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Tectonically active terrains on the Mid-Atlantic Ridge

B nokiane npuBomsATCs pe3ynbTaThl SKCHEAULU 110 uccnenoBannio CpeauH-
HO-ATJIaHTHYeCKOro xpebTa, KoTopele coctosuiuck B 2012 u 2013 rr. Ha cymax
Bync-Xosckoro okeaHorpaMueckoro WHCTUTYTa IO PYKOBOJICTBOM JleGopsl
Cwmut (CLHA). Lensro taHHBIX paboT SBIAIOCH H3yYeHHE MOP(OIIOTHH U T€0IH-
HaMHUYeCKOH MCTOPHH pa3BUTHUsS cerMeHTOB CpeanHHO-ATIAHTHYECKOTO XpeOTa
(CAX), Ha KOTOPBIX MIMPOKO NPEJCTABICH TEKTOHOTCHHBIN pebe(d BHYTPEHHHUX
OKEaHMYECKHX KOMIUIEKCOB (TIEPEeBOJ aHTJIOSN3BIYHOIO TEPMHHA ‘‘oceanic core
complex” mo CuinanteeBy C.A.). COOCTBEHHO BHYTPEHHUM OKEAHHMYECKHUM KOM-
mexkcoM (BOK) siBiisieTcst KOMITIEKC OO Tab0po-TIepUI0TUTOBOM acCOIIHaIiH,
cilararomux 3t npudoanrossie nogHaThA. Ha ckinonax BOK, xopomio 3ameTHbIX
Ha 6aTHMETPHUYECKUX KapTax, CTOpOHA, oOpaméHHas K ocu XpedTa, OOBIYHO BHI-
MOJIOKEHA M OTIIMYAeTCsl Crieliu(UIHBIM TOQPUPOBaHHBIM MUKpopenbedom. [Tpn
5TOM UMEHHO I10 3TOMY CKJIOHY ¥ 0OHa)KaroTCs IIyOUHHBIE TIOpOo/Ibl. MI3HauasHO
MIPEAIIOIarajoch, YTo MOJ00HBIE CTPYKTYPbl MOTYT BO3HHKATh TOJIBKO TI0 KpasM
CErMEHTOB Pa3HOTr0 MOPSIKAa Y MEIJICHHOCHPEIUHTOBBIX XpeOTOB (TO €cTh Ipe-
MMYIIECTBEHHO B 30HAaX COWICHEHUsI pU(TOBOI JOJIMHBI ¢ TpaHC(HOPMHBIMHU pa3-
JIOMaMu), HO IOCJIEIHUE WCCIIECJOBAHMS IOKa3bIBAIOT, YTO MOJOOHBIE MaCCHBEI
MoryT 3aHuMaTh 10 50% [1] mmomanu nHa prudTOBON AONMWHBI Ha MEIEHHOC-
MPEIIMHTOBEIX XpeOTax.
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Crpykrypsl nosorux kynoioB BOK mnoka emié copeprxar 1emiblid psi HayYHbIX
3araJjok U3 o0yacTell OKeaHOJIOTMH, TEKTOHUKH, T'€OJIOTHH TJIyOMHHBIX ITOPOZ,
T€OTEPMHUH, T'€OXUMHUHU, MOPCKOH OWOJOTMH W, KOHEYHO, Te€OMOpP(OIOTHH Cpe-
JIMHHO-OKEAaHWYEeCKNX XpeOTOB. MaTepualsl MOCIEeAHNX NCCIEJOBAaHUH aBTOPOB
MIO3BOJISIIOT OLIGHUTH MojokeHne U poib BOK B obmem pensede CAX 3a cuér
OOIIMPHOTO TTOKPHITHS OATUMETPUIECKOM H, OTIACTH, TEOPH3MIECKON CHEMKOI.

B xoge petica AT21-03 (HUC “Atlantis”, WHOI, utors—utons 2012) ocHOB-
HOH 3aJadeil SBISUIOCH pa3MeNIeHHe TPEX aBTOHOMHBIX THIPO(OHOB, KOTOPHIE B
cocraBe O0IIel ceTH U3 BOCBMH YCTPOWCTB JOJKHBI coOpaTh 3a 2012—-14 roxast
JeTabHYI0 WH(POPMAIHIO O CECMUYHOCTH B SKBaTOpHalbHON ATnantuke. I1o-
JI0OHBIE PabOTHI B CEBEPHOU ATIAHTHKE MO3BOJIMIH [2] OLIEHUTH TEKTOHUYECKYIO
aKTHBHOCTB, KOTOpas cBsi3aHa ¢ pazsutreM BOK mno pasnomam Tuma geradymeHT.

