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Abstract 

Fans formed under subaerial terminoglacial (previously called 'ice-contact') conditions have several characteristics 
that differ from those formed under other conditions. Twenty-five such fans in NE Poland were investigated 
to model the dominant genetic processes involved. These fans show, as do other types, a proximal, a middle 
and a distal environment. The present study deals with the proximal environment. The fans date from the last, 
i.e. Weichselian or Vistulian, glacial. The proximal terminoglacial fan comprises abundant gravelly sediments, 
resembling the glacial deposits from which they were derived. Three facies, each subdivided into two subfacies, 
can be distinguished; these are dominated by mass flows, unchannelised flows, and stream ( = channelised) flows, 
respectively. The characteristics of the facies are described and illustrated. It is concluded that the irregular supply 
of water by the nearby ice masses dominates the sedimentary processes. 

Introduction 

Terminoglacial fans, i.e. fans formed in the relatively 
narrow zone in front of an ice sheet where ice-related 
processes directly affect the sedimentary surface (cf. 
Brodzikowski & Van Loon 1991), are, together with 
end moraines, the most prominent morphological fea­
tures of many glaciated areas. They help in analysing 
the previous extent of ice sheets or glaciers and 
therefore play a significant part in palaeogeographic 
(but also stratigraphic) reconstructions. Although the 
morphological characteristics of moraine-related ter­
minoglacial fans have been examined in detail (e.g. 
Ritter et al. 1993), relatively little is known about their 
internal structure and depositional history. Even less is 
known about the aggradation of such fans as a result 
of transport by meltwater and by mass flow. 

It should be emphasised here that terminoglacial 
fans are neither sandurs nor outwash plains, which 
have been studied in detail (see, among others, 
Boothroyd 1972, 1976, Boothroyd & Ashley 1975, 
Boothroyd & Nummedal 1978, Cherven 1984, 
Maizels 1989, 1993, Zielinski 1989, and references 

therein). Sandurs and outwash plains are characterised 
by much lower gradients, by a much more regular 
shape, and by, in general, a much larger extent 
than terminoglacial fans. The genesis of subaerial ter­
minoglacial fans depends mainly on debris supply, ir­
regular water supply with occasionally large outbursts, 
and slope conditions. 

The prime objectives of our study are to increase 
knowledge of the development of the facies in subaer­
ial terminoglacial fans and to understand their genesis. 
Closely related objectives are to find out if sequences 
exist in these deposits and, if so, if different se­
quences are present in different parts of the fans. The 
final objective is to establish a depositional model 
for these fans, on the basis of their lithological and 
structural characteristics. For the purpose, 25 moraine­
related fans were studied in NE Poland, in the Suwalki 
Lake District and the Masurian Lake District (Fig­
ure 1). This region was affected by the ice of the last 
Scandinavian glaciation, named ' Weichselian glacia­
tion' in western Europe and 'Vistulian glaciation' in 
Poland. Moraines and associated fans of this glacial 
are common in this region and still have a distinct mor-
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Figure 1. Location of study area and of sites investigated. The numbered sites are: 1 = Warkaly; 2 = Kronowo; 3 = Romany; 
4 = Kaliszki; 5 = Stozne; 6 = Grajewo; 7 = Filip6w; 8 = Posejanka; 9 = Klejwy; 10 = Lipsk. 
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Figure 3. Schematic arrangement of lithofacies in the proximal, 
middle and distal subenvironments of Weichselian terminoglacial 
fans in NE Poland, showing the differences in average grain size 
and sedimentary structures in the three subenvironments. 
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phological expression. The forms consist commonly 
of undeformed (or only slightly deformed) deposits, 
and their internal structures can be studied in detail. 
The depositional processes involved could therefore 
be analysed precisely. 

The present study is concerned with the proximal 
parts of fans formed by reworking, sometimes con­
temporaneous with ongoing deposition, of ablational 
moraines. The fans and moraines therefore interfin­
ger: the particles removed from the moraines were 
deposited as fans at their feet (or even further away) 
during periods of high-capacity meltwater streams. 
In the present study, the term 'terminoglacial fan' is 
therefore used to indicate the fan-shaped landform that 
was apparently formed as (part of) an end moraine, 
and that was subsequently reworked, during and/or 
after deposition of the parent material. The interme­
diate and distal environments will be dealt with in a 
forthcoming contribution. 

