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Abstract

Well-exposed mounds are common in limestone of the Late Carboniferous San Emiliano Formation, Cantabrian Mountains

(Northern Spain). They occur as obvious primary topographic features. Careful study of the mound intervals and surrounding

strata revealed the internal structures of mounds and the factors controlling their growth. The substrate (2–3 m) of the mounds

consists of greyish to reddish, bedded oolitic and oncolithic packstone and grainstone. Crinoids, fragments of the alga

Epimastopora, and, rarely, bryozoans are present. Ooids and oncoids indicate a wave-dominated high-energy environment.

Presence of quartz indicates the influence of terrigenous siliciclastic input. Mound intervals (6–12 m thick) are characterized by

skeletal–microbial boundstone. Donezellid algae, agglutinated worm tubes, and calcisponges are the dominant fossils. Smaller

foraminifers, gastropods, and brachiopods are also present. A peloidal-clotted matrix is characteristic and accounts for more

than 30% of the mound volume. Intraframe pores are mainly filled by peloidal sediment and early marine cement. Intermound

strata are approximately one-third as thick as time equivalent mounds. Mound fossils (algae, agglutinated worm tubes, and

sponges) are uncommon. However, intermound strata are generally more diverse than the mounds, containing fusulinids,

smaller foraminifers, bryozoans, gastropods, crinoids, and bioclasts. Some of these fossils have micritic envelopes. Bedded

packstone and grainstone, 3–6 m thick, with siliciclastic debris, rugose corals, and chaetetid sponges characterize the capping

facies. Coated grains and small ooids are uncommon. This facies indicates shallowing to a higher energy environment and/or a

higher input of siliciclastics, inhibiting mound growth. Mounds are interpreted to have accreted in a quiet environment below

wave base. This position is comparable to the depositional environment inferred for many Late Paleozoic mounds described

elsewhere, e.g., from Texas and New Mexico, Canadian Archipelago, and Carnic Alps in Austria. Mound relief is explained by

(1) accumulation of peloidal-clotted sediments limited to boundstone and probably related to microbial activities, (2)

widespread marine cementation within this area, and (3) low export of mound fossils to intermound areas. The position of the

mounds within the sequence, and their initiation, size and termination, seem to be mainly controlled by sea-level fluctuations

and siliciclastic input. D 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

Most studies of Upper Carboniferous buildups

focus on phylloid algal mounds, especially those from
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the American Midcontinent. Although phylloid algae

are the major mound builders, mounds built by other

algae have been reported, e.g., Anthracoporella dasy-

cladalean algal mounds (Samankassou, 1998). The

growth fabric of algal mounds is an important aspect,

which has not been investigated in detail: whether they

consist of detrital accumulations of algal thalli (Ball et

al., 1977) or of in situ thalli, implying a framework

(examples in Samankassou, 1998; Samankassou and

West, 2000) needs further investigation. Another

important topic is the role of microbial activity in the

accumulation, consolidation, and lithification of the

mound structure (Pratt, 1982, 1995; Webb, 1996;

Kirkland et al., 1998).

Algal mounds in the Cantabrian Mountains have

been described by Bowman (1979) and Riding

(1979). Diagenetic features of the mounds described

herein have been studied by Hensen et al. (1995). The

results presented here are based on detailed sampled

sections focusing on the microfacies, paleontology,

and paleoecology of the mounds. Additional sampling

of the facies surrounding the mounds (base, top, and

intermound rocks) provided data on the depositional

environment of the mounds and on the dynamics of

mound growth.

2. Location, stratigraphy

The Cantabrian arc is the northernmost zone of the

Iberian Massif (Lotze, 1945; Julivert, 1971). It is

subdivided in the Cantabrian, West-Asturian-Leonese,

Galacian-Castillan, Ossa-Morena, and South Portu-

guese zones (see a recent overview in Dallmeyer and

Martinez Garcia, 1990). The Cantabrian Zone is sub-

divided into the allochthonous Asturian-Leonese and

the autochthonous Palentine domains. The Asturian-

Leonese domain comprises the Somiedo-Correcilla,

Sobia-Bodón, Aramo, Ponga, Central Coal Basin,

and Picos de Europa Units (Perez Estaun, 1990). The

San Emiliano Formation belongs to the Aramo and

Sobia-Bodón units, which are located in the western

and southwestern parts of the Cantabrian zone, respec-

tively (Perez Estaun et al., 1988).

The Cármenes Syncline is located in the central

part of the southern Cantabrian Mountains, Northern

Spain (Fig. 1). It consists of Paleozoic strata sub-

divided into the Valdeteja and San Emiliano Forma-

tions (Fig. 2). The Valdeteja Formation represents a

large, thick carbonate platform, Namurian–Early

Westphalian in age. The San Emiliano Formation,

established by Brouwer and van Ginkel (1964), is at

least 1800 m thick and consists of deltaic siliciclas-

tics and shallow-marine carbonates of Westphalian

age (van Ginkel, 1965; Eichmüller, 1985; Wagner

and Bowman, 1983). Fusulinacean data (van Ginkel

and Villa, 1996) indicate an age of Lower/Upper

Bashkirian for the basal part and Moscovian for the

top. These correspond to Yealdonian (Namurian C)

and Westphalian B, respectively (Fig. 2). The top of

the San Emiliano Formation is marked by a major

disconformity overlain by younger Carboniferous

rocks (Bowman, 1979). The faunal and floral asso-

ciations recorded point to a paleogeographical posi-

tion close to the equatorial realm during the Late

Carboniferous.

