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Models for the disruption of supercontinents have considered mantle plumes as potential triggers for
continental extension and the formation of large igneous provinces (LIPs). An alternative hypothesis of
top-down tectonics links large volcanic eruptions to lithospheric delamination. Here we argue that the
formation of several LIPs in Tarim, Yangtze, Lhasa and other terranes on the Eurasian continent was coeval
with the assembly of the Pangean supercontinent, in the absence of plumes rising up from the mantle

transition zone or super-plumes from the core-mantle boundary. The formation of these LIPs was accom-

Keywords:
Supercontinents
Plumes

Large igneous provinces
Lithospheric extension
Asthenospheric flow

formation.

panied by subduction and convergence of continents and micro-continents, with no obvious relation to
major continental rifting or mantle plume activity. Our model correlates LIPs with lithospheric extension
caused by asthenospheric flow triggered by multiple convergent systems associated with supercontinent

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

The breakup of Phanerozoic and Proterozoic supercontinents
such as Pangea, Rodinia and Columbia has commonly been linked
to mantle plumes generated from the mantle transition zone, or
super-plumes rising from the core-mantle boundary, with the pro-
cess accompanied by the formation of large igneous provinces
(LIPs) and the related deep-mantle source magmas (Morgan, 1971,
1972; Griffiths and Campbell, 1991; Ernesto et al., 2002; Ernst et al.,
2005, 2013; Ernst, 2014; Maruyama et al., 2007; Arndt et al., 2008;
Murphy et al., 2009; Santosh et al., 2009; Bryan and Ferrari, 2013;
Nanceetal.,2014; Kawaietal.,2013).It has also been suggested that
plate subduction and oceanic ridge formation are the result of man-
tle plumes or convective mantle flow in the asthenosphere (Peltier,
1989; Anderson, 1998). Recent investigations from the Eurasian
continent (Fig. 1; Deccan, Lhasa, Emeishan, Tarim, and Siberia;
Chung and Jahn, 1995; Pirajno, 2000; Zhang et al.,2010,2012, 2014;
Zhu et al., 2010) show that the formation of 290-250 Ma LIPs in
Emeishan and Tarim may not be related to the breakup of Pangea,
but may instead be related to the assembly of this supercontinent.

In the case of the Emeishan and Tarim LIPs and Traps, many
workers have invoked a mantle plume or even super-plume
connection (Chung and Jahn, 1995; Pirajno, 2000; Xu et al., 2004;
Zhang et al., 2010, 2013; and references therein), although the
plume hypothesis and the alternative lithospheric delamination
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hypothesis are both inconsistent with new geological, geochem-
ical, and paleomagnetic data, as evaluated in this study. Here
we emphasize the possible link between the formation of LIPs
and the assembly of supercontinents, and attempt to resolve the
debate on the origin of the Emeishan and Tarim LIPs through a
careful analysis of the geology, tectonics, paleomagnetism, and
magma compositions in relation to plate convergence. Based on
our analysis, we propose a new model of asthenospheric flow
caused by multiple subduction systems as the dominant trigger
for extensional tectonics and LIP formation.

2. Evidence for the 290-250 Ma events and related global
tectonics

2.1. Regional characteristics of two LIPs and their time-scales

The Tarim LIP formed during the period ~290-275Ma (e.g.
Zhang et al., 2010, 2012) or slightly earlier at ~300Ma (Zhang
et al.,, 2013) and is located in the interior and northern margins
of the Tarim Block. Its tectonic setting is post- or syn-orogenic
(Figs. 2A and 3A), suggesting that the LIP formed during the closure
of the Central Asian Ocean, after or during the Tianshan orogeny.
A rift system formed in the center of the Tarim Block and along
its northern margin. The LIP contains basalt as well as some fel-
sic volcanics, and dykes of gabbro formed mainly parallel to the
rift zones, rather than as giant radiating swarms. The magmas
included kimberlite, rhyolite, alkaline-basalt, diabase, and gabbro,
and their geochemical features suggest OIB and fore-arc material
(Zhang et al., 2010, 2012).
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Fig. 1. Distribution of four major LIPs in the Eurasian continent and their regional tectonic settings (compiled from Sorkhabi and Heydari, 2008). Age data are from various
studies (Deccan, Lhasa, Emeishan, Tarim, and Siberia; Pirajno, 2000; Zhang et al., 2010, 2012; Chung and Jahn, 1995; Zhu et al., 2010). Locations of geological cross sections

of Fig. 3 are shown.

The Emeishan LIP occurs within the Yangtze Block, and Shellnutt
et al. (2012) reported high precision zircon CA-TIMS U—Pb ages
with a narrow range from 257 Ma to ~260 Ma (Figs. 2B and 3B-D)
for the Panxi intrusive suite in the inner zone of the LIP. Prior to the
LIP formation, this region witnessed coeval submarine sedimenta-
tion and subaerial basalt eruptions in time and space (Wang et al.,
2014), but the sedimentation is not merely of shallow water setting
(Ukstins Peate and Bryan, 2008). During the early stages of the LIP,
rift systems formed along the western margin and in the interior
of the Yangtze Block (Fig. 2B). Mafic-ultramafic dyke swarms and
sheets formed along N-S trending rift zones, and V—Ti—Fe mineral
deposits formed in association with the gabbros (Pang et al., 2013;
Pecher et al.,, 2013).

