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ABSTRACT

Research on carbonate rocks has been increasingly important during the last few
decades, due to their numerous applications. In this paper, we examined the prop-
erties of Cretaceous carbonate rocks from the Olonos-Pindos Zone from lleia Pre-
fecture. The relationships between various physical properties and between petro-
graphic features and physical properties were defined. This may lead to preliminary
evaluation of carbonate rocks using microscopic investigation, which unlike the
elaboration of a series of physical and mechanical properties, is a fast and inexpen-
sive method. In addition, these properties, along with their geochemical character-
istics, were used to assess the suitability of these carbonate rocks as fillers in vari-
ous applications. Detailed petrographic study of the collected samples revealed the
occurrence of biomicrite, intramicrite (mudstone kat wackestone), biosparite (pack-
stones and grainstones), intrasparite and rudstone. From the lower to the upper
members, a decrease of the grain size of calcite is observed. X-ray diffraction study
of the insoluble residue revealed the presence of quartz, chlorite, illite, smectite, and
mixed layer illite-chlorite. The colour index of the investigated powdered samples
is negatively influenced by the increase of organic and insoluble residue contents.
The water absorption is inversely correlated with CaO content while moisture is posi-
tively correlated with insoluble residue. The grainstone and rudstone are character-
ized as ultra-high pure calcium limestones, except for Mg-rich crystalline dolomitic
limestones. The packstones are calcium limestones of high to medium purity. Mud-
stones and wackestones are characterized as low calcium limestones. The results
suggest that all the examined lithotypes can be used as soil conditioners and animal
feed supplements; however only grainstones and rudstones are suitable for desul-
phurization of exhaust gasses and cement production.
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AIEPEYNH>H TON OPYKTOMETPOIPADIKQN, FEEQXHMIKQN KAI ®YZIKQN IAIOTHTQN ANOPAKIKQN NMETPQMATON
TOY NOMOY HAEIAZ KAl EKTIMHZH THX KATAAMAHAOTHTAX TOYZ ZE BIOMHXANIKEZ EGAPMOIEZ
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Nepiknyn
H €peuva Twv avOPaKIKWV METPWHATWY OE TIAYKOOULA KAINaKA TTapouatddel Tiq Te-
Aeutaieg dekaetieq augaviuevoug pubuoug, ylati mapg€xouv MANPoPopIiesg ya Tnv
eEENEN TNG ToTOYPAYPIag Kal TIG CUVONKEG TIOU EMIKPATOUCAV OTNV MPAVELd TNG
Mg KaTd TN Yéveon Toug Kalt eMmeLdr] urnopouv va anoteAéoouv eEaipetn TpwTn UAN
o€ TIOAUAPIOUES BLOUNXAVIKEG EPAPHOYEG. ErumA€ov naifouv onpavtikd pOAo otn
vewAoyia meTpelaiou wg UNTPIKA TETPWHATA Kat Tapeutrpeg (Tissot and Velte,
1984). 21N epyacia autr eEetdletal n duvatdtnTa aglomoinong Twv avBpakikKwy
netpwpdtwy Tou N. HAelag wg MANPWTIKWY UNIKWY. Ta delypata Twv avBpakikwv
MeETpWUATWY eAPOnoav and tn yewTekTovikr] Zwvn QAovou-Nivdou, sivat Kpnti-
JIKNG nAkkiag kal avtirmpoowrievovTal, Je BAON TNV OPUKTOAOYIKY TOUG oUOoTaoT,
