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Dumpstones and dropstones up to 0.8 m in size oc cur in a silty/sandy Weichselian glaciolacustrine suc ces sion near
Dwasieden on Rügen Is land in the SW Bal tic Sea (NE Ger many). The de pos its are ex cep tional be cause two lev els of
dumpstones and dropstones are pres ent, sug gest ing two dump ing phases in ter rupt ing char ac ter is tic fine-grained
glaciolacustrine sed i men ta tion. Plas tic downwarping of sed i ments be low the dumpstones and dropstones re sult in soft-sed i -
ment de for ma tion struc tures. The dis tri bu tion and ori en ta tion of the long axes of the clasts are use ful tools for the re con struc -
tion of the state of the lake bot tom, as well as for the wa ter depth. The hor i zon tal po si tion of the grav els and boul ders (par al lel
to the bed ding) sug gests de po si tion in rel a tively shal low-wa ter. The dump ing events are linked to ice berg raft ing in a gla cial
lake dur ing the Weichselian Gla ci ation (MIS 2).
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INTRODUCTION

Ice bergs and ice rafts are free to float in lakes and seas un -
der the in flu ence of the wind and/or cur rents. Ice berg raft ing is a
com mon pro cess in con tem po rary po lar re gions (Cow an et al.,
1997; Smith and An drews, 2000; Dowdeswell et al., 2000;
Hass, 2002; Men zies, 2002) and was com mon also dur ing the
Pleis to cene glaciations (Dowdeswell et al., 2000; Kalm and
Kadastik, 2000; Men zies, 2002; B³aszkiewicz and Gruszka,
2005; Wil liams et al., 2008; Ampaiwan et al., 2009; Yorke et al.,
2012; Le Heron, 2015; Living stone et al., 2015). 

Sin gle large ice bergs can carry many thou sands of par ti cles 
of all sizes; these are dis persed within the ice and are jointly
called “ice-rafted de bris” (IRD) (Hoffman and Schrag, 2002).
These par ti cles are re leased when the ice melts. Most IRD re -
leased from ice bergs is sand-sized, but of ten there are also
larger par ti cles (Hass, 2002).

ICE-RAFTED DEBRIS

Melt ing of the sub aque ous part of a float ing ice mass re sults 
in the re lease of sed i men tary par ti cles that are em bed ded in the 
ice. They sink through the wa ter col umn and ac cu mu late on the
sur face of the sea or lake bot tom, which most com monly con -
sists of fine-grained sed i ments. The main pro cess in volved in
the re lease of IRD is melt ing of the ice. Most melt ing oc curs
subaqueously, due to ther mal subrosion caused by the
above-zero tem per a ture of the am bi ent wa ter. Subaerial melt -
ing re sults in a con cen tra tion of IRD on the – com monly ir reg u -
lar – sur face of the ice berg.

The grain size dis tri bu tion of IRD within a sed i ment de pends 
on the prop er ties of the source ma te rial, but the char ac ter is tics
of de pos ited IRD also de pend on depositional pro cesses such
as sort ing dur ing set tling and win now ing, for in stance by wave
ac tion and cur rents, within the wa ter col umn and at the bot tom
(e.g., An der son et al., 1980). 

DEPOSITS WITH IRD

IRD can be set free from ice bergs or ice rafts in dif fer ent
ways, and there are con se quently also dif fer ent depositional
pro cesses in volved. The re sult is that dif fer ent types of de pos -
its, con sist ing ei ther ex clu sively of IRD or of dis persed IRD in
autochthonous sed i ments, can orig i nate.
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The re leased clasts that sink through the wa ter col umn can,
if large enough, eas ily de form the wa ter-sat u rated fine-grained
sed i ments that com monly are pres ent at the bot tom of an
ocean or lake. They can partly or com pletely pen e trate, and oc -
ca sion ally even rup ture, the bot tom sed i ments. When a mass of 
par ti cles is jointly re leased from an ice berg as a re sult of over -
turn ing or a grav ity flow, a cha otic (some times large) dump
struc ture is formed (Miller, 1996).

The de pos its that con sist of – or con tain – IRD have been
stud ied by re search ers in dif fer ent dis ci plines (e.g., Qua ter nary
ge ol o gists, ma rine ge ol o gists, cli ma tol o gists, sedimentolo -
gists). The re sult is that dif fer ent terms have been used for the
var i ous types of such de pos its, which has oc ca sion ally led to
con fu sion. We there fore in di cate in the fol low ing two sub sec -
tions which terms are ap plied to in di cate the dropstone and
dumpstone de pos its un der study here. 

