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CHE CRUSTS IN ISLANDS OF SOUTHERN AND
EAS ERN AEGEAN AND OF SOUTHERN IONIAN SEA

F. POMONI-PAPAIOANNOY, A. GALEOS

ABSTRACT

Quaternary caliche crusts produced by pedogenic accumulation of cal-

pbonate material have developed in or on pre-existing carbonate for-

in several islands of Southern - Eastern Aegean and of Southern

Sea. The weathering profiles studied exhibit a range of caliche

es including rhizoconcretionary, laminar, massive, gldacbular and

¢ types. The above microfacies present different calichification

'y stages taking place in a semi-arid to arid environment during
ocene to the Recent, The calcium carbonate necessary for calichi-

n has been provided through an in-situ transformation of the host

ite rocks. Analogous features may well be preserved in ancient sedi-

sequences providing valuable information for palaeoenvironment
tion.

IYNOVWH

TetapToyevels xpoUates caliche, nou aviunpoowredouv To anoTéAeopa
1L ouyn€vtpwons acBcotordunod viuxod €yxouv avartuxdel oTnv

va 1§ pfoa oc wpoiudpyovies avdpaxixods oxnuatLopovs, oe Sudeopa vn-
NotCou xaL Avatoiuxod Auyalou xav tou Netlou Iaviou. Ta peletn-
"apopUA" cEariolwons eugavigouv €va gpdoua Lotdv caliche, mou xepL-
pLLOYEVELS, AouLvdbers, oupnayels, 9popBibers xaL xuooiufunodg

0L avwTépw pLxpopdocLs aviLwnpoowncvouv bGudgopa otdbia wplpavons otn
ata tng calichification, mou €AaBe yupa ge nul-Enpd wpos £npd xepe-
petd 1o Mievdnalvo wal wéxpl ofuecpa. To avaywalo yia tnv calichi-
tion avdpaxuxd aoBéatio €xev udilov mpoxUyeL uéow wrag in-situ perta-

; Twy EEvioTdv avipanikdy RETpwudtwy. Avdloya XapaxtnpLotixd ecvar bu-
) va SLatnpndolv g Raial€s (inuatoycls axoAoudles mpoogfpovras moid-
xAnpogoples yia tnv avabiapipwan tou xaiaLorepLBdilovios.
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LNTRODULTION

The determination of the diagenetic environment has
" besof '_'qf-igﬂifi‘f;aﬂ-? i-gnppr-tg;;ce equal to the kiowledge q'f the depositional en-
viponment| sincd 1t_2rbvid&s pich information concernibg the chemistry of
the'react ingdwithathe host dediments Iaveratitial fluids, responsible fop
the ‘mineralogical as well as for the textural and structural diagenetic mo-
dificatipgs Jf the.rotks« Betheen therseveral diagenetic environments, the
vadase @wone' 1s oneof the ‘most Intensively studied. However, only during
thes last decade attention has been paid to the formation of the uppermost
crusts on constantly or penisdically exposed sediwents and rocks in semi -
arid«to arid-climates. The formation of these €rusts is a pedologic pheno-
mencn, including all the physicochemical and biological processes affecting
the substrates (FREYTET and PLAZIAT, 1982). The facies produced by pedolo-
gic alteration of the substrates are included under the term “caliche"
which is synonymous with "calcrete™. According to COUDIE’s (1973) genetic
definition caliche represent "terrestrial materials compesed dominantly but
not exclusively of CaC03, which occur in states ranging from nodular and
powdery to highly indurated and result mainly by displacive and/or replacive
introduction of vadose carbonate into greater or lesser quantities of soil,
rock or sediment within a soil profile" (From WATTS, 1980; p. 663). Later on
several modified definitions have been proposed, one of the most interesting
by ESTEBAN & KLAPPA (1983), who defined caliche as "a vertically zoned sub-
horizontal to horizontal carbonate deposits developed normally with four
rock types: the massive-chalky caliche, the nedular-crumbly caliche, the
platy or sheet-like caliche and the compact crust or hard pan whose position
and development in vertical and lateral means is higly variable" {p. 15).
Calichification is a diagenetic process which modifies the original
sedimentary features and produces new textures and structures, For progres-
sive calichification a prolonged subaerial exposure of the rocks with little
or no deposition is necessary, because the most mature pedogenetic profiles
need time (probably thousands of years) to form. The calichification pro-
cess yields characteristic features such as clotted micrite, rhizoliths,
glaebules e.t.c. and is not controlled by special depositional and litholo-
gical factors of the host sediment. The intensity, form, type and thickness
of the formed caliche depends mainly on the mechanical stability of the host
rocks, since development of a caliche profile requires a stable substrate
sufficiently long exposed for pedogenic processes to operate. Permeability
and calcium carbonate content of the host material can influence the rate
of caliche formation (ESTEBAN & KLAPPA, 1983). Moreover several otheér fa-
ctors including climate, topography, sediment accretion rate, plant and a-
nimal populations and time may also control the calichification rate (WATTS,
1980; FREYTET & PLAZIAT, 1982; ESTEBAN & KLAPPA, 1983). However, the most
important factor is the CaC03 source, because for calichification an exces-
sive amount of CaC0j3 is necessary. Aeolian input of carbonate dust is consi-
dered to be the main source (GOUDIE, 1973) while other sources such as wea-
thering of calcareous parent material and capillary updraw from grounwater
may also provide CaC03 (WRIGHT, 1982).
Being a product of subaerial weathering,
rine carbonates provides valuable information f
climatic conditions interpretation as well as f
Due to lithification prior to erosion or renew

been proved to

caliche in a sequence of ma-
or the paleogeographic-palec-
or the diagenetic evolution.

