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General comments

The paper is very useful since it touches seveemerpl aspects of speleothem-based
paleoclimatic studies requiring further researct datailed discussion (I will briefly discuss
these general aspects below). The paper also egisea report on a new find of Holocene
coarse-grained cryogenic cave carbonate (G&&in a high-altitude Alpine cave, which are
the facts justifying the publication. Neverthelets® relationship between the outside climate
and the cave microclimate under the present-dayditons, the importance of cave
morphology on its microclimate, and especially thkationship between cave microclimate
and surface climate during the transition from enadrost setting to a non-permafrost setting
in the past should be discussed in more detail. bgohology of the cave under study is
quite different from caves hosting the CG&=ein lowlands and highlands of Germany, Czech
Republic, Slovakia and Poland which makes such metailed discussion crucial. The paper
can be published after a wider discussion of theaspects and after
reconsidering/modification of some formulationscdissed below in the Specific comments.

General discussion: Contrasting response of differg cave microclimatic types to
surface climatic changes

Possible systematic differences between cave niigrate and surface climate are usually
not discussed in sufficient detail in the speleotH®msed paleoclimatic studies. The
relationship between cave microclimate and theaserfclimate becomes more complex
during the transitions from non-permafrost to pdros settings and vice versa. Most of the
traditional assumptions on cave microclimate usuadhsidered as correct cannot be taken as
valid any more during these important climatic siéions. Studies of the relationship between
cave climate and present-day permafrost distribuice not frequent (e.g., Pulina, 2005;
Mavlyudov, 2008). The response of cave climate daner permafrost formation and
destruction was theoretically modelled by Piels#ic{2000).

To investigate the response of cave microclimaspeeially temperature, during
permafrost formation and destruction it is necgsgaunderstand the processes governing the
transmission of surface climatic changes into #aecIn general there are two mechanisms:
heat advection, via moving air or water, and headaction through the soil and karst rock
(in combination with the geothermal flux from belowAn overview of cave climatology
based on heat transfers was given by Badino (26d6y Dominguez-Villar (2012).

For the discussion of paleo-microclimatology of €at is useful to define theoretical
climatic end-members of the caves, i.e. specificectypes, each with one dominant heat
transfer mechanism: i) heat is transferred withdinee airflow; ii) heat is transferred with the
underground water flow, and iii) heat is transfdrigy conduction within the rock. The
response of the cave mean annual air temperatuk®&T) to the changes of surface mean
annual air temperature (S-MAAT) can be differeneach of these cave types. | suppose for
this brief discussion caves which are located dety@n about 15 m below the surface. The
effect of surface seasonal temperature changesntitied to the cave by heat conduction
through limestone is already negligible at thisttgjBadino 2010). The theoretical cave end-
member types are as follows:



Type 1. Caves or cave sections dominated by heat transfers related to cave airflow. In this
cave type, air circulation is the dominant facttatt controls C-MAAT. Cave air
circulation can have several physical drivers,,elge pressure difference between the
interior of the cave and the external air and dgrdifferences; a summary of different air
circulation scenarios active under different cawegphologies was given by Badino (2010)
or Dominguez-Villar (2012). Short caves with lamgen entrances, multi-entrance caves
with large open entrances located at different atlews, or multi-entrance caves with a
large open entrance in a rock face opened to segtegior winds belong to this category.
Under surface climatic changes the C-MAAT of thels@amically ventilated caves or
cave sections is usually close to S-MAAT and rgpidllows the surface climate. These
caves may even show seasonal variations in caveetature, which are always strongly
attenuated and usually delayed with respect t@asar§easonal variations (Cropley, 1965).
Latent heat related to water condensation and wataporation in the cave can further
enhance the heat transfers.

