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ON SOME CAVE MINERALS FROM NORTHERN NORWAY

Bogdan Petroniu Onac’ & Stein-Enk Launtzen®

ABSTRACT

The present pages aims 1o poing oul the resulis of 31 samples Teone scane Norwegian caves thal have
becir analvsed with respect 1o their mineralogical compositivn. Identification of the minerals were doae by Xoray
diffraction, thermal. infrired spectroscopy and scanning electron microscopy, Sevemeen rmnerals wene identified
Bzlomzing 1o 4 groups: carbonales. sulphates, oxides-hydroxides and sailicares.

RESUME (5ur quelques mineraux de grotie dans la Norvige Seplentrionale}

Lz iravail presente les resulinis de etude mineralogwue de 5| echaniillons provenant de plusicurs groties
e [a Morvege. Par suite des analyses en fayons X infra-rouges, thenmigues el de microscopie £lecironique a
balayage, on a jdentific 17 minerallx appartenant a quatre groupes principaus: corbonales, sulfales,
oxyvhydrowydes ¢l silicates.

INTRODUCTION

The most representative Karst phenomenona in Norway are 10 be [ound around and
above the Arctic Circle, being developed in metamorphic marbles and dolomites
{Lauritzen, 1991}, The karst landscape from north Morway offer an overwhelming
variety of morphological features on all scales, which have resulted in o wide range of
publications within geomorphology, hydrology, sedimentology and chronology.

Cave minerals have not previously been described in detail. The cold conditions of
Morwegian caves associated with a variety of minerals interbedded in layers with the
marble strata, and an extremely diverse petrography of the rocks which come in conact
with the marbles could provide favorable conditions for the formations of a large variety
of cave minerals. The present paper presents the analysis of 31 mineral samples from 15
lpcations.

Due 10 the cold conditions and high latitude, speleothems are rare in Norwegian caves
when compared with caves from temperate zones, This is in pan due o climatic (lempera-
ture, Peo,) controls {Ford & Williams, 1992), and 10 lithofacial factors (Onac, 1991).

The name and location of the sampled caves are withheld for conservational reasons,

MINERALOGICAL ASPECTS

Thirty-one samples from differemt Norwegian caves had been analyvsed so far in
respect to their mineralogical composition, X-ray diffraction (XRD), as well as thenmal,
infrared spectroscopy (IR} and scanning electron microscopy (SEM) were used for this
purpose. The <nalysis were done in two different laboratories belenging to the University
of Bergen (Norway} and University ol Cluj (Romania) using Philips and JEOL devices
assisted by computers.

““Babeg-Bolyal” University, Depomment of Mineralogy, Kogidnweana 1. 3460 CLUL (Romania),
! Bergen University, Geology Depr., Allégt. &1, N-5007 BERGEN (Norway .



B4 [P ONALU S E LALRITZEN

Normally, three main categaries of minerals are found in caves: (1) allogenic
minerals, ransported into the cave by mechanical action of gravity, water or wind, {2)
authogenic residoal minerals (fragments of bedrock., minerals formed during
petrogenesis and debris left behind from the dissolution processes) and (33 authogenic
precipitates formed dn sive by chemical processes in the cave system. Our paper deals
mostly with the later one.

L Cerrfierneres

Caleite is by far the most common carbonate mineral in the Norwegian caves, being
the stable Torm of calcium carbonate under the temperature. total pressure and OO
partiial pressure of the cave environment. Aragomite and hydromagnesite can be found as
wiell,

Calcite frequently appears 1o occor as d single mineral which exhibit almost
infinitely varied morphologies. The most represemtative are flowstone, dripstone,
rimstone, pool deposits and moonmilk, All of these form in almost any cave.

Moonmilk is a very common speleothem in many Norwegian caves (Onac, 19910, I
is o soll. white (sometimes white-vellowish) mixiure of microscopic erystals of different
carbonates or sulphates with an imponant amount of water (Hill & Forti, 19863 The
moonmilk samples we analysed were mostly caleitic and in just one case we found
hiydromagnesite and gypsum, As shown by SEM (Figo 1) the caloite crystals appear to
form either fibrows-lamellar or acicular-prismatic microcrysials,

In o previous paper, Onac & Farcas (9920 pointed out large moonmilk deposits
located along well ventlated galleries, which are composed emirely of thread-shaped
crystals (librows- lamel i or acicular prismatic) (Bernasconi, 1975) in size between % and

Frge 1« SEM. Cadeotee aioonntu b the achoular drvstals are devebiaped parallel o the c-axs (saple 749)
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80 pm in length and 0.1-2 pm in thickness. A primary origin (Diaconu, [4976) was
ascribed to these deposits which have been precipitated directly from super-saturated
solutions. The moonmilk which has been sampled from dry cave passages consist of
paramorphs of calcite after aragonite and more often a consolidation of moonmilk
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Fig.3 - SFM. Lametlar aggreyates of hydromagiesite tsamphs Thd}
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aperegates by new forming caleite is seen {Fig. 2). The cave ventilation has a major
influence on the dynamics of the precipitation processes by setting up local
thermodynamic conditions. The morphological differences we noticed among calcite
crystals composing our sampled moonmilk reflect these various thermodynamic
conditions (Onac & Ghergari, 1993),

In a moonmilk-like sample collected from behind some “gypsum balloons™ we
found hydromagnesite. It forms very thin scaly crystals arranged in the shape of flakes
iFig. 3), showing symmetric extinction and positive elongation (Onac & Ghergari, 1993),
Mirror-image twins on {100) with elongate lamellae along the c-axis have also heen
observed.

