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Abstract

The modal composition of carbonate grains in para-autochthonous carbonate beds from the Ladinian-Carnian stra-
tigraphic succession of Stuores Wiesen in the Dolomites was evaluated by point-counting. The stratigraphic series of
Stuores, which includes the GSSP of the Carnian stage, is mostly composed of shales and marls deposited in a rather
deep-water setting, at the foot of high-relief carbonate platforms. Numerous cm- to dm-scale calciturbidite beds,
ranging from carbonate mudstone-siltstone to rudstone, are intercalated within the fine siliciclastics. In the Ladinian
- lowermost Carnian portion of the succession, many of these calciturbidites are mixed carbonate-siliciclastic. Most of
the carbonate grains in the granular facies of Stuores are fragments of microbialite with clotted peloidal fabric, Tubi-
phytes, calcimicrobes, peloids, ooids, mollusks, echinoderms and other types of skeletal grains. The major constituents
of the carbonate grain associations are microbialitic allochems of various types, accounting for 64% of the volume
of carbonate on average, with peaks of ca. 90%. This is in agreement with estimates on in-situ microbial-metazoan
boundstones of the Dolomites with approximately the same age, and suggests that not only boundstone facies, but
also basinal calciturbidites faithfully register the modal composition of microbial carbonate platforms. It is presently
impossible to reconstruct the provenance of these microbialites within the depositional profile of the carbonate plat-
form, because the formation of microbialites is not restricted to the photic zone: microbial carbonates may form at
water depths of O to 250 m and below. Ooids are commonly associated with coarse terrigenous sand, and often grew
on siliciclastic nuclei, demonstrating that siliciclastics were encroaching the submerged shelf on adjacent platforms.
Overall, terrigenous supply did not hamper the development of high relief carbonate platforms during the Late Ladi-
nian - Early Carnian at Stuores, but seems to have had an influence on carbonate grain associations. Fine carbonates
contain calcareous nannofossils, which however contribute minimally to the sediment budget at Stuores.

1. Introduction and geological settings

Marine carbonate depositional systems are com-
plex, because they do not only respond to changes
of physical environmental parameters, as hydrody-
namic energy or sea level, but also to the chemistry
of seawater and to the biology of the ecosystems
involved in the precipitation of calcium carbonate.
The complex array of environmental controls that
influence carbonate systems are reflected in the mo-
dal compositions of sandy carbonate rocks (skeletal
associations). It was soon realized, however, how

difficult it is to disentangle the effects of, e.g., la-
titude, temperature, nutrient and terrigenous supply
and light availability from skeletal associations alone
(Carannante et al., 1988). Nowadays, the complexity
of carbonate systems is widely recognized (e.g., Po-
mar and Hallock, 2008; Westphal et al., 2010), but
the quantitative analysis of allochems in rocks and
sediments still remains a fundamental instrument in
the interpretation of carbonate environments. In this
work, para-autochthonous rudstones, grainstones
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and packstones from the Triassic locality of Stuores
Wiesen were point-counted in order to better under-
stand the modes of carbonate precipitation on adja-
cent carbonate platforms.

The stratigraphic succession of Stuores Wiesen in
the Dolomites (Fig. 1) was recently selected for the
GSSP of the Carnian stage (Mietto et al., 2007, 2012),
mostly because of its excellent fossil documentation
(e.g., Urlichs, 1974, 1994, 2011; Broglio Loriga et al.,
1999; Mietto et al., 2008). The section encompasses
the uppermost Wengen Formation and the Lower
San Cassiano Formation, and can be subdivided into
two parts. The lower part is exposed in a series of
connected gullies on a steep slope, and includes the
GSSP horizon. The exposure is excellent and conti-
nuous for more than 100 m with substantial lateral
continuity. This lower part of the section is described
in detail by Broglio Loriga et al. (1999) and Mietto et
al. (2012). The upper part is a composite section that
crops out in places within the meadows of Stuores,
and was logged and described in detail by Urlichs
(1994; 2012).

The area of Stuores was in a basinal setting duri-
ng Late Ladinian to Early Carnian times (Fig. 2), and
the sedimentation was dominated by volcaniclastic
arenites and clays, derived from the subaerial ero-
sion of Late Ladinian volcanic edifices. Intercalated
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Fig. 1

Location of the Stuores Wie-
sen section (modified from
Mietto et al., 2008). The sec-
tion is a composite, tracts
1 and 1b are those of the
Carnian stratotype (Broglio
Loriga et al., 1999; Mietto
et al., 2012), while the trace
marked U links approximate-
ly the outcrops that make up
for the composite of Urlichs
(1994; 2011). The geographi-
cal coordinates of tract 1 are
46°31'37.85"N 11°55'47.71"E

46°32'00” N

46°31'30” N

11°56’30” E

with volcaniclastic and shale deposits, carbonates
are found in cm- to dm-thick beds that are interpre-
ted to be derived from adjacent high relief carbonate
platforms (Cassian Platforms of, e.g., Leonardi, 1967;
Bosellini, 1984; De Zanche et al., 1993; Neri et al.,
2007).

