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Abstract. The paleoclimatic significance of the perennial ice research, with only a few of them (e.g., Dolisia L'adova
deposit in Sarisoara Ice Cave has been remarked on sinceleskia, Kungur Ice Cave, $eisoara Ice Cave) being investi-
the early 20th century, but a lack of understanding of the pro-gated in more detail. Over the past decade, a series of studies
cesses involved in the genesis, age and long-term dynamidsave targeted ice caves as sources of paleoclimatic informa-
and volume fluctuations of ice hampered all attempts to extion (Citterio et al., 2004a; &tizs et al., 2004, Kern et al.,
tract valuable data on past climate and vegetation change2004, Holmlund et al., 2005; Luetscher, 2005; Luetscher et
In this paper, we present a model of ice genesis and dyal., 2007; Kern et al., 2009) and hence resurrecting the in-
namics, based on stable isotopes, ice level monitoring (modterest in their study. Although promising, the paleoclimatic
ern and archived) and radiocarbon dating of organic mattepotential of the perennial ice in caves is hampered by the
found in the ice. Ice in this cave mostly consists of layerslack of understanding of the complex systematics of ice gen-
of lake ice, produced as liquid water freezes from top to bot-esis, mass balance fluctuations and age (e.g., Luetscher et al.
tom in mid-autumn, and floor ice, produced as inflow water 2007), as well as the way in which the climatic signal is be-
in winter freezes on top of the lake ice. This mechanisming transferred from the exterior to the ice (e.g., Persoiu et al.,
was also acting in the past, during the Medieval Warm Pe-2007). Moreover, stratigraphic gaps detected in the ice could
riod and the Little Ice Age. The ice block is not stable in prove to be difficult to date and thus make the paleoclimatic
shape and volume, being continuously modified by ablationreconstructions a challenging attempt.

on top and sides, basal melting and lateral flow. Radiocarbon In 2003, an ambitious paleoclimatic research program has
dating shows that the ice block is older than 1000 years, bubeen initiated in S&risoara Ice Cave (Holmlund et al., 2005)
ice flow and differential basal melting suggesting that the icewith the intent to reconstruct the climatic and vegetation
could be much older. history of the area surrounding the cave by analyzing var-
ious proxies found in the ice (oxygen and hydrogen stable
isotopes, pollen, macrofossils, etc). The aim of this paper
is to review the processes related to the genesis of ice in
Sarisoara Ice Cave, as well as to propose a mechanism for

the initiation of ice accumulation and its long term volume

!ce caves are a common fea_1ture of mid-altitude mountam%/ariations and dynamics, as a starting point for further pale-
in Europe, where a combination of cave morphology and Io'oclimatic studies

cal climate makes the perennial accumulation of ice possi-
ble. They were a rather underestimated subject for scientific
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Fig. 1. Location map, plan viewfA) and cross sectio(B) of Scarisoara Ice Cave (modified from Rusu et al., 1970). The red points mark:

(A) position of the cores drilled in 2005 and 20d8) position of SCL1, SCL2 and SCL 3 samples for radiocarbon dafi@yposition

of SCL4, SCL5, SCL6, SCL7 and SCL 8 samples for radiocarbon dating. The red star marks the position of the collapse passage that was
linking Scrisoara Ice Cave and Pojarul Politei Cave (see main text for details).

2 Site description The climate of the region is continental temperate, show-

. _ ing a strong influence of the westerlies. The mean annual
Saarigoara Ice Cave (700m long, 105m deep) is locatedemperature near the cave-$.2°C; the temperatureg( of
in the Apuseni Mountains (Fig. 1), a massive, steep-sidethe coldest month (January), and warmest (July) are around
mountain range in Central Europe, at 1165ma.s.l. —4°C, and 15C, respectively.

The cave is carved in thickly bedded Upper-Jurassic lime-  The prevailingly western circulation of the air in the
stones (Bucur and Onac, 2000), its entrance being located O seni Mountains causes large precipitation amounts (over
the western wall of a circular shaft 60 m in diameter and 47 M1 600 mm per year at &ta de Vale, some 30km to the NW)
deep, the bottom of which is covered by a perennial layer ofi 5] on their western slopes, whereas on the eastern slopes
snow. Beyond the entrance, the ice block, with a volumeine annual amounts are reduced by half (below 850 mm at
of ~100000 i and area extent of BOOQerfprms the floor  gaisoara, ca. 35km to the NE). In the area surrounding the
of the Great Hall, its vertical sides delimiting three distinct .56 the mean annual precipitation varies around 1200 mm

sectors of the cave: The Church (“Biserica”), Little Reserva-yith the highest values in spring and early summer months
tion (“Rezervatia Mi@”) and Great Reservation (“Rezervatia and the lowest values in October.

