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Moonmilk mineralogy in some Romanian and Norwegian caves

Bogdan-Petroniu ONAC and Lucretia GHERGARI

Abstract: Ten different moonmilk samples collected in nine caves from Romania and Norway were
analysed in order to define their mineralogical and crystallographical features. Using polarizing
microscopy, X-ray, SEM and TEM techniques we identified the following crystal morphologies: fibrous,
acicular, prismatic and fibrous-lamellar; these were ascribed to two different situations: calcite
pseudomorphs after aragonite or vaterite and calcite paramorphs after monohydrocalcite. A ternary system

to diagnose various types of moonmilk is proposed.

GENERAL DATA

The term Moonmilk describes white, sometimes yellowish, nanno-
or microcrystalline deposits made up of acicular aggregates, which
usually show similarity to the well-known porous. skeleton-like
texture of palygorskite. Moonmilk deposits generally contain a high
amount of water (>52%, Onac, 1993) which can be completely
eliminated by heating and later re-absorbed. Moonmilk normally
appears as “plastic” deposits which cover cave walls or other calcitic
and noncalcitic speleothems. It often can also form flowstone,
draperies, stalactites, stalagmites. helictites, rimstone, and even cave
pearls.

Definitions of moomilk include the physical macroscopic
appearance as well as the character of deposits.

Commonly. the chemical composition of the moonmilk is calcite,
but the presence of other carbonates, as well as of some sulphates and
phosphates has been mentioned by different authors (Hill & Forti,
1986; Bernasconi (1981) and Fischer (1993) proposed the term of
“plastic white mass™ or pseudo-moonmilk to be used for all
subterranean two-phase systems of which the calcitic or non-calcitic
solid phases are less than 90%. In their opinion the term moonmilk
ought to be applied only for white plastic masses with the solid phase
consisting of at least 90% mineralogically verified calcite.

As long as the microcrystalline deposits. irrespective of their
composition, represent a well defined type of speleothem, we consider
it more useful to keep the term moonmilk without limiting the number
of mineral phases which form it.

In respect of the genesis of the moonmilk several theories have
been put forward (see Hill & Forti, 1986).

Complex crystallographical and mineralogical observations have to
be made in order to explain why completely different mineralogical
assemblages deposited from solutions with various anionic and
cationic compositions adopt such similar textures.

On the basis of several samples collected from different Romanian
and Norwegian caves (Table 1), the present paper will appraise on one
hand the compositional diversity of moonmilk deposits formed in
similar thermodynamic conditions, and on the other hand the fact that
moonmilk deposits with similar structure can form in different
thermodynamic conditions.

Table 1. Location and mineral paragenesis of the samples.

Sample Cave Minerals
764 A Hydromagnesite, aragonite
767 A Calcite
765 B Gypsum, calcite
763 @ Calcite
2 Humpleu Calcite, monohydrocalcite,
vaterite

776 Lucia Mica
717 Lucia Mica
778 Lucia Mica

Calcite, vaterite, aragonite
Calcite, aragonite
Calcite, monohydrocalcite

25 Barsa Glacier Calcite
39 Scarisoara Glacier Calcite
33 Piatra Altarului Calcite

*Caves A, B, C are situated in Norway, their names and location are withheld
for conservation reasons.

The mineralogical and crystallographical studies rely on
morphological and compositional observations made through scanning
electron microscopy (SEM) and transmission electron microscopy
(TEM). The optical properties of crystals larger than 2 ym were
determined using a polarizing microscope, while structural data were
obtained using X-ray analysis.

All the caves we sampled in Norway are situated north of the Arctic
Circle (Nordland fylke) being developed in calcitic and dolomitic
marbles of Cambrian-Silurian ages (Lauritzen, 1988). Their physical
characteristics are: temperatures <8°C, high humidity (95-100%) and
good ventilation (Onac & Farcas, 1992).

The Romanian caves which provided moonmilk samples are
developed either in marble or carbonate rocks of different ages,
(Paleozoic-Mesozoic), located in the Bihor Massif-Apuseni
Mountains (Fig. 1).

Figure 1. Location of sampled caves from Romania. a: Humpleu Cave; b:
Piatra Alterului Cave: c: Barsa Glacier Cave: d: Scarifisoara Glacier Cave e:
Lucia Mica Cave.

