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Both sandstones and fine-grain clastic debris have integrated information about factors controlling its formation processes.
This information is contained in litho-geochemical characteristics. Obtained information complement and specify results of
lithologic research carried by conventional methods.

The subject of the research are deposits of Kazan oil-gas-condensate field and Boltnoe oil field that are located in Parabel
territory of Tomsk region. In terms of structure Kazan and Bolotnoe fields are dedicated to dome uplifts of the same names
and located in south-east part of Niurolsk depression within the border of 2 class positive structure Kalgachskii Mesozoic
uplift. Geological structure of the field is formed by metamorphosed basement rocks and siliciclastic deposits of different
composition of Mesozoic-Cenozoic platform mantle. Productive deposits of Upper Jurassic are the field of interest. Upper
series of Jurassic deposits on studied area is presented by Vasiugan, Georgiev and Bazhenov formations that are drilled and
characterized in details by core.

Obtained data proved the rule of change of rare earth elements composition between different conditions of marginal-
marine line and showed tendency of some elements to grow and decrease of other going out from margin. Sedimentary
rocks of south-east part of Niurolsk depression are differentiated in geochemical and mineral-petrographical compositions.
Both are presented by wide range of variety. With use of obtained geochemical data and evaluation of indicators deter-
mined environments of sedimentation are proved. Fundamental parameters of sedimentary rocks such as composition and
proximity of a source, salinity and paleoclimates are determined.

Kak nmecyaHuky, Tak ¥ TOHKO3EPHHUCTHIE 00JIOMOYHBIE TIOPOABI B CBOHMX JINTOTCOXMMHYECKUX XapaKTEPUCTHKAX HECYT HH-
TerpajbHy0 HHPOPMALHIO O psiie HaKTOPOB, KOHTPOIMPYIOUIHX MPOLECCH X (hopMUpoBaHus. [1oTydeHHbIe TaKHM 06Opa-
30M CBEICHHMS CYIIECTBCHHO JOMONHSIOT W JETATH3UPYIOT PE3yJbTaThl JUTOJIOTHYECKUX HCCIIEAO0BAHHHN, BBITOJHEHHBIX
TPaJUIHOHHBIMU METOJIAMH.

OOBEKTOM HcciIe10BaHus ObLIN BBIOpaHbI OTI0MKeHNs Kazanckoro HedrerazokonaeHcatHoro u bontHoro nedrsHoro me-
CTOPOXJICHUH, pacronoxeHHbIXx B [lapabenbckoM paiione Tomckoit obnactu. B crpykrypHoM ortHomieHnn Kasanckoe
n BontHoe MecTOpOXACHHS INPUYPOYCHBI K OJHOMMEHHBIM KYMOJOBHAHBIM IOMHSTHSAM, PACIONOKEHHBIM B IOT0-
BOCTOYHO# yacTH HIOponbCckoit BaJMHbI B IIpe/ieliax MOJIOKUTEIbHON CTPYKTYphl BTOPOTo nopsiika — Kanrayckoro meso-
BBICTYIA. B reoslornyeckoM CTpOeHHH MECTOPOXKACHHUs NPUHUMAIOT ydacTHe MeTaMop(dH30BaHHbIE MOPOak! GyHIaMeHTa
U TEPPUTCHHBIC OTJIOXKEHMS Pa3IMYHOIO COCTaBa ME3030iCKO-KaiHO30/CKOro MIaTGOpMEHHOrO YeXia, CPear KOTOPBIX
HanOONBIINIT MHTEPEC BBI3BIBAIOT MPOJYKTUBHBIC OTIOXKEHUS BEpXHel 10pbl. BepxHuil oT/en I0pCKHX OTIOKEHUH Ha ¥c-
ClIeyeMbIX IUIOIIA/AX MPEICTABICH BACIOTaHCKOM, TeOPrHeBCKOil U 0aKEHOBCKOM CBUTaMM, KOTOPBIE BCKPBITHI OypeHHEM
U JIETAJIbHO 0XapaKTePH30BaHbI KEPHOM.

