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Abstract 
 

There are still various and rather contradictory theories of the genesis and genetic types of karst bauxites. We have tried to 
summarize the current knowledge on this subject in this paper, as well as to present the results of our investigations and explanations, 
which are mostly based on explorations of Triassic, Jurassic, Lower Cretaceous, Upper Cretaceous, Lower Paleogene, Upper 
Paleogene, and “Neogene” formations of karst bauxites in the Dinarides (in the areas of Montenegro, Croatia, Bosnia and 
Herzegovina, Serbia and Slovenia). Karst-type bauxite deposits are divided into red and white (sedimentary) karst bauxites, which 
significantly differ in genesis. The following types of red karst bauxite deposits are distinguished and described: primary (eluvial), 
colluvial, redeposited in seas and redeposited in lakes and rivers. Particular attention was paid to the description and genesis of 
sedimentary deposits of karst bauxites, which primarily originated in an onshore aquatic environment (but not from redeposited red 
bauxites). It can be expected that, in order to fully understand this complex problem, this genetic model of karst bauxites will be 
supplemented or corrected to benefit science and profession. 
 
Keywords: Red karst bauxites, White bauxites, Genetic types; primary, Colluvial, Redeposited and sedimentary deposits 
  
 
 
1. Introduction 
 
In the area of Montenegro, which belongs to the 
southeastern Dinarides, there are red karst bauxites of 
Triassic, Jurassic and Lower Paleogene age and white 
karst bauxites of Lower Cretaceous age. In the second 
half of the XX century, significant results were 
achieved regarding knowledge on geological 
characteristics of the above cited bauxite formations, as 
well as of other (Upper Cretaceous, Upper Paleogene, 
Oligocene and Neogene) bauxite formations developed 
in the Dinarides. Their economic significance was 
successfully defined long time ago, but explanations of 
genesis remain in accordance with different theories 
and conceptions. Most of the explorers in the Dinarides 
advocated the “terra-rossa” theory ([1], [2], [3], [4] and 
others). Some of them subsequently accepted the fact 
that the parent material for bauxite formation derived 
also from weathering crusts and that it was transported 
by water to the karst areas where its bauxitization took 
place once again. Only few geologists accepted the 
possibility that a part of the parent material could have 
been volcanic ash that was brought by wind. According 
to our opinion, such situation in geological science was 
largely influenced by the fact that the typical karst-type 
deposits of bauxite are very rare in the large areas of 
the Euro-Asian land and that the “Mediterranean type” 
of bauxite is rightfully recognized as the typical karst 
bauxite. This concept is supported by geology of the  
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Dinarides (on the SI side of the Adriatic Sea) where 
almost all bauxite formations (from Middle Triassic to 
Neogene age) are underlain and overlain by carbonates. 
Such geological situation enabled detailed research on 
stratigraphy and conditions of formation of karstified 
limestone (and to a lesser extent of dolomite) below the 
bauxites, and of transgressive carbonates above. These 
results showed that almost all bauxite formations are 
underlain by carbonates of different stratigraphic age, 
which is not only the consequence of erosion of the 
footwall during a continental phase, but also of 
dynamics of widening and changes of shape and size of 
the land on which bauxites were formed during certain 
geological periods. 
Another important fact is that the process of 
transgression lasted for a long period of time, no matter 
if it was related to planetary or intercontinental tectonic 
events. Thus, for example, in the territory of 
Montenegro, process of the Upper Jurassic 
transgression, i.e. flooding of continental masses, 
lasted for about three millions of years, during the 
Kimmeridgian-Tithonian period. This was a cyclic 
process. It was also determined that intensity of 
karstification of the underlying rocks had significant 
influence on the possibility of formation and size of 
bauxite deposits, while filtration degree and 
groundwater level below a deposit mostly influenced 
the quality of bauxite. Results of our studying and 
explanation of genesis of red and white karst 
(sedimentary) bauxites and their genetic types are 
presented below. 
 
2. Genesis of red karst bauxites 
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Main questions related to the genesis of lateritic 
bauxites that are made of igneous and Al-Si 
sedimentary and metamorphic rocks are basically 
solved and accepted by the majority of scientists. 
However, the genesis of karst bauxites is still a 
problematic issue due to the different explanations of 
three fundamental questions: 
• origin of the parent material, 
• transport of the parent material, 
• Way and conditions of formation of karst bauxite 

deposits. 
 
2.1. The Origin of the Parent Material 
 
According to the terra-rossa theory, bauxites 
originated from insoluble products of disintegration of 
carbonate rocks, i.e. from terra rossa. The lateritic 
theory relates origin of the parent material of karst 
bauxites to old lateritic profiles formed under 
continental conditions on igneous, metamorphic and 
sedimentary rocks of alumo-silicate composition. 
According to the hemogeneous theory, Al, Fe and Ti 
that are extracted from rocks are transported by rivers 
into lakes and seas where they are deposited in the 
form of bauxites. Supporters of the hydrothermal 
theory relate origin of aluminum to worm sulfate 
solutions of geyser type or to hydrotherms that follow 
volcanic activity. Finally, a relatively small number of 
scientists consider the parent material of kart bauxites 
to be a pyroclastic volcanic material (predominantly 
tuff) whose lateritization (bauxitization) took place on 
karst paleorelief. Author of this paper advocates the 
volcanogenic theory, because there are numerous 
evidences that karst bauxites, as well as lateritic 
bauxites, originate from Al-Si material, either if it is 
volcanic ash (tuff) or Al-Si dust from lateritic 
weathering crusts. [5 and 6] 
A famous scientist, Bushinsky [7], classified karst 
bauxites as sedimentary bauxites that originate by 
redeposition of weathered lateritic material by water- 
mechanical action. In other words, karst bauxites 
originated from lateritic bauxites, with a possibility 
that, in certain deposits, the redeposited material was 
subjected to subsequent lateritization, diagenetic and 
other changes. One of the greatest experts in karst 
bauxites, Bardossy [8], supported the conception that 
karst bauxites derive from Al-Si rocks, volcanic 
material, but also from carbonate rocks (e.g. for 
bauxites of Jamaica, certain deposits in the Dinarides, 
etc.). 
We are of the opinion that evidences on allumosilicate 
composition and origin of the parent material from 
which karst bauxites originated can be found in 
accessory (allothigenic) minerals that are regularly 
present in bauxites of karst lateritic deposits (for 
bauxites in the Dinarides: [9], [10], [11], [12]. We are 
of the opinion that the presence of the same or similar 
minerals in carbonate rocks in the footwall and hanging 

