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ABSTRACT 

The article discusses the regularities of the conditions for the formation, migration and distribution of 

natural bitumen and heavy oils in the Fergana depression, gives geological, hydrogeological and tectonic 

features associated with the formation and accumulation of their deposits. Comprehensive geological and 

geochemical studies made it possible to identify and substantiate the main factors in the formation of 

various types of natural bitumen in the Fergana depression, as well as to determine the regularities in the 

conditions for the formation, occurrence and accumulation of deposits of natural bitumen in the study 

area.  

The general restructuring of the structural plan of the Ferghana depression in the Neogene-Quaternary 

period led to the movement of some pre-existing oil deposits from more submerged zones to near-surface 

ones. The reduction in rock thickness is due to a number of hiatuses within the Paleogene deposits and a 

regional pre-Bactrian hiatus of the Neogene, which also contributed to the inflow of hydrocarbons from 

the submerged parts of the basin to the side ones. At the same time, light “normal” oils were transformed 

into heavy and highly viscous, and then into malts, asphalts and asphaltites during the movement of oil 

along the reservoir under the influence of formation waters rich in oxygen and microorganisms. This was 

facilitated by small (near-surface) occurrence depths, low water salinity, and the absence of reliable 

screens in most cases. 
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INTRODUCTION 

Due to the depletion of currently actively developed oil fields, oil and gas companies around the world are 

paying more and more attention to the development of deposits of high-viscosity oils (HVN) and natural 

bitumen (NB). If in recent years preference has been given to the exploration and development of 

conventional (light) oil deposits with a high concentration of estimated reserves, then in the near future 

we should expect an increase in investments in existing and new projects for the development of deposits 

with hard-to-recover reserves, primarily VVN and PB. 

The improvement of HVN and PB technologies is becoming increasingly important, since their reserves 

in the world already exceed the reserves of conventional (light) oil. As the production of light oil 

continues to grow, the share of heavy oil in the structure of hydrocarbon (HC) reserves will only increase. 

 

DISCUSSION 

It is known that an intermediate position between light "normal" oils (density about 0.870 g/cm
3 

) and 

natural bitumens of the class of malts, asphalts and ozocerites is occupied by heavy and high-viscosity 

oils (HVNs), which are widely represented on the territory of the Fergana depression. The density of such 

oils reaches 0.987 g/cm
3 

, the viscosity is from 50 to 5000 cps (Shorbulak field). The latter are 

characterized by a high content of sulfur (up to 6-8 %), excise resins (20-60%), silica gel (9-21%), the 

amount of asphaltenes in these oils varies from 1.25 to 9.8 %. 

Accumulations and deposits of ozocerites, heavy and VVN are genetically related to the transformation 
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(due to secondary processes) in the first case of paraffin oils, in the second - of oils with an asphalt base. 

The observed similarity of the conditions of occurrence of accumulations of bitumen and oil deposits, the 

confinement of the zones of bitumen accumulations to oil and gas regions testify to the genetic unity of 

the sources of oil and BOP. This is confirmed by the confinement of accumulations of PB, heavy and 

light (normal) oils to the side parts of the Fergana oil and gas region, where oil fields were formed as a 

result of lateral and lateral stepwise migration of oil from the inner, most submerged zones with their 

subsequent redistribution along the section and change under the influence of secondary processes in the 

already formed rock. 

In the modern structural plan of the Mesozoic-Cenozoic rock complex of the Fergana depression, 5 

structural-tectonic elements limited by disturbances have been identified: the Southern step, the Southern 

transitional belt, the Central Fergana megasyncline , the Maylisu - Karagundai uplift and the Northern 

thrust belt (Fig.1). 

The general restructuring of the structural plan of the Ferghana depression in the Neogene-Quaternary 

period led to the movement of some pre-existing oil deposits from more submerged zones to near-surface 

ones. The reduction in rock thickness is due to a number of hiatuses within the Paleogene deposits and a 

regional pre-Bactrian hiatus of the Neogene, which also contributed to the inflow of hydrocarbons from 

the submerged parts of the basin to the side ones. At the same time, light “normal” oils were transformed 

into heavy and highly viscous, and then into malts, asphalts and asphaltites during the movement of oil 

along the reservoir under the influence of formation waters rich in oxygen and microorganisms. This was 

facilitated by small (near-surface) occurrence depths, low water salinity, and the absence of reliable 

screens in most cases (Kalitsky, 1930). 

