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== English
D,Hﬂ pyCCKOI'OBOpFl wumux mccneno BaTeneifl

25 net Hasag B Nasanarocckom pudTe aMepuKAHCKHME MCCJIET0BATEISIMHE ObIJIO OTKPBITO NEPBOE THIPOTEPMAJIHLHOE
nojie Ha JHe MupoBoro okeana (http://www.divediscover.whoi.edu/). IlomooHble 00 beKTHI H3BECTHBI CeiiYac BO BCeX OKeaHax
1 B psijie OKPAHHHBIX MOPEH.

BmecTe ¢ TeM, Bce OTKPBITHS MMEJH CJOYYalHbI XapakTep W MPUMEPOM MOKET ObITh MCCJIeI0BAHUS HA YIJIOBOM IOIHSATHH
pazaoma Atnantuc (http://www.nsf.gov/od/Ipa/news/, Ridge Events, Newsletter of the US RIDGE InitiativeRidge Inter-
Disciplinary Global Experiments, Vol. 11, Ne 2, June 2001, http://earthguide.ucsd.edu/mar/ ).
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Hu:xe Bbl MokeTe MpPOYUTATH HAIIM CTATHU (TEKCThI M WLIIOCTPAIMH MO OTHOIIEHWK) K OPUTHHAJIAM HECKOJIbKO
WU3MEHEHbI), KOTOPble ObLIM HANPAaBJeHbl HA Pa3padOTKy NPOrHO3a TMOJIOKEHHS ''YepPHBIX KYPHJIbIIHKOB'' W PYIHOM
MHHEPAJIU3AIUHA B ATJIAHTHYECKOM OKeaHe.

HeTouHocTH, KOTOpPBIE MBI HAIILJIM B HEKOTOPBIX PaHee ONMY0JIMKOBAHHBIX PUCYHKAX OPUTHHAJIOB CTaTel - He HCIIPABJISINCD.
NMpuHOCUM 32 HUX U3BEHEHUA YNTaTENAM.

If you can't read Russian

25 years ago in Galapagos rift american researchers descovered first oceanic bottom hydrothermal field
(http://Iwww.divediscover.whoi.edu/). Today we known these phenomens in all oceans and in any marginal seas. Unfortunatally
all discoveries was cayuaiinblii xapakrep. As exampele - divings on the Atlantis FZ High Inside Corner
(http:/Iwww.nsf.gov/od/Ipa/news/, Newsletter of the US RIDGE Initiative, Ridge Events,
http://earthguide.ucsd.edu/mar/, Ridge Inter-Disciplinary Global Experiments, V. 11, # 2, 2001).

MbI noMeniaeM HAlIH CTATHH (TEKCTHI H WLIIOCTPAIIMU HECKOJILKO H3MEHEHbI), KOTOpPble ObLIN HANIPABJIEHbI HA Pa3padoTKy

MPOTrHO3a MOJ0KEHUS ' "YePHbIX KYPWIbIIUKOB' M PYJIHOH MHUHEPATU3ALUM B ATIIAHTHYECKOM OKeaHe.
Oneyarku, KOTOPbIe Mbl HALLJIM B OPUTHHAJIAX CTATEl - He CHUMaJUCh. IIpuHOCHM 32 HUX M3BEHECHUS] YUTATEISIM.

BTN T T
Juan de Fuca |

ITonoskeHHe aKTUBHBIX ruapoTrepmMajabHBbIX noJieu
Active hydrothrmal fields location
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1998 TexkToHMYeCKOE MOJI0KeHHEe THAPOTEPMATbHBIX MoJieil Ha CpeIMHHO-ATJIAHTHYECKOM XpeoTe

001 'maporepmanbHasi MuHepaau3anus pasioma Coeppa-Jleone (LleHTpanbHasi ATJIaHTHKA)

N

002 ITos10:keHMe M MePCHeKTUBBI OTKPBITHS IMAPOTEPMAJIbHBIX MoJ1eil B CpeINHHO-ATIAHTHYECKOM XpedTe

N

=3 English

1998 Mid-Atlantic Ridge Hydrothermal Fields Tectonic Position
2001 Sierra Leone Fracture Zone Hydrothermal Mineralization (Central Atlantic Ocean)

002Mid-Atlantic Ridge Hydrothermal Fields: Setting and Further Discoveries Prospects

I'maporepMajibHOE OpyAeHeHHE ATJAHTHYECKOI0 OKEeaHa

TEOPETHYECKAA MOJAEJIb

1998 roxa

Jlutosiorus u moJsesuble uckonmaembie. 1998. Ne 4. C. 436-439
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TexTOHHYECKOE 110JI0KeHHE THAPOTEePMATIbHBIX NoJeil Ha CpeMHHO-ATIAHTHYECKOM XpelTe

A.O. Ma3zaposny, C.10. CokoJioB

AHHOTANUA

Iono:xkeHne ruapoTepMAIbHBIX MoJiel B CpeIMHHO-ATIAHTHYECKOM XpedTe ObLJI0 COMOCTABICHO C TPABUTAIIMOHHBIMU AHOMAJIUAMHI U
M0JIOKEHHEM MHUIEHTPOB 3emiierpsicennii (1937-1997). YcraHoB/I€HO, YTO THAPOTEPMAJIbHBIE MOJISI TATOTEIOT K OTHOCHTEJIbHO CTAOWILHBIM
(aceiicMHYHBIM) YacTAM PHPTOBBIX 30H, KOTOPbIe HANOO0Jee GJATONPHUATHBI VISl YCTOMYHUBOI IUPKYJISIIAA PACTBOPOB B YCJIOBHSAX CIPEIMHIA

¢ HU3KUMH ckopocTsaMu. Takue o6acT pacnosiararores B o6Jactax pa3poiBos (''discontinuty™).

B JlaGopaTopun reomop¢os10ruy U TEKTOHUKH JHA okeaHOB I'eonnormueckoro mHcruryra PAH nmpoBogutcs padora Hax co3gaHueM
nu@poBoii TekTOHHM4Yeckoil kKapthl llenTpaabHoil ATnanTnku. OHa CONPOBOXKIAETCS CO3JaHMeM 0a3bl JAHHBIX M AHAJIH30M CaMOIO
pa3Hoo0pa3HoOro marepuaja. B xoge 3Tux HccjeI0BaHN y AaBTOPOB MOSABHJIMCH HA0II0eHHUs, KOTOPbIe, BO3MOKHO, IPEACTABAT MHTepec AJs
CHEeNHAJIMCTOB B 00/1aCTH OKEAHCKHMX THAPOTePMATbHbBIX CHCTEM.

BbicokoTeMnepaTrypHble TrHAPOTEpMAIbHbIe HCTOYHMKH OBLJIM OTKPBITHI B KOHLE CeMHMIECATBHIX rofoB. B HacTtosimmii MoMeHT B MupoBom
OKeaHe H3Y4YeHO C Pa3HOii cTeneHbIo JeTalbHOCTH cBbie 100 akTMBHBIX H PeIMKTOBBIX NoJeii [Rona, Scott, 1993].

Peruonanbnbie uccienoBanusi [Pona, 1986, Rona, Scott, 1993 u ap.] moka3zaam, 4T0 GOJBIIMHCTBO THAPOTEPMAJIBHBIX PYIONPOSIBIEHMIl
PacmoJiokeHo B mpenejax HeoByakanndeckux 30H pudrToB (TAIL, Cueiik [Iut n Bpoken Cnyp) u TATOTEIOT K BYJKAHUYECKHM CBOJIaM B HX
npeaenax. OTMe4eHO, YTO AKTHBHbIC T'MAPOTepMajbHble MCTOYHHMKH 4Yalle BCEro pasMellaloTcsd B 30HAX TEKTOHHYECKHMX HAPYLICHHH.
M3BecTHa cuTyamusi, KOrJa akTHBHOe ruporepMaansHoe moje (‘'Jlorades'') pacmosiaraercsi Ha MOBEPXHOCTH KpaeBOro ycryna pugToBoii
JAOJHHBI, CJI0KEHHOTO CEPNEeHTHHU3HPOBAHHBIMH YJIbTPAOCHOBHBIMH mopoaamu [BormanoB m ap., 1995]. Takoe mosokeHHe MNI0X0
BIIMCBHIBACTCSA B CYLIECTBYIONIYIO CXeMYy HMPKYJ/JISIHMOHHBIX THAPOTEPMAJIbHBIX CHCTEM CIIPeIMHIOBBIX XpPeOTOB.

IIpu coctaBienun kapThl MarMaTu3ma [leHTpaIbHON ATIAHTHKH NOSIBUJIACH Hesl OTPA3UTh HA Hell M M0JI0KeHHe THAPOTEPMAJIbHBIX MOJIeH.

IMocsie TOro Kak oHM ObLLIN BbIHECEHBI HA KAPTy IPABHTANMOHHBIX aHOMAJIHIi, COCTABJIEHHYIO N0 CYTHHKOBBIM AaHHbIM [Sandwell, Smith,
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1997], MBI CONMOCTABWJIN MOJYYEHHYH) KAPTHHY C MOJIO)KEHHEeM JMHUIEeHTpoB 3emuierpsicennii (1937-1997) (3ra mundopmamus obLia
nosydena u3 karaygora National Earthquake Information Center (USA) no UnTepHeTy). Pe3yabTaT 3THX CONMOCTABJIEHHUI MOKA3aJ1 CJIeAYHOIIIee.
HenaBHo oTkpbiToe B paiioHe 14°45° c.m. mose "Jloraues' [BormanoB m ap., 1995] pacmonaraercs B cermente CAX Mekay pasjioMaMu
3esqenoro Mpica 1 Mapagon. AHAJIN3 AJIBTHMETPUYECKOH KapThl (prc.la) cOBMeLIeHHBbIH ¢ IMHIEHTPAMH 3eMJEeTPSACEHHI MOKAa3aJ, 4YTo
HMEHHO 3/1eCb HAXOJMTCSl PaiioH OTCYTCTBHUSI celicMuyeckoii akTUBHOCTH. Cloa e TpaccuMpyeTcsi 30HA NMPOTSKEHHBIX IPABHTALMOHHBIX
aHomaJuii (B pejbede - :Kejio0), KOTOpbIe MPOCJIEKUBAKTCS HA MHOTHE COTHH KM K BOCTOKY W 3amajay oT ocu xpedTa. OTMETHM, YTO € ITHM JKe
JIMHEAMEHTOM CBSI3aHO TPH (U3 NMATH) U3BECTHBHIX ITy00KO(OKYCHBIX 3eMJIeTPSACEHHIT B 0CeBOIi YaCTH ATIAHTHYECKOr0 OKeaHa) ¢ IJIyOnHaMu

nuueHTpoB B 60, 60 u 51 kM u ¢ MmaruuTyaamu 6, 7.3 u 4.7 COOTBETCTBEHHO.

16.00°

15.50° 5 Cape Verde Fracture Zone

Puc. 1a. Ilosi0:keHne rUAPOTEPMAJIBHIO T1OJISI
JlorayeB M dMMLEHTPOB 3eMJIETPACEHUH

14.00°

13.50°
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Puc. 16. Ios10:keHne ruApOTepMAJILHBIX NOJIEH H
3MHLEHTPOB 3eMJICTPACEHUH B pailoHe pa3jiomMa
Keiin

YepHbIe TOYKH - AMUIEHTPbI 3eMJIeTPSICCHUH;

; - : i y 3Be3/bI - THAPOTEPMAJIbHbIE OIS
Zone ; : - KPYIH - acelicMUYHbIe 00/1aCTH

I'mpporepmanbibie moasi TAT, Cueiik ITut m Bpoken Cnyp (cm. puc.10) Takike pacmoJaraloTcs WM B aceiiCMHYHBIX 30HAX WJIH
BOam3u Hux. K pailoHaM MX pacnosiokeHusi MOAXOAAT NPOTsIZKeHHbIe Aenpeccuu AHA. [i1y0okodoxycHble 3emiieTpsiCeHUs] B pailioHe pa3JjioMa
Keiin He ycranoBiaenbl. B mnpexgenax mouasi TAI' ruaporepmanbHble NMOCTPONKH 00pa3oBajuch JH0O0 HAa NMOBEPXHOCTH WHTEHCHBHO
pa3apodieHHoro ¢yHaamMeHTa, Ju60 B Tpeneax OCBHINH, CJI0KEHHOH 00J0MKaMH BYJKAaHUTOB [Jlmcummn u ap., 1990]. U3BecTtHBIE
ruapoTepMasbHble IIMBbI [Jlykamus u ap., 1997] Takke nonaawT B aceiiCMUYHYIO 30HY.

ITosryueHHbIe pe3yabTaThl CBHAETEJBCTBYIOT O TOM, YTO THAPOTEPMAJIbHbIE MO/ TATOTET K OTHOCUTEIbHO CTA0MIbHBIM YaCTAM PU(TOBBIX
30H, KOTOpBIe MO0 BCell BHAMMOCTH HauOoJs1ee 0JIaronpUATHLI VIS YCTOMYMBOM HMPKY/JISILIMHA THAPOTEPM B YCIOBHSAX CIPeJIHHra ¢ HU3KMMH

ckopoctsavu. Takue 06J1acTu pacnojiaralTcs B odaactsax paspeiBos (“'discontinuty™).
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Obmasi cxema 00pa3oBaHHMsl TMAPOTEPMAJbHBIX PACTBOPOB XOPOIIO H3BECTHA M CBOAMTCH K cieaywmemy. B mnpenenax pugrton
OKeaHCKasl BO/Ia MPOHUKAET B KOPY MO CHCTeMe OTKPBITHIX TpemnH (I'bSIPOB) U B pe3yJibTaTe ee B3aHMOJEHCTBHS ¢ MOPOIAMHU OKeaAHCKOI
KOpPbl M MarMaTH4YeCKHMH 0YaraMy, MMEIOUINMH BBICOKYI) TeMIepaTypy, HarpeBaercsi 10 OJU3KpPUTHYeCKHX Temmepatyp (6osee 400°C).
ITocse 3TOr0, 0GOralEHHBIH Pa3HBIMH 3J1eMEHTAMH, THAPOTEPMAJIbHBII PAaCcTBOP MOJIHMMAETCSl K MOBEPXHOCTH, I/le B paiioHe ero pasrpy3ku
YCTaHOBJIEHBI '"YepHBbIe KYPUIbIINKA'' H APYrue pyAoodpa3youiie noJuMeTapindeckue pyaonposiiaenus [Jlucumun u ap., 1990, Pona, 1986,
Karson, Rona, 1990 u ap.]. YcraHoB/ieHHOe HAMHU TeKTOHHYECKOE MOJIO)KEHHE THAPOTEPMAJILHBIX IOJeil MOKeT BHECTH B CYLIECTBYIOLIUE
MO/JeJIU P U3MEHEHHH.

OTKpbIThIE TPelIMHbI B ee MpeAeaX OPUEHTHPOBAHbI CyONapa/iielbHO NMPOCTHPAHMIO PU(PTOBON M0JHHBI. JIOTHYHO MPEINOJIOKUTH, YTO
MHUIPAlHsi PACTBOPOBOB Oy/AeT OCYLIECTBJSITHCH He Momepek pu(pTa, Kak 3TO NPUHATO, 2 B HANPABJEHUAX € HAWIYYLIIMMHU YCJIOBHAMHU

NPOHHUIIAEMOCTH, T.€. BAOJb MPOCTUPAHUs PU(PTa (AHAJOTMYHO TPEIIHHHBIM KOJUIEKTOPaM B He()TSIHBIX pe3epByapax) (puc.2)
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l Rift valley l

A o
A )
/ . V§
] 2 $

A Fa A a Q’
Fa¥

A A A

Fracture zone

Magima chamber

Puc. 2. Uneann3aupoBaHHasi cxeMa MUTPaALMH
PYAOHOCHBIX ()JIIOMI0B NMAPALIEILHO
NPOCTHPAHUIO PU(PTOBOI JOJIUHBI C pa3rpy3Koi
B 30HAX Pa3pbIBOB

Bo3mMo0:XHO, 4TO 3TO JBHMKEHHMEe NPOMCXOAUT B CTOPOHY HamOoJiee NMPHUIOAHATBHIX 4YacTed puTOBON M0JMHBI. Mectamu ke odara
Pa3rpy3ku B 3TOM cJy4ae JOJKHbI HAXOAUTCH B HauOoJiee CTAOWIBHBIX YaCTAX, B KOTOPBIX CO3AaHbI YCJIOBHS sl 10JrOBPeMeHHOi (10
AeCATKOB ThICAY JIET) YCTOWYHMBOI HHMPKYJSIHH THIAPOTEPMAJbHBIX pacTBOpoB. Takme Bocxoasiiue ''KOJOHHBI'' W pacmojaraiorTcs B
BBISIBJICHHBIX HAMH 00J1aCTSIX ¢ OTCYTCTBHEM WJIM NMOHMKEHHOI celicMuuyHocThI0. PaspeiBbl (‘'discontinuty’’), BuauMo mpeacTaBiasiioT co6oii

paﬁom,l C NOBBIINICEHHBIM KOJIHY€¢CTBOM 6pequ‘/i, WJIM, HHBIMH CJIOBAMH, IOBBIIIEHHOM OTKpBITOﬁ MOPUCTOCTHIO U MPOHUIAEMOCTLI0.
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3aKjao4YeHue

Taxkum o0pa3oM, OCHOBHASI LHMPKYJISIIUSI OKEAHHMYECKON BOJABI M NpeBpallleHue ee B pya000pa3yoliyne pacTBOPbl MPOUCXOAUT BI0JIb
NPOCTHPAHUSI PUPTOBBIX 30H C MOCJEAYOLIeH pa3rpy3Koil B OTHOCUTEJIbHO CTA0WJIBHBIX 00/1ACTHX..
AHau3 pacnoJioxkeHusi dMUNEHTPOB B CpeauHHO-ATaaHTHYecKOM XxpedTe Mexay 30° c.m. u 15° 0.m. moka3piBaeT, YTO B YKa3aHHBIX
npeaesax mMeercsi psii paiioHoB (10kHee pa3ioMma Bo3HeceHusi W psd APYrUX) ¢ MOHUKEHHOH CeliCMHYHOCTBIO WM ee OTCyTcTBHeM (pmc.3),
KOTOpbIE COBHNAJAT ¢ 00JacTAMM pa3pbiBoB. MOXKHO mNpeanojararb, 4ro 3T0 HauOojee NepCNeKTHBHbIE PalOHBI A OTKPBITHS

THAPOTEPMAJIBLHBIX MOJIEH.