Numerous paleontological, stratigraphical and se-
dimentological studies were carried out to establish
this GSSP since it was initially proposed (Broglio Lo-
riga et al., 1999), that added up to a long history of
early research on the well known Carnian fauna of
the San Cassiano Formation, or Cassian beds for some
authors (e.g., Miinster, 1834; Ogilvie, 1893; Urlichs,
1974; Fiirsich and Wendt, 1977). The petrology of
carbonate rocks attracted comparably less attention,
despite its potential importance for the understan-
ding of the coeval carbonate platforms: the Lower
Carnian platforms in particular are deeply dolomi-
tized in the Dolomites, and their facies are mostly
known from allochthonous boulders deposited in the
basins that are interbedded with clays and volcanic
arenites, and escaped dolomitization: the so-called
Cipit boulders (Fig. 3) (e.g., Richthofen, 1860; Scude-
ler Baccelle, 1971; Wendt, 1982; Russo et al., 1991,
1997; Neuweiler and Reitner, 1995). While Cipit
boulders were well studied, only little work was done
on calciturbidites.

Geo.Alp, Vol. 9, 2012
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Fig. 2

Stratigraphic setting of the central Dolomites from the end of the Ladinian to the Early Carnian. The study locality (Stuores composite
section) represents a basinal setting. R.PIftf.: Rosszihne Platform; W.F.: Wengen Formation; H.F.: Heiligkreuz Formation; Lad.: Ladinian;
reg.: regoledanus subzone; c.: canadensis subzone. Modified from De Zanche et al. (1993) and Gianolla et al. (1998; 2011).
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The petrology of calciturbidites was quantitatively
assessed (Reijmer, 1998) in a study that was focused
on the younger part of the San Cassiano Formati-
on of Picco di Vallandro / Diirrenstein, some 25 km
Northeast of Stuores. Reijmer (1998) identified car-
bonate grains such as ooids, calcisponges, fragments
of Tubiphytes, peloids and intraclasts with clotted
peloidal (grumoleuse) fabric, that are also the major
constituents of coarse carbonate beds at Stuores. He
classified carbonate grains mostly as a function of
the facies belt they likely derived from, and was thus
able to quantify what proportion of carbonate de-
rived from the platform interior, reef, and basin.

In this work, the point-counting approach of Reij-
mer (1998) is also applied, and the general idea that
the platform composition and evolution can be infer-
red from carbonate sediment shed into the adjacent
basins (Reijmer and Everaars, 1991) is considered
valid. However, recent developments in the under-
standing of the facies distribution within Triassic
carbonate platforms of the Dolomites suggest cau-
tion when carbonate grains are attributed to specific
facies belts, in particular for what microbial carbo-
nates are concerned. Facies analysis of Cipit boulders
revealed that the carbonate factory of the late Ladi-
nian and Carnian high-relief carbonate platforms of
the Dolomites was dominated by benthic carbonates
which precipitation was microbially induced (micro-
bialites). Russo et al. (1997) and Keim and Schlager
(2001) pointed out that the contribution of microbial
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Fig. 3

Example of a Cipit boulder
within the Wengen For-
mation (upper Ladinian)
near Passo Sella. The large
boulder is ca. 2 m high. Ci-
pit boulders are found also
at Stuores, although they
are not often so evident in
outcrop.

carbonates to the carbonate budget of reefal facies
was nearly one order of magnitude larger than that
of skeletal components. Similar results were reported
by Marangon et al. (2011) for the Middle Triassic.
Such microbial carbonates, and especially microbi-
alites with clotted peloidal fabric, are not exclusive
of the platform margin. Instead, since their formation
is not limited by the availability of light, they are ty-
pical constituents of the upper slope, and were found
as deep as 200 m below the margin in the lower Car-
nian Sella platform (Keim and Schlager, 1999). Simi-
larly, the upper slopes of the middle Triassic Latemar
platform were also found to be dominated by micro-
bialites down to a depth of 200-250 m below the
margin (Marangon et al., 2011). Blendinger (1994)
suggested that the main factory of Triassic carbonate
platforms of the Dolomites was indeed on the slope,
rather than on the margin and platform interior.

