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Pre. 1. Mompusiif ofneM, MOIyIE CEATHE H JHEPTHA CIEIUIEHHA

WIEMEHTAPHEX BEIMIECTE B JABHCHMOCTH OT HX ATOMHOTO HOMEPA. 1000

+ 2. DihekTHBHEL ATOMHERI paguyc R, . TeMnepaTypa miasnenns T, H TEMOEpATYpa KHNeHHs 13, UM JIeMeH TAPHEIX BEIIECTR.




EcrecTreHHad equHHANA EVIIOHOBCEOT O BIAHMOIEHCTBHA HA
ATOMHEIX MacmTabax — sto puabepr (Ry =me [2h* =
= 13,63B) —3neprug norm3ammy aroma Bofopoaa. Iddex-
JHAKAMH. B pe3ynkTarte 3HePrHHM CHEIUIGHHS BEUIECTB C
METATTHYIECKHM, HOHHEIM H KOBAJIEHTHEIM THIAMH MEX-
ATOMHOTO B3aHMOJCACTBHA B pacyéTe HA aATOM OKalkk-
BAIOTCH B HECKOJIBKO pa3 mMeHelle Ry u nexar B ApanaioHe
1-10 3B sa atrom. Ilpn HarpeBaHEl TepMHHECKOE BO30DYX-
neHne KoneDaHnil ATOMOB MPH JOCTHASHHA HX KPHTHIECKHX
JHAYEHHI MPHBOINUT K MJABJIEHHI0 BEIIECTBA, 4 34TEM — K
ero ucnapernto. boneume saepruncuemteans — | — 1038 ma
atoM (pHc. 1) — NpHBOAAT K BRICOKHM IHAYSHHAM TEMIIEpa-
TYPbl KPHTHYECK Ol TOYKH KHAKOCTH—Ta3 (~ 10% K), Brico-
KHM TeMMepaTypam krnerns semects (~ 10° —10* K) n, kax
MpPaBHIO, K BLICOKHM TeMMepaTypam miasierns (~ 107 K)
BiauMoaeAcTBHE BOIHHKAET MHIIL B CAEIVEOIEM MOPAIKE
BOIMVIIEHHH — 3T0 (QAVKTYANHOHHOE JHMONL-THOONBHOE
(BaH-Iep-paaThcOBO) BlaumMoaeiicTere. [loTeRnnan nputs-
wenns npu 3toM U(R) ~rj [R®, tme ry — >dbexTrpabii
paimep aToMa, R — MeEXATOMHOE PACCTOSHHE, T.€. MEHBIIEE
KY/ITOHOBCKOrO B (ry/ R)” pas. Jlns nuepTHbX razos R/r ~ 3

B pe3ynbTare mHepTHbI ra3sl 0 OOTBIIHACTBO MOJEKY-
TAPHBIX BELIECTB HMEFOT HUIKHE TEMIEPATYphl KHICHNS (1
TEMTIEPATYPHI KPHTHYECKHX T0%eK KIIKOCTh—Ta3): ~ 107 K,
i COOTBETCTBEHHO HI3KHE TEMMEPATYPhl IUIABIEHAA.
~10-10° K (e, puac. 2 1 3). Tlpn ROPMaTEHEX YCAOBHAX

E, 2B na arom T K 1w K
10
0 - — 10
k 10PN
1P | il = 107
i
10! 107
B

Puc. 3. [lsanazons! JHepril CBAIH B PACUETE HA ATOM H COOTBETCTRYIO-
[IHE THAMAIOHL TEMIEPATYpP IIABNEHHA H KHNMEHHA JNA BEMIECTE C
PAIHEIMH THTAMH CBAYH: (3) "cCHLHAR" (KOBANEHTHAN, METAILTHIECK a4,
HOHHA A ) CB A3k, (0) BOAOpOIHAS CBAE, (B) "cabas” (MOJIEK yIa pHAS, BAH-
JEp-BAAMLCOBA ) CB AL

102 =




Bomopoanas cBA3L

Boaopoanne
CBSI3H

IEELER

Puc. 4. Boiopoiabie CBA3H MeXAY MOJIEKYIAMH BOJIEL.

