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Depositional Architectures and Lithofacies of a Pennsylvanian High-rising Carbonate Platform (Sierra del Cuera,
Cantabrian Mountains, N Spain)
GIOVANNA DELLA PORTA, Vrije Universiteit, Amsterdam, Netherlands; JEROEN A.M. KENTER, Vrije Universiteit,
Amsterdam, Netherlands; JUAN R. BAHAMONDE, Universidad de Oviedo, Oviedo, Spain; and KLAAS VERWER,
Vrije Universiteit, Amsterdam, Netherlands
Studies integrating 2D lithofacies distribution and stratal geometries of platform-to-slope transects in high-rising
carbonate platforms are uncommon because of scarcity of continuous outcrops. A seismic-scale and continuous
carbonate-platform outcrop (Cantabrian Mountains, N Spain) was examined for lithofacies and stratal geometries (Fig. 1),
which were tracked with a DGPS (Differential Global Positioning System). The nearly flat-topped Pennsylvanian
(Bashkirian-Moscovian age corresponding to Morrowan-Atokan North American stages) platform is fronted by a steep
slope (up to 40t) dominated by microbial boundstone from the platform break to approximate depth of 300 m. The results
of this study provide a data set of the distinguishing features of prograding and aggrading platform architectures and
a depositional model for microbial boundstone-dominated high-rising platforms, which differs from general models
of light-dependent coralgal reef platform margin.
During the upper Bashkirian (phase II; Fig. 1c), the platform prograded for nearly 3 km and aggraded 165 m in the
innermost part. Progradation proceeded per increments of 170-650 m of lateral progradation followed by aggrading pulses
of 30-140 m at the platform break. The cumulative aggradation at the platform break is 420 m, greater than in the
platform interior (Fig. 2). For the upper Bashkirian time interval, estimates of progradation rates are 415-970 m/My, while
aggradation rates at the platform interior are 23-55 m/My. During this dominantly prograding phase, platform beds
formed a rollover gradually dipping and diverging basinward with inclinations changing upsection from 12t to 2t at every
prograding increment. Slope clinoforms are concave upward to slightly sigmoidal, have a relief of 650-750 m and
inclinations of 20-28t. The platform depositional environments are commonly shallow (above effective wave base) and
higher energy than during the lower Moscovian predominantly aggrading phase (Fig. 1c). Common facies are coated
grain-ooid-pisoid shoals and algal-skeletal grainstone-packstone, which extend for several hundreds meters landward of
the platform break. Coated intraclast-pisoid grainstone are deposited during flooding of the platform top. Peloidal
micrite-algal-calcimicrobial boundstone extend on the platform top across the platform break for a few hundred meters
during relative sea-level rises. During the following aggrading pulse, boundstone at the platform break interfinger
with platform algal-skeletal packstone and bafflestone. Decreasing accommodation is expressed by deposition of
prograding ooid shoals capped by subaerial exposure and outward building and downward shifting of the boundstone
indicative of late highstand and forced regression induced by a relative sea-level fall.
Besides a few degrees of possible rotation induced by faulting, two factors have influenced the platform-strata basinward
dips during progradation: antecedent substrate on which platform strata are deposited after prograding pulses, and
differential-compaction induced subsidence. Firstly, grainstone shoals pass laterally seaward into deeper and lower energy
algal-skeletal-peloidal grainstone and packstone, which interfinger with the boundstone at the platform break. Facies
lateral distribution and continuity would be consistent with basinward dips less than 6t. A basinward inclined seafloor
can be created during prograding increments when the upper-slope boundstone builds out during late highstand and is
forced to shift downward because of base-level fall. Secondly, differential compaction-induced subsidence, which could
occur when the platform advanced on compactable basinal facies, might have increased the basinward inclination of
platform strata. This local subsidence, caused by the load of early-lithified slope facies, must have had a syndepositional
component permitting greater accumulation at the platform break than at the platform interior.
