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 The analysis of behavior and opportunities of Geochemistry of rare earth elements 
(REE) is conducted. By the example of the researches of REE behavior in oil-and-gas-

bearing deposits of Western Siberia, conducted earlier, indicator capabilities of rare 

earth elements were illustrated during the research of oil-and-gas-bearing strata and 
rocks containing them. Standard methods of extraction of organic and mineral parts of 

rocks were used. The analysis of REE content is conducted by ICP MС method. By 

certain examples of researches the efficiency of using REE geochemical parameters in 
oil exploration is shown. The inference on the formation of somewhat different view on 

the generation process of hydrocarbons of oil and gas from the buried organic matter 

with the change of temperature gradient is also significant. The main factors of the 
indicator capabilities of rare earth elements are the presence of oil and bitumoids 

capable of changing the oxidizing-reduction environment in sedimentary rocks and the 

unique fundamental chemical properties of rare earth elements. Some lanthanoids can 
change the valence and their ionic radius in such environment. REE behavior in 

productive collectors of clastic and carbonate types has been studied allowing to discuss 

practical application possibilities of the method of REE in oils in the oil exploration 
practice. One of the results of research of geochemical properties of REE in the 

sedimentary cycle is the formation of a different view on generation of hydrocarbons of 

oil and gas from the buried organic matter. 
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INTRODUCTION 
 

 By present time REE behavior in productive collectors of clastic and carbonate types has been studied, 

which allows to discuss practical possibilities of application of the method of REE in oils in the oil exploration 

practice. [14] The peculiarities of REE fractioning in the presence of hydrocarbons of oil and gas in the 

sedimentary rocks of West-Siberian oil-and-gas-bearing basin are given in a number of publications (Balashov 

and Tsoy, 1989), and some propositions are protected by certificates of authorship [17]. 

 The discovery of “parabolic” nature of REE distribution, characterized by its accumulation in the top and 

the bottom of the reservoir bed in relation to the middle part of the cut of the exploration drilling hole in a 

number of fields in the south-eastern part of West Siberia [14] and enormous interest to the geochemistry of 

REE served as a catalyst for studying the nature of REE behavior in the end of 1970s. 

 The possibility of a relatively accurate REE analysis (10-30%) only for certain lanthanides with the 

instrumental neutron activation analysis technique (INAA) did not allow to fully reveal the peculiarities of 

geochemistry of REE . Nevertheless, on the basis of Eu distribution in the cut of the exploration drilling hole it 

was possible to determine the boundaries of oil-bearing beds in a number of West-Siberian fields and further to 

show the informativity of Eu (Eu*) as indicators of determination of the oil bed boundaries and to shape the 

research direction in the sphere of sedimentary processes with the presence of hydrocarbons of oil and gas for 

other oil-and-gas-bearing provinces. 

 A favorable circumstance for studying the Geochemistry of REE in oils was the appearance of papers on 

geochemical behavior of REE in most natural processes, especially in the processes of sedimentary cycle. These 

papers were mostly written in GEOCHE USSR AS [10] and also considered in a number of researches by 

Haskin L.A. [7], Taylor S.R., McLennan [12] and others. However, it should be noted that there were no 

systematic studies of REE behavior in the rocks rich in OM and (or) hydrocarbons of oil and gas, and some 

individual researches were very insignificant. 
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 The basis for the application of REE Geochemistry in oil geology and chemistry is undoubtedly 

establishing interrelations between REE and hydrocarbons of oil and gas, with the buried organic matter (OM) 

as well. Organometallic compounds genetically connected with OM are only known for porphyrins with V and 

Ni [13]. Consequently, fixation of many microelements in oils and their derivatives has a different geochemical 

bond. Nowadays there is a justified assumption about the possibility of formation of complex microelement 

compounds, including REE with hydrocarbons of oil and gas through sorption processes between them in the 

form of electrostatic attraction as a result of negative valence of elements (oil components) and the presence of 

highly positive REE charges [15]. In fact, the researches of REE geochemistry in oils is a separate branch of 

REE geochemistry in the sedimentary cycle with the presence of hydrocarbons of oil and gas based on the 

research of fundamental chemical properties of REE: “lanthanide compression” effect for trivalent lanthanides 

(La – Lu) and properties of certain lanthanides to change their ionic radii with the change of valence in the 

changeable oxidizing-reduction environment. 