Mare”) (Fig. 1).
Towards the NW, the horizontal floor ends with a steepl.k
lope dipping 8 m toward the small Church Hall, with an ice !
S ' imum values of the snow pack depth can exceed 1 m at the

covered floor and over 100 perennial ice stalagmites. The-bottom of dolines, and 3-4m at the bottom of théSora
Little Reservation is on the northern side of the Great Hall lce Cave’s entrance shatft.

and can be entered by descending~alB-m high vertical The climate of Sari lce C is a direct
cliff, along which the ice stratification is visible. In the cen- € climate of Sarnsoara lce Lave Is a direct consequence

tral part of the room, not far from the ice block, a field of of the external climatic variations and underground ventila-

ice stalagmites forms. The entrance to the Great Reserveﬂon caused by the presence of a single entrapce and_mainly
tion is located on the southern side of the Great Hall. Withindescendent passages (Onac et al., 2007). This peculiar mor-

this part of the cave, the largest rooms are found (20 to 45 nphology leads to cold air inflow inside the cave during win-
’ der months, triggered by the higher density of the cold exter-

to a depth of 90m below the surface and 43m below thenal air masses compared to the warmer ones inside, while in
level of the Great Hall. On the horizontal bedrock floor in SYMMET, the same density difference prevents the exchange

the central part of the Great Reservation is another field oiof al.r masses between th% two enV|rc.)n|.”nent.s. )
ice stalagmites similar to the ones in the Little Reservation. Within the cave, Racow (1984) distinguished four cli-
In both Great and Little Reservations, a variety of calcite Matic zones: a transitional zone in the entrance shaft, a

speleothemes have developed in the inner non-glaciated pargi@cial zone comprising the area occupied by the ice block
of the cave. (Great Hall, The Church), a periglacial zone (Little and Great

Reservation), and a warm climate zone in the non-glaciated

The mean duration of the interval when the snow layer is
ely to exist is estimated to be 150-180 days per year. Max-
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parts of the cave (Coman Passage aAdziana’'s Palace). 2011, for details of the analytical techniques). Ice samples
The spatial repartition of these climatic zones is reflectedfrom an ice core extracted in the Great Hall in 2003 (Holm-
in the thermal pattern of the cave: while in Great Hall the lund et al., 2005) were also recovered for stable isotope anal-
mean annual temperature is aroun@.9°C, it increases to  ysis. Each of these samples consists of a layer of ice and
—0.2°C in the Great Reservation and 4@ in the Coman  cryogenic calcite{ak et al., 2008) at its base, and thus are
Passage. taught to have formed in one year. The results of the stable
The air temperature has the greatest variations in thdsotope analyses are reported in %o versus SMOW, the ana-
glacial meroclimate. During the periods with cold air in- lytical precision (2) being better than 0.2%. and 1.0 %o for
flow in winter (extending from late October to early April), oxygen and hydrogen, respectively.
the temperature closely follows the external climate evolu- Eight samples of organic mattePi€ea abiesbranches)
tion and may decrease belewi5°C. During summer, when were collected in August 2006 from thel8-m high exposed
aerodynamic exchanges with the surface cease, the undewall in the Little Reservation, and radiocarbon analyzes were
ground temperature is independent from external variationsperformed in the Gliwice Radiocarbon Laboratory, using the
being influenced only by the thermal inertia of the ice block Liquid Scintillation Counting method on a Quantullus 1220
and the overcooled walls of the cave, rarely increasing abovespectrometer (Pazdur et al., 2003). Calibration of the raw
+0.5°C (Racovih, 1994a). data was performed using the OxCal 4.1 software and the
Air circulation is one of the most important factors affect- INTCALO9 dataset of Reimer et al. (2009).
ing the mass balance of the ice in the cave. We can distin- For the short-term level fluctuations assessment, the fol-
guish between two seasonal types of circulation: one occurtowing measurements from the Great Hall were used: (1) our
ring in summer and the other in winter. Between Novemberown measurements performed between October 2000 and
and April, airflow triggered by the higher density of external July 2010; (2) the monthly (between April 1982 and Decem-
cold air is directed from the surface downward into the cave.ber 1992) measurements of Racav{1994b), and (3) older
The inflowing cold {imin < —15°C) and dry (relative humid- ice level data collected since December 1947 and reported by
ity <75%) air first reaches the Great Hall, where it descends€Racovifi and Onac (2000) and Rac@vif1994b). The dis-
along the flanks of the ice block into the Little and Great tance between the ice surface and the overhanging rock wall
Reservations, displacing the warmer air, which is pushed outvas measured, the data thus reflecting the summed mass loss
along the ceilings. Between May and October, no air massand gain at both the upper and lower parts of the block. In
exchange occurs between the cave and the outside, as tleder to distinguish between the two, a secondary data set
cold air in the cave is denser than the external air. Mean-was obtained, by measuring the ice level changes against the
while, the overcooled walls of the cave and ice block accountl982 level on a 50 cm-long line, which was inserted into the
for the persistence of cold air masses in the Great Hall, whileice in April 1982. By subtracting the two data sets, it was also
the inner parts of the two Reservations warm slowly underpossible to calculate a second order parameter, i.e., the rate
the influence of geothermal heat and the heat capacity of thef melting at the sole of the ice block (Persoiu, 2005). Ice
rock. Thus, this difference in air temperature triggers a slowflow was assessed by monitoring the movement of a marker
air movement between the Great Hall and the two Reservainserted in the upper face of the ice block against the rock
tions, the airflow following almost the same path as in win- wall in the Great Hall.
ter. The difference is that the rising warm air is progressively
cooled as it reaches the walls of the Great Hall and sinks to
the bottom of it, closing the convective cell. In April and 4 Results and discussions
October, rapid changes between summer and winter types of

