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ABSTRACT — On the basis of their fossil content and sedimentological features, the Wenlockian, Ludlovian, Pridolian and Lower Lochko-
vian limestones of SW Sardinia can be subdivided into six main microfacies.

Paleontological and sedimentological data suggest deposition in shelf areas during Wenlockian - Ludlovian times and a deeper depositional
environment in the following Pridolian - early Lochkovian. Biosedimentological data also evidenced environments characterized by normal salinity,
high temperature and a generally low sedimentation rate.

RIASSUNTO — [Microbiofacies ed analisi modale quantitativa di calcari del Siluriano superiore - Devoniano inferiote della Sardegna
sud-occidentale] — Vengono analizzati livelli calcarei del Siluriano superiore e della parte basale del Devoniano inferiore (Lochkov inferiore) affio-
ranti in alcune localitd della Sardegna sud-occidentale con eta variabile dal Wenlock (zona a conodonti sagitta sagitta) al Lochkov inferiore (zona
a conodonti postwoschmidti = eurekaensis), con la sola eccezione di un intervallo corrispondente alle zone crispa + snajdri - latialata, probabil-
mente non rappresentato da facies carbonatiche. Lo studio mediante sezioni sottili e l'applicazione a queste dell'analisi modale quantitativa, ha
permesso di riconoscere G microfacies principali e di ipotizzare una ricostruzione dell'ambiente di deposizione. La sedimentazione sarebbe avvenuta
nel Wenlock superiore-Ludlow prevalentemente in arce di piattaforma, mentre nella parte superiore del Pridoli e nel Lochkov basale si sarebbe
verificato un deciso approfondimento verso un ambiente bacinale relativamente poco profondo, scosso da rideposizioni di materiale ad opera di
correnti, probabilmente di tempesta. Indizi biosedimentologici indicherebbero poi condizioni di acque normal-saline e calde, ove il tasso di sedimen-

tazione era piuttosto basso.

INTRODUCTION

Silurian rocks exposed in Southwestern Sardinia
are mostly represented by black graptolitic shales in
the lower part of the succession (Llandovery) gradual-
ly interbedded until becoming dominant with
cephalopod-black limestones (Wenlock-Ludlow and
most of the Pridoli) and micritic-encrinitic limestone
(late Pridoli). Tectonic stress, low grade metamorphism,
magmatic intrusions and diagenetic changes, such as
pressure solution, strongly affected these sediments.
Consequently it is impossible to recognize continuous
sequences of strata and correlate individual beds over
long distances. Nevertheless, paleontological and
sedimentological features allow to recognize and
describe several microbiofacies and suggest a deposi-
tional model for the carbonate sedimentation in SW
Sardinia during Silurian-early Devonian time. Modal
quantitative analysis of the constituents (chiefly skeletal
sand) was also taken into account during the study of
the microfacies.

A contribution to project ‘“‘Ecostratigraphy in Ireland and Sardinia”.

Samples were usually dated on the basis of cono-
donts (Serpagli ez al., in progress) and, when possible,
of graptolites (courtesy of Dr. H. Jaeger).

The present paper is part of a larger project, head-
ed by E. Serpagli, on the paleontology and biostratig-
raphy of the Sardinian Paleozoic; several papers have
been published (for a detailed list, see Gnoli & Ser-
pagli, 1985 b) or are in press.

GEOLOGICAL SETTING

Iglesiente and Sulcis (SW Sardinia) as well as Sar-
rabus and Gerrei (SE Sardinia) are the main areas of
Silurian outcrops in the island.

Formal lithostratigraphic units for the Silurian -
Lower Devonian succession of SW Sardinia were re-
cently proposed by Gnoli ef al. (1989), whereas the clas-
sic Thuringian triad seems to be present in SE Sardinia
(Jaeger, 1977).