 In turn, the lack of objective information about REE behavior resulted in the given analysis of the situation, 

when the results of geochemistry of REE in oils are virtually not considered by petroleum geologists. 

 

Methods: 

 In the given paper standard methods of extraction of organic and mineral parts of rocks are used. Organic 

part is extracted by alcohol-benzol blend (1:1). Mineral mobile complex is extracted by the method of acid 

extraction (1,8% HCl). The analysis of REE content is conducted by ICP MС method. 

 

Results: 

 
Table 1: Concentration of REE in oil collectors (rocks and their fractions, ppm). The extent of Eu* accumulation in relation to the nearest  

Sm and Gd in the rock or fraction counted in compliance with the content of these elements in a standard sample of the Russian  
Platform (RP) (Gd concentration was estimated for the normalized values of Sm and Tb). (Eu|Sm) N are given for the normalized  

values of these lanthanides for coaly chondritis – С1 (Tsoy, 2013).  
 

Fractions 

 

La Ce Pr Nd Sm Eu Gd Tb Yb Eu/Sm Eu* (Eu/Sm)N 

“Khvoinoe” field, top (№27, interval 2696,7 m.) 

Sandstone 22,500 56,200 39,000 21,800 5,200 1,600 1,015 0,430 0,400 0,300 1,640 0,790 

ОВ 0,065    0,080 4,900 2,462 0,024 0,590 61,25 128,0 161,200 

КВ 41,000 261,00 173,750 86,500 12,900 7,400 4,250 1,100 1,800 0,570 3,100 1,500 

НО 19,200 39,500 28,300 17,100  0,900 0,660 0,420 0,300 0,210 1,100 0,550 

Middle part (№30, interval 2698,2 m.) 

Sandstone 29,600 61,000 37,650 14,300 5,100 0,900 0,590 0,280 0,900 0,170 1,020 0,440 

ОВ 0,018    0,030 0,100 0,063 0,025 0,130 3,300 6,500 8,700 

КВ 589,00 1670,0 977,000 284,000 51,900 6,400 4,575 2,750 18,700 0,120 0,760 0,310 

НО 20,500 39,100 25,150 11,200 4,100 0,740 0,490 0,240 0,610 0,180 1,080 0,470 

Bottom (№34, interval 2699,3 m.) 

Sandstone 36,300 72,000 48,050 24,100 3,800 1,500 0,950 0,400 3,200 0,390 2,010 1,020 

ОВ 0,870    0,052 2,500 1,263 0,026  48,07 127,00 126,500 

КВ 1560,0 3100,0 2030,000 960,000 110,00 52,000 27,800 3,600 51,300 0,470 3,200 1,230 

НО 9,900 28,600 19,750 10,900 2,350 0,540 0,450 0,360 1,550 0,230 1,020 0,600 

“Gerasimovskoe” field, top (№679, interval 2757,4 m.) 

Argillite  46,400 71,400 54,750 38,100 7,700 2,920 1,785 0,650 3,400 0,380 2,080 1,000 

ОВ 0,400    0,180 1,180 0,609 0,037 1,120 6,500 26,300 17,100 

КВ 6,300 20,900 18,450 16,000 5,100 3,090 1,790 0,490 0,540 0,400 3,600 1,570 

Middle part (№682, interval 2764,9 m.) 

Sandstone 19,400 39,900 27,350 14,800 3,000 1,000 0,660 0,320 0,800 0,330 1,750 0,870 

ОВ 0,240    0,810 0,830 0,675 0,520 0,510 1,030 1,400 2,710 

КВ 9,000 7,500 11,750 16,000 4,500 3,400 2,235 1,070 0,720 0,750 3,100 1,970 

Bottom (№746, interval 2777,2 m.) 

