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Chapter 1.7

SPELEOTHEMS AND CAVE MINERALS IN GYPSUM CAVES
Paolo Forti

Abstract

For many years gypsum karst was considered o contain linde of inerest from the point of
view of chemical deposits, RBelatively recently a general study of speleathems has begun within
pypsum karst areas in different climatic zones around the world. 5o far this ongoing research has
shown that gypsum karst can be very interesting in terms of its contained chemical deposits, In
this chapter, all that is cureently known about speleathems in gypsum caves is reported systenvati-
cally, andl the distinctive climatic control over them is emphasised.

1. Introduction

Gypsum karst has long been thought of as a second-class phenomenon, far less interesting
than limestone karst from the point of view of the speleothems that it contains, Only since the
mineteen-gighties have cavers and sclentists realized that gvpsum karst may develop unusual epi-
gean and hypogean forms and chemical deposits, which are commanly just as interesting as those
in limestone. Speleathems are generally uncommon in gvpsum caves and therefore papers discus-
sing the genesis of chemical deposits in these caves are rare. Recently a widespread study has
hegun on gypsum karsts in different climatic zones around the world. This research is still in pro-
gress but has so far shown that gypsum karst can differ significantly from limestone karst with
respect 1o its speleothems, and particularly that several unusual chemical deposits are developed
loczlly within i

Until nowe, hosvever, very few studies have been made on chemical deposits (speleothems and
secondany mineralization) in the world's gypsum caves, and most of the few detailed studies have
concerned Messinian and Triassic gypsum sequences in Emilia Romagna, Italy, Some specific
research has recently heen undertaken in other pars of the world {including Spain, the United
States, the former Soviet Union, Cuba and Argentina), though as vet the distribution of this resear-
ch coverage is patchy, or it is only partially complete. This chapter reviews all that is known abow
spelecthems (calcite and gypsumy, with particular reference to those forms that are found exclusi-
vely in the gypsum environment. An updated list of secondary cave minerals is also provided and,
finally, the fundamental role exerted by climate in controlling all secondary chemical deposits in
gypsum caves is discussed.

2. Speleothems
speleathems in gypsum caves exist essentially as calcite and gypsum deposits; these two cate-
gories are considered separately.
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2.1. Calcite speleothems

Calcite speleathems are reasomably widespread in gypsum karst areas, though limited areally
P climatic conditions. Their maximum development occurs in areas of temperate continental cli-
mate (like Emilia Romagna, Ttaly), or in pluvial tropical zones (such as in Cuba). Stalactites, flow-
stane, splash concretions and cave pearls are the most common forms, and they show no
morphological peculiarities w distinguish them from similar, but fae more common, deposits in
limestone caves (Maksimovich, 1969, 1972, It should be noted though, that in mast cases their
depositional mechanism is unlike that which dominates in the imestone environment {supersatu-
ration caused by diffusion of carhon dioxide into the cave atmosphere). In fact, calcite spe-
leothems have commonly been noted in gypsum successions where there are no superimposed
calcareous steata. Thus, the most usual origin of calvite speleothems in the gypsum karst environ-
ment cannot be dependent upon re-deposition of calcite that was dissolved carlier by seeping
rainwater. Not until the early nineteen-gighties (Forti & Rabbi, 19511 was it demonstrred thar cal-
cium carhonate deposition in such cases is controlled by the presence of carbon dioxide dissolved
in infiltration warer. The formation of calcite speleothems in gypsum caves is no more than @ pro-
duct of the incongruent dissolution of gypsum by water with a high initial carbon dioside content.
Adistinctive characteristic of caleite spelenthems formed by this mechanism is that they are almo-
st inevitahly found a few metres, or a litle more, from the point where the water inlet enters the
voich in the gypsum rock.

Incongruent dissolution explains not only the ongin of normal speleathems in many gyvpsum
caves, but also the existence of unique forms (observed unly in this enviromment) comprising cro-
sts derached almost complerely from highly corroded gypsum walls. The same mechanism is also
responsible for the development of large (14m high. 2m wide and wypically less than 20cm thick)
“calcite blades” with mud nuclei ¢see Fig 1y that are present in some ltalian and Cuban caves
i Forti & Rabhi, 1981 Formi, 1991, 1992,

