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< JvOCHKMICAL PROPKRTIES OF TF.RRKSKNOUS ROCKS AS 

KM A I OU.S OF SEDIM ENTATIO N CO NDITIONS C LIN O FO R M  BY TH E  

EXAMPLE OF A C H IM O V  C O M PLEX (WESTERN SIBERIA)

\ ||IM Aiotiiti

I I'lof. (K'rmadiy Tatyanin

I h o i. РЫоп Tlshin
•I Ui4Ciireh Tomsk Sinie Univmily, Russia

H U M  T

I *  III iimhiguous understanding o f conditions of formal ion of c lino form complexes 
i RIM dlUcivm ways lo interpret their structure. Main methods o f diagnostics arc bio- 

I RilwuiMnuigraphic ones, but they do not always allow realizing со relation of 
liRphlc units. Thcrctore we take up possibility of use o f methods of 

Nh hciiiislry.

Hlimv t'omplex of Urengoy region has been chosen as a subject of inquiry. There 
|||m  u I urgilliics and alcurolilcs which divide sandstone strata Ach-BU9, Ach- 

Avh2- B u ll ,  Ach-BUI2, Achl-BU12, Ach3-BUI2 have been collected, 
features of these rocks have been studied relying on 52 measurements of 

Hgvilic oxides contents realized by use of X-ray fluorescence analysis and trace 
(lih conteiUs by use of ICP-MS. Petrochemical nx^duli and geochemical indicators 
И wan tiNcd for lilhogeochemical lypiflcaiion of rocks.

I of basic petrochemical parameter*; reflects normative mineral composition 
flRillilKmts. Ill spite of considerable variancc»of majority of parameters it has been 

Ml huh slraluiri Ach-BUlO is enriched with normative illite and feldspars. Normative 
Q«4llnii o f sediments of Aeh-BU9, Aehl-BUI2 and Ach3-BUI2 strata conform to 

|IM!H»hydromica association. Normative composition of sediments of Ach2-BUll 
I Ai'h BUI2 strata conform to chlorile-montmorillonite-hydromica association.

, oil trace elements distribution all these sediments have been divided into two 
hciil groups. The first one include argillites and aleurolites of Ach2-BUl I and 
П2 strata, for which low level o f REE accumulation (102-195 and 178-206 gA 

Mlvdy) with La/Yb variations from !0 to 14, increased value ofEu/Eu* (0,53- 
Inw value o f Cc/Cc* (0.90-1,07) with local increases up to 1,23-1,24 arc 

VkiiHlic, The second group include Achl-BU12, Ach3-BU12, Ach-BU9 and Ach- 
l lm  mruia. which arc distinguished by higher content of RKE (154-293 gA), increase 
rlV L c* (I.OH-1,58), La/Yb (10,1-24,07) values and decrease ofKu/Eu* value (0,43- 
|Mf. At the same lime vertical variations of Fe/Mn, Sr/Ba in AchI-BU12 and Ach3- 
i l l  ihilc increase of Sr/Ba up to 0,44-0,56 and Fc/Mn up to 90-140 at upper 

MMlicli ic levels pointing to transgressive conditions of sedimentation. For Ach-BU9 
li lUJIU inverse relationships of Sr/Ba and Fe/Mn distribution have been stated. 

I |Hiju(.s to regressive conditions of strata torniation.



riuis. this research allows to state that there was polygenic regime of format id 
Acliimov c lino form complexes. It's characieri/xxl by consecutive change from i 
western transgression (Achl-BU12, Ach.VBUI2) to deep-sea sedimentation (Ad 
BU i I и Ach>BUI2) and then to following south-eastern regression of sea basin 
ВиЯ Ach-BUIO).

Keywords: clinoform« geochemical coctUcients. sedimentary rocks

INTRODUCTION

In last years in Western Siberia there arc attempts to Involve new geological obj  ̂
with traps of non-anticline typo in exploitation lor the purpose of nuintenan 
increase of oil and gas production extcni. One of potentially promising objects in lh 
region is noocominri clinolbrm complex. In terms of siraitgraphic position these dep 
arc cn echelon lenticular bodies located at the base of creiaccrous part o f prof 
varying stratigraphic range from berriasian at the eastern pari I о lower haute rivian at] 
western. Rather complicated composition and complex relation with host rocktl 
typical (or c lino for ms. This is because of active geodynamic regime ofscdiinentJ 
There are a lot o f pallems o f clinoforms, but we can emphasize three о Г them: deh 
mcgacross-siratitled and catastrophic ones.

