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Schematic cross-section of mesozoic-cenozoic
deposits of West Siberian basin
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Paleogeographic map of West Siberian basin in late tithonian
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Legends / YcnoBHble 0603Ha4YeHUsA
1-2 — denudation areas/ o6nacTu geHygauuu;

3-4 — plain/ paBHUHBI.
Boundary / 'paHuubl:
9 — West Siberian basin/ 3anagHou Cubupwu;
10 — bituminous deposits/ OGUTYMUHO3HbIX OTIIOXKEHUMN;
11 — anomalous cross-section of Bazhenov deposits/  APbB.
Fossils /| OpraHn4yeckue oCTaTKu:
12 — coccolites/ kokkonutocpopuAabil;
13 —radioliarians/ paguonsapwuu;
14 — belemnite / 6eneMHuTbI;
15 — ammonite/ ammMoHuTbI; 16 — folding mollusks/
ABYCTBOpPYaTble MOMNIOCKM;
17 — foraminifera/ copamuHudepsbl.
5-8 —Sea basin depths/ 'mybuHa mopckoro 6accemnHa:

Minimum/ MuHUMarnbHas

Maximum/ mMakcumanbHas
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*MpepgTeueHckas E.A., Kponb J1.A., Typapu ®.I. v ap. //
O reHe3unce KapboHaToB B cocTaBe 6a’KeHOBCKOW CBUTDI
LLeHTPa/IbHbIX U I0ro-BOCTOYHbIX pailoHOB 3anaaHo-
Cubupckoii nantbl // Nutochepa. — 2006. - No4.




Cross-section of West Siberian basin in late tithonian
Pa3pe3 3anagHo-Cnbupckoro 6acceitHa B no3gHe-TUTOHCKOE Bpems
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Strezhevoy

Non compensated
sedimentation
HekomneHcupoBaHHOEe
ocafiKoHaKonsmneHue

Marine environment with non compensated and low speed accumulation.

*Biogenic sedimentation prevailed over clastic one.
*Sedimentation of silica dominated over carbonates and clay deposition

*OcagKOHaKonneHue 6bin10 HEKOMMNEHCUPOBAHHDbIM, KpaﬁHe MmegneHHbIM

*bnoreHHaa cegumeHTaLmnA pe3Ko npeoGna,qana HaA TEppMI’EHHOﬁ
*KpemHeHakonneHUe AOMUHUPOBANO HAA HaKONeHuem Kap60HaTOB n rMuH




Bazhenov core
KepH 6a>keHOBCKOM CBUTDI

Thin section
LLnndbl

*Anaerobic environment with H ,S pollution

sLarge quantity of organic matter accumulated and re mained

*Core is presented by dark-brown to black rocks with a brownish shade, fine-laminated, bituminous,

with a pungent smell of hydrocarbons

*Ha aHe GaccenHa GbINY WMPOKO pa3BUTbI aHa3POOHbIE OOCTAaHOBKM CepeBOAOPOAHOro 3apaXxeHus Boa
*HakannuBanocb U COXpaHANOCbL OFPOMHOE KONIM4eCTBO OpPraHN4YeCcKoro BelecTBa.

*KepH npeactaBneH TeMHO-0ypbIiMU A0 YepPHbIX NOPOAaMU C KOPUYHEBATbIM OTTEHKOM,
TOHKOCNOUCTbLIMU, CUITbHO OUTYMMUHO3HLIMU, C PEe3KUM 3anaxom YB




Schematic view of the Bazhenov
formation deposits in West Siberian basin
Cxema pailOHUPOBAHUS OMTYMHHO3HBIX

OTJIOKEHUM 0aKEHOBCKOI'O TOPU30HTA

3anagHo-CHuOMpPCKON paBHUHBI
(mo FO.B. bpanydany, 1984r.)

Bazhenov formation
Area — 1,000,000+ km?, av. thickness ~ 30m
First oil — 1967 (Salym field)
Steady rates: 0.5-350 tons/day (3-2,200 bbl/day)
Maximum rates over 2500 tons/day (15,725 bbl/day)

To date, oil production from Bazhenov is confirmed by more than 70
fields

Recoverable reserves 0.6 to 150 billion tons (3.8-943.5 Bbbl)

bakeHOBCKaA cBUTA
Mnowaab — 1,000,000+ KM?, cpeaHasa TonwmHa ~ 30 m
Mepsblie HedTenpoasneHns — 1967 (Canbimckoe mecT-€)
YcToumsbie npuToku: 0.5-350 TOHH/AeHb
MaKcMManbHbIM NPUTOK HedTH 2500 TOHH/AEHDb

CerogHsa, HedpTenpoasBeHUA n3BeCcTHbl bonee yem Ha 70
MeCTOPOXAEHUAX
N3Bnekaemblie 3anacbl HepTn oueHmBatotca B 0.6 to 150 mapa. T

.
rpaHvua BHyTpeHHen ButymuHosHon obnactu
BHakeHOBCKOrO ropu3oHTa A P s




Unique properties of Bazhenov formation
YHUKaNbHble CBOMUCTBA OTNOXeHUI 6a)KeHOBCKOU CBUTDI

YUCTO-HePTAHasA 30Ha
_Pure oil zone

QI FMUHUCTO-KPEMHUCTLIE NOpoabI

(HekonnexkTopbl)

argillaceous-siliceous
deposits (hon-reservoir

rocks)

TpeLHOBaThLIe mpﬁonamo-xpemmc%ue MOHOMNUTHBbIE KapboHaTHO-KpeMHUCTbIE
paguMonsapuThbl (KonnekTopsbl) paguonapuTkl (HEKONMeKTopkb!)

