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A fascinating aspect of submarine canyons is that they resemble river valleys. As with fluvial 
systems, the study of submarine canyon and channel long profiles sheds light on the fundamental 
processes controlling their long-term form and dynamics (i.e. morphodynamics). In this short 
paper we summarize a number of recent studies, based mainly on observations and measurements 
from the Catalano-Balearic Basin (NW Mediterranean), that relate the long-profile form of canyons 
and channels to the processes that control their evolution. We briefly present a model for the long­
prof.tle curvature of submarine canyons that includes the combined effects of turbidity currents 
and background (i.e. hemipelagic) sedimentation, and compare the range of model profile shapes 
with those observed on the present-day NW Mediterranean slope. We then summarize work on a 
3D seismic volume over the present-day continental slope that documents how submarine canyons 
and their interfluves co-evolve on constructional (i.e. prograding) margins, work that has broadened 
our view of canyons as purely erosive features to one in which canyons can persist through long­
term margin growth. Finally, we discuss evidence from the present-day seafloor and shallow 
subsurface for long-profile adjustment at or near tributary junctions in the extensive Valencia 
deepwater channel network. 

INTR.ODUCI'ION 

The intriguing similarity between submarine canyons and river valleys was first recognized in 
early bathymetric measurements along continental margins (Daly, 1936). The apparent geomorphic 
similarities between fluvial and deepwater systems - similarities that are now well documented in 
swath sonar maps of the seafloor- has motivated numerous comparative studies (Shepard, 1981; 
McGregor et al., 1982; Pratson and Ryan, 1996; Mitchell2005, 2006; Straub et al., 2007; Amblas 
et al., 2011). Central to all of these studies is the question of why such similar landforms should 
exist in subaerial and submarine environments when (1) few continental slopes have ever been 
exposed to subaerial processes and (2) the surface processes that shape landscapes and seascapes 
differ in some important ways. Clearly these differences are in many cases less important than the 
similarities in the formative processes. So what can we say about these similarities? 

The total relief observed in many terrestrial mountain belts is comparable to that observed along 
the world's continental slopes. Consider the NW Mediterranean Basin (Fig. 1). The height 
difference between the highest eastern Pyrenean mountain range and the coastline is nearly 2900 m, 
similar to the maximum depths attained in the Catalano-Balearic Basin (Fig. 1). This observation 
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R~minds us tbat the orogenic uplift tbat generates subaerial R~liefhas a !illb!naline analogue, when~ 
marine shelf-to-basin relief is generated by a combination of tectonics (lithospheric: emnsion or 
sulldumoo at the lrllnJition to ocean c:ruat) and sedimentation (the eh.m.cterutic clinofonn of 
COII!inenlallll.lllgin stratigraphy). To the extent that thiJ relief provides the potential mexgy for 
auid flow and aedimellt lriiDBpOrt, it iB perhaps uusurprising that both envir:onments are 
c~ by draiDago patteriiB. Fig~XR' 2 &bows a compariBon between the beadwaten of a 
river (Ter River) 1111d a aubiDlllino c1111yon (La Follml Canyon). 1'be&e drainago systems llha.nl 
aimilarmor.pbol~ d!at illdude amain sio.uoU& valky swwuudc:d by bibtJliiciu with stc:cp fla:Db 
cut by well-developed gullic:a. Intc:rc:atillgly, at 18 km doWUB1R:am in bod! the sllhaexial. aDd 
submarine: nlh:y8 we obiJc:rve the-hc:igbt diff<m~cc: (1300 m) aDd~ c:ontributillg 
dralnagc: areu (140 Dr .in the :rivet lllld 120 mr ill the canyon). 
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On land we associate tbeso pal!lml.s with the action of riven and debris flows (e.g. Pelletier, 2004). 
And wr; genc:rally aBIRlll:lc: dUit submal:inc: debris flows and tu:lbidity cum:nli gcnc;rate die 
~g peaem onlhesesfloor(Shqlanl, 1981;Parm, 1981; Prman and Coakley, 1996; 
lmran et al.,l998: Hmi.s 8lld Macmman-l.awler, this volume). AF. our in~ i8 in the cmnnletive 
effed of IJIIIfal:e prcc esses acting over amesc:al~ of landscape ovolutian, wo will hrietly ClOil8ider 
In whatfu!Jom lhe gCOIIIO!IPhiC UIID&pottlam widely used 10 model ter~ lmd~ evohdion 
and those proposed fardeepwaterenviroome!d!l.ln doing so we will focwl on the laog-profile (or 
along thalweg) llhlpe of riveillmd submarino cany01111 and cbaD:nels, &i:oce they ani easily ll1eU1liiid 
and call be related directly 10 1he predicdOIIB of procees law8 devdoped 10 e;q~laln them. 

