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Based on their tithology six concretion types are distinguished in the Upper Devonian

deposits of the Cantabrian Mountains. Their stratigraphic positions are discussed us-
ing conodont biostratigraphy. The concretion types are restricted to certain strati-
graphic intervals, thus contributing to a better separation of the Upper Devonian li-
thostratigraphic units, allowing a more accurate structural mapping.
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Basandose en la litologia se distinguen seis tipos de concreciones en los depdsitos del
Devonico Superior de la Cordillera Cantdbrica. Se discute su posicion estratigrafica
usando la bioestratigrafia de conodontos. Los tipos de concreciones estan restringidos
a ciertos intervalos estratigraficos, contribuyendo asi a una mejor separacion de las
unidades litoestratigraficas del Devonico Superior y permitiendo que se hagan los ma-
pas estructurales con mas precision.
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Since Comte (1959) described the Upper
Devonian succession of the southern Canta-
brian Mountains, many authors have men-
tioned concretions as an accessory com-
ponent of the Upper Devonian succession. Al-
though locally Upper Devonian formation
boundaries are based on the occurrence of
concretions, no author provides an accurate
description of the concretion types, or shows
a satisfactory understanding of their strati-
graphic value. To fill this gap of information
the Upper Devonian concretions are lithologi-
cally differentiated, and from each type the
stratigraphical position and the fauna is inves-
tigated, especially by determination of the co-
nodont assemblages. Some published cono-
dont faunas have been updated and are pre-
sented here together with recent collected
faunas.

UPPER DEVONIAN STRATIGRAPHY

The thickest and best developed Upper
Devonian sequence of the Cantabrian Moun-
tains occurs in the area south of the Intra-As-
turo-Leonese facies line in the Alba syncline
(van Loevezijn 1986) (Fig. 1), where the No-
cedo, Fueyo and Ermita formations form an
up to 700 m thick succession. The base of the
Nocedo Formation is approximately coinci-
dent with the Givetian — Frasnian boundary,
and the top with the Frasnian — Famennian
boundary. The formation consists of two coars-
ening upward sequences; the lower one with a
limestone unit in the top is included in the
Gorddén Member and the upper one in the
Millar Member. In the western part of the
Alba syncline erosive channel — fill conglo-
merates occur in the top of the Millar Mem-
ber. The overlying Fueyo Formation consists
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Fig. 1.—Situation map and outcrop map of the river Ber-
nesga area with the positions of the sections; 1 =
Alba syncline, 2 = Pedroso syncline, I. A. L. fa-
cies line = Intra — Asturo — Leonese facies line.

of a lower shale unit and an upper sandy shale
unit. Most of the formation was deposited
during the early Famennian, and only in the
southernmost part of the Alba syncline sedi-
mentation continued during the late Famen-
nian ~ earliest Tournaisian. The overlying
Ermita Formation was deposited during the
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late Famennian and earliest Tournaisian, and
consists from base to top of a bioturbated
siltstone unit, a crossbedded, locally conglo-
meratic, sandstone unit and a thin bioclastic
limestone unit. In the southernmost sections
of the Alba syncline most of the siltstones and
sandstones of the Millar Member and of the
Fueyo and Ermita formations are replaced by
shales (Fig. 2).

PREVIOUS WORK ON CONCRETIONS

Comte (1959) was the first who mentioned
concretions from the Upper Devonian in the
Cantabrian Mountains. He found these nod-
ules in the Fueyo Formation and described
them as «nodules argilo - siliceux». Based on
this work Rodriguez Fernandez er al. (1985)
consider the uppermost part of the underlying
Nocedo Formation sensu van Loevezijn
(1986), which contains similar nodules, as the
basal part of the Fueyo Formation.

Frankenfeld (1981) mentioned «geoden
Horizonten» from the Upper Devonian shales
in the southern limb of the Alba syncline
(section Piedrasecha). From the same area he
also mentioned «Ton — Gerolle» from the
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Fig. 2.—Middle and Upper Devonian correlations in the Alba syncline; in the southernmost sections the Huergas and
Portilla formations are tectonically eroded and most of the Upper Devonian siltstones and sandstones are re-
placed by shales (after van Loevezijn 1986); the scale bars indicate units of 100 m.
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uppermost part of the Ermita Formation and
from the overlying Vegamiian Formation,
which are synonymous with the «black shale
pebbles» of Raven (1983).

