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Secondary Origin of the Radial Fabric
in Stalactitic Carbonate

Faul L. Broughton®

SUMMARY

I'he growth surfaces of most sielenctites are interpreted as numerous Syn
laxial overgrowth cryvstallites, These coalesce immediately behind the growth
surface, often lreapping portinns of the water Tilm oas [oid Gled  cavilices.
The fluid inclusions ropresent former inter-crystallite spaces and chara
clerize the widely misinterpreted -growth rings,

Complete crystallite coslescence gonorates inclusions-free calcile, whoereas
inhibition of laleral coalescence of the overgrowth crvstalliles gonceratos
lavers of acicular calcite, It s generally only during periods of cave flooding
that the crystallites merge and overgrow cach other and precipitalion even
tually ocours upon large. planar crystal laces. Stalactitic carbonste growth
15 secondary, From o multi-crystalline precursor thal is, in 4 sense, a large
skeletnl crevstal. The precursor crvstallites are i latlice continuity  with
the subsieate and with adjacenl crystallites. Crysial boundaries sarise Trom
lateral lattice mismateh on the corved growth surface. TL is not competitive
prowlh as he secondary columnar cevslals do nol interfere with euch other.

INTRODUCTION

The petrology of stalactitic carbonates has only recently re-
ceived significant attention, and until recently few concepts
have emerged concerning growlh processes active during for-
mation of these materials. With the exception of early work
by Prinz (1906) and recent sludies of Hirchmayer [(1964) and
Hahne et. al. (18688} on cave pearls, and Folk and Assereto
11976} on a single specimen of a flowstone, most work has been
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concerned wilth externyd form, or with mingralogical and che-
mical aspects or local lo regional diztribution. When such ory-
stal fabrics have been examined specifically, the interpreta-
tions have often heen somewhat simplistic (Moore, 1982}, This
defliciency was partially remedied with the recent Kendall #nd
Broughtlon (1978) theory on the origin cf [abrics in speleothoms
by precursor syvntaxial crvstallite overgiowlhs, This paper is
a modification of that collaboration and reviews this theory and
its gignificance for the speleclogically-oriented readers, This pa-
per clucidates a theory of stalactitic carbonate growth that is
considered to be applicable to the commonest type of calcite
mosaic in speleothems. This s composed of columnar crvstals
radiating about an axis, together with associated growth lavers
of acicular or fibrous calcite and layvers lhat resemble lhe «co-
conut-meats calcites of Folk and Assereto (19761 but which are
composed of lensibh-fast caloite crystals (Kendall and Brough-
ton, 1977 These various types of stalactitic calcite fabrics gra-
de into each other and may bhe ascribed (o a common genesis.

MATERIALS

This study is basced on o couple of hundred petrographic se-
ctions cut from almost an equivalent number of stalactites and
stalagmites. Many of lhese were cxamined by scanning electron
microscope techniques {5 EM.}. Our samples lack locations or
are poorly located, and much of the material has been secured
from nurmerous mussum collections, individual contributions
and removed from caves ahead of quarrying operations, This
research is suggested to be independent of locality dala, and
for this reason lhoy have not been given in the figure descri-
ptions.

NOMENCLATURE

Some ambiguily persists regarding the terms used to descori-
be crystal forms, The following discussion elucidates how se-
veral terms are gsed in this paper. Acicular is used to describe
materials composed of necdle-like, markedly elongate and poin-
ted crystals less than 5 microns wice. This term is used regard-
less of the mode of packing, and includes fabrics often refer-
red to as fibrous (clesely packed acicular) by many authors
Columnar is used to describe cryvstals that are elongate and
wider than 10 microns. Such crysals are described as fibrous
by many authars (Folk terminclogy), Suborystal has two mea-
nings. It can refer to a crvstal subdivision, partially synony
mous with domain, usually recognized oplically by ils uniform
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axtinction. Subcrystal is used in this sense for Lhis paper. The
term also can mean malerial deposited on a portion of the cry-
stal’s growth surface that is separated from other parts by
having discrete crystallite faces. These commonly give rise fo
the domains of the [irst meaning, but this is not the case in
stalactilic carbonates. In this paper, the second type of sub
crystals is referred to 23 syntaxial overgrowth orvstallites.