The Emeishan basaltic rocks contain mega-phenocrysts of
feldspar, and rhyolites occur in the bottom and upper layers. Over-
all, the rocks display OIB characteristics (Xiao et al., 2004) with the
signature of recycled oceanic crust (Zhu et al., 2005). Some studies
also reported the eruption of picrite, considered to be impor-
tant evidence for a mantle plume (Zhang et al., 2006). However,
more recently it has been argued that these picrites were actually
sourced from the lithospheric mantle (Kamenetsky et al., 2012)
or the asthenosphere (Hao et al., 2011), and that the subducted
oceanic slab was remelted to form the picritic porphyries (Kou
et al,, 2012). These arguments suggest the rocks are not primary
mantle material, contradicting the mantle plume hypothesis in ear-
lier studies (e.g., Zhang et al., 2006; Xu et al., 2004). Moreover, the
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Fig. 2. Regional tectonic framework, location of LIPs and convergent boundaries, and distribution of LIP-related volcanic rocks. (A) Tarim LIP relative to its surrounding
tectonics (compiled from Wang et al., 2010). (B) Emeishan LIP and related Yangtze tectonics (compiled from Yang et al.,, 2012; Xu et al., 2004).

geochemical data indicate the involvement of oceanic crust that
was subducted under the Yangtze Plate (Zhu et al., 2005).

2.2. Tectonic regimes and frameworks: local and regional
characteristics

In the Tarim Block and adjacent regions, there was local marginal
extension, but the region mainly underwent contraction in asso-
ciation with the Kunlun and Tianshan orogenic belts along the
southern and northern margins, respectively (Figs. 2A and 3A),
followed by uplift and erosion. The northward subduction and
collision in the Tianshan orogenic belt culminated in the late
Carboniferous-Early Permian, and intracontinental deformation
ensued (Fig. 3A). The southern margin of the Tarim Block expe-
rienced basaltic eruptions and late stage subduction and collision
during 250-230Ma (Wang et al., 2010) (Fig. 3A). It is clear, there-
fore, that from at least 290 Ma to later than 250 Ma, the Tarim

Block and surrounding areas were in a tectonic regime dominated
by N-S directed compression. Along the northern margin of the
Tarim Block, subduction occurred from ~320 to 290 Ma (Wang
etal.,2008). Along the southern margin of the Tarim Block, subduc-
tion and collision occurred around 250-230 Ma, forming the west
Kunlun orogenic belt (Wang et al., 2010, and references therein).
In the case of the Emeishan LIP, most of the basaltic eruptions
took place within a N-S rift system along the western side of the
Yangtze Block (Fig. 2B). The western side of the block experienced
subduction-related island arc magmatism during 280-240Ma
(Jian et al., 2009; Yang et al., 2012) related to E-W directed
contraction and strike-slip motion (Fig. 3B). Island-arc rocks with
ages of 270-250 Ma have been reported from the western part of
the Yangtze Plate (Xiao et al., 2008; Jian et al., 2009; Yang et al.,
2012), contemporaneous with or earlier than the Emeishan LIP.
The volcanic arc and zone of subduction define a belt that extends
from east Kunlun to the west of the Yangtze Block. At the time
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Fig. 3. Sketched sections of tectonics in the region with subduction, collision and volcanic eruptions (based on Jian et al., 2009; Wang et al., 2008, 2010; Zhang et al., 2010;
Yang et al., 2012; and this study). (A) From the Kunlun orogenic belt, Tarim Block to the Tianshan orogenic belt, northwards. (B) From the Paleo-Tethys to the Yangtze Block,
eastwards. (C) From the Yangtze Block, Qinling oeogenic belt to the north China Block, northwards. (D) From the Yangtze Block to the southeastern China tectonic belt,

southeastwards.

of formation of the Emeishan LIP, the northern margin of the
Yangtze Block witnessed subduction and collision of the Yangtze
Block and North China Craton in a tectonic regime of N-S directed
compression (Fig. 3C), but rifting occurred on the southeastern
side (Fig. 3D) that is connected to the south China tectonic belt.

Thus, during the period 290-250 Ma, the marginal regions of
the Yangtze and Tarim plates provide evidence of subduction
and mountain building whereas the rest of the region experi-
enced no obvious thrusting or folding (Wang et al., 2008, 2010;
Jian et al., 2009; Yang et al., 2012). Convergence, subduction, and
north-directed horizontal movements resulted in the closure of the
east Paleo-Tethys ocean at this time (Sorkhabi and Heydari, 2008)
(Figs. 2B, 3B, C and 4), accompanied or immediately followed by
voluminous eruptions of basalt (Fig. 2). The eruptions were mainly
along the western margin of the Yangtze Block, and the northern
margin and north-central parts of the Tarim Block, where there
were ancient tectonic or orogenic belts. There are no giant radiat-
ing dyke swarms in the Tarim Block, or Yangtze Block, but in both
areas the volcanic rocks were erupted along zones that represent
local extension.

