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YacTuukl HAX0AATCA BO BE2EE WEHHOKM COCTOAHMM 3@ CHeT
BMXPEBOID ABWKEHUA B NOTOKE. Suspensions mainly due to “fluid
Turhulence™
TypouAanTbI
Turbidites

KJ'IaCCI/I(bI/IKaLI,I/Iﬂ TNNOB OCaAKOHAaKOMMeHnAa nponcxogdaLlero non OENCTBUEM CUMbl TSXKECTH,
LLINPOKO MpUHATasA B HAaCToALLEeE BpeMA
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(A) Classification scheme for event beds emplaced by subagueous sediment gravity flows recognising that many are the deposits ‘at a point’ of

systems and are arrangedin facies tracts recording downslope transformation and increasing dilution of the flow (debrites passing to high-density turbidites
and eventually low-density turbidites down-dip), other systems show a down-dip progression for non-cohesive flows (depositing turbidites) to flows

that are partitioned into sections with radically different rheology, with the deposits of cohesive flow components increasingly dominating in distal parts.



JensTta BbICOKOTO U CpeaHero (BbICOKOro ypoBHS) wenbga
Inner- to Mid-Shelf (Highstand) Delta
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briok-gnarpamma nokasbiBatoLias reomMopdosiormio pamoHa KOHTUHEHTanbHOro
CKJTOHa N OCHOBHbIE TUMbl 06CTaHOBOK ceammeHTauum (Posamentier, Walker, 2006)



Typbuantbl, obwme NoNoKEeHUA
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DaKkTophl, NOAACPKUBAIOIINE TYPOUIHBIN MOTOK

Factors maintaining the turbidity current
Factors diminishing the turbidity current
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RIPPLED BED _
cnou ¢ pasHoobpasHoii

BOJTHUCTOCTbIO

UPPER FLAT BED
BEPXHUI CNOW C
napannesnbHOW CIONUCTOCTbIO

2 RAPID DEPOSITION,
QUICK BED °?

BbICTPOE OCaXaeHne ocagka

CekBeHuma (umkn) boyma (1962) ans knaccuyecknx TypbuauTos.
MoapasnoenerHune «E» pasgeneHo Ha E(t) (TypbuauntoBblie unbl) n E(h)
(xemunenarmndeckue muHbl) (Posamentier, Walker, 2006)



Bua cekBeHUUM TYypOUONTOBBLIX NECYAHUKOB.
BHM3y necyaHukn 6e3CTPYyKTYpHbIE,

BblLLEe C NapasnnenbHON CITOUCTOCTLHO,

eLle BbllLle — C BONTHUCTON N KOHBOJHOTHOMN
cnonctocTblo. OTNoXeHns naneoueHa
panoHa AHarnbl.

Cnon necyaHuka ¢ napannenbHomn
CNOUCTOCTLI0. BBEPXY MMeeTcs kKocast
CIOUCTOCTb.

OTnoXeHns HWXKHEro mena pavoHa Tyance,
noc. Meccaxan.



Crnon TypbuanToBoro necyaHuka. BHn3y BuaHa
napannenbHasa CroucToCTb, B CpeaHen YacTu
CINTOUCTOCTb C BOCXOAsILLEN BONTHOBOW psibbto
(climbing ripples), a B BepxHen — NOBEPXHOCTb
cpesaHus. OTNOXEHNSA onnroueHa, panoH
Apnepa-KpacHow NonsHebl (3anagHbin Kaekas).




HOunanuponogobHoe Teno B Cnoe nec4YaHmKoB.

Cnown 6bin HacblWeH BOAOM U MMEN HU3KYHO NMIOTHOCTb.
[Nocne aToro cnow nepekpblyics HOBOW CEKBEHLNEN
TypbmanToB 1 B HENNMTUULUMPOBAHHOM MECHaHOM
ocafike Npom3oLo BCNSbITUE NecyaHoro gvanupa.
OTnoxeHna naneoueHa panoHa AHanbl

[MnameBeaHble CTpyKTYypbl (flame structures)
B necyaHunkax. ObpasoBaHbl Npyn BHEAPEHUN
BBEPX Cros necka oboraweHHOro Bogomn.
OTnoxeHnsa HUXHero mena parvoHa Tyance
(noc. Meccaxan).



Cknagkm ononsaHns B MArkOM HeNnMTUAOMUMPOBAHHOM OocaaKe B TypOnamMToBOW TOsLLE
C poHOBbIMU KapbOoHATHLIMK OCagKkamMun B OTIIOXEHUSIX BEPXHErO Mena.
Cknagku ykasblBalOT Ha Hanndune naneockrioHa. PanoH NeneHmxuka (3anagHein KaBkas)




ToHkMe cnou TypomnauToBbIX NEeCYaHMKOB U arieBpOSIMTOB MepecnanBatoTcs ¢
dooHoBbIMU KapboHaTamun. KapboHatel cooTBeTcTBYHOT croto E(h) unkna boymebl




VERTICAL PIPES
3 %2

BepTukanbHble TpybkM B Crioe nec4aHUKoB —
Tpy6kun BbhkuMaHus Boabl (fluid-escape pipes),
ontogueobpasHble cTpykTypbl (dish structures)
pacnonaratTcs Bbile TpyOokK

BbkuMaHus Boabl (Posamentier, Walker, 2006).

Bug cnoxHon cknagvaTton CTPYKTypbl B crioe TypbnanutoBoro
necyaHuvka. [edopmauum, BEpOSATHO, CBA3aHbI C
ananuponoaobHbIM BCMNIbIBAHMEM MECKa, HACbILLEHHOIrO BOAOW,
noa AaBfieHMEM BbilLieneXallunx ocagKkoB.

OnwuroueH, panoH Aanepa-KpacHon lNonsHel (3anagHbin KaBkas)
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Fine-Grained Turbidites
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Fig. 23, Existing vertical facies models of (1) coarse-grained turbidites (Lowe, 1982), (2) classic turbidites (also known as the Bouma Sequence), and
(3) fine-grained turbidites (Stow and Shanmugam, 1980). Correlation of the S, division of coarse-grained turbidites with the T, division of the Bouma
Sequence is after Lowe (1982). Correlation of various divisions between classic turbidites and fine-grained turbidites is after Pickering et al. (1989).

Tpu TUnNa TypbrnamMToB No NAOTHOCTU TYPOMANTOBOrO NOTOKA:
rpy60o3epHUCTLIE, KITacCuYeckme U ToOHKo3epHUcTble (Shanmugam, 2000)
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Tornwa onuroueHoBbIX NeCYaHUKOB C amManbramavuuen
OTAEmNbHbIX CITOEB NECYaHUKOB.

PanoH Agnepa-LLUnnoskn, 3anagHein KaBkas

Ha rpaHuue cnoéB nec4yaHMKoOB C amaribramaumen

MMEETCH rOPU30HT C KnacTtamu rmuH. PanoH Agnepa,
OTNIOXEHUSA onuroLeHa.



Bua navkm TypbmnanToBbIX NECHaAHUKOB C
amManbramaumen otaernbHbIX CIIOEB NECYaHMKOB.
OTnoXeHna HUXHero mena, panoH
eneHgxuka-BospoxaeHne 3anagHbin KaBkas

doTorpadua dparmeHTa paspesa, NokasaHHOro Ha
npeablayLieM pucyHke. BuaHo, 4to Ha rpaHuue crioeB
necyaHVKoB HabnogaeTcs ropusoHT C PacCessHHOW rarnbKOoM.
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Ha nopgowBe cnos nec4yaHukoB Habntogatotesa flute casts
(oTnevaTku xenobkos). OTNOXEHUST ONUrOLIEHA,
panoH Coumn-[arombica

Ha nogowBe cnosi nec4aHUKoB HabnogatoTcA

oTneYaTKn XenobkoB. [JNMHHbLIN NPOTSXKEHHbIA Banuk,
BEPOSATHO, 06pa3oBaH No 6opo3ae co3gaHHOW ABUKEHNEM
dparmeHTa nopoabl; 3TO groove cast (otnevatok 6oposabl).
OTnoxeHusa onuroueHa, pavoH Aanepa
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Tonwa TypbmnanToB CO CNOSIMM KOHIOMeEpaToB C necdaHbiM MaTtpukcom. OTNoXeHus Kennosesi-okcdopaa
panoHa OpmxkoHunknase, Kpbim.



OcagKu TpaHCNpOTa Macc
Mass transport deposits



doTorpaduma onon3HEBOro Tena Ha cywe. XopoLwo BUAHO, YTO B BEPXHEN YaCTU Tena UMELOTCS
MHOro4mMcrieHHble cOpocChl, a B HUXXHEN HabnogatTcs gedopmaumn cxatma. doto X. NocameHTbepa.




Listric narmal faults

Figure 2. Conceptual map showing the main geomorphologic elements and recognition criteria of a submarine landslide from observations in the study area, including main and
secondary headscarps, glide surface, displaced mass, listric normal faults on the head region and compressional folds and inverse faults at the toe of a landslide. D and L are the
height of headscarp and the runout distance, respectively. & and § denote angles of the headscarp and the glide surface, respectively.



OnucTonuT NO3AHEKPCKNX U3BECTHSKOB B
paHHEMErOBbIX BaNaHXUHCKNX Typbuantax.
PanoHn Cynaka, Kpbim

CeTnas ckana obpasoBaHUsA ONUCTONUTOM NO3OHEHPCKUX
N3BECTHSAKOB B PAaHHEMESTOBbIX BanaHXUHCKUX TypbuguTax.
Mo npocTupaHuto oanH BOMbLLOW ONUCTONUT pacnagaeTcs
Ha uenoyky HebonbLumx Ten. fopa Jlarywka, panoH

Cypaka B Kpbimy.