THE SECONDARY NATURE OF COLUMNAR CRYSTALS
Tho Argoment Agoonst Primary Competitive Growth Fabrics

The iraditionally accepied corigin of stalactite growth was
summarizec by Prine (1808], was reiterated and popularized
by Moore (1962) and is to be found in most lexlbooks that men-
tion the subject. This theory states thal stalactite growth com-
mences when dripping water deposils carbonate as a tubular (the
soda-slraw) siructure. Water flowing as a lilm over the exterior
surface deposits a new type of caleile fabric which constructs the
familiar conical or cand!e-shaped lorm. This outer coating is most
commonly composed of clongale caleite orystals which, in se-
ctions cut nornmal to the siactite long axis, have their [ong axes
radially disposed. Former growth surfaces are discernible by
hands that contain abundant impurities. Such bands are com-
monly believed Lo record cessations or episodes of slower sta-
laclile growth, Moore [(1882) suggested lhatl following interru-
ption of growth, innumerable tiny randomly-oriented seed cry-
stals are depcsited on the new growlh swlface Competitive
prowth between these cryvstals was propesed 1o result in the
formation of the familiar radial-columnar crystal mosaics in
stalactites and slalagmiles, The resumption of calcite precipi-
tation would favour lhose small crvstals having their c-axes
criented normal 2 the growth surfaces, and would eventually
dominate as elongate crvstals.

This paper proposes that normal stalaclitic carbonate growth
is not by competitive crystal growth, but alternalely, a secon-
dary fabric that suggests a very differcnt origin. If the radial-colu-
mnar mesaics in stalactites result from a process of competitive
ocrystal growth, thon these mosaics should preserve evidence
of this growlh surface All crystals, large and small, are colu-
mnar and have their axes of elongaiion and optic axes more
or less normal to the growlh surfaces. Most stalaclites lack any
region where competitive crystal growth can he inferred to
have occurred, and there is no region where differently-orien-
tecl crystals can he seen to have competed for growth space
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Fig. 1
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Portion of a stalaclie viewed in crosssection with cross-polariced
limhl, The partially extinguished crvstals are parl of the central axis,
the -soda-strawe . All other arvstals comprise o porction of the radial fa
bric, and are slongaled such thal no zene displavs a fabric indicative
af competitive revstal growlho Seale 15 05 nim.
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Fig, 2 - MHost crystals with breguiar jagged boundares exhibiting pseudo-
pleccheoic and inclusion defined growth lavers cross-polavized light.
Seale is 0.5 mon. The boundary is nol relaled 1o the erystallographic
orientation. which argues agains! compelilive growth.

(Fig, 1}, Also, crystal boundaries ancd shapes differ from those
drusy calcite cements that are a consegquence of competitive
growth. In these para-axial cements, crystals in contact with
each other meet along planes [compromise boundaries of Buc-
eley, 19510, As each crystal grows, these planes enlarge and
their orientations arc dependent upon the growtih rates of the
two crystal faces that are growing towards and against each
ather and the angle between them (Bathurst, 1971, p. 422-433)

Boundaries in competitive growth limestone cements will bea
commonly inclined with respect fo the substrate surface be-
cause the crystal wilh the faster-growing or more favourably-
ariented face adjacent lo the common boundary expands at the
expense of the less-favoured crystal. The smaller the difference
in crystallographic orientation bhetween adjacent crysials, the
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less inclined Lo the radial axis will be their compromise boun-
dary plane. Thus, boundaries between similarly or egually fa-
vourable orientations will tend to be normal to the substrate
surface.