Argillite 35,200 59,500 42,750 26,000 5,200 1,600 1,065 0,530 3,700 0,300 1,600 0,790 

ОВ 3,000    0,440 5,000 2,630 0,260 1,140 11,40 30,500 30,000 

КВ 44,900 100,00 82,500 65,000 19,500 4,500 3,125 1,750 3,000 0,230 1,300 0,600 

 

Discussion: 

 The final purpose of petroleum geology is calculation of raw hydrocarbons reserves: general oil and gas 

reserves and the share of extractable raw hydrocarbons reserves. For this reason, petroleum geology will be 

interested in the first place in the research results connected with defining the boundaries of productive strata, 

where geophysical methods of well tests (GWT) do not define well enough the oil-and-gas-bearing beds in the 

cut of the exploration drilling hole. This can be inefficient beds (<1,5 м), fields with multilayer productive strata 

and particularly deposits with various degrees of porosity and penetrability of overlying layer, different from the 

same petrophysics parameters of the deposit itself, and others. And finally, reaching the final aim becomes 

easier with defining the most oil-saturated areas in the productive part of oil collector with a high degree of 

accuracy and validity. At the same time, it is obvious that the results of defining the efficiency must be received 

in the explored areas independently on the geological-tectonic conditions of deposit formation and on the 

grounds of valid geochemical criteria. Thus, earlier and for the first time it was established that correlation of 

Eu/Sm and relative Eu (Eu*) concentration in the organic complex of alcohol-benzol blend are differ by 1-2 

orders of magnitude within the oil-bearing field in the areas of middle part layers and exceed the same values in 
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the unproductive areas (higher than the top and lower than the bottom of the oil collector and unproductive 

strata, table 1) [14].  
 

Table 2: Changing of carbonate isotopic composition and REE correlation in OC ABB and oil from OM generation zone. Isotopic  

composition according to the data of Siberian Scientific-Research Institute of Geology, Geophysics and Natural  

Resources" (Tomsk). 

Sample 

numb

er 

Rock Sampling interval δ13Сорг,‰ Ce4+///Ce3+ 

1.8%HCl 

Ce4+//Ce3+ 

OC ABB 

Eu2+ //Eu3+ 

OC ABB* 

1 Bazhenov Suite 2547,18-2548,01 
2551,5 

-29,4-29,6 
-29,4-29,6 

2,63 
not defined 

4,32 
not defined 

-0,71 
not defined 

2 Coal 2598,3-2610,3 

2780,1 

-22,2-27,6 

-22,0 

3,2 

not defined 

not defined 

not defined 

not defined 

not defined 

3 Siltstone, sandstone, 
coal 

2781,6 -24,1 2,82 not defined not defined 

4 

 

Argillite, siltstone, 

coal 
 

 

Argillite from OM 

generation zone 

2801,0-2809,0 

2984,7-2989,0 
2993,2-2994 

-24,0-25,2 

-24,9-25,5 
-32,4-32,9 

3,3 

not defined 
not defined 

2,24 

not defined 
not defined 

-0,07 

not defined 
not defined 

5 Sandstone with 

hydrocarbon layers 

2999,0 

3000,0-3004,4 

-25,9 

-30,0 

3,4 

not defined 

3,62 

not defined 

-0,77 

not defined 

6 Oil from OM 
generation zone* 

not defined not defined not defined 1,62 8,3** 

 * Valence correlations of cerium and europium are given after having been normalized for carbonaceous chondrite С1 [15]. 

** According to REE in oil measurements by ICP MC method from paper [15]. 

 

 These unusual changes in REE behavior in sedimentary processes, as a result, allowed to consider, then, 

fractioning of particular lanthanides in REE specter as the main geochemical factor in applied research of REE 

in soils. [18] 

 Nowadays, basing upon the new data on Earth composition [8], ionic radii in 8-coordination scale [11], and 

new specified data of REE composition in sedimentary rocks: clays of Russian platform [9], slates of North 

American platform [6] and possibilities of mass-spectrometry with inductively coupled plasma (ICP MS) it is 

possible to use the results of the research of REE behavior solving different problems of oil and gas geology [3]:  

- defining the boundaries of oil-and-gas-bearing beds of any efficiency with the lack of data of geophysical 

wells tests (GWT) methods, particularly of inefficient layers and multi-layer deposits [17]; 

- defining the most oil-saturated part of the deposit in exploration and production wells (pic. 1a and 1b); 

- separation of oil and gas zones in oil-and-gas carbonate reef deposits (pic. 2); 

- defining facial attachment of sedimentary rocks and facies analysis; 

- with the data on isotopic composition of carbonate and oxygen, defining of hydrocarbons of oil-and-gas 

generation zones (table 2); 

- the degree and interval of generation in the cut of the source suite [17]; 

- judging from OM transformation and Eu distribution and isotopic composition of carbonate, to make 

suggestions about possibility of migration of hydrocarbons of oil and gas as a result of dynamic change of these 

geochemical indicators while interpreting the results of research of oil-and-gas-bearing deposits (pic. 3). 