A 8 

Ter River 

La Fonera Canyon 

01461~012 

Distance (km) 

Flgu111 2. A) Motphometrl~ oomp~~rlton of the upper <lOU'- elf "nlr River end La Fonera Canyon. The 
._lrtlcln ollhtJ ~ '-lhlil- n bcllh-(1& m). SIJIIIca!lon n Flg.1. B)Aiong-lhelweg dep1h proflle 
(I.e. canyon lang-proflla) of lho tf~P~~r <lOU11118 of Tar Rlwr and La Fanera •marne Cenyon. Vertical 
ex~~gg~~llldion i& xa in 110111 -. 

Tim LONG-I'IlOI'ILB SBAPB OF RIVEIIS AND SUBMAJIDIB CANYONS 

NIIDI.Ilrou.sllllll8.lillmll of submarino cmyon and c:bannelloug profiles show llllliOOth, c:oncave­
up~ not~ tboeeobeervedalongri~tbalweg.& (Flg. 3). Bxplanatians for die long-prcflJe 
C:W¥a!me of river profiles is weD-established (Snow 8lld Slingerland. 19&7; Sinha. and Pm:ter, 
1996; Sklar and l).U,trich, 1998), and a number of studies - either by way of fluvial analogy or 
analylliB of wmc:ut gnM.ty now meclumics - havr; .~ 1he ~ that m:1hought 10 
c:ootribute 10 lang-profile concavity in submarine settings (e.g. Pilmez et al., 2000; Kneller, 2003; 
Pilmez and lmran, 2003; Mitchell, 200Sa; Gerber et al., 2009). So wbatm: these explanations,and 
how do d:r:y diff«? 
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'I'IIen: an: two ptimary ~1lds on IODg-prof& ~vity in river8; (1) ium:asing wata: di8duiige 
with dow:usiieam ~due to iocn!as:i:og drainage mea. and (2) deporitioo in alluvial basins due 
to a dive.1gmc:e in bedload sediment transport. Clearly ooly the first of these operams in bedrock 
rivers, generaD.y ~using a p:tOCLl£' law of the form 

(1) 

~ '1/(Jr.t) iB bed ekvatiau, U(x,{) is the lc:dollil: uplift Illle, A(Jr,t) is ~ c;QDJributiDg drainage 
-.a, S(x,t) iB the bed slope,kiB a (dimensional) coefficient, andx is dowruttumdimmce (HoWllld 
et a/.,1994; Kirby aDd Whipple, 2001). At steady-state with constar1t uplift,~ bed slope can be 
expressed as 

I 

(U)• .: s- "i A· 

(2) 

where the mio min (>0) Set$~ eh•nnel concavity for iaocreas:iDg drainage are« (or di&dwgc) 
and the coefficient Ull: eontrols the overall slope ma,gnitude&. Mitchell (2004, 200S) argued that 
asimilar relatiamhip might govem submarine canyon long-profiles. In lbia view, U rqmesenta the 
~u.od rate of~ sedimem fallout that slowly builds the oolltinemal slope, while A 
is 1hc drainage are« defined upslope from a point in 1he e1111yon thalweg. To makti lbia analogy, 
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Mitc:heU (2004, 2005) equated larger drainage 811!>11.11 to a ~ fn!quency of sedimeD1 gravity 
flows initiatiog on the slope. Note that this definition of A did not include the effects of tl.ows 
origin mug landward of canyon heads on the continm.tal shelf. 

