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Abstract: This study deals with the karstification of coastal covered karsts with the aim of looking for a relationship
between sea level changes and feature development taking place on the covered parts of carbonate karsts. This relation is
manifested by the fluctuation of karst water level that is controlled by the sea level. Through further studies, shore
shiftings occurring during the time of various paleokarst feature assemblages can be established. The development of
suffosion dolines and dropout dolines at subsurface water level is analysed. The pattern of coast zones with dolines is
studied in three cases thus, on regressive coast at non-fluctuating water level (1), on transgressive coast at non-
fluctuating water level (2), and at oscillating sea level at oscillating karstwater level (3). In the first case, a solution
doline zone (and/or karren zone), a mixed or compound zone (with suffosion dolines and dropout dolines) and a
suffosion doline zone develops landward. In the second case a suffosion doline zone develops (this may turn into a
mixed zone) and during further subsidence, a filled doline zone develops which may expand at the expense of the
suffosion doline zone (mixed doline zone). In the third case, close to the shore, in the glacial a dropout doline zone and a
suffosion doline zone are separated. In the interglacial, a solution doline zone develops at the uncovered surface, at the
outer, seaward part of the dropout doline zone dolines with lakes are formed, the development of suffosion dolines
continues in the suffosion zone.
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1 Introduction

In this study, the covered karstification of coasts during
shoreline shiftings is described with a focus on doline
zones made up of dolines of various genetics. The
significance of the study of coastal covered karsts may be
that new data on events taking place on coasts such as
water level changes and their triggering processes can be
revealed.

Coastal karst is a specific karst type [1] its variety
with cover is the covered coastal karst which is
widespread on Earth [2]. These are mostly carbonate
karsts, but gypsum karsts also occur [3]. There may be
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syngenetic karsts [4, 5] and postgenetic karsts. Among
the latter, bare karst, soil-covered karst, covered karst,
autogenic karst and mixed allogenic-autogenic karst
also occur [6].

The peculiarity of the karstification of coastal karst is
caused by shoreline shiftings and hydrological structure.
The latter is a reason since karstwater due to its lower
specific gravity is situated above brine which has a higher
specific weight (Figure 1, [7, 8]).

A general hydrological and morphological model of
coastal karsts was outlined by Choquette and James [7]
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and Esteban [9]. In the coastal zone, they distinguished  phreatic saltwater zone (Figure 1). In larger cavities,
infiltration zone (vadose zone), freshwater zone with  karstwater zone, brackish water zone and salt water zone
phreatic karstwater, brackish water zone, and deep  also develop individually [10].

Figure 1 Hydrological relations of coastal karsts [7]

Legend: 1. Zone of infiltration and eluviation, 2. Vadose zone, 3. Zone of percolation, 4. Water table, 5. Lenticular phreatic zone, 6. Mixed-
water zone (brackish), 7. Deep burial zone (saline), 8. Marine phreatic zone, 9. Soil, 10. Tower, 11. Doline, 12. Calcrete, 13. Caves
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Figure 2 Depressions of the coastal karst of Florida [24]
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Features and phenomena of coastal karsts are karren of
diverse origin) [11-18], notches, pinnacles, benches [17],
caves of various genetics [6, 19-22], vadose shafts which
may also get under water are the blue holes [23], and various
dolines [24, 25], such as cave failure [6] collapse dolines
[21], which are especially widespread on the Yucatan
Peninsula [10] in depressions permanent lakes, fluctuating
lakes and intermittent lakes [24, 25], calcareous sinter
forms [26], cave lakes [8], karst springs [2], and lakes
below sea level [22]. Below sea level brackish water
cavities and below water level karst springs [2, 25] are
common. Carbonate islands have especially diverse
landscape [6], where syngenetic karstification frequently
takes place, and collapse dolines develop by the collapse
of caves such as on Bermuda Islands [21]. However, the
landscape of karst inselberg is also diverse where caves of
various types (notch caves, foot caves partially flooded
with sea water), closed valleys partly flooded with sea
water, dolines types and depressions
functioning as ponors occur [20].

Coastal covered karsts can be studied at several places
on Earth thus, in Florida (Figure 2, [24, 25]), on the
Adriatic coast [27], and on the karst inselberg coasts of
the Ha-Long Bay (Vietnam, [20, 28]). The Yucatan
Peninsula is also worth mentioning where horizontal
caves and cenotes are characteristic [29], but this area is
not covered karst.

