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< Wherems tlie. significance of snoy-ice as an automatically P

effective agent is well knowni almost no attention has been
paid so far to the automatic actions of water-ice, They are

far less important but nevertheless of gomewgeblogiqal sizni-
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ficance. In the following I will kiveé:the fragientary results

of og;yﬁoceaéional observations atretched out over a period :of

five years. Other aé;f@hments have thus far prevented me from
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pursuing this problen, which has interested me for a long time,
with scientific exactness., As ‘this will also be s0 in the near
ruturenl.ﬁould like to submit. the following to the scrutiny of

aore qualified persons.
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: ABveryone is faniliar with cracks; the so-called "ﬁi;g-

boraten®, which, in a length of up to some hundred meters,

5 run through the ice of our lakes 1in all directions every winter.

%; . ~In addition to these cracks other peculiar transformations

£ occur in the ice,of the Havel Lakes near Potsdam during the

i\ B winter. . Because of the danger they hold they are feared by

1 ikapera ung fishermen, the latter who call them "Bubbeln"
(bubhtes).%ﬁAftéﬁ having reached a certain thickness the ice

1 rises in the form of a long fold aloung the shore or across the
lakes, spagmodically shaking the whole, ‘surfsce in the process.

The fold sometimes reaches a length of 500 meters, the profile |

of which closely resembles that of a mountain fold. This all

happens in a tine span of 2 few days or aven just hours. It
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13 not rare to see folds of more than one mster height., Due to
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g:co:ta1nwpiustic;ty; the ice often does not bréikyiﬁirg during
the procéss of vaulting and only rqdialfcrqus;run—parallél to
the: fold which are again reinforced through regslation. iﬁ.
other cases the ridge of the fold collapses during its forna=

ion and only the ruins of its -Wings remain. In still cther

cases the fold liés on itz side, Its breaking up causes an

overthirust in which the lying wing often makes way for the.

[P

upward-pushing, ‘hanging wing by moving dovnward to benezth
the water surfgca. I'ne upward-pushing wing is almost alwe.
part of the larger of the two ice sheets which have bsan ¢ ar-
ated by the folding process., It is from this shest taiit the
thrust power comes., During the formation of ice folds, .. pom-
pagnied %y spasmodic vibratio .s, water invariably is pusr:d
through the open spaces in spurts and with some force, fhis
water finally again freezes and thus increases the stability
of the new formation above, When the force effacts, causing.
such phenomenon,remain active for a longer period,dﬁ time,.
mors folds, successively close to one another, may be forned
in the samm area., Near the Sakrower Church by Potadam I ob- .
served such a case repeatedly for several years. Tlils was the
begiming of & scale structurs, -

The described phenomena are not only limited to the
Havel Lakes near Potsdam; I have recently been told that they
may also freguently be observed on the larse lskes of Mecklen-
burg. Struve in his "Notiz Uber die Untersuchungen des Elses
als festen Kdrpers" mentions cracks and shifting between the
wouth of the Newa and Kronstadt.l Just recently I have also

found an article by Daike, "Joer Eisbllilung und Entstehung
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der Schrunde und Spalten in den Eisdecken der Susswasserseen® 2
An Poggendorf's "Annalen® which has not yet been taken into
consideration. ‘Deike observed ‘the same phemoinena on Lake
Constance. in the winter of 1860/61; .ha called them "crevices"..
H1s not-very=-clear &egcggptionsvcorrgapond; on ‘the whole,
to my observations, but the “erevices" of Lake Constance are
of 1aréer dinensions; their length was 20 - 30,000' (?), their
width up to 14;,)their height up to 5'. Deike also mentions
the spurting:up of water at repeated intervals during the
formation .of the crevices; at Lake Constance this is called
%bléeding of ice", Ide folding seeme to be a common phenomenon
on all larger, still-water areas,

“Ice folding is caused by the release of stress differences
within tﬁe‘iﬁg./fﬂﬁt how does this happen and where do these
differences 1n.s€reas,gome from? Delke attempted to explain
this, According ‘t¢ him such stresses may be caused by:

1) témp;raturé differences in the atmosphere, causing contrac-
tion of the ice, 2) rapidA swelling of the water and Wave effects
beneath ths ice and 3) the accumulation. of compressed air
beneath the ice seeking an escape. The first and the third
factors: are seen as especiallv important by Deike, vut in
particular the third.