Limestones layers are generally well exposed (Fig.

3), whereas siliciclastics are covered and exposed only

in road cuts and gullies. van den Bosch (1969) has

mapped the San Emiliano Formation regionally; sev-

eral students at the Kiel University, Germany, under

the leadership of Priska Schäfer, have recently map-

ped the Cármenes area in detail. Paleontological and

stratigraphic studies have been performed by van

Ginkel (1965), Winkler-Prins (1968), Martı́nez-Cha-

Fig. 1. Location of the studied sections within the Cármenes Area,

Northern Spain. Individual samples taken between Cármenes and
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cón (1977), van Ginkel and Villa (1996), Dingle et al.

(1993) and others.

Sections investigated for the present studies are

located in the southeastern part of Cármenes, near

Almuzara, and Barrios de Tercia (Fig. 1). Additional

samples were collected from other outcrops between

Cármenes and Barrios de Tercia.

3. Facies analysis

The studied succession is characterized by a

cyclic alternation of fine-grained marine sandstone,

siltstone, grey shale, and limestone (see Dingle et al.,

1993 for a recent review). Bedded limestone overlies

siliciclastic rocks (fine-grained sandstone and shale),

and passes upward into mounded limestone (Fig. 3).

Bedded limestone, with siliciclastics, overlies the

mounds.

3.1. Mound substrate facies

3.1.1. Description

The substrate of the mounds is 2–3 m of thick-

bedded limestone. Individual beds are 20–40 cm

thick, and consist of oolitic and oncolithic grainstone

and packstone (Fig. 4). They become indistinctly

bedded upward, just beneath the mounds. Quartz

content decreases upwards.

Single ooids are generally spherical. Composite

ooids (several ooids serving as nuclei for a large

new ooid, here called polyooids) are elongated ovals

(Fig. 4A). Nearly all ooids have multiple layers of

coating, with tangential and radially oriented crystals

(Fig. 4B). Polyooids are abundant. Algal fragments

and quartz grains are the common nuclei of ooids. The

matrix is sparitic and rarely contains bioclasts (e.g.,

crinoids). Some ooids are abraded.

Oncoids are very irregular in shape, ranging from 3

to 20 mm in diameter. They consist of alternating

homogeneous micritic and sparitic laminae, typically

around a bioclast (phylloid algae and brachiopods

being the most common) (Fig. 4D,E). Some consist

of an intergrowth of microbes (Girvanella) and fora-

Fig. 3. View of a mound close to the village Almuzara (houses

lower left). Note the person (arrow) for scale.

Fig. 2. Stratigraphic position of the San Emiliano Formation in the

Cantabrian Mountains, Spain. Hatched fields indicate incertitude in

biostratigraphy. Modified from van Ginkel and Villa (1996).
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minifers (Nubecularia) within thick micritic layers.

These structures are similar to those described as

‘‘algal-foraminiferal consortium’’ by Johnson (1950),

‘‘algal-biscuits’’ by Toomey et al. (1988), and Osagia

by Mamet et al. (1987). Algal fragments, fusulinids,

gastropods, bivalves, brachiopods, and crinoid

ossicles are the main non-coated grains. The matrix

is generally micritic and includes peloids, sessile

foraminifers, and bioclasts. Bowman (1983) described

in detail oncoids from the type locality of the San

Emiliano Formation.

3.1.2. Interpretation

Ooids (which vary in size, composition, and are

sometimes abraded) and the sparitic matrix suggest a

wave-dominated, high-energy, shallow-water environ-

ment. Furthermore, ooids with few laminae, preferen-

tially occurring in low-energy environments (Flügel,

Fig. 4. Mound substrate facies. (A) Ooid grainstone; note variation in ooid size and the different nuclei (gastropods, algal fragments, quartz,

among others). Scale bar is 5 mm long. (B) Detail of composite ooids (polyooids, these are several ooids serving as nuclei for a large new

ooids). Scale bar is 20 mm long. (C) Close-view of an ooid showing multiple growth phase: a first ooid grew around a crinoid fragment; it was

overgrown by a micritic-peloidal layer including sessile foraminifers (arrow lower right), which were finally overgrown by thin, irregular layers.