When collectors come to the surface with a simultaneous increase in density, viscosity, resin and 

asphaltene content, asphalt plugs are formed in the head parts of bitumen and oil-bearing formations, 

preventing further destruction of deposits. The accumulations of bitumen formed under these conditions, 

as a rule, contain a significant amount of sulfur. The group of high-sulphurous ones includes vein deposits 

of natural bitumen, formed during the outpouring of oils through tensile cracks of a discharge character, 

and deposits of heavy and HVN, formed under the influence of waters enriched with H2S (underground 

oxidation). Oils that were subjected to destruction and transformation into high-sulfur bitumens and 

heavy oils were originally resinous, asphaltene and sulfurous varieties belonging to the methane -

naphthenic class. The waters associated with the considered PB and heavy HVL oils belong to sulfate, 

sodium sulfate and calcium chloride types with a high content of hydrogen sulfide (up to 400 mg/l) 

(Kartsev et al., 1992). Accumulations of heavy bitumen and VVN are confined to dolomitic , fractured-

cavernous limestones with interlayers of gypsum and anhydrites. 

The issue of the effect of sulfur in oils, hydrogen sulfide in waters and gases on the conversion of light 

and "normal" oils into heavy, high-viscosity, as well as into natural bitumen (brittle and hard) has not 

been studied enough. The most controversial, and at the same time important, remains the establishment 

of changes in the hydrocarbon content of oils in underground conditions as a result of oxidative processes. 

 Some researchers deny this possibility, believing that this process is impossible from a 

thermodynamic point of view, since the free energy of the system increases as a result of the reaction. 

Others (most of them), on the contrary, point to the great role of sulfur and hydrogen sulfide in the 

processes of polymerization and polycondensation of oils. They believe that these processes are 

accelerated and high-molecular compounds are formed, which become quite resistant to the action of 

oxygen. Sulfurization in surface and near-surface conditions occurs through the biological reduction of 

water sulfates as a result of bacterial activity (Khaimov and Khodzhaev, 1987). The intensity of the 

process of oil transformation by microorganisms is determined by the geological and geochemical 

conditions of the deposits and depends on the chemical composition of the oil and the activity of 

microorganisms in the oil-water contact zone. As a result of biogenic oxidation, the density and viscosity 

of oil increase, the content of methane hydrocarbons decreases or they disappear completely. Oils become 

more cyclic in hydrocarbon composition, highly resinous. 

In underground conditions at a depth of more than 2 km at reservoir temperatures above 90°C in already 

formed oil deposits, bacterial generation of sulfur and hydrogen sulfide is unlikely. Therefore, the 
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observed enrichment in sulfur oils occurs, according to some researchers, even at the stage of 

sedimentogenesis, as evidenced by the similarity of the isotope composition of sulfur in daytime 

reservoirs and sulfur in oils of the same age (Khojaev, 1983a). However, as A.N. Kartsev points out , if 

such sulfurization processes did occur, then at the stage of catagenesis, oil loses sulfur compounds at a 

depth of 1 to 4 km and the total sulfur content can decrease from 3 to 0.2%. Under these conditions, 

taking into account that the sulphurization of oils can occur due to hydrogen sulfide, the formation of 

hydrogen sulfide as a result of the dissolution of sulfates (gypsum, anhydrites) with subsequent reduction 

of the sulfate ion in solution to hydrogen sulfide becomes of great importance. 

 
Rice. 1. Scheme of location of oil and gas fields on a tectonic basis 

Ferghana oil and gas region (according to the materials of the State Institution “IGIRNIGM”) 

 

Summing up the above stages of transformation of the composition of groundwater ( or brines ) and their 

interaction with host rocks , we get : (O2 ↑ + H 2 S ↑). In this reaction, processes such as the reduction of 

sulfates to hydrogen sulfide, the dissolution of sulfate minerals (gypsum, anhydrites) of host rocks, and 

the formation of secondary dolomites are linked into a single whole. 