2.3. Polar-wandering paths: convergent features

The Yangtze Block was separated from Gondwana at around
500 Ma, and subsequently moved northward (Huang et al., 2008).
By 290 Ma, it was situated at 30-40° N, and at 260 Ma it was located
at 24° N (Fig. 4B). The Tarim Block mainly moved northward. At

500 Ma it was in the region of the South Pole, but by 280 Ma it
had moved to 40° N (Stampfli and Borel, 2002; Huang et al., 2008;
Veevers, 2012), close to its present position, and collided and con-
verged with the Kazakhstan Plate and Siberian Plate. The Siberian
Plate was located at 30-50° N from 300 Ma to 250 Ma, and there
is no clear evidence of any N-S longitudinal movements (Cocks
and Torsvik, 2007). All the surrounding plates or micro-blocks
such as Lhasa and Qiangtang (Fig. 1; belonging to south Tibet and
north Tibet, respectively; Zhang et al., 2014) moved together from
south to north during the period from 300 to 250 Ma (Stampfli
and Borel, 2002). At around 230 Ma, the collage of these blocks
reached its present position (Fig. 4B). The closure of the western
Paleo-Tethys, and the associated convergence and collision of the
continental blocks, took place at about 280 Ma (Stampfli and Borel,
2002; Veevers, 2004, 2012; Nance et al., 2012), and this coincides
with the formation of the western part of Pangea. At the same
time, the eastern part of Paleo-Tethys was still closing, and con-
tinents such as Tarim, Yangtze, Lhasa, Qiangtang, and others were
converging, accompanied by basaltic eruptions at 290-250 Ma.
Therefore, during the period 290-250 Ma, the Tarim, Yangtze
and Lhasa blocks were converging and moving from south
to north, closing on the Siberian continent (Fig. 4), and the
tectonic regime was dominated by continental convergence
(Figs. 1,3 and 4A), not divergence. This south-to-north convergence
continued until 250-230 Ma. Global tectonic reconstructions show
that the construction of Pangea included the following phases:
closure of the Proto-Tethys from ~290 to 280 Ma (leading to the
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Fig. 4. Large igneous provinces linked to supercontinent assembly. (A) Global con-
vergence of different plates during the 250 Ma time-interval, with specific reference
to the formation of the supercontinent Pangea (compiled from Stampfli and Borel,
2002; Zhu et al.,, 2010; Xu et al., 2004; Saunders et al., 2005). In the figure, T - Tarim;
Y - Yangtze; NC - North China. (B) Compilation of paleomagnetic data for the Siberia,
Tarim, and Yangtze plates (data compiled from Cocks and Torsvik, 2007; Huang et al.,
2008). Motion of the Siberia, Tarim, and Yangtze plates are from south to north, and
their convergence formed Pangea.

construction of the Central Asian Orogenic belt); closure of the
western Paleo-Tethys between Laurentia and Gondwana (conclud-
ing the formation of the Variscan orogen in western Pangea) at
around 280 Ma (Veevers, 2004, 2012; Nance et al., 2012); and the
onset of closure of the eastern part of the Paleo-Tethys from 290
to 250 Ma. By this time the western sector of the Paleo-Tethys was
one continental mass, but the eastern part contained various conti-
nental fragments that were moving northward. After 250-230 Ma,
the final phase of continental collision and closure of the Tethys and
Neo-Tethys continued along the western side of the Yangtze Block.

3. Discussion

3.1. Conflicting hypotheses for LIPs: geological and paleomagnetic
evidence

The mantle plume hypothesis of Morgan (1971, 1972) proposed
that mantle hot-spots exist beneath moving plates. The hypothe-
sis was extended to explain how a plume could interact with the
overlying lithosphere and cause rifting and continental breakup
(e.g., Storey, 1995; Courtillot et al., 1999; Hawkesworth et al., 1999;
Pirajno, 2000). Other significant suggestions are: (1) that the mate-
rial source for a plume is the core-mantle boundary (e.g. Maruyama
et al., 2007), (2) that plume activity is accompanied by giant radi-
ating dyke swarms (Ernst and Buchan, 1997), and (3) that the crust
undergoes domal uplift on the kilometer-scale (Campbell, 2005).
However, with regard to the LIPs formed between about 290 and

250 Ma, the geological and paleomagnetic evidence summarized
above, conflicts with the plume hypothesis and suggests that LIPs
coincided with the assembly of the supercontinent Pangea, and not
with any major breakup event.

There are several reasons why the Tarim and Emeishan LIPs are
probably not related to the postulated two mantle plumes. First,
there are no radiating dyke swarms, and no features typical of man-
tle head and tail magmatism in the LIP that Zhang et al. (2006)
advocated. Second, previous reports of a 1-km domal uplift before
the formation of the Emeishan LIP (He et al., 2003, 2011) are based
on fold interference patterns associated with at least three phases
of deformation in sedimentary layers. Third, the basal conglomer-
ate described by He et al. (2003, 2011) is in fact a fault breccia, as
also observed in the upper part of the Emeishan basaltic system
(Wang et al., 2014). Fourth, the kimberlites in the LIPs, which are
interpreted to constitute evidence for a mantle plume (Wei et al.,
2014), coexist with rhyolite and other felsic rocks, suggesting that
they are related instead to a rift system. These rock types were
emplaced over a long interval, from ~290 to 275 Ma. Fifth, so-called
“primary magma” in the Emeishan LIP (Zhang et al., 2006) was actu-
ally sourced from the lithosphere or the subcontinental lithospheric
mantle, rather than the convective asthenosphere or a deep mantle
plume (Kamenetsky et al., 2012). In the Tarim and Emeishan LIPs,
only some characteristics are compatible with the mantle plume
hypothesis such as the sudden large-scale basaltic eruptions over
a short time span.