—6°
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Puc. 3. ®parment 6atumerpudeckoii kaptel TEBKO (BBepxy) u kapTa rpaBUTAIlMOHHBIX AaHOMAJIHIT
10 TaHHBIM CIyTHHKOBO# aabTuMerpun (Sandwell, Smith, 1997) (Buu3y) na paiion CAX
B KoopauHaTtax 11°- 6° 0., u 20°- 5° 3.1.

YepHble TOYKH - AMULEHTPBI 3eMJICTPSACEHUI; JUIMIIC - BO3MOKHbIN paiioH 00HAPY:KeHUsI THAPOTEPMAaIbHOIO MOJIsI
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K HaYaJay

HNOATBEPKIEHUE TEOPETUYECKOM MOJEJH

2001roxa

Jlutosiorus u mosaesnbie uckonaempie. 2001. Ne 5. C.1-8

I'maporepmanbHasi MuHepaau3amnus pasdioma Coeppa-Jleone (LenTpajabHasi ATIaHTHKA)

A.O.Masaposuy , B.A.Cumonos™, A.A.Ileiise, C.B. KoBsisun™, I'.A. Tperbsakos™, FO.H.Pasuuuun, I''H.CaseaseBa, C.I'.Cko10THEB,
C.10.Coxoaos, H.H.Typko

I'eosiornueckuii nHcTUTYT Poccuiickoii akagemun Hayk, 109017 Mocksa IlbkeBckuii nep., 7

*Q0beANHEHHBIH HHCTUTYT reos1oruu, reopuznku u mudepajgoruu CO Poccuiickoii akagemun Hayk, 630090 HoBocuoupcexk 90. np.
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Axanemuka Konriora, 3.

AHHOTAIUA
B 2000 rony, Ha ocHoBanuu paspadorku 1998 r., B 22-om peiice HUC «Axagemuxk Hukonaii CrpaxoB», 0bl1a M3y4eHa 00JacTh
pasioma Ceeppa-Jleone. ITOT palioH NpeANoIarajicsi KaKk INePCHeKTHBHBIA I OTKPBITHSI HOBOI0 THAPOTEPMAJILHOIO MOJSA. AHAJIM3
PaCIVIaBHBIX BKJIIOYEHHIl MOKa3aJl, YTO MarMaTHdecKhe KOMILUIEKCH (OPMHPOBAINCH, W3 BbICOKoTeMmepaTypubix (1210 - 1255°C)
HU3KOKAJHeBbIX paciiiaBoB Tuna N-MORB, ¢ouaHbIX BRIKYEHHUI - M0 BJIMSHHEM AaKTHBHO el CTBYIOIIEH THIPOTePMATbHON CHCTEMBI C

temneparypamu 205 - 226°C. Takum o0pa3om, TeopeTnyeckas mojeab 1998 r. moayunia nepsoe noareepxaenue B 2000 r. B xo/1e IKCIeIHIINN

AHAJIN3 TaHHBIX MO0 MOJIOKEHHIO THAPOTEPMAIbHBIX M0JIel, CeiiCMIYHOCTH ¥ CIYTHUKOBOI aJIbTHMETPUHU CBHIETEIbCTBYET 0 TOM, YTO
B CPeIMHHO-OKEAHMYECKHX XPedTaX ¢ HEeBBICOKOl CKOPOCTHIO CHpPEANHra THAPOTEPMAJIbHBIE TOJS TATOTET K 00J1acTAM IepecedeHHui
pa3peiBoB (“‘discontinuty’) u puTOBBIX 30H ¢ MOHUKEHHBIM (poHOM celicMuuHocTH [Ma3apoBu4, CokosoB, 1998]. CorstacHo paccMoTpeHHOI
B 3TOii pafoTe Moje/H, NpeANoJaraercsi, 4YTo MHUrpamusi (JIIOHI0B OCYUIECTBJISIETCH B/AOJIb NPOCTHPAaHUS PUPTAa B COOTBETCTBHH C
opueHTanueii TpemmH. B 3TOM cilyuae MecTa pa3rpy3KH PYAHbIX KOMIIOHEHTOB JIOJKHBI HAaXOAHThCS B HamGosiee CTAOMIBHBIX YacCTSX
PU(PTOBBIX 30H, I/Ie CO3IAHBI YCJIOBHUS IJs J0JrOBpeMeHHOW (0 JeCATKOB ThHICAY JIeT) YCTOWYMBOH HHPKYJISIUH THIAPOTEPMAIbHBIX
PacTBOPOB.

AHau3 pacnosio:keHusi dSnuieHTpoB 3emiierpsicennii [CNSS..., 1997] B nmpuidkBaTopuainbHoii ATianTuke (puc. 1) moka3biBaeT, 4TO
37ech €CTh [Ba PErHOHA, B KOTOPBIX 3eMJIeTPSICEHUs WM He 3apericTPUPOBAHBI HJIM HX KOJHYECTBO CYIIeCTBEHHO MEHbIIE YeM HAa COCETHHX
yuactkax CpeannHo-AtiaanTudyeckoro xpedTa (CAX). IlepBblii pacnosaraercs B o6actu paszioma CB. Ilerpa (2°40° c.mr.), BTopoii — pa3ioma
Cheppa-Jleone (6° c.m1.). Oba pa3jioMa UMEOT He3HAYNTETbHBIE MO MPOTSIKEHHOCTH AKTHBHBbIE YACTH M MOTYT OBITh OTHECEHBI K pa3pbiBaM
(“discontinuity”).
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Puc. 1. Pacnipenenenne snuieHTpos 3emiierpsicenunii [CNSS...,

ATIIAHTHYECKOI'0 OKeaHa

Kaprorpajduueckasi ocHoBa — cnyTHHKOBasi aabTuMerpus [Sandwell, Smith, 1997]. Ctpesikamu nmoka3aHbl paiioHbI ¢ IOHMKEHBIM (POHOM
celiCMHYHOCTH. 3/1eCh ¥ Jajiee IHPOTA H 0JIT0TA MOKA3aHbI B TPAycax H JIeCATHYHBIX J0JIsX.

1997] B npu3IKBATOPHATBLHOM YACTH

Obaacte pa3zioma Coeppa-Jleone mucciaenoBainace Hamu B 2000 roaxy Bo Bpemsi 22-ro peiica HUC «Axanemux Hukouaii

CrpaxoB» [Peyve et al.,, 2000] coBmectno ¢ HHcrutyrom Mopckoii reonornu (Bosonbs, Uranus).

B xome JkxcmeaMuuM ¢ MOMOINLIO

MHOroJy4eBoro 3xojiora SIMRAD 12S mpoBoamjiach 0aTuMeTpH4YecKasi CheMKA CO CILUIOIIHBIM MOKPBITHEM H [parupoBaHue, KOTOpoe

MO3BOJIMJI0 0OHAPYKUTH MOPOABI C THAPOTEPMATbHBIMH H3MEHEHUSIMH U € CYJIb(UIHOH MUHepaJIN3anuen.
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I'eosiornyeckoe nojo:keHne ruAPOTEPMATbHO H3MEHEHBIX MOPOJ

PudroBas 30ona CAX mexay paznomamu Ctpaxosa (4° camw.) u 7°10° c.ui. pa3neseHa Ha TPH KPYHNHbIX cermenTa. Han6Gosee 10:kublii U3
KOTOPBIX pacnoJjio:keH Me:xkay pasiomamu CrpaxoBa u 5°05° c.m. 3aecs pa3BuTa cyOMepuauoHaAbHasi pudToBas 10JIMHA NPSIMOJIMHeIiHON B
niane opmMbl, KOTOpasi o6pamiieHa puGTOBHIMU FOPaMu, OCT0KHEHHBIMHU OTAEIbHBIMH CYOIIHPOTHBIMH CeAJIOBUHAMHU [IKBATOPHAJIBHBIIA. ..,
1997]. Ilo naHHBIM APATrMPOBOK, 371eCh 0OHAPYKEHBI TOJbKO M3MEHEHHbIE B Pa3IN4HOli cTeneHH 6a3ajbThl. BTOpoii cerMeHT pacmoJioKeH
mexay 5°05° c.m. m 6°15° c.m. PudroBas 30Ha nmeer obuiee npoctupanue 320°. OHa cOCTOMT M3 TpeX M30JMPOBAHHBIX BHATUH CJIO0KHOM
KOHpurypanuu. 3anaaHblii 00pT 00pa3oBaH Y3KHMM BBITSHYTHIMH XpeOTaMM, KOTOpPble HMCHBITHIBAIOT Pa3BOPOT € MEPHIAHOHAIBLHOIO
npoctupanusi Ha 320° B paiione 5°05’ c.m. TpeTuii cermeHT mpeacTaBjisieT c000ii XOpPOIIO0 BbLIPAKEHHYI) B pejibede pudpTOBYIO T0JIUHY €
HeoBYJKaHW4YecKUMH xpedTamu. CTpoeHne pudTa HapylieHo AByMsi KPYMHbIMHU IIMPOTHBIME 30HamMu (6°54° c.m1. m Cbeppa-Jleone - 6° - 6°20°
cai.). Obe, mo AaHHBIM cHyTHHKOBOHW anbTuMmerpum [Sandwell, Smith, 1997], mpencraBiiensl B TrpaBHTAIMOHHOM I0Ji€é OTYETJIUBBIMH
JIMHeHHbIMH MMHHUMYMaMH. B Ooprax pudgrToBoii 10/MHBbI Hal/I01aeTcsl HPOKOEe PAacHpoCTPaHeHHe yabTpada3uToB u radbopounos. Ee qno
CJI05KE€HO CBEKUMM MOAYIIeYHbIMU 0a3a1bTaMHU.

Oo6aacTh nepecevyeHusi pazioma Coeppa-Jleone u pudTOBOIi T0JHHBI HMEET 0YeHb CJI03KHOE cTpoeHue (puc.2).
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Puc. 2. Peabed paiiona nepeceuenusi pudproBoii 1ounbI 1 paioma Creppa-Jleone (ceuenne peabeda — 100 m)
TpeyroJbHUKH — MOJI0KeHUe CTAHIMIA APArHPOBAHNS. CIIPaBa — HOMepa CTaHIMii, C1eBa — Tunbl nopox (BS — 6azaneT, U —
runep6a3ntbl, GB — ragopo, DL — nosepur)

Pu¢roBasi 10J1MHA COCTOUT M3 IBYX BeTBel, pa3aeeHHbIX FOPOii ¢ MUHUMAIbHOI 0TMeTKOil 1902 M, KoTOpOIi NpeaiaraeTcsi NPUCBOUTH

Ha3BaHue «ropa JleonoBa» B 4ecThb mnpodeccopa Ieosormueckoro ¢akyiabretra MI'Y Teoprusi IlaBioBuua JleonoBa (moagpoOnee -
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http://atlantic.tv-sign.ru/names/russian/names_r.html). Bo Bpems 22-ro peiica HUC «Axkagemux Huxomnaii CTpaxoB» B ONHCAHHOM
BbIllle PaiioHe, KAK MePCHEeKTHBHOM JIJIsi OGHAPY:KEeHUsI MPU3HAKOB T'HAPOTEPMAIbHOI eATeIbHOCTH, ObLIO MPOBEIEHO JparupoBanue (CM.

puc. 2) Ha 4Yerbipex cTaHuusax. OcoOblii WHTepec MPEICTABISIIOT MOPOALI €O CTAHIUH S2234, B KOTOPBHIX OBLIH YCTAHOBJIEHbI OOHIIBLHBIE

BbIJI€JICHUSA C yJIB!l)l/IEOB.

JoJiepuTsl ¢ CyJab(pUuAHON MUHEpPaTU3alUel.

®oto - [I.Mopouunu (MHcTHTYT MOpCKOii reosiorud, bosonbs, Utanus)
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Ha cranuusax S2231 u S2232 npeo0.aagaioT cepneHTHHU3HPOBaHHE, aM(UOOJIM3HPOBAHHbIE MAHTHIHBIE YJIbTPA0a3uThl U Pa3BUTHI
Opexkunn ¢ 00JIOMKaMH YJIbTPAoCHOBHBIX mopoa. Ha cranuum S2234 moaHATHI KOMILUIEKCHI NMOPOA ¢ MNpeodJaiaHueM radopo, radopo-
JA0JIEPUTOB U J0J1€PUTOB. JTH MOPO/AbI NPEACTABJIAIOT c000ii pparMeHTHl JaliKOBOr0 KOMILIEKCA, 0 YeM MOKHO CYIMThb 10 MPSMOJUHEHbIM
3aKAJI0YHBIM KOHTAKTAM MEKAY CpelHe3epPHUCTBHIM radopo u gojiepuTamMu ¢ odOpa3oBaHueM adupoBbIX 0a3aabTOB. B qosepuTax pa3BUTHI
3epKaJjia CKOJIbKeHUsI 1 TOHKHE 30HbI paccaaHIleBAHMS.

Hau6oJ/1ee 1eTanbHO 0COOEHHOCTH Pya000pa3ylOIIMX NMpoueccoB B 30He pa3ioma Coeppa-JleoHe OblJIM M3y4YeHbI B X0/1€e MCCJIEIOBAHUS
KAMEHHOI0 MaTepHaJia, MOJYYEeHHOro Ha cranuuu S2234. Tlpum 3TOM 0co00e BHHMMaHHe ObLIO Y/AeJeHO d0JIepPUTOBLIM Nop¢upHTaM,
cojiep:kaliuM cyJbpuanyr muHepanauzauuio. Ilopoasl B 3HAUMTENbHOH Mepe HM3MeHeHbl ¢ IIMPOKMM pa3BUTHEM B OCHOBHOIi Macce
BTOPHYHBIX MHHEPAJIOB - aM(pud0JI0B, XJIOPUTOB M T.A. B To ke Bpemsl, noppupOBUAHBbIE IVIATHOKJIA3bI, JOCTATOYHO CBEKUE, COXPAHUJIHU CBOI
NepBUYHBIA MarMaToreHHblii 00/MK. TepMoGaporeoXuMu4ecKUM aHAJTU30M BbISIBJIEHbI ()MIIOMIHbIE BKJIIOYEHHUSI BO BTOPMYHBIX MHHeEpaIax
(am¢pu60.b1) ¥ pacniIaBHbIE BKIKYEHHS B KPYNMHBIX MOP()HPOBHIHBIX MJIATHOKIA3aX.

Metoabl ucciaenoBanusi. CoctaBbl cyJab(UAOB, PACIVIaBHBIX BKJIOYeHUH H MHHEPAJOB-XO3IMHOB, CO/EP:KALIUX BKJIIOYEHHUS,
YCTaHOBJIEHbI HA PEHTT€HOBCKOM MHKpoaHaau3aTope «Camebax-micro». PacmiiaBabie BKJIKOYEHHSI HCCIEI0BATNCH B BHICOKOTEMIIEPATYPHOit
TepMoKamepe ¢ nHepTHOIl cpenoii [CodosieB, Cayukmii, 1984]. IxciepuMeHTHI ¢ BKJIKWYEHUSIMH NPH BHICOKHX TeMIIePaTypax MPOBOIHINCH €
y4eTOM peKOMeHIAIuii, MpeIoKeHHbIX B padoTax [MarmarorenHasi kpucrajaausanus..., 1975; Sobolev, Danyashevsky, 1994] u na ocnoBe
co0cTBeHHOro onbiTa [CumonoB, 1993]. daouaHbIle BKIWYEHHS] H3YYAJIHCh ¢ MOMOIIbI0 METOT0B TepMoMeTpun u Kpuomerpuu [Epmakos,
Joaros, 1979; Roedder, 1984] B cpenneremmepaTypHoOii TepMOKaMepe M B KPHOKaMepe OPHIHHAJIbHBIX KOHCTpykumii [Cumonos, 1993].
JlaHHble MO pacCIVIaBHBIM BKJIOYEHMAM 00pa0oTaHbl HA KOMIbIOTEpe, U B pe3y/jbTaTe PacuyeTHOr0 MOJEJMPOBAHHS MO MporpaMmme

PETROLOG [Danyushevsky, 1998] noxy4yena nonotHuTebHasi HHGpoOpMaus 0 mapaMeTpax 6a3ajJbTOBBIX MATMATHYECKHX CHCTEM.

