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Abstract 

Twenty-five fans in NE Poland, formed under subaerial terminoglacial (previously called 'ice-contact') conditions, 
were investigated to model the dominant genetic processes involved. These fans show, as do other types, a proximal, 
a middle and a distal subenvironment. It is found, however, that the characteristics of these subenvironments as 
present in subaerial terminoglacial fans differ in several respects from those in fans formed under other climatic 
conditions. The present study deals with the middle and distal subenvironments. These appear to be much less 
complex than the proximal subenvironment in this type of fan . The middle terminoglacial fan comprises two sandy 
facies, characterized by unchannelized transport (mainly sheet floods) and stream flows. The distal terminoglacial 
fan is characterized by one (sandy/silty) facies, resulting from unchannelized currents and from settling in eph­
emeral ponds; braided streams play a secondary part in this fan subenvironment. The characteristics of the middle 
and distal fan subenvironments are described and illustrated, as is the facies from the distal subenvironment. Their 
vertical and lateral relationships are presented in a facies model. 

Introduction 

The small (commonly 500-1000 m long, exception­
ally up to 2 km long) subaerial fans formed just in 
front of an ice sheet, in the relatively narrow zone 
where ice-related processes directly affect the sedi­
mentary surface, are termed 'terminoglacial fans' (cf. 
Brodzikowski & Van Loon 1987, 1991). They are 
fed with water and sediment from mainly supraglacial 
sources, as indicated by frequent flowtill intercalations 
and cappings. They thus have some characteristics 
in common with ' hochsanders' (Gripp 1975, Heim 
1992, Kruger 1997), but they are true fans, no outwash 
plains. The analysis of subaerial terminoglacial fans 
formed during former glaciations helps in the recon­
struction the previous extent of ice sheets or glaciers 
and therefore plays a significant part in palaeogeo­
graphic reconstructions. Yet, 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. 
We carried out such a study in NE Poland (Figure 1), 
where 25 of such fans of Weichselian age were invest­
igated as far as the exposures (mainly sand and gravel 
pits) allowed. These investigations showed that the 
fans have characteristics that are, in some respect, dif­
ferent from those of fans formed under other climatic 
conditions. 

The subaerial terminoglacial fans are characterised 
by spatially distinctly different processes and resulting 
deposits in, respectively, a proximal, a middle and 
a distal subenvironment. The deposits of the prox­
imal subenvironment were described in a previous 
contribution (Zielinski & Van Loon 1999), in which 
the genesis of the six proximal facies were also ana­
lysed. The reader is referred to the just mentioned 
contribution for further details and introductory re-
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Figure I. Location of study area and of sites investigated; 1 = Warkaly site; 2 = Romany site. The fans described are much too small to show 
their extent on the present map. The Weichselian ice cover reached its maximum approx. 21 ka ago (Poznan~Lezno stage), leaving a distinct 
morainic belt, indicated by the open circles. Another morainic belt was left during the Pomeranian stage (approx. 16 ka ago), which can be 
correlated with the Dryas I stage in Western Europe. 

marks concerning the general conditions under which 
subaerial terminoglacial fans are formed. 

The present study focuses on the middle and distal 
subenvironments, with the objective to increase know­
ledge of the development of the facies in these suben­
vironments and to understand their genesis. The final 
objective is to establish a depositional model for these 
fans, on the basis of their lithological and structural 
characteristics. Such a model will be presented in the 
near future (Zielinski & Van Loon, in press). 

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/smaller than 6 cm, as this size forms a 
common transition between low-energy, small struc­
tures (e.g., current ripples) and larger ones of a higher 
energy level (e.g., dunes); 'thick' or ' large-scale' in­
dicates 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. 

