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A critical review of hypotheses on the origin of
vermiculations

by

A. BINI*, M. CAVALLI GORI** and 5. GORI**

INTRODUCTION

Previous authors have proposed many hypotheses to explain the processes
which lead to the formation of clay and mud vermiculations. However their
theories, so fundamentally different from each other, seem Lo be inconsisient
with {he substantial homogeneity of these unigue speleathems.

We have tried clearify the subject by comparing the information gathered
from a literature survey with the results of field observations and laboratory
experiments carried out over several years. We have found that phenomena
observed in many different places and circumstances by previous authors and
ourselves can be summarized in a single organic theory, which is consistent
with all of the available evidence,

THE MAIN CHARACTERISTICS OF YVERMICULATIONS

Definition - ¥ermiculations are thin, irregular and discontinuous deposits of
incoherent materials commonly found on the walls of caves and external sur-
faces and are a few centimelres in extent, This definition differs considerahly
from previous ones which stated that vermiculations are conlined to clayey or
muddy deposils and only to be found on caleareous subsirata.

In comparing the opinions of previous writers with our own field observations
we consider that the previous defimitions were too restrictive, As will be seen
below in paragraphs 2 and 4, these speleothems are widespread under a variety
of different conditions.

* o Via B, Verro, 30, 20041 Milano, HMaly
= Nia Bouicelli, 24, 20000 Milapa, laly
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The occurrence of vermiculations. They are reported from very diverse envi-
ronments as can be seen from Table 1.

TABLE | - Some examples of vermiculation in Karstic arcas.

AV et lai Climalic conditions L:]lh:j'r' . Refercnoe
Temperature Humidity CanCLtiGs
Sanctuary of  MNear the very Quite Unsighle — Perna, 959
Irasass large emrance vnsiable
Cirally Crrande Large Fairly Mearly Strang Perna, 1959
del Venlo chambers unsiahlec stahle seasonal
air Mo
Pont Miv Marrow Stable Stable & — Ferna, 193549
22060 LoYa [SHELH S e
high

Felhin Al the point Siable Llnsiable Slrong Bimi, 1970 &
2037 Loa whers 1he skl L. 1973

passage airllow

suddenmly

MArTows
Grotla Masera Between 151 & Siable Stable Tremparary Ulnpublished
2213 LoCao 2nd samp fooding dala
Cirand Aven  Tempoaily  Siable Stahle Tempirrary Pomnmier &
Canjuers, Tlaeded [leveadding Carnier, 1955
Frasce PAsaARes
Graotta del Fo™ Small cave Fairly Fairly - Linpunlishod
di Barni with oo air slahle, stakle data
2292 Lola [larw WAL
Abiaso di Val  Deep vertical  Siable, Fairly Slrong Lipulilished
[Laghetoo cave with very cold stable seasonal i
[LEATNN ST PETIANSIL i arrflow

formarions
Grolle di Avtificial Linstahle Lnstable Stromg, Anclli &
Casiellana passage from sefsonal Ciraniti, 1967

the cave fa arrilow

the lifis
Cirotle di — Linslable Linstable Srromg Cigna, 1961
Buossea seasomnal

wirflony
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Cave

Lerzatian

Pastajna Caves]. Greolla dei

Yugoslivii

Huco della
Yol pe

221 LolZa
Buco del Frare
| LaBs

CGrata di
Valcelling

Momi antichi

2. Arulicial
wallery
helween Lhe
Hlack
Chamber and
Fruca Mot

Lhigquitons

In Ciwano
Chamber

Mear upper
CrLrance

| Climatie comeditivns
Temperature  Flumidity

Linzstable Unstalble
Linstable Lnsiable
Stahle, Slable

| warm
Unsiakle Linstahle
Linsiable Lonstable

TABLE 2 .- ¥ermiculations at sites other than Karstic areas

Sue

lLocatien

Cheher
conditicon

Relerence

Sirong
sepsonal
airflow

Arong
seasonal

airflow

Sirang
seqtaanal
atr oy

Waldner, 1936

de Jaly, 1934

Linpublished
data

Linpehlished
dara

Muosettn, 1954

Climatic conditions

Temperalure

Anrro delle
Ciplleric
2000 Lova

Maples

MWtlan

Paris

Inetial passage
aef e pre-
Fooaman iming
kUL in
[rorrhyry
[aves in
worleanic talfs