Note the co-occurrence of tangential and radially oriented crystals. Scale bar is 20 mm long. (D) Oncoid consisting of homogeneous, micritic

layers (dark) and sparitic laminae (white). The matrix is micritic and includes broken bioclasts. Scale bar is 10 mm long. (E) Detail of an

irregular oncoid, showing the undulate flower shape around an algal fragment and the micritic matrix. As it occurs just above A and below the

mounds, a decrease in energy may be postulated. Scale bar is 5 mm long.
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1982), are absent. Quartz may indicate proximity to

land. As the ooid-dominated beds (typically an unsta-

ble seabed) pass upward to oncoid-dominated, mud-

rich beds (typically a more stable seabed), a decreasing

energy regime and/or an establishment of soft bottoms

is probable (Flügel, 1982, p. 137; Bowman, 1983). The

occurrence of tangential (by far the dominant type)

along with radial structures of ooids may indicate va-

riation in salinity (cf. Flügel, 1982). From the oncolitic

facies upward, the environment became more open,

normal-marine as indicated by increasing biotic diver-

sity. Some breaks in deposition may be reflected by the

occurrence of common polyooids in certain horizons.

3.2. Mound facies

3.2.1. Description of the mounds

Mounds are generally 6–12 m thick and up to 20 m

across. Most of the mounds are flat and lenticular, with

slopes of less than 45�. They are isolated or aligned

close to one another; no composite mound (that is one

above another) has been observed in the area studied.

This mode is similar to that described by Eichmüller

(1985) from the adjacent Valdeteja Platform. Mound

rocks are light gray, crudely bedded, massive lime-

stone (Fig. 3), partly dolomitized.

Mound microfacies are characterized by skeletal–

microbial boundstone, with intertwined growth of the

septate, branching alga Donezella enclosing common

peloidal and spar-filled cavities (Fig. 5). Based on the

dominant biota, one can distinguish algal (Donezella)-

dominated, agglutinated worm tube (Thartharella)-

dominated, and sponge-dominated boundstone,

respectively. Intermediate types are common; Done-

zella is commonly associated with both sponges and

Thartharella. A peloidal-clotted matrix (Fig. 5) is

typical and accounts for more than 30% of the mound

volume. Most intraframe pores are mainly filled with

Fig. 5. Mound facies. Skeletal–microbial boundstone. A low-diversity association of algae (Donezella), agglutinated worm tubes (Thartharella)

and calcisponges generally occurring in different parts of the mound characterizes this microfacies. No zonation can be recognized. (A) Patchy

occurrence of Donezella (intertwined thalli, arrows) including voids (now cement-filled, white on photomicrographs). Space between patches

consists of peloidal wackestone-packstone and dark, micritic cement. (B) Boundstone of agglutinated, gregarious worm tubes Thartharella

(arrows). Tubes are very close to each other. The space between is filled with peloidal sediment and sparry cement. (C) Donezella (D)

boundstone is here associated with Thartharella (T). (D) Calcisponge boundstone; calcisponge (S, upper) is here associated with Thartharella

(T, lower) in transverse section. Note the overall low diversity of the respective boundstone types. Scale bar is 10 mm for all photomicrographs.
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peloidal sediment and marine cement (Fig. 5). The

accessory biota consists of small foraminifers (Tuber-

itina, and, rarely, Climmacammina and Bradyina, cf.

Dingle and Schäfer, 1997), gastropods, and brachio-

pods. Boundstone fabrics are often diagenetically

modified, being replaced by granular pseudospar

(Fig. 5).

3.2.2. Description of intermound areas

Intermound strata are approximately one-third as

thick as the mounds; these dimensions are similar to

those measured by Riding (1979). Although mound

fossils (algae, agglutinated worms, and sponges; see

above) are commonly absent, intermound strata are

generally more diverse than the mounds, containing

fusulinids, gastropods, smaller foraminifers, and other

bioclasts. Some of these fossils have micritic enve-

lopes (Fig. 6). Fragments of donezellid algae from the

mounds are conspicuously absent.

3.2.2.1. Interpretation. The microfacies of the

mounds, consisting of mud-rich boundstone and del-

icate frameworks, suggests that the mounds grew

below wave base at a depth greater than the mound

substrate. This depositional setting is comparable to

those inferred for most Late Paleozoic algal bound-

stone deposits elsewhere, e.g., Texas and New Mexico

(Wahlman, 1988), the Canadian Archipelago (Beau-

champ et al., 1989; Davies et al., 1989; Morin et al.,

1994), and the Carnic Alps (Samankassou, 1998).

Relief of the mounds indicates greater sediment accu-

mulation in mounds than in the intermound areas. This

is explained, in part, by the growth fabrics (indicating

rapid growth), microbial sediment, early cementation

observed in the mounds and the differences in biotic

content of the two settings. Diagenesis was important,

as shown by Hensen et al. (1995), but is of minor

importance in explaining differences in thickness

between mound and intermound areas. Stabilization

of the edges of the mounds (e.g., Blendinger et al.,

1997) may have contributed to maintenance of the

relatively steep flanks.

3.3. Mound capping facies

3.3.1. Description

The capping facies is generally 3–6 m thick, 8 m in

one section. The thickness is inversely proportional to

mound relief. The capping facies is composed of

bedded packstone and grainstone containing siliciclas-

tics, fragments of the alga Epimastopora, fusulinids,

rugose corals, and Chaetetes (Fig. 7). Bed thicknesses

decrease upward, and siliciclastic content increases.