B peiice KNR-210-5 (HUC “Knorr”, WHOI, maii-umtons 2013) xpynHOMac-
mrabHble TeopU3NUecKre W TeoJoTHUecKre padoThl MPOBOAMINCH Ha KOHKPET-
HoM ydactke CAX B pailoHe HEaKTHBHOTO THapoTepMaibHoro nois KpacHoB
(mmosre moapoOHO omucaHo B [3]), HAPOTHB KOTOPOTO 3aMKCHPOBAaHA U JIETANb-
HO uccnenoBana cepust BOK (B rpanamnmax cexropa 16°20°—16°50" c.m.). s pa-
00T MCTONB30BAICA MIMPOKHIA CIEKTP 0OOpYIOBaHUSA: TITyOOKOBOIHEIA HEOOH-
TaeMBIil ammapaT “Sentry”, moaBomHas (GOTOKaMepa, MarHUTOMETp, TPaBUMETP,
MHOTOJIYYEBOU 3XOJIOT, TUAPOPUZNIECKHUE CEHCOPHI, HO I MpobooTOopa mpu-
MEHSJIMCh UCKITIOUUTENBLHO JIPary.

ITo xomy nBWXKEHHUS K palioHaM OCHOBHBIX paOOoT MOJMy4YeH YHHKAJIbHBINA Ma-
Tepuas MHOTOJy4eBOW ChbEMKH JHA. Llenblil psin MarepuanoB MoATBEPKAAET pas-
Butue BOK Ha 3amamHoM M BOCTOUHOM (hiaHrax Jajieko 3a MpejaeiaMy OCEeBOM
30Hbl CAX. Takxke cpelu y4yacTKOB JTHA, KOTOpBIE TIOKPBITBI OaTHMETPUYECKON
CHEMKOW, HEOOXOMMO OTMETHUTh BHYTPHUTPAHC(HOPMHOE IOAHATHE TpaHCHOPM-
Ho#t 30HHI Jomapamce (7°20° c.1m1.), HEOBYJIKaHHYECKYIO 30HY Ha 5°30 c.1m. u riry-
OOKOBO/HBIC KaHAJBl Ha KOHTHHEHTAJIBHOHM CkioHe bpasmnmu B paiioHe Bmaje-
HUSI AMa30HKH B ATJIAHTHKY.

B Hacrosimee Bpems emé mpopoipkaeTcss 00paboTKa SKCHEeTUINOHHBIX JIaH-
HBIX, HO YK€ MOKHO CZE€JaTh NIPEIBAPUTEIIBLHBIE BEIBOABL. Pa3BuTHE CEKTOpaA CEK-
Topa 16°20°—16°50" c.m1. He OBUTO CHMMETPHUYHBIM Ha 3alaJfHOM W BOCTOYHOM
¢naHrax, Ho NPUMEPHYIO CKOPOCTH CHPEIHHTa 3a HOoclIeJHUE 4 MIIH. JIET B 3TOM
CEKTOpEe MOXKHO OLIEHHUTH B ~24 KM/ MJIH. JieT. Eciu BocTOUHBIN CKIIOH pUTOBON
JIOJIMHBI TIPEICTaBIIeH 0a3ajJbTOBOM TIPSO, TO 3amaaHblil pa3opBaH Ha OT/IEIb-
Hele noausaTuss BOK cepuell pa3HOBO3pacTHBIX IeTadMEHTOB. JaHHBINH y4acTok
TaK)Ke MOXXHO Pa3ZIeJMTh U Ha CEBEPHBIM M IOXKHBIH CErMEHTHI: CEBEPHBIH Xapak-
TepU3yeTcs 3HAYUTEILHOM TITyOMHON B OCEBOI YacTH, a I0KHBIA OTIMYAETCs aK-
TUBHOW HEOBYJIKAHUYECKOU 30HOM.