(I war
Cellar

Cellars of the
Matural Histo-

ry hlusewm

Stalble

Linstablc

Stable

Slahle

Humidity

Chier
condilions

Stable

Linarahle

Stable

Stable

Keference

Linpurhlished
ks

Parenean, 1951

Peorna, 1459 &
Linpubiished
data
Linpublished
dana

Renault, 19635
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TABLE 3 . Substrata of vermiculations other than limestone

Site Substrata Reference

) Concrete Perna, 1959

Maples Volcanmc rocks Parenzan, 1961

Zelbio Mud Bini, 1975

Buco della Volpe Rubber (electric Linpublished data

2210 LoCo cables)

Tana del Pirola Moonmilk Bini er af., 1971

I ToSo

Grotta del Fa Moonmilk Unpublished data

di Barni

2292 LoCo

Antro delle gallene Porphyry Unpublished data

20 Lova

Tana del Pirola Schist Bini er al., 1971

Milan Window-panes Unpublished data

hilan Conerete Noor Unpublished data

Milan Cellars G, Cappa {personal
| communication)

Yermiculations have also been found, though with differing degrees of abun-
dance and appearance, both in non-limestone caves {see Table 2} and on non-
calcareous substrata {see Table 3). In our experience they can be found in
nearly any cave if looked for very carefully.

The Istribution of Yermiculations

Their location is apparently random; this concept will be developed later, Ver-
miculations have been observed on the roofs, walls and floors of caves and on
any other surfaces with them (e.g. Buco della Volpe - 2210 Lo Co. - See table
3.

Usually they do not show a close relationship to surface peculiarities such as
shape, micro-fissures, rock inclusions, ete., e.g. in the Abisso di Val Laghetto
1600 LoCo cited above, we Tound dry vermiculalions crossing fissures up to 2
mm at right angles, with no distortion. This is not the general tule singe many
vermiculations follow fractures and grooves, especially where such irregular-
ties facilitate the initial formation of deposits which subsequently evolve into
vermiculations,
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In some cases spol-like vermiculations prevail over other forms on the roof,
e.2. Hilloch, Switverland; Tana del Pirola - 3011 Lo So (Bini e af., 19719, but
such a location cannot be considered to be typical.

The material forming vermiculations

Any material, not only clay and mud, can be a suitable constituent for vermi-
culations, provided that certain physical conditions are satisfied, Percolating
heterogeneous substances such as alumina and iron oxides as suitable (Paren-
zan, 1961} and many other non-caleareous fillings have been detected by
H-ray diffraction analysis in the Tana del Pirola cave- 3011 Lo So (Binj ef af.,
1871y, Vermiculations were found made of candle-black on the walls and roof
inside the San Michele Sanctuary in the Gargano Peninsuwla of Ttaly betfore re-
cent restoration (G. Cappa & 1. Samoré - personal communication) and War-
wick {1959 reported similar examples made from torch - black in Poole's Ca-
vern, Buxton, England. All of these materials are lundamentally incoherent,
but they agglomerate under the particular conditions prevailing in the hypeo-
£ean environment,

We huve received confirmation from another Italian caving group that they
have found many types of organic and mineral substances composing vermi-
culations which they have examined, '

The dimensions of vermiculations
Vermiculations range in size from less than | mm up o 10 mm in thickness

and Irom 1-2 mm to tens of mms in width and length so thar there s guite a
range (o their dimensions as observed in nature,

A preliminary study was published while this work was coming under revision: BERTOLANI,
M., ROSSL AL GARLTI, G, 1977 The speleologic complex «Grottn Grande del Voo - Grates
del Fiumes in the Frasass canvon (Ancana, Hale), e VO Conge. fufeenal, Spéléol. (lomone
TEF3, 1 1:357-306,
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The morphology of vermiculalions

An interesting morphological classilication has been published by Parenzan
(1961 and ilustrated in Fig. 1:

Maculazioni argillo-limose 1. Macule puntiformi
{pimple-like spats)
(Silty clay, spot-like vermiculations)

