HEKOTOPbIE 3A0AYU 9BOJIFOLIA
CKOMJIEHUN TA30BbIX TMMOPATOB B
MOPCKOM OHE

CyeTHoBa E.N.

depepanbHOe rocygapcTBeHHOE DooKeTHOe yupexaeHne Haykm MHCTUTyT
dounsunkm 3emnu nm. O.10. WimmnaTta Poccunnckonm akagemmnmn Hayk (NP3 PAH)






B ocagkax nacCuBHbIX KOHTUHEHTAalbHbIX

OKpauH

h= 3-7%, B aKkTUBHbIX pa3fioMax 30H
cyoaykummn donbuie (8o 18%), oveHb peako
BCTpeYalTCH TakkKe OTAENbHble
MaCCUBHbIE CKOMSIEHNS.




HakonneHvne n 3Bonouus rasoBbiX rmapaToB

dyHOaMeHTarbHbIE acneKThbl
CTpoeHmne 1 3BonNILMA 3EMHOWN KOPbI
Linknel yrnepoaa

3meHeHuns knumaTta

[MpuknagHble

[@a3oBble rmgparbl-noTeHUnanbHbIM MICTOYHUK SHEPTUN
Kornorug

besonacHocTb paboT Ha MOPCKOM AHe
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F’PAHULA BSR (bottom simulating reflections) B MOPCKUX OCAOKAX —
rpaHvLa yCTOMYMBOCTM U HaNN4UA rasoBbIX rMapaTtoB B ocagKax

a0 230 b oyl
1

Line 292 wn

Two-Way Travel Time (s)

southern Hydrate Ridge, offshore Oregon, 150 m below seafloor
AHanms cemCMMYEeCKNX OaHHbIX YKa3bliBaeT Ha TO, YTO 3TU
BSR oTpaxalT rpaHuubl pasfnoXxeHua ra3oBbix rmapaToB
[Thomas G. Thompson, 2000, Bangs, Musgrave, Tre hu,

2005].
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CTabunNbHOCTL ra3oBbIX rmagpaTtoB 3aBUCUT OT TeMnepaTypbl U
AaBJrieHuns

NMpnYnHbI U3MEeHeHUU nonoxeHuna BSR

— n3mMeHeHua PT ycnosun B cpege:

N3MeHeHNs TemneparTypbl MNOBEPXHOCTH,

N3MeHEHNS rMyoOnHbI MOpS,

N3MEHEHUS KOHLUEeHTpaunm pacTBOPEHHOro B HacbIwaroLem dpnovnge
rasa

N3MeHeHNs CBOUCTB BMeLLaloLLen cpeabl ocagkos, cosgatoume
nameHeHuns PT ycnosun B cpefe B Te4eHne reonormyeckom nctopum
OCaKOHaKorMmneHus.

MeTopq nccnegoBaHma - MateMmaTMdyeckoe mogennposaHue ¢
ncnonb3oBaHMeM reogomanyeckon nHdopmauum



Bo3MoXHoe 06 bsICHEHNe Hann4uusa BOWHbIX BSR nameHeHuem B NpoLunom
TeMmnepaTtypbl gHa

—
100m

Line 292

Two=Way Travel Time (s)

Temperature rise BSR g to BSR
transition



Pe3yanaTb| pacyeToB pacripeneneHnd temMmrnepatypbl B OCaikax B

3aBMCUMMOCTWN OT BPEMEHMU, NpoLLeLLero nocre noBbILLEHUS
TemnepaTypbl MOPCKOro aHa Ha 2°C

Termperature °C
2 4 & B 10 12 14 16
n T L] T L] T

140 L

Depth (mbsf)
B

,_'!-
160 E . g
Nk Tt =T, F
180 W .

T\

O603HavyeHns Ha NMHKUAX TemnepaTypbl U BSR COOTBETCTBYIOT BPEMEHMU, NpoLleLleMy ¢ MOMEHTa
N3MeHeHnda Temnepartypbl AHa. B npaBon YyacTu pucyHka Teopetudeckasa kpusaa PT npegena
cTabunNbHOCTM ra3oBbIX NTMAPATOB B OCadKax, NnepeceyeHne reotepMm C 3TOW KpUBOKW onpeaenset
COOTBETCTBYHOLLYIO reoTepmam nosuuuto BSR B ocagkax.