icae puc. 3). OcobeHHOCTE BOOOPOIHOH CBAIH COCTOHT B
TOM, 9T0 ATOM BOJOPOIA, BXOJAIIHI B COCTABR OJHOMH
MOJIeEVIRL, obpaiver Bropyvio Domee cmabyio CBA3ER C aTo-
MOM IPVIOH MOMEKVIBEL JTOT ATOM JOMEEH HMETE BRICO-
EVE0 3MeETPOOTPHIATETBHOCTE H HENMOJEIEHHVED (He y4a-
CTBYHOIIVEY BO BHYTPHMOJIEKYIAPHOH XHMHYeCKOH CBAIM)
snekTpoHEYVED mapy (F, O, N). Toanmaesivm npuMepamn
BEUIECTE ¢ BOOOPOAHBIMH CBA3AMH ABAAKOTCE Boga, HF,
COHPTHL, rIHOepHH (puc. 4). IlepeoRaganwHO BOOOPOOHAR
CEA3L PACCMATPHBATACE KAK MPEeHMYIIECTBEHHO 3MEKTPO-
CTATHIECKAA CBA3bL MEXIV MOJEEVIaMH, OJHAKO 3aTeM
OBLTO VCTAHOBAEHO, 9TO B 00OPA30BAHNNE BOOOPOIHON CBAIN
BONBIIYEY POME WHIPAET JOHOPHO-AKIENTOPHLI MEXAHTIM,
T.€. IPOACXOINAT HACTHYHEIH NEPEHOC 3aPAda OT HEMOIeIEH-
HOH 3JEKTPOHHON MAPLl 3IEKTPOOTPHIATETRHOTO ATOMA
OTHOH MOTexyIsl K |s-opbutamn wora H™ [4-6].

Dam am ammr o Anernar m Srios s T T oo TGO ST ST SRS T

Pac. 5. KauecTeeHHan KapTHHA pacnpeIeleHHs WIeK TPOHHON TIOTHOCTH
pmonexynax HF u LiF (a)n namocTpamma "reomerprueckoro” gaktopa
npH 00paioBAHHH HOHHBIX KPHCTAIOBR H HEMOYEYHBIX CTPYETYP ¢
BOAOPOTHEIMHE CBAAME (§).




Yriaepoanbie CTPYKTYPbI

KyGmaeck it anmaz

waC __5p2 + SPZ C

=

Purc. 9. Unmoctpamis ofpazoBanns o- H -CBA3EH B YIIEpOHBIX

1379 " 4
Mo aubEKanmax ¢ sp-rubpuanzanueit (rpadurt. HanoTpybKH, dynnepe-

0, 1207
HBI). M-CBSA3EL ')WKTHBHB JIHIIE TPH ManepiXx MEXaTOMHBIX paccros-
_ . HHSAX.
K vy e Ho BEIE IMomHeHOB LI
EapOHH EapOHH

Pac. 6. HnmocTpanss patniuHeIX THHOBR THOPHIHIANNEHE W DaTIRIHON
BAIEHTHOCTH B ¥IIEPOAHER CTPYETYPax.




YriepoaHbie CTPYKTYPhbI

Puc. 7. "Herpamunuonnse" yriepoansie MoardRKamm: (a) MoseKyna
tdymwepena Cqq, (6) Monexkyna dymepena Cy, (B) nanorpybka, (r) yr-
JIepojInas NIOCKOCTL — Ipaden.

Pue. 8. ['MmoTeTHMeckHe YT IepoIuble cTPYETYPRE (a) Ré-sp’-crpyrrypa (10, (6) BCT-8-sp>-ctpykrypa [10), (8) yraepoanste msapuuTst [11-13],
(r}) HéspcTpykrypa [14, 15), (1. €) TpéxMepHbe KOMOHHHPOBAHHBIE SP-Sp -CTPYETYPRL [16]. (%) KBAIMABYMEPHEIE KOMOHHHPOBAHHEIE SpP-Spie
cTpYRTYpH (rpadms) [17].




