
Journ a/ aIG/acia/ag.\'. Vol. 29. No. 102. 1983 

ACCUMULATION CHARACTERISTICS ON A COLD, HIGH -ALPINE 
FIRN SADDLE FROM A SNOW-PIT STUDY ON COLLE GNIFETTI, 

MONTE ROSA, SWISS ALPS 

By W. HAEBERLI, 

(Versuchsanstalt fur Wasserbau, Hydrologie und Glaziologie, Eidg. Technische Hochschule. 
CH-8092 Zurich, Switzerland) 

U. SCHOTTERER, 

(Physikalisches Institut, Universitiit Bern, CH-3000 Bern, Switzerland) 
D. W AGENBACH, 

(lnstitut fur Umweltphysik, Universitiit Heidelberg, D-69 Heidelberg, Germany) 
H. HAEBERLI-SCHWITTER, 

(Schutzenmatt 21, CH -8046 Zurich, Switzerland) 
and S. BORTENSCHLAGER 

(Institut fur Botanik der Universitiit Innsbruck, A-6020 Innsbruck, Austria) 

ABSTRACT. In a snow pit, incorporating about 2.5 a of accumulation , on the 4450 m high Colle Gnifetti. 
Monte Rosa, various snow characteristics, isotopes (0 180 , lH), electrical conductivity , dust, trace elements . and 
pollen were investigated. The aim of this study was to develop a key for the stratigraphic interpretation of cores 
from cold, high ~alpine fim areas. It appears that the strong influence of wind results in mixing and re ~ 

sedimentation processes in the surface layers. Nevertheless, by interpreting several parameters in a combined way. 
it is possible to classify a large number of the layers according to their season and sometimes to their place of 
origin. Apart from the melt layers , which only appear in early summer to summer layers. other prominent features 

are the (Saharan) dust falls, characterized by dust and conductivity peaks. 

RESUME. Etude des caracleristiques de i'accumuiation sur un neve Jroid de haute~l11ol1lagne au Colle Gllifelli. 
MI Rose, Aipes suisses. Diverses caracteristiques de la neige, isotopes (0 180, l H), conductivite e1ectrique. 
poussieres, trace d'e1ements et pollen ont ete etudies dans une tranchee englobant environ deux ans et demi 
d' accumulation neigeuse afin de determiner une «clef» pour I'interpretation stratigraphique des carottages dans les 
regions de neves froids en haute~montagne sur le Colle Gnifetti (4450 m s.m .. Mont Rose). On observe que la 
forte influence du vent mene it des phenomenes de melange et de resedimentation des couches superncielles. 
Toutefois, sur la base de I'information tiree de la combinaison des differents para metres observes. il est possible de 
dater une gran de part des couches de neige et parfois d'en determiner I'origine. En plus des horizons de glace. qui 
n'apparaissent que dans les couches estivales, des indices marquants sont les poussieres sahariennes. caracterisees 
par la pointe de teneur en poussiere et de conductivite. 

ZUSAMMENFASSUNG. Unlersuchung der A kkul11uialiollsc/zaraklerislik auJ eillell1 ka/lel' . hocha/pillell 
Firnsatlei an einel11 Schneeschachl auf del11 Col/e Gnifelli, MOl1le Rosa, SchlVeizen A/pen. An einem rund 
2.5 Jahresschichten umfassenden Schneeschacht auf dem 4450 m hohen Colle Gnifetti. Monte Rosa. wurden 
diverse Schneecharakteristiken, ]sotopen (0 180, 3H), elektrische Leitfahigkeit, Staub. Spurenelemente und Pollen 
untersucht. Ziel dieser Untersuchung war, einen "Schllissel" fur die stratigraphische Interpretation von 
Bohrkemen aus kalten , hochalpinen Firngebieten zu entwickeln. Es zeigt sich. dass der starke Windeinfluss zu 
Misch ~ und Resedimentationsvorgiingen in den Oberfliichenschichten fuhrt. Aufgrund der Information aus der 
betrachteten Parameterkombination ist es trotzdem miiglich , einen grossen Teil der Schneeschichten jahreszcitlich 
and z.T. herkunftsmiissig einzuordnen. Markante Signale sind neben den Eislagen. die nur in Frlih somll1er~ bis 

