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ABSTRACT: The ÔÞassßc Breccias of the Ionian zone are typica1 evapïÞte dissolution collapse breccias. Severa1 features indicate the pre.
existence of ev~tes, while a1ternation of dolomites and evapoÞtes consist a very cornmon association in the subsurface.

Brecciation took place in two principa1 brecciation stages. The first brecciation stage started soon after deposition, during a period of subaeria1
exposure due to periodic seasona1 desiccation and sma1l-sca1e meteoric remova1 of intrastrata1 evaÑïÞtes. During this stage, the carbonate
beds suffered in-situ breakage and carbonate mud infiltrated into fractures.

Shortly after, a major brecciation event OCCUIred, that affected the still non-welllithified carbonate fragments, due to progressive dissolution
of ev~tes by meteoÞc water. Carbonate mud continues to be infIllrated in-between the breccia fragments. In the same time, intensive
ca1ichification processes were reS}X>nSible for further brecciation and reworking of the brecciated carbonate beds locally sediments, testifying
a period of temporary regional emergence (paleosoil).

The breccia rna1rix is characterized by microbreccioid appearance, resulting from interna1 brecciation of the coarser clasts. Due to early
calichification. the ma1rix becomes enriched in oxidized clays and by pronounced calichification tends to assimilate the breccia clasts, being
gradually transformed into a calcrete with floating texture.

Clasts microfacies types include phytoclasts with strongly impregnated by Fe-oxides laminae (laminar ca1crete), carbonized plant tissue, lime
and dolomitic mudstones with evidence of former evañïÞtes (dolomite/ca1cite pseudomorphs after gypsum and/or void-filling anhydrite
cement, molds after evaÑïÞte nodules, euhedra1 quartz crysta1s etc.), carbonate fragments pseudomorphic after evaporites, pe!8ñ3Þtes!
intrasparites, recrystallized dolomites and dedolomites.

The predominance ïß sha11ow intertida1 to supratida1 carbonate fragments, indicates that fue slrata that gave birth to fue breccia, formed in
a very sha11ow, reslricted, hypersaline, lagoona1 setting, evolved into sabkha sequences in fue frame ïß a lowstand episode. Sedimentation
ïß dolornite and eva])()Þte is considered fuat has taken place during arid peÞïds, while meteïÞc water influx duMg fue wetter intervals.
During that lowstand episode, that resu1ted in a hiatus interva1, the breccias have suffered intensive ca1ichification. Circu1ating pore-t1uid
brines resu1ting from evaporation, provoked syngenetic to early diagenetic dolornitization ïß muds, by increase ïß molar Mg/Ca ratio and
provided ions for evapoÞte nodules É crysta1 growth.

Post-Pliocene to Recent subaerial exposure of the carbonate breccias, led to intensive soil-fonning processes, active till today, that
accentuated the brecciated appearance of the fonnation. These processes are responsible for the fonnation of porous carbonate breccias,. the
so-called "rauhwackes'"

INTRODUCTION the T~sic Breccias fonnation of the Ionian zone are
presented. both from cuttings and cores. as well from
outcropping mateÞ&. The solution-collapse ïÞgin of these
breccias has been confinned in previous studies by abundant
data. for fïðçer existence of evaÑïÞtes. deÞved from
outcropping materia1 (pomoni-Papaioannou 1980; Pomoni-
Papaioannou and Domsiepen 1987). For first time cuttings
and cores mateÞ& is studied. attempting to clarify the precise
time of brecciation and calichification e.g. whether they
represented syndepositional or post-depositional processes.

The study of the sedimenrary and diagenetic fabÞcs of the
carbonate breccias, provides significant key to the
inteIpretation of the depositional setting, as well as to the
recognition of post-depositional processes, e.g. tectonic- or
karstification events (ÂÉïõçé and Moore 1969).

Áð important breccia type, is the so-ca1led solution-collapse
breccias, which often occupy extensive areas ßï the outcrop.
These breccias result by solution of ßïterlayered evaÑïÞtes,
either by meteoÞc or fonnation waters and collapse of the
cavities produced after evaÑïÞte remova1 (Stanton 1966;
Bea1es and Hardy 1980; FÞedman 1997). For that reason
fonner evaÑïÞtes are çïé preserved or are recognized on1y ßï
traces or ßï pseudomorphs. In such cases the presence of
eÕaÑïÞtes is inferred from subsurface data (McWhae 1953;
Middleton 1961; FÞedman and Shukla 1980; Mamet et a1.
1986; Claeys et a1. 1988; Swennen et al. 1990).