CKopoCTb aABeKLNU HaCbILWEHHOro ra3aomM NopoBoro grtovga 6onblue yem 1cm/roa
npmMBOoAUT K gnccunaumm naneo- BSR 3a Bpems nopsigka 1000 net. OgHako
yMeHbLUeHMe ckopocTu aasekumm (<1 m/1000 rog, okono 3*10**-11) npmuBoauT K
yBenu4yeHuo BpemMeHu cylecteoBaHma naneo- BSR go 5000 net. Waelbroeck et al.,
2002 ykasbIBaeT, YTO yBennyeHne temnepatypbl Mopckoro gHa npoucxogusno 10,000-
18,000 net Hasaa. CkopocTb agBeKuun NopoBbiX ritongoB 3aBUCUT OT CKOPOCTU
OCafKOHaKOoMMeHUda U peonornvyecknx u dnromgogmHaMmmyecknx CBOMCTB OCaaKoB
[CyeTHOBa, 2009].

Y4eT B MOAenu CKPbITON TEMNOThI PasfoXXeHUd ruapartoB npu 3Ha4nTerbHOM
rmapaToHacbIWEHHOCTU MOXET 3HAYUTENBLHO YBENMNYUTL BPEMS CYLLECTBOBAHUS
naneo- BSR, B 3aBUCUMOCTM OT rmgpaToHaCbILEHHOCTU (pasnoXeHne rugpaTtos rnpu
6% rngpaToHacbIWEHHOCTU crios MowHocTLo 40m Tpebyet 8.8*10**9 J Tenna
KOTopble MOryT BbITb 0becreyeHbl npu TensioBom rpaaneHte 0.055C/m ( Tennoson
notok 0.55 J/m**2) 3a 5000 rner.

Takum obpasom, Ana Toro YToo6bl yBepeHHO OO BLACHATL Hanuume ABOMHbIX BSR
U3MeHeHMeM B NMpoLUNIoOM TemnepaTypbl AHa, Heo6xoAMMO NPOBOAUTDL
AanbHenwune nccnegoBaHUA Npouecca 0CaaKOHAKOMNMEeHNs B permoHax, rae 3tm
ABNEeHns Habnganuchb.



Bo3moxHoe o00bscHeHne aBonHon BSR cocTtaBoM nocTtynatowlero rasa
(UNCTBIM METAH N METaH U rasbl ¢ DOSbLLUNM MOMEKYIIAPHBIM BECOM)

Suggested geological model with the distribution of gas hydrate and free gas of pure methane above
and below the BSR and a thin gas layer of 96% methane plus heavier hydrocarbon in correspondence
of the BSRO.
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Geletti, R., and M. Busetti (2011), A double bottom h} Gas mmp.usmun CLUMNVES {Slﬂﬂ". 199{“
ig’t‘;’:ﬁ:gg reflector in the western Ross Sea, 1a: 100% methane (seawaler approximation)  2: 96 % methane, 3% ethane, 1% propane

J. Geophys. Res., 116, B04101 1b: 100% methane {pure water ) 3: 80% methane, 7% ethane, 3% propane



Multiple bottom-simulating reflections in the Black Sea:
Potential proxies of past climate conditions

Irina Popescua,b, Marc De Batista, Gilles Lericolaisc, Hervé Nouzéc, Jeffrey Poorta,
Nicolae Paninb, Wim Versteega and Hervé Gilletc Marine Geology March 2006; 227(3-4) : 163-176
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NHTepnpeTauuns obpasoBaHns MHOXeECTBEHHbIX BSR noBbILLEHNEM
YPOBHSA MOPS U U3BMEHEHNEM TeMnepaTypbl MOPCKOro gHa
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Depth below sea floor (m)
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BSR4 :

550 bimt—at st
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Temperature change AT (°C)

different concentrations of gas above and below
this surface probably account for the

conservation of the acoustic impedance contrast.

Model-derived depth of the BGHSZ for the multiple
BSRs, under potential former P-T conditions. Curves are
calculated for sea levels situated at 0, —30, —60, —90, —
120 and —150 m, and for seafloor temperatures 0 to 5°C
lower than today, considering a gas composition of 99%
methane, 1% ethane. AT is the difference between the
current temperature and the paleotemperature at the
seafloor. Present conditions correspond to AT=0 for a
sea level at 0 m. Intersection of the BSR depth with the
curve corresponding to a given sea level, indicates the
seafloor paleotemperature. For a sea level at —90 m
during the last lowstand (Popescu et al., 2004), BSR2
corresponds to a paleotemperature 1.9-2.4 °C lower than
today. For any sea level between 0 and —150 m, BSR3
and BSR4 correspond to paleotemperatures lower than
today by 2.9-3.9 °C and 3.6-4.6 °C respectively.