Gvozdetskiy [30] made an early classification of karsts
according to coveredness, while Sweeting [31] gave a
definition of covered karst. Quinlan [32, 33] improved the
classification of covered karsts and distinguished several
karst including subaqueous karst. Some part of
transgressive coastal covered karst is of this type. Veress
[34] distinguished cryptokarst when the cover is
consolidated and impermeable rock, and concealed karst
when the cover is unconsolidated and permeable.

On uncovered (or soil-covered) karst, solution dolines
and collapse dolines, while on covered karst, caprock
dolines (on consolidated rock) and subsidence dolines (on
unconsolidated rock) develop [29, 35, 36]. The latter may
be dropout dolines (primarily on cohesive cover),
suffosion dolines (on non-cohesive cover) and compaction
dolines [29, 35, 36].

Dropout dolines (Figure 3) develop by the collapse of the
cavities of the bedrock or the cover [36], if water level
decreases in the cavities [37-39] and the ceiling of the
cavities is thin, but collapses are favoured by earthquakes
[40], point-like burden [41], vibration [40] and the increase

of wvarious
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of pore water pressure in the material of the cover [42].
However, cover cavities may also develop by suffosional
material transport [36]. There is a great chance of the
collapse of bedrock cavities if they are horizontally well-
developed [43-45]. Collapse development without suffosion
may be of two kinds. The collapse of bedrock cavities may
spread onto the cover where a cavity is formed and then it
collapses (indirect doline development), or the collapse of
the bedrock cavity and the cover happen simultaneously and
doline development is direct. The collapse of the bedrock
cavity is triggered by low karstwater level [46].

Figure 3 Dropout doline with lake (Mouth of River Neretva,
Croatia)

Figure 4 Suffosion dolines with lakes A: transition towards dropout
doline, B. typical suffosion doline, (at the village of Ploce,
close to the Adriatic coast, Croatia)
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Suffosion dolines (Figure 4) develop by suffosion and  Kkarsts, since the water level is close to the surface,
grain fall. During these processes, the cover is transported  intermittent lakes or permanent lakes that developed in
into the passages and cavities of the bedrock [29]. On coastal ~ subsidence dolines are common (Figures 2, 5).
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Figure 5 Dolines of various types of the coastal karst of Florida along a conceptual cross-section [25]

with constituting zones together, but the number
and width of zones may change (see below).

2 Factors Influencmg the (4) The proportions of the coast are affected by coast

Development and Characteristics
of Coastal Covered Karsts

The appearance, development, and characteristics of
coastal covered karsts are affected by the following
factors.

(1) Superficial deposit has to be present. This is
primarily marine (lacustrine) sand, and loess,
fluvial sediment, moraine, and weathering residue.
Their  thickness, composition, and water
transportation capacity is important. Even if there
was cover at coastal covered karsts, in the
intertidal zone, wave activity created bare surfaces
is larger and smaller bands by destroying the
cover. Thus, covered karst is mainly aligned by
bare karsts from the sea.

(2) The coast should not be steep. If it is steep, there is
a smaller chance of the survival of the cover and the
karstwater is at an extreme depth. If indeed coastal
karst develops on steep coast, it will be narrow and
homogeneous (as we will see later, there are only
suffosion dolines). On gentle coast, covered karst
can change between some hundred metres and some
thousand metres at given time.

(3) The shifting of the shoreline determines the
heterogeneity of the landscape of coastal karst. This
can be traced back to two reasons: to the tectonic
movements of the dry land and to eustatic sea level
changes. The effect of both can be manifested in
regression and transgression. To the effect of
shoreline shiftings, covered karstification is shifted

structure (the coast is either concordant or
discordant). The structure, with the vertical
movements of the land (and eustatic sea level
changes) and the developing river valleys affects
the density, size and shape of bays. There is a
greater chance for the accumulation and survival of
superficial deposit and for a wider development of
the cover at bays. Therefore, for example on
discordant, sinking coast, primarily bays are the
sites of covered karstification (or it may become
wider at these sites).

(5) The position of karstwater level (groundwater) as

compared to the surface and to the bedrock, its
steepness, the elevation difference of high and
low water levels. Cavity formation below the
karstwater level increases the chance of sediment
reception of the bedrock particularly if its level is
close to the surface of the bedrock. The degree of
its fluctuation influences the expansion of
suffosion processes, while its frequency affects
the duration of suffosion (see below). Its
steepness affects the width of expansion of
subsurface cavities.

(6) The rate of shoreline shifting. Its value determines

whether covered karstification takes place. If it is
too fast, for example at transgression, burial already
occurs at the beginning of feature development.

(7) Former extent of cavity formation of coastal rocks

(paleokarstification), the solubility of the rock. The
already existing cavities promote the transportation
of superficial deposit into the karst.