The examined mateÞ& includes in some cases a high
percentage of sedimentary organic mateÞ& (phytoclasts) ,
which yields additional information ïç palaeogeography and
diagenesis, mostly concemed with the petroleum source rocks
research, performing in the area of Westem Greece
(Karakitsios and Rigakis 1996). .

STRAllGRAPIllCAL AND STRUCTtJRAL SETTlNG

In the present smdy, sedirnentary and diagenetic faoocs from
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considered tl1at has taken place dõÞçg arid peÞods. DõÞçg
tl1at lowstand episodes, that led to a hiatus interval, the
breccias haíe been intensiíely affected by soil-fonning
processes. The presence of highly oxidized phytoclasts
(1aminar calcretes), further suggests a subaeÞ& continental
environment.

and dissolution of evaÑïÞtes interlayers, causing brecciation
(second stage brecciation). This is inferred from the presence
of incompletely lithified fragments, with crumbled edges and
the inftltration of non-lithified carbonate mud (microspar),
downwards between the breccia fragment. Finally the breccia
fragments were cemented by blocky dolomite (Type4

dolomite).
Examination of the regional. geological. petrographical and
sedimentological data presented, reveals the following
evolution pattem:

In the same time, intensive calichifica1ion processes, further
reworked the brecciated sediments. Paleosol homons and
several soß1-fonning features testify 10 a peÞod of temporary
regional emergence. Early soß1-forming features are
recognized only in cuttings and cores, possibly because in
outcropping mateÞþ they have been overlapped by the recent
pedogenetical features. Post-Pliocene 10 recent subaeÞþ
exposure of the breccias led 10 intense soß1-forming processes
active till 1Oday, that accentuated brecciation and produced
characteÞstic pedogenic facies including alveolar structures,
rhizoconcretionary, larninated, pisolitic caliche and frag-
ments ofMicrocodium (pomoni-Papaioannou 1980; Pomoni-
Papaioannou and Domsiepen 1987). These processes are
responsible for the fonnation of porous carbonate breccias, the
so-cal1ed "rauhwackes".

Taking ßïto account the well-known spatial association
between ÔÞ$sic dolomites and evaÑïÞtes ßï the Ionian basin,
ßé is assumed that the fine-crystB1line dolomite that consists
the breccia clasts has been formed by penecontempornneous or
early replacement of preexisted calcareous muds, ßï a
reséÞcted near surface environment, by reflux of dense,
hypersaline, Ìg-Þch brines (Adams and Rhodes 1960). In
these sequences, upward-moving bÞçes resþting from
evaporation, provided ions for evapoÞte nodþes / crysta1s

growth.

For the subsequent diagenetic processes that have affected the
sedirnents e.g. dissolution of evaÑïÞtes, neomïöhism of
early fme-crystalline dolomite, calcitization of dolomites and
collapse-brecciation, a significant recharge of meteoÞc
groundwater is necessary. According to Peryt and Scholle
(1996), the responsible, for the production of early calcitized
dolomites, meteoÞc waters influx and percolation took p1ace
during wetter episodic sea-level falls.

Éé should be mentioned that the T~sic collapse dolomitic
breccias of Ionian zone aPlXJar many similaIities with the
extended Jurassic-Cretaceous dolomitic breccias of the
ÔÞÑïlis zone ßï the Mainalon Ìé. which have been proved to
be also of collapse ïÞgin (Pomoni-Papaioannou and
Carotsiem 1993).

DEPOsmONAL MODEL-DIAGENETlCAL
EVOLUTlON

Deep buria1 dolomitizatioo, is oot considered possible for the
studied dolomites, as great volumes of water would be
oecessary to be transported and ßï additioo 00 late-stage,
saddle dolomite crystals were recognized.As the predominance of shallow intertidal to supratidal

carbonate fragments indicates, the strata that gave birth to the
studied brecciated carbonate fïðçation fonned in a very
shallow, restricted, hypersaline, lagoonal setting, which
evolved into sabkha sequences. The shale fragments, with
significant content in organic matter, included rarely within
the Triassic breccias (Karnkitsios and Rigakis 1996) were
initially deposited as layers in relatively shallow restricted
sub-basins inside the evaÑïÞtic basin. The lack of detailed
stratigraphy of evaÑïÞtic sequence in Ionian zone does çïÉ
allow any suggestion about the stratigraphic level of the shale
layers; consequently, ßé is çïÉ possible to correlate the
deposition of these layers with any Triassic geological event
(e.g. sea level change or local subsidence). However, the
establishment of the evaÑïÞtic sedimentation in the entire
basin favored the preservation of the organic matter (powell
1986; Miller 1990). Consequently, the processes that formed
the evapïÞte dissolution collapse breccias caused also the
fragmentation of the initially organic Þchshale layers, which
are present actually as organic Þch shale fragments in the
Triassic breccias.