Van Loevezijn (1986) mentioned septaria
nodules from the base of the Fueyo Forma-
tion (Piedrasecha section). Limestone concre-
tions and lenticles were found in laminated
dark shales in the uppermost part of the
Upper Devonian sequence in the southern
limb of the Alba syncline (Rodriguez Fernan-
dez et al. 1985; van Loevezijn 1986).

CONCRETION TYPES

In the Upper Devonian of the Alba syncline
six concretion types are recognized with dif-
ferent stratigraphic positions: burrowed mud
nodules, concentric silt nodules, laminated ar-
gillaceous silt nodules, calcareous silt lenticles,
limestone lenticles, and black shale nodules.

BURROWED MUD NODULES (Fig. 3a)

This concretion type has a diameter
between 2-10 cm, and is formed around branch-
ing burrows. These are filled with yellow —
brown iron oxides and hydroxides. The bur-
row — halo consits of light grey structureless
mud. The nodules occur in large quantities in
the fossiliferous bioturbated silty shales of the
basal 2 m of the Nocedo Formation 500 m SW
of the Barrios de Gorddn village, with abun-
dant trilobites of the species Phacops rana aff.
rana. Smeenk (1983) mentioned the species
from the top of the Portilla Formation
(samples L22 and X16) and from the base of
the Nocedo Formation (sample X17).
Obviously Phacops rana aff. rana is a common
species of the Portilla — Nocedo transition.
Moreover brachiopods, bivalves, solitary and
branching corals, gastropods and conodonts
occur (Fig. 4). From the top of the underlying
Portilla Formation, about 3.5 m below the nod-
ule horizon, conodont sample BGC1 contains
Polygnathus decorosus, P. dubius, Belodella sp.,
Icriodus difficilis and I. Eslaensis, which indi-
cates the Upper hermanni cristatus Subzone to
Lower asymmetricus Zone. In the nodule-
sample BGC2 the conodonts Polygnathus de-
corosus and Icriodus symmetricus occur, which
indicates the Lower asymmetricus Zone to Up-
per Gigas Zone. Thus deposition of the basal
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Nocedo shales with the nodules started appro-
ximately during the earliest Frasnian.

CONCENTRIC SILT NODULES (Fig. 3b)

This siderite-rich concretion type is cigar
shaped with a longest axis of aproximately
8 cm. The nodules are concentrically layered:
They have a light brown outer part and a light
yellow core with numerous moulds of small
fossils of mainly bivalves and tentaculitids.
The concretions are only known from the
Piedrasecha section, where they are sparsely
distributed (Fig. 5). The section is complicat-
ed by faults. Sample PIEC7 from the top of
the grey, well bedded limestone unit contains
Icriodus corniger corniger indicating the Upper
Emsian — Lower Eifelian Santa Lucia Limes-
tone Formation. A one metre thick shale layer
with an abundant bryozoan fauna overlies the
Santa Lucia Formation, followed by 5 m of
grey, sandy packstones. From sample PIEC6
the conodonts Polvgnathus linguiformis lingui-
formis (delta), P. linguiformis linguiformis
(gamma), P. dubius, Icriodus difficilis and L
obliquimarginatus indicate the Middle varcus
Subzone. Obviously the sandy limestones be-
long to member A of the Portilla Limestone
Formation sensu Raven (1983). The shales in
between both limestone units probably re-
present the Huergas Formation. Normally the
latter formation is 200 to 300 m thick, and the
Portilla Formation 100 to 200 m thick, but due
to complicated thrusting as described by
Rodriguez Fernandez et al. (1985), the thi-
ckness of these formations in the southern
limb of the Alba syncline were reduced subs-
tantially. The concentric nodules in the over-
lving shales contain the bivalve Buchiola and
the tentaculitid Striatostiliolina striata indi-
cating a late Givetian to Frasnian age. The
shales probably from the basal part of the No-
cedo Formation. Alvarez Marrén (1985)
mapped the lower half of the Nocedo Forma-
tion in the Piedrasecha area as Huergas For-
mation. This has to be revised now.