and aoBeotoAiBoug Kat doAopTikoUug aoBeoTtoAboug. Idlaitepn pocoxr d0Onke
OTN OUOXETION TWV OPUKTOTIETPOYPAPIKWV HE TIG PUOLIKEG IOLOTNTEG, LE OKOTIO va
eKTIUNOEl N TToLdTNTA TWV A0RECTOANBWY e BACN TNV MIKPOKOTIIKY) TOUG €EETAON, N
ormoia eivat anAn kat un darnavnen pEBodog ae GUYKPLOT HE TNV EKTTOVNOT SOKLUWY
PUOLIKWV B0 TWV. Ta delypata eEETATTNKAV O€ TIOAWTIKO UIKPOOKOTILO KAl £YLVE
TIAPATNENON TWV LOTOAOYIKWY XAPAKTINPLOTIKWY TOUG, TOU HEYEOBOUG TWV KOKKWV
TOUG KAl TNG OPUKTOAOYIKNG Toug ouotaong. H ta&vdunon toug €ylve ouupwva
pe Ta ouotnuara Tagvounong twv Folk (1959, 1962) kat Dunham (1962) kat BpéE-
Bnke ot Ta delyuata rmou CUAEXBNKav elval Blouikpiteg, evdouikpiteg (mudstone
kat wackestone), Bloomapiteq (packstones kat grainstones), evdoomnapiteq Kai
rudstone. Eniong unohoyioTtnke To adldAUTO UTIOAELULA, TO OTIO(0 0T CuvEXela eEe-
TAoTNKe pe TN PEB0DO TNG TeplBAaoieTpiag aktivwv X. And Tnv avdluon Twv TepL-
BAacloypaupdTwy TpogkuPe OTL 0g AUTO TO U AvOPAKIKO UAIKG CUUUETEXOUV Xa-
Aadiag, aAkaAikol aaTplol, YAwpitng, INTNG, BEPMUIKOUANTNG, OUEKTITNG KAl APYIAOL
ME UKTA dopur INATN-xAwpitn. Emmnpdobeta, oe okdveg Twv detyudTwy Tipoodlopi-
otnkav ol delkteq xpwuatog, pe To delktn AeukdtnTag va Kupaivetal arnd 78 €wg
95. ErunA€ov ota delyuata rnpoodlopiotnke KAl N CUMUETOXN TOU OpYAVIKOU UAIKOU
Kal @AvnKe OTL TIPOKELTAL YIa aoBe0TOMBOUG XAUNAYG TIEPLEKTIKOTNTAG OE OPYAVIKO
UAIKG. H Agukdtnta Twv UAIKWV ennpedletal apvnTikd and tnv napoucia Tou op-
yavikoU UAIKoU kal Twv o&eldiwv Tou Fe, kaBwg n mapoucia Toug cupBAAAeL oTny
urofdeuion g nodtnTag Toug. Me augnon tou meplexdpevou avBpakikou aoBe-
otiou pewdveTal n udaTanopPOPNTIKOTNTA, EVW N TIEPLEXOMUEVN UypAoia CUOXETI-
Cetal BeTikd pe To adldAuTo umdAelpa. Emniong, unoAoyiotnke n XNk cuotaon
TWV aoBecTONBwWV TTIoU GUAAEXBNKav. Me Bdomn Tn neplekTikdTNTA Toug 0 CaCOs,
ol rudstone kat ot grainstones xapaktnpifovrat wg UAIkA uPnAng kabapdtnrtag, e
e€aipeon 1o doAoutTikd aoBeotoABo, ol packstones Ta&vopouvral wg UAIKA ugn-
G Kat péong kabapdtnTag evw ol mudstone kal wackestone amoteAouv METPW-
pata xaunAng kabapdtntag. Mevikd ta delypara oTa omoia Kuplapyouv oTaptltl-
kol kpuoTtaAlol gppavifouv uPnAdtepn KaBapdTNTA Kat ASUKATNTA 0 OUYKPLOT UE
autd ota omnoia kuplapxel MIKPITIKO UAKS. TEAOG, TIPAYHATOTIONONKE OUYKPLTIKNA
MEAETN TWV EPYAOCTNPLAKWY AMOTEAETUATWY e KOO apevog va dlarotwbouv ol
MEeTAEU TOUG OXE0ELG MECW OTATIOTIKWY TIAPAUETPWY KAl APETEPOU va dlepeuvnBel
av TIAnpouv Podlaypageg yia Tnv aglomoinon Toug oe BLOUNXAVIKEG EPAPLIOYEG.
H otatiotiki avd\uon Twv QUOIKWV IBIOTATWY TwV aoBecTOABwWY e amAn Ypau-
MIKA TtaAlvdpdunon €3el&e oAU KaAoug €wg eEQLPETIKOUG OUOXETIONOUG. TENOG
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pogkuPe OTL OAoL oL AIBAGTUTIOL TIOU EEETATTNKAY UITOPOUV VA XPNOLLOTIOIN00UV wg
€0aPOBeATIWTIKA (SLOTL epLEXouv Mg<5%), kat eivat KaTAAANAOL yla XPrion wg Cu-
MMANPWHATA {WIKWV TPOPWV, EVW OVO oL grainstone kat ot rudstone eivat KATAAAN-
Aol yla tapaywyr TOYUEVTOU Kal Yia TIEPBAANOVTIKEG EPAPOYEG ONwG N arobeiw-