CONCLUSIONS

The T~sic Breccias of the Ionian zone are evaÑïÞte
dissolution collapse breccias. Fonnerpresence of evañïÞtes is
indicated by pseudomorphs after evapïÞtes.

Clasts include mainly sha1low intertida1 to supratida1 facies:
dolomites with pseudomorphs after evaÑïÞtes, algal
laminates, pe1sparites, and phytoclasts (laminar calcretes).

The above clasts microfacies types indicate a very shallow,
restricted, hypersa1ine. Iagoonal setting ~odically exposed
éï subaeÞ81 conditions, which evolved ßçéï sabkha sequences.
The presence of laminar calcretes fragments, further supports
a subaeria1 continenta1 environment

Brecciation started soon after delX>sition, due to peÞodic
seasonal desiccation and srna1l-scale meteoÞc removal of
intrastrata1 evaÑïÞtes. Shortly after, a majorbreccia1ion event
occurred due to progressive dissolution of evaÑïÞtes, by
infi1tration of meÏÏÏÞc fluids. DOOng that lowstBnd episodes,Sedimentation of dolomite and evaÑïÞte sequences is
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that 1ed to an intemption of sedimentation, the breccias have
been intensive1y affected by soi1-fonning processes.

The brecciated appearance of d1e studied fonnation was
further accentuated by post-Pliocene to Recent soil-fonning
processes, d1at led to d1e fonnation of porous carbonate
breccias (rauhwackes),

REFERENCES

ADAMS, J.E. and RHODES, Ì.É., 1960, Dolomitization by
seepage ref1uxion: Bulletin ïé éÌ Americán Association ïé
Petroleum Geologists, v. 44, ñ. 1912-1920.

AMrHOR, J.E. and FRlEDMAN, Ï.Ì., 1991, Dolomite-rock
textures secondary porosity development in Ellenburger
Group carbonates (Lower Ordovician), west Texas and
southeastern New Mexico: Sedimentology, v. 38, ñ. 343-362.

ÁõÂÏõÉÍ, É., 1959, Contribution a l'etude goologique de 1a Grece
septentriona1e: les confins de É¸pire et de la Thessa1ie.
Anna1es Goologiques des Pays Helleniques smes É, v. ×, ñ.
1-483.

BEALES, F.W andHARDY, É.É., 1980, CÞteriaford1erecognitiïç
of diverse dolomite types Ìáé an emphasis ïç studies ïç host
rocks for Mississippi Va11ey-type or deposits: Society ïé
Economic Paleontologists and Mineralogists Special
Publication Íï. 28, ñ. 197-213.

BWUNT, D.N and MOORE, C.H., 1969, DepoSitiona1 and non
depositiona1 carbonate breccias, Chiand1a quadrangle,
Guatemala: Bulletin ïé the Geological Society ïé Americá, v.
80, ñ. 429-442.

BORNOV AS, É., 1960, Observations nouvelles sur la goologie des
zones preapulenne et ionienne (Grece occidentale): Bulletin
de la Societe Geologique France, v. 7, ð. ñ. 410-414.

ÂÑ - BRlTISH PETROLEUM COMPANY LIMlTED, 1971, The

geological results of petroleurn exploration in western
Greece: [nstitute éï, Geology and Subsurfáce Research, v.
10, 73 ñ.

CARISSIMO, É., AGOSTINO, ï. d" WDDO, C., and PIERI, Ì.,
1963, Petroleurn Exploration by ÁÏÉÑ Mineraria and new
geological infOmlation in central and southem ltaly from d1e
Abruzzi to d1e Taranto gulf. VI Congres Mondial du Petrole,
Frankfurt-am-Main, sect. L (27).