AHaauTHYeCKHe WCCIeJOBAHNSA NpOBefeHbl B O0beIMHEHHOM MHCTHTYTe reojorum, reogusuxku u muHepasorunm CO PAH, r.

HoBocnonpcek.

IlerpoJioro-muHepaiornyeckue ocodeHHoctu mopoia. I'maporepmanbHbie oOpa3zoBanusi cranuuii S2231, S2232 mpeacraBiieHbl B
OCHOBHOM KapOOHATHBIMH MPOKMJIKAMHU B YJIbTPa®a3uTax, 4acTo € ’KeoAaMHM, IeTKAMH U APY3aMHM MeJIKHX KPUCTAJLI0B aparoHuTa. Ocoodblii
HHTepec NpeICcTABIASIOT OpPeKYHH, COCTOSIIMe U3 00JIOMKOB CEPINIEHTHHUTOB, CIIeMEHTHPOBAHHBIX KAPOOHATHBIM MaTepPHAJIOM, HA KOTOpbIe
HApacTawT APY3bl YIJHHEHHBIX KPHCTAUIMKOB (C pa3MepaMu KpHcTadandeckux (a3 mo 5 mm) aparonmrta. B paiione cranuum S2234
BO3/JeilicTBHE HAa MOPOAbI TMAPOTEPMAJBbHBIX CHCTEM BBIPA3WJIOCH B 3aMellleHHM KJIHHONMMPOKCeHa amM@uéonaMu mnpeuMylIecTBEHHO

AKTHMHOJIMTOBOIO Ps/ia U B IIMPOKOM Pa3BUTUM CYJb(uaoB. /[isi BbIABJIEHUSI 0COOCHHOCTEl Pya000pa3yl0lInX MPOLEcCOB B 30HE Pa3jioMa
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Coeppa-Jleone HanGo/ee AeTadbHO ObLIM H3Yy4YeHbI 00pa3lbl J0JEPUTOBHIX MOPQUPHTOB, MOAHATHLIX ApParoii Ha craHuuu S2234,
KOTOpPBIE COAEP:KAT BKPAIUVIEHHHMKH /I0CTATOYHO CBEXKEro IJjaruokjasa (pazMepamMu 10 5 MM) M 3aMellleHHOTO aKTHHOJHMTOM H XJIOPHTOM
kauHonupokcena (1o 1 mm). OcHoBHasi Macca 00J1aJaeT MPEeMMYIIECTBEHHO /I0JEPUTOBOI CTPYKTYPOii ¢ YIJIHHEHHBIMH MHKPOKPHCTAIIAMH
(mo 0,5 mm) muaruoksaza. /lasi paccMoTpeHHbIX o0pa3moB (S2234/22, S2234/37) xapakTepHbl MHOTOYHMC/IeHHbIE BbideaeHuss (1o 4 mMm)
CYJb(HUI0B, 3aMOJHSIONIUX, B OJHUX CJYYasiX, HHTEPCTHLHM MEeXKAY MEJKHMM YAJIUHEHHbIMH KPHCTAUIMKAMH ILUIATHOKJIAa3a B OCHOBHOI
Macce noppupura, B APYrux - cyab(uabl NPOHMKAIT MO TPEIIMHKAM B HM3MEHEHHbIX BKPAINJIeHHHMKAX NPeHMYIIeCTBEHHO NMHPOKCEHA,
pacnoJiarasicb TaKkse 10 r'paHUIIaM KPYNHbIX 3epeH. Takum o6pa3om, cyasi no ¢gopmMam BbleJeHUSA U M0 0COOEHHOCTAM B3aMMOOTHOIIEHHSA €
CHJIMKATAMM, MOKHO NMPeINOoJI0KUTh, YTO Ccyab(uAbI NepBoii rpynnsl (opMUPOBATUCH HA MOCTEIHUX ITANAX MArMaTHYeCKHUX MPOIECCOB, a
BTOPO# THN SIBJISIeTCH IBHO HAJ0KEHHbIM, BOSHUKIIHM B pe3yJibTaTe BO3/AeiiCTBUS THAPOTEPMAJILHBIX NpoueccoB. O pa3HOM NPOMCXO0KAEHUH
PACCMOTPEHHBIX CYJIb(PHI0B CBUAETEIbCTBYIOT H HX COCTABBI.

Takum 00pa3oM, OTMedeHHbIe BbIllle OCOOEHHOCTH CYJIb(PMIHOH MHHePAJM3alMH TO3BOJAT TFOBOPUTH O TOM, 4YTO CYJb(HUIb

(l)OpMI/IpOBa.]'IHCB NP AKTHUBHOM YYAaCTHUH HE TOJbKO TMAPOTCPMAJBbHLIX, HO U MArMAaTUHY€CKUX CUCTEM. HapaMeprl PacTBOpPOB U pacnjaaBoB

ObLIH YCTAHOBJIEHbI HAMHM HA OCHOBAHMY U3YYEHHs PACIIABHBIX M (IIOMIHBIX BKJIIOYEHHUI.

PacniiaBubie BriIOYeHns. B miuarnokmnase gosepuroBoro noppupura (odpaszen S2234/37) 6b11u HaliieHbI H MCCJIEI0BAHBI IEPBUYHbIE
pacmiiaBHble BKIOYeHns (pasMepamu 5-30 MkM), pacnosnarapmmecsi B Buae MPAMOJHHEHBIX 30H, MO0J0C, MHOT/IA 3aMOJHSIOIIHE HeTUKOM
He0oJIbIINEe BKPaIUIeHHMKH. BriloueHss nMeroT (oopMy orpaHeHHbIX Ta0jJu4eKk. Bo BKII0OYeHHsIX NMPeo0d/1aJal0T MeJKO3epHUCTbIE CBeT/ble U
TeMHble (a3pl. TeMnepaTypbl roMOreHU3alMM BKIIOYEHHH 10CTATOYHO BHICOKHE M BapbUPYIOT B Auana3one ot 1210 go 1255°C. HecmoTpst Ha
00JbIION pa30poc 3Ha4YeHHMII BO BKJIIOYEHHUSIX, HA0MI0AaeTc yCTOMYMBAasI NpsiMasi KOppeasiius TeMIepaTyp rOMOTeHU3AUHMU U COAepP/KaHUS
marHus. TemmepaTypbl TroOMOreHu3aluu B OOJbIIMHCTBE CJIy4YaeB COIJIACYIOTCSI € paccyMTaHHbIMU mo mnporpamme PETROLOG
JIMKBHIYCHBIMHM TeMIlepaTypaMH, INoOnajasi B Mpelejbl TOYHOCTH H3MEPEHHH HCIOJb30BAHHBIM TEPMOMETPOM, 4YTO MOKeT KOCBEHHO
CBH/IETEJbCTBOBATH 00 OTHOCHTEIbHOM CYXOCTH PACIIaBOB. JTH JaHHBIE CJIYKAT He3aBHCHUMbBIMH KPHUTEPUSIMH J0CTOBEPHOCTH NMOJY4YE€HHBIX
HAMHU Ppe3y/JbTAaTOB HCCJIEA0BAHUS BKJIIYEHHH. AHAIN3 COCTaBa BKJIYEHMIl MOKa3aJ, YTO NPH CHUKEHHHM TeMIepaTypbl pacliaBbl
NPAKTHYeCKH He MEHSIIOT 3HAYEHHs] TAKHX XapaKTePHBIX reoXuMUYecKnX xapaktepuctuk kak FeO/MgO u conep:xkanue TiO2. YcraHoBieH
TaK/Ke Y3KHil 1Hana3oH skejae3ductoctu (mpumepHo 0,8 — 1) m oTcyTcTBHE 3aBHCHMOCTH OT 3TOr0 MOKa3aTessl coep:kaHusi TutaHa. Bee 3tm
JAaHHbIE CBUAETEIbCTBYIOT 00 OTCYTCTBHH NMpoueccoB GpaKkuHOHUPOBAHUS U MPUMHUTHBHOM XapakTepe pacnjaBa. B neaoM, yuuTbiBasi 04ueHb
HU3KHE COJIeP’KaHUSl KaJHMsl B COCTABAX PACIJIABHBIX BKJIIOYeHHUI, Marmbl, (popMHpOBaBIINe raddpo-101epUTOBbIe KOMILIEKChI CTAHIHH

S2234 npunagiexar k Tuny N-MORB. Ouenku napaMeTpoB niaBjieHMsi MAHTHIHHOT0 cy0cTpaTa ¢ 00pa3oBaHHEM NMEePBHYHBIX 0a3aJbTOBBIX
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marm [Schilling et al., 1995], npoBenennbie nJst mopoa cTaHuuu S2234 ObLJIM MPOBEIEHLI HA OCHOBE JIAHHBIX M3YYEHHUsI PACIIABHBIX
BKJIIOYeHH. OHU MOKAa3aJIM, YTO OCHOBHbIE 3HAYEHHS TJIyOMH miaBjeHusi cooTBeTcTBYIOT 40 — 80 kM, a Temmnepatyp - oxosao 1310-1470°C.
ITH pe3yJbTAThI COTJIACYIOTCSI € MOJYYeHHBIMH PaHee ONleHKAMU IJTyOUH BbINJIABJIEHUs MEPBUYHBIX pacnjiaBoB B CpelMHHO- ATJIAHTHYECKOM
xpedTe [CumonoB u ap., 1999; Schilling et al., 1995; Shen, Forsyth, 1995]. CpaBHeHue (pu3HKO-XUMHYECKHX YCJIOBHH KPHCTALIN3AMUH MArM €
napaMeTpaM NePBHYHBIX PACIUIABOB MOKAa3aJi0, YTO HEeT OTYETJIMBOH 3aBHCHMOCTH KAaK COCTABOB, TaK W TeMIEPATyp MAarMaTH4eCKHX
CHCTEM, U3 KOTOPBIX 00pa30BBIBAIMNCH, PACCMOTPEHHBbIE Ta00PO-10JIEPUTOBbIE KOMILUIEKCHI, OT TJIyOWH TreHepalid NMePBHYHBIX MAHTHHHBIX
marm. EquHCTBEeHHOE, YTO MOKHO OTMETHTh, TO HEKOTOPOEe CHHKEHHE COJeP:KAaHHsI MATHUsI B JIMKBHIYCHBIX PaciuiaBax NMpPH yBeJIHYeHUH
IJIyOMHBI MATMOT€HEePALHH.

B 001emM, aHaju3 paciIaBHbIX BKJIKYEHUH MOKA3aJl, YTO MarMaTuyecKHe KOMILIEKCHI MOPoOA ¢o cTaHmuu S2234 ¢opMupoBanuch u3

HU3KOKAJIUEBbIX IPUMHUTUBHBIX PaCIIaBOB THUIIA N-MORB, CKOpee BCero He coaeprKaluX CymeCTBCHHOIo KOJIU4eCTBa BO/AbI.

Bce 310 CBHAECTEJILCTBYET 0 TOM, YTO JHAOICHHbLIC (l).]'IlOI/IHHbIe KOMIIOHCHTBI U3 3TUX PACIJIAaBOB BPAA JIM MOIJIH OKa3aThb 3HAYUTEIABbHOEC

BJHSIHME HA COCTAB T'HIPOTEPMAJIBHBIX PACTBOPOB, NPe00PA30BABIINX IAHHbIE IIOPOBL.

@Jion/IHbIe BKJIIOYeHNsl. 3HAYUTEJbHASA YaCTh PYAHOI MMHepAJM3allii B 00pa3lax, 0TOOPAHHBIX HA cTaHUMU S2234, cBs3aHa, CKopee
BCEro, ¢ rmaporepMaiabHbIMU IpoueccamMu. UHbIMHM c10BaMH, THIPOTepMAajbHble PACTBOPHI, NMPe00pa3oBbIBABIINE NMEePBUYHbIE MOPOIbI €

(opMHupoBaHMeM accolUalUii BTOPUYHBIX MUHEPAJIOB, ObLIU B ONIpe/iesIeHHOI Mepe 0TBEeTCTBEHHBI 32 00pa3oBaHue Cyab(UI0B.

B am¢uboaax odpasuma S2234/22 oblim HaiigeHbl (QUIOWIHBIE BKJIOYEHHS pa3MepoM 5-15 MKM, paBHOMepHO pacmoJiarapiiuecsi B
MHHepaJie - cKopee Bcero MHUMOBTOpuYHbIe. IllIocKHe, ¢ HEKOTOPOIl OrpaHKOil, BKJIIOYEHHUSI COAEPKAT CBETJIYI0 KMIKOCTb W HeGO0JIbIIONH
razoBblii my3sipek. IIpu ucc/ieioBaHMM B MUKPOKPUOKaMepe ObLJIO YCTAHOBJIEHO, YTO TeMIePaTypbl 3BTEKTHKH COCTaBJSIOT -22,7 - -22,9°C,
YTO CBHETEJIbCTBYET O NMpeodagaHnuu B pacTBope coJieil HaTpus - B ocHoBHOM NaCl ¢ mpumecsio Na2SO4 u KCl. PacTBopenue mociaeqnux
KPUCTAJJIMKOB Ha0Jj101aj0ch B HHTepBajie -2,5 - -3,2°C, T.e. KOHUeHTpauusa coJjeii cocraBasier 3,8-5 mac. %. JkcnepuMeHTHI B
MHKpPOTEepPMOKaMepe MOKa3aJiM, YTO MOJHOCTHI0 TOMOTeHHbIMHU BKJIIOYeHHs cTaHOBATCA npu 174 - 196°C. C y4yeToM monpaBKH Ha JaBJIeHHE
(muauMym 350 6ap), corstacHo riIyOHHe 0TOOpPa 00pa3moB Ha cTaHIUU S2234, TeMnepaTypbl THAPOTEPMAIILHBIX PacTBOPOB cocTaBisiioT 205 -
226°C.

B pe3yabTaTe NpoBeJeHHBIX MCCIEA0BAHUI (MIIOMIHBIX BK/JIKYEHHH BO BTOPMYHBIX MHHEPaJax U3 A0JIePUTOB cTaHUMU S2234 ObLI0
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BBISICHEHO, YTO B JaHHOM paiioHe aKTHUBHO JECTBYIOT IHApoTepMalibHble cHcTeMbl ¢ Temmneparypamu 205 - 226°C, B pacTBOpax
koTophIx npeodaagaer NaCl ¢ npumecsio Na2SO4 u KCI, ¢ o6ureii konnentpanueii coneii 3,8-5 mac. %. He3HauuTteJbHbIe copep:KaHUA COJIei
(c mpeobaagaHnueM coeIWHEHHMIl HATPHS) TOBOPUT O TOM, YTO MCTOYHHKOM JAaHHBIX T'MIPOTEPMAJIbHBIX PAacTBOPOB ObLIa MOpPCKas BOJA.
Hanuume B coctaBe ruaporepm Na2SO4 cBuaeresibCTBYET B M0JIb3y X AKTUBHOIO Y4ACTHSA NMPH 00pa30BaHUH CYJIb()UIHOH MUHEPATN3ALUH.

3akiaro4eHue

1. B ra60po-moiepurax M A0JEPHUTAX, CpelH CYJIb(PUIHBIX PYAHbBIX MHHEPAJIOB NMOPOJA €O cTaHUUM S2234, npeod/1agal0T KyO0aHMT,
XaJbKONMUPUT U MUPPOTHH. AHAJIN3 0COOEHHOCTel BblIeJeHHsI H COCTABOB CYJb()HI0B MO3BOJISIIOT TOBOPUTH 0 TOM, YTO B UX (OPMUPOBAHUH
Y4acTBOBAJIM, KaK IHIPOTepMaJibHbIe, TAK U MArMaTH4YeCKHe MPoLecchl.

2. MarmaTnyecKue KOMILIEKCHI MOPOA €O cTaHuuu S2234 (popMUpPOBATUCH, COTVIACHO JAHHBIM AHAJIU3Aa PACIVIaBHBIX BKJIIOYEHUI, U3
BbIcOKOTeMmepaTypHbIx (1210 - 1255°C) HuzkokanauneBbIix pacmiaBos Tuna N-MORB, He cogep:kaniux cylmecTBeHHOT0 KOJIMY€eCTBA BOBbI.