2. Mucule plachiformi
(plate-like spots)

3. Macule hollose
tbulible-like spots)

4. Macule irregolari, elissoidiche o
allungate (irregular, ellipsoidal or
elongated spats)

Yermicolazioni argillo-limose 5. Yermicolazioni grosse - «Pelli di
leapardos (Large vermiculations
wlLeopard’s spots)

6. Yermicolazioni lineari, allungate
semplici o anastomosiczate -
«Pelle di tigre» {Linear, elongated,
single or anastomising vermiculi-
tions - «tiger-skin»}

7. ¥ermicolazioni a peroglifici
(Hieroglyphic vermiculations)

. Vermicolazioni dentritiche
(Dentritic vermiculations)

This classification, which is merely descriptive, is integrared wich ohservations
on the «halos» (Warwick, 1959); many vermiculations are surrounded by o
clear «halow whose extension ranges from 4 few mm o aboul 4 centimelre
{Fig. 3). This «halow is usually visible and is only absent in a few cases;
therefore the morphological deseription is conveniently combined with the
specification «with halos or swithout halos, The implications of the different
shapes of wermiculations and haloes on genetical and evolutionary processes
are discussed below,

Active and fossil vermiculalions

Mot all of the vermiculations are still erowing, Many of them are quite dry or
even fossilized; this is the case of those which are covered by a calcite laver
(Farenzan, 1963; Anelli & Graniti, 1967, Samoré, 1972; Bini, 1975), They can
also develop in some periods of the vear and completely stop at other times.
The modilications induced by speleological activities on alr flow and humidicy
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o

F1G. 1 - Morpbology ol the vermicolations jafier Parenzan), the numbers reler 1o the

classification used in the text
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FIdr, 2 - Shapes of the vermicalations in the Grots Zelbio (aller Bini)
A Fossil spot-like vermicelations made by patches of calcite an their haloes.

B. Tvpe H vermicalations aver grooves.
C.oTwpe [0, reticular vermiculations over microlraciures,
13, Type 11 vermiculations over grooves.

E.-Fo Type 1 vermiculations.

can also cause substantial changes in their growth, e.g. Grotta Zelbio, 2037 Lo

Co (Bini, 1970).

THE GENESIS OF YERMICULATIONS: SOME CONSIDERATIONS
CONCERNING THE MaAIN THEORIES

Many authors have attempied to explain the origin of vermiculations; the
main theories proposed in the literature are;

fossil fillings

chemico-genelical deposition

biolagical formation
mechanical deposition from moving water or air
clay-laver dryving processes (Montoriol Pous hypothesis)
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FIG. 2 - Type [T vermiculations near the first narrow passage in Grota Zelbio - 2037 Lo
Ca, The cain is 25 mm in dizmeter {Photo T, Samord),

Owing to the great heterogeneity in the appearance of vermiculations, these
thearies were developed in quite different dircctions.

Renault {1959) has suggested that vermiculations could develop from the re-
mains of Former fossil infillings, but this hypothesis cannot be conficmed by
either the observations of other authors or by the latest observations of the
prisent writers. 1t is not possible, for instance, to explain in this way the ver-
miculations found in the caves cut in voleanic tuffs in Naples (Parenzan, 1961)
which have never been filled up aller their original excavation several centu-
ries ago; or in the case of those formed in the electric cables recenily laid in the
cave Buco della Volpe - 2210 Lo CO (Fig. 4).

The chemico-genetical hypothesis has been supported by many authors: the
mast recent views aiming at confinig it, as we shall see later, (o the role of fee-
ding the substances which are involved in some of the growth processes of ver-
miculations.