According to Gnoli et al. (text-fig. 2), the Silurian
succession starts with 20-25 m thick black argillaceous
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shales with lidites; six Llandoverian graptolite zones
(acuminatus, vesiculosus, cyphus?, triangulatus, convoly-
tus and turriculatus) have been recognized. This for-
mation, which roughly corresponds to the «Scisti neri
a Rastrites peregrinus, Climacograptus, Diplograptus» of
Taricco (1920-1921) has been named «Genna Mux-
erru Formation» after a hill not far from the Gon-
nosfanadiga village at the western border of the Cam-
pidano graben. This complex is followed by a 40-45
m thick unit («Fluminimaggiore Formation») consist-
ing of an alternation of black calcareous layers and
dark non calcareous pelites and shales (corresponding,
more or less, to the « Orthoceras limestone» of the old
authors). Toward the top of the formation the cephalo-
pod limestone becomes more marly and is followed
by a limestone rich in crinoidal bioclasts (Gnoli et al.,
1989). Paleontological studies on this unit (Meneghi-
ni, 1857, 1880; Canavari, 1899; Serpagli, 1967, 1971,
Gnoli & Serpagli, 1977, 1985a, 1985b; Palmer & Gno-
li, 1985; Serpagli & Gnoli, 1977; Gnoli, et al., 1979)
showed a great faunal richness both in number and
in diversity, with nautiloids, graptolites, ostracodes,
conodonts, foraminifera, phyllocarids, bivalves, gas-
tropods and brachiopods as the most important ele-
ments of the varied assemblages.

Eight conodont zones from amorphognatboides to
postwoschmidti ( = eurekaensis), attributing an age from
Wenlock to earliest Lochkow, have been identified in
this formation (Serpagli et 4/., in progress). Two appar-
ently barren horizons corresponding to the conodont
zones patula and snajdri [ latialata + crispa can be prob-
ably related to highly tectonized shales (Gnoli ez al.,
1989). This crinoidal unit is followed by a thick for-
mation represented by nodular limestones, often thin
bedded, and massive limestones alternating with com-
pact dark siltstones and shales bearing numerous frag-
ments of crinoidal stems. This last lithostratigraphic
unit, early Devonian in age (conodont zones delta to
serotinus), has been recently named «Mason Porcus For-
mation» (Gnoli et al., 1989).

QUANTITATIVE ANALYSIS

Limestones were sampled from eleven localities
(text-fig. 1) either in Iglesiente (S. Antonio Donigala,

- CAGLIARIT

Text-fig. 1 - Map of the major outcrop-areas studied in this work.

Sentiero Flumini, Roia is Tintionis, Corti Baccas,
Galemmu, Terra Murus, Mason Porcus, Su Nuargi, Ar-
giola, Fontanamare) or in Sulcis (Monte Santo - Monte
Padenteddu) but most sampling was restricted to the
numerous exposures in the surroundings of Fluminimag-
giore. However, most of these exposures can be better
defined spot-outcrops (justifing the symbol BK as iso-
lated blocks for many samples) because only the sam-
ples from Mason Porcus, Argiola and Monte Santo-
Monte Padenteddu come from true sections. For con-
venience, the names of the above localities have been

EXPLANATION OF PLATE 1

Fig. 1- Microfacies 1, GALE-BK 3, cephalopod-ostracode packstone. Micritized shells of ostracodes are scattered in the section, x 11.
Fig. 2 - Microfacies 1, GALE-BK 15, peloid-cephalopod-ostracode packstone, «shelter micrite» inside ostracode shell, x11.
Fig. 3 - Microfacies 1, SF-BK 5, cephalopod-ostracode packstone, SF-BK 5, note the fibrous acicular cement overgrowth on the shell of an

ostracode and the drusy mosaic cement, x 28.

Fig. 4 - Microfacies 1, SN-BK1, cephalopod-ostracode wackestone with (a) telescoped orthocones, (b) ostracodes and (c) gastropods, x 11.

Fig. 5 - Microfacies 2, GALE-BK 13, graptolite packstone, x 4.

Fig. 6 - Microfacies 2, SF-BK 4, graptolite packstone, fragments of Graptoloids simulate a bryozoan-like colonial pattern, x 11.
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Text-fig. 2 - Schematic relationships of the Silurian- lower Devo-
nian formations in Southwestern Sardinia (after Gno-
li et al., 1989).

abbreviated as follows: SAD for S. Antonio Donigala,
SF for Sentiero Flumini, RT for Roia is Tintionis, CB
for Corti Baccas, GALE for Galemmu, TM for Terra
Murus, MP for Mason Porcus, SN for Su Nuargi, ARG
for Argiola, FTM for Fontanamare, MS for Monte
Santo-Monte Padenteddu.