The question is, fron where does the air beneath the ice
come? Deike explains this as well: nitrogen and carbonic
acid are set free tirough the breathing of fish and other water
animals and are not again absorbed by the water., "The ice
sheet prevents an escape of the constantly renewed, non-breath-
anle gas., Thls accumulates underneath the ice and can cause

vibration, hamuing snd swishing of the ice." These phenomena, as

.
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well as the folding of the icé and the expulsion of water,
Ware hardly to be: explained by a mere change in temperature.,
But: when. the pressure of non-breathable gas wnder the ice
is also coniidered, as well as the motion of wives, these
phenomena may find a possible, non-fcrced gxplanation.“ The
first gacbér is not explained well enough for us to understand
what the author really meants Had he mentioned that the freez-
ing may cause a surface eibaﬁsion in the nurmbarless crevices,
a plausible explanation may have been developed after further
ana)vsin. The second factor 1s not hased on any obsarvations
at #ll., What could cause such rhapsodic water swélling in the
middle of winter? Besides, if -such swellings were really
effective, ice folding wéuld occur especially during the time
of spring floods. This, however, is not the case. Finally,
each observation shows that the ice folding is caused by
expansion of the ice sheet and the forces resisting ‘this. The
apward or downward vaulting ice is not pushed together, but
pulled and torn during rising as well as falling levels of
water., The author's third and main factor is almost riii-
culoug: what water animals ever produce free gases in such
guantities? Where have such colossal accumulations of gas
under water ever been observed and how do they produce such
graat effscts of force? If we reconsider the foregoing facts
once mere, the only remaining possibility is that ice folding
iz caused by local pressing together of the ice, But how does
this come about?

In solving the problem, place and time of the ice fold~
iny must be taken into consideration.

According to my observations on the Potsdam Lakes, ice
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folding 6gcurs every yeir in almost the sameé places;. ugﬁéiy
near the land. There is,. for example, & whols ‘series of ice
folds along the northwest shore of the Templiner Lake, runiing
from thé Schmaedigschen Brick Works to the Esphan Headland,
whose position -has remained virtually unchangéd throughout
various years,.and ‘the 1ast of which often reaches out far
beyond the headland where the gea reaches its last swellings.
Likewise the northern shore of the Jungfern Lake 1s marked
by ice folds. from. the Sakrower Churoh to the Titzhorni These
show up best near the: Sakrower Church where they run in an
eastevwest direction,s I am slso familiar with nice formations
of ice folding running aldng the shore from the SE bank of
the lake-like: enlarged Havel River across from Péacock Island
to the ‘big Tiefahorm, wheére the river runs into the Wann lLake,
Deike also: makes a few inexact but,as it seems, corresponding
remarks. At the Zeller Laks; for example, between Radolfzell
and- Itcning, at & spot -where the lake was 8000' wide, he observed
‘hwo';r three crevices existing at the same time which ran
paizllel tc the shore at & distance of about 8C0 to 1000',
Ice folding can clso be found at mouths of small inlets
of lakes, the broad sides of which border on the larger lakes

and whose ‘tops are surroundsd by land. Ths: smaller Petzin

in the gouthwest and the Kappe in the northeast are attached

as such inlets to the Templiner Lake, In the winter of 1889/90
ab the meuth of the Petzin, 2 large ice fold ran in a northerly
direction from shora tw shore; behind this lay the mirror-

smooth lce sheet of the Petzin. In some years the bay of the
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Kappe 18 cut Off from the larger Templiner Liake arés thréugh
a-8imilar fold. The Jungférn Lake at its western énd forms

a narrow ‘water way, the so-called "Lange Zug", which: curves
and is, therefore, also surrounded by land at its upper end,
Here too there is usually a smaller ice fold which runs from
the northern: rieck of land, the Titzhorn, far ‘into the mouth
of the "Lange Zug". -Across from this on the south side near
the "Jermjitage” the beginning of an ice fold can also we seen.
Both flank the mouth of the "Lanze Zug".

I could have glven more examples i time and means had
permitted more deta .led research, xsut I think that those
mentioned show that ice folding always occurs where thrust
force meets resistance, either through the near shore or
through a2 small rigid ice sheet which cannot give way ‘becaise
it is surrounded by land &t its back.

I think that this is. the key for the solution of the
broblem. The'cfacks are- . primary; ice folding is secondary,

How do the cracks now come into being? Obviously they
are also caused by stress differences. But how do these come
about? We can find an answer to this question when we con-
sider the time of formation of the cracks, Whoever has ob-
Rervad these phenomena is familiar with the cannon-like
thundering, the wild howling, the whistling and orackling
which’can continuously be heard coming from the large ice
sheets of our lakes in the clear, cold nights and the sunny
mid-days of January and February. It is a frightening music,
but whlch when taken as the volire of nature, ever active in

silence, is also moving and awe inspiring. These are the

o
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"Hartborsten*, which run through the ice by the hundreds.