OnucTonuT NO3AHEKPCKNX U3BECTHSKOB B
paHHEMErOBbIX BaNaHXUHCKNX Typbuantax.
PanoHn Cynaka, Kpbim
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Slide block in the 'Schiste a blocs' A
unit (S France) W
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Figure 4. Examples of blocks referred to in this paper. (a) Detail of the lithological character of the ‘schiste a blocs’ unit from the western Alps, SE France. The ‘schiste a blocs’ were
deposited adjacently to a W- and SW-moving series of thrusted alpine nappes that were exhumed and eroded in the Paleogene (Dumont et al., 2012). (b) Rafted block from the
lerapetra palaeoslope, SE Crete. The imaged block is 140-m high and is interbedded with marine sands and clays of Tortonian age (Fortuin, 1977; Alves and Lourenco, 2010). (c)
Blocks from the glaciated margin of Labrador, suggestively triggered by local earthquakes. The width of blocks in this example reach more than 1 km for a height exceeding 500 ms
(200—300 m; Deptuck et al., 2007). (d) Detail of rafted blocks from West Iberia generated during continental breakup (Soares et al., 2014). Top BS refers to the top of a breakup
sequence as defined by the latter authors. LBS refers to Lithospheric Breakup Surface as defined by Soares et al. (2014).



1. Initial slope failure Oversteepened
slope

Initial fragmentation

and movement of blocks
Toe undercutting or

slab movement required
to initiate block fragmentation

2. Translation and buttressing of blocks

Translation of blocks in
mid slope area
Folding and thrusting
of lower slope regions

—

= Generation of chasms
— and fractures in blocks

3. Exhumation and erosion

erosion

Minor movement, block
sinking and erosion

erosion

Angular contact

Figure 16. Model of block fragmentation and movement in SE Crete, highlighting the
structural features formed during specific evolution stages. Modified from Gee et al.
(2005) and Alves and Lourenco (2010).



@ Creeps E Landslides f'& Headscarps -' Canyons

Figure 13. Conceptual model showing the co-evolution of the canyons and associated landslides in the study area. (A) Stage 1, small gullies are formed by initial landsliding on one
or more sites of steeper gradients on the continental slope. (B) Stage 2, successive retrogressive landsliding on the gully heads made the gullies extend upslope to form the initial
canyons. (C) Stage 3, incision makes the canyon walls steeper, which further triggers landslides around the canyons, and the landslides make the canyon widen and/or migrate
laterally. Both events alternate to enlarge the canyons. (D) Stage 4, as time lapses, the canyons mature gradually.



opu3oHT cnamna, o6pasoBaHHOIO OMon3WmUM U Ae3NHTErpupOBaHHbLIM CNOEM MNH
C peakuMmn knactamu kapboHaToB. XOpoLLo BUOHbLI oparMeHTbl CNOUCTbIX MUH. OnuroueH,
panoH Aronckoro nnsxa y r. Tyance




Tonorpacua aHa ¢ KpyrnHbIM  Ornon3HeBbiM NOTOKOM CToperra Ha NacCMBHOW KOHTUHEHTarbHOW OKpaunHe
Hopeerun. Beepxy Tonorpadus ckrnoHa, BHU3Yy bonee pernoHanbHas kapTa ¢ Nokas3amM KOHTYpPOB BCEro
ononsHeBoro notoka (Kvalstad et al., 2005)



doTorpacun ropnsoHToB AEOPMTOB B TOSLLE ONUIOLEHOBLIX MKNH. PanoH Aronckoro nnsbka y r. Tyance
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Paspesbl ¢ ropnaoHTamMu OTIOXEHU TpaHcnopTa Macc (mass-transport deposits).
KaxabI Takom ropu3oHT XapakTpusyeTca xaoTudeckonm cencmodpaumnen. (Posamentier, Walker, 2006)



Turbidite
frontal splay
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Mass-transport complex

OTnoxeHus TpaHcnopTa Macc Yacto 06pasyoT CUCTEMY HaZIBUIOB Ha CKITOHE C MOAOLUBEHHbIM AETa4YMEHTOM
(cpbiBOM). Ha BepxHEM pUCYHKE MOKasaH cermcMunyecknin cnanc (A) ¢ NnonoxeHnem paspesoB N camu paspesbl.
Ha HWKHeM pucyHKe nokasaH CeMCMUYECKUI crnanc 1 paspes K HeMy. XopoLun BugHa reoMeTpus pasfioMmoB
(Posamentier, Walker, 2006).



Bonbwon KaBkas, TamaHb. [onesble AaHHble
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MpUMepbl UHTEpNpPEeTaLMK OTIIOXKEHWIA TPaHCMOPTa Mace Ha ceiicMmuiecknx npodunsx. A. dparmeHT
npodomnsa Ansa panoHa ononsHeBoro notoka Ctoperra Ha KOHTUHEHTaNbHOM CKnoHe Hopeerun.

OTO BEPXHSAS YacTb CKITOHA, AN KOTOPOro XxapakTepHO OMnosi3aHne 1 COMyTCTBYIOLLEE PacCTsHKeHue.

BuaHbl cbpockl, BEpoATHbIE 06NOMOYHbIE NOTOKM (slide debris) n kpynHble ononsiwmne 6roku

(slide block nnn onuctonut) (Solheim et al., 2005). B, C, D. ®parmeHTbl npocunen

ANsa KOHTUHEeHTanbHoro cknoHa CpeausemHoro mops B Napawune (Frey-Martinez et al., 2006).

XopoLlo BMAHbI ONON3HEBbIE NOTOKKM (Slamps), Ha “D” 4eTKo BUAHbI B3OPOCHI U CTPYKTYPbl CXKaTus B NOTOKE.




dparmMeHT cencMmmudeckoro npoduna ans énoka «T»
B Aenbre Hurepa.

A — BeposiTHas Toria OTNOXEHMUI TpaHcnopTa mMacc.

Tak Kak OHa BbIKITMHUBAETCSA BBEPX MO CKITOHY,
TO BEPOSATHO OHa (hopmmpoBanach B

3MNOXY HM3KOrO CTOSIHUS MOpPS, 4N KOTOPOMU
TUMMYHO POPMUPOBAHME OBITOMOYHbBIX NMOTOKOB
Ha CKNoHe. b — rOpM30OHT C KpyMnHbIMUK Tenamu
OMON3HEBOro NOTOKa, HAKMOHHbIE pedneKkTopsbl
MOryT 6bITb B3Opocamu B HUXKHEN YaCTW CKIOH
C HarpoMoXXgeHnem ononsLwmnx Ten.

dparmMeHT cercMmmyeckoro npopunsa ansa énoka «T»
B Aenbre Hurepa. A — BeposiTHaga tonuwa
OTNOXEHUW TpaHcnopTa Macc. Tak Kak oHa
BbIKITMHMBAETCS BBEPX MO CKIOHY, TO BEPOATHO
OHa (hopmumpoBanach B 3MOXy HU3KOrO CTOSHUS
MOpS, ANS KOTOPOW TUMMYHO hOopMMUpOBaHUE
0BNMOMOYHbIX NOTOKOB Ha CKITOHE.

B — ropu3oHT C KpyrnHbIMK Teriamu Onon3HEBOro
NOTOKA, HaKMNOHHbIE pediekTopbl MOryT ObITb
B3OpocamMu B HUXKHEN YacTW CKINoHa

C HarpoMoX4eHNeM ononswunx Ten.



[11. O0;10MOYHBIE TIOTOKHU
(mass transport deposits MTD) :

XpeoThbl,
YCTYIIBI ITaxeoxanana
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dparmeHT cencmmyeckoro npodpuna ans 6noka «T» B genste Hurepa. XopoLwo BUOEH FOPU30HT,
BEPOATHO, NPEeACTaBMEHHbIN OMNON3HEBLIMIU NOTOKaMK (ocagkamu TpaHcnopta macc). Npasee
HabnogaeTca Teno TMna 3axopOHEHHOrO MPA3EBOro ByfkaHa

A.M. HnknwuH, B. HUKUTUHA
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Cnanc no cencmmyeckoMy Kyby ons cknoHa sana Lartckoro B YepHom mope (A)
n cencMmmndeckumn paspes Kk Hemy (b). Ha pucyHke A NyHKTUPOM OKOHTYpPEHDI
OTAerbHblE BEPOATHbIE ONUCTONUTOBbIE Tena. CTpenkon nokasaHo O4HO U

TOXe Teno Ha cnance u paspese (Mutiokos n gp., 2012)



——

Vertical section

Debris “Clasts” Near Top of
Mass Transport Complex

CencMnyeckmii BpeMeHHOM cnanc n paspes K Hemy,
MOKa3blBalOLUIN OTNOXEHUS TpaHCNopTa Macc C
MerakniacTom (onMCToNnTOM) WnpuHon Gonee

500 meTpos (Posamentier, 2006).
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Cencmmyecknin BpEMEHHOW Crianc, NOKa3sbiBaOLLNIN OTNIOXKEHUS TpaHCNopTa Macc C
Merakfiactom (ofIMCTONNTOM) AFMHON OKONO 4 KM 1 pa3pesbl BAOMb U nonepek onuctonuta (Posamentier, 2006).
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oflaraemblin 3ckapn oTpbiBa Ha 3anage
inferred headwall scarp to the west

Mpean

KapTa korepeHTHOCTH ‘324 MCEK HWXe Ha MOops)
Coherence map of the studied landslide (324ms below the seafloor)
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Cnanc anAa oTnoXeHU cnamna

E. Alfaro, M. Holz / Marine and Petroleum Geology 57 (2014) 294311 303
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Figure 12. Slump deposit_4 shown by timeslice 1360 ms. A) Uninterpreted timeslice. B) Slump deposit_4 with an elongate lobate morphology, smoothed and slighlty wavy
boundaries and low-amplitude, low continuity reflections with some scattered high-amplitude and high continuity reflections. Location of seismic profile YY'.