wall does not represent a proof of genetic relationship    
between bauxites and carbonate rocks, but it primarily 
points to a permanent contamination of oceanic areas 
by Al-Si material that was brought by wind and sea 
currents. 
Geochemical characteristics of bauxites also represent 
an evidence of origin of bauxites, i.e. of their genetic 
relation to the certain types of igneous or other 
allumosilicate rocks. Results on major geochemical 
differences between bauxites of different age were 
presented in numerous published papers by Z. 
Maksimović ([13], [14], [15], [16]). Thus, for example, 
he proved geochemical relation between Triassic 
bauxites in the Dinarides and Middle Triassic andesite-
spilite volcanism. According to this author, Jurassic 
and Paleogene bauxites in the Dinarides and Helenides 
are geochemically closely related to mostly basic 
igneous rocks, etc. 
Results of Tenyakov [17] provided one of the crucial 
evidences on genesis of the parent material for bauxite 
formation. The author determined an average content 
of germanium (Ge) of 4 g/t in 43 platform deposits and 
in 31 deposits in geosynclinal areas and concluded that 
“... bauxites of platform and geosynclinal areas 
originate, in the first place, as the products of the 
uniform process of disintegration of allumosilicate 
rocks and that ...“in both environments“... sources of 
bauxite material and ways of bauxite formation were 
absolutely analogous”. 
 
2.2. Transport of the Parent Material 
 
Transport of the parent material is the most debatable 
question related to the genesis of karst bauxites. 
Majority of authors is of the opinion that the parent 
material was transported by rivers or streams from 
carbonate rocks and/or from weathering crusts onto the 
karst surfaces, where it was accumulated in 
paleomorphological depressions. A number of authors 
are of the opinion that the transport was combined - by 
water and wind, while minority of scientists is of the 
opinion that the transport was carried out only by wind. 
It should be noticed that paleoflows have practically 
not been found anywhere on the carbonate paleorelief, 
i.e. there was no hydrographic network along which 
transport and accumulation of bauxitic or parent 
material took place. It is also known that bauxite 
originated on numerous carbonate islands and 
peninsulas that could not have been connected with the 
adjacent landmass by a hydrographic network, which is 
undoubtedly the proof that the parent material was not 
transported by rivers. 
There are, however, alluvial clays on a carbonate base, 
from which bauxites originated by lateritization. Such 
clays usually occur near the margins of uplifted 
continental blocks or in the vicinity of volcanic hills 
from which the clayey material was washed down, 
while they can rarely be found in river valleys as well.  
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Summarizing the data obtained by numerous authors, 
Bardossy [8] related explanations of transport to the 
theories of autochthonous, paraautochthonous and 
allochthonous origin of parent material. According to 
the first theory, there was practically no transport, 
because such material originated in situ – from 
dissolved carbonate or carbonate-clayey rocks (terra 
rossa theory), or it originated from volcanic tuffs that 
were brought (by wind) onto karst areas where their 
bauxitization took place (volcanogenic theory). 
According to the theory of paraautochthonous origin, 
products of weathering were transported to the karst 
depressions by surface water over the distances from 
several hundreds of meters to maximum 1 km. 
According to Bardossy, this theory can be applied only 
to the bauxites formed on small carbonate islands such 
as Caribbean region, central Italy, Dalmatia and partly 
the island of Jamaica. According to the allochthonous 
theory, length of the transport depends on the region. 
Therefore, for the Kazakhstan type (bauxites that are, 
by our opinion, redeposited lateritic bauxites), transport 
was from 0.5 to 5.0 km; from 2 to 20 km or even to 30 
or 40 km (according to certain authors) for the 
Mediterranean type. 
According to Bardossy [8], karst bauxites are bauxitic 
material from lateritic crusts redeposited by water. We 
are of the opinion that such explanation and the idea 
that bauxites can also originate from insoluble residue 
of carbonate rocks are not based on reliable evidences 
and, as such, they cannot contribute to understanding 
of genesis of karst bauxites. 
We are of the opinion that Al-Si parent material was 
blown to karst areas by wind. That material was 
accumulated mostly in karst depressions, by the action 
of surface waters from the local drainage basin of each 
depression, where its bauxitization took place. 
We must emphasize that numerous authors mix up the 
transport of parent material from which karst bauxites 
originated with the transport of bauxitic material from 
bauxite deposits or from lateritic sections. In a genetic 
sense, these are two separate processes. 
 