The snrfa~ evolution of alluvial basins ill genenilly modelled using a diffusion equation of the 
fonn 

a11 a a11 ---v--a 
ill ax ax 

(3) 

whm: o(x,t)(>O) is tbe subsidalce rate and \l(x,t) is a flllvial diffilsivity that is linearly piopaltional 
to tbe stream lli.scharp pez unit widlh af channel q,. [L 2T"1]. A detailed derivation of (3) is beyond 
the scope of this conllibution (see Paola.. 2000 for a. tbomugh di.scu.ssion). Of interest here is the 
long-profile form predicted by the rela!i.an. At. steady state (3) can be wrium as 

(4) 

1\lr (011.8tant \1, lhe COIIC&vity of the alhlvlallOll.g·profile is given by lhe fiM term an tbe RHS of 
(4). 'lbi8 i8 1he depo&itiocal or 'storage' concavity lllld almply repz~nts the decrea.te in slope 
requ:ired to for depoal.tion to balabce 1he 8Ubsldencc. For a. steady fluvial profile lhat prograde$ 
whh COJIS1a.Qt velocity V, a 8imllar tam appearB (VS/\l) rept1*nting the additional 'storage' 
conc.vity RqUired to sustain progmdation. The sec:olld term will illcreue 1hi& 1:011eavity If q. (and 
hence \1) ~ doWJIB1I'eGI. 

Gc:tbc:;r et QJ, (2009) propolled a model for 8llbma1:iDe canyon loug-profile~~lhat haB analogica to 
both the bedroc:k (1) and alluvial (4) case&. They view submarine Cllll)'ODB on OODstructional 
m.a:rgins as prognldin,g landfOlllllllhat adv~~.~~Ce basinward wilh 1he c;Q~~Iina!tal alope. AB in the 
Mik:hell (2004, 2005) model, a 301111:0 term n.~~ntin,g background sedimentation is included, 
but iB defined by the avemge mm:phology (OOIDIIlOIIly sigmoidal) of the open continental al.ope. 
Sediment lraniiport within the canyon iB driven by turbidity cum111ts, ud ill de&cn'bed by a 
simplified version of the 3-eqoalion model of Parker (1986). For a steady long-profile in the 
traveling wave (progradational, V'>O) coordinate 'i = x- Vt the general n!lation is: 

d'•l .~(v + dK)- R• 
dx ' K dX K 

(5) 

Here R.CiJ is a backgtO'IIIId $edimentation rste and 'K{i) is an effective diffusivity. Note that both 
a storage term and a tenn related to downstream increa.s« in K favour long-profile ~vity, 
which is off.&et by background ~entation. As in iht alluvial case, tbe diffuaivity K in.czeases 
with in~ing diec.barge q, (ih.ough nonlin.early). However, the dependence is unre~ to 
Cributa.ry in pat and its effect on bedload transport; rathez, it arises from ibe:ir ~on of a 
suspended sediment balabce for a 1Urll:idity currem lllld an assumed relation for fluid entrainment 
into 1he flow. For a prograding, C4DyQDized margin, (5) C4D be used to p:t\\'dict a OOD1inuum of 
long-profile forms with intercan.yon and canyon end-membe1'8 (Fig. 4). It C4D also be used to 
predict a graded (or 'bypw') long profile (V=O). Devdopmeut oftbe model W8.3largdy inspired 
by -and sob8equenll.y uaed to explain - obKrva!i.o~~& ehow.ing emoolh lollg-pro!Ue concavity along 
Clllly0118 in ra1ha diffa:al.t lllope ...uings al011g the paallive NW Medl~ m.atgib. 
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HIGH +--- Background sedimentation in canyons --+LOW 