Description and interpretation of the sediments 
formed on the middle fan 

The deposits found in the middle part (called 'middle 
fan subenvironment' in the following, commonly in­
dicated as the 'M-subenvironment') of fans formed 
under terminoglacial conditions are represented by 
two facies, which both show a predominance of sands. 
The sands are found in units that show the configur­
ation of braided channels, and in units that show no 
channeling (unchannelized current). Gravels - which 
predominate in the proximal (P) subenvironment - are 
of secondary importance (Figure 3). 

The two facies are distinguished on the basis of 
their most common sedimentary structures (Figure 3). 
Facies M -1 is characterised by a frequent occurrence 
of cross-bedding. Facies M -2 shows predominanly 
beds with parallel stratification. 
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Figure 2. Legend for Figures 3, 5, 7, 10 and 11. 

Facies M-1: the middle fan deposits dominated by 
cross-bedding 

Description 

The deposits of facies M-1 consist almost entirely of 
cross-bedded sands (Figure 4), with part of the cross­
bedding filling up ill-defined channels. Most of these 
channels are shallow, with shoals in between, but more 
deeply incised channels also occur, characterised by 
cross-stratified sands with a much larger amplitude 
than those in the shallow channels. 

Medium-grained sands predominate where the 
channels are shallow; coarse sands play a secondary 
part. The sands are horizontally stratified or show low­
angle cross-stratification. In general, the beds have 
an intermediate thickness; sometimes they are thick. 
Gravels are rarely present in this type of channel. Most 
of the gravels are lag deposits. Besides these coarse-

grained beds, thin beds cons1stmg of horizontally 
laminated sandy silt are locally present. 

The deposits with more deeply incised (though still 
fairly shallow) channels consist mostly of sand, but 
thick gravel beds are sometimes present. Trough cross­
stratication becomes more frequent towards the top. 
Large-scale erosional surfaces occur but are fairly rare; 
if present, they occur most commonly at the erosive 
bases of matrix-supported, massive sandy gravels. 
These erosional surfaces are remarkably planar. 

Interpretation 

The domination of channels, in combination with their 
predominantly sandy infillings, indicates that a chan­
nelised current is the main transporting agent in facies 
M-1 (Figure 5). 

The sandy sediments with large-scale, tabular 
cross-bedding form owing to progradation of sandy 
foreset (transverse) bars (cf. Smith 1971, Church 
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Figure 3. Sedimentological characteristics of the two facies in the 
middle subenvironment (see Figure 2 for legend). The grain sizes are 
based on macroscopic analyses in the field, with a 5-10% accuracy. 
Several dozens of beds were analysed for their grain size at each 
location, thus yielding an overal accuracy of 3- 5%. 

& Gilbert 1975, Rundle 1985); these are generally 
regarded as characteristic of braided channels. The 
direction of the dip of the lee sides of the bars is re­
markably constant, which indicates that the sinuosity 
of the channels was low to very low. Most of the other 
sedimentological data point in the same direction. The 
field observations are consistent with Friend 's (1978) 
conclusion that the depth of braided channels on fans 
decreases with distance. 

The shoals found within the braided channels are 
sandy and show an upper plane-bed configuration. 
This combination of data indicates conditions of the 
upper part of the lower flow regime alternating with 
transitions to the upper flow regime. 

The less common fine sediments presumably form 
during stages with a small discharge, when short-lived 
settling from suspension can take place in the aban­
doned channels. Another possibility is that the fine 
particles settle in stagnant waters that are dammed off 
in the wide braided stream. 

Some central parts of the braided channels are ap­
parently deeper than most of the channels, because 

sand beds of intermediate thickness can develop ow­
ing to the formation of dunes. These dunes become 
flattened during conditions of increasing energy (so­
called 'diminished dunes' or 'wash-out dunes': see 
Allen 1984, Roe 1987), when sands with low-angle 
cross-stratification develop. 

The less common coarse sediments do not fit 
well in this 'hydrodynamic field'. The sometimes 
thick gravel beds might be attributed to sudden melt­
water floods resulting in accretion of longitudinal bars 
within deeply eroded channels; the thinner massive 
sheet-shaped gravel beds are deposited from gravel­
rich unchannelised transport close to the braided 
stream (cf. Boothroyd & Ashley 1975, Hein & Walker 
1977, Fraser 1993, Nemec & Postma 1993). 