3. 'a60po u 10JiepuTHI, MOAHSIATHIE HA cTAHIUM S2234, COrJIACHO JAHHBIM aHAJIN3a (QJIIOUIHBIX BKJIIYEHHH, HAXOJHIUCH B 00J1aCTH
BJIMSIHMS AaKTHBHO JeHCTBYIONIEHl rHIpoTepMaIbHOl cucTeMbl ¢ Temnepatypamu 205 - 226°C. Ilpu 3Tom B pactBopax mpeodaagaetr NaCl ¢
o0mieii koHuenTpauuei coueii 3,8-5 mac. %. Ux He3HauHMTe/IbHOE colep:KaHHe (C MpeodaaHNeM COeTHHEHHiT HATPHUS) CBHAETEIHCTBYET O
TOM, YTO MCTOYHUKOM JaHHBIX I'MJIPOTEPMAJIbHBIX PACTBOPOB ObljIa MOpPcKasi BoAa, a Hajnu4yue B coctaBe ruaporepm Na2SO4 rosopurt 00
AKTHBHOM Y4aCTHH coJjieidl Ipu 00pa3oBaHuM CyJ1b(puaos.

4. B nejgom, uzydyeHHble CyJab(QUAbI CTAHUMU S2234 MMEWT Kak THAPOTepMajbHOe, TAK MW MarMaTuyeckoe INPOUCXOXKJAeHHEe M
(¢opMupoBaINCh, CKOPee BCero, He HA MOBEPXHOCTH THA OKeaHa, a HA YPOBHe CYOMHTPY3MBHBIX ra60po-10/1epUTOBbIX KOoMILIeKcoB. IIpu 3TomM
B PYyI000pa3ylIIux mnpoueccax NPUHUMAIN AKTHBHOE Y4YacTHe YCJOBHO «CyXHe», ¢ MHHUMYMOM Bojabl, pacmiaBsl tuna N-MORB u
HU3KOKOHIIEHTPMPOBAaHHbIE THAPOTEPMAaIbHbIe PACTBOPHI, HMeEIOI[He B CBOEii 0CHOBE MOPCKYIO BOJY.

5. Teopernueckue NPeINoOJ0KeHUSA O CBSA3M MOJIOKEHUSI THAPOTEPMAIBHBIX CHCTEM € 00JACTAMHM NOHMKEHHOIl celicMHYHOCTH
[Ma3apoBu4, CokosioB, 1998] He mpoTnBopeyaT pe3yabTaTaM reoJOrH4ecKoro onpodoBanus B paiione pasioma Creppa-Jleone u MoryT 0bITH
NPUHATHI 32 OCHOBY IUIAHMPOBAHUSI MOPCKHUX JIKCHEAULMII Mo o0cyxk1aemMoii TemMaTHkKe. AHAJIM3 [JeTAJbHOI OaTMMeTpPHYeCKOil KapThl C
ceyeHneM pejbepa 10 M nmokaspiBaer, YTO B paiioHe cTaHuuM S2234, mMe:xkay AByMsI BeTBSIMH pudTa pacnosaraercs NOBEPXHOCTh JHA C
00JIBIIMM KOJHYEeCTBOM X0JMOB ¢ BbIcoTOil 20 — 30 M u rop (1o 200 M) okpyruioii ¢popmMbl, KOTOpbIe MOTYT ObITh HHTEPIPETHPOBAHBI KAK
BYJKAHHYECKOe MOCTPOHKM LEHTPaJbHOro tuma. Peabed mogo0Horo tuma BechbMa XapaKTepeH /UIsl PailoHOB, e O0OHapyXKeHbl YepHbIe
kypuibiiukn [Boraanos, 1997]. Mo:xkHo nmpeanoiaratb, YT0 MMEHHO 3TOT PaiiOH MPeICTABIsET MEPBOOYEPETHON HMHTEPeC ISl MPOBeAeHHs

AeTAJBHOI0 MOMCKA HOBBIX PYA000pa3y0IIUX THAPOTEPMAJIBHBIX CHCTEM.
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IHon0:xeHNe M MepPCeKTHBBI OTKPBITHS TMAPOTEPMAJIbHBIX N0Jeii B CpeIMHHO-ATIAHTHYECKOM XpelTe

A.O. Ma3zaposuy, C.FO. CokoJjioB

AHHOTANUA

IIpoaHaM3UpPOBAHO MNOJIOKEHHE AKTUBHBIX M HEAKTHMBHBIX TI'MIPOTEPMAJbHBIX MOJeil, a TakKe HAXO0I0K CcyJb(uaoB B mpenenax
CpeaIuHHO-ATJIAHTHYECKOr0 XpedTa Mexay 65° c.m. m 65° ro.m. IlpemsioskeH NMPOrHo3 MOJOKeHMS CYJb(PUAHBIX MeECTOPOXKIEHHMI B

ATJIAHTHYECKOM OKeaHe.
BBenenue

AHaau3 0a3bl JaHHBIX MekIyHapoaHoro mpoekta InterRidge [Hannington, 2001] moka3biBaeT, 4TO K HACTOSIIEMY MOMEHTY BO BcexX

oKeaHax 3eMJIH, BKJIIOYasi MOPS, OTKPbITO 97 aKTHBHBIX THIPOTEPMAJIbHBIX Nojeil. W3 obuiero konuyecTsa Touek 15 npuxoasrces Ha 0acceiiH

ATIaHTHYeCKOro okeaHa, 72 — Tuxoro, ocrajibHblie - Ha Uuauiickuii u CeBepHo-JlefoBuThiii okeansnl. [IpeamMeTomM Hamiero paccMoTpeHust
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Oy/eT TOIbKO ATJaHTHYEeCKUH oKeaH Mexkay Uciaanauel Ha ceBepe U paiiloHOM TPOIiHOi ToukH byBe Ha 1ore.
Heckoubko JieT Ha3aJg aBTOPBI cTaThbu 00paTujau BHUMaHue [Ma3aposud, Cokomnos, 1998], yro B Cpeannno-Ataantudeckom xpedore (CAX)
rUIPOTepPMAJIbHbIE TOJSA TATOTET K PHGPTOBBIM 30HAM [JIsi KOTOPBHIX XapaKTepeH MOHMKEHHBIN (OH CeCMHYHOCTH HIIM TOJIHOE ee
orcyTcTBHe (7151 BLIGOPOK cOOBITHI ¢ MarHuTyaoii Boile 4). Kpome Toro, B 3Tux o0/aacTax 0bLIM ycTaHOBJIEeHBI pa3pbiBbl (“discontinuty”).
AHaJau3 MPOBOAWJICS OT, MpuMepHO, 14° c.ur. 10 30° c.u1. DT 1Ba NPU3HAKA MO3BOJININ MPEANOJI0KUTH, YTO I0KHee 7° C.11. B ATJIAHTHYECKOM
OKeaHe MOTYT HAaXOHThCSI THAPOTEPMAJIbHbIE PY/AONPOsSIBJIECHUS .
3nech, Jerom 2000 roga obL1 mpoBeaen 22-oii peiic HUC TI'eonornyeckoro mucruryra PAH «Axagemnk Huxonaii Ctpaxos» [Peyve et al.,

2000], koTopbIii MO3BOJINI 00HAPYKUTH MOPOIBI C THAPOTEPMATLHBIMH H3MEHEHUSIMHU U € CyJIb()HIHOI MIHepaJIH3alHe.

HUC «Axagemux Hukouaaii Ctpaxos» B mopty Munaeay (Pecnyoanka Kado Bepae), 2000 rox
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R T S

HUC «Axagnemux Hopde» B AHTApKTHIE

HoBble 1aHHbIE COCTABHIIM OCHOBY NMPOTHO32 HA OTKPBITHE CYJIb(pUIHOI MUHepaau3anuu B 3TOM paiione [Ma3zaposuy u ap., 2001]. B
2001 roay 3mech mponutun padorsl dxcnenuuuu 'MH PAH na HUC «Axanemuk Hodde» (nauanbuuk sxcnemunuu — C.I'.CkoJI0THeB),
KOTOpbIe ONMPAJHNCH HA BbIIIEYNOMSIHYThIii IPOrHO3, a TAK/Ke HA 0ATHMETPUYECKYI0 CheMKY NMPH MOMOLIYA MHOT0J1y4eBoro xoiora SIMRAD
EM-12 na HUC «Axkanemuk Hukoaaii Ctpaxo». OHM NpUHECJH HOBbIE IaHHbIE 0 HAJTUYMHM CYJIb(HI0B B IPOrHO3MPOBAHHOM TOUKeE, a TAKKe
B JAPYroM cerMeHTe pudra ¢ NOHMKEHHBIM (OHOM CeHCMHYHOCTH - IiyOouaimeil BmaguHe B mpeaenax pu¢groBoil 30Hbl CpennHHO-
ATiaHTHYecKoro xpeora (Bmaguna Mapkosa - 4975 m).
Bce BbIecka3anHoe SIBJSIETCSI BECKHM JI0BOJIOM B T0JIb3Y TOT0, YTO aceiicMUYHbIe 00J1acTH (B CMbIC/J€ OTCYTCTBHSI CHJIBHBIX COOBITHII MpH
HEBO3MOKHOCTH PerHCTPHPOBATH cJa0ble BIOJb Bceil 0CH XpedTa) CpeIHHHO-OKEAHHYECKHX XpeOTOB ¢ He0OJIbIIOH CKOPOCTHIO CIPEeIHHTa
NPEeACTABJIAIT €000 paiioHbl HamOoJiee OgaronmpusTHbIe I (OPMHPOBAHUS THAPOTEPMAJBHBIX CHCTEM M, CJeJ0BaTeJabHO, s
KOHLIEHTPAUMu CyJb(QUIHBIX MHHEPAJ0B. JTH CO000pakeHHs NO3BOJSIIOT /JeJaTh NPOrHo3 Hau0ojee BEpPOATHBIX PaWOHOB HaXO0d0K
cyJab(GUIHOH MUHEPAIN3ALNN B ATIAHTHYECKOM OKeaHe.
B ocHoOBY mporHo3a Jieryin JaHHbIe CIYTHUKOBOI ajabTuMerpum [Sandwell, Smith, 1997, Smith, Sandwell, 1997], mono:xkenune >nuIEHTPOB

3emuterpsicenuii [CNSS.., 1997], a Takike pa3jim4Hble reoJIOrHYecKne TaHHbIE.
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ITono:keHne ruapoTepMAIbHBIX MOJIEH U CYIb(UIHONH MUHEPAIU3AIUU B ATJIaHTHKE

B ATiaHTH4YeCKOM OKeaHe K HACTOsIlieMy BpeMeHH OOHAPYKeHO HEeCKOJIbKO aKTHMBHBIX H HEAKTHMBHBIX IHAPOTEePMAJILHBIX IOJIeH M

MeTaHOBbI€ (paKeJibl, KOTOPbIe OTKPBITHI MexkAy paiionom 14° c.mn. m Ucaanaueii (puc. 1).

Puc. 1. ITosi0’keHHe AKTHBHBIX M HEAKTHBHBIX TMIPOTEPMAIbHBIX 10JIei
u

cyJab(GUIHONH MUHEPAJIN3aLNHU B ceBepHOil yacTu CpeauHHO-
ATJIAaHTHYeCKOr0 XpedTa

Kaprorpajguueckasi ocHoBa — npeacka3anHas Tonorpadgus [Smith,
Sandwell, 1997]

IMono:xkenne smuuenTpos 3emiterpsicennii (CNSS Earthquake Composite
Catalog).

1 - 2 ruapoTepMaJibHbIE MOJIS:

1 — akTHBHBIE (C HA3BAHUSIMH),

2 — HeAKTHBHLIE;

3 - cyabduaHaAs MUHepPAIU3aIus;

4 - rugpoTepMaIbHbIE H3MEHEHHS MOPO/;

5 - MeTAJIOHOCHBIE 0CAAKH ;

6 - MeTaHoBbIE (aKeJibl;

7 - palioHbI NepCNeKTUBHbIE HA OTKPbITHE CYJIb()HIHOH MUHEPAIN3aAL UK
WIM AKTHUBHBIX THAPOTEPMAJILHBIX MOJIEH;

8 - JNMUIEeHTPBI 3eMJIeTPsACeH Uit
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Ilono:keHnue TMAPOTEPMAJIbHBIX noJie

AHaJIM3 TEKTOHUYECKOI0 INOJIOKEHHS] AKTHBHBIX I'MIPOTEPMAJIbHBIX MOJEH NMOKa3bIBaeT, YTO CYIIECTBYeT JB€¢ OCHOBHBIX I'PYIIIBI.
IlepBas (Peiindoy, Jlakn Ctpaiik, PeiikbsiHec u 1p.) KOHIIeHTPUPYeTcsl HA yyacTKaX CpelHHHO-ATIAHTHYECKOT0 XpedTa HemoCpPeICTBEHHO
npujerammux k Asopcko u Hceiaanackum ropgyuM ToukaMm. /st 3THX 4acTell CHPEJUHIOBON CHCTEMbI XapPaKTEPHO OTCYTCTBHE
TPaHC(OPMHBIX PA3JIOMOB €O 3HAYMTEJBLHBIMU CMELICHUSIMH U CIUIa’keHHasi Mopgosorus pesabeda. Oco0eHHOCTH MX CTPOCHHUSI HEOJHOKPATHO
paccMaTpuBajuch B aureparype (Hanpumep — [AabmyxamenoB u ap., 1990]). Bropas rpynna (Bpoken Cnyp, TAI u 1p.) HaxoaaTces B 4acTu
XpedTa /151 KOTOPOii XapaKTepPHO CylIeCTBOBaHNEe KPYNMHBIX TPpaHCcGOpMHBIX pa3iomoB (Atiantuc, Keiin, 3e1enoro Mpica), 0TCTOSIIUX APYT
OT JIpyra Ha COTHU KHJIOMETPOB, MeXKIy KOTOPbIMHU YCTAHABJIUBAETCH 00/IbII0e KOJINYecTBO pa3peiBoB (“discontinuty”). Inyouna mosoxxkenus
moJieit n3MeHsieTcs1 OT coTeH MeTpPoB (xpedeT PeiikbsiHec) 10 3650 M (axTuBHBI X0M TAI'). UMeHHO B 06J1acTAX H3rH00B PUGPTOBBIX T0JIHH H
KOHIIEHTPUPYIOTCH «4epHble KypWIbIIHKN»). Kak mpuMep Mo:kHO paccMOTpeTh mojoskeHue mojst bpoken Cnyp (puc. 2a). 3qech 0T4eTIHBO

BU/IHBI <IIOAXO/AbI» Pa3pbIBOB U HCKPHUBJICHUS] PU(PTOBON 10JIMHBI.

Puc. 2. CooTHOLIEeHHE Pa3pPbIBOB M aceiicCMHUYHBIX
yuyacTkoB CpeMHHO-ATIAHTHYECKOr0 XpeoTa.

A - Ilosoxkenne nosast bpoken Cmyp
b — paiioH B 10:)KHOIl YaCTH ATIAHTHYECKOI0 OKeaHa
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30.0 Pacnpenenenne 3nuneHTpoB 3emuerpsicennii [CNSS...,
1997].

Kaprorpajduueckasi ocHOBa — mpeIcKa3aHHAasI

29.5 tonorpagus [Smith, Sandwell, 1997].

1 — akTuBHOe rUApOTepMaIbHOE noJe bpoken Cryp
2 — SNHIEHTPHI 3eMJIeTPsICeHMit

3 — MoJ10:KeHne APArupoBOK

28.5

b
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IHono:keHNMe HeaAKTHBHBIX TI'MAPOTEPMAJbHBIX TOJIell cOBHajgaeT ¢ 30HAMHM AKTHBHOH TIHAPOTEPMAJIbHON /eATeIbHOCTH, 3a
HCKJIIOYEHHEM IIOCTPOeK ceBepHee pasjioMa 3esieHoro Mpbica u ceBepHee pasioma KeiiH. OnqHako B 000MX Ciay4dasix 3THM pPaiiOHbl TaKxkKe
OTJIMYAIOTCS OTHOCUTEJIbHO MeHbIIEeH celicMuYHOCTRI0. [TyOnHa moJio:xkenusi mogeii uamensiercst ot 1700 m (Jlakm Crpaiik) 10 3900 m (paiion
24°30° c.r.).