-  

 
Pic. 1a: Correlation of REE fractions (%) in the acid extract from Krapivninskoe oil and gas field to the rocks  

swell (Western Siberia). 1-24 are samples numbers from the top to the bottom of the deposit. Oil- 

saturated zone is found between samples 5-15. REE concentration is defined by ICP MS method.  

Samples for the research were provided by “TomskNIPIneft” joint stock company. 
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Pic. 1b: Correlation of REE fractions (%) in the acid extract to the rocks swell of Krapivninskoe oil and gas  

field for Sm, Eu и Yb from pic.1а. 

 

 
Pic. 2: Allocations of lanthanides and Y, normalized for (С1 + IR) in REE of OC ABB in oil and gas zones.  

Kokdumalakskoe oil and gas field (Uzbekistan) (Tsoy, 2013). 

 
Pic. 3: Changing of Eu and δ13C content during the catagenesis stages of sapropelites in West Siberian 

Bazhenov Suite. Carbon isotopic composition according to SNIIGGIMS (Tomsk) data. OM 

Catagenetic stages according to SNIIGGIMS (Novosibirsk). 
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- with the use of complete specters of REE in residual and extractable oils in comparison to the distribution 

of REE of the source oil of exploration drill it is possible to control performance of collector layer as a result of 

forced change of layer pressure, influence of surface active substances and reaction of REE to such changes in 

the deposits. This gives the opportunity of creating geochemical overview of the field real-time; 

- to correct sedimentary deposits profiles, obtained from exploration seismology, basing on research of core 

material of exploration and production and parametric drilling holes. 

One of the notable results of research of geochemical properties of REE in the sedimentary cycle is the 

formation of a different view on generation of hydrocarbons of oil and gas from the buried organic matter, 

which consists in the following: 

- REE (Eu, Yb and Sm) as established in [2], may migrate in sedimentary processes in bivalent forms with 

the hydrocarbons of oil and gas. Consequently, their abnormal accumulation in rocks bitumoids take place in the 

field due to REE exchange because of differentiation-fractioning between mineral mobile and organic 

complexes in the zone of their direct contact. Similarly, the research of oil generating layers lead to such 

conclusions. The only geochemical factor of such behavior of certain lanthanides in REE composition is 

undoubtedly, hydrocarbons of oil and gas that change oxidizing-reduction environment and act, additionally, as 

stabilizing factors of unusual balance states for lanthanides in tetravalent forms (Tb
4+

) [15]. 

- Rocks oil-bearing capacity as geochemical criteria are defined with the exceeding and fixation of relative 

concentration values of europium (Eu*) or relations (Eu/Sm)N in the organic phase of rocks with 1-2 and more 

orders of magnitude exceeding in comparison with the similar performance of unproductive layers of 

sedimentary deposits [14]. The same differences are observed in the assumed oil and gas hydrocarbons 

generation zone during the rocks analysis of the papametric well Yuzhno-Pyzhinskaya 1 (Western Siberia) [14]. 

The absolute values of Eu
2+

/Eu
3+ 

in oil close to the generation zone and probably in the area of oil and gas 

hydrocarbons primary migration [13] differ substantially from the nearby rocks in acid extract fractions, OC 

ABB and Bazhenov Suite rocks (11.7 times bigger, table 2).  

 Judging from the REE in oil-and-gas-bearing deposits research results, as it was already mentioned, we can 

make a different suggestion concerning the mechanism of hydrocarbons of oil and gas generation process, 

connected with the stages of buried OM transformation, which are in general an additional data base. 

 Together with well-known, completely different views on oil and gas origin theory, according to the data of 

REE geochemistry, there is a quite different mechanism of the origin of hydrocarbons of oil and gas from the 

buried OM in sedimentary strata generation process. The main factors influencing upon the processes of 

kerogen transformation and hydrocarbons of oil and gas generation are geological time and temperature gradient 

[13], as there are no other known factors influencing the buried organic matter transformation supported by 

more weighty arguments. 

