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FIG. 3 - GENETIC MODEL OF THE KARST COLLAPSE STRUCTURES

Abstract
Upper Miocene carbonate rocks on the Mallorca Island, Western Mediterranean, form extensive outcrops along the
seacliffs that allow for detailed study of the genetic processes that controlled both, the facies architecture and the
diagenetic patterns. They are fairly flat-lying limestones and dolostones, having undergone slight tilting and flexure
during the Late Neogene to Middle Pleistocene times.
Upper Tortonian and Lower Messinian carbonates consist of reefal complexes that prograded across platforms surrounding
paleoislands. These carbonate buildups consisted of shelf-margin tracts of coral reefs with fore-reef slopes and back-
reef lagoons. On the Eastern coast of Mallorca, the reefal complex is overlain by a Messinian shallow-water carbonate
complex: the Santanyí Limestone.
Paleokarst collapse structures are abundant in the Upper Miocene rocks of the eastern coast of Mallorca. The Santanyí
Limestone beds are affected by V-incasion structures produced by roof collapse of caverns developed in the underlying
reefal complex. Recent work on these carbonate platforms allows to propose a genetic model to explain the origin of
these V-incasion structures.
According to this model, the origin of some of these karst-collapse structures may be related to early diagenetic processes
controlled by high-frequency sea-level fluctuations, the same sea-level fluctuations that control the facies architecture
of the carbonate platform. During lowstands of sea level, fresh-water flow might have create a cave system near the
water table by dissolution of aragonite (mainly corals) in the reef front facies and coral patches existing in the lagoonal
beds (just behind the reef tract).
This cave system developed near the subaerial erosion surface. During subsequent rise of sea level inner-shelf beds
overlaid the previously karstified reef-core and outer-lagoonal beds. Increase of loading by subsequent accretion of the
shallow-water carbonates might have produced V-incasion structures by gravitational collapse of cave roofs when these
beds were still not completely consolidated.

Facies architecture

Accretional units, within the reefal platform, represent high-frequency depositional sequences formed in
response to high-frequency sea-level fluctuations. Up to four bundles (or systems tracts), which are related
to specific parts of the sea-level cycle, can be defined from characteristic changes in the hierarchical stacking
patterns among these accretional units.
The "lowstand" systems tract (LST) formed during the initial sea-level rise, after the lowest point of the sea-
level cycle.  It mainly consists of prograding reef-core, with thin forereef-slope and open-shelf lithofacies
without significant lagoonal beds.
The aggrading systems tract (AST) corresponds to the most rapidly rising part of the sea-level curve, and it
is volumetrically the most important. The AST is characterized by well-developed barrier reefs and thick
aggradation without backstepping in all depositional systems, from the lagoon to the open shelf (shallow
basin). The AST lagoonal lithofacies overlies the LST and consists of landward onlapping strata.
The highstand systems tract (HST) is related to the highest part of sea-level cycle. It consists of prograding
reef core, with forereef-slope lithofacies wedging out basinward and volumetrically condensed open-shelf
lithofacies. Lagoonal beds commonly are absent (because of non-deposition or erosion during subsequent
fall of sea level). The offlapping systems tract (OST) formed during falling sea level.
It consists of prograding and downstepping reef lithofacies (fringing reefs without significant forereef-slope
lithofacies), which downlaps on to the distal-slope and open-shelf lithofacies of the previous HST. There is
no lagoonal l i thofacies,  and the open-shelf  l i thofacies is  volumetrically condensed.

Karst Collapse  Structures Genesis

During lowstands of sea level (Figure 3) fresh-water flow might have create a cave system near the water table
by dissolution of aragonite (mainly corals) in the reef front facies and coral patches existing in the lagoonal
beds (just behind the reef tract) of the previous AST (Figure 2). This cave system developed near the subaerial
erosion surface. During subsequent rise of sea level, inner lagoonal beds overlaid the previously karstified reef-
core and outer-lagoonal beds. Increase of loading by subsequent accretion of the lagoonal beds might have
produced V-incasion structures by gravitational collapse of cave roofs when these beds were still not completely
consolidated. (Figure 3)

According to this hypothetical model, these collapse structures will preferentially occur in the reef core and
back-reef settings of the aggrading systems tracts. It is worth to mention that this structure occurs in similar
setting, at top of an aggrading segment of the platform. Even though much of the lithologic complexity of these
platforms is beyond the resolution of current subsurface methods, the causal relationship between depositional
and early diagenetic processes here hypothesized, is relevant to predicting and analyzing the heterogeneous
distribution of rock properties in reef-complex reservoirs.

Origin and development of
the karst collapse structures
Recent unpublished work on the reefal complex cropping out on the southern Mallorca sea cliffs
allow to create a genetic hypothesis to explain the origin of similar V-incasion structures developed
in the back-reef lagoonal beds. According to this working hypothesis, the origin of these karst
collapse structures may be related to early diagenetic processes controlled by high-frequency
sea-level fluctuations,
the same sea-level fluctuations that control the facies architecture of the carbonate platform.
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Fig. 2 - COLLAPSE STRUCTURES IN THE LAGOON BEDS OF THE REEF COMPLEX
AND WEEBER DIAGRAM.

FIG 1. - GEOLOGIC SETTING
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Introduction
Ascertaining and predicting paleokarstic heterogeneities within carbonate rock are strategic to field development and optimum production. With current subsurface
methods, however, most of the smaller-scale stratigraphic architecture and diagenetic facies are difficult to define. Predictive models for exploration and development
are best made from outcrop studies of well-exposed examples. Accuracy for prediction of these models depends on the detailed understanding of the genetic factors
controlling their geometries, scale, pore networks and spatial complexities of these potential karstic reservoirs.

The karstic collapse structures that we show here have been developed in the correspondent layers of the reef lagoon on the Llucmajor Platform  (Fig. 2) and
overcoat on the Santanyi limestones unit (Fig. 2).
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