The earlier models (Morgan, 1971, 1972; Griffiths and Campbell,
1991) do not explain several features of the 290-250 Ma LIPs: their
tectonic setting, the input of oceanic crust materials, plate conver-
gence, the construction of a supercontinent, the lack of evidence
for any core-mantle boundary materials, and the absence of giant
radiating dyke swarms. Another major problem is that during the
formation of the Emeishan and Tarim LIPs there was no regional
extension, either before or during the basaltic eruption. The nature
of the magmatism, geological evidence, paleomagnetic data and
plate motion reconstructions for the period 290-250 Ma, all show
that from the Late Proterozoic to the Early Triassic, the main con-
tinents, including the Siberian continent, were converging, and in
the Triassic the Chinese continent, especially the Yangtze and Tarim
blocks, and the Siberian continent united to form a single Eurasian
continent with Laurentia, which then combined with Gondwana to
form the Pangean supercontinent.

Anderson’s model (2001) of lithospheric delamination has also
been used to explain the 290-250Ma LIPs. This would require
delamination on a wide scale, but the problem is lack of clear evi-
dence for major crustal-lithospheric shortening-thickening during
or prior to LIP formation, and the tectonic setting is therefore
incompatible with a major delamination event. Even if all of the
delaminated lithospheric material had been remelted, with all the
magma erupted at the surface, it is still not possible to explain the
observed large-scale basaltic eruptions. It is unrealistic to explain
the formation of the Tarim and Emeishan LIPs with the lithospheric
delamination model.

Local rift zones did form during LIP formation, but they occur
in narrow regions and over short time intervals, as for example in
the Yangtze and Tarim blocks (Fig. 2). These local extensional/rift
zones are clearly unrelated to any widespread breakup of the
Pangea supercontinent. The breakup of Pangea started after the
Late Triassic, and took place mainly after the Middle-Jurassic at
the same time as the formation of the Atlantic Ocean and the
rapid formation of the Pacific Plate from 180 to 165 Ma (Bartolini
and Larson, 2001; Veevers, 2004, 2012). The formation of Pangea
was accompanied by several LIPs in different continents when
the Lhasa Block and other regions in Eurasia (Fig. 1) experienced
volcanic eruptions between 290 and 250 Ma. These global fea-
tures suggest that the overall regional tectonic stresses were

http://dx.doi.org/10.1016/j.jog.2014.12.001
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Fig. 5. Evolution of the Paleo-Tethys Ocean from ~320Ma to 260 Ma (simplified from Stampfli and Borel, 2002). (A) At ~320 Ma, the Laurasia and Gondwana continents
converged, resulting in the closure of the west Paleo-Tethys Ocean and the formation of the western part of the Pangea supercontinent. Meanwhile, west-to-east sub-
horizontal mantle flow was initiated, influenced by movement in the asthenosphere. (B) At 280 Ma, large-scale strike-slip motion formed along the margins of continents or
blocks, parallel to the direction of mantle flow, and this resulted in the formation of LIPs in the Tarim Block and adjacent regions, rifting, and local extension. (C) At 260 Ma,
the Emeishan LIP formed, while western and northern parts of the Yangtze Plate were the sites of subduction and continent-continent convergence.

compressive, not extensional, except for local extension during
the basaltic eruptions in the Yangtze and Tarim plates.

3.2. Proposed asthenospheric flow and its process

Traditionally, plate tectonics and the mantle convention
hypothesis suggest that during plate subduction, the coupled man-
tle sinks into the lower mantle or even to the D” layer of the
mantle-core boundary, which is interpreted to be the source
of mantle plumes (Morgan, 1971, 1972). However, subduction-
induced mantle flow has recently been suggested and modeled
by Schellart (2008, 2010). A number of recent papers presenting
geodynamic subduction models have shown that upper mantle
subduction with strong slab rollback motion generates strong
sub-horizontal toroidal return flow in the sub-lithospheric upper
mantle (Schellart, 2008). In a more recent work it was shown
that such sub-horizontal toroidal flow drives the motion of tec-
tonic plates (in particular the overriding plate) and also drives
backarc extension (Schellart and Moresi, 2013). In addition it has
been shown that subduction and slab rollback are associated not
only with strong horizontal flows, but also with strong upwelling
flows in a number of locations (in particular within the region sur-
rounding lateral slab edges and in the distant part of the mantle
wedge region) that could be responsible for intraplate magmatism
(Schellart, 2010; Strak and Schellart, 2014). The horizontal motion
and deformation of the frontal part of a slab located at the 660 km
discontinuity can generate motion and deformation in the sur-
rounding mantle (Strak and Schellart, 2014). Mantle flow can also
drive motion in the surrounding lithosphere, as well a marginal
strike-slip motion (e.g., Allen et al., 2006). When asthenospheric
flow runs counter to that of the lithosphere, rift systems may form
on the margins or interior of the plate, resulting in decompression
melting of the mantle (Strak and Schellart, 2014). These new find-
ings strongly suggest that the initial formation of mantle flow, such
as during the 320-260 Ma time interval, was related to convergence
at the western part of Pangea supercontinent, which would have
produced asthenospheric flow from west to east (Fig. 5A). Lateral
asthenospheric flow would produce lithospheric-scale marginal
strike-slip motion and rift systems, and may explain the following
features: the transcurrent motion of Siberia along the Laurussian
margin (Sears, 2012) in the north Paleo-Tethys Ocean (Fig. 5B);
extension and strike-slip motion in the western and southern
Siberian Craton (Allen et al., 2006), as well as in the Tianshan oro-
genic belt during the early Permian (Natal'in and Sengdr, 2005;
Wang et al., 2008) along the trans-Eurasian structure (Natal'in
and Sengor, 2005); and extension and strike-slip motion on the

