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Abstract

The Bashkirian–Moscovian carbonate platform of the Sierra del Cuera (Cantabrian Mountains, N Spain) consists
of 800–1000 m of horizontally-layered platform, bounded by a steep (20◦ to 40◦) and high-relief (600–850 m)
depositional slope. Slope clinoforms can be laterally traced downslope into the horizontal basin. The upper part
of the slope (from the platform break downslope to nearly 300 m depth) consists of massive, microbial cement-
rich boundstone with episodic intercalations of crinoidal packstones, bryozoan cement-rich accumulations and
spiculitic wackestones with red micrite. The red layers (1–30 m thick) can be traced laterally for a few hundreds
meters (from depth of 80 m to 400 m downslope of the platform break). On the platform top, metre-scale crinoidal
packstones with red micrite are rare, but a layer 1–2 m thick can be laterally traced for at least 2 km.
The red colour is due to hematite that is concentrated in former cavities (bryozoan zoecia, foraminiferal
chambers), within the network of crinoids, and in endolithic perforations within the macrofossils. Microbes
are in the form of superficial coatings, or as straight and dichotomic filaments. Microscopical morphologies are
‘hedgehogs’, ‘blebs’ and stromatolites. Fungal hyphae are associated with omnipresent bacterial filaments.
As in other Paleozoic settings, the red colour is attributed to the presence of iron oxidizing bacteria and/or fungi
imperfecti. The environments are relatively deep-water platform settings (likely a few tens of meters) and definitely
deep parts (100 to at least 350 m) of the slope, below the storm wave base and below the photic zone. The process
occurred in dysaerobic to anaerobic microenvironments below the sediment surface. The formation of hematite,
which derived from probable former hydroxides, requires strong oxygen gradients.
This is the first described occurrence of red-stained deposits containing evidence of biological processes related to
iron-oxidizing microbes that were deposited on a steep depositional slope fronting a high-relief carbonate platform.
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Introduction

The Bashkirian–Moscovian carbonate platform of the
Sierra del Cuera (Cantabrian Mountains, N Spain
(Fig. 1) consists of 800–1000 m of a horizontally-
layered platform, bounded by a steep (20◦ to 40◦)
and high-relief (600–850 m) depositional slope grad-
ing into a basin (Della Porta et al., 2002, 2003, 2004).
The upper part of the slope, from the platform break
to at least 300 m water depth, consists of microbial
cement-rich boundstone. Massive boundstones are

episodically intercalated with lenses (1–30 m thick)
of crinoidal packstones, skeletal and spiculitic wacke-
stones and bryozoan radiaxial fibrous cement-rich
limestones with red-stained micrite in the wackestone
portions. These red layers can be traced laterally for
a few hundreds metres from water depth of 80 m
downslope to 400 m with respect to the platform break
(Della Porta et al., 2003, 2004).

This study examines these red layers with respect
to the origin of the red colour of the micrite. The
examination of the characteristics of the red layers
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Fig. 1. Location of the Sierra del Cuera carbonate platform outcrop (a). Schematic geological map of the Cantabrian Zone (b) showing the
different tectonostratigraphic Provinces/Units (modified after Julivert, 1971) and of the northeastern part of Ponga Nappe Unit ((c); modified
after Bahamonde et al., 1997).

and the comparison with other Paleozoic and Meso-
zoic, recently studied, red limestones suggest that the
red colour is linked to the presence of iron bacte-
ria. Pioneer studies in the Frasnian ‘Marbres Rouges’
mud-mounds of the Ardennes (Belgium; Mamet &
Boulvain, 1988; Boulvain, 1989, 1993; Boulvain et
al., 2001) showed the presence of iron bacteria within
the red-stained deposits. The red colour of the ma-
trix could be attributed to the dispersal of submi-
cronic hematite derived from the sheath of the iron
bacteria. The same analyses were successively con-
ducted in the Lower Carboniferous ‘Griottes’ of As-
turias (Spain; Mamet & Boulvain, 1991) and in some
Devonian ‘Griottes’ of the Central Pyrenees (Mamet
& Perret, 1995). To test the hypothesis that the red
colour was related to the presence of iron bacteria,

