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Resernves of the largest oil-gas fields

in Eastern Siberia

Nepa-Botuobin

Chayandin 1240 50
Verkhnechon/Talakon 760 370
Baikit
Yurubchen/Tokhom/Kuyumbin 740 200
Angara-Lena
Kovyktin 1900 115
Explored reserves 6 -7 trl 1 bin
Estimated total potential > 20 trl >5 bln .

(From different sources)
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Precambrian oeil-source rocks in Eastermn Siberia

Zherbin suite (Vendian shale), Corg = 2.4% 36
(2] )

Jemikukan and Valukhtin suits (Baykal horizon, 0.65 — 0.85
bin.y.), Cyeup to 3 %

Nepa-Botuobin [2]

Bugarikhtin suite (Lakhandin horizon, 0.85 — 1.0 bin.y)
anticlise CorgUp to 12.9%

Patom Upland

Khaivergin suite (Kerpul horizon, 1.0-1.1bln.y.), black shale,
Corg— 1,7%

Lakhandin horizon (0.82 — 1.1 bin.y) 31
black shale, C_ . up to 15% -

» “org

Yenisey Ridge Madrin Formation (1.4-1.5 bin.y)
= 0

Sayan-Yenisei syneclise ~ Cog™ 0-73 upt0 2.1% "

Baikit anticlise Iremeken Formation -34.4 +-27.1

Core= 3.48-13.62%

org

(3]
1— Kontorovich et.al., 1999, 2 - Timoshina, 2004, 3 — Philiptsov et.al., 1999.




Carbon isotope composition of oil and gas in
the fields of Lena-Tungusika Province.

Age of
reservoir

Region, field

Nepa-Botuobin

average of 12 fields 36(;453 2.9 476..-30.1 V-€
Baikit

LTI -33.5 42.5...-38.5 R

Kuymbin
Katanga

Sobin -34.1 -41.1...-37.5 \'}
Angara-Lena

Kovyktin -35.5 -38.4...-28.4 V-€

Data compiled from: Zor’kin et al., 1984; Starobinets et al., 1980; Galyshev, 2010; Dakhnova et al., 2011. 5




Chemical composition of gases from the fields
of Lena-Tungusika Province

C Incombustible
3+

Region, field

Nepa-Botuobin

Chayandin 85.48 4.57 2.58 6.44 0.58

Srednei - Botuobian  88.61 4.95 3.12 2.93 0.45
Baikit

Yurobchin - Takhom 81.10 7.31 5.06 6.32 0.18
Katanga

Sobin - Paygin 67.73 3.43 155  26.29 0.58
Angara-Lena

Kovyktin 91.39 4.91 1.78 1.52 0.28

(Data compiled from different sources)



Some characteristics of gas firom Baikit region

E

-37.16 -140
-40.65...-32.9 -157...-132

up to 0.22 108

The upper figure stands for average, the lower ones show the range of variation.
(Lukin and Dontsov, 2009).
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Fig. 37. Methane evolution (A) and carbon isotope composition (B) trends resulting from the model implying different distributions of
activation energies for sapropelic (S) and humic (H) organic matter: ¢ = “cumulative” curve, b = “instantaneous” curve (Galimov et al.,
1988). Isotopic composition of the initial organic carbon: 6'*Cy = —25%,; the kinetic isotope effect of methane formation is —30%,.

Modified from E.M. Galimov (Organic Geochemistry, 2006)




Change of carbon isotope composition of
hydrocarbon gases with dejptin
(CII-7 superdeep hole, West Silberia)

CZHG C3H8 i'C4H10 ’.-.:,_
Galimov, Ryl'kov et al., (2012)
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Geochemistry of oil from Precambrian deposits of
ditferent fields in the world.