2.3. Way and Conditions of Formation of Bauxite 
Deposits  
 
Most of the eolian material (volcanic ash or Al-Si dust 
from lateritic crusts) that is brought onto karst areas is 
accumulated in karst depressions. During rainy periods, 
a part of this material is washed out from the 
immediate drainage basin to the distances from several 
hundreds of meters to 1.0 km. In that combined way, 
Al-Si material is accumulated in depressions, valleys, 
sinkholes and other negative karst forms. Relationship 
between karst and bauxites comes from the fact that 
accumulation of Al-Si material can occur and develop 
only in karst areas, where “closed” type of depressions 
is developed. On the other hand, terrains made of 
clastic and igneous allumosilicate rocks have well 

developed hydrographic network. Therefore, in 
contrast to the terrains made of carbonate rocks, eolian 
material is continuously washed off and transported 
into marine and lacustrine environments. For that 
reason, eolian accumulations in the terrains made of 
Al-Si rocks do not form bauxites, but different types of 
clay. 
Process of disintegration and transformation of 
allumosilicate material in karst terrains is going on in 
subtropical-tropical regions by the processes of 
hydration and hydrolysis, with the help of warm 
rainwater ([18], [7]). The essence of this complex 
physical-chemical process, which is known in the 
science as lateritization, bauxitization, alitization, etc., 
lies in the disintegration of allumosilicates and removal 
of sodium, potassium, calcium, magnesium and silicon 
by water. Accumulation and concentration of oxides of 
Al, Fe, Ti and Fe occur in the same time. Beside the 
concentration of these elements, karst bauxites 
represent hydrolysate sediments exceptionally enriched 
in certain microelements [19]. 
The process of bauxitization is significantly influenced 
not only by surface waters, but also by groundwater. 
Namely, morphologically diverse karst terrains, with a 
mean groundwater level below the bottoms of the 
depressions in which bauxitization of Al-Si material 
occurs, represent particularly favorable conditions for 
formation of high-quality deposits of red bauxite. 
Filtration of the whole column of the Al-Si formation 
and formation of a deposit of “vadose” type occur in 
that way, while under conditions of high groundwater 
level, less quality deposits of bauxites of “phreatic” 
type are formed ([20], [21]). 
Intensity of bauxitization is also influenced by other 
(concrete) conditions in each particular deposit, such 
as: paleorelief, spatial position of the depressions and 
their size, types of underlying carbonate rocks, their 
structural and textural characteristics, degree of 
karstification and fracturing of carbonates in the 
paleorelief, etc. For that reason, bauxite deposits of 
different dimensions and quality regularly occur within 
a same bauxite-bearing region. 
Therefore, red karst bauxites originate in subtropical-
tropical regions by the processes of bauxitization 
(lateritization) of allumosilicate material that was 
accumulated in karst areas by the action of wind. 
 
 
3. Genetic Types of Karst Deposits of Red 
Bauxites 
 
Different explanations of the genesis of karst bauxites 
resulted in different approaches in distinguishing 
genetic types. This problem is still relevant and it 
significantly influences the methodology of research, 
assessment of potentiality of bauxite-bearing terrains, 
as well as numerous other practical aspects. 
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Distinguishing of genetic types of karst deposits is still 
confusing and contradictory, which can be seen from 
the approaches to understanding and solving this 
problem by the scientists and experts in karst bauxites. 
Gy Bardossy [8] described six types of karst bauxites 
in detail in his monograph “Karst bauxites”: 
Mediterranean, Timanian, Kazakhstanian, Ariegian, 
Salentinian and Tulian type deposits. According to this 
author, Mediterranean-type bauxites are genuine karst 
bauxites, while other five basically represent 
transitional types toward lateritic-type deposits. The 
author also concluded that these genetic types does not 
clearly differ from each other, that they are mutually 
interrelated through the transitions and that the 
Ariegian type represents the transition between lateritic 
and karst bauxites. By his classification into 
“transitional” and “mutually related” genetic types of 
karst and lateritic bauxites, Bardossy did not precisely 
define particular genetic types. Therefore, the 
following question can be posed: what are 
(theoretically) transitional genetic types of bauxite 
deposits? Bardossy classified Mediterranean bauxites, 
according to the form and place of occurrence, as 
follows: stratified, blanket-type, stripped, lenslike, 
fault-graben type etc. This classification is not based on 
genetic criteria. 
Bushinskij [7] , [22] divided deposits of karst bauxites 
into two genetic types: near-karst or near-contact and 
far-karst or areal. Deposits of the first type are 
widespread on platforms, rarely also in geosynclinal 
areas of Greece and Turkey, while the other type is 
developed in southern Europe, on Ural, Jamaica, Haiti, 
etc. Classification of karst deposits, according to this 
author, is based on their position in relation to the 
position of the original lateritic bauxites from where 
the bauxitic material was redeposited by the action of 
water. We are of the opinion that also this classification 
of karst deposits bauxites is not based on genetic 
criteria. 
According to our above given explanation of genesis of 
karst bauxites, it would be of crucial importance to 
understand that karst bauxites originated in situ, i.e. on 
a paleokarstified base, from Al-Si deposits. Karst red 
bauxites, as well as lateritic bauxites, originated in the 
process of lateritization i.e. bauxitization, but 
conditions of bauxitization were significantly different. 
In-situ formed karst bauxites could have been partly or 
completely disintegrated during a long continental 
phase and transported during rainy periods, when 
deluvial-proluvial (colluvial) deposits originated. 
Redeposition of primary or colluvial deposits of red 
bauxites can take place either in rivers and lakes or in a 
marine environment. ([5], [6], [23] and [24]). 
According to such genetic model of formation of karst 
red bauxites, we distinguished the following genetic 
types of deposits: primary, colluvial (deluvial-
proluvial), redeposited in marine environment and 
redeposited in rivers and lakes. We are of the opinion 

that these are genetic types not only of karst but also of 
lateritic bauxites (see Fig. 4). Description of these 
types is mostly based on geological characteristics of 
bauxite deposits in Montenegro. 
 