circulation occur as temperature varies aroufi€0 The results of ice level measurements, presented in Fig. 2,
show a strong ice loss between 1947 and 1980, followed by

a period of relative stability with ice build-up in the mid-
3 Methods 80s and in 2006 and 2010. Melting at the base of the ice

block was determined for the 1982—-1992 observational pe-
In order to meet the above objectives, the following set ofriod, being relatively constant, at a rate of about 1.5 cm/year
analyses was performed. Firstly, observations and measuréPersoiu, 2005).
ments of ice dynamics and level changes were carried out be- The results of the radiocarbon dating are shown in Table 1.
tween August 2004 and June 2005 and between August 2008he upper 9 m of the ice block, as well as the lowermost one
and January 2009. Additionally, two shallow ice cores were(ca. 10 m below the lowermost dated horizon) was not dated,
drilled in January 2005 and 2009, containing ice formed indue to lack of organic matter in the ice. Three samples were
the previous months only. The cores were cut respectivelycollected in the eastern side of the ice wall, and the remain-
into six (core B, 2005) and five (core A, 2009) equal pieces,ing five in the central and western part of it (Fig. 3). All
allowed to melt at room temperature, and tl3é¥0 ands?H radiocarbon ages are in correct stratigraphic order, except for
were measured on the resulting water (see Persoiu et alsamples SCL 4 and SCL 8. Sample SCL 8 was collected
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Table 1. Results of the radiocarbon analysis of samples collected fraris®ara Ice Cave.

Sample name  Lab. No. Depthbelow A&  Calibrated age range (AD) Date used
surface (cm) at bothaland 2

Western side

SCL8 Gd-12924 901 49545  AD 1405-1450 (68.2%)dl  Not used
AD 1388-1471 (84.0%) 2
AD 1316-1355 (11.4%) @

SCL7 Gd-15990 1005.5 26565 AD 1512-1601 (32.6%)d  AD 1600
AD 1453-1692 (72.2%) @
AD 1728-1811 (17.45)@

SCL 6 Gd-12922 1125.5 33950  AD 1494-1532 (20.2%)d  AD 1565
AD 1537-1602 (36.35)d
AD 1454-1649 (95.4%) @

SCL5 Gd-15988 1571 82870 AD 1156-1276 (68.2%)d AD 1216
AD 1040-1285 (95.4%)2
SCL4 Gd-16416 1682.4 810130 AD 1147-1288 (48.6%)1 AD 1196

AD 1045-1097 (13.9%)d
AD 985-1407 (95.4%) @
Eastern side

SCL3 Gd-12918 1262.4 80050  AD 1207-1275 (64.2%)d  Not used
AD 1153-1287 (93.0%) @
SCL1 GdS-458 1345.4 89045  AD 1048-1087 (22.7%)d  Not used