White, powdery deposits (on the cave floor) of hydromagnesite were also observed
in one cave, We believe that the occurence of hydromagnesite can be explained either by
seepage of magnesium-rich solutions into the cave, when soft moonmilk precipitate or
by magnesium witers seeping up through cave soil with deposition of white earthy-like
deposiis,

The mineralogical investigations carried out on some light-gray, well crystallized
crusts, have pointed out microaggregates of acicular crystals which were analysed by
means of XRD technique, The spectrum (Fig. 4) indicated the presence of aragonite.
Closely associated with aragonite, we found tabular gypsum crystals.

Aragonite can nucleate and grow quite easily when the necessary supersaturition
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Gy=Gypsum, Ar=Aragonite

Fig.d - XRD spectium of argonile from sample 768,
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Ce=zCelestite, Gy=Gypsum, C=Calcite, Ar=Aragonite
I"i;.: 5 XKD spectrum of while vrystilline pu:m-:l.:r 1L;1n|.p|c T7h,
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Fig, 7 SEM. Tabubar coyatals of thenandite tsample Ty
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lewel is awained and when the growth of caleite is suppressed. For this it seems that the
magnesium, strontivm and sulfale jons must poison the crystal growth of caleite, to allow
the supersaturation level where aragonite can precipitate (White, 19760, OF these ions,
sullate (in gypsum) and magnesium (from wall-rock ) are present in the close vicinity and
can be the prime factor influencing aragonite deposition in preference 1o caleite
deposition,

2. Sniphenies

Among sulphate minerals, gypsum is very common in many Norwegian caves, as
our analysis pointed oul, Three forms are present: (1} gypsum crusts, {2) euhadral
crystals grown in a clay rnairix and (33 gypsum moonmilk.

Both granular and fibrous crust varieties have been found: the latter ofien display
thin-walled semispherical balloon-like crust, several centimeters across. Behind these
balloons a white crystalline powder was callected. The XRD spectrum (Fig. 3 } indicated
a mixture of celestite and gypsum crystals. To confirm the identification of celestite we
have made some observation al the polarizing microscope. Transparent to translucent
celestite grams, with vitreous 1o pearly luster having srong reliel (when compared with
gvpsum} were observed. It seems that celestite has been precipitmed by percolating
walers carrying strontiwm in solution leached from the wall rocks.

Evhedral gypsum crystals take a columnar shape (001 ), sparsely prismatic, usually
perfectly transparent, Sometimes they are slightly coloured by fine grains of clay,
MNeedle-like and sword crystals are to be found penetrating the clay layer’s surface. Their
size do not exceed | em in lenght and 0.2-1 em in thickness.

The gypsum moonmilk consisis of lamellar microcrystials with silky lustre that form
delicate aggregates having different habits and sizes ((L1-1.5 mm ). Closely associated
with gypsurn we found large grains with dull lustre aseribed 1o calcite. The erystals’
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morphology analvsed by SEM (Fig. 6) showed that gyvpsum is a ncomorphic mineral
having cuhedral habit (grains displaying fully developed crystal form) while the calcite
appears as relict clasts (grains that present commoded edges),

The other sulphate mineral we found is thenardite; this mineral is stable inoa dry
cave enviromment (o mone details see Hill & Forti, 1986, p 140 Thenardite was first
time seen as white microcrystalline agaregates spread over a thick porous floor soil
deposit that covers one room, often used by spelealogists as o camp site. SEM analysis
of this microcrystalline material showed an aggregate consisiting of tabular crystals,
developed parallel to (001) with more or less corroded edges (Fig. 7y, The EDX
spectrum irrefutably proved the presence of this mineral (Fig. 8),

Dwe to the high Jevel of human impact (camping and cooking), in this place the
humidity is well under the normal values which characterize the cave environment (over
9051 bemg possible for this reason a direct precipitation of thenardite. In most of the
caves where this mineral was found {except lava twhes), originally, precipitated as
mirabilite and dehydrating to thenardite when the cave environment became drier.