Quantitative analysis of thin sections was done with
the point-counting technique. The main constituents
are matrix, cement, skeletal sand and opaque miner-
als. «Coated grains» and «bioturbation structures» were
also counted for some samples. Skeletal sand was sub-
divided into the main taxa. The definition «grain solid»
and not «grain bulk» (Dunham, 1962) was used in this
analysis and so voids inside the organisms were count-
ed as matrix or cement and not as skeletal grains (ad-
vantages and disadvantages of both definitions are dis-

cussed by Jaanusson, 1972). 0,10 mm was fixed as the
maximum size of matrix grains. About 3.000 determi-
nations were normally made for each thin section, us-
ing an optical microscope (25 or 63 x) and a point-
counting device. Data resulting from this technique, il-
lustrated in text-figs. 3 and 4, will be discussed after
the description of microfacies, to which they are strictly
connected.

DESCRIPTION OF MICROFACIES

Six mains microfacies (MF 1 to MF 6) character-
ize the Silurian-Lowermost Devonian limestones of
Southwestern Sardinia. They have been subdivided on
the basis of fossil content, lithology and sedimentologic
features.

MF 1) PELOID-CEPHALOPOD-OSTRACODE PACKSTONE TO
WACKESTONE

(Poorly washed biosparite; Pl. 1, figs. 1-4): this
microfacies, very frequent in our samples of Wenlock-
ian and Ludlovian age, is typical of the «Orthoceras
limestone» , with sparitic and microsparitic cement
(Galemmu, Su Nuargi, Sentiero Flumini, S. Antonio
Donigala, Argiola, Corti Baccas). Geopetal structures
and calcitic veins are quite common. Two cement gener-
ations can be clearly observed in many samples (PL. 1,
fig. 3): a fibrous acicular cement overgrowth on bioclasts
(cement A, Fliigel 1982) and a drusy mosaic cement
(cement B, Fliigel 1982). Ostracodes are highly frag-
mented and scattered throughout the samples, proba-
bly also because of bioturbation and current activity.
Many of these fragments are only barely discernible
from the matrix and some of these samples are refera-
ble to proper coquinas. Many ostracodes are impreg-
nated with iron-oxides and micritized, indicative of ma-
rine, phreatic diagenesis (Shukla & Friedman, 1983;
Pl 1, fig. 1) sometimes showing clear algal borings. The
fauna is very rich and consists of dominant orthocones
together with graptolites, bivalves, gastropods, cono-

EXPLANATION OF PLATE 2

Fig. 1 - Microfacies 3, ARG-BK7, «coated-grains» grainstone with (a) ostracodes, (b) bivalves and (c) orthocones, x 28.
Fig. 2 - Microfacies 3, ARG-BK7, «coated-grains » grainstone, (a) ostracodes, (b) gastropods and (c) crinoidal fragments are present, x 28.
Fig. 3 - Microfacies 3, SF-BK 16, oolitic grainstone to packstone, (a) graptolite fragments together with (b) gastropods and (c) ostracodes

are scattered in the section, x 11.

Fig. 4 - Microfacies 3, SF-BK 16, oolitic grainstone to packstone, micritic coating of a small orthocone, x 28.
Fig. 5 - Microfacies 4, MP 10b, pre-nodular mudstone, concentration of seams around a probable nautiloid fragment, crossed nicols, x 11.
Fig. 6 - Microfacies 4, MP 10c, pre-nodular mudstone with intercalated shell-lags consisting of (a) brachiopods, (b) trilobites or unrecogniza-

ble fragments, x 11.