=;
o
=N =
(1°]
(93]
E
=N 0
- O
8
s 2
S
S e

Fractured carbonated radiolarians Monolithic carbonated radiolarians
(reservoir) (non-reservoir rocks)

Lack of edge water

oil accumulation morfoloqy completely coincides with morfoloqy of the reservoir,
i.e. if there is a reservoir - there is an oil accumulation too (without water)

OTcyTcTBME 3aKOHTYPHbIX BOA,

mopdgoso2ua 3anexu NPaKmuyecKku noaHocmeoro cogrnadaem ¢ mopgonoaueii
Konanekmopa, m.e. ECTb KOJINEKTOP — ECTb YACTO HEDTAHAA 3AJIEXb




West Siberian basin 3anagHo-Cnbupckmm baccenH

SALEKHARGIE

Potentially oil-
bearing Bazhenov
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- Salym (70 wells) (Rosneft),

- Em-Eg (13 wells) (TNK-BP),

- Pravdinsk (2 wells) (SurgutNeftegas)

- Maslihovsk (4 wells) (SurgutNeftegas)
-Nazym, Galyan (25 wells, 2 horizontal
wells) (Ritek)

B TeueHWe 4NUTENbHOrO BpeMeHU 6ayKeHOBCKaa CBUTA
pa3pabaTbiBaeTcA BCEro Ha 6 MEeCTOPOKAEHUAX:

- CanbiMmcKoe (70 ckBa*kuH) (PocHedTb),

- Em-EroBckoe (13 ckBaxuH) (TNK-BP),

- MpaBanHcKoe (2 cKBaXKMHbI)
(CyprytHedreras)

- MacnuxoBckoe (4 cKBaXKMHbI)
(CyprytHedteras)

-CpenHe-HasbimcKoe, lanAaHoBCKoe

(25 ckBaXkuH, 2 ropmsoHTanbHble) (PUTIK)




Ccauses:

Bazhenov formation is_an unconventional subject

— few actual data

— low level of exploration maturity:
- core recovery and safety is low
- reservoirs intervals break down first
- reservoirs was not study in core for a
long time
- it is difficult to tie core and well logs

Bazhenov core
KepH 6a*KeHOBCKOM CBUTDI

NMpuYUHLI:

BaxeHoBcKass cCBUTa HETPAAULIMOHHbLIU OO BLEKT

— Mmarno akTu4yecKnx AaHHbIX

— HU3KaA cTeneHb U3Yy4YeHHOCTMU:.
- HU3KaA cTeneHb BbIHOCA U COXPaHHOCTU
KepHa
- B NepBYyl0 ovepeab pa3pyLialoTcs
TpewuHoBaTble MHTepBanbl pa3pesa,
copepxawme KOnneKkTopbl
- OTCYTCTBME BO3MOXHOCTU U3YyYEeHUSA
KONneKTopa Ha KaMeHHOM maTtepuane
- TPYAHOCTU NpUBA3KU KepHa K TUC




The model of Bazhenov formation reservoir for Salym field (by I.Nesterov, 1985*)

Mopaenb Konnekropa 6a*KeHoBCKOM cBUTbI ANA CanbiIMCKOro MecTopoXaeHusA
(no U.WN. Hecteposy u a.p. ,1985r)*

YcnoBHble 0603HaYeHuUs

1 — HedTb; Oil

2 — opraHuyeckoe BellecTBo; TOC

3 — BUTYMMHO3HbIE MMUHbI; massive bituminous clays
4 — TpewmHbl aBTOnonaopaspbiBa; fractures

A — KonnekTop; reservoir

b — BMewatowme nopoabl; matrix rocks

B — nokpbiwka. Cap rock

Reservoir:

*is a fractured clays , enreached by organic matter
eLens-sharped

*Permeability are caused by horizontal auto-fluid-fractures

* It was noted, that oil rate is falling suddenly in the first
months of Bazhenov formation development.

The explanation is: high pressure in reservoir decreased while
Bazhenov oll field operated, so fractures are closed in reservoir.
Reservoir disappeared.

Konnekrop:

schopmupyeTcs B TpelmnHoBaTbIX FMUHaxX, oboraweHHbix OB
*MEeeT NMMH30BUAHOE CTPOEHME

*®EC 0bycnoBneHbl HanNnn4Ynem ropm3oHTanbHbIX TPELLMH
aBTodhnitonaopaspbisa

OTmMeyvanoch, YTO BO MHOMMX CKBaXKMHaXx, pa3pabarbiBatoLmx
B6axxeHoBckyto ceuTy npoucxoaut PE3KOE MAOEHNE
OEBNTA HEDTU B nepBble MecsiLbl paboTbl CKBaXXMH.

9710 06BbACHANOCH TEM, YTO Npu oTOOpe HedbTH NagaeT
AaBreHne B nnacte, TPeLmHbl B KONnekTope
«CXJI0MbIBAKTCSA» U KONMEKTOP NUKBNOMPYETCH

* Hecmepos N.N. HE®TETA3OHOCTHOCTb ITIMHUCTbIX BUTYMUHO3HbIX NOPOA. CTPOEHUE N HE®@TETA3OHOCTHOCTb BAMEHUTOB
3AMAAHOUN CUBUPU - C60pHUK Hay4YHbix mpydos. TomeHs, uzdaHue 3anCubHUIHM, 19852, c. 11




Part of Big Salym/ Yuacrok boabmoro Cajbima.
Map of oil production / Kapra nepcnekTuB He(pTeHOCHOCTH

Fractures / pasnombl

Area of the highest oil-production /
30Hbl HanbonbLen NPOAYKTUBHOCTHU




Today

It is conventional, that few actual data courses a low verification coefficient

of seismic forecasts of Bazhenov formation properties.
So, probability of drilling "dry" wells increases, an attraction of Bazhenov
formation development reduces

CerogHsa:

ObLenpu3HaHoO, YTO CKYAHOCTb PAaKTUYECKOro MaTepuana npeaonpeaenmna
HU3KYIO CTENEHb NOATBEPKAAEMOCTU PEe3y/1IbTaTOB CEMCMUYECKNX MPOrHO30B
CBOMCTB BaXKEHOBCKOM CBUTDI.

