
© 2008 Nature Publishing Group 

 

 NEWS & VIEWS

nature geoscience | VOL 1 | MARCH 2008 | www.nature.com/naturegeoscience 157

supply behind river dams upstream6, and 
hydrological alterations and reclamation, 
such as the construction of levees that 
block river input to the delta plain7. If 
we are to manage deltas for the better, it 
is imperative to understand clearly how 
they form, how we have modifi ed them, 
and what our realistic expectations for 
sustaining them should be.

Törnqvist and colleagues’ contribution 
is to analyse deposits from more than 100 
shallow boreholes in the Mississippi plain 
just over 100 kilometres to the west of 
New Orleans. Th ese sediments show a clear 
transition, dated to around 1,500 years ago, 
from older wood-peat deposits to younger 
fl uvial deposits. At that time, the area must 
have been a coastal swamp lying at, or just 
above, high-tide level.

By assessing the deformation of this 
transition line in relation to the thickness 
of the deposits above, the authors were 
able to assess the rate of compaction of 
the underlying peat in the time since the 
fl uvial deposits began to be laid down. 
Th ey could thus isolate the contribution of 
this compaction to the overall change of 
sea level relative to the land. Th e rates they 
establish — some 5 mm per year — suggest 
that the compaction of underlying peat 
is indeed highly signifi cant, providing 

space to accommodate large quantities of 
fl uvial sediment.

A central element of schemes to restore 
the Mississippi delta and others like it 
worldwide is the reintroduction, on various 
scales, of river water onto the delta plain. If 
Törnqvist and colleagues’ estimation of the 
rate of compaction in the Mississippi delta 
is right — and, as they point out1, there are 
reasons to believe that it is a conservative 
estimate — then any eff ective diversions 
will need to involve large amounts of fl uvial 
sediments, similar to the quantities moved 
in natural processes such as the breaching 
of river banks (creating ‘crevasses’) and 
large fl oods. Because compaction is highly 
variable in space and time, depending on 
the underlying strata, the eff ectiveness 
of such diversions depends on a detailed 
understanding of sedimentary architecture 
underneath. A similar variability applies to 
other processes crucial to the preservation 
of deltas, such as sediment and water 
delivery, wetland development and 
maintenance, and the redistribution of 
coastal sediments. Future research should 
therefore focus on how this heterogeneity 
aff ects large-scale delta dynamics.

Th e eff ects of climate change —
accelerated and possibly erratic sea-level 
rise, probably stronger and more frequent 

hurricanes, and alterations in the 
hydrological cycle aff ecting freshwater 
input into deltas — will also have to be 
taken into account when developing 
delta-management strategies. Against 
a backdrop of rising energy prices, 
restoration strategies should not depend 
on energy-intensive techniques such as the 
dredging and pumping of sediments over 
long distances for beach nourishment and 
marsh building. Rather, ecotechnological 
approaches that depend mainly on natural 
energies such as tides, waves and natural 
currents to disperse freshwater and 
sediments should be favoured8. Th e kind of 
detailed knowledge supplied by work such 
as that of Törnqvist et al. can only help us in 
making informed decisions.
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Since the late 1960s, when plate tectonics 
and slow, creeping convection of 
the rocky mantle became accepted, 

geoscientists have been debating whether 
convection extends from the surface to 
the core–mantle boundary, or whether the 
mantle is compositionally and dynamically 
layered. Geochemical observations appeared 
to support layering, whereas geophysical 
observations tended to support whole-mantle 
convection. Th e potential compositional 
boundary was typically put at 660 km 
depth, corresponding to the major seismic 

discontinuity that marks the boundary 
between the upper mantle and lower mantle. 
A range of possible reconciliations have been 
proposed, including leaky layering at 660 km, 
layering deeper in the mantle, or ubiquitous 
compositional heterogeneity like a ‘plum 
pudding’. Th is debate continues, and was the 
focus of a special Union session “Whole or 
Layered Mantle Convection” at the AGU Fall 
Meeting held in December in San Francisco1.

Th ere are two geochemical observations 
that suggest there are distinct reservoirs in 
the Earth’s mantle — a concept that is, at 
fi rst sight, incompatible with whole-mantle 
mixing. First, the upper mantle is depleted 
in incompatible trace elements compared 
with what is expected from primitive 
planet-building material that the Earth 

should, on average, be composed of. Th e 
fi ndings from the upper mantle therefore 
require there to be complementary enriched 
material somewhere else. Second, several 
isotopically distinct components can be 
traced in volcanic rocks, so these must exist 
in the mantle2. By contrast, geophysical 
observations, in particular from seismology, 
indicate that some subducted oceanic plates, 
known as slabs, sink all the way into the 
lower mantle (Fig. 1). Th is seems to rule out 
complete layering at 660 km.

In light of this controversy, geochemical 
observations have been interpreted to 
support diff erent conceptual models: while 
some geochemists argue for ‘leaky’ layered 
convection (C. J. Allegre, Institut de Physique 
du Globe, Paris, France), others argue that 

Whether convection in the Earth’s mantle extends through its entire depth or if the mantle 
is layered has long been debated. Recent research suggests that spatially and temporally 
intermittent or partial layering is the most likely solution.
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most of the mantle could be similar to the 
depleted upper mantle, with only small 
volumes of enriched, hidden material 
(J. C. Lassiter, Univ. Texas, Austin, USA). Th is 
ambiguity might be reduced if we knew more 
about three-dimensional mantle structures 
and the dynamical behaviour of the mantle.