Subtypes of Type 1 caves: Within this cave type, there exist several spedafib-types whose
C-MAAT strongly differs from the S-MAAT. Warm air asses circulating in upper
sections and cool air masses circulating at thevbiotan be trapped in chimneys or vaults
and in deeper sections of a cave (Pflitsch andePkas2003; Luetscher et al., 2008pld
air-trap or verticalsnow-trap caves are typically caves without water streams, with one
several large open entrances located at a higegatedn than most of the cave. During
winter, cold dense air sinks into inclined descegdiaves. Because of its higher density, it
is trapped there year-round. Caves of this morghyokhow a high ventilation in winter
(with cave temperature drops strongly below 0 °@d a limited ventilation during the
warmer part of the year, when the cave temperasustéable and generally close to 0 °C
(the temperature is stabilized by melting of perainite accumulations; Peiu et al.,
2011). These caves have the C-MAAT lower by sev&tathan the S-MAAT, and can
host perennial ice accumulations even in areasenfpérate climate (Yonge 2004).
Empirical data show that the upper limit of the @M under which caves of this type
can keep perennial ice accumulations is about 20tdC (evidenced by, e.g., Silicka
ladnica Cave in Southern Slovakia, Bella 2008;ase Karakostanoglou, 1989; Silvestru,
1999; Mavlyudov, 2008; Luetscher et al., 2008). ifairty, caves having a large open
entrance at their lowermost point avarm-air-trap caves, with their C-MAAT higher than
S-MAAT.

Type 2: Caves or cave sections dominated by heat transferred by flowing water. If the water
flow or water dripping through the cave are suéfiti (and the cave ventilation is limited),
the cave air temperature is controlled dominanyiythe thermal equilibrium between the
cave air and water. In this case, flowing watertis also the rock temperature around
the cave (Badino 2005). A good example is represebly deep chasmal caves of the
mountain karst with permanent or temporary watewflwhich do not follow the usual
geothermal gradient (Badino 2010 and referencegeitije In deep caves the
transformation of the water potential energy tothasi it falls down, has also be taken into
account (cf. thermal profile of the Krubera-Vorongave; Sendra and Reboleira 2012).
While under non-permafrost settings, water flowingthe underground cools the deep
subsurface environment (the geothermal gradientush less steep than the undisturbed
one), under permafrost conditions the circumstamresdifferent. A cave with seasonal
water flow can have its C-MAAT slightly above 0 dd thus represents a talik in the
permafrost. This relates to the fact that commom-rieineralized water cannot flow at
negative temperature. Seasonal summer water floougih these caves (of water with
temperature slightly above 0 °C) transports the ims&de and keeps the cave unfrozen and
hydrologically active (Ford and Williams, 2007). dther theoretical sub-type lies at the



opposite end of the thermal spectrum: caves cloablyi fully controlled by the thermal
groundwater inflow, whose C-MAAT markedly exceeks 5-MAAT.

Type 3. Caves or cave sections climatically dominated by heat conduction within the rock and
by heat exchange between the rock and the cave air. If a cave is isolated from the heat
transfers related to water flow or air circulatiathjs third factor becomes the most
important one. These caves are typically inactoday (without water streams, with low
guantity of drips), and have been usually formedeaurdifferent morphological or climatic
conditions in the past. Their entrances are usumlyow and can be partly or completely
blocked by roof collapses and/or their corridoms sgaled by sediment fill in some sections
(or by temporary snow fields and/or ice plugs unglecial climates). These caves show
barometric cave airflow (in relation to variatioinsexternal atmospheric pressure) in some
cases, but air in their internal sections is litlehanged. With respect to usual ~100% air
humidity, latent heat production/consumption redaie water condensation/evaporation is
negligible. Since the permafrost formation and iesion are very slow processes (which
can be significantly delayed with respect to swfacimatic change), any cave
paleoclimatic data derived from Type 3 caves havebe evaluated with care when
correlating them with surface climatic changes.eeslly in caves located deep under the
surface. It should be noted here that relics ofmaérost formed during the Last Glacial can
locally still survive at depth in the lowlands ofed@ral Europe, as documented by
Szewczyk and Nawrocki (2011) in Poland. This cleaslidences the large “inertia” of the
permafrost.

It should be noted that the above defined cavestypgpe 1 with heat transferred by
airflow, Type 2 with heat transferred by flowing dripping water, and Type 3 with heat
transferred via conduction within the rocks) arecttetical end-members. Under real
circumstances the cave systems can be influencedllbtypes of the heat transfer. The
conditions can also change temporarily, when arpiag blocks the cave entrance, or if the
stream flowing through the cave during an intengllaor interstadial disappears because of
low precipitation quantity and restricted infiltiat during a stadial. Transitions from one
dominant heat transfer mechanism to another onébearonsidered as probable during the
permafrost formation and destruction.