DROPSTONES

Dropstones have been de scribed fre quently from both
glaciolacustrine and ma rine de pos its (e.g., Leckie et al., 1995;
Bennett et al., 1996; Smith and An drews, 2000; Van Loon et al., 
2016). They are formed when par ti cles (com monly peb -
ble-sized or larger, as smaller par ti cles can not al ways be dis tin -
guished from the autochthonous sed i ments) are re leased from
the sub aque ous part of an ice berg by ther mal subrosion. 

Com monly float ing ice bergs move so fast, un der the in flu -
ence of cur rents, that only scat tered dropstones oc cur in the
autochthonous sed i ment. Yet, the to tal amount of dropstones
left by a pass ing ice berg can be so large that the path way fol -
lowed by the ice berg can be traced. This is well-known from,
among other fea tures, the Hein rich events that left abun dant
IRD on the floor of the At lan tic Ocean (Hein rich, 1988;
Dowdeswell et al., 1995; Eyles et al., 1997; Hesse and
Khodabakhsh, 2016).

Peb ble-sized and larger IRD can com monly be rec og nized
as dropstones if they de form un der ly ing laminae. Gran ules are
also called dropstones when their size is larger than the thick -
ness of the strata in which they are em bed ded (Haarland et al.,
1966; Men zies, 2002).

The dropstones found in the glaciolacustrine de pos its un der 
study here are de scribed in a fol low ing sec tion.

DUMPSTONES

A spe cial sit u a tion ex ists when an ice berg or ice raft be -
comes un sta ble be cause of asym met ri cal ther mal subrosion of
the sub aque ous part or – less com monly – by con tin u ous melt -
ing of one side of the subaerial part un der the in flu ence of so lar
ir ra di a tion. In such a case, the ice berg can sud denly tum ble
over. The par ti cles set free on the ir reg u lar ice sur face then are
jointly re leased, which may re sult in un com monly high con cen -
tra tions of IRD – oc ca sion ally even in the form of stone heaps –
on the lake or sea-floor. 

The thus-formed clus ters of IRD cre ate lens-shaped beds
of coarse de pos its and have been called “berg dumps” and
“dumpstones” (Thomas and Connell, 1985). They have also
been de scribed as “ice berg over turn de pos its” (see Gilbert,
1990; Woodworth-Lynas and Dowdeswell, 1994; Cow an et al.,
1997; Dowdeswell et al., 2000), “pa limp sest lags” (Powell,
1984), “gravel pods” (Yorke et al., 2012), “ice berg dump tills” (if
the coarser par ti cles are de pos ited to gether with melt-out
diamictons), “rain-out diamicts” (Brodzikowski and Van Loon,
1991), “dropstone diamictons” and “dropstone mud” (Benn and
Ev ans, 1998). Dumpstones have only fairly rarely been de -

scribed, among oth ers by Woodworth-Lynas and Dowdeswell
(1994), Bennett et al. (1996), Mokhtari Fard and Van Loon
(2004), and Ampaiwan et al. (2009). De scrip tions of dump -
stones that orig i nated in a glaciolacustrine set ting are even
rarer; they are com monly con sid ered as an im por tant in di ca tor
of an ice-con tact calv ing mar gin (e.g., Cow an et al., 1997;
Yorke et al., 2012), and are typ i cal of ice-con tact lakes
(Brodzikowski and Van Loon, 1991).

The pro cess re spon si ble for the de po si tion of such sed i -
ments is com monly called a “dump ing event” (Dowdeswell and
Murray, 1990). Fol low ing this us age, we adopt the term
“dumpstones” to in di cate such types of de pos its. They form the
main sub ject of the pres ent con tri bu tion and will be de scribed
and ana lysed in a fol low ing sec tion.

SEDIMENTARY AND STRATIGRAPHICAL CONTEXT

The glaciolacustrine de pos its un der study are ex posed in a
coastal cliff near Dwasieden (Ger many), on Rügen, an is land in
the south west ern part of the Bal tic Sea (Fig. 1). The de pos its
form part of a Saalian and Weichselian suc ces sion; the de pos -
its on which we fo cus here have been dated by OSL as
Weichselian (Steinich, 1992; Krbetschek, 1995; Lud wig, 2006;
Lud wig and Panzig, 2010).

