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Abstract:

Keywords:

A variety of speleothems are present in crevice and boulder caves developed in Cretaceous
sandstones of the Elbe River canyon in northern Czech Republic. A set of complementary
instrumental mineralogical methods was applied to characterize the speleothems and
cave dripwaters, including X-ray powder diffraction, scanning electron microscopy and
microanalysis, Raman spectroscopy and optical emission spectrometry. Four morphological
types were distinguished and characterized in terms of their mineral and chemical composition:
1, rusty brown mud-dominated coatings with micro-gours, composed of a mixture of clay
minerals; 2, white “chalky” coatings (moonmilk) composed of calcite with minor gypsum;
3, cauliflower-shaped coralloids composed of calcite and silica in a layered structure, with
gypsum layers in apical parts; 4, knob coralloids, dark gray-brown with smooth surfaces and
distinctly layered structures, composed of silica (quartz, opal-A) and Si–Al phases (kaolinite)
and including phosphate-rich laminae (sasaite, vashegyite, taranakite). Only modest microbial
mediation of silica precipitation was observed in cauliflower-shaped coralloids while no clear
signs are present in knob coralloids despite organic enrichment in the topmost layer. White
“chalky” coatings and cauliflower-shaped coralloids precipitated from weakly acidic Ca-, Mgand sulphate-rich deeper sandstone percolates. These forms are probably still active, much
like the micro-gours, produced by particulate clay deposition. Formation of knob coralloids
combined clay deposition and the dominant silica precipitation from pore waters similar to
the present shallow acidic percolates under changing climatic conditions, probably in the
Pleistocene. It was favored by specific rock lithology (quartzose sandstone with kaolinite
admixture), which explains the scarcity of similar forms in sandstone caves. Concentration
of knob coralloids along protruding vertical edges and the presence of wind-guided forms
suggests that silica precipitation was driven by evaporation under a constant air flow.
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INTRODUCTION
Speleothems in non-carbonate granular rocks
Caves in non-carbonate rocks are meeting a growing
attention in public awareness and conservation
of geological heritage worldwide. In their size and
complexity, especially the caves in quartz sandstone
and quartzite match those in classical karst areas
(Wray & Sauro, 2017). The importance of flowmediated silica redistribution for the origin of surface
and subsurface landforms in these rocks is now
widely accepted (Young et al., 2009), often as a part
of a broader process of arenization (Martini, 1979).
The quartzite area of Venezuelan tepuis is a typical
example of a landscape referred to as siliceous karst
*filippi@gli.cas.cz

(Doerr, 1999; Wray, 2010; Sauro, 2014), although
quartz dissolution is a common phenomenon in
weakly cemented quartzose sandstones, too (Chalcraft
& Pye, 1984; Wray, 1995, 1997a).
Various types of speleothems are currently known
from silica-rich granular rock environments. The
most common are siliceous forms, which can be
undoubtedly taken as evidence for silica redistribution.
Opal speleothems are a common feature in quartzite
caves of Gran Sabana region, Venezuela (White et
al., 1966; Urbani & Szczerban, 1974). They show
a variety of morphologies ranging from columnar
(“dolls”), ball-shaped (“champignons”) and dishshaped speleothems to delicate forms like “cobweb
stalactites” and “black corals” (Aubrecht et al., 2008).
The author’s rights are protected under a Creative Commons AttributionNonCommercial 4.0 International (CC BY-NC 4.0) license.
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Opal-A is occasionally recrystallized to chalcedony
or microquartz or combines with calcite laminae
(Urbani, 1976; Aubrecht et al., 2008). In northeastern
Niger, amorphous silica forms tiny, mm-sized crusts
(Busche & Sponholz, 1992; Willems et al., 1998) on
the walls of siliceous karst caves.
In weakly cemented quartzose sandstones, however,
silica speleothems are rather rare. This is primarily
due to the low contents of cryptocrystalline and
amorphous silica, which can be mobilized more easily
under normal pH conditions, and also due to the
high rock permeability which effectively prevents the
formation of permanent pools or streams. The only
transport medium for dissolved silica available is the
pore/fissure water and the atmospheric water vapor.
Moreover, the preservation of secondary precipitates
in quartzose sandstones is hindered by higher erosion
rates of cave walls, compared to those in well cemented
orthoquartzites (Mecchia et al., 2019). Scattered notes
exist on silica speleothems in South Africa, England,
USA and northern Australia (see Wray, 1997a and
Young et al., 2009 for a review). A wider attention was
given to mineral coatings of sandstone in the Sydney
Basin where stalactites composed of alternating
laminae of “limonite” and opal have been reported
from near-vertical sandstone cliffs above various
streams in the Blue Mountains (Lassak, 1970; Young
et al., 2009). Silica-dominated flowstones, stalagmites
and coralline and conical stalactites were described in
more detail from Lower Permian and Triassic sandstone
outcrops and shallow overhang caves in the same
area by Wray (1997b, 1999) who identified alternating
laminae of opal-A, chalcedony and kaolinite clays.
Columnar, dendritic and popcorn-like speleothems
composed of opal-A, chalcedony and kaolinite have
been reported from caves in Silurian–Devonian and
Upper Carboniferous quartzose sandstones in the
Paraná Basin, southern Brazil, by Melo et al. (2015),
and the microbial contribution to their formation has
been demonstrated by Pontes et al. (2020).
Speleothems of contrasting compositions usually
form in caves developed in calcareous sandstones.
This is the case of crevice and boulder caves in Upper
Cretaceous sandstones (Godula Beds) in the Polish
Beskidy Mts. in which silica speleothems of various
morphologies, mostly stalactites, combine with calcite/
gypsum coatings and cauliflower- or mushroom-like
calcite aggregates (Urban et al., 2007). Carbonate and
Si–Al stalactites are developed in the crevice Cyrilka
Cave in the wacke sandstones to subarkoses of the
Godula Beds in the Moravskoslezské Beskydy Mts.
(Lenart et al., 2018). Shallow caves in quartzose
sandstones of Cretaceous age in NE Bohemia feature
Holocene calcite coatings combined with Recent
efflorescences of alum salts (Bruthans et al., 2012).
A wide variety of minerals have been described
from speleothems in granite caves across climatic
zones (e.g., Hill & Forti, 1997; Willems et al., 2002;
Vidal Romaní et al., 2003, 2007, 2010; Sallstedt et
al., 2014; Filippi et al., 2020; Sanjurjo-Sánchez
et al., 2021). Besides ubiquitous opal-A, the most
frequent phases include Al-rich organic substance
called “pigotite” and different phosphate minerals

like taranakite, evansite and bolivarite. Speleothem
morphologies include columnar and grass-shaped
stalactites, stalagmites and anti-stalactites, generally
formed from dripping interstitial waters, and planar
flowstone forms including micro-gour dams and
rimstone halos precipitated from sheet flow. Most
of these forms show layered internal structure with
signs of microbial mediation of precipitation, some are
referred to as terrestrial stromatolites (Vidal-Romaní
et al., 2015). Laminated silica speleothems have
been reported also from lava tube caves in basaltic
andesites (López-Martínez et al., 2016)
Purpose of study
Although the “Elbe River sandstones” in the
Bohemian Cretaceous Basin rank among the best
known European sandstone regions whose caves have
been thoroughly covered in the literature (e.g., Börtitz
& Eibisch, 1962; Winkelhöfer, 2006; Bellmann, 2010),
its speleothems have been as yet given little attention.
Only two notes have been published with no focused
approach. Two samples of cave speleothems from the
Saxonian part of this area revealed a composition of
opal and gypsum based on powder X-ray diffraction
(XRD) analyses (Cílek & Winkelhöfer, 1988).
Arborescent speleothems were reported from the
Loupežnická Cave by Marwan (2000) and determined
as calcite with an admixture of detrital quartz
grains and gypsum. A more precise knowledge of
speleothems in sandstone terrains is missing not only
from the Elbe River sandstones but, as a matter of
fact, from whole Europe. Therefore, the present paper
reviews the occurrences of speleothems in caves of
the Elbe River Canyon, provides their morphological,
mineralogical/geochemical
characteristics
and
discusses their genesis. The emphasis is put mainly
on the most distinctive coralloid forms.

GEOGRAPHICAL AND GEOLOGICAL
SETTINGS
Location and geomorphology
The study area is located south of the town of
Hřensko, northern Bohemia, Czech Republic (Fig. 1).
In this part of its course, the Elbe River is incised
into a gently inclined plateau formed by sedimentary
rocks of Upper Cretaceous age. Steep slopes of the
antecedent valley of the Elbe River are 150–300 m high,
with 2–4 levels of sandstone outcrops (Vařilová 2016).
Pleistocene river incision produced a very complex,
ruiniform relief over the largest sandstone-dominated
area in Europe, known as the Elbe Sandstones or the
Saxonian-Bohemian Switzerland (Rast, 1959; Valečka
et al., 1997; Mikuláš et al., 2007; Vařilová, 2016;
Vařilová ed., 2020). Two national parks have been
established in this area: the Saxonian Switzerland
National Park in 1990 and the Bohemian Switzerland
National Park in 2000. Besides the Elbe River Canyon,
the typical features include isolated table mountains
(Migoń et al., 2020) and a network of valleys and ridges
dissected by grikes and characterized by rock pillars
and rock walls, arches, mushroom rocks, and a variety
of small-scale weathering forms. Some symmetrical
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cavities are probably a result of arenization – cement
dissolution within the limits of former carbonate
concretions (Seifert, 1936; Adamovič et al., 2015),
others are related to redistribution of gravity-induced
stress along planar discontinuities in the rock
(Filippi et al., 2018; Safonov et al., 2020). Superficial
solutional forms on quartzose sandstone are limited
to karren and rock basins (Mikuláš in Vařilová ed.,
2020), no major karstic forms have been registered.
Geology
The study area lies in the NW part of the Bohemian
Cretaceous Basin. Sedimentary record, dominated
by shallow marine sandstone, reflects the proximity
of the source area in the NE (Voigt, 2009; Nádaskay
et al., 2019). The stratal succession comprises, from
bottom to top, the fluvial to shallow marine PerucKorycany Formation (Cenomanian), and the shallow
marine Bílá hora Formation (Lower–Middle Turonian),
Jizera Formation (Middle–Upper Turonian) and
Teplice/Schrammstein Formation (Upper Turonian to
Coniacian). The whole succession is overlain by relicts
of Pliocene gravel terraces of the Elbe River, and by
Pleistocene (Würm) loess deposits covering the top of
the plateau (Klein et al., 1967).