Sommerschichten auftreten. die (Sahara)~Staubfiille. die durch Staub/ Leitfiihigkei tspeaks c'haraktcrisicrl Sillli. 
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I NTRODUCTION 

Core dri lli ng o n the fi rn saddl e of Colle Gni fe tti has been in progress since 1976 (O eschger 
a nd o th ers, 11 978 I). The mai n a ims o f thi s project are to study the accumulation hi story o f high
a ltitude fi rn areas a nd to reconstruct the development o f constituents in the atmosphere since the 
beginning of the ind ustr ia l revolutio n. Up to the prese nt, d a ting of the cores has been based o n 
the ana lyses of isotope and melt-layer stra tigraphy (Sc ho tterer and o th ers. 198 1), and the use of 
210 Pb d a ta (Gaggeler a nd others, 1983). With an average firn tempera ture o f about - 14 °C, the 
a nnua l accumula ti o n (net balance) is o n the order o f 30 to 40 c m H2 O . Amongst th e mos t 
impo rta nt res ults to d a te from the studi es on the co re samples fr o m Coll e Gnifetti a re the 
cons tructio n of a detail ed dust-fa ll c hro nology fo r the second ha lf of th e twenti eth century 
(Wagenbac h. unpubli shed) and the o bservation th at th e acidity of firn layers deposited over the 
las t few years has c learl y increased , even at high altitudes in the lower tro posphere. The latter 
effec t is probabl y due to the increasing acidity of precipita ti on (Lik ens a nd others, 1979 : 
Sc ho tte rer a nd others. 198 1). However, in order to interpret in deta il th e ph ysica l and c hemical 
pro perti es of the firn and ice samples from the drillings , a better kn owled ge o f th e accumulation 
cha rac teri stics and firn stratigraphy is needed. Severa l factors a re of par ti c ul a r interest, na mely. 
th e o ri gin and route of the precipita tion , th e seasonal di s tributions, a nd the mechanism o f snow 
a nd aeroso l depositio n . 

In April 1978 a snow pit on Colle Gnifetti (Fig. I) was investigated , not only for various 
snow cha rac teristics, b ut also fo r the fo llowing fea tures: isotope a nd e lectrical conduc ti vity 
(U .s. ). d ust and trace e lements (O .W .), a nd poll en (H .H . a nd S.B.) (th e initi a ls indica te which 
aut hor was pri mari ly concerned wit h a par ti cul ar in ves ti gation). With thi s pit analysis ava il a ble. 
the a im was to reach a better un ders ta nd ing of th e o ri g in , easonal d i tri butio n. and de pos it io n 
mec ha nism of the snow on Coll e Gni fe tti , and to ga in ex perience fo r the strat igraphi c 
interpre ta tio n of th e co re samples . 

O BSE RV ED PA RA METE RS 

In a ddition to the snow characteri stics, temperature, hardness, gra in s ize, and ram res ista nce, 
a ll o f whi c h afford general inform a tio n about depos itio n and embedding mechani sm s, the 
stra ti g raphi c positio n of the melt layers is of parti cul a r in terest. On the basis o f the ana lys is fro m 
th e 1976 Coll e Gnifetti core samples, it is suspec ted th a t a connecti o n ex ists between a ir 
tempera ture, accumulatio n, and the fo rmati on of melt layers (Schotte rer a nd o th ers, 198 1: see 
p. 264 fo r furth er di scussion). 

The seasonal va ri a ti o ns of 3 H and 15 180 , if preserved in the core o r pit, a llow a da tin g o f co ld 
Arn a nd ice if a co unt o f the a nnu a l layers is made. If these layers have been di sturbed o r 
irreg ul a rl y de posited , then the di stinc t peaks of 3 H produced during a to mic bo mb tests, suc h as 
in 195 4 , 1958, or 196 3. serve as good time checks. Since the 1518 0 in precipitation is tempera ture 
dependent. th e reg ul a r d eposition of thi s isotope wo ul d a lso indicate co ld o r wa rm seasons. But if 
th e reg ul a rity is missing, a nd/ or one has to work with sing le precipita tio n events. then hig h 1518 0 
va lues d o not necessaril y indicate th e wa rm season, since wa rm air masses can a lso prec ipita te 
d urin g cold seasons. 