TTosryueHHBIE B pe3ysbTaTe MPOBEACHHOIO UCCICA0BAHUS JaHHbIE TTOJTBEP/IMIN 3aKOHOMEPHOCTh N3MEHEHHS COJCPIKAHUS
PEIKO3EMEIIbHBIX IEMEHTOB MEXK/Y PA3IHIHBIMU 00CTAaHOBKAMH B MIPUOPEIKHO-MOPCKOI OJIOCE U MOKA3alli 3aBUCUMOCTh
pocTa OHHUX PEJKO3EMENbHBIX IEMEHTOB U COKPAIICHUS APYTUX 110 Mepe YAAICHHOCTH OT nodepexsbst. Ocafo4HbIe I0po-
JIbl, BCKPBITBIE KEPHOM FOr0-BOCTOYHON uyacTi HIOpOJBCKOW BIaJMHBI, Pa3iINYaloTCs Kak MO FeOXMMHUYECKOMY, Tak H MO
MHHEpAJIOro-neTporpaguueckoMy coctaBy, M T€, U APYrHe MPE/CTABICHbI IUPOKHM CHEKTPOM pasHoBHAHOCTEH. C oMo~
IO MOJYYCHHBIX TCOXMMUUECKHX AAHHBIX M OLCHKHM MHIUKATOPOB ObUIM MOATBEPIXK/CHBI BbIJCICHHbIC paHee 00CTaHOBKI
0CaKOHAKOIUICHHS M BBIIIOJIHEHO Onpe/encHue (yHIaMeHTaIbHbIX MOoKa3aTeseil U 0CagoYHbIX OPOX — COCTaB U y[a-
JICHHOCTh HCTOYHUKA CHOCA, COIEHOCTS, MAICOKINMATHYECKHE YCIOBHSL.
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Introduction

Rare earth elements (REE) attract attention of
geologists and geochemists during siliciclastic
formation. They are used to overcome several geo-
logical challenges, in particular for paleo-
structures.

In this paper authors used methodology that is
applied by a team of researchers from Voronezh
State University and scientists from Zavaritsky In-
stitute of Geology and Geochemistry of the Ural
Branch of the Russian Academy of Sciences led by
A.V. Maslov.

One of the methods of composition analysis of
REE is mass spectrometry with inductively cou-
pled plasma (ICP-MS) that has an advantage of de-
termination of each element composition in the
rock. That allows using obtained data to model fa-
cial conditions of formed sediments [1-7].

Kazan oil-gas-condensate field and Bolotnoe
oil field located in Parabel territory of Tomsk
region were selected as research subjects. In
terms of structure Kazan and Bolotnoe fields are
dedicated to dome uplifts of the same names and
located in south-east part of Niurolsk depression
within the border of Kalgachsky Mesozoic uplift
that represent 2" class positive structure elon-
gated north-west [8]. Geological structure of the
field is formed by metamorphosed basement
rocks and siliciclastic deposits of different com-
position of Mesozoic-Cenozoic platform mantle.
Productive deposits of Upper Jurassic are the
field of interest. Upper series of Jurassic deposits
on studied area is presented by Vasiugan,
Georgiev and Bazhenov formations that are
drilled and characterized in details by core.
Vasiugan formation including productive oil and
gas layers of J; sandstone with good reservoir
properties represents the most practical value.
Time interval needed for Vasiugan formation
form to comprises late Batonian to Late
Oxfordian. According to a facies scheme of zo-
nation [9] the region of research is located close
to the border of Vasiugan and Naunak for-
mations that leads to significant excess of mar-

ginal-marine facies with respect to classical
Vasiugan formation with dominant shallow-
marine facies. Deposits of Vasiugan formation
are transgrassively overlapped by clayish, sili-
ceous-clayish and siliceous-carbonate rocks of
Georgiev and Bazhenov formations formed
mainly during pelagic genesis.

