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TEXTURES IN INDUCED MORPHOLOGY CRYSTAL AGGREGATES OF CaCO3:
SI-LEAF OF WHEAT MORPHOLOGIES

S. DOMINGUEZ BELLA andJ.M. GARCIA-RUIZ
Departamentode Geologia,Facultadde Ciencias, Universidadde Câdiz,Apdo. 40, PuertoRealCbdiz, Spain

Threedifferent kinds of textureshavebeen found in inducedcrystalaggregatesof CaCO3sheafof wheat morphologies,grown in
silica gel at pH= 10. One of them showing concentricbanding can be explained by a simple aggregationmodel of stacked
rhombohedraalongits c axis.The seconddoesnot presentconcentricbandingandis formed by fibers with 3 m symmetry.Finally,
thethird hasamorecomplicatedfiber designwith periodicalunitsarrangedin a helical pattern,whichhasnot been explainedby any
simplemodel of CaCO3crystalaggregation.Themorphogeneticalrole of the silicatedmatrix mustbe particularlyimportantin this
last case.

I. Introduction eitherside.After gelling, solutionsof CaC12(O.5M)
and Na2CO3 (O.5M) were injected into the

Induced morphology crystal aggregates branchesas seen in fig. 1, in such a way that
(hereinafter IMCA) are composites with self- counter-diffusionof bothsolutionsthroughthe gel
organizedmorphologies,which are formed by a occurs.After ten days at room temperature,the
silicatednon-crystallinephase(calciumsilicate hy- first precipitate appearsat x = 25 nm~ifrom the
drate-likephase)and a crystallinephase(CaCO3 CaC12 solution (see fig. 1). As the precipitation
in the presentcase) [1]. They show severalmor- evolvestowardsthe CaC12solution,differentkinds
phologieswith non-crystallographicsymmetry[2]. of morphologiesappear.Eachoneof theseevolves
Of these,themost interestingwith regardsto their with time, a processwhich will be described
application in the fields of biomineralizationand elsewhere.Of these,we havechosenfor this text-
prosthesis are those presentingsheaf of wheat ural study, thosepresentingsheaf of wheatmor-
morphology. phology.

The aim of this paperis to presenta textural
studyof thiskind of inducedmorphologicalcrystal
aggregateswhich hasbeencarriedout usingopti- N~stj. plate Glass plates

cal and scanningelectron microscopy.A model I 71~

explainingthe observedtexturesis alsoproposed.

2. Expenmental ~—

silica Gel *

Induced morphology crystal aggregates of *

CaCO3wereobtainedin a U-shapedglasscassette. / / / / ~,. / / / ,. / / / / / /

The geometryand dimensionsof the device are
displayedin fig. 1.

A sodium silicate solution (specific gravity =
3 . . . . Fig. 1. Arrangementfor the growth of inducedmorphology

1.06 g/cm and pH 11.2) acidified with HC1 crystal aggregates.F P stands for the position of the first
(iN) to pH 10, was injectedinto the cassetteup to precipitate.Arrows indicate the advanceof the precipitation

the level L—L’, leaving two empty brancheson front (seetext).
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The crystalaggregateswere recoveredfrom the 3. Texturalstudy;descriptionandexplicatorymodel
silica gel by mechanicalmanipulation, enhanced
by gel dissolution with NaOH solutions. Once Optical and scanning electron microscopic
washedwith doublydistilled water anddried, each studiesreveal the existenceof several kinds of
aggregatewas fixed with double-facedadhesive texturesin crystal aggregateswith sheafof wheat
tapeto an aluminium base.For a scanningelec- morphology.
tron microscopystudy,theywere thencoatedwith
Au. 3.1. Sheafofwheatwith bandingstructure

X-ray diagrams (powder method) show that
CaCO3 (calcite) is the crystallinephaseforming The first presentsclearbandingstructure,i.e.,
the aggregates. the existenceof concentricbandsof low andhigh

This study was carried out on two kinds of densityof particlesas shownin fig. 2A. Eachone
precipitates: those grown in the gel and those of thesebandsis itself formed by microsheafof
grown on the gel—glassinterface. In the lastcase, wheataggregatesradially arranged(fig. 2B). These
the glasswas placeddirectly onto the aluminium microsheavesof wheat are constitutedby radial
baseandfixed with silver tincture, andalsocoated fibers emanatingfrom a growth center.Thus, the
with Au. low densityzonebelongto the geometricallocus