It has been suggested that vermiculations are generated by decalcification of
the rock wall i sitw (Renault, 1953}, by percolating water, but this hypothesis
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™ ] = - = _,.-- . ) < g :
FICio 4 - Type [ vermiculations growing over an electric cable in Buco della Yolpe - 2210 Lo
CCr (Phowa, G Cappa)l

has neither bheen supported by the observations of Parenzan (1961, nor by the
author's observations {vermiculations on non-calcareous substrata), nor by
Choppy (19585 - vermiculations over concretions), nor by Perna (1959,

The corrosion due to condensation of droplets (Renawlt, 19597, while certainly
existing {Andricux, 1970} is not likely to be very effective in most cases,

Some authors have correlated vermiculations with the presence of sulphurared
water (Marchetti, 1930} or sulphur dioxide (Mosetti, 1954} produced by guano
deposits: but these situations are relatively rare.  Elsewhere identical forma-
tions can be observed where these special conditions do not occur (Perna,
1959). Therefore this relationship is also likely to be applicable only in a limi-
ted number of special locations.

The biological process, proposed by Anelli and Graniti (1967) following some
observations made in the Castellana Caves, Bari, is based on the assumplion
that micra-organisms, particularly Mucor racemosies Fres, a fungus, can de-
velop selectively on cave walls. In this way they are thought to promaote the ag-
gregalion of organic and mineral particles, while the «halos represents the
area where acids and other substances secreted by them, inhibic the growth of
surrounding colonies. Since this hypothesis does not fiv all types of vermicula-
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tions and since we noted that the authors had not carried out any biological
contrel oo the shapeless clay deposits of their caves it was important to test
this factor.

Faor this purpose we carried out the following experiment in the Grotta Zelbio
Cave - 2037 Lo Co. Five stations were chosen in the first 70 m of the cave whe-
re Lthe passages are characterised by a strong seasonal air flow and where seve-
ral groups of vermiculations had been noticed (Bind, 1970 & 1975). We took
samples, using sterile swabs from the vermiculations, from the adjacent sha-
peless clay deposits and from the clay of the floor, polluted by human transit.
These samples were transferred into Petrie dishes containing glucose-peptone
agar and incubated in g cave-like environment {temperature ¢.15°C, without
light}.

In all three series of samples the same bacterial colonies were found and no
Munpus specics except in those taken from the polluted floor, in which mycelia
developed together with the same bacterial colonies as were found in the other
two sample groups. We have concluded that no substantial difference can be
found, from the biclogical point of view, between the vermiculation material
and the shapeless clay. The results found by Anelli and Granitl should be
aseribed to the high degree of pollution of Castellana Caves which have been
open as show caves for many vears.

Based upon the above evidence, the guthors consider that the concept of the
selective influence of the growth of colonies of mycelia or bacteria should he
discarded. However, it is possible that such mycelia developing over vermicu-
lations {Parenzan, 1961 may have some stabilising effect upon these surficial
accumulations,

The hypothesis invoking the transport of material by moving water or ait
(Pommier & Garnier, 1955; Parenzan, 1961) is certainly a valid explanation of
the source and collection of materials but provides no contribution to the in-
terpretation of the peculiar processes of their aggregation in the form of ver-
miculations. Pommier & Garnier (1955} ascribed the genesis of vermiculations
o the deposition of clay when cave passages were temporarily flooded, but as
we have already noticed many of these deposits have never been flooded. Such
formation can take place only when the water-level at the end of the flood pe-
riod drops quickly as demonstrated in the laboratory by Renaolt (1963 0) and
not during the rising stage at the beginning of the flood, as was pointed out by
the authors mentioned. However, a guick fall in the water-level is qguite unu-
sual inside caves, Mormally the warer surface lowers slowly and the influence
of surface tension would prevent the clay from depositing in vermiculations,
instead it would form a continuous laver, This subject will be examined again
below because any deposition of this kind should be considered as a particular
case of the processes that will be treated in one of the following sections,

Renault {1959 introducing the concept of air-flow deposition noticed that
aeolian deposition reguires a climate drier than that normally experienced in
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temperate latitudes, This is certainly true in the case ol thick loess deposits,
but there is no reason to consider it essential where very small quantities of
material are concerned, In any climate, winds will carry a certain amount of
organic and mineral particles, though the guantily could change as a function
of humidity and other physical factors. Those cavers who wear spectacles
know this from direct experience, since even gentle air flow in caves is able to
carry a certain amount of dust which adheres (o lenses under humid condi-
tions, Cigna (1961) has caleulated the amount of dust involved from a mathe-
matical point of view.