on Twv Kauoagpiwv.

AE&eig KAe1d1a: AoBeotdAiBot, Zwvn lMivdou, duoikég 1516tnteg, MeAorndvvnoog

1. Introduction

Limestones are industrial rocks which
are mainly used as crushed rocks for
construction purposes, as dimension
stones and fillers in concrete, and as
road aggregates. Generally, limestone
can be used in cement when the Mg
content is below 5%, because high Mg
contents causes expansion after setting,
hence reducing its strength. Ground
limestone is widely used to raise the pH
of acid soils, as well as an additive in
fertilizers and animal foodstuffs. Large
amounts of limestone are used in blast
furnaces as slag conditioners and in the
steel production to form slag; howev-
er the large amounts of energy that re-
quired to decompose limestone to lime
generally limits its use. Limestone is
widely used as a fluxing agent in smelt-
ing of metals, as well as in bauxite pro-
cessing and production of alumina. The
most widespread use of limestone is the
production of quicklime.

Petrophysical properties of sedimenta-
ry rocks are influenced by size, shape,
and packing of grains, porosity, cement
and matrix content, all controlled strong-
ly by depositional fabric and postdepo-
sitional processes. This paper aims at
investigating the physical properties of
Cretaceous limestones from the Pindos
Zone of lleia Prefecture, in order to es-
tablish their inter-relationships, to study
the relationships of physical properties
with their petrographic characteristics
and to evaluate their suitability as indus-

trial rocks in various applications. These
limestones are the most abundant in the
investigated area occupying approxi-
mately 72 km?, including a large variety
of different lithotypes. They are also of
potential industrial interest; hence study
of their physical properties is important.

Geological setting

The geological setting of the lleia Pre-
fecture, west Peloponnesus, is charac-
terized by the presence of the lonian, the
Gavrovo-Tripolitza and the Olonos-Pin-
dos geotectonic Zones. During the Mes-
ozoic, the lonian zone corresponded to
a vast, intra-platform rift basin bounded
on both sides by shallow platforms (Kat-
sikatsos 1992). The early shallow char-
acter, of the lonian basin, during the
pre-rift period, is reflected on its older
rocks, which include the Permian-Tri-
assic evaporites and dolomites and the
neritic Pantokrator limestones of Upper
Triassic age,, extending mainly to the
west part of the study area. During the
Lower Jurassic — Upper Jurassic rift peri-
od, the Lower siliceous shales with Posi-
donomya, the red-blue limestones with
ammonites (Ammonitico Rosso), the fil-
amentous limestones and the Upper si-
liceous shales with Posidonomya were
deposited (Renz, 1955). The syn-rift for-
mations are overlain by the Upper Ju-
rassic — Lower Cretaceous pelagic Vigla
Limestone Formation (Aubouin, 1959;
Karakitsios and Koletti, 1992; Karakitsi-
os et al., 2004). The Gavrovo-Tripolitza
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Zone includes shallow platform carbon-
ate rocks of Cretaceous-Eocene age,
which are covered by vast quantities
of detrital sediments (De Wever, 1975;
Fleury, 1980). The sedimentary rocks of
the Pindos Zone (Fig. 1) originate from
an elongate remnant ocean basin that
formed during mid-Triassic, consisting
typically of deep-water carbonate, silici-
clastic and siliceous rocks, ranging in
age from Late Triassic to Eocene, cov-
ered by thick detrital, late Paleocene
to Oligocene flysch sediments (Fleury,
1980; Robertson et al., 1991; Robertson,
1994; Degnan and Robertson, 1998; De-
gnan and Robertson, 2006).

The lower stratigraphic unit in the Pindos
Zone is the Priolithos formation of Kar-

nian age comprising medium-grained
sandstone with mudstone intercalations
(Fig. 2). Overlying to the Priolithos forma-
tion is the Drimos formation composed
of turbiditic and hemipelagic limestone.
The Lestenna formation overlies the Dri-
mos formation comprising, from bottom
to top, the Kastelli mudstone member,
mainly composed of multicolored mud-
stone, the Aroania member, consisting
of Jurassic radiolarites and the first fly-
sch, which includes pelites, limestone
and sandstone, red mudstone. Subse-
quently, Lower Cretaceous to Maastric-
tian, redeposited limestone and pelagic
limestone were formed. The Kataraktis
Passage member overlies this forma-
tion, comprising the transition from car-
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bonate to detrital sedimentation. It in-
cludes pure limestone deposition at its
base with increasing clastic input to-
wards the top. Finally, the late Palaeo-
cene-early Eocene Pindos flysch lies at
the top of the pile, likely extending also
to Mid-Eocene age in the SE Pelopon-
nesus (Piper, 2006). The investigated
Cretaceous carbonate rocks record a
transitional time period between major
orogenic cycles in the Hellenides (Kaf-

Flysch

Kataraktis Passage Member

Limestone

First Flysch & Red Mudstone

100m
Kastelli Mudstone
Drymos Formation
0 Priolithos Formation

Aroania Radiolarites

ousia et al., 2010). These cycles culmi-
nated in the latest Jurassic — Early Creta-
ceous (Eohellenic phase) and the latest
Cretaceous to Tertiary (Mesohellenic
and Neohellenic phases) and led to the
westerly directed progressive suturing
of the Hellenides (Neumann and Zach-
er, 2004).