 Geochemical researches of REE in oils also show that OM transformation processes are very likely to be 

localized inside a sedimentary cover under the influence of the temperature of magmatic pockets, which 

influence OM transformation. This is where takes place the exchange of microelements, including REE with 

already formed bitumoids, but not at the expense of microelements penetration into oil together with reduced 

deep fluids [5] Abnormal accumulation of certain lanthanides (Eu*) in productive reservoir beds and assumed 

OM generation zones (Eu
2+

/Eu
3+

), where the inflows of oil fluids are obtained from, can undoubtedly be 

interpreted as the phenomenon of REE behavior caused by the process of their sorption by oil fluids [15]. Such 

effect is probably possible only on the condition of formation (in local areas) of bitumoids from a certain 

quantity (more than 0.5%) of buried organic matter and the suitable temperature for OM catagenetic 

transformation [13]. At the same time, abnormal reallocation of REE in relation to their clarke content is only 

possible, as the researches of oil-and-gas-bearing deposits show, as a result of REE exchange between mineral 

mobile complex and hydrocarbons of oil and gas during or after their formation in the sedimentary cycle. [15] 

By present days, no abnormal (hurricane) accumulation of europium (Eu
2+

) or unusual valence states of certain 

lanthanides (Tb
4+

) without the presence of hydrocarbons of oil and gas has been observed [2]. Consequently, it 

can be assumed with high geological-geochemical possibility that hydrocarbons of oil and gas generation from 

buried organic matter, considering the assumed possibility of oil fluids formation at higher temperatures (350°C 

and more) than described in [13] and the established geochemical criteria [16], occurs due to source rocks 

sinking deeply enough, and then, together with hydrocarbons of oil and gas, rising up to the modern level of oil-

and-gas-bearing deposits. Perhaps it took several cycles of lowering and rising of both continental and oceanic 

crust during geological time. Such assumption is based on the manner of Eu concentration increasing in the cut 

of Bazhenov Suite from the middle part to the bottom of Gerasimovskoye field of the West Siberian plain [14]. 

 Another factor influencing the transformation processes of buried organic matter is, obviously, a sufficient 

change of temperature gradient due to heat income from magma pockets to the zone of oil-generation layers as a 

result of volcanic activity and tectonics shifts through fractures. Such possibility can be observed by Ce 

allocation in carbonates with the presence of magma rocks in research intervals of the parametric well of the 

Second E-Igaiskaya field of West Siberian plain [14]. 
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Table 3: The breakup of oil of the field “Charim” (West Siberian plain). Analysis done by IPCh SB RAS, Tomsk (Gerasimova N.N.) 

Distillation temperature, °С Breakup 

До 63 7,24 

63-101 8,1 

10-120 4,65 

120-150 6,6 

150-203 10,284 

203-230 4,46 

230-250 4,44 

250-280 6,63 

280-300 4,85 

300-323 3,58 

323-350 4,43 

Solid residue >350 34,74 

 

The Sequence of Geochemical Research in Exploration Works using REE Methods: 

 The technological stages of research starting with the drilling of wells of exploration type are: 

- Sampling of kern material; 

- REE analysis of rocks swell, mineral mobile complex, MC ABB basing on the preliminary data of 

geochemical research of exploration region. This gives the possibility of determination of potential oil and gas 

margins and obtaining of additional geochemical data (degree of carbonization of deposits and the character of 

sedimentation; data of facial analysis of deposits, etc). Although, the preliminary results, with the correct way of 

work organization, may be obtained before the end of well drilling.  

- Specification of REE analysis in mobile mineral complex and organic complex with geophysical data of 

GIS will allow to specify common capacity of the layer and its most oil-saturated part. In the complex multi-

layered fields it is possible to specify productive and water layers (independently of geological and tectonic 

conditions of oil forming sources – block fractures and other geochemical structure); 

- The further analysis of oils and their fractions (oils, tars, pyrobitumens) and specification lanthanides and Y 

in them may allow to determine the reasons of REE reallocation in them and directions of migration 

(emigration) of oil fluids; 

- Preliminary geological and lithological data of exploration region can allow choosing strategy of object 

analysis. If it is a clastic type of rocks, then REE research will be aimed at and connected with lanthanides able 

to change valence in highly reducing environment i.e. Eu
2+

, Sm
2+

, Yb
2+ 

in organic complex and Ce
4+ 

in mineral 

mobile complex. In carbonate deposits this research will be connected with the analysis of 3-valence lanthanides 

and Ce
4+ 

behavior. The success of REE research depends on Tb
4+

 analysis and heavy REE accumulation 

character with the presence of Y [15]. 