3TO yBENNYUBAET BEPOATHOCTb OYPEeHUA KCYXMX» CKBAXKUH U CHUXKAET
NPUBJIEKATE/IbHOCTb PA3PaAbOTKM OT/IOKEHNIN BarKEHOBCKOM CBUTDI




In recent years

Some petroleum companies begin to study Bazhenov formation

6 field operated on Bazhenov formation

Production and geophysical measurements is realized for determination influent intervals
Isolated and safety core is taking

Complex core researches is making

Experimental works are realized for optimization of a laboratory complex analysis on core of the
Bazhenov formation

Different techniques of seismic exploration data interpretation are tested for the purpose of carrying
out Bazhenov properties

Experiment of thermo - gas impact on Bazhenov formation is begun in the Middle-Nazym field
Long horizontal trunks with multi-fracturing are drilled

B nocnegHue roapbl

HeckonbKo HEPTAHbIX KOMMAHUM Ha4vyann paboTbl NO U3YYEHMUIO OT/IOXKEHUN BaXKEeHOBCKOM CBUTHI.
Ha wecTtn mectopoXaeHnAX HavyaTa NPOMbILIEeHHAA pa3paboTka OTN0XKeHUN 6arKeHOBCKOW CBUTLI.
MpoBOAATCA NPOMbIC/IOBO-reodpU3nYeckme nccaesoBaHmA, HanpaBaeHHbIe Ha BbiiBJIEHME
NPUTOYHbIX MHTEPBA/IOB B pa3pese

OTbumpaeTca N30A1MPOBAHHbIN KEPH C BbICOKOW CTEMNEHb. COXPAaHHOCTU

MpoBoAATCA KOMNAEKCHbIE NabopaTopHble UccaeaoBaHNA KEpPHa

TecTnpytoTca pa3inyHble MEeTOANKM UHTepPnpeTaumMm AaHHbIX CEMCMOpPa3BeAKM C LE/bto
NPOrHO3MpPOBaHMA CBOMUCTB TOJILUM

Ha CpeaHe-Ha3bIMCKOM MECTOPOXKAEHUN HayaT IKCMEPUMEHT MO TEPMO-ra30BOMY BO3AENCTBUIO Ha
OT/10XKeHUs1 6aKeHOBCKOWM CBUTbHI

MpoBOAATCA SKCNEPUMEHTbI MO NOBOAKE AJIMHHbIX FTOPU3OHTAIbHbIX CTBO/IOB CKBAXKWUH C
MHOrOCeKUMOHHbIM [PT1




Composites of Bazhenov formation
CocTaB oT1/10keHUH 02 KEHOBCKOM CBUTHI

Clays/ rimnbl
Silica has a

! biogenic genesis
i| OMOreHHoro
MPOUCXOKACHUA

Carbonates/

KapOOHATbI
Deposits of Bazhenov formation contents

carbonates, clays and more, then 50% silica —
debris of sea plankton with silica skeleton

OTnoXxeHnsa baxeHOBCKOW CBUTbI UMEKOT
KapOOHAaTHO-IMNHUCTO-KPEMHUCTbLINA COCTaB.
OHun 6ornee 4yem Ha 50% coOCTOAT N3 OCTaTKOB
NNaHKTOHA C KPEMHEBLIM CKEIETOM

o)

Radiolaria — the sea zooplankton with a strong silica skeleton
Paguonapum — MOpPCKoOM 300N/1aHKTOH C NPOYHbIM KPeMHEBbIM
cKenetom




1. Argillaceous-siliceous rocks, enriched by TOC
1. IMMHUCTO-KpEMHUCTHIE TTOPOJbI, oOorameHHbie OB

Core KepH

Clays/ rimnbl

Thin section TOC/ OB

3apucoBka nuda

Carbonates/

CLREERIREREEIE  kapOoHaThI
foraminifera —— ‘ - I
CrntoLLeHHble e —e: ‘ rnﬁH?l!stle NNH3bI
paKOBUHbI e

hopamuHudep

iy VS LoGabons

yMa




1. Argillaceous-siliceous rocks, enriched by TOC
1. IMMHUCTO-KpEMHUCTHIE TTOPOJbI, oOorameHHbie OB

Planktonic rocks, enriched with clays formed in conditions of thedwest speed of sedimentation, calm
hydrodynamic, lack of oxygen in the top part of semnents
II1aHKTOHOTreHHbIE OTJIOKEHUS, COACPKAIINEC TECPPUTCHHYI0 IIPUMECD.
HakanauBajauch B Yci1oBUsIX RpaiiHe HU3KUX CKOpOCTeﬁ O0CaIKOHAKOIIJICHUA, CIIOKOMHOH TrHaApoaAnHAMUKHU U
AHOKCUM NMPUAOHHBIX BOA M BerHeﬁ qJacTu oCcaara

T -

- ! s B i 7

‘ ‘ 54 x200 500 um
Argillatebdus-siliceous deposits
MuHUcTO-KpEMHUCTaAA OCHOBHasi Macca

Micro-pora MuKponopbi!




2. Siliceous-Carbonaceous rocks, enriched by TOC
. KpeMHuCTO-KapOOHATHBIE MOPO/bI, 000rallICHHbIC OPraHUYECKUM BelleCTBOM

KepH

L o i & 1 § '-,.-\.'... ,.r".l .rl.
N b A L Carbonates/
T e g TOC/ OB KapOOHATHI
Carbonaceous
silica
HHF.'-E-L':-HiZH+‘I.3HF}tZ:-I':‘IE HHkIE
.. - EpEMHEBRIE CTAMEHHWA
foraminifera e . silica
GRAMNKILEHHRE - il KPEMHEELIE CTRMEHWA
PEKOBKHEI -

thopamuHmgep 3 —— —.. . clays KPEMHE3EM

FMAHWETHIE NMWHIBI

hydrocarbons

NAH3aL! BT yha




2. Coccoliths limestones, enriched by argillaceous-
siliceous deposits and TOC
2. KoxkosuTogopuaoBbie M3BECTHIKH IJIMHUCTO-
KpeMHHUCTbIE, o0oraimennbie OB

ey

50 um

o 5 x4.0k 20 um
KpemHucro-kapboHaTHasi ocHOBHast Macca OcTaTKu paauonsipum

Siliceous-Carbonaceous deposits Radiolaria OcTatku kokkonuTocdhopna
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3. Carbonates in the bottom of the Bazhenov formation
3. KapboHaTbl noaoLwBbl 6a*KeHOBCKOU CBUTDI