These processes are possible in the presence of host rocks of a certain composition, closeness and 

isolation of the system of infiltration waters. Such conditions may exist at the stage of sedimentation 

formation of groundwater (brines). In case of structure opening and seepage infiltration waters, the 

thermodynamic equilibrium is disturbed and the nature of the processes under consideration can change 

dramatically. 

The weighting of oil of horizon VII (up to 0.898 g/cm
3 
, the Khankyz field of the Fergana depression), an 

increase in sulfur in it up to 1.18%, asphaltenes up to 1.25% is a direct consequence of the influence of 

oxidized processes associated with the reduction of sulfates (gases of horizon VII are enriched H2S). 

In all cases considered, the host rocks are dolomitic fissured-cavernous limestones. The formation of 

cracks and caverns in these limestones is mainly due to the impact on them of carbonic acid, which, when 

interacting with water, corrodes the rock (limestone leaching , crack expansion) in zones of increased 

permeability. 

The established is confirmed by experimental studies of V.V. Howard and M.V. David , who came to the 
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conclusion that the main reason for the development of voids in the rock is the dissolving effect of 

circulating waters enriched with carbonic acid (Khaimov and Khodzhaev, 1987).  

Favorable geological, hydrogeological and geochemical conditions, the isolation of systems from the 

penetration of infiltration waters, the presence of dolomitic fractured-cavernous limestones, gypsum and 

anhydrites in the section, an increased content of magnesium ions in solutions made it possible for the 

above processes to occur with the formation of H2S in many identified VVN deposits of the study area. 

All this does not exclude the possibility of the formation of heavy and WWH under the influence of 

hypergene processes, when at some stages of geological development in some areas conditions were 

created for their manifestation. In oils deposited in sandstones, as a rule, high sulfur content is not 

observed, which is explained by the presence of iron oxides there, capable of binding H2S released during 

redox reactions. 

Thus, high sulfur accumulations of bitumen with a variable amount of oxygen , heavy and HVN can be 

formed as a result of changes in oil deposits in the hypergenesis zone during the migration of 

hydrocarbons in a reservoir brought into the hypergenesis zone , and as a result of underground oxidation 

under the influence of hydrogen sulfide. 

A feature of high-sulphur viscous and solid PB , and VVN - their enrichment with elements such as P, V, 

Ni , Si , K, Fe , Mg , Al , Mn , Cu , As and many others in quantity, about an order of magnitude higher 

than in light "normal" oils. The predominance of vanadium over nickel is characteristic. Most of the 

minerals associated with accumulations of bitumen, heavy and VVN, belong to the class of sulfides and 

sulfates. 

The question of the formation of ozocerites is still debatable. A number of researchers (Kalitsky, 1930) 

believed that ozocerites are formed as a result of evaporation of light components of paraffinic oils under 

the action of solar heat. BG Tychinin believed that the process of formation of ozokerite consists in the 

crystallization of paraffin during cooling of oil, rising to the region of low temperatures and pressure. VN 

Muratov believes that ozokerite was formed as a result of oil cooling due to the adiabatic expansion of 

gases during its movement along the reservoir, which occurs as a result of oil entering the day surface 

through cracks (Shoimuratov, 2012). 

An analysis of the location and conditions for the formation of ozocerite deposits in the Ferghana 

Depression shows that all of them (Shorsu, Maylisay , Sel-Roho, North Rishtan , Khankiz , Tergachi , 

etc.) are confined, as a rule, to structures, the arched parts of which are eroded to different depths. These 

structures acquired their final structure at the stage of transformation of the platform mode of 

development into orogenic. At this stage, regional faults originated or revived, due to which the central 

graben became isolated, and in the near- edge parts, many structures were highly elevated and eroded in 

the arch to different depths. In the late stages of neotectonic development (the end of the Pliocene-the 

beginning of the Quaternary), as a result of new folding, intensive rock fragmentation occurs with the 

appearance of various fractures (including normal fractures) affecting oil-bearing formations. Through 

these cracks, oil poured onto the day surface, which was also facilitated by the decompaction of seal rocks 

and a decrease in pressure due to rock erosion. As a result of changes in temperature and pressure, oil 

with a paraffinic base, enclosed in fractured reservoirs (V horizon - Maylisay and Sel-Rojo areas, etc.), 

underwent long-term polymerization, followed by the formation of lenticular and vein accumulations of 

ozocerites. It should be noted that most of the high-sulfur (heavy and high-viscosity oils, malts, asphalts 

and asphaltites) and high- oxygen natural bitumen also formed mainly at the latest stages of the tectonic 

development of the Fergana depression. 