This geometric relationship between crystal orientalions lo-
axes) and their boundaries is commonly absenl in stalaclitic
carbonale mosaics, Exceplions are discussed in the next section.

Boundaries in stalactites hawve the following characteristics:
(11 the crystal boundaries are commonly jagged and thus unli-
kely to be simple compromise boundaries, (21 these boundaries
commenly exhibit complex and irregular re-entrants (3) cry-
stals may be encroached upon by their neighbors, incommen
surate with differences in neighbouring crystal orientation,
over porlions of their length but elsewhere mav widen at the
expense of the same neighbours. See Figures 1 and 2. Bounda-
ries bhetween columnar crystals having equally-favoured cry-
stallographic orientalions should be more or less normal to ear-
lier growth surfaces of the slalaclite if competitive, but it is
commonly found that boundaries between such crystals are
markedly inclined by more than 25 to the growth layering, In
lhin section. this may generate wadge-shaped crystals quite un-
like any growth habit in -normal- para-axial cements.

Competitive Crystal Growth Fabrics

Some growth lavers a minority in most stalactites, are com-
posed of crystals with planar boundaries. Such lavers often
display additional fabrics suggestive of the Moore (1982) com-
petitive crystal growth mechanism: deecreasing number of ory
stals and an mncreasing perfection of the preferred dimensional
and crystallographic orientalions of crystals away from the
layer'z crigin, Growth layers of Lhiz tyvpe commonly overlie zo-
nes containing abundant and thick impurities and evidently
were seeded from these former growth surfaces in the manner
suggested by Moore (1982). Crystals in layers exhibiting such
drusy fabrics are, however, commonly in lattice continuity with
apparent primary and secondary fabrics. This passage between
parts of crystals which may be considered a nossible neomor-
phic crigin and crystals in vounger growth lavers whose lattice
exhibits scoondary characteristics wourld develop as a conse-
gquence of the prowth mechanism of the crystals rather than
result from neomorphism. 1t is difficult to explain why neo-
morphism should be confined io discrete growth layers and
ztill have the component crvstals in lattice continuity with un-
neomorphic fabric,
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Detail of an regulae boundary between two crystals with diflerent
crvslallographic orientalions that each contain unigquely-orisnied
linear inclusions parallel o the oplic axis in the host crystal. A
single srowth laver is :ulineated by the dotted line, whereon the
laft hand crystal hes linear inclusions oriented obliquely Lo the

growth surfaces and the right band crystal’s are normal, Flana oola
rizad lipht. Scale i 0.5 mm.
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GROWTH LAYERING AND INCLUSION PATTERNS

Inclusions are trapped by the advancing growth surface and
variaticns in either the supply or Lhe rate of impurity absor-
ption give rise to variations in impurity concentration swhich
define the growth lavering. Inclusions may be so abundant that
they appzar to have impeded crystal growth to cause discon.
tinuities in the rrystal mosaic

Fig, 4 Growth lavers defined by linear inclusions Hype 1) which exhibit
slight but gradual changes in orientation aceoss Lhe crystals which
parallels a similar varistions in the optic axis orlenlations, The lat
tice continuily belween the lateral crystallite coalesconce 15 esse-
iy continuous across the slighily curved growth surface. Cross-
polarized Hghl Scale = 0.5 mm

Inclusions and the patterns they make are lhe moslt impor-
lant evidence for interpreting the origin and growth of stala-
ctilic carbonate. There are six types of growth lavering reco-
gnized:

Type 1. layers are smooth curves, each composed of closely-
spaced, parallel to sub-parallel. linear inclusions. Each linea-
tion parallels the optic axis orientation of the host cerystal, even
when this is abligue to the growth surface. Each thus possess
its own individual orientation of inclusions (Figs. 3, 4 and 5],