margin of the Yangtze Plate (Fig. 5C). Relative motion between the
lithosphere and upper asthenosphere results in decoupling of the
mantle and upper asthenospheric flow, and global westward drift
of the lithosphere (Doglioni et al., 2014).

Lebedev et al. (2006) reported that sub-horizontal astheno-
spheric flow occurs in continental rift zones. Mantle flow can result
in the movement of continents, in addition to rift formation such
as the Baikal rift (Lebedev et al., 2006). Local extension and rift
features within the Tarim, Yangtze, and Siberia continental blocks
may also be related to asthenospheric flow and subsequent tear
of the continent prior to LIP formation. Moreover, the astheno-
sphere itself cannot be assumed to be stationary or disturbed only
by the drag from the lithosphere above (Lebedev et al., 2006).
Not only are lithospheric-scale strike-slip zones and rift systems
formed, but mafic-ultramafic intrusions are associated with major
crustal structures (Lightfoot and Evans-Lamswood, 2015). These
structures are linked to mantle-penetrating fractures associated
with magmatism in the roots of large igneous provinces (Lightfoot
and Evans-Lamswood, 2013, 2014). Typically, mantle plumes are
a major control on rift structures (e.g., Allen et al., 2006); how-
ever, there are many rift systems that are related to asthenospheric
or mantle flow rather than mantle plumes, such as the Baikal rift
(Lebedev et al., 2006).

Thus, a four-stage evolution of asthenospheric flow can be pro-
posed (Fig. 6) as follows. The initial formation of asthenospheric
flow (Fig. 6A); flow resulting in lithospheric-scale strike-slip
motion (Fig. 6B); local extension and continent or plate tearing and
rifting (Fig. 6C and D); and finally, convergence of asthenospheric
flows moving in different directions, resulting in the formation of
huge LIPs (Fig. 6E).

3.3. Global asthenospheric perturbations and the convergence of
continents during LIP formation

There is no robust evidence for picrite as an important primary
source, but various reports point to its presence as inclusions of
asthenospheric material, or as olivine rich cumulate. The materials
might have also come from the lithosphere-asthenosphere transi-
tional zone (Peate and Hawkesworth, 1996; Bryan and Ernst, 2008).
The presence of picritic basalts and various other geochemical fea-
tures indicate that the magmas associated with some LIPs, but not
all, were derived in part from the lithospheric or asthenospheric
mantle (Peate and Hawkesworth, 1996; Yaxley, 2000; Sobolev et al.,
2007; Kamenetsky et al., 2012; Zhang et al., 2012). Some inferred
mantle plumes elsewhere contain similar materials, as in the cases
of Hawaii (from convected asthenosphere; Sobolev et al., 2005) and

http://dx.doi.org/10.1016/j.jog.2014.12.001
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Fig. 6. Schematic model of the evolution of asthenospheric flow. (A) Initial development of asthenospheric flow. Subduction of an oceanic plate results in lateral mantle
flow, parallel to the trench. (B) In response to asthenospheric flow, lithospheric-scale strike-slip faults develop in the marginal lithosphere. (C) In the case that the direction
of mantle flow is parallel to the movement direction of a plate or continent, the margin of the continent is torn, forming a rift system that opens parallel to the mantle flow
direction, as well as local intraplate extension. These structures then channel upwelling asthenospheric magma, resulting in basaltic eruptions. (D) In the case that mantle
flow is in the opposite direction to that of the plate motion, a subduction system forms along with back-arc extension. (E) The convergence of mantle flows moving in two
different directions results in a huge LIP (such as the Tarim and Emeishan LIPs) along the rifted or torn continent or plate.

the Deccan Traps (Melluso et al., 2006). There is adequate evidence
to show that oceanic crust was recycled into the erupted magma in
the Emeishan (Zhu et al., 2005; Song et al., 2008; Xiao et al., 2008),
Tarim (Zhang et al., 2012), and Siberia (Sharma, 1997; Sobolev et al.,
2007) LIPs. Thus, the Emeishan and Tarim LIP magmas are generally
derived from sub-lithospheric sources and from recycled oceanic
crustal materials in the asthenosphere, and were associated with
the closure of Paleo-Tethys and its subduction under the continen-
tal margins.