From the mudstones, siltstones and sandstones
of Bazhenov, George and upper part of Vasiugan
formations 52 core samples with REE determined
by ICP-MS were chosen. Analysis was performed
in the Centre of collective usage «Analytical center
of geochemistry of natural systems» of National
Research Tomsk State University. The purposes of
the research were to carry geochemical typing of
main litho-stratigraphic packages and determine
features of its formation.

Rules of change of microelement
rock composition

Results of lithofacies core analysis [10] stud-
ied sediments drilled within the Kazan and
Bolotnoe fields are represented mostly by mar-
ginal-marine, less often shallow-marine and deep-
marine sediments. Facies diagnosis was conduct-
ed using structural and textural features involving
ichnofacies analysis and accompanied by the
study of inclusions, precipitations of flora and
fauna and other features.

It was found that the upper part of the produc-
tive deposits of Vasiugan formation, including
reservoirs J; and J7, was formed in an intensive
hydrodynamic zone of marginal-marine condi-
tions. The main driving forces behind the transfer
and accumulation of siliciclastic material of pro-
ductive formations were tidal currents and sea
fluctuations in the conditions of barrier type
shore. They led to formation of facies association
of aeolian line of tidal shore, including facies of
lagoon, tidal channels and its fan cones (high-tide
deltas), wattens and marshes. Vasiugan formation
is significantly overlapped by clay sediments
from outer shelf of Georgiev formation which
lower part (Barabin set) has specific appearance
and represent evaporated cross-section.
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Studied sequence ends by pelagic sediments of
Bazhenov formation.

One of the features of REE is bigger stability
of even elements than odd ones. Therefore its con-
centration in nature is higher [3] and elements dis-
tribution curve (geochemical rock spectrum) has
zigzag shape. Thus, normalization to a standard
should be applied before graph building [3, 11]. As
a standard, clay head sample from Russian plat-
form (RPSC) was used.

To smooth sharp differences between concen-
trations a logarithmic scale was used. One of the
axis was common logarithm of concentration.
Thus, one of the axis represents all REE; another
one represents not absolute element concentration,
but a ratio of concentration of elements in the stud-
ied sample to the standard one. Those are called
normalized values.

Spectrum analysis (Fig. 1) [12-14] shows dif-
ferences in the distributions of REE between de-
termined previously environments of sedimenta-
tion. During comparison of each one with
the lithological characteristic general patterns
of REE accumulation of each type were identi-
fied. The analysis revealed that the REE distribu-
tion depends on the hydrodynamic conditions
of the basin. Spectrums of averaged values
of REE are distributed on the graph with corre-
spondence to hydrodynamic regime of sedimenta-
tion: from the most active to the most quiet (bot-
tom up) (Fig. 1).

10.0
o=
L3 Ng Sm—Eu - Gd Tb Dy Ho Er Tm Yb Lu
0.1
— Outer shelf — Pelagic zone — Lagoon
Marsh — Watten — Tidal delta
Tidal channel

Fig. 1. Spectums of average values of
REE from the rocks of south-east part
of Niurolsk depression, normalized by RPSC

So, the most active in terms of hydrodynamics
are sand sediments of high tide channel that have
REE spectrum in the lower part of the graph. One
of the important features of tidal channel sediments
is discontinued character of lamination (clay slides,
flasers, inerlayers of clay and aleurolite) appeared
because of sharp changes of environmental dynam-
ics — change of tidal conditions. For this reason
aggradations of clay intarclasts and coalified plant
detritus could appear as well as grain fluctuation
and clayiness of sandstones.

After that there is a spectrum of sediments
from tidal delta characterised by more quiet con-
ditions. Sediments of tidal deltas are formed by
sandstones similar to sandstones of tidal channels
in composition and structure, but contain a big
amount of clay interlayers, settled during quiet
period.