On the South Ca!.alan margin, a few lmge canyons 2e incised imo a ralt!.tr ll.al'lQW shelf and eJ:tend 
acro&&asmoothlow-gradieut slope (Amblasetal., 2006). AmlYB and:&M canyom show a siDgle 
entte:~~~.:h.cd ch$ with a nearly <:QII.Stant width and morphology from the shelfbreak to the canyOil 
moa!h (Fig. Sa). Tbese canyons display a nearly constant width and moxphology from the shelf 
lneak. to the <:anyon mouth, and a single mtnmcbed clmte in seismic <:rosa sectioD (Gerber et al., 
2009). n.- Clbsm'lltiO!lS auggm lligaificant lcmg-tam ....Jiment bypass to the coutigu.ous 
Valencia Qannel. The con.cave-up cwndwe dUplayed by the lOD3·p:rofile!l of these canyons 
indicate!~ tbat turbi.di!.y-c:urll!ntthroughput e~ bactgrolllltd inpu.ts to lhe canyons (G«bee' et al., 
2009). 

In cootrast, the Ebro margin canyons are numemas and generally display low relief, most be• ding 
at orneartheedgeofthe wideEbrocontineD!al shelf (Fig. Sb). The long-profile of these canyons 
gc:llmlll.y dispLays a CODe&vc---up ""ature, llimilar to those ~ed along the Soldh C.tabm 
margin{Amblu etal., 2011). However, a ream su.bsllrface sttldy based. on a 3D sei£miccubein 
the vicinity of Orpesa Canyon showa a convex-concave (sigmoidal) long-profile cwvalure on its 
mid-Pkiato!:elle ~~~~CC:stor (Amblas et al., 2012; see DeXt se;;tion). ThiB chanp in IOD,g-pr:ofile 
C1ll'VIIIUre hJIS been Interpreted as a shift to a canyon domin!ltfA by Ulibldlty CGimlll! from ooe 
strongly influenced by the pattern of sedimelttlltioo that built the open-slope canyon inttrlluves 
(Amblaa et al., 2012). The prognlllli.ve steepening of the Ebro margin from mid-PleiBtocene to 
preeent ~118 and Kneller, 2009; Ambw et al., 2012), and th.e effect of canyon capture and 
piracy (Lai u al., 2013) wollld have ddamined the obsaved change in sedimentation style. It is 
mevant to note that in tectonically active margins, lil:.e the Sicilian IIIIIIgin, the convex-up 
curvawre of tbe loug-profile of eubmariDe canyous ha8 been inlerpreted as a con.seq~ of 
tlectolli.c uplift (Lo lacooo et al., this volume). 
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lnctu.singly available 3D seismic dala. sets show that many modem submarine canyon.a haw: 
coevolved togelher with their interfluves during outbuilding of the COIItinerual margin (e.g., 
WODham d Q/,, 2000; Deptul:k et al.,11XY'J; SUaub md Mohrig, 2009; Amblu d Q/,, 201Z). The 
predominant view of canyons as purely erosive fealllles (Shepanl, 1981) impli~ that buried 
c:anyons1ep::c:seut submarine landforms that aze rapidly em and then pa.nively filled. The D!mube 
Canyon in tho Blu.k. Sea (Popescu u a/,, tbia volume) md the ~ Cmyon in the Egyptian 
oonlfnental margin (Mascle u al., thi$ voblme) show good e:a:amples In lhls regard. An allemative 
view is that some loug-lived canyons can persist (i.e., maintain their overall morphology) over 
limellal!e during which significant margin prognufation OCCUI8. For tbia to occur there IDIISt be 
aa ...Jjmc:at storage, bod! wilhiD the Cllllyon and aloog the opc:n slope. The modeliJIIIIIIDlllize 
above (Eqn. S) has been used to rep:resent this cue (Fig. 4), and in essence treats canyon.a on 
comuucti.on.al margins 8.!1 clinoforms which, togethta' with inta'l:anyon slope,!!, define the all:it.e­
avezaged l.oDg profile shape of the margin. 