Fig. 1. Position of the study area with indicated locations of the caves
mentioned in the text.

Most caves in the Elbe River Canyon are developed
in the Bílá hora Formation, equivalent to the
Schmilka Formation on the German side and to
sequences TUR1–TUR2 of Uličný et al. (2009). With
the exception of its silt-dominated base, most of the
unit is represented by an 80 m thick body of medium-
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to coarse-grained quartzose sandstone with only weak
signs of coarsening upwards. The presence of frequent
large-scale and giant-scale cross-bedding, typically
with westerly dips of foreset laminae, indicate upper
shoreface environment with tidal influence (Adamovič
& Vařilová in Vařilová ed., 2020). The overlying Jizera
Formation is an equivalent to the Postelwitz Formation
on the German side. Its sediments are medium- to
coarse-grained quartzose sandstones, arranged into
three upwards-coarsening cycles (Valečka, 1989),
corresponding to sequences TUR3–TUR5 of Uličný
et al. (2009). Horizontally stratified and bioturbated
sandstones in lower parts of the cycles were deposited
in a lower shoreface environment, while cross-bedded
sandstones in the middle and upper parts of the
cycles were deposited in the upper shoreface zone
(Adamovič & Vařilová in Vařilová ed., 2020). Of the
sampled caves (see Table 1), only the Krakonošova
Cave is developed in the Jizera Formation.
The clastic component of quartzose sandstones
of the Bílá hora and Jizera formations contains 93–
98 vol.% of quartz and 2–7 vol.% of K-feldspar, the
grains of which are corroded and partly kaolinized.
Accessory minerals are muscovite and heavy minerals
(rutile, zircon). Matrix is represented by kaolinite
and a variable proportion of Fe-oxyhydroxides
and some samples show significant presence of
secondary siliceous cement filling the pore space
close to the exposed surface (Přikryl et al., 2007). Rare
intercalations of marly-silty sandstones have been
reported by Klein et al. (1967) from basal parts of the
Jizera Formation in the study area.
With their position in the NW shoulder of the Eger
Graben, Cretaceous formations in the study area dip
north at an angle of ca. 1°. As the tectonic dip exceeds
the gradient of the Elbe River, progressively younger
formations are cut by the river in downstream direction.
In the Děčín area further south, this inclined block is
terminated by the Krušné hory Fault Zone bounding the
Eger Graben in the NW (Adamovič & Coubal in Vařilová
ed., 2020). Gravitationally dilated tectonic joints,
mostly striking N–S and E–W in this part of the Canyon,
are related with phenomena like block detachment,
rockfall, and formation of crevices and caves.
Hydrology and hydrochemistry
The climate can be characterized as humid
temperate, with mean annual temperatures of 7–8 °C
(Mikuláš et al., 2007). Temperatures in valleys and
gorges are considerably lower (temperature inversion).
Annual precipitation totals at stations located on the
plateau above the Elbe River are between 500 and
950 mm, with an uneven distribution of precipitation
throughout the year (Navrátil & Dobešová, 2018,
2019). In general, the months with the lowest
precipitation are March and April while the highest
precipitations are recorded in December and January
but also in July. Subsurface flow of precipitation water
is mediated by pores in sandstone but also by joints,
dilated joints and presumably underground conduits.
Atmospheric deposition in the Bohemian Switzerland
National Park is affected by SO2 and NOx emissions
from coal-burning power plants, which culminated in
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the 1980s and early 1990s but decrease ever since.
Acidity of precipitation waters is further enhanced by
complexing of Al with dissolved organic matter in the
soil cover, as described by Navrátil et al. (2013). The
average pH values of 4.56 of bulk precipitation water
(Vařilová et al., 2011; 4.5–6 in Navrátil & Dobešová,
2019) contrast with pH 3.2–4.8 of shallow percolates
sampled in rock overhangs in this area (Navrátil et al.,
2013). This shift in the acidity of percolating waters is
accompanied by an increase in the contents of some
elements, most notably Si and Al.
According to monthly monitoring between November
2017 and October 2019 (Navrátil & Dobešová, 2018,
2019), average Si and Al contents in bulk precipitation
were 23.8 ppb and 18.2 ppb, respectively. The values
for throughfall precipitation were higher: 122.2 ppb
Si and 115.6 ppb Al. Similar differences between

bulk and throughfall precipitation were observed for
Ca (359 vs. 1,420 ppb), Mg (76.6 vs. 361.1 ppb) and
some other cations. The reported average contents of
SO42- in bulk and throughfall precipitation were 1.23
and 4.56 ppm, respectively. Shallow percolates from
rock overhangs show a strong enrichment, relative
to precipitation water, in Si (1,890–5,560 ppb) and Al
(1,670–8,130 ppb), and a variable but generally lesser
enrichment in Ca (830–9,230 ppb) (Navrátil et al., 2013).
Mobility of some elements in the pore space of
sandstones in the Bohemian Switzerland National
Park is also reflected by the mineralogy of salt
efflorescences on cliff faces, which are dominated
by Ca and Al (gypsum, alums; Vařilová et al., 2011).
Isotopic compositions of S and O from these sulfates
indicate the origin of sulfur in atmospheric SO2
(Schweigstillová et al., 2009).

Table 1. Caves in the Elbe River canyon with speleothems subjected to the present study, arranged from north to south. OM – optical microscopy,
SEM – scanning electron microscopy, EDS – energy-dispersive X-ray analyses, EMPA – electron microprobe analyses, XRD – powder X-ray
diffraction analyses, Raman – Raman spectroscopy analyses, ICP-OES – chemical analyses of dripwater using optical emission spectrometry with
inductively coupled plasma (cations) combined with high-pressure liquid chromatography (anions).
Cave

Position

Entrance
altitude
(m a.s.l.)

Elevation
above river
(m)

Samples

Methods
applied

Caves studied in detail
M82, M114–
116, M124,
M126
M100, M108–
112, M121,
M123, M127
dripwater

OM, SEM, EDS,
EMPA, XRD,
Raman
OM, SEM, EDS,
EMPA, XRD,
Raman, ICPOES
OM, SEM, EDS,
EMPA, XRD,
Raman, ICPOES

Přátelství

50.86353°N
14.23005°E

198

79.4

Loupežnická

50.85266°N
14.22317°E

240

121

Přesýpací svět

50.83412°N
14.23309°E

296

176.3

M113
dripwater

177

58.4

dripwater

ICP-OES

250

131.2

M122

OM, XRD

345.6

225.7

none

none

351

231

M125

OM, XRD

Other caves
Ledová
Krakonošova
Pekelné
struhadlo
Rytířský sklep

50.86372°N
14.22980°E
50.85732°N
14.22655°E
50.82443°N
14.23130°E
50.81853°N
14.23118°E

DESCRIPTIONS OF THE ELBE RIVER
CANYON CAVES
After a field reconnaissance, the following three
caves were selected for a detailed study. These
caves represent typical cave morphotypes in the
Elbe River Canyon and also provide the widest
variety of speleothems. Other caves (Table 1) yielded
only supplementary material to cover all types of
speleothems recognized in the area. The three selected
caves lie on the right bank of the Elbe River, within a
distance of 5 km, at different altitudes and elevations
above the river (Table 1). Their entrances lie in
steep rocky slopes. Their genesis is characterized by
gravitational dilation and sliding of blocks bounded
by pre-existing fractures, accompanied by rockfall.

In this respect, they represent crevice caves in the
classifications of Vítek (1983) and Palmer (2007) at a
transition to talus caves (Vítek, 1983; Palmer, 2007),
also referred to as boulder caves (Bella & Gaál, 2011;
Margielewski & Urban, 2017). None of the selected
caves contain a stream, and active drip is limited to
only a few places. Maps of the studied caves (Fig. 2) are
based on surveys made by Caving Club 4-03 Labské
pískovce of the Czech Speleological Society, who also
conduct regular monitoring of cave biota and tourist
traffic (e.g., Kukla et al., 2018).
Loupežnická Cave
The Loupežnická Cave (Räuberhöhle, Highwayman
Cave) is developed in cross-bedded sandstone of the
Bílá hora Formation. It is a part of the largest cave
system of the Elbe Sandstones, reaching a length
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of 420 m and a depth of 40 m. It is a crevice cave,
consisting of the main crevice elongated NE–SW,
which can be subdivided into several horizontal
and vertical tracts. The main corridor of the cave,
about 90 m long, has a variable width and height,
passing through small domes along its course. The
cave has three entrances. Two of them open in the
ceiling of the main crevice and the third entrance is
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horizontal through a side crevice. The main entrance
is represented by a 20 m deep abseiling shaft, the top
of which lies at the boundary with the overlying Jizera
Formation. The cave is mostly dry, with water dripping
at only a few places, especially in the deepest portion
of the cave. Speleothems are present on vertical walls
of the main crevice but also on blocks forming its floor
and ceiling.