(8) Abrasion platforms favour Kkarstification. The
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reason for that is the great chance of infiltration on
its low-inclined surface and the small chance of
cover denudation. Below the low-inclined surface
of the platform if the karstwater level is close to the
surface, phreatic cavity formation takes place in a
wide zone. The effect of abrasion platforms to
karstification is not only manifested at present
coasts such as in Florida [24], but also on karsts
where no coast can be found any more. Thus, for
example in the Mecsek Mountains (Hungary) where
two abrasion platforms of various age can be
detected on the karst. The older is of Middle-
Miocene, while the younger is of Pannonian age
[47-49]. Doline density is high particularly on the
lower Pannonian platform where the dolines are
older, inactive solution dolines and recent suffosion
dolines [50]. The doline density on the Pannonian
platform reaches 80 dolines/km” [51], and at some
places it is 380 doline/km” [52].

3 Doline Development

Farther from the shoreline and at surfaces with a higher
and higher altitude, a series of features develops which
have a marine, marine-terrestrial and terrestrial character
regarding their coveredness, the composition of the water
and the genetics of the features (Figure 5). The features
may be arranged into zones of various width.

The development of various doline types and thus, of
their zones is controlled by karstwater level (its position
as compared to the surface, its fluctuation and steepness),
but this is characteristic feature is not specific of coastal
karst. Subsurface karstwater level occurs on polje karst
[31], or on the intermountain plains of fenglin karst too
[36, 53]. Doline development is possible by the material
loss of the cover. This may take place if there are
sediment receiving passages and cavities in the bedrock.
Suffosional material transport is possible if the cover gets
into the passages and shafts situated above the karstwater
level or into the phreatic cavities that got above the
karstwater level and then into the karstwater through
them.

At suffosion doline development, suffosion is possible
at that part of the cover which is above the water level if
there is precipitation. However, rainfall also increases the
karstwater level, which decreases the duration of
suffosion. Theoretically, the following cases are possible.

1) The karstwater level and groundwater level are
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always in the cover, there is no suffosion and

suffosion doline development.

2) The karstwater level is always in the bedrock.
Suffosion and thus, doline development may take
place at these sites during the whole year.

3) High karstwater level is in the cover (wet season)
and low karswater level is in the bedrock (dry
season). Suffosion and doline development is
possible if the dry season (the karstwater level is in
the bedrock) is disrupted by precipitation falls.

4) High karstwater level may also reach the surface. As
a result of karstwater fluctuation, katavotra develop
with permanent lakes of fluctuating water level or
with intermittent lakes [31]. A similar situation is
characteristic of coastal karsts. If the karstwater
level continuously reaches the surface, there are
permanent lakes in the dolines (which may be
solution dolines too), if it only reaches the surface
temporarily, intermittent lakes develop. Either at
permanent lakes or intermittent lake, the elevation of
lake water levels changes at the same places and
their composition (freshwater, brackish water, salt
water) alters at various places. Rising water level
creates passages opening onto the surface and then
suffosion and thus, doline development take place
through the passages when the water level gets
below the surface of the bedrock.

Dropout doline development is more closely related to
water level. In this case, the ways of doline development
are the following.

1) If the water level is in the cover (high karstwater
level or high groundwater level), dropout doline
development may also take place independently of
the bedrock if the water level decreases in the cavity
[39].

2) If the water level is in the bedrock, doline
development takes place at least in two ways which
are the following.

a. In the cover, passages and cavities develop by
suffosion and grain fall. The collapse of these
cover cavities result in dropout doline

development [36].

b. If the karstwater level gets even deeper in the
bedrock, its cavities will be completely or partly
dry. The more developed the cavity horizontally,
and the thinner the ceiling, their precondition is
present at karstwater level being close to the
bedrock surface [43], the greater the chance for
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its collapse. The collapse can be inherited onto
the surface with cover by the collapse of the
cover (direct doline development) or it causes
cavity development in the cover and a doline
develops by the collapse of this cavity (indirect
doline development).

4 Zones of Doline Development

In the coastal zone, marine and terrestrial sedimentation
and the evolution and development of subaerial karst
surfaces take place in connection with sea level changes
[54]. Korpas and Juhasz [55] described the wedging out of
phreatic levels moving away from the coast in relation to
regression and the superimposed paleokarst horizons on
coastal karsts.

Below, recent doline development zones are described
on coasts in relation with one-way changes of the sea
level (regressive and transgressive shifting of the
shoreline take place) or with long-term oscillation
changes of the sea level by also taking into consideration
the short-term oscillation changes of the karstwater level
due to precipitation fall. Since the development of the
coastal karst features and their zonal pattern are traced
back and interpreted by these processes (shoreline shifting
and karstwater level fluctuations).