In some areas, the destroyed oil deposits and the resulting accumulations of PB, as well as sulfate rocks, 

under the active action of bacteria, surface waters created conditions for the reduction of oxide 

compounds and the formation of sulfur deposits (Shorsu). It is also noteworthy that within all known 

deposits and accumulations of natural bitumen in the Paleogene and Neogene deposits of the Fergana 

depression, the latter are both commercially oil-bearing or contain traces of the presence of oil. So, there 

is reason to believe that the region of the Karagundai anticline, on the western periclinal of which the 

Maylisai fold is located, before the onset of erosion processes, had a huge area of oil deposits in horizons 

III , IV, VII and VIII with gas caps on the crest of the fold. However, as a result of pre- Bactrian erosion, 
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first of all, in the arched part of the gas caps collapsed and increased leakage of oil from the horizons. The 

western periclinal, which is the most remote from the arch of the Karagundai anticline and with a low 

relief, where the Maylisai field is now located , was the last to be eroded, which led to the preservation of 

the residual oil deposit here in V horizon at depths of 160-600 m. In the northeastern part of the fold, the 

Paleogene was brought to the day surface, and here the oil was oxidized to asphalts and ozocerites. 

It is interesting to consider the role of lateral and vertical migration in the formation of oil and 

accumulations of VVN and PB. The regional prerequisite for lateral migration is the widespread 

distribution of reservoirs both in the zone of long and stable subsidence and in the uplifted zones adjacent 

to them. Just such is the ratio in the positions of the regionally productive IV, V, VII and other Paleogene 

beds in the central and marginal parts of the Fergana depression. Vertical migration is favored by 

interruptions, unconformity surfaces in the productive section and its dissection by faults. Both of these 

conditions are indicative of the Paleogene sections of the Fergana depression. 

It is known that in the Fergana oil and gas region, internal and external hydrodynamic and hydrochemical 

zones are distinguished. The first one covers the central, most submerged part of the depression and is 

controlled by geological and tectonic factors that cause an increase in reservoir stresses, an increase in the 

elastic deformation energy of the fluid and the reservoir. The ellisional waters of this zone, as well as the 

liquid hydrocarbons dissolved in them, are highly metamorphosed and, under the influence of 

compaction, elastic forces (stress), and other factors, migrate to the marginal and marginal areas. In the 

second outer side zone, the formation water pressure is directly connected with the outlets of the 

reservoirs near the mountain framing of the depression. 

Formation waters of the external hydrodynamic system are characterized by movement towards the 

depression (infiltration waters enriched in bicarbonates and carbonates ). The areas of contact between 

ellision waters and infiltration hydrodynamic regimes are places of active bitumen and gas accumulation , 

which are controlled here by hydrodynamic barriers (Kartsev et al., 1992).   

An example of the formation of oil deposits (heavy and high-volume oil deposits) confined to such 

hydrodynamic barriers is, apparently, the Tergachinskoye field of high-viscosity oils enclosed in 

sandstones of the upper part of the Neogene brick-red suite. Oils here have a density of 0.899g/cm
3 

, 

sulphurous (0.63%), paraffinic (3.5%), highly resinous, high-viscosity, up to asphaltenes . The depth of 

the productive horizon is 4100 m. 

In the northeastern part of the fold, reverse faults have been identified, which can be traced up to horizon 

VII. These disturbances arose in the pre- Bactrian time, when deposits of relatively light, asphalt-based 

oils were formed due to vertical flow (Fig. 2). 

The flow of infiltration waters led to significant hypergeneous changes in oils and the formation of VVN 

deposits. The structure dropped already after the formation of deposits. The change in the 

physicochemical properties of oils controlled by hydrodynamic barriers is determined by the intensity, 

time and scale of the impact on the formed or emerging (due to vertical migration through the zones of 

disturbances) oil deposits of infiltration waters, which in turn depends on the depth of the reservoir rocks, 

into which liquid hydrocarbons enter [4]. So, at the Shorbulak field in the sandstones of the brick-red 

suite, a deposit of less heavy (specific gravity 0.874 g/cm
3 

), more paraffinic (up to 6 %), high-viscosity 

oil. 