- T oy G
. i 5 D
avesum [ ] Ciar  jem) CALTITE FLOWSIONE WATER FLow

Fig, 1. The origin of “hladed fowstones™ A) Dowing water dissolves gvpsam wall rock and Jeaves insoluble

clity resicle behind while simultancously depositing calcite Rowsione over the clay; By the Qowstone pro-
tects 1he underdving ol and mud, thin “Rladed Dowstone” is produced; ©) the process is repeated again,
anel so forth, until 3 series of thin blacdes i lelt, arranged parallel w the wall (D) ( Aftee THI and Fort,
1986,
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Fig.2. Diagrum showing the development of hall bubbles and calcilied foam in Grave Grubbo Cive, [taly:
i1y development of foam over the pool surface; (21 development of small cileite rafts along the upper pan
of each foam bubbles) induced by COy diffusion and evaporation, and consolidation of the Tower pant of
the foam bubbiles) by the gy sinking of small afts developing m the upper pant of the water film of
the fogm hubible (2a); (33 breaking and Aeqring of the hall bubbles; and ¢+ enlfargement of the horder of
the hall bubbles by capilliry uplift and evaporation (Afier Fori and Chiesi, 1999, modified).

The strangest caleite speleothem wpe, which occurs only in the gypsum environment, has
heen repored from a single cave (the Grave Grubho, Calabria. taly), where an unusual type of
cave bubhle (hall bubble) has been found (Forte & Chiest, 1995, These spelenthems develop due
to a peculiar form of incongruent dissolution. Carbon dioxide is supplied by the progressive oxi-
dation of suspended orgame matter in an underground, sulphide-rich, river. These unique spe-
leenhems consist of multiple calcite half-hubbles, from 0.2 o 1-1.2cm in diameter, cemented 1o
ech other and floating on a pool surface (see Fig.2). The “halt-hubbles”™ were deposited due to
the oxidation of organic mater in an environment that is saturated with gypsum, Oxidation of
organic maner in the cave water causes evolution of a long-lasting foam floating on the poal surfi-
ce and simulaneously supplies a karge amount of carhon dioxide. This reacts with Ca** ions in
the foam’s gypsum water film, forming calcite micro-crystals. These in twm become cemented
within the lower part of the hubbles. This process goes on until the bubbles evenually explode,
causing “calcie half bubbles™ wo form.

While considering how rapidly calcite speleothems develop in a gypsum environment | it was
abserved that, contrary wo what might be supposed, the development velacity is commonly higher
than that of similar forms in limestone caves, Experimental obsenvations have demonstrated a
growth rate of almost Immavear for some Qowstones (Dal Monte & Forti, 1995). Faster growth
rates of calvite spefeathems in gypsum environments refative 1o those in limestone are clearly asso-
ciated with the exceptional efficiency of the incongruent dissolution process.(Forti, 1991, 1992),
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Lastly, it has been noted that there is a dilference between what happens in limestong caves
and gypsum caves with regard to the formation of structural bands within calcite speleathems. [n
wypsum caves, rather than speleothems displaying an annual cvclicity, 2 much higher frequency of
handing is tvpically present (Cazzoli, 1988). The explanation of this s again related 1 the incon-
gruent dissolutional mechanism, which is active only in the first few metres of percolation inside
the gypsum. Close 1o the surface impulses caused by individual rainfall events are sull imponant,
and frequent hiawses in the water supply potentially lead 10 the evolution of a new growth laver
with each stop and start in the precipitation

2.2. Gypsum speleothems

Despite the aspects discussed above, it is the gypsum speleothems and crystal forms that hold
the strongest elements of interest, as well as having a more ubiquitous distribution. Gypsum spe-
leathems present obwious morphological differences compared 1o calcite ones, due to their
distinet genetic mechanism, which involves supersawuration due to evaporation. Gypsum stalacti-
tes are wpically more contorted, spotted and multi-hranchedl. In most cases their growth depends
much more, if not exclusively, upon surficial percolaton water rather than upon water that feeds
through o central tube. This commonly results in the central tbe being ahsent, or partially {if nor
completely) obstructed.

The effect of permanent air currents (or at least those that are active during the stalactites
grawth periods) is the exact opposite with respect to calcite and gypsum stalactites. In fact, in the
case of the former, as the growth mechanism is controlled by carbon dioxide diffusion, which is
nat influenced in any way by the air current, there is commaonly a deviation of the stalactite in the
direction of air movement, which is the same direction that the water droplets are deviated before
they fall, In the case of gypsum stalactites, the inverse effect dominates, as the speleathems devia-
te towards the source of the air current, where maximum evaporation occurs.

