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KALCYT (tryg. 2.71): wysoka tupliwos¢, duze krysztaty, nizsza rozp.
ARAGONIT (romb. 2.94): niska tamliwos¢, mate krysztaly, wyzsza rozp.
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SPHERULITIC CRYSTALLIZATION AS A
MECHANISM OF SKELETAL GROWTH
IN THE HEXACORALS.

By W. H. Bryan, M.C.,, D.Se., and Dororay Hinn, M.Se, Ph.D,,
Department of Geology, University of Queensland.

(EBead before the Royal Soeciely of Queensland, 25th November, 1940.)

I. Introduction.

II. The Skeleton of the Hexacoralla.

III. Spherulitic and Allied Struectures.

IV. Spherulitic Crystallization as a2 Factor of Skeletal Growth.
V. Possible Oceurrences of the Proecess in Other Groups.

VI. Conclusions.

1. Introduetion.

For some years the authors of this paper had been working
independently on the structure of spherulites and of corals respectively.
Certain similarities in structure were noted between these organic and
inorganic materials which, even at first glance, appeared to be more than
superficial. It was therefore decided to eollaborate in making more
detailed comparisons of coralline and spherulitic structures in order to
determine the degree of similarity and its possible significance.
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Z value is "idealized thickness of the calcifying space”
which is suggested to be "of 30 to 150 ym”

GAGNON et al. 2012

TAMBUTTE et al. 2007
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Mass, T. et al. 2017. Amorphous calcium carbonate particles form coral skeletons. PNAS E7670—
E7678.



Biatka biomineralizacyjne
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Mass, T. et al. 2014. Immunolocalization of skeletal matrix proteins in tissue
and mineral of the coral Stylophora pistillata. PNAS 111 (35) 12728-12733.




BASALIA
, L _ Micrabaciidae
S 2., g : oA, ot U N Gardineriidae

Balanophytlia desmophyilioides
Endopachys grayi
Balanophyliia sp. B
Balanophyflia gigas

Balanophyllia sp. C

Trochocyathus rhombeolumna A
Trochocyathus rhombcolumna B
Cyathotrochus pileus

otac sp
Tropidocyathus lessoni
Deltocyathus magnificus
Fung y
Funglacyathus p. pacificus A
Fungiacyathus p. pacificus B

dnoig) xeydwio)

Fungiacyathus turbinolioides e | 3 ! > = : E i
Fungiacyathus stephanus Lak 4 € E. 5 =
Tokcadabatun ca ' - Acro poriidae
Truncatoflabellum candesnum '8 . X i 3 & R

Flabellidae

Lobophyllidae

nocya i

Anthemiphyliia dentata

Conotrochus funicolumna
nov. sp. nov.
totrochus magnaghi

ocyathus coronatus

cyathus web

Vaughanella concinna B

Vaughanella concinna A

Trochocyathus efateensis
s

Caryophyiliidae sp. B
Rhizosmilia sagamiensis
Phyllangia papuensis

ROBUSTA
Anthemiphyllidae

» s = , Caryophyllidae s.s.
e B T SO Gl AR Pocilloporiidae

Caryophytliidae sp. A

dnous 1sNqoy

Caryophytlia rugosa
Caryophyilia lameliifera
Caryophyilia quadragenaria
Caryophyilia grayi
Caryophyillia atlantica
Dasmosmilia lymani A
Dasmosmilia lymani B
yophy:

Desmophyllum dianthus
Caryophyllia grandis
Caryophyilia transversalis
Caryophyifia unicristata
Dasmosmilia lymani
hyilia scobinosa

Stolarski, J. et al. 2011. The ancient evolutionary origins of Scleractinia revealed by azooxanthellate corals. BMC Evolutionary Biology 11:316




Modele kalcyfikacji: biologiczny vs. fizykochemiczny

Physicochemically dominated process

sea-water Organic macromolecules

ionic precursors (s-w.) '/—\may influence e.g., kinetics of crystal growth
N “ \

S.W.
" Elemental chemistry of coral skeleton
is controlled by Rayleigh fractionation
and crystal-growth rate

“hers

crystél growth
via ion by ion
attachment

model for coral skeleton
crystal growth occurs in (semi)isolated crystal: abiotic aragonite
space of extracellular calcifying medium (ECM)

Biologically controlled process

Organic macromolecules
vesicles filled with ACC (e.g., proteins, polysaccharides) Elemental chemistry of coral skeleton

. orchestrate ACC assembly and deposition influenced mainly by coral physiology
deposition of ACC -~ :

crystal growth by ACC nanoparticle
attachment in nanometer-sized . |
extracellular calcifying medium blogenic
aragonite

Drake et al. 2020
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A Cretaceous Scleractinian Coral
with a Calcitic Skeleton

Jarostaw Stolarski, Anders Meibom, Radostaw Przeniosto, Maciej Mazur

inian corals form purely aragonitic skeletons. We show
that a well-preserved fossil coral, Coelosmilia sp. from the Upper Cretaceous (about 70 million
years ago), has preserved skeletal structural features identical to those observed in present-day
sderactinians. However, the skeleton of Coelosmilia sp. is entirely calcitic. Its fine-scale structure
and chemistry indicate that the calcite is primary and did not form from the diagenetic alteration
of aragonite. This result implies that corals, like other groups of marine, calcium cart

was highly conserved throughout thar evolu-
tion (/1)