T he no n-gaseo us trace materia l in the firn layers o ri gina tes essenti a ll y fr o m th e wet a nd d ry 
depos itio n of the du st components suspended in the atmosphere. The majo r part of the trace 
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materi al in the firn layers on Colle Gnifetti originates from the di spersion of eroded ground 
material and is, therefore, a naturally occurring mineral dust (Wagenbach, unpubli shed). In 
addition to the contribution from the continental background aerosol, it is also likely that mineral 
dust deposition on Colle Gnifetti could arise from a localized aerosol transported by the wind 
and from long-distance dust transport from arid areas (mostly Saharan dust fall s : Haeberli, 
11978 J; Prodi and Fea, 1978 ; Wagenbach, unpublished). The concentrations of mineral dust in 
the firn on Colle Gnifetti are therefore expected to reflect distinct dust deposits (or air masses), as 
well as the various meteorological deposition conditions (e.g. periods free from precipitation). 

Only a few pollen studies on glacier ice and firn have been made to date. Pioneer work was 
done by Vareschi (1942) on Aletschgletscher and on Gepatschferner. Bortenschlager (1967. 
1969, 1970), working with firn samples from Kesselwandferner, confirmed Vareschi's findings 
and posed new questions about long-distance transport (Ephedra a/tissima from Africa) and 
pollen density. The aim of the study presented here has been primarily to develop a quantitati ve 
estimation of the pollen deposition at high altitudes and, therefore, to study the applicability of 
pollen analysis for accurately dating the rather limited core-sample material available (see also 
Krenke, 1972). The seasonal variation in pollen density was of primary interest. and wherever 
possible the pollen spectrum was analysed to date and to find the origin of the individual laye rs in 
th e pit. 

Since many of the observed parameters contain a combination of chronological and spatial 
information, we attempted to limit, as far as possible, the uncertainty of the interpretation by 
combining the various mutually independent tracers. 

SAMPLING AND ANALYTICAL METHODS 

Colle Gnifetti is a firn saddle, 4 450 m a.s.l. , lying between the Zumsteinspitze and the Punta 
Gnifetti, two summits of Monte Rosa (Switzerland/ Italy , Figs I and 2). The saddle is extremely 
wind exposed and is situated in the infiltration recrystallization zone of the Alps (Shumskiy, 
1955). The dry metamorphosis of snow and firn produces, at lower levels, remarkably white ice, 
rich in air bubbles. Such ice becomes visible in the tongue of Grenzgletscher which starts on 
Colle Gnifetti (Haeberli, [1976]). The 4 m deep pit was dug in April 1978, about 20 m west 
(towards Grenzgletscher) from the position of the 1977 core drilling. 

The usual standard methods were used for the examination of the snow characteristics. The 
sequence of individual layers was established according to the differences in hardness on the wall 
of the pit. The samples for pollen analysis (about I 000 ml in volume) were taken from the wall 
of the pit with a hand drill and were processed and analysed immediately after the field work, 
using standard methods. Samples for the examination of the trace elements were taken under 
extremely clean conditions, parallel to those used for the other analyses ('80,3 H, conductivity, 
and pollen). The resulting depth uncertainty for both sets of samples was estimated to be ± 5 cm. 
The firn samples were stored in precleaned polyethylene containers and shipped in a frozen state 
to the laboratory. Three centimetres of the surface of each firn block was trimmed back using 
acid-cleaned quartz and polycarbonate tools in order to reduce possible contamination. Trace
element analysis was performed by an energy-dispersive X-ray fluorescence system, using " thin
film " fluorescence techniques. 

An estimation of the mineral dust content of the firn sample was determined by measuring 
the titanium content of the filtered residue (particle size, d > 0. 1 /J), as well as the calcium and 
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Fig. 1. Colle Gni/elli from Ihe Capanna Regina Margherita ( PullIa Gni/elli). P = snolV pil described in Ihis 
cOlllribllliOll. 1977 = drill sile 1977 , 1 = ZUlI1sleinspilz e 4 563 111 a.s.!.. 2 = Du!ollrspilze 4 634 171 a.s./ .. 
3 = Nordend 4609111 a.s./. Pholograph: W. Haeberli, A IIgllsl 1977. 
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potassium contents. Since naturally occurring titanium compounds are barely so luble, the 
average concentration of titanium in the Earth's crust allows an estimation of the mineral dust 
content of the whole sample (detailed description of the procedure in Wagenbach. unpubli shed). 
3 H was measured by gas proportional counting and £518 0 with a mass spectrometer. 