In the hot and dry zones of New Mexico a still more complex evolution of deflected gypsum
stalactites is observed. This phenomenon takes the form of stalactites shaped like an “elephant’s
lewnt”, presenting o notable swelling that is commonly inclined downwards close 1o the twp
iCalaforra & Forti, 1994; Chiesi & Forti, 1996). These gypsum stalactites owe their genesis 1o
combination of factors that are rarely found together at a single localiy. o fact, these speleothems
form only when they are situated in a constant air current, and are fed by slightly undersaturated
waler (condensation water). Moreover, the temperature must be high enough o guarantee rapid
evapuration, thus allowing saturation 1o be achieved at a well-marked level on the speleothem
{the site of the swelling).

Stalactites are found quite commanly in lalian caves, but stalagmites are relatively rare, This
“ranty” is basically 3 reflection of the climaric conditions, which allow the easier evolution of inflo-
rescence o thar capillary uplift and evaporation can ke place. In greas of warmer, drver climate
isuch as Sorbas, in Spain, and New Mexico) stalagnites are as common as sialactites (Calaforra et
al, 19%92),

The fact that evaporation, is the dominant genetic mechanism during the evolution of the
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Fig. 3. Evolution sketch for the gypsum
falls in the karst of Sorbas (Spaing: A) the
horizontal disposition of the gypsum st
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gypsum deposits, explaing why some types of speleathem, commaon in caleite, are very rare in
gypsum, and vice versa, Compared 1o calcium carbonate, gvpsum forms helictites with extreme
difficulry. This is because, as already mentioned, evaporation leads 1o an even greater ohstruction
of the feeding capillaries than is normally chamctenistic of these speleathems in calcite, Small
gypsum hehetites have been found only in a single cave in Sicily {ltaly), (Forti, 1987). In contrast,
it is much easier for wind-related speleothems, such as rims and trays, to develop in this environ-
ment (Chicsi & Forti, 1992; Calaforra & Forti, 1994),

Gypsum caves also host unusual speleothems, like “gypsum balls™ and “haollow stalagmites™,
hith described from the Sorbas caves (Spainy (Calaforra & Forn, 1993; Calatorra, 1996). The balls
{see Fig.3) are lavered, spheroidal gypsum formations (up o 10cm in diameter) with an internal
siructure consisting of radially elongated erystals, They develop on the cave walls along sub-hori-
gonal lavers with thin limey, sandy interbeds, and are found exclusively in the deepest parts of
the caves, where warer flow and supersaturation remaim constant. The sub-horizontal disposition
of gypsum layers with thin clayey interbeds favours capillary drainage of supersaturated water
towards preferred places in the cave walls, where evaporation and precipitation can proceed,
allowing the evolution of the gypsum balls. Normally, the gypsum balls are compact and consist of
lengthened gypsum fibres thar assume a radial structure. As they mature, such speleathems may
evalve an internal drainage wibe inside a relared clavey interbed. The conscquent arrival of water,
sometimes unsaturated, ar the level of the halls can, in some cases, cause the emplying of the
balls, and sometimes their complete destruction.

Hollow gypsum stalagmites (see Fig. 4) have been reported from a cave in the Sorbas area
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Fig.4. Steps in the evolution of
gypsum hole statagmites: &) deve-
lopment of 2 normal stalagmine
due o oversalurated dripping
during 4 semi-dry period; B)
undersaturated leakage forms a
hode in the stlagmite during a
wed period; © capillary uplift and
evaparation o dry periods,

showing the evolution of the first
comical segment of the stalagmite;
D} new wet period refills the

stalgmite with water and the sub-

sequent dry period (E) causes the
development of another conical
segment: F) fingl shape of the hol.
low stalagmites { Afier Caluforn
and Forti, 14934

{(Spainy and from a cave of New Mexico (Calaforra & Forti, 19933, They are very narrow and up
5tem all stalagmices, with an external diameter of no more of 4-60m and an intermal whe thae is
2-3em in diameter and commonly reaches the bottom of the stalagmite. In both known occurren-
ces these speleahems were observed close w the land surface, where fresh seepage water can
arrive very rapicly. The climate of hoth areas (hot and dry, with rare rinstorms) is fundamental 1o
the development of hollow gypsum stalagmites. During short, intense wet periods, infiltration
water reaches the cave passages undersaturated with respect o gypsum and is capable of “dril-
ling”, or at least keeping open, the central tube in the stalagmites. In dry periods (practically all of
the vear), capillarv-evaporation processes relaed 1o the water stored inside the tbes of the s
lagmites causes the growth of their wps,