CIARAPICA, Ï., ClRILu, S., Ñ ASSERI, É., TRlNCIANTI Å., and
ÆÁÍéÍÅºÔÉ L, 1987, "Anidriti di Burano" et "formation du
Monte Cetona" (nouvelle formation), biostratigraphie de
deux smes-types du ÔÞas superieur dans É' Apennin
septentrional: Revue de Páleobiologie, v. 6, ñ. 341-409.

CLAEYS, ÑÇ., HERBOSCH, Á, and PREAT, Á., 1988, Collapse
breccia: a possible explanation for d1e "Grand Breche
Viseenne" of Dinant and Namur basins (Belgiurn), ñ. 273-
286 in Exc. Guidebook-9d1 European Regional Meeting of d1e
IAS, ed. by Á. Herbosch, Ministry for Economic Affairs,

Belgian Geological Society.
DRAGASTAN,O.,PAPANIKOS,D., andPAPANIKOS, Ñ., 1985,

Foraminiferes, AIgues et microproblematica du ÔÞas de
Messopotamos, Epire (Grece continentaIe): Revue de
Micropáleontologie, v. 27, ñ. 244-248.

FRIEDMAN, Ï.Ì., 1965, Tenninology of crystallization textures
and fabrics in sedimentary rocks: Journal ïé Sedimentary
Petrology, v. 35, ñ. 643-655.

FRIEDMAN, Ï.Ì., 1997, Dissolution-collapse breccias and
paleokarst resulting frpm dissolution of evaÑïÞte rocks,

especia1ly sulfates: Carbonates and Evaporites, v. 12, ñ. 53-
63.

FRIEDMAN, G.M. and SHUKLA, í., 1980, Significance of
authigenic quartz euhedra after sulfates: example from the
Lockport Fonnation (Middle Silurian) of New Õ ork: Journal
ofSedimentary Petrology, v. 50, ñ. 1299-1304.

IGRS-IFP, 1966, Etude geologique de É¸pire (GrOCe nord-
occidentale). Ed. Technip, Paris, 306 ñ.

KARAKrrSIOS, í., 1992, Ouverture et inversion tectonique du
bassin Ionien (Epire, GrOCe). Anna1es Geo1ogiques des Pays
Hell6niques, series 1, v. 35, ñ. 185-318.

KARAKrrSIOS, í., 1995, The influence of Preexisting Structure
and Ha1okinesis ïç Organic Matter Preservation and Thrust
System Åíïlõéßïç in the Ionian Basin, Northwest Greece:
American Association of Petroleum Geologists Bullain, v.
79, ñ. 960-980.

KARAKrrSIOS, í. and TSAILA-MONOPOLIS, S., 1990,
Donne:es nouvelles sur les niveaux infeÞeurs (fÞas
supmeur) de la sme ca1caire Ionienne en Epire (GrOCe
continentale), Cosequences stratigraphiques: Revue de
Paleobiologie, v. 9, ñ. 139-147

KARAKrrSIOS, í. and RIGAKIS, Í., 1996, New oil source rocks
cut inGreekIonian basin: ÏßÆ & Gas Journal, v. 94, ñ. 56-60.

KLAPPA, C.F., 1980, Rhizoliths in ~estria1 carbonates:
classification, recognition, genesis and significance: Sedimen-
tology, v. 27, ñ. 613-629.

WGAN, Â. W., HOFFMAN, Ñ., and GEBELEIN, C.D, 1974, AIga1
mats, cryptalga1 fabrics and structures, Hamelin Pool,
Westem Australia. /n Evolution and Diagenesis of
Quatemary Carbonate Sequences. Shark Bay, Westem
Australia, ed. by B.W. Loganeta1., Memoirs ofthe American
Association of Petroleum Geologists, v. 22, ñ. 140-194.

ÌÁÌÅÔ, Â., CLAEYS, ÑÇ., HERBOSCH, Á., PREAT, Á and
WOLFOUWICz, ÑÇ., 1986, La "Grande Breche" Viseenne
(V3a) des bassins de Namur et de Dinant (Belgique) est
probablement une breche d'effodrement: Bulletin de la
Societe Geologique Belgique, v. 95, ñ. 151-166.

McWHAE, J.R.H., 1953, The Carboniferous breccia of
Bellefjorden: Geological Magazine, v. 90, ñ. 287-298.

MIDDLETON, G. í., 1961, Evaporite solution breccias from the
Mississippian of southwest Montana: Sedimentary Petrology,
v. 31, ñ. 189-195.