Facies M-2: the middle fan deposits dominated by 
plane beds 

Description 
The most impressive characteristic of facies M-2 is 
the sheet-like appearance of almost all the beds. An­
other obvious feature is the uniform character, due to 
the dominance of sands. Most of the sand beds show 
a well developed horizontal stratification (Figure 6). 
Other sands (and some gravels) are massive. Horizont­
ally stratified, matrix-supported sandy gravels occur 
locally, alternating with horizontally laminated silty 
sands. 

Low-angle cross-stratified sand beds are also 
present. They tend to have plane boundaries and are 
intercalated between massive sands. Sand beds with 
cross-lamination due to current ripples are rare in 
between but do occur, whereas they do not occur in 
any of the proximal and middle facies of terminogla­
cial fans. 

Interpretation 

The plane character of the beds in facies M-2 is so 
obvious that only few sedimentary processes need 
be considered. The combination of grain size and 
structures in these sands leaves shallow currents of a 
transitional to upper-flow regime as the most likely 
possibility. These conditions must be interpreted as be­
ing due to sheetfloods that gradually lose their impetus 
and change into shallow, unchannelised transport over 
a sandy surface. 

This facies is spatially closely related to subfacies 
P-2a (a sandy/gravelly facies with rhythmites; see 
Zielinski & Van Loon 1999), in general somewhat 
more distal, but also laterally and vertically interfin-
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Figure 4. Deposit characteristic of facies M-1. Sandy beds with well developed cross-stratification and shallow channels dominate. Scale = 
0.5 m. 

gering. Abdullatif (1989) even pointed out that such 
sands are typical of unchannelised transport in the 
middle alluvial fan. Todd (1989) also related this 
lithofacies association to the middle alluvial fan. 

Both the morphology of the fan and the hydraulic 
properties of the currents (discharge, unsteadiness, 
sediment load) favour the development of sheetfloods. 
Bull (1972), Wasson (1977, 1979), Heward (1978) 
and Blair and McPherson (1994) even characterised 
sheetflood deposits as being typical of the middle 
alluvial fan. Abdullatif (1989) found in present-day 
semi-arid fans that channelised currents proceeding on 
to the outer fan become transformed into unchannel­
ised ones. This was also noticed by Heward (1978) for 
alluvial fans of Carboniferous age. Sheetflood facies 
were also found to characterise Pleistocene outwash 
deposits (Fraser, 1993). 

The horizontally stratified sands can thus be inter­
preted as being classical sheetflood deposits, formed 
entirely under conditions of the upper plane-bed 
stage. There are also, however, some intercalations 
of massive sands. Heward (1978) stated that such 
massive sands are characteristic of sheetflood depos­
its; the lack of internal structure may be a primary 
feature but may also be due to postdepositional flu­
idisation. Rare intercalations of coarser material are 
present in this sandy facies . These gravelly sands 
and sandy gravels must be attributed to major abla­
tional floods resulting in unchannelised currents with 

sufficient competence to transport pebbles or even 
cobbles. 

The distribution of the above sediments and the 
extent of the separate beds indicate that the water 
masses do not follow channels. The geometry of indi­
vidual beds with distinct cross-stratification indicates 
that these sediments form on a flat base, with incisions 
occurring only locally. In such- elongated- incisions, 
dunes develop, indicating infrequent currents of relat­
ively deep water. Other beds show cross-stratification 
of a smaller type; this must be attributed to shallower 
water currents with lower energy. 

It is deduced that this facies mainly reflects a 
transition zone between the (proximal) subenviron­
ment with high-energy, channelised and unchannel­
ised transport and the (distal) subenvironment with 
low-energy currents and sandy/silty deposition (Fig­
ure 7). Some parts of this facies are probably formed in 
very shallow, braided channels, as some finer deposits 
are found that are probably formed at places of relative 
quietness (dammed off wide channels, etc.). 

