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Currently, there is no single view of the Holocene global sea level kinematics. At the same 
time, the question of a possibility of it exceeding the current sea level by several meters is 
being debated. The accumulative coasts of nearly tide-free seas, in areas where the vertical 
direction of coastal movement remained unchanged are the most convenient objects for 
studying this major paleogeographic issue. Effects of the sea level fluctuations are revealed 
in the resulting geomorphological structure and in the nature of sediment areas of the 
coastal zone developing in an accumulative mode. If the Holocene sea level exceeds its mod-
ern marks, then ladders of accumulative terraces would have formed over different parts 
of the coast. The heights of the terrace ladders would correspond to the amplitudes of these 
exceedances. The lower sediment levels should reflect the transgressive character of their 
formation in the structure of geological section, while the higher levels would reflect the 
regressions. The coast of the Thatcher Peninsula, located in the Bay of Cumberland micro-
continent of the South Georgia (Antarctic) was the focus of our research. It was established 
that the Holocene sea level in the region reached its current state no later than about one 
thousand years ago and did not exceed it, being subjected to only minor fluctuations of the 
synoptic scale. The accumulative terraces are located in fragments. The differences in their 
absolute elevations are related to their correspondence to different tectonic units experienc-
ing differentiated uplift. 
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I. INTRODUCTION 

Information about the state of global sea level is one of the most important in the study 
process of the Earth's history. To date, in particular, it found that since the Tertiary period, he 
falls, experiencing fluctuations under the influence of various factors - climatic, tectonic, etc. 
(Fig 1). The most studied kinematics of the sea level in the Late Quaternary. However, research-
ers have not come to a complete agreement, even with regard to the latter - the Holocene, stage 
(Fig. 2). Significant progress in this discussion include recognition of the low position of the sea 
level at the beginning of the global postglacial transgression (however, estimates of sea level 
provisions differ), as well as the consent of the researchers in the impossibility of constructing a 
unified graphical model (curve) of this transgression. Among the major differences are, for ex-
ample, evaluations of the kinematics of the sea level after the boreal period the Holocene. In this 
issue clearly delineated three concepts (Fig. 2). 1. The sea level increased, asymptotically ap-
proaching the modern, and perhaps, felt vibrations of varying duration and low amplitude (within 
the accuracy of measurement - a few tens of centimeters). 2. About 6 kilo years ago sea level has 
become higher than the present for a few meters and then, after some hesitation, occurred notice-
able (up to a few meters) undulation between 4.5-2 kilo years ago. Then, the sea level dropped to 
modern heights and experienced only minor fluctuations. 3. The sea level reached the current 



situation in the Atlantic period, and subsequently did not significantly changed. There are also 
other positions of individual researchers, including allowing sea level fluctuations with an ampli-
tude of a few meters the entire second half of the Holocene. Most often controversial question 
becomes: reflect the forms of coastlines of the Holocene higher position of the sea level or tec-
tonic uplift coast of height close to modern. 

 

 
Fig. 1. Panerozoic global sea-level fluctuations [1] with some refinements 

 

 
Fig. 2. Representations of the kinematics of Holocene in sea level according to: 

1 - Nevessky, 1967 2 - Pavlidis 1961, 3- Bloom, 1965, 4 - Faibridge, 1961 5 - Fisk, 1965 6 - 
Hopkins, 1967 7 - Jelgersma, 1966 8 - Kelleat, 1975 9 - Mörner, 1969, 10 - Neuman, 1969 11 - 

Shepard, 1964, 12- Sholl, 1969, 13 - Suggate, 1968 [2] 
 

Allocated problem is not purely scientific. Its decision is due to the forecast of develop-
ment of the coastal zone and shelf. If the level of the World ocean in the Holocene is constantly 
grew, slowing down to a relative stabilization, of the modern form of the coastal zone must be 
regarded as mature (stable). They have adapted to the dynamic mode of the respective marine 
areas. If sea levels fluctuate with an amplitude of several meters (or even up to a few tens of me-
ters), it must be supposed that the current relief of the coastal zone is not different relative stabil-
ity. In this case, the greatest negative consequences are associated with sea level rise. 