R ESULTS AND DISCUSSION 

S noli' characterist ics 

Except for the soft layer of new snow (layer 0, penetrable by hand) , the layers are always 
medium-hard, hard (finger-pencil), or very hard (knife blade). Thickness and number of the 
medium-hard to hard layers (2 to 4, 6. 8, 12) decrease rapidl y with inc reasing depth. practica ll y 
the who le of the upper half of the pit being very hard (Fig. 3). Especially hard layers appear in 
the ram profile as thin wind crusts (layers I, 7, 10, and probably also 18 and 20). The ram 
resistance in the lower half of the pit is about SO kg. These values are comparable to the ram 
res istances measured in the winter snow cover of the Alps above the timber line (H Wil/terber;c!Jte 

Wei ssHuhjoch/ Davos"), or in Greenland at about I 500 m a.s.1. (Benson. 1959). Thi s is a clear 
indication of the strong influence which the wind has on the deposition of snow. It mu st be 
assumed. therefo re, that erosion , tran sport, swirling, and re-depos iti o n of snow all pl ay an 
important rol e on Colle Gnifetti. 

The average grain size in the individual layers does not exceed o ne millimet re in diameter. 
and the snow has to be classified as fin e-grained or very fine -grained. The layers in the upper half 
of the profil e conta ining the largest grain (I mm, layers 3, 6, 12), are relatively soft laye rs in th e 
hardn ess profile . This disappearance of these layers in the lower half of the profile therefore 
indica tes th at the relatively soft layers are quickl y compressed by a destructive metamorphosis 
of the larger grai ns. The small grain diameter and the s li ghtl y angular s hape of the gra in s show 
that the snow in the respective layers has not undergone meltin g and has probabl y neve r 
ex peri enced temperatures greater than - S QC (Benson, 19S9). Th e snow tempera ture va ri es 
between - 14 .S QC a nd - 18.S QC. As is to be expected in spring (April). the snow tempera ture is 
not far below the mean annual firn temperature and the temperature g rad ient is small. except for 
small va ri a tio ns o f short wavelength (temperature va riations of short duration on the surface). 

A very conspicuous coloured band of red dust in layer 13 can be dated from the large 
Saharan dust fall in May 1977 (Oeschger and others, [19781, fig . 2). A less prominent dust band 
is found in layer 3. The lower edge of the red colour in layer 13 is sharp, but the upper boundary 
is diffuse (Fig. 3). Clear ice layers mark the summers of 1977 (layers 11 , 13) and 1975 (pit 
bo ttom. not included in the samples), and between these there must have been a summer with no 
ice formation (see below, 3 H measurements). The ice bands are thin layers of frozen firn. These 
can be traced, without major di sruptions, on the side walls of the pit. I n addition to these signs of 
surface melting, a vertical ice channel was observed in the Saharan dus t layer 13 . This is the only 
indication to date of vertical melt-water flow on Col\e Gnifetti . 

The melt layers indicate that the pit profile spans about 2.S a: the snow layers contain very 
fine grains and are wind compressed. Snow temperatures well below 0 QC have limited melting to 
the surface. vertical melt-water transport (within an annual layer) is rare (onl y in Saharan dust 
layers), and in some years the formation of melt water and ice layers is totall y absent. 
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The tritium concentration (Fig. 3) shows two maxima a nd three minim a_ These mark two 
summer a nd three winter periods, accordin g to the seasonal variation in tritium concentration 
fo und in precipitation. It has to be assumed that any short-term re-suspension and re
sedi menta ti o n of individua l snow layers did not significantly change the d eposition pattern o f 
tritium over longer periods of time (severa l mon th s o r even years). The profile goes back 
accord ingly to autumn/ winter 1975/ 76 and, using an average density of 0.4 Mg m- 3

, thus gives 
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an annual accumulation of about 0.55 m w.e. per year. The weighted mean value in the pit of 
51.5 TU matches the weighted mean of precipitation in Locarno between September 1975 and 
April 1978 (52 TU). On the north side of the Alps, this value is considerably higher for the same 
time period (91 TU). The firn accumulation on Colle Gnifetti during this time could basically be 
attributed to precipitation from the south, since the low values indicate maritime influence (ocean 
surface about 10 TU). Moreover, around 1976, fairly direct transport occurred because the air 
masses did not, apparently, hold very much continental water vapour (continental air masses 
have a high tritium content). It is, however, to be noted that when comparing tritium values from 
the pit and from precipitation, the latter are available as monthly averages. whereas in the pit 
some precipitation could be missing. 