Geological setting Geochemistry of oil

Eastern Siberia

p=0.82 S=0.25%
Rr/Rh =0.93

Vendian-Riph -

Nepa-Botuobin anticlise endian-Riphean St,o/St,;=4.2 33.3

C1,-Ci5-mma = 6.8% [1]
o p=0.84 S =0.65%, Rr/Ph =0.89

East;f:n S;Pi."a Vendian-Riphean St,o/St,; = 5.4 -34.6
arit anticlise C1p-Ci5- mma= 12.3% [1]

India Vendian sandstone (infracambrian) S=1.21% Pr/Ph=0.9 32.4
Bikaner-Nagaur Baghevala-1 Jodhpur suite Steranes: C,;(20):C,5(21):C54(59) : [2]

. . Heavy oil (tar), S=5.1%
Pakistan Infracambrian Steranes: C,(14):C,(14):C,(72) -37.0

Punjab Basin, Karampur-1

Oman

Northern America
Grand Canyon

Northern America

Salt Range Series

Hugt Group Pre-Cambrian shallow
marine clastics and carbonates

Chuar Group
1.3-1.4 bin.y

Nonesuch Formation (1.1 bin.y)

Pr/Ph=0.4

S=13t06.2% Pr/Ph=0.8
Steranes: C,,(20):C,4(20):C,4(60)

Steranes: Ct,, predominates
Presence of gammacerane

Bitumen, seep of oil

-33.7 +-37.2
-25,5 +-28,0

-30.8 +-34.1

(2]

3]

[4]

White Pine Mine Lacnstrine deposits, sandstone [5]
. Pr/Ph< 1
Australia McArtur Group !
. 12-13 — monomethylalkanes -32=-34
McArtur Basin (1.4-1.8 bin. y.) o) erEte e [6]
China i
Jibei, Huabei Basin, Yangtze ’ St,q predominates -33.3

Platform, Sichuan Basin

Volga-Ural
Sivinskaya Shirkan

Late Sinian dolomites
Weiyan Gas Field

Vendian,
Riphean

p=0.96 Res.+Asph=30.84%
High viscous oil

-30.5 +-32.2

1 — Kontorovich et.al., 2000; 2 — Peters et.al., 1995; 3 — Grantham et al., 1987; 4 — Summons and Capon, 1988;
5 —Imbus et.al., 1987; 6 —Jackson et.al., 1986; 7 —Korsch, 1991; 8 - Galimov, 1973.

[7]

(8]
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Abstract—Global trends in the carbon isotopic position of carb and organic Is are

The unusual causes of opposite directions of 8'3C trends for carbonate and organic carbons are of particular
“interest. We have examined in detail two observations: (1) the anomalous enrichment of Precambrian carbon-
ates in C with the simultancous enrichment of organic carbon in '2C and (2) the depletion of Late Cenozoic
organic carbon in '2C with the simulianeous depletion of carbonates in 13C. The proposed model accounts for
these phenomena by a combination of changes in the isotope fractionation in the biosphere with changes in the
proportions of carbonute and organic carbons. We also idered specific g ical p that could

cause the observed relationships. The i of the bri inBC =
10 the epochs of active volcanism. The volcanism was accompanied by a vast inflow of nutrients, increase of
bioproductivity, and accumulation of organic carbon on the seafloor. Under the conditions of limited oxygen

THE CAUSES OF THE GLOBAL VARIATIONS
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Fig. 1.The

e of the isotopic

of carbonate (8'°Cy,) and organig, (5'Cory) carbons on the mass ratio of car-

bonate and organic Garbons C,p/(Cearty + Corg) 2nd the value of isotope fractionation &'°C between organic and inorganic materials
in the exosphere at the consiant composition Of bulk carbon, = 5%e. See text for explanation.

biage have an average 8"'C
composition of diamonds ol the vitrabisic paragenesis,
from different parts of the world varics within a very
narrow'interval. Apparently, the isotopic compositions
of both mantle-derived cawbon and scdimentary carbon
remobiliZed due to metamorphism, which have been
added to the exospherc during geologic history, were
close to §C = —5%.

If; the isotopic composition of cntering carbon
(817G, is taken 1o be constant, we obtain the following
equations, which are used as the basis for the diagram
of Fig. I:

~4.5%3 [30]. The isotopic
[

=}
E Cog = geologic time, cannot alone produce the whole range of
d13C of carbonate and organic carbons observed in
12 als nature. This field requires variations in the extent of iso-
8 Can = 87Cu - 5 L v ;
CRAT G tope fractionation in the biosphere and, in some cases, T

where APC = APC,,, — APCyy and, in tum, APC,, =
53C 0 = BC pepiere A1 AV Cy = 87 = 8 Conoapire
o

APC = §13C,,, — 8"C_,, The main diagram is drawn
for the most probable value of 8'3C,, = =5%e.