AD 1150-1212 (37.1%)d
AD 1027-1225 (95.4%) 2

SCL2 GdS-459 1467.4 108050 AD 986-1048 (43.6%)d  Not used
AD 1087-1123 (18.8%)d
AD 1138-1150 (5.8%)d
AD 952-1162 (92.4%) @

from a disturbed section of the wall, where the ice folds due4.1 The mechanism of ice formation
to differential flow velocities which cause overturning of the
ice layers (see below) and was excluded from the depth-ag®ost of the previous work in Seisoara Ice Cave (Racosit
model. Samples SCL1, SCL 2 and SCL3 were also excluded927; Serban et al., 1948; Rac@égnd Onac, 2000), as well
from the depth-age model as they are very C|ose|y SpaceQ.S other places (Luetscher, 2004) explained the formation of
in time and partially overlap, and also because the thicknesi€ as a polygenetic processes, where both freezing of ice
of ice layers is not similar in the eastern and western sidegnd diagenesis of snow interplay to form a new layer of ice
of the block and hence an exact stratigraphic correlation be€ach year. The snow that accumulates at the bottom of the
tween the two sequences could not be made. The radiocagntrance shaft to &cisoara Ice Cave is only 1-3 m thick, not
bon age-depth model is based on linear interpolation betweefnough to allow compaction under its own weight to form
the midpoints (minim of 60% atdl or 2o calibrated ranges; ice. Moreover, the reduced thickness of the snow pack allows
Fig. 4). percolating water (from melting snow and summer rains) to
The stable isotope values of ice of the short ice corese€ach the bottom of it quickly, without freezing to further
drilled in the upper face of the ice block, as well as those fromform ice. The freezing of water inside the snow pack is also
the deeper part of the ice block, are shown Fig. 5. A clearPrevented by the relatively high (between 0 and°@} air
trend of isotopic depletion with depth is displayed for both and snow temperatures (Racavif994a). Most of the snow
cores, due to isotopic fractionation processes in the forminggt the bottom of the shaft melts and drains away through fis-

ice (Jouzel and Souchez, 1984; Persoiu et al., 2011). sures in the underlying limestone, with only occasional in-
flow towards the ice block.
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°C Al temperature ice through a downward freezing process in which the heavy
f? isotopes of O and H are preferentially incorporated in the
p ice, leaving the remaining water strongly depleted (Jouzel
. and Souchez, 1982; Souchez and Jouzel, 1984; and firstly
10 described for cave ice by Citterio et al., 2004b). A similar

-15 Precipitation amount  mm

trend of180- and?H-depletion has been found in ice layers

200 that were dated to 740 and 289 cal BP (Persoiu et al., 2010),
o] - hence showing that ice formed in a similar way both during
40-K 50 the Medieval Warm Period (MWP) and the subsequent Lit-

tle Ice Age (LIA). Moreover, stable isotope analystak et
al., 2008) of cryogenic cave calcite (CCC) found at the bot-

Ice level

120 ] December 1947 ., tom of the cores revealed extremely high values'sC (up

71407 *en M"\. ;-'h\ . to +12%. PDB), typical for calcite formed during fast freez-

Sl SN AP, P17 ... 3 ing of water Zak et al., 2004, 2008). Degassing of £0
SEBEALSLEELENREAEEEEA LSS LIS during freezing is also responsible for the formation of bub-

éo éc ec éo eo eo eoéo e@ ec eo eo eOéO eo eo é() \;o éo eO V\O eo e() eO eO éc eO éo e() e() eO ) . . .
bles within the lake ice, as they are trapped under the first