Cave types 1 and 2 can show (usually small, butsoreable) negative and positive
differences of the C-MAAT from S-MAAT. Under specifcircumstances, they can form
major thermal inhomogeneities in the subsurfaceirenment, locally disturbing the
geothermal depth gradient. They can form a talikhe permaforst (Type 2), or isolated
permafrost occurrences (cold traps) in the aredétind the limits of sporadic permafrost
(Type 1), as discussed above. Therefore, they@reell suited for the studies of distribution
of the former permafrost. Only Type 3 caves areamsniitable for such studies. Fortunately, it
is this cave type that hosts majority of the accatmns of CCGuarse in lowlands and
highlands, which are mostly absent in other capesy

The reviewer hopes that the theoretical discusalmove shed some light on possible
complex relationships between cave microclimate sundlace climatic changes — an aspect
which should be discussed in more detail in theeseed paper. The opinion of the reviewer
is that the studied Mitterschneidkar Eishéhle (fart MSK Cave) possibly changed its
microclimate type several times. It could have fiored as a cold-air trap in periods of low
precipitation and low snow quantity, or as Typea¥e when the entrance was completely
blocked by ice/snow or rock debris. One possibiigythat the formation of CCGarseWas
related cave microclimate at a transition from Typéo Type 2, i.e., a massive influx of
infiltration water into an empty cavity, which wlscated in the permafrost zone. If this was
the case, the formation of C&fsecould have been generally related to a high-pitatipn
(rain) period rather than a high-temperature period



Specific comments

Page 1494, Abstract, lines 5—-7Information contained at the end of the first gaaph of
Abstract is partly misleading. The sentence seamidicate that the CC&arseCan form
during ice melting, which is not correct. The pshkd models of the CC&ise formation
explain its precipitation during periods of pernostr destruction, but yet deep inside the
permafrozen zonejuring progressive karst water freezing The rates of precipitation and
infiltration are strongly reduced during the coldgkcial conditions and permafrost growth,
usually preventing any speleothem formation. Int@st, warming periods are usually
accompanied by higher precipitation and infiltrationore vegetation on the surface and thus
higher CQ charge and higher mineralization of the infilingtiwater. Penetration of such
groundwater into still frozen cavity deeper insite still permafrozen zone results in its slow
freezing and CCgarseformation. The model is therefore based on a deédyeen the surface
climatic changes and the permafrost destructiondeggith. CCGuarse fOrmation models
presented in Zak et al. (2004) or Z&k et al. (20di@)) not exploit repeated cycles of ice
formation, i.e. melting and refreezing. In factridg the complete water-freezing event, the
dissolved carbonate species typically precipitatergogenic minerals (CQescapes into the
cave atmosphere and is ventilated out). Solid caatsophase typically survives ice melting in
the form of solid mineral particles, which redudi® mineralization of the meltwater.
Formation of another portion of CGfse by refreezing of this meltwater is therefore
improbable. Observations of two or more stages ©CGarseformation in one cavity can be
therefore much more readily explained by a repemtfix of a new portion of mineralized
water from the suprapermafrost layer and its fregpgieeper in the permafrozen zone.

Page 1494, Abstract, lines 13—-14Similarly, the formulation “...pools of water cad in
ice...” seems to indicate that the formation of plo@ls was related to ice melting. The pools
can be residual water bodies produced during pssgre water freezing. It should be also
mentioned here that the morphology of cave ice aawe in the permafrost should be much
different from the morphology of perennial ice in &ed cave (cold air traps) in a non-
permafrost setting. The cavity walls are cold (belihe freezing point) in the permafrost
setting, ice is formed on the walls, and the redidice-covered) pool of the progressive
freezing remains somewhere in the middle of thetgaln contrast, cavity walls in ice caves
located in a non-permafrost setting are warmervealib°C), and ice is thawed close to the
walls.

Page 1494, Abstract, line 17With respect to the general discussion given abdkie
CCCoarse formation in this specific cave could possiblyleet not only the permafrost
destruction but more probably a period with higlgrecipitation, especially summer
precipitation in the form of rain. In fact, thisre@usion is contained in the Abstract below.

Page 1495, lines 20-21Both types of CCC have been directly observed sardpled in
caves. What was never done for the G&Geis a direct observation of its crystallization.
Please, modify the sentence to present this meeelyl

Page 1495, lines 26—2T:recommend to add the mentioned data (an atteongate CCée)
in the paper or as a separate online-available lsogmt, even if the dating was not
successful. This is better than referring to “urslied data”.