1f 8C,, is not cqual to -5%o, the §'*C,, and
B17C, axes shifl‘corr:s;uondingly, while the structure
of the net formed by APC and Cyn/(Coay + Cog) iso-
lines remains invariable. In other words, 6'*C,,, forms
the third axis.

‘The hatched area shows the most typical ranges of
8YCp and 81°C,,g during geologic history. The dia-
gram shows that variatiohs in the proportions of organic
and carbonate <arbons [i.¢., Can/(Cean + Coq) value],
which arc usually considered as a possible cause for
global changes in carbon isotope composition with the

of 8"'C,, values.

On the diagram for §'*C,,, = —5%o, data points for
the p t-day bi plot within field A with the

characterize isotope fractionation in the pl
the transition of organic and carbonute carbons from
the cxosphere to the sedimentary shell. Formally,

Vol. 37 No. 3
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center at §Cep, = 0%o and 8Cpyp = —22%0. Thus, the
present-day ratio of carbonatc to organic carbons is

1999
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From E.M.Galimov, Geochemistry International. Vol.37 No. 8, 1999




Sequence of events leading to enlarged isotope fractionation

Variation of A°C with a tendency
i of the increasing isotope
fractional effect

T

Decrease of
CO, Decrease of
concentration ﬁ-b isotope
in the photic fractionation
Tectonic zonhe
activation
Depletion of Generation of
co,
Increase of . . lancto S
o, Co, | the photic| Ei:massm \ Wide interval
consumption zogg n in C of 5°C,,
variations
with a
tendency to
Increase of Bacterial . the
. nutrient Increase | |Increase of . chemosynthesis Gel;'erft'r‘?'} of / prevalence of
Voleanic ) inflow it of biopro-» gl oW 10 [ | SnOMC | o with the elevated (65| Dacierle! el
activi : ronmel i i . > ight G,
y (ensdoou%ig;)us duction floor |sotop:;:fr f:\xctlonal enriched inC g 9
O,+Fe(OH),
Increase of v i ;
CO.inflow H,0+Fe,0, Suppression IGeneratlon of Sedlbmenttary
(endogenous Banded Iron of benthal P a"g;f;:,?;zws gﬁ:i cohnea:ieir?
SLELCD) v | Formation fauna enreached in "C 5C
(Ez?r(r’gtjig:)n enriched in’C
v v ) 4
Effect on the state of the Incr fth .
carbon reservoir,CO, |¢ m:s?saosfe bourtieg > Decrease of
. A h . . Ccarb/(ccarb+corg) ‘
concentration in the organic material ‘
atmosphere, and climate

(From Galimov, 1999)



Normal basin

Bioproduction

. e T . B [ P andother
T e e e N U QIS -

Coo oo~ -

Anoxic basin

|/ P and other
\i\\@; A\ nutrients Bioproduction

Volcanic | N,

aoviy /I~ O,Pandother |

(- Sh '\\“Utr‘ients:ﬁ_ e e

— microbial material o
I I S R R




Sequence of events leading to enlarged isotope fractionation

Variation of A°C with a tendency
i of the increasing isotope
fractional effect

Decrease of
co, Decrease of
concentration[§¥  isotope
Tectoni in the photic fractionation
ectonic zone
activation
Depletion of Generation of
Co,
Increase of . . ct
o co ¢» in the photic Blg]mgmms Wide interval
2 > i zone in g™ of 5°C
3 consumption 2 in “C 0 Co
LA Increase of Bacterial Generation of
nutrient Increase Anoxic chemosynthesis :
. . Corg flow to . - bacterial
inflow ® of biopro- ™ environ- » with the elevated —» .
(endogenous duction L ments isotope biomass
9 floor : enriched in 12C
source) fractional effect
0,+Fe(OH),
Increase of ' Generation of Sedimentary
CQ.inflow H,0+Fe,O Suppression
(endogenous T Banded Iron| | of benthal | |Panctonogenous carbonates
source) F i f carbonate enriched in
v > s‘::’rgﬁtleosn CLLLL enreached in °C e
(Banded Iron : =
Formation) enriched in"C
\ 4 A 4 .
Effect on the state of the
carbon reservoir,CO, [ mg;?sagfbothizg L Decrease of
tration in the H H Ccarb/(ccarb+corg)
atrﬁl?s%ehlre and climate LR