successive studies regarded also the Early Devonian
Slivenec Limestone in Barrandium (Czech Republic;
Mamet et al., 1997), the ‘Griottes’ of the Montagne
Noire (France; Préat et al., 1999a,b), the Mid-Jurassic
of Normandy (France; Préat et al., 2000), and the
Jurassic Rosso Ammonitico of Italy (Mamet & Préat,
2003).

All the observations, antecedent to the present
work, examined red limestones located within carbon-
ate platforms or in deep-water mud mounds and outer
ramp settings. The iron was not of detrital origin and
was linked to obvious bacterial activities in relatively
deep-water sediments, including those deposited be-
low or near the storm wave base and below the photic
zone. This study aims to verify whether the interpre-
tation of the bacterial origin of the red colour could be
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extended to red deposits accumulated on a steep and
high-relief carbonate-platform slope. This opportu-
nity was offered by the red layers occurring within the
slope deposits of the Upper Carboniferous Sierra del
Cuera platform (Asturias, Spain). The depositional
slope limits a several kilometre extensive carbonate
platform and is adjacent to a basin at least 800–900 m
deep. Slope deposits are continuously exposed and
alternate with massive microbial cement-rich bound-
stone.

Methods and materials

Eighteen samples collected on the slope red layers and
two from the platform top red crinoidal packstones
were examined through petrographic analysis of 55
thin sections and through scanning electron micro-
scope. Biostratigraphic analysis on the basis of fusuli-
nacean contents (Elisa Villa pers. comm.) indicated
(a) a Late Bashkirian and (b) an Early Moscovian age,
in agreement with the macrofossil assemblages (cf.
Della Porta, 2003). Late Bashkirian (Zone 22) bio-
clasts in the slope red wackestones and packstones
are partly reworked skeletal fragments from the plat-
form top and include: Apterinellidae, Ammovertella
sp., Asphaltina sp., Betpakodiscus sp., Biseriella sp.,
Calcisphaera sp., Calcitornella sp., Calcivertella sp.,
Climacammina sp., Donezella sp., Earlandia sp., En-
dothyra sp., Eolasiodiscus sp., Eostaffella sp., Globivalvu-
linella sp., Hemidiscus sp. (abundant), Insolentitheca sp.,
Monotaxinoides sp., Neoarchaediscus sp. (abundant),
Palaeotextularia sp., Profusulinella sp., Pseudoglomospira
sp., Stacheoides sp., Tetrataxis sp., and Tuberitina sp. As-
sociated macrofossils include bryozoans and sponges,
few brachiopods, molluscs, and trilobites. Fenestel-
lid bryozoan cementstones are commonly interlayered
with the red wackestones and packstones (Della Porta
et al., 2003, 2004).

Early Moscovian bioclasts (Zone 23 or younger) in
slope reworked red packstone and in platform bioclas-
tic packstones and grainstones include: Anchicodium
sp., Calcivertella sp., Climacammina sp., Cuneiphy-
cus sp., Donezella sp., Endothyra sp., epimastoporids,
Fourstonella sp., Neostafella sp., Planoendothyra sp.,
Pseudoglomospira sp., Tetrataxis sp., Tuberitina sp., as-
sociated with abundant red algae such as Komia sp.,
Ungdarella sp., and Ungdarellina sp.

Description and interpretation of the
microscopic morphology of the iron
constructions

The observed iron constructions are listed below
(morphologies 1–12) and are schematically illustrated

in Fig. 2 (morphologies 1–11). Standard microscopy
and SEM images of these morphologies (1–12) are
represented in Plates 1 & 2. The iron-coated filaments
show diameters of 0.5 to 2 µm.