The lithological descriptions in the present study 
are based on field observations, not on analyses of 
grain size in the laboratory. A layer is termed ' thin' 
and a sedimentary structure is termed 'small-scale' if 
it is thinner or smaller than 6 cm, as this size forms a 
commonly used transition value between low-energy 
conditions or structures (e.g. current ripples) and 
high-energy phenomena (e.g. channel bars); ' thick' 
or ' large-scale' indicates more than 30 cm; for the 
6-30 cm range, the term 'medium' is applied. The 
various symbols used in drawings are explained in 
Figure 2. 

Vertical successions and lateral transitions 
between the fan environments 

Comparison of the successions in the 25 fans that were 
investigated indicates that a number of lateral and ver­
tical changes occur that must be attributed to common 
environmental changes in space and time. 

Most of the fans studied are 10-30 m thick. They 
show comparable vertical developments, but rarely 
according to an 'ideal' scheme. Combining data of 'in­
complete' successions allowed, however, to establish 
composite sections that show all the relevant aspects 
in a logical, often cyclic, succession. Such succes­
sions comprise several facies and show characteristic 
features that reflect the qualitative and quantitative 
changes in the transporting and depositional agents 
(mass flow or particle transport; amount of water and 
particles available), and thus in the depositional en-
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Figure 4. Sedimentological characteristics of the various lithofacies 
and subfacies in the proximal subenvironment. For symbols: see 
Figure 3. 

vironment. It should be noted that sedimentary and 
erosional processes in the region immediately affected 
by the nearby ice (the terminoglacial subenvironment 
in the sense ofBrodzikowski & Van Loon 1987, 1991) 
are exceptionally variable in time. 

Differences in the overall grain size of the deposits 
and in their relative amounts of specific sedimen­
tary structures make it possible to distinguish three, 
spatially more or less separated, environments: the 

proximal, the middle and the distal fan environments 
(Figure 3). This is consistent with other sedimento­
logical analyses of fans (cf. Bull 1972, Kochel & 
Johnson 1984, Went et al. 1988, Sah & Srivastava 
1992, Brierley et al. 1993, Blair & McPherson 1994a, 
b ). The proximal environment is coded here as the P 
environment. 

Description and interpretation of the sedimentary 
fades 

Description of the facies 

Field observations at the 25 sites showed that three 
facies can be distinguished in proximal terminoglacial 
fans, primarily on the basis of their grain-size distribu­
tion and the relative frequency of specific sedimentary 
structures (Figure 4). These three facies are domi­
nated by unsorted deposits (faciesP-1), predominantly 
sandy deposits (P-2) and gravelly/sandy deposits (P-
3). 

Facies P-1 comprises two subfacies. Subfacies P­
l a (Figures 5-6) shows frequent massive beds but 
equally frequent beds showing horizontal stratifica­
tion, without large-scale inclined stratification. Subfa­
cies P-lb is dominated by massive beds, with frequent 
beds showing crude ( = without finely developed fore­
sets ), inclined stratification and almost no horizontal 
stratification. 

Facies P-2 comprises two subfacies. Subfacies P-
2a is characterised by gravels and sands in rhythmites 
that only rarely show cross-bedding. Subfacies P-2b 
lacks the rhythmite character but is made up of mainly 
massive beds, although cross-bedding is also common. 
The sheet-like bodies of this subfacies are separated 
from each other by planar erosional surfaces. 

Facies P-3 also comprises two subfacies (Fig­
ure 7), although these were never encountered together 
in the field. Subfacies P-3a contains frequent troughs 
with infillings of diamictic material. Subfacies P-3b 
is characterised by the common occurrence of both 
gravel and sand beds, usually with distinct stratifica­
tion, although massive beds may be intercalated. 

Interpretation of facies P-1: proximal fan dominated 
by unsorted deposits 

The sedimentary characteristics of the diamictic ( = 
badly sorted) deposits in facies P-1 can be explained 
satisfactorily only if a mass-flow origin is assumed. 
This type of deposit is also common in proximal 
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Figure 5. Characteristic appearance of subfacies P-la, with two massive, locally banded, f!owtills embedded between horizontally stratified 
sands and gravels and rare silty clays (Kronowo site). See Figure 2 for legend. 

fans formed in other environments, e.g. in the tropics 
(Brierley et al. 1993). The deposits represent a wide 
variety of transporting and depositional processes, but 
the main distinction is between deposits that under­
went subaerial mass transport and those that under­
went subaqeous mass transport. 