Thin section / ®otorpadpum waundos
Limestone / U3BecTHAK Dolomite/ Aonomut

pyrite
napuT

dororpadpum kepHa

Cka.42
ansiHoBCKas,
HW3 MHT.2680 &

P pyrite
nupuT

)Z 6L 8L 40 9L 6L 8L EL ZL LLOL G 8 L 9—§ =L 4

Clays/ rnunbl

Calcite / Dolomite
Kanbuut /[Oonomur




3. Carbonates in the bottom of the Bazhenov formation
3. KapboHaTtbl noaowsbl 6a*keHOBCKOU CBUTDI

Schematic cross-section of Bazhenov deposits in the eastern board of Frolovsky megahollow
CxemMaTHUYHBIN pa3pe3 OTJIOKEHUH 0aKEHOBCKOM CBUTHI HA BOCTOYHOM 00pTy DPOsI0BCKOMI
MeraBNnaJuHbI

CeaMeHTAIHOHHBIE TTHKIIBI
[
>
B

2

YCJIOBHBIE
OBO3HAYEHUWA:

-1

JInronoro-gamuansasiii npodmwis OaxkeHOBCKOM cBUTHL (A.A. ®ypcos v ap.)

1 - APTHJUIMT / TJTHHA; 2 - APTWJUIMT HU3BECTKOBHCTBIN; 3 - APTHUDIMT KPEMHHCTBIM; 4 - APTHJUTHT C OB;
Limestone || 5 - M3BECTHSIK;| |6 - M3BECTHSK IJIMHUCTBIN; 7 - M3BECTHAK KPEMHUMCTBIN; 8 - CHUIMIIMT, OBOIALIEHHBII OB;
9 - CWIMLMT C OB; 10 - CWIMIMT W3BECTKOBHCTBI;




3. Carbonates in the bottom of the Bazhenov formation
3. KapboHaTtbl noaowsbl 6a*keHOBCKOU CBUTDI

Schematic cross-section of Bazhenov deposits in the eastern board of Frolovsky megahollow
CxemMaTHUYHBIN pa3pe3 OTJIOKEHUH 0aKEHOBCKOM CBUTHI HA BOCTOYHOM 00pTy DPOsI0BCKOMI
MeraBNnaJuHbI

[
>
B

2 | CemimeHTAIHOHHbIE IHKIIEI

YCJIOBHBIE
OBO3HAYEHUWA:

=

-2

S| -3

-4
-6

X -

JIutonoro-daumansasii npobmis Gaxenosckoit ceuter (A.Al. Pypcos n ap.)

1 - APTHJUIMT / TJTHHA; 2 - APTWJUIMT HU3BECTKOBHCTBIN; 3 - APTHUDIMT KPEMHHCTBIM; 4 - APTHJUTHT C OB;
Limestone || 5 - M3BECTHSIK;| |6 - M3BECTHSK IJIMHUCTBIN; 7 - M3BECTHAK KPEMHUMCTBIN; 8 - CHUIMIIMT, OBOIALIEHHBII OB;
9 - CWIMLMT C OB; 10 - CWIMIMT W3BECTKOBHCTBI;




Schematic model of the Bazhenov formation
CxemaTtmnyHaa moaenb CTpoeHUsa 6a*KeHOBCKOU CBUTDI

Well
CKBa)XMHa

Qil-sourse rocks
HedTtereHepupytoLias «MmaTpumua»

Solid fractured layers have
uncertain morphology
[MNOTHbIE TpeLLMHOBaTbIE CI0U
HeonpeaeneHHon mopdonormu
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4. Secondary limestones
4. BropuyHble U3BECTHAKMU

Secondary limestones with honeycombed structure
N3BeCTHAKH cpeHe-MeJKOKPUCTAINYECKHE ¢ IYeHCTON CTPYKTYpPOil

2
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KpeMHe3eM

Difficult-diagnostic

fossils

CnoXHo-gmnarHoctupyemsble

OpraHMYecKue OCTaTKn Calcite /

HUK |




4. Secondary limestones
4. BropuyHble U3BECTHAKMU

Secondary limestones with regenerated cement.
formed upon radiolarites Secondary limestones with honeycombed
N3BeCTHAKMN C LLeMeHTOM npopacTaHus, structure. formed upon radiolarites
3amMecTuUBLUME paauonsapuUTbI N3BeCTHAKH cpeHe-MeJKOKPUCTAINYEeCKHe
C AYEUCTON CTPYKTYPOH

Carbonatised
radiolaria
KanbuutusmpoBaHHble
paguonapuu

B MCKCKCJICTHOM | PEJIHKThI

i o o i
HPOCTPAHCT r‘, : Nl ) paauonspuit
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5. Radiolarites
5. Pagnonapurtbl

Rocks, formed by siliceous radiolarites
Flopop,bl CINOXeHHble OerMHeHHbIMVI ckenetamu paguonspum (ao 90 %).