ed sedimentation cali o=, 3
files are well preserved avoiding the removing or mix of thewmwmﬁﬁsﬁﬁ‘m OedppacT

sediments (ESTEBAN & KLAPPA, 1983). Many studie

s exist concerning both an-
cient and Quaternary caliche deposits proving

its great importance as an

of emergence and unconformity (STEINEN, 1974 ESTEBAN, 1976;
& STEINEN, 1978 ADAMS, 1980; ARAKEL, 1982 e.t.c.). =~
Hhﬁev 5t of the studies deal with pedogenic ¢ ; o
1€Zh:oformed in non-pedogenic environments namely at QEpth? wirll
o i ‘ adose-phreatic zone interface
oil profiles at the deep vadose-ph : .
.(SESES?EKSEIHEEGHER. 1981). The non-pedogenic callcgc ;re f?rmcd by
5 ilizi dose and phreatic wa-
itati CaC03 caused by plants utilizing va : : ) )
:::lo?nozheaso-called "groundwater caliche", vegetation 1s an 1mpar
: s ; v
F; hat controls its formation. ) o i
ﬁctorh?sa aper the sections on Microscopical Description an@ Inter
“In :r; wgitten by F. Pomoni - Papaioannou whereas the sections on
-221 Setting and Study Areas are written by A. Galeos.

GICAL SETTING

During the 1:50.000 geologicalhmapping.of ?Z;EZii szt;;:?e;? ?ggg?ern

| Ea: n as well as in Seuthern Ionlan t :

Izasxzi?k?iﬁiia, in press) extensive thi?k and massive callibzn;ruiggse
often been observed in or on pre-existing carbonate fon? ;eacé theee

: usually cover smooth morphologic sQrfaces‘and in plﬁuzqsmall Lol

lute of the order of 300 m, Crusts in high altirudes have : R

n and are found as weathering relics, while in low altitudes they g;gsh_

ride extension. The crusts are very hard and compact, and ::;Eoza:z is
" e YellO”i5; tintioizmm;?iﬁoggiieEE:EEZgical determina-

as grainstone forma 3 L :

" fiz;oz:duii;t thgi began to form from Upper Pl1oceggsanddcgnt$;:§D;E1

n till now. Sampling has been carried out by A. GAL ; i: i;land <l
logists of 1.G.M.E.) during the geological mapping o e

pa?ea, Antikithira and the surrounding islets.

 STUDY AREAS

‘ sl. Kounoupi (Fig. 1)

It is situated at the eastern part of ﬁstiPalea. Remﬁa:t§ gf ;22232-
~ have been observed on the Upper Cretaceous'(Senonxan-Haaszglc tia G il
tized limestones with rudists up to an a}tltude of about ddmda':;pitic

- ‘Sect. No 1). These are greyish-black, thick-bedded to unbedde » Berits .
 bituminous carbonate formations and belong to the Tripolis isop i

'-ﬁ'lcroscopical Description

i i i nded by red-

The host rock is a greyish dolomite overlain or surrou .
dish-brownish lime crusts, with irregular and sharp_contact_(P%. I,fflg;ol)
ﬁteroscopical examination revealed a dologgegggsparx;ﬁ cgni1s:;E§°:parite
: tals of size in the range of /0- um. The dolop :
h g:rggi:s?:z: bysa system of tubular structures consisting of §tra1ghttor1 i
~ slightly sinuous cylindrical tubules with aif?ir1¥1c°23ta:;3:;d;252211; ;
The tubule commonly branched with sign f1ca? y decr .
:::leters ?Pi?el, Fig. 2). The tubule walls consist of tangentiaily orien
' efieated calcite needles (needle-fibre calcite)._The needles are
ﬁwA§g§$qé'féu'microns wide and up to several hundreds of microns long. R

The overlying or surrounding crusts consist of alternations o
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developed Yaminated spherulitic épusts. the interspaces of which have beap
occupied; by glaebular micritic matrig_(PL;”[. Fig. 3,4). Glaebules include
PRS- aiieh, 355 peTBids) oaids, coated grains, pisoids e.t.c. The crusts ex-
g;ﬁﬁifaiboﬁbggidalrway of Jgrowth and Qﬁqgﬁgmposed af closely connected sphe-
i ade t 56" 1 FpEbTdal’ bod {os Consistihg of bundles of calcite fibres (PL. I
19.-3), often displaying a radia) internal and a relic concentric stpu-
ctup@”{PLﬁ_Jb,Eig.fﬂ}: The rdys|of (4th spherulite extend From the centra
of the grain~commonly occupied by a micritic nucleus-to the grain surface
dnd théir length rapges from 200 um to 700 pm, The long axis of the elli-
ptital.spherulites is  commonly perpendicularty the stratification (PL. [
“Fig. 4). Aligned micritic inclusions corcesponding to preexisting growth
ﬁﬁﬁi&ﬁ@@”ﬁﬁ&%ﬁi?ﬁé'QEFéi?E'Ebnceﬁfr?b-zaned’strdétnre EPL. I, Fig. 3). The
spherulitie calcite fibres are slightly yellowish, non-pleochroic, length-
slow and commonly they show blunt terminations. Dog-teeth cement rims either
develop on the spherulitic crusts or surround glaebules and other compenents
The glaebular matrix that occupies the between the botryoidal spheru-
litic crusts interspace is reddish-brownish and is characterized by a clot-
ted texture, being composed by fairly coalescing glaebules of variable size,
Small relics of the host material are included in the glaebules and are
clearly observed in the coarser ones. The cementing material has the same
composition and texture with that of the glaebules. Relic fragments of the
host dolemitic rocks are in places preserved through alteration while in
some pisoids they form the nucleus. A textupe consisting of ellispoidal to
subrounded approximately equidimentional voids, either empty or partially
to wholly filled with sparry calcite, separated by a network of intercon-
necting sheaths of micrite. (nesdle-fibre sheaths) was observed (PL. II.
Fig. 1). This texture is similar to the "alveolar" texture described by