Analytical methods
Determination of physical properties of

(Eocene)

(Maastrictian-Palaeocene)

(Creteceous)

(Jurassic)

(Triassic)

(Karnio)

Fig. 2. Simplified stratigraphic section of the Pindos zone at lleia Prefecture.
Eix. 2. AmAoroinuévn otpwuatoypapkn didpbpwon e Zwvng Mivdou oto N. HAglag.
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the limestones was conducted in the
Research Laboratory of Minerals and
Rocks, Department of Geology, Uni-
versity of Patras. The insoluble resi-
due was determined after digestion in
25 vol.% acetic acid (Hirst and Nichol-
Is, 1958). The mineralogical composi-
tion of the insoluble residue was de-
termined by X-Ray Diffraction (XRD),
using a Bruker D8 Advance diffractom-
eter equipped with a LynxEye® detec-
tor, at a 3-700 26 range with, a scanning
step of 0.015° and 0.2 seconds time per
step. The diffractograms were evaluated
using the EVA v.12 software. The clay
mineralogy was determined from three
XRD patterns in oriented samples (after
air-drying at 250C, with ethylene glycol
treatment, and after heating at 4900C
for 2 hours). The organic carbon content
was determined with titration according
to Walkley and Black (1934) A Hunter
color measuring system (Hunter Color
Diff. Meter, Miniscan XE plus, Hunter As-
sociates Laboratory Inc., Reston, VA)
was used to measure the color. Indi-
vidual corms were cut transversely and
each sample was measured thrice for
color values. The information given by
L*, a*, and b* is generally expressed as
the total color, with L* representing the
brightness or dullness, a* for redness
to greenness, and b* for yellowness to
blueness. The colour properties of the
carbonate powder were measured ac-
cording to the CIELAB system using a
Diffusion Systems. The source UV con-
tent is nominal match to D65 with port
diameters 45/0. The physical properties
investigated included moisture content
(ASTM D2216), water absorption (ASTM
C97-47), bulk specific gravity (AASHTO
TIOO-T85) and apparent specific gravity
(AASHTO T147). Three tests were per-
formed for each property and the mean
values were recorded. Porosity values
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(n%) were calculated on rock powders
using a pycnometer, according to the
ISRM (1981) specification. The total vol-
ume of pores is calculated as the differ-
ence between the volume of the speci-
men and that of the powdered particles.
Whole rock chemical analyses were per-
formed at Activation Laboratories LTD,
Ancaster, Ontario, by fusion ICP-OES
for major elements and combined ICP-
MS and INAA for trace elements. Detec-
tion limit for major elements is 0.01%, ex-
cept for TiO2 which is 0.005%. Replicate
analyses suggest precision better than
5% for major elements and most trace
elements. The determination of CO, was
carried out by coulometry.

Results

Petrography

Thirty five samples were collected from
the Cretaceous limestones and petro-
graphically examined, representing the
whole stratigraphic sequence and ge-
ographic distribution. The investigated
samples were classified after the clas-
sification schemes of Dunham (1962)
and Folk (1959, 1962). The observed
lithotypes include medium-sorted rud-
stones or oointrabiomicrosparite, which
are clast-supported monomict rocks but
matrix supported fabric are also detect-
ed. Clasts are sub-rounded, mostly com-
posed of micrite and dark oolites (Fig.
3a). Other clasts include reworked lime-
stone containing benthic foraminifera
(texturlaria, miliolidae) (Fig. 3b). These
samples occur at the slope of the pelag-
ic formations attached to the Gavrovo-
Tripolitza Zone. Coarse crystalline, sub-
hedral dolostones contain rhombohedral
dolomite grains (Fig. 3c), which frequent-
ly display cloudy cores and clear rims (a
common feature in replacement dolo-
mite) that have completely obliterated pri-
mary fabric and micritic matrix.
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These samples are classified as crys-
talline dolomitic limestones according
to Dunham (1962) and as dolocalcitic
sparstones according to Wright (1992).
Primary and secondary types of poros-
ity were also observed and classified
according to the Choquette and Pray
(1970) scheme (Fig. 3d). Mudstones or
dismicrites contain micritic calcite while
mudstones with bioclasts or-fossilifer-

ous micrites contain micritic calcite with
bioclasts mainly foraminifera (Figs 4a,
b). Wackestones or mudstones with bi-
oclasts are composed predominately of