MINERALOGY OF THE MOONMILK SPELEOTHEMS

The moonmilk samples we analysed can be grouped in two types
according to their chemical composition: sulphate-dominated and
carbonated-dominated.

Sulphatic moonmilk
gypsum + calcite (sample 765b)

When dry. the samples have a white powdery consistency and are
made up by lamellar microcrystals with silky lustre which form
delicate aggregates having different habits and sizes (0.1-1.5mm ¢).
All these microcrystalline aggregates appear rapidly and disappear
equally as fast. Large grains with dull lustre ascribed to calcite can be
seen within these aggregates.

The normal X-ray spectrum and the secondary X-ray emission
spectra obtained using the energy detector (EDX) on a scanning
electron microscope showed the presence of two minerals: gypsum
and calcite (Fig. 2). The higher intensity of the (200) line of gypsum
(comparative with an unoriented sample of spectrum) is due to the
preferential orientation of the lamellar crystals which are developed
parallel with the face (100). Under the polarizing microscope the
gypsum lamellae are practically isotropic because the angle between
the optic axis and the normal on (100) is very small (8°). The lamellae
are parallel to (100). elongated after the c-axis, sometimes also after
the b-axis, showing lamellar twins after (100) or interpenetration
twins.
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Figure 2. Energy dispersive X-ray (EDX) spectrum of sample 765b.

The calcite found in this sample came from bedrock and consists of
grains with corroded edges or small pieces of speleothems affected by
dissolution.

Obviously, the crystals® morphology show that gypsum is a
neomorphic mineral while the calcite appears as relict clasts which
didn’t react with sulphuric acid generated by the oxidation of
sulphides (e.g. pyrite). In conclusion, in sample 765b both neomorphic
gypsum and calcite relicts are present.

SEM. Gypsum lamellar crystals developed parallel to (100). Weak elongations
after ¢ and b-axis can also be seen.
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Carbonatic moonmilk: Noncalcitic moonmilk
hydromagnesite + aragonite (sample 764)

A sample of white, microcrystalline aggregates was collected from
behind some “gypsum balloons™ (Onac & Lauritzen, 1994). The
aggregates display a colloform appearance building up clusters or
irregular forms with rounded surfaces. Macroscopic, the aggregates
display dull lustre, but, when magnified up to 20x, fine deposits with a
silky lustre can be seen.
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Figure 3. EDX spectrum of white microcrystalline aggregates (sample 764,
Norway).

The hydromagnesite (90%) (Fig. 3) forms very thin scaly crystals
(0.001x0.01 mm) with symmetric extinction and positive elongation
(N7 || b), being arranged in the shape of sheafs. Mirror-image twins on
(100) with elongate lamellae along the c-axis have also been observed.

The aragonite crystals (0.007x0.02 mm) are better developed than
the hydromagnesite crystals. Usually they are acicular, forming
radiating groups. The crystals have strong relief, strong birefringence
and negative elongation. Both minerals have a primary origin.

Calcitic moonmilk

The moonmilk with a calcitic composition is by far the most
common. Macroscopically all calcitic moonmilk samples look very
similar but SEM and TEM analysis showed several morphological
differences from one sample to another as a result of various
thermodynamic conditions of moonmilk genesis. Three main types of
calcitic moonmilk can be described from a morphological point of
view:
a)Fibrous-lamellar — —
monohydrocalcite.

This type was found in the Humpleu Cave, associated with calcite
megascalenohedra close to the cave entrance, as well as in the Room
of Wonders where it forms an impressive flow. The sample from this
latter occurrence displays an incipient phase of evolution showing
both jelly-like and crystallized components. The first one consists of
hydrated calcium carbonate which contains vaterite, monohydrocalcite
and poorly crystallized calcite while the second one (fibrous-lamellar
aggregates) is made up of the same minerals but the quantitative ratio
is in the favour of calcite a complete spectrum can be noticed for
calcite, while monohydrocalcite, vaterite and aragonite seem to be
subordinate (incomplete spectrum due to the small quantity). The
amorphous phase was detected between the peaks 11° and 17°0.