3.1. Primary karst deposits 
 
Primary deposits of red karst bauxites are deposits in 
which the process of bauxitization occurred in situ, i.e. 
in the locality in which they are situated today. These 
are, therefore, eluvial deposits that are genetically 
correlated with relic or eluvial lateritic deposits of 
bauxite. Deposits of red karst bauxites in the 
Mediterranean mostly belong to this genetic type. 
Geologic column of primary deposits is, by rule, made 
of three structural types, i.e. members (Fig. 1a). The 
uppermost part of the column is made of pizolitic or 
pizolitic-oolitic bauxites, with pizolites that are up to 5 
mm in diameter; rarely up to 1.0 cm. Color of bauxites 
is usually dark red or red, sometimes yellowish-red to 
violet, which is the result of post-diagenetic supergenic 
processes. Decoloring in the form of stripes, spots, etc. 
is often visible. Thickness of this member can vary 
within a deposit, but it is usually from 1.0 to 2.0 m. It 
was also noticed that its thickness significantly 
increases in the peripheral parts of the deposits, at the 
contact with the paleorelief, which is probably the 
consequence of increased filtration of surface waters in 
these parts of the deposits. It was also noticed that 
certain occurrences of bauxite, which are up to 2 m 
thick, are completely represented by pizolitic red 
bauxites. 
The second or the middle member is made of oolitic 
bauxites, with or without rare pizolites. The oolites are 
usually up to 1.0 or 2.0 mm in diameter. In the column 
of a bauxite body, this member makes the middle and 
upper parts of the deposit - below pizolitic bauxite. 
Thickness of the second member varies from 2 to 10 m. 
Transition toward the pizolitic member is gradual. 
Color of bauxites in this member is usually red to light 
red and brick. 
The lowest or the third member of bauxitic bodies in 
the primary deposits of bauxites, which is from 2 to 15 
m thick, is made of red pelitomorphic bauxites. These 
bauxites usually have earthy fracture near the contact 
with the footwall. Color of bauxites in this member is 
yellowish-red, brick, light red and it is usually lighter 
than color of the first two members. Certain authors 
distinguish “bauxitic clays” and “footwall breccia” as 
individual members at the contact with the footwall. 
We are of the opinion that these breccias originated 
from deluvial material, formed at the margins and 
bottoms of the depressions, which was subsequently 
cemented with bauxites. Their presence is an indicator 
of in-situ bauxitization. 
The uppermost structural member or even other 
structural members, which were probably eroded 
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during the first phases of transgression, are often absent 
in primary deposits. 
Varicolored clays, from 0.1 to 1.0 m in thickness, 
which directly overlie compact bauxites, are certain 
characteristics of primary deposits of karst red 
bauxites. These clays originated from the destroyed 
bauxitic material during the first phase of 
transgression. Therefore, it is clear that a formation of 
red karst bauxites (of the same age) has erosional-
discordant relationship with the overlying and 
underlying rocks. In other words, the largest part of the 
deposits of red karst bauxites was completely litified in 
the moment of transgression. 
According to mineral composition, primary deposits 
can be: boehmitic, boehmitic-kaolinitic, kaolinitic-
boehmitic and kaolinitic. In the area of Montenegro, 
deposits of the highest quality have contents of Al2O3 
from 55 to 61% and SiO2 from 1.0 to 5.0%, while low-
quality deposits have 40 to 50% Al2O3 and 15 to 30% 
SiO2. 
Geochemical investigations of primary deposits of 
karst bauxites, which were carried out by Maksimović 
([14, [25]), Cicmil [11] and other authors, showed 
progressive enrichment in Ni, Co, Cu, Y, La-Lu, Be, 
Mo, Zn and Pb from the footwall to the hanging wall. 
 
3.2. Colluvial karst deposits 
 
Under continental (subaerial) conditions, primary 
deposits of red karst bauxites can be partly or 
completely destroyed and redeposited due to 
progressive erosion and paleokarstification,  
earthquakes and tectonic movements, as well as due to 
the action of strong periodical storms etc., when only 
the destroyed parts of the deposits are moved down the 
slopes. This process is repeated with different intensity 
during a long geological period, which results in 
formation of colluvial, i.e. deluvial-proluvial deposits 
of karst bauxites. For lateritic deposits, this type was 
described in detail by Gordon and Tracey, [26] 
(according to Janković, [27]). 
Redeposition of certain parts of a primary deposit was 
most often in its immediate vicinity, or over a distance 
of several hundreds of meters, to a new morphological 
barrier. The material was transported mostly by surface 
waters and, to a lesser extent, gravitationally. 
Geological composition of colluvial deposits, in 
contrast to primary deposits, is characterized by 
irregular distribution of lithological-structural members 
in vertical and horizontal directions (see Fig. 1b). Thus, 
for example, pizolitic bauxites in these deposits can 
occur as the lowermost member or in the middle part of 
the bauxitic bodies – in lateral or vertical alternation 
with pelitomorphic bauxites or bauxitic clays of 
different color. Decoloring of individual members or 
their parts is often noticed in bauxites of this genetic 
type. Besides, coarse stripped structure is noticed 
locally in bauxites. 

Colluvial deposits of karst bauxites have mineral 
composition quite similar to that of the primary karst 
bauxites. Colluvial deposits, however, have lesser 
content of boehmitic bauxites and higher content of 
kaolinitic bauxites. Besides, colluvial deposits have 
higher contents of gypsite, goethite and calcite, but 
lower content of hematite, in comparison with primary 
bauxites. Such heterogeneous petrographic-
mineralogical composition of bauxites resulted in 
heterogeneous quality of bauxite (its members) in the 
deposits of this genetic type. It can be said that, on the 
average, quality of colluvial deposits is somewhat 
poorer in comparison with the quality of primary 
deposits. However, it depends also on the region and 
on each particular deposit. 
According to these characteristics, colluvial deposits 
significantly differ from primary deposits also in 
irregular vertical distribution of so-called mobile 
microelements. 
This genetic type of karst bauxites has not been 
sufficiently studied, particularly regarding the 
possibility of formation of deposits from destroyed and 
redeposited Al-Si deposits whose bauxitization is still 
going on. In other words, degree of bauxitization after 
redeposition, i.e. after the formation of colluvial 
deposits, is a particularly interesting problem. 
 