T R

micrite matrix that supports sparse bio-
clast. Radiolarian fauna (Fig. 4d), typi-
cally found in Early and mid-Cretaceous,
in these wackestones show poor to me-
dium preservation due to reworking and
corrosion (Neumann and Zacher 2004).
The presence of stylolites is associated
with uplift and load release, which com-
monly leads to separation of the rock
fabric along weak surfaces (Figs 3c, 4a,
4c). Sometimes clay rich stylolites (Fig.
4b, 4c) generate elongated and often
unconnected secondary porosity zones
(Scholle and Ulmer-Scholle, 2003.

Fig. 3. Photomicrographs of the studied limestones: (a) Intraclast with oolite in a rudstone (sample DHL 13,
plane polarized light); (b) Abundant foraminifera cemented with fine-crystalline calcite (rudstone sample DHL
13, plane polarized light); (c) Coarse crystalline, rombohedral dolomite in crystalline dolomitic limestone
(sample DHL 12B, crossed polarized light); (d) Channel porosity within crystalline calcite (sample DHL 12B,

crossed polarized light).

Eik. 3. dwrtoukpoypapleg twv aoBeotoAlbwv rou ueAetnibnkav: (a) EvdokAdoteq kat woAibot oe
rudstone (delyua DHL 13, napdMnAa nicols, (b) MA6og anoAbwudtwy uéoa oe rudstone ouykoAnuEvwv
e onapttiké aoBeotitn (delyua DHL 13, napdAAnAa nicols), (c) PouBoedpikol kpuotarrot Sorouitn (delyua
DHL 12B, dtaotaupwuéva nicols), (d) Mopwdeg turou kavaAlou uéoa oe KpUOTAAMoUG aoBeotitn (delyua

DHL 12B, diaotaupwuéva nicols).
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500 pm

Fig. 4. (a) Dismicrite with veins and stylolite filled with calcite (sample DHL 4B, crossed polarized light);
(b) fossiliferous micrite with stylolite filled with clay minerals (sample DHL 23B, crossed polarized light);
(c) calcite vein and stylolite in a wackestone (sample PF1B, crossed polarized light); (d) radiolarian
bioclasts in a wackestone (sample DHL 19, crossed polarized light).

Eik. 4. (a) Aloukpitng rou dlatéuvetral and onapltikés PAEREG kat oTuAdABo, o oroiog rmAnpwverat
ue kpuotdMoug aoBeotitn (Sefyua DHL 4B, diaotaupwuéva.nicols ), (b) armoABwuatopopog UKPIng
e OTUABAIBO, 0 oroiog mMAnpwvetat ue apyiiké UAikd (Aefyua DHL 23B, diaotaupwiéva nicols), (c) eupeia
onaputik PAERa rou dtatéuvetal aré otuAdAilbo oe wackestone (Asfyua PF1B,diaotaupwuéva nicols),
(d) mapouoia aktivolwwv oe wackestone (defyua DHL 19, dtaotaupwuéva nicols).

X-Ray Diffraction

X-Ray diffraction patterns of random
powder mounts revealed the presence
of calcite in all samples except for dolo-
mitic limestones where dolomite is also
present. The insoluble residue is dom-
inated by smectite, chlorite, illite and
vermiculite. In some samples traces of
mixed-layer illite-chlorite were also pre-
sent. The presence of smectite was de-
tected by a diffraction maximum at 15A
in the air dried sample, which is shifted at
16.9A after treatment with ethylene gly-
col and at 10 A after heating at 4900. II-
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lite is identified by the reflections at 10A,
5A and 3.3A, which remain unaffected
after ethylene glycol treatment and heat-
ing (Moore and Reynolds, 1989). Chlo-
rite was identified by the reflections at
14.2A, 7.1A, 4.77A and 3.55A and ver-
miculite by the peak at 14.5A, which re-
mains unaffected after ethylene glycol
treatment. The mixed layer illite—chlo-
rite was identified by the diffraction max-
imum at 12A and at about 7 to 7.98A,
which was not affected by ethylene
glycol treatment (Thorez, 1976, Reyn-
olds, 1980, Ruiz-Cruz, 2001).
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Physical properties

Knowledge of the physicochemical
properties of carbonate rocks is essen-
tial in order to determine their quality.
Physical properties were determined in
ten representative samples and the re-
sults are given in Table 1.