Fig. 2. Short-term ice level fluctuations in Btsoara Ice Cave ayer of ice to form on top of the lake’s water; as opposite to
(1947-2010, modified from Racosit 1994b) against the air tem- fl0Or ice, where degassing G@reely escapes to the cave’s
perature and precipitation amount recorded aisBara Meteoro- ~ atmosphere. Similar values (up to +9%. PDB) were found
logical Station (1961-2003). in CCC from ice layers formed during the MWP and LIA,
further supporting the genesis of ice by the freezing of water
also under different climatic conditions. However, both dur-
Observations over the past 10 years have shown that thimg the LIA and MWP ice must have formed also as floor ice
ice block is built up by in situ freezing of water. This is a (not only lake ice), and melting must have led to loss of both
multi-stage processes, with two types of ice (Persoiu et al.jce types, so it would be difficult to assess the contribution of
2011) being formed during the accumulation season, lastinghe two types of ice to the built-up of the ice block.
between mid-September (earliest) and early-June (latest). In
mid-autumn, under the influence of cold air sinking inside 4.2 Ice mass balance fluctuations and dynamics
the cave, a shallow lake that accumulates during the melt-
ing season starts to freeze from top to bottom, to form layerOn an annual cycle the level fluctuations of the upper face
of ice approximately 10-15 cm thick. On top of this layer of the ice block show a cyclic behavior, with a maximum in
of so-called “lake ice”, thinner layers of ice (termed “floor late spring and a minimum in late summer (Racé\t al.,
ice”) could form during the winter, when occasional warmer 1987; Racovi, 1994b). Longer-term fluctuations are super-
and wetter weather leads to water infiltration inside the cavemposed on this annual cycle under the influence of external
(through the highly fractured and bedded rock ceiling di- temperature and precipitation amount, with the warmer but
rectly above the ice block) and its subsequent freezing in theldrier summers (e.g., 2006 and 2010) and warmer but wet-
colder environment. Thus, at the end of the accumulation peter winters (e.g., 2005-2006 and 2009-2010) leading to less
riod, the newly formed layer of ice is composed of two enti- melting and more ice accumulation (Fig. 2). The wet sum-
ties: lake ice at the bottom, formed in mid-autumn, and floormers of 2005 and 2009 led to a rapid ablation of the ice, while
ice on top, formed in warmer winter periods. Beginning with the colder and drier winters between 2001 and 2003 did not
mid-April, melting begins, driven by the infiltration of warm allow for much floor ice build-up. This pattern follows that
precipitation waters (Persoiu, 2004) that lead to a rapid ablaeof the past ca. 60 years (Fig. 2), with periods of ice build-up
tion of the upper face of the block. By mid-summer, most of corresponding to drier summers and generally colder years,
the floor ice is melted and the resulting water drained awayand periods of ablation associated with wetter and/or warmer
through a narrow channel carved in the ice. Reduction ofyears (Racovd, 1994b).
precipitation amount in the summer months &¥anu and The accumulation of the perennial ice block iresoara
Varga, 2003) stops the melting, and the drainage channeke Cave must have started after the collapse of the passage
quickly fills up with ice: thus, proper conditions develop for in the Great Reservation (see Fig. 1) that was linking the cave
the accumulation of a new lake, which will freeze in the next with Pojarul Politei Cave, passage that was allowing free cir-
autumn. culation of air through the cave and thus preventing its cool-
This model of ice genesis is further supported by stableing. Seasonal ice could have been formed before this col-
isotope data (Fig. 5). The two ice cores were extracted atapse, but it was possibly melting away in the summer sea-
the end of the lake ice formation phase, and 40 and  son under the influence of air circulation, as seen in nearby
8%H data show an evident decreasing trend from top to bot-caves with two entrances situated at different altitudes (as
tom. This trend could only be explained by the formation of Scrisoara Ice Cave must have been at that time). Ice could

www.the-cryosphere.net/5/45/2011/ The Cryosphere, 55332011



50 A. Persoiu and A. Pazdur: Ice genesis, mass balance and dynamiésigo8a Ice Cave

Fig. 3. The exposed wall of the ice block as seen from the Little Reservation, with the position of radiocarbon ages shown.
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Fig. 4. Depth-age model of the exposed ice wall in Little Reserva- the ice block in Sarisoara Ice Cave.
tion, Sarisoara Ice Cave.