Page 1496, line 6There is a fresh paper by Chaykovskyi et al. (2adebcribing CCtarse
from a cave in the Ural Mts., Russia, which is fingt internationally published report on the
occurrence of this type of speleothem outside @eRinrope.

Page 1496, lines 14-1The formation of CCée is almost certainly much more widespread.
The existence of CGfge has been reported from ice caves in the Carpahiam in the



eastern part of the Alpine-Carpathian mountain rctfegferences are contained in Zak et al.,
2012).

Page 1496, lines 2621t would be useful to know the dimensions and rhotpgy of the
cave entrance.

Page 1497, line 5t would be useful to know whether the layerirfgae was parallel to the
corridor slope or rather horizontal.

Page 1497, lines 25-2@ | read Fig. 5 properly, summer temperatureorded at the lower
end of the MSK Cave reach quite high values ofaup@ or +8 °C during summer, which is
rather surprising for a cave of this morphology. tleere any explanation for these
temperatures? They indicate a rather dynamic behafi the cave atmosphere in periods
when the upper entrance is not sealed with snoe tlhere any cave entrances on the western
side of the range?

Page 1498, lines 556 comment related to mineral X-ray diffractionetéstable carbonate
phases like ikaite can survive usually a few haurdays at usual laboratory temperatures, or
a few minutes under the X-ray beam. They becomeerted to calcite thereafter. In a cave
like this, providing a chance for a preservationsoimne metastable carbonates, the best
practice is to transport the sample from the caveraperature close to 0 °C and analyze it by
X-ray diffraction using a rapid procedure (or undeoling). If this procedure is not followed,
metastable carbonate phases cannot be detectadcarhiment relates also to page 1499, line
19.

Page 1499, lines 3=8f | understand the circumstances well, there lb@sn no significant
frost-shattering event in the cavities hosting G&Geafter CCGoarseprecipitation, while a lot
of frost-shattering before its precipitation. Sudhcumstances are quite typical for most
CCCeoarseSites.

Page 1501, lines 7-9t would be useful to know what was the U contenthe much older
usual-type flowstone, which was also dated. Daganaentioned in the text but do not appear
in any table.

Page 1502, line 11 cannot fully agree with the statement that 8K site shows many
similarities with the previously reported Cg&rselocalities. The studied sites in the MSK
Cave are located about 100 and 140 m from the rezgrhut in a branch of a large-diameter
corridor, which would certainly act as a cave watdynamic behavior of cave atmosphere, if
the entrance is opened. | fully agree with therpritation contained in the discussion that the
entrance was somehow blocked during the g&&formation and that the heat transfer
mechanism before the CGse formation was most probably close to the Type 3
microclimate defined above. Most other sites logatethe lowlands and highlands of Central
Europe are of complex cave morphology. Their capéis a cold-air trap was never possible.
These caves show practically no seasonal temperaturations, which is a big difference
from the temperature record of the MSK.

Page 1503, line 8There is a lack of soil and vegetation aboveM&K Cave now, but the
present-day upper limit of grassy fields does m®tnhuch lower. Under different climatic
conditions in the past, grassy patches could haea bresent above the cave. In fact, it is not
known from which direction did the groundwater peat into the cavities hosting the
CCCcoarse

Page 1505, lines 2--3'he conclusion is not correct since the isotogia thdicate clearly that
the studied CCgarseformed during water freezing inside the cavityf neelting. Possible
melting (permafrost destruction is perhaps a mared term) can relate to the upper part of



the permafrozen zone above the cave. The posgibilitnflux of mineralized water via an
open channel was already discussed.

Page 1504, lines 8-13ee the earlier comments to the abstract regartiae concept of
refreezing of meltwater and pools of meltwater lomite surface.

Technical corrections

Page 1496 line 3: The paper by OrvoSova et al.beilincluded in the 2014 journal volume.
Please, cite it as year 2014 with DOI, or userkfiérence if the paper is already included in
the volume.

Page 1503 line 15: there is a typo: properly wdi@ezing... instead of ...low freezing...

Page 1506 line 7: Pgriu instead of Perdiu, the same typo is in the Refees.

Page 1516, caption of Table 1: Sample numbers dhetér to Fig. 3, not to Fig. 1.

Page 1516, caption of Fig. 1: The word Cave shbaldith capital C in all cases.