The sort of seasonal variation in the 618 0 known from precipitation measurements cannot be 
expected to occur in Alpine glaciers (Oeschger and others, [ 19781 ; Schotterer and others. 1981). 
It is only possible to associate 6 18 0 maxima and minima with individual summer or winter layers 
if other, unrelated parameters confirm this (the 1977/ 78 winter section of the pit shows. for 
example, very high 618 0 values). 

Conductivity and dust 

Electrical conductivity, as an indication of the total ion content, was measured immediately 
after melting the samples. Increased values in the layers 3, 7, 12/ 13. and 22 contrast with the 
mean "noise" of about 3.5 .uS/cm (Fig. 4). The mineral dust profile, with the titanium content as 
the key parameter (Fig. 4), contains at least two further incidents of dust falls, in addition to the 
extreme dust fall in May 1977 (samples 3, 7/ 8, 12). Indications of this are given by the red colour 
of the filtered residue which also contains five to ten times more Ca than the local rock and 
cryoconite material. It was not possible to record incidents of dust falls 111 the lowcr half of the 
profile (from sample 13). This is consistent with the observations by Prodi and Fea (1978) on the 
neighbouring Plateau-Rosa and with the lack of marked conductivity peaks in the corresponding 
layers in the Col le Gnifetti pit. 

The average mineral dust content in the layers probably unaffected by a specific dust fall is 
about 0.68 mg/ I (corresponding to 3.ug/ 1 titanium). An average value of 0.6 mg/ I was recorded 
in a core sample on Colle Gnifetti taken from the top 24 m. This value is within the range 
expected for an area with extremely clean air. The same is also true for the specific terrigenous 
trace elements Fe, K, Ca, Mn, and Sc (Wagenbach, unpublished). The mineral dust content of 
the samples of fresh snow in the years 1977- 80 was 23-140 .ug/I, clearly lower than that of the 
pit samples. It has to be assumed, therefore, that a significant part of the suspended material is 
subsequently deposited in dry form. It could be possible that the surface snow is repeatedly 
recast (high wind velocities), thus incorporating additional dry deposits into the layer. 

Snow layers with extremely low dust contents (samples 10 and 11, also 22- 21) are not 
necessarily associated with correspondingly low atmospheric dust concentrations. Rather. they 
could originate from fresh snow which was only deposited once, and which has been protected 
by hard surface layers, such as melt layers, crusts, etc. This snow was therefore not exposed 
either to aerosol dry deposition or to mixing processes. 

An annual pattern with distinct dust minima in winter, due to the existence of snow cover in 
lower regions, such as was measured in air samples on Jungfraujoch by Dams and de Jonge 
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( 1976), does not appear in the pit profiles (nor does it in the core sample profile of Colle Gnifetti). 
This is probably due to extensive mixing and losses of surface snow, as is the case with the 
relatively weak seasonal Auctuations in the pollen and ot8 0 values. 
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Pol/ell 

The extreme maxim um in layer 12 (about 8 500 pollen/ I) is striking in the pollen density 
profile (Fig. 4). Layers 7, 13(a, b, c), and 20 also show relatively high pollen concentrations 
(I 300- 2 100 pollen/ I). The other samples, with the possible exception of samples 3 and 18 
(600- 700 pollen/ I), fall within the values for the atmospheric background concentration. In tota l, 
the precipitation of pollen during 1976/77 comes to about 6 000-7 000 pollen year - I dm - 2, 

if the extraordinary Alnus precipitation in layer 12 is not taken into account. Compared to 
the pollen precipitation in the firn profile from Kesselwandferner (3 000 m a.s.l., 28 000 pollen 
year - I dm - 3), this corresponds to a reduction of about four to five times. Pollen density values 
over I 000 pollen/ I are only observable in layers formed between early summer and autumn; 
extremely low values occur mainly-but not exclusively-in winter layers. Because of this. 
pollen analysis could also be used here, to distinguish between summer and winter layers in the 
core samples, though a requisite sample size (about 0.5 I water) corresponds to a layer of about 
six months in the core samples from Colle Gnifetti. 