Gypsum crystals, berween several microns and wmore than a metre in length, are without
chowbyt the most commaon seconclary deposit faund in caves atall latitudes and i all climatic sanes.
They are commaonly found as free deposits, though meore wpically they form druses anchored o
the cave walls, The smallest gypsum crvstals (from 10-100 microns s are found widely in the form
of “gypsum powder” deposits, which can develop due o several different mechanisms. They may
cower the ice flows in Siherian caves (Forti, 1990, 1991}, deposited due o fractional crystallization
during freczing. In the gypsum caves of New Mexico, they can cover the cave walls during bricf
periads in between rainstorms (Calaforra & Forn, [1994). In this sitation the gypsum powder
tevelops due o sudden evaporation of capillary water that reaches the cave walls just after 3
flood. Gypsum powder also forms over large deposits of guano in arcas of temperate climate, and
in such cases the deposits develop by the mineralization of guano in s strongly sulphate rich envi-
ronment (Forti, 1989}, Finally, gvpsum powder can be s rehydration product of hassanite in tropi-
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Fig. 5 Evolution of gypsum flowers
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cal areas, as has been abserved in some small Cuban caves,

The fargest crystals (some more than a metre long)y form typically inside clavey sandy inter-
beds in the caves of iemperate areas, where their development is driven by the slow Qow of capil-
lary waters, whose evaporation causes a very small level of supersaturation. [vis not feasible 1o
describe all the different varieties, types and forms of gypsum crvstals here, as they display enor-
mous yariations with respect 1o shape, dimensions and parity. The genetic mechanisms can also
vary significantly, even though ar a simple level the genesis of these crystals can normally be
viewed as the result of simple supersaturation following evaporation. Detailed discussions of
these questions can be found in specific papers by Casali & Forti (1969, Fort et al. (1983), Hill &
Forti (19807 and Forti (1988, 1989, 1990, 1991,

Gypsum flowers, which represent the genetic amalogues of calcite coralloids, are practically
ubiguitous, and owe their genesis o evaporation of a thin water flm that is drawn slowly up wall
discontinuities, driven by capillarity. Their evolution is relatively rapid and appears identical to
that of the calciie or aragonite coralloids in limestone caves. The unique feature displayed by
these pypsum ougrowehs is that of being highly sensitive o air currents. In gypsum caves it is
common o see such formations with gypsum macro-crystals clongared toward the wind direction.
A classical case is provided by the wind controlled Aowers that develop inside “gypsum chimneys™,
which are sub-vertical corrosion-condensation conduits that develop where there is a continuous
strong, hot and humid air current flowing upwards, in the karst area of Neuquen in Argentina
{Fortieral, 19935,

Another relatively unusual tvpe of inflorescence, though more common in caves with 2 humi
temperate or tropical climae, wkes the form of the gypsum crystals growing over active calcite
speleathems (Fig. 5). This occurs notwithstanding the face that the gypsum precipitation mechani-
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sy is completely different o that of calcite ina gypsum cave. The caloie precipitates due to diffu-
sion of carbon dioxide imo the cive atmosphere, or following incongruent dissolution, whereas
the gypsum is deposited as a result of supersaturation due w evaporation, (Forti & Marsigli, 1978)

3. Cave minerals

When considering the other secondary minerals that can be found inside gypsum caves, it
must be remembered that up until the early nineteen-seventies only two minerals had been iden-
tified (Laghi, 1306; Bernolani & Rossi, 1972). This situation arose primarily because practically
nobody was interested in this specific area of study. Also, there was a well-rooted opinion thar if
the world's gypsum caves were poor in concretions, they would also be completely devoid of
secondlary minerals. Specialized research in this ficld has only hegun during the last 15-20 vears,
but even then only in a few areas. First amang these is the Emilia Romagna region, followed by
athers in Ity the United Staes and Argenting, Uksing (Foni, 1980a by 1989, Turchinoy 1993),
Though the extent of this study is evidently limited it has shown that effectively the gvpsum cave
ervironment is nat rich in minerals. This s logical, if il is realised tat gvpsum rock is 2 salt of 4
strong acid (sulphuric acid) and therefore shows moch less tendency than does limestone 1o react
with any mineralizing agents that are potentially present in the cave environment.