Although the overall movement of Gondwana and its northern
fragments was to the north, the scissor-like closure of the western
part of Paleo-Tethys supposedly caused an eastward astheno-
spheric flow that interacted with the northward flow. During the
period 290-250 Ma, the western sector of Paleo-Tethys experi-
enced extensive horizontal flow of asthenospheric materials in a

wide zone of ~80 to 410 km (Fig. 7) in two major directions: from
west to east and from south to north. The downwelling mantle
materials did not reach down to the core-mantle boundary, but
were instead caught up in the extremely vigorous subhorizontal
flow and the resultant mantle upwelling locally causing exten-
sional tectonics. This asthenospheric horizontal or subhorizontal
flow originated from a rather narrow and constricted domain (west
Paleo-Tethys), and extruded toward a broad region (east Paleo-
Tethys) (Fig. 5), thereby generating an intense and rapid flow. The
confluence of the E-W and N-S directed flows generated astheno-
spheric upwelling (Fig. 7, the bottom panel) instead of normal
sinking down of subducted material into the mantle transition zone
(mantle convection) and from where, according to Maruyama et al.
(2007), it would avalanche into the core-mantle boundary to be
recycled as superplumes.
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West Paleo-Tethys LIP

East Paleo-Tethys

410km
660km

Mantle transitional zone *
T

Asthenospheric flow

West to cast

Confluence of asthenospheric flow

Asthenospheric flow

4._
South to north

Fig. 7. Schematic model proposed in this study involving the confluence of asthenospheric flows and upwelling leading to the formation of LIPs. The three stages of evolution
shown are: (1) asthenospheric flow and confluence, (2) lines of extensional zones formed by the rapid upwelling of the mantle and interaction with the lithosphere, and (3)
the rapid or slow eruption of voluminous volcanic material. The bottom panel shows convergence, the resultant horizontal flow in the asthenosphere and the confluence of

the flows.

During the convergent regime outlined above, multiple sub-
duction zones operated at various continental margins, and LIPs
formed with the recycling of oceanic slabs, together with the for-
mation of oceanic ridges. All of these processes occurred at about
the same time but in different tectonic domains, with a constraining
force of asthenospheric flow, as discussed below. Horizontal flow in
the asthenosphere can drive plates, cause continents to converge,
and potentially lead, therefore, to the building of a superconti-
nent, such as Pangea. This convergence was the result of various
continental motions, and was accompanied by the formation of
huge LIPs during the period 290-250 Ma in a setting of contraction
close to the Siberian continent. These features provide robust evi-
dence for plate convergence accompanied by the formation of giant
LIPs.

3.4. Formation of the LIPs: a new geodynamic hypothesis

The asthenosphere flow and resulting multiple convergent
zones as proposed in this study, caused the build-up of Pangea.
The 290-250 Ma LIPs discussed in this study were not associated
with the breakup of a supercontinent, and are incompatible with
the conventional mantle plume concept. The multiple convergent
zones and the resulting asthenospheric flow in two major direc-
tions (from west to east and from south to north), as proposed
in this study, were associated with supercontinent building, and
not breakup. The mechanism that controlled the movements of the
converging plates is linked to horizontal or sub-horizontal man-
tle flow in the asthenospheric layer at a depth of 80-410 km. The
E-W flow of the asthenosphere was linked to the assembly of con-
tinents on the western side of Europe, associated with subduction
and collision during the earlier stages of the formation of Pangea.
The northward flow drove the Siberia, Tarim, and Yangtze plates.
Horizontally or subhorizontally layered flow of the upper man-
tle changed to vertical upwelling when the two major flows from
different directions intersected, and the mantle upwelling had a sig-
nificant impact on the lithosphere and its extension. At the same
time, or slightly earlier, rifts or normal faults formed along the con-
tinental margin or in the plate interiors where LIPs were forming.
These local rifts or fractures represent minor and incipient rift-
ing, a process that is quite different from the major breakup of a
supercontinent.

At the time that the rapid basaltic eruptions were taking place
along the continental margins, subduction and local horizontal-
flow occurred in the asthenospheric mantle. Meanwhile, the
western Paleo-Tethys had closed, and according to paleomagnetic
data and paleogeographic reconstructions, the western regions of
the globe had been brought together (Veevers, 2004, 2012; Nance
et al., 2012). However, on the eastern side of the Paleo-Tethys,
the different continental blocks remained unconnected within a
vast domain. We speculate that at this time, the closure of the
Paleo-Tethys in the west drove the asthenospheric mantle to flow
horizontally from west to east at a depth of 80-410 km, along the
center of the relict Paleo-Tethys. When this flow met the northward
flow of the asthenosphere further east, the plates near the Tarim
Block were moved around, and basaltic eruptions occurred along
the northern side of the block. Further toward the east, LIPs formed
in Emeishan and parts of south Lhasa and Tibet, on the southern
side of the relict Paleo-Tethys (Fig. GA). Finally the Siberian Trap
formed when all the plates in the region moved northwards, and
the convergence of the Tarim, Kazakhstan, North China, and other
plates completed the amalgamation of Pangea.