Fig. 7 - Microfacies 4, MP 10b, intercalated shell lags with (a) crinoids, (b} trilobites and (c) nautiloids. Darker rims around bioclast concen-

trations consist of iron oxides, x 11.
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donts, crinoids, brachiopods... both shells and frag-
ments, often with telescoped orthocones and shell-in-
shell ostracodes and orthocones (P1. 1, fig. 4). Peloids
and among them fecal pellets are also present in some
samples (i.e. GALE-BK 15). Examination of sufficiently
extensive orthoceratid plates and blocks by Gnoli et al.
(1979) together with laboratory experiments, reveals a
very pronounced double alignment of orthoconic shells
(similar to the crest and the trough of ripple marks),
which is the typical bimodal orientation pattern of wave
accumulation. Deposition in high energy water is also
suggested by shelter porosity. The presence of micrite
in sheltered areas (shelter micrite, Shukla & Friedman,
1983), such as the concavity of a shell, is the result of
a selective removal of lime mud by high energy win-
nowing (Pl. 1, fig. 2). Sparitic and microsparitic tex-
ture is probably due to recrystallization of a very fine
calcareous mud, in which fragments and shells of or-
thoceratids were deposited (Gnoli et al., 1979).

MF 2) GRAPTOLITE PACKSTONE

(Graptolite-packed poorly washed biosparite; PL. 1,
figs. 5-6): graptolites, such as planktic animals, are also
abundant in some limestones, even though typical of
shales. Graptolite distribution is in fact the result of
currents, with intense fragmentation in shelf areas
(Cherns, 1988). Several samples from Galemmu, Sen-
tiero Flumini and Argiola have graptolites covering most
of the section and sometimes clearly visible tecae. Fre-
quently, fragments of single rhabdosomes are so close-
ly packed to simulate a bryozoan-like colonial pattern
(Pl. 1, fig. 6).

This microfacies is strictly connected with the coeval
MF 1, to which some samples grade and in which grap-
tolite fragments can also rarely be found.

MF 3) « COATED GRAINS» GRAINSTONE TO PACKSTONE

(Biomicrite with «coated grains»; Pl. 2, figs. 1-4):
this microfacies was found either at the levels of latest
Wenlockian (Argiola) or Ludlovian (Sentiero Flumini,
ploeckensis conodont-zone) age.

The latest Wenlockian deposition is represented by
a typical grainstone (Pl. 2, figs. 1-2) characterized by

thin micritic envelopes surrounding shells or skeletal
fragments (mostly small bivalves but also ostracodes,
gastropods and orthocones), as well as by well-rounded,
fully micritic grains, both typical indicators of neritic
environments (Wendt, Aigner & Neugebauer, 1984).
The interparticle voids are filled with blocky cement
(cement B, Fliigel 1982). The average size of coated
grains is 0.5 mm. In this depositional environment,
usually regarded of high energy (Fliigel, 1982), I also
found scattered fossiliferous wackestone with articu-
lated bivalves arranged in regular levels indicating, on
the contrary, quiet and stagnant conditions, as also sug-
gested by abundant opaque minerals. This could be
related to a sudden change of sedimentation in areas
producing coated grains or more probably to a trans-
port of coated grains in a depositional area alternately
agitated and calm. However the sorting of the grain-
stone favours the second hypothesis. A proper oolitic
packstone to grainstone belongs to the same microfa-
cies, but it occurs slightly later during Ludlovian times
and seems to be restricted to the ploeckensis conodont
zone (Pl. 2, figs. 3-4). Nuclei are mainly unrecogniza-
ble, but sometimes gastropod, orthocone or ostracode
fragments may be distinguished. Ooids are generally
found as veins inside graptolite rhabdosomes together
with small graptolite fragments resulting from transport
by wave motion or currents. As well known, modern
ooid deposits characterize high energy environments,
at or above the wave-base. Either coated grains grain-
stone or the proper oolitic grainstone to packstone were
probably transported to their final resting place from
a nearby coated grains generating and high-energetic,
shallow water area. Unfortunately, restricted outcrops
due to the peculiar tectonics of the region prevent a
more detailed investigation of the source area.

MF 4) PRE-NODULAR MUDSTONE

(Fossiliferous micrite; Pl. 2, figs. 5-7): this microfa-
cies occurs in a few reddish argillaceous limestones of
Ludlovian age (crassa to siluricus zones). Irregular on-
dulating iron oxide seams suggest a pre-nodular tex-
ture of these samples. Iron oxides often border the
skeletal fragments and pigment the matrix. According
to Wanless (1979), nodular limestone is the product of

EXPLANATION OF PLATE 3

Fig. 1 - Microfacies 5, MP 10f, fossiliferous mudstone, bioturbation traces interrupt skeletal debris levels, x 11,
Fig. 2 - Microfacies 5, MP 5, fossiliferous mudstone, ? calcified radiolarians and disarticulated shells are well arranged in regular beds, x 11.
Fig. 3 - Microfacies 5, MP 10f, fossiliferous mudstone, darker spots consist of iron oxides, resulting from the oxidation of pyrite crystals, x 16.

