., Thc fl"Ol1la! ice
ava!allche of Frébollge G!acia avloll1 J3!allc MnHlj, Vnlle)' of Aosln, N\\'l
ltn!)') 011 185eplcmbl'r 2002. CIT ISSN 0391·9838, 2002).

In Scp(ember 2002, a l'art (>0,1 x IO~ m') of (hc Frébouge Glacicl'
(Val Ferrctl frolH avalanched amo the apex of (he polygenic fan. The
0.1 x !Oh ni deposit was composed of poorly.soned, subspherical, open­
work ice panicles and fonneJ a lobate from; the lateral margins are steep
metric l'iciges, along longitlldinal shear zones. Some big ice boulJers
rolled 100-150 m ahead (he frani.

Following t\lean's (985) ice avalanching typology, thc Frébouge
evem is a rype J;\ event: chm is lO sa)', avalanching of a low elevacion cem­
per:He glacicr from on a steep rock bed. Othcrs type lA ice avalanchcs
have probably occurcd in recem decades, hm thc mpid fusioll of ava·
lanche dcposits makes (beil' survcy difficult. Thc ignorance of this pro­
ccss frequency explains ics underestimation in alpinc hazard analysis.

KEY \X'ORDS: Ice avalanching, t<.'!ont B1anc Massif. Fl'ébougc Glacier,
NalUral hazards.

Rl/\SSUNTO: OELINE P., CHlt\RLE l\tl. & MORTt\lù\ G., II crollo fl"OlIln!e
de! Ghiacciaio di Frébollge (Massiccio del MOllle Biallco, \falle d'Aosta) del
18 se//embrt.' 2002. (IT lSSN 0391-9838, 2002).

Nel Settembrc 2002 una porzione (>0,\ x 10~ m') della fronte sospe­
sa dci Ghi,lcciaio di Frébougc (Val FCI'I'ctl crollò sul conoide poligenico
sonostame. Il deposito, di superficie pari a 0,1 x l Oh m!, risultava formalO
da frammcnti di ghiaccio etcrometrici, subsferici con una StrUl111ra open­
lUork c fronte plurilobato. J margini si prcscntavano ripidi e di alcezza
plurimctrica, con cvidenci strullure di laglio. Alcuni blocchi avevano so­
pravanzalO di 100-150 m il froncc dell'accumulo. Il caso dcscritto, trat·
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Tbe IlmJles of Ibe Aosln \Inl/ey g!aciers al'e Inken /rom Ibe l{egiol/al
Tec/micnl Topogmpbù: Map. Tbese I/(m/cs ma)' Ibus dflfer fl'om Ibose ndop­
led bv Ibe lla/ùm Glnciers lllvefflOJY (voI. H, 1%1).

Rescnrcb canied 0111 by 'be /iunl/ein! supporl of Ibe Emopeal/ Commis·
fioff, wilbin Ihe fm!JIcwol'k of Ihc Projecl «GLllClOR15K» (EGVI-2000­
005 (2). Tbe alllbol'S wirh /0 l!Jallk Dr. Ati. Kirkbride (Universi'.)' ofDundeeJ
fol' Ihe crilica! rcviriolJ of Ibe m(lI/lISeripI.

tandosi di un crollo parziale di una fromc di un ghi,\cciaio tcmperato lo·
calizzato su un pendìo ripido, ricncra nel cipo lA secondo la cbssil"icHzio·
nc proposta da I\lean 0985l. I~ probabile chc fenomcni simili si,mo avvc·
llllti negli ultimi decenni. ma è difficilc cbe sc conservi la traccia a causa
della rapida fusionc dci dcpositi. L'Incomplctezza di inìormllzione può
spiegare la so\(ostima del rischio legato a lJucsta catcgoria di fenomcni
dell'ambiente alpino.

TEH,\1JNI CHIAVE: Crollo di ghiaccio, Mome [~ianco, Ghiacciaio di
Frébouge, Rischi naturali.