Sop g

They also appear at other times, though not as frequently.
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ihe time of their appearincg clearly péinté to differences

in temperature as the cause for the stresses. During the
nights the top layers of ice are considerably cooled down as
Y a consequence of the coldness of the air and irradiation,
wheress the lbwesfin'!ms.retain their highér temperatures be-
cause of contact with the water which has a temperature of ’ ’
approximately 0°Celgius. On the. other hand, the top layers

warm up. to 0"°C, during beriods of strong. insolation; the lowest

i

layers at that time remain almost ‘the game temperatures as at

night; in thicker ice the middle layers. approximately preierve

o A o
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. the same temperatures they had assumed at night. Let us now

AT Rt o e e

? é ) consider :the different coefficlents of expancion of the ice
8 at various temperatures. According to Andrews&%or 1 F?(1inear):

betwsen + 16°and + 32°F. = 0 000 04O 876
0°" 4+ 16%P. = 0 000 028 042
° 0 000 020 484

- 21 " OOF.
2} - 30°" - 20°F, = 0 000 019 74}
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These are considerable differences. As ‘soon as different

Ice layers vary so greatly in temperature, tensions must neces-

E‘%. sarily develop , the release of which in all probability will :
é.

result in the appéarance of "Hartborsten", in the same way that
explosive carbon cauges cracks in a rlass pane,

This brings us closer to the formation of ice folds,
EBach crack représenta a narrow crevice in the ice, ranging

from several mm in width to 1 cm. The water seeps into thesge,

PR SR

gometimes also swells over and then freezes., A skater can
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easily detect thoisards of these lamella, formed in the cracks’
gﬁlc@s:un vertically tﬁr;qghvthguléeuénq are often of a &{f'
ferent c_qlér tilan the walls of the cracks.. 'Ifha"fre‘éj‘z,ihg“ 'étl'
these lamella cause$, of .course, an expansion 6f masi aﬁ&,
tnga,~g=pressing(gb§rt of the wills which .surround thém.
Individually’ these have only a miuimal eéffect, Considering,
however, the enormous number of cracks which,gun*throughra larger
lake surfacs, tbese:egfe;ts necessarily constitute a consider«
able power. This power, which is produced when water that has
penetratéd the "Hartborsten" freezes, is, in my  opinion, the
cause for the ice folding.

It is nbw also possible to sxplain why ice folds ars ofiten
formed along shorass or in front of bays surrounded by land.

The expansion of ice as -a consequence of the refreezirg of the
"Hartborsten" will, of course, continue throughout the. whole
surface until land or an ice floe, rigid because of the surround=
ing land, provides an unconquerable barrier. The pressures
which accumulate in front of it are released by a lifting up
of the 1ce. This also explains why during over-lapoing the
edgé of the larger ice sheet is always pushed agalnst the one
of the. smaller rigid shest. The reason for this is that the
pushing force is always ffective in this directidn,

Becaase of insufficlent nbgervationt, the above attempted
expla stil)l needs somé improvement. For instance it ﬁgé‘:
Aot yet been clarifled why ice folds are alwaysv?ormed aé .
vertain spots on the lalke :surface and not everywhere whére

temperature and current would allow the formation of & thick

ice sheet. Why, for instance; do they not occur along the

e Ao mn i st it S e o s
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- S whnle :@ast and southénsti shore .of the Templiner lazke where

;b L

- there are no currénts but where there is alwaysa a thick ice

‘3 dheet? In connsction witch £his would be the question whether

g i " the. .seemiagly irrsgular direction of the :tracks in thé tce

4 ;? ‘18 subject to sqng’iaw. But although this problep needs furs
." 'g_u N ] - - -
: i ther analysis, two things may already be polnted out. Fiist,

= the formation of ice folds: has in all provability nothiig

o«

to do with currents, exceptihg the fact that at our winter

*i ;: \tempergtures a thick fce sheet cannot at all develop , and thus
é{ ; no-cracks and folds etthér, in places with a strong current.

;; E( The mentioned examples éxreédy show clvirly enough the inde-~
?}:\ ' pendence from cﬁxvéﬁt conditions. The ice foldings in front of
~§ ;; the ‘Kappe ant Petzin arid also along the north shore of the Juxig-
‘%f;g ' fern: Lake are1formed in quiet waters; the. pressing which causes
% : the folds along the west .shore of the Templiner Lake,. near the
ﬁ% % Tétzhorn and near the "Hermitage" and also the foldings: from

'é» E Peacock Island to the Tieghorn cross the relatively weak

i t currents of the Havel. %ven .gprings can only exercise local

_% ' influence, It sééms ‘impossidble to attach greater significance
;. . to them as far as -such widespread phenomena are concerned.