Subfacies dominated by massive beds and beds with 
horizontal stratification (P-la) 
The general characteristics of the gravelly subfacies P­
l a indicate an environment with high-energy streams 
and an irregular supply of meltwater. This resulted 
in shallow channels of low sinuosity with longitudi­
nal bars and gravel sheets (Figure 8). Sedimentation 
from currents was frequently interrupted by mass­
movements that resulted in the deposition of massive 
and stratified diamicts. Subaerial gravity flows of 
water-saturated material resulted in the frequent for­
mation of flowtills. The material was apparently trans­
ported downwards on the fan's surface as relatively 
continuous, sheet-shaped mudflows. 

The flowtills form irregular beds covering the sur­
face of the braided system. The current activity eroded 

the previously deposited flowtills, changing their char­
acter, at least locally, into that of reworked alluvium. 
Sorting during this process was minimal, so that 
the resulting deposits often kept their diamictic char­
acter: matrix-supported gravels with a considerable 
admixture of sand and, particularly, clay, and mas­
sive diamictic gravels (Figure 8). The ratio between 
flowtills and glaciofluvial sediments possibly reflects 
the changes in the melting of ice: the coarse-grained 
cosets of predominantly stream deposits might repre­
sent periods of large water supply (summer), whereas 
the levels with predominantly diamictic beds might 
represent periods of rapid alternations of frost and 
thaw (autumn and spring). In winter time hardly any 
meltwater will have been available, so the winters are 
presumably represented by hiatuses. The massive na­
ture of most beds, the poor sorting, the considerable 
thickness of the facies, the abundant sedimentary de­
formations due to loading, and the lack of erosional 
surfaces are strong arguments for rapid aggradation. 

A comparable environmental interpretation has 
been provided for other marginal moraines in Poland, 
where Kozarski (1990) analysed some end moraines 
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Figure 6. Detail of right-hand section in Figure 5. Note the 
grain-size contrast between the fluvially reworked, bedded diamictic 
gravel (bottom part) and the massive flowtill (top part). The scale is 
0.5 m long. 

where fl.owtills are intercalated with stream deposits, 
representing a similar situation as subfaciesP-la. Pol­
ish end moraines dominated by fl.owtills were also 
described by Ruszczynska-Szenajch (1982). 

Subfacies characterised by massive beds and beds 
with crude, inclined stratification (P-lb) 

The environmental and depositional conditions of sub­
facies P-lb were fairly similar to those of P-la. The 
main difference was the larger abundance of currents. 
This is deduced from the fact that the debris-flow de­
posits included in this subfacies were almost always 
reworked by superficial streams. These streams eroded 
and transported previously formed deposits usually 
over only short distances, as shown by the diamic­
tic character of the sediments. The somewhat coarser 
character of the latter indicates, however, that some of 
the fine material has been washed out. 

In spite of the frequent presence of deposits formed 
as a result of reworking by superficial streams, mass 
flows seem to have contributed most to the vertical 
accretion (Figure 9). Similar gravels and boulders 

that have been reworked under the influence of grav­
ity and that ' fl.oat' in a clayey/sandy matrix have 
been described from proximal parts of alluvial fans 
formed under synorogenic conditions (DeCelles et 
al. 1991), in the tropics (Lin & Crook 1992) and 
in high mountain regions (Sah & Srivastava 1992). 
Several researchers emphasise that proximal fan sed­
iments are characterised by a massive structure or 
ill-defined sedimentary structures, as well as by the 
thickness of their beds (Fraser 1982, Ruszczynska­
Szenajch 1982). They, too, attribute proximal fan beds 
to gravity sediment flows. 

The few sediments that do not show a debris-flow 
character were usually formed by unchannelised flows 
in shallow, ephemeral streams. They consist mainly 
of clayey sands or gravels with a horizontal stratifica­
tion that indicates deposition under upper plane-bed 
conditions. These better sorted, stratified deposits 
often cover entire mass-fl.ow deposits, which is con­
sidered characteristic of syndepositional or penecon­
temporaneous reworking of the mass-fl.ow deposits by 
unchannelised flows (Broscoe & Thomson 1969, Ne­
mec & Steel 1984, Hubert & Filipov 1989, Blair & 
McPherson 1992, 1994a). 