Coated grains and ooids are uncommon. Ooids from

the capping facies are smaller than those in the mound

substrate. This facies passes upwards into shale and

fine-grained sandstone.

3.3.2. Interpretation

The capping facies was deposited in very shallow

water. Red beds overlie oolite in the Barrio de

Tercia section and may represent an interval of

subaerial exposure. Shallowing upward to a wave-

Fig. 6. Intermound facies. Bioclastic packstone. (A) Large

brachiopods and fragments of algal thalli are the dominant bio-

clasts. Note coating of some grains (arrow, upper left) and common

broken bioclasts. (B) Fusulinid-gastropod-dominated packstone

(arrow for gastropod, circle for fusulinid). Most components have

micritic envelopes. Scale bar is 5 mm for all photomicrographs.
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dominated environment is a common feature in Late

Paleozoic algal mounds (Wilson, 1975). Shallowing

may have been coupled with regression, which

favors siliciclastic input and inhibits mound growth

(Chave, 1967).

4. Mound paleontology and paleoecology

Mound-forming fossils are briefly described in this

section, and their relationships discussed. To better

characterize mound biota, some fossils that are rare

within the mound but common in rocks above, below,

and in intermound areas are also considered.

4.1. Algae and related problematic taxa

4.1.1. Donezella

Generally two species of Donezella are widespread

in Late Paleozoic sequences: D. lunaensis and D.

lutuginii. D. cespaeformis is less common (Mamet,

1991).

D. lunaensis Rácz differs from D. lutuginii Maslov

in having a greater thallus diameter, but both have a

double-wall structure. These two species are not

differentiated in this paper because of recrystallization

in many cases and the systematic controversy (cf.

Roux, 1985; Vachard et al., 1989; Mamet, 1991).

Donezella has been assigned to different groups:

red algae (Maslov, referred in Rácz, 1964), possibly

green algae (Pia, 1937; Johnson, 1963), codiacean

(Rácz, 1964), sponges (Termier et al., 1977), algae

incertae (Rich, 1967), foraminifera (Riding and Jansa,

1974; cf. Riding, 1977), and microproblematica (Rid-

ing, 1979).

The cylindrical thallus of Donezella is character-

ized by segmented tubes and dichotomous branching

(Fig. 8A,B; cf. reconstruction in Mamet et al., 1987).

The bases of branches are thicker in some species.

Partitions are evenly spaced, and the wall structure is

conspicuous, with a thick inner layer and a thinner

outer layer. Donezella seems to grow upright, with

closed and intertwined thalli, forming a delicate

framework (Fig. 8) as indicated by the conspicuous

cavities.

The diversity is low in areas covered by Donezella

(Fig. 8), and fragments of Donezella are uncommon

outside the mound core. Low diversity is common

among Late Paleozoic algal-dominated mounds (Wil-

son, 1975, 1977; Flügel, 1979). For phylloid algae,

Toomey (1991) postulated possible chemical poison

produced by algae that prevented settlement of other

organisms. Chemical defense used by algae is docu-

mented from studies of recent reefs (Hay, 1997; Paul,

1997) and other environments (G. Gerdes, personal

communication, 1998). Indeed, only organisms able

and adapted to live in cavities and/or on algal leaves

occur within the Donezella boundstone. Gregarious

sessile organisms, like corals and chaetetid sponges,

that may compete with algae are found in bedded

limestone above mounds only (see above).

Donezella is cosmopolitan in the Northern Hemi-

sphere (Mamet, 1991), and mound-building Done-

Fig. 7. Mound-capping facies. Packstone and, less common,

grainstone including Chaetetid sponge, corals (A), fusulinids (f),

smaller foraminifers (s, lower black–white arrow), and fragments

of the dasyclad alga Epimastopora (B). Some beds of this facies

are composed nearly entirely of Epimastopora (circle) packstone.

Scale bar is 10 mm long for A and 5 mm for B.
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zella is reported from the Bashkirian and Moscovian

of the Canadian Arctic Archipelago (Donezella baf-

flestone of Mamet et al., 1979). Illustrations therein

lack the typical intertwined structures described

above, but these have been noted in the text. Fur-

thermore, the abundance of peloidal sediment is

remarkably similar.

4.1.2. Rectangulina

Rectangulina consists of straight, angular, nonseg-

mented tubes, often grouped in bundles (Fig. 9A). A

very thin micritic wall encloses a thin medulla (Fig.

9B). The systematic position is controversial due to

the lack of useful morphological features (cf. discus-

sion in Mamet and Roux, 1975, p. 143; Vachard,

1981).

This alga is associated with peloidal wackestone

and packstone (Fig. 9), as reported by others (e.g.,

Mamet et al., 1987; Forke and Samankassou, 2000).