Best of all deltaic model analysis is presented by Yu.N. Karogodin, S.V. Ershov unt 
V.S. Safonov I I] .  According to their opinion deposits of neocomian producing con 
are consiiiulcd by sediments o f alluvial-deltaic plain, avantdelta and prodelta, wfj 
have Гогтеч! due to rhythmic lateral accretion of clinoforms, Authors of megacn 
strnlilled model (M .M . Binshtok. Yu.V. Brudiichun. O.M. Mktrehyan el al.) tell thatl 
berriasian ai>d valanginian ages West Siberian mare basin was a starved basin, whlf 
had been tilled svith debris during rhythmic-translational shelf moving to the 
center for a long lime, ('linoforms have formed as a result o f shoreline moving to f 
west due to filling of basin with sediments [ I j .  According to opinion of F.G. Gou 
many researchers underestimate role of climate in sediments formation history 
c lino forms may Itave been Гогпкч! because of catastmpliic pri>ccsses. Avalanche*! 
delivery of detriui.s might be caused by earthquakes, rainfulls, typhoons. Such proce* 
took place rather infrequently, but they led to washout and moving to the sea of la 
anR)unts of sedinKmts.

Because of uncertain understanding o f conditions of clinoform comp lex formation th 
aa* dillerenl appro:kches to interpretation of structure of the complex. This cxacerb 
issues o f stratigraphic dissection of these deposits. Main and usually used methods] 
such kind of research are biostmtigraphic and seismic siratigraphic analyses; ho we 
they do not always allow carrying out correlation of deposits because of fauna relit 
absence in sediments, disunity of prospect holes net and complexity of iiaerpretation(j 
obtained inlormaiion. For this reason lithogeocltemical methods have been proposed I 
the search of reference indicators |2 |.

U TH O FA C IK S  CHARAC TERISTICS OF T IIF  OB,IKCT O F RESEARCH

Achimov complex of Urengoy region have been chosen as iho object of icsea 
Samples of argillites and aleurolites. which partition sandstones beds ЛсК-ВШ, Ac! 
BUIO, Ach2-BUII, Ach-BU12, Achl-BUI2, Ach3-BUI2, have been taken out o f|  
(Fig. I), Obtaining the results of analysis of structure of rocks associations and strati



HNl Н!и1 iMtLiral features, maierial composition of sandy and silty clay rocks allow 
irtiW IIIlKtllicicsofthc profile.

■lalcd tliul Ach3-BU12 layer is made of throe subfacies oflurbidiles, which 
illy u'jJliicc each other [3.4]: Ппе-grained luibidites (T3),'dcbris flow deposits at 
NMtx rtcnmuilation slopes (T4) and hemipeiagites (T5). These sediments consist 

llch, nlciiroargillites and argillites with hydromicas. Layer textures with marks 
Itllid tiuliirmations and average or poor sorting are characteristic tor these rocks, 
nt Achl-IiU12 layer consists of two parts. The lower one consist of 

iIIIIKhI alcLirolites, aleuroargilliles and hydro mica containing argillites of 
IIIIh iilhlacics T3 -  T4 [4]. The upper part o f the layer consists of poorly sorted 

Ih \ W niid arkose sandstones of coarsely stratified massive turbid ites (T l)  [3].

||M i>| Ach-IUJ12 layer is determined by alternation of finely stratified graded 
HlifHlIv Htul Cl OSS-bedded sanstones оГТ2 siibfacics and fine-grained turbldites (T3) 

WllUli are composed by alcurolites, argillites and hydromica containing 
flliHplIlitcs with grcywackc and arkose sandstones in minor quantities. Parallel. 

Mini Hied, sloping wavy, lenticular and graded textures and poor or average 
I me cimracteristic for these rocks.

BUM

Ach3-BU12 ^

BU9 2 Ach-BU9 3 В

, Schematic profile of achimov complex ofUrengoy region: 1 - shelfbed index;
• llllinliu'm index; 3 • bazhenovskaya suite [I].

|| lying Ach2-BU12 layer with its structure resemble Achl-BUI2. Herewith lower 
itH piolllc is characterized by inierstra title at ions of tnic-grained and medium- 

I Mcdimems of T2 and T3 lit ho facies, which on a direction to the top change lo 
WUi'ii coarse-grained sandstones (quartz and feldspar containing, grcywackc, arkose 

IliCHtimjcttc sandstones) of turbidile subfacies T l with characteristic gradually 
lllfliuf, lenticular textures with marks of slides (3,4).