Thus, the economic development of shore areas depends on understanding the trends of 
changes land and sea interface zone. A variety of existing kinematics models of sea level in the 



form of graphs (curves) can be explained by the fact that not always take into account such im-
portant factors as the regional and local tectonic setting, often an insufficient number of dating; 
the subjectivity of the ideas and concepts, and sometimes biased theories and concepts of re-
searchers. 

The consequences of sea level fluctuations expressed in the structure of the relief and 
sediments of the coastal zone. Especially convenient objects for studying this problem are accu-
mulative coasts of nearly tide-free seas, in areas where direction of the vertical movement of the 
coast were constant and the age of the coastal sediments it can be set. It is now known that the 
geological deposits of the coastal zone, on accumulative developing scenario, differ mainly in 
their granulometric compositioin. If the sea level during the Holocene exceeded its current, then 
the accumulative section of the coastal deposits of this age should be composed of lower - trans-
gressive, and in the upper - regressive sediment units. If this raise was not, then deposits will be 
presented regressive sediment units. 

Thus, a reliable sign of a higher than modern sea-level positions, are accumulative terrac-
es by coastal processes, and located higher the modern coastal zone. The structure of the deposit-
units of these terraces must contain transgressive-regressive of littoral facies, reflecting the sea 
level change. 

In addition, such fluctuations were to create on different coasts of stairs accumulative ter-
races with a height corresponding to the amplitudes of the prospective elevation of sea level. At 
the same time on the coast of elevation the present height of the these terraces should be above 
their initial position (that is greater, than the expected positive amplitude Holocene transgres-
sion) because of the subsequent neotectonic movements. 

On the coasts of the positive or negative structural-tectonic deformations can be observed 
forms of the coastal relief, developing, respectively, abrasion or accumulative scenario. Their 
formation started at the level of the sea close to the current and possibly only slightly above its. 
For positive neotectonic structures of the most characteristic elements of the coastal relief, de-
pending on the initial slopes of the coastal land, its lithology and the presence of loose sediments 
are not active, but well-defined cliffs, abrasion recesses, progradation accumulative terraces, dy-
ing lagoons and other forms combined with regressive structure relevant these forms of littoral 
sediments. 

Determine whether the sea level was at a particular coast above the present can only be 
based on an integrated approach involving the results of the study of geology-geomorphological, 
tectonic and climatic characteristics of a particular region, it paleogeography, the forms and the 
role of biogenic factors, the specificity of the effect of marine waters on the formation of relief 
and sediments of the coastal zone. 

 
II. RESUTLTS AND DISCUSSION 

The coastal zone of microcontinents Madagascar and South Georgia 
Consider the results of the coasts of research that exist in different geological and geo-

graphical conditions, but is characterized by stability plan neotectonic structure and consistency 
in the direction and activities of the Holocene vertical tectonic movements. As an example, first 
consider the areas of coasts of microcontinents Madagascar and South Georgia. These areas with 
differences in geological structure, geographical location and the development of history, a ten-
dency to a general raising of the neotectonic stage. 

In Madagascar, we explored the coast lowlands fringing the south-east and south-west is-
land for hundreds of kilometers. For example Morondava region (Fig. 3), we see that the accu-



mulative coast is formed regressive sand sediments with the exception of the delta area of the 
river of the same name. At the mouth of the river alluvial deposits overlap thin transgressive sed-
iments, which is associated with a corresponding neotectonic lowering of fault zone. 

 

 

Fig. 3. Types and dynamics of contemporary coastal processes on the accumulative shores of 
Morondava are 

Legend: shores types: 1 - erosion, actively collapsing, developed in the sandy sediments of sea 
terraces; 2 - accumulative-erosion developed in the sandy sediments of sea terraces. Accumula-
tive: 3 - lagoon, 4 - lagoons, armored of coral platforms, 5 – delta; 6 - border coral platform. 