Fig. 2. Crevice and boulder caves of the Elbe River canyon featuring the speleothems studied. Their maps and
examples of characteristic spaces are to illustrate their overall geometries, sizes, and connectivity of passages.
Sampling sites are marked by red dots accompanied by sample numbers. Sampling sites of cave waters are
marked by blue circles.

Přesýpací svět Cave
The Přesýpací svět Cave (Hourglass World Cave) is
located in a block accumulation on a slope below a
40 m high cliff face of the Bílá hora Fm. sandstone. It
is the largest boulder cave in the Elbe River Canyon,
45 m in length and 15 m in depth. The cave has two
horizontal levels, connected by a short vertical tract.
The upper level is relatively damp, with an active drip
of water at several places. The lower level is sloping
and relatively spacious. Its floor is covered with sand
containing small rock fragments which increase in
size downwards, passing to boulders. Speleothems

are present at both levels as well as in the vertical
passage connecting the two levels. Their occurrences
are, however, limited to small areas.
Přátelství Cave
The Přátelství Cave (Freundschaftshöhle, Friendship
Cave) is developed in cross-bedded quartzose
sandstones of the Bílá hora Formation. It consists
of several levels interconnected by vertical passages.
In cave typology, it lies intermediate between crevice
caves and boulder caves. The main crevice strikes N–S
and branches into two narrower crevices perpendicular
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to the main one, forming two entrances. The main
entrance passes downward into two consecutive halls
separated by a step. Floors of the halls are covered
with blocks, exfoliation scales and talus. The upper
hall, called the Entrance Hall, is ranked among the
largest underground spaces in the Elbe Sandstones.
The lower hall leads to the main crevice blocked by
talus, and through several passages and levels to a
chamber which is the deepest place of the cave. The
distance from the main entrance to the bottom of
this chamber is 20 m, with an elevation difference of
15 m. The other entrance (not indicated on map in
Figure 2), much narrower than the main one, lies
on a crevice accessible from the lower hall through
another horizontal passage. This side crevice also
leads to a relatively big chamber with damp walls
and dripping water. Speleothems are present along
the vertical connection between the main entrance
and the deepest chamber, to a lesser degree in side
passages.

METHODS
Sampling
Speleothem samples were acquired in two sampling
campaigns: pilot samples from the Loupežnická
Cave in May 2012, and detailed samples from all
caves in January 2018. The number and the size of
the samples were restrained to a maximum possible
degree due to conservational reasons. Samples of
substrate sandstone were always taken together with
the speleothems. A sample of dripwater was taken
from the Ledová Cave in August 2020 in a dry period
when no samples could be taken from other caves.
Samples of dripwater from the Loupežnická and
Přesýpací svět caves were taken in October 2020.
Optical microscopy
The samples as a whole were studied under a
binocular microscope and photographed (Olympus
SZX16 with a Canon camera). Then, they were cut,
mounted in epoxy resin in polished thin sections, and
studied in direct and reflected light using the Olympus
BX51 polarizing microscope with DP70 camera.
XRD study
Speleothem samples for phase analyses were
thoroughly selected, separating individual zones with
suspected contrasting phase compositions by hand
tools before homogenization where possible. Samples
of 30–50 mm3 were homogenized in an agate mortar,
of which about 2 mm3 were used for the analyses.
The XRD study employed the Bruker D8 Discover
diffractometer, equipped with a silicon-strip linear
LynxEye detector and a focusing germanium primary
monochromator of Johansson type providing
CuKα1 radiation (λ = 1.54056 Å). Data for phase
identification were collected in the 2θ range of 5–80°
with a step of 0.017° and a counting time of 0.8
seconds at each step, and detector angular opening
of 2.896°. Phase identification was performed with
Diffrac Evaluation software (Bruker AXS GmbH,
Karlsruhe, Germany; 2016).

Electron microscopy and microanalysis
Detailed morphologies of the speleothem samples,
their
micro-structural
characteristics,
chemical
compositions were studied using a Tescan Vega 3XMU
scanning electron microscope equipped with a Bruker
X’Flash 5010 energy dispersive X-ray spectrometer (EDS).
All samples were carbon-coated for both chemical analyses
and imaging in back-scattered electron (BSE) mode. The
EDS spectra were obtained using accelerating voltage
of 20 kV and measurement time of 90 s for each
spectrum, ZAF correction was applied for spectra
processing. To visualize the distribution of individual
elements within the samples and to assess interelement relationships, X-ray element distribution
maps were obtained for representative speleothem
samples. The measured area was set at 4781 × 3586
μm, containing 1000 × 1000 scanning points, and the
collection time was set at 3 hours for each map. The
analyzed elements and the used spectral lines (Kα)
include: C, Mg, Al, Si, P, S, Cl, K, Ca, Ti, and Fe.
Chemical microanalyses along base-to-surface
transects in representative samples (same as element
distribution maps) were performed using the Cameca
SX 100 electron microprobe with the accelerating
voltage of 15 kV, beam current of 4 nA and electron
beam diameter of 2 μm.
The measured values were plotted in inter-element
correlation diagrams. To eliminate the varying water
contents and variable instability of the samples under
the electron beam, the analyses were recalculated to
a sum of 100 wt.% (see Supplementary Table S1 for
original and recalculated values). The recalculated
values are referred to in the whole text.
Raman spectroscopy
Raman spectra of selected spots in polished thin
sections were acquired in back-reflecting geometry
using an S&I MonoVista CRS+ Raman quasi-confocal
microspectrometer. The spectra were excited with
a laser of the nominal wavelength of 532 nm. Laser
power was regulated with ND filters and measured at
the sample position with a Thorlab power meter and
kept below 4 mW to prevent sample thermal-induced
changes and/or deterioration. The objectives used to
direct laser beam on the sample and to collect the Raman
signal were of 50× or 100× magnification. Exposure
time of 1 to 5 seconds with 5 to 25 accumulations and
a single-frame correction for cosmic radiation were
used to acquire the spectra depending on the material
crystallinity and stability under the laser beam.
Gratings used to collect the overview spectra were
taken with a grating of 150 gr/mm density and grating
of 1200 gr/mm was used to collect detailed spectra.
The spectra were handled with Spectragryph (Menges,
2021) and Fityk (Wojdyr, 2010) programs. Minerals
identifications are based on the spectral data from the
RRUFF database (Lafuente et al., 2015).
Determination of total/organic carbon
and nitrogen contents
The samples for total carbon and nitrogen
determination were ball milled, dried, weighed into tin
capsules, and analyzed using an elemental analyzer

International Journal of Speleology, 51 (2), 141-162. Tampa, FL (USA) May 2022

Speleothems in sandstone caves

Flash 2000 with a TCD detector (Thermo Fischer
Scientific, Bremen, Germany). For the determination
of total organic carbon, carbonates were removed by a
pretreatment with hydrochloric acid according to the
method described in Vindušková et al. (2018).
Analyses of dripwater chemistry
There is no permanent flowing water in the studied
caves but dripping waters occurs occasionally at some
places on seasonal basis. Concentrations of Al, Ca,
Fe, K, Mg, Mn, Na, P, Si, and S were determined using
the Agilent 5100 SVDV optical emission spectrometer
with inductively coupled plasma (ICP-OES) with a
concentric nebulizer and axial plasma observation.
The NH4+ ion was determined as indophenol by UV
VIS spectroscopy. Concentrations of anions Cl-, SO42and NO3- were determined chromatographically using
the Knauer 2010 system for high-pressure liquid
chromatography (HPLC). The pH was measured using
the WTW 3320 instrument and a combined glass
electrode. The system was calibrated on commercial
pH buffers of nominal pH = 4.01 and pH = 7.00 at
25°C, respectively. Chemical equilibrium calculations
were made, and tendency of water to precipitate and
dissolve minerals was modelled using a MINEQL
geochemical software (mineql.com).