Conclusions with respect to the middle fan 
subenvironment 

The predominance of sand indicates that the average 
competence of the currents reaching this subenviron­
ment is lower than that in the proximal subenviron­
ment. Floods with a high discharge may reach this 
part of the fan, but only exceptionally. Transport and 
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Figure 5. Representative (composite) lithological log and palaeoenvironmental interpretation offaciesM-J (see Figure 2 for legend). 

deposition of particles take place by streams in braided 
channels with a sandy bottom, and by unchannel­
ised transport. The two facies distinguished in this 
subenvironment are determined by, respectively, the 
predominance of bedforms and structures related to 
channellised transport (facies M-1) and plane beds 
(facies M-2). 

Rather similar, purely sandy sediments have been 
reported in other middle fans (e.g., Abdullatif 1989). 
McGowen & Groat (1971) attributed such sediments, 
with a minor contribution of laminated fines, to 
a braided distributary. Zielinski (1989) examined a 
Pleistocene outwash fan with analogous deposits from 
a shallow braided channel. Brierly et al. (1993) identi­
fied the facies with slightly channelized flows (which 
they termed 'stratified sheet deposits') in alluvial fans. 

The predominance of sand in this subenvironment 
reflects the intermediate position within the fan. The 
slopes are still steep enough for transport of sand­
sized material but are in general insufficiently steep 
to generate mass flows (although some low-density 
flows reach this subenvironment in the form of stream 
slurries). Sheetftoods, however, are still common. 

Shallow braided channels with currents of alter­
nately high and low energy are common. 

The distinction between two facies in the middle 
terminoglacial fan is supported by differences in the 
frequencies of the various architectural elements (Fig­
ure 8). 
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Figure 6. Deposit characteristic of facies M-2. The uniform sheet-like sand layers display well developed horizontal stratification and 
lamination. Romany site. 

Overview of processes and deposits in the mid-fan 
subenvironment 
In the mid-fan (M) subenvironment, many authors 
(e.g., Amajor 1986) interpret abundant deposits as be­
ing a result of grainflow. We did - surprisingly - not 
recognise any of such sediments, however. Some in­
versely graded beds (the most conspicuous criterion of 
grainflow deposits) occur, particularly in facies M-2, 
but 'grainflow freezing' can also take place in high­
energy sheetflows (Lowe 1982), in the near-bottom 
zone where the sediment concentration is high enough 
to induce non-Newtonian (i.e., nonhydraulic) trans­
port and deposition (the thus formed traction carpet 
and the high-energy sheetflow form wahat is called 
a 'sheetflood slurry'). The basic support mechanism 
in a traction carpet is intergranular collision, fairly 
similar to that in 'true' grainflow (cf. Moss 1972, 
Allen & Leeder 1980, Todd 1989). The conditions 
required for such a process do not take place on the 
subaerial middle terminoglacial fan . One must deduce 
that grainflow deposits on the fans described here are 
most likely absent because the mass flows of till ma­
terial are too cohesive owing to the high percentage of 
silt and clay (cf. Bertran et al. 1997), supplied by the 
meltwater flows; grainflows can develop only in ma-

terial with very little cohesion or no traceable cohesion 
at all. 

In the middle subenvironment, where braided 
channels dominate, the currents follow a large num­
ber of shallow braided channels; this contrasts with 
the most common situation on other fans, where the 
main channel takes most water (cf. Friend 1978). 
Whereas Cherven (1984) and Amajor (1986) noted 
abundant channel-fills up to 2 m thick in the middle 
zone, such indications of deep channels are absent in 
terminoglacial fans. This is a logical consequence of 
the difference in the system of channels, but may -
at least partially - also be a result of the aggradation 
ratio, which is, as a rule, higher on terminoglacial fans 
than on nonglacigenic fans. 