The Weichselian Gla ci ation in North ern Ger many is di vided
into three main phases (Liedtke, 1981), viz. (1) the
Brandenburgian Phase, be tween 24 and 20 ka (Heine et al.,
2009; Kenzler et al., 2015, 2017), (2) the Pom er a nian Phase,
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Fig. 1. The study site at Dwasieden in its geo log i cal set ting



be tween 20 and 16 ka (Litt et al., 2007; Heine et al., 2009;
Lüthgens and Böse, 2011; Lüthgens et al., 2011; Rinterknecht
et al., 2014), and (3) the Mecklenburgian Phase, approx.
16–15 ka (Kai ser et al., 2009; Küster and Preusser, 2009;
Rinterknecht et al., 2014) or up to 14–12 ka in the case of the
Angermünde-Chojna subphase of the Mecklenburgian Phase
(Pisarska-Jamro¿y, 2013).

The low er most diamicton in the cliff sec tion, di rectly be low the
glaciolacustrine sed i ments un der study, was de pos ited dur ing the
Saalian Gla ci ation (MIS 6), whereas the over ly ing diamicton, di -
rectly above the glaciolacustrine de pos its, rep re sents the
Brandenburgian Phase of the Weichselian Gla ci ation (MIS 2; cf.
Kenzler et al., 2015, 2017; Pisarska-Jamro¿y et al., 2018). 

METHODS

The var i ous de pos its of the sec tion un der study have been
in ves ti gated sedimentologically, dis tin guish ing a num ber of
lithofacies that have been coded fol low ing Miall’s (1978) clas si -
fi ca tion, with a slight mod i fi ca tion in tro duced by Zieliñski and
Pisarska-Jamro¿y (2012). All lithofacies sym bols are ex plained
in the fig ure cap tions. 

The grain size of the de pos its is in di cated ac cord ing to the
Udden-Wen tworth scale (Udden, 1914; Wen tworth, 1922). De -
spite the fact that the IRD in clude the full spec trum of grain
sizes, we fo cused in the field on mac ro scop i cally rec og niz able
IRD. The ori en ta tion of the long axes of elon gated grav els and
boul ders as well as the ori en ta tion of striae on peb ble-sized
clasts have been mea sured.

THE DUMPSTONES AND DROPSTONES

As far as we are aware, no dumpstone de pos its sug gest ing
two phases of dump ing have been de scribed be fore from a
Weichselian proglacial lake. Here, we de scribe some char ac -
ter is tic ex am ples of dumpstones and dropstones from the cliff
sec tion at Dwasieden.

DESCRIPTION

The Weichselian glaciolacustrine de pos its in the cliff sec tion 
con tain sig nif i cant quan ti ties of out sized clasts in the form of
dumpstones and dropstones at sev eral lo ca tions and at dif fer -
ent lev els (Fig. 2). The glaciolacustrine suc ces sion over lies a
gla cial diamicton (till) and is also over lain by a gla cial diamicton
(lithofacies Dm in Figs. 3 and 4); the lower diamicton is 1–1.5 m
thick and was de pos ited as a subglacial trac tion till dur ing the
Saalian Gla ci ation, whereas the up per one is up to 2 m thick
and also rep re sents a subglacial trac tion till, which was, how -
ever, formed dur ing the Brandenburgian Phase of the
Weichselian Gla ci ation (cf. Kenzler et al., 2015, 2017).

The clasts rep re sent ing IRD in the glaciolacustrine de pos its
are up to 0.8 m in size and con sist pre dom i nantly of Scan di na -
vian granitoids (Fig. 3). More over, two clasts with gla cial striae
on some of their sur faces (Fig. 3E) are clear ev i dence of a
glacigenic or i gin. Due to the ran dom oc cur rence of the clasts,
the ori en ta tion of the gla cial striae on the two clasts does not
pro vide any re li able in for ma tion about the di rec tion of the
source area, the trans port di rec tion of the ice, or the
depositional pro cess. The host ing glaciolacustrine de pos its are
1.5 m thick and con sist of de formed and hor i zon tally-lam i nated
silts and fine sands (Fig. 2). The coarser clasts are ir reg u larly
dis trib uted in a 20 m long and com monly some 10 cm thick len -
tic u lar layer; they form oc ca sion ally clus ters of boul der-sized

and smaller par ti cles within this layer, and are oc ca sion ally cov -
ered by a thin drape, in such a way that the host ing layer has lo -
cally an ex cep tional thick ness that is roughly equal to the vis i ble 
ver ti cal size of the boul ders (Fig. 3). 