RESULTS
Speleothem description and distribution in caves
Based on petrographic study, sandstones forming
the substrates for the studied speleothems can be
characterized as fine- to medium-grained, composed
almost entirely of quartz grains. Feldspars and
clay minerals represent mostly less than 1 vol.%.
Ferruginous (goethite) cement in considerable
amounts was found only in sandstone from the
Přátelství Cave. Although speleothems in the studied
caves are rather inconspicuous, they vary in surface
morphology and internal structure (Figs. 3–5). Since
no relation of the speleothems to dripwater sites was
observed, we avoid the use of terms like “stalactites”
or “stalagmites”. Terminology related to speleothem
forms generally follows Hill & Forti (1997).
Four basic speleothems types were distinguished.
Rusty brown mud-dominated coatings, locally
having the character of micro-gours, are a rather
scarce speleothem type. Sticky coatings max. several
millimeters thick (Fig. 3A) are present on steep and
vertical walls or cave bottoms. They are best developed
in strongly wetted sections of the caves and, at some
places, they are overflown by water. Due to their
muddy nature it was not possible to collect them in
the original structure, therefore no polished or thin
sections were prepared and the material was studied
only by the XRD method.
White “chalky” coatings, commonly occurring
on cave walls (especially in entrance tracts) and
some boulders, are well visible (Figs. 3B–C) but
morphologically do not represent a very distinctive type
of speleothem. These rather soft coatings resemble
“moonmilk” from carbonate caves (e.g., Borsato et al.,
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2000) in macroscopic view.
At numerous places, the white chalky coatings are
overgrown by cauliflower-shaped coralloids (Fig. 3B),
which, however, grow also directly on the sandstone
surfaces. Cauliflower-shaped coralloids represent
the most common group of speleothem types in all
caves visited. They cover convex vertical and steeply
inclined walls or wall edges, steep faces of individual
boulders and rock fragments fallen on the cave floor.
They seem to occur rather on dry places in cave
portions with perceptible air circulation. Cauliflowershaped coralloids are irregular in outline, max.
approximately 20 mm in height (Figs. 4A–B). The
irregularity is defined by their branching, variations
in sizes and especially shapes of particular branches
where compressed, columnar and other forms were
observed. Irregular internal layering is visible in thin
sections under a microscope only, with laminae 50–
1000 μm thick with many distortions, occasionally
with diapir-like structures with massive centers.
Only the thickest laminae can be traced across
the whole coralloid, tapering on its flanks, while
thinner laminae are discontinuous. A more regular,
concentric layering is visible only near the bases,
where the courses of laminae copy the rock surface.
Detached coralloids possess a central pit at their base
suggestive of the presence of a canal; however, no
interruptions of laminae by an axial structure were
observed in cross sections (Fig. 5A). Detrital grains are
more or less evenly dispersed in the coralloid mass in
amounts of 1–10 vol.%. No laminae with anomalous
concentrations of detrital grains were observed. Apical
parts of all cauliflower-shaped coralloids are typically
covered by a finely crystalline or a rather smooth layer
up to 1 mm thick, easy to detach from the rest of the
coralloid. Coralloid surfaces are usually covered by a
thin coating of organic matter, which gives them an
overall light grayish appearance.
Knob coralloids are another distinctive type of
speleothems. They are approximately circular or oval
in outline, max. 10 mm in height. Sections of the
knobs revealed that they form above tiny protrusions
on cave walls, rising only a few millimeters above their
vicinity, often represented by a single big sand grain.
Much like cauliflower-shaped forms, knob coralloids
(Figs. 3D–F, 4C–D) cover vertical and inclined walls of
the caves and steep faces of individual boulders. Unlike
cauliflower-shaped forms, however, knob coralloids
of various forms concentrate particularly on edges
of various orientations (vertical, inclined, horizontal,
see Fig. 3F). Morphologies of the knobs are columnar
(Fig. 3D), bulbous (Fig. 3E, 4D, 5C), pointed, laterally
compressed, but mostly vertically compressed (Fig.
3F). Patches of several tens of square centimeters
with hundreds of tightly adjacent coralloid knobs
in a “pavement style” can be occasionally found in
the caves. Uniform elongation of the knobs in plan
view produces oriented coralloids, passing to crested
coralloids (Fig. 4C). Coralloid knobs forming patches
on the rock surface grow from a common basal layer,
ca. 1 mm thick, showing the same layered internal
structure as the knobs themselves and apparently
consisting of the same material.
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Fig. 3. Speleothem morphologies (cave photos). A: Micro-gours, Krakonošova Cave; B: White chalky coatings overgrown by
cauliflower-shaped coralloids, Přesýpací svět Cave; C: White chalky coatings overgrown by cauliflower-shaped coralloids and
gypsum crystals, Rytířský sklep Cave; D: Knob coralloids elongated normal to cave wall, Přesýpací svět Cave; E: Knob coralloids,
Pekelné struhadlo Cave; F: Flat knob coralloids on a vertical boulder edge, Přátelství Cave.

Fig. 4. Coralloid speleothem morphologies (photos from a stereomicroscope). A: Cauliflower-shaped coralloids, sample M112.
On the right, the top layer has fallen off to reveal white “chalky” mass below; B: Cauliflower-shaped coralloids with notable
gypsum crystals on top, sample M109; C: Oriented knob coralloids in a pavement-like arrangement, sample M100 from a rock
fragment on the cave bottom; D: A solitary knob coralloid, sample M123.

No relation was observed between the presence of
knob coralloids and the distribution of moisture on the
present cave walls: very often, wet places and places
with dripping water are free of speleothems. In caves
with vertical shafts, well developed knob coralloids
preferably cover rock surfaces/edges facing the shaft
axis. They are also developed on rather small (tens
of cm) rock fragments fallen on the sandy cave floor,
being confined to the exposed part of the fragment
and totally missing on surfaces buried beneath sand.
Unlike the cauliflower-shaped forms, knob coralloids
surfaces are dark gray-brown, and generally smooth

to the point that they have silky luster (Figs. 4C–D).
A layered internal structure is obvious even without
sectioning, as some of the knobs tend to disintegrate
lamina by lamina. This is due to the presence of tiny
fractures following lamina boundaries. The interiors
of the knobs are brown to grayish-brown, consisting
of multiple concentric laminae 40–100 μm thick,
visually distinguishable by the shades of brown in
transmitted light and by a variable proportion of
silt-sized detrital grains (10–15 vol.% of the coralloid
mass but as much as 50 vol.% in some laminae). The
near-surface laminae in a zone ca. 100 μm thick are
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dark gray-brown in transmitted light, which suggests
high amounts of organic matter. The laminae are the
thickest in the center of the knob, getting thinner
towards its flanks. In most samples, individual
laminae can be traced continuously from the knob
center along the flanks to the base. In clusters of
coralloid knobs, the laminae can be easily correlated
from one knob to another, based on their thickness
or specific mineral content, at least for a distance of
several centimeters (the size of a thin section) even
if they are not physically interconnected (Fig. 5B). In
some solitary knobs, laminae in the apical part tend
to taper out on the flanks, being occasionally overlain
by a younger set of laminae, separated by an angular
unconformity – a sign of speleothem corrosion. In
contrast to cauliflower-shaped forms, no branching of
growth axes was observed in knob coralloids.

Fig. 5. Sections of typical coralloid speleothems from an optical
microscope. A: Branching cauliflower-shaped coralloid, sample M127,
reflected light; B: Sample showing a continuation of laminae between
neighboring knob coralloids, sample M100, reflected light; C: Knob
coralloid with an extremely narrow base and preferred growth in axial
direction, sample M113, reflected light.

XRD identification
Twenty-seven XRD analyses were performed, and
selected representative XRD patterns are presented
in Fig. 6. Based on the general shapes of almost all
patterns, it is obvious that the studied speleothems
predominantly contain crystalline phases, although
amorphous matter is also present. The patterns also
reflect the composition of clasts, mostly quartz and
feldspar, the amounts of which vary both among
different samples and within a single sample.
Mud-dominated coatings forming the micro-gours
are composed of a mixture of clay minerals (kaolinite,
montmorillonite, illite) and detrial quartz (Fig. 6B, sample
M122A). XRD data for white “chalky” coatings (moonmilk)
on cave walls are equally unambiguous, pointing to
calcite with minor gypsum (Fig. 6A, sample M128).
Cauliflower-shaped coralloids were each dissected
into several samples for XRD studies based on visual
differences among mineral phases. The main mass of
the coralloids, white in color, was marked with letter
A in sample coding. The XRD spectra are dominated
by calcite, thereby paralleling the chalky coatings in
composition (Fig. 6A, samples 109A, 112B2). Quartz
is common; however, at least a part of this amount
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reflects the presence of detrital material. A low peak
in the range of 18–30° 2θ indicates a certain presence
of opal-A. Kaolinite and feldspar are subordinate
phases reaching amounts of less than 10%. Fingerlike apophyses of the coralloids, marked B, show a
similar composition as A, with a variable proportion
of gypsum and occasional diaspore [α-AlO(OH)]. The
topmost grayish layer of cauliflower-shaped coralloids,
marked C, shows a clear dominance of gypsum.
Powder patterns of knob coralloids are often
dominated by quartz (Fig. 6B); however, its diffraction
lines partly reflect the detrital component, and
its apparent quantities are biased by the higher
diffraction ability of quartz compared to other
minerals. The second most frequent crystalline phase
in knob coralloids is kaolinite, which may indeed
dominate in the topmost dark gray-brown, organicrich zones, while being accompanied by muscovite/
illite. No poorly crystalline Si–Al phases like allophane
or imogolite were registered. The presence of a wide,
low-intensity peak in the area of 19–25° 2θ of some
samples (e.g., M113, M115 in Fig. 6B) indicates a
probable presence of opal-A and/or organic matter.
In contrast to cauliflower-shaped coralloids, common
presence of phosphate minerals is a characteristic
feature of knob coralloids. Unfortunately, their clear
identification is often disabled by the complexity of
the studied samples. Clear is the presence of two
very similar, extremely hydrated phosphates sasaite
(Al,Fe)14(PO4)11(SO4)(OH)7·83H2O
and
vashegyite
Al11(PO4)9(OH)6·38H2O (Fig. 6B) in sample M123B,
although their mutual proportions remain unclear as
the most intensive lines of both minerals lie at very
similar positions. Taranakite (K,Na)3(Al,Fe)5(PO4)2(H
PO4)6·18H2O is another relatively reliably identified
mineral present in sample M115 (Fig. 6B).
Raman spectra
Spot Raman spectra taken from the cement of
background sandstone of sample M114 correspond to
goethite (Fig. 7A). Figures 7B–D display spectra from
surface parts of a cauliflower-shaped coralloid M127
and identify gypsum and calcite. Several angular
to subangular detrital grains in sample M127 were
identified as anatase (Fig. 7E). The spectrum in a knob
coralloid M114 (Fig. 7F) is indicative of the presence of
quartz though its overall quality is low. Nevertheless,
bands at ~210 and ~460 cm–1 characteristic of quartz
are present. These indicative peaks are, however,
wide and poorly defined. Other peaks in the spectrum
cannot be attributed to any mineral in the RRUFF
database (Lafuente et al., 2015) unequivocally. The
overall character of the spectrum may indicate a
transition from original opal to quartz.
Raman spectra of carbonaceous matter from both
types of coralloids (Fig. 8) display prominent G and
D1 bands centered ~1600 cm–1 and ~1350 cm–1,
respectively. Other two peaks (D3 and D4) are not
well resolved and they represent rather shoulders at
foots of the G and D1 bands. Refined widths extracted
by deconvolution of the spectra allowed calculation
of structural order indices R1 and R2 (for definition
see, e.g., Beyssac et al., 2002; Huang et al., 2010)
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and Raman Index of Preservation (RIP) values (Schopf
et al., 2005, 2010). The organization of carbonaceous
matter in the samples derived from the parameters

above is poor, characteristic of altered kerogens. Lack
of the second-order bands in the spectra together with
an observable peak D4 support biogenic origin.