IHos10:kenue CyIb(pUIHON MUHEPAIU3ALUH

IIposiBiieHus cyab(puaHON MUHEPATU3alMU PAa3HOI0 ITeHe3HCa, a TAK/Ke 30HbI HHTEHCHUBHOM T'HAPOTepMaIbHON NMPOPadOTKH KOPEHHBIX
NMopoJ HMMeKT 0ojiee HIHMPOKYI0 reorpauio — or pailoHa pasjoMa ATJIAaHTHC 10 TpPoiHOM Touku byse. I'myOmHa craHummii, ¢ KOTOpPBIX
nogHUMANNCH cyJabpuasl n3mensiercs ot 2200 m (ropa ®@epcmana) 1o 4800 m (Bmagmaa MapkoBa).
IToMrMO HMIMPOKO M3BECTHBIX JAHHBIX B OTeYeCTBEHHON M 3apy0e:XKHOH JiMTepaTrype coOAep:KaTcs CBeJdeHMs, JONOJHAWIINe 0a3y JTaHHBIX
InterRidge o cyabpuaHoii MUHepaau3alUu U JAera3aluu U3 OKEaHCKOro qHAa. JTta mHpopManus OblLia mojydeHa B xoae 3xcnenunuii HUC
"Anrapec', 9 peiic, npara 46 (1990), HUC "Axanemux Huxonaii CtpaxoB”, 7 peiic, npara 71 (1988 r.), 9 peiic, apara 27, 36, 41 (1989 r.), 18
peiic, apara 43 (1994 r.), 22 peiic, apara 34 (2000 r.), HUC " dxeitmc Jxunaauc'’, 7309 peiic, apara 58, 93 (1973 r.), HUC "'Iuwuicoepu’, 7003
peiic, apara 25 (1970 r.), HUC "Teosnor ®epcman’’, peiic Hem3BecTeH, Apara 74, 130, 192, HUC ""Axanemuxk Hodde', 10 peiic, npara 32 (2001
r.), HUC "Tenenxuk'’, 96 peiic, npara 17 (1996 r.), HUC " Axagemux Kypuatos "', 20 peiic, ¢poTo razoBsix my3sipeii (1975r.)
Cyabduasl NOTHEUMAJIUCH W3 Pa3HBIX YacTeil CKJIOHOB PU(PTOBBIX TOJHMH, ¢ YIJOBBIX mMoaHsATHiIl (ropa depcmaHa), momepeyHbIX XpPedTOB
(3amag akTHBHO#H 4YacTH pasiomMa PomaHun), HemocpeacTBeHHO B o0jacTsix pa3psiBoB (pa3iom Coeppa-Jleone) (pmc.3 A), a TakiKe BHe
coBpeMeHHBbIX pudToB (paiion o.byBe um xpeder Illmucc). [MpakTHYeckm BO BcexX CJOy4Yasix MX HaXOXKJIeHHe ObLIO CBSI3aHO C 30HAMH
TEeKTOHM3aIlUM M MHTEHCHBHOH TIHMIPOTepPMAJIbHON Nepepa0OTKH BMeIIAINMX IOPOJ H COBHajaeT € 30HAMH NOHWKEHHOro ¢oHa

CeliCMHUYHOCTH.

file://E:\www_main\ofr\2003\hydrothermal_fields\hydr2003.html 15.02.2008



Litbology and Mineral Resources, Vol Crp. 30 u3 77

is
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Puc. 3. llono:xxkenne cy1b(puAHONH MUHEPAJIU3AINHA OTHOCHTEIbHO ABYX aceiiCMUYHBIX
yuacTkoB CpelMHHO-ATIAHTHYECKOro XpedTa

A - paiion pasioma Cbeppa-Jleone. b - y4acTok 10KHOH ATJIAHTHKH CO CXOJHBIM CTPOCHHEM

Pacnpenenenne snunenTpoB 3emiaerpsicennii [CNSS..., 1997].
Kaprorpajguueckas ocHoBa — npeacka3zanHasi Tonorpagus [Smith, Sandwell, 1997]

1 - SnuueHTPbI 3eMJIETPSICEHUI; 2 — MOJI0KEeHUe IPATUPOBOK; 3 — IMO0JIOKeHHE JPATHPOBOK € CYJb(PUIAHOI MUHepau3anueii;

4 — paiioHbI CXOTHOTO CTPOEHHS

BeposiTHoe nos102keHHe CYJIb(UIHON MUHEPAIH3ALUHA

B CTPYKTYpe I05KHOH ATJIAHTHKHU MeKAYy IKBATOPOM M 55° 10.11.
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B IO:xHO#i AT/IaHTHKE UMEKTCH TOJbKO eIMHUYHbIE HAX0AKHU CYJIb(HUI0B U 0HO YKA3aHUE HA THAPOTEPMAJIbHYIO IepepadoTKy Mopoja
(paiion 24° yo.1m1.) (puc. 4).

Puc. 4. Ilporno3Hasi kapta cy/ab(uIHOI MUHEPATU3ALUH B
105)kHOM YacTh CelMHHO- ATJIAHTHYeCKOro xpedTa

Pacnpenenenue smuueHTpoB 3emuerpsicenuii [CNSS...,
1997].

Kaprorpajguyeckas ocHOBa — mpeAcKa3aHHasi TONOrpagus
[Smith, Sandwell, 1997]

1 - cyab¢puanass MUHepaJIu3anus,;

2 — TUApPOTepMAaJIbHbIE U3MEHEHHs OPOJ;

3 - ANMUEHTPHI 3eMJIeTPSACEHUH ;

4 - ropsiuue TOYKH,

S - paiioHBI ePCHEeKTHBHBIEC HA OTKPBITHE CyJIb(UIHOM
MMHEPATU3ALUH UIH AKTHBHBIX THAPOTEPMAJIbHBIX 0JIEH;
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CpennHHO-ATIaHTHYECKHIT Xpe0deT XapaKkTepu3yeTcsi CyOMepuANOHATIBHBIM NPOCTHPAHMEM M He HCIBLITHIBAeT KPYNHBIX H3TM00B WIH
TpaHchopMHBIX cMemenuii. HajioskeHue 3MHULEHTPOB 3eMUICTPACEHHH HA AJbTHMETPHIO IMOKA3aJI0, YTO 3[eCh, TAKKe KAaK U B CEBEpPHOI
ATIaHTHKe CYIIeCTBYIOT aCeliCMUYHbIe YYACTKH, IPUYeM HEKOTOpPbIe U3 HUX 10 CBOCH NPOTSKEHHOCTH NPEBBIAKT AHAJOTHYHbIC YYACTKH B
ceBepHOii yacTu (r0:kHee 0. BosHecenus, 52° w.m1.) (puc. 4). Ofpamaer Ha ceGsi BHUMAaHHE, YTO OHU MOI'YT ObITh KaK CBA3aHHBIMH C 30HAMH
pa3pbIBOB, Tak M HeT. Mcxoasi M3 NMPUMHUOMIOB, KOTOPbIe 00CYKIAJHCh B NpedblAylleM pasiesie, BHIAMUMO, LeJeco00pa3Ho COCPeAOTOYHMTH
BHUMAaHHe Ha NepBbIX. TakuMH NepCHeKTHUBHBIMH paiioHaMH MOIYT ObITh paiiOHBbI I0kHee 0. Bo3HeceHMsl, KOTOPBIN OT/IMYAETCS OYeHb
CJIO3KHBIM CTPOEHHeM, paiioH Mexay pasziomavmu Maptun Bac u Xorcmep, 20° w.m. (puc. 3 B) u paiion 45° .m. /IBa cXOAHBIX y4yacTka
uMeTcs 1 Ha AQpuKaHo-AHTapKTHYecKOM XpedTe (cM. puc. 4) — paiionsl pazioma llaka n 7Kadapy.

Oco060e MeCcTO 3aHUMAIOT 30HbI ACEIICMMYHOCTH B paiioHe TPoiiHO# Touku byse. Kak yike ropopmioch Bbllle, B HUX TaKxke ObliIa 00Hapy»keHa
cyabpuanas munepaausanus. [lepBolii paiion npeacrabisier co6oii xpeder ILInuce Ha KOTOPOM ObLIa 3aKAPTHPOBAHA OTPOMHAs KaJbJepa.
H3BecTHO, YTO ¢ KPpymHOii kaubaepoii OceBoro ByJikana (Axial Volcano), npasaa B Apyroii reontmHaMu4YecKkoii o6cTaHoBKe, Ha xpedTe XyaH-
ne-dyka, CBA3aHO KPYNHOEe T'HAPOTEPMAJIbHOE T0JIe, KOTOpoe m3y4daercsi ceifuac B pamkax mpoekra NeMO (New Millenium Observatory)
(http://newport.pmel.noaa.gov/nemo_cruise98/project.ntml). Bropoii paiion pacnojo:keH HemocpeacTBEHHO 0K0Ji0 0. ByBe wiu, apyrumu

CJI0BaMH, B paiioHe rops4eil Touxku byse.
OBCYXJIEHUE

CpennHHO-ATIaHTHYECKHII XpeOdeT OTHOCHTEIbHO HEIUIOX0 M3y4eH AParipoBKaMH, KOTOpbIe ObLIM MOJYy4YeHbI B TedeHHe OoJiee YeM
100 ser. O0LIee KOTHYECTBO MOJYYEHHBIX 00pPa3l0B aBTOPaM He M3BECTHO, HO MbI pacnojaraeMm JaHHbIMH 0 4500 cranumii. Cyas nmo 3Toi
cay4yaiiHoii BbIOOpKe, xpeleT u3ydajicsi B Auana3oHe riayoud or 5000 M 10 mepBbIX JAecsiTKOB MeTpPoB. BbliM 0npoGoBaHbl BCe OCHOBHBIE
MOPGOCTPYKTYPbI PUPTOBBLIX NOJMHH M AKTUBHBIX 4YacTeil TPaHC(POPMHBIX pa3ioMoB. IIpu 3TOM Ko/JIHYECTBO APArMpPOBOK C CYJb(HIHOU
MHHEPAJTU3AIUN COCTaBJIsAeT MaJiblii mpoueHT. Tak, Hanpumep, HUC «Akagemuk Hukousaii CTpaxoB» npoBes 0koj10 850 AparupoBok u3 HUX
TOIBKO 6 comep:xkanu cyabpuasl (0.7 %0). ITo q0Ka3bIBaeT, 4TO CyJb(PHIbI HE PA3BUTHI B MpeIeIax BCero XxpedTa B BHje CIUIOLIHOTO Mosica, a
JIOKAJTU3YIOTCSl B ONIpe/ie/IeHHBIX y3J1aXx.
BaxHeiliumM BONpocoMm AJ1si HOHUMAHUSI MOJIOKEHHUS CyJIb(PHAHOI MUHepaJIn3auuu J0JKeH ObITh BOIPOC 0 NPUPO/Je ACeHCMUYHBIX YYACTKOB
xpeOta. HanbGojiee BepoOSITHBIM NPEACTABJISETCS OTHOCHTEJBbHO CHJIBHBIM NPOrpeB 3THX PaliOHOB, KOTOPbIA o0ecne4uBaeT IMJACTHYHOCTH

Jutochepnl. ITO MOATBEP:KIAT M JAaHHbIe 0 TemjaoBoM mnotoke [[loaropunix, Xyropckoii, 1997]. B mpenenax oceBoii 30Hb1 CpeauHHO-
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ATJaHTHYECKOr0 XpedTa MOBBIIIEHHbIE 3HAYEHHUS TeIUIOBOro moroka (>70 MBT/M2) oTMeYannchr MMEHHO HAa aceiiMHYHBIX Y4acTKaxX
(HanpuMmep paiion Bnagunsl MapkoBa, B paiione 10 c.mi., pa3diaom Cs.Ilerpa). XoTsi moBbIlIeHHBbIE TEMJIOBbIe MOTOKH OTMEYalOTCs W Ha
nonepevyHbIX xpedTax (pa3ioMm Buma). AHOMATBHOCTH PaccMAaTPUBAaeMbIX PailOHOB NPOsIBJIsieTcs M B peabede. 31ech CylIeCTBYIOT CJI0KHO
NOCTPOEHHBIE Y3JIbl, OTIMYNTEIbHONH YePTOil KOTOPBIX SIBJISIIOTCS KpPYNHbIEe 0JOKH BHYTPH 30H pa3pbiBoB (Hampumep ropa JleonoBa B
pazinome Cobeppa-Jleone, pasiom Cs.IleTpa, yuactok pudra mexay pasinomamu 3eaeHoro Mbica u MapadoHn), KoTopble OBLIH XOPOIIO
3aKAPTHPOBAaHbI MHOIOJy4eBbIMH 3xo0soTaMu BO Bpems Jkcnegunuii HUC «Axkanemuk Huxosaih CrpaxoB». Cyassi nmo JaHHBIM

«npeackazanHoii tomorpagum» [Smith, Sandwell, 1997] Takue 30HbI cCynIecTBYIOT U B H0:KHOI YacTH ATJaHTHKH (cM. puc. 3B, 4).

[epeiinem k KoppeasinuH 00CyK1aeMBbIX JaHHBIX M0 MPOoduII0 BI0Jb CpeNHHO-ATIaHTHYECKOT0 XpedTa (puc. 5).
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Puc. 5. Koppeasinusi reopuznyeckux mnoJjiei, CCiCMUYHOCTH U THAPOTEPMATbHBIX NPOsIBJIeHUI B10Jb CpeiMHHO-ATIaHTHYECKOro XpedTa

A — aHOMAaJIHsI CHJTBI TSKECTH B CBOOOTHOM BO3yXe IO JaHHBIM cCyTHHKOBOI ansTumMerpun [Sandwell, Smith, 1997] u nepeceuenns CAX
TPaHCcGOPMHBIMHU Pa310MaMH;

b — ceiicmmunocTs Boabs CAX (http://quake.geo.berkeley.edu/cnss/), rugporepmaibHbie MPOSIBIEHUS H UX MPOTHO3: 1 — aKTHBHBIE
rUIpoTepMalibHbIe MPOSIBJIEHNUS; 2 — MACCHBHbIE THIPOTEPMAJIbHbIE MPOsIBJIeHHUS; 3 — CyIb(puaHbIe OpyIeHeH s ; 4 — MeTaHOBBIE
«(akeJbl»; 5 — pailoHbI, NEPCHEKTHBHBIC HA CYJb()UAHYI0 MUHEPAJU3ANMIO WIN THAPOTEPMAJILHYI0 AKTHBHOCTD;

B — pa3pe3 Bapuanuii ckopocTeii nonepevHsIX BOJH N0 JaHHBIM celicMoToMorpaduyeckoii mogenn RG5.5 [Zhang, Tanimoto, 1992] u
KJ1accuyeckasi anomasaus byre.
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Ha pucynke 0600mena mHpopmanusa o peabede U CHiIe THKECTH B CBOOOJHOM BO3AyXe, CEiiCMMYHOCTH, IOJIOKEHHS CYJIb(puaoi
MHHepaau3anuu, aHoMaausaM byre m ceiicmuyeckoii Tomorpaguu. Ilo oTHOIEHHIO KO BceMy, CBSI3AHHOMY COOCTBEHHO ¢ CYJIb(HIHOI
MHUHepaJdu3anuei, ceiicMuueckasi ToMorpagus, ceiCMMYHOCTh M TPABUTAIIMOHHbIE AHOMAJINU NMPEACTABISIT c000ii (POHOBBII HAOOP TAHHBIX,
Ha 0a3e KOTOPOro NMPOM3BOAMTCH KOppeJsiusi. JTOT HA00p XapaKTepeH HeNPOTHBOPEYMBOIl B3aMMHOI HMHTepINpeTalHeil KOppeIupyeMbIX

aHOMAJINI M 0COOEHHOCTell, BbIIe/IsieMbIX Ha poduIie, Ha YeM CJIeyeT OCTAHOBHUTHCS MOAPOOHee.