This diagram indicates that for any sea level between 0
and —150, a sea floor paleotemperature 3.6-4.6°C lower
than today would correspond to the lowermost BSR4.
Similarly, BSR3 represents the equilibrium BGHSZ for
bottom temperatures 2.9-3.9°C below the present one,
These model-derived temperature changes are in the
range of values indicated by studies of the glacial bottom
temperatures in the World Ocean (Labeyrie et al., 1992;

Adkins et al., 2002).



U3SMEHEHUE NMOPOBOI'O OJABINEHUA BCIIEACTBUE
W3MEHEHWN BELLECTBEHHOIO COCTABA OCAIKOB
NMOCJIEAOBATEJIbHO NOCTYNABLUUX HA MOPCKOE OHO KAK
BO3MOXHbIX MEXAHU3M COBWUIA rPAHULbI BSR B
MOPCKUX OCAOKAX



YcnoBHas cxema, UnnocTpupytowas obpasosaHune

A

OCalO4HOIO CJ1o4d B TedeHne reoriorn4eCkon nctopmmn

ocaKOHaKoMN1eHus.
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OCHOB3HWE oCcafodHOra cnoA

CTpernkamu nokasaHbl HanpaerneHnst 0cagKOHAKOMNNEHUST U CKOPOCTEW
ABWXKEHUSI MaTpuLbl 0CafKoB U ounbTpaumm Hacbklwatowero dnovaa.



Mathematical model

Dimensional

Vs CKOPOCTb MaTpuLbl OCaaKOB,
\; CKOpOCTb hntonaa
t BpeMsi
k(m) (2 ’
V-V, =- (1 )h ( ;Zf +pfgj z KoopAuHaTa rnyouHbl,
pm(1-h) m NOPUCTOCTb,
Spm—h) V. mdh) of NSIOTHOCTL doritonaa,
Pi L PV =3P Ctr TennoemkocTb cronaa,
at a (Davie, Buffet, 2001, P° MNOTHOCTb OCaZKOB,
' ' ' ph NIOTHOCTbL rMaparTa
P A-m)  PpVA-m) Cs  TennoeMKoCTb OCafKOB,
ot a k NPOHNLIAEMOCTb,
u BA3KOCTb dortonaa,
0 pm-h  opVm-h _ o g YCKOPEHUE CUMbl TAXECTH,
ot a ane Jo NNOTHOCTb OCaA04HON cpefbl,
f Temnepatypa,
dpsml-hic  pVim1-h)c dh K TemnepaTyponpoBOAHOCTL Cpedbl OCaAKOB,
a + a == (G —c)ma C TennoemkocTb cpeabl 0CaaKoB
Pe appeKTnBHOE OaBneHne
dm  m mg dp, Pe = ptot - Pt , (ptot-nonHoe aasnexHue),
(1_ m)dt - g Pe dt N BHA3KOCTb cpedbl ocagkos [Stevenson, Scott

.1991; Birchwood and Turcotte, 1994]

B nopocxumaemocTtb[Gueguen, Palciauskas, 1994;
of  omVif  o-mV.f A% Hukonaesckun, bacHues, NopbyHoB, 30T1oB.,1970]
anAi pe. +A, p. =K e +Q(z,1) h  rugpaToHacbILLEHHOCTb




Mathematical

dimensionless

om oV
ot oy
av:—mp—mDép
oy ot

V= —(m@— h))3(25+1)

om@d—-h)c  &.m(l-h)c
a g

dh
=—(c,—c)m -
(¢, —c)m- o

of omVf o al-mvf g
ot (3)/ u 5,y _K@ﬂ +Q(y’t)

model

Scales

Uokomoz
"
o

Pm,

macwmabd _onunvl _ L =

macwumab _epemenu T =

P =ApgL,

V =V (L/T) =V, 1/ Apgk,m?

a=1/mo D= no/Kp/T




[paHWYHbIE YCNOBUS 1 NapamMeTpbl

HukHaa,

HenpoHuuaemas rpaHuua ocagkoB y =b(t),

Vs =V,
V=V,
V,, - CKOPOCTb MOrpYy)XeHUsI OCHOBAHUS.

BepxHsasa rpaHuua gpeHaXkHas
m((y=0),t) =m, =m,
apdekTnBHOE aaBneHne p,=0.