ESTEBAN (1974).
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Interpretation

The tubular structures that cross-cut the dolomitic host rocks are
pseudomorphs after root clannelways. KLAPPA (1980) used the term "rhizo-
liths" to describe analogous organosedimentary structures produced by roots,
including "accumulation and/or cementation around, cementation within or
replacement of higher plant roots by mineral matter" (p. 615). The observed
tubular voids correspond to the "poot moulds" while the needle-fibre cal-
cite coatings to the "root tubules" (sensu KLAPPA, 1980). According to the
same terminology the carbonate fillings of the tubular voids (glaebular
micrite and/or blocky spar) correspond to the "proot casts”. The observation
of dichotomus branching and decrease in bifurcations diameters further ju-
stify the approach that the tubular voids reflect the position of previously
root paths. Such voids are not produced by burrowing organisms, because
burrews usually have uniform diameters and their inner-most canal is com-
posed of fecal pellets. Analogous tubular voids have been recorded by man
authors from weathered zones of caliche crusts (JAMES, 1972; WARD, 1975)
and represent a common and characteristic feature in Quaternary calcretes
from several coastal regions of the Western Mediterranean (KLAPPA, 1978 b;
1979). Similar rhizolitic textures have been identified in the post-Plio-
cene solution-collapse breccia, in Eastern Crete (POHONI-PAP#IORENOU and
DORNSIEPEN, 1987). Concerning the origin of the needle-fibpe calcite coa-

tings, that are responsible for the preservation of roots morphology after * 3

roots have been completely decayed, two controversial aspects have been A I

expressed, The first supports a biogenic influence (HARRISON, 1977; WARD, L § 3 %

1970; CHAFETZ, WILKINSON and LOVE, 1985; WRIGHT, 1984, 1986), 'h§ﬁ$uﬂﬂfB$AD9ﬁKn"9€é¢00' ewAEV?g.AIIO E é
: 3: %8

Astypalaea island and the adjacent islets.
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second regards it as having been formed inor
degrees of .supersaturat jon.caused.by rapid-degassing of €02 and or evapora-
i {JAMES, 19723 SOLOMON and HBLK%EN.LIQBS)?aéur ghservations justifz the
£first approach./considering/that reots.themselves are responsible for the
formation of the needle-fibre sheaths. The process gould probably correspond
to ansimpregnation of the plant rodt.either during decay or even while the
ropts,wepe 'stidl-alivey'as KLAPPA (1980) stated.

] ?he crusts which overlie the dolomite host/rocks correspond to pedo-
ealiche cpusts, produced by accumulation of.calcium carbonate mate-
The responsible for the spherulitic crusSt 'formation mechanism, proved
Loybe complicated. The blunt terminationsiof most'of the crystals in the

observed spherulites seem to suggest neomorphism after former aragonite

crystals {LOUCKS and FOLK, 1976; FOLK and ASSERETOQ, 1976). However, it must
be noted that the primary length-slow calcite cement presents a morpholopy
similar to this resulted by neomorphism of a bundle of aragonite needles

(from CHAFETZ and BUTLER, 1980 p. 506). The observed spherulitic crusts are

similar to the so called “Microcodium-Like Structures" observed by CHAFETZ

and BUTLER (1980) in the Recent caliche sediments of Central Texas, due to
the strong resemblance with the Microcodium structures described by ESTEBAN

(1973). According to KLAPPA®S (1978 a) definition Micrecodium is the rasult

of "ealchification of mycorrhizae,a symbiotic association between fungi

and cortical cells of roots" (p. 518). Our observations suggest that for-

mation of the spherulites through a bacterially controlled neomorphism of

the radiating calcite prisms of Microcodium or Microcodium-1like bodies as

CHAFETZ and BUTLER (1980) stated, could be the responsible mechanism.

The glaebular matrix that occupies the interspace betwsen the sphe-
rulitic crusts is of pedogenic origin and resulted by transformation of the
host rocks. BREWER (1964) defined glasbules as "prolate to equant scil unit
of different fabric from, or having a distinct boundary with, enclosing
soil material" {p. 355), whereas according to BRAITHWAITE (1983) glaebules
result by an in-situ solution and reprecipitation of carbonate material.