Type 2. lavers are smooth curves, like tyvpe 1, but ave defi-
ned as pseudo-pleochroic brown bands originating as inclusion
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Fig. 5 - Different types of growth layers oo close  association, Theare are
large, thorn-shaped  inclusion  defined  lavers,  pseudo-plecchreoic
Javers with a laminated-like banded appesrance and concentration
of nbundant impurities that dominate the lower portion of the fi-
pure. Plane polariesd lght Scale is 0.5 mm,

al
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Peeudopleochroic calcite growih luvers that delineate former posi
lions of struncaled. colcile crystsl lerminations within a larger
hosl erystal Such guadreatic eeminalions are potb lrue orvstal fo-
ces but occur as small sepments of an olherwise smoothly curved
prowth surface., Crystal srowth can anly procesd up 1o Lhe surfuce
of the thin Auid AGlm snd true terminal covstal faces are ol nors-
mally developsd, Cross-polaricsed light, Scale is .5 mm
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concentrations which are nol separately resolvable by optical
mreans (Figs. 2 and 3).

Tvpe 3. layers arc also defined by extremely fine inclusions
liut instzed of being smonth, define former positions of rhom-
bohodral crystal faces. Such terminations may be complete or
incomplete whers the growth lavers combine features of layers
types 2 and 3. Such growth surfaces are smooth but periodical-
ly divide inte segments by re-enivants that represent paris of
crvstal lerminations. Kendall and Broughton (1877) reject the
prescoce of rthese termination traces as the sole criterion for
identification of aragonile replacements, Some inclusion-defi-
ned crystal boundaries are not now associated wilh crystal
bouvndaries. See Figures 6, 7 and 8,

Type 4, layvers alao define former calcite terminations but are
themaslves delined by lincar inclusions.

Type 5. layvers are dislinguished by occurrences of large
fquantities of impuritics. The crystal fabrics are parlially to
completely obscured, Such lavers commonly separale others
with different crysial habits and the carbonate within and adja-
cant o the impurity-rich layers commonly has an acicular
habit.

Type 6. lavers arc essentially inclusion-free and ocour be-
tween cther types.

Most growth lavers in sialactites are represented by types
1 and &, and il is a popular misconcepion as to the dominance
of tvpe 5 layers,

Inclusion-defined layvers (lypes 1-5) mayv pass into each other
laterally or disappear altogether when transitional to type &
layvers, During stalactite growth various laver tyvpes give rise (o,
or allernate with, others.

Some layvers are sharply defined. They are the result of abrupt
changes in inclusion density or type, whersas other layers pos-
sess diffuse boundaries or are themselves dilfuse, being compo-
sed of widelv-spaced inclusions. Diffuse layvers may confain lar-
ze inclusions that are Nuid-filled. They display a marked growth
anisotropism  (Fig, 8), They are thorn-shaped with abrupt con-
strictions and bulbuus origins, and laper to fine points in the
direction of growth of the the host carbonate crystal. A com-
plete gradatlion apparently exists between large and the more
comimon smaller, spindle-shaped inclusions. Both may ocour in
the same growth layver. Occasionally thin bands of pseudo-pleo-
chroic calcile occur in regions between large inclusions and re-
veal the existance of former cryslal terminations (type 3 growth
lavers). Such terminalions indicate that the calcite between the
larger inclusions grew as individual small crystals and provide
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Fip 7 Stalachite section  characlerized by many  pseudo pleochroic wnd

caleite crvstal ferminations. Plane polarized light. Scale is 0.5 mm.

evidence for an interpretalicn ol linear inclusions as modifiecl
inter-acicular crystal spaces and for the proposal Lhat the colum-
nar calcite crystals have arizen from an earlier acicular precur-
SOT,

Scanning electron microscope examination of fraclured sur-
faces revealed no identifiable foreign material in locations
known to canlain abundant inclusions (Kendall and Brough
ton, 1878), Instead, the inclusion-rich lavers appear as a series
of mutually-interlering, spindle-shaped depressions ihat are
interpreted as walls of markedly-elongate pores. The traces of 1i-
near inclusions exhibit 4 marked regularity in size and spacing
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(Fig. 10], In seclions cut normal Lo the crystal’s c-axis, these
pares are scen in cross-section and appear as triangular holes
with concave sides,