the ice: the upper part of the debris cone underneath the en-
have started to accumulate during the last glacial, as Onagrance shaft and in the Great Hall and the two lowermost sec-
and Lauritzen (1996) have shown that dripping water wastions of the cave (Fig. 6a). We do not think that a lake could
available inside the cave some 55kyrs ago (based on U/Tihave developed on top of the debris cone in the Great Hall,
dating of stalagmites from the cave), but the survival of suchbut, nevertheless, ice was developing as dripping water was
old ice is improbable, as basal melting is high enough (sedreezing to form ice speleothemes and a thin layer of floor
above) and the ice must have melted away. ice (an ubiquitous process observed in the cave over the past
We consider that the inception and accumulation of ice in60 years). In the deeper parts of the cave a similar processes
the cave must have followed the scheme in Fig. 6, with con-must have acted (as it does today); and, additionally, wa-
siderable fluctuations between the main stages, under botter could have pooled on the rock floor and freeze to further
external (climatic) and internal (ice flow) controllers. form ice. A positive feed-back loop was established inside
The first (semi) perennial ice that accumulated inside thethe cave, and ice started to grow rapidly, the ever increasing
cave (Fig. 6a) changed the cave’s own climate, its melting(in steps) ice volume (Fig. 6b) helping to keep the tempera-
over the summer consuming all the heat delivered to the cavéure at O*C for longer time. Serban et al. (1948) suggested
by conduction (through the air column in the entrance shaftthat ice at one time filled the cave completely, leaving the in-
and the rock walls) and dripping water, as well as by thenermost sections of it out of the reach of inflowing cold air.
geothermal heat, thus maintaining the temperatureS@t 0 These authors have proposed that melting started in the iso-
Two possible sites are good candidates for the inception ofated parts of the cave, leading to the retreat of the ice from
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1948). An exceptionally fast melting occurred between 1947
a and 1963 (Fig. 2), when the upper face of the block lowered
by ca. 75 cm, possibly due to the opening of the entrance to-
e wards the Little Reservation (Fig. 6d), which led to rapid loss
<N of water that otherwise would have frozen and built up as ice.
The accumulation of ice was not continuous, nor was the
ice block stable. The layering of the ice block (Fig. 3) is
an indicator of the lateral flow of the ice towards the walls.
The fold visible in Fig. 3b must have formed as ice was flow-
ing to fill in the empty space remaining as it was retreating
b from the walls. Observations over the past 60 years have
shown that melting starts at the triple junction between the
rock wall, rock floor and ice wall (Fig. 6¢), where the amount
~ = of heat delivered to the ice block is maximized, so that the
an opening is created at the base of the ice wall while its
upper part is still in contact with the rock wall. Monitor-
ing over the past 10 years has shown that the ice is flowing
with a velocity of about 3 cm/year from east to west, towards
the direction of the fold. Two conspicuous layers of organic
c matter are visible at the two ends of the exposed wall, the
middle of it being covered by ice formed after the opening
! of the entrance at the upper face of the ice block (Fig. 6d).
Both layers were formed in the middle to late MWP. Serban
et al. (1948) and Pop and Ciobanu (1950) have suggested
that these layers have formed as enhanced melting led to the
merging of a series of annual layers. Alternatively, these lay-
ers could have also formed as result of strong in wash of ma-
terial from the outside following heavy individual rains. The
accumulation rate during the MWP, calculated based on the
SCL1, SCL2 and SCL 3 radiocarbon ages was between 0.9
and 1.6 cm/yr, similar to the modern rate (1.3 cm/yr, based on
data from 1982 to 2010). Following the end of the MWP and
during the LIA, the accumulation rate remained unchanged,
as the possible lower accumulation during the colder winters
(less water available) was being compensated by less melting
in the colder summers. This constancy of the accumulation
rate during different climatic conditions is due to the com-

Fig. 6. A conceptual model of the genesis and long-term volume plex interplay between the climatic factors that control the

fluctuations of the ice block in $cisoara Ice Cave (see main text evel (and mass bglance) fluctuations of ice, i.e., wet vs. dry
for details). Arrows indicate the direction of cold air inflow. summers and/or winters and cold vs. warm summers and/or

winters. As seen above, a cold but dry winter will lead to less

ice accumulation as a warmer, but wetter one, while a warm
the walls and the subsequent formation of the ice cliffs to-but dry summer will lead to less melting than a cold, but wet
wards the Little and Great Reservation (Fig. 6¢). Thus, theone. As a consequence, the possibility of extracting a good
ice block must have evolved into the shape of a pyramid, withclimatic signal from the various proxies in the ice (stable iso-
a flat surface (formed by the freezing of lake water) and ver-topes, pollen) is very promising, provided that more dating is
tical (or inclined) lateral walls (formed by the retreat due to performed.
melting). Visitors to the cave in the 19th century (Schmidl, Melting at the base and sides of the ice block led to lateral
1863) noticed the horizontal surface and the opening towardflow of the ice in the middle and lower sections of the block,
the Great Reservation only; that towards the Little Reservawhile the presence of the rock wall prevented flow in the up-
tion being sealed off by ice coming in contact with the rock per part, hence leading to the development of a fold. Based
wall. Following the warming after the end of the LIA (Popa on radiocarbon dating on this section, ice thickness measure-
and Kern, 2009), the ice started to recede (both from belowments and geothermal flux values (normal for the area, as
and from top downwards, Fig. 6¢) so that by 1947, the open-suggested by Demetrescu and Andreescu, 1994), Holmlund
ing towards the Little Reservation was visible (Serban et al.,et al. (2005) give an age of about 2000 years for the onset
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