CeilicMuueckasi Tomorpagus, MoJy4eHHasi 10 JAHHBIM NONEePeYHbIX BOJIH, B HAaN00JIb1IeH CTENeHN OTPaKaeT TeMIePATYPHBIH pesKuM
U YACTHYHYKH paciuiaBjeHHOCTh MaHTHu [Becker, Boschi, 2002]. las ananm3a 6b1a BeIOpana moneab RG5.5 [Zhang, Tanimoto, 1992],
npejacTaBjJeHHas I cepruyecKUX rapMOHMK 10 36 mopsiAka NMpu mapaMeTpu3anMu Ha OJokax 5°x5°, B 4aCTHOCTH NMPOPHIbL BapHALUM
ckopocti B10Jb CAX 10 ruyounst 500 km. Ha 3Tom npoguiie oT4eTIMBO BHAHBI TPH MUHUMYMa (cM. puc. 5 B), cooTBeTcTBYyI0OmME (C ceBepa
Ha 1or) Hcaanackomy, A30pcKoOMYy M KKHOATJIAHTHYECKOMY ILTIOMaM. OcCo0eHHOCTHbIO 0a3aJbTOBOr0 MarMaTH3Ma HajJ 3THMH IJIOMaMH
[AMurpueB u ap., 1999] siBasiercsi mMOBBINIEHHAs NPOAYKTHBHOCTH, YTO MNPH HH3KOH CKOPOCTH CHPEIMHIa CO031aeT OTYeTJINBBIE
MOJIOKUTEJIbHbIE AHOMAJIHM pesabeda JHA BAOJb OCH Xpe0Ta, MOCKOJBKY HaKoOIUIeHHe 0a3aJbTOBBIX NMPOAYKTOB B 3THX 30Hax CAX Oyner
CYLIECTBEHHO (GOJIBIIMM, YeM B 30HAX NposiBjieHusi poHoBoro Tuna marmarusma [Dmitriev et al, 20016]. OTu anomanaun peanbeda popMupPyOT
COOTBETCTBYIOIINE AHOMAJIMH CHJIBI TSZKECTH B CBOOOTHOM Bo3ayxe (cM. puc. 5 A), KoTopble B 3HAYUTEJIbHOI CTEeNEeHN O0TPAKAIT BapHALHIO
HauOoJiee KOHTPACTHOIH MJIOTHOCTHOI I'paHUIBI Boaa/IHO (Kopa). YcTpaHeHne BJIMSIHMA pejibeda U3 3HAYEHHH aHOMAJIMHM CHIIBI TS/KECTH B
CBOOOIHOM BO3/yXe MO cxeMe Kjiaccuyeckoil aHomaaun Byre nis miaotHoctu 2.75 r/cM3 ocTaB/isieT B aHOMAJIbHOM M0Ji€ COCTABJAIONIYIO, B
OCHOBHOM NPEJACTABJSIIOIIYI0 BAPHALMIO IPaHuIbl M, MOCKOJIbKY 3TO cleayrmas Hau0o/aee KOHTPACTHAS I'PAHMIA INIOTHOCTHOrO pa3pe3a
BOIM3H moBepxHOcTH (cM. puc. 5 B). Ilonyyennasi anomaynmsi bByre BcieacTBue padoThl H30CTATHYECKUX MEXAHH3MOB 3€pPKAJIbHBIM 00pa3oM
(10 cpaBHEHHIO ¢ AHOMAJIMSAMHU B CBOOOTHOM BO3yXe) 0TPa:kaeT aHOMAJIMH peJibeda, CBI3aHHbIE ¢ MHTEHCHBHBIMH BBIILIABKaMH 023a/1bTOB
mioMoBoii accommamuu. Kpome Biusinusi rpanunbl M B ITOil aHOMAJIMM TPHCYTCTBYeT BJIMsiHMEe M 0oJsiee TJyOMHHBIX (HO MeHee
KOHTPACTHBIX) IVIOTHOCTHBIX HEOJHOPOAHOCTEH, BKJAIbl KOTOPHIX B AaHOMAJIbHOE T0Jie MBI He pa3aeisuin. OTMETHM COBMNAaJeHHe TIaBHBIX
30H MHHHMYMOB aHoOMajuu byre ¢ COOTBeTCTBYWIIMMHM MHMHHMYMaMH TOMOrpa)M4eckoro paspesa, HpPeACTABJICHHBIMH 30HaAMU
Pa3yIJIOTHEHHOM MAHTHH, HO NPH 3TOM TaKKe OTMETHM OTYET/IHBO 3aMeTHOe I07KHOe CMellleHHe IIEHTPOB A30pckoro u McjiaHacKoro njiromMoB
npudam3utTebno B 10 gyroBeix rpagycoB (~1000 km). CymecTBOBaHHE MOT00HOTO CMENIEHUsSI TOMOIrpa)MUecKUX aAHOMAJMIl OT AHOMAJIHIA
Byre cBsizaHo ¢ TeM, 4TO BKJIaJ INIyOMHHBIX BApHALMI IJIOTHOCTH CYLIIECTBEHHO MeHbIIe BKJaJa B aHoManuio byre Bapumanuu rpanuns M.

910 O3HaA4YaeT, 4TO0 pPacCmnoJ0K€eHUEC PasymJIOTHCHHOIO MAHTHHAHOI0 BelIecTBA ILUIIOMA CMEIIEHO OTHOCHTEJIbHO MACCHBHBIX 0a3aJbTOBBIX
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BBIIVIABOK, MOJYECPKHYTHIX I'PABUTANUOHHBIMUA AaHOMAJIHUAMMU. Cka3zaHHoe He NMPOTUBOPECYUT UMECIOIUMCH JIUTCPATYPHBIM JaHHBIM O

03KHO# MuTpanun A3opckoro moma [Dmitriev et al, 2001a; /imutpues u ap., 2001; Cannat et al, 1999].

Ilepeiinem k anaim3y puc. 5 b, (oHOBYI0 OCHOBY KOTOPOro cOCTaBJSKT jJaHHbIe 0 ceiicMuuHocTn [CNSS..., 1997]. Koppeasimus
CeliCMHYHOCTH € APYTHMHU reo(puM3n4YeCKMMH NapaMeTpaMH pHC. S MOKA3bIBAET, YTO B 00/1aCTH NPOSIBJIEHHUS ITIOMOB celicMiuyecKue cOObITUS
NMPOUCXOAAT Yalle ¥ ¢ MeHbIIel MAarHUTY/AOM, YeM B 00JIACTH «XO0JIOAHON» MAaHTHHM B NPUIKBATOPHAJIBLHOIH 30HE M OTAEJbHBIX (pAarMeHTOB HA
ceBepe. [lonpoGHee Koppeasius CECMUYHOCTH ¢ reo(p)U3NIECKMMH H METPOJOrHYeCKNMH NapaMeTpaMu u3ioxeHna B [[Imutpuen u ap., 1999].
Cxka3zaHHOe He OTHOCHTCS K NMOHUKEHHOMY YPOBHIO 4acTOThl celicMu4ecKHuX coObiTHii B IOKHON ATJ/IaHTHKe, KOTOPbIH 00YyCJIOBJICH MeHee
IVIOTHOM CHCTEMOH PerMcTPUPYIOIINX CTAHIUH B 3TOH YacTu cBeTa. OTYETIMBO BH/IHO, YTO pacnpenejieHue CeiCMMYHOCTH BH0Jb XpeldTa
HMeeT XapaKTep «CryCTKOB» pa3MepoM 0K0J10 1.5-2 1yroBeIxX rpajayca, K NpoMeKyTKaM MeKAy KOTOPbIMHU TATOTEHT U3BeCTHbIE MPOsIBJICHHA
CyJb(UIHONH MUHEPATN3ALMM U IPYTUX sIBJIEHHH CBA3aHHBIX ¢ Hell. PaccMaTpuBasi OTHOCHTEILHO X0POIIO H3y4YeHHYI0 CeBepHYI0 ATJIAHTHKY
HE0OXO0IMMO OTMETHTH, YTO MPOSIBJIEHNUs CYJIb(UIHOH MUHEPATU3AUUH TATOTEIOT HE MPOCTO K 30HAM NMOHMKEHHOH YacTOThI CHIbHOM (17
BBIOOPOK COOBITHI GoJtee 4 HANTOB) CEliICMUYHOCTH, 2 K 30HAM ACCONMIPOBAHHBIM C IUTIOMOBBIMY SIBJICHHSIMH B BepXHeii MaHTHH.

Ha nam B3rusig HanGosiee BePOATHBIM MEXaHH3MOM, PeAJTH3YIOIIHM 3Ty CBfA3b, ABJISIETCS TO, YTO HAJWYHE IJTIOMA, MpoABUTrawmerocs: (mim
npocTo GYHKIHOHUPYIOIEro) BA0JIb XpedTa MPUBOAUT K BOSHUKHOBEHHIO TOMOJHHTEIHLHOI CHCTEeMbI TPEIIHHOBATOCTH KOPBI, UTO 00Jieryaer
AOCTYI BO/ABI, €e NMPKYJIALUI0 U 000rameHne KOMIOHEHTAMHU, CBOHCTBEHHBIMHU I'HIPOTepMaJIbHBIM pacTBopam. KpoMe Toro, nHTeHCHBHBII
0a3a/1bTOBBIIl MArMaTH3M NJIOMOBOIO THINA, OCTABKA B 30HE IUIIOMA HeO00XOAMMBIX JIeTyYHMX KOMIIOHEHT M MOBBILICHHBIH TENJIOBOI MOTOK
CO3JAI0T /JONMOJHUTEJIbHbIE YCJOBHS, CIHOCOOCTBYIOIIME THAPOTEPMAJILHONH AKTHBHOCTH. 30HBI TPENIMHOBATOCTH CHOCOOCTBYIOT TaKiKe
Pa3BHTHIO NPOIECCOB CEPIEHTHHHU3ANMMN M CBS3aHHOMY € 3THM BblaejeHui0o merana [Charlou et al, 1998; Imurtpues, ba3biieB u ap., 1999;
Dmitriev et al, 2001B]. OTMeuaeTcsi Tak)Ke He3HAYNTEIbHOE CMelleHHe HA 0T AKTHBHBIX T'HIPOTEPMAJILHBIX MOCTPOEK OT MACCHBHBIX, YTO
TaK/Ke MOKeT CBHIeTeJbCTBOBATH 0 MHUIPAlMU IUIIOMA M THAPOTEPMAJbHBIX CHCTEM, B3aHMOCBSI3AHHBIX € HMM. JTO O3Ha4aeT, YTO
o0HapyKeHUHe TPH3HAKOB THAPOTEPMAJILHON [eATeJbHOCTH, NPOrHO3HpyeMoe B 30HAX OTCYTCTBUSl CHWJIBHOW CEHCMHUYHOCTH, MOKET
OCYHIECTBJIATHCHA He TOJAbKO B 00/1aCTSIX COBPEMEHHOI0 HAJIMYHSI MAHTHITHBIX IJIIOMOB, HO M B IPYTHX 00,1aCTAX, KOTOPble Paclo/i0:KeHbl BHe

30Hb1 CAX M MOTYT cofepKaTh rHAPOTEPMAJIbHbIEC NAJEONOCTPOHKH.

BbIBO/IbI
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1. AKTHBHBIC M HEAKTHBHbIC T'MAPOTepPMAJbHbIC NMOCTPOHKH M CyJAb(HIHAsT MHHepajau3anus.B npexejgax ocesoii 30Hbl CAX He
pacmosiaraloTcs CJIy4YanHbIM 00pa3oM, a JIOKAJIM30BaHbl B IpefejaX 30H C MOBBINICHHOH IUIACTUYHOCTHIO, KOTOpPbIe OTJIHYAKOTCS
MOHUKEHHBIM (pOHOM celicMUIHOCTH (17151 BLIGOPOK ¢ MATHUTY/I0I 00JibIe 4).

2. C 2THMHM :Ke 30HAMH 4YacTO CBSI3aHO TWOsiBJeHHE 30H pa3pbiBoB (“discontinuty”), koTopbie MOTyT SIBJISITHCH AONOJHUTEIbHBIM
A0KA3aTeJIbCTBOM Pa3yIJIOTHEHNs (MOBBIMIEHHOM MIACTHYHOCTH) KOpbI 3THX YacTeii CAX.

3. ITouck ruapoTepMaIbHBIX MOCTPOEK U CYJb(HIHON MHUHEPAIN3ALUH LeJIeCO00Pa3HO COCPe0TOYUTH, MOMUMO CKa3aHHOIO BbIllle, B 30HAX
Pa3sBUTHS IIIOMOB, KOTOpPbI¢ BBISBJSIIOTCS 1O CeiicMOTOMOrpaMuecKMM JAHHBIM KaK B CeBEPHOH TaK M I0KHOH YacTAX ATJIAHTHYECKOIO

OKeaHa.
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Atlantic Ocean Hydrothermal Fields
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Litbology and Mineral Resources, Vol. 33, No. 4, 1998, pp. 391-394. Translated from Litologiya i Poleznye iskopaemye, No. 4, 1998, pp.
436-439. Original Russian Text Copyright © 1998 by Mazarovich&Sokolov.

The Tectonic Position of Hydrothermal Fields on the Mid-Atlantic Ridge

A. O. Mazarovich and S. Yu. Sokolov
Received February 11, 1998

Abstract
The position of hydrothermal fields on the Mid-Atlantic Ridge has been compared to the satellite altimetry data and the position of

earthquake epicenters (1937-1997). It has been established that the hydrothermal fields gravitate to the relatively stable (aseismic) parts of rift
zones, which are most favorable for the stable circulation of solutions under the conditions of spreading at low velocities. Such regions are
situated in the discontinuity areas. It is presumed that the solutions migrated not across the rift, as it has been believed, but in the directions
with the best conditions of permeability, i.e., along the rift strike, in accordance with the orientation of cracks. In this case, the discharge areas
must lie within the boundaries of most stable sites where the conditions for longterm (up to tens of thousands of years) stable circulation of
hydrothermal solutions exist. The discontinuities seem to represent the regions with an increased amount of breccias or, in other words, with
the increased open porosity and permeability. Thus, in the scheme proposed, the major circulation of oceanic water and its transformation into
ore-forming fluids proceeds along the strike of rift zones.

The work at compiling a digital tectonic map of the Central Atlantic is carried out in the Laboratory of geomorphology and tectonics of the
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oceanic floor, Institute of Geology, RAS. This work is accompanied by creating the database and analyzing widely diverse materials. In the
course of these investigations, the authors have accumulated observations that might be of interest to the specialists in the field of oceanic
hydrothermal systems.

High-temperature hydrothermal sources were discovered in the late 1970s. At present, more than 100 hydrothermal active and relic
fields of the World Ocean have been studied to a variable extent of detail (Rona and Scott, 1993).

Regional investigations (Rona, 1986; Rona and Scott, 1993; etc.) have shown that the majority of hydrothermal ore occurrences are
situated within the boundaries of neovolcanic rift zones on the Mid-Atlantic Ridge (TAG, Snake Pit, and Broken Spur) and gravitate to the
volcanic arches of these zones. It has been noticed that active hydrothermal sources are most frequently confined to the tectonic disturbance
zones. The situation is known when the active hydrothermal field (e.g., Logachev field) is located on the surface of marginal bench of the rift
valley, this bench being composed of serpentinized ultrbasic rocks (Bogdanov et al., 1995). This situation does not fit well into the existing
scheme of hydrothermal system circulation on spreading ridges.

When the map of magmatism of the Central Atlantic was compiled, the idea arose to reflect on it the position of hydrothermal fields as
well. Upon their plotting on the map of gravitational anomalies compiled from satellite data (Sandwell and Smith, 1997), we compared the
picture obtained with the position of earthquake epicenters (1937-1997). Information on the earthquakes was obtained via the Internet from
the catalog of the National Earthquake Information Center (USA). This comparison has revealed the following.

The Logachev Field, recently discovered in the 14°15" N region (Bogdanov, 1995), is situated in the segment of the Mid-Atlantic Ridge
between the Cape Verde and Marathon fractures. Analysis of the altimetric map (Fig. 1a), combined with the earthquake epicenters, has
showed that the aseismic region is located precisely in this area. The zone of extensive gravitational anomalies registered as a trench in relief is
also located in this area. The anomalies are traced to many hundreds of km east and west of the ridge axis. Note that the three among five well
known deepfocus earthquakes in the axial part of the Atlantic Ocean with the epicenter depths of 60, 60, and 51 km and magnitudes 6,7.3, and
4.7, respectively, are connected with the same lineament.
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Fig. 1a. Logachev hydrothermal field and earthquackes epicenters position
black dots - epicenters; stars - hydrothermal fields; rings -aseismic gaps
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Broken Spur field

Fig. 1b. Hydrothermal fields and earthquackes epicenters position on Kane FZ region
black dots - epicenters; stars - hydrothermal fields; rings -aseismic gaps

The TAG, Snake Pit, and Broken Spur hydrothermal fields (Fig. 1b) are also situated either in aseismic zones or near them. The
extensive bottom depressions (fractures) are also located near them. Deep-focus earthquakes have not been established in the Kane Fracture
Zone. Within the TAG field, hydrothermal edifices were formed either on the surface of intensely crushed basement or within the talus
composed of volcanite fragments (Lisitsyn et al., 1990). The well-known hydrothermal plumes (Lukashin etal., 1997) fall into the aseismic zone
as well.

The results obtained indicate that hydrothermal fields gravitate to the relatively stable parts of rift zones, which are obviously most
favorable for the stable circulation of hydrotherms under the conditions of spreading at low velocities. Such regions are situated in the
discontinuity areas.

The general scheme of formation of hydrothermal solutions is well known and reduced to the following. Within the boundaries of rifts,
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oceanic water penetrates into the crust via the system of open cracks (gjars) and is heated to near-critical temperatures (over 400°C)
due to its interaction with rocks of the oceanic crust and magma chambers. Thereafter, ore-forming hydrothermal solutions enriched in
various elements penetrate to the surface and are discharged as ""black smokers™ and other polymetallic ore occurrences (Lisitsyn et al., 1990;
Rona, 1986; Karson and Rona, 1990; etc.). The tectonic position of hydrothermal fields, established by the authors, can refine the existing
models.

Open cracks within the rift zone are oriented sub-parallel to its strike. It would be reasonable to suggest that the solutions will migrate
not across the rift, as is commonly believed, but in the directions with the best conditions of permeability, i.e., along the rift strike (similar to
the fractured reservoirs in oil traps). It is possible that this motion is directed toward the most uplifted parts of the rift valley. In this case, the
hydrothermal discharge zones must be situated in the most stable areas, where the favorable conditions for the long-term (up to tens of
thousands of years) stable circulation of hydrothermal solutions exist. Such ascending "'jets' are situated precisely within the regions with zero
or reduced seismicity revealed by the authors. The discontinuities seem to represent the regions with an increased amount of breccias, in other
words, with the increased open porosity and permeability (Fig. 2).
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CONCLUSION
The major circulation of oceanic water and its transformation into ore-forming solutions proceeds along the strike of rift zones with the

subsequent discharge in relatively stable areas.