3.3. Redeposited karst deposits in the marine 
environment 
 
In the area of western Montenegro (SE Dinarides), 
there are numerous redeposited Jurassic deposits of red 
bauxite. The redeposition occurred during the initial 
phases of the Upper Jurassic (Kimmeridgian-
Tithonian) transgression that occurred as a 
consequence of continental geotectonic events in that 
period. The redeposition most frequently occurred 
within the primary deposits or in their immediate 
vicinity, because residual bauxites from primary 
deposits usually occur in the lower parts of redeposited 
bauxite bodies. These deposits in Montenegro were 
described for the first time by Burić [4] as sedimentary 
deposits that originated by redeposition in the vicinity 
of red primary bauxites. 
Geological composition of these deposits is very 
complex (Fig. 1c). The lower parts of the deposits are 
usually made of pelitomorphic red bauxites with very 
low content of CaO, which classifies them into primary 
bauxites. Going upwards, the column is made of the 
following rocks in alternation: bauxitic conglomerates, 
mixed conglomerates (pebbles of underlying limestone 
and bauxites), layered micrite, clastic and 
pelitomorphic bauxites with increased content of CaO, 
clayey bauxites, clayey conglomerates (with pebbles 
made of overlying limestone) and different kinds of 
clay overlain by clayey and clastic limestone with 
charophytes, ostracodes and dasycladacean algae. 
Thickness of such deposits is up to 10 m, while their 
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length is up to 1 km. These are mostly stratified 
deposits with uneven lower surfaces, in which the 
major concentration of bauxite was in sinkholes, i.e. in 
paleo depressions. 
In the central part of Montenegro (region of Nišićka 
Župa), there are very large deposits of Jurassic karst 
red bauxites. Some of these deposits were partly 
redeposited. One of such deposits is the deposit 
Liverovići (with reserves of about 8 millions of tons), 

whose upper part was redeposited in the first phase of 
transgression. Primary bauxites are overlain by a layer 
of conglomerate (pebbles of bauxites and underlying 
limestone) that is followed by a layer of clay, a layer of 
yellow-red bauxites with calcite and finally by 18 m 
thick sequence of layers in which clayey-conglomeratic 
layers and biomicrite with stylolites are in rhythmic 
alternation [5]. 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Geological columns of some primary (a), colluvial (b), redeposited in marine (c) and redeposited in lakes and rivers (d) 
deposites of Red Karstic Bauxites in Montenegro. 
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1. Hanging wall limestones of U. Jurassic (U. 
Kimmeridgian), 2. Hanging wall clays, 3. Clastics with 
coal: Raibel formation (Carnian), 4. Carnian-Norian 
dolomites (hanging wall), 5. Dark-red and red pisolitic 
bauxites, 6. Red pisolite-oolitic bauxites, 7. Red and 
yellow-red pelitomorphic bauxites, partly bleached, 8. 
Yellow-reddish (bleached) bauxites with rare pisolites, 
9. Pelitomorphic dark-red and red redeposited bauxites 
with calcite crystals, partly bleached, 10. Bandded 
yellow-red pisolite-oolitic bauxites with grains of 
calcite. 11. Deluvium, 12. Soft, many-coloured, 
bandded and laminated bauxites, 13. L. Cretaceus 
latediagenic dolomites (footwall). 14. Thick-banded 
bright-gray limestones of U. Triassic (footwall), 15. 
Reff gray limestone of Ladinian (footwall), 16. 
Erosional-discordantly boundaries, 17, M: Si-modul, 
Al2O3/SiO2, 18. m: metar (length). 
Redeposited Jurassic deposits of red karst bauxites in 
the Dinarides are characterized by the following: 
• Rhythmic sedimentation at the beginning of the 

Upper Jurassic transgression; number of sequences 
with redeposited bauxites varies from 3 to 10; 

• Chemical composition of redeposited bauxites differs 
from that of primary bauxites in: increased content 
of CaO (1-20%), lower content of SiO2 (usually 
less than 10%) and lower content of Al2O3 (below 
50%); 

• Mineral composition of redeposited bauxites differs 
from that of primary bauxites in: increased content 
of gypsite (up to 20%), calcite (do 30%) and 
goethite in regard to hematite, while contents of 
boehmite and kaolinite are significantly lower. 

    These deposits were obviously formed near shore, 
and according to their position in regard to primary 
deposits, they can be called proximal deposits. 
Redeposition of karst bauxites in an aquatic 
environment probably also occurred during the 
continental phase, but in was of smaller scope. Namely, 
we can suppose that parts of the destroyed bauxite 
deposits were transported in a marine environment 
during rainy periods, but we have no knowledge on 
such deposits. 
 