The dynamics of the coastline in 1961-2001 yy. (the figures - the maximum displacement of 
coastline at the site, m): 7 - displacement of remote accumulative forms along the coast, 8 - re-
treat, 9 - advancing forward; 10 - borders of the sections. The black arrows show the ledge that 
separates seaside sea and alluvial-sea terraces of alluvial plain. The white arrow shows the site 

of flooding of the delta r. Morondava 
 
On the coast of microcontinent is widely distributed accumulative sea terrace height of 

1.5-4.5 m, created adjoined to each other beach ridges. Age terraces defined in the 3740 ± 90 



14C years, and its formation is linked to higher sea level during this period [3]. There are also 
other terraces of the same origin, including those located at a higher elevation. So, the age of the 
lower units of the terrace with a height of 12-13 meters in the south-eastern coast of the island is 
estimated at 2410 and 6455 cal. yr BP [4]. Such a high position terraces logically explain the ne-
otectonic elevation coast. Lush forests of coast of region, which is preserved after a brief rise in 
sea level in the storms and tsunamis, successfully cope with the negative effects, including get-
ting rid of penetrating salts and contained in sea water minerals. On the coast of elevation, with 
regressive type of formation of sediment, the upper units of the geological section of the territory 
which came out from under the sea level does not contain geochemical evidence of the presence 
of sea water. With eustatic transgression vegetation flooded coast for a long time, including after 
the death, it is in subaqueous conditions. Then the fossil fragments of vegetation should be pre-
served in large numbers in the geological section of the terraces. They should have increased sa-
linity, and contain an abnormal microelements quantity characteristic for the marine environ-
ment, particularly strontium. But the geochemical analysis of fossil remains of trees and other 
coastal vegetation these accumulative terraces, including relations Sr/Ca, does not allow to con-
clude that the long-term impact on them of the marine environment [4]. 

North Coast microcontinent South Georgia, characterized by active manifestations neo-
tectonics bloc. Here alternate abrasion and accumulative coast. For the first characteristic inac-
tive cliffs and narrow (from the first meters to 15-20 m) erosion terraces in front of them with the 
absolute height of 1 ÷ 2 m. Sometimes a terraces covered with a thin (a few tens of centimeters) 
layer of debris sediments. At a height of 2 ÷ 4 m are also a abrasion recesses with of diameter up 
to 2 m (Fig. 4). On the second formed accumulative terrace widths of up to a few tens of meters 
and in height of terrace joint no more than 2.5 m. In the geological section lower units of terraces 
stacked of rudaceous varying degrees of roundness littoral sediments. The upper unit is repre-
sented by peat bogs with poorly decomposed plant residues. Peat power reaches a few tens of 
centimeters at the terraces joints and is tapers to zero off towards the sea. The surface of the ter-
races is covered with meadow vegetation, which is towards the sea from a continuous sheet goes 
into clumps, replaced by separate instances. As an example, the terrace on the south east coast of 
the peninsula Thatcher, located in Cumberland Bay (Fig.5, 6). The age of lower units of peat is 
according to radiocarbon dating 860-900 14С years [5]. Higher forms of coastal terraces in the 
area are not greeted by, although there are all conditions for their formation: gently sloping 
coastal land, composed of poorly consolidated subaerial, mainly glacial and slope deposits. Pub-
lished in the literature [6], the description of the higher accumulative terraces microcontinent in 
other areas, such as in the area of the Cape of King Edward, also shows a regressive nature their 
of deposits sections. Current height accumulative terraces microcontinent more logical to link 
not glacioeustasy (as is done by some researchers), and uplift corresponding to these terraces of 
tectonic blocks. First, the island's mountain-valley glaciers flowing down the slopes of the moun-
tains directly into the sea, could not have a greater thickness in the range narrow mountain foot-
hills. Secondly, glacio isostatic compensation and alignment of isostasy (if we assume, as it oc-
curs in the literature, subsidence of the crust under the ice load at 1/3 or 2/7 of its thickness), oc-
curs geologically fast - a few hundred - a thousand years. Even in those areas where the glaciers 
covering hundreds of kilometers in diameter and have a lot of thickness [7, 8]. There is also an 
extreme point of view, that the phenomenon of post-glacial rebound in general not significant, 
and this concept needs to be revised [9, 10]. It is known that a decrease in the area of continental 
glaciation of the world sea level rises. Studies of the dynamics of the Larsen ice shelf on the 
Antarctic Peninsula have shown that the current size of the glaciers here is minimal during the 