Fig. 6. X-ray diffractograms of different morphological types of speleothems from the Elbe River Canyon: A: White chalky coatings
(moonmilk) and cauliflower-shaped coralloids; B: Clay coatings (micro-gours) and knob coralloids.

Fig. 7. Raman spectra of goethite (A) from the background sandstone
of sample M114, gypsum (B, C) and calcite (D) from surface parts of
cauliflower-shaped coralloid M127, a detrital grain of anatase (E) from
sample M127, and quartz (F) from the knob coralloid of sample M114.

Fig. 8. Raman spectra of organic matter from the surface layer of
knob coralloids (M114) and the central part of cauliflower-shaped
coralloids (M127). Shown are positions of characteristic G and D
bands and parameters determining the degree of carbonaceous
matter organization.
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SEM/EDS study of coralloid speleothems
Detrital particles are almost evenly distributed in
the cauliflower-shaped coralloids. In knob coralloids,
however, the detrital component concentrates to
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grooves separating individual knobs (Fig. 5B) or to
separate laminae (Figs. 9B–D, 10). It is relatively
higher in laminae with high Si and low Al contents,
and almost absent in P-rich laminae (Fig. 10).

Fig. 9. BSE images of the coralloids with measured EMPA profiles: A, profile M112; B, profiles M100/1 and M100/2; C, profile
M113; D, profile M114. The same areas (area in a rectangle in the case of A) are presented in Figs. 10 and 12. For results of
EMPA analyses along these profiles see Supplementary Table S1.

Fig. 10. Element distribution maps in samples of knob coralloids. BSE images and the distributions of selected elements
(Si+Al, P). A, sample M100; B, sample M113; C, sample M114.
International Journal of Speleology, 51 (2), 141-162. Tampa, FL (USA) May 2022
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EDS spectra were retrieved for detrital particles from
both types of coralloid speleothems. In cauliflowershaped coralloids, fine grains of quartz (<300 μm)
are typical but feldspar, Fe-Ti phases and anatase
also occur in silt fraction (around 10 μm). In knob
coralloids, quartz grains <300 μm are ubiquitous but
silt-sized particles (10–60 μm) of feldspar are also
common. Heavy minerals are also present in knob
coralloids, although rare: barite (5–25 μm), rutile (10
μm), zircon (<50 μm) and Fe-Ti phases (20–50 μm).
Besides detrital grains, barite was also found to form
veins up to 25 μm thick and 200 μm long, representing
secondary fillings of fractures concordant with
lamination (M123).
Composition of the speleothem masses and the
relationships among its individual components are of
key importance for the understanding of speleothem
genesis. For this purpose, EDS spectra combined with
BSE images (Fig. 11) were routinely obtained. EMPA
analyses along base-to-surface profiles were made
for one cauliflower-shaped coralloid and three knob
coralloids in which XRD results pointed to a more
complex mineral composition, see Figures 9, 10, and
12. The results are contained in Supplementary Table
S1, and diagrams showing inter-element correlations
are shown in Figure 13.

Speleothem masses of both coralloid types are
composed of mixtures of mineral phases and other
substances. Not even well-defined laminae consist of
simply identifiable pure mineral phases, as revealed by
EMPA point analyses. The coralloid masses generally
consist of a very fine matter, seemingly amorphous
even under large SEM magnifications, with crystalline
mineral fillings being limited to gypsum and sparse
calcite in the cauliflower-shaped coralloids.
In cauliflower-shaped coralloids, BSE-darker areas
show the dominance of Si (ca. 67–97 wt.% SiO2)
with subordinate Al (max. 0.7 but mostly <0.3 wt.%
Al2O3), while lighter areas show the dominance of
Ca (ca. 67–98 wt.% CaO) with subordinate Al (max.
3.5 but mostly <0.2 wt.% Al2O3) and P (0.27–1.86
wt.% P2O5). Transitional chemistries were obtained
from inhomogeneous, granular areas. Figs. 11A1
and 11A2 show large-magnification images of such
areas from the central part of sample M127 (Fig. 11A)
where spaces among 10 μm aggregates and globules
of mixed Si/Ca chemistries are partly filled with Cadominated crystalline mass, probably calcite. The
contents of other elements (K, Na, Mn, Fe) obtained
from point analyses of the cauliflower-shaped
coralloids are negligible, often below the detection
limit (Supplementary Table S1).

Fig. 11. Selected coralloid micro-textures in BSE images. A: Cauliflower-shaped coralloid, sample M127, middle part: A1: Si-dominated clusters
(opal?) and Ca-dominated matrix (calcite); A2: Darker Ca>Si areas with Ca-dominated matrix (calcite) possibly representing degraded gypsum
crystals. B: The same sample, upper part: B1: gypsum crystals on the surface (Ca, S) and degraded gypsum crystals (Ca) in amorphous Sidominated mass in the subsurface. C: Knob coralloid, sample M123, displaying an angular unconformity in the layered coralloid mass: C1: Si>Al
spherules and detrital particles of quartz surrounded by P>Al>S gel-like mass, most probably sasaite, with notable desiccation cracks.
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A combination of EDS/EMPA analyses and element
distribution maps with the XRD/Raman spectra
shows that the main white mass of cauliflower-shaped
coralloids consists of calcite, although some laminae
and cores of terminal apophyses are dominated by
opal-A and/or microcrystalline quartz. Al is mostly
bound to kaolinite, rarely to diaspore, but some Al is
also incorporated in phosphates. Both kaolinite and
phosphates clearly concentrate to calcite-dominated
laminae rather than silica-dominated laminae. The
surface layer of most cauliflower-shaped coralloids
shows a completely different chemistry, being
composed only of aggregates of euhedral gypsum
crystals: only Ca and S are present in notable
amounts. The distribution of gypsum in sample M112
is clearly seen from maps of Si–Ca and S in Figure
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12. Platy gypsum crystals on former surfaces of the
coralloids were observed buried in the coralloid mass
(Fig. 11B1); they mostly show a purely Ca composition.
The mass of knob coralloids is dominated by Si in
a mixture with Al (Fig. 9, 10, and Supplementary
Table S1). BSE images show different shades of
individual diffusely bounded laminae. In general,
darker shades correspond to laminae with elevated Al
contents, although Si prevails over Al even in BSEdarker laminae. Among measured points with only
subordinate (less than 5%) P2O5 or Fe2O3 contents,
Al2O3 maxima of 37.4 wt.% were found in profile
M100_1, 39.8 wt.% in profile M100_2, 20.6 wt.% in
profile M113 and 23.4 wt.% in profile M114. When
plotted in a diagram, the contents of SiO2 and Al2O3
show a negative correlation (Fig. 13A).

Fig. 12. Element distribution maps in a sample of cauliflower-shaped coralloid (M112). A BSE image and
the distributions of selected elements (Si+Al, Si+Ca, P, Mg, S).

Phosphorus contents in the mass of some knob
coralloids are relatively low (max. 0.7 wt.% P2O5 in
M113 and 1.2 wt.% P2O5 in M114) but may reach tens
of per cent in individual laminae (max. 47.8 wt.% P2O5
in M100). P-rich laminae, 10–70 μm thick, show darker
shades in BSE images. They are characterized by the
prevalence of Al over Si, which can be explained by a
simultaneous deposition of phosphates and kaolinite.
However, even more important is the presence of Al
ions in the identified phosphate minerals (vashegyite,
sasaite, tanarakite in Fig. 6A), also manifested by the
positive Al2O3/P2O5 correlation for Al2O3 values above
15 wt.% (Fig. 13D). P-rich laminae show elevated sulfur
contents (max. 5.2 wt.% SO3 in M100), reflecting the
presence of a sulphate ion in sasaite. Images in large
SEM magnifications show that at least some of the
phosphates are gel-like substances which penetrated
through the coralloid mass (Fig. 11C1). Phosphorus
distribution in knob coralloids is clearly visible in
element distribution maps (Fig. 10).
Iron is a stable component in the mass of knob
coralloids. Fe2O3 maxima of 9.7 wt.% (aver. 5.1 wt.%)
were found in profile M100_1, 11.7 wt.% (aver. 5.2
wt.%) in profile M100_2, 8.6 wt.% (aver. 2.3 wt.%)

in profile M113 and 10.2 wt.% (aver. 2.4 wt.%) in
profile M114. Concentrations of Fe2O3 in the latter
profile reach locally as much as 86.4 wt.% but these
refer to analyses of goethite cement in the underlying
sandstone (Fig. 9D and Supplementary Table S1).
Iron from knob coralloids generally shows a positive
correlation with Al (Fig. 13C).
Total/organic carbon and nitrogen contents
in coralloid speleothems
Total/organic carbon and nitrogen contents in the
coralloids were measured to indicate the presence
of a biological component in the coralloid mass. The
results are shown in Supplementary Table S2.
Knob coralloids represented by the samples M100,
M114 and M115 revealed higher contents of organic
carbon (1.1–2 wt.%) and total nitrogen (0.2–0.5 wt.%)
than cauliflower-shaped coralloids represented by the
samples M108 and M111 (0.7 wt.% and 0.1–0.2 wt.%,
respectively). Still, much lower Corg contents in the
background sandstone of samples M100 and M114
evidence that the microbial activity concentrated to
the coralloids and remained low on the surface of the
surrounding cave walls.
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Fig. 13. Correlation diagrams for selected elements in coralloid samples based on EMPA analyses. A: the
Al2O3 vs. SiO2 plot; B: the CaO vs. SiO2 plot; C: the Al2O3 vs. Fe2O3 plot; D: the P2O5 vs. Al2O3 plot. Four
profiles in samples M100, M113 and M114 were used for knob coralloids, one profile in sample M112 for
cauliflower-shaped coralloids (see Supplementary Table S1). The values were recalculated to a sum of 100
wt.%. Seven points in profile M114 representing ferruginous cement in the underlying sandstone are not
plotted in the diagrams.
Table 2. Chemistry of the studied dripwaters.