(From Galimov, 1999)
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of carbonate (8'°Cy,) and organig, (5'Cory) carbons on the mass ratio of car-

bonate and organic Garbons C,p/(Cearty + Corg) 2nd the value of isotope fractionation &'°C between organic and inorganic materials
in the exosphere at the consiant composition Of bulk carbon, = 5%e. See text for explanation.

biage have an average 8"'C
composition of diamonds ol the vitrabisic paragenesis,
from different parts of the world varics within a very
narrow'interval. Apparently, the isotopic compositions
of both mantle-derived cawbon and scdimentary carbon
remobiliZed due to metamorphism, which have been
added to the exospherc during geologic history, were
close to §C = —5%.

If; the isotopic composition of cntering carbon
(817G, is taken 1o be constant, we obtain the following
equations, which are used as the basis for the diagram
of Fig. I:

~4.5%3 [30]. The isotopic
[

=}
E Cog = geologic time, cannot alone produce the whole range of
d13C of carbonate and organic carbons observed in
12 als nature. This field requires variations in the extent of iso-
8 Can = 87Cu - 5 L v ;
CRAT G tope fractionation in the biosphere and, in some cases, T

where APC = APC,,, — APCyy and, in tum, APC,, =
53C 0 = BC pepiere A1 AV Cy = 87 = 8 Conoapire
o

APC = §13C,,, — 8"C_,, The main diagram is drawn
for the most probable value of 8'3C,, = =5%e.

1f 8C,, is not cqual to -5%o, the §'*C,, and
B17C, axes shifl‘corr:s;uondingly, while the structure
of the net formed by APC and Cyn/(Coay + Cog) iso-
lines remains invariable. In other words, 6'*C,,, forms
the third axis.

‘The hatched area shows the most typical ranges of
8YCp and 81°C,,g during geologic history. The dia-
gram shows that variatiohs in the proportions of organic
and carbonate <arbons [i.¢., Can/(Cean + Coq) value],
which arc usually considered as a possible cause for
global changes in carbon isotope composition with the

of 8"'C,, values.

On the diagram for §'*C,,, = —5%o, data points for
the p t-day bi plot within field A with the

characterize isotope fractionation in the pl
the transition of organic and carbonute carbons from
the cxosphere to the sedimentary shell. Formally,
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center at §Cep, = 0%o and 8Cpyp = —22%0. Thus, the
present-day ratio of carbonatc to organic carbons is
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From E.M.Galimov, Geochemistry International. Vol.37 No. 8, 1999




Sequence of events leading to enlarged isotope fractionation

Variation of A°C with a tendency
i of the increasing isotope
fractional effect

Decrease of
co, Decrease of
concentration[§¥  isotope
Tectoni in the photic fractionation
ectonic zone
activation
Depletion of Generation of
Co,
Increase of . . ct
o co ¢» in the photic Blg]mgmms Wide interval
2 > i zone in g™ of 5°C
3 consumption 2 in “C 0 Co
LA Increase of Bacterial Generation of
nutrient Increase Anoxic chemosynthesis :
. . Corg flow to . - bacterial
inflow ® of biopro- ™ environ- » with the elevated —» .
(endogenous duction L ments isotope biomass
9 floor : enriched in 12C
source) fractional effect
0,+Fe(OH),
Increase of ' Generation of Sedimentary
CQ.inflow H,0+Fe,O Suppression
(endogenous T Banded Iron| | of benthal | |Panctonogenous carbonates
source) F i f carbonate enriched in
v > s‘::’rgﬁtleosn CLLLL enreached in °C e
(Banded Iron : =
Formation) enriched in"C
\ 4 A 4 .
Effect on the state of the
carbon reservoir,CO, [ mg;?sagfbothizg L Decrease of
tration in the H H Ccarb/(ccarb+corg)
atrﬁl?s%ehlre and climate LR

(From Galimov, 1999)
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Conclusion
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\_

Hydrocarbons in the Precambrian rocks of Eastern
Siberia originated from bacterial type of organic
matter deposited in anoxic basins in periods of the
volcanic activity.