The aforementioned 3D seismic cube, provide>~~ by BG Group thloa3h tilt Spanish project 
BDINSBD3D (CI'M2007-64880/MAR), shows prograding and aggllldiDg sbelf-mmgin clinoforms 
with the canyon ineiBing the outer shelf and slope near ().rpesa Canyon, on the Ebro IIIIIIgiD 
(Amblas u fll., 2012.). A seismic profile coupling the modem Olpesa ~g with its ~lying 
mid-Pkistocene sur:face reveals a. gmera1 subparallel stacking pattern of moderam- to hish­
a.mplitude seismic efl.ec:ti.on.a, similar to the prograding clinoform m:hitii<:1Dnl observed in the 
aamc: cllroaosmiligrapbic: intc:rval oldaide the Cllllyon (Fig. 6). ThiB seismic~ illdicates 
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long-tmn net sediment storage in the canyon, deep:ite the libly occ~~mDC~e of periods of erosion 
and lJ'msic:ut diBcquilibrium that c:ould be li.INIO<lialcd with ~-l~;vc:llowslands. This pattau of 
nested canyon 81rela benealb th.e Bbro •h.elf and •lope ha$ beEn observed elsewhere on the II1Jil1fn 
(Field and Gazdner,l990; Bmoni and Cartwright, 2005). 

A 

TWT (s) thalweg infin 

02606076 1 12616 

Figura e. A) 3-D VIeW~ S1aCk.ed modem and mld.f'leiiiiiDCen& surf-around Orp&ea canycn <-Fig. 1 
for locatiOn) along Wl1tl Ill& seismiC pro111e alloWing 1he 11lii!W&g 1n1111. TWT. two-weytraYeiUme. Band C) 3-D 
111ew of mld·Piel1110een& surfae& around Orpesa canyon '1111!1111& seismic; proftle eoupl~ 1lle modem and 1he 
mld-Pfelslcc)ene thalWeg. 

EQw..m:imJM AMD TIWiliiiiNCB OF SUBJoWIDIB CANYONS 
Submarine c:any0115 and channels show discontinllitiea in their long profile which m~emble widely 
obiKIIVed aubaeriallaW;kpointB.In river buinB, knic:kpointB an~ genemlly in~ aa evidenoe 
for down.stream ba8e level fall, and their form b.a& been uee>d to illfer erollion law& goveming 
upsuum migration (Howanl et al., 1994; Whipple and Tucm, 2002). Submarine k:nickpoints 
have been shown to initiate 'W!!tlw tectonic: motion displacea the seafloor (e.g. Mitchell, 2006), 
w~ channel levees arc: bJ:eacbe.d (~;.g. Pirml:i: u lll., 2000; Gambc:rl, this volume) or follaw:ing 
submarine base level changea (e.g. Adeogba u al., 2005). It is worth mentionin3 that, tboll3h not 
~hem, the modeling frameworll:. snmmari:rM above can be Wll!d to investiga!e ttansient 
lmlg-profile cm!lution. 
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Fig. 8 

Distance along Yaleocm Chamel Thalweg (Jon) 

1 Vatenda Channel 
2 Orpesa Can)'OO 
3 Hirta Canyon 
4 V1na16s Canyon 
5 Fobc Canyon 
6 Ses6s Canyon 
7 Atenys C..nyon 
8 Btanes Canyon 