These observations suggesl Lhat most inclusions must be
fluid-fillad microcavities. Many of these in thin-sections so disper-
s light as to impart a false brownish colouration and pseudo-
pleochroism to the calcite. Etching inclusion-rich stalactitic calci-
les also commonly fails to vield insoluble residue,

ORIGIN OF COLUMNAR CRYSTALS 1N
STALACTITIC CARBONATE

This research proposes an interpretation for the growth of
stalactitic carbonate that involves the development of nume-

Fig. & Pseudo-plenchroic calcite defining former positions of calcite ory-
sl ferminalions  within n larger crvstal, Cross-polarized  lighe
Scale is 0.5 mm.

rous small syntaxial overgrowth crystallites on the growing
surfaces of the columnar crystals. These crystallites parlially
coalesce during growth to generate Lthe large eolumnar crystals
without there being any intermediary acicular phase. This is
a secondary phenomenon, nevertheless, in the sense that the
columnar crystals are not entities at the growing surface and
arise by the amalgamalion of much smaller crystallites, The
columnar cryslals have 2 creyvsiollite precursor in lattice con
tinuity with the underlying columnar crystals.
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Fig. & - Fluid-filled inciusions,
A, Concentration of inclusions that define & growth layer.
B. Inclusions with a marked growth anizorropism restricted towards
the dircction of growth
. Inclusion ovienlation and boundary conditicns hetween two dif-
ferently oricnted hosl crystals. Inclusion no, o oin the right-hand
crystal s truncated by Lhe growth of the lelt-hand crystal, whereas
al inclusion no. b, The situation is reversed.
Plane polarized lght. Scules ore 1.0 mm.

The next section discriminates belween this concept and an
origin that invelves an acicelor carbonate precurser that re-
crystallizes to form large columinar calcite erystals, This
growth mechanism is common  to many marineg  cements
that have been recently inferpreted as replacements after an
acicular carbonate (Kendall, 1976, 1977 Kendall and Tucker,
1973,

Nature of the Multicryvstalline Precursor

Evidence for the secondary nature of most slaiactitic carbon-
ate from a multicrysialline syntaxial precursor includes:
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10 - Twe fractore surfaces of columnar celeite crystals showing  inclu

sionn traces that appear as spindle-shaped depressions and linear
arriations. These are intecpreted as Lhe remnant spaces hetwoeon
partially conlesced crvstallites, and Lheir mergence into lsrger cry-
stals. Mote the regularily and spacing that define & growth layer
Scanning clectron micrographs, Scales are 20 microns (A1 and
0 microns [HIL
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1. The almost ubiguitous occurrence of linear inclusions.

2. Occurrence of inclusion-defined cryvstal terminations be
lween some large linear inclusions. This suggests that discrete
entities, as acicular cryslals or individoal crystallite over
growths, combined to generate the larger columnar crystals,

3. Presence of acicular calcita layers that pass gradually into
layers composed of columnar calcite crystals enveloping linear
inclusions (Fig. 11). This is not a partial replacement of an aci-
cular precursor, because in most actively growing stalactites
the columnar crysials commonly extend all the way to the
growing surface, If columnar crysials are indeed secondary, as
proposed, they must be generated almost immediately afiler
carbonate precipitation behind the growth surface. There is no
room for any acicular precursor,

Inclusion-defined growth layers which delineate former ory-
stal terminations [ype 4) cannot be explained by any process
involving replacement of an acicular precursor. This type of
gprowth laver is most readily explained where an existing co-
lumnar crystal with planar terminal faces splits inlo numerous,
similarly-oriented (syntaxial) crystallite overgrowths, perhaps
as a result of impurity absorption. Water trapped between these
crystallites would then give rise to the linear inclusions. Later,
lateral crystallite growth would cause their partial coalescence
and the regeneration of the large columnar calcite crystals.