The sample on which we performed TEM analysis shows fibrous-
lamellar crystals which are almost transparent in an electron-beam,
having clear straight edges, with equal thickness. During exposure to
the electron-beam, the lamellar crystals often suffer local water loss:
these peculiar zones modify their transparency, become diffuse-
shadowed, and their arrangement is usually diagonal to the crystal
elongation. Our observations lead to the idea that monohydrocalcite
crystals with fibrous-lamellar habit form first but, given their
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SEM. Lamellar hydromagnesite; the lamellae are developed parallel to (100).

instability they rapidly change into calcite (Onac, 1993).

Small quantities of aragonite made up of alternating twins (usually
polysynthetic) are also to be found.

b) Acicular-prismatic-paramorphs of calcite after aragonite

Moonmilk made up of crystals, which are in fact paramorphs after
aragonite (Onac & Farcas 1992), represent the majority of our studied
samples.

The morphological types of paramorphism can be divided into two
groups; the first one is represented by moonmilk formed from
solutions free of impurities (crystals with few dislocations: samples
767, 776, 777, 778). The crystals have an acicular habit, elongated
along the c-axis; they appear singly or twinned after (100) (Fig.
4a,b,c). On the TEM it is hard to observe the twins while in SEM
images the twinned crystals are easily noticed due to a continuous
shadow parallel to the re-entrant angle line.

To the second groups (samples 39, 763) we ascribed crystals having
acicular to prismatic habits; most of them display polysynthetic twins.
In this group, the crystals are elongated along [111] (Fig. 4d) or [101]
and not aloong the c-axis; some crystals have a bladed shape after
(010). Interesting intergrowth twins made up of fine lamellar
polysynthetic twinned crystals can also be found. A rare type of
twinned crystals appear as rhombic plates parallel to (110), outlined
by (121) faces and developed in direction of [111] (Fig. 4e).

The differences between the two morphological groups are caused
by the crystallization conditions. Polysynthetic twin growth is caused
by the high density of dislocations generated by impurities which
disturb the crystallization medium.

TEM. Partially pseudomorphosis of calcite after mono-hydrocalcite-MHC-
(fibrous-lamellar aggregates) and polysynthetic twinned aragonite (Ag);
~10,000.

Calcite formed posterior to the moonmilk deposition often leads to
consolidation (cementation) of the former moonmilk aggregates
(fibrous-lamellar, acicular, prismatic crystals) in forms of crusts
(samples 25, 776, 777, 778).
¢) Microannular
A drapery-like flowstone made up of calcitic moonmilk has been
investigated in Piatra Altarului Cave. SEM and TEM analysis showed
an aggregate consisting of pierced grains or annular fragments. This
moonmilk speleothem consists of unidentified nannoplankton
fragments coming from a weathered limestone with biological
components.

Unlike the moonmilk types described above which have been
precipitated directly from supersaturated solutions (neomorphism) this
last type of moonmilk is just a weathering product with a residual
origin.

CONCLUSIONS

The moonmilk samples we studied are genetically of both
neomorphic and residual origin.

The neomorphic moonmilk samples were composed of gypsum,
hydromagnesite, monohydrocalcite, vaterite, aragonite and calcite.
The following crystal morphologies: fibrous, fibrous-lamellar,
prismatic, acicular-prismatic, scaly-like and micro-annular were found
to form calcitic moonmilk in both Romanian and Norwegian caves.
These morphologies are not actual calcite morphologies but represent:
— calcite paramorphs after aragonite or vaterite, and
— pseudomorphism of calcite after monohydrocalcite.

The following mechanism by which fribrous-lamellar or acicular-
prismatic calcite crystals (forming moonmilk speleothems) grow is
proposed:

(nCaCOj; - mH,0)ger = CaCO; - H,O — vaterite = calcite

s CaCOj (aragonite) — calcite
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SEM. Calcite paramorphosis after aragonite. The acicular crystals are
developed parallel with the c-axis. Mirror-image twins can be seen (sample
767).

The investigations carried out on different moonmilk speleothems
formed of micro- and nannocrystals which retain an important amount
of water, suggest that different chemical compositions and origins can
be ascribed even if their macroscopic appearances are very similar.
Because of this we consider it useful to keep the term moonmilk,
which, after laboratory studies, can be shown to have compositional
(calcitic, gypsiferous, a.s.o0.) and genetical (neomorphic and/or
residual and/or biogenic) characteristics.

Microannular and angular calcite crystals (bioclastic) x2,500.