On I he basis o f lithofacial composition Ach-BUIO layer resemble Ach3'BUI2 one.j 
coiTjposed o f unsofted oligo-. mcsomictic, quarl/ose alcun>liies, hydramica 
argillites, aleuroargillilcs оГТЗ and T4 subfacies [3,4|.

Poorly sorted mcsomiclic sandstones, alcuroliles, hydramicaceous argillites iiQ 
aleuroargillilcs. which lormcd in conditions of subaqueous channel bars and neareh 
shoal of gulfs and lagoons of epicontinental basin [3|. are distinguished in composlj 
of Ach-BU9 layer.

On the basis o f what's menlioncd above, one should conclude that analyzed ro 
formed within the bounds o f dejection cone o f deltas o f epicontinental marine 
areas and perimarineand marine environments with intense hydrodynamics.

Regardless o f position in the prollle all o f the studied silty clay sediments 
t runs formed at cata- mid metagenesis stages. Rocks, which were lithified during J 
process of diagenesis, retain considerable quantities o f pcliiic matrix in th 
composition. With tcmpcrulurc and pressure increasing in alcuroliles process 
quart/ regeneration, hydromica/alion and chloritization of.smectites lake place the san 
way as in sandstones, /ones of inter layering of diderent kinds o f deposits (a I euro U 
argillites, sandstones) undergo destruction under the action of strain. At first this exp 
in bedding-plane joints occurrence. Such joints usually are related to contacts betv 
layers with different physical characteristics and titcrefore responding to iensioQ| 
dilTerent ways (for example, sandstone -  a leu ro argillite or aleuroliic carbona 
Interlayer contacts). Kxaclly to such zones hydromica/niion, selective layer-by-laj 
enrbonulization, hydrocarbons migration are adhered. Along these /ones replaccmen 
feldspars and rocks fragments with secondary minora Is occur more inlensivalj 
Aggressive fluid treatment and leaching lead to signillcam secondary replacement! 
components of rocks (especially sandstones). Such changes make precise highlightij 
of criteria of lithologic profile partition more difficult. In this situation w« 
attempted to reveal lilhogcochcmical attributes o f correlation.

MKTHODS

Cjeochcmical characteristics o f the rocks have been studied on the basis of 
measurements of pctrogciiic oxides using XRl- analysis, trace elements analyses 
Inductively coupled plasma muss spectrometry (ICP-MS), Investigations were ca 
out using the equipment of collective use center “Analylicnl center of mu lira I systeij 
geochemistry" of Tomsk Sliile University (TSU). for lilhogcochemical typificatiofl 
the rocks following values have been calculated: hydro I у/ale modulus ()IM ), titan 
modulus (TM ), fcmic modulus (ГМ ), alumosilicious modulus (A M ), normalb 
alkalinity modulus (NAM), gcHKhcmicol coetTicients (such as La/Yb and Ге 
cltaractcrizing facial environments o f sedimentation. ^ ('e /£ Y  and 1/ГМ churacteria 
the climate, Sr/Ba, CVCe* and Eiu/Hu* characteri/ing conditions o f scdiinentatid 
Also a number o f discrimination diagrams have been built: KM-NA, which allow J 
syslcinati/e day sediments. LRIil>MRF.I-*-IO*MRIi[v, which characlcri/e diffei 
sediment at ion environments, Th-Mf-Co and l.a-Th*Sc, which specify compositionl 
deposits (table 1) [2, 5-11|. Also c bond rite-normalized rare earth dements (REE) plo 
have boon made up (tig. 2 ).
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RESUITS AND DISCUSSION

Disiri bill ion of main petrochemical parameters re Лес Us mineral compos it iod 
sediments and is determined in many respccu by epigenetic transformations, (n spilt 
high level o f dispersion of most pari o f indicators il has been stated that Ach-BC 
consists of deposits with higher hydromioa content and considerable leldspar conlt 
Deposits o f Ach-IUJ9, Achl-BUI2 and Ach3-BU12 layers eonlain chlorite 
hydroinica. ones of Ach2-BU 11 атн1 Ach-BUI2 layers -  chbriie. пктппогИIonite an 
hydromica [5). Such trend is proved by thermal ami lysis results.