The origin of the alveclar texture is regarded to be related to
rhizoconcretionary fabrics (encrustations of roots), Comparable textures
have been illustrated and described by many authors in fossil and recent
calcretes and are considered exclusive to such formations (ESTEBAN, 1974,
BRAITHWAITE, 1975; ADAMS, 1980; PERYT & RUP, 1987). A detailed description
of alveolar texture was given by ESTEBAN and KLAPPA (1983) considering it
"consisting basically of a number of cylindrical to irregular pores, which
may or may not be filled with calcite cement, separated by a network of ana-
stomosing micritic walls" (p. 26). The needle-fibre calcite sheaths is con-

sidered to be evidence of fungal activity around roots, WRIGHT (1986) in-

troduced the term alveolar-septal texture to distinguish it from the al-
veolar texture in which septae are absent.

ganically during extremely high

genie
rial®

Is1. Pontikoussa (Fig. 1)

It is situated on the western side of Astypalea and is characterized
by low altitude of the order of 5 m a.s.l, The host rocks are coastal po-
rous grainstones that are widely extended especially in the northern part
of the island. Their thickness reach the 4-5 m (Schem. Sect. No 2).

Microscopical Description

. . " . '
Clean-washed and highly porous lithoclastic mud-free skeHBQIOKMLBIBMOBAKN "Oedpp

stones were observed. The skeletal grains are mainly fragments of coral-

n algae and echinoderms with lesser amount ofbf?rams, mOIITRcf an:a-
s while the lithoclasts are mainly serpentinites as.wcl aqtme :
rocks of the subenvironment {chlorite SChl?tS, quart?;tesfle.Fi;. é]
undifferentiated peloids have been observed in place§ﬁh : , ] cén- .
Most of the above compeonents are surrounded by reddish-brownis 8
irregular micritic coatings consisting of bgndles of tangentia tﬁe
.;eﬂ calcite needles, The thickness of the coatings varies between -
spent grains as well as in the grain itself, but generally they arj y
Grain coatings show characteristic irregu}ar protuberagcesi Indp a??s
ging-like fabric consisting of small peloids has be?? F:e ogeai gA
e impression of binding grains to each other [PLT ' gé 5 ;eCi_
m of fresh-water cement (dog-teeth or blady caleite) ha§ ien Scluded
d on the grains, while the remaining space has been part;aldy o S
y calcite spar. Pendant and meniscus cement have deY?le? on : il
<. However most of the primary intergranular porosity is still preser
In places botryoidal crusts have been developed.

pretation

The studied grainstone deposits were deposited in.a well—agltatedt i
idal environment. As far as the enviromnment of the.dlffe?ent cement ty
is concerned, precipitation in the realm of meteoric enV1ron$ent :3 .
ested. Specific characteristic of the vadose zone is the pendant {(drip

i ional) and the menicus cement. N .
O;riﬁi;;;:;iodiagenetic feature is the development of grain coat1;§s
h have grown subaerially, involved in the_ca%xchiflc?t1cn pr-car;t?zsc.1 » e
atings observed have no relation with the ml?r1te coatings desczl ed by

HURST (1964), which develop during marine diagenesis. The boun arlesh .
tween grains and coatings are usually fuzzy an? 1nd1st1ncF, feagaifTﬁ_ar
eristic for caliche coatings implying progressive alteration. ( !

ITE, 1983). Similar caliche coatings (the so-calleicizizznzugéozzéc:gans

i rminology) are common in Quaternary ca
v:h: :?;iogzal orig%ﬁ (JAMES, 1972, HARR;SDN, !9?7E KNOX, lQ??;NR;ﬁHT.h
986). Our observations favour a root biomineralization mechanism throug

‘an accretional and centrifupal mechanism, analogous to that described by
(CALVET and JULIA (1983).

 Isl. Lagoubardos (Fig. 2)

It is situated in the Northern-Western part of ﬁn?ikithira and ii
composed of Neogene boundstones and grainstones. Its altitude is about Om
‘a.s.l. The crusts form lenses in the Neogene sediments (Schem. Sect. No 4).

‘Microscopical Description

The host rocks are dolomitized boundstones and pack§ton?s—float-
‘stones (PL. III, Fig. 1). The boundstones are composed of in-situ grown co-
~ lonies of corallinacean algae, dasycladaceans and bryozoans. The 1nte?ske-
~ letal voids are occupied by a mud-supported packstone-floatstone consisting
~ of skeletal grains, mainly echinoderms, forams, gastropods and molluscs.
. Beopetal structures are common (PL. III, Fig. 1). The paCks?Gnes-floa;:tones
are mainly composed of molluscs, gastropods, f?rams a?d echlnodergs Et e:ze
reGheyretacized by high porosity, due to shell dissolution. A thin dog-te
“rim cement surrounds the produced molds. In the upper part of some voids
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ant cement has precipitated. The surrounding matrix is composed of homo-
ous micrite with abundant small-sized subspherical to irregular voids
nally surrounded by a thin yellowish argillacecus rim.
The overlying crusts display characteristic branched tubular stru-
s similar with those described in the caliche crusts of Kounoupi island
pL, I11, Fig. 2). Concentrical coatings of needle-fibre calcite sheaths have
ipitated on the tubule walls and usually cross-cut the cylindrical pores,
'ting in a texture similar with the so-called alveolar {ADAMS, 1980,
\1-PAPAIOANNOU & DORNSIEPEN, 1987), or alveolar-septal (WRIGHT, 1986;
& RUP, 1987). In situ-grown spherulitic-botryoidal crusts associate
» tubular cavities, being composed of closely connected and laterally
rended spherical to ellipsoidal grains.