Cnanc anAa oTnoXKeHunn aebputos
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Figure 16. Debrites as shown by similarity attribute near to 2336 ms. A) Uninterpreted similarity timeslice. B) Rafted blocks correspond with coherent blocks embedded in a chaotic
matrix. Shallow-seated headwall delimited by arcuated lineaments.
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) dmulon

North

Figure 19. Similarity in sea floor. A) Uninterpreted similarity showing location of profile XX" and Figure 20 in black square. B) Mixed slumps-turbidites-debrites_1 (MSTD_1) and
associated structures and depositional elements. This deposit suggests a flow direction to northwest. C) Slumps in timeslice 2336 ms showing a flow direction from south to north.



Typeukuin cektop YepHoro mops. [oagBoAHO-CK/IOHOBbIE NPOLLECChI
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Bua Ha paspese n cencmmyeckom cnamnce ononsHeBoro Tena lNoHrye. KOHTUHeHTanbHaa okpavHa
OkBaTopuanbHon BuHen, 6ok
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Headwall Translational Domain Toe Domain

Domain O6nacTb nepemeLLeHms ®poHTanbHas YacTb
BepxHss yactb

. Mogenb oopmmpoBaHnsa 0cagikoB TpaHcnopTa Macc (mass transport complex) (Bull et al., 2009).

1 — BepxHUI ycTyn (dcKkapn) oTpbiBa, 2 — BrokM 0bpasoBaBLUMECS B MPOLECCaxX PacTsKEHWUS,

3 — 6okoBble rpaHnubl, 4 — pamnbl U ONaTbl MOBEPXHOCTM AeTayMeHa (CKONbXeHUs),

5 — 60po3abl BOOMb NOBEPXHOCTU CKOMbXEHUs, 6 — 60po3abl Co3qaHHble ABMKEHMEM KNAcTOB (ONIMCTONNTOB),

7 — OoCTaTo4YHble He nepemelleHHble Briokn, 8 — nepeMeLleHHble 6okn (KnacTbl, ONUCTONUTLI),

9 — onuctonuTbl (KNacTbl) BO poHTanbHom Yactb, 10 — cknagku, 11 — otaenbHble KpynHble NPOAOSIbHbIE CABUIN,
12 — cTPYKTYpbl Te4YeHus, 13 — rpsagbl-CKnagkM B 30HE TOPMOXEHUS NOTOKa, 14 — cknagyaTo-B36pocoBasi 30Ha



KaHa/ZibHble cuctembl
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Fig. 5. A) Dip magnitude of the present-day seafloor based on 3D seismic data, showing themorphology. Location in Figs. 1 and 4. B) Detail of the highlighted area illustrating deformed
pockmarks and scour/dune field related to the re-circulated (southward flowing) AAIW (R-AAIW) and Upper Circumpolar DeepWater (UCDW) circulation (courtesy of BG Group).Main
submarine canyons-systems (SCS); drift deposits (D1, D2 and D3); contourite terraces (T2 and T4) and mass-transport deposits (MTDs) is indicated.
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Figure 18. Seismic geomorphology interpretation from application of similarity attribute in the sea floor. Diverse depositional elements and structures composed of incised
channels, four lobate mixed slumps-turbidites-debrites, pressure ridges, escarpments, linear ridges, and mud-cored periclines associated to a slope basin. Mixed slumps-turbidites-
debrites are connected to feeder channels, are broadly spreaded and sligthly affected by structures suggesting an unconfined setting. Transport direction is toward northwest.



Basin Floor
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A. Obwas moaenb KaHanbHOWM CUCTEMbl HA KOHTUHEHTaNbHOM CKITOHE.
A. MoanduuupoaHo no N. Jones. b. MoanduumposaHo no Beaubouef et al., 1999.



Cxemartnyeckue paspesbl Yepes KaHbOH (A)

N CKIoHoBbIN KaHan (B). OcagoyHblie npolecchl
B KQHbOHE LIEMMKOM OrpaHuUYeHbl ero CTeHamu,
ocafKu neBun He 06pasyoTCa BOKPYr KaHbOHa.
HaobopoT, B kaHanax ocagku He orpaHnyeHbl
ero cteHaMm 1 ocagkum Tuna fnesu
HabnogalTca BOKpYr KaHana

(Posamentier, Walker, 2006).
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: Mass-transport deposits
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KaHboH Muccucunu. Beepxy nokasaH paspes Yyepes3 COBPEMEHHbIN KaHbOH.

OcHoBHas 4YacTb KaHbOHa 3arnofiHeHa OTNIOXKEHUSIMW TpaHCMNopTa Macc,

a B ero OCHOBaHUW BblAENSAETCS yMEPEHHO MeaHaPUPYOLWKUIN TypOMaANTOBLIA KaHan (pycno).
BHKM3y nokasaH pa3pes Yyepes TOT e KaHbOH U cnanc K Hemy. [ns TypbnantoBoro KaHana B
OCHOBaHMM KaHbOHA XapaKkTepHO 3anosfiHeHne TypOMaANTOBLIMU NeCHaHUKaMM.

Ha cnonce BuaHo, 4To ANs Kpaée kaHbOHa TUNUYHO obpasoBaHMe CrnamnoB

(ononsHesbIx NoTokoB) (Posamentier, Walker, 2006)
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dparmMeHT cencMmnyeckoro Npodmng ans ogHoro n3 kKaHboHOB AernbTbl Hurepa (bnok «Ty).

BugHo cxoacTteo ero CTpOeHNA C KaHbOHOM Mwuccucunn.
BepomHo, KaHbOH B 3HAYNTESNbHOW CTEMNEHW 3arnOfHEH OTIIOXEHUSMM TpaHCcnopTa Macc.

A.M. HnKnwwuH, B. HUKntnHa




[~ 3000.0

4000.0

Inline

4000.0 -

Penbed aHa KOHTUHEHTaNbHOro CKIoHa JkBaTtopuansHon BuHen (bnok “U”) (BBepxy) n kapta RMS amnnutyq
Anst nHtepeana gHo + 50 mcek. BuaHo, 4To KaHanb! B LENOM NpPAMONNHENHbIE, 6e3 meaHap. BuaHbl oTaenbHble
KpaTteponogobHble dopmbl. ATO NokMapku (pokmarks — ocnvHbl), Kpatepbl 06pa3oBaHHbIE NPOpbIBaAMM ra3oB Unu
GonoMaoB; NHOr4Aa OHM BbICTPaMBaOTCS B LIENOYKM. Ha KapTax BUOHO, YTO MHOIMME KaHasbl Ha4MHaKTCA

Ha CKITOHe.



Pockmarks - kpatepsbl, 06pasoBaHHble
rpopbiBamMy rasos 1nu nNoMAOB

Llenoyka pockmarks BO3MOXHO
Hag TPeLLHoOM /

Llenoyka pockmarks

yHe KaHana

Cucrema kaHanoe
BAOMb NOAHOXbLA AeNbThI

ProSDM_time3_Scmblancc2
Tuva

- Kanan LleHTpanbHbii,
Kanan KOxHbIn BEPOSATHO,

i nacuBHbIN
Penbed 4acTtb genstbl Hurepa, nokasaHHbIM B BUOE KapTbl KOrepPeHTHOCTM.
BuaHbl B Lernom npsMmonuHenHble kaHasbl. LUnpoko pacnpocTpaHeHbl MOKMapKu.
NHorga oHn obpasytoT LenoYvkn Ha AHE KaHarnoB.

A.M. HuknwuH, B. HUKUTHHa



Margin of
aleo-Canyon

Bua kaHanoB Ha kapTe 1 pa3pesax Ha KOHTUHEHTanbHOM CKroHe 0. bopHeo B panoHe fernbTbl peku
Makaxam (Saller, Dharmasamadhi, 2011). BuaHo 6onbLlioe pasHoobpasne opm KaHanoB Ha CKITOHe



[1Ba TMna KkaHanoB Ha KOHTUHEHTalIbHbIX OKpaunHax

2. KaHan obpa3oBaHHbIN
Ha CKNOHEe B XO4€e rpaBMTaLMOHHOIO
onona3anusa. ObbI4HO KaHan
3anonHAEeTCH MUHNCTbIM MaTepuanom.
Nec4yaHnkoB 0ObIYHO HEe ObiBaEeT

1. KaHan, cBsi3aHHbIN C
peYyHOn CUCTEMOM Ha CyLue.
C kaHanomM MoxeT 6bITb CBSA3aHa
TypbuanToBasi cuctema ¢ necyaHukamm

[1Ba Tuna KaHanoB Ha KOHTUHEHTANIbHOM CKITOHE MO XapakTepy Hadana ux obpasoBaHus.
[MepBbIN TN KaHAOB CBA3aH C PEYHOM CUCTEMOW Ha Cylle, BTOPOW —HeT.