; ; ' Secondly, the effects of the prevailing winds cannot be

3 % responsible for our phenomena elther. It may be possible that
; Z through strong and lasting winds the expansion and pressing of
i% % the ice can be steered in a particular direction, causing 2

gi % so-to~speak relling-out of the ice. But the fact that in severe
% : winters when ice folding 1s widespread,. such formations occur
3, concurrently on different sides of the lake and show thrust

5 forces #ffective .n completely differert directions, speaks

’% agalnst a general consideration of this factor,




2. ‘Shore Ridges

The 1lakes of Potsdam are .surrcunded by a ‘great number of
shoreline formations which hHave remained completely unknown
thus far., Low r;dges run for kilometérs along the shores
which consist of uncultivated land, namely forests. These
ridges are made up of sand and humns on the inside and are
grown over with grass and weeds on the outside. They reach a
‘height of 2/3 m maximum and lie at the approximate level of
the winter water line, i.e., in sumaer they are about 3 :m from
the water, deéending on the inclination of the ground. Som:=
times there is only one of these ridges jpresent, at oOther
times there are two, three or more of them. Similar {formations,
but only a few centimeters high, occur at places where the ice
hag thawed and where waves hit strongly, depositing an: accumu-
lation of sand and nlant remains. But these have nothing to
do with shore ridges. Whereas these show a regular low strati-
fication, the shore ridges show the structure of a mountain pro-
file in cross section: the layers of humus and sand are folded
and over-lapped, sometimes fresh grass patches arc folded
together, folded in and are: over~lapped by older material,
similar to the Jurassic wedges in the Jungfern Mountains.

Where do these minute tectonic phenomena come. from? They
are obviously caused by a thrust force effective from the water
to the land. Furthermore, it is thes same thrust force that
causes the ice folding to occur.

The location of the shore ridges already supports this

theory: they are found in the same areas where in winter
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ice folds run along tué shHore, i.e. along the west shore of
the Templiner Lake, from the brick works to the E$phan, along
the morth shore of the -Jungfern Lake, from the Sakrower Church
to the Tiefehorn, on: the east. shore above, Peacock Island to
the Great Tiefehorn, etc. However, nothing is knowh, for example,
about significant ice shiftings or shore ridges on the Tiefen
Lake near Babelsberg, on the "Lange Zug", on the sast and
west shores of the Jungfern Lake and on the southeast and
south shores of the Templiner Lake.

| Direct observation shows the relationship between ice

| shifting and the shore ridge. I found a charscteristic ex-

i ample in February, 1890. The large ice fold which then ran,
ag8 I have already mentioned, across the mouth of the Petzin
River, touched the land diagonally in the south near the
northern peint of the Great Wentorf. It consisted here of
more than six ridges, arranged column-like one after the
other and it had been pushed upwards towards the flat meadow
land and had smashed 1t in a peculiar way. Sand and lce
patches had bheen licted up by the ice folds, kneaded together
witn pleces of ice, folded in and turned over. In the midst
of this foot-doep and inch-wide cracks ran diagonally iLhrough
the hard frozen zround, along which the glnrds af earth had
bee shifted in a horizontal directison againgt  »ra anather
1like a "Suess leaf". As here, ice folds ars Yo" pagned

up on the shore for long stretchas, namels whan rnay run
parallel to it., I have often observad tha game phanr-ans at
many spots, though not in as clear fornations as ere, for

examyle, left of the Sakrower Church where folds ¢an regzu-
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larly be fo@nd near the shore, lined up closely one behind the
other, In addition to the formation of shore Fidges because
of the lifting and pushing together of lce, trees may also

be up-rooted.

There 1s no:-doubt that shore ridges are formed by the
pressure of the forward pushing ice. It is posgsible that
thisg fact may be of relevance for a problem which has not
yet been sufficlently exnlained, By this I mean the formation
of shorelines common to higher latitudes. In the past these
have heen congidered partly as the result of the effects
of the surf. But the surf cannot be effective in sheltered
and narrow fjords. On rocky precipitous cliffs frost may
in part effect the forsation of shorelines as the water,
in the narrow bays,spurts into the crevices and freezes,
During longer and: severe winters even the discussed ice shift-
ings may play a part in moulding the shorelines by accumula-
ting loose material as well as by breaking apart solid rock

which has loosened and fallen because of weathering and frost.
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