Figs. 4,5 - Microfacies 6, ARG-BK 11, crinoidal bioclastic packstone, ostracode and phyllocarids in crinoidal limestone, crossed nicols, x 16and x 8.

Fig. 6 - Microfacies 6, MP 6, crinoidal bioclastic packstone, x 11.
Fig. 7 - Microfacies 6, MS 1, crinoidal bioclastic packstone, x 11.
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Text-tig. 3 - Constituent analysis of the main Upper Silurian-Lowermost Devonian Sardinian limestones.

pressure solution («non sutured seam solution») in lime-
stones with significant content of fine, platy insoluble
material (such as clay, platy silt and carbonaceous
material). The faunal content is very low and consists
of echinoderm clasts together with large brachiopods,
orthocones or unrecognizable fragments. Extremely rare
quartz crystals occur as components of the matrix. Some
bioclasts are structural resistant to pressure solution,
in order to produce a concentration of seams all around
(PL. 2, fig. 5). The condensed nature of the limestone
suggests a low sedimentation rate. Intercalated shell-lags,
with sharp-basal contact and dissolution are quite com-
mon and are probably related to episodes of higher ener-
gy by storms.

They show a chaotic mixture of trilobites, ostra-
codes, small brachiopods, crinoids and skeletal debris.
These accumulations are often bordered by iron-oxide
crusts (Pl. 2, fig. 7).

Nodular limestones are generally considered as typi-
cal of shallow basinal areas (Wendt & Aigner, 1985),
slopes (Tucker, 1974) or deeper ramps below fair-
weather wave base (depth of 25-50 m; Dorobek & Read,
1986).

MF 5) DARK LAMINATED FOSSILIFEROUS BIOTURBATED
MUDSTONE TO WACKESTONE

(Fossiliferous bioturbated micrite to sparse biotut-
bated biomicrite; Pl. 3, figs. 1-3): this microfacies oc-
curs in Ludlovian (crassa to siluricus zone) and Pridolian
(eosteinhornensis superzone) levels. Shells and bioclasts
have been deposited in regular levels, indicating a typical
quiet water environment. However the bioclasts are
different in the two ages. The older deposits, cropping
out in Fontanamare, show a rich fauna of ostracodes,
bivalves, orthocones, trilobites and gastropods, highly
variable in shape and size. Some structureless samples
are probably the result of biogenic reworking, support-
ing that a rich endobenthic fauna was active inside the
bottom. The fauna of the younger deposits, found at
Mason Porcus, Galemmu, Sentiero Flumini, Roia is Tin-
tionis and Argiola is pooter and consists of sparse pelagic
small thin shelled bivalves, ostracodes, small orthocones,
rare crinoid fragments and probably dispersed calcified
radiolarians. Disarticulated shells are arranged with
convex-up, indicating current orientation and lack of
high bioturbation (Emery, 1968; Brenchley & Newall,
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Text-fig. 4 - Composition of the skeletal sand in the main Upper Silurian-Lowermost Devonian Sardinian limestones.

1970). No compactional features, resulting from the full-
bodied nature of organisms are present, revealing a low
rate of sedimentation. Inside these sediments commonly
laminated, bioturbation traces, penetrating to a maxi-
mum depth of about 10 cm in the sample, are also
present. Generally, all these bioturbation structures are
rich in iron oxides compared to the surrounding mi-
crite, probably resulting from the oxidation of pyrite
crystals, as suggested by the preservation of the typi-
cal habit in some. Sometimes, these oxides may be so
concentrated to replicate the full shape of the biotur-
bation structure (Pl. 3, fig. 3). Current energy was only
moderate. Enclosed within these limestones are al-
lochtonous redeposited thin carbonatic levels, due to
episodes of higher energy, probably related to storms.
The older episodes are recognizable by thin biosparit-
ic levels of shallow water origin, deriving from nearby
shallow water platforms, while the younger ones are
given by winnowed shell-lags constituted by regular
shells with convex-up orientation (this hydrodynami-
cally stable position would have resulted from waves
or currents; Brenchley & Newall, 1970) («eventstone s,
Hissner, 1985).