D12.8 x2.0k 30 um

& T N o i
Radiolaria
OcTaTKu pagmonsipmii Icedony / XanuegoHoBas macca Pora / Mopkbl




6. Secondary dolomites
6. BropuyHble 4O0N0OMUTDI

Secondary dolomites. formed upon radiolarites
JonomMuTbl MenKo-cpeaHeKpuctTannuyeckme
anopaguonsapuToBble

LR =WV AE T
Y T R " A

Secondary bituminous dolomites.
formed upon radiolarites
HonoMmntbl GUTYMUHO3HbIE

PeinKTBHI pakoBUH
paauosasipuii (pp)

Silica
KpeMHe3eM

Secondary siliceous dolomites. TOC/ OB
formed upon radiolarites
JdonomMmuTtbl MenKokpuctannuyeckue Clays/ rnunbl
KpeMHUCTbIe anopagauonsapuToBble




2. Secondary transformed radiolarians
2. BTopquo npe06pa3OBaHHb|e pap,monﬂpmbl
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Radiolarian mud formed in time of zooplankton bioproductivity flashes, caused by periodic strengthening of
influence on the bazhenovsky peloesea of cold northern waters, which were enriched by oxygen & nutrients
(F.G.Gurari, V.A.Zakharov, S.1.Filina, M.V.Korzh and other)
dopmupoBaHMe pagnonapueBbIX NNOB NPOMCXOAMIIO0 NPU BCrblWKax GUoNpogyKTUBHOCTM 300MMaHKTOHA,
00yCroBfEeHHbIMUY, BEPOSATHO, NEPUOANYECKUM YCUINEHNEM BANAHNA XONOAHbIX BOA BopeanbHbIX MOPeN Ha

BaxkeHOBCKMIN BaccenH ceanmMmeHTauumn, Npu KOTOPOM BOAbl HacbIWanMcb NUTaTerbHbIMU BELLLECTBAMM U
kncrnopogom (®.I.I'ypapu, B.A.3axapos, C.N.dunnHa, M.B.Kopx n ap)

As a result, deposits of radiolarians skeleton was formed. They had small thickness (0.5-3 m), but was stable and
widely spread in area (dozens, hundreds km)
B pesynbraTte HakannmMBanmcb ropu3oHTbl KOHOEHCAUMW PAKOBUH MiaHKTOHA, 0COBEHHO paanonapun,
obnapatowme HebonbLon TonwmHom (0,5-3 M), HO XOPOLLO BblAep>KaHHbIE U LUMPOKO pacrnpOCTpPaHEHHbIe Ha
nrowaaun (4ecaTku, COTHN KM)




Expansion of Bazhenov radiolarites in ci-section and are
of SredneNazymskoe and Galyanovskoe fields

PacrnipocTpanenue B pa3pese U Ha IUIOMIAN CJIOEB PAAUOISIPUTOB B OTIOKEHUSAX
OaxxeHOBCKOTO ropuzonTa Ha CpenHe-HazpiMckom 1 ["aiTHOBCKOM MECTOPOXKIACHUSIX
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4, TPECHIHHHO-TTOPOBLIC KOJICKTOPLI:

S e ariopajinonspuToBssle uisectHsxy (JIT 1)

m— AllOpajiuoispuTossie qonomutst (JIT 1, 12
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TPEUIHHHO-KABCPHOBLIC KOJLJICKTOPLI.

s MHKPUTOBBIH M3BecTHAK (JIT 14)




Results of isotopic analyze of carbon & oxygen of Bazhenov carbonates
Pe3yabTarhl M30TOMHOI0 AHAJIM3A YIVIEPOAA M KUCJI0POAa KAPOOHATHBIX
MHUHEPAJIOB NMOPOJ 02KEHOBCKOI'0 TOPU30HTA

Source of carbonic acid — Source of carbonic acid —

. . nctodHuk CO, - . . .. MCTOYHUK CO, -
Bacterial destruction Dissolution of shells calcite
. . BakTepunanbHoe pasnoxeHne OB pacTBOPEHME 1 NepeoTnoXeHne
of organi¢ material

Kanbuuta pakoBUH

=100L20°C

Kararenes JImaremes

CMeLlaHHOro cocTasa
Carbonic acid - mixed| content

-20 -10
d"C, %o PDB

Argillaceous-siliceous rocks
@ rnvHUCTO-KpeMHeBbIe NopoabI

rocks’ fom upon mdiolaribs . M3BECTHAKU Limestones
anopagnonapmtoBble NOPOabl {

. fonomuTbl Dolomites

* Irwing H., Curtis C., Coleman M. Isotopic evidence for source of diageratbonates formed during burial of organic-rich sediments //
Nature. 1977. V. 269. P. 209-213

**\eizer J., Ala D., Azmy K. et al’Srp8Sr, 13C andd'®O evolution of Phanerozoic seawater // Chem. Geol. 1999. VNe61. P. 59-88

*** Zhng Y.-F. Oxygen isotope fractionation in carbonate and sulfate miné€aischemical Journal. 1999. V. 33. P. 109-126




Stages of transformation radiolarites to limestones
CraauiiHOCTh Peo0pa3oBaAHUA PAAUOJISIPUTOB B U3BECTHAKM

Illesounasn cpena B ocaake; Alkaline condition in
OtcyTcTBHE KHC/10poAa;  deposits;
oaxrepuannHoe Lack of oxygen;
pasao:xkenne OB  bacterial decomposition of
- BBI/ICJICHHE YIVIEKHCJI0TBI  Organic - carbonic acid
selection

KpHCTALIM3anus KaaenuTa calcite crystallization in
BHYTPH CKeJIeTOB paauoasipuii  skeletons of radiolaria

BBINOJIHEHH e MexKcKeneTHOro of space between skeletons
npocrpancrea nopoael filled by a calcite
KaapuuTOoM in radiolarites

YcnoBHbLle 0003Ha4YeHUs

Fossils Carbonatised fossils
OcTarKy 300IJIAHKTOHA . KajgbuTH3MpOoBaHHBbIEC OCTATKH IMJIAHKTOHA

Alkaline water Calcite

Illes10uHBIE BOABI : KaJbIUT




Hananuue KUCJI0pOoaAAa B IPUAOHHBIX
BO/1ax - CropaHnue OpraHun4eCcKoro
BelIeCTBA - KUC/Iasl cpeia B 0CaIKE

CkeJieTsl paauoasipui
BBITIOJIHAKOTCS OIAJIOM,
COXPAHAKTCH Me:K(POPMEHHbIE
MYCTOTHI