In ad di tion to the clus ters, some boul ders oc cur as iso lated
out sized clasts (Fig. 3C – see the clasts on the left side of the
photo). These are pres ent be low the above-men tioned len tic u -
lar layer with boul der clus ters but still within glaciolacustrine de -
pos its. Also in this lower level, how ever, some clus ters of out -
sized clasts are pres ent, form ing lenses that are up to 1.5 m
long; the clasts con cen trated in these clus ters show
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Fig. 2. The suc ces sion in the cliff sec tion in Dwasieden on
Rügen Is land, show ing the po si tion of dumpstone de pos its

within glaciolacustrine sed i ments

Dm – mas sive diamicton, Fd – de formed fines, Fh – hor i zon -
tally-lam i nated fines (silt + clay), Gm – mas sive gravel, Gp – pla nar
cross-strat i fied gravel, Sd – de formed sand, Sh – hor i zon tally-lam i -
nated sand
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Fig. 3. Boul der-sized dumpstones in the Dwasieden glaciolacustrine de pos its

A–D – ho ri zons of large dumpstones;  E – gla cial striae on the sur face of some gravel-sized dumpstones; explanations as on Figure 2



grain-to-grain con tacts (Figs. 3A–D and 4). The long axes of
most of these clasts are ori ented par al lel or semi-par al lel
(Fig. 3C) to the lam i na tion but some elon gate clasts (with
length/width ra tios rang ing from about 1.5 to about 2) are po si -
tioned al most per pen dic u lar to the lam i na tion (Fig. 5A, B).

The larger clasts pen e trate and de form (lo cally in a fairly
cha otic way) the un der ly ing silty and sandy laminae; in par tic u -
lar in the di rect vi cin ity of the larg est clasts, the laminae are
strongly de formed (Figs. 4 and 5). The lami na tions im me di ately
be low the grains are down-warped, and the laminae are lat er -
ally trun cated (Figs. 3C and 5). In con trast, laminae over ly ing
the clasts are gently curved, drap ing them, com monly with
some de flec tion (Fig. 4B). This type of bound ary con tact be -
tween IRD and the host sed i ment has been called “bed ding
con tact” by Thomas and Connell (1985). 

INTERPRETATION

The glaciolacustrine silty and sandy sed i ments in the lower
part of the Dwasieden cliff were de pos ited in a lake at the front
of the ice. The dif fer ent grain sizes must be as cribed to the set -
tling of silt with an ad mix ture of clay par ti cles that were widely
dis persed via interflows and underflows, in com bi na tion with
sands that were prob a bly de rived from inflowing melt wa ter from
the nearby ice sheet (cf. Smith and Ashley, 1985; Best et al.,
2005; Pisarska-Jamro¿y, 2013).

The oc cur rence of par ti cles with strongly dif fer ent (much
larger) sizes than the lac us trine host sed i ments in di cates a
com pletely dif fer ent depositional mech a nism. The only fea si ble
in ter pre ta tion of the lo cal de pos its with boul ders is that these
were formed as dumpstones, de rived from ice rafts that tum -
bled over and re leased all par ti cles that had been set free on
their sur face due to melt ing. This in ter pre ta tion is sup ported by
the fact that the laminae above the peb bles and boul ders are
thin ner than the laminae at their sides: the autochthonous sed i -
men ta tion was less on top of the clasts that stuck out above the
sed i men tary sur face of the lake. The same is vis i ble for the out -
sized clasts that are pres ent at a lower level, and that show a
sim i lar thin ning of the drapes that cover them (cf. Thomas and
Connell, 1985). There is no ev i dence of plough marks and
squeez ing-up (sed i ment prows) around the clasts that might

sug gest subglacial trac tion or melt ing-out pro cesses (cf. JÝr -
gensen and Piotrowski, 2003). Most of the boul der-sized,
rounded and subrounded dumpstones were de pos ited par al lel
or semi-par al lel to the bed ding. This sug gests that they were
not re-ori ented in the wa ter col umn, in con trast to the smaller
(peb ble-sized) clasts, at least as far as they are elon gated,
show ing a rel a tively high length/width ra tio of at least approx. 2
(Figs. 5 and 6).

The dump ing of clasts from ice rafts in the proglacial lake at
Dwasieden ap par ently took place in at least two phases, as can
be de duced from the two ex posed lev els that con tain
dumpstones and dropstones. These two lev els are sep a rated
by silty and sandy sed i ments with out large clasts, point ing at a
break in the de po si tion of IRD. 