According to our observations in Grotra Zelbio - 2037 Lo Co and Pont Niv
2206 Lo VWa, vermiculations have often been found associated with sudden
variations in cross-section, At such points a highly localized change in conden-
sation or evaporation {according to the season) oceurs and interacts with the
local clay and with the dust deposited by vortices in the air flow, Air-flow de-
position is likely to take place even at the present time, nevertheless it could
not be considersd as a genctical process by itself because it is liable 1o produce
deposits of any kind. Also in this case peculiar physico-chemical conditions
are required to concentrate the deposited marerials to Form vermiculations,

We should like to mention another hvpothesis, which Professor A, Boegli for-
mulated to us verbally, regarding the Halloch vermiculations, He considers
that these vermiculations are due to the deposition of small particles at the pe-
riphery of dried-oul condensation droplets; where these are plentiful, they
might form a lattice of deposits, This hypothesis puzzies us since, as we shall
see later, the particles suspended within the droplets usually precipitate at the
centre of cach drop {Andrieux, 1970 and not arouwnd i,

The theory of Montoriol-Pous {1962) is worthy ol particular attention, il s
based on the studies he carricd our in Coeva del Reguerillo in Spain, Summa-
rising the main points of this author’s hypothesis, the vermiculalions develop
through three different stages (Fig. 5):

Stage I - 1.c. eoepative vermiculationss. The rock surflace is covered with a
continuous layer of colloidal clay which retains a certain amount of
water, When evaporation occurs, the valume begins to decrease,
producing a lattice of dessication craks.

Stage 11 - i.e. wleopard's spotss. If evaporation continues, the layer of clay
shrinks still further and the bare rock surface just about equals the
area covered by the clay.

Stege 111 -ie. wclay vermiculationss. The area covered by the clay laver conti-
nues to decrease and is restricted to thin vermiculations, and their
water-content is very small, approaching zero.

If the surface covered by clay is called SA fsuperficies arcilfosas of Montoriol-
Pous) and the bare rock surface SO (superficies desnndal the follo-
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FIG, 5 An owrline of the growih of 1ype 1 vermicalations {alier Moncorial - Pous).
A. Phase 1, alter 1he initial evaporafion cracks gre Formed.
B. Phase 1, the dryine bas comtimusd, the clay contracts and some pieces fall (o the
Meor eopard's spots).
O Phase 11, alter evaporation is completed, <lay vesmiculations have farmed,
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wing ralationship can be established:

Megative vermiculations —L:Leopard's spots - L3 Clay vermiculations
or SA/SDE —————————————DEASD = | ————————————— [ SASSD)
[> (H:0 content is decreasing) —— — 1

ln fact the process is a particular case of a more general one, i.e. the drying
out of any surface coverad by a clay laver. Both inside and outside of caves,
the cvaporation of water causes the latter to crack (Stage 1); the tvpe of any
further evolution depending upon the rate of evaporation and oo the Lype of
cray. [ the drving out 15 fast, it leads to the Tormation of single cracks of poly-
gonal soil or mud cracks. [F the process develops on the roof it causes the clay
to fall down in small, thin sheets. If on the other hand evaporation is slow, it
may produce vermiculations (Stage 11 and 1) (see also Renault, 1963a).
These later stages are only produced under these conditions if the clay, or
other vermiculation components possess special physico-chemical or minera-
logical properties such as considerable volume changes associated with the
content of hydration water. Cracking leads to the formation of vermiculations
if the material is incoherent, is joined to the substratum only by the surface-
tension forces of a liquid film and the material lacks liquid, making it fragile
and reducing it 1o a powder,

The Montoriol-Pous hypothesis provides no solution o the problem concer-
ning the formation of the clearer «<halos which surrounds many, but not all,
vermiculations. Mor does it explain all types of vermiculation because it assiu-
mes that before they can exist, a more-or-less thick, but continuous layer of
clay must torm, However this condition seems to be impossible to fulfil in ma-
ny cases, e.g. over electric cables (2210 Lo Co) or in mines (2001 Lo Va; Bus
del Diavul - 2203 Lo Va, ete.)

A UNITARY THEORY OF YERMICULATION GENESIS

Cinthe basis of this general review of all hypotheses advanced to date, we shall
try Lo produce a unitary theory capable of explaining any of the processes ob-
served.