Page 1518, caption of the Fig. 3: Please, statedhnges of the authors of cave mapping if
different from the authors of the paper. The awghafrcave mapping, which is the first step
towards a scientific study of a cave, should alwaysited.

Several references used in the paper are not cedtan the reference list: Clark and Lauriol
(1992), Fohimeister et al. (2013), Luetscher e(2007).

References cited in the review

Badino, G.: Underground drainage systems and geo#idlux, Acta Carsolog., 34, 277—-
316, 2005.

Badino, G.: Underground meteorology — “What’s theatthher underground?”, Acta Carsolog.,
39, 427-448, 2010.

Bella, P.: Geographical distribution of ice-fillechves in Slovakia, in: Il International
workshop on ice caves, edited by: Kadebskaya, @ylidiov, B., and Pyatunin, M., Perm
State University, Perm, 33-37, 2008.

Chaykovskiy, 1. I., Kadebskaya, O. I., and Zak, Morphology, composition, age and origin
of carbonate spherulites from caves of WesterndJr@eochem. Int., 52, 4, 336-346,
2014.

Cropley, J.B.: Influence of surface conditions tamperatures in large cave systems,
National Speleological Society Bulletin, 27, 1-1065.

Dominguez-Villar, D.: 4.5 Heat flux, in: Speleothestience, from process to past
environments, Fairchild, I. J. and Baker, A., WiBkackwell, 137-145, 2012.

Ford, D., and Williams, P.: Karst hydrogeology agpebmorphology, John Wiley & Sons,
New York, 562 p, 2007.

Karakostanoglou, I.: Some remarks on the genesisgangraphy of static ice shafts, 10th
International Congress of Speleology, ProceedimmfsIN, 713—-715, 1989.

Luetscher, M., Lismonde, B., and Jeannin, P-Y. 20@&at exchanges in the heterothermic
zone of a karst system: Monlesi cave, Swiss Juraintéons, J. Geophys. Res., 113,
F02025, doi 10.1029/2007JF000892, 2008.

Mavlyudov, B.: Geography of caves glaciation, ih:lhternational workshop on ice caves,
edited by: Kadebskaya, O., Mavludov, B., and Pyiatud., Perm State University, Perm,
38-44, 2008.

Pegoiu, A., Onac, B. P., and Reiu, I.: The interplay between air temperature acel
dynamics in Sarisoara Ice Cave, Romania, Acta Carsolog., 40, 445-2B61.

Pflitsch, A. and Piasecki, J.: Determination ofaflow system in Niedzwiedza (Bear) Cave,
Kletno, Poland, J. Cave Karst Stud., 65, 160—-10832



Pielsticker, K.-H.. Hohlen und Permafrost - Thermyggsikalische Prozesse von
Hohlenvereisungen wahrend des Quartars, Bochumeto@sche und Geotechnische
Arbeiten, 55, 187-196, 2000.

Pulina, M.: Le karst et les phenomenes karstiquesasres des regions froides, in: Salomon,
J.-N. and Pulina, M., Les karsts des régions clopas extrémes, Karstologia Mémoires,
14, 11-100, 2005.

Sendra, A. and Reboleira, A. S. P. S.: The worldéepest subterranean community —
Krubera-Vornoja Cave (Western Caucasus), Int. élegp, 41, 221-230, 2012.

Silvestru, E.: Perennial ice in caves in tempecéiteate and its significance, Theoretical and
Applied Karstology, 11-12, 83—-93, 1999.

Szewczyk, J. and Nawrocki, J.: Deep-seated relima#&ost in northeastern Poland, Boreas,
40, 385-388, 2011.

Yonge, C. J.: Ice in caves, in: Encyclopedia ofesaand karst science, edited by Gunn, J.,
Fitzroy Dearborn, London, 435-437, 2004.

Zak, K., Urban, J., Cilek, V., and Hercman, H.: @ygnic cave calcite from several Central
European caves: age, carbon and oxygen isotopea gadetic model, Chem. Geol., 206,
119-136, 2004.

Zak, K., Richter, D. K., Fillipi, M., Zivor, R., Dainger, M., Mangini, A., and Scholz, D.:
Cryogenic cave carbonate — a new tool for estimatiiothe Last Glacial permafrost depth
of the Central Europe, Clim. Past, 8, 1-17, 2012.