DISCUSSION

Four main pro cesses are com monly held re spon si ble for
the for ma tion of dropstones and/or dumpstones: (1) bi o log i cal
raft ing, (2) ice raft ing, (3) flo ta tion, and (4) pro jec tiles (see
Bennett et al., 1996). Bi o log i cal raft ing can be ex cluded for the
Dwasieden de pos its be cause of the cli mate dur ing the
Weichselian Gla ci ation. Flo ta tion can also be ex cluded, as only
small grains (up to 25 mm) can float on wa ter due to sur face
ten sion (Syvitski and Van Everdingen, 1981). Pro jec tiles are al -
most ex clu sively linked to vol ca nic ac tiv ity (vol ca nic bombs) or
as tro nom i cal pro cesses (me te or ites), and the com po si tion of
the clasts at Dwasieden does ex clude such an or i gin. It can thus 
be stated with cer tainty that the dumpstones and dropstones at
Dwasieden were re leased from melt ing ice rafts. Ac cord ing to
Houmark-Niel sen and Kj³r (2003), the study area was cov ered 
by a glaciolacustrine ba sin be tween 33–23 ka; this seems con -
sis tent with the palaeo geo graphi cal study by Anjar et al. (2012). 
This lake could be reached oc ca sion ally by ice rafts car ry ing
IRD (see Hambrey, 1994).

The pres ence of at least two lev els of dumpstones and
dropstones sug gests that the clasts in the lower level (which
con tains sig nif i cantly less IRD than the up per level) were de -
pos ited dur ing one phase of ice berg melt ing, fol lowed by “nor -
mal” glaciolacustrine sed i men ta tion; the same or an other ice
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Fig. 4. Dumpstones within fine-grained sandy, thin, curved layer draped by sandy sed i ments

Explanations as on Figure 2
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Fig. 5. Dropstones in the glaciolacustrine de pos its

A – two dropstones, the lower one quasi-iso met ric and the up per one elon gated; 
B – dropstones sep a rated by de formed sandy and silty de pos its

Fig. 6. Sche matic model of a dropstone fall ing through the wa ter col umn (A), the dropstone pen e trates and de forms the bot tom
sed i ment (B), causes resuspension of sed i ments (C), and de vel op ment of soft-sed i ment de for ma tion struc tures (D)

Com pare with Fig ure 5



raft sub se quently prob a bly grad u ally be came un sta ble, even tu -
ally tum bling over and dump ing its sed i ment load as
dumpstones in a stratigraphically higher layer (Fig. 3C).

Most cob ble- and boul der-sized clasts are aligned more or
less par al lel to the laminae of the host sed i ment, which sug -
gests ac cord ing to Benn and Ev ans (1998) that the bot tom sed i -
ment was soft and mostly un able to hold the fall ing elon gated
clasts in the ver ti cal po si tion that they might have taken dur ing
their fall through the wa ter col umn. Some ex am ples of ver ti cally
po si tioned clasts are, how ever, pres ent (Fig. 5). On the other
hand, no de for ma tion struc tures have been found, in di cat ing
that clasts hit ting the bot tom fell over, or that they fol lowed a
some what tor tu ous path way dur ing their fall (as do leaves fall -
ing from a tree) and hit the bot tom at an an gle. It thus must be
de duced that the clasts that were not ex cep tion ally flat tened
most likely had in suf fi cient time dur ing their fall through the wa -
ter col umn to ob tain the ver ti cal po si tion that would have given
the least re sis tance. This, in turn, might in di cate that the lake
was rel a tively shal low (prob a bly a few to max i mally about ten
me ters), which would ex plain why only one ice raft (pos si bly
two) could reach the Dwasieden site, melt, and drop their sed i -
ment load. 

The sed i men tary sur face hit by the set tling clasts must have 
been wa ter-sat u rated and still un con sol i dated, be cause wa -
ter-es cape struc tures are ab sent in the sed i ments be low and
im me di ately be side the large stones; such struc tures would cer -

tainly have orig i nated in com pacted sed i ments af ter a large
clast had fallen on the bot tom, con sid er ing the sud den in crease
in pore-wa ter pres sure that the fall ing clast would have caused
(cf. Domack and Law son, 1985; Knudsen and Marren, 2002). 

CONCLUSIONS

The fol low ing con clu sions can be drawn from this study.
1. The Dwasieden area was cov ered by a lake dur ing MIS 2; 

boul der- sand cob ble-sized IRD re leased from ice rafts in this
lake, oc ca sion ally in the form of dumpstones, are em bed ded in
the fine-grained glaciolacustrine de pos its.

2. Lack of es cape struc tures be low and along side large
dropstones or dumpstones in di cates a non-con sol i dated state
of the bot tom sed i ments when the dropstones or dumpstones
were de pos ited.

3. A bed-par al lel po si tion of flat tened and/or elon gated
clasts sug gests a rel a tively shal low depositional en vi ron ment.
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