Th e 660 km discontinuity is key. Th ree-
dimensional models of mantle structure 
obtained using seismic data3,4 indicate 
that some subducted slabs penetrate the 
lower mantle, but many are defl ected above 
660 km (R. D. van der Hilst, Massachusetts 
Institute of Technology, USA). A dramatic 
change in the lateral spectrum of seismic 
heterogeneity can be seen at 660 km 
(a ‘red’ degree-2 dominated pattern 
above, and a ‘white’ spectrum below). 
Th is was interpreted as evidence for a 
strong inhibition of mass fl ux across this 
depth, suggesting that the observed slab 
penetration across the 660 km boundary 
must be episodic (A. M. Dziewonski, 
Harvard University, USA). Slab defl ection 
at 660 km could be caused by a change in 
the crystal structure (phase) that produces 
a sharp density increase (lateral variations 
in the depth of this phase change, due to 
diff erences in temperature or composition, 
produce density anomalies that resist slab 
penetration), and/or an increase in viscosity. 
Both possibilities have been the subject of 
many numerical studies5.

New calculations indicate a strong 
episodicity in mass fl ux across the 
660 km depth when realistic mantle 
parameters are used (W. R. Peltier, Univ. 
Toronto, Canada), but in a time-averaged 

sense, this does not have much eff ect 
on the evolution of the mantle and 
core (S. L. Butler, Univ. Saskatchewan, 
Canada). Indeed, the mass transfer across 
660 km is larger than the fl ux of slab 
material from above, despite the presence 
of a strong phase transition and a viscosity 
increase that are both expected to reduce 
this fl ux (S. D. King, Virginia Tech, USA).

Th e global average composition must 
change with depth in order to fi t seismic data 
(L. Cobden, Imperial College London, UK), 
with the region above 660 km enriched in 
subducted crust, and the region below 
660 km enriched in depleted harzburgite. 
Such stratifi cation is predicted by dynamical 
calculations that take into account 
composition-dependent phase transitions 
(P. J. Tackley, ETH Zurich, Switzerland), 
and is consistent with the radial profi le of 
seismic attenuation (F. Cammarano, Univ. 
California, Berkeley, USA).

Deeper in the mantle, compositional 
stratifi cation has been proposed, either just 
above the core–mantle boundary as a thick 
undulating layer, or in isolated piles6. Slabs 
are compositionally stratifi ed, producing 
seismic scattering that was used to track one 
slab sinking to the core–mantle boundary 
(B. Romanowicz, Univ. California, Berkeley, 
USA). If slabs reach the core–mantle 
boundary, do they stay there? One clue 
comes from seismic studies: there is growing 
evidence7,8 for large-scale compositional 
anomalies in the deep mantle in regions 
away from downwellings (R. D. van der Hilst, 
Massachusetts Institute of Technology, USA), 
which might be slab material or ‘primitive’ 

material. Another clue comes from the 
trace-element composition of volcanic rocks 
at hotspots: in particular, osmium-isotope 
studies9 show evidence for recycling of 
both parts of the slab — oceanic crust and 
melting-depleted harzburgite (J. Lassiter, 
Univ. Texas, Austin, USA). Hotspots are oft en 
thought to be caused by hot plumes rising 
from the core–mantle boundary. If true, 
this indicates that slab material accumulates 
above the core–mantle boundary.

Th e emerging hypothesis is thus a 
mixture of layered and whole-mantle 
convection. At 660 km, slabs penetrate 
intermittently in space and time and 
a globally averaged compositional 
stratifi cation is maintained by the infl uence 
of phase transitions, while still allowing 
substantial mass exchange. Th e deepest 
mantle may contain piles of primitive 
material or subducted material that has 
gravitationally settled. Th e entire mantle is 
permeated by a mixture of compositionally 
distinct components, heterogeneous at all 
lengthscales. Two other recent proposals 
may also play a role: the eff ects of water 
may keep the transition zone enriched 
in trace elements10, and a concentration 
of trace elements may exist in a ‘magma 
ocean’ that has always existed above the 
core–mantle boundary11.

To resolve these issues, improved 
geochemical and geophysical data 
are essential, and so is quantitative 
testing of conceptual models. Direct 
numerical simulation of thermochemical 
mantle processes couples melting-
induced diff erentiation and trace-
element partitioning, convective 
mixing or segregation, and mineral 
physics information on rock physical 
properties and phase transitions. Such 
simulations, for example those presented 
at the meeting by P. E. van Keken, Univ. 
Michigan, USA, can generate synthetic 
geochemical and geophysical data for 
comparison with observations, and are a 
promising integrative approach to testing 
hypotheses and understanding the nature 
of the Earth’s mantle.
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Figure 1 Leaky layers. The emerging model of mantle convection suggests that some relatively cool subducting 
slabs of oceanic plate (blue) are defl ected at the 660 km discontinuity (dashed black line) whereas others penetrate 
all the way to the core–mantle boundary (solid black line), forming slab graveyards. Piles of material that are 
enriched in incompatible elements compared with the expected mantle average (orange) are pushed around at the 
core–mantle boundary by incoming slab material, and plumes form from their edges and tops (red). Some plumes 
penetrate below 660 km, whereas others are defl ected and may produce secondary upper-mantle plumes. An 
average compositional stratifi cation exists either side of 660 km.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts false
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.30000
    0.30000
    0.30000
    0.30000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition (OFCOM_PO_P1_F60)
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (NPG WEB PDF Job Options. 150dpi. 22nd September 2004. PDF 1.4 Compatibility.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 782.362]
>> setpagedevice