Moisture content of the studied lime-
stone ranges between 0.07-0.42%
whereas their water absorption (Wa)
values range between 0.07-2.67%
(Tab. 1). Total porosity (nt) is an im-
portant factor in rock strength, since a
small change in pore volume can pro-
duce an appreciable mechanical effect
(ISRM, 1981). The nt values obtained
for the limestones range between 0.37
- 0.85%. Total Organic Carbon (TOC)
ranges between 0.09-0.29% and insolu-

ble residue range between 1.08-5.69%.
Rudstone and grainstone have the low-
est content in TOC and insoluble res-
idue. The positive values of colour
parameter b* (yellowness) in the pack-
stones, which have low TOC contents
and insoluble residue, show that these
samples are in the range of light yellow
colour (Tab. 1). Mudstone and wacke-
stone have higher parameter b* values
than other lithotypes. With increasing
total organic carbon and insoluble resi-
due redness-greeness and yellowness
of the samples increase. The TOC and
insoluble residue are inversely correlat-
ed to the colour index L with the follow-
ing empirical equations: TOC = -0,0142
L + 1.421 and IR = -0.2691 L + 27.266
(Fig. 5).
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Tab. 1. Mean values of physical properties of the investigated carbonate samples from the lleia Prefecture.
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Fig. 5. Correlation diagrams of the total organic carbon and insoluble residue with the colour L* parameter.
Eik. 5. Alaypduuara ouoxetiouoU oAikoU opyavikoU dvBpaka ka adlAAUTOU UMOAEUUATOG LUE T XPWUATIKY

napdueTpo L.
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Water absorption shows well defined in-
verse correlation with the CaO content,
except for the mudstone samples (Fig.
6a). Moisture content is positively cor-
related with insoluble residue, suggest-
ing that clay minerals are the prevalent
water adsorbents (Fig. 6b). However, in
samples containing abundant quartz in
the insoluble residue (DHL 19, DHL 20B)
the relationship is not well determined.
They are related each other with the em-
pirical equations: Wa= -0.4371 CaO +
1.421 and IR = 8.6576 m.c + 0.8631

Geochemistry

Whole-rock geochemical analyses from
representative carbonate rocks are list-
ed in Tab. 2. The analyzed limestone
samples have CaO content between

48.64 and 55.67 wt.% with minor to
moderate SiO, and Al,O, abundances
(Fig. 7). According to the chemical clas-
sification based on CaCO; content (Oat-
es 1998), grainstone and rudstone are
characterized as ultra-high pure calcium
limestones (CaCO; > 98.5%), except
for the crystalline dolomitic limestone,
which due to the presence of MgO
shows much lower CaCO; contents.
Packstones are characterized as calci-
um limestones of high purity (CaCO; =
97-98.5%) and median purity limestones
(CaCO; = 93.5-97.0%). Mudstones and
wackestones are characterized as low
calcium limestones (CaCO; 85.0-
93.5%) except for DHL 4B which is clas-
sified as highly pure limestone.
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Fig. 6. Plot of water absorption vs. CaO content and moisture content vs. insoluble residue for the Creta-

ceous carbonate samples from lleia Prefecture.

EIk. 6. Aldypauua udaroanoppo@nukotntas wg npog CaO Kat mepLEXOUEVNS Uypaoias ws mpog adtdAuto
untdAelua yla ta avBpakikd netpwuara nAkiag Kontdikou tou N. HAglag.

Maiox elements (w1.%6)

DHL4E DHLI12E DHL13 DHL19 DHL20E DHL21 DHLI3E PFIEB GLE PKIA
510, 1.86 1.63 0.64 10.32 11.15 240 370 472 0.34 0.92
ALO; 033 033 011 0.72 1.00 028 1.09 0.72 0.08 0.13
Fe,0s* 026 0.14 013 0.44 043 033 0351 134 011 013
iite] 0.06 0.02 0.04 013 011 0.04 0.06 0.09 0.03 0.04
Mg 034 384 0.36 0.54 032 0.34 D48 034 031 031
Cal 3471 4993 35.03 43.84 43.64 3373 51.48 52.16 35.37 35.67
Nz0 0.05 0.04 0.06 0.03 0.07 0.02 0.05 0.02 0.03 0.03
KO 0.07 0.07 - 0.13 0.18 0.06 0.18 0.12 0.04 0.06
Ti0, - - - 0.023 0.021 - 0.039 0.022 - -
P.0: 0.03 0.03 0.02 0.01 0.04 0.02 0.03 0.02 0.01 0.02
Lol 4270 4327 4343 30.00 38.36 4256 40.64 4137 4351 4314
Toml 100.40 9934 0081 100.20 100.50 9078 10030 10020 90.33 100.5
CaCo; 97.02 93.82 98.65 87.66 86.57 26.50 0184 9270 99.03 9832
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T 5 78 27 7 7 16 6 6
Ca 5 4 6 3 0 3 4 3 4 4
Gt 3 4 5 27 8 3 13 0 2 3
Ca 8 3 4 4 53 3 1 8 5 4
Ni 5 2 2 5 30 4 10 0 3 3
) 0011 0005 0014 0008 0017 0009 0009 0008 00l  0.009
8¢ 07 13 03 14 16 05 13 1 02 0.4
St 660 7R VL B T 380 628 1 M3 3% 871
Y 5 61 5 15 14 3 5 5 2 2
7 5 7 4 9 16 5 13 7 3 3
% 3 360 30 9 10 4 19 9 3 15