In the light of these recent developments, it is
unclear whether the contribution of different porti-
ons of late Ladinian to Carnian carbonate platforms
could be disentangled in basinal calciturbidites. Ho-
wever, the type and proportion of microbialites can
still be assessed. In this work, the modal composition
of calciturbidites and other granular carbonate beds
sampled in the Stuores section has been determined
by point counting, with the primary aim to describe
and quantify the contribution of platform microbi-
alites to the carbonate sedimentation at Stuores, and
its possible variations through time.

Geo.Alp, Vol. 9, 2012
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Fig. 4

Logs of the Stuores Wiesen sections, simplified from Broglio Loriga et al. (1999) for the lower part and from Urlichs (1994; 2011) for
the upper part. Different clay content might be an artifact due to the different approach on logging the two parts of the section by the
different authors. The correlation between the two parts is uncertain, but no significant gap is expected (Neri et al., 1995).
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2. Materials and methods

Twenty-two standard (30 pm thick) uncovered thin
sections were prepared and studied under a polarized
microscope, and were also studied with a fluorescence
microscope. Eleven samples were selected in the lower
part of the section (Ladinian regoledanus and Carnian
canadensis ammonoid biozones), and eleven in the up-
per part (Carnian aon ammonoid zone). All samples are
positioned precisely on the logs of Broglio Loriga et al.
(1999) and Urlichs (1994; 2011) (Fig. 4).

Between 400 and 650 (average 546) points were
counted for each thin section, which guarantees sta-
tistically significant estimation of modal abundances
(Van del Plas and Tobi, 1965). All samples were very
well preserved and free from pervasive recrystalliza-
tion, thus, virtually all carbonate grains could be de-
termined with good confidence. Uncertainty is inheri-
ted with the determination of smaller grains.

Thin sections were also observed under fluorescent
light with a Zeiss Axioscop 40 equipped with a mercu-
ry arc 50/ac uv lamp and 450-490 nm (exciter) - 515
nm (barrier) filters at the Geological Department of
the University of Bremen, in order to evaluate the oc-
currence of organic matter and its distribution among
different carbonate grains. Carbonate in fact exhibits
epifluorescence when it incorporates organic matter,
and if the rock maturation was not too intense. Epiflu-
orescence is though to derive mostly from unsaturated
aromatic organic compounds (Dravies and Yurewicz,
1985; Machel et al., 1991).

Twenty-four samples, mostly of fine carbonate,
were selected for Scanning Electron Microscopy (SEM)
observations. These samples were prepared following
the procedure of Munnecke (1997) as detailed by Pre-
to et al. (2013): rock samples were cut into blocks ca.
5X5 mm wide, polished with 500 and 800 borcarbid
powder and cleaned in ultrasonic bath. Polished sur-
faces were then etched with highly diluted (ca. 0.3%)
hydrochloric acid for 10-20 seconds and gold coated.

3. Results
3.1. Field observations

The stratigraphic succession of the GSSP interval at
Stuores is dominantly fine terrigenous (clays and silt),
with cm- to dm-thick beds of arenite and limestone

intercalated. Some beds are of mixed composition, i.e.,
they are hybrid arenites or sandy limestones, especially
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in the first 120 meters of the section. This work focuses
on carbonates; sandstone beds are composed of dark
lithic (volcanic) arenites, with an erosive base, normal
grading and often a laminated upper portion. They
range in thickness from one cm or less to several tens
of cm. They are not present in the upper part of the
succession (aon and aonoides ammonoid biozones).

Carbonate beds rarely exceed few tens of cm of
thickness in the lower part. They have typically an
erosive base with bottom marks (e.g., flute casts and
lineations) and graded bedding. A plane-bed lamina-
tion is visible especially in cm-thick beds and in the
upper part of dm-thick beds. At the base of the sec-
tion, and approximately up to the GSSP level, carbo-
nate beds often display a fine (micritic) upper part.
Lime mudstones decrease in abundance upward, and
from about 90 meters above the base of the section
coarse carbonate beds (rudstones) appear. Rudstones
with cm-large carbonate grains then become common
in the upper part of the section, and normal grading
is less commonly observed. Oolites are more common
and carbonate beds may constitute up to 50% of the
succession in some intervals. Mixed carbonate-clastic
beds are commonly observed in the lower part of the
section (regoledanus and canadensis ammonoid bi-
ozones). Furthermore, terrestrial plant fragments are
often found in carbonate beds, typically at the top
of coarse intervals or within fine intervals. Nearly all
coarse-grained carbonate beds of the section can rea-
dily be interpreted as calciturbidites, derived from a
carbonate platform polluted by terrigenous influx or
from the mixing of different (carbonate and silicicla-
stic) sources.

3.2. Components of coarse carbonates of Stuores in
thin section

All studied samples are grainstones, rudstones or
floatstones, of which the main carbonate components
are ooids, peloids and intraclasts. Oncoids, Tubiphytes,
calcimicrobes, agglutinated tubes, mollusks, foramini-
fers (mostly agglutinated) and echinoderms are com-
mon. Other components are rare. Generally, grains at-
tributed to microbialite are bright fluorescent. On the
contrary, most skeletal grains are dull or completely
dark under fluorescence light.

The large majority of intraclasts are irregular carbo-
nate grains with rugged outline composed of clotted
peloidal micrite (PI 1c, d; Pl 2¢, f; PI 3¢, d), a typical
constituent of microbial reefs, commonly identified in

Geo.Alp, Vol. 9, 2012



non dolomitized olistoliths (Cipit boulders) embedded
in Late Ladinian to Early Carnian basinal successions
(e.g., Neuweiler and Reitner, 1995; Russo et al., 1997).
Among the many grains contained in the carbonate
beds of Stuores that are fluorescent, fragments (in-
traclasts) of clotted peloidal micrite appear particu-
larly bright. This is in agreement with previous studies
on Cipit boulders (e.g., Neuweiler and Reitner, 1995;
Russo et al., 1997). Oncoids (PI. 2c, upper part; PI. 3e-
h) are mostly coated by irregular laminae of clotted
peloidal micrite, that exhibit the typical bright green
fluorescence. The walls of agglutinated tubes (cf. Ma-
crotubus sp.) are also composed of bright fluorescent
clotted peloidal micrite.

Tubiphytes is a problematic fossil common in mi-
crobial Paleozoic and Mesozoic reef communities, that
is characterized by a thick (up to mm scale) laminated
or vaguely peloidal micritic envelope around a central
thin, hollow tube. Fragments of Tubiphytes are com-
monly found as components of grainstones, rudstones
and floatstones at Stuores (PI. 1e, f: Pl. 3a-d). Tubi-
phytes is usually found as isolated tube segments, but
associations of two or more individuals grown together
were also observed (Pl. 1e, f). In some cases, clotted
peloidal micrite partially envelops the individual tubes
(PI. 3¢, d). Tubiphytes is always bright fluorescent, and
fluorescence often highlights a distinct growth ban-
ding (PI. 1e, f; Pl., 3¢, d). Among calcimicrobes, tufts of
calcified cyanobacteria (Cayeuxia)are common (PI. 3a,
b), and filamentous coatings (cf. Girvanella) were also
observed (P1. 3h).

Ooids are tangential, with dimensions typically of
200-500 pm (PI. 1a, b, g, h; PI. 2a, ¢, d; PI. 4f). Their nu-
clei are formed by a variety of small carbonate grains
(e.g., mollusk fragments, intraclasts, echinoderms and
foraminifers) along with quartz and lithic fragments
(PI. 2d). The coating of ooids also shows bright fluore-
scence, and concentric laminae are well distinguisha-
ble under fluorescent light (PI. 1b, h).

Detrital non-carbonate grains were also observed
and are occasionally common (Pl. 2a). Although a
modal analysis of siliciclastic grains was not perfor-
med, the main siliciclastic grains are lithics of volcanic
origin derived from the dismantling of Late Ladinian
volcanic edifices of the Dolomites and nearby areas,
e.g., toward the South (Brusca et al., 1982; Breda and
Preto, 2011). Quartz and rarer feldspar grains were also
observed.

The results of point counting are provided in table
1. Although the preservation of all samples was very

Geo.Alp, Vol. 9, 2012

good, some small components could not be attributed
to a specific group. This applies especially to peloids
and unidentified skeletal grains. Peloids can be of va-
rious origin (see Fliigel, 2004 for a comprehensive re-
view), including the complete micritization of previous
skeletal grains or intraclasts. However, peloids could
also be small fragments of microbialites with clotted
peloidal fabric. While on the one hand it is easy to
define and identify peloids as a broad category, it is
nearly impossible to decide whether they are to be in-
cluded or not among microbial carbonates.

Fragments of skeletal grains are often too small to
be attributed to specific fossil groups. This is particu-
larly true for fragments of originally aragonitic shells
and skeletons, that are recrystallized and thus do not
exhibit any recognizable ultrastructure. Fortunate-
ly, although specific attribution is not possible, these
small fragments are readily distinguished from micro-
bial carbonates. Unrecognized skeletal grains may be
common, especially in fine-grained facies.

3.3. SEM petrography of lime mudstones (and wa-
ckestones)

Scanning Electron Microscopy (SEM) was used for
the study of fine-grained carbonates and to observe
the fine structure of ooids (Pl. 4). Fine-grained car-
bonates are constituted by a mosaic of densely pitted
microsparite crystals, with an average diameter of ca.
10-15 um. Microsparite crystals normally show irrequ-
lar boundaries (PI. 4c). These fine carbonates are seen,
under the SEM, to incorporate numerous microfossils
including calcispheres (Pl. 4a, b), detrital sand grains
(PI. 4d), and crystals of authigenic minerals such as
pyrite (PI. 4g, h).

Calcispheres of the Stuores section are similar to
those observed in Upper Carnian and Norian periplat-
form hemipelagic carbonates of the Southern Apen-
nines and Sicily (Di Nocera and Scandone, 1977; Bel-
lanca et al., 1993; Preto et al., 2012). Such calcispheres
were interpreted by Preto et al. (2013) as nannofossils
comparable to those of the ,Pithonella” group of Bolli
(1974). Originally, the calcispheres were less than 10
um in diameter, but were typically overgrown by epi-
taxial diagenetic calcite which eventually constitutes
most of the visible nannofossil. Pyrite occurs either as
framboids (PIl. 4h) or as isolated microscopic crystals,
usually where organic matter was present, as, e.g.,
within mollusk shells (PI. 4g).
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Plate 1:

Microfacies of the Stuores Wiesen section, upper part (see Urlichs, 1994), as seen under visible polarized light (on the left) and fluorescent light
(on the right). (A, B) Oolitic-bioclastic grainstone. Ooid coatings are bright fluorescent, while skeletal grains are usually non fluorescent or dull:
e.g., the echinoderm fragments (Ech), bivalve shells (Biv) and the aragonitic involutinid foraminifer (If) at the nucleus of an ooid. From horizon
4 of Urlichs (1994). (C, D) Intra-peloidal-bioclastic grainstone. Intraclasts (and peloids) are systematically bright fluorescent. Those exhibiting
a clotted peloidal fabric (Cpm) are interpreted as intraclasts derived from microbial boundstones. Skeletal grains (Sk) are, with the exception
of porcelanous foraminifera, dull or non fluorescent. From horizon 5 of Urlichs (1994). (E, F) Rudstone with Tubiphytes. Tubiphytes are coated
by clotted peloidal micrite and are sometimes fractured (Tb). Skeletal grains, e.g., ammonoid shells (Am) are not fluorescent. From horizon 9 of
Urlichs (1994). (G, H) Qolitic grainstone. Ooid coatings are bright fluorescent. Horizon 16 of Urlichs (1994).

19 Geo.Alp,Vol. 9, 2012



Plate 2:

Microfacies of the Stuores Wiesen section, lower part (see Broglio Loriga et al., 1999), as seen under polarized light. (A) Hybrid arenite
(quartz-lithic arenite with carbonate allochems), containing abundant ooids, often with siliciclastic nuclei. Lower Carnian, m 58 ca.
(B) Intra-peloidal grainstone. Most intraclasts are small fragments of clotted peloidal micrite. This microfacies typically contains less
coarse siliciclastics than oolites. Lower Carnian, m 55 ca. (C) Laminae of oolitic grainstone and intraclastic-bioclastic rudstone. Ooids
often have siliciclastic grains (e.g., quartz) at their nuclei (D). Oncoids, gastropods, echinoderms and reef-building metazoans as chae-
tetid sponges (E) are common, but the most abundant elements in the rudstones are intraclasts with clotted peloidal fabric (F). Lower
Carnian, m 159 ca.

Geo.Alp, Vol. 9, 2012 20



Plate 3:

Examples of microbial carbonate grains, in thin section, under polarized visible light and fluorescence. (A, B) A cyanobacterial calcimicrobe
(cf. Cayeuxia, indicated as Cy) encrusting a Tubiphytes (Tb). From horizon 9 of Urlichs (1994). (C, D) Tubiphytes (Tb), encrusted by a microbi-
al boundstone facies made of clotted peloidal micrite (Cpm), reworked within an intra-bioclastic grainstone. Other fragments of clotted pe-
loidal micrite are visible in the sample. Fluorescence highlights clear concentric growth bands of the Tubiphytes (see also Plate 1F). Horizon
10 of Urlichs (1994). (E) Oncoidal coating of a mollusk shell of the ,thrombolitic” type (i.e., made of clotted peloidal micrite). The oncoidal
coating also includes agglutinated foraminifera. Horizon 9 of Urlichs (1994). (F) Oncoid of the ,stromatolitic” type, i.e., with well laminated
microbial coating, in a oolitic-bioclastic grainstone. The oncoidal envelope also includes abundant agglutinated foraminifera. See enlar-
gement below. Horizon 16 of Urlichs (1994). (G, H) Stromatolitic oncoidal envelope, enlargement of (F). The envelope includes abundant
tests of agglutinated foraminifera (Af), the stromatolitic laminae locally show a vermicular texture (Gr) similar to Girvanella that suggests
a cyanobacterial origin. Foraminiferal tests are conspicuously less fluorescent than stromatolitic laminae. Horizon 16 of Urlichs (1994).
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Plate 4:

Carbonates of Stuores under the SEM. (A) Fine carbonate with mainly strongly pitted and irregular microspar crystals (Ms) with average
dimensions of >10 pm. Calcispheres (Cs) are also present in the sample. Lower Stuores section. (B) Calcispheres. The irregular elonga-
ted calcite crystals that form the calcisphere should be interpreted as mostly epitaxial overgrowth (Preto et al., 2013). Compare with
the Upper Carnian - Norian calcispheres of Sicily (Bellanca et al., 1993; Preto et al., 2012). Lower Stuores section. (C) Lime mudstone
made of compenetrated, highly pitted microspar with average crystal dimensions of >= 10 um. Lower Stuores section. (D) Silty lime
mudstone with microspar crystals and detrital siliciclastic grains (Dt). Non-carbonate grains (detrital) are identified because they are
not pitted and not etched. Lower Stuores section. (E) Silty lime mudstone with thin-shelled bivalve (Biv). Lower Stuores section. (F)
Oolitic grainstone, with detrital siliciclastic grains (Dt). Etching highlights the concentric tangential laminae of ooids. Lower Stuores
section. (G) Octahedral pyrite crystals grown within a semi-closed cavity (articulated juvenile bivalve shell). The chemical composition
of octahedral crystals was tested with EDX. Precipitation of pyrite where organic matter was probably available is here interpreted as
the result of bacterial sulphate reduction (see Mietto et al., 2012). Lower Stuores section. (H) Pyrite framboids also suggest bacterial
sulphate reduction within the sediment in a early diagenetic stage. Lower Stuores section.
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4. Discussion

4.1. Proportion of microbial carbonate in the calci-
turbidites of Stuores

Microbial carbonates are those that formed by
microbes (mostly bacteria and archaea) that induced
carbonate precipitation as a byproduct of their meta-
bolism, or carbonate which precipitation was induced
through nucleation on the template of dead organic
matter (Burne and Moore, 1987 ; Schlager, 2003). Car-
bonate of microbial origin is present in different forms
in the calciturbidites of Stuores. While some carbona-
te grains are easily interpreted as microbialites (i.e.,
cyanobacterial calcimicrobes, intraclasts with clotted
peloidal fabric), other may be ambiguous.

Tubiphytes was considered to be a microbial consti-
tuent. Similarities are found with the Jurassic form
. Tubiphytes” morronensis (now Crescientella morro-
nensis) described by Senowbari-Daryan et al. (2008).
According to these authors, the Jurassic , Tubiphytes”
represents a consortium between a foraminifer at the
nucleus and a microbial community coating its test.
The chambers of the foraminifer coincide with the
central cavity and the growth of microbial carbonate
determines a faint lamination that is seen as concen-
tric in equatorial sections. Triassic Tubiphytes exhibit
similar features, and most noticeably a laminated mi-
crobial coating in some cases with a clotted peloidal
fabric (PI. 1e, f; Pl. 3a-d). A walled internal cavity that
might be interpreted as a foraminiferal test is in some
cases also observed (Senowbari-Daryan and Fliigel,
1993; Senowbari-Daryan et al., 2008; and own obser-
vations). In all cases, the micritic coatings, interpreted
as microbial, constitute most of the grain volume.

Agglutinated tubes similar to Macrotubus were
probably coatings of filter feeding ,worms" (e.g., an-
ellids). However, precipitation of carbonate tubes was
microbially induced, as suggested by their clotted pe-
loidal fabric and bright luminescence. The fabric of
agglutinated tubes in the carbonate rocks of Stuores
is virtually indistinguishable from that of microbial
boundstones made of clotted peloidal micrite. Tiny
isolated tubes, which show the same diameter as tho-
se of Cayeuxia and Girvanella calcimicrobes, were also
interpreted to be of cyanobacterial origin.

Ooids are bright fluorescent, which might suggest
a microbial contribution to their formation. The mi-
crobial formation of ooids is a long-lived hypothesis
(e.g., Mitterer, 1972; Folk and Lynch, 2001) which has
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been recently addressed by Duguid et al. (2010). Fol-
lowing these authors, aragonitic tangential ooids of
the Bahamas are grown abiotically, perhaps through
an intermediate stage of formation of a film of an
amorphous calcium carbonate phase. However, cy-
anobacteria thrive on ooid surfaces and drill micro-
bores in which an early diagenetic aragonite cement
precipitates. Organic matter of these cyanobacteria is
typically incorporated in laminae and microborings, as
already noted by Davies et al. (1978). The ooids of Stu-
ores are similar to the Recent examples of the Baha-
mas, and in thin section exhibit similar microborings.
It is thus suggested that their precipitation was also
similar, i.e., abiotic though with an early alteration by
microbes, most probably cyanobacteria.

Small peloids cannot be attributed with confidence
to a microbial origin, nor can this be excluded, except
for the cases where the peloid is obviously a fecal pel-
let or an angular lithoclast derived from a carbonate
rock. None of the peloids at Stuores belongs to these
easily interpreted categories. Peloids of Stuores are
however typically bright fluorescent (PI. 1d; 3d), while
interstitial micrite is not. This is why peloids were ten-
tatively considered microbial, i.e., fragments of clotted
peloidal micrite that are too small to identify their fa-
bric. Excluding peloids from point counting does not
affect the results significantly (Fig. 3; Table 1, 2).

Given this classification of microbial versus non
microbial carbonate grains, the calciturbidites of Stu-
ores contain up to 90% of microbial carbonate, with
a weighted average of 64%. This figure compares well
with the estimates of Russo et al. (1997) and Keim and
Schlager (2001) for the boundstone facies of Carnian
cipit boulders and carbonate platforms in the Dolo-
mites. This further suggests that the composition of
allochtonous carbonate grains in calciturbidites repre-
sent the proportion of carbonate-secreting organisms
of the source, not only in terms of skeletal composition
(Reijmer and Everaars, 1991; Reijmer, 1998) but also
for the presence and proportion of microbial carbo-
nate.

4.2. From where did microbial carbonate come from?

Microbialites of various types are thus the most
common carbonate grains at Stuores. Because of their
occurrence only in calciturbidites (in situ microbialites
were not observed), they are inferred to be derived ex-
clusively from carbonate platform environments. It is

Geo.Alp, Vol. 9, 2012



not possible at the moment to disentangle which part
of the microbial carbonate derived from the margin
and platform interior and which was instead formed
on the slopes, with a few exceptions.

One exception are cyanobacterial calcimicrobes.
These must have been growing in the photic zone, and
were thus most probably derived from the platform
interior or margin. Also microbial carbonates strictly
associated with ooids must have derived from above
the fair weather wave base. However, the formation
of most abundant microbial carbonates (fragments of
microbial boundstones with clotted peloidal fabric)
are not limited by light availability or a specific range
of hydraulic energy, and could potentially form at any
water depth. Clotted peloidal micrite is in fact com-
monly found on the upper slope of microbial carbo-
nate platforms, including the Carnian Sella Platform
in the Dolomites (Keim and Schlager, 1999; 2001). The
same is observed for Tubiphytes, which is commonly
overgrown by clotted peloidal microbialites. Microbial
carbonate production on slopes occurs at least down
to depths of approximately 250 m in the Dolomites
(Keim and Schlager, 1999; Marangon et al., 2011). This
implies that carbonate production is virtually unaf-
fected by sea-level changes, which magnitude could
hardly exceed a few tens of meters in the ice-free
Triassic world: slopes would shed carbonate to basins
irrespective of the position within the sea-level cycle,
in agreement with the slope shedding model of Kenter
et al. (2005).

4.3. Coarse siliciclastic input and the response of
carbonate platforms.

Siliciclastic grains are common in the Stuores sec-
tion, especially in its lower part (Broglio Loriga et al.,
1999). Siliciclastic grains are found to form the nuclei
of tangential ooids, recrystallized but with original-
ly aragonitic mineralogy. This type of ooids forms in
high-energy shallow water carbonate platform envi-
ronments (e.g., Simone, 1981; Fliigel, 2004). Thus, at
least part of the coarse siliciclastics that fed the basin
at Stuores must have been encroaching the carbonate
platforms, which were probably attached to a volcanic
interland or to isolated volcanic edifices. This also im-
plies that siliciclastic input is not necessarily related
to sea-level falls or low-stands: in order to constitute
ooid nuclei, in fact, siliciclastic grains must have been
brought to the shallow water platform interior (or
margin) when the platform was submerged.
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A major contribution of a complex variety of envi-
ronmental factors is increasingly recognized to stron-
gly influence the skeletal composition of Recent and
fossil carbonate systems. These parameters include,
among others: temperature, light availability, nutrient
supply, and the chemistry of seawater (e.g., Caran-
nante et al., 1988; Mutti and Hallock, 2003; Pomar et
al., 2004; Pomar and Hallock, 2008; Westphal et al.,
2010). Some correlation is observed in the lower Stu-
ores section (regoledanus and canadensis ammonoid
biozones) between carbonate grain associations and
the amount of coarse (sand-size) siliciclastic grains.
More specifically, ooids are more abundant when the
siliciclastic input is higher, while the amount of mi-
crobial carbonates decreases. Also in the upper (aon
biozone) part of the section, abundant ooids are al-
ways associated with some siliciclastic sand (Table 1).
These variations of the proportion of ooids and skeletal
grains seem thus to be related not only to sea-level
change, as suggested by Rejimer (1998), but also to
siliciclastic input and possibly associated nutrient sup-
ply and/or changing water turbidity.

The intermittent supply of coarse siliciclastics may
have modified the type of carbonate production on
the lower Carnian platforms of the Dolomites, but did
not determine a significant production crisis. The lo-
wer Carnian high-relief platforms are known to have
grown undisturbed throughout the time of deposition
of the Stuores section, up to the top of the aon am-
monoid subzone at least (e.g., Bosellini, 1984; Cassian
Dm. 1 in De Zanche et al., 1993; Gianolla et al., 1998).

5. Conclusions

Platform-derived grains in the calciturbidites of
Stuores contain a significant proportion of microbi-
alites, up to 80-90% of total carbonate grains. Part
of these carbonates, and specifically those associated
with ooids and shallow-water biota, and calcimicrobes
of cyanobacterial origin, were derived from the plat-
form top or at least from the photic zone; however,
the majority of microbial carbonates (including Tubi-
phytes and intraclasts with clotted peloidal fabric) lack
clear evidence of an origin within the photic zone and
might be derived from intermediate-deep portions of
the platform slopes.

Despite their bright fluorescence, ooid coatings are

interpreted as chiefly abiotic precipitates. Ooids are
often associated with coarse terrigenous influx, and
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= = Table 2:
Q' g - a o Proportion of microbial VS ooid-skeletal carbonate grains.
8_ g % S: 6| g- o Bold numbers in percent. Cement, matrix and ngn—carbo_—
o v 52 & @ =3 nate grains are excluded. Note that the proportion of mi-
o a2 29 s €0 % crobial carbonate does not change significantly if peloids
» ‘_g.‘_ o 2 3 o %. ‘_;.‘_ ) = are excluded from the estimate.
Q o 3 Qo 2 a3 £ @
= s o od = 293 &9
° o T Qa = 2% og
@ ] - a. - <0 aw
Uu18B 84.7 15.3 84.6 492 385 382
U18A 824 17.6 80.4 562 471 424
u16 26.3 73.7 23.2 688 575 5652
u15 80.5 195 78.7 575 488 4452
u12 185 815 8.5 520 438 390 3
U10B 86.9 13.1 81.3 548 411 288 %S
u10 81.5 18,5 79.1 499 373 3303
Uo9B  83.1 16.9 81.9 530 427 397 ©
uo9 89.6 10.4 88.8 526 384 358 Q)
uos 76.8 23.2 739 645 500 445 S
uo4 441 559 39.0 628 458 420 S
Did 14b 63.3 36.7 57.4 520 362 312 9
Did 13 50.5 49.5 47.2 532 394 369 3
Did 12 331 669 244 603 269 238 Z
Did 11 754 246 751 515 403 398 3
Did 10 59.6 40.4 58.7 631 356 349 $
Did 9a 81.7 18.3 80.8 490 322 307 &
Did 8 106 894 33 437 132 122 §
Did 7 76.8 23.2 734 564 366 320®
Did 6a 39.6 604 321 572 182 162
Did 5 731 269 71.0 522 361 3359 9
Did 4 29.0 71.0 26.3 408 193 186 7

contain siliciclastic grains as their nuclei. This implies
that the carbonate platforms adjacent to Stuores were
most probably attached to a hinterland which was
eroded, and that coarse siliciclastics were encroaching
the carbonate shelves not only during sea level falls
and lowstands, but also when the platform was sub-
merged. Terrigenous input does not seem to have ne-
gatively influenced carbonate production. Along with
sea level changes, the supply of coarse siliciclastics,
and perhaps some associated environmental changes
as a modified supply of nutrients, contributed to de-
termine the skeletal associations at Stuores.

The fine-grained carbonates of Stuores are compo-
sed of microsparite and contain calcispheres, implying
a pelagic contribution to the net carbonate budget
that is, however, still minimal.
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