Unlike the occurrences of Rectangulina reported in

the two previously cited papers, Rectangulina did not

build specific mounds in the Cármenes area. Instead,

Fig. 8. Donezella. (A) Patchy distribution of Donezella within typical boundstone microfacies. (B) Detail of branched Donezella thalli,

enclosing intraframework pores filled with sediment and cement. (C) Recrystallized areas with Donezella; peloidal areas retain more of primary

texture. Note the dark micritic cement between thalli and around the recrystallized patch. (D, E) Detail of upright, branched, closely intertwined

Donezella (arrows) thalli forming a delicate, unique framework. The framework pores are, as in B, filled with sediment and cement. Note pores

around thalli, and peloidal sediment partly lining voids. Donezella thalli vary in their dimensions, which lead to classification into different

species (see discussion in text). Scale bar is 10 mm long for A and C; 20 mm for B, D, E.
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Rectangulina formed patches within Donezella-

sponge-dominated facies. Most of the references to

Rectangulina note only scarce occurrence; neverthe-

less, it has been reported, e.g., from the Russian

Platform, Urals, Northern Africa, and North America

(cf. Mamet, 1991).

4.1.3. Anthracoporella

The dasyclad alga Anthracoporella is characterized

by branched thalli and a large medulla. Thalli are

wholly recrystallized (Fig. 9C), and based on the

diameter of the thalli, the specimens in the mounds

considered here appear to be A. spectabilis Pia. As

described from other localities, Anthracoporella-

dominated facies are nearly monospecific, only rarely

have encrustations of Girvanella, and occurrences of

smaller foraminifera and fusulinids (less than 5% of

the total fossil content) have been noted. Toomey’s

speculation regarding chemical defense mechanisms

in algae could also be postulated for Anthracoporella

(see discussion in Section 4.1.1). There are no mounds

built specifically by Anthracoporella in the Cármenes

area. It occurs only locally within the mound complex

described above.

Although Anthracoporella is common in Late

Paleozoic sequences worldwide (cf. Mamet, 1991),

Anthracoporella mounds have rarely been reported

(Flügel, 1987; Krainer, 1995; Samankassou, 1998, all

reporting occurrences in the Carnic Alps, Austria and

Italy).

4.1.4. Archaeolithophyllum

Only A. lamellosum occurs in the samples studied.

It consists of crusts of multiple sheets, typically on

bioclasts (mostly as encrustation on fragments of

phylloid algae). Generally, Archaeolithophyllum en-

crusts one side only, and differs in this from oncoid

encrustations.

Fig. 9. Rectangulina. Donezella-dominated, mud-rich boundstone (A) including patches of the alga Rectangulina (arrow), recognizable through

the typical straight, nonsegmented tubes. (B) Rectangulina commonly forms bundles. Note dark Shamovella in photo (B). (C) Anthracoporella-

boundstone. This microfacies is nearly monospecific. Crusts of Girvanella (arrow, right) and other fossils do not exceed 5% of the biogenic

components. As the thalli are entirely recrystallized, no further determination is possible. (D) Epimastopora. (E). Epimastopora-rich

microfacies, along with Tubiphytes and other bioclasts. Fragments of slightly bent, cylindrical segments with pores aligned parallel to wall (W)

are generally more common outside the mound. Epimastopora is one of the most widespread fossils in the investigated area. Scale bar is 10 mm

long for all photomicrographs except for A (5 mm).
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Archaeolithophyllum is considered a red alga (cf.

Mamet et al., 1987) and is common in Middle

Carboniferous to Early Permian deposits (Flügel,

1977; Mamet, 1991) worldwide. In the mounds of

this study, its role in mound construction is secondary;

it acts as an encruster rather than a constructor.

4.1.5. Epimastopora

As in all previous descriptions, only fragments of

Epimastopora were found. They consist of straight to

slightly bent, cylindrical segments a few mm long

with pores aligned perpendicular to the wall (Fig. 9D).

Because of the occurrence of fragments only, the

characteristics and taxonomic affinities of Epimasto-

pora remain controversial. Epimastopora is not con-

spicuous within the mounds; it is widespread in the

mound substrate and intermound areas, commonly

associated with coated grains and fusulinids. The

typical ‘‘Epimastopora community’’, associated with

Gyroporella and Mizzia, reported, e.g., from the

Carnic Alps, the former Yugoslavia, and the Canadian

Arctic Archipelago (see Flügel, 1977; Mamet et al.,

1987), has not been found in this area.

In the Cármenes area, as in the other areas men-

tioned above, Epimastopora is uncommon in algal

boundstone. It seems to grow in more agitated, very

shallow environments; this fits well with its occur-

rence in oolitic–oncolithic facies and fusulinid pack-

stone-grainstone, and its scarceness in boundstone.

Epimastopora is abundant in many Late Carbon-

iferous–Permian deposits worldwide (Roux, 1979).

4.1.6. Komia

Komia is difficult to differentiate from the mor-

phologically similar Ungdarella. Its thallus is irregu-

lar, ramose, or cylindrical (Fig. 10A). The wall is

typically yellowish in thin sections (hyaline). Komia

is very common in Carboniferous, but less abundant

in Permian rocks of the Donbas, Urals, Northern

Africa, North America, and Great Britain (see Mamet,

1991).

