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Sedimentary	
  Processes	
  on	
  Con1nental	
  Margins	
  

down-­‐slope:	
  driven	
  by	
  gravity	
  forces	
  
along-­‐slope:	
  driven	
  by	
  density	
  forces	
  	
  
(thermo-­‐haline	
  or	
  water	
  mass	
  accumula:on)	
  

processes	
  
moving	
  
sediments	
  

Con1nental	
  shelf	
  
Preferen:al	
  area	
  of	
  sediment	
  accumula:on	
  
High	
  sediment	
  accumula:on	
  
High	
  isosta:c	
  subsidence	
  
Con1nental	
  slope	
  sediment	
  deposi:on	
  and	
  
transfer	
  toward	
  deeper	
  environments	
  
Con1nental	
  rise:	
  sediment	
  deposi:on	
  (deep	
  
sea	
  fans,	
  sediment	
  dri?s)	
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Down-­‐slope	
  
processes	
  

Unconfined	
  

Along-­‐slope	
  
processes	
  

Confined	
  

e.g.	
  within	
  canyons,	
  
gullies,	
  channels	
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down-­‐slope	
  processes:	
  
driven	
  by	
  gravity	
  forces	
  

»	
  Mass	
  Transport	
  Deposi:on	
  	
  MTDs	
  
»	
  Turbidity	
  currents	
  	
  Turbidites	
  
»	
  Riverine	
  ouElows	
  	
  Hyper	
  (Hypo)-­‐	
  picnites	
  
»	
  Turbid	
  meltwaters	
  	
  Plumites	
  
»	
  Brine-­‐related	
  deposi:on	
  

along-­‐slope:	
  driven	
  by	
  density	
  forces	
  (thermo-­‐
haline	
  origin)	
  

»	
  Contour	
  currents	
  	
  Contourites	
  

Sedimentary	
  processes	
  on	
  
Con1nental	
  Margins	
  

Deposi:onal	
  process	
  	
  Deposit	
  

HIGH	
  LATITUDE	
  MARGINS	
  (NORTH	
  OF	
  56°	
  N)	
  

MIDDLE	
  LATITUDE	
  MARGINS	
  (26°-­‐56°	
  N)	
  

MIDDLE	
  LATITUDE	
  MARGINS	
  (15°-­‐26°	
  N)	
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Turbidity	
  flows	
   Density	
  currents	
  in	
  which	
  the	
  granular	
  support	
  is	
  mantained	
  
by	
  the	
  ver:cal	
  component	
  of	
  the	
  turbolent	
  flux	
  



Sedimentologia 2015/2016 

Turbidity	
  flows	
   Density	
  currents	
  in	
  which	
  the	
  granular	
  support	
  is	
  mantained	
  
by	
  the	
  ver:cal	
  component	
  of	
  the	
  turbolent	
  flux	
  

Long	
  steady	
  flow	
  (e.g.	
  river	
  fed)	
  
Short	
  surge-­‐type	
  (e.g.	
  river	
  floods,	
  
slope	
  instability)	
  

TYPE	
  OF	
  
EVENT	
  

High	
  density	
  (higher	
  velocity)	
  >1.1	
  g/cm3	
  

Low	
  density	
  (lower	
  velocity)	
  <1.1	
  g/cm3	
  
FLOW	
  
DENSITY	
  

Confined	
  (canyon,	
  channel,	
  levee,	
  
deep-­‐sea	
  fan	
  )	
  
Unconfined	
  

FLOW	
  
TRANSFER	
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GRAIN
SIZE

Mud

Silt

BOUMA (1962)
DIVISION

E - Laminated to
homogeneus mud

D - Upper mud/silt laminae

C - ripples, climbing ripples
wavy or convolute laminae

B - plane laminae

A - structurless or graded
sand to granule

INTERPRETATION

Deposition from low-density tail
or turbiditi current
settling of pelagic or
hemipelagic particels

Shear sorting of grains and flocs

Lower part of lower flow
regime of Simons et al.
(1965)

Upper flow regime plane beds

Rapid deposition with no
traction transport
possible quick (liquefied)
beds

Sand

Coarse
sand

(after Pickering et al., 1989)