 In general, by present time, the REE fractioning reasons in sedimentary cycle are mainly determined by 

influence of catagenetic transformations of oil hydrocarbons in deposit caused by increasing volumes of oil and 

gas as a result of leverage of thermic transformations and deasphalting of gases in the trap, which was observed 

in [1]. In the prospective, in the process of specification there is a possibility to enrich the knowledge of REE 

behavior both in clastic and carbonate deposits and the knowledge of organic matter generation degree of source 

rock mass by using Eu* values, Eu
2+

/Eu
3+

, Cе
4+

/Ce
3+

 correlations and isotopic composition of δ
13

C in any fields. 

[4] 

 

Conclusion: 

 The research experience of oil-and-gas-bearing deposits, oils and their fractions with the use of REE 

geochemical research and revealed geochemical criteria demonstrate that these methods of analysis can be 

efficiently used in the practice of oil exploration. At the same time, necessary results can be achieved in research 

of any oil and gas field even before the end of well drilling, given correct organization of works and necessary 

financing of researches. By present time the use of rare earth elements research results gives rise to no doubts, 

because available and enough for geochemical researches of natural objects methods are used. Methods of mass-

spectrometry with inductively coupled plasma (ICP MS) satisfy the requirements of the most exacting 

researchers. In the given analysis of rear earth elements researches the main fundamental REE properties in 

sedimentary processes with the presence of hydrocarbons of oil and gas, which have not been known or 

registered in nature, are considered. 

 One restriction\obstacle for using geochemical methods including geochemical behavior of rear earth 

elements in oil-and-gas-bearing deposits is using core material, which requires drilling parametric and 

exploration wells for opening potential oil-and-gas-bearing layers in the researched areas. However, this 

restriction is relative, because all geophysical methods of oil-and-gas-bearing basins exploration are based on 

the registration of backward signal from a certain boundary of signal passing through the rock strata, which has 

different physical and chemical parameters (density, water-saturation, porosity, penetrability, etc). 

Consequently, geophysical methods due to their physical basis can not interpret accurately enough geological 
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information. This problem increases with the depth of drilling sedimentary deposits for oil and gas (according to 

the last data, 5 and more kilometers) and increasing of temperature and pressure (more than 1200° С and Р=500-

700 atm). In any case, using geochemical and geophysical methods of exploration is the most efficient way of 

solving many problems of oil and gas geology, especially when geophysical methods of wells researches are 

rather ineffective in separation of oil zones in a deposit, thin beds in multilayer fields, carbonate deposits, etc. 

And finally, geochemical methods, particularly geochemical behavior of rare earth elements allow to adjust the 

results of seismic exploration and geophysical data of exploration drilling wells while passing through ancient 

deep-laying layers (Pz). 

 

Summary: 

1. Rare earth elements acting as geochemical criteria of sedimentary rocks oil-bearing properties allow to 

widely use their geochemical potential in the practice of oil exploration. 

2. In its turn, one important factor for the basics of rare earth elements geochemistry in sedimentary processes 

is establishing of all unusual properties of rare earth elements in oil and gas deposits, such as samarium, 

europium and ytterbium capable of being in the form of Sm
2+

, Eu
2+

 и Yb
2+

, and also terbium and praseodymium 

in the form of Tb
4+ 

и Pr
4+

. Discovering of terbium and neodymium isomorphism with the replacement of 

magnesium and calcium in hydrogen carbonates in oil-bearing deposits allows not only to trace the 

interconnection of certain lanthanides and other microelements through the transformation (solvation) of oil and 

gas hydrocarbons in a deposit, but also to explain the abnormal behavior of certain lanthanides among rare earth 

elements in the mobile mineral complex fractions of sedimentary deposits and organic complex, especially in 

their high-molecular oil compositions – tars, oils and pyrobitumens. 
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