~ ‘1

_ I
~ D I c-axis

Fig. 2. SEM vies of sheafof wheat aggregateswith banding structure: (A) general view of one aggregate;(B) SEM view of
microsheavesof wheat; (C) enlargedviewof fibers, showing (1011)rhombohedraarrangedalongits c-axis; (D) diagramof afiber.
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of the pointsdisplayedby thecenterof thesheaves. 3.2. Sheafofwheatwithout bandingstructure
Each fiber is built of a set of (1011) cleavage
rhombohedraarrangedalong its c axis (figs. 2C The secondkind of aggregatesdoesnot present
and 2D). Thus, each fiber is a crystal aggregate rhythmicstructure(fig. 4A).
working optically as a single crystal, which ex- These aggregates are composed of fibers
plains the pseudo-uniaxialMaltesecrossthat ap- arrangedradially from the center of the sheaf.
pears when IMCA are observedunder crossed- Anotherdifferenceto the aggregatesdescribedin
nicols and polarizedlight. We havenot observed the previous paragraphis that in this case, the
eitherlinearor Liesegangpatterns[4] betweenthe fibers havea very different morphologyand tex-
bandsforming the aggregate.In fact, just in the ture. Here,themorphologyof eachfiber is formed
growth front of the aggregatewe can seeseveral by threeribs arrangedwith a 3m symmetry, the
rhombohedracrystals of CaCO3 displaying the threefoldaxis beingthe fiber-axis(seefig. 4B)
abovedescribedorientationand without physical This fiber morphologycan evolve to a more
contactbetweenthem (figure 3). This canonly be complicatedand amazingdesign as shown in fig.
explainedby the existenceof such a matrix. An 4C, with eachrib showingserratedprofiles. Simi-
explanationfor the rhythmic behaviourof these lar morphologies to this have been recently
aggregatesincluding kinetic data has been de- describedby Folk at al. [6], the so-called“bizarre”
scribeselsewhere[5]. morphologiesof CaCO3 in hot-spring travertines

from central Italy. This fiber pattern is mainly
localized in those aggregatesgrowing near the
CaCl2solution,andis also developedby non-sheaf

U

of wheataggregatesgrowing just on the interface
of gel—Cad2solution.

As this kind of texturealso showsthe pseudo-
umaxial Maltese crossundercrossed-nicols,it is
obvious that the existenceof optical continuity is
also a featureto befulfilled by any modelexplain-
ing the textural relationsbetweenthe crystalsfor-
ming the aggregate. —

It is clearfrom the SEMviews that theaxis 3 of

the cleavagerhombohedrais again the fiber axis,
and that the morphologicalunit of the fibers is a
combinationof acute(0221)andcleavage(1011)
rhombohedra.However, the stackingpattern of
theserhombohedrais very difficult to establish
without ambiguity. Therefore,for this texture,the
authorsproposea descriptionandonly a tentative
model, which has beeninferred from the SEM
views at different stagesof the time evolutionof
the aggregates.Eachfiber is formedby threeribs
at anglesof 120°to eachother.Eachrib is formed
by a seriesof units arrangedalong its axis. Each
unit can be describedfrom a morphologicalview-
point as thecombinationof two domes(fig. 4D).
Therefore eachrib presentsamirror planewhich

Fig. 3. Rhombohedralcrystalsof CaCO3 (R), withoutphysical . . . . .

contactbetweenthem, in the growth front of the aggregate. containsthe axis of the fiber. Fig. 5 is a diagram-
Small arrow showsfiber direction. Large arrowshowsgrowth matic representationof thismorphologicalunit.

direction. However, unlike the previouslydescribedtext-
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Fig. 4. SEM viewsof sheafof wheataggregateswithout bandingstructures:(A) generalview of oneaggregate;(B) enlargedview of
(A) showinga fiber with 3m synunetryand its schematicrepresentation;(C) SF.M view of a setof serratedfibers and a diagramof

one;(D) enlargedview of (C) showinga morphologicalunit form by two domes(seetext).

ural arrangements,theseunits and therefore the mirror planesparallel to the mirror plane of the
ribs which theyform are notrelatedby a ternary rib. Thus, as seenfrom thesedata, both domes
axis. In fact, as shown in fig. 4C, a certainhelical could be explainedby a unique aggregationpro-
patternappears.The authorshaveno quantitative cess of units, each unit being a combination of
data to confirm that a true screwaxis existsalong acute (0221) and cleavage(1011) rhombohedra
the fiber, althoughin many casesqualitativecon- (fig. 5).
siderationssupportsucha hypothesis. This aggregation model leaves unexplained

In eachunit, the dome placed nearerto the someimportantaspectsof theseunusualtextures.
growth front of the fiber presentsplanarsurfaces In fact, any model built up on the basisof CaCO3
andthedomenearerto the centerof the aggregate crystal aggregation cannot explain either the
presentssteppedsurfaces,the stepsbeing formed rhythm andmorphologyof the units forming the
by aggregationunits stackedon its rhombohedral ribs or the helical pattern of the whole fiber.
faces.It is importantto note that the term dome Therefore,the morphogeneticalrole of the ill-de-
must beusedbearingin mind that we are dealing fined silicated matrix, the existenceof which in
with crystalaggregatesandnotsinglecrystals.The IMCA has beenexperimentallydemonstrated[3]
edgeof the domepresentsa kinked surfacewhich and checkedfor the presentaggregatesmustbe as
is formedby rhombohedrastackedwith one of its importantas in the caseof the so-called“braids”
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of BaCO3 IMCA [2,3]. However, the way this
- -~ ~ 7’ ~ matrix works has not beenunderstoodup to the

~ /~// \~\ present.
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Fig. 5. Diagrammaticrepresentationof a morphologicalunit
observedin fig. 4D, showingtheorientationof theaggregation
unit ((1011) and (0221} rhombohedra).PS: planar surfaces;
SS: steppedsurfaces;KS: kinked surfaceon the edge of the

dome.