C"r]laanri\r? I Channel

slu p axis
* Downslope turbidity currents

b Overbank turbidity currents

Bottom currents

FIGURE 4.4 Conceptual model showing the spatial relationship between downslope turbidity
currents and along-slope bottom currents (i.e., contour currents). Wind-driven, tide-driven, and
internal tide-driven bottom currents are not shown. After Shanmugam et al. (1993a), reprinted
by permission of the American Association of Petroleum Geologists whose permission is
required for further use.

Mogenb obpasoBaHus TypOMANTOBOM CUCTEMBI C IEBU N KOHPYTHBIMU TEYEHUAMMU.

TypbnanToBbI NOTOK ABMXKETCS MO KaHany M Ha gHe kaHana opMupyeTcst ocagok.

Ho TypbuagmtoBoe «obrnako» HaMHOro LWMpe KaHana, 1 13 aToro «obnaka» Takke BbiNagaeT 0Ccafok,
obpasya neswu (Ban). [JoHHbIE MOPCKME TEYEHUS MOTYT LUMPOKO PasHOCUTb MaTepuan TypbuamtoBoro
«obnaka», obpasyto ocago4Hble Nopoabl, HasblBaeMble KOHTYypuTamu. Mogenbs no (Shanmugan, 2000).
[etanu gaHHOM Moenu OCTarTCA OUCKYCCUOHHbBIMMW.
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MCMUYECKNX paspesax.
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Bua obeanoBaHHbIX KaHanoB (leveed channels) B penbede gHa Mmops 1 Ha ce

[anHble CGGVeritas.



0Caj04HbIE BOSHbI obBanoBaHHbIV KaHarn

Sediment waves Leveed channel
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A — mudflow dep05|ts (chaotic mternal faC|es) early stage of forced regressuon B — turb|d|ty-f|ow frontal splay (well-defined
parallel reflections): late stage of forced regression; C — leveed channel and overbank facies (high-amplitude reflections
associated with the sandy channel fill and weak reflections/transparent facies associated with the finer grained overbank
deposits): lowstand normal regressive and early transgressive deposits; D — mudflow deposits (chaotic internal

facies): late transgressive deposits. Note the gradual progradation of gravity-flow deposits into the basin from A to C, and the
retrogradation from C to D. Sequence stratigraphic surfaces: 1 — correlative conformity sensu Posamentier and Allen (1999);
2 — correlative conformity sensu Hunt and Tucker (1992); 3 — maximum regressive surface (cryptic, within

an undifferentiated succession of low-density leveed-channel turbidites); and 4 — maximum flooding surface.



TYPEUONTBI, YTOHYAIOLLIMECH BBEP.
(paumnn A u B)

OMOJI3HA
(Pauug F)

OBJIOMOYHBIE MOTOKK
(Pauug F)

FTEMUNENATUTHI
(Paums G)

KOMBUHALINA
(Pauuu A, B, F, G)

[Mpumepbl ceanmeHTaummn B CKIoHOBOM KaHane. (Shanmugam, 2000)



Bua obHaxeHus CKNOHOBOro kaHana-1 onuroueHa (Markonckasa cepusi). Tonwa nec4aHMKoOB TonLwnHON 6onee
4  MmeTpa 3aneraet Ha TepbMANTOBbLIX MMMHAX CO CIIOSIMU NECYaHUKOB. NMecyYaHUKn BbIMNOMHAOT YacTb
naneokaHana.

B HMX MMeroTCA NMH3bI NECYAHMKOB U 3NIEMEHTbI KOCbIX cepuii. [lecyaHnkm HeoaHOPOAHbI U coaepXXaT
paccesiHHble Mernkue dparmeHTbl MuH. [Nayka necyaHnkoB obpasoBanachb 3a CHET amanbramaumm

MHOIMX CroéB necyaHunkoB. VimetoTca pparmeHTbl obyrnmeLienca apesecuHbl. PanoH c. LLnnoska



Bug obHaxeHnsa CKNOHOBOro KaHana-2 onvroueHa
(mankonckasa cepusi). BBepxy nokasaH oOwmin Bua obHaXXeHus:.
Bbigensaetrca Tpu nayku. Nayka 1 — nepecnavBaHve
ManoOMOLLUHbIX TYPOUOUTOBBIX NECHAHUKOB U ITIVH.

Mayka 2 — Tonwa aebputoB ¢ bparmMeHTaMm HeoKaTaHbIX
ocaflovHbIX nopog, TonwuHa 1,5 metpa (cpegHee ¢oTo).
Mayka 3 — Tonwa 6e3CTyKTYPHbIX NECHAHNKOB (HWXKHee ¢OTo);
B 9TOM Nayke MMEKTCA TOHKME NPOCIION MUH N TOPU3OHTaMm
C HeOKaTaHHbIMW KnacTtamu MuH.

[Mayka obpasoBaHa amanbramaumen HeCKONbKUX

CNoés necvaHunkoB. PanoH c. LLUunoska.




Bua naykm necyaHukoB kaHana-2. Beepxy — o0wmin Bua nayvku, BHU3Y — B NECHaHMKax UMEKTCS
CNOW MWH 1 OTAENbHbIE KNAacTbl HEOKaTaHHbIX PparMeHToB rMuH. KnacTtbl rmMmMH obpasoBaHsbl
npw BbiNaxmBaHUn TypomnanUToOBLIM NOTOKOM AHA KaHana, CrOXEHHOro riMHamm



Bug naykn necyaHnkoB kaHana-3. Beepxy — obLwunn Bug nayvkm necHaHKoB.

BHuM3y HabnogatoTca necyaHnkn 6e3CTpyKTypHble (MacCUBHbLIE) TOMLWKWHOM Bonee

5 MeTpoB, BBEPXY OHU NEPEXOaAT B TOHKOCIOUCTbIE NEeCHaHWUKN,

a ewle Bbllwe (Ha (bOTO He BUAHO) B NavKy TOHKOCOUCTOrO nepecnanBaHnsa nec4aHuUKoB U MMnH.

Ha HxHen dhoTorpadmm nokasaHa rpaHuLa MacCMBHbBIX M CIIOMCTbIX necvyaHukos. PainoH c. LUnnoska.



Bua Tena cknoOHOBOro KaHarnbHOMo necyaHuka ¢ BHyTPeHHeW nNuH3om necvaHuka. KaHan-4. PainoH c. LlLnnoska




dOTO CTPYKTYp NecyHaHUKOB KaHana-4. Ha BepxHux poTorpadomsix BUOHbI KnacTbl 0CaA04HbIX MOpoa
B NecyaHuKax, Ha HWKHUX — obLas rpybo3epHUCTOCTb NECHaHUKOB N UX NSIoXad COPTUPOBKA.
BuaeH otnevaTtok nuctuka.




B kennosenckmnx (Cpeﬂ,HePOpCKMX) rMuHax HabngaeTcs NMH30BUAHOE TENO, BbINOMTHEHHOE niacTamu

nec4aHMKoB U MNH. BepOﬂTHO, 3TO 3anoriHeHne narieokaHarsa.
OTmMeTnM, YTO TOrMLWKMHA Nec4yaHnka B OCHOBaHUN JINH3bI BBEP3 6bICTpO YMEHbLUAETCH,

OH 3anorHun y3KMl71 KaHan Ha aHe GaccenHa.



Mogens oGpaaoaaHMu W 3aNONHEeHUs KaHana B ManKonCKMUX rmmHax

1. PopmupoBaHVE CrOUCTON TONLUMN FMNH

2. ®opMnpOBaHME 3PO3MOHHONO KaHana

non3aHuwe Ha CKNnoHax KkaHana

4. 3anonHeHve kaHana HOBOW CEepueit CIOUCTbIX MaUKONCKUX MUH
(TaK kak B 0BHaXeHUM Mbl BUAWUM TONbKO Kpaw KaHana, To He W3BECTHO,
eCTb N1 NECYaHUKN B OCEBOW YacTu naneokaHana)

®oT10 noneBoro o6HaXXeHNs ManKorncknx rmuH B Abxasnu.
B Tonwe rnuH Habnogaetcs 3p03VIOHHbIl71 KaHan
TakkKe 3anosIHEHHbIW rMUHaMN.



2004 AAPG International Meeting (Cancun)

Zafiro Field Zafiro Field Stratigraphy
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Cencmunyecknu paspes un ctpaturpacdus mectopoxageHma 3adupo.
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OBonouns KaHanbHON cucTembl 3acpmMpo BO BpeMEHN,
3aMEeTHO YBenu4eHne CUHycouaanbHOCTU
reoMeTpum KaHanos.



Cnancbl cnekTpanbHOM AeKOMNOo3nuumn ans panoHa
kaHana Asyputa. BepxHui cnanc nokasbiBaer,

YTO KaHas CBepxy NepekpbIT O4HOPOLHOWN TOMLEN,
BEPOATHO — MUHOW. Ha HWXHeM cnance 4YeTKO BUOHbI
MeaHapupyloLwne pycna. 970 yKka3blBaeT Ha To,

4YTO B aKTUBHOW CTaguu pasBUTUA MO KaHany
TpaHcnopTupoBancs TypbnguToBbii maTepuan u
KaHan anutensHo passuBarncsd. KaHanbHas cuctema
MOXET UMETb KaHanbHble necyaHble Tena.