~es in~ md cbmad long-profile3~provi~<i!~~es aboot~ous equiliJnium 
caoditions in sintJe canyons <Win submarine Ylllley oetworim. One of tbe l.alp!t submarine valley 
networks in the Meditemnean ill the Valencia Trough turbidite system (VTI'S). The VTI'S is 
l.oc8ted in tho CatalaDO-Balearic Baain and routes aedimmt from a network of more dw1 1100 
~Dar ldlome~ of sobmarint cayODtllld ~-cb.almel syetemslhat 8hare a co•l!ll")n tiDal 
caodait in the Valencia O.•nnet (Fig. 7). The integrated analysis of channel thalweg bathymeuy 
in the vrrs shows contiguoua loog-profiles through most of the submarine drainage netwolt., 
although evidc~ for lra:llllicat ioc::isi011 in the form of hi<:kpointa is observed in two of ill 
lributariu: Vlna!W md Hilta canyOIIS (Fig. 8). By ~clill3 the adjusted long profiles 
downs!IUm of the knic:tpoims, it i8 possible to estimate the rna,gnifnde of c:bannel adjll.!tment in 
the clrainage 1111twork. Bll!led 011 the locati011 and fOIIll of the unadjusted profiles upstream of the 
knickpojnm, .Amblaa et al. (2011) su~lcd two po~~siblc: lriggA:iD,g ~bmi8'1D!! for bi~kpoint 
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initiation: (a) a change in sediment routing fon::ed by a larp debris flow at ll,SOO yr BP (i.e. 
BIG'9.5 debria flow) that di.s:ruptcd the upper n:aebes of die V1'TS (I..asuu et al., 2002), and (b) 
a chabgc in dowDcuUiog rale8 alo113 the ValCIICia Qannet mld.clle C0\11'8C dQe to 8hlfting sedfment 
input during glacio-eustatic lowatands. Based 011 tbe timing of these, l011g-cetm avemge inci.si011 
rates in the Valencia Cb!IIII!el have been estjrnat!ld to bo between 7.7 to 12.1 m k;yr1 near the 
Vinsroe jllllricm and 3.3 to .5.2 m kyr1_. d!e Hil:ta jwlrion. 1'be8e valuc3 should be tab:a as 
I'OIJ3b ~ for marimnm en!renchment rates in 1be sabmarill.t chaon.el. 

2500 4 

c 
~ .. ·g .. 
~ 
j .. 
g 1000 

~ 
iii 

soo 

Hanging 
canyon 

6 1 Valencia Channel 
2 Orpesa Canyon 
3 Hirta Canyon 
4 Vinar6s Canyon 
5 Foix Canyon 
6 Bes6s Canyon 

•.~--------~ •• ~--------~,.~.--------~,~ •• --------~w~.~--------~2>0 

Distance along Valencia Channel Thalweg (km) 

F".gur& a. Zccm cl; the 'fll*' and middle course of tile V8lanci8 dnlna.g& netwcrlt (sae F"og. 6 for IIICII.Iiorl) 
allOWing intetpeted IN!Uret. of canyon-chal•lelien911rolilea. Rlr Hilla and Vinaro!ls ~ns. daahed I nee 
allOW power-law ftla to prolllea aboYe knlclqlohrts that are prcfecled below the knlclqlolnts and down the 
\lalencla aids. Also ahownl8 a powel'la.Wftt 1D the O!peaa and Yalencla COIIII*IO!Id long-proftle. Modified 1'l'om 
Amblae t1t 111. (2011). 

CONa.vs:toNs 
Advanoea in geophysical mapping of die aeafloor and subswface baw: provided new owottunities 
to Ulldcrstand Elldh-~ proc;c~~see along OOII1incatal margia ~~C~~IIC!IJ.lC". We have adopced tbe 
approach of temstrial geomotpbologis1s in using the loo,g-profiles of canyon and ch.annel tbalwegs 
to id.ebtify 1be signature of~lle* that IICII!pt d!e eeaOoor and buiJd margin etrata. Our uatural 
laboxatoly has been the Catalano-Balearic Basin in the NW Meditemmean, when! after decades 
of iDiaglng we h.a'Ye docJm..,oted in de1lll1 an aten.sive submarine drainage netwQit. that route& 
aedimellt 6:om mar:ginB with c:oo.ttuliDg morphologies through a aingle ''lnmk" CODduit to an 
ultimate sink oo tbe Valencia Deep Sea Fan. Observati0118 from this margin have led to detailed 
ti.c:ld-bascd c:ompari801111 (AmblaB et al., 2006, 2011, 2012) and DWiivatcd and iuformcd the 
development of motphodynamic models of submarine canyonloo,g-profiles (Gerbu et al., 2009). 
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