RÉSUME: DELINE P., CHlt\RLE 1\'1. & MORTt\RJ\ Go, L'àmu!cfflclfl d"
/t'onl du g!neier de Frébouge (MaSSI! dII MOllI B!mfc, \faI/de d'/lmlc) dfl 18
Scplembrc 2002. (IT SNN 0391·9838, 2002).

En septembl'e 2002. une panie (> O. [ x lO" m') du from dll glacier de
Frébouge (Val Ferretl s'est écroulé sur l'apex du dmc polygéniquc ava!.
Le dépot de O, l x lO~ m! éwic forlllé dc paniculcs dc giace très hétérolllé­
crique, subsphériqucs, ,IVCC une scrUClUre 0pcu-wol'k. San from csl consti­
tué de plusieurs lobcs, ses mal'ges. de raides cordons dc haUlcur métri(llIe
qui résultem dc cisaillcment longitudinallx; qUclqllCS gros blocs om roulé
100-150 !TI en avam du from du dépòl. Sclon la Iypologie dcs écroulc·
mems de giace proposéc par Alean (1985), ccilli dc FréhouAe cst dll (ype
lA, i.e. l'écroulcmcm du front localisé sur une pcntc miele d\t1l gbcicr
cempéré. Si d'aut l'es écroulemems du méme type om pu ,\Ilecté cc glacicr
&ms Ull passé réccnt (ex: 1968), Icur rCCCIISClllcm cxhaustif est rendu dif·
ficile par llnc fusion rapide du dépol. La méconnaissance de la fréquencc
dc cc phénomène conduit ii le sous-estimer dans LlIlalyse du risqlle cn
milieu alpin.

MOTS CLES: Ecroulemem de l'rom glachlire. M,lssif du t<.'IOIH Blanc,
Glaciel' de Frébouge, Risques nllCllt"e!s.

INTRODUCTION

Avalanching of alpine glaciers ice is a comlllon processo
Nlost avalanches bave a small size (101_]0~ m\ and are due
to seracs falls from hanging giaciers, anel have travelled
shon horizomal distances (L < 500 111). Some avalanches
comprise the emire ice body, such as high e1evarion steep
hanging glaciers. For exampIe, in June 1970 [he NE face
glacier of rhe Aiguille Vene (4122 m, Monr Blanc Ivlassifl
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FIG. l - Locntion lllap (after Barb & (l/ii, 2000, modifico).

felJ. The ice avalanche travel1ed as far as the leh margin of
the Glacier d'Argentière (L > 1500 m) (Vivian, 1975).
When ice avalanching occurs at valley or cirque glacier
fronts, the hazard far people in the vicinity can be high. On
14 August 1949, the Glacier du Tour (Mont Blanc Massi!)
ice avalanche (0,2 x lO" m', L > 1000 m) killed six walkers;
and on 30 August 1965, a volume of ice> 0,5 x lO' m' fal­
len from the Allalingletscher front (Saastal, Valais) killed 88
workers (Chiarle, 2000). This paper describes a recent large
ice avalanche from the F rebouzie G lacier front.
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1I1edium-sized (200-750 m) headwaUs culminating between
3480 m at the Col des Hirondelles ro - 4150 m at the
Grandes ]orasses. During the Little Ice Age (UA), its
300 m large from covered the apex of the presem large
Jownstrcam colluvial fan: its fromal moraines stand at an
c1evation of 1800-1825 m. Since the end of the UA (1860),
Frébouge Glacier has cxperienced a major rctrear: its pres­
cnt front, about 1 km wide, is locatecl 011 a steep rockwall
at an eIevalion of 2500-2550 m, which means a post-LIA
retreat of 1600 m along the topographical profilc, but
pUllcruated by shorr rcadvances. Tn 1929, the from reached
(he fom of (he rockwaU at an e1evation of 2092 m (Capello,
1953). The eastern glacier in thc Frébouge basin, namcel
Ghiacciaio Occielemale di Gl'cuvetraz has bcen separated
from thc main glacier during this post-LIA wilhdrawal.