During the Moscovian aggradation (76 m/My progradation rates vs. 108 m/My aggradation rates), platform stratal surfaces
are nearly horizontal and parallel. The slope is concave-upward to planar, has a relief of 850 m and inclinations of
30-40t. The platform setting is overall deeper and less exposed to wave and current action because of greater
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accommodation space available. An outer platform belt 150-300 m wide can be distinguished from an inner platform one
on the basis of lithofacies characteristics. Mud-rich algal banks, dominating the platform interior, interfinger with
boundstone at distances from the platform break of 300 m to a few tens of meters. Boundstones occupy a narrow belt at
the break without forming evident topographic relief on the sea floor. Crinoidal bioclastic bars, indicative of moderate
circulated settings below effective wave base, are more common than coated-grain shoals. The latter are meter-scale
layers deposited during initial flooding of the platform or as capping facies of the boundstone when it grows into
wave base. The platform break is sharp during platform aggradation because of the growth of massive boundstone and
algal-skeletal massive banks, whereas during progradation the platform break is rounded and shaped by the action of
waves and currents.
Massive boundstones form the upper 300 m of the slope and interfinger downslope with detrital deposits of breccias,
platform-derived grains and crinoidal packstone and grainstone. The boundstone facies grew for microbial/biotically
induced precipitation of carbonate mud with peloidal fabric and accretionary laminae and crusts, associated with a fossil
community (1-15% of rock volume) of calcimicrobes, bryozoans, sponges, Donezella, calcareous algae, and encrusting
calcitornellid foraminifers and abundant radiaxial fibrous and botryoidal cement (10-50% of rock volume). During relative
rise of sea level, intervals (5-30 m thick) with red-stained carbonate mud containing spiculitic wackestone, crinoid
packstone, bryozoan cement-rich (up to 70 % rock volume) accumulations were deposited from depths of 80-200 m
downslope. These intervals have lower accumulation rates than the boundstone and are common during platform
aggradation. Their deposition represents halt in boundstone production and is controlled by environmental changes
produced by the relative sea-level rise.
The change from high rates of progradation to dominant aggradation occurs close to the Bashkirian-Moscovian boundary.
This evolution of platform architecture is suggested to be controlled by the increased rate of tectonic subsidence and
decrease in carbonate growth potential during the Moscovian. The Bashkirian progradation is controlled by the high growth
potential of the boundstone facies, which is not limited to the euphotic zone, rather than by platform-shedding during
highstand, as in general models of coralgal reef-rimmed platforms. In the Moscovian, the aggrading slope has higher relief
and steeper clinoforms, because greater volumes of sediment would be required to build out on higher depths. Within
the dominantly prograding and aggrading phases, prograding and aggrading increments, lithofacies character, lateral
distribution and stacking pattern are controlled by 3rd and/or 4th order relative sea-level fluctuations.
This study presents a data set relative to stratal patterns and lithofacies, which are specific of aggrading and prograding
depositional architectures of a high rising carbonate platform with a non-light dependent boundstone-dominated slope.
These distinguishing features might be applicable for the interpretation of comparable depositional systems lacking
well-exposed platform-to-basin cross-sections and provide new insights for the controlling factors of carbonate platform
geometries.
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Fig. 1. a) Aerial photograph of Sierra del Cuera outcrop showing
location of stratigraphic sections, stratal patterns tracked with DGPS
(thin continuous lines) and inferred chronostratigraphic boundaries
(dashed lines) based on fusulinacean biostratigraphy. Thick dashed
line is a physically traced correlation stratal surface from platform
top to toe of slope; basal continuous line is the base of the spiculitic
argillaceous wackestone and siltstone basinal facies. b) Schematic
cross section showing lithofacies zones, stratal patterns, and fault
systems. c) Schematic interpretation of major changes in depositional
architecture. Progradation is dominant in the Bashkirian phases I
and II. Phase III is mostly aggrading. The lower limit of the Bashkirian/
Moscovian transitional interval is the base of phase III (continuous
line), the upper limit is the dashed line. The base of Phase IV, with
increased progradation rate, is nearly the Vereian-Kashirian
boundary. Phase V shows aggradation, however, the exact location of
the platform break is unknown.
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Fig. 2. Lithofacies distribution of Sierra del Cuera depositional system mapped on the outcrop and
superimposed on the geometry and stratal patterns (black lines) measured with DGPS.
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