One of these events, located in the late Prido-
lian-early Lochkovian age, has been distinguished as
MF 6.

MF 6) CRINOID BIOCLASTIC PACKSTONE

(Encrinitic biomicrite; Pl. 3 figs. 4-7): this microfa-
cies characterizes sediments of Mason Porcus, Argio-
la, Monte Santo, Galemmu and Corti Baccas. Almost
all of them belong to the conodont zones Icriodus wosch-
midti and Lw.postwoschmidti (latest Silurian-earliest
Devonian) because of the presence of the markers-zone
(Olivieri & Serpagli, 1989). Crinoids are completely dis-
articulated, with arms and stem plates showing a more
or less pronounced gradational pattern. These fragments
often reveal grain contact sutures (Pl. 3, fig. 6) and/or
stylolites between areas of different crinoidal debris con-
centration («sutured-seam solution»; Wanless 1979).
Lobolithes, buyont organs of planktic crinoids, such
as Scyphocrinites excavatus ( = elegans), are characteris-
tic of Silurian-Devonian boundary beds, and consti-
tute the upper part of this encrinitic sediment. They
are generally associated with benthic crinoids (Stuka-
lina, 1977), which probably populated shoals stirred by
currents, while their fragments could be removed and
transported to deeper areas (Wendt & Aigner, 1985).
Crinoids are often the only organisms in the sample
(e.g. MP 5a, MP 5b, MP 6, MP 6 bis), but they some-
times occur with ostracodes and phyllocarids (PI. 3, figs.
4 and 5, Argiola), small brachiopods or orthocones
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(Monte Santo-Monte Padenteddu). Some of these bi-
oclasts have iron-oxide rims. Shelter void cement and
intraclasts have been found in some samples of this
resedimented debris facies, providing a good clue to
periodic high energy events in a normally low energy
environment (Kreisa, 1981; Brett, 1983).

DISCUSSION OF THE DATA FROM QUANTITATIVE, ANALYSIS

To have a better evaluation of data from the «point-
counting» analysis, I have preferred to discuss them af-
ter the description of the major microfacies recoghized
in our samples. Data are illustrated in text-figs. 3 and
4; samples are arranged in stratigraphic order, with the
only exception of SF-BK 18, whose age is probably late
Wenlock-Ludlow. The main constituents of the lime-
stones are illustrated in text-fig. 3. The matrix content
increases from the older samples (i.e. SF-BK 16 or SF-
BK 5) to the younger (i.e. MP 2¢, MP 5). In the form-

scale).

er the matrix is mostly composed of more or less re-
crystallized micrite and skeletal fragments (in which os-
tracodes are important producers of skeletal debris in
MF 1 and MF 2), in the latter (i.e. MP 2¢, MP 2) pure
micrite dominates. The reduction of the matrix con-
tent is coupled with the change of cement components
and the decrease of interparticle cement. Infact, while
it dominates in some samples (i.e. ARG-BK 7), only
geopetal structures or veins are present in almost all
Pridolian ones. Opaque minerals are ubiquitous and
often concentrated in the proximity of decayed organ-
isms (MP 5) or inside bioturbational traces (i.e. MP 10f).

As regards the skeletal fraction (text-fig. 4), it is
clear that nautiloids and ostracodes are widespread in
all samples, while crinoids can be quite abundant in
some of them (i.e. MP 6 and MP 6 bis, corresponding
to MF 6). Gastropods and bivalves (except ARG-BK
7) are scarse, whereas graptolites and crinoidal remains
constitute the maximum faunal contents. This is cer-
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tainly due or to the size of the fossils which in the case
of graptolites are quite large, covering most of the thin
section, or to the accumulation of a large amount of
crinoidal debris.

Most of the indeterminable fragments in samples
of Pridolian age (i.e. MP 2¢, MP 5, MP 10f) are proba-
bly related to small thinned bivalves or ostracodes that
have been broken and transported (as suggested by their
sorting) and sometimes reworked by bioturbation (i.e.
MP 10f).