Tab. 2. Whole-rock geochemical analyses of representative samples of Cretaceous limestones from lleia

Perfecture (-): below detection limit).

Miv. 2. Mewxnukés avaAuoels aoBeatoAibwy nAikiag Kontidikou tou Nouou HAgiag (-): kdtw amnd to dplo

QvixveuouotTag).

The total amount of impurities (sum of
all oxides excluding CaO and CO,) for
grainstone and rudstones ranges be-
tween 0.01 and 3.34 wt.%. The SiO, con-
tent is 0.34-1.65% and the Al,O; content
ranges between 0.08 and 0.35%. The
SiO, content is higher in the packstones
than in the grainstones. Mudstones and
wackestones show the highest amount
of SiO, and Al,O;. High SiO, and Al,O,
contents are related with the presence
of quartz and clay minerals in the insol-
uble residue in these samples. All sam-
ples are poor in MgO (<1%), except for
the dolomititic limestone with MgO con-
tent of 3.84 wt.%, due to the presence
of dolomite. The mudstones have high-
er amounts of Fe,O; than the rest sam-
ples. The concentrations of MnO, Na,O,
are very low in all the analyzed sam-
ples. The low concentration of phos-
phorus reflects the absence of apatite
in the samples, a mineral that is easily
altered during diagenesis (Parekh et al.,
1977; Cullers, 2002). Sr was detected in
all samples, however the amount of Sr
in the dolomitic limestone (DHL 12B) is
lower than the rest samples. Sr is eas-
ily mobilized during weathering, espe-
cially in oxidizing, acid environments,
thus it is incorporated in clay minerals.

Sr plays an important role to the cy-
cling (Zhao et al., 2009, Kabata-Pendias
2011). The mudstone samples display
high Ba contents. The enrichment of Ba
in limestones indicates high productivity
in the upper part of the sea column simi-
lar to the high concentrations of barite
reported at the bottom of the Mediterra-
nean (Passier et al.,1999; Tenger et al.,
2005). Ba is also strongly adsorbed by
clay minerals and it commonly substi-
tutes for K in feldspars (Kabata-Pendias,
2011). Sample DHL 20B demonstrates
the highest Cu values compared to the

remaining samples.
§*ARO3

$i02 2*Ca0

Fig. 7. Plot of the analysed samples on the Al.Os-
SiO,-CaO diagram for sedimentary rocks.

Eik. 7. [MpoBoAr) twv avaAuuévwy Setyudtwv oTto
Tolywvikd didypauua Al0s-SiO.-Ca0 ywa nua-
TOYEVn METPWUATA.
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Discussion-Conclusions

The Cretaceous succession of the Olo-
nos —-Pindos Zone has recorded the
sedimentary history of a complex mar-
ginal basin aligned to the north east-
ern Apulian passive margin, in which
tectonism, sediment supply and pal-
aeoceanographic effects have influ-
enced the slope and basin plain sedi-
mentation. The autochthonous rocks
compose pelagic limestone while the
allochthonous ones comprise thin in-
tercalation siliceous, pelitic and organic
rich facies of Early and Mid Cretaceous
age (Neumann and Zacher, 2004). The
carbonate samples include a variety of
lithotypes such as mudstones, wacke-
stones, packstones, grainstone and rud-
stones. In thin sections veinlets of calcite
are observed and stylolites are often as-
sociated with insoluble material (mainly
clay minerals) accumulated as a result
of pressure-induced dissolution.
Physical properties of the studied sam-
ples were determined on both the whole-
rock and powdered material. There is an
excellent negative relationship between
water absorption and CaO content, ex-
cept for the mudstones, which are rich
in SiO, indicating that impurities play a
significant role in the absorption of wa-
ter. Furthermore, moisture content is
positively correlated with insoluble resi-
due probably due to the presence of ab-
sorbent clay minerals. The colour index
is negatively correlated with the insolu-
ble residue and TOC, suggesting that
they both have a negative affection on
the aesthetic appearance of limestones.
Impurities in carbonate rocks may show
variable compositions and amounts
and may affect their properties. A con-
siderable amount of some impurities
may be tolerated in carbonate rocks for
some uses, if they are finely disseminat-
ed throughout the rocks. On the other
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hand, if the impurities are concentrated
in distinct laminae, they may form planes
of weakness that seriously affect the per-
formance of the rocks (Boynton, 1980;
Harben, 1992; Carr et al., 1994; Oates,
1998; Christidis et al., 2004).