Pannuii karareses:

Stages of transformation radiolarites to siliceouslolomites
CTaguiHOCTDH MPeodpa3oBaAHUS PAAMOJISAPUTOB B KPEMHHUCTbIE 10JIOMHUTHI

Presence of oxygen in benthonic
waters - combustion of organic
matter - the acid environment in
sediments

Skeletons of radiolariya are
carried out by an opal,
interformulated emptiness remain

Early catagenesis: main stage of

OCHOBHO¥ 3TaN yNJOTHEHUS TOJTLIHN:
OTKaTHe LIeJOYHBIX PACTBOPOB U3
NIMHUCTO-KPEMHHUCTHIX MOPOI,
NPOHMKHOBEHHE HX CJI0N
KPEeMHHCTBIX PAIHOJISIPUTOB,
YaCTHYHOE BbIIEJIAYBaHHe
KpeMHe3eMa

Kpucraaamzauus goiomMura,
¢dopmMupoBanue BTOPHYHOM
NMOPUCTOCTH

sediments consolidation:

removal of alkaline solutions from
clay- siliceous deposits, their
penetration into non-tight
siliceous radiolarites, a partial
dissolution of silica

Crystallization of dolomite,
secondary pore system was
formed

YcnoBHble 0003Ha4YeHUs

FossilsOcrarkn 3001m1anKToOHa Silica fossilsOxkpemHeHHbIe 0CTATKH MJIAHKTOHA

I ] Alkaline water Ille;10uHble BOABI Dissolved fossilBrimenoueHHbIe 0CTATKH NJAHKTOHA

: Acid water Kucible BoabI <4 Dolomite Toxomut




Bazhenov sediments
OTnoxeHusa 6aXeHOBCKOU CBUTDI

e

1. carbonaceous-argillaceous-siliceous
deposits, enriched by TOC

1. KapboHaATHO-TMUHUCTO-KPEMHUCTbIE
nopoAbl, oborauieHHble OB

2. Secondary transformed radiolarians
2. BropuyHo npeobpa3oBaHHble
PaanoONAPUTHI

3. Carbonates in the bottom of the
Bazhenov formation
3. KapboHaTbl noAaoLWBbI
6arKeHOBCKOW CBUTDI

OaXeHOBCKMAA FOPU30OHT

Which of them is reservoir ?
YTO }Ke 13 HUX KONNEKTop?




Revelation of reservoirs by geochemical methods
BpisiB/IeHME KOJJIEKTOPOB reOXMMHUY€CKUM METOA0M

Comparison of TOC & S1 in well
(researching made in geochemical center of VNIGNI b
M.V. Dakhnova)
Conocrasnenue C,, 1 S, 10 CKB.

(uccneoosanus evinonnenvt 6 ceoxumuueckom yenmpe BHUI' HU
omsa. ucn. M.B. J[laxnosa)

DSt copnection with inifial or
SERVOIRS
rn[)ﬁm uiu 4éa3b ¢ UCXAQOHBLN
./M(t K1U¥FbI
L Keep |conngction \
® 7 Linitraljorgan|c
d L TIGHr ROCKS

o

S1, M2YB/2 nopodsi

ucxoratiMm (DB
EKQJIJIKIITOPBI]
" 8.0 10.0 12.0 14.0 16.0 18.0

Copz, % maccbli

-06pa3u51 C aHOMAJIbHO BBICOKHM COACPKAHUCM
xuakux YB/ samples with anomalous high content of flu
hydrocarbons

. - Komekrop reservoir

S| — COIEp KaHUE KUIKUX yITIEBOAOPOI0B
content of fluid hydrocarbons
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Physical properties of Bazhenov rocks
dusuueckne CBOMCTBA n0poj 02:KeHOBCKOM CBUTHI

m CTO-Kpe CThle BUTYMUHO3HbI [o] bl
argmoeo&-smceous de ylh, enriched ﬂy TOC
KapboHaTHbIe MUAHUCTO-KPeMHUCTLIE OUTYMUHO3HLIE nopoabl
Nutonorus slliceous-Carbonaceous rocks, enrich TOC
OINMOMMUTbI
Litholody |I™= ‘golomites o
= paavonapuTbl radiolarians

|2

N BHMQALr |
Crparturpadcdumsn
O6Gpazubl

e ———————————
°L  V=5400 m/c, p= 2,7 — 2,9 rlcm3

KoJiiextop
V=3000 - 4010 m/c Reservoir
p=2 - 2,3 rlcm3

V= 6000 m/c, p= 2,8 — 3,0 ricm3




Part of Big Salym/ Yuacrok boabmoro Cajbima.
Map of oil production / Kapra nepcnekTuB He(pTeHOCHOCTH

Fractures / pasnombl
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Loss of reservoirs properties in tight
layers, coursed by filling of open
fractures by calcite
YTpara KonnekTopcknx CBOUCTB
NSIOTHLIMK NponacTkaMmun npu
3aneymBaHnUm OTKPbITbIX TPELLMH
KanbUuMTOM

3anornHeHne TpeLwmH

2um KanbLMTOM

m, w : Filling of fractures by calcite
gB 1 ",

/




2 MK 500]s Ko 50 Loss of reservoirs properties in tight layers, coursed by filling
" ’;3(3?:: o HKTG.ye 1 of open fractures by “heavy tails” of ol

YTpaTa KOnnekTopCcKux CBOWUCTB MNpU
3anevyarbiBaHUN OTKPbITbIX TPELLNH TAXKE/IbIMU XBOCTaMM

Crpatvwrpacdpunn

\//
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Secondary
bituminous
dolomites
BTopuyHbie
OUTYMMNHO3HbIE
OOJTIOMUTBI

|
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CkBaXxMHa pacnonoxeHa sbnuan pasnoma, copmMupoBaBLLErocs B
NOCTTYpPOHCKOe Bpems. NoaeneHune pasnoma cnpoBOLUpOBarno ycurncHue
dunsTpaymm yrneBoaopoB Yepes KONNeKTopbl. 3To NpUBENo K

3anevyaTbIBaHUIO TPeLUH TSHXENbIMU XBOCTaMu Hedhm U yTpate
KONMEKTOPCKUX CBOUCTB.