Like thc froms of the glaciers Triolct (Val Ferret),
Freney anel Breuillat (Val Veny), the Frébouge front is 10­
cated on a confluence step which resu\ts both from structu­
l'al geology and Quarernary glaciations. Becausc of lhese
fromal positions, these glaciers experience frequent ice ava­
Ianching through semc faUs. Usually, ice volumes are slllall,
but lhe high frequency of the process allows (i) fOl'malion
of pulverized ice fans on Icelges 011 the rock stcps anel ar
their fcct, or even (ii) small regenerated glaciers, as occureel
al Frébouge Glacier in the late 1960s anel the early 1970s,
eluring its last advance (Cerutti, 1971). Some ice avalanches
are larger: far example in 1933 (Chiarie, 2000),1956 (Ca­
pello, 1959) and 1971 (Lesca, 1971), the polygenic fan
elowns(ream from Freney glacier was partially covereel by
ice avalanche deposits. In the Frebouzie case, no large ice
avalanchcs are hisrorical1y knowl1 (Chiarie, 2000).

THE FREBOUGE GLACIER CHARACTERISTICS

With an area of2.3 km' in 1970 (Vivian, 1975), Frébou­
ge is one of the medium-sized glaciers on the somh-east
(Italian) f1ank of the J\llont Blanc Massif (fig. 1). According
te the World Glacia 1I1VCllt01J' classification, Frebouzie is a
moumain glacier with a compound basin (Muller & alii,
1977), bccause jt is formcd by four coalcscem cirques, with

THE FREBOUGE ICE AVALANCHE
ON 18 SEPTEMBER 2002

In the late afternoon of 18 September 2002, a part of
the Frébouge Glacier front avalanchcd (fig. 2). The ice av­
alanche descended 400 m of the steep rock step anel cov­
ered a Iarge area (-0,1 x lO'" m!) of the apical part of the
polygenic fan (fig. 3; fig. 4). The gradient of this part of
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FIG. 2 . EaSl part
or lilc Frébouge
Glacier front bc­
(ore (n. 28.08.2002)
.Illd aftcr (hl rhe
ice llvalanchc on 18
Seplcmbcr 2002.
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FIG. 3 - The Frébougc ice 3valanchc deposit map. l: SI:lfIing poim; 2: ice
avalanchc deposiL [Topogmphic31 map 1:10000; COIltOlll'S: IO ffi. Arcbivi
/opocarlogm!ici dello Regione 1\1110110"''' Valle d'Aorln • iltlI0ri:am.iollf! Il.
52 delIS.OS./9991.

the fan is - 20°. The deposir fOl'mcd lobme rongucs, m'lin­
Iy bccausc of fan slIl'face ropography: channelized by a
strcal1l bed, the lo\Vcr front reachccl an e1cvation of
1855 1TI. A re\\' ice boulclcrs reach lowcr e1evarions, coming
[Q l'est 100-150 !TI aheaci the front of the mai n masso

The deposi t \Vas 1113inly composed of poorly-sorrcd
subspherical pebble- to boulder-sized ice parcic1es, wirh
some huge boulclcrs cxcecding 20 mi. Thc stwcture \Vas
open work. bm a continuous layer quickly appeared on
the undulating copographic surface by ice fusion. The de~

posit thickness was very variable: O) on the cast margin,
the ice avalanche has slighdy planed down the fan sudaee
but left no deposit; (ii) on the front, it rcached in somc
pans ) m. A conservative estimate of the mean thickness
for the deposi t of l m equates lO a minimal iee avalanehe
volumeofO,l x IO"m'.

The from and lateral margins of the deposi t \Vcre typi­
cally stecp and 1-3 m high. In places at the fronr, superpo­
sidon of two flows formed a distai rimo Along the margins,

a iongilUdinal shear zonc scparated a narrow /cvée from
(he main body of {he ice avalanche. similar to {he chame­
{eristics of a we{ Sl10W avalanche.