Interpretation

The accumulation of mechanically introduced mud in the interskelstal
‘cavities of the boundstones is indicative of subaerial diagenesis, The high-
‘pdrosity of the packstones-floatstones is of interskeletal type, produced by
issolution of aragonite or high-Mg calcite shells by freshwaters. Cement ty-
‘pes (dog-teeth, pendant} support precipitation in the meteoric-vadose realm.
% The tubular structures are interpreted to represent organosedimentary
‘structuresproduced by roots (rhizoliths, sensu KLAPPA, 1980), while the for-
mation of needle-fibre sheaths around the tubule walls are considered to be
biogenically controlled, either during decay or during root’s life.
Concerning the origin of the Microcodium-like spherulitic structures
- we favor the same mechanism as for the crusts observed in Kounoupi isl.,
- involving a bacterially controlled neomorphism of Microcodium or Microco-
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dium-like bodies.

1s1. Stefania (Fig. 3)

b It is situated at the southeastern part of the island Syrna and shows
an altitude of about 20 m a.s.l. The crusts overlie medium to thick-bedded
strongly recrystallized Jurassic dolomitic limestones and dolomites. They
show a broad extension covering 2/3 of the whole island and their thickness
ranges from 0-5 m (Schem. Sect. No 3).

Microscopical Description

The host dolomites are overlain by yellowish-brownish lime crusts
characterized by glaebular structure., Laterally extended spherulitic-botryo-
idal crusts composed of closely connected spherical to ellipsecidal grains,
similar to those of the Kounoupi isl., interrupt the glaebular matrix
(PL. III, Fig. 3). Round to elliptical voids surrounded by poorly developed
coatings are observed in places.

Interpretation

The glaebules observed are of pedogenic origin, either formed by the
alteration of skeletal grains and/or other components of the substrate
through calichification, as JAMES (1972) stated, or through a soluticn-re-
precipitation mechanism, analogous to that proposed by BRAITHWAITE (1983).

The formation of the spherulitic-botryoidal crusts as previously has
stated is considered to result through an organically controlled mechanism
analogous to that proposed by CHAFETZ & BUTLER (1980).

(pLGO'rog"-- [ wAoyiag. A.MN.O.




KOUNOUPI I
N_KOYNOYMO!

Is]. Antikythira. (NW coast, Revithi Cap) (Fig. 2).

7 ) Cousts Bnoss-cut i cosstall grafisrsnes asiwell as the host bound-
stone Ebrm&i}aﬁé‘ﬁﬂcﬁemg-%ét;, No 5@_'gpdgrggﬁth occup the Paleocene-Locene

greyish to black, thick-bedded, nummulité-bearihg, dolomitized limestones
of Trfbgkis zone.,

Micrgscopical Observation

o " “The observed crusts donsist of a yellowishsbeownish carbonate mate-
rial, characterized by the presence of rounded-Arregular cavities, as well
as by ‘Branched  tubular eavitiesn(PlonlVynFigels2)eRelics of corallinacean
algae and chert lithoclasts occur locally. The tubular voids are surrounded
by tangential needle-fibre calcite sheaths and have been partially or wholly
occluded by blocky spar (PL. IV, Fig. 2). In places the sheaths form a cha-
racteristic net, separating irregular voids and giving birth to 4 texture
similar to the alveolar texture (PL. IV, Fig. 3). Terrigencus quartz have
been observed in places.

Schematic section N®1
Dmuatom  toun

PONTICOUSSA T
N. MONTIKOTIEA

Interpretation

The above facies corresponds to a well-developed rhizoconeretionary
caliche. The interpenetrating system of tubular voids correspond to pree-
xisting root paths, that have completely modified and destroyed the original
structures and through their caleification give birth to the observed stru-
ctures. The accumulation of carbonate material around the plant root is
effectuated through pedogenic mechanisms, finally resulting in rhizoconcre-
tionary caliche formation (PL. IV, Fig. 4). The tubular voids correspond to
root moulds, while the coating needle-fibre caleite sheaths to root tubules,
sensu KLAPPA (1980). Concerning the origin of the alveolar-like or alveolar
septal-like texture observed, as has been stated before it is considered to
represent a rhizoconcretionary fabric. The interpenetration of plant roots
and the intense biological weathering produced in-situ brecciation.

Schematic section N°2
Dxpatien  top

' STEFANIA I
N. ETEOANIA

Isl. Antikythira (Western of village Potami). {Fig. 2).

Crusts have been developed along the contact with a grainstone coa-
stal formation similar to the Revithi cap, and to the Pontikoussa forma-
tions (Schem. Sect. No 6).

Schematic section N°3
IXMuanxn  Topn

Microscopical Description

Mud-free, grain-supported lithoclastic skeletal grainstones are ob-

served (PL. V, Fig. 1). The marine bioclasts are mainly corallinacean algae,
echinoderms,bryozoans, forams and in smaller amount brachiopods and molluscs.
The lithoclasts are mainly radiolarian cherts and quartzites (PL. ¥, Fig. 1)
Terrigenous quartz grains are common. This facies is characterized by high
inter-as well as intra-skeletal porosity. All the grains show well-developed
grain coatings composed of thin concentric irregular laminations consisting
of needle-fibre calcite sheaths. The grain coatings display irregular protu-
berances and dissimilar thickness, A thin rim of dog-teeth cement surrounds
the already coated grains while the rest part either remains open or has
been filled by blocky spar, giving birth to grainstone fabrics. A bridging-
like f?hric consisting of small peloids bind the coated grains (PL. V¥,

Fig. 1).