A.M. HnKnwwuH, B. HUKnTHHA



Cnaicbl cnekTpanbHOM AeKOMNo3uunmn Ans kKaHanbHoOW cucteMbl [luontas. Ha cnancax 4€Tko BuaHa
CUNbHO MeaHapupyloLLasa CUCTEMA Pycer, U3 3TOro BbITEKAET, YTO MoK hopMmpoBaTbCAa Tena
KaHanbHbIX NMEeCYaHMKOB

A.M. HnKknwwuH, B. HUKnTHHA



Disorganized

(HeOpraHu30BaHHbIN)

Organized
(opraHu3oBaHHbIN)

Bug Ha cencmmnyeckom cnamce «HeopraHM30BaHHOIO» U «OpPraHM30BaHHOIO» KaHanosB
(Posamentier, Walker, 2006)



Ha cencmunyeckom crnamce (A) XopoLlo BuaHa MeaHapupyroLas cucteMa KaHana c nesu.
Ha cencmudeckom npodune n ero MHTeppeTaLmm YeTKO BUAHA faTeparibHaa akkpeuus,
4YTO ABNSETCH TUMUYHBLIM NS «OpraHU3oBaHHbIX» KaHarnoB (Posamentier, Walker, 2006).
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CneBa nokasaHbl iBa CEMCMNYECKN3 BPEMEHHbIX crnanca Ana Mankonckux OTrnoXeHun TyancuHckoro npormnba
UepHoro mop4, cnpasa nokasaHbl paspesbl K HAM U UX nHTepnpetauun. Meangpuvpyowas cuctema Beepx

Mo pa3pes3y MEHSIET CBOK reoMeTpuIo U TUNMYHO BokoBoe HapalmBaHue (lateral accretion),

YTO CBMAOETENbLCTBYET B MOMb3Yy TOro, YTO KaHan «opraHnsoBaHHblny (MuTtiokoB n gp., 2011, 2012).



Bua kaHana c nesu Ha gHe MekcukaHckoro 3anvea. KaHan goopmMupyeTcs Ha NOOHATUM,
obpasoBaHHOM ocagkamu nesu (Posamentier, Walker, 2006)
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3 Interpretation

Mogenb CTpoeHus KaHarnoB C fieBU, NOCTPOEHHAsi Ha OCHOBE MOosSiEBLIX PaboT N0 U3y4eHUIo
KaHarnbHbIX komnriekcoB B KanndgopHum (Posamentier, Walker, 2006)
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Cxema cTpoeHus kaHana c nesu (leveed channel) ¢ paspe3om. Paspes nokasbiBaeT, YTO TypOMANTOBbIN
NOTOK pacnonaraetcsa Hag rpebHem nesu. B mectax nsrnba kaHana TypobuanToBbIn NOTOK MOXET
npogorkaTtb NPAMONMHENHOE ABWXKeHMe U 06pa3oBbiBaTb 0CaA0K Ha MOBEPXHOCTU NEBU C NOBbILWEHHbLIM
KonuyecTtBoM necka (overbank deposits — oTnoXeHNa NoBepx NOGHATUSA, HANOXEHHbIE OTIIOXKEHUS).



Ha cericmmnyeckom cnarce HabnogaeTcsa Kak U3 OCHOBHOIO
KaHana npousoLlest NpopbIB MaTepuana B 30He
C KOHycamu npopbiBa (crevasse splay).

Bug Ha cemcmmnyeckom cnamce 30Hbl
C KOHycamMu npopbiBa (crevasse splay).



Sand:Mud

l'otal flow height ngh
(i.e., height of low-density +
high density columns)

. Levee height
b I
L ]
~ o dteanti I
Heiol -~ Potential overbank
2TCF L .

eight . sediment supply - I y
k= i 1 2 ;\
25 AR
5 g I 5 EZ
o & S57
g il
7 | zZ:¢
Q =,

L] — - - =]

= o -
gL l-ﬂwlal.l.l.nlqa_l

- ¥ [ow

Distal

Proximal Distance Down-System
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(L.e., Height of high-density |:>

column within turbidity flow)
Mogernb nsmeHeHnsa TypbnamntoBon cuctemMbl BHU3 Mo ckrnoHy (Posamentier, Walker, 2006).
Effective flow height — BbicOTa BbICOKOMMIOTHOM KOSTOHHbI TYpOuanMToBOro noToka,
levee hight — BeicoTa neBw, total flow height — o6was BbiCOTa KOMOHHbI BLICOKOMSIOTHOMO U
HW3KOMSIOTHOrO NoToKa, potential overbank sediment supply — 30Ha NnoTeHLManbHOrO NPMBHOCA
ocagKkoB 3a c4eT oBepbaHKa (HanOXeHHbIX CBEPXY OOMOMHUTENbHbLIX OTNIOXEeHUN). Single leveed channel —
OOMHOYHbIE KaHan ¢ nieBun, sand:mud — COOTHOLLEHNS NeCHaHOro U rMHUCTOrO MasTepuana B TypbugmMTtoBom
notoke, frontal splay (distributary channel complex) — dopoHTanbHbIM KOHYC BbIHOCA C BETBALLMMCS KaHasbHbIM

komnnekcom. Proximal — npokcumanbHble TypouanTsl, distal — guctanbHble Typbuantel. B Touke nepexogao
KaHana c nesun K @poHTanbHOMY KOHYCYy HabniogaeTcs OTHOCUTESNbHO HanborbLlee KONMYecTBO necyaHom

dopakumm.
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Mogenun 3aBUCMMOCTU MNONOXEHUST «TOYKM Nepexoday (transition point) B 3aBUCMMOCTM OT COOTHOLLEHUS
nec4aHoWn W rMUHUCTOM dopakumn B Typbugmtosom notoke. (A) Npu BbICOKOM OTHOLLEHUKM TOYKa nepexoaa
MOXET BbITb BnvKe K cylle, a NPy HU3KOM — B HUXKHEN YacTW CKINoHa nnu BoobLle OTCyTCTBOBaTb

(Posamentier, Walker, 2006).
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KaHan ¢ nesu

CencmMmunyeckmin cnamc, Ha KOTOPOM YETKO BUAOHA
nepexogHasi Touka K OpOHTarbHOMY KOHYCY
BblIHOCa (Posamentier, Walker, 2006)

Cenicmunyecknii cnanc un paspes K HemMy, NnokasbliBatoLime
n3obpaxeHne nepexoqHom ToYkK (transition point)
(Posamentier, Walker, 2006
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Mogenu 3aBUCUMOCTN NEPEXOAHON TOYKM OT COOTHOLLUEHUSI NecYaHOW U IMUHUCTON dopakuumn B

TYpOMANTOBOM MOTOKE U OT UBMEHEHUSA KPUBU3HbI CKNOHA. YBENMYEeHNe KPMBU3HbI CKITOHa BEAET K MUrpaumnm
nepexoHON TOYKM BBEPX. YBENMYEeHMe OTHOLLEHUSA necyaHon dopakumn K IMUHNUCTON BEOET K TOMY Xe aPdeKTy.
(B). NMepexon TypaMAMTHOrO NOTOKA OT KaHana ¢ nesu B gHy 6accenHa. (C). MNpu goctmxeHnn gHa 6accenHa
nateparbHO (B pa3Hble CTOPOHbI) HanpaBSieHHbIE BEKTOPbLI ABUWXEHNSA PE3KO YBENMNANBAKOTCS.

OTO NPUBOAUT K OTNIOXKEHUSAM KOHYCa BblHOCA Ha AHe. HeoxnaaHHble npenaTcTBus TypbuautoBoMy NOTOKY

Ha CKJTOHEe MOryT MPUBOAUTL K U3MEHEHUSM MOnoXeHus nepexogHon Tovkn (Posamenrier, Walker, 2006)



Mpumep 3L cencmmnyeckoro n3obpaxeHust NepexogHoON TOYKM M KOHYCa BblHOCA A5 OTNOXEHMIA MaKkona
TyancuHckoro npornba B YepHom mope (MutiokoB 1 gp., 2011, 2012)
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TypbugntoBas cuctema nonepek TyanCUHCKOMY nNpormby ¢ KOHYCOM BblHOCA
3[] Bn3yanusaumsa n cnanc co cnektpasbHon gekomnosuumen (MuTtiokos n gp., 2012)




[MpumMepbl NONOXEHU NepexogHON TOYKM AN KaHana genbtbl Hurepa (6nok «T», kaHan CeBepHbIi).

A.M. HnknwwuH, B. HUKnTHHa
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Mpumep MeaHOpUPYHOLLIEro KaHarna, Npoxoasuwero BAosib Tpora KpaeBoro TyancuHCKOro npormba.
He acHo, ecTb nu cuctema «nesu» (Mutiokos 1 gp., 2012)



bnok-gnarpamma penbea gHa NnogHOXbsA AerbTbl
Hurepa B panioHe mectopoxaeHust 3adoumpo.
XOpoLo BUAEH NPoaorbHbIN KaHan ¢ CUCTEMOW
«nesBmn»

Kapta RMS-aHomanuin gna penbeda AgHa
nogHoXba aenetbl Hurepa. bnok «T». MNpoaonbHbIA CKNOHY
KaHan siBNAeTCs CUCTEMOM KaHasl-fieBu, NokasaHHOW BbiLLE.