Komia occurs in boundstone of the present study,

but is not a mound builder as reported from the Ca-

nadian Arctic Archipelago (Mamet et al., 1987, p. 53).

4.1.7. Eflugelia

Eflugelia (Cuneiphycus) has a tapering, generally

encrusting thallus (Fig. 10B). The thallus could not be

differentiated. Cells are thin, regularly and hemi-

spherically arranged. This form has been termed as

‘‘Pseudo-alga’’ by Termier et al. (1977) and is attrib-

uted to sponges. Eflugelia is an accessory in mound

and bedded facies. It is stratigraphically long ranging

from Viséan to Permian and is reported from many

Late Paleozoic deposits (Mamet, 1991).

4.1.8. Shamovella (Tubiphytes)

Shamovella (commonly called Tubiphytes), a well-

skeletonized tubular organism (Babcock, 1977, 1986;

Riding and Guo, 1992; Senowbari-Daryan and Flügel,

1993; Vennin et al., 1997), is very common in Late

Paleozoic reefs. Shamovella consists of segmented

tubes, 0.5–3 mm in diameter and up to 10 mm long,

that are cylindrical or elliptical or ovoid in cross-

section, and occur as encrustations (on themselves,

other skeletons, and/or syndepositional cements/

crusts) or growing free on sedimentary substrates

(Permian Hueco Mountains, USA; author observation,

2000). In shape, they may be rod- or worm-like,

coiled or branched. S. obscura may have been a

calcareous encruster, symbiotically surrounding an

unknown organism (soft-bodied?, foraminifers?) that

formed the internal cavity (Senowbari-Daryan and

Flügel, 1993; Vennin et al., 1997).

Shamovella is common in boundstone, particularly

associated with calcisponges and Donezella (Fig. 8).

This is in agreement, in part, with reports from other

areas (cf. overview in Vennin et al., 1997). The

massive occurrence reported by Wahlman (1985,

1988), and occurrences associated with bryozoans

(e.g., Vennin et al., 1997) have not been observed in

the Cármenes area.

4.2. Agglutinated worm tubes

These are probably annelids and assigned to Thar-

tharella.

4.2.1. Thartharella

Elliott (1962) originally described the aggluti-

nated tube Thartharella as a microcoprolite from

the Upper Jurassic of the Middle East, referring it

to the genus Prothocoprolithus. He recognized two

species, P. centripetalus and P. cucumeriformis.

Prothocoprolithus was later revised by Elliott (1980),

and renamed to the genus Thartharella, which he

10



described as an annelid worm tube. The preserved

part of Thartharella consists of thick, gregarious

walls, very close to each other in thin sections (Fig.

10C,E). The outline of the inner face of an individual

wall is diffuse. Thartharella is commonly associated

with calcisponges (Fig. 10D), but not commonly with

algae.

Similar structures have been interpreted, by Dingle

et al. (1993), as Aka, a boring sponge. Thartharella is

common in Carboniferous and Permian sequences. It

commonly occurs in buildup facies (Wahlman, 1988;

Choh and Kirkland, 2000; Kenter et al., 2000).

Thartharella seems to act principally as a delicate

framebuilder (Fig. 10) and as a binder sensu Fager-

strom (1987), binding together fragments of algae and

calcisponges into a clotted fabric. It represents a

considerable part ( > 50%; Figs. 5B and 10) of some

mound intervals (cf. boundstone descriptions above).

4.3. Foraminifers

Fusulinids (Fig. 11A) are the most common fora-

minifers in the San Emiliano deposits, particularly in

bedded limestone in the mound substrate. Smaller

foraminifers (mainly Climmacammina and Paleotex-

tularia; Fig. 11B) are more common in the mound

facies (Dingle and Schäfer, 1997), but never contrib-

ute much volumetrically as builders. Some problem-

Fig. 10. (A) Komia: Irregular, ramose, cyclindrical thallus. It is accessory in boundstones, and has not been observed outside mounds. (B)

Eflugelia commonly encrusts bioclasts, frequently algal thalli (here, a fragment of Epimastopora). Cells are closely spaced and the alga appears

hemispherical. As in most previous descriptions, Eflugelia is ubiquitous, but in very reduced proportions in different facies. (C–E) Thartharella

grew close to one another (C), with delicate framework enclosing peloidal sediment and cement-filled voids. (D) Transverse sections through

Thartharella overgrown by bryozoans (B, left) and the small foraminifera Tuberitina (arrow, lower middle). (E) Radial section showing the

diffuse contours, lined by micritic (dark) and spar (white) cements. Scale bar is 50 mm long for A; 20 for B, E; and 10 mm for C, D.
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atic sessile foraminifers occur in the peloidal matrix of

boundstone (Fig. 11C,D,E).

4.4. Microbes

Indirect evidence of microbial activity exists in the

presence of subrounded, irregular, clotted, and inter-

connected peloidal structures (Fig. 12). This is gen-

erally deduced from the interpretation of similar

structures that are common in many Phanerozoic

reefs and considered as microbial in origin (Chafetz,

1986; Chafetz and Buczynski, 1992; Guo and Riding,

1992; Reitner, 1993; Pratt, 1995; Webb, 1996). As

clotting contributed considerably to sediment accu-

mulation and to the rigidity of the later mounds, the

role of microbes is fundamental in mound interpre-

tation.