3.4. Redposited deposits in lakes and rivers 
 
Bauxite deposits, which originated by redeposition of 
red karst bauxites in a lacustrine environment, have not 
been particularly studied. However, in the area of the 
Dinarides (Former Yugoslavia), deposits of Neogene 
bauxites were described by numerous authors as 
bauxites redeposited (from older formations) in an 
onshore aquatic environment. Such (Neogene) deposits 
are widely distributed in Bosnia and Herzegovina, in 
the areas of Bosanska Krajina, East Bosnia and 
Herzegovina. 
In Bosanska Krajina (the area of Barać), Neogene 
bauxites deposits occur on paleokarstified basement 
made of limestone and dolomites of Lower and Upper 

Cretaceous age. Bauxites are overlain by clastic 
freshwater sediments of Neogene (Miocene) age: 
conglomerates, sandstone, clayey sandstone, marlstone, 
claystone and clay, with rare coal interlayers [28]. 
Thickness of bauxites that were deposited in sinkholes 
varies from 1 to 45 m. Bauxites are stratified, 
represented by coarse-pizolitic (conglomeratic in 
places) bauxites of red, gray-green, brick and dark gray 
color, with the content of Al2O3 from 43 to 48%, and 
the content of SiO2 from 6 to 14%. These bauxites have 
the following mineral composition: gypsite (over 45%), 
hematite, goethite and boehmite (do 10%), while 
kaolinite does not exceed 10%. 
According to our opinion, Neogene bauxites of Barać 
originated from the redeposited Upper Cretaceous 
bauxites of Mt. Grmeč and Jajce. Mineral composition 
of these bauxites clearly show that primary bauxites 
were transformed in a freshwater environment, but it 
remains unclear whether the redeposition occurred 
during the continental phase or during the Neogene 
lacustrine phase. 
In East Bosnia, certain Upper Cretaceous deposits of 
red karst bauxites occur below Neogene freshwater 
sediments. The upper parts of some deposits contain 
redeposited conglomeratic bauxite. Besides, there are 
small deposits that are made only of conglomeratic-
pizolitic bauxite. We are of the opinion that period of 
redeposition remains unclear for these deposits as well: 
before or during the lacustrine Neogene phase. 
In West Herzegovina, in the area of Galić, there are 
several deposits and occurrences of bauxite on Upper 
Cretaceous and Lower Paleogene paleokarst, below 
Neogene freshwater sediments. Sakač et al. [29] were 
of the opinion that these are redeposited Paleogene 
bauxites. These deposits are made of reddish, gray and 
gray-green clayey bauxites with “redeposited pebbles 
of Paleogene bauxites”. The pebbles are usually up to 2 
cm in diameter, rarely up to 5 cm. They have black, 
dark brown and yellowish color and pelitomorphic and 
oolitic texture. Content Al2O3 in clayey bauxites is 
about 45% and SiO2 around 13%, while in the pebbles, 
contents of Al2O3 and SiO2 are around 50% and 3%, 
respectively. Clayey bauxites are of kaolinitic-gypsitic-
boehmitic composition, while the composition of the 
pebbles is boehmitic- gypsitic. 
In the area of Lištica (Herzegovina), Neogene bauxites 
occur in Roško Polje near Posušje and in Trn near 
Lištica. According to Burić and Živaljević [28], 
deposits of these bauxites are situated in the peripheral 
parts of Neogene freshwater basins. These bauxites are 
for the most part made of bauxite clays, with low 
content of Al2O3 (from 30 to 45%) and high content of 
SiO2 (from 15 to 30%). According to Sakač et al. [30], 
Neogene deposits in the area of Trn are made of clayey 
“bauxites with grainy texture”. These rocks are 
varicolored (red to light brown) due to uneven 
deferization, with content of SiO2 from 4 to 20%. Main 
minerals in these bauxites are gypsite, boehmite and 
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kaolinite. According to these authors, origin of these 
bauxites is related to redeposited Paleogene bauxites. 
In Montenegro, there is only one Neogene bauxite 
deposit (Bunić) that originated from primary Jurassic 
deposits of red bauxites (Kutsko Brdo and Zagrad). 
Bauxite was redeposited by periodical surface waters 
during Miocene and Pliocene, which is clearly 
indicated by relics of redeposited material in the area 
between primary deposits and Neogene deposits. The 
redeposited material was accumulated in shallow 
sinkholes that are up to 5 m deep and in a gorge that is 
100 m long, 4-6 m deep and 5-10 m wide (Fig. 1d). 
These paleokarst forms were formed on thick-layered 
latediagenetic Lower Cretaceous dolomite. Some 
smaller accumulations of redeposited bauxites are 
covered by glacio-fluvial Pleistocene gravel. Neogene 
bauxites are soft, poorly cemented sediments, which 
are easily broken and crumbled even with bare hands; 
they have stripped structure, parallel, oblique and 
crisscrossed stratification. Color of the stripes is gray, 
gray-yellow, reddish, yellow-brown, yellow-reddish 
and red.  
Stripes of different color are in irregular alternation. 
Bauxites have arenitic texture, with grains (clasts) up to 
5 mm in size [6]. Neogene bauxite deposits of Bunić 
are made of gypsite, goethite and calcite [4], with 
content of Al2O3 from 45 to 50%, SiO2 from 2 to 5% 
and CaO from 1 to 10%. Overall reserves in this 
deposit are very small (less than 50.000 t). 
Neogene bauxite deposits of Bunić completely differ 
from primary red (boehmitic) bauxite, from which they 
originated, in physical, chemical and geochemical 
characteristics. This means that their physical-chemical 
transformation occurred through the action of surface 
waters in the process of destruction, transport and 
accumulation of bauxitic material during the Neogene 
[31]. 
 