[laHHbIN KaHan akTUBEH B HacTosLlEee BpeM4A, CKITOHOBbIE KaHan
A.M. HMKMLUMH’ B. HUknTHHa MouTn BCe aABNAIOTCS oTmMepunMmn
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"cCC-TURBIDITE"

Climbing ripples Convolute lamination

HAnarpamma nokasblBatoLas gsa Tvuna TUHKOCNOUCTbIX TypbuguTtos. Ons tuna “CCC” TUNUYHbI
climbing ripples (Bocxogsiasa BosiHoBas psibb), KOHBOSKOTHAS CIIOUCTOCTb U pa3opBaHHbIE KIacTbl MMNH.
[1ns BTOpOro Tuna xapaktepHa kocasi criouctoctb. Tun “CCC” 6onblle TUNMYEH NS OTNIOKEHUN NeBu,

a BTOPOW — Ans AUCTanbHOM YacTu OTIOXKEHUIN KOHYCOB BblHOCA Ha 6accenHOBOM OHE
(Posamentier, Walker, 2006).
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TypbuautoBbi KOMNEKC C KAaHA/IAaMU U Z1IeEBU

E 28° E 30° E 32°

Lericolas et al., 2007, 2010
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3aXOpOHEHHbIe cnucrembl KaHan-nesu




(Babonneau, 2002)
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Modified from work by Stow et al. (2008); with permission from Elsevier.
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Fig. 3. Schematic model showing ideal, large-scale differences between contourite drifts and channel-levee systems. (NS %
Modified from work by Rebesco (2005); with permission from Elsevier. ey | P,
[ clay [ sit [] fine sand [ medium/coarse sand

Fig. 1. Conceptual diagram showing the three main types of sedimentary processes operating in the deep sea (within the triangle) and the facies model of the respective depositional
products.
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SERENADE cruise, with interpreted section, showing an elongate mounded drift on the slope north

of Sahkalin Island. It progrades upslope, the direction in which the dip of the internal reflectors at its frontal zone gradually in-
creases. The drift body is underlain by downslope-prograding lowstand deltaic wedges (seismic facies 5). See Fig. 1 for profile lo-

cation.
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a. Location map showing Expedition 339 sites (yellow solid circles) in the Gulf of Cadiz and West Iberian margin. Note red line
through Sites U1386 and U1387 showing the position of seismic profile shown in Fig. 24b. Map from Hernandez-Molina et al.**. b.
North-South seismic profile of the Pliocene-Quarternary Faro Drift showing parallel reflections, Gulf of Cadiz. See position of this profile
in Fig. 24a. See calibrated core intervals in two Sites U1386 and U1387. BQD = Lower Quaternary seismic reflector; M = Messinian seis-
mic reflector. Modified after Alonso et al.*!,

Fig. 10. Examples of three large contourite drifts: A) Eirik Drift, Greenland margin, northermn hemisphere; B) Faro-Albufeira Drift, Gulf of Cadiz margin, northern hemisphere (Llave et al.,

2001; Brackenridge et al., 2013; Stow et al., 2013a, Seismic line provided by REPSOL Oil for this work); and C) Agulhas Drift, Transkei Basin, southern hemisphere.

Panel A: from Hunter et al. (2007b) and Hernandez-Molina et al. (2008b); with permission from Elsevier; Panel C: Niemi et al. (2000), with permission from Elsevier.



Bua Ha cencmmyeckmx npodunnax

H. Li et al. / Marine and Petroleum Geology 43 (2013) 370—380 375
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Figure 5. Giant elongated drift in southern Dongsha Islands. A: Mounded, parallel to subparallel, moderate to low, low continuity seismic reflection. Note converging feature in the
moat, upslope migration. B and C: NE-migrating characteristic, wavy seismic reflection (C from Wang et al., 2003; Shao et al., 2001; modified). See Figure 2 for profiles locations.
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Fig. 11. Ancient contourite outcrops (A & B) of the Lefkara Formation, Cyprus (courtesy of D.A.V. Stow, Heriot-Watt University, UK).
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Fig. 13. 3D sketch depicting the possible oceanographic processes in deep-water environments. The velocity at the seafloor can be affected by density currents and overflows, as well as
by barotropic currents and by intermittent processes such as cascading, giant eddies, deep sea storms, vortices, internal waves, internal tides, tsunamis, cyclone waves, and rogue waves
(for further explanations, see text).
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) Contourite fan

PATCH DRIFTS
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Fig. 16. Sediment drift types and inferred bottom-current paths.

Modified from work by Rebesco (2005), and by Hernandez-Molina et al. (2008b), with permission from Elsevier. The original classification was
adapted from Rebesco and Stow (2001) and Stow et al. (2002a).
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Fig. 17. Main characteristics of areal and linear, large-scale contourite erosional features.
Modified from work by Hernandez-Molina et al. (2008b) and by Garcia et al. (2009), with permission from Elsevier.
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Fig. 18. Bedform-velocity matrix for deep-water bottom current systems, showing a schematic representation of bedforms in function of mean grain size of sediment versus flow velocity
at or near the seafloor.
Modified from work by Stow et al. (2009), with permission from the Geological Society of America.
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MAIN TYPES OF PRIMARY SEDIMENTARY STRUCTURES IN CONTOURITE DEPOSITS
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Fig. 19. Main types of sedimentary structures in contourite deposits.
From Martin-Chivelet et al. (2008); with permission from Elsevier.



CTpYKTYypbl TOPMOXKeHMA ocaaKa (traction features), Kak
NHAMKATOPbI NepeMblBa Necka AOHHbIMU TEYEHUAMM
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Fig. 20. Traction features interpreted as an indication of bottom-current reworked sands (BCRS).
Modified from work by Shanmugam et al. (1993b) and by Shanmugam (2008 ), with permission from Elsevier.



CTaH,EI,apTHaFI moagesnb cbau,m‘/i KOHTYPUTOB CBA3adHHAA CO CKOPOCTAMU BOAHbLIX MOTOKOB

M. Rebesco et al. / Marine Geology 352 (2014) 111-154
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Fig. 24. Standard facies model of contourite sequence, linked to variation in contour-current velocity.
From Stow and Faugeres (2008), based on the original figure from Gonthier et al. (1984); with permission from Elsevier.
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Fig. 25. Modifications and variations on the standard contourite facies models, showing the range of contourite facies, sequences, and partial sequences commonly encountered

in contourite successions.
From Stow and Faugéres (2008 ); with permission from Elsevier.



M. Rebesco et al. / Marine Geology 352 (2014) 111-154

135

Type of deposits Grain size Characteristics I Sed. Structures
50 % Clays | Rare laminations
Muddy contourites 5-11 @ <15 % of sands_ ) | Bioturbatiion
0 3% i <20 -30 % of bioclastic and / or carbonate components  Indistinct mottled appearance
m £ Homogeneous & highly bioturbated
- ) - Poor sorting o
o< 40 - 60 % Silts | Tractive structures (ripples, sed.waves)
2 Silty contourites 4-8¢ | Interbedded between muddy & sandy contourites | Bioturbational mottling
(@] Poor sorting | Ichonofacies
0.063-0.004 mm | :
FZ- : L Sharp to irregular tops and bases |
o | Sheeted to wedge beeding T s
() Sandy contourites 1-49 | Well-sorted deposits, but can be poor to moderate | lamination, cross-lamination, ripples, etc)
wn 9 2-0.063 mm | Mixed siliciclastic / biogenic composition | Bioturbation (sub.vertical burrows)
[ ': Heavy mineral concentration | Massive layers (structureless)
o v Normally does not | Both positive & negative grading i Erosional or gradational contacts
(%) s exceed fine sands | Gradational or erosive contacts |
2 o | From previous turbiditic deposits | Tractive sturctures (e.g.: horizontal
w Bottom current | Rhytmic layers | lamination, low-angle cross lamination;
ra) reworked sands (BCRS) | Lenticular bedding | mud-offshoots in ripples,
i CWeII sorted P | mud-drapes, flaser, etc]
oarsening upward sequences
[ = Sharp to gradational bottom contact and sharp
E . . | (nonerosiona) upper contactl | o
= 190 Winnowing & erosion (channels, moats, etc) | Sandy gravel lag
(@) Gravel contourites <- Irregular layer and lenses
= >2 mm ; Poorly to very poorly sorted
<
: VOLCANOCLASTIC Mud, silt or sands i (S:imilar (g‘the‘sigciclgstic La:’ies sttt Similar to the clastic contourites
omposition is dominate y volcaniclastic material
CONTOURITES i
(] |
o -
| Developed in muddy & sandy contourite facies Clats axes sub-parallel both to beeding
= SHALE-CLASTS OR | Shale clasts generally : From substrate erosion by strong bottom currents and to the current direction
o SHALE-CHIP LAYERS | mm in size | Burrowing on the nondeposition surface
-— |
'E | ‘ >70 % of bioclastic and / or carbonate components Bedding is indistint, but may be enhanced
(8] | >4 0 | Dominant biogenic input by cyclic variations in composition / grain
= Calcareous muddy & ' 063 mm | Poorly sorted ) o _ size.
— silty contourites [ .| Distint sand-size fractions (biogenic particles) Bioturbation
(723 0wV |Silty clay to clavey silts | Composition: pelagic to hemipelagic, including
e w | | nannofossils & foraminifers as dominat elements
e) ': R | . Admixture of siliciclastic or volcanicclastic material
o P < . . :
L [ ‘1-4 0 Equivalent of sandy contourites Thin-bedded cross-laminated foraminera
O z> Calcareoussandy |, o0 Both well-sorted to poorly sorted contourite. Lenticularity
< O contourites [ Particles from pelagic, benthic, off-shelf & off-reef sources Hardgrounds.non de’positional surfaces
3 E | Sands Admixture of siliciclastic, volcanic & silicieous material Bioturbation & burrowing
T6— i i e}
Jgo Calcareous gravel <19 Clasts or chips derived from erosion of the subtrate
lag contourites >2 mm
Gravel