4.5. Metazoans

Calcisponges (probably Inozoans, as they are not

chambered), besides Donezella and Thartharella, are

the principal mound builders. They act as constructors

and binders. Solitary corals and chaetetid sponges

occur in some of bedded limestone above the mounds.

The latter do not play any role in mound construction.

Fig. 11. (A) Fusulinids, the most common foraminifers in the studied area. Note Tuberitina (arrow, bulbous white circles) in the matrix. (B) Hat-

like, conical smaller foraminifera Tetrataxis with numerous whorls. Various species occur generally attached to algal thalli in the mound facies.

(D–E) Problematic smaller foraminifers (round–oval structures) are scattered in the peloidal sediment; the latter is commonly free of fossils.

Scale bar is 20 mm long for A, C; 40 mm for B; and 10 mm for D, E.
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As suggested above, Donezella, the principal mound

builder, may have excluded these other gregarious

sessile metazoans and potential competitors from

buildups.

4.6. Other fossils

Gastropods, ostracodes, bryozoans, and brachio-

pods are also present (Fig. 13). They are of secondary

importance in mound construction. Bryozoans and

brachiopods are conspicuous and diverse in the bed-

ded limestone or capping facies (Bader, 1992).

5. Growth and demise of mounds, controlling

factors

Ooids occur below the mounds, and as they are not

continuous laterally, suggest the presence of ooids

shoals/bars on which the mounds grew. Ooid shoals

(unstable seabed; Flügel, 1982) were first stabilized, as

indicated by the occurrence of coated grains (stable

Fig. 12. Micritic cement (arrows) and peloidal sediment, which

probably partly resulted from microbial activity, are abundant and

obviously contributed to the rigidity of mounds. They are

volumetrically important (up to 30%), overgrowing (A) and binding

(B) bioclasts. The micritic cement and peloidal sediment seem to

have been capable of constructing a framework as indicated by the

numerous cement-filled voids lacking biota (C). Scale bar is 5 mm

for all photomicrographs.

Fig. 13. Various fossils are common in the bedded rocks. These

include brachiopods (A), bryozoans (B, arrow) and crinoids (C, left)

(B). They only play a secondary role in mound construction, as they

occur in intraframework voids and are not important volumetrically.

Scale bar is 10 mm for all photomicrographs.
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seabed), before mound nucleation. Ooid bars and the

oncolitic facies above these formed the mound sub-

strate facies. In this siliciclastic–carbonate system,

shoals built local highs, which seem to be the sites

appropriated for growth initiation of mounds. Elias

(1963) proposed a similar mode for mounds of the

Paradox Basin, USA. This position protected the

mound community from siliciclastic pollution. Bound-

stone, early cementation, and the resulting relief indi-

cate that the mound-building community (algae,

calcisponges, and worm tubes, along with microbes)

colonized the substrate facies. Mound growth occurred

below wave base as indicated by the delicate frame-

work and the abundance of mud (Figs. 8 and 12).

Hence, a transgressive event separated deposition of

the mound substrate and mound facies. The mound

facies is free of siliciclastic input. Mounds grew

upward into a very shallow environment as indicated

by the occurrence of ooids and grainstone (capping

facies). The capping facies was slightly influenced by

siliciclastic input. Mound growth was arrested, and the

environment was locally colonized by corals and

chaetetid sponges. This capping facies was finally

covered by siliciclastics (siltstone and sandstone).

One can postulate a sea-level drop, combined with

regression and siliciclastic input related to coastal

erosion, to explain the upward increase in quartz

content in the capping facies (Fig. 14).

The position of ooid shoals in this model differs

from that proposed for the mounds of the Valdeteja

Platform mounds. There, mounds seem to have grown

in a lagoonal position behind, and protected by, ooid

shoals (cf. Eichmüller, 1985, p. 84).

Relative sea-level fluctuations and differences in

siliciclastic content among mound substrate, mound,

and capping facies suggest allogenic controls on

mound development, namely sea level and associated

siliciclastic input. Facies changes reflect these varia-

tions, which are compatible with Late Paleozoic sea-

level fluctuations (Heckel, 1994). Biotic changes are

linked to these allogenic factors and do not reflect bio-

genic successions or zonation sensu stricto. Such va-

riations have been reported in other Late Carboniferous

sequences (cf. Heckel, 1994; Samankassou, 1997).

6. Comparison

Detailed reports of Donezella-dominated mounds

are scarce. Data presented in this paper are compared

only to that contained in a recent report of Donezella-

dominated mounds by Choh and Kirkland (2000)

from Oklahoma, USA.� The mound substrates are similar in both areas,

characterized by high-energy components.� The boundstone facies of the mound intervals are

similar in that both contain pores, encrustations,

micritic cements, and Archaeolithophyllum. They dif-

fer in the abundance of siliceous sponges in Okla-

homa, a rare component in the Cármenes area.� Choh and Kirkland (2000) reported brachiopods,

bryozoans, crinoids, and corals from the top of the

mounds; thus, these fossils were part of the mound

facies. In the Cármenes succession, these fossils are

absent from the mound facies and occur only in the

capping facies. Choh and Kirkland (2000) reported

poor exposure conditions of the outcrops they inves-

tigated. A position of these fossils outside the mounds

and, thus, identical to that of the Cármenes mounds,

namely in the capping facies, is, therefore, probable.