~

/

Initial oils are subjected to partial destruction that
led to formation of the present gas-condensate
accumulations.

| believe that many Precambrian oil-gas fields in the
world could have the similar geological history.
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Abstract—Global trends in the carbon isotopic composition of and organic ials are P b H

The unusual causes of opposite directions of 8'3C trends for carbonate and organic carbons are of particular reca m rl a n r
“interest. We have examined in detail two observations: (1) the anomalous enrichment of Precambrian carbon-

ates in 'C with the simultancous enrichment of organic carbon in *2C and (2) the depletion of Late Cenozoic

organic carbon in '2C with the simulianeous depletion of carbonates in 13C. The proposed model accounts for c
these phenomena by a combination of changes in the isotope fractionation in the biosphere with changes in the (o] rg-
proportions of carbonute and organic carbons. We also idered specific ge ical p that could :'
cause the observed relationships. The i of the bri inbC : ] ., &

Ccarb.
C_. .+

carb. corg.

to the epochs of active The ism was ied by a vast inflow of nutrients, increase of

bioproductivity, and accumulation of organic carbon on the seafloor. Under the conditions of limited oxygen

THE CAUSES OF THE GLOBAL VARIATIONS
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Fig. 1.The

e of the isotopic

of carbonate (8'°Cy,) and organig, (5'Cory) carbons on the mass ratio of car-

honate and organic carbons Ce,/(Cears + Corg) 2nd the value of isotope fractionation A*C between organic and inorganic materials
in the exosphere at the consiant composition Of bulk carbon, = 5%e. See text for explanation.

biage have an average 8"'C
composition of diamonds ol the vitrabisic paragenesis,
from different parts of the world varics within a very
narrow'interval. Apparently, the isotopic compositions
of both mantle-derived cawbon and scdimentary carbon
remobilized due to phismi, which have been
added to the exospherc during geologic history, were
close to §C = —5%.

If; the isotopic composition of cntering carbon
(817G, is taken 1o be constant, we obtain the following
equations, which are used as the basis for the diagram
ot Fig. 1

~4.5%3 [30]. The isotopic
l

,5"‘[:“ =
8, = 57C., - o aVC
b = Gt Cog

where APC = APC,,, — APCyy and, in tum, APC,, =
8y = BUC“WMW and AVC,p, = 8VC, 4~ 8”(::““?'“5

APC = §13C,,, — 8"C_,, The main diagram is drawn
for the most probable value of §'C,, = —5%o.

1f 8C,, is not cqual to -5%o, the §'*C,, and
B17C, axes shifl‘corr:sgondingly, while the structure
of the net formed by APC and Cey/(Ceary + Cor) is0-
lines remains invariable. In other words, 6'*C,,, forms
the third axis.

‘The hatched area shows the most typical ranges of
8YCp and 81°C,,g during geologic history. The dia-
gram shows that variatiohs in the proportions of organic
and carbonate <arbons [i.¢., Can/(Cean + Coq) value],
which arc usually considered as a possible cause for
global changes in carbon isotope composition with the
geologic time, cannot alone produce the whole range of
813C of carbonate and organic carbons observed in
nature. This field requires variations in the extent of iso-
tope fractionation in the biosphere and, in some cases,
of 8"'C,, values.

On the diagram for $1C,,, = —5%e, data points for

characterize isotope fractionation in the pl ol
the transition of organic and carbonute carbons from
the cxosphere to the sedimentary shell. Formally,
Vol. 37
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the p t-day b here plot within field A with the
center at §Cep, = 0%o and 8Cpyp = —22%0. Thus, the
present-day ratio of carbonatc to organic carbons is

1999

— 0.3

10—

— 0.9

) o -45
0y
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5"°C,

From E.M.Galimov, Geochemistry International. Vol.37 No. 8, 1999 9