DEPOSITIONAL ENVIRONMENT

The environmental conditions of the Wenlock-
Ludlow interval were studied in detail by Gnoli ez al.
(1979) who concluded that these sediments were
deposited in a normally oxigenated epicontinental sea
of limited depth, rich in exclusively pelagic fauna in
the upper part but definitively toxic toward the bot-
tom. More recently Gnoli & Serpagli (1985 a) suggest-
ed, on the basis of new data like the finding of large
bivalves such as Slava (J. Kriz, paper in progress) in the

LATEST PRIDOLI-

upper patt of the formation, that the bottom was not
constantly toxic and that the Eh interface moved up
and down.

One of the main goals of this research was to at-
tempt to reconstruct the depositional environment of
Upper Silurian - Lower Devonian limestones from
Southwestern Sardinia, giving either more information
for the late Wenlock - Ludlow interval or new data for
the Pridolian - Lower Lochkovian limestones.

According to the paleontologic, petrographic,
sedimentologic and stratigraphic data collected during
this study, deposition occurred first in shallow and later
in deep water. Transition from a netitic shelf environ-
ment to a shallow basin is illustrated schematically in
text-fig. 6, where normal wave base is defined, accord-
ing to Miller et al. (1988), as the «point of transition
between skeletal grainstones, or coquinites, and the first
distinct superimposed event layers with well-preserved
smothered surfaces».

Three main stages of deposition can be inferred.
During Late Wenlock - Ludlow (sagitta to siluricus
zones), two areas with different energy were probably

-EARLIEST LOCHKOV

PRIDOLI

normal wave base

LATE WENLOCK-

-LUDLOW

o =

Text-fig. 6 - Diagrammatic sketch showing depositional environments and characteristic microfacies for Upper Silurian-Lower Devonian lime-
stones of Southwestern Sardinia. See the text for a full explanation.
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present. MF 1, 2 and 3 were deposited in water depths
near effective wave-base, as suggested by patterns of
high energy (wave orthoconic ripples, telescoping, grain-
support fabric, «shelter micrites, micritization,...). Oo-
litic grainstone then is interpreted as the result of waves
andfor currents (Wilson, 1975) and, even if probably
transported, it was generated in shallow water. More
or less in the same time, together with these high energy
carbonates, MF 4 and 5 were deposited below normal
wave base but probably in areas within storm wave-base.
The depositional environment was calm but with burst
of high energy sedimentation, such as storms. Unfor-
tunately, we do not yet have evidence of Upper Ludlo-
vian sediments (s#ajdri-latialatus and crispa zones) to
study the transition to the Pridoli and to MF 6, which
clearly shows a progressive deeping. Furthermore, the
upward grading from grainstones and packstones to
mudstones is a strong indication of decreasing energy
and deepening.

This interval has very poor fauna, composed by
sparse small pelagic organisms. These sediments were
laid down in a shallow stagnant basin, stirred by cur-
rents able to redeposit thin layers of shells or crinoid
fragments.

Pelagic sedimentation need not involve great depths
(Tucker, 1984). Furthermore, in very shallow water, minor
changes in sea level or depositional topography can
produce significant changes in the environment (Hal-
lam, 1981). This deepening, infact, probably did not
reach great depths, and a typical intraplatform basin can
be imagined for these sediments. Accumulation of iron
oxides along the rims of bioclasts or near the living cham-
bers of nautiloids or the openings of other organisms
as well as in the matrix and the presence of bioturba-
tional structures give evidence of dysaerobic conditions
on the bottom (Byers, 1977). All these sediments were
certainly deposited in seas of normal salinity, as indi-
cated by the widespread occurrence of stenohaline or-
ganisms (crinoids, nautiloids, trilobites, brachiopods).
High temperature is evidenced by the presence of
stenotherm organisms such as nautiloids, crinoids and
some tropical bivalves, i.e. Cardiolidae (Pojeta, Kriz &
Berdan, 1976; Kriz, 1979), as well as by micritization
and the same genesis of coated grains. A low rate of
sedimentation is suggested by micritization, boring,
metal-oxide staining and uncrushed organisms.
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