1. Bryozoan zoecia and foraminiferal chambers
(e.g. in Tetrataxis, Neoarchaediscus, Profusulinella)
with red intraparticle fillings and/or Fe-replace-
ment.

2. Echinoderm fragments with irregular structures
(possibly attributed to dissolution of calcite) and
different stages of Fe-replacement of the former
calcitic lattice.

3. Replaced intergranular coatings of former arag-
onite crystals.

4. Single or symmetrical coatings (possibly repre-
senting biofilms) on various substrates (ostra-
cods, brachiopods, bryozoans).

5. Fillings of endolithic perforations that possibly
were formed by algae, sponges, bacteria and
fungi. The common recrystallization of the mi-
critic fillings exhibits ‘rounded’ microspar.

6, 7. Specific large-scale morphologies derived from
morphology 5: ‘hedgehog’ perforations (6) sur-
rounded by hair-like single, dichotomic, or
curved bacterial filaments, and more complex
‘cactus-like’ perforations (7).

8, 9. Blisters (8) and multiple blisters on crusts (9).
10. Incipient microstromatolites.
11. Hair-like single, dichotomic, straight and cur-

ved individual bacteriomorph filaments in ma-
trix.

12. Ferruginous microfissures cutting all previous
structures (matrix and cement).

Many bioclasts, with exception of bryozoans and
brachiopods, are reworked from the platform top or
areas upslope. Reworking is not indicated by exten-
sive erosion but by a succession of chemical-physical
events that occurred in various environments. En-
dothyrid foraminifers, which normally are abundant
in the euphotic zone, are evidently weathered. En-
dothyrid walls are dissolved, transformed into a ‘fuzzy’
microspar and mud-filled. Iron introduction is fol-
lowing the micrite filling. Some irregular cavities are
ultimately filled by transparent granular microspar
and radiaxial fibrous cement. Similar complicated
diagenetic sequences can be observed within some
bryozoans, brachiopods, ostracods, kamaenid and
donezellid algae.

The iron formation is interpreted to be of late
origin, post-dating the carbonate sedimentation. For
instance, reworked clasts of grey microbial bound-
stone are coated by fragile iron bioconstructions (mi-
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Fig. 2. Schematic representation of the distribution of the hematite within the analyzed red limestones. Refer to the text for explanation of the
eleven figures. S = sediment (micrite), R = red iron infiltration interpreted as microbially induced. Arrows indicate strong gradients between
Fe-poor sediment and Fe-enriched fillings (large dots). Irregular ‘rounded’ white dots are ‘rounded’ microspar.

crostromatolites, blisters) that are growing in the
surrounding matrix. These coatings would not have
withstood transportation and therefore are considered
post-matrix infiltration.

A late phase of dissolution of the described fer-
ruginized structures led to the formation of voids
ultimately filled by transparent blocky calcite (or
dolomite).

As shown in Plate 2 (figs 4–7, 10) the iron-coated
filaments display diameters of 0.5 to 2 µm. Some