10
0	
  
cm

	
  

up
w
ar
ds
	
  d
ec
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e	
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  fl
ow

	
  v
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/e
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y	
  

sandy	
  turbidite	
  

silty	
  turbidite	
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Flow	
  Competence	
  =	
  the	
  coarsest	
  par:cle	
  that	
  can	
  be	
  transported	
  
Flow	
  divergence	
  	
  
   	
  fluid	
  ambient	
  entrainment	
  
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  flow	
  dilu:on	
  	
  
       	
  reduced	
  speed	
  	
  
         	
  reduced	
  competence	
  

UH=	
  Head	
  Velocity	
  
UB=	
  Body	
  Velocity	
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Turbidite	
  facies	
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-­‐	
  Shanmugam,	
  G.,	
  2000.	
  50	
  years	
  of	
  the	
  turbidite	
  paradigm	
  (1950s-­‐1990s):	
  deep-­‐water	
  processes	
  and	
  
facies	
  models	
  –	
  a	
  cri:cal	
  perspec:ve.	
  Marine	
  and	
  Petroleum	
  Geology	
  17,	
  285-­‐342.	
  
-­‐	
  Kevin	
  Pickering,	
  Richard	
  Hiscob,	
  2014.	
  Deep	
  Marine	
  Systems:	
  Processes,	
  Deposits,	
  Environments,	
  
Tectonic	
  and	
  Sedimenta:on.	
  Wiley-­‐Blackwell,	
  ISBN:	
  978-­‐1-­‐4051-­‐2578-­‐9,	
  776p.	
  

LOW	
  DENSITY	
  turbidity	
  flows	
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silty	
  turbidite	
  

Muddy	
  
turbidites	
  

Sandy	
  
turbidites	
  

X-­‐rays	
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Sandy	
  
turbidites	
  

SAND	
  DISTRIBUTION	
  

Muddy	
  
turbidites	
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Sandy	
  
turbidites	
  

Muddy	
  
turbidites	
  

SILT	
  DISTRIBUTION	
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Ca/FeZr/Ti

Ca/FeZr/Ti
Sandy	
  

turbidites	
  

Muddy	
  
turbidites	
  

XRF-­‐scan	
  	
  Zr/Ti	
  	
  	
  Ca/Fe	
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MOST	
  COMMON	
  FEATURES	
  
«	
  Sharp	
  base	
  characterized	
  by	
  sharp	
  	
  	
  	
  
grain	
  size	
  change	
  o?en	
  with	
  sharp	
  
color	
  change	
  (careful	
  with	
  sediment	
  
oxida:on)	
  
«	
  Planar	
  lamina:ons	
  
«	
  Bioturbated	
  top	
  

INDICATION	
  OF	
  SHEAR	
  SORTING	
  
Grain	
  size	
  and	
  composi:onal	
  sor:ng	
  
trough	
  the	
  deposit.	
  Sor:ng	
  occur	
  
according	
  to	
  size	
  and	
  specific	
  weight	
  
e.g.	
  large	
  forams	
  with	
  medium-­‐size	
  	
  
quartz	
  with	
  small-­‐size	
  pyroxene)	
  

COMPOSITION	
  
Presence	
  of	
  alloctonous	
  par:cle	
  
e.g.	
  shelf	
  derived	
  par:cle	
  in	
  deep-­‐
sea	
  environments	
  (:pically	
  bryozoa,	
  
au:genic	
  glauconite)	
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Bedforms	
  

Antidune and  
Ripple 
formation 
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21' 23' 15°25'
39°00'

58'

56'

22'20'15°18'
38°52'

53'

54'

MAK-1 line 23

MAK-1 line 24

2000 m

Lametini
Seamounts

Stromboli

Calabrian slope

Turbidity currents
moving into the canyon

Local sediment
input

outer scarp

inner scarp
inner bend

outcrops

sediment waves with
coarse sediment streaks

volcanic blocks
erosional scour
structureless

canyon floor

outer scarp

slump scar

Figure 3.27 (continued)

      Lucchi, 1997. PhD Thesis, University of Cardiff 

sediment 
waves 

Bedforms at the 
canyon thalweg 
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The	
  linked	
  debrite	
  HIGH	
  DENSITY	
  turbidity	
  flows	
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Confined	
  systems:	
  Canyons	
  and	
  associated	
  deep	
  see	
  fans	
  