MILLER R.G., 1990, Á pa1eoceanographic approach to the
Kimmeridge clay formation. /n Huc, Á. Õ., ed., Deposition of
organic facies. American Association ofPetroleum Geologists
Studies in Geology, v. 30, ñ. 13-26.

MORROW, D.W., 1982, Descriptive field classification of
sedimentary and diagenetic breccia fabÞcs in carbonate rocks:
Bulletin ofCanadianPetroleum Geology, v. 30, ñ. 227-229.

PERYT, Ô.Ì. and SCHOLLE, Ñ.Á, 1996, Regiona1 setting of
meteoÞc water in dolomite formation and diagenesis in an
evaÑïÞte basin: studies in the Zechstein (peruvian) deposits
ofPoland: Sedimentology, v. 43, ñ. 1005-1023.

POMONI-PAPAIOANNOU, F., 1980, Genesis-Diagenesis of
ÔÞassßc Breccias and Nodular Gupsum of Epirus (westem
Greece) Minera1 and Petrology Research, Athens (ßç Greece),

v.2,299p.
POMONI-PAPAIOANNOU, F., 1983, Studiþ Petrographic si

Sedimentologic ÁÉ ÅvapoÞteÉ0r ÔÞasßce din Regiunea Epir
(1983). Teza de Doctorat, Universitatea Bucuresti, 190

p.,(unpublished).
POMONI-PAPAIOANNOU, F., 1985, The sedimentology and

depositiona1 environment of the ÔÞassßc dolornite-gypsum

217



SEDIMENTOLOGICAL STUDY ÏÑ ÐÉÅ TRIASSIC SOLUTION-COILAPSE BRECCIAS ÏÑ ÔÇÅ ÉÏÍÉÁÍ ÆÏÍÅ

sedimentJiren Fïðçationen GÞechenlands. Instittlte for
Geology and Subsurface Research. Athenes, 637 ñ.

SmLEY, D.F. and GREGG, É.Ì., 1987, Classification of dolomite
rock textures: Journal ïé Sedimentary Petrology, v. 57, ñ.
967-975.

ST ÁÍÔÏÍ, R.J., 1966, The solution brecciation process: Bulletin ïé
éééå Geological Society ïé Americá, v. 77, ñ. 843-848.

SWENNEN, R., íÉÁÅÍÅ, W., and CORNEUSSEN, C., 1990,
Pelrography and geochemistry of the Belle Roche breccia
(1ower Visean, Belgimn): evidence for brecciation by
evaporite dissolution: Sedimentology, v. 37, ñ. 859-878.

WRIGHT, í.Ñ., PLATT, Í.Ç., and WIMBLETON, W.A, 1988,
Biogenic laminar ca1cretes: evidence of ca1cified root-mat
hïÞÆons in pa1eoso1s: Sedimentology, v. 35, ñ. 603-620.

Received: March 9, 1998
Accepted: June 9, 1998

facies of westem Greece. 6th European regional meeting of
the Intema1ional Association of Sedimentologists, ñ. 367-
368.

POMONI-PAPAIOANNOU, F. and ÔSÁÐ..Á-ÌÏÍÏÑÏUS, S.,
1983, Peb:ographical, sedimentological and rnicropaleonto-
logical sttldies of an evaporite outcrop, West of Ziros lake
(Epirus-Greece): Rivista É ÉáÉßáééá di Ñ aleontogia e Stratigrafia,
Milano, v. 88, ñ. 387-400.

POMONI-PAPAIOANNOU, F. and DORNSIEPEN, U., 1987,
Post-Pliocene Calichified Solu1ion-Collapse Breccia from
Eastem Crete, Greece: Facies, v. 18, ñ. 169-180.

POMONI-PAPAIOANNOU, F. and CAROTSIERIS, É., 1993,
Dolornitization pattems in Jurassic-Cretaceous dissolu1ion-
collapse breccias of Mainalon Mountain (ÔÞÑïlis Unit,
central Peloponnesus-Greece): Carbonates and Evaporites,
v. 8,ñ. 9-22.

POWEL, T.G., 1986, Petroleum geochernistry and depoSitional
setting of lacustrine source rocks: Marine and Petroleum
Geology, v. 3, ñ. 200-219.

RENZ, C., 1955, Die vomeogene Stratigraphie der normal-

218