To define the boundaries of the pure types of moonmilk we suggest
the value of 80% and not 90% as Bernasconi (1981) and Fischer
(1993) proposed and the names in the ten field of our ternary system
to be: 1: neomorphic; 2: biogene; 3: residual; 4: neomorphic +
biogene: 5: biogene + neomorphic; 6: biogene + residual; 7: residual +
biogene: 8: residual + neomorphic; 9: neomorphic + residual; 10:
neomorphic + biogene + residual (Fig. 5).
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Figure 4. Paramorphism of calcite after aragonite; a: single crystal elongated after the c-axis: b+c: two or more crystals twinned after (110); d: polysynthetic twins;
the crvstals are elongated after [111]. e: rhombic plates parallel to (110) and developed in direction of [111]
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Figure 5. Ternary diagram showing the genetic types of moonmilk. Each dot
represents a sample.
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publication in the Forum section of Cave Science.

THE PALYNOLOGY OF CAVE SEDIMENTS
S.J. GALE

In their recent discussion of the application of phytolith analysis to
cave sediments, Thompson and Maloney (1993) remarked that ‘It is
generally accepted that pollen preservation is not good under calcareous
conditions . . . . This misconception has probably been fostered by
statements to this effect in textbooks on pollen analysis. Faegri and
Iversen (1975, p.180), for example, have written . . . pollen grains . . .
may be rather badly corroded in alkaline deposits, even if preservation
conditions in general have been favourable.” Yet numerous studies have
clearly shown that pollen and other organic-walled microfossils may be
preserved in calcareous environments. Thus, Davey (1969) obtained
palynomorphs from the Cretaceous Chalk, Turner (in Kerney er al.,
1980) recovered pollen from calcareous tufas and Bastin (1979; 1982)
has extracted pollen from carbonate speleothems.

It is undoubtedly the case that pollen may not be preserved in highly-
oxidising aerobic environments, but such environments should not be
confused with those that prevail under calcareous conditions. Indeed,
caves contain a wide range of depositional environments in which
aerobic and oxidising conditions are not present.

The misconception that pollen is not preserved in cave sediments
may be a result of the low pollen influx into caves and the difficulty of
extracting sparse quantities of pollen from inorganic sediments.
Workers using extraction techniques developed for use on organic
sediments such as peats have frequently found it difficult to obtain
pollen from inorganic material. However, advances in sample extraction
techniques (see, for example, Hunt, 1985) have allowed pollen to be
rapidly recovered from large samples of mineral sediment, making it
possible to produce pollen diagrams based on large counts of pollen
whilst still maintaining a close sampling interval. The success of this
approach may be demonstrated by the existence of cave pollen diagrams
which display comparable patterns to those of diagrams from surface
sites in the area (see, for example, Gale and Hunt, 1985; 1990).

There is a large literature on the pollen analysis of cave sediments
which may be unfamiliar to many palynologists. A partial review of this
is provided by Hunt and Gale (1986), whilst a useful review of
taphonomy and the palynology of cave sediments is given by Coles et
al. (1989). Other recent work includes that of Scott (1987), Davis
(1990) and Gale er al. (1993).
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REVIEW

CAVING EXPEDITIONS edited by Dick Willis, published jointly
by the Expedition Advisory Centre, Royal Geographical Society
(Kensington Gore, London SW7 2AR) and the British Cave Research
Association. 3rd edition 1993, 169 pages. ISBN 0-907649-62-9. Price
£10.

Some two dozen overseas caving expeditions leave UK each year
and they have built up a record of discovery and investigation which
no other country can equal. The World’s largest caves in the Gunung
Mulu National Park of Sarawak have been the prize discovery, but
vast cave systems have been explored in Papua New Guinea, China,
Mexico, Iran, Russia, Canada, South America and, closer to home, in
Spain, Austria, Norway and other parts of Europe.

By chance this book arrived, with a request for review, at the same
time as the annual crop of applications to the Ghar Parau Foundation
and the Sports Council (the latter being vetted by the Ghar Parau
awards committee on behalf of the National Caving Association), so
as a Trustee of the Foundation and a member of the awards committee
I have been able to take a broad view.