LAMINATED ARGILLACEOUS SILT NODULES
(Fig. 3c, d)

This concretion type consists of laminated
nodules, which vary in diameter between 1-
10 ¢m. The shape varies between almost
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Fig. 4.—Portilla-Nocedo transition in the Barrios de Gor-
don section, with the position of the burrowed
mud nodules.

spherical forms to flat ellipsoid forms. Cha-
racteristical is the fine laminated structure in
the nodules, which can be traced into the sur-
rounding sediment. The laminations are
formed by an alternation of argillaceous rich
and argillaceous poor sediment. The nodule
crusts consist of ferruginous sediment. No
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fossils were found in this concretion type,
which is synonymous with the «nodules argilo
- siliceux» of Comte (1959), who found them
in the lower shale unit of the type section of
the Fueyo Formation in the Bernesga valley,
and with the «geoden Horizonten» from the
Piedrasecha section mentioned by Franken-
feld (1981). Rodriguez Fernandez et al. (1985)
consider them characteritical for the lower
shale unit of the Fueyo Formation, but in the
Piedrasecha section the nodules occur also in
large quantities in the entire Millar Member
of the Nocedo Formation (Fig. 6). Similar no-
dules have been found in the shales from the
top of the Millar Member of the Santiago de
las Villas section and in the entire shale unit
of the Millar member of the Olleros de Alba
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Fig. 5.—Basal part of the Piedrasecha section (PIE), with
the position of the concentric silt nodules; H =
Huergas Formation. See Fig. 4 for legend.

Fig. 3.—a) Mud concretions which are formed around branching burrows in silty shales. These concretions are only
found in the shales in the base of the Gordon Member of the Barrios de Gordén section, where they occur in
large quantities. b) Concentric concretion from the basal shales of the Gordén Member of the Piedrasecha sec-
tion. In the concretion core numerous moulds of small fossils occur. ¢) Laminated silt concretions, which oc-
cur in large quantaties in the shales of the Millar Member of the Nocedo Formation and in the Fueyo Forma-
tion. d) Thin section of a laminated concretion. The dark laminae consist of argillaceous silt, whereas in the
light laminae the argillaceous matter is almost absent. The crust consists of ferruginous sediment. e) Calcare-
ous silt nodule from the basal part of the Fueyo Formation of the Piedrasecha section, with internal shrinkage
cracks filled with calcite cement. f) Calcareous silt lenticle from the same location as Fig. 3e. g) Limestone
(mudstone) lenticle from the limestone — shale unit of the uppermost part of the Fueyo Formation of the Sorri-
bos de Alba section. h) Sample of the uppermost part of the Ermita Formation (E) of the La Robla section. The
lower half of the sample consists of a mixture of calcareous sandstones and black shale nodules. The upper half
of the sample consists of fossil fragments with only, a few irregular distributed nodules. The boundary between
the fossil debris and the mudsupported limestones of te Alba Formation (A) is sharply delineated.
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section. Obviously these nodules are not res-
tricted to a formation, but are facies con-
trolled (laminated shale facies).

CALCAREOUS SILT LENTICLES (Fig. 3e, f)

This concretion type consists of up to 30 cm
large fractured calcareous silt lenticles. The
fractures are very conspicuous at the basal
part of the lenticles. The top side however is
either flat without any trace of fracturing, or
shows a less developed fracture pattern. The
fractures are filled with calcite cement. A few
concretions have a fracture pattern very simi-
lar to the so called septaria nodules with inter-
nal shrinkage cracks. These concretions are
only known from the Piedrasecha section,
where they occur in the shale unit of the
Fueyo Formation, about 45 m above the base
of the formation (Fig. 6). They contain the co-
nodonts Icriodus alternatus alternatus, I. alter-
natus helmsi, Polygnathus brevilaminus, and a
fragment of Palmatolepis sp. of which the
margin of the outer platform reaches the
blade more anteriorly than the margin of the
inner platform (sample PIEC4). This fauna
ranges from about Middle Palmatolepis trian-
gularis Zone up to the base of the Upper cre-
pida Zone. Thus deposition of the basal
Fueyo shales with the calcareous nodules
started approximately during the earliest Fa-
mennian.