of them are partly dichotomous and constitute as-
semblages of microtufts. As for the Devonian of the
Montagne Noire (Préat et al., 1999b) and Belgium
(Boulvain et al., 2001), these filaments have been in-
terpreted as microbes that are morphologically similar
to the Recent Beggiatoales (cf. Gillan & De Ridder,
1997). In addition, filaments attributable to bacte-
ria with well preserved sheaths encrusted by hematite
have been identified by SEM analyses (Plate 2, figs 4–
5). Fungi, which have commonly larger size (Préat &
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Plate 1. Morphologies 1–12 are those illustrated and summarized in Fig. 2. To notice that the images are slightly misleading as some iron
fillings appear to be massive while they are instead filament coated. 1: Mud-filled bryozoan zoecia with variable hematitization (morphol-
ogy 1). Strongly encrusted endolithic perforations (morphology 5). Sample 04-8, 150 m below the platform break, Late Bashkirian, ×89. 2:
Archaediscid in a skeletal wackestone. The foraminifer has an uneven hematitized micrite filling (morphology 1) and a single continuous in-
ternal biofilm (morphology 4). A brachiopod has endolithic perforations (morphology 5) and scattered hedgehogs (morphology 6). Sample
SC8B-88.0, 350 m below the platform break, Late Bashkirian, ×89. 3: Archaediscid with uneven hematitized filling (morphology 1), single
continuous biofilm (morphology 4), internal sediment and evidence of dissolution of the wall. Sample 04-200C, same as fig. 1, ×89. 4: Un-
evenly hematitized recrystallized Tetrataxis (morphology 1). Sample 04-115, as fig. 1, ×144. 5: Disintegration of crinoid ossicle possibly due
to dissolution with Fe-filling of the original lattice (morphology 2). Some perforations are present at the periphery (morphology 5). Sample
04-190, as fig. 1, ×89. 6: Coating of former aragonite crystals with hematite concentrated at tips of crystals (morphology 3). Sample 04-8,
as fig. 1, ×89. 7: Uneven Fe-crust in matrix (morphology 9). The echinoderm ossicles is surrounded by relict single biofilm (morphology
4). Sample SC8-74.5, as fig. 2, ×36. 8: Extensive development of hematitized endolithic perforations (morphology 5). Remnants of periph-
eral biofilm (morphology 4); some internal blisters (morphology 8). Sample 04-190d, as fig. 1, ×36. 9: Contact between sediment and a
bryozoan underlined by a continuous biofilm (morphology 4). Endolithic filaments within recrystallized ‘rounded’ microspar (morphology
5). Various hedgehogs (morphology 6) surrounded by hair-like single filaments. Sample 04-130, as fig. 1, ×144. 10: Hedgehog (morphology
6) surrounded by straight and curved filaments. Sample 04-190, as fig. 1, ×288. 11: SEM illustration of a hematitized single filament sur-
rounding a hedgehog. Sample SC8B-88.0, as fig. 2, ×12000. 12: Endolithic perforation in a bryozoan with recrystallized ‘rounded’ microspar
(morphology 5). Complex ‘cactus’ structure (morphology 7). Sample 04-190d, as fig. 1, ×144.
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Plate 2. 1: Complex perforations (morphology 7) surrounded by numerous straight hematitized filaments (‘cactus’). Sample SC8-88.0, 350 m
below the platform break, Late Bashkirian, ×144. 2: Multiple hematitized blisters (morphology 8). Sample RL07-CB, 450 m below the
platform break, Early Moscovian, ×144. 3: Simple blister (morphology 8) on a heavy hematite crust (morphology 9) with a continuous calcite
string. Sample RL07-CB, same as fig. 2. 4–5: SEM picture of hematitized single and complex bacterial filaments surrounding a ‘cactus’
illustrated in fig. 1. Sample SC8B-88.0, as fig. 1, ×2500, ×4000 respectively. 6–7: Dichotomous radiating filaments within the matrix of
the same sample (morphology 11). Sample SC8B-88.0, as fig. 1, ×144. 8–9: (8) Small block of reworked recrystallized wackestone clast.
Completely surrounded by incipient stromatolites (morphology 10) and blisters (morphology 8) growing in the surrounding red matrix. (9)
Enlargement of the previous figure showing hematite/calcite layers. Sample SC8-79.0, 350 m below the platform break, Late Bashkirian, ×36
and ×89, respectively. 10: SEM illustration of dichotomic iron-coated filament (morphology 11). Sample SC8-88B, as fig. 1, ×5000. 11: Late
ferruginous microfissures criss-crossing previous structures (morphology 12). Sample SC8-85, as fig. 1, ×144.
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Gillan, 2004), seem not to be present in the studied
material of Asturias.