The book itself is an excellent survey of the problems and
possibilities for caving expeditions overseas, with chapters written by
23 experts in the subject. As a 3rd edition, opportunity has been taken
to iron out a few shortcomings in earlier editions, so there is little left
for me to criticize, except that the section on Cave Surveying is
perhaps too long and too detailed for a book such as this. Even so,
having just read the Ghar Parau applications, I wonder how many of
the applicants have looked at this publication or its earlier editions as
there is little evidence in some applications. As a result some
comments arise.

Personnel: the book emphasizes that moderate sized parties
accomplish far more than large ones, yet some applications are for bus
loads of 40 or more. Some of these seem to be largely students with
very limited experience. Perhaps organizers should think much more
carefully about the wisdom of taking such large groups into strange
environments where quantity of personnel does not mean quality of
results.

Specialists: the book rightly stresses the need for specialists who
can interpret the geology and geomorphology but so often the only
geologist listed on the application is a second year undergraduate
whose expertise is unlikely to be enough for full appreciation of
complex geology. As an example, some of the deep Austrian caves
favoured by many expeditions are within highly tectonized limestone
masses within the Alpine fold belt, but in the expedition reports I have
seen little attempt so far to outline the geomorphological evolution of
the caves or to relate it to the geological structure. Similarly, many
expeditions list speleo-biology as one of their aims, but the only
biologist among the personnel is an undergraduate with very little
experience of collecting or of taxonomy. And, as the book
emphasizes, getting specialists to identify the bugs collected is a battle
not helped by the progressive conversion of our national museums
into educational fairgrounds.

Presentation and representation: the book does not make these
points strongly enough. To take some of the current Ghar Parau
applications as an example: they look as though they were written in
an alcoholic haze in the pub the night before submission, full of
spelling mistakes and marred with sundry smudges and blots. Care
and forethought can pay dividends here. If letters to foreign contacts,
embassies, ministries etc are presented in this fashion, nobody will
take much notice of them. The book also stresses that once in the field
in a foreign country cavers are our ambassadors and representatives.
Seemly behaviour and goodwill towards the local people are essential,
not the denigration of the natives and drunken misbehaviour which
occasionally occurs.

Reports and publications: of the two dozen expeditions which leave
our shores each year, I see perhaps six reports, and some of these are
hardly worth the paper they are written on. Tony Waltham’s chapter in
this book should be read, learned and inwardly digested by all
expedition leaders. A concise objective report on what was found,
with appropriate discussion of how that fits into the local geology,
geomorphology or hydrology should be compiled as soon as possible
after return. Appropriate members of the team should be assigned
these tasks, with a clear time limit, enforced by the leader. A report
which simply says how clever we were to get to the bottom and
wasn’t it fun at the local taverna does no good at all. Failure to
produce a report at all will almost certainly lead to the refusal of



grants for future expeditions, and spoil things for one’s successors. If
the discoveries and/or analysis are new to speleological knowledge
then a suitable article must appear in a national caving journal, such as
CAVE SCIENCE. The temptation to do a one-off flimsy on
someone’s DTP word-processor must be resisted: in ten years time
how would anyone locate such reports, regarded by librarians as
ephemera? And applications which include hundreds of pounds in
their budget for publication are not looked upon favourably, when
such journals as CAVE SCIENCE can look after the reports without
cost to the expedition funds.

By the time this review is published some of the 1994 expeditions
will have set off and others will be in the final stages of preparation. I
wish them well and I look forward to seeing their reports in due
course.

The Expedition Advisory Centre of the Royal Geographical Society
have also commented to the writer that they are concerned at the poor
standard and sometimes non-appearance of reports of many
expeditions, caving and otherwise, and they have produced an
advisory leaflet on report writing which should be obtained by all
concerned.

Trevor D. Ford
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B.C.R.A. RESEARCH FUNDS AND GRANTS

THE JEFF JEFFERSON RESEARCH FUND

The British Cave Research Association has established the Jeff Jefferson Research Fund to promote research into all aspects of speleology

in Britain and abroad. Initially, a total of £500 per year will be made available. The aims of the scheme are primarily:

a) To assist in the purchase of consumable items such as water-tracing dyes, sample holders or chemical reagents without which it
would be impossible to carry out or complete a research project.

b) To provide funds for travel in association with fieldwork or to visit laboratories which could provide essential facilities.

c) To provide financial support for the preparation of scientific reports. This could cover, for example, the costs of photographic
processing, cartographic materials or computing time.

d) To stimulate new research which the BCRA Research Committee considers could contribute significantly to emerging areas of
speleology.

