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Abstract

This paper focuses on the main morphological, cbahaind mineralogical features of ferruginous psi¢o
around the K/T boundary in central-southern Saadfitaly), on their relationships with the coevaks in
south-western France, and on their potential rokriatigraphy. The main features of the Sardinian
ferruginous paleosols indicate the presence obpktithic and pisoplinthic horizons. Pisoplinthiorizons
are also present in the two considered FrenchapsciTheir genesis may be related to the warm antch
tropical climatic conditions occurring during Laté&aastrichtian-Lower Paleocene (Danian), whiclofad
the formation of plinthic horizons, followed by threreasing dry conditions occurring during thee®akne,
which favored the irreversible drying of the plilgthorizons in petroplinthic and pisoplinthic hais. On
the basis of the consistent stratigraphic posifiange extent and lateral continuity, these palsosan be
considered a good pedostratigraphic marker inggen and can be defined as a geosol, being heipthe
framework of extensive chronostratigraphic correfa and allowing further regional-scale
morphostratigraphic correlations.
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Introduction

Seven small outcrops of Upper Cretaceous-Loweroealee ferruginous paleoalterites were recently
recognised and described in central-southern Sarltaly) (Murruet al, 2007b). These paleoalterites were
considered similar to those of the same age destiibsouth-western France (Sawtdhl., 1976; Gourdon-
Platel, 1980). On these basis, Muetlal (2007b) conclude that the pre-rotation positibthe Sardinian-
Corsican block along the south-eastern margin@Biropean paleocontinent allows to presume aaimil
climatic and environmental regional history. Tpéper focuses on the paleosols present withilalséven
Sardinian outcrops, on their relationships withsthn south-western France, and on their potetatial
represent a good pedostratigraphic marker forgefaarea.

Materials and methods

The seven outcrops are scattered in various lasalif central-southern Sardinia (Figure 1a). Fahe
outcrop, described in detail in the field a maintical profile was sampled, together with numerotrger
lateral levels. All the deposits lie on a Paleozibstrate and are covered (except one) by Paleocen
Lowermost Eocene transitional to shallow-water masediments, sometimes with interposed lacustrine
carbonate levels (Murret al, 2007a). Their sedimentological characters guiedy for an alluvial
continental environment, with different depositibeaergy and varied paleomorphology. Within all the
seven deposits ferruginous paleosols are present.

On the collected samples, physical, chemical, aimg¢ralogical analyses were carried out. Bulk rock
chemical composition was determined by X-ray flseence spectroscopy (XRF) using a Panalytical Magix
Pro instrument. Al and Fe were chemically analylzgdneans of optical ICP. The mineralogical
composition was determined by X-ray diffraction (XRusing a Panalytical X'pert Pro diffractometeithw
Cu-K radiation generated at 40 kW and 20 mA. Microscepid submicroscopic observations were made
using a SEM FEI Quanta 200. Scanning electron reaapic analyses, coupled with energy dispersive
spectroscopy (SEM-EDS), were performed on thinicest
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Results and discussion

The eastern outcrops are located at Monte MaracainBallao, and at Sant'Andrea Frius (Figure 24).
Monte Maraconis the substrate is made up of Ordmvimetavulcanites and the ferruginous paleosaisho
a weak red (10R 4/4) cemented horizon, about 6€hark, with light gray (5Y 6/1) bleached tongues,
covered by Lower Eocene conglomerates (Figure dhdaining fragments of the cemented horizon, which
testify its partial erosion. Quartz, hematite alay eninerals (illite 39%, mixed layers 24%, kadinB7%)
are present in the cemented horizon. Al conteBt5%0 and Fe content is 22.2%. The bleached areraico
guartz and clay minerals (illite 57 %, mixed lay&686, kaolinite 27%). Al content is 7.6% and Feteahis
2%. At Ballao, on the same substrate, the ferrugimmaleosol shows a dusky red (10R 3/4) cemented
horizon, about 2 m thick, with light gray (2.5Y Ykeached tongues (Figure 1c), covered by tramsiti