(IITIINIrnt:

i s S

The well is located near a young fault. Emergence of a fault led to
strengthening of hydrocarbons filtration through reservoir. Fractures were
filled by ‘heavy tails’ of oil, the reservoir was lost




Auto-fluid-fractures Tpemunbl aBTo(IIOHI0PA3PHIBA

Siliceous radiolarites withauto-fluid-fractures

OxpemMHEHHbIE PaHOJISIPUTHI ¢ TPELIMHAMH Carbonated radiolarites with auto-fluid-

fractures
KapOonaTu3upoBaHHbIE PAIHOJIAPUTHI C
TpeLHHAMH aBTO(PIIONA0PA3PhIBA

ppHOM 4 CM (oTo Wwnuda, ys.20

e NP sy o)
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The main type of Bazhenov reservoir
OCHOBHOM THII KOJUICKTOPA B OTJIOKEHUAX 0a’KEHOBCKOI0 rOPM30HTA

Reservoir fractured & porosity type
& > B el KoJiexTop TPEUIMHHO-IOPOBOI0 THIA

-

Thin SeCtiOI’_I_ Pororpadpun mngos

Reservoir forms by:
e capacity coursed by secondary transformations;

» fractures (auto-fluid, tectonic ) in tight layers

KonsekTop popmupyercs 3a cuer:

* BTOPUYHON €MKOCTH, NOSABUBLIEHCH NPU BTOPUYHBIX
npeodpa3oBaHMSIX;

* PpacTpeCcKHBAaHUM XPYIKHX CJI10€B PAAUOJIAPUTOB
(aBTO(TIONIOPA3PBIB, TEKTOHUYECKHUI (aKTOP)




Reservoir fractured & porosity
type. Micro-fractures and poro
located between calcite crystals
+
KouiekTopsl
MOPOBO-TPCIIIMHHOTO THUIIA
Muxkpo-Tpemudbl 1 MHKPOIIOPbI
pacnpocrpaHeHbI
MERKAY KpUCTAJJIaMHU
KaJIbIIATA
+

Carbonatisation
Kaasuuruzaunus mopoa

Reservoir fractured type. Fractures
located between blocks of calcite cement

+
KousiekTopsl
TPEUIMHHOI0 THIIA
TpemmHbl pacnpocTpaHeHbl
Me:x1y 0JIOKaMH pereHepanuoHHOro

IHEeMCEHTa
+

=
=
=

Loss of reservoirs properties,
coursed by filling of open
fractures by calcite
YT1para KoJIEKTOPCKUX CBOWCTB
34 CYET 3aj1€eUYNBaHUA TPECIIUH
KaJbIIUTOM




Radiolarites OxkpeMHeHHbIE PAANOJSIPUTHI

OcoGeHHOCTH CTPOCHHS IYCTOTHOIO NPOCTPAHCTBA NOPOJ
Oobpaszen b-21,riayouna ordopa 3269,37 m

. : | . .
Speciality of capacity Thin section
dPoTo wnudca

: ¥ Tun KOJLIEKTOpA;
[Topucrocts — 14,5 %.
[Tponumaemocts no vanpagnesansam (mJ1): 1 - 1,62; 11 —4,37; 111 - 5.46.

In radiolarites, filled by silica at the begginglitfogeneses, take place dissolution of silica
and forming of secondary pore system
B paganonapumnTax, BbliMoJHEHHbIX HA PaHHUX CTaAUAX IUTOTrEHE3a KPEMHE3IEMOM,
CO34al0TCA NPEeANOCLIJIKN ANA BbilenaymBaHnAa U pOPMUPOBAHMA BTOPUYHOM MYCTOTHOCTU




Dolomitization
JlomomMuTH3anus

Reservoir capacity = secondary porosity, created inatagenesis
in dolomitized rocks.

Permeability = system of fractures between dolomiterystals,
and along borders of the sites, combined by dolongitand silica
High-capacious reservoir fractured & porosity type
in siliceous dolomite
+
EMkocThb KOJIJICKTOPa= BTOPUYHAasA NMOPUCTOCTD,
C(l)OpMHpOBaBmeﬁCH B KAaTCIrcHe3€C nmpu 10JJ0MUTH3AIINHA ITOPOA.
HpOHI/IHaeMOCTL = CHCTeMA TPECIIUH, HAYIINX MEKTY
KpUCTaAJdJaMU JOJJOMUTA, a4 TAKIKE BAOJb I'PAaHUL] YY1aCTKOB,
C/I0KCHHbBIX TOJIOMHUTOM H KPEMHHCTBIM BE€IIECCTBOM
BricokoeMKHii TpelllI/IHHO-HOPOBHﬁ KOJVICKTOP B KPEMHHCTOM
JO0JIOMMUTE
+

Fractures, filled by ‘heavy tails’ of oll
TpelumHbl, 3anevaTaHHble «TSHKENbIMU XBOCTaMM>

Reservoirs properties loss, because
fractures were filled by ‘heavy tails’ of oil

YTpaTa KOJINIEKTOPCKUX CBOMCTB 3a CUeT
3allOJIHEHUS ITYCTOTHOTO IMPOCTPAaHCTBA
THKEJIBIMHA XBOCTaAMHU He(l)TI/I




Expansion of Bazhenov different types of rocksrimss-section
PacnipocTtpaneHnue B pa3pese pa3anudyHbIX TUIIOB ITOPOA-KOJUIEKTOPOB B
OTJIOKEHUSAX 0aKEHOBCKOTO TOPHU30HTA

Within one field at one stratigraphic
level radoilarites will be change,
according to the uniform scheme:
either silicification, or
carbonatization.