Notwithstanding the limited research activity, occurrences of more than 20 minerals with
distinct characteristics (summarised m the table) have already heen described (Cervellat et al,
1975; Forti & Querse, 1978: Rogorhnikoy 1984; Chicsi & Forn, 1983, 1986, 1988; Fori, 1993;
Turchiney 1993; Carroeini et al, 1996; Turchinoy 1996), 1 is likely that new vardeties of minerali-
zation will he locared in the near futre. It must be noted here that abour hall of the minerals
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Fig.0- Sketch Tor the simulineous dissolution of gypsum and deposition of skelewl quare: in the Monte
M caves (haly iz the anaerobic reduction of sulphares o sulphides with the osidation of organic maner
1 COZ wers the pH, making possible the precipiznion of silic and meluces o shight undersaturarion
with respect o gypsum which is therefore dissolved (afier Fomi 194
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already recorded have been found in caves where sulphide water is present or where processes
connected o the sulphur redox cvcle are active (Forti & Rossi, 1987, 1989, Fomi, 1994).

A particularly important find wis made in the cave of Yena del Gesso Romagnols (see Fig.0),
where euhedral quartz crystals had developed upon corroded gypsum crvstals, at normal tempe-
rature (Forn 1993, 1994), This find is highly significant, not only in the context of the karst enyi-
ronment in general, but abso because it demonstrates how quartz can form naturally, even at low
iemperatures. These conditions are very different 1o the low 1o medium temperature conditions
previously considered necessary for quartz crvstal formation, The mechanism that brings about
quartz deposition and concomitant gypsum corrosion is connected 1o the reduction of sulphates
10 sulphides in a phreatic environment, and it may be one of the most important mechanisms
involved in the embryonic stages of karst cavity ongin in gypsum.

4. Climatic influence on the chemical deposits

Climatic factors have a strong influence upon what type of chemical deposit can be found in 2
gvpsum Cave (Calaforr e al, 1992, Calaforea, 1996). In general speleothems are less abundani in
cavities in gvpsum than they are in limestone caves, though some exceptions do exist. As descri-
b abowe, twno hroad types of chemical deposit can be seen in gypsum caves, these being gvpsum
speleothems and calciom carhomate (normally calcite) speleothems. Some caves present both
deposit types simultaneously, while other caves present just one or the other, The depositianal
mechanisms of the two minerals are wtally different in the karst environment; gypsum can only
be deposited through supersaturation due o evaporation, while calcite is deposited in response
1o the relesse of carhon dioxide into the cave atmosphere or as one effect of incongruent dissoly-
Lo,

These mechanisms are influenced in dilferent ways by climatic varables, and therefore the
lowal climate dictaces the kind of chemical deposit that may develop in any given cave. There are
no speleothems atall (either caleite or gypsum) in the polar regions, because extremely low em-
peratures prevent evaporation and, hence, deposition of gypsum, Moreover, during periods of
thaw the rapid Now of warer with minimal mineral content does not encourage the growth of cal-
cite speleathems, The only chemical deposit so far observed under these conditions is a disuncti-
ve form of gyvpsum powder, which accumulates over ive Bows during the winter pericds (Forti,
19503,

Caleite spelenthems in gypsum caves are found mostly in temperate humid areas, where the
hyperkarst mechanism of gypsum corrosion (Forti & Rabbi, 1980 is particularly active. Gypsum
speleathems are also normally present in these regions, especially, in those parts of caves (bases
of pits, narrow “sgqueere” passages, cc) where stronger air currents facilitate evaporation and
consequent gypsum supersaturation As the climate hecomes less mild, calcite deposits end w
become predominant, until they are the only ones present. This is obviously due to a progressive
diminution of the possibility of evaporation,

In areas of hot, arid climate, such as Sorbas (Spaing, New Mexico and Arizona, gypsum spe-
leathems are widespread and may grow toa large sive, while carbonare formations are effectively
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absent, The absence of calcite spelenthems reflects the facy thar the arid climate prevents develop-
ment of vegetation cover over the gypsum, minimising the possibility of high carbon dioxide con-
tents in infiltration water, and therefore hindering the process of hyperkarst corrosion of gypsum
The only possible exceptions are deep drainage tubes where transported organic materials {essen-
tially vegetation) can accumulate during flooding episodes. This material oxidizes during dry
periods, supplying the enviconment with the carhon dioxide that is necessary for the develop-
ment of carbonate erusts on conduit loors,

In the trapical enviconment there is a general halance herween the presence of carbonate and
gypsum concretions. This reflects hoth the grear quantity of vegetation that covers most of the
surface, and the extremely hot climate.