4.1 Doline Zones at One-Way, Regressive
Shoreline Shifting and at
Non-oscillating Karswater Level

In case of regression, a coastal platform or platforms
develop which get above the sea level. During sediment
transportation from the sea, the platforms become partially or
completely covered with marine sand or also with marine
(older) sediment from the land or with terrestrial sediment.

Closest to the shoreline, solution dolines and/or a karren
zone develops with caves at the uncovered surface. This is
the solution doline zone or karren zone. The karstwater level
sinks therefore, the phreatic cavities below the inactive water
level become dry. At sites where the inactive bedrock
cavities are close to the bedrock surface, cover cavities
develop by their collapse, which are inherited onto the
surface (indirect dropout doline development), but dropout
dolines may also develop by collapse of the bedrock and the
subsequent collapse of the cover (direct dropout doline
development). A dropout doline zone is formed (Figure 6b).
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Figure 6 Doline development on regressive coast

Legend: a. primitive state, b. intermediate state (cavity formation),
c. developed state (dolines and their zones), 1. superficial deposit,
2. active karstwater level, 3. former karstwater level, 4. zone of
active phreatic cavities, 5. zone of inactive phreatic cavities, 6.
brackish water. 7. salt water, 8. sea level, 9. rise, subsidence, 10.
suffosion, 11. cavity in the cover, 12. bedrock passage above the
water level, 13. collapse, 14. collapsed material which developed by
the collapse of the bedrock cavity, 15. dropout doline, 16. suffosion
doline, 17. zone of karren, 18. zone of buried karren, where newer
subsidence dolines may develop, 19. mixed (dropout and suffosion
doline) zone, 20. zone of suffosion dolines

Farther from the shoreline, where the karstwater level is
deeper as compared to the bedrock, the cavities of the
bedrock do not collapse since the ceiling of the cavities is
thicker. Here, passage development happens in the
bedrock (this is also promoted by the phreatic cavities)
and thus, suffosion takes place. The suffosion doline zone
develops (Figure 6¢). This zone is widening towards the
land until there is superficial deposit. As a result of further
regressive, the subsidence of the Kkarstwater level
continues and this enables the development of suffosion
dolines in the dropout doline zone as well. The dropout
doline zone is transformed into a mixed zone (Figure 6¢).
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4.2 Doline Zones at One-Way
Transgressive Shoreline Shifting and
at Non-oscillating Karstwater Level

In case of transgression, karstification does not take place
on abrasion platform or if it does, then it is of older
development than the present transgression. The steepness of
the coast depends on the processes taking place there, while
the position of the karstwater level depends on the steepness
of the surface and the water level as compared to the surface.
The cover can be of marine origin in this case too. Karst
zones close to the shoreline do not develop at all or if they
do, they become partially covered with water as for example
in the case of the Croatian Umag (Figure 7).

Figure 7 Inactive karren of sinking coast which are covered with
water (Umag, Croatia): A-B. grikes, C-D. pinnacles (with
recent, active karren on them)

If the karstwater level is deeper as compared to the
bedrock surface, passage development takes place above
the water level in the whole expansion of the covered
coastal karst. A uniform suffosion doline zone develops
on the coastal karst by suffosion (Figure 8b). During
transgression, the homogeneous suffosion doline zone
become differentiated in the following way.

1) Its outer, littoral part gets under water and suffosion
dolines become filled with marine sediments.
Similarly, the karren, shafts, caves, solution dolines
or collapse dolines of the bare part of the coast
become filled with water or sediments (Figure 7).

2) The karstwater level gets close to the bedrock surface
farther from the shoreline too. If this is a slow
process, dropout dolines develop since material is
transported from the cover into the bedrock passages
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by suffosion. The dolines are formed by the collapse
of cover cavities. At that part of the suffosion doline
zone where this process takes place, is transformed
into a mixed doline zone. Close to the shoreline, a
zone of dolines with lakes develops (Figure 8b). Both
the zone of dolines with lakes and the mixed zone
become wider by subsidence. If the suffosion doline
zone is not able to widen (for example because the
cover is wedging out), the mixed doline zone and the
zone of dolines with lakes may completely use up the
suffosion doline zone.
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Figure 8 Doline development on transgressive coast

Legend: a. primitive state, b. state that developed during
transgression, 1. superficial deposit, 2. limestone, 3. active karstwater
level, 4. zone of active phreatic cavities, 5. zone of inactive phreatic
cavities, 6. brackish water, 7. salt water, 8. sea level, 9. subsidence,
rise, 10. suffosion, 11. cavity in the cover, 12. collapse, 13. passage in
the bedrock, 14. collapsed material, 15. doline fill, 16. underwater
doline zone, 17. zone of dolines with lakes, 18. mixed doline zone