The Shorbulak anticline is located southeast of the Tergachinskaya and is the western immersion of 

Namangan. The Shorbulak area, which was more distant from the onboard parts , in the pre- Bactrian time 

was more submerged, as a result of which infiltration waters affected the change in the initial 

physicochemical properties of oils here to a lesser extent. Oxidation of oils in the considered fields could 

also occur due to oxygen-containing minerals (ferrous iron, etc.), which are widespread in the red-colored 

sandstones of the Neogene brick-red suite. These processes were facilitated by favorable thermobaric 

conditions (high pressures and elevated temperatures) at depths of 3500-4200 m. It is possible that the 

Khankyz heavy oil field (specific gravity 0.898 g/cm.0 %) and asphaltenes were also formed in the pre. 

Bactrian time and controlled at this stage by the hydrodynamic barrier. After subsidence, the oil structures 

contained in carbonate reservoir rocks could be subjected to additional changes due to their sulphurization 

in underground conditions. 
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Fig.2. Geological structure of the productive part of the section Tergachi field 

 

With lateral and vertical migration of liquid hydrocarbons, deposits of PB such as asphalts and asphaltites 

can be formed as a result of oil deasphalting . Since asphaltenes , coagulating, settle out of oils and heavy 

oil residues. Probably for this reason, oil deposits in the Neogene deposits, resulting from the flow from 

the Paleogene, as a rule, are lighter and contain less asphaltenes. The loss of asphaltenes in this case 

occurs during the vertical movement of oils along cracks and faults. The processes of oil deasphalting are 

most intensive in terrigenous reservoir rocks. They, as already noted, are characterized by significant 

lithofacies variability along strike, which leads to their wedging out, shearing (due to breaks) with the 

formation of anticlinal traps, in which both light “normal” and VVN could accumulate, and possibly PB 

(Shoimuratov, 2012 and Shoimuratov et al., 2021). 

 

CONCLUSIONS 

According to the results of the studies carried out to determine the regularity of the conditions for the 

formation, occurrence and accumulation of deposits of PB and VVN, the following conclusions can be 

drawn: 

- oils, which were the initial product of the formation of malts, asphalts and asphaltites, belong to the 

naphthene -methane and naphthene- aromatic types; 

- the formation of ozocerites is genetically related to the transformation of paraffin oils, and heavy and 

high-viscosity oils - to the transformation of oils with an asphalt base; 

- most of the bituminous accumulations (malt, asphalts and asphaltites), heavy and high-viscosity oils 

were formed in the Neogene-Quaternary period during the activation of tectonic movements, which is 

associated with the destruction of oil fields; 

- primary light oils were transformed into heavy and high-viscosity oils, malts, asphalts and asphaltites in 

surface and near-surface conditions under the influence of infiltration water enriched with oxygen and 

microorganisms; 

- a characteristic feature of most natural bitumen and heavy oils is their enrichment with sulfur, and 
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waters and gases accompanying these oils and bitumens with hydrogen sulfide; 

- the appearance of sulfur in oils and hydrogen sulfide in waters and gases is due to the processes of 

desulfation of an aqueous solution, biogenic oxidation and dissolution of sulfate minerals (gypsum and 

anhydrites); 

- lenticular vein accumulations and deposits of ozocerite were formed as a result of oil seepage to the day 

surface along tectonic cracks under the influence of hypergene factors, where temperature and pressure 

changes and long-term polymerization of oils with a paraffinic base are observed. 

Thus, the considered issues related to the geological features and the conditions for the formation of PB 

and VVN are directly related to the original oil, which subsequently underwent secondary changes, came 

as a result of lateral and lateral-stepwise migration of liquid hydrocarbons from the most submerged areas 

to uplifted zones (side and onboard). At the same time, highly porous and highly permeable (due to 

fracturing and vugginess) reservoir rocks associated with the basal layers and surfaces of regional 

unconformities, as well as fault zones served as migration routes. 
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