Interpretation of facies P-2: proximal fan dominated 
by mainly sandy deposits 

The energy in facies P-2 must, on the average, have 
been lower than in the P-1 facies. This is deduced 
from the fact that gravel-sized and larger clasts are 
no longer the most common constituents, even though 
they still occur frequently; sand is instead. The high­
energy conditions prevailing during the transport of 
the sands are reflected in the sedimentary structures. 
These structures are the main reason for the distinction 
of two subfacies. 

Subfacies with rhythmites (P-2a) 

The beds of subfacies P-2a, starting with massive 
sandy gravel or gravelly sand at the base and ending 
with horizontally laminated (sometimes cross-bedded) 
sands, reflect the effect of alternating periods with 
more and less melting of ice. Each of these sheet­
like beds may represent a cyclic, short-term flood, 
during which the entire bed was deposited under con­
ditions of transitional or supercritical fl.ow (the upper 
plane-bed stage). The extent of the sheet-like beds, 
the lack of channel structures and the radial pattern 
shown by palaeocurrent indicators point to sheetfl.oods 
as the transporting agent (Figure 10; cf. Ruszczynska-
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Figure 7. Subfacies of facies P-3. A: Section (Grajewo site) showing spatial relationships between the various deposits of subfacies P-3a. a= 
till of moraine core; b = infilling of large-scale troughs; c = upper cover of diamictic sands. B: Section (Kronowo site) showing the geological 
context of the deposits of subfacies P-3b. a= glacially deformed glaciofluvial sands and tills from an older phase of ice advance; b = stratified 
gravels and sands of subfacies P-3b; c = flowtill cover. Legend in Figure 2. 

Szenajch 1982, Wells 1984; Blair & McPherson 
1994b). 

The massive, poorly sorted gravels at the base of 
the graded beds resulted from accumulation from fluid 
flow of high-density currents with a high sediment 
load. Nemec & Muszynski (1982) termed such de­
posits ' sheet-flood slurries' and interpreted the trans­
porting agent as being intermediate (according to the 
density criterion) between a debris flow and a stream 
flow. The lowermost, gravelly part of the bed repre­
sents transport by a sheetflood. Such gravelly parts 
in fans formed under other than terminoglacial con­
ditions may form up to 30% of the fan (Harvey 1984, 
Al-Sulaimi & Pitty 1995). 

The upper part of the rhythmites consists of 
sands with horizontal lamination or low-angle cross­
bedding. An analogous development was described by 
Southard et al. (1984) for sediments of a proglacial 
alluvial fan (a fan not directly influenced by the 
nearby ice front) dominated by sheetfloods. The hor­
izontal lamination represents upper plane-bed condi­
tions during deposition; the low-angle stratified sands 
must be low dunes, formed at the transition between 

the lower and the upper flow regime. Bull (1972) 
considered this low-angle cross-stratification to be 
typical of sheetfloods. Subfacies P-2a is most com­
monly found in small-scale, steep terminoglacial fans. 
Palaeogeographic and geomorphological reconstruc­
tions (Zielinski 1989) suggest that such fans tend 
to accumulate in depressions surrounded by dead-ice 
masses. 

It is still uncertain what timespan is represented 
by a single layer in the succession of graded rhyth­
mites. The poor sorting of the sediment makes a 
high aggradation rate likely. A single rhythmite thus 
probably represents a very short time: it is possible 
that it represents a one-day cycle, or perhaps a cy­
cle of a few days. Roberts et al. (1994) presumed a 
timespan of hours to weeks for deposition of mater­
ial under fairly comparable conditions. Klimek (1972) 
and Ruszczynska-Szenajch (1982) assumed a diurnal 
genesis. 