The materials forming vermiculations are of diverse origins, e.g. the remains
from limestone decalcification, the corrosion of other, superimposed forma-
tions {chemico-genetical hvpothesis), the transporration by percolating water
of pre-existing deposits or the deposition by air or water flow of the waste-
products of human pollution. Summarising, any fine-grained material can be
a component of vermiculations,

All of these materials were initially suspended within warer films adhering to
the walls, roaf, floor, debris or other obiects., The water is derived from per-



ORIGIN OF VERMICULATIONS 25

colation, condensation and occasionally by fooding. Warer filtns may be per-
manent or temporary, different clay deposits arising in each case,

If bath water and clay {or any cquivalent substance) are present in considera-
ble quantities, a shapeless mudflow, completely saturated with water will be
produced {Case Iz it will be thick and coherent, because itz constituents can
be very sticky,

On the other hand, where the volume of water is high compared with the clay
or silt content then a suspension will be produced (Case 1T) with almost the
properties of a colleid, Such a suspension may be produced by the deposition
of calcium ions upon a particle surface in a calearecus cnvironment {Renault,
1963a), or as a conseguence of surface electrical phenomena (Thompson ef-
fect, Gibbs law - Andreieux, 19700, or on account of the properties of the mate-
rials composing the suspension (Al:0s, Fea(ds nH:0), colloidal silica (Bini et
al,, 19711 A colloidal suspension is similary produced when water is concen-
trated in droplets, other conditions being the same as in the second case.

in the first case vermiculations cannot arise, at least until evaporation takes
place, starting the Monteriol-Pous «negative vermiculationss process, We
sugpest that this process, besides the conditions outlined by Montoriol-Pous,
involves a decrease in water-content and a simultaneous increase in electric
charges which will accelerate the agpregation of the particles. 1L can be obser-
ved that these vermiculations are solid, homogeneous and never finely dendri-
tic and are usually lacking a «halo».,

In the sceond case agglomerates form with a tendency to increase in both
height and area, This is mainly due ro evaporation but deposition is also atice-
ted by other factors such as temperature, pH etc. (Renault, 19634, b). The fi-
nal result will be the formation of thin, branched vermiculations with a granu-
lar rather than a compact surface; in addition they will usually be surrounded
by a clear «halos. (Fig. 3). Aoy groove or fracture which affects the substra-
tum can obvicusly accelerate or guide this process.

The relationship between evaporation, electric charpes, surface tension, water
droplet and warer film are complex, for further details we refer the reader to
the studies by Andricux (1970} which contain a clear exposition of the whole
prablem.

A high cvaparation rate has been observed where the air flow is considerable
and consequently one may expect 1o find a concentration of type 11 vermicula-
lions at the entrances of caves (particularly of those which are at the warmer
end of an air-flow svstem), on the walls adjacent to locally strong flows, or
where the ¢ross-section of the passages suddenly change their dimensions. On
the contrary, type I {ancgatives} vermiculations are normally found far from
the entrances. These principles are confirmed by our own observations which
indicate that a great many of the dendritic {type 11} vermiculations referred Lo
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by different authors, have been found near the warmer end of air-flow sy-
stems. As a particular case, we studied the distribution and peculiar characte-
ristics of the two tvpes in Grotta Zelbio - 2037 Lo Co (Bini, 1973) (Fig. 2).

As already mentioned, the same phenomena occut in the case of condensation
droplets. The «halows which surrounds both spot-like and dendritic vermicula-
tions 15 mainly due to evaporation and the neutralisation of the electric char-
ges on colloidal particles (Andrieux, 1970).

Andrieux noticed that droplets grow and develop surrounded by a small water
acollars which is irregular in plan, due to local variations in the surface of the
substratum (Fig. 6)., Within each droplet a suspension is generated which is
glectrically charged and consequently able to reduce the surface tension of the
drop itself. If evaporation occurs, the suspended solid materials aggregate at
the centre of the drop, leaving a «halos which corresponds to the wcollars sur-
rounding the primary droplet.