Itis worth noting that caleite speleothems in gypsum caves can provide excellent palacochimg-
tic indicators. In fact, in some Siberian gypsum caves, the mere presence of such calcite spe-
leathems, now in an advanced state of degradation, indicates clearly that the host cavity existed
before the last glacial maximum, in a period of more favourable climate, characterized by constant
water flows throughout the vear, Similar indications have been found in the Sorhas caves in Spam,
where residual calcite flowstone that covers pavements inside the Farger caves testifies of 4 humidl
climate, very different 1o today’s conditions.

5. Conclusions

Reports of detailed studies of chemical deposits in gypsum caves are still relatively rare, and
anly a few small parts of the principal gypsum karst areas have been examined systermatically from
this point of view, Nevertheless, on the basis of the knowledge so far gained, it is now possible
point out some distinct charactenstics of these deposits, that differentiate them from their analo-
gues in limestone environments.

What is superficially striking is the relatively small size and the limited varery (especially in
terms of mineralogical, but also their morphological, variability) of most of these deposies, This
may he one reason for the delay in launching systematic studies. Such studies were consiclere, at
best. of minimal imerest, if not of no scientific value at all, untl only a few vears ago.

Putting this asicle, the few systematic studies have all demonstrated how gypsum karst posses.
ses s own unigque pecaliarities of morphology (particularly in the case of its speleothems) and of
mineralogy (in the case of the cave minerals). Therefore, it seems certain that in the near future,
with continuing study of chemical deposits in gvpsum caves, there will be a large increase in the
number of recortled occurrences and known ypes.

One final aspect of extreme imterest should be re-emphasised, and thar is how climatic influen-
ces dominate almuost absolutely during the development of chemical depasits in gypsiferous envi-
ronments. The role of climatic factors is cemainly far more dominant in the gyvpsum situation than
has been verified in limestone caves in comparable climatic situations, This close relationship with
climate gives deposits preserved in the gypsum emvironment & potentially very grear importance
an the hasis of their potential application 10 palaenclimatic studies, not just in terms of the intere-
st held by the cave minerals themsclves,
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Mineral Chemical formula Characteristics

1 - Aluminiumoxides | Ay Polymineral fowstones with opal,
sulphur and iron oxide

2 - Bassanile CaS0y,_H;0 White powdery deposits on gypsum

3- Brochantile Cuy(OHY, S0y Emerald green crusts associated with

devilline and penninite

4 - Brushite CaHPO, 2H-0 Yellow pulverescent deposits on guano

5 - Calcite CalCk Warious speleothems

- Carbonatoapatite | Cag(PO,.COq03(0DH) Yellowish cnists on caleitic concretions
in contact with guano

T Celestie S50, Small crystals over a crust of iron and
manganese oxidesthydroxides

8 - Chloromagnesite | MaCla Dispersed within fibres of epsonite

9 - Devilline

CuyCal 50,4 )21 0H ). 3H20

Emerald green crusts associated with
brochantite and penninite

[0} - Epsomite MpS0, YHa0 Acicular erystals on mud
[1-lron Large crusts. stalactites and stalagmites,
oxideshydroxides with limonite poethite and Mn oxide

12 - Fluoroapatie

Cas(POy, CO 51

Golden crusts with carbonato-apatite on
fossil remaing

13 - Gypsum

{CaS0y ZH-0

peleathems, crystals

14 - Goethite FeOiOH) Large crusts, stalactites and stalagmites
with limonite and Fe and Mn oxides

13- Iee H:0 Stalacites, stalsgmites, crysials

16 - Lepidocrocite FeHOH) Minor component of stalactites and

stalagmites of goethite, gypsum and opal

|7 - Lamoninte

Large crusts, stalactites and stalagmites,
with goethite and Fe and Mn oxides

15 - Manganese oxides

Large crusts, stalactites and stalagmites
with goethite limonite and Fe oxide

19 - Mirahilite

Maz 50, 10H.0

Stalactites

20- Opal Si0y.nH, 0O Thin crusts and coralloids
21 - Penninite (Mg Fe Al (OHI (51 Al O g | Tiny crystals cormoded anhydrite
22 - Quany, Siy Skeleton cuhedral diuses over corroded
Eypslm
73 - Rhodrochrosite | MnCOs thin crust over calcite speleothems
24 - Sulphur 5 In polymineral concretions with opal and
oxides of aluminium and iron
75 - Sylvite KTl Stalactites
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