and marine Lower Eocene sediments. Quartz, hematitekaolinite are the main components in the
cemented horizon. At Sant’/Andrea Frius, where tiimsgate is made up of Paleozoic metasandstorees, th
ferruginous paleosol shows a weak red (10R 5/2ece¢ed horizon with diffuse light olive gray (5Y $/2
mottles (Figure 1d), covered by Uppermost Paleot@msitional to shallow-water marine sediments.
Mineralogical analyses show the presence of quiaetnatite and illite, with traces of kaolinite. édntent is
6.3% and Fe content is 5.6%. The western out@optocated at Villamassargia, Piolanas, Nuxis, and
Guardia Pisano (Figure 1a). At Villamassargia, wltte substrate is made up of Lower Paleozoic
metasandstones, the ferruginous paleosol resemdnigsnuch those of south-eastern Sardinia (Figeje 1
The dusky red (10R 3/4) cemented horizon, aboutthick, is formed by quartz, hematite and kaolinie
content is 5.0% and Fe content is 12.7%. The bbsheheas contain quartz and clay minerals (illi%é and
kaolinite 98%). Al content is 4.1% and Fe conter®.2%. The paleosol is covered by Paleocene pakist
carbonate sediments and continental deposits dtittexri Formation (Middle-Upper Eocene). At Nuxie
Cambrian basement is made up of dolomitic metaliomes mineralized with barite and highly karstified
The karstic cavities are filled by dark brown (7B5'8/3) ferruginous horizons, about 8 m thick, whach
overlain by continental deposits of the Middle-Upgecene Cixerri Formation (Figure 1f). Three main
horizons are recognizable in the ferruginous secgipreserved in the karstic cavities: a well liduf
ferruginous dark brown horizon, a caothic wellifigd ferruginous dark brown horizon, and a pigotit
horizon. The mineralogical analysis shows the pres®f abundant hematite, kaolinite, and baritéh wi
some goethite and quartz.

Figure 1. a) Spatial distribution of the seven outops of Upper Cretaceous-Lower Paleocene ferruginau
paleoalterites in Sardinia; b) Monte Maraconis outcop; ¢) Ballao outcrop; d) fragments from the SantAndrea
Frius outcrop; e) Villamassargia outcrop; f) Nuxisoutcrop; g) large concentric ferruginous nodule fran the
Piolanas outcrop; h) pisolithic nodules from the Gardia Pisano outcrop.
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Figure 2. SEM/EDS images of Nuxis (a) and Guardiaifano (b) concretions showing the concentric distoution
of their mineralogical components; ¢c) SEM/EDS imagef a Guardia Pisano concretion showing twisted sliss
similar to the Gallionella ones.

Traces of calcite are also present. The chemiaaposition is the following: F©; 27-24%, A}O; 21-19%,
BaO 32-14%, and CaO 2.9-0.07%. At Piolanas, whHerestibstrate is formed by Cambrian dolomitic
metalimestones, large concentric ferruginous masdash are made up of nodules soldered each others
with growth, are found at the surface of a ploweiti probably testifying for a former ironstonetime area
(Figure 1g). The mineralogical analysis shows tles@nce of goethite and, subordinately, quartz and
magnetite. At Guardia Pisano the basement is mapad Bermian metaclaystones. The paleosol is
represented by pisolithic levels in marly claygg(ife 1h), covered by Upper Paleocene-Lowermostrieoce
shallow water marine sediments. The mineraloginalysis shows the presence of very abundant geethit
the pisoliths and very abundant calcite in thersedits. The chemical analyses show the same treétid, w
Fe0; contents of about 49% in the pisoliths and froto 5% in the sediments and CaO content ranging
from 32 to 43% in the sediments and from 1 to 4%hepisoliths. SEM/EDS observations on the pislit
concretions of Nuxis show the concentric distribatof their main mineralogical components (Figuag. 2
The nucleus is made up by kaolinite and hemathie. dortex of the pisoliths is often thick and isdeap of
layers of hematite and kaolinite, alternating with concentric planes of a complex system of cptenges
filled by microcristalline barite precipitates. SHMDS observations on the pisolithic concretionSafrdia
Pisano show a concentric primary structure staftioign a kaolinitic nucleus (Figure 2b). The nucléus
covered by concentric layers of goethite, altengatvith the concentric craze planes filled by
microcristalline barite and calcite precipitateeeTSEM images of the pisoliths support the hypasheais
bacterial contribution in the precipitation of irogdroxides (Figure 2c).