Trace elements analysis is more in formative in respect of geochemical distinctioi 
parts o f the profile. Sediments under study have been divided into two gei)chei 
groups on the basis o f trace mul rare earth clcmcnls distribution. The first group Inc I 
argillites and aleurolites of Aeh2-BUI I and Ach“UUI2 layers, lor which low leve 
REE accumulation (102-195 and 178-206 g/l respectively) is typical. La/Yb ratio vj 
from 10 to 14. Eu/I;u* ratio is increased (0,5.VO,66), Ce/Ce* ratio is low (0,90-|j 
with local increases to 1.23-1,24. Paleoclimate Indicator varies in nam
range from 3.28 to 4.10. This is inherent for semiarid-semlhumid coiHliiions of roc| 
tormation. Also all tlkcsc geochemical parameters point to deepwater regime ofdc; 
(brmation 15,8,9].

The second group include Aclil-BU12, Ach3-BUl2, Aeh-BU9 and Ach-BUIO layi 
which have higher level o f RHE concentration (154-293 g/l). Ce/Cc* (1,08-1,58) 
l.a/Yb (10,1-24,07) ratios tire increased, Eu/Ku"' ratio (0.43-0,59) is decreai 
Meanwhile vertical variations o f Fe/Mn and Sr/Ba indicators in Achl-liU12 and Ac 
BUI2 proliles indicate increase of biLsin palc4>salinity (Sr/Ba 0.44-0,56) 
cbenx>gcnic sediment a lion (Fe/Mn 90-140) at the upper hypsometric levels. This tcslij 
progressive regime of sedimetils genesis (fg . 3) |8 |. Ach-UU9 and Aeh-BUIO lay 
show inverse relationship: Sr/Ba (0,3.3-0,40) and F’e/Mn (100-130) ratios are higher 
the upper horizons and lower at the underlying ones (Sr/Ba 0,25-0.44 and Fe/Mn 
139 with ahiiormal value leap up to 172 at the bottom o f l!ie profile). This indlc; 
regressive regime of deposits lor mat Ion (llg, 3). coolllcienl amount to 2;
5.15. w ha I allows lo conclude that climate was humid for the most part [5.8|.

i  “

I» i« IS*** )5e •e w  III iM iM Mb

Fig- 3. Fc/Mn ratio change during depth Increase: A. transgressive regime; B. regressiv 
regime.



ccHulls jirc shown at LRFK-MREE-10*HRIit diagram (7, 111, Flguml points 
ШЛ I and Ach-BUI2 deposits distinctly appear at deepwater sediments area. 

Hiiiiling <lc|H)sits composiliun makes up a linear trend, which show presence of 
live fliul transgressive sedimentation regimes (fig. 4 a, b).

^  - L'uartal-marMK yrmc 
* йсе̂ чевуопе

I A, !•: distribution in achimov complex [71 ;B • Modulus plol Гог clay sediments 
HHlMli/tilion [5].

2 - Acli-BUIO; 3 - Ach2-BUM; 4 - Ach-BU12; 5 - Achl-BU12; 6  -
i4nH2.

) kmlliiic componeni prcvalencc;2 • montmorillonite prevalence;3 > chlorite with iron 
NiniK d admixture prevalence; 4 • «standard two-componcni mixture о Г chlorite and 

illitmlcii»; 5 • «standard three-componenl mixture ol’chlorile and monmoril Ionite and 
nliniulcu»; 6 • hydro mica with considerabli; feldspar disperse panicles prevalence [5].

tllN n .llS IO N S

I M МП 11 u way. conducted research allows to define polygenic regime o f achimov
S iuliirm complex development. Sequential change from north-western transgression 

iltMU)12, Ach3-BU12), deepwater scdimciilalion (Ach2-BUl 1 and Ach-BUl2) to 
IP wing south-eastern regression of marine basin (Ach-BU9. Ach-BUIO) has been 

ф |¥<1

йЫ  lealtiresofpnlcoclimaie о Г area where studied rocks formed most probably arc 
Ц lienees of basin subsidence ami not of change climate as such, btit ЫЧетрегашге 

dll Ion change as a result o f dcpih increase. Such changes register with use of 
•glioniical indicators.

Aim I f  к Important to note lhal strata with dllTercni age have different values of 
I^K'llcmicul indicators. This allows to carryout dividing ofclinoform complex ргоШе 

leastwL«% bed scries on the basis o f La/Yb. h'e/Mn. Sr/Ba. Cc/C'c* ratios 
^ptbkimtion.

Ann riling lo petrochemical study results it has been slated lhal ntain volume of 
Hrilliiriits is rcpresenteil by psciidosinllitcs and pscudohydroli/ates; iilst̂  presence of 
lIllllCH has been noticed. This all point out wide distribution of chlorite-



iiH>ninb>hllonilc mineral complex with micas and feldspars. There is some ge
signillcnliun in i(,
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