Our model does not require top-down tectonics (lithospheric
delamination; Anderson, 2001) and D” mantle tectonics (mantle
plume; Morgan, 1971, 1972) to explain the LIPs. In particular, these
hypotheses appear incompatible with the formation of the Pangea
supercontinent, which took place simultaneously with the forma-
tion of the LIPs. The horizontal-flow of the asthenospheric mantle
in the regions of far-field subduction and near-margin subduction
is regarded as the main mechanism that controlled the convec-
tive upwelling of the mantle and local extension leading to the
formation of the LIPs.

The mantle plume and lithospheric delamination hypotheses
have been used in attempts to explain how huge basaltic volcanic
eruptions (LIPs) can take place over very short time intervals, in
the order of some one million years, while ignoring the prolonged
formation of for instance the Tarim LIP between ~290 and 270 Ma.
However, our new hypothesis provides a straightforward explana-
tion for either rapid or slow eruptive activity in different LIPs. In
this model of continental convergence driven by asthenospheric
flow, different cratons or continental blocks behave differently.
The Siberian craton, for example, has a thick lithospheric keel that
would have been difficult to break, but once it did fracture or rift,
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eruptions of sublithospheric and asthenospheric magma would
have taken place quickly over a very short time. In contrast, the
Tarim Block would have been relatively easily rifted, and this means
that volcanic rocks would have been erupted over a longer period
of time. For example, the Siberian Trap was erupted over little more
than 1 Myr, whereas the Tarim LIP lasted for more than 15 Myr.

4. Concluding remarks

The formation of the Tarim and Emeishan LIPs on the Eurasian
continent during 290-250 Ma, broadly coincided with the tim-
ing of assembly of the supercontinent Pangea. The mantle plume
and delamination hypotheses cannot explain the features associ-
ated with the formation and evolution of these LIPs. We propose
a new model involving the convergence of asthenospheric flow
from different directions, and the gathering together of continental
fragments. On a global scale, the oblique, relatively local closure of
the western Paleo-Tethys domain caused a subhorizontal eastward
asthenosphere flow which interacted with the overall northward
flow that had earlier also translated the western Gondwana frag-
ments to the north. These two major flows driving the continental
blocks, generated a major upwelling of the mantle, which created
weak zones in the overlying lithosphere and caused the formation
of LIPs at different times and in different sectors of the continen-
tal margins and interior of Eurasia. This asthenospheric flow model
can explain the formation of LIPs in a compressive regime, in the
course of the construction of a supercontinent.

Acknowledgements

We greatly appreciate the comments from Editor-in-Chief, Prof.
Wouter Pieter Schellart, and referees Richard Ernst, and an anony-
mous reviewer for their constructive comments and suggestions.
This study was supported by the State Key Research Development
Program of China (973, No. 2011CB808901) and the Program for
Changjiang Scholars and Innovative Research Teams in University
(IRT1083). The work undertaken for this paper also contributes to
the 1000 Talents Award to M. Santosh from the Chinese Govern-
ment.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.jog.2014.12.001.

References

Allen, M.B., Anderson, L., Searle, R.C., Buslov, M., 2006. Oblique rift geometry of the
West Siberian Basin: tectonic setting for the Siberian flood basalts. J. Geol. Soc.
163, 901-904.

Anderson, D.L., 1998. The scales of mantle convection. Tectonophysics 184, 1-17.

Anderson, D.L., 2001. Top-down tectonics? Science 293, 2016-2018.

Arndt, N., Lesher, C.M., Barnes, S., 2008. Komatiites. Cambridge University Press,
Cambridge, pp. 1-488.

Bartolini, A., Larson, R.L., 2001. Pacific microplate and the Pangea supercontinent in
the Early to Middle Jurassic. Geology 29, 735-738.

Bryan, S.E., Ernst, R.E., 2008. Revised definition of large igneous provinces (LIPs).
Earth-Sci. Rev. 86, 175-202.

Bryan, S.E., Ferrari, L., 2013. Large igneous provinces and silicic large igneous
provinces: progress in our understanding over the last 25 years. Geol. Soc. Am.
Bull. 125, 1053-1078.

Campbell, I.H., 2005. Large igneous provinces and the mantle plume hypothesis.
Elements 1, 265-269.

Chung, S.L, Jahn, B.M., 1995. Plume-lithosphere interaction in generation of the
Emeishan flood basalts at the Permian-Triassic boundary. Geology 23, 889-892.

Cocks, L.R.M., Torsvik, T.H., 2007. Siberia, the wandering northern terrane, and its
hanging geography through the Palaeozoic. Earth-Sci. Rev. 82, 29-74.

Courtillot, V., Jaupart, C., Manighetti, I., Tapponnier, P., Besse, ]., 1999. On the causal
links between flood basalts and continental breakup. Earth Planet. Sci. Lett. 166,
177-195.

Doglioni, C., Carminati, E., Crespi, M., Cuffaro, M., Penati, M., Riguzzi, F., 2014. Tec-
tonically asymmetric Earth: from net rotation to polarized westward drift of the
lithosphere. Geosci. Front., 1-18, http://dx.doi.org/10.1016/j.gsf.2014.02.001.