Generally, high contents of magnesium
carbonate are undesirable in cement in-
dustries. The level of MgO in the clinker
should not exceed 5% and indeed, many
cement producers favour an upper limit
of 3%, so dolomitic and magnesian lime-
stones are unsuitable for cement pro-
duction. The CaCO; content in all ana-
lyzed samples lies above 87% (Tab. 2,
Fig. 8a) and the samples have low MgO
contents, thus comprising suitable ma-
terials for cement production, except the
dolomite horizons occurring in the Cre-
taceous carbonate rocks (Fig. 8b). Ac-
cording to Rigas et al. (1990) pure lime-
stones have insoluble residues less than
0.03%, while impure limestones show in-
soluble residues higher than 5.5%. The
Cretaceous limestone from lleia show a
broad range of insoluble residues (Fig.
8c) and they are characterized as pure,
medium pure (with insoluble residue be-
tween 0.03 and 5.50%) and impure.

The CaCO; content in the lleia Creta-
ceous carbonates exceeds the limit of
65% for suitability in cement production.
However, the Mg abundance, the insol-
uble residue, the total organic carbon
and the colour index suggest that only
grainstones (G1B) and rudstone (DHL
13) are suitable for cement production
(Fig. 8). All the studied limestones are
suitable as pH regulators in acid soils,
as well as additives of fertilizers because
the CaCO; content exceeds 60% and
the MgO content is below 5% (Fig. 8).
The grainstones (G1B), rudstones (DHL
13) and packstones (DHL 21, PK2A) are
suitable for desulphurization of exhaust
gases because the CaCO; content ex-
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ceeds 95%, and very low ALLO; (< 1%), alogical and geochemical analysis are
SiO, and MgO contents (< 2%; Figs 8 useful in assessing the quality of lime-
and 9). stones, despite the fact that several
.From this study, it appears that petro- physical properties cannot be directly
graphic investigation coupled by miner-  evaluated.
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Fig. 8. Variation of CaCOs content (a), MgO (b) and insoluble residue (c) of the analyzed Cretaceous lime-
stone samples. Dashed lines indicate the suitability limits for use of carbonate rocks in cement industry. Dot-
ted lines indicate the suitability limits for use of carbonate rocks as fertilizers (Boynton, 1980; Harben, 1992;
Oates ,1998).

Eik. 8. AakUuavon g mneplektikdtntag oe CaCO; (a), MgO (b) kat adidAutou umoAeiuuarog (c)
TWV avaAuuévwy aoBeotoAibwv Kontdiking nAkiag. Ot daypauutouéveg eubeieg delxvouv ta dpta mou
anaitouv ot MPodlaypaPeS yia Xpron avBpaKikwy METPWUATwY otnv toyuevtofiounxavia. Ot SIAoTIKTEG
eUBeieg delxvouv Ta Gpla MOU amatouv oL POdIaypaPES yla XPron avBpakikwy METPWUATWY WG
edapoBertiwtikwv (Boynton, 1980; Harben, 1992; Oates ,1998).
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Fig. 9. Variation of Al.O; (a) and SiO: (b) contents of the analyzed Cretaceous limestone samples. Dashed
lines indicate the suitability limits for use of carbonate rocks in desulphurization of exhaust gases (Boynton,
1980; Harben, 1992; Carr et al., 1994; Oates, 1998).

Eik. 9. Awakduavon tou ALO; (a) kat SiO. (b) twv avaiuuévwv aoBeotdhibwv Kontdiki¢ nAwiag.
Ot dlaypauuIouEveS eubeieg Seixvouv Ta Gpta MoU amaITouv Ol POdIAyPAPES yia XPron avepakiKwv
METPWUATWY 0NV artodeiwon Twv kauoagpiwv (Boynton, 1980; Harben, 1992; Carr et al., 1994; Oates, 1998).
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