Fig. 14. Scheme of a typical sequence with siliciclastics, bedded

limestone, including ooids and oncoids representing the mound

substrate facies. Mounds built obvious relief and are overlain by

bedded, siliciclastic-bearing limestone (capping facies) overlain, in

turn, by siliciclastics. Mounds grew below wave base and their

growth was probably arrested by shallowing and siliciclastic input.
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The biotic association of the mound facies is

similar to that of the Sierra de Cuera in Asturias,

Spain, currently being studied (cf. short report in

Kenter et al., 2000). These overall similarities in

facies, depositional environment, and biotic associa-

tion of known Donezella-dominated mounds point to

a general mode of Donezella-dominated mound devel-

opment.

7. Conclusions

The 6–12-m-thick mounds in the Cármenes area

are characterized by skeletal–microbial boundstone.

Donezellid algae, agglutinated worm tubes, and cal-

cisponges are the dominant fossils. Accessory fossils

are smaller foraminifers, gastropods, and brachiopods.

A peloidal-clotted matrix is characteristic and ac-

counts for more than 30% of mound volume. Most

intraframe pores are filled with peloidal sediment and

early marine cement. Mounds grew on stabilized ooid

shoals as indicated by the occurrence of coated grains

above the shoals and below the mounds.

Intermound strata are approximately one-third as

thick as the mounds and lack mound fossils (algae,

agglutinated worm tubes, and sponges). Intermound

areas were generally more diverse, biotically, than

mounds; they contain fusulinids, smaller foraminifers,

bryozoans, gastropods, crinoids, and bioclasts.

Bedded packstone and grainstone, 3–6 m thick,

with siliciclastics, rugose corals and chaetetid sponges

characterize the capping facies. The presence of some

coated grains and small ooids in the capping facies

suggests a shallower water, higher energy environ-

ment and/or a higher input of siliciclastics, which may

have arrested mound growth.

Mounds are interpreted to have accreted in quiet

environments below wave base, at depths greater that

those in which the mound substrate facies formed.

Mound relief is explained by (1) accumulation of

peloidal-clotted sediment that is limited to boundstone

and probably related to microbial activities, (2) wide-

spread marine cementation within this area, and (3)

minimal transport of mound fossils into the inter-

mound areas.

The position of the mounds within the sequence,

and their initiation, size, and termination seem to be

mainly controlled by sea-level fluctuations and silici-

clastic input. Vertical biotic changes result from these

fluctuations and do not represent ecological succes-

sion.

The main features (internal growth fabrics and

repetition of facies and fossils) of these mounds in

the Cármenes area, Spain are similar to those reported

by Choh and Kirkland (2000) and Kenter et al. (2000)

from Donezella-dominated mounds in Oklahoma,

USA, and Spain, respectively. This implies a general

rather than a local pattern. Future studies of Done-

zella-dominated mounds (e.g., from the well-exposed

Sierra de Cuera Platform, Spain) at this detailed scale

may provide more insights into and lead to further

generalizations relative to this kind of mound.
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ihre geologische Bedeutung. Compte rendu 2e Congrès interna-

tional pour l’avancement de la stratigraphie du Carbonifère,

Heelen 1935 vol. 2, 765–856.

Pratt, B.R., 1982. Stromatolitic framework of carbonate mud

mounds. Journal of Sedimentary Petrology 52, 1203–1227.

Pratt, B.R., 1995. The origin, biota and evolution of deep-water

mud-mounds. In: Monty, C.L.V., Bosence, D.V.J., Bridges,

B.R., Pratt, B.R. (Eds.), Carbonate Mud-Mounds: Their Origin

and Evolution. International Association of Sedimentologists

Special Publication vol. 23, 49–123.
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algues et foraminfères des niveaux Bachkiriens dans les secteurs

d’Escarra et Aragon Subordan (Pyrénées aragonaises, Espagne).

Geobios 22 (6), 697–723.

van den Bosch, W.J., 1969. Geology of the Luna-Sil region, Canta-

brian Mountains (NW Spain). Leidse Geologische Mededelin-

gen 44, 137–225.

van Ginkel, A.C., 1965. Carboniferous fusulunids from the Canta-

brian Mountains (Spain). Leidse Geologische Mededelingen 34,

1–225.

van Ginkel, A.C., Villa, E., 1996. Palaeontological data of the San

Emiliano Formation (Cantabrian Mountains, Spain) and their

significance in the Carboniferous chronostratigraphy. Geobios

29 (2), 149–170.

Vennin, E., Vachard, D., Proust, J.-N., 1997. Taphonomie et syné-
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