Poorly~sor{ed rock particles wcre presem 011 the \Vhole
deposi t, and \Vere locally abundam. This gmnitie material,
mobilized by the ice avalanche, was derived (i) from dII
cover from ledges 011 che rock step; and (ii) from eolluvial
fan seclimems. Rock material appeared to be morc abul1­
dam 011 thc margins. In the apical and centrai parrs or thc
deposit, the torrem f10wcd on its surface to leave abun­
dant alluvial material before its incision.

Ice melt rapidly dcstroyed the Septembcr 2002 deposi"
t\Vo \Veeks aftel" tbc avalanche, only some ice boulclers re­
mained 011 the fan (M. Bois, oral com.). Thougb no large
ice avalanche at Frebouzie has been reported by historical
SOllrces, an aerial photographic stllc!y sllggesrs a similar or
even larger evem in 1968, c1uring the last giacial aclvancc in
the All'S.

ICE AVALANCHING TYPES ON THE ITALIAN
SIDE OF THE J\lIONT BLANC MASSIF

Alcan (1985) has proposcd an ice avalanche typology,
according to whieh the last c1eeac!es evcnts 011 the SE nank
of the ,\llonr Blanc Massif can be described:

F[c.4 . Front:ll vie\\' of rhc Frébougc ice aV:llallche (22.09.2002).
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• Type lA. fn a low e1evation remperare glacier, rhe from
is nO{ frozen {Q a sreep rock bed. Graviry and subglacial
watcr circularion can affect rhe front and allow ir to ava­
lanche. 20'h Cemury ice avalanches from Frcney Glacicr
\Vcre rype lA evenrs, 3S \Vas the latest 2002 Frébouge av­
alanche. Climatic conclirions associateci with rhese evems
seem variable: (i) abunclanr rainfall anel cold nighr-rime
temperature, in rhe day, preeeding the 25/06/1956
Frcney evenr (Capello, 1959); (ii) ,"nny ",earher and
high temperature in the day' prior tO the 18/09/2002
Frébouge ice avalanche. However, abundam warer sup­
ply appears {Q have been common {Q borh eases.

• Type!B. At high e1evarion (> 3800 ml, glaciers are cold­
bascd. When hanging glaeiers are wholly loeated above
ELA, fromal iee avaIanching is the dominanr form of
glacial ablarion. The 1993, 1997 (15.000 m') and 1998
ice avalanchcs which affecred the Upper Glader of rhe
Grande, Joras,e" in Val Ferrer (Chiarle, 2000; Deline,
2002) \Vere rype lE evems.

• Type II. When bed rock pre,enr, a rOllgh break of ,Iope,
as on a bedrock srep, Iow-e1evarion hanging glader froms
are affecred by freqllel1t ,mall-voillme (<1000 m'l tOp­
pling of ,erae,. Brenva and Brellillar glacier, (Val Venyl
experience rype fl iee avalanching severa! times per day
(or even per hOllr). SlIch behaviollJ' rypifie, Frébollge
Glacier also.

CONCLUSION

Type lA ice avalanehing represems a serious threar tO
rhe alpine popuJarion and tO rourisrs. The 2002 Frebouzie
evenr covered a secrion of the Gervasuui hur path, 00

which fol'runare1y nobody \Vas presenr on rhe atternoon of
18 Seprember. The long retrear of rhe Frébollge Glacier
from and irs present hanging stare, which allow ice ava­
Ianching, l'esulr from post-LIA climare change. Bur rhe reIa-
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rionship berween the avalanching process and c1imate varia­
tion eannor be cstablished at shorrer rimc spans. During re­
ccnr decades, somc events occured during a glacial advance
period, orhers during a period of rerreat. The shorr durarion
of su l'vivai of ice deposits makes rhem c1ifficuIt ro survey us­
ing aeriaI phocography. As a result, rheir is a relative ignor­
ance of 'ype lA ice avaianching freqllency. The difficlllty of
obselving this high-magnirude low-frequency process cx­
plaios its present underestimation in alpine hazard analysis.
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