Temneparypa Ha NOBEpPXHOCTN OCagKOB
noaaep>XXnBaeTcs NOCTOSAHHOM, N HA HUXKHEN
rpaHvue 3agaetcs

rpagmneHT Temnepatypbl 25°C/Km

CKOpOCTb IOTrpy’KEHUsI OCHOBAaHUS , V, OLIEHUBAETCS KaK

1070 107"y / cexc

[IpoHuaeMocTh, MO SKCIIEPUMEHTAIBHBIM HAOIIOACHHSIM -
HeJMUHEeWHas QYHKIHS TOPUCTOCTH, OOBIYHO B MOJEISIX
paccMaTpuBaeTCs Kak CTeneHHasi PyHKIUs TOPUCTOCTH

_ |
k=k,-m
, 1=2; 3. Benmmunna kOSaBI/ICI/IT OT THUIIA OCAJIKOB.

3KCHepI/IMeHTaHBHBIe SHAYCHUA IPOHULIACMOCTH JIJIA
0CaIKOB MOI'YT BApbHUPOBATH B JTUAIIA30HC

10—12 _10—20M2

DddexTrBHas BI3KOCTh 0CAJIKOB 10 IPUHUMAETCS HE
3aBUCALIEH OT TEMIIEpPATyphbl U AABICHHS Ha MaciITadax

UCCIIeyeMbIX TIyOUH U BapbupyeTcs B quarnazoHe( Fowler
1999)

1020 —1022 Ila c.

[Birchwood, Turcott 1994; Schneider, Potdevin, Wolf, Faille, 1996].

[Tapametp S 3dbdekTrBHAsS NOPOCKUMAEMOCTb
OLICHMBAETCS KaK

107 -10"° 110

[Hart and Wang, 1995; Berryman, 1992 ; bapen6nart, Entos,
Proxuk. 19841,



KOHLI,eHTpaLI,I/Iﬂ METaHa B I'IOpOBOI7I XUOKOCTU npun s1okaribHoOM TepMmoanHamMmmn4eCckom paBHOBECUN C
rmapatomMm B 3aBUCUMOCTU OT BHELLHEro AaBrieHnd n rpaaneHTa temneparypbl
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Fig. 4. Salubility profiles of four known hydrate locations, which coicides with the base of the HSZ Good agreement hetween the results of Zatsepina and Buffett (19%97) and solubilitics
Pressure and temperature conditions at the Elake Ridge and predicted according to 5 (solid lines) is observed at temperatures below T3(P) (dashed lines conmect solubility data above T3(F)).

Peruvian Margin mesult in thicker zones of hydrate stability
and smaller slopes in the solubility profile within the HSZ
(zolid lines), On the other hand, the Cascadia Margin and
Chile Triple Junction have thin HEZ's and a steeper slope of
the solubility profile within the HSZ.
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(B) Effect of water depth on methane

solubility. As a parcel of sediment is uplifted from 3000 to 800 meters below
sea floor in an accretionary complex, methane solubility decreases

by a factor of two (G. Claypool, U.S. Geological Survey, retired, personal
communication, 2000). Similarly, solubility will decrease as pore

water is expelled upwards as a result of sediment compaction. GAS HYDRATES
LESSONS FROM SCIENTIFIC OCEAN DRILLING

BY A.M . TREHU, C. RUPP E L, M. E. HOLLAND,
G.R.DICKENS,M.E.TORRES, T.S.COLL ETT,
DGOLDBERG, M. RIEDEL,ANDP. SCHULTHEIS S

Oceanography Vol. 19, No. 4, Dec. 2006



Evolution of Gas hydrate saturation during sedimentation
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V= 0,000577
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5. t=62,6 (1,5 My, d=0,8 (4,8 km))
6. t=72

7. t=77,5
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PacnpegeneHue no rnybuHe ruapaToHaCbILLEHHOCTU N CKOPOCTU OUNbTPYOLLErocs K
NOBEPXHOCTW 0CcaakoB chnomaa npy OAHOPOAHOM MpoLLecce ocaaKoHaKOMNeHus

0.0&4

[1na pacyeToB Opannch xapakTepHble 6a30Bble 3HAa4YEHUS
napamMeTpoB OCaaKOHaKOMNMEHNS:

nnoTHocTb chritonpa £ =10°xe/ m’®

MNOTHOCTb BeLLecTBa ocafkoB 2s = 2.6-10°ke/ m?
NPOHNLIAEMOCTb MOCTYNALLMX OCAAKOB k_ =10"m
BA3KOCTb ¢pritompa 4 =2.510"11a-c