Description and interpretation of the sediments 
formed on the distal fan 

The sediments in the distal parts of terminoglacial 
fans tend to form beds of limited thickness, consisting 
mainly of a mixture (or alternations) of sands and finer 
material. Although the sediments in this subenviron­
ment show some differences, they have so much in 
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Figure 7. Representative (composite) litho logical log and palaeoenvironmental interpretation offacies M-2 (see Figure 2 for legend). 

common that it seems appropriate to consider them all 
as one single facies. Most of these deposits form sheet­
like plane beds that consist mainly of fine sands and 
sandy silts. The beds often have a rhythmic character: 
medium-scale beds of horizontally laminated sands al­
ternate with small-scale sandy/silty beds, which also 
show horizontal lamination. The medium-scale sandy 
beds sometimes show small-scale current ripples (Fig­
ure 9). These ripples tend to be concentrated in the 
basal parts of the beds, but do also occur at higher 
levels. There are also sets with climbing ripples; these 
commonly have an intermediate thickness. 

The contacts between the individual beds are 
sometimes irregular but never erosional. Some small 
scour-and-fill structures are, however, present. 

Interpretation 

The generally small grain size (compared with that of 
the sediments of the proximal and middle fans) indic­
ates that the competence of the flows must have been 
relatively low, although an upper plane-bed regime 
was commonly reached. The sandy, horizontally lam­
inated, plane beds represent shallow, unchannelised 
transport of low power. Scott et al. (1969) and Ama­
jor (1986) described sand beds formed under similar 
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conditions, with both horizontal and cross-lamination; 
these sands were intercalated with silt beds. They 
interpreted these beds as being distal, unchannel­
ised flows. Fairly comparable facies were mentioned 
byWu Chonglong et al. (1992), Dreyer (1993) and 
Hartley (1993), who interpreted the deposits as distal 
sheetflows. 

The beds of this facies are predominantly sandy, 
but silty sands and sandy silts are also present. Most 
of the beds show cross-lamination representing cur­
rent ripples from the lower flow regime. The hori­
zontal lamination in the fine-grained deposits repres­
ents phases of settling from suspension in relatively 
quiet water. The layering, the grain-size distribution 
and the sedimentary structures, in combination with 
the lateral extent of the layers and the vertical succes­
sions, indicate that deposition of such sediments took 
place in a very wide and very shallow braided stream. 
The silty material probably settles in abandoned chan­
nels or in small pools or lakes that can develop on the 
nearly horizontal surface of the distal fan. 

The interpretation (ephemeral, wide braided 
streams in the marginal zone of a terminoglacial fan; 
see Figure 10) is consistent with other observations. 
Wasson (1977) described shallow channels with sandy 
infillings and an increase in a distal direction in the rel­
ative amount of fine material that had settled from sus-
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pension. The currents in the channels presumably have 
an ephemeral character, which also holds for ponds 
or small lakes (cf. Mukerji, 1976). Ruszczynska­
Szenajch (1982) described horizontally laminated silts 
and sands formed under comparable conditions and 
interpreted them as being marginal pond sediments of 
terminoglacial fans. 

The most common grain sizes in this subenviron­
ment (sand and finer) reflect the reduced competence 
of the water flows. Unchannelised flows - with a re­
latively low energy - dominate this subenvironment. 
Ephemeral, wide and very shallow braided streams 
are of secondary importance; their deposits are com­
parable to those formed by the unchannelised cur­
rents. Quantitative analysis of the characteristics of 
the deposits building up the distal fan confirms the 
palaeoenvironmental interpretation (Figure 11 ). 