We consider oxidation of sulphides {ie. pyrite and marcasite. especially) locally
within the cavernous limestone, as well as, oxidation of sulphides from elsewhere in the
stratigraphic section and transport into the cave by percolating water 1o be the main

T=Todorokite, R=Romanechite

Fag. % MR specinon ol idorokile Siom somple 808

sources of SO . No exhaustive investizations have been done with respect (o the
presence of thenardite, bur the following mechanism can be possible: an interaction
between the cave floor sediments with high content of muscovite and orthoclase which
could provide Ma® and sulphate solutions moving upwards through that porous cave soil,

+. Oxiddes and Hydroxides

In & cave environrnent, pH is generally between 7 and B (with tew exceptions), Eh s
in the range of 0.4 o 406 volts (oxidizing) and activity of water is near unity (Hill &
Forti. 1986), Wil respect to this situmion, the stable form of iron s 4 ferric hvdrae and
for manganese a mixed Mn™ and Mn* oxide. Because these compounds are highly
insoluble they tend to appear as crusts and coatings but generally do not form
speleothems themselves,

We sampled from different caves dull opague, brownish-black to bluck crusts
looking very similar to what we know to be called wad. Our analysis revealed the same
composition as in most af the references (e.g. Kashima, 1983), "Wad™ is typically a fine-
grained mixture, chiefly pyrolusite and romanechite, both being identified through
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XRD analysis in our samples as well. Another complex hydrous manganese oxide was
idemtified by laboratory study (chemical, XRD and [R) 10 be todorokite (Fig, 9).

Their presence in caves can be ascribed to the weathering process of manganeous
carbonates or silicates which are conmon in the surounding area af the sampled caves,
Bacteria may also play a pant in their genesis (Coman, [Y8:4)

Reddish-brown to brownish-yellow coatings and small rimstone dams made up of
goethite are to be found in many caves covering ¢ither caleite or sand speleothems, Most
of the common vellow -brown Terric oxides usually known as imoenite properly belong
1o this species. Limonite is usually associated with acidic groundwalers. Limonite and
gocthite speleoihems oceur in caves where the cavernuus limestone underlies iron-
bearing rocks or where rich iron rock lenses are 10 be found imerbedded in marble.
Onidation of siderite and pyrite-rich horizons preduces acidic solutions which can retain
the iron in solution. When these solutions are newtralized alter they have percolied
downward into the cavernous limestones, the iron is precipitpied, Limonite and goethite
can be transparied 0 suspension s colloids of a8 very fine-grained panicles woul the
material accumulates in dripstone deposits. All minerals ascribed 1o this group,
mentioned until pow, formed under oxidizing conditions.

The crystalling [orms of solid water (ice) belong as well to the oxide minerals. Given
the high lmiude of the Norwegian karst, and because of the mean annual temperature
that in some places falls below O°C, hoth epliemeral oo, forming in the entrance possages
of caves during the cold seasons and perenniad fee occuring when special airflow
conditions maintain low ternperatures during the warm season, are 1o be found.

The variely of ephemeral ice speleothems is very rich. although not as rich as that of
calene spelemhems. They resemble one another in many ways, especially where the
forms are the direct resull of Mowing waier (stalactites, stalagmites, ice falls),

Caves containing perennial ive are known as glaciéres, The jee stratigraphy could
provide cxtremely important paleoenviromnental informations by using “C 1o date
arganic matter lenses (wood, bone, ete. ) thar are imerbedded in the ice. Measuring d™0 of
the formation water it 15 possible 1o determine the absolut lemperature changes that
Oreurs over a ime imerval.

S Silicates

There is not much (o say about silicate minerals in the Norwegian cives as long as
they are mainly clavs, usuaslly transported as clastic sediments and hardly correspond 1o
the definition of speleathems and cave minerals that always formed after the
development of the cavities. We wentified in our samples: guartz, muscovite,
orihoclase, tremuolite, kaolinile and palygorskite. The presence of these minerals is
due ¢ither 1o weathering processes of mica schist and of marble (i authigenic
wheathering residues) or because they were carried unchanged into the cave Trom outside
tallogenic residucs),

We found them associated with manganese oxides and calene speleothems as well.
Any of these mentioned silicate minerals do not form speleothems themse|ves,

CONCLUSIONS

Mineralogically, the Norwegian caves we investigaied contain 17 different minerals
so far, assigned Lo four chemical groups, Although the best represented group is tha one
of oxides-hydroxides, the mincrals found in it form very Tew speleothems (an exception
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being the ice and gocthite) when compared with the great variety of speleothems lormed
by the minerals from the carbonates and sulphates group,

The extensive caleitic moonmilk deposits found in many caves from north of
Morway prove thal the underground microclimate (very cold and wet) is favourable to
the deposition of this spelecthem. The outlook of the microcrystals present in both
caleitic and gypsum moonmilk highly depends on the local thermodynamic conditions,

The sequence of allogenic and authogenic residual minerals is well represented (6
species). Their importance arise from being a basic material which could provide,
through its weathering. ions that can further react and form new cave minerals,

Because the human impact on the cave environment almost always leads o
irreversible destruction and just sometimes (very rare) o useful changes (see our
thenardite). we have to prowect the underground world in which minerals, animals and
fossils are extremly well preserved.

The present investigation was intended as a st identification and description of the
cave minerals forming speleothems in few caves from nonhern Norway, Further work
on this topic is required 1o answer guestions of origin, depositional mechanisms and 1he
way the cave environment has 1o be protected against any kind of outside influence. so
that the cave microclimate will rest undisturbed,
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