Comparison with previously studied red
limestones and discussion

Previously studied red limestones (see Introduction),
where the reddish colour has been attributed to iron
bacterial activity on the basis of SEM identifiable iron-
clad filaments, exhibited also morphologies recog-
nizable by petrographic analysis remarkably similar
to those observed in the present study. These mor-
phologies include: (1) iron filling of original cavities
in macrofossils; (2) Fe-replacement of calcitic matrix
in such cavities; (3) endolithic perforations, prefer-
entially Fe-coated, forming ‘hedgehogs’ and ‘cactus-
es’; (4) single coating (possible biofilm) at the base
or upper surface of substrates (usually a macrofos-
sil); (5) multiple coatings (biofilms) usually separated
by calcite stringers; (6) multiple laminated structures
(possible biofilms) forming microstromatolites that
must have been nonphototropic (e.g., not related to
cyanobacteria) because they formed within dark cavi-
ties or at the lower surface of the substrate; (7) disper-
sion of iron in the carbonate matrix; (8) late concen-
tration of iron in stylolites or in fissures criss-crossing
the sediment; (9) later dissolution of marine calcite
into voids and late dolomitic cement. These events are
not always observed in the same temporal sequence,
but they are common to all studied limestones listed
in the Introduction paragraph.

It is suggested that the iron microbial activity is re-
sponsible for the red pigmentation of the matrix owing
to the bioprecipitation of submicronic iron/manganese
oxy-hydroxide minerals in microaerophilitic condi-
tions at dysoxic-anoxic water-sediment interfaces
(Ghiorse, 1984; Préat & Gillan, 2004) where the ob-
served iron bioconstructions grew (see Fig. 2). This
has also been suggested for the red Devonian lime-
stones (Préat et al., 1999a,b; Boulvain et al., 2001).
The former iron oxy-hydroxides could have been
quickly transformed in hematite over a period of weeks
to months (Cornell & Schwertmann, 1996). In fact,
the iron formation exhibits evidences of post-dating
the carbonate sedimentation. This process took place
during the early diagenesis at the sediment-water in-
terfaces where oxygen gradients were still present.

Red carbonates where the colour can be linked to
the iron-bacterial activity have comparable paleogeo-
graphic interpretation. They were formed within rela-
tively deep-marine sediments deposited below the fair
weather wave base and sometimes below the storm
wave base and the dysphotic-aphotic zone bound-
ary, in calm conditions with low oxygen and fer-

rous iron concentrations. Below the storm wave base,
red coloured limestones have no precise bathymet-
ric significance. By using modern analogues (Budd
& Perkins, 1980; Perry & MacDonald, 2002), red
limestones can be formed anywhere in marine wa-
ter below 80–100 m. Red limestones have been ob-
served in the Paleozoic and Mesozoic time intervals,
in deep-water settings at the top of carbonate plat-
forms (this study), in mud-mound accumulations, in
hemipelagic deposits in the outer part of low-angle
carbonate ramps and in steep, high-relief slopes (this
study). The deep-water occurrences of red limestones
could explain the red colour of bathyal sediments such
as the silicified red radiolarites (lydites).

Conclusions

The red layers of the Sierra del Cuera platform form
1–30 m thick units that were deposited on a steep (20–
30◦), high-relief slope at depths of 80–400 m. The
red layers consist of spiculitic wackestones, crinoidal
packstones and bryozoan cement-rich limestones and
alternate with microbial cement-rich boundstone. On
the platform top, red crinoidal packstones are rare,
1–3 m thick and are indicative of events of rapid
flooding and deeper water-depth conditions of plat-
form deposition. Slope and platform red limestones
contain iron structures and constructions that can
be morphologically attributed to microbial (possi-
bly iron-bacteria) activity. On the slope the environ-
ment was deep, dysphotic–aphotic, low energy and
with oxygen gradients. These conditions might have
favoured the iron-bacterial activity as it has been ob-
served in other Paleozoic and Mesozoic red lime-
stones. This is, however, the first recorded case of red
layers on a steep slope facing a 850 m-deep basin.
The, bacterially induced, red colour might explain the
red colour of silicified radiolarites in bathyal settings.
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