Mud-free pisolitic grainstones deposits have also developed (PL. V,
Fig. 2). The pisoids (diameters from 200 pm to 35 mm) yield a nucleus of

LAGOUVARDOS T ANTKYTHIRA I (NW Cap Revithi)
N. AATOYBAPAOL N ANTIKYBHPA (BA awp Pefidi )
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Schematic section N*6
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iable nature and shape (skeletal grains, peloids, lithoclasts, quartz
ins) (PL. V, Fig. 2). The envelopes have uniform thickness, which is
usually smaller than the nucleus diameter. The elliptical-subrounded shape

of the pisoids is due to a tendency of coating thinning at the prominent nu-
cleus edges and corners (PL. V, Fig. 2). The pisoid ceatings are consisting
~ of tangentially orientated whisker calcite crystals. Blocky calcite spar is
the cementing material. In places, structures consisting of concentrically
;Jydrranged needle-fibre sheath alternations have been observed as well as an

- alveolar-septal texture (PL. V, Fig. 3),

Interpretation

The development of coatings around the skeletal and the lithoclastic
‘grains is the principal diagenetic feature, The formation of the coatings is
involved in the calichification process, during subaerial exposure of sedi-
ments. Needle-fibre calcite sheaths around grains are supposed to result
through a root biomineralization mechanism. The pisoid grainstones are for-
med by progressive calichification. Pisoids were probably formed through
- centrifugal accretion mechanism analogous to that proposed by CALVET &
JULIA (1983). The observed pisoids are of pedogenic origin and are not re-
lated to vadose pisolites which are formed in hypersaline environments. Pi-

solitic caliche formations have been alsc observed in Eastern Crete {POMONT-
PAPATOANNOU & DORNSIEPEN, 1987).

Isl. Antikythira-Central part (East of Galaniana, Fig. 2).

Remnants of crusts have been observed up to an altitude of about

300 m a.s.l., on black Paleocene-Eocene dolomitized limestones (5chem, Sect.
No 7).

Microscopical Description

Facies observed are analogous to those in the NW coast, A yellowish-
brownish fairly opaque matrix enriched in Fe-oxides is observed, interrupted
by tubular cavities as well as by a system of interconnecting irregular ca-
vities (PL. V, Fig. 4). Relic skeletal grains (brachiopods, echinoderms, co-
rallinacean algae, molluscs) are still preserved.

lhterpretation

The observed facies correspond to rhizoconcretionary caliche. Mas-
sive, as well as glaebular caliche types were also observed, The rocks show
several rhizoconcretionary fabrics including root moulds, root tubules,
ioot casts (sensu KLAPPA, 1980), as well as alveolar-septal textures (WRIGHT,

CONCLUSIONS

The sedimentological study of the uppermost crusts observed in seve-
ral islands of Southern-Eastern Aegean, as well as of Southern Ionian Sea re-
vealed that they represent pedologic formations resulted by calichification
of the substrates during a prolonged subaerial exposure. The amount of CaCO3
~ hneces for calichification is considered to be mostly provided by wea-
thering of calcareous host rocks. Several caliche microfacies have been pe-
cognized including glaebular-massive, pisolitic, laminar as well as rhizo-

a FewAoyiag. A.M.9.
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1. Sharp contact bLetween the host dolomitic rocks (base) and the over-
. caliche crusts. Starting of spherulitic crusts on the upper most part.
atification. Isl, Kounoupi, // Nicols, 30 X

AxgToun cragh petafd Twyv untpundv SolopLTuirdy teTpwpdtwy (otn Bdon) wal Twv
cpreCpevwy @roudv caliche. ‘Dvapgn Gnuitoupylas opaupoALdunuy ceiughoudocwy
y tAfov avatepo Tpfpa. Topd ' otpwon. Nno. Kouvodmor, // Nicols, 30 X

Fig. 2. Rhizoconcretionary tubular structures cross-cutting the host dolo-
seudosparite. The tubules arc branched and show decreased distally diameters.
. ' stratification. Isl. Kounoupi, // Nicols, 30 X

‘¢¢;°7;v;¢g owinvoeLdels Sopcc, nou SLawdutouv Ta unTpuxd GorodeuvboonapLrind
%kfpﬁnara. NMapatnpedote 1o odornua Sranidbuwong Twv Sopdv autwy xaldds kal Tnv
tdon eAdTTwonS Tng SLapcTpou Twy cwirvwy micupund. Toud ' otpdon. Nno. Kou-

lwnﬁﬂﬂt. // Hicols, 30 X

‘JZFTg. 3. Spherulitic crusts exhibiting a botryoidal way of growth, composed of
 elosely connected spherical to ellipsoidal bodies, consisted of bundles of ra-
alally irranged calcite fibres. Note.the relic concentric-zoned structure.

~ Sect. ' stratification. Isl. Kounoupi, // Nicols, 30 X

EguLpoALduxés enLprordocLs pe foTpuocLdh avdrTuEn, GuVLOTAUEVES aRd OTEVE ouv-
bebepeva agavpund-crreLdoeLdn owpatibua, anotreiodueva and Seopcbes antuvwtd
. SLaTETAYMEVWY QOBECTLTLXGY LVWV. ENUELWOTE TNV UROAELUPATUNY GUYEVTPLKA-Lu-
 vdbn Soprd. Topr ' otpdan. Nno. Kouvolmoi, // Nicols, 30 X

- Fig. 4. Spherulitic crusts between a plaebular caliche matrix, composed of
~ closely connected spherical to ellipsoidal bodies with radial internal stru-
- cture, Sect.' stratification. Isl. Kounoupi, Nicols, 30 X

