
Synthesis of Hydrocarbons under Upper Mantle 

Conditions: 

Evidence for Theory of Abiotic Deep Petroleum Origin



Почему мало голубых?



Периодическая зависимость свойств





Водородная связь



Углеродные структуры



Углеродные структуры



Органические вещества – углеродные

структуры с водородными связями

 Неорганические соединения – 450 000

 Органические соединения – 35 000 000

 Сложная органическая химия, биология и

живая материя существует в диапазоне 100-

1000 К; 0 – 1 ГПа



Углеводороды в земных недрах

 “Every ten or fifteen years since the late 

1800’s, ‘experts’ have predicted that oil 

reserves would last only ten more years.  

These experts have predicted nine out of 

the last zero oil-reserve exhaustions.”

 C. Maurice and C. Smithson, Doomsday 

Mythology:  10,000 Years of Economic Crisis, 

Hoover Institution Press, Stanford, 1984.



Concept of abiotic deep petroleum 

genesis

Hydrocarbons are generated in the Earth’s

upper mantle – deep fluid (DF)

DF could migrate into the 

Earth’s crust

Mantle HC formed oil and gas 

deposits



Thermobaric conditions in Upper 

Mantle

600 18 4,8 11 2,8

700 27 8 15 4

800 38,5 10,7 19 5,1

900 51,5 14,9 23,3 6,4

1000 66 19,5 28,3 7,8

1100 82 25 34 9,7

1200 100 30,7 40 11,3

1300 119 37 49 14,1

1400 140 43,9 58 16,9

1500 154 51,9 67 19,7

1600 190 61 78 23,7

1700 216 70 90,5 27,7

1800 246 80 103 32

1900 276 91 118 37

2000 310 103,5 135 42,2

T, K H, km H, kmр, kbar р, kbar
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Reaction of synthesis
Donors of carbon: 

carbon dioxide (СО2), graphite (diamond), carbonates 
(MgCO3,CaCO3) 

Donors of hydrogen: 

water, H2, biotite, muskovite

Favorable reducing conditions: 
presence of FeO

Thermobaric conditions:
T= 1200 K, p=30 kbar – 100 km
T= 1500 K, p=5 kbar – 150 km

Reduced mantle substances + mantle gases → 

oxidized mantle substances + hydrocarbons



High-pressure equipment

СаСО3
FeO

H2O

p: up to 60 kbar

T: 295 – 1500 K

cooling: up to 100 К/sec

0.6 cm3



Experimental results

Hydrocarbon Concentration, m
3

per thousand ton

p = 50 kbar
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During high-pressure experiments the system spontaneously evolved 

hydrocarbon mixtures in distribution characteristic of natural petroleum



Reaction path

Т=1453 К, р=50 кbar (150 km)

Initial substances: CaCO3, FeO, H2O 

Final products (X-ray): Ca(ОН)2, Fe3O4 

(mass-spectrometer, chromatograph): hydrocarbon mixture

(1)

OHnFeOnnCaCO 23 )12()39(

22432 )13()( nnHCOFenOHnCa



Confirmation

Scott et al., 2004

(Geophysical Laboratory): 

Initial components: CaCO3, FeO and H2O 

Pressure: 50 and 110 kbar 

Temperatures: up to 1500°C. 

Reaction products: CH4

The results was published in the Proceedings of 

National (U.S.A.) Academy of Science



Questions for new experiments 

 Does the hydrocarbon synthesis at mantle 

conditions depends on the form of carbon and 

hydrogen donors?

 How a cooling rate of the obtained at high 

thermobaric conditions fluid influences to the 

final content of the hydrocarbon mixture?



Does the hydrocarbon synthesis at mantle 

conditions depend on the form of carbon and 

hydrogen donors?

Initial substances: 

series 1: CaCO3, Fe, H2O and CaCO3, Fe, D2O

series 2: CaCO3, Fe, H2O and C (graphite), Fe, 

H2O

Pressure: 50 кbar

Temperature: 1500 K

Final products: hydrocarbon mixtures 



Results for series 1 (H
2
O and 

D
2
O)Results of chromatographic analysis

D2O

H2O

Content and concentration of the final hydrocarbon 

mixtures are the same in both experiments 



How a cooling rate of the obtained at high 

thermobaric conditions fluid influences to the 
final content of the hydrocarbon mixture?

Initial substances: 

series 3: С + Fe + H2O quenching

С + Fe + H2O cooling during 4 hours

Pressure: 50 kbar

Temperature: 1500 K

Final products: hydrocarbon mixtures



Results for series 3 

(two different cooling rates)

quenching

4 hours

Decreasing a cooling rate leads to enrichment of the 

hydrocarbon mixture obtained by heavier saturated 

hydrocarbons



On the one hand: in our experiments we have got mixtures 

of hydrocarbons (2002-2008)

On the other hand: Scott et al. have got methane only (2004)

Our suggestion was:

Synthesis goes in two steps: on the first step methane is 

synthesized from carbon and hydrogen donors; on the 

second step a complex hydrocarbon mixture is 

synthesized from methane – “methane path”

C + 3Fe + 3H2O  → CH4 + 3FeO + H2 (2)

CH4 + CH4 → C2H6 + H2 (3)

CH4 + C2H6 → C3H8 + H2 (4)

CH4 + C3H8 → C4H10 + H2 (5)



To check our suggestion we have decided to use the same 

equipment as Scott et al. used: diamond anvil cell at 

Geophysical Laboratory, Carnegie Institution 

(Washington D.C.)

Initial substances: 

series 4: CH4 in situ

and CH4 + Fe3O4 in situ

Pressure: 20-50 kbar

Temperature: 900 – 2500 K

If our suggestion was correct we should obtain a mixture 

of saturated hydrocarbons from methane.



General path of methane 

transformation at 20-50 kbar

nCH4 = H2 + CnH2n+2 900 < T < 
1500 K

CH4 = Cgraphite + 2H2 T > 1500 
K 

We did detect signals of saturated hydrocarbons only.  

- С = С - - С ≡ С -

Series 1: CH4

Series 2: CH4 + Fe3O4

Fe3O4+ 4nCH4 → 3Fe + 4CnH2n+2 + 4H2O 900 < T < 
1500 K 

Fe3O4 + 2CH4 → 3Fe + 2C + 4H2O T > 1500 
K 

Our suggestion was correct. 

Methane is condensated to saturated hydrocarbons: 

ethane, propane and butane



Conclusion

The abiotic synthesis of hydrocarbons at mantle 

conditions is a real chemical process

«Methane path» of hydrocarbons synthesis at 

mantle conditions has been proved 

experimentally

Hydrocarbon synthesis does not depend on the 

type of carbon donor