In the case of dendritic vermiculations composed of coarse materials, the pro-
cess is similar. When the agglomerates grow within the film of water covering
the substratum, they join up with each other and precipitate out, Under these
conditions as we have already seen, each particle retains 2 thin {ilm ol the wa-
ter sirrounding it which evaporates slower than the general water body. These
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FlGi. 6 - The shape of & drop of condensation water (aller Andiieux),
1. drop, - 20 collar. - 30 substrarum.
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FIG, 7 - An outline of the groweh of & type 11 vermiculanon
I, - a water-film with swspended callpidal particles.
2, - the same, alter 1 hos dreied and the particles have begun ta join ap.
3. - the agpregates precipitale togeiher and hala has Teomed.
A, - alter devisg has contined a. - vermaculation. b, - hale, ¢ - intervermicelar clay.

dlocal» I1lms are linked to the substratum by a ecollars of water whose
dimensions vary as a function of the dimensions of the agglomerate. Again
this «collars forms the «halos when the water film evaporates completely
andsor the suspension js concentrated (Fig, 7), Tt must be pointed out that
after the first drying the process may be tepeated indefinitely; the new
material will precipitate preferentially over the old vermiculate and will
increase its size,

A peculiar kKind of vermiculation has been observed and deseribed in the Tana
del Pirola - 3011 Lo So cave (Bini er al, 19710, It is considered to be a
particular case of type 11 vermiculations and deserved a detailed description.
The cave in which it {s found is developed in a small lens of saccharoidal
limestone surrounded by schists. The inner side-passapes are cut in limestone
which forms the floor and the lower hall of the walls, while the upper parts of
the walls and the roof are composed of schist. Spot-like vermiculations lie on
the roof and the upper parts of the walls (Fig, 8). They arc very thick, reddish-
coloured and gelatinous and lack «haloesy, They were examined chemically in
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FIG, & - Type L[ vermiculations in Tana del Pirola - 3001 Lo Co, Spot-like Forms an the _
schist of the reof, The telephone counter in the centre-bottom of the phatagraph is
25 mm in diameter, {(Photo, A&, Binil

the laboralory and the main constituents were found to be alumina and silica
while caleium and magnesium oxides were found in small quantities. Using
MNeray diffraction analysis, the following minerals were identified: amphibole,
antigorite, caleite, epidote and quartz. The quartz was mainly present in the
colloidal state,

On the basis of the ficll and laboratory observations, the following process
has been suggested for the origin of these peculiar vermiculations,

Water, percolating along the fissures of the overlying schists, brings in many
different minerals which precipitate as a gel, retaining considerable quantities
of water, owing to environmental changes on entering the cave. The deposit
grows as spat-like vermiculations of a semi-liquid nature which soon thicken,
becoming too heavy and consequently fall on to the floor in one piece. In this
manner the floor also becomes covered with the same kind of vermiculations.

This suggested mechanism is likely to be associated with the same colloidal
processes as in type 1L vermiculations, However, these forms are morphologi-
cally rather different owing to the peculiar characteristics of the materials car-
ried down by water percolating through non-calcareous formations,
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F1G, ¢ - Type | vermiculations in Buco del Frate - 1 Lo Bs. (Phote. T Cappal.

CONCLUSIONS

The proposed mechanisms of vermiculation growih are considered o explain
in 4 satisfactory manner the development of any tvpe of spot-like or dendritic
vermiculations, The different shapes assumed by these features appear to be
omly the consequence of climatic or environmental conditions.

The fundamental structure of vermiculations is very simple and depends on
few physical and chemical parameters. Any other explanation referring Lo so-
me particular formation, including those cited in the literature, can be easily
brought within the proposed mechanism by means of a scientific and critical
analysis, It should be remembered that one of the aims of science and scien-
tists is to formulate general laws ro which one may refer particular observa-
tions, On this basis we propose the following table summarising the morpho-
genetical processes of vermiculation formation:
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FIG. 1 - Type | vermiculations in Grooa df Frasassi (Marchel. (Photo. G Cappal.
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Type 1 vermicalations
{enegatives vermiculations
of Mantorial-Powus)

Type 11 vermuculations
{snormalys vermiculations)