Subfacies with common cross-stratified beds (P-2b) 
The most obvious deposits of subfacies P-2b are 
massive gravelly longitudinal bars and gravelly/sandy 
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Figure 8. Composite lithological column a nd palaeoenvironmental interpretation of subfacies P-la (see Figure 2 for legend). 

sheets (Figure 11 ). The characteristics described above 
indicate that they resulted from frequent, high-energy 
meltwater floods that were almost sheetfloods. During 
flood peaks, supercritical and transitional flows devel­
oped (gravelly upper plane-bed stage). During lower 
discharges, the streams became increasingly chan­
nelised. Sandy foreset bars of the transverse type were 
formed in sandy, braided channels. The alternation of 
high-stage sheetfloods with mean-stage, channelised 
stream flows does not seem to be uncommon hydro­
logically. McKee et al. (1967) and Williams (1970) 
emphasised the easy transition of stream fl.ow into 
sheetflood. 

This subfacies can thus be interpreted as hav­
ing formed under the influence of ephemeral strong 
floods . According to the present study, this subfacies 
is relatively rare in terminoglacial fans. 

Interpretation of facies P-3: proximal fan dominated 
by gravelly, sandy deposits 

Facies P-3 is also characterised by high-energy condi­
tions, as shown by the presence of coarse-grained ma­
terial. The sediments are considered to reflect sudden 
outbursts of water, due to either suddenly increased 
ablation or to the breakthrough of an ice-dammed 
lake. The strongest outbursts eroded channel pat­
terns. Floods with a lower discharge result in shallow, 
braided streams. 

Subfacies with infilled troughs (P-3a) 

The deep troughs that characterise subfacies P-3a 
indicate the catastrophic character of the floods (Fig­
ure 12). Similar large-scale troughs infilled by poorly 
sorted gravel have been noted also in proximal out­
wash fans (Fraser 1982). Apparently, the outbursts of 
floods stopped so abruptly that the troughs were not 
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Figure 9. Composite lithological column and palaeoenvironmental interpretation of subfacies P-lb (see Figure 2 for legend). 

filled up with graded channel deposits. Instead, they 
were filled by coarse-grained diamictic sediments, 
most likely formed by ' freezing' from hyperconcen­
trated flows. From a rheological point of view, this 
implies fluid flow of high concentration for all grain 
sizes. The presence of such flows is very likely, be­
cause the concentration of particles, both as bedload 
and in suspension, must be high in the meltwater 
streams (up to 35%: Maizels 1989). This also explains 
the large-scale character of the beds and the poor sort­
ing. The debris that builds up the trough infillings 
was supplied by gravity flows of tills (flowtills), which 
underwent some reworking by currents. 

Sudden outbursts of meltwater as interpreted here 
are thus characterised by high sediment concentra­
tions. The resulting diamictic infills by such floods 
have also been reported for proglacial channels 
(Brodzikowski & Van Loon 1991). They were also re­
ported to form gravelly subaqueous dunes in channels 

after glacial outburst floods in Siberia (Carling 1996). 
One must assume that a similar type of deposition 
took place simultaneously outside the troughs on the 
planar, nonscoured sedimentary surface, presumably 
under conditions of high-density unchannelised flow. 
'Normal' braided-stream deposition played a limited 
part during the accumulation of this subfacies. 

Subfacies with well stratified beds (P-3b) 

The alternating gravel and sand beds reflect cycles 
in the supply of meltwater. The beds show a well 
defined stratification, sometimes with cross-stratified 
units (Figure 13). The beds are not widespread. This, 
in combination with the grain-size distribution, is typ­
ical of braided streams, where the shoals alternate 
laterally with shallow channels. 

During the floods, gravelly longitudinal bars and 
gravel sheets developed in the channels. They accu­
mulated rapidly from transitional or supercritical flows 
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the succession consisls of an irregular 
repetition of beds with the following 

characteristics: 

CD sheet-like beds consisting of 
massive clast- or matrix-supported 

gravel at the base, 
fining upwards into coarse sands 

with horizontal stratification 
(rarely low-angle cross-stratification); 

al thick and medium gravel beds, 
clasl-supported 

with horizontal stratification, 
sometimes fining upwards; 

al coarse sands, 
frequently with some clay and gravel 

(diamictic), 
sometimes fining upwards; 

® medium to thin sands 
with low-angle cross-stratification, 

sometimes scattered gravel; 

(j) medium to thin sands 
(locally clayey) 

with horizontal lamination or 
stratification; 

@ coarse sand beds 
of medium thickness 

with trough cross-stratification 
(relatively rare) 

CD to ® deposition 
Wlder the influence of short-lived 

(day? a few days?) sheetfloods 
reworking previously deposited 
sediment gravity-flow deposits, 

deposition from currents 
in upper flow regime 

during main floods: 
transport as sliding beds, 

rapid wrtie-al deposition of gravels 
as sheets 

(rarely as flat longitudinal bars) 

during periods of slowing down: 
deposition of sandy gravels 

and sands, 
forming sheets or diminished dunes 

(rarely flat bars or dunes with curved 
crests) 
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Figure JO. Composite lithological column and palaeoenvironmental interpretation of subfacies P-2a (see Figure 2 for legend). 