SILICEOUS BIOCLASTIC} Mud, silt or sands

Rich in diatomaceous & radiolarian material

Laminated and / or cross-laminated sands

CONTOURITES
[SX%]
E & Mangam’fgrcus
w oz contourites
23
Co
b
w2 Chemogenic
=0 gravel-lag contourites
L)

Manganiferous or ferro-manganiferous horizonts
Areas with ferro-manganese nodules & pavements

Deep-water chenoherms (chemical - biogenic precipitates)
of metal - carbonate chimneys, mounds & encrustations

Winnowed and aligned into chemogenic gravel-lags

Bioturbation & burrowing

Strewn od debris
Alineation of gravel-lag

Rockall Trough (Stos

Top—
 Gulf oF Mexmmunum 200637201 2w

TR S
- T ———,

mﬂun BE I (Gorth

Fig. 22. Classification of contourite deposits. Types of deposits, grain size, general characteristics, common sedimentary structures, and a representative example of each type are included.
Bottom current reworked sands (BCRS), as defined by Shanmugam (2006, 2012a), within sandy contourites are also considered here.
Adapted from Stow and Faugéres (2008).
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Figure 2. Detailed bathymetric image of the study area showing the locations of the studied sediment wave fields, fields 1 and 2, the piston cores TS01 and TS02. and other major
geological elements in the area. The dashed lines show the locations of the high-resolution seismic profiles in Figures 4 and 5. The dotted baxes illustrate the multi-beam
bathymetry surveys shown in Figures 3 and 9 (a) respectively. Bathymetric contours are in meters, See Figures 6-8 for detailed analyses of these two cores.
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Figure 9. (a) Three-dimensional bathymetric image showing the morphology and major depositional elements in the study area. Notice the wide occurrence of channels, canyons
and gullies in the upper slope, suggesting significant erosion by gravity flows. Two sediment wave fields are shown up clearly in plan view. (b) Schematic diagram summarizing the
major depositional processes in different region of the study area. The upper slope is characterized by gravity flow erosion and sediment bypass. Sediments shed from the upper
slope are transported basinward into the lower slope where the interactions of down-slope turbidity currents and along-slope bottom (contour) currents induced by the intrusion of
the Northern Pacific Deep Water into the study area (INPDW) result in the development of sediment wave field 1. Further basinward into the continental rise where sediment wave
field 2 is develop, turbidity currents are diluted and along-slope bottom currents are the dominant processes. The directions of the bottom (contour) currents resulted from INPDW
is inferred from the elongation directions and the cross-section geometries of the sediment waves as well as the lee-wave model (Flood, 1988). INPDW = the intrusion of the
Northern Pacific Deep Water into the study area, AEDSW = average elongation direction of sediment waves. See Figure 2 for location of the 3D survey.
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~* Seismic facies 6: Turbidity current sediment waves

WS LEEE

Figure 6. Sediment waves in sediment wave field 1 (seismic facies 6) appeared on dip-oriented seismic section. (B) Enlarged seismic image illustrating a blown-up view of
discontinuous wavy seismic facies. Please refer to Figure 1 for the plan-view distribution of sediment wave field 1 in the study area and to Figure 2 for line location.
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Fig. 12. Sketch map showing occurrences of the sediment wave fields and related channels. The black dashed lines represent the sediment wave crests. The green and blue
dashed lines are selected water depth contours. It is noted that the crests of the sediment waves are roughly parallel to local bathymetric contours. (For interpretation of the
references to color in this figure legend, the reader is referred to the web version of this article.)
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Fig. 6. Seismic characteristics of sediment waves in the WDSW. See Fig. 2 for profile location. WL = wavelength; WH = wave height.
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Fig. 7. Seismic characteristics of sediment waves in the WTSW. See Fig. 2 for profile location. WL = wavelength; WH = wave height.
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Fig. 8. Seismic characteristics of sediment waves in the WPSW and STSW. Note the dimension contrast of the two sediment wave fields. See Fig. 2 for profile location.
‘WL = wavelength; WH = wave height.
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Arrows indicate the regional surface circulation (rAW: recent Atlantic Waters; 0AW: old Atlantic Waters). Square indicates the location of the study area.
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Fig 2.A) Location of the seismic profiles acquired in the Gulf of Valencia within the study area (red square). The green dots indicate the position of the industry boreholes. B) Detail of the
Gulfof Valencia continental slope, in which the northern and central sediment wave fields are observed, indicating the location of the single and multi-channel lines used in this study. The Fig. 1. Location, geological and tectonic map of the eastem Iberian Peninsula and the Valencia and Balearic Margins. The red square indicates the location of the Gulf of Valencia area.
dashed line indicates the extent of the two main sediment wave fields (northern and central).
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Fig 3. Multi-channel seismic lines crossing the A) northern and B) central sediment waves fields (Fig. 2), extending from the outer shelf to the Gulf of Valencia continental rise. Red line
indicates the position of the Valencia Fault, which offsets the basement and the Top Messinian surface (green line). The color lines mark the horizons that serve as limits of the several
sediment waves units (U1, U2, U3, and U4). The connected black squares indicate the roll-over points of the prograding continental margin. The stratigraphic column shown in A was ex-
tracted from well 444 Golfo de Valencia F-1 (see Fig. 2 for location). Black thin line marks the position of a fault associated with a salt diapir (B). Black dashed lines indicate the position

where the two seismic lines cross.
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Fig. 7. Seismic profile 4 showing intersections with lines 5 and 6 (location in Fig. 2). Irregular basement is overlain by 100 + m of poorly organized reflectors. Sediment waves begin at
horizon m and until horizon h migrate towards the NW (black arrows). Sediments above that level remain well organized, especially in the western half of this profile, but any wave-like
horizons do not migrate. Seafloor and 13 buried reflectors are highlighted with distinct colors, and each has been loop correlated throughout the seismic grid. Names of reflectors referred
to in the text are labeled at the left edge of the profile. Arrows show examples of wave migration below horizon h.

Fig. 6. Part of seismic profile 1 passing through Site U1490 and intersecting seismic profile 6 (location in Fig. 2). The seafloor and 13 buried reflectors are highlighted with distinct colors,
and each has been loop correlated throughout the seismic grid. Names of reflectors referred to in the text are labeled at the left edge of the profile. Arrows show examples of wave
migration below horizon h.
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Fig. 5. Photomosaic and drawing of San Biagio quarry. Front is sub-parallel to the direction of progradation of high-gradient siliciclastic clinoform wedge, showing the association of
backset-bedded sets (orange), sediment waves (yellow), and foreset beds (white). Backset-bedded sets show top surfaces mostly erosional, locally gently convex-up, and are in places
vertically stacked. In streamwise direction they are either isolated or irregularly spaced, except in the case indicated with arrows (left), where a series of three sets with gently convex-up
top follow one another, suggesting lateral stacking of three bedforms. Note on the left some backset-bedded sets “climbing” up to the top of the foreset slope and shortly extending on
the topset, beyond the rollover, where they appear to be interbedded with shoreface deposits. Ravinement surfaces cut during episodes of base level rise are overlain by shoreface
deposits. Bradanic area, ~6 km SSE of the village of Montescaglioso.

Fig. 6. Photomosaic and drawing of a bioclastic, high-gradient clinoform wedge, in a section sub-parallel to the direction of progradation. Backset-bedded units (orange), are associated
with sediment waves (yellow) and foreset beds. Backset-bedded units are locally truncated at the top of the clinoform complex by a toplap surface. Capodarso body (~6 km E of the
town of Caltanissetta, Sicily).
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Fig. 16. Schema (not to scale) of successive steps of development of a backset-bedded set, without (A), and with (B) associated scour-filling facies with disorderly fabric (hydraulic jump
facies) at the base of the set.

Fig. 17. Diagram based on sections of backset-bedded units parallel and transverse to
palaeoflow, showing a tentative reconstruction of the three-dimensional geometry of
presumably unconfined bedforms occurring on the foreset slope of the investigated
clinoform systems influenced by shallow-marine hydrodynamics.
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Fig. 13. Cartoons of possible mechanisms for bedform formation. (a) Small sediment wave formation. (i) Slumping of channel fill along listric faults could generate asymmetrical bedform
shapes with crescentic crests (modified from Fig. 12 of Paull et al., 2010). (ii) Asymmetric, small sediment waves can be formed by the up-current migration of cyclic steps. The origin of the
thin and dense flow of sediment is from failure on a master scarp (modified from Fig. 2 of Cartigny et al., 2011 and Fig. 3 of Van den Berg et al., 2002). (b) Proposed ideas for the formation of
sediment waves. (i) Kubo and Nakajima (2002) suggest that the formation and migration of small sediment wave fields is a result of topographic effects and possible from subcritical flow,
not purely supercritical flow. (ii) Broad crested and narrow troughed wavy stratified sediment can be formed from sediment creep and deformation, with internal faults common in
troughs. Sediment creep is initiated on gentle slopes (<0.5°) from external triggers such as earthquakes (modified from Lee and Chough, 2001). (iii) Sediment waves are cyclic steps, gen-
erated from a thick and tranquil flow (subcritical) on the upslope limb and a swift, shallow flow (supercritical) eroding the downslope limb, bounded by a hydraulic jump (modified from
Fig. 2 of Cartigny et al., 2011). (iv) The lee wave model (modified from Flood, 1988). Sedimentation from a weakly stratified flow over undulating topography would lead to preferential
deposition on the upstream flank. (c) Scour formation. Scours could be generated by erosion due to a hydraulic jump that forms because of flow expansion or a break in slope.
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Fig. 16. Classification of seafloor bedforms with the new terminology introduced in this study. A continuum of supercritical bedforms is shown along with an alternative hypothesis where-
by the mechanism for scour formation is unknown and may result from process other than supercritical flows.
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Fig. 3. Various morphologies of MVs: (A) conical, (B) elongated, [ C) pie-shaped, (D) multicrater, (E) growing diapir-like, (F) stiffneck, (G) swamp-like, (H) plateau-like, (1) impact crater
like, (]} subsiding structure, (K) Subsiding flanks, (L) sink-hole type.