Kind af matcrial
{orming the
vermiculation

Water neecled for
the grawth of the
vermiculations

Halo

Morpholoey: penera] shape
Shapes according (o
Farenzan’s classificatian

- sp0l-like

< vermiculated

[Hmensins:
wiidth

length
thickress

Where they graw

Than matecial, rarely
COATEE AgEregiales

Yery much water initizlly,
followed by a hig reduction
hy evaparation

Ahsenl or scarce

Usually large and thick

Mo, 2, 3, 4,
M. 3, 6

Lp to some om

Lp oo many em

Up e L oom

Fverywhere There is wet
clay and metearogical
conditions able 1o dry it
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canstant
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| Mo 1
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Lip to some mm
Lip ro many co
Lip b some mm

Where hummidity is nearly
14HI%0
a thin film over the surface
of the surface of the
subsiearim,

therefore water Torms
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alish revision and Arrigo Cigna for critcal examinalion.

SUMMARY

Mud and clay vermiculations are irregalar and discontmuous depesits of mecherem materials, al

most ghigquitons, found beth inside and oulside of caves, overlving limesione or olher malerials,
they are Formed fraom many substances (clay, mud, candle-black, calleidal silica, c1c) also their
shape dimensions vacy greatly. The Tellowing geaetical hypotheses have Reen propposed: fossil Fil-
lings; chemice-genetical deposition; biclogival formation; mechanical deposition from moving
wanler or ain; clay-layver deving process (Moengoriol-Prous hypathesisy, physicochemacal depoesiion

fram drying liquid {ilms,

The last is proposed by the avthors who, baving discussed the various hypotheses, give many
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examiples and the results of some experiments. They distnguizh twa 1ypes of vermiculations:

Type 1 or neeative vermiculations
Type 1L or normal vermicalations.

The genesis of type [ is explamed by the Monteciol-Pous lypothesis, these vermiculations are lar-
ge and made of clay or other collaidal material, and are due 1o the gradoal drying of a laver of
clay or ather suhstance.

The last stage of 1his drying provess causes the vermiculations to form in a more o Less deied s1a-
te. The vermicalations of the second 1ype are small and thin, much ramified and always with a
clear ahalos around them.

Yermivulations cansisting of many materials have been observed, wsoally a5 macroscopic agare-
gates, They are caused by the drving of a liguid film comaining suspended colloidal paricles. The
proposad mechanism provides a good explanation of all the observed characieriztics of vermucula-
tioas.

RIASSUNT G

Le vermicolanoni argillose sone depositt irregelari ¢ discontinui di matersale mecerente; pratica-
menle ublguitari. 5 wrevano sia in grolia che all’esterne, su calvare o qualungue altro materiales;
sono formate da ogni Wpo di mareriale (argilla, nerafume di candele, silice colleidale, 20, Inal-
tee hanno forme ¢ dimensioni variabili, Le ipotesi genetiche sinera councialc sono; Ticmpimento
Tossile; chemiogenctica; biologica; sedimemazione da wrasporio idrico ed colico; jpotesi di
Momoriol-Fous, disseccamento di strati o angalla.

Gl awtori dopo aver discusso gueste ipetesi, poriata numeros esempl ed eseguile aloune prove
sperimentali, distinguong due tipi di vermicolazioni.

Vermicolazioni di [ 1ipe o negative di Maontorial-Fous

Vermicolazioni di [0 tipo o normali,

Il prima tipo corrisponde all'ipotesi di Monmariol-Pows ed & costimito da vermicalzzioni massicee
composte di mareriali in genere fing; sono dovare al graduale disseccamente di una strato de argil-
la {oaloroy maolto idratace; e stato fimale di questo disseccamento sano gppunio aloune eobles di
mateTiale pin o mena secee che costiluiseono e vermicolazioni,

1 seconda dipe di vermicolazion @ costailo da vermicalzziani (o maculazani) esili ¢ secili rami-
ficate, poo spesse © feenite sempre di un marcato alone chiaro intornoe. Sono costituite da ogni
sortd di materiale in forma generalmente di aggregadi macroscapict. Sono dovate alla precipila-
sione m stato di gel ed aggrepazione cletrrosiacics per evaporacane di particelle o sospensiong in
ure falm liguiclo.
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