Deposits of watten and following marsh sedi-
ments reflect less sedimentation pace in coastal
part of the basin. Watten sediments in most cases
are presented by thin frequent interlayers of fine-
grain sandstones and shale siltstones. Ratio of the-
se rocks is determined by proximity from a coast.
The more proximal from a coast to the land the
less sand sediments that are grabbed by tidal wave
there are and finally they disappear by the marsh
zone. Marsh sediments are presented by homoge-
neous or fine-grain mudstones, carbonaceous silt-
stones, clay carbonaceous mudstones, coal, fine-
grain sandstones and thin (often turbidite) interlay-
ering of mentioned rocks.

Sedimentation of lagoon mudstones and silt-
stones was happening even in more quite environ-
ment with rare storms that is proved by thin inter-
layers and lenses of light-gray fine-grain sandstone.

Finally, the most quite environment is present-
ed by clay, siliceous-clay and siliceous-carbonate
rocks of deep marine genesis of Pelagic facies.

In the rocks of evaporated cross-section of
Barabin set of outer shelf facies the most REE
appear to be in very high concentration. Geochemical
spectrum of these sediments significantly pop-ups
from the others. Sediments of outer shelf were
formed in quite environment below the basis of

ISSN 2224-9923. Bectrnux [THUITY. I'eonorus. Hedrerazosoe u roproe geno. 2016. T.15, Nel9. C.105-113



108 ISSN 2224-9923. Bulletin of PNRPU. Geology. Oil & Gas Engineering & Mining. 2016. Vol.15, no.19. P.105-113

storm waves with low input of detritus materials
and have special geochemical conditions. Wide
spread of authigenic materials such as glauconite,
pyrite, phosphate rock as well as high concentra-
tion of organic matter (rostra belemnite) is an evi-
dence of detritus material lack.

Formation of glauconite and phosphorite is as-
sociated with long influence on primary sand mat-
ter of sea water; low amount of incoming detrit-al

10.0
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Lanthanides are similar to each other in terms
of spectrum morphology. The trend of normal-
ized values of REE to approach to RPSC values
during consistent decrease of hydrodynamic
level in the range tidal channel — tidal delta —
lagoon — watten — marsh is observed.

material led to the accumulation of numerous
residuals of the ancient fauna (rostra belemnite,
bivalve shells and others). Evaporated cross-section
that was formed this way has smaller thickness and
occupies significant stratigraphic range.

To rewiew distribution of REE in details for
each of the facies graphs that show concentration
of REE regarding to RPSC in all samples were
built (Fig. 2).

10.0 -
1.0 -+
_.—_—- " e —— ———-—
A —
0.1
La Pr Sm Gd Dy Er Yb
b

10.0

1.0 + —————— —

0.1~

La~ Pr Sm Gd Dy Er Yb
d

Fig. 2. Spectrums of REE (highlighted by color),
normalized by RPSC and distributed in accord-
ance with facies accessory: a — tidal channel;
b — tidal delta; ¢ — watten; d — marsh; e — lagoon.
Line colors on each graph represent new sample
taken for research

The content of elements in clay and sand deposits
of tidal channel and tidal delta is lower than RPSC
ones (Fig. 2, a, b). In the sediments of tidal channel
there is a slight excess of content of heavy REE over
the light ones. Despite the fact that concentration of
Eu in some samples increase dramatically in the sed-
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iments of tidal delta there is an inverse tendency.
Most of the mudstones and sand-clay sediments of
watten, lagoons and marsh have concentration of
REE equal to RPSC (Fig. 2, c, d, ). Nevertheless,
there are some differences. For instance in the sedi-
ments of watten and lagoons there is low concentra-
tion of heavy REE in comparison with light ones.
Concentration of heavy REE increases in marsh
sediments.

The results obtained during data interpretation
proved the law of change of REE concentration
in different environments of marginal-marine line
and showed relationship between growth of some
REE and reduction of the other going out from
shore.

Modeling of sedimentation conditions

Results of geochemical analysis can also give
an idea of paleographic conditions of sedimenta-
tion of detritic formations [1, 3]. Information about
the content and ratio of wide spectrum of impurity
elements in sandstones and fine-grain detrital rocks

allow to model rock content on the paleo water
collection systems, paleo geodynamic environment
of initial accumulation sedimentation, to calculate
abundance of elements in Earth's crust and other
numerical parameters of sedimentation genesis.
The ratio of impurity elements of studied samples
is presented in table.