Dripwater chemistry
Samples of dripwater were taken from three caves in
the Elbe River Canyon. Water sample from the Ledová
Cave comes from a minor seepage in the ceiling,
with a dripping frequency of about 6 drops/minute
(dry season). The sample from the Přesýpací svět
Cave comes from a seepage in the ceiling (8 drops/
minute), see Figure 2. Foam was observed on the cave
bottom beneath the seepage, indicating the presence
of humic substances in the percolates but, in general,
the water samples were clear. Water sample from the
Loupežnická Cave comes from a seepage (10 drops/
minute) near the cave bottom 40 metres below the
cave entrance, see Figure 2. No speleothems were
observed to be directly related to the seepage in any
of the caves. Dripwater chemistry is shown in Table 2.
Dripwaters from the Ledová Cave and Přesýpací
svět Cave are characterized by high acidity (low
pH) and elevated concentrations of Si and Al when
compared to atmospheric and throughfall waters.
In contrast, dripwater from Loupežnická Cave is of
a semi-neutral pH with low Al concentrations but
elevated Ca, Mg and SO42- concentration compared to
bulk or throughfall precipitation. Based on chemical
equilibrium modelling (MINEQL ver. 4.5), all three
dripwater solutions were saturated with respect to
quartz and chalcedony, slightly undersaturated with
respect to amorphous SiO2 and highly undersaturated
with respect to boehmite, gibbsite and other Al oxides
and sulphates.

Ions
(ppm)

Ledová
Cave

Přesýpací
svět Cave

Loupežnická
Cave

pH

3.78

3.81

6.06

Al

6.15

4.14

0.02

Ca

3.15

3.62

46.17

Fe

1.05

0.42

0

K

4.90

1.69

4.28

Mg

1.30

0.51

10.74

Mn

0.70

0.48

0.09

Na

3.95

2.36

6.41

P

0.25

0.62

0

Si

14.15

10.97

7.02

1.50

0.54

0

NH4+
Cl-

19.21

5.50

16.80

NO3-

12.67

22.40

45.20

SO42-

20.12

11.91

137.28

DISCUSSION
Dripwater chemistry vs. speleothem types
and origin
Four types of speleothems in the caves of the
Elbe River Canyon are described and their mineral
composition is characterized, which provides clues to
the sources of material and conditions of its deposition.
Discussion on the mode of solute transport is aided by
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existing data from the same area in combination with
new, although limited, data on dripwater chemistry
from the studied caves (Table 2). The limitations relate
not only to the low number of dripwater samples
analyzed but, more importantly, to the fact that the
sampled waters represent fast percolating waters in
each cave. Such waters could have contributed to the
origin of mud-dominated coatings but show no spatial
association to other types of the studied speleothems.
In fact, the coralloid speleothems are probably
genetically related to pore waters with much longer
residence times (see discussion below).
Dripwater samples from the boulder Ledová and
Přesýpací svět caves show pH values close to 4, similar
to those of the shallow groundwater percolates in this
area (Navrátil et al., 2013) and notably lower than
those of precipitation waters. These waters probably
percolate through sandy soil, scarcely covered with
pines, and sandstone weathering products near
plateau edges. The drop in pH values after the seepage
is explained by the effect of humic substances and/
or salts of organic acids produced by the decay of the
vegetation cover (Schweigstillová et al., 2009; Navrátil
et al., 2013). In fact, this process is accompanied by
a considerable increase in Al and Si concentrations in
waters in the following succession: bulk precipitation –
throughfall precipitation – shallow percolates (Navrátil
& Dobešová, 2018, 2019). Given the lack of any other
sources, Al and Si must be leached from kaolinite in
sandstone matrix or directly from feldspar grains.
The dripwater sample from the crevice Loupežnická
Cave differs in the pH value of 6, much higher than
the usual values of precipitation waters, and in high
amounts of Ca, Mg and sulphate ion (Table 2). It comes
from a depth of 40 m and, as such, represents percolate
waters of deeper circulation. The capacity of quartzose
sandstone to neutralize acidic meteoritic waters is
very low, and the buffer must be sought elsewhere.
The most probable candidate is the Pleistocene loess
on top of the sandstone plateau around Labská Stráň
(cf. Fig. 1). Waters of deeper circulation, such as the
one from the Loupežnická Cave, may have bypassed
organic soil horizons on plateau edges which supply
acidifying humic substances.
Rusty brown mud-dominated coatings/micro-gours
were deposited from thin water films on cave walls, as
suggested by their morphology and their occurrence on
wetted surfaces. Similar deposits have been reported
as flowstones from granite caves (e.g., Vídal Romaní
et al., 2007; Filippi et al., 2020) where they consist of
poorly crystalline Al and/or Si phases and, as such, are
interpreted as chemical precipitates. Although such
contribution to our Si–Al coatings cannot be excluded,
the variety of clay minerals and detrital phases (quartz,
feldspar) obtained from XRD analyses rather points to
a deposition of fine particulate matter washed from
the rock by pore/fissure waters. Kaolinite is present
in the sandstone matrix as a product of feldspar
degradation. A very young age of these speleothems is
indicated by their soft nature.
White “chalky” coatings on cave walls and
cauliflower-shaped coralloids are spatially associated
not only in the Elbe River Canyon but also at other
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sites where similar forms occur (Urban et al., 2007;
Bruthans et al., 2012). This association, together with
their similar mineral composition, suggests similar
conditions for the formation of these two speleothem
types. As suggested by the internal structure of the
cauliflower-shaped coralloids (branching and a central
pit at the base – Fig. 5A) and their distribution, they
grow from pore waters issued from cave walls.
Precipitation of the calcite component is compatible
with the chemistry of deeper-circulation waters
(sample from the Loupežnická Cave). Alternation of
Ca- and Si-dominated laminae in the cauliflowershaped coralloids can be explained by 1) periodical
climate-driven shifts from calcite deposition to silica
precipitation, the latter probably indicating periods
of elevated humidity with high flushing rates, or by
2) subsequent penetration of silica into the structure
of purely calcite coralloids. It has to be noted that
the Loupežnická Cave water is undersaturated with
respect to amorphous silica and saturated with respect
to quartz. Direct quartz precipitation would require
microbial mediation. Very modest co-precipitation of
Al oxides or Si–Al precursors of kaolinite is possible
but cannot be backed by analytical data. Anyway, pH
values around 6 are strongly limiting for Al mobility,
which corresponds with the low Al contents in the
Loupežnická Cave water and in the cauliflowershaped coralloids.
Processes responsible for the alternation of Siand Ca-rich layers cannot be deciphered from the
sampled waters or mineralogical data. As pointed
out by Kulkarni et al. (2022), cave waters represent
current conditions at the time of sampling whereas
minerals are formed over prolonged periods of time,
presumably associated with variations of seasonal,
climatic and microclimatic conditions. Alternating
opal-A and calcite layers in coralloids in the granite/
dolerite Tjuv-Ante's Cave in Sweden are interpreted
as mineralized biofilms of stromatolite-like nature,
originally accreted based on seasonal variability in
microbial growth (Sallstedt et al., 2014). Based on the
study of similar speleothems in lava tubes, Kulkarni
et al. (2022) recently proposed that evaporation of
cave water leads to supersaturation of salts in these
waters and precipitation of amorphous silica and
calcite. The same authors also explained different
morphologies of speleothems, with micro-gours found
in perennially wet sections of caves precipitating at
sites with the least evaporation, and white crust, often
found in drier parts of the caves, requiring a higher
degree of evaporation to precipitate. This corresponds
with the finding that our cauliflower-shaped
coralloids concentrate at dry places with perceptible
air circulation.
Surfaces of “chalky” coatings and cauliflowershaped coralloids are locally overgrown by gypsum
crystals. Gypsum is a notorious evaporation product,
which makes it a component of salt efflorescences
and weathering crusts in the Elbe River sandstones
(Schweigstillová et al., 2009) as well as the whole
Bohemian Cretaceous Basin (Adamovič et al., 2011).
It occurs anywhere in quartzose-sandstone caves
in the world, where it has been commonly found on
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the surface of silica-dominated speleothems (Sauro
et al., 2013, 2014a, b; Lundberg et al., 2018). It
crystallizes from pore waters on cliff faces during
alternating episodes of wetting and drying (Bruthans
et al., 2018). This corresponds with our observation
that gypsum concentrates near cave entrances where
temperature variations are likely. The presence of
several superimposed layers of gypsum crystals in
top parts of the coralloids, replaced by calcite and
buried in amorphous silica mass (Fig. 11B), evidences
repeated episodes of gypsum crystallization (dry
periods), replacement of gypsum by calcite (wetting
by pore waters associated with sulphate removal) and
possibly simultaneous introduction of amorphous
silica to the interstices.
Calcite is a common secondary mineral in non-karst
caves (Urban et al., 2007; Bruthans et al., 2012) and
its abundance is particularly high in caves developed
in carbonate-cemented sandstone (Urban et al.,
2015), even though its potential to form crusts on
cliff faces in the same areas is negligible due to its
reaction with acidic rainwater. The source of cations
for calcareous speleothems in quartzose sandstones is
a subject to debate. Schweigstillová et al. (2009) argued
for atmospheric supply of Ca ions to gypsum coatings
in the Elbe River sandstones. On the other hand,
Bruthans et al. (2012) connected the formation of calcite
speleothems in quartzose sandstones 70 km east of the
study area with the distribution of Pleistocene loess
deposits. In the Elbe River Canyon, very probable is
the supply of Ca ions from the overlying loess deposits,
although local presence of residual carbonate in the
basal parts of the Jizera Formation sandstones cannot
be excluded (Klein et al., 1967).
Knob coralloids with their siliceous composition,
variety of morphologies, concentric lamination, and
dark, lustrous surfaces have no parallel among
speleothems as yet reported from sandstone caves.
Possibly the closest forms are those figured by Melo
et al. (2015, figs. 10C–F) from southern Brazil. They
rather approach speleothems from some granite
caves (Filippi et al., 2020; Sanjurjo-Sánchez et al.,
2021). No similar forms have been described from the
Elbe River sandstones despite the wide coverage of
local caves in scientific and popular literature (e.g.,
Bellmann, 2010) and the wide distribution of this
type of speleothems in these caves. However, mineral
composition of knob coralloids can be characterized
with some degree of uncertainty only, as some of
the phases are amorphous or poorly crystalline and
occur in mineral mixtures. Notably, an unambiguous
assignment of Si to a specific mineral phase is difficult.
As suggested by the above XRD analyses and Raman
spectra, opal-A is very probably present besides the
dominant microcrystalline quartz.
Both Si and Al can be leached from quartzose
sandstones with feldspar admixture by acidic waters
in which low pH values are maintained by the presence
of humic substances. Dripwater samples of this type
were encountered in the Ledová and Přesýpací svět
caves. The contents of 11 and 14.1 ppm Si (Table 2) in
these waters are comparable to those in groundwaters
in other regions featuring silica speleothems