Opranuveckye BelecTea — YriepoaHbIe
CTPYKTYPh! C BOLOPOAHLIMH CBIZAMMN

» Heoprannueckue coeannenus - 450 000
® Oprannueckue coequHenus - 35 000 000

» CnoxHas opraHH4ecKas XuMusa, OMonorus u

»KHUBass MaTepHs CyllecTByeT B auanazone 100-
1000K;0-11ITIa
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= “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.”

m C. Maurice and C. Smithson, Doomsday
Mythology: 10,000 Years of Economic Crists,
Hoover Institution Press, Stanford, 1984.



Concept of abiotic deep petroleum
genesis

Mantle HC formed oil and gas
deposits

Sedimentary layer

DF could migrate into the
Earth’s crust

Hydrocarbons are generated in the Earth’s
upper mantle — deep fluid (DF)




Thermobaric conditions in Upper
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Reaction of synthesis
Donors of carbon:

carbon dioxide (CO,), graphite (diamond), carbonates
(MgCO0,,CaCO,)

Donors of nydrogezn:
watier, rl,, vlotite, musxoviie

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



1 O CFaCOO3 o H,0 cooling: up to 100 Ki/sec
e

- p: up to 60 kbar
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Hydrocarbon Concentration, m? per thousand ton
p = 50 kbar p = 30 kbar | “White Tiger”
T =1500K t=1200K (Vietnam)
CH, 130.2 570 124.6
C,H, 133 17.9 13.5
CH, 13.4 16.2 0
C,H, 8.1 5.9 8
C,H, 19.7 20.6 0.1
-C H,, 0.4 0.5 1.6
n-CH,, 4.7 1.9 3.5
-C,H,, 0.9 0.8 0.4
n-C:H,, 2.7 1.6 6.2
-CH,, 0.3 0.1 2.1
n-C H,, 14 0.4 2.3
| | During high-pressure experiments the system spontaneously evolved

hydrocarbon mixtures in distribution characteristic of natural petroleum




Reaction path

T=1453 K, p=50 xbar (150 km)

Initial substances: CaCO,, FeO, H,0

Final products (X-ray):  Ca(OH),, Fe,0,
(mass-spectrometer, chromatograph): hydrocarbon mixture

nCaCO, +(9n+3)FeO+(2n+1)H. O >

nCa(OH), +(3n+1)Fe,O,+C H,_ ., )



Scott et al., 2004
(Geophysical Laboratory):

Initial components: CaCO,, FeO and H,0
Pressure: 50 and 110 kbar
Temperatures: up to 1500°C.

Reaction products: CH,

The results was published in the Proceedings of
National (U.S.A.) Academy of Science
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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: CaCO,, Fe, H,0 and CaCQ,, Fe, D,O

series 2: CaCO,, Fe, H,0 and C (graphite), Fe,
H,O

Pressure: 50 kbar

Temperature: 1500 K

Final products: hydrocarbon mixtures



Results for series 1 (H,O and
Results of chromatographic analysis Dzo)

CH,

500°C J
|
I
\

H,0 ;0

gx SN
S\ u ll
ol LLL

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: C + Fe + H,0 quenching
C + Fe + H,0 cooling during 4 hours
Pressure: 50 kbar
Temperature: 1500 K
Final products: hydrocarbon mixtures



Results for series 3
(two different cooling rates)

4 hours

quenching

PN Y |

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 + 3H,0 — CH, + 3Fe0 + H, 2)
CHy+ CH, — C;Hg * H, (3)
CH+ CHg — C3Hy + H, (4)

CHy+ C3Hy — C.Hyo * H, (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: CH, in situ

and CH, + Fe,0, 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

Series 1. CH4 nCH‘ - Hz'l' anzmz 900 < T <
1500 K

CH,= Cyrapnte + 2H, T > 1500
K

Series 2: CH, + Fe,0,

FesO,+ 4nCH, — 3Fe +4C H,,., + 4H,0 900 < T <
1500 K

Fe3o.+ 2%7{Fe+2%¢4;|f? T> 1500

We did detéct signals of saturatevvidrocarbons only.

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