A further problem is the apparent mixing of deposited, re-swirled, and re-deposited snow. 
The sequence of layers 13c/ 13b/ 13a/ 12 is particularly interesting in this respect (Table I). 

The highest dust concentration was measured in the lowest layer (13c), directly above the 
sharp colour boundary attributed to the Saharan dust fall from 19 May 1977 (Fig. 4). I n the 
layers immediately above. the dust concentration decreases regularly. but the pollen density. on 
the other hand. increases regularly. Superimposed on this is an enormous precipitation of A IlIus 
(about 5 300 pollen/ I) in layer 12 and just beginning in layer 13a/ b, and this indicates 
precipitaton in May/ June. The layers 13 and 12 appear to be partly mixed together, yet the 
mixing has probably occurred within a very short time, since another early summer precipitation 
follows in layer 11, containing strongly dominant Pinus and A Inus pollen. 

Despite the uncertainty in deducing seasonal sequences from pollen densities. individual 
events can be interpreted with fair certainty. In layer 3, for example, there is a winter 
precipitation from the south (A rlemisia and Cupressaceae). in layer 7 a late summer 
precipitation from the south (Ephedra, Castanea, Urtica spp., etc.), in layer 10, protected under 
a wind crust, a low-dust, early-summer, fresh snow-fall (Quercus), and layer 20 may be a 
May/ June precipitation which did not originate in the south (Fraximus, Querclls. Ciramineae 
spp.). 

In order to test a further possibility for the pollen analysis of core samples, some filtered 
residues from the dust analysis were also analysed for pollen content. Since the small quantities 
of water being analysed could only be expected to contain low pollen concentrations. the filter 
and its contents were dissolved on a microscope slide using a chloroform-bromoform mixture. 
This allowed a quantitative evaluation of the samples to be made. 

The filter samples treated in this way showed a pollen content which was much too low 
compared to previous analyses of pollen in the layers, and. in fact, some samples were 

T ABLE I. POLLEN DENSITES 

Sall1ple lIulI/ber Pollell demity Ephedra Ah1lls 
I - I pe r cent per cent 

12 8547 2 62 
13a/ b 2014 0 15 
13c I 305 5 0 
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appa rently free of poll en. One possible explanation for thi s co uld be that the po ll en grain s may 
have been shaken out fo ll owing their storage in the filter or d uring their transport . In order to 
elimin ate th is possible so urce of error, the preparati on for the pollen analys is wo uld have to be 
made immedi ately after filtr ation or the po ll en wo uld have to be fi xed on the filter e.g. using 
glycerine. It ought to be possible to process the fi ltered residue with a view to measuring the 
poll en co nten t of ice, using the fi ltered samples from the dust ana lysis, bu t more experimenta tion 
is still needed. 

CONC L US IONS 

The dust and poll en analyses illustrate the difficu lties in analysing the firn fro m the ex tremely 
wind-exposed and high-altitude Colle Gnifetti. The mineral dust profile for the firn on Colle 
Gnifetti is dominated by the large peaks from dust-fall events. The vari ations beyond the du st 
layers cannot be direc tl y related to corresponding va ri ations in the atmospheric du st 
concentrations without knowing the respec ti ve meteorological conditions up to the fi nal snow 
deposition (wind, ice-crust development, etc.). Occurrences of mi xi ng in the surface laye rs 
combined with aerosol dry deposition could mean that low trace-materi al signals. especia ll y 
those of minimal concentration, would ra rely be seen in the profil es. Neither the dust nor th e 
pollen profil e shows a clea r annual pattern ; relati ve minima fo r both parameters occur in th e 
infrcq uentl y preserved fresh snow layers. 