The cross-section of Bazhenov
formation has the sustained,
smoothly changing structure,
caused by conditions of deposites
sedimentation

B npeaenax ogHoro
MECTOPOXKAEHMA HA OAHOM
cTpaTurpadmuyeckom ypoBHe
pagmnonaputbl byayT 3ameLaTbCs
no eanHON cxeme: NMbo
OKpeMHeHue, nnbo
KapboHaTulauums.

Pa3pe3 6a)keHOBCKOM CBUTbI MMEET
BblAeprKaHHOE, NNaBHO

S anopammonspurossie wssecrasx (T H1) N3MeHAKLLEECA CTPOeHMe,
TS Tl Wi, OOyCnoBieHHOe yCI0BUAMMU
TPEIIHHHO-KABEPHOBLIE KOJLIEKTOPLI: OCaZilKOHaKONIEHNA TONLLMN

MHKpUTOBLIN u3sectuak (JIT HU4)

Radiolarites layers

. TPEHIMHHO-TIOPOBLIC KOJUICKTOPHI:




Expansion of Bazhenov different types of rocksrimss-section
PacnipocTtpaneHnue B pa3pese pa3anudyHbIX TUIIOB ITOPOA-KOJUIEKTOPOB B

OTJIOKEHUSAX 0aKEHOBCKOTO TOPHU30HTA

But , even within the area of one field,
properties of reservoirghange in the
considerable range, because they are
intimately bound to processes of post-
sedimentation transformations of rock,
instead of sedimentation

conditions. Each revealed process can
both to increase, and to decrease
properties of a reservoir

So, core of Bazhenov formation it is

necessary and to study in details by

laboratory on each field
Ho npu aTom, pa<e B_npegenax

NA0LWaAN OAHOrO MECTOPOXKAEHMA
CBOWMCTBA KOJI/IEKTOPOB MEHAIOTCA B
3HAYMTE/IbHOM AManasoHe, NOCKO/bKY
OHW TECHO CBA3aHbl C NpoLeccamm
nocTceaMMEHTaLNOHHbIX
npeobpa3oBaHMii NOpPoA, a He
YC/IOBUAMM OCaAKOHAKOMNAEHUA.
Kaxablih BbIABAEHHbIM MNPOLLECC MOXKET
KaK y/y4yllaTb, TaK M yXyALaTb CBOMCTBA

Radiolarites layers

. TPELIMHHO-TIOPOBLIE KOIJIEKTOPbI: KONINIEKTOPA.
m— ariopaguossgpuToBsie n3sectuskn (JIT U1) |_|03TOMy KEPH 6aXKeHOBCKOW CBUTbI
m— allOpajiHossipuToBsle gonomutel (JIT A1, 2 He06XOV|M0 M NpuUxoamnTca AeTaabHO U
TPEIIUHHO-KABEPHOBBIC KOJUICKTOPDI: KpPOnoTainBO U3y4aTb Ha KaXXAO0M
« MUKpHTOBEIN H3BecTHak (JIT M4) MecTopOoXaeHnn




Conclusion BbiBogbl

The Bazhenov formation has quite sustained, cootisly changing pedigree structure and cut structure
consists of layering of clay-carbonaceous-siliceamcks and for the second time transformed radi@éa
reservoirs are generally bound to layers for #mad time transformed radoilarites
formation of reservoirs is caused, first of all,ffrocesses post-sedimentation transformationaddfilarites
influence of faults on the reservoirs propertie®azhenov formation deposits ambiguously
identification of reservoirs in deposits of Bazherfiormation - the task demanding applications of ptax
techniques of researches (the laboratory: geoclagnpetrophysical, lithological, trade and geopbgkietc.)
researches of reservoirs of Bazhenov formatiomacessary for carrying out individual propertiessach field
without researches of a core to create safety haddestructure of Bazhenov formation it is impibgs

baxeHOBCKasi CBUTA UMEET JIOBOJILHO BBIJAEPKAHHBIN, MJIABHO MU3MEHSIOIIMNCS IMTOPOIHBIN COCTaB U CTPOCHUE pa3pesa
COCTOUT U3 YePEeJI0BAHMUS TOHKOCIOUCTHIX NIMHUCTO-KapOOHATHO-KPEMHHUCTHIX TTOPOI U BTOPUYHO MPeoOpa30BaHHBIX

PaIHUOJISPUTOB
KOJIJICKTOPBI B OCHOBHOM CBSI3aHBI CO CJIOSIMH BTOPHYHO MPE0OPa30BAHHBIX PATHOISIPUTOB

dbopMHupOBaHUE KOJUIEKTOPOB 00YCIOBICHO, B IEPBYIO OYEPEb, TPOIIECCAMU TTOCTCEANMEHTAITMOHHBIX
npeoOpa3oBaHUuN PATHOISIPUTOB

BJIMSIHUE PA3pPbIBHBIX HAPYIIEHU HA KOJUIEKTOPCKHUE CBOWMCTBA OTJIOKEHHUM 0a)KE€HOBCKOUM CBUTHI HEOJIHO3HAYHO
BBISIBIICHUE KOJIJIEKTOPOB B OTJIOKEHUSIX OQXKEHOBCKOM CBUTHI - 33]1a4a, TpeOyroIiasi MPUMEHEHUSI KOMITJIEKCHBIX
METOJMK MCCIIe0BaHNH (JTaOOPaTOPHBIX: TEOXUMHUYECKHX, TETPOPUINICCKUX, TUTOJIOTHIECKIX, IIPOMBICIIOBO-
reo(hU3UIeCcKuX u JIp.)

-HCCIICIOBAHUS KOJUIEKTOPOB OKEHOBCKON CBUTHI HEOOXOIMMO MPOBOIUTH HA KKOM MECTOPOXKICHUHU
WH]IUBUYAJIBHO

-0e3 ncclieIOBaHUH KepHA CO3/1aTh HAACKHYIO MOJIENIh CTPOSHUST Oa)KEHOBCKOW CBUTHI HEBO3MOXKHO
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