(Chalcraft & Pye, 1984; Wray, 1997a, 1999). Even
though the cave walls bearing knob coralloids are
not wet today, they could be wetted in the past by
waters of similar chemistry. The contents of dissolved
silica could be higher in slow-circulation pore waters
with long residence times, inducing precipitation
of opal-A on cave walls, particularly when aided by
evaporation or microbial activity. Such process has
been suggested for other quartzose-sandstone caves
with silica speleothems (e.g., Wray, 1999). In the Elbe
River Canyon, these opal coatings were subsequently
subjected to crypto-crystallization to microquartz, as
suggested by X-ray and Raman data.
The act of silica precipitation on cave walls was
clearly driven by evaporation under a constant air
flow. This is evidenced by 1) the concentration of
knob coralloids along sharp edges on cave walls, often
those facing central shafts (Fig. 3F), 2) the presence
of oriented coralloids (Fig. 4C), 3) their restriction
to the above-ground parts of boulder surfaces and
their absence on surfaces buried beneath sand.
Evaporation may induce a local increase in SiO2
concentration in the solution, thereby leading to the
precipitation of amorphous silica from otherwise silicaundersaturated solutions and specifically to coralloid
formation (Filippi et al., 2020). Also, Wray (1999)
considered the layered structure of silica speleothems
a sign of deposition from rapidly evaporating solutions.
The effect of air flow in the speleothem formation
in the Venezuelan tepuis caves is documented by
speleothem concentration along sharp edges on cave
walls and the presence of wind-guided forms (Sauro
et al., 2013; Wray & Sauro, 2017), a situation parallel
to that in the Elbe River Canyon.
An example of a cave where silica speleothems were
deposited from aerosol is the Cueva Charles Brewer
on the Chimantá Plateau, Venezuela, hosting a
subterranean stream (Aubrecht et al., 2008; Lundberg
et al., 2010). The growth rates of the speleothems
were found to negatively correlate with their height
above the water level (Lundberg et al., 2017). In the
Elbe River Valley, precipitation of silica from aerosol
is not probable (see elevations of cave entrances above
the river in Table 1).
No samples of condensation waters were taken;
however, their potential to deposit silica is considered
to be much lower than that of pore waters due to
their generally low contents of dissolved solids (cf.
discussion in Lundberg et al., 2018). Moreover, these
waters would condense in the rear, quiet parts of the
caves – contrary to this expectation, the coralloid
speleothems occupy primarily the entrance tracts and
protruding portions of vertical shafts.
Al transported by acidic pore/fissure waters would
require pH values of about 6 or higher to exceed the
saturation limit and precipitate in a stable Al or Si–Al
phase. This questions the presence of clay component
(kaolinite and subordinate illite) in knob coralloids.
No precipitation of intermediate, poorly crystalline
aluminosilicate phases like allophane or imogolite
was observed: it seems to be inhibited by the presence
of dissolved organic carbon, through Al complexation
with organic acids (cf. Harsh et al., 2002). A more
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realistic explanation for the presence of kaolinite
in knob coralloids is the deposition in the form of
particulate matter washed from the pore space, i.e.,
similar to the presumed origin micro-gours. Melo et al.
(2015) concluded that kaolinite/illite dissolution and
reprecipitation was the process leading to the origin
of speleothems very similar to our knob coralloids.
Noteworthy is the similar composition of the Silurian–
Devonian Furnas Formation sandstones in southern
Brazil (Melo et al., 2015) with the Cretaceous Bílá
hora Formation sandstones in the Elbe River Canyon,
suggesting that quartzose sandstones with kaolinite
admixture are a lithology favorable for the origin of
Si–Al coralloids.
Phosphates
The cauliflower-shaped coralloids show low P
contents, and XRD analyses provided no identification
of a specific phosphate mineral. Phosphorus
concentration to Ca-rich laminae (Fig. 12) may indicate
deposition in periods of stable, rather low humidity.
On the other hand, P contents in knob coralloids are
higher, and some well-confined laminae are formed
by almost pure phosphate. Three phases were clearly
identified (sasaite, vashegyite and taranakite) in knob
coralloids by XRD. The low P contents in sandstone
percolates including all of our dripwater samples
suggest that the phosphates did not form by direct
precipitation from cave waters. Instead, vashegyite
and taranakite are known as products of bat or bird
guano alteration under permanently damp conditions
(Sauro et al., 2014a; Audra et al., 2019). Specifically,
taranakite often forms at the contact between cave
clays and guano (Frost et al., 2011). Sasaite has been
reported to fill cracks in clastic sediments, which is
attributed to its mobilization from guano by acidic
waters (Hill & Forti, 1997). This complies with our
observation of sasaite gels with desiccation cracks
over large areas of distorted lamination in sample
M123 (Figs. 11C, 11C1), indicating a secondary
phosphatization of knob coralloids.
Although the correlation between P and Al contents
in knob coralloids (Fig. 13D) is partly due to the
presence of the Al ion in the identified phosphate
minerals, element maps in Figure 12 suggest that peak
guano production coincided with periods of subdued
Si precipitation. Although the relation between the
climate and the prosperity of bat populations is not
a straightforward one, declines of bat populations are
usually connected with cold and humid periods with
low availability of insects (e.g., Esfandiary Darabad et
al., 2019). The assumption on P and Al deposition of
knob coralloids during low-humidity periods is based
on indirect evidence and should be confirmed by
stable isotope record from guano deposits (cf. Cleary
& Onac, 2020).
Microbial activity
The role of microorganisms in the formation of silica
speleothems is being given an increasing attention.
Although showing various morphologies, practically
all opal speleothems in Venezuelan tepuis (except
cob-web types) are microbially mediated (Aubrecht
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et al., 2008), representing stromatolitic structures.
Compact, layered, filamentous mass was interpreted
as a product of heterotrophic bacteria or cyanobacteria,
while porous, peloidal mass was interpreted as a
product of Nostoc-type cyanobacteria (Aubrecht et al.,
2008; Wray & Sauro, 2017; Lundberg et al., 2018;
Sauro et al., 2018). Microbial mediation of silica
precipitation in granite caves is also a widespread
phenomenon (Vidal-Romaní et al., 2010). Evidence
from caves in quartzose sandstones is much weaker,
being restricted rather to tropical regions (Pontes et al.,
2020), and this applies not only to silica speleothems
but also to calcite-dominated speleothems. The term
“biospeleothem” was introduced by Aubrecht et al.
(2008) and expanded by Vidal-Romaní et al. (2015)
but lacks a clear definition of the genetic relationship
between the biological and mineral components (e.g.,
López-Martínez et al., 2016).
Only preliminary observations were made in relation
to microbial activity in the genesis of the Elbe River
Canyon speleothems. Dark gray-brown coatings on
the surfaces of the studied knob coralloids distinguish
them from white or light gray colors of most silica
speleothems reported in the literature. The presence
of organic matter in this layer, ca. 100 μm thick, was
indicated by notable carbon peaks in EDS spectra
and by bands in Raman spectra characteristic for
carbonaceous matter. The C and N elemental analyses
of both types of coralloids revealed increased Corg and N
contents relative to background sandstone, especially
so in the knob coralloids (Supplementary Table S2).
However, no morphological signatures of microbial
mediation of silica precipitation were observed in
knob coralloids despite the variety of magnifications
used. Their absence may be due to post-depositional
crystallization of opal-A to microquartz. This fact
makes the present authors cautious in using terms
like “biofilms” or “biospeleothems” in connection with
the knob coralloids.
Siliceous clusters were observed in a thin section
of a cauliflower-shaped coralloid (sample M127,
Fig. 11A) and siliceous globules were found on the
surface of its freshly detached fragment (sample
M127, Supplementary Fig. S1). A Raman spectrum
of carbonaceous matter was also retrieved from a
cauliflower-shaped coralloid (sample M127, Fig. 8).
These observations suggest that microorganisms
– eucaryotic and procaryotic – participated in the
precipitation of silica in at least some cauliflowershaped coralloids. However, the role of microorganisms
in the formation of Si-/Ca-rich speleothems is still
unclear, and molecular and metagenomic analyses of
microbial communities should be useful (cf. Kulkarni
et al., 2022).
Detrital component
Detrital particles in speleothems are often overlooked
but may provide important hints for the interpretation
of the process of speleothem formation. The size and
the mineral composition of detrital particles in the
coralloids excludes their transport through the pore
space of the rock. Capture of grains released from the
cave ceiling can be admitted for the infrequent grains in