Other signs are, on the other hand, clear. Even if there is no quantita ti ve connec tion 
between, for example, dust and conducti vity, both profil es a re, nevertheless, ve ry simil ar. Clear. 
high conductiv ity values were found in layers with very high du st concentrations; in other words. 
high pea ks in the conducti vity signal in most cases probably indicate long-distance dust 
transportation. Layers with very low dust concentra tio ns are mostl y coupled with low 
conducti vity values. Since it is not yet certain whether or not a ll dust fall s in the Alps ori gina te 
from North Africa, it is important to loca lize the area of o rigin of the dust transport. Thi s may be 
possible by analysing the pollen in layers with high mineral-dust concentration. 

By co nsidering all the parameters together, namely melt layers, isotopes, du st, and poll en. 19 
out of the 22 layers can be given a seasonal cIa sification, a ll owing a detail ed chronology to be 
produced. Of the 16 such layers corresponding to the time period between spring 1976 and 
spring 1978 (layers 21 to 0), seven can be associated with winter (layers 2 to 4, 15 to 18), three 
with spring (layers 0, 12, 13), five with early summer to summer (l ayers 9 to I I, 20. 21 ) and one 
with autumn (layer 7). Initially, erosional gaps are to be sought in autumn. The accumula tio n 
between winter 1975/ 76 and winter 1976/ 77 is about 40 cm H2 0 , approximately withi n the 
range of the values observed in the core samples. The accumulati on observed in the foll owing 
yea r up to winter 1977/ 78 is considerably higher, 65 cm H2 0 , a value which is clearl y large r 
than the 0 .3 5 m w.e. obtained from the core drilling of 19 76. This second year also shows high 
values for dust deposition and 180 concentration, as well as pronounced melt -layer fo rm ation. 
All the snow layers which definitely originate from the south are to be found in the upper half o f 
the profile (l ayers I to 4, 7, 12, 13, 19). 

Melt layers are tho ught to protect aga inst wind eros ion, an important fea ture on Colle 
Gnifetti and, thereby, th e net balance (a nnual accumul atio n rate) is increased. Schotterer and 
others ( 198 1) used an empi rica l relati onship between air temperature, melt-laye r thi ck ness, and 
accumulation rate to extrapolate tritium datings for the core of 1976. Saharan dust fa ll s bring 
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warm preCIpItation from the south and lower the albedo of the snow surface. Melt-layer 
formation is thereby enhanced and their protective influence reinforced. A good example of this 
effect can be seen in the coloured layer 13, which not only contains the extreme dust fall from 19 
May 1977, but also has thick melt layers. This layer alone accounts for over 50% of the excess in 
accumulation in 1977. 

It is also relevant to note that pH measurements performed on core samples show higher 
values than expected for the snow layers containing Saharan dust (Wagenbach, unpublished). 
This result is a consequence of the buffer effect of calcium and magnesium carbonates present in 
the dust. 

The correlations which now emerge from the results of accumulation, pH, dust, and ice-lens 

studies done since about 1940 (Schotterer and others, 1981, figs 5 and 6, p. 54; Wagenbach. 
unpublished, fig. 6, p. 37a), are therefore no longer so surprising. 

The following parameters turn out to be the clearest indicators: 
melt layers: indicate melting processes at or very near the surface and occur in early and high 
summer snow. They are the most reliable indication of summer, but can be missing occasionally 
(precipitation from the north, no Saharan dust falls). 
electrical cOllductivity: high values in connection with high dust contents indicate long distance 
transport, probably from the south. 
3 H: pronounced maxima indicate spring or early summer layers, pronounced minima could 
indicate winter layers or air masses of marine origin. However, annual variations do not always 
exi st. 
18 0: high values indicate either summer layers or precipitation from warm air masses , low values 
correspond to winter layers or precipitation from continental (cold) air masses. This parameter 
can only be used in connection with other time indicators or with those which indicate the origin 
of the precipitation, but then it provides important information. 
dust: very high concentrations occur with long-distance transport from the south. The 
concentrations remain very low when fresh snow layers are protected from erosion (melt layers, 
wind crusts). 
pol/ell: can contain important information about the origin and date of a sample. The 
applicability of the pollen analysis in the interpretation of core samples depends especially upon 
whether dust filters can be used for the investigation or not, and, therefore, whether or not the 
problem of the sample size can be solved. 

Using this key to interpretation, it may be possible to classify at least part of the core samples 
in terms of time and place of origin. A relatively large number of samples which do not show 
prominent characteristics probably contain re-deposited, swirled material and render average 
"noise" conditions rather than specific regional information. 
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