B 2014 1. aBTOpamu OyayT MOTHATH THAPOGOHKL, TaHHBIE O CEHCMUYHOCTH C
KOTOPBIX OYIyT cpasy ke OIyOJIMKOBAaHBI M TIO3BOJIAT OLEHUThH PACTIPOCTPaHEHHE
3eMJICTPICEHNH B ATIIAHTHYECKOM OKEaHe Ha 3HAUUTENEHOM OTpeske oT 20° c.i.
10 20° ro.m1.
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ABTOpBI OnaroapHbl KalMTaHaM, KOJJIETaM W YjeHaM KOMaHIbI, KOTOpbIe
paboTanu BMecTe ¢ HaMH B oOoux peiicax. JlaHHOe HCcIeOBaHHE CTalO BO3-
MOXHBIM OJ1aromaps yacTnaHoMy ¢unancupoBannio NSF u InterRidge.
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Here we present multibeam and geophysical data, collected during AT21-03
(WHOI, 2012) and KNR-210-5 cruises (WHOI, 2013). The goal of this project is
to increase our understanding of the morphology and the geodynamic history of
the formation of oceanic core complexes (OCC’s) on the Mid-Atlantic Ridge
(MAR). OCC’s are corrugated massifs in which lower-crustal and upper-mantle
rocks such as gabbros and serpentinized peridotites are exposed at the seafloor on
long-lived faults known as detachment faults.

During expedition AT21-03 on the R/V Atlantis in June—July 2012, our pri-
mary goal was to deploy two autonomous hydrophones and service another in the
equatorial Atlantic in order to complete an array of eight instruments. Five
hydrophones had already been deployed during previous cruises. The array of
eight hydrophones is obtaining a two-year, continuous record of seismicity along
the MAR between 20°N and 20°S (2012-2014), which will provide a detailed
view of the spatial and temporal patterns of seismicity near the spreading ridge
and its transforms. Autonomous hydrophones deployed in the North MAR study
area (1999-2005) indicated high rates of seismicity were correlated to active de-
tachment faults.
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The aim of the cruise KNR-210-5 on the R/V Knorr in May - June 2013 was
to understand the processes controlling the formation, evolution, and linking of
mid-segment detachment faults and to examine the relationship between magma
supply and detachment fault formation along a segment of the MAR axis. The
study area was located at 16.5°N on the opposite side from the inactive Krasnov
hydrothermal field. This segment with active and inactive OCC’s was surveyed
using the Sentry (Autonomous Underwater Vehicle), a towed camera system, wa-
ter column sensors, magnetometer and gravimeter. Rock samples were also ob-
tained by dredging.

The preliminary data show that the 16.5°N area can be divided in two seg-
ments. The northern segment is characterized by a deep axial valley (~4500 m be-
low the sea level), in which the seafloor is covered by a thin layer of volcanic
rocks. In contrast, the shallower southern segment (~3300 m below sea level)
consists of a robust neovolcanic zone, characterized by a long and continuous ax-
ial volcanic ridge. Both segments are bordered to the west by a region with active
detachment faulting. We have calculated a total spreading rate in this area of ~24
km/Ma for the last 4 Ma.

Transit legs along both cruises provided an excellent opportunity to map re-
gions of the equatorial Atlantic Ocean and MAR axis previously unexplored.
Smith and MacLeod described the 13°N segment of the MAR in which a number
of detachment faults extend for 75 km along the western flank of the spreading
axis, and a field of extinct core complexes extends westward away from the axis
for at least 100 km. Based on the multibeam data alone, we identified extinct
OCC’s on the eastern and western flanks of the MAR near 13.5°N about 220 km
from the axis and on the western flank of the MAR near 23°N, 52°W. Our recent
observations suggest that OCC’s play a key role in seafloor terrain on the flanks
of the MAR as it does bordering the rift valley.

In 2012, we also mapped some areas over the ridge flanks and rift valley. For
example, the eastern intra-transform ridge of the Doldrums Fracture Zone (7.3°N,
34.7°W) suggested recent volcanic activity in this short spreading segment. The
northern intersection of the axis and transform fault contains a nodal basin about
5000 m in depth, which curves to the west. The southern nodal basin, which is
only partially imaged, reaches depths of 5750 m. The western rift mountain at
7.3°N rises to a height of ~2.5 km above the axial valley floor, and has a NW-SE
trending crest. Teleseismic earthquakes in this ridge segment are mostly located
off-axis although a small number of events are located in the axial valley itself.
Since teleseismic earthquakes error locations are large, we will have to wait for
the hydrophone-recorded seismicity to know if these earthquakes are associated
with movement on the transform faults or some other process at the spreading
center.

In the next stage of this project, we will recover the hydrophone moorings
in 2014 after two years of data acquisition. The data will be analyzed to iden-
tify earthquake locations, and used to interpret the seismicity at the ridge axis
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and fracture zones in the context of what we know about the geologic struc-
tures. The hydrophone data will be made available soon after completion of
the cruise. The earthquake locations will also be made available once they are
obtained.

The authors wish to thank the Captains, other scientific participants and all
crew members aboard both cruises. Funding for this research was provided partly
by grants of NSF and InterRidge.
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