BSI3KOCTb NOCTYNatoLLMX ocagKkoB 7l =10%1la-c

CKOPOCTb OCafKoHaKonneHusl0 *m/cex yto cooTBETCTBYET
pernpeseHTaTUBHbLIM 3Ha4YEeHNAM CBOWCTB OCAKOB U CKOPOCTM
MX HAKOMMEHUS, U3BECTHBLIM MO reodPU3NYECKUM JaHHbIM.
AN 3Ha4YeHNs napameTpoB NPUHUMANNCL Kak 6a3o8bie ANs
pac4yeToB. ®UHanNbHas MOLHOCTbL 0CaAKOB B npouecce
CKOMMEHCUPOBAHHOIO 0CaAKOHAKOMNEHUS NPUHMMAanach
6000m. T=1.9 mnH neT [mapocTaTndeckoe gaBneHne
nopoBoro couaa.

Vf

0.035

0. 065
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JABOMOLUA NOPOBOro AaBnNeHns, CKOpoCcTU (punbTpaumm u rugpaTtoHacbILWEeHHOCTHU
Ha HWXKHEeN rpaHuLe ruapaTHOro Criosi NpyU HakonnNeHnn MeHee BA3KUX U MeHee
npoHuuaembix ocagkoB (T~1mn net, N1=0.5-n0 , k1=0.01k0) noBepx ocankoB c
0a30BbIMM 3HAYEHUAMU BA3KOCTU U npoHuyaemoctn [nybuHa BSR yBenunumnBaetca
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HwxHASa rpaHmua rmgpaToB MOXET ONYCTUTLCS Ha NpMbnmnantenbHo 160 m



JABOIOLMA NOPOBOro AaBreHNsl, CKOPOCTU (punbTpaLmUn U rMAPaTOHaACbILWEHHOCTHU
Ha HWXKXHEWN rpaHnue rmapaTHoOro criosi Npyu HakonsieHUU ocaakoB ¢ 6a30BbIMU
3Ha4YeHUAMU BA3KOCTU U MPOHULLIAEMOCTM NOBEPX MeHee BA3KUX U MeHee
npoHuuaembix ocaakoB ( T~1mn net, n1=0.5-n0 , k1=0.01k0) MybmnHa BSR
yYMeHbLUIaeTCs
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HwKHASA rpaHuua ruapaTtoB MOXET NOAHATLCA Ha NpUonmnanTensHo 160 m



3ameHeHna B cocTaBe 0CagKkoB, KOTOPbIE NPOUCXOOAT B reonorM4eckon nctopum
OCaJKOHaKOMMNeHUs, onpeaensatT KONTMYECTBEHHbIE N BPEMEHHLIE PaMKu
9BONOLUNM r’MApaTOHACBLILLEHHOCTN MOPCKUX OCaKOB.

YMeHbLUeHNe BA3KOCTU N MPOHNLIAEMOCTU NOCTYMNarLWmnxX 0caakoB NpUBOAUT K
U3MEHEeHUIO0 MOPOBOIro AaBJrieHUA N ero rpagueHTa B HakanmmBatoLLNXCS
ocagkax.

A3meHeHne NopoBOro AaBneHUst N ero rpaieHTa BreYveT 3a cobom cmelueHme
HUWXHEW rpaHulbl 30HbI CTaOUITILHOCTY ra3oBbIX r<MAPATOB, ornpeaensaemMoun no
nepece4YeHmnto KpMBom TepMoanHaMmU4eckoro paBHoBecusa ruapar-donoua u
KpUBOW pacnpeneneHnsa temneparypsl B 3aBUCMMOCTU OT MOPOBOro AaBlieHUs
dononga B ocagkax. ATO NpUBOAUT K cMmeLlleHnio BSR.

N3ameHeHne NnopoBOro AaBrneHust U ero rpaaneHTa npuBoaAnT K U3BMEHEHUI0
CKoOpocTU (punbTpaLmMm ra3oHacbILLEHHOro donouga v ruapaTtoHacbIWeHHOCTHU
Ha HWXHEW rpaHuLie 30Hbl CTabUNBbHOCTU ra3oBbIX MMAPATOB B MOPCKNX OCagKax.
TevyeHune 3TUX NPOoLLECCOB HENMMHENHO MO BPEMEHMW.