Here we show that a fossil scleractmian coral
formad a calatic skelaton, We studied a suite of
fossi| corals attnibuted to the caryophyihid gems
Coelosmilia. Our speaimens arc from the Upper
Cretacoous (Masstrichtian) deposits of Poland
(fig. S1) and arc similar, but not dentical, to the
fossils studied in (12) in which the aalate in the
coraks was miemed to have formed diageneti-
cally. We have now usad a varcty of miao-
malytical methods to show that the alate is
instead primary. The ovenill skeketal architecture

producing organisms, can form skeletons of different carbonate polymorphs.

mmnemlogy of some fossil Sclemctniawas ailcitic
(8-10), it has been generally accepted that the

the most prolific b onga-
nisms i nature (/). Thar cakium cabonat
skeleons form shallow- and degp-water reefs
and are prominent in the fossil reoond as far
back as 240 million years ago (Ma) (2). Lvmg
<lemamuns produce entirely amgonitic skele-
ons (3, 4). An identification of calcite in ala-
fication centers of the shallow-water sclemamian
Miussa sp. {5) was not confinned by subsoquent
analysis (6). Amgonite is motastable ot ambient
temperaturcs and prossures and s susceptible to
dugenetc ransformation to cakete, the sabke
form of calcium carbonate under ambient condi-
tons. Most fossil sclemctnians have therefore
been dissolved or tnmsformed © caleite, preserv-
mg only thar macroscopic morphology. In these
caxes, the ongimal mmenalogy can be mfared on
the basis of thar S content and by analogy with
iving cclemotmians (7). Although some studics
have left open the possbilty that the onginal

“isimte of Paleotiology. Polish Aademy of Siences, Twards
2 SUSS, PL00-818 Warsw, Poland. ‘Muséan National
d'Hutoire Natuelle, Laboratoie dBlude de L Matie
Biratermye, USM 0205 (EME), Case Postale 52, 61 rue
Buffr, 75005 Paw, Frane. ‘nstue of Bpaimental
Physics Urivessity of Warsaw, Hoda 69, PL-00-681 Warsaw,
Poland. “Department of Chemisty, Laboratory of Elecin-
chemisty, Unherstly of Warsan Pxtaa 1, PLO2-093
Wiarssw Poland.

“To whom carrespondence should be sddrecsed E-mail
stol acy @twarda pan pl

skclotal bgy of scloractinmns

Coelosmlia

Fig. 1. Morphology of the Late Cretaceous calcitic Coelosmilia sp. Relatively smooth septa, a thick
septothecal wall, and a lack of pali are typical features of this solitary, azooxanthellate scleractinian

5 OCTOBER 2007 VOL 318 SCENCE www.sciencemag.org

coral.

of Co ilia is similar to that of modem deep-
saa comls, such as Desmaphylium (Fig. 1) and
Javania (fig. S$2). Coebsmilia sp. has a conical
alicc with scpta armngad into five full cycls
forming a hexameral patiem. Our specimens are
complecte skelctons and well preserved. External
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aragonite 2.944 g/cm3

calcite 2.711 g/cm3
Stolarski et al. 2021
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Paraconotrochus antarcticus z Oceanu Potudniowego: struktura i mineralogia szkieletu
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P. antarcticus vs. Coelosmilia

Stolarski et al. 2021
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copper ion binding
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potassium ion transport
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response to endogenous stimulus
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cell surface receptor signaling.
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Higuchi et al. 2014: PLOS ONE
Yuyama & Higuchi et al. 2019: PeerJ



Mieczaki: aragonit vs kalcyt
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Molluscan shell proteins according to their molecular
weight and pl values. Open squares indicate those proteins
associated with aragonite; filled diamonds indicate those associated
with calcite; and crosses indicate proteins associated with both
polymorphs. 1 = aspein. 2= Asp-rich proteins; 3= MSP-1. 4 =
MSP-2: 5 = MS131; 6 = prismalin-14; 7 = N-14/N16/pearlin/
perline proteins masking AP7 and AP24; 8 = MSl1el; 9 =
. : mucoperlin, 10 = nacrein from P. fucata; 11 = MSIT. 12 =
Aragonite f dermatopontin; 13 = tyrosinase-likel; 14 = nacrein from T.
prisms | marmoratus. 15 = perlucin: 16 = shematrin proteins: 17 =

y! : A7 . perlustrin: 18 = lustrin A: 19 = perlwapin: 20 = N-66; 21 =
' ' ' tyrosine-like2: 22 = KRMPs. Reprinted with permission from ref
202. Copyright 2008 Elsevier B.V.

—Aragonite =
= nacre

Backscattered electron image of fracture section ol Makroczqsteczki zaangaiowane w nukleacje kalcytu Sq silnie

wo ovarves. (A) The bimineralic Myvtilus edulis with calcite prisms : - . T . .
to the exterior (top) and aragonite nacre to the interior (bottom) wieloanionowe i silnie kwasowe w porownaniu do makroczqsteczek
Scale bar = 10 pm. (B) Interface between aragonite nacre (top! zaangaiowanych W nukleacje, aragonitu.

and aragonite prisms (bottom) at the innermost shell of Modiolus
modiolus. Scale bar = 20 pm.
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Starmaker (Stm), a protein which belongs to

a class of intrinsically disordered proteins
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