The Maastrichtian ironstone outcropping near Mdes@outhern France), studied by Sawtehl (1976), is
formed by pisolithic concretions, consisting of sl concentric layers enveloped around quartngrai
mainly composed by s (56.2-33.8%), AlO; (11.5-8.5%), and CaO (12.3-0.8%). Kaolinite is timty
clay mineral; among the Fe oxides, goethite prewvail hematite. In northern Aquitaine (south-western
France) there are numerous outcrops of a pisolithinstone, lying on a Jurassic-Cretaceous kaesiifi
carbonate substrate and covered by Lower Eocenaerdgposits. In the Montchoix outcrop, pisoliths,
representing more than the 56% of the volume, anéatmed in clays lying on Campanian limestones and
are covered by Cuisian marine clays (Gourdon-PI&80). The pisolithic concretions, formed aroumel t
K/T boundary, show a concentric distribution ofithmineralogical components and contain large art®un
of iron oxides (more than 60%), with goethite (148 strongly prevailing on hematite, and low®@d
content (10-15%).

The main features of the ferruginous paleosolstéatat Monte Maraconis, Ballao, Sant'Andrea Frind a
Villamassargia, as well as those of the two loviiesizons at Nuxis, indicate the presence of peimtgpt
horizons (IUSS Working Group WRB, 2006). The lacgacentric ferruginous nodules soldered with
growth found at the surface of a plowed soil atdias may also be considered as part of a former
petroplinthic horizon. The upper horizon at Nuxis the requirements for the pisoplinthic horiz8d§S
Working Group WRB, 2006) while the pisolithic legedt Guardia Pisano can be referred to a former
pisoplinthite in the area. Pisoplinthic horizons atso present in the two considered French outcrop
The genesis of these petroplinthic and pisoplintltidzons may be related to the warm and humiddedp
climatic conditions occurring during Latest Maasttian-Lower Paleocene (Danian), which favored the
formation of plinthic horizons, followed by the me@@asing dry conditions occurring during the Paleece
which favored the irreversible drying of the pliietinorizons in petroplinthic and pisoplinthic haris. The
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formation of the pisoliths at Nuxis can be relatethe presence of a ferruginous plasma, derivad the
leaching of the underlying ferruginous depositdgrmumore humid periods, that reorganized itself in
concentric bands around nucleus of kaolinite amdatee. At Guardia Pisano, on a clayey substratum
characterized by very slow drainage, the pisolithisld have formed similarly, but with goethite tate of
hematite. In both cases, their regular structundgeo be obliterated during the repeated phases of
hardening, drying and cracking as testified byrttaay craze planes. The precipitation of microctiista
barite, leached from the barite-rich Paleozoic sabs, in the tensional planes opened in the prsotould
have happened during and after their formationhBotSardinia and France (Gourdon-Platel, 198@), th
bacterial contribution in the precipitation of irbgdroxides has been pointed out.

The constant stratigraphic position (around the Bétlindary), the large extent, and the supposerlate
continuity of the discussed ferruginous paleosafisyhich the Sardinian and French outcrops ardeyeat
remnants, are all important requirements to congitem as a pedostratigraphic unit (NACSN, 2005).
According to the latest revision of NACSN (2005¢ finndamental and only unit in pedostratigraphic
classification is the geosol, which consists abadable, mappable three-dimensional body of saiérral
comprising one or more differentiated pedologidZus (petroplinthic and pisoplinthic horizons e
study area) (INQUA Working Group, 1995; Catt, 19983 the physical and chemical properties of a
specific pedostratigraphic unit may vary greatlythovertically and laterally, from place to pladeACSN,
2005), a geosol is not a soil or paleosol, butaathwhole soilscape that can be recognised derallg
extensive stratigraphic horizon (Morrison, 1978)eTonsidered ferruginous paleosols clearly segmrat
different sedimentary cycles and point to a pedbtelative geomorphic stability. For all theseseas, the
paleosols at issue can be defined as a geosol.

Conclusions

The numerous small outcrops, found in Sardiniasdhern France, containing remnants of petro- and
pisoplinthic horizons, have important implicatidos understanding climate regimes in the southezast
margin of the European paleocontinent in the LattaCeous-Early Paleocene. The evidence they ovid
can be helpful in establishing extensive chrontigii@phic correlations as well as regional-scale
morphostratigraphic correlations. Consequentlyselautcrops represent a pedostratigraphic unitward
consideration in future regional geological mapping
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