General geochemical indicator of paleo-
geographical conditions of the accumulation of
various sediments is usually considered as Ce
anomaly Ce/Ce* [15]. It is known that the main
body of REE is delivered to final basins through
rivers as a suspension. In the central areas of large
sea and ocean basins Ce is oxidized and becomes
soluble, that leads to appearance of negative ceri-
um anomaly in seawater (values of Ce/Ce*<1).

Ratio Ce/Ce* in studied samples (see table)
shows margin-continental environmental sedimenta-
tional conditions. In more deep water (Pelagic) sedi-
ments the value of ration is characterized by negative
Ce anomaly (0.86). At the same time ratio Ce/Ce*>1
in coastal-marine and shallow-marine sediments.

The ratio of impurity elements in the sediments of studied region

Depositional Facies Number Formation Average value of impurity elements ratio
environment of samples Ce/Ce* | CelY | TilZr | Sr/Ba | Eu/Eu* | La/Yb
Deep water-marine  |Pelagic region 7 Bazhenov 0.86 7.28 0.79 0.66 1.03 0.96
Shallow-marine Outer shelf (evaporated 3 Georgiev | 152 | 11.02 | 080 | 017 | 110 | 1.85
cross-section)
Lagoon 1.12 8.97 144 0.61 1.06 1.41
Marsh 1.08 9.48 0.92 0.40 0.92 1.06
Coastal-marine Watten 42 Vasiugan 1.12 10.77 121 0.34 0.95 1.35
Tidal delta 1.07 9.52 1.14 0.38 1.17 1.63
Tidal channel 1.10 8.45 1.15 0.42 1.15 1.03
AV. Maslov also uses other ratios of  areas. Consequently, in terms of Sr/Ba ration in the

REE-modeling of sedimentary environments. It is
based on the fact that RRE are slightly soluble in
water and, therefore, move from the region of ero-
sion in the area of sedimentation without any loss.
The use of Sr/Ba ratio as an indicator of paleo
salinity is based on the considerations [1-3, 16]. It
is known that under intense chemical weathering
Ba and Sr migrate until enter to marine water to-
gether. In coastal water Ba quickly binds with
so?- and precipitate. Sr is not sedimented on the
coastal basin part and migrate to more proximal

sediments of the same age it is possible to see a
transition between fresh to marine sediments.

The highest value of Sr/Ba ratio is recorded in
the sediments of lagoon and Pelagic region and
equals to 0.61 and 0.66 respectively (see Table).
These facias have normal salinity but are most salt
in respect to oters. Sediments of tidal channel (0.42)
and tidal delta (0.38) have similar values, probably
due to common sedimentation conditions. At the
same time salinity of sediments of watten and marsh
is the lowest values (0.34 and 0.40 respectively),

ISSN 2224-9923. Bectrnux [THUITY. I'eonorus. Hedrerazosoe u roproe geno. 2016. T.15, Nel9. C.105-113




110 ISSN 2224-9923. Bulletin of PNRPU. Geology. Oil & Gas Engineering & Mining. 2016. Vol.15, no.19. P.105-113

probably due to its small distance from continantial
part and regular desaltation of marine water.
Barabin set of facias is characterized by the smaller
value of Sr/Ba ratio (0.17). That indicates freshwa-
ter sedimentation but contradict common under-
standing of set formation during fast transgrations
and the fact that the set contains features of shallow
and Pelagic sediments. This fact is of great interest
and requires further research for its explanation.