LIMESTONE LENTICLES (Fig. 3g)

This concretion type consists of argillace-
ous limestone lenticles (mudstones) varying
in length between 10 cm and several metres,
with an average thickness of 8 cm. No internal
structures are observed in the lenticles, which
occur in laminated dark shales in the upper-
most part of the Fueyo Formation of the
southernmost part of the Alba syncline. In the
road section immediately north of the Olleros
de Alba village only the upper part of the
shale — limestone unit is exposed, but 500 m
east of the village in an erosion gully the com-
plete unit is exposed (Fig. 1: section 0). Well
exposed sections also occur in erosion gullies
500 m northwest of Sorribos de Alba (Fig. 1:
section SA), and 800 m northeast of Santiago
de las Villas (fig. 1: section SV). The thickest
limestone — shale unit occurs in section 0
(49.5 m). Eastward of Sorribos de Alba and
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Fig. 6.—The Piedrasecha section (PIE) with the distribu-
tion of the concentric silt nodules, the laminated
silt nodules, the calcareous silt lenticles and the
black shale nodules; S. L. = Santa Lucia Forma-
tion, H. = Huergas Formation, P. = Portilla For-
mation, V. = Vegamidn Formation, A. = Alba
Formation. See Fig. 4 for legend.

westward of Santiago de las Villas the unit
wedges out (Fig. 7). Everywhere the dark
limestone — shale unit is underlain by the
shale unit of the Fueyo Formation, often with
a few meters of bioturbated sediment in
between, and is overlain by the black cherty
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Fig. 7.—East — West Upper Devonian — Lowermost Carboniferous facies correlation in the southern limb of the Alba
syncline with the dark shales and the limestone lenticles; SV = Santiago de las Villas, O. = Olleros de Alba, SA
= Sorribos de Alba; T = Tournaisian, V = Visean ; E = Ermita Formation, V = Vegamian Formation, A = Alba
Formation. See Fig. 4 for legend.

phosphatic shales of the Vegamian Forma- turbated sediment below the limestone —
tion; in the southernmost part of the Alba shale unit was deposited during the early Fa-
syncline the sandy shale unit of the Fueyo mennian as is proved in the Santiago de las
Formation and in most sections also the Villas section, where sample SVC2 contains
sandy Ermita Formation are absent. The bio- the conodonts Palmatolepis pectinata, Polyg-
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Fig. 8.—North — South facies correlation of the Upper Fa-
mennian — Lowermost Tournaisian (costatus
Zone — Polygnathus fauna). See Fig. 4 for legend.

nathus semicostatus and Pandorinellina insita.
The lower part of the limestone — shale unit
at Olleros de Alba was deposited during the
late Famennian as is proved by the sample
OC1, which contains the conodonts Pandori-
nellina plumulus, Polygnathus communis, Pal-
matolepis gracilis gracilis, P. gracilis sigmoida-
lis, Spathognathodus cf. bohlenanus, S. inorna-
tus, Icriodus cf. I. cornutus, Polygnathus sp.,
the sample OA1 with the conodonts Bispatho-
dus costatus, Polygnathus communis and
sample OLL2 with the conodonts Bispathodus
stabilis, Spathognathodus bohlenanus, Sp. stri-
gosus, Polygnathus sp. Also the upper half of
the limestone — shale unit was deposited dur-
ing the late Famennian as is indicated by the
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conodonts Polygnathus communis, Bispthodus
stabilis, B. costatus, Palmatolepis gracilis of
sample SA1 at Sorribos de Alba. From the up-
permost bed of the limestone — shale unit at
Santiago de las Villas Higgins et al. (1964)
found conodonts of the Protognathodus fauna
indicating the earliest Carboniferous (sample
1310). Immediately above sample 1310 in the
base of the Vegamian Formation, Higgins et
al. (1964) described a conodont fauna of the
cooperi — communis Zone (sample 1311).
Rodriguez Fernandez et al. (1985) suppose a
Tournaisian age for the entire limestone —
shale unit, but from the above mentioned co-
nodont faunas it appears that most of the unit
was deposited during the late Famenian, and
only the uppermost part during the earliest
Tournaisian (Fig. 7). Obviously the dark cal-
careous shales were deposited contempora-
neously with the bioturbated siltstones of the
Ermita Formation elsewhere in the Alba
syncline, and with the crossbedded Ermita
sandstones and limestones in the Pedroso
syncline in the north (Fig. 8). Thus the ab-
sence of the Ermita is not caused tectonically
as is supposed by Rodriguez Fernindez er al.
(1985), but is due to a facies change; although
the base of the limestone — shale unit in sec-
tion SV is probably a fault contact, the similar
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Fig. 9.—Tournaisian East — West facies correlation with the distribution of the black shale nodules; S = Sagiiera, PIE =
Piedrasecha, R = La Robla; A = Alba Formation. See Fig. 4 for legend.
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lithological successions in the sections 0 and
SA indicate that if part of the succession tec-
tonically is eroded, it can not be much.