4. Genesis of sedimentary (white) karst 
bauxites 
 
There are almost no literature data on sedimentary karst 
bauxites (in a narrow sense), because majority of 
authors treat all redeposited bauxites, lateritic and 
karstic, as bauxites that originated under sedimentary 
conditions.  
It seems that genetic and post-genetic notions, i.e. of 
criteria for distinguishing genetic types of bauxites are 
mixed up. We are of the opinion, however, that not all 
redeposited bauxites that originated from eluvial (in 
situ) karst and lateritic bauxites belong to the 
sedimentary genetic type, but to redeposited deposits of 
red bauxite, because they originated form primary, 
previously formed bauxites. Bauxites of redeposited 
deposits, therefore, were previously formed and, as 
such, they almost completely differ from bauxites that 
originated in the aquatic environment. The redeposited 

(red) bauxites suffered significant physical-chemical 
changes during the transport and diagenesis, thus 
besides eluvial or primary karst deposits, the following 
genetic types are distinguished, depending on the way 
of transport and depositional environment: colluvial 
(deluvial-proluvial) deposits, deposits redeposited in 
the marine environment and deposits redeposited in 
rivers and lakes. 
Genesis of sedimentary bauxites is an issue that 
deserves a detailed exploration. We think that a 
theoretical question can be posed: can bauxites 
originate in an aquatic environment and can the 
product be called bauxite? We can not elaborate this 
question in this paper, but we will try to give even a 
partial answer through the example of so-called “white 
bauxites” in Montenegro. 
There are three formations of red karst bauxites in 
Montenegro (Southeast Dinarides): Triassic, Jurassic 
and Paleogene, and one formation of Cretaceous white 
karst bauxite. In the area that covers about 1000 km2 in 
western Montenegro, there are more than 100 small 
deposits and occurrences of Cretaceous white bauxites 
(Fig. 2).  
Deposits of white bauxites are stratified, stratified-
lenslike and rarely lenslike. Their length is usually less 
than 1 km, but it reaches 4 km in places. Maximum 
width of these deposits is 10 m, but it is 3-4 m on the 
average. The upper surface is flat and the lower one is 
uneven – depending on degree of karstification. These 
rocks are underlain by karstified carbonate rocks of 
Liassic, Dogger-Oxfordian, Tithonian, Neocomian and 
Barremian-Aptian age and overlain by Upper 
Cenomanian – Turonian limestone. 
White bauxite deposits differ in strike and dip, and 
their composition is different in different regions. 
Yellow-white, white, reddish, gray and even red 
varieties of boehmitic, boehmitic-kaolinitic bauxites 
and bauxitic clay alternate laterally and vertically (Fig. 
3).  
In the region of Bijele Poljane, white bauxites and 
redeposited red (Jurassic) bauxite occur in the same 
deposit, which further complicates explanation of 
already complex relationships within this bauxite 
formation (deposits Dobri Pod and Paklarica on Fig. 3). 
Almost all experts in white bauxites in Montenegro 
agree that these rocks originated in swamps and lakes 
([32], [4], [33], [34], [27]). White bauxites were mostly 
studied by Dragović [35], [36]. This author is of the 
opinion that white bauxites originated from destroyed 
and multiply redeposited red Jurassic bauxites in a 
lacustrine environment. 
Our conception of genesis of white bauxites is 
somewhat different, particularly regarding the origin of 
parent material ([5], [37]). White bauxites definitely 
originated in an aquatic environment on karstified 
limestone of different age, but way of their.  
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Fig. 2. Metallogenic Map of bauxitoferous region in Western Montenegro [5] 
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1. Continental deposits of Quaternary,  
2. Terrigenous-carbonate flysch formation of 
Paleogene,  
3. Shallow-water carbonate formation of Upper 
Cretaceous,  
4. Shallow-water carbonate U. Jurassic-L. Cretaceous 
formation,  
5. Shallow-water carbonate formation of U. Triassic 
and Jurassic,  
6. Formation of white bauxite: ore deposit (a) and 
occurence (b),  
7. Red bauxite formation: ore deposit (a) and occurence 
(b),  
8. Redeposited ore deposit of white (a) and red (b) 
bauxite. 
Occurrence and type of parent material remain 
problematic. Accordingly, the first question is: how 
were swamps and lakes formed in a karst area? 
Although there are different possibilities of formation 
of aquatic environments in karst, we are of the opinion 
that their formation is related to eolian transport of 
allumosilicate material, which was washed off during 
rainy periods. This material was accumulated in 
depressions and it was subsequently transformed into 
clayey material that, as water-impermeable substratum, 
enabled formation of swamps and lakes. These water 
accumulations spreaded over the Lower Cretaceous 
island area, in the period Barremian-Aptian, when 
clayey limestone was formed in a wide area of the 
Dinarides.  
 
We are of the opinion that this is an evidence of 
regional eolian transport of Al-Si material from which 
white bauxites originated. Formation of onshore water 
accumulations was probably influenced also by high 
groundwater level, which is evidenced by relatively 
shallow karst (depth to 10 m) in the largest part of the 
region, except in the area of Bijele Poljane. 
Besides, our opinion is that the parent material for 
formation of white bauxites, same as for red karst 
bauxites, derived from volcanic ash and/or 
allumosilicate dust that was blown by wind onto karst 
areas. A part of that material was accumulated in 
depressions, i.e. in the aquatic environments, while the 
rest of the material was deposited on the surrounding 
island areas where its bauxitization occurred and where 
varieties of red bauxites were formed. 

In the aquatic environment, the Al-Si material was 
transformed into clayey sediments under the complex 
geochemical conditions of oxidizing-reducing 
environment, due to the action of organic acids. 
Process of formation of kaolinitic and rarely also of 
illitic clay is accompanied by occasional washing down 
of red bauxitic or bauxite material from the 
surrounding land, when it is mixed with clay in the 
aquatic environment, which results in formation of 
varicolored varieties of bauxitic clay and clay. In such 
oxidizing-reducing environment, hydrated 
allumosilicates, as well as hydrated oxides like 
boehmite, gypsite, goethite and other mineral facies are 
formed in the different parts of the basin. 
Majority of authors think that facies of boehmitic light-
yellowish pelitic bauxites (after which this formation 
was named - “white bauxites”) with content of Al2O3 
from 55 to 65% originated in circulating oxidizing 
water environments. However, it remains unclear 
whether on-land water accumulations were mutually 
connected, how the circulation was possible, etc. 
Color of gray and gray-blue clay of kaolinitic 
composition derives from fine-grained syngenetic 
marcasite and pyrite. These rocks have uniform 
contents of Al2O3 and SiO2 (from 35 to 40%). 
Fragments of paleoflora most often occur in white 
bauxite and bauxite clay in the lower and middle parts 
of the deposits. 
Besides the above mentioned, we can assume with 
great certainty that, during the long-lasting existence of 
this island area (Barremian - U. Cenomanian), 
significant changes of spatial positions of onshore 
water accumulations occurred, as well as their 
periodical drying-out, etc. Therefore, it is even more 
difficult to give a precise explanation of the origin of 
each particular deposit of white bauxites. 
 