International Journal of Speleology, 51 (2), 141-162. Tampa, FL (USA) May 2022

158

Adamovič et al.

cauliflower-shaped coralloids (Fig. 12) often covering
vertical cave walls but would hardly explain the
presence of detritus in knob coralloids clustered along
vertical edges. The distribution of detrital particles in
knob coralloids (in laminae and inter-knob areas) can
be hardly explained by any other mode of transport
than by air. The surfaces of the coralloids must have
been sticky enough – wetted by condensed water – for
the grains to get trapped. Many of the silt particles
are formed by heavy minerals whose entrainment into
suspended load requires heavy draught.
Strong air circulation was characteristic for cold
and dry periods of the Pleistocene with only poor
vegetation cover. The fact that the detrital component
in knob coralloids concentrates rather to laminae
with high Si and low Al contents corresponds with
the assumption on pre-Holocene age of the knob
coralloids and silica precipitation in dry, vegetationfree periods (cf. Lundberg et al., 2018).
Age and growth rates of the coralloids
All the studied caves are products of gravitational
movements on the steep right-bank slope of the
antecedent Elbe River Valley. Downcutting of the
Elbe River and its tributaries, which was a necessary
pre-requisite for cave genesis, amounted at min. 50
m in the Pliocene and 180–200 m in the Pleistocene
(Kalvoda & Balatka, 1995); the latter estimate equals
the elevation of the Pliocene fluvial terraces above the
present river. The maximum age of the caves can be
obtained by comparing the position of the Pliocene
fluvial terrace with the positions of cave entrances
above the river (Table 1): while the Ledová Cave and
Přátelství Cave are Mid Pleistocene or younger, the
Rytířský sklep Cave is Pliocene or younger. No clues
have been as yet provided for the minimum age. The age
of knob coralloids can be at least partly estimated from
the time needed for their growth. Silica speleothems
are characterized by very slow growth rates. U-Th
dating of “champignon”-shaped speleothems from
the Cueva Charles Brewer, Venezuela, yielded ages of
speleothem cores reaching well to the mid-Pleistocene
(>300 ka; Lundberg et al., 2018). Their calculated
growth rates vary from 130 and 850 μm/ky depending
on the elevation above water. If the lowest value is
applied to our knob coralloids, which were probably
fed only by seepage waters, the time needed for the
development of a coralloid 10 mm high will amount at
about 70 ky. This figure would shift the origin of the
coralloids well into the Late Pleistocene and should
be yet extended by the (unknown) time for which the
coralloids have been inactive. The present inactivity
of knob coralloids from the Elbe River Canyon is
suggested by their smooth surfaces colored in dark
gray-brown by carbonized organic matter, and by the
absence of gypsum crystals which cover modern cliff
faces in the area.
By contrast, a young – possibly Holocene – age of
the cauliflower-shaped coralloids is indicated by
their compatibility with the present waters of deeper
circulation and by the presence of fresh gypsum
crystals on the surface of most individuals as well
as buried gypsum crystals deeper in the coralloid

bodies (Figs. 11A–B). The presence of gypsum crystals
in the cauliflower-shaped coralloids may reflect the
well documented human-induced increase in sulfur
contents in the atmosphere after the industrial
revolution. This would imply a very young age (ca. 200
years) of the top parts of the coralloids. Some of the
individuals may be still active or periodically activated,
which also applies to the other types of speleothems:
rusty brown mud-dominated coatings with microgours and white “chalky” coatings. Radiocarbon and
U-series datings of calcareous speleothems from
sandstone caves in central Europe yielded ages mostly
clustering to the Holocene (Bruthans et al., 2012;
Urban et al., 2015) or the latest Pleistocene (19.9 ky
BP; Lenart et al., 2018).
Although the precise age of the speleothems in
the Elbe River Canyon is not known, the shift from
the formation of siliceous knob coralloids (possibly
Pleistocene) to the more recent formation of carbonate
cauliflower-shaped coralloids (possibly Holocene) can
be explained by the deposition of loess on the overlying
sandstone plateau in the Last Glacial. Loess provides
Ca ions for sandstone percolates and neutralizes
some part of precipitations. Acidic precipitation waters,
further acidified by humic substances in soils, are
restricted to plateau edges and shallow parts of the cave
systems interconnected with organic-rich sandy soils.
If we accept that silica component in the knob
coralloids (and also cauliflower-shaped coralloids)
precipitated from pore waters under the effect of air
flow, and the clay component in the knob coralloids
was washed from the pore space in the form of
particulate matter, variations in the contents of Al
in the laminae can be explained by shifts between
colder and drier, vegetation-poor periods favoring
the precipitation of silica and warmer, more humid,
vegetation-rich periods favoring clay deposition. This
is compatible with the observed concentration of
guano-derived phosphates to Al-rich laminae and the
concentration of wind-transported detrital particles to
Si-rich laminae. The growth of the cauliflower-shaped
coralloids may be also climate-controlled; however,
under more arid conditions in which microbially aided
silica precipitation represents more humid periods.

CONCLUSIONS
For the first time, speleothems from crevice and
boulder caves in the Elbe River Canyon, the very
classical central European sandstone area, were
studied in detail. The following main morphological
types of speleothems were distinguished: 1) rusty
brown coatings and micro-gours formed by a mixture
of clay minerals, 2) white “chalky” coatings composed
of calcite (moonmilk) with gypsum crystals on top, 3)
cauliflower-shaped coralloids composed of alternating
calcite-dominated and silica-dominated laminae and
covered with gypsum crystals, and 4) knob coralloids
composed of layered silica mass (microcrystalline
quartz, opal-A) with variable proportions of clay
minerals (kaolinite, illite) and phosphates (sasaite,
vashegyite and taranakite) in some laminae. Both
types of coralloids, i.e., the Ca–Si and Si–Al coralloids,
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consist of a mixture of amorphous or poorly ordered
precipitated phases/substances and variable amounts
of detrital component. To some extent, the composition
of the speleothems can be matched against the
chemistry of modern dripwaters from the caves.
The rare co-existence of coralloids of contrasting
morphologies and compositions within individual
caves is explained by different parameters of percolate
waters and partly also by different sources of the
solutes. Lamination within the coralloids is explained
by the alternation of cold and dry vs. warmer and more
wet periods during coralloid deposition, with vegetation
being the major control on the pH of the percolates.
Evaporation of pore waters on cave walls due to air
circulation inside the caves was an important factor
inducing localized supersaturation and precipitation
of silica, especially on rock and boulder edges along
the paths of air flow. Clay minerals in the microgours and in the knob coralloids represent particulate
matter washed from the pore space and fractures
in the sandstone rather than chemical precipitates,
as suggested by their chemical variability and soft
consistence. Phosphates in the knob coralloids were
most probably produced from bat guano in periods
with less precipitation. Although various transitional
forms were encountered, the formation of knob
coralloids (possibly Pleistocene) generally preceded
that of the cauliflower-shaped coralloids (Holocene
to Recent). This is suggested by the compatibility of
the cauliflower-shaped coralloids with modern cave
waters of deeper circulation and their association
with gypsum which is a typical mineral of industrialage salt efflorescences on sandstone cliff faces.
The described knob coralloids are closer to
speleothems from granite caves in many aspects.
Their shiny surfaces colored in dark gray-brown due
to the presence of organic matter distinguish them
from other coralloids as yet reported in the literature.
Despite the documented presence of organic matter
in the bulk of coralloid samples (max. 2 wt.% Corg in
knob coralloids), no clear evidence could be gathered
for microbial mediation of the precipitation of their
mass. Infrequent signs of microbially mediated silica
precipitation in the cauliflower-shaped coralloids
include the presence of opaline globules.
In general, representation of morphological types
of speleothems, their internal structure, chemical
composition and presence of organic matter roughly
accord with the knowledge obtained from other caves
in sandstones and granites. A comparison with
speleothems in quartzites revealed greater differences
in their composition and structure, including a higher
degree of microbial involvement in the latter.
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