(gravelly upper plane-bed stage). During periods with 
less ablation, deposition of sand prevailed within the 
channel. The flows affecting the shoals had a tran­
sitional character, resulting in horizontally laminated 
sands formed under upper plane-bed conditions. When 
the competence of the currents in the channels de­
creased, sandy transverse bars with abundant foresets 
were formed. 

The sediments were thus formed by processes that 
led to four main depositional forms: gravel bar, gravel 
sheet, sandy foreset bar and sandy upper plane-bed 
(Figure 13). The fact that fluvially reworked tills 
( diamictic clayey gravels) are fairly rare - their fre­
quency is lowest among all facies in proximal fans -
might indicate that this facies develops further away 
from the ice margin than do the other facies in this 
subenvironment. 

The sediments that characterise this subfacies have 
been found in more or less identical forms by others, 

e.g. in the braided, gravelly channels of outwash fans 
(J.Z. Fraser 1982, G.S. Fraser 1993, Zielinski 1989, 
Maizels 1993). 

Discussion 

The proximal fans, which in general intercalate with 
moraine material that seems not, or only slightly, to 
have been reworked after their deposition by ice, con­
tain abundant clasts, which show similar compositions 
and textural characteristics as those in the nearby 
moraines. It is therefore beyond doubt that the sedi­
ments in the proximal fan were derived from the mar­
ginal moraines that developed under terminoglacial 
conditions. 

The irregular topography in the ice-contact area, 
the abundance of debris released by melting of the 
ice, and the availability of highly unsteady, some­
times vast and sudden outbursts of water flows explain 
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the succession consists of an irregular CD most common form of sheetflood 
repetition of beds with the following with deposition of gravel and sand 

characteristics: under upper plane-bed conditions; 
"' 

<D sheet-like sandy matrix-supported 
gravel \\ith pebbles, 

horizontal stratification; 

@ massive clast-supported gravel 
with cobbles, 

erosional base, 
sheet-like beds; 

Gl sands with tabular 
cross-stratification; 

© massive clayey sands 
with dispersed gravel; 

~ usually thick beds 
with a distinctly erosive base, 
filled with sand and gravel, 

massive or with stratification 
following the base configuration, 

relatively rare; 

® sheet-like beds of massive sands, 
relatively rare 

@ reworking of sediment-gravity 
Dow deposits by high-energy 

shcctfloods with supercritical flow, 
capable of erosion, 

accretion of gravel sheets; 

Gl accumulation of sandy foresct 
bars in braided streams, 

during last phase of shcetflood 
when water followed a braided 

channel pattern; 

© first stage of sheetflood, 
with reworking of previously 

deposited sediment gravity-flow 
deposits; 
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Figure 11. Composite lithological column and palaeoenvironmental interpretation of subfacies P-2b (see Figure 2 for legend). 
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why mass transport and high-energy, mainly unchan­
nelised, flows were the main transporting mechanisms. 

predominance of one or more depositional processes 
(Figure 15). 

Not all transport took place by mass transport or 
through unchannelised flows. Sometimes the water 
followed channels; the currents in these channels had 
commonly a high energy, resulting in further erosion 
of the channels. A decrease in energy resulted in rela­
tively fast vertical accretion, reflected by the thickness 
of the deposits (Figure 14). 