In order to assess distance of clastic material
transportation the ratio Ti/Zr is often used. This pa-
rameter reflect better preservation of zircons in com-
parison with minerals that contain titanium during
long-lasting transportation or multiple resedimen-
tation of clastic matter [3]. Thus, rocks that are
formed near to ablation source have higher ratio
compared to rocks which composition contain de-
struction material of the same ablation source, but are
transported to higher distance. This is confirmed by
data obtained during recalculation of normalized val-
ues of Bazhenov, Georgiev and Vasiugan formations
(see Table). It was proved that in deep water-marine
sediments of Pelagic region (0.79) and shallow-
marine of outer shelf (0.80) the ratio Ti/Zr is lower
compared to coastal-marine genesis (0.92-1.44).

Based on the research of lu.A. Balashov and
A.B. Ronov with co-authors, climate can be indi-
cated geochemically by the most interesting ratio
CelY [17-20]. As it is known, there is no differen-
tiation of REE in the arid climate. But there is sig-
nificant differentiation of REE saturation and
composition in humid sedimentation. Having the
idea of REE differentiation in humid climate, that
is developed by lu.A. Balashov and his colleagues,
a threshold between arid and humid environments
is a ratio equals to 3. The indicator Ce/Y is varying
between 7.28 to 11.02 that is typical for humid
climate sharply.

The maximum of Ce/Y ratio (11.02) is in the
bottom of Georgiev formation (Barabin set) that
tells about increase of temperature during ongoing
transgression. Minimum value of Ce/Y ratio (7.28)
is typical for pelagic sediments of Bazhenov for-
mation, that settled probably in the conditions
of slightly arid climate.

Calculation of europium anomaly has obtained
wide application range. That represents ration of
real saturation of europium to a theoretical one that
was obtained by interpolation of its neibor (samar-
ium and gadolinium) saturations normalized in ac-
cordance with RPSC. Europium anomaly (or
Eu/Eu*) is an index of composition of rock system
that were washed out by paleo water drainage
[1, 3]. Despite the fact that no negative values oc-
cur during recalculation if Eu/Eu* ratio is higher
than 1 then it is positive, otherwise negative. For
studied samples Eu/Eu* ratio is fluctuating be-
tween 0.92 to 1.17. Minimum values are common
for marsh and watten sediments (0.92 and 0.95).
In case europium anomaly is relatively small
(~ 0.95-0.90) it can be said that there is dominance
of pre-Cambrian crystalline rocks or rocks formed
by juvenile material, that was not undergone
significant transformation in the continental crust.

The type of La/Yb spectrum is a measure of ra-
tio of acidic and basic rocks in an ablation source.
If the ratio La/Yb of studied rocks is less than 1.85
then it is possible to forecast significant role in an
ablation source of igneous rocks of basic composi-
tion. Wherein for Pelagic sediments this parameter
is minimal (0.96), but in coastal-marine sediments
it raises to 1.03-1.63.

Conclusion

The results obtained during the study indicate
that core of sedimentary rocks differ in geochemical,
mineralogical and petrographic composition. Both
are presented in a wide range of varieties.

Clear europium anomaly is observed in almost
all studied types. An average value of La/Yb (less
that 4) proposes base composition for igneous rocks
in the areas of supply. One of geochemical climate
indicator is a Ce/Y ratio. In this article ratios equal
to more then 3 are common. Therefore, the type of
sedimentation genesis is humid. Ratio Ti/Zr was
used to estimate distance of clastic matter transpor-
tation. It is proved that in the deep water-marine
Pelagic sediments ratio Ti/Zr is lower than in
coastal-marine genesis. The value of Sr/Ba empha-
sizes mainly significant salinity of the sedimentation
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basin. The only exceptions are deposits of watten
and marsh where salinity is slightly lower. The ratio
of Ce/Ce* in the samples at the interval of 0.86-1.52
indicates environment of margin-continental sedi-
mentation regime. Thus, lithochemical data of im-
purity elements may be used to confirm previously
selected depositional environments. It should be
noted that during interpretation of the results espe-

cial geochemical appearance of Barabin set
of Georgiev formation was determined. That is
explained by specific for condensate cross-section
geochemical conditions.

The information obtained significantly com-
plement and specify results of lithological studies,
performed by conventional methods on the territo-
ry of Kazan and Bolotnoe fields.
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