Ernesto, M., Marques, L.S., Piccirillo, E.M., Molina, E.C., Ussami, N., Comin-
Chiaramonti, P., Bellieni, G., 2002. Parana Magmatic Province-Tristan da Cunha
plume system: fixed versus mobile plume, petrogenetic considerations and
alternative heat sources. ]. Volcanol. Geotherm. Res. 118, 15-36.

Ernst, R.E., Buchan, K.L.,, 1997. Giant radiating dyke swarms: their use in identify-
ing pre-Mesozoic large igneous provinces and mantle plumes. In: Mahoney, J.J.,
Coffin, M.F. (Eds.), Large Igneous Provinces: Continental, Oceanic, and Planetary
Flood Volcanism. Geophysical Monograph, vol. 100. The American Geophysical
Union, The United States of America, pp. 297-333.

Ernst, R.E., Buchan, K.L., Campbell, I.H., 2005. Frontiers in large igneous province
research. Lithos 79, 271-297.

Ernst, R.E., Bleeker, W., Soderlund, U., Kerr, A.C., 2013. Large igneous provinces and
supercontinents: toward completing the plate tectonic revolution. Lithos 174,
1-14.

Ernst, R.E., 2014. Large Igneous Provinces. Cambridge University Press, Cambridge,
pp- 1-653.

Griffiths, RW., Campbell, L.H., 1991. Interaction of mantle plume heads with the
earth’s surface and onset of small-scale convection. J. Geophys. Res. 96 (B11),
18295-18310.

Hao, Y.L, Huang, Q.S., Zhang, X.R., Shi, R.D., 2011. Re-Os isotopes of Dali picrite (Yun-
nan): new constraints on the formation of Emeishan Large Igneous Province.
Acta Petrol. Sin. 27, 2937-2946.

Hawkesworth, C., Kelley, S., Turner, S., Le Roex, A., Storey, B., 1999. Mantle processes
during Gondwana break-up and dispersal. J. Afr. Earth Sci. 28, 239-261.

He, B., Xu, Y.G., Chung, S.L., Wang, Y., 2003. Sedimentary evidence for a rapid crustal
doming before the eruption of the Emeishan flood basalts. Earth Planet. Sci. Lett.
213, 389-403.

He, B., Xu, Y.-G., Guan, J.-P., Zhong, Y.-T., 2011. Reply to comment on Paleokarst
on the top of the Maokou Formation: further evidence for domal crustal uplift
prior to the Emeishan flood volcanism by Bin He, Yi-Gang Xu, Jun-Peng Guan &
Yu-Ting Zhong. Lithos 119 1-9, 2010. Lithos 125, 1009-1011.

Huang, B.C., Zhou, X,, Zhu, RX., 2008. Discussions on Phanerozoic evolution and
formation of continental China, based on paleomagnetic studies. Earth Sci. Front.
15, 348-359 (in Chinese with English abstract).

Jian, P, Liu, D.Y., Kroner, A., Zhang, Q., Wang, Y.Z., Sun, X.M., Zhang, W., 2009. Devo-
nian to Permian plate tectonic cycle of the Paleo-Tethys Orogen in southwest
China (II): insights from zircon ages of ophiolites, arc/back-arc assemblages and
within-plate igneous rocks and generation of the Emeishan CFB province. Lithos
113, 767-784.

Kamenetsky, V.S., Chung, S.L., Kamenetsky, M.B., Kuzmin, D.V., 2012. Picrites from
the Emeishan large igneous province, SW China: a compositional contin-
uum in primitive magmas and their respective mantle sources. J. Petrol. 53,
2095-2113.

Kawai, K., Yamamoto, S., Tsuchiya, T., Maruyama, S., 2013. The second continent:
existence of granitic continental materials around the bottom of the mantle
transition zone. Geosci. Front. 4, 1-6.

Kou, C.H., Zhang, Z.C., Santosh, M., Huang, H., Hou, T., Liao, B.L., Li, H.B., 2012. Picritic
porphyrites generated in a slab-window setting: implications for the transition
from Paleo-Tethyan to Neo-Tethyan tectonics. Lithos 155, 375-391.

Lebedev, S., Meier, T., van der Hilst, R.D., 2006. Asthenospgeric flow and origin of
volcanism in the Baikal Rift area. Earth Planet. Sci. Lett. 249, 415-424.

Lightfoot, P.C., Evans-Lamswood, D., 2013. Structural Controls on Ni—Cu—PGE Sul-
fide Mineralization in the Roots of Large Igneous Provinces. PDAC, Toronto
http://convention.pdac.ca/pdac/conv/2013

Lightfoot, P.C., Evans-Lamswood, D., 2014. Near Surface Manifestations of the Struc-
tural Controls on Ni—Cu—PGE Sulfide Mineralization in the Roots of Large
Igneous Provinces. GAC-MAC, Fredericton, pp. 160 (Abstracts).

Lightfoot, P.C., Evans-Lamswood, D., 2015. Structural controls on the primary dis-
tribution of mafic-ultramafic intrusions containing Ni—Cu—Co—(PGE) sulfide
mineralization in the roots of large igneous provinces. Ore Geol. Rev. 64,
354-386.

Maruyama, S., Santosh, M., Zhao, D., 2007. Superplume, supercontinent, and post-
perovskite: mantle dynamics and anti-plate tectonics on the core-mantle
boundