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Introduction

The importance of automicrites or microbialites is well known in carbonate platform and reefal environments throughout 
Earth history (Reitner, 1993; Camoin et al., 1999). During the Proterozoic and early Palaeozoic, microbial carbonate 
mounds and reef-like structures were the world’s first large-scale biotic constructions (Riding, 1991; Flügel et al., 1993; 
Riding & Awramik, 2000). From the late Palaeozoic onward, skeletal framebuilders, always associated with microbialites 
and microbially induced cements, played a leading role in constructing carbonate platforms. The ratio of microbialites to 
skeletal metazoans during geological time is characterized by phases in which microbialites greatly prevail, as in stressed 
environments or in the immediate aftermath of biological crises, and phases of equal coexistence of the two compon-
ents (Webb, 1996; Russo et al., 1997, 1998; 2000; Kiessling et al., 2002; Riding, 2002; Russo, 2005).
An important example is constituted by the carbonate successions belonging to the Wengen and S. Cassiano formations, 
located in the Eastern Dolomites, Punta Grohmann, Sassolungo (Bz) (Fig. 1).
The Punta Grohmann section is one of the most classical Late Ladinian – Early Carnian basin successions of the Dolo-
mites, described in several important papers (Ogilvie-Gordon, 1927; Leonardi, 1967; ScudelerBaccelle, 1971; Russo et al., 
1997; Gianolla et al., 1998; Gianolla & Neri, 2007).
Many levels, occurring within this succession, contain gravity-displaced carbonate olistoliths, the so-called „Cipit boul-
ders“ of Richthofen (1860). They are fed to the basin by coeval prograding Cassian carbonate platforms (Assereto et 
al., 1977; Bosellini, 1984) or, in some cases, by pre-existing buildups undergoing erosion. While these platforms are 
completely dolomitized, generally the changes did not affect the Cipit boulders, because they are embedded in a marly 
matrix impermeable to diagenetic fluids (Biddle,1981; Russo et al., 1991). Therefore, the olistoliths and, in general, the 
gravity-resedimented carbonates occurring within the basin deposits, represent the unique evidence of the original fa-
bric and texture of the ancient carbonate platform margin/ upper slope (Fürsich & Wendt, 1977; Fois & Gaetani, 1981; 
Biddle,1981; Brandner et al., 1991).
To corroborate the microbialitic model proposed by Russo et al. (1997) for the Late Ladinian – Carnian platform buildups, 
together with classical micro- and nanomorphological studies and EDS microanalyses we carried out detailed biogeo-
chemical analyses on organic matter extracted from selected samples of carbonate boulders in order to confirm the role 
of microbialites as “primary builders” in the sense that they are syndepositionally cemented and dominate volumetrically 
the bioconstruction. 
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der and organic compounds extracted using a mixture 
of solvents by ultrasonication. Total lipid extracts were 
fractionated by column chromatography into polar 
and apolar compounds. These hydrocarbon fractions 
were analyzed by Fourier Transform–Infrared Spectro-
scopy (FT-IR), in order to obtain a first global characte-
rization of organic functional groups, and then by Gas 
Chromatography coupled to Mass Spectrometer (GC–
MS), to detect and recognize specific macromolecules 
(biomarkers).

Results and Discussion

Microfacies are constituted on average by 15% 
of bioclasts, 10% of detrital micrite, 50% of micro-
bialites, and 25% of cements. The bioclasts belong 
to metazoans, mainly stromatoporoids and inozoa, 
microproblematica (e.g. Tubiphytes obscurus, Ma-
crotubus babai, Plexoramea cerebriformis), skeletal 
cyanobacteria (e.g. Cladogirvanella cipitensis), and 
rarely fragments of bivalves, gastropods and echino-

Sample Location

A stratigraphic scheme of the Punta Grohmann sec-
tion is represented in Figure 2. The studied boulders 
are indicated with labels from U1 to U5 and have been 
sampled from two different sedimentary settings: unit 
c (olistolith fed by dismantling of a previous platform), 
unit d (swarm of Cipit boulders inserted randomly in the 
S. Cassiano succession). The third unit, labeled “e” in fi-
gure 2 is characterized by two coarsening upward cycles 
at the toe-of-slope, recording the progradation of an 
active platform, yielded samples not well preserved and 
unsuitable to be studied for the organic matter content.

Methods

The micro and nanomorphological analyses were 
performed using optical, UV fluorescence and scan-
ning electron microscope (SEM) observations. Geoche-
mical characterization was carried out with energy-
dispersive X-ray spectrometer (EDS). 

Organic matter characterization was made up in 
selected samples. They were grounded to a fine pow-

Fig. 1: Location map of Punta Grohmann (Sassolungo, BZ).
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logical function of membrane rigidifiers in bacteria, 
a role in eukarya fulfilled by sterols (Ourisson et al., 
1987; Brocks & Summons, 2004). 

Although some authors suggested that thermal 
degradation of regular steranes (C27–C29) could be 
responsible for the formation of C21 and C22 short 
chain steranes (Huang et al., 1994), 4-Methyl and 
4,4-dimethyl steroids have been identified in cultures 
of methanotrophic bacteria (Bouvier et al., 1976; 
Schouten et al., 2000)

Conclusions

The Cipit boulders from the Punta Grohmann sec-
tion contain automicrites analogous to those descri-
bed in Reitner & Neuweiler (1995). These carbonate 
olistoliths are characterized by skeletal cyanobacte-
ria and microproblematica, with a minor contribution 
by sponges, embedded in a large amount of stroma-
tolitic and/or clotted peloidal micrite (Russo et al., 
1997). Biomarker data confirmed the presence of 
bacteria/cyanobacteria communities during platform 
deposition, indicating that microbes have played a 
prominent role in the genesis of these carbonates. 
These communities created the chemical conditions 
that triggered the induced precipitation of great vo-
lumes of syndepositionally-cemented automicrites, 
which stabilized the carbonate bodies controlling 
their depositional geometries. Although following 
the Dunham classification (1962) these carbonates 
should be considered as “wackestone”, the very early 
cementation of microbialites, confirmed by the pre-
sence of bacterial biomarkers and the steep deposi-
tional geometries suggest that Punta Grohmann car-
bonates must be classified as “boundstone” in which 
the bioconstructor role is played by microbialites.

derms. The microbialites or automicrites, exhibit both 
dense microcrystalline (aphanitic) or peloidal micro-
fabric, and sometimes are organized in stromatoli-
tic laminae or thrombolitic fabric. Early cements are 
represented by botryoidal and fibrous infilling vugs 
and stromatactis-like cavities and late cements of 
ferroan blocky sparry calcite.

The distribution of organic matter remains was 
detected on the base of epifluorescence observations 
which revealed very bright fluorescence in the pelo-
idal micrite.

Therefore, FT-IR and GC-MS analyses were car-
ried out on total lipid extracts from this type of mi-
crite. They revealed the presence of stretching C=C 
vibrations attributable to alkene and/or unsaturated 
carboxylic acids. GC-MS investigations indicated 
the presence of extended hopane series, short chain 
methyl-steranes (C22, C23), straight chain satura-
ted (C14, C16), monounsaturated (C17:1, C18:1), and 
diunsaturated(C18:2) carboxylic fatty acids (Fig. 3).

The carboxylic acid pattern and pentacyclicter-
panes series, recorded in the studied micrite, is simi-
lar to that found in microbial mats (Thiel et al., 1997; 
Ourisson et al., 1987; Brocks & Summons, 2004). Ac-
tually, straight chain saturated (C14, C16), monounsa-
turated (C16:1, C18:1) carboxylic acids and diunsatu-
rated C18:2 acids are also known as typical bacterial 
components (Kenyon et al., 1972; Cohen & Vonshak, 
1991; Merrit et al., 1991; Thiel et al., 1997; Peters 
et al., 2005). Pentacyclicterpanes of the C27 to C31 
extended hopane series are diagnostic of the bacteria 
domain. Biological precursors of extended hopanes, 
the bacteriohopanepolyols, likely have the physio-

Fig. 3: Different types of micrites in the Punta Grohmann 
samples: a) thrombolitic micrite; b) stromatolitic micrite; c) de-
trital micrite; d) aphanitic micrite. 
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Fig. 2: Stratigraphic log of the studied section (modified from Russo et al., 1997).
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Fig. 4: FT-IR and GC-MS results of 
a selected sample showing functio-
nal groups and specific biomarkers 
of bacteria: 
a)FT-IR spectrum on total lipid ex-
tracts; 
b) Short chain steranes; 
c) Hopanes; 
d) Fatty acids distribution.
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