Analysis of the arrangement of earthquake epicenters on the Mid-Atlantic Ridge between 30°N and 15°S shows that there are a number
of regions within the specified boundaries (south of the Ascension Fracture Zone and others) with reduced seismicity or alltogether without it
(Fig. 3), which coincide with the discontinuity areas. We assume these are the most promising areas for the discovery of hydrothermal fields.
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Fig. 3. GEBCO (top) and altimetry maps (bottom) on MAR (11°- 6° S, 20°- 5° W)
black dots - epicenters; ellips -aseismic gaps with hydrothermal field
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Abstract

The analysis of data on the location of hydrothermal fields, seismicity, and satellite altimetry evidences that in mid-ocean ridges with
low spreading velocity hydrothermal fields tend to be grouped in areas with generally low seismic activity and at intersections of discontinuities
and rift zones. Based on this assumption, the Sierra Leone Fracture Zone was studied in 2000 during cruise 22 of the R/V Akademik Nikolaj
Stra-khov. The study of gabbrodolerite and dolerite showed that sulfide ore minerals in them were formed both by hydrothermal and
magmatic processes. The analysis of melt inclusions demonstrated that magmatic complexes formed from a high-temperature (1210-1255°C)
low-potassium melt of the N-MORB type. Investigations of fluid inclusions revealed that gabbro and dolerite formed under the influence of an
active hydrothermal system at a temperature of 205-226°C. Thus, the Sierra Leone Fracture Zone is considered to be perspective for the
discovery of a new hydrothermal field.

The analysis of data on the location of hydrothermal fields, seismicity, and satellite altimetry evidences that hydrothermal fields tend to
be grouped in areas with generally low seismic activity and at intersections of discontinuities and rift zones in mid-ocean ridges with low
spreading velocity (Mazarovich and Sokolov, 1998). Based on the model considered in this paper, fluids migrate along the rift strike in line with
the orientation of fractures. In such a case, places of ore component discharge should be located in the most stable areas of rift zones, where
favorable conditions for long-term (up to some tens of thousand years) stable circulation of hydrothermal solutions are available.

The analysis of earthquake epicenter location data (CNSS..., 1997) revealed that the equatorial Atlantic (Fig. 1) incorporates two regions
where earthquakes are not recorded or significantly lower than in the adjoining segments of the Mid-Atlantic Ridge (MAR). The first region is
situated in the St. Peter Fracture Zone area (2040/ N), while the second region is located in the Sierra Leone Fracture Zone area (6° N). Both
faults have short active segments and can be attributed to discontinuities.
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Fig. 1. Distribution of earthquake epicenters (CNSS..., 1977) in Atlantic Ocean equatorial part.

The map is based on satellite altimetry (Sandwell and Smith, 1997). Arrows indicate the areas with lowered seismicity. Latitudes and
longitudes are given in degrees up to the decimal place.

We investigated the Sierra Leone Fracture Zone in 2000 during Cruise 22 of the R/V Akademik Nikolaj Strakhov (Peyve et al., 2000). A
bathymetric swath survey with the SIMRAD 12S multibeam echosounder and dredging were carried out. They allowed us to detect rocks with
hydrothermal alterations and sulfide mineralization.

GEOLOGICAL SETTING OF THE HYDROTHERMALLY ALTERED ROCKS

The MAR rift zone between the Strakhov Fracture Zone (4° N) and 7° 10" N Fracture Zone is divided ini. three large segments. The

southernmost segment located between the Strakhov Fracture Zone anc 5°05" N. The almost meridional rift valley developed here has a
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straight linear shape. It is bounded by rir mountains complicated by near-latitudinal saddle (Ekvatorial'nyi..., 1997). The dredging
recovered here only differently altered basalts. The second segment i-located between 5°05" N and 6°\5" N. The general strike of the rift zone is
320°. It consists of three iso-lated intricate depressions. Its western wall is composes of narrow elongated ridges with the meridional strike
changing into 320° at 5°05' N. The third segment is a topographically well-expressed rift valley with neovolcanic ridges. The rift structure is
disturbed by two large latitudinal fracture zones (6°54' N Zone and Sierra Leone Zone at 6°-6°'20" N). Based on the satellite altimetry data
(Sandwell and Smith, 1997), both zones are marked by clear linear gravity minima. Ultramafic rocks and gabbroids are widespread on the rift
valley walls. Itsb bottom is composed of fresh pillow basalts.

The area of the intersection of the Sierra Leone Fracture Zone with the rift valley has a very complex structure (Fig. 2). The rift valley
consists of two branches separated by a mountain with the minimum depth of 1902 m. We propose to name this mountain "*Leonov Mountain®'
in honor of the late professor Georgii Pavlovich Leonov, Geological Faculty, Moscow State University (see more detail in http://atlantic.tv-
sign.ru/names/russian/names_r.html). The eastern branch is a narrow valley with slopes rising up to 750-800 m. It sharply changes the trend
from near -meridional valleys to the north the Leonov Mountain. The western branch turns east and can be traced to the south of the Leonov
Mountain.
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Fig. 2. Seafloor topography at the intersection of the rift valley and Sierra Leone Fracture Zone
(100 m contour interval).
Triangles are locations of dredging stations. Stations are numbers given to the right; rocks types, to the left. (BS) Basalts, (U) ultramafic rocks,
(GB) gabbro, (DL) dolerites.

During Cruise 22 of the R/V Akademik Nikolaj Strakhov, the dredging was carried out at four stations in the study area considered to
be perspective for finding hydrothermal activity, (Fig. 2). Two stations are located on the northeastern slope of the Leonov Mountain (52231
and S2232); the third station, at the branching of the rift valley (52234); and the fourth station, in the eastern branch of the rift (S2230). Rocks
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with signs of hydrothermal alteration were detected at stations S2231, 2232, and 2234. The material from Station S2234 is of special
interest, because it contains abundant sulfide minerals.

Dolerite with sulfides.

Foto - P.Morozzi (IGM CNR, Bolognha, Italy)

At stations S2231 and S2232, serpentinized and amphibolized mantle ultramafic rocks prevail. Breccia with ultramafic clasts is also
present. Rocks with the predominance of gabbro, gabbrodolerite, and dolerite were dredged at Station S2234. These rocks are fragments of a
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dike complex, which is testified by rectilinear quenching contacts between medium-grained gabbro and dolerite with the formation of
aphyric basalts. Slickensides and fine zones offoliation develop in dolerite.

Specific feature of ore formation in the Sierra Leone Fracture Zone were scrutinized using rock samples from Station S2234. Special
attention was paid to dol-eritic porphyrites containing sulfide mineralization. The rocks are strongly altered, and secondary minerals
(amphiboles, chlorites, and others) are widespread. At the same time, porphyritic plagioclases preserved the primary magmatogenic
appearance. The thermobaro-geochemical analysis revealed fluid inclusions in secondary minerals (amphiboles) and melt inclusions in large
porphyritic plagioclases. We obtained convincing information pertaining to physicochemical parameters of the magmatic and hydrothermal
systems in the Station S2234 area.

STUDY METHODS. Compositions of sulfides, melt inclusions, and inclusions-hosting minerals were determined using a Camebax-
Micro X-Ray analyzer. The melt inclusions were studied in the high-temperature thermochamber with an inert medium (Sobolev and Slutskii,
1984). Experiments with the inclusions were executed taking into consideration the recommendations proposed in (Magmatogenfiaya
kristalliz.atsiya..., 1975; Sobolev and Danyushevsky, 1994), as well as on the basis of our own experience (Simonov, 1993). Fluid inclusions were
studied with the help of thermometric and cryo-metric methods (Ermakov and Dolgov, 1979; Roedder, 1984) in the medium-temperature
chamber and cryo-chamber with an original design (Simonov, 1993). Data on fluid inclusions were processed on a computer using the
PETROLOG Program (Danyushevsky, 1998). Thus, we obtained additional information on parameters of the basaltic magma systems.

The analytical study was conducted at the United Institute of Geology, Geophysics, and Mineralogy, Novosibirsk.

PETROGRAPHIC AND MINERALOGICAL FEATURES OF ROCKS. Hydrothermal rocks at stations S2231 and S2232 are mainly
represented by carbonate veins in ultramafic rocks often containing vugs and druses of small arago-nite crystals. Breccia of serpentinite clasts
is of particular interest. It is cemented by carbonate material with overgrowths of druses of elongated small aragonite crystals (up to 5 mm). At
Station S2234, the influence of hydrothermal systems on rocks is expressed in the replacement of clinopyroxene by amphiboles (predominantly
actinolite) and wide development of sulfides.

Samples of doleritic porphyrites recovered by dredging at Station S2234 were studied in more detail in order to reveal specific features
of ore-forming processes in the Sierra Leone Fracture Zone. They contain phenocrysts of rather fresh plagioclase (up to 5 mm in size) and
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clinopyroxene replaced by actinolite and chlorite (up to 1 mm). The matrix has predominantly doleritic texture with elongated
plagioclase microcrys-tals (up to 0.5 mm). The studied samples (S2234/22 and S2234/37) are characterized by the presence of numerous
aggregates (up to 4 mm) of sulfides, which fill up in some places interstices between small elongated plagioclase crystals in the porphyritic
matrix. In other places, sulfides penetrate along fractures in altered (mainly pyroxene) phenocrysts. Sulfides are also developed along borders
of large grains. Thus, judging from morphology of these aggregates and their relationship with silicates, one can suggest that sulfides of the
first group were formed at the last stages of magmatic processes, and the second group of clearly secondary sulfides, originated as a result of
hydrothermal processes. The polygenous nature of sulfides is also proved by their compositions.

The sulfides from interstices between magmatic silicate minerals are characterized by the presence of cubanite , which form
disintegration structures together with chalcopyrite. The presence of cubanite, which is typical of high-temperature and magmatic ore deposits
(Ramdor, 1962), testifies, first, to sufficiently high temperatures of the formation of these sulfides and, second, to their possible magmatic
origin. Not only chalcopyrite but also pyrrhotite is found in association with cubanite. Pyrrhotite most probably is a product of the decay of
cubanite at lower temperatures (Ramdor, 1962).

Sulfides from fractures in altered large pyroxene grains are generally represented by pyrrhotite. The development of pyrrhotite along
fractures in intensively altered phenocrysts in association with secondary minerals, such as actinolite and chlorite, evidences its hydrothermal
origin.

Hence, specific features of the ore mineralization noted above suggest that the sulfides formed under an active influence of both
hydrothermal and magma systems. We determined the parameters of solutions and melts based on the study of melt and fluid inclusions.

CHARACTERISTICS OF MELT AND FLUID INCLUSIONS

Melt Inclusions. Primary melt inclusions (5-30 \Im in size) were found in plagioclase from doleritic porphyrite (Sample S2234/37). These
platy inclusions are arranged as rectilinear zones and bands, which sometimes completely fill up small phenocrysts. Fine-grained light and
dark phases predominate in the inclusions. The homogen-ezation temperature of the inclusions is sufficiently high and varies from 1210 to
1255°C. Despite the large scatter in values, one can observe a stable direct correlation between the homogenezation temperature and
magnesium content. In most cases, the homogenezation temperature is in agreement with the liquidus temperature, which was calculated with
the use of the PETROLOG Program, within the accuracy of measurements. This indirectly suggests relative dryness of the melts. These data
serve as an independent criterion for the validity of results obtained from the study of fluid inclusions.

The analysis of inclusion composition showed that characteristic geochemical parameters of the melts, such as FeO/MgO and TiO"
content, practically do not change with temperature decrease. The Fe index (approximately 0.8-1.0) is independent of the Ti content. All these
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data suggest the absence of fractionation and the primitive nature of the melt. Taking into consideration very low K concentration in
melt inclusions, we can conclude that the gabbrodolerite-forming magma at Station S2234 belongs to the N-MORB type.

Melting parameters of the mantle substratum and primary basaltic magma formation were estimated for rocks from Station S2234
based on melt inclusion data according to the procedure described in (Schilling etalL, 1995). It turned out that the melting took place mostly at
a depth of 40-80 km and at a temperature of about 1310-1470°C. These results agree with the previously obtained estimates of primary melt
generation depths in the MAR (Simonov et al., 1999; Schilling etal., 1995; Shen and Forsyth, 1995). The comparison of physicochemical
conditions of magma crystallization with the parameters of primary melts showed that compositions and temperatures of the magma systems,
which produce gabbrodolerites, lack any correlations with depths of the generation of primary mantle magma. We can only note some decrease
in the Mg content in liquidus melts with increase in the magma generation depth.

The analysis of melt inclusions reveald that magmatic rock associations from Station S2234 formed from low-potassium (probably H2O-poor)
primitive melts of the N-MORB type. Thus, endogenic fluid components of these melts hardly could strongly effect the composition of rock-
altering hydrothermal solutions.

Fluid Inclusions. The examination of samples, thin sections, and polished plates of dolerite testifies that a sufficient part of ore
mineralization in samples from Station S2234 is most likely related to hydrothermal processes. In other words, hydrothermal solutions, which
transformed initial rocks and produced secondary mineral associations, were to a certain extent responsible for the sulfide mineralization.

Amphiboles from Sample S2234/22 contain uniformly distributed and most likely pseudosecondary fluid inclusions, 5-15 Mm in size.
The flat, slightly faceted inclusions contain a light-colored fluid and a small gas bubble. Experiments carried out in a microcryo-chamber
allowed us to establish that the eutectic temperature ranges from -22.7 to -22.9°C, suggesting the predominance in the solution of sodium salts
(mainly NaCl) with an admixture of Na2SO4 and KC1. The latter crystals dissolve at temperatures ranging from -2.5 to -3.2°C, indicating that
the salt concentration is 3.8-5.0 wt %. Measurements in a microthermochamber showed that the inclusions become completely homogeneous at
174-196°C. Taking into account the water-depth at Station S2234 and correction for pressure (350 bar as minimum), the temperature of
hydrothermal solutions varies from 205 to 226°C.

The study of fluid inclusions in dolerite-hosted secondary minerals at Station S2234 revealed that active hydrothermal systems with
temperatures of 205-226°C are functioning in the area. Solutions of these systems are dominated by NaCl with an admixture of Na2SO4 and
KC1, and the total salt concentration is 3.8-5.0 wt %. The low salt content and the predominance of sodium compounds indicate that seawater
was the source for these hydrothermal solutions. The presence of Na2S04
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CONCLUSIONS

(1) Cubanite, chalcopyrite, and pyrrhotite prevail among sulfide ore minerals in gabbrodolerites and dol-erites from Station S2234.
Specific structural and compositional features of sulfides allow us to suggest the influence of both hydrothermal and magmatic processes on
their formation.

(2) Based on melt inclusion data, magmatic associations from Station S2234 formed from high-temperature (1210-1255°C), H3O-poor,
low-K melts of the N-MORB type.

(3) Based on fluid inclusion data, gabbro and doler-ite recovered at Station S2234, were situated in the area of an actively operating
hydrothermal system with temperatures 0f205-226°C. The solutions are dominated by NaCl, and the total salt concentration is 3.8-5.0 wt %.
The low salt content and the predominance of Na evidences that seawater was the source of hydrothermal solutions. The presence of Na2S04 in
hydrothermal solutions testifies to the active participation of salts in the sulfide formation.

(4) In general, the sulfides studied at Station S2234 have both hydrothermal and magmatic origin. They were most probably formed at
the level of subintrusive gabbrodolerites rather than on the ocean floor. Provisionally "dry" melts of the N-MORB type with a minimum water
content and low-concentration hydrothermal solutions based on seawater actively participated in the ore formation.

(5) The theoretical assumption of the assignment of hydrothermal systems to areas with lowered seismicity (Mazarovich and Sokolov,
1998) do not contradict the results of geological sampling in the Sierra Leone Fracture Zone and can be accepted as the basis for planning
marine expeditions within the discussed topic. The analysis of the detailed bathymetric map with 10-m contour intervals (Fig. 6) shows that the
seafloor area at Station S2234, which is located between two branches of the rift, is marked by the presence of many rounded hills (20-30 m
high) and mountains (up to 200 m high), which can be interpreted as volcanic edifices of the central type. The similar seafloor topography is
fairly typical of areas with black smokers (Bogdanov, 1997). Hence, precisely this region is of primary interest for the detailed prospecting for
new ore-forming hydro-thermal systems.
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Hydrothermal fields in the Mid-Atlantic Ridge: Setting and prospects of further discoveries

A. O. Mazarovich and S. Yu. Sokolov
Abstract

Analyzed is the setting of active and inactive hydrothermal fields and sulfide occurrences on the Mid-Atlantic Ridge between 65°N and
65°S. Multifaceted interpretation of the data has enabled a prediction of how sulfide mineralization is distributed in the Atlantic Ocean.

Introduction

Analyzing the InterRidge database (Hannington, 2001) shows that, by now, 97 active hydrothermal fields have been discovered in all the

earth’s oceans, including seas. Of the entire population, 15 occurrences fall in the Atlantic basin, 72 in the Pacific, and the rest, in the Indian
and Arctic oceans. This study is focused on the Atlantic Ocean alone, between Iceland on the north and the Bouvet triple junction region on the
south.
Several years ago, Mazarovich and Sokolov (1998) noted that on the Mid-Atlantic Ridge (MAR), hydrothermal fields gravitate to rift zones
with low to zero seismicity (for samples of M 4+ events). In addition, these regions have been shown to contain discontinuities. Our analysis has
covered the span between ca. 14°N and 30°N. Based on these two criteria, hydrothermal mineral occurrences may be expected to exist south of
7°N in the Atlantic Ocean.
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There, in the summer of 2000, cruise 22 of the R/V Akademik Nikolai Strakhov (GIN RAS) was conducted (Peyve et al., 2000), resulting
in the detection of rocks that show hydrothermal alterations and sulfide mineralization.