Holocene epoch [11]. The dynamics of glaciers in Greenland shows other trends [12]. Thus, the 
question of sea level fluctuations and their causes requires further research. 

 

 
Fig. 4. Detail of the Holocene terrace with inactive cliff in Bay Fortuna (photo by autors) 

 

 
Fig. 5. Toponymy South Georgia Island (Subantarctic): 1 Bay Fortune, Bay Stromness 2-, 3- bay 

Cumberland 4 - Peninsula Thatcher, 5- Bay Andrew, 6-bay Gold Harbour 
 

 
 

Fig. 6. Diagram of the accumulation terrace on the Peninsula Thatcher 
Legend: 1 - bedrock, 2 - slope deposits, 3 - moraine (III3

4), 4 - Late Holocene terrigenous and 
littoral sediments, 5 - peat, 6 - vegetation regional oceanic meadows, 7 – waters 

 
The structure of relief and sedimentation of coastal areas of the two microcontinents dis-

cussed above indicates a regressive type of formation of coastal lowlands. It can serve as proof 
that the sea level during the Holocene did not exceed its current height. Differences of heights 
terraces of two microcontinents, can be considered a consequence of the uneven of uplift of tec-
tonic blocks. Such raising of geostructural major elements of the earth's crust continues to Neo-



gene. Movements Holocene phase of tertiary inherit direction in the respective regions. Thus, the 
results of the study the accumulation terrace South Georgia microcontinent indicated that raising 
the rate of the study area for the in recent 900 years is about 2.8 mm/yr. 

 
Accumulative coast of continents (some examples) 
Arrangement and development of the accumulative coasts of the structures of continents 

by the example of the north-eastern of the Black Sea and the south-eastern part of the Baltic Sea. 
Under the conditions of low-lying coast of the Black Sea in the second half of the Holocene 
formed a sand spit Anapa (Fig. 7). Genetically she is a regressive formation of a combination of 
accumulation of bodies in the form of spits and beach ridges, lying on the alluvial deposits. For-
mation of the spit began seaward of the present position in dzhemetinskoe during the Holocene, 
about 5 thousands of years ago. During this period, the level of the Black Sea approached during 
postglacial eustatic transgression to the current height (perhaps about 1 m below). The main 
stream sediment along the coast sent to south - from Cape Iron Horn to the Cape of Anapa (Fig 
7). Counter flow is less important in terms of volume and length. Making of spit close to the 
modern form was held in nimfetki epoch, that is, in the last 2.5 thousands of years ago. During 
this period, the sea level was at a height close to the modern and has been relatively stable, un-
dergoing only a slight (within a few tens of centimeters) fluctuations synoptic nature. It is note-
worthy that at the moment the seam roof of dzhemetinskih beach deposits exceed the current 
level of the sea at 1.5-2.5 m and fauna of mollusks in modern sediments spit (Fig. 8) shows that 
in the second half of the Holocene sea level was not higher than the present [13, 14]. This is con-
firmed by data on other coasts of the world's oceans (Fig. 9). Shown in Fig. 7 lagoons of artifi-
cial origin and is now reduced both the area and depth of water. These as well as other geological 
and geomorphological materials suggest that the region of Anapa Spit differential tectonic uplift. 
Thus, the height of the position of the roof dzhemetinskih unit may indicate of the rise at a rate 
of 0.5 mm/yr. Faster rise separating the lagoons outlier, then Anapa Cape and Cape Iron Horn 
(Fig. 7). 