The large crystal that forms (rom the partial to complete
coalescence of syntaxial crystallites is a secondary or poly-
crystal, and must not be confused with any neomorphic pro-
cess. since the crystallites commonly fail to completely coale-
sce (hence inclusion defined growth lavers). stalactitic carbo
nate cryvstals are a type of skeletal cryvstal aggregale,

Svntaxtal Crystallite Coalescenc? and Mergence During Growth

The poroes revealed by scanning electron microscopy are in-
terpreted as vestiges of lormer inter-crystallite spaces that re-
main following partial crystallite coalescence, The triangular
cross-sections suggest that crystallites were hexagonally arran-
ged on the growth surface and each pore results from lateral
growth of three adjacent crystallites. The regular pattern of
inclusion lineations seen in many growlh layers appears to ro-
sult from a process of crystallite mergence and overlap.

In addition to forming larger crystals by a process of lateral
crystallite growth immediately behind the growing surface, the
crystals may also merge to generate larger growing units. This
process is similar to that on the growth surface of cchinoderm
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Fig. Il - Lavers ol acleular colone passing gradually  into Tayers of colu
mour caleite with linear nclusions, Plane polavized  light. Scale
i 0.5 omm.

grains and guart: overgrowihs, Figure 10 illustrates a stalac-
tite growth laver in which crystallite coalescence then mergence
is suggested, Such a layver is chavacterized by a series of stria-
tions ltraces of linear inciusions) that exhibit a regularity in
tho spacing of similarlyv-sized siriations, a proportional relation-
ship between striation length and spacing and a regularity in
the position at which striations of similar length disappear,
Such striations are interpreted to record the traces of, and
eventual dizappearance of, former positions of crystallite boun-
daries. This supports the mergence of crystallites ond small
crystals into larger where demonstrated by the ocourrence
within columnar crystals of smaller inclusion-defined orystal
boundaries.

Crystallite mergence inte larger units, subsequent to normal
syntaxial coalescence, is apparently only a lemporary phase of
stalactite growth. There is no evidence of it in most growth
lavers.
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Fig. t2 - Crass-section of partally  coalesced crystals with  triangular  so-
ctinns  representalive of soda straw  infilling. The genceration of
trigngular pores are the remnants of former inter crystallite spa-
ces Cross-noluciced light Scale is 1.0 mo.
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Similar, but much larger elongate pores lelongale parallel
to the host crystal c-axes) with (riangular cross-sections are
cominonly present in calcite that infills the central canals in
ssoda-slraws stalactites. The infilling of this structure is reco-
grnized as heginning with the growth of numerous separate, but
similarly-nriented, trigonal crysials. During carbonate precipi-
ration, they coalesce to form large polyorystals that contain
elongate pores. These are rempanis of the former inlercrystal-
lite spaces, but an a scale larger than commonly characterizing
normal radial columnar stalactitic growlh, See Tigure 12

Direct evidence for a multicrysialline tcrystallitel precursor
comas from the exomination of zrowing stalactite surfaces. Al-
though many are smooth, others are rough 1o the touch. Rough-
ness is dus 1o the occurrence of a mullitude of small projections,
the larger of which possess crystal [aces, These faces indicate
that the projections arce o growlh form, Where thick impurity-
rich layers overlie lavers composed of columnar cryslals the
contacl is commuanly linelyv-denbiculate suggesting preservation
of the crvstallite growth form. The projections along the con-
tact are spaced and oriented similarly to linear inclusions in
the underlying caleite crystals. Such projections. frequently
wilh crysta! faces, are a growth form and not originating from
solulional frecting.