4.3 Doline Zones at Oscillating Shoreline
Shifting and at Oscillating
Karstwater Level

In case of oscillation, the platform is covered by water again
thus, the cover may also be marine sediment. A repeated
cavity formation may take place below the karstwater level at
the same level or the already existing cavities may continue
their development when they get below the water level. At



Earth Science and Engineering 2022; 1(1): 22-32 29

high and low karstwater level, a wide zone of cavities below
water level develops (epiphreatic cavities), which lose their
water when the water level sinks. Therefore, their sediment
receiving capacity increases, which effectively promote
subsidence doline development in the cover.

In the glacial (Figure 9), a solution doline zone
develops in the band of the coast without cover. Cavity
formation occurs in the fluctuating karstwater level zone
of the band that is close to the shoreline and covered with
superficial deposit. The cavities may be formed in the
bedrock (by dissolution below the water level) or in the
cover (by suffosion). At low water level, dropout dolines
develop directly or indirectly by the collapse of cavities.
Suffosion doline development already begins in the
dropout doline zone and beyond as well. The zone
becomes mixed. (The development of suffosion dolines is
of various intensity since the quantity of precipitation may
also be diverse in areas of various climate.)

Figure 9 A possible model of doline development on coastal karst
in the glacials and interglacials

1. sea level, 2. karstwater level, 3. superficial deposit, G. sea level
in the glacial, IG. sea level in the interglacial, GL. low karstwater
level in the glacial, GH. high karstwater level in the glacial, IGL.
low karstwater level in the interglacial, IGH. high karstwater level
in the interglacial, A. zone of solution dolines, B. zone of dropout
dolines that developed in the glacial, which dolines are transformed
into dolines with lakes in the interglacial, C. zone of dropout
dolines that developed in the glacial, D. zone of suffosion dolines
that developed in the glacial which is transformed into a mixed
zone in the interglacial

In the interglacial, solution dolines are partially covered
with sea water, they begin to be filled with marine
sediment. Karren formation takes place in the uncovered
rest band of the coast. Intermittent lakes or lakes with
fluctuating water level develop in the dolines of the
dropout doline zone, but no lakes develop in the dolines
of the dropout doline zone at the farther part of the
shoreline where the high karstwater of the interglacial
does not reach the surface. In the area of the suffosion
doline zone, the development of suffosion dolines
continues with higher intensity. Dropout dolines may also

appear in this zone subordinately (particularly if the cover
is cohesive). In this case doline development is caused by
the collapse of cover cavities. The development of these
cavities is enabled by suffosional material transport.

5 Conclusions

(1) On coastal karsts and thus, also on covered karsts,
karstification takes place in the epikarst. However,
the phreatic zone contributes to this with its inactive
cavities. The vadose zone is not of a significant
thickness, it may be completely used up at the rise
of the karstwater level (at transgression).

(2) At one-way, regressive shoreline shifting, at non-
oscillating karstwater level, a dropout doline zone
and a suffosion doline zone develops towards the
centre of the land. The dropout doline zone is
transformed into a mixed doline zone subsequently.
At  one-way, transgressive,  non-oscillating
karstwater level, the uniform suffosion doline zone
becomes differentiated gradually. On the seaward
side, an inactive, filled suffosion doline zone is
separated towards the land. At the littoral part of the
suffosion doline zone, a dropout doline zone may
also develop and a zone of dolines with lakes is
formed gradually. In the glacial at oscillating
shoreline shifting and at oscillating karstwater level,
a solution doline zone may develop in the
uncovered band, beyond which a dropout doline
zone is formed landwards then the suffosion doline
zone develops. In the interglacial, the solution
doline zone partially gets under water, the part of
the dropout doline zone being closer to the
shoreline is transformed into a zone of dolines with
lakes and the suffosion doline zone may develop
into a mixed zone.

(3) One-way shoreline shiftings and cyclic shoreline
shiftings may have affected the karstification of the
coasts together in the Pleistocene ice age. However,
in the Postglacial, one-way shoreline shiftings were
influential.

(4) The effect of karstwater level oscillation is of
different degree at various coast sections regarding
either the transgressive or the regressive coast. The
difference between the high and the low karstwater
level may be very different at various sites as a
result of the various degree of cavity formation of
the karstic rock and of the effect of precipitation

http://www.earthscieng.com
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with different quantity and distribution.

Data Availability Statement

The data that support the findings of this study are
available from the corresponding author, [Marton Veress],
upon reasonable request.
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