 

 
Fig. 7. Toponymy north-eastern coast of the Black Sea near Anapa spit 

 



 
Fig. 8. Hypsometric position of calibrated radiocarbon dating of deposits Anapa spit. The icon 
in the center indicates the type of fauna of marine mollusks in the range of dating: 1 - dzheme-

tinsky typical 2 - dzhemetinsky depleted, 3 - calamita [14] 
 

 
Fig. 9. Post-glacial sea-level [15] 

 
In the south-eastern edge of the Baltic Sea in the historical time of the Holocene formed a 

sandy Vistula spit. The basis spit developed during the second half of the Holocene transgression 
as subsea beach ridges, that gradually shifting towards the land by virtue of the specificity of 
coastal hydrodynamics. Under certain conditions, the largest beach ridges were converted into 
bars. Even in the XII century there were several island bars. Due to the construction at the begin-
ning of XVI century in the northern part of the navigable channel spit it became known as the 
Vistula Spit. After administration, it was divided between Poland and Russia, the Polish part of 
the Vistula Spit is called, and the Russian - Baltic (Fig.10). Spit largely consists of rebuilt of 
wind sandy coastal accumulative forms several generations. In its structure there are also outliers 
glacial and alluvial plains, preserved from erosion as sea waves, and the waves of the lagoon [16, 
17, 18] (Fig.11, 12). Investigations revealed that the formation of the Vistula Spit happens in a 
moderately differentiated block structure of the eastern slope of the Gdansk depression, created 
by faults directions northwest. Most raised block is located north of the village Borovoye to 
54˚23' north. This block corresponds to the widest part of the spit and the highest level of its re-
lief in excess of 40 m. Within blocks, that rising less active, spit narrowed and its height is re-
duced. In accordance with the above it can be assumed that the structure of the spit reflects the 
regressive type of its formation. The presence and relief of littoral genesis forms   is above the 
sea level due to tectonic uplift, rather than high-Holocene transgression. It can be assumed that 
the current rate of uplift in the spit area of roughly comparable (at least, no less) at a rate of slight 
increase of the level of the Baltic Sea, which caused by the current, a geologically short-lived 
climatic cycle of the planet [19]. This may explain the relatively stable state coast of the spit, 
since the depth of the underwater coastal slope also remained largely unchanged, allowing wind-
wave factor to mobilize available yet sufficient bottom sediments and move it to the coast. 



 

 
Fig. 10. Driving south-eastern Baltic. 

PP – Pillau Penninsula; red arrow show the Baltic Channel 
 

 
Fig. 11. Geomorphological map of the Vistula Spit [17, with some refinements]: 1 – foredune 
ridge; 2 – seaside dune swell; 3 – levelled regressive aeolian-marine surface - “palve”; 4 –

swampy depressions of the old lagoons; 5 – elevated old dune massifs; 6 –old deltas plaines with 
low near-bay regressive terrace; 7 – deflation basins in dunes; 8 – ledges of the scouring 

 

 
Fig. 12. Fragment of the geological cross-section of the Vistula Spit [18]: 1 – aeolian sands 

(eHsa – subatlantic); 2 – alluvial-deltaic sediments (fHa-sa – atlantic-subatlantic); 3 – sea sands 
(mHa-sa – atlantic-subatlantic); 4 – peat (pHa – atlantic); 5 – fluvial sands (fHpb – preboreal) 

 
III. CONCLUSIONS 

It was found that the Holocene sea level in the two microcontinents has reached the cur-
rent state not later than 1 thousand years ago, and not exceed it, subjected to only minor fluctua-
tions in the synoptic scale. Differences of heights terraces of microcontinents, can be considered 
a consequence of the uneven of uplift of tectonic blocks. A similar situation is often observed as 
the coasts within the tectonic structures in the continents. The question of sea level fluctuations 
and their causes  requires further research. 
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