ORIGIN OF STALACTITIC CRYSTAL FABRICS

Stalactitic growth may be pictured as a sequence of growth
events and the surface morphology during each determined by
tha environment of that episode. During some episodes the sur-
face iz composed of innumerable cryslalliles which coalesce
imumeriotely behind the growing surfoce 1o generate the colu-
mnar crystals, Perfecl coalescance or the obliteration of all in-
tercrystallite space by lateral crystallite growth produces in-
clusion-frea calcite lavers, whereas less perfect coalescence al-
lowing enircpmeant of wator between crystallites generates linear
inclusion-bearing calcite layers. This coalescence is possible
because each crystallite is a syntaxial overgrowth of the same
crystal as its neighbors. Thus, neighbouring cryslallites possess
near-identical lattice arientation and can coalesce or combine
into a single crystal

At other periods, the cryvstallite form is no longer stable and
mergence of crystals on the growing surfoce results in the for
mation of larger crystallites and, eventually, of undivided cry-
sta’s with planar crystal faces. Caloile deposited on these ory-
stal Taces would also be inciusion-free. During vel other epi-
sodes, no oryslallile coalescence goccurs and the deposited carbo-
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nate assumes an acicular habic,. Numerous changes in the en
vironmental conditinons that cause variations in the perfection
of crystallite lateral growth l(coolescencel or mergence are
considered Lo be responsible for the pronounced growth layvering
that characterizes mosti stalaclite draperies. The passage of aci-
cular habit ervstals into normal colurmnar growth layers results
from wvariation in the degree of overgrowth crystallite coale-
scence with time (Fig. 11}, This i3, undoubtedly related to the
change in water flow, the most variable factor in the cave en-
vircnment.

Crystal boundaries in stalactilic carbonate are {hus interpre-
tedd not as the consequence of the crystals themselves inler-
acting. but related to the precursor syntaxial crvstallite over
growtihs on the columnar crystals, Each columnar crystal's
growlh surface is characterized by numerous crystallite ter-
minations. Later coalescence must of necessity be a compro
mise between them giving a jageged, serrated or othorwise non
planar boundary, This is partially dependant upon the degree
of lateral lattice continuity cn a curved growth surface
(Broughton, 1977). The degree of lattice mismatch may be suf-
ficient Lo Favour subcrystals.

Thrailkill (19758) atlribuies the enlire colurmnar crystal fa-
bric to neomorphism or recrystallization products. The patchy
developed fabric can be easily mistaken for neomuorphism cha-
racterized by gradual boundarvies that ocour between the va-
ricus types of calcite mesaic (Bathhurst, 1971). This is casily
gxplained by the success of the crystallite coalescence laterally
across a curved growth surface relative to the lattice conlinuity.

DISCUS5ION

fnfluernce of Waler-Film on Crestol Fobrie and Stalactite
Stability

The numercus changes in environmental condifions on the
growth surface of stalactites, especially water flow rates and
film thickness, cause variations in the perfection of lateral cry-
stallite coalescence and in the stability of the resulting growth
form. These in turn would tend to favour the continuity of one
growlh layer tvpe over anolher,

Kendall and Broughlon (19780 suggesl that ocrystal growlh
on the stalactite and stalagmite surfaces favours moultiple
crystallite habits because of the thin water films.