1-­‐	
  shelf	
  
2-­‐	
  mid-­‐fan	
  (proximal	
  area)	
  
3-­‐	
  lower	
  fan	
  (distal	
  area)	
  



Sedimentologia 2015/2016 

Confined	
  systems:	
  Canyons	
  and	
  associated	
  deep	
  see	
  fans	
  

1-­‐	
  shelf	
  
2-­‐	
  mid-­‐fan	
  (proximal	
  area)	
  
3-­‐	
  lower	
  fan	
  (distal	
  area)	
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GRAIN SIZE

mud silt fine
sand

coarse
sand

1-
5 

m
50

-1
00

 c
m

"sloshing"

Flow
Sense

DIVISIONS INTERPRETATION

Homogeneous silty
mudstone cap, with
scattered load balls
near the base

Alternating laminated
and pseudonoduled
very fine sand and
silt in couplets that
thin upward

Wavy and ripple
laminated divisions
with reverse flow
directions and
spaced mud partings

Parallel and/or cross-
stratified coarse sand

Rapid deposition
of mud flocs
under ponded
suspension

Gradual decay of
reversing flow in
an enclosed basin,
leading to ponding

multiple reflections
and deflections of
a single large flow
from basin margins.
Flow strength and
bedform scale decrease
exponentially. Mud
drapes form between
passes of the current

flutes
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Turbid	
  sediment-­‐laden	
  plumes	
  	
  

RIVERINE	
  
OUTPUT	
  

GLACIAL	
  
MELTING	
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THE	
  DEPOSITIONAL	
  PROCESS	
  

The	
  turbid	
  density	
  flow	
  deriving	
  from	
  subaereal	
  or	
  shallow	
  water	
  environment	
  
splits	
  into	
  2	
  secondary	
  flows	
  at	
  the	
  entrance	
  point:	
  

»	
  Low-­‐density,	
  buoyant	
  flow	
  (HYPOPYCNAL	
  FLOW),	
  formed	
  by	
  very-­‐fine	
  grained	
  
sediments.	
  Deposi:on	
  by	
  ver:cal	
  sebling	
  (Hemipelagite-­‐like	
  facies).	
  

»	
  High-­‐density,	
  deep	
  flow	
  (HYPERPYCNAL	
  FLOW),	
  formed	
  by	
  the	
  coarser,	
  heavier	
  
frac:on.	
  Down-­‐slope	
  sebling	
  as	
  a	
  low-­‐density	
  gravity	
  flow	
  (Turbidite-­‐like	
  facies).	
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High-­‐la1tude	
  margins	
  

SEDIMENTATION	
  
FROM	
  SUBGLACIAL	
  
TURBID	
  MELTWATER	
  
PLUMES	
  

coarse-­‐grained	
  underflows	
  
(hyperpycnal	
  flow)	
  move	
  down	
  
slope	
  as	
  gravity	
  flows	
  	
  	
  
SANDY/SILTY	
  	
  LAYERS	
  

fine-­‐grained	
  overflows/inflows	
  
(hypopycnal	
  flow)	
  seble	
  
through	
  the	
  water	
  column	
  
LAMINATED	
  MUD	
  

PLUMITE	
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extreme sediment input: 3.4 cm y-1

MWP-A1 sea level rise of 20 m (Alley et al. 2005, Science)
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Lucchi,	
  et	
  al.,2013.	
  Global	
  and	
  Planetari	
  Change	
  111,	
  309-­‐326.	
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In	
  the	
  early	
  stage	
  of	
  
deglacia:on,	
  when	
  the	
  
grounded	
  ice	
  is	
  at	
  the	
  
shelf	
  break,	
  meltwater	
  
hyperpycnal	
  flows	
  can	
  
reach	
  the	
  lower	
  slope	
  

In	
  a	
  later	
  stage	
  of	
  
deglacia:on	
  meltwater	
  
hyperpycnal	
  flows	
  can	
  
reach	
  only	
  the	
  upper	
  
slope	
  (finer-­‐grained	
  
sandy	
  layers)	
  