The variation in relative frequency of the vari­
ous architectural elements is of prime importance for 
the palaeoenvironmental interpretation. It should be 
noted in this context that fans are generally subdi­
vided into 'wet' and 'dry' fans (Schumm 1977). The 
first group is dominated by braided channels, whereas 
the second group is dominated by mass flows. (Most 
fans show a mixture of predominant streamflow de­
posits and a smaller amount of mass-flow deposits, 
and others seem to consist almost entirely of stream­
flow deposits; see, among others, Jo et al. 1997.) A 
quantitative analysis of these elements in the proximal 
terminoglacial fans under study allows six subfacies to 
be distinguished, each of which is characterised by the 

The important role of debris flows in the proxi­
mal subenvironment contrasts with the models pro­
posed for fans from other environments by Miall 
(1970), Gloppen & Steel (1981) and Kochel & John­
son (1984). On the other hand, Brierley et al. (1993) 
mentioned debris flows on proximal fans, together 
with hyperconcentrated flows that they consider char­
acteristic of the proximal zone. We found, however, 
that hyperconcentrated flows on terminoglacial fans 
are also present in the middle subenvironment, as in­
dicated by the occurrence of massive clayey sands and 
clayey, sandy gravels. 

Conclusions 

Fans formed under subaerial terminoglacial condi­
tions, with marginal moraines as parent material, are 
different from most other types of fans. A specific 
characteristic of terminoglacial conditions is the irreg­
ular, and occasionally devastating, supply of water. In 
combination with the water-saturated character of the 
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thick channel infill 
with a basal part of matrix- erosion by a torrential flow 

supported clayey gravel followed by deposition 
with cobbles, of gravel by a hyperconcentrated 

"' parallel stratification, flow ii: 
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Figure 12. Composite lithological column and palaeoenvironmental interpretation of subfacies P-3a (see Figure 2 for legend). 

unsorted source material ( diamicts constituting previ­
ously formed moraines), this facilitates mass move­
ments. It is therefore interesting that these fans fit 
the general model of Kochel & Johnson (1984) for 
arid alluvial fans rather than the model for humid­
glacial fans. Terminoglacial fans appear to form an 
intermediate category. In addition, terminoglacial fans 
differ from fans formed under other conditions in the 
exceptionally frequent occurrence of mass flow. The 
specific conditions of the terminoglacial environment 
initially result in almost equal amounts of mass-flow 
and fluvial deposits in the proximal subenvironment. 
Subsequent reworking of part of the mass-flow de­
posits changes this picture, but the original character 

of the reworked mass-flow deposits is usually still 
traceable, indicating that reworking is only slight in 
most cases. 
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JP-3bj 
the succession consists of an irregular 
repetition of beds \Vith the follov.:ing 

characteristics: 

CD massive, thick matrix-supported 
sandy gravel with cobbles and pebbles, 
sometimes fining upwards, abundant; 

@ medium (rarely thick) sands 
with horizontal stratification, abundant; 

(]) thick medium- and coarse-grained sands 
with tabular cross-stratification. abundant 

® thick matrix-supported sandy gravel 
with cobbles and pebbles, 

vague horizonlal stratification or 
tabular cross-stratification, not uncommon; 

G) mcdiwn- and coarse-grained sands 
with low-angle cross-stratification, 

not uncommon; 

® deep erosive troughs filJed with 
sandy gravel with pebbles, stratification 

parallel to the base, relatively rare 

0 coarse sands with trough cross­
stratification, relatively rare; 

® medium- and coarse-grained massive 
sands, occasionally clayey, relatively rare; 

® thick, massive matrix-supported 
dlarnictic cobbles and pebbles 

with sand and clay, relath·ely rare 

CD intensive aggradation of gravel 
and sand during the first phase 

of dramatic flood waning; 

CV deposition of sand 
under plane-bed conditions in channel 

shoals during low-water stages; 

Q) fonnation of sandy foresct bars 
during low-water stages; 

© formation of gravelly 
longitudinal bars during flood events 

@ accretion of low erosionally 
modified sandy foreset bars 

during decreasing discharge 

@ filling of deep local erosional 
troughs in the central zones of braided 

channels during the flood episodes; 

(J) local erosion and deposition 
in front of sinuous dunes; 

® sudden sand aggradation 
from supercritical flow; 

® initial fluvial reworking 
of sediment-gravity flows 

reaching channels 

Figure 13. Composite lithological column and palaeoenvironmental interpretation of subfacies P-3b (see Figure 2 for legend). 
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Figure 15. Overview of the sedimentary features characteristic of 
the proximal terminoglacial fan environment in the Weichselian of 
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