The cylindrical Lo cone-shaped form of most stalactites is
clearly that which sheds water most rapidly. The form is thus
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a product and a function of an interaclion of gravitalional al-
traction with some of the properties of waler, particularly sur
lace tension. If large crystal terminations were developed on
stalactite surfaces this would cause significant departures from
Lhe optimum watershedding form, Waler would be diverted
around Lhe crystal lermination and iis growth would ke inhi-
bited relative to other parts of the surface. As a conseguence
such projections would gradually be suppressed. Crystals with
large terminal faces upon slalactites appear to develop only
during immersiecn, as during episodes of cave flooding.
It is possible that the water film thickness governs the size
of crystallites on the growing surfaces of stalactites, ¥When
films are thin, only the smaller crystallites will be stable be
cause larger forms would disturb the thin flow of water. With
increasing film thickness, howewver, it 15 1o be expected that lar-
ger crysiallites could be formed (by mergence or amalgama-
tion of the smaller) withour water film disturbance,
Furthermare, & growth surface of numerous rational crystal
faces f(crystallites) would lower the surface energy. Smooth
surfaces are to be expected when surface Lension in the waler
lilm is paramount. Such a smooth surface would, in effect, con-
sisl of innumerable minute, high-energy wvicinal and irrational
crystal faces. On the other hand, smooth surface specimens are
known, but may record episodes of caloite precipitation chara-
cterized by pseudo-plecchroic growth layvers (type 2 layers),
Crderly  corysiallite  growth may he frequently inhibited
by adhesion of gas bubbles on the growing surface. This re-
sults in bubbles Lhalt became set within tubular cavities and
form thorn-shaped (uid-filled inclusions when the enveloped
by precipitated carbonate, This speculation would imply that the
stalactite surface episodically became dry such that the returning
weater film was unable w completely wel the surface. Most inclu-
sions do not form this way,

CONCLUSIONS

The crystals in stalactites composea of radial-columnar cal-
cite did not interact ai growing surfaces. Consequently crystal
fabrics within such stalactites do not, for the most part, exhi
hit evidence wof competitive crystal growth. However during
gpisodes of cave flooding, crystal fabrics resembling those of
drusy cements may develop.

The columnar crystals result from a coalescence immedia-
tely behind the growing surface of numerous syntaxial crvstal-
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lite overgrowths, The columnar calcile crystals do not inler-
fere with each other’s growth as individuals at the growing
surfaces as m competitive growth. Incomplete lateral crystal-
lite coalescence gives rise to fluid-filled linesr microcavilies
In the absence of crystallile coalescence, acicular crystals are
formed.

[l is believed that the crystallite growth morphology s favou-
red and perpetuated because of carbonate precipitation taking
place from thin water films, Large crystal terminations are
suppressed because of slower growth when the flow of waler
is diverted away from the projection. This would be only suc
cossful during episcdes of cave flooding, Conversely, perfectly
smooth growth surfaces are not favoured because surface-cner
gy considerations prozipitate carbonate on lower energy cry-
stallite faces,

Variations in water film thickness are suggested to possibly
cause changes in the stability of morphologies developed on
the growth surfaces and thos alterations in the type of cry-
stal mosaic deposited.
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RESTME

Los surfaces de croissance de la plugart des stalactites ot des slalagmites
sont interprétécs comme étant constiludes de nombreoses oristulliles & re
couvrement syotavial, Celles-gi s'unissent immedialement derriere la sur
face de croissance, entermanl souvent des portinns do film d'eau sous Torme
de covités a contenu lguide, Les inculsions lguides représenlent des ospa
ces enlee les cristallites anciens ot caractgrisent ce gui a &té trés mal in
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ferpréte comme Gtant des .anncaux de croissances. La gualescence com-
pléte des cristallites engendee de la calcite dépourvue dlinclusions, tandis
que Uinhibition de la coalescence latérale des cristallites de recouvrement
forme de couches de calcile aciculaire. Gépgralement cf n'est gue pen
dant les périodes ol les proltes sont incndées gue les cristulliles so soudent
et se recouvesnl 1s unes les mubres, la précipitation n'apparaissant éventual-
lement que sur les grandes Taces planes des cristaux, La orodssance du car-
bonate des stalactites est secondaire elle se it 4 partic d'un précursear
multi-crisiallin gui est, en guelgue sorte, un gros cristal gui sert de sgue-
lette, Les cristallitos précurseurs forment un Lreeillis qui est en continuité
aveo lp substrat eb aveo les cristallites adjacent. Les limiles enfre cristaux
proviennent de lg muauvais soudure des bords du treillis sur la surface de
croissance courbee, Tl n'y a pas de croissance compétilive puisque les ori-
stauy sccondaires en formne de colonnes n'interférent pas les uns avec las
AULTES,
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