LpaLpoiLdunéc envprocdocLs napeuBardidpeves petafd pras pdfag caliche tclpuxqu-
Tunod Lotod, anoreroUpEveES ard otevd ouvbcSepdva omunpuxu:cllcu¢ocubﬁ owpatl-
Sua pe axTLvwtd ecwtepuxr Sourd. Tourd ' otpdon. Nno. KouvolmoL, Nicols, 30 X

PLATE 11

Fig. 1. Alveolar-septal like texture, consisted of ellipscidal to subrounded
voids, coated by needle-fibre calcite sheaths. The illustrated texturc is con-
sidered to result by a root biominelization process. Sect. ' stratification.
Isl, Kounoupi, Nicols, 30 X

bdopri Ténou alveolar-septal, anotehrodpcvn and erhevpocibels-unogpaLpuLxds onég,
nou mepLBaAdovial and BedovoelLdelg-Lvubevs aoBcotutunods wpuotdiioug, H euxo-
viLdpevn Sopr Scwpeltar d1i mpondntel pfoouv evdg unyaviopoy cieyyduevou ducga
and TV mapouvola guiuidy pufwv (root biomineralization). Tourd ' otpdon. Nna.
Kouvolmor, // Nicola, 340 X

1Pﬁ“F¥§¥“29W0§1é531%35n0¢ mud-Iree lithoclastic skeletal prainstones, The skeletal
X grains are mainly frapments of corallinacean alpae and echinoderms with lesser
amounts of molluscs and other bioclasts, Hote the thin pedogenic coatings
around the graing, Iz1. Pontikoussa, // Nicols, 30 X



Figi~ 2. Clean-washed mud-fpee lithoclastic grainstones. The skele-
tal jpraing are mainly’ fragments-of corallinac e and echinoderms with
slegser amounts [OF molluscstand othen bxoklasts. Hnte the thin pedogenic coa-
tings around the'grains. 1s1. Pontikoussa, // Nicols, 30 X

"&h&nniqn?tuau axe&ex;mouwgrninntonas._xnpus*tlé 0L OHEAETLXOL NONHOL @vTLNpo-
Wi ovvuu uupng _dugs Dpa Hata nupquLoYEvmw purwy HaL exLvobépuwy naL o pu-

NpdTipo nouedTd-and uakunun waw dArovesfLokddotes. Mapatnpelote Ta Aentd ncbo-
yevetund noddppata ydpw and toug xdwxouc. Nno. [llovitkoloa, // MNicols, 30 X

Fig: 3s" Samel [The betvevn the grains micritic matrix is of pedogenic origin.
Nute ;the fchavacteristic coating protuberances around the coarse grain in the
centre, “1sl. Pontikoussa, /f Nicols, 30 X

ﬂﬂaﬁwxa Il petabd Twv xduwwv vuuﬁurh&ﬁ Lade edvau xéﬁ%ycuc1uun; wpo€ievans. Ma-
PATNPCUOTE TG XOparTnpLoTLxd £foyndpara Tou uakuuuurog YUpw and tov abpopcyedn
nwduno oto xévrpo. Nno. Moviitkoloa, // Nicols, 47, 5 X

PLATE -III

Fig. 1. Boundstones composed of in-situ grown colonies of corallinacean al-
gaw and bryozoans. Note the geopetal structures, Scct, ' stratification, Isl.
Lagoubardos, // Nicols, 30 X

Boundstones awmoteAovpevor and in-situ avantuooduevec arouxlec nopulluoycvmv
purdv xav Bpuoluwv. llapatnpeloTe Tic yewneTaduués dopcc. Tourd ' otpuon. Nno.
AayoUBapBoc, // Nicols, 30 X

Fig. 2. Rhizocencretionary tubular structures cross-cutting the overlying ca-
liche ecrusts. Sect. ' stratification. Isl. Lagoubardos, // Nicols, 30 X

ILioyevels gwAnvoerbedls Soudc nou SLandatouy Toug uneEprECHEVOUS mknuous ca-
liche, Touri ' otpdon. Hno. AayoGBapdog, // Nicols, 30 X

Fig. 3. Sharp contact beétween the host dolomitic rocks and the overlying
glaebular caliche. Note the botryoidal-spherulitic crust at the upper part,
exhibiting a characteristic concentric-zoned relic structure, Sect. ' stra-
tificatijon. Isl. Stefania, // Nicols, 30 X

Audtoun cnapn ucrucu TWY UATPL MWV 60Aouutuxmv METPWHATWY XAl TNS UREPHELHEVTC

gaanc caliche, nedpuxpuTuinod Lotod. Hupu1npcu015 ato uumtcpo THNRa TLS BoTpuo-
eLbels-oparpodLdLncs enLproLdoeLs nou xapantnplrovial arnd plo ouyrevTpLrf-rw-

vébn vroAceppatuxd Goprd, Topd ' otpdon. Nno. Ztegavia, // Nicols, 30 X

PLATE IV

Fig, 1. Rhizolitic structures cross cutting a micritic matrix of pedogenic
origin. Note the branching and decreased distally tubules diameters as well
48 the micritic coatings around the root molds, Sect. ' stratification. HW
ccast of Antikithira (Revithi cap), // Nicols, 30 X

PuiodLdunes Soud€s nou &Landntouv pla uprL1an UL TEOOYEVETLANS RPOEAEUONS,
Nupatnpeote 10 odoTnua énanxuémung oL TNV Tdan sAu11uun; Twv SLapéipwy Twv