In	
  the	
  post	
  glacial	
  with	
  
a	
  retrea:ng	
  ice-­‐shelf,	
  
sediments	
  from	
  
meltwater	
  plumes	
  
seble	
  	
  on	
  the	
  
con:nental	
  shelf	
  

USEFUL	
  INDICATOR	
  FOR	
  GLACIAL	
  
HISTORY	
  RECONSTRUCTIONS	
  

IN	
  POLAR	
  MARGINS	
  

extreme sediment input: 3.4 cm y-1

MWP-A1 sea level rise of 20 m (Alley et al. 2005, Science)
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Contour	
  currents	
  

’persistent’	
  water	
  current	
  near	
  the	
  sea-­‐floor,	
  generally	
  with	
  a	
  net	
  
alongslope	
  flow	
  

Sediment	
  dri?:	
  	
  
sediment	
  body	
  (sheeted	
  or	
  monded)	
  produced	
  by	
  bobom	
  currents.	
  
Generally	
  fine-­‐grained,	
  with	
  large	
  dimensions	
  in	
  many	
  cases,	
  typically	
  
separated	
  from	
  the	
  slope	
  by	
  a	
  moat	
  

Contourites:	
  
sediments	
  deposited	
  or	
  significantly	
  affected	
  by	
  bobom	
  currents.	
  
Most	
  widely	
  accepted	
  feature	
  being	
  the	
  bioturba:on.	
  Discussion	
  about	
  
the	
  trac:on	
  structures,	
  which	
  are	
  present	
  on	
  the	
  seafloor,	
  apparently	
  not	
  
preserved.	
  

Persistent	
  near	
  the	
  sea-­‐floor	
  water	
  current	
  
with	
  a	
  net	
  along-­‐slope	
  flow	
  direc:on	
  
driven	
  by	
  density	
  forces	
  	
  (thermo-­‐haline)	
  

Contour	
  currents	
  strength	
  (velocity)	
  
2-­‐3	
  cm/sec	
  up	
  to	
  over	
  1	
  m/sec	
  
(:pically	
  5-­‐6	
  cm/sec)	
  
Depending	
  on	
  the	
  strenght	
  they	
  can	
  
transport	
  sediments	
  delivered	
  to	
  the	
  
deposi:onal	
  	
  system	
  by	
  other	
  processes	
  
(e.g.	
  turbidity	
  currents,	
  nepheloyd	
  layers)	
  
or	
  generate	
  substrate	
  erosion.	
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Sediment	
  facies	
  

SANDY	
  CONTOURITES	
  
SILTY	
  CONTOURITES	
  
MUDDY	
  CONTOURITES	
  

HEAVY	
  BIOTURBATION	
  
SILTY	
  MOTTLING	
  
SANDY/SILTY	
  LENSES	
  
FINE	
  LAMINATIONS	
  
CRUDE	
  LAMINATIONS	
  

EROSIVE	
  OR	
  SHARP	
  BASES	
  
GRADUAL	
  BASES	
  



Sedimentologia 2015/2016 

Organic Carbon (%)
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SILY	
  
CONTOURITES	
  

Bioturba:on	
  
Poor	
  bedding	
  
Sparse	
  silt	
  patches	
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SANDY	
  
CONTOURITES	
  
Bioturba:on	
  
Poor	
  bedding	
  
Sparse	
  silt	
  patches	
  and	
  lenses	
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CONTOURITES
SED-14 sec

45-65 cm

2 cm2 cm

MUDDY	
  and	
  SANDY	
  CONTOURITES:	
  lamina:ons	
  



Sedimentologia 2015/2016 

Bedforms	
  

Antidune and  
Ripple 
formation 
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Spitsbergen Margin 

Rebesco	
  et	
  al.,	
  2013	
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Spitsbergen Margin 

Rebesco	
  et	
  al.,	
  2013	
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Contourites	
   Fine-­‐grained	
  
turbidites	
  

SEDIMENTARY	
  
FACIES	
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PLUMITES	
  

CONTOURITES	
  

TURBIDITES	
  

SEISMIC	
  FACIES	
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Stevens, R.L., 1990	


Geol Soc Special Publ 53 	
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