Overview of processes and deposits in the distal-fan 
subenvironment 

Friend (1978) states that the distal (D) subenviron­
ment of fans is characterised by a system of numerous 
distributary channels, which is consistent with our ob­
servations that this subenvironment is dominated by 
abundant low-energy, unchannelised currents and de­
position in shallow, ephemeral ponds. Our findings are 
also similar to those of Beaty (1990), whose model 
of the distal subenvironment includes numerous sand­
bed braided channels and overflows. This is, however, 
not consistent with the characteristics described by 
Krigstri:im (1962) and Fahnestock (1963), who state 
that a single, broad channel dominates in this subenvir­
onment, too; these studies, however, concern sandurs 
rather than true fans. 

The large, deep channels described for distal fans 
under most climatic conditions explain why gravel 
beds are considered to be common and why allu­
vium can be repeatedly reworked by such channels (cf. 
Blair 1987). This must be considered in the context 
of the slope, which tends to be much steeper outside 
than inside the terminoglacial zone, as detailed above. 
The relatively steep slope in other climatic zones 
also explains why several researchers (among others, 
McGowen & Groat 1971, Harvey 1984) mention much 
higher energy levels for the distal fan than are justified 
for terminoglacial conditions; Harvey (1984) states 
that up to 80% of the sediments in the distal suben­
vironment may consist of fluvial gravel, whereas sand 
is the coarsest material found in distal terminoglacial 
fans. 
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Figure 9. Deposits characteristic of subenvironment D, showing a rhthmic alternation of sands with ripple-derived cross-lamination and 
horizontally laminated silts. The scale is 0.5 m. Warkaly site. 

The dominance of unchannelised flows and trans­
port through numerous shallow channels explains why 
the distal subenvironment of terminoglacial fans does 
not contain pointbar deposits. Such deposits, which 
McGowen & Garner (1970) consider to be character­
istic, require large rivers that can develop a sinuous 
course on exceptionally large fans (megafans). 

Conclusions 

The particles that build up these parts are supplied 
by flows with highly variable discharge, but the sed­
imentary dynamics are much less dynamic than in the 
proximal fan. Typical channel deposits are of minor 
importance, so that the sediments form part of an 
intermediate-type fan according to the classification 
by Harvey (1984). 

The middle part of subaerial terminoglacial fans 
has an extent intermediate between the larger prox­
imal fan and the smaller distal fan. Sand accumulation 
dominates, partly in braided channels (facies M-1) but 

more commonly as sand-bed sheetflows (facies M-
2). Meltwater flows are commonly shallow in both 
facies, where sand is deposited mainly under the hy­
draulic conditions of the upper plane-bed flow regime, 
but the energy of the transporting agents is distinctly 
lower than described for most arid and semi-arid fans, 
which also tend to have a gravel-rich middle part 
(McCowen & Groat 1971, Blair 1987, Todd 1989, 
Viseras & Fernandez 1995). Another difference is the 
lack of deposition by grainflow that tends to dominate 
the sedimentation on middle fans developing in other 
environments, because water is transported on most 
middle fans - according to the literature - through 
channels. 

The gradual transition zone between the middle 
and the distal fan is characterised by a decrease in 
bed thickness. This illustrates the distinctly differ­
ent aggradation rates in the middle and the distal 
terminoglacial fan. 

The - comparatively small - distal part of subaerial 
terminoglacial fans is more alike its distal counterparts 
formed under other conditions, although the propor-
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Figure 10. Representative (composite) lithological log and palaeoenvironmental interpretation of subenvironment D (see Figure 2 for legend). 

tion of relatively coarse particles is much lower than 
the average value found in the literature for other distal 
fans (cf. Harvey 1984, Blair 1987). Accumulation 
of sandy/silty deposits takes place from low-energy 
sheetflows, in slow currents and in stagnant pools. 
The position of the sediments on top of deposits be­
longing to a proximal or middle fan facies underlines 
that subaerial terminoglacial fans commonly build up 
regressive sequences. 

The rhythmic character of the successions in both 
the middle and the distal fan results from cyclic vari­
ations in the ablation rate of the nearby ice; it repres­
ents possibly a diagnostic criterion of these fans, since 
comparable cycles are not known from fans developed 
under other climatic conditions. 
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