Fig. 4. Variousmorphologies and features present inMVs. (A) The TouragayMV, Azerbaijan, is one of the largest onshoreMVs displaying a typical conicalmorphologywith a 500mwide

crater and a ~4.5 km wide conical shape. (B) Napag MV, Iran, with a tall conical feature in its central part (90 m wide) surrounded a by a flat area where concentric collapse occurs (cfr.

Fig. 5G). (C) Impact crater-like morphology for Bakhar satelliteMV with gryphons and pools in its central part (D) Small conical gryphon (2m in diameter) at the Salse di Puianello MV,

Italy. Note the oil seepage. (E) Digity MV, Trinidad, consisting of a single gryphon of a few meters in height. (F) Swamp-like morphology for Palo Seco MV, Trinidad, with numerous interconnected
pools and salsas inside the forest and with no substantial elevation. (G) Impact crater-like Morne Diablo MV, Trinidad, where the whole crater is occupied by a large lake.

(H) Sink-hole type NaftlicheMV, Iran, with a central crater (up to 150mwide) hosting a lake where gas and water seepages occur. (1) Salse di NiranoMV, Italy,with numerous gryphons

and pools erupting fluids and mud inside a subcircular depression. (J) Bulganak MV, Crimea, with numerous scattered pools in a gently depressing crater.



Fig. 6. Various examples of gryphons from several MVs. (A) Gryphon field in Dashgil MV crater. Man for scale inside the field. (B) Large gryphon resulting from the merging of several
confining gryphons. Inside the gryphon up to 15 different bubbling spots were observed. (C) Tall gryphon (mud cone) on Bakhar MV. The structure reaches 10 m in height (man for
scale on the left side of the gryphon). (D—E) Craters of gryphons where oily fluids and methane are continuously seeping with the low viscosity mud. This periodically overflows on
the flanks of the structures. (F) Large bubbles formed ina 1 m wide gryphon of Dashgil MV. The high viscosity mud contains mud breccia clasts visible also on the bubble rim before
the bursting. (G) Top view of a splatter gryphon. From the void conduit bursts of mud are intermittently ejected.
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Fig. 13. Cartoon sketching the growth stages of a MV from its initial subsurface formation to final manifestation on the surface with eruption of mud breccia. During its growth towards the
surface, the piercement structure collects the contribution of different fluids and eventual reservoirs at different stages (e.g. arrows).

Modified after Mazzini { 2009).
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Fig. 5. Combined DEM data and Quickbird satellite images of some of the MVs described herein. (A) Impact crater-like Bakhar satellite MV (Azerbaijan): a distinct internal crater can be
observed in the centre of the low elevation feature. The remarkably deep crater highlights the explosive nature of the most recent eruption and the consequent collapse. (B) Multicrater
Bakhar MV (Azerbaijan): Clusters of pools and gryphons are present throughout the feature. A clear crater cannot be distinguished since the eruptive activity of the volcano was not focused
on a single location. (C) Growing diapir-like Koturdag MV (Azerbaijan) with conical shape and different overlappingmud breccia flows distributing radially fromthe central crater.
The crater diapiric expulsion ofmud breccia fromthe crater forms a tongue that extends towards the northern part of the volcano. (D) Elongated LokbatanMV(Azerbaijan)with themost
recent mud flow extending west (darker coloured mud breccia). An elongated graben frames the mud flow. Hundreds of extraction wells surround the MV. (E) Pie-shaped Dashgil MV
(Azerbaijan) with mud breccia flows that extend predominantly towards the east following the dipping of the terrain. The crater can be seen on the western side of the structure.
(F) Circular shaped Shongar MV (Azerbaijan)with a well-defined crater on its central part and numerousmud flows distributed concentrically. (G) NapagMV (Iran), with concentric collapse
rings (yellow dashed lines) and a central elevated zone. The darkest coloured mud breccia flows, towards the south-west, erupted after the 2003 Bam earthquake. (H) Subsiding
Gharniarigh MV (Iran) with a central island inside the crater.



208 D. Palomino et al. / Marine Geology 378 (2016) 196-212

Bulging

=g

Mud volcanoes Diapirs

Bottom current deposit
=

d Mud extrusion dominance b

Bottom current velocity
; Collapse @ Chemosymbiotic fauna /’j Seepage I Low velocity
) Current erosion Relict Chemosymbiotic fauna .~ Low seepage <: Moderate velocity
\ Normal faults Bacterial mat V Authigenic carbonates - High velocity
- Mud breccias /“ Coral Mals  Biogenic mounds @ Very high velocity
E Hemipelagic sedimenis )E'b Pennatulacea _:.'ﬁ Sponge

Fig. 9. Stage model showing the various developmental stages of the MVs and diapirs studied in the SFFE, related to mud extrusion and seepage and the prevailing bottom currents.
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Fig. 10. Schematic illustrations of the structures that may cause the varying vent distributions. (a) Dashgil type, where some form of phase segregation is
occurring at depth, allowing the gryphons to erupt in the area of caldera collapse, the cinder mounds to follow a linear area of weakness and so erupt in a
line, and the watery salses to erupt further away from the main vent zone. (b) Kichik Kharami type, where small salses line up along pre-existing
conjugate fractures and also concentrically at the centre of the edifice, where caldera collapse may be initiating. (¢) Durovdag type, where some form of
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vent alignments

Elongate caldera
collapse
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phase segregation is occurring at depth, allowing the gryphons to erupt in the central zone of caldera collapse beneath the main vent, with the watery
salses erupting further away from the main vent zone along concentric ring faults produced during caldera collapse. (d) Koturdag type, where mud
volcanoes can be seen aligning along anticline axes but have varying vent fluid compositions along the length of the anticline. (¢) Akhtarma-Karadag type,
where some form of phase segregation is occurring at depth, allowing the gryphons to erupt in the area of caldera collapse, the cinder mounds to follow a
linear area of weakness and so erupt in a line, and the watery salses to erupt further away from the main vent zone along the detachment fault.

Fig. 11. Schematic model depicting mud
volcano elongation, elongated vent

mud chamb and
summit caldera elongation patterns. Mud
dykes p ially trend perpendicular to

OHmax taking advantage of the crestal
faulting along the anticline. Summit
calderas and mud chambers also become
elongate perpendicular to Opimax. After
Paulsen & Wilson (2010).

Journal of the Geological Society, London, Vol. 168, 2011, pp. 1013-1030. doi: 10.1144/0016-76492010-158.

Structural controls on mud volcano vent distributions: examples from Azerbaijan
and Lusi, east Java

KATIE S. ROBERTS'?*, RICHARD J. DAVIES', SIMON A. STEWART? & MARK TINGAY*



Figure 10. Diagrams of evo-
lution and 3-D structural ele-
ments of model for mud vol-
cano systems based on the
mapping and interpretation
described in this article.
(a—c) Evolution through time
from initial single pipe, feeding
pioneer cone, through collapsed,
heavily intruded downward-
tapering cone and caldera
underlying a sizable biconic
edifice. (d) Three-dimensional
summary model based on
the mud volcano system illus-
trated in Figures 6-8. P =
fluid pressure; o, = horizontal
stress; T = tensile strength of
overburden.

Simon A. Stewart and Richard ). Davies
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Figure 3. (a) A South Caspian volcanic edifice showing the
margins interdigitating with adjacent sediments, reflecting the
variation in the rate of extrusion relative to background sedi-
mentation. (b) Buried mud volcano with interdigitating margins,
Trinidad, reconstructed from well control (modified from Deville
etal.,, 2003). As in Figure 2¢, the subvolcano structural elements
are poorly constrained.
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Fig. 6. Schematic illustration of gravity spreading and gravity gliding mechanism. A) Gravity gliding down an inclined slope on a thin detachment, B) Sediment loading causing
gravity spreading employing a thick detachment zone on a flat detachment surface, C) mixed gravity gliding and gravity spreading on a thick detachment zone with both offshore
and onshore inclined detachment surfaces.
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Schematic representations of common fill styles of under-filled and filled channel elements. Although the contrasting characteristics as illustrated here are common for these

two channel types, variation is considerable. A: Under-filled channel element with moderate to high rate of overbank aggradation, semi-amalgamated highly heterolithic fill,

common shale/silt drapes, and capped by upward fining abandonment-fill facies. B: Filled channel element with low rate of overbank aggradation, amalgamated and less heterolithic
fill, and rare shale/silt drapes. Upward fining abandonment-fill facies is thin or absent. If the channel element is over-filled, sandy overbank deposits may be present.

Yellow = sand-rich channel-fill sediments, Green = mud-rich channel-fill sediments, Brown = mud-clast-rich channel-fill sediments, Gray = mud-rich pre-existing sediments.
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