R/V Akademik Nikolai Strakhov in Mindelo (Cabo Verde), 2000
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R/V Akademik loffe in Antarktic

The new data have provided the basis for predicting sulfide mineralization for this area (Mazarovich et al., 2001). Based on the
prediction just mentioned and on the results of the SIMRAD EM-12 multibeam echo sounder bathymetric survey performed by the R/V
Akademik Nikolai Strakhov, this area was re-explored in 2001 by a GIN RAS team headed by S.G. Skolotnev on board the R/V Akademik
loffe. These studies have yielded further evidence for the presence of sulfides at the predicted locality, as well as in another low seismicity rift
segment, the Markov Hole, which is the deepest (4975 m BSL) basin in the MAR rift zone.

The above is weighty evidence that aseismic areas (i.e., those lacking large events and continuous record of small events along the entire length
of the ridge) of slow spreading mid-ocean ridges are most favorable for hydrothermal systems to form in, and, hence, for sulfide
mineralization. These considerations afford a prediction of localities that hold the greatest potential for sulfide mineralization in the Atlantic
Ocean as well.

Our prediction draws on satellite altimetry data (Sandwell and Smith, 1997; Smith and Sandwell, 1997), earthquake epicenter distribution
(CNSS.., 1997), and a variety of geological data.

Hydrothermal fields and sulfide mineralization: Structural setting in the Atlantic
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To date, several active and inactive hydrothermal fields and methane plumes have been detected in the Atlantic Ocean between 14°N
and Iceland (Fig. 1).
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Fig. 1. Location of active and inactive hydrothermal fields and
sulfide mineralization in the northern part of the Mid-Atlantic Ridge.

Hereinafter, latitudes and longitudes are given in degrees (to the first decimal place). Topographic base, from satellite altimetry data
(Smith and Sandwell, 1997). Earthquake epicenters, from CNSS Earthquake Composite Catalog. 1-2 hydrothermal fields: 1 — active (with
proper names) and 2 — inactive; 3 — sulfide mineralization; 4 — hydrothermal alteration; 5 — metalliferous sediments; 6 — methane plume; 7 —
area with potential for sulfide mineralization and/or active hydrothermal fields; 8 — earthquake epicenter.

Location of hydrothermal fields

Analyzing the tectonic setting of active hydrothermal fields discerns two principal groups. Group one (Rainbow, Lucky Strike,
Reykjanes, etc.) cluster at those segments of the Mid-Atlantic Ridge immediately adjacent to the Azores and Iceland hot spots. These portions
of the spreading system are marked by the absence of fracture zones (FZs) with considerable offsets and by smooth topographic relief. Their
structural characteristics have been repeatedly discussed in publications (e.g., Almukhamedov et al., 1990)). Group two (Broken Spur, TAG,
etc.) are found in that segment of the ridge with major FZs (Atlantis, Kane, Cape Verde) hundreds of kilometers apart and with numerous
discontinuities in-between. Water depth above the fields ranges from hundreds of meters (as on the Reykjanes Ridge) to 3650 m (as on the
TAG active mound). It is at the bends of rift valleys that black smokers cluster. This can be exemplified by the Broken Spur field (Fig. 2A).
Here, clearly visible are rift valley bends and fractures approaching the valley.
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Fig. 2. Relationship of discontinuities and aseismic segments of the Mid-Atlantic Ridge.
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A — location of the Broken Spur field. B — study area in the South Atlantic. Earthquake epicenters, from (CNSS..., 1997).
Cartographic base, from predicted topography (Smith and Sandwell, 1997). 1 — Broken Spur active hydrothermal field, 2 — earthquake
epicenter, 3 — dredge station.

The location of inactive hydrothermal fields coincides with zones of present-day hydrothermal activity, except for the edifices north of
Cape Verde FZ and north of Kane FZ. In both cases, however, these are regions that are distinguished by relatively low seismicity. Water
depth above the fields ranges from 1700 m (Lucky Strike) to 3900 m (at 24°30'N).

Setting of sulfide mineralization

Sulfide mineralizations of various origins and bedrock zones showing strong hydrothermal imprints have a wider geographic spread,
from the Atlantis FZ region to the Bouvet triple junction. The stations that yielded sulfides lie in water depth between 2200 m (Fersman Smt.)
and 4800 m (Markov Hole).

Alongside data of common knowledge, Russian and Western publications offer evidence contributing to the InterRidge database on sulfide
mineralization and seafloor degassing. This information was acquired by the R/V Antares (cruise 9, dredge 46; 1990), the R/V Akademik
Nikolai Strakhov (cruise 7, dredge 71, 1988; cruise 9, dredges 27, 36, 41, 1989; cruise 18, dredge 43, 1994; cruise 22, dredge 34, 2000), the R/V
James Gillis (cruise 7309, dredges 58, 93, 1973), the R/V Pillsbury (cruise 7003, dredge 25, 1970), the R/V Geolog Fersman (cruise not specified,
dredges 74, 130, 192), the R/V Akademik loffe (cruise 10, dredge 32, 2001), the R/V Gelenzhik (cruise 96, dredge 17, 1996), and the R/V
Akademik Kurchatov (cruise 20, the photograph of gas bubbles, 1975).

Sulfides were recovered from various parts of rift valley slopes, from corner highs (Fersman Smt.), transverse ridges (on the west of the active
segment of the Romanche FZ), directly from the FZs (Sierra Leone FZ) (Fig. 3A), and outside present-day rifts (the Bouvet triple junction
region and Spiess Ridge). Almost everywhere, sulfide occurrences were found to be associated with tectonization and strong hydrothermal
imprints in wallrock and to coincide with low seismicity zones.
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Fig. 3. Location of sulfide mineralization with respect to aseismic segments of the Mid-Atlantic Ridge
(Sierra Leone FZ region) (A) and a structurally similar portion of the South Atlantic (B).

Earthquake epicenters, from (CNSS..., 1997). Cartographic base, from predicted topography (Smith and Sandwell, 1997).

1 — earthquake epicenter, 2 — dredge station, 3 — dredge station with sulfide mineralization; 4 — structurally similar areas.

Likely structural setting of sulfide mineralization in the South Atlantic between the equator and 55°S
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In the South Atlantic, only sporadic sulfide occurrences and a unique indication of hydrothermally altered rocks (at 24°S) have been
reported (Fig. 4). The Mid-Atlantic Ridge trends roughly NS without major bends or transform offsets. Overlaying earthquake epicenters on
altimetry data shows that here, just as in the North Atlantic, aseismic tracts exist, some of them being larger than those in the North Atlantic
(south of Ascension 1., 52°S) (Fig. 4).
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Fig. 4. Map showing predicted sulfide occurrences in the southern part of the Mid-Atlantic Ridge.

Topographic base, from satellite altimetry data (Sandwell and Smith, 1997). Earthquake epicenters, from CNSS Earthquake Composite
Catalog.
1 — sulfide mineralization, 2 — hydrothermal alteration, 3 — earthquake epicenter, 4 — hot spot, 5 — area with potential for sulfide mineralization
and/or active hydrothermal fields.

Noteworthy is that they can be either related or unrelated to FZs. In view of the considerations discussed in the previous section, it is

probably worthwhile to focus on the former. Promising areas like this could be found south of Ascension I. (which is remarkably complex in
architecture), between the Martin Vaz and Hotspur FZs, 20°S (Fig. 3B), and at 45°S. Two similar localities exist on the Southwest Indian Ridge
(Fig. 4), in the regions of the Shaka and Jabaru FZs.
Of special interest are aseismic zones in the Bouvet triple junction region. As mentioned above, these zones have also yielded sulfide
mineralization. One locality is the Spiess Ridge, on which a vast caldera has been mapped. The large Axial Volcano caldera, albeit occurring in
a different geodynamic setting (on the Juan de Fuca Ridge), is known to be associated with a major hydrothermal field, currently being studied
under the NeMO (New Millennium Observatory) Project (http://newport.pmel.noaa.gov/nemo_cruise98/project.ntml). Another locality is
situated directly near Bouvet Island — in other words, in the vicinity of the Bouvet triple junction hot spot.

Discussion

Over a timespan of more than 100 years, the Mid-Atlantic Ridge has been dredged relatively thoroughly. We do not know the total
number of samples obtained, yet the number of stations from which we have data is 4500. Judging from this random sample, the ridge has been
studied in a depth range from 5000 m to a few tens of meters. Sampling involved all the principal morphostructures of rift valleys and active
segments of the FZs, the percentage of dredge hauls with sulfide mineralization being very low. Thus, of the ca. 850 dredge hauls performed by
the R/V Akademik Nikolai Strakhov, only six (0.7%) brought sulfides. This implies that sulfides are not developed in a continuous belt along
the entire length of the ridge, but are constrained to within certain nodes.

The nature of aseismic segments of the ridge appears to be critical to unraveling the setting of sulfide mineralization. Most likely, these
segments are zones of relatively high heat flow, which is responsible for lithospheric ductility. This is further supported by heat flow data
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(Podgornykh and Khutorskoy, 1997). It is from aseismic zones of the MAR axial zone (as, e.g., in the Markov Hole region, at 10°N, and

at St. Peter FZ) that elevated heat flow values (>70 mW/m2) have been recorded. Elevated heat flow values, however, have been documented
on transverse ridges (Vema FZ) as well. The anomalous nature of these regions is also expressed topographically. Here, rather complexly built
nodes exist, whose distinctive feature is large blocks sitting inside fracture zones (e.g., Georgy Leonov Smt. in Sierra Leone FZ; St. Peter FZ;
the rift segment between Cape Verde and Marathon FZs), and which were mapped reliably enough using multibeam echo sounders during the
R/V Akademik Nikolai Strakhov cruises. Judging from the “predicted topography” data (Smith and Sandwell, 1997), such zones exist in the
South Atlantic as well (Figs. 3B, 4).
Let us now discuss the correlation of the data along a profile drawn along the Mid-Atlantic Ridge (Fig. 5). This plot shows generalized
information on (i) topographic relief and the free air gravity field, (ii) seismicity, (iii) distribution of sulfide mineralization, (iv) Bouguer
anomalies, and (v) seismic tomography. With respect to everything pertaining to sulfide mineralization proper, seismic tomography, seismicity,
and gravity anomalies provide a background data set, based on which correlation is performed. This data set enables an internally consistent
interpretation of correlative anomalies and those features discernible on the profile. This is detailed below.

file://E:\www_main\ofr\2003\hydrothermal_fields\hydr2003.html 15.02.2008



Litbology and Mineral Resources, Vol Crp. 72 w3 77

§

& 3 i;‘-‘ﬁli Eﬁ y 2 g Eg'!'

BB g Bl Baied s bel b H
Ail i 1 + 4 I Y T T A T IEE N | IR | | B |

Fraa Alr Gravity (mGal)

Anomanmn San (alan)

= 2

EE-'T" ——— — Y X - - ‘ .
EP :h’ﬂ. 1,“- L’éli. ; _H i; }*” ﬁ‘%‘ - lfg; ﬂ""t‘#}: ?‘:: .,}r* ! ¢ii.£l: “
a1 ki mmmm
;‘10& { -

Wuwpora Latitude

dvsr“/‘)_ [ T [ ([®]2[0]3[0]4[7]s5[m]

20 <15 -1.0 -05 0 05 1.0

Fig. 5. Correlation of geophysical fields, seismicity, and hydrothermal occurrences
along the Mid-Atlantic Ridge:

(A) Free air gravity anomaly from satellite altimetry data (Sandwell and Smith, 1997) and fracture zones intersecting the MAR;
(B) Seismicity along the MAR (http://quake.geo.berkeley.edu/cnss/), hydrothermal occurrences, and predicted hydrothermal features: 1 —
active hydrothermal occurrence, 2 — inactive hydrothermal occurrence, 3 — sulfide mineralization, 4 — methane plume, 5 — area with potential

file://E:\www_main\ofr\2003\hydrothermal_fields\hydr2003.html 15.02.2008


http://quake.geo.berkeley.edu/cnss/

Litbology and Mineral Resources, Vol Crp. 73 w3 77

for sulfide mineralization and hydrothermal activity. (C) S-wave velocity section based on the RG5.5 seismic tomography model (Zhang
and Tanimoto, 1992) and the classic Bouguer anomaly.

The seismic tomography pattern obtained from S-wave data best reflects the temperature regime and partially molten state of the
mantle (Becker and Boschi, 2002). Our analysis draws on the RG5.5 model (Zhang and Tanimoto, 1992) for spherical harmonics up to the 36th
order parametrized on 5° x 5° blocks, in particular, a velocity variation profile along the MAR to a depth of 500 km. This profile shows clearly
three minima (Fig. 5C), corresponding (from north to south) to the Iceland, Azores, and South Atlantic plumes. Above these plumes, basaltic
magmatism is especially massive (Dmitriev et al., 1999b). In combination with slow spreading, this gives rise to distinct positive anomalies of
seafloor topography along the ridge axis, because in these MAR zones basaltic products accumulate appreciably more vigorously than in zones
of “background type” magmatism (Dmitriev et al, 2001c). These topographic anomalies induce free air gravity anomalies (Fig. 5A), largely
reflecting variations of the most contrasting density discontinuity, the water/seafloor (crust) boundary. Following the classic (2.75 g/cm3
density) Bouguer anomaly scheme, removal of the influence of topography from free air gravity anomalies leaves an anomalous field that is
chiefly induced by variations of the Moho, because this is the next most contrasting boundary in the density section near the surface (Fig. 5C).
The Bouguer anomaly thus obtained, due to isostatic mechanisms at work, is a mirror image (with respect to free air anomalies) of the
topographic anomalies induced by the massive basaltic melts of the plume assemblage. In addition to the Moho influence, this anomaly includes
the influence of deeper seated (but less contrasting) density inhomogeneities, whose contributions to the anomalous field we have not separated.
On the tomography section, note the match of the principal Bouguer lows and their correlative minima, represented by zones of low density
mantle, as well as the marked (ca. 10 arc degrees, or ~1000 km) southward displacement of the Azores and Iceland plumes. Tomographic
anomalies are displaced in this manner from Bouguer anomalies because the contribution from deep seated density variations is considerably
smaller than that from the Moho. This implies that the region of low density mantle material of the plume is displaced from the relatively
massive basaltic melts, marked by gravity anomalies. The above is not at variance with the published data on the southward migration of the
Azores plume (Dmitriev et al, 2001b, 2001d; Cannat et al, 1999).

Let us now analyze Fig. 5B, which draws on seismic data (CNSS..., 1997). On Fig. 5, correlation of seismicity with the other geophysical
parameters shows that in plume regions, seismic events are more frequent and have lower magnitudes than those in the “cool” mantle region
near the equator and in certain fragments to the north. The correlation of seismicity to geophysical and petrologic parameters is detailed in
(Dmitriev et al., 1999b). The above does not apply to the reduced frequency of seismic events in the South Atlantic, which is an artifact of the
sparser network of recording stations in this part of the world. It is readily apparent that seismicity distribution along the ridge shows
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“clusters” ca. 1.5-2 arc degrees across, with the documented sulfide occurrences and other related phenomena gravitating to the spaces

between the “clusters.” In discussing the relatively well-understood North Atlantic, it is worth notice that sulfide occurrences gravitate not to
zones of strong, not frequent seismic events (for samples of M 4+ events) as such, but to zones associated with plume phenomena in the upper
mantle.
In our opinion, the most likely underlying cause of this relationship is that the presence of the plume propagating (or simply functioning) along
the ridge gives rise to an additional joint system in the crust, which facilitates water influx and circulation and water enrichment in
components typical of hydrothermal solutions. In addition, massive plume-related basaltic magmatism, the supply of essential volatiles in the
plume zone, and elevated heat flow, create further conditions to promote hydrothermal activity. Fractured zones also promote serpentinization
processes and associated methane production (Charlou et al, 1998; Dmitriev, Bazylev, et al., 1999a; Dmitriev et al, 2001a). It is also observed
that active hydrothermal edifices are displaced slightly southward from inactive ones, which may be further evidence for migration of the
plume and its related hydrothermal systems. This implies that products of hydrothermal activity, potentially taking place in zones lacking
strong seismic events, may be detected not only in the regions of present-day mantle plumes, but also in those areas outside the MAR zone that
contain inactive hydrothermal edifices.

Conclusions

Let us summarize the regularities of sulfide distribution along the MAR.
(1) In the MAR axial zone, active and inactive hydrothermal edifices and sulfide mineralization are not distributed randomly, but are confined
to zones of elevated ductility, marked by low seismicity (for samples of 4+ M events).
(2) In association with these zones, discontinuities are often found that may offer further evidence for the low density (elevated ductility) of the
crust of these portions of the MAR.
(3) In searching for hydrothermal edifices and sulfide mineralization, it is worthwhile to focus, in addition to the above, on plume zones, as
detected from seismic tomography data in both the North and South Atlantic.
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