Omlnvuu naddc Mol Te puxpLTind xakdppata yUpw and Ta Cxvn twy MRAEEK{BIBAIOONKN "OedppacTo

otpdon. DA axth AvTikuBApwv (AkpwthpL PeBlOL), Nicols, 30 X

2. Laterally extended tubular cavities corresponding to root pathways
woulds). Sect. ' stratification. NW coust of Antikithira (Revithi cap),

xd enTeLvOpEvES XOLASTNTES owinvoelbods TUROU TOU avTLOTOLYOUY o€ HLE-
pLiidv. Toud ' otpdon. DA axtd AvtixuBfipuv (AkpwthpL PeBlBL), // Nicols,

3. 3. Alveolar-septal texturec. Note the way micritic sheaths separate ir-
sr voids in a laterally extended root tubule. Sect. ' stratification.

t of Antikithira (Revithi cap), // Nicols, 47,5 X

tdnov alveolar-reptal Enucuuatc Tov tpdlo ME TOV OROLG TQ HLAPLILHG
aTo 6LuxupuCDuv avdpaiovs ndpous ot Pla RAEupLNd EATLVOMEVR pLLoAudund
Topfh ' otpdan. Ba antd twv AviikuOfpwv (Akputhpr PepLOL), // Nicols,
X
4. Cross-section of a rhizolitic structure. The accumulation of carbo-
» material inside and around the plant root is effectuated through cali-

cation. Sect. ' stratification. NW coast of Antikithira (Revithi cap),
icols, 30 X

gLa TouR purag purfoiudunrds Soprc. 1l ardfcon avdparixod uiLnold pdoa aL
and Tnv plfa emLTuyydvetal pfow nedoyeveTuindy pnyaviopdv (calichifica-
). Tour ' otpéon. BA anth Twv AviukuBhpuwv (AxpwthApt PeBlBi), // Nicols,

fig 1. Lithoclastic skeletal grainstones. Craius show well developed irregu-
lar needle-fibre grain-coatings, supposed to be controlled by a recot biomine-
Hllizat;on process. Note the grain-coatings protuberances, as well as the ac-
u.ulation of small peloids Letween the coated (bridging- l;ke fabric). Isl.
ntikithira (western of villape Potami), // Nicols, 47,5 X

\LDorAaoTLxol oneAetunol grainstones. Ou xdwrou mcpLBdiloviar and nakd ave- .
vypéva, avdjucia xaddppata, Berovoelbdv-Lvwduv aOBEITLTLIWY npuctdlkuv,‘n ané-
Heon twv onotwv Scwpeltal dri cAdyyxeTar and Tnv Rapovala pufuv, llapatnpelote
TLS EEOYNWOCLS TWV ¥aAUPPETWY Twy ndunwy, Hadws xal TNV ouynévTpwan HLXpEY TE-
hoeLbidy peTald enLgrolwpdvey xdunay (yegupoelbig boprd). Nno. AvtikiBnpa (au-

- Tund Twv flotapdv), Hicols, 47,5

Fig 2. Pisolitic gra1nvtnncs, consisted of piscids of variable size. The nu-
clei differ in nature, size and shape. Note the tendency of coatings to thin
at the prominent adges and corners, resulting to ellipsoidal piseids. A cir-
eﬁn-granular cracking is observed in the coarse pisoid at the pight part. Icl,
ﬁﬂtiklthira (western of village Potami), Nicols, 120 X

ﬁ;ooluﬁuuoﬁ grainstones, axotrchodpcvoy and mLoocudr SLagdpwy ueycddv, Ou nu-
prives bLagpouy oTny goon, pdyedos nau oxfpa. Lnpewdotc tnv tdon Twy nulupuﬁruv
Rpog A€rtuvon otus mpocf€xoudcs awpfs xaL ywviig, pe okot€Aeoua TN bdnpLoupylu
eXAcupoeLbdy nLoocLddv. Mla Aot ouynevipusfl puwyndiwdn 0710 abpoucpés mLooci-
6cc, oto ScEud tudua. Nno. AvILk(Bnpa (Autuxd twv Motauuv), Nicols, 120 X
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Fij. 3. ™ Ririzbconeferionary lealichiél|In the picfngrd_ cross-scction ©f a rhi-
zolite structure.is,illustpated. An alveolar-septdlk like texture tends to de- x e
velop, Isl, Antikithira (western 6F village Potami), // Micols, 30 X PLATE I NMINAKAZ T
Fuzoyewdis, cdliche, Linv gutoypogua aneLiovCiLeTal gla cyndpora Topn pLioAldunic
Goprde. Aopd tonou alveolar-septal zedvee va gvartuxdel. Nno. AviekdOnpa (Au-
Toad Twy NOTaMGv), 7/ Nicolsy 30 X

Fig. #. . Rhizoconcretienary-macsive caliche consisted of a pedogenic micritic
matrix, Small subrounded cavities have bucn observed in places, regarded to
corpespond to root moulds. Isl, Antikithira (east of Galaniana), // Nicols,
d0 X

Pecoyeviis—oupnaris caliche anotchovpevn ard weboyevetind purpitind pdfa. Katd
9€0ELS MUPATNPOUVTUL ULHPES UTOOPALPLKES HOLASTNTES, mou Pewpodviau dTL aQuTi-
otouxodv 0 anotumdpata pulav. Nno. AVILkOOnpa (Avatoiund 1wy [xakaviavov),
// Hicols, 30 X
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