The award scheme will not support the salaries of the research worker(s) or assistants, attendance at conferences in Britain or abroad,
nor the purchase of personal caving clothing, equipment or vehicles. The applicant(s) must be the principal investigator(s), and must be
members of the BCRA in order to quality. Grants may be made to individuals or small groups, who need not be employed in universities,
polytechnics or research establishments. Information and applications for Research Awards should be made on a form available from
Simon Botterill, Dept. of Earth Sciences, University of Leeds.

GHAR PARAU FOUNDATION EXPEDITION AWARDS

An award, or awards, with a minimum of around £1000 available annually, to overseas caving expeditions originating from within the
United Kingdom. Grants are normally given to those expeditions with an emphasis on a scientific approach and/or exploration in remote
or little known areas. Application forms are available from the GPF Secretary, David Judson, Rowlands House, Summerseat, Bury, Lancs.
BL9 SNF. Closing date Ist February.

SPORTS COUNCIL GRANT-AID IN SUPPORT OF CAVING EXPEDITIONS ABROAD

Grants are give annually to all types of caving expeditions going overseas from the U.K. (including cave diving), for the purpose of
furthering cave exploration, survey, photography and training. Application forms and advice sheets are obtainable from the GPF
Secretary, David Judson, Rowlands House, Summerseat, Bury, Lancs. BL9 SNF and must be returned to him for both GPF and Sports
Council Awards not later than Ist February each year for the succeeding period, April to March.

Expedition organisers living in Wales, Scotland or Northern Ireland, or from caving clubs based in these regions should contact their own
regional Sports Council directly in the first instance (N.B. the closing date for Sports Council for Wales Awards applications is 31st
December).

THE E. K. TRATMAN AWARD

An annual award, currently, £50, made for the most stimulating contribution towards speleological literature published within the United
Kingdom during the past 12 months. Suggestions are always welcome to members of the GPF Awards Committee, or its Secretary, David
Judson, not later than Ist February each year.

BRITISH CAVE RESEARCH ASSOCIATION PUBLICATIONS

CAVE SCIENCE — published three times annually, a scientific journal comprising original research papers, reviews and discussion forum,
on all aspects of speleological investigation, geology and geomorphology related to karst and caves, archaeology, biospeleology,
exploration and expedition reports.

Editor: Dr. Trevor D. Ford, 21 Elizabeth Drive, Oadby, Leicester LE2 4RD. (0533-715265).

CAVES & CAVING — quarterly news magazine of current events in caving, with brief reports of latest explorations and expeditions, news
of new techniques and equipment, Association personalia etc.
Editor: Mark Dougherty, 7 Edinburgh Terrace, Armley, Leeds LS12 3RH (0532-639288).

CAVE STUDIES SERIES — occasional series of booklets on various speleological or karst subjects.
No. 1 Caves & Karst of the Yorkshire Dales; by Tony Waltham and Martin Davies, 1987. Reprinted 1991.
No. 2 An Introduction to Cave Surveying, by Bryan Ellis, 1988.

No. 3 Caves & Karst of the Peak District; by Trevor Ford and John Gunn, 1990. Second Edition 1992.

CURRENT TITLES IN SPELEOLOGY - annual listings of international publications
Editor: Ray Mansfield, Downhead Cottage, Downhead, Shepton Mallet, Somerset BA4 4LG.

CAVING PRACTICE AND EQUIPMENT, edited by David Judson, 1984. Second edition 1991.
LIMESTONES AND CAVES OF NORTHWEST ENGLAND, edited by A. C. Waltham, 1974. (out of print).
LIMESTONES AND CAVES OF THE MENDIP HILLS, edited by D. I. Smith, 1975. (out of print).
LIMESTONES AND CAVES OF THE PEAK DISTRICT, edited by T. D. Ford, 1977, (out of print).

LIMESTONES AND CAVES OF WALES, edited by T. D. Ford, 1989.

Obtainable from B.C.R.A. Administrator
B. M. Ellis, 20 Woodland Avenue, Westonzoyland, Bridgwater, Somerset TA7 OLQ