[ prefer to include the shales with the
limestone lenticles in the Fueyo Formation,
instead of in the Vegamian Formation; litho-
logically the shales are more similar to the
shales of Famennian Fueyo Formation, which
are locally calcareous, than to the cherty
phosphatic black shales with markasite nod-
ules of the overlying Tournaisian Vegamian
Formation (for a different interpretation see
Rodriguez Fernandez et al., 1985).

BLACK SHALE NODULES (Fig. 3h)

The black shale nodules are generally smaller
than 10 cm and have irregular rounded forms.
They are found in a bioclastic limestone bed
in the uppermost centimeters of the Ermita
Formation of the Sagiiera, Piedrasecha, Huer-
gas and La Robla sections, and in the overly-
ing Vegamian Formation (Fig. 9). The
nodules consist of black sandy shales, which
are rich in radiolarians and phosphate. The
are synonymous with the «Ton-Ger6lle» of
Frankenfeld (1981), and with the «black shale
pebbles» of Raven (1983). The latter corre-
lates them with intraformational erosion
phases within the Vegamian Formation and
with local erosion before deposition of the
overlying Alba Formation. Indeed the nod-
ules are only found where the Vegamian For-
mation is very thin (La Robla and Piedrasecha
sections) or absent (Sangiiera and Huergas
sections). The nodules probably represent re-
worked remains of an originally thicker Ve-
gamidn sequence.

SYNTHESIS AND CONCLUSIONS

In the Upper Devonian of the Alba syncline
six concretion types with their stratigraphic
occurrence are differentiated. The burrowed
mud nodules and the concentric silt nodules
only occur in the basal part of the Lower Fras-
nian Gordén Member, the former in the
Barrios de Gordon section, and the latter in
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the Piedrasecha section. The laminated silt
nodules are restricted to the shale facies of
the Upper Frasnian Millar Member and the
Famenian Fueyo Formation. The calcareous
silt lenticles with the septaria nodules are on-
ly found in the Lower Famennian basal part
of the Fueyo Formation in the Piedrasecha
section, and the limestone lenticles are res-
tricted to the Upper Famennian shale — li-
mestone facies in the southern limb of the
Alba syncline. Black mud nodules occur in
the uppermost part of the Upper Famennian
-— Lower Tournaisian Ermita Formation and
in the Tournaisian Vegamian Formation.
Beyond the Alba syncline Upper Devonian
concretions are only known from the south-
western limb of the Palomas syncline (van
den Bosch, 1969), with calcareous silt nodules
in the basal shales of the Fueyo Formation.

The origin of the nodule types is still uncer-
tain. It seems that nodules may originate in
various ways under different conditions, dur-
ing sedimentation or diagenesis. Biological
activity seems to play in important role by the
origination of the burrowed mud nodules and
the concentric silt nodules, which is indicated
by the burrows in the former nodule type, and
by the accumulation of small fossils in the
core of the latter nodule type.

The laminated argillaceous silt nodules on-
ly differ from the surrounding argillaceous
sediments by a higher iron content in the
crusts (mainly limonite). The main source of
the iron was probably biotite, which altered
during the diagenetic evolution mainly into
muscovite and haematite (Gietelink, 1972).

The origin of calcareous silt lenticles and
limestone lenticles may be caused by diffe-
rentiation of calcareous clays during diagen-
esis. The calcareous content of the clays may
have played an important role in the distribu-
tion of the lenticle horizons in the shales.

The occurrence of black shale nodules
seems to be related to erosional phases, when
non — lithified or partly-lithified clays were
reworked (Frankenfeld, 1981; Raven, 1983;
van Loevezijn, 1986).
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