In the area of Bijele Poljane, however, white bauxites 
and varicolored clay in the lower and middle parts of 
the deposits are mixed with red redeposited Jurassic 
bauxites. In contrast to the rest of the area with white 
bauxites, continental phase in Bijele Poljane lasted 
from the Upper Kimmeridgian to the Upper 
Cenomanian, thus the formation of white bauxites was 
formed on the paleorelief of Jurassic bauxites (Liassic, 
Dogger). Therefore, redeposited red (Jurassic) bauxites 
regularly occur in the deposits of white bauxite in this 
area (Fig. 3). 
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Fig. 3. Geological columns of the white bauxites deposits in Western Montenegro 
 
1. Hanging wall limestone (U. Cenomanian), 2. 
Yellow-greenish and gray hanging wall clay, 3. Gray-
greenish clays with pebbles of hanging wall 
limestones, 4. Gray clays with pyrite, 5. Predominantly 
red bauxite conglomerates, 6. Yellow-reddish pisolitic 
bauxite, clayey, 7. Red bauxite, clayey, 8. Yellow 
bauxite, 9. Yellow-white bauxite, clayey, 10. White 
bauxite without and with pisolites, 11. White clayey 
bauxite, 12. Yellowish clayey bauxites with pisolites, 
13. Yellow-white bauxitic clays, 14. Gray clays with 
pyrite, 15. Footwall clay, 16. Footwall limestone 
(Barremian-Aptian), 17. Footwall limestone of 
Titonian, 18. Liassic footwall limestones. 
We classified the discussed deposits of white bauxites 
in Montenegro as sedimentary deposits because eolian 
Al-Si material was transformed by physical-chemical 
processes in an aquatic environment (onshore). These 
deposits, therefore, do not belong to the chemogenic 
type of deposits because Al, Fe, Ti, Si and other 

elements do not derive from water solutions but from 
complex Al-Si minerals that are dissoluted by 
geochemical processes into the complex compounds of 
hydrated allumosilicates, hydroxides, oxides, sulfides, 
etc. Such material is occasionally mixed with the 
suspension made of disintegrated red bauxites from the 
surrounding landmass when varicolored facies of 
bauxite-clayey composition are formed. Alterations of 
these sediments probably partly occur also during the 
process of diagenesis. 
Numerous karst deposits that originated from 
redeposited bauxites are described in literature. 
According to their origin, these deposits are 
undoubtedly sedimentary deposits. However, bauxites 
in these deposits did not originate in situ, but they were 
redeposited – i.e. previously formed bauxites. 
Therefore we are of the opinion that these are 
genetically different types of bauxites. 
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4.1. Genetic types of sedimentary deposits 
 

There are practically no written data on genetic types 
of sedimentary bauxites, i.e. bauxites that primarily 
originated in an onshore aquatic environment (lakes 
and swamps). Based on the presented knowledge on 
white bauxites in Montenegro, we come to the 
conclusion that white bauxites originated in situ. 
Another fact is that geologic column (along strike and 
dip) of each deposit more or less differs from another, 
which is the result of numerous local factors. Previous 
results, however, point out certain differences in 
mineralogical-chemical composition of such deposits, 
which point to different physical-chemical conditions 
of aquatic environment and to the different influence of 
inflow of bauxitic material from the immediate 
surroundings. 
Geologic columns of eight deposits of white bauxite 
are shown on Fig. 3. Irregular alternation of certain 
“varieties” or members is visible on these columns. 
Different contents of certain types of bauxitic clay, clay 
and other members result from local sedimentary-
geochemical conditions in the same water basin and, as 
such, these deposits belong to the same genetic type of 
primary sedimentary deposits. Based on the detailed 
investigations, it would be possible to divide these 
deposits, according to the position and conditions of 
formation into genetic sub-types of deposits that 
originated in the lacustrine environment, in the deeper 
parts of lakes, in “circulating” parts of lakes, in 
swamps, etc. 
According to our opinion and knowledge, bauxites can 
not originate as primary deposits in a marine 
environment. Onshore (karst and lateritic) deposits of 

red bauxites can only be redeposited in a near-shore 
marine environment. 
Therefore, sedimentary deposits of bauxite can only be 
primary deposits of lacustrine-swampy genetic type. 
We have no knowledge of the existence of redeposited 
sedimentary deposits of “white” bauxites anywhere in 
the world. 
 
5. Conclusions 
 
According to conditions and way of origin, bauxite 
deposits are divided into three genetic groups: 
weathering deposits, sedimentary deposits and 
metamorphosed deposits. 
Weathering deposits are divided into two genetic 
subgroups: lateritic and karst while sedimentary 
deposits are represented only by white bauxites and 
bauxitic clays. 
Both lateritic and karst-type deposits of red bauxites 
are divided into analogous genetic types: relic (for 
lateritic) and primary (for karst-type), colluvial, 
redeposited in the sea and redeposited in lakes and 
rivers. Deposits of white bauxites and bauxitic clays 
are divided into: lacustrine-swampy (marshy), while 
marine deposits are hypothetical (Fig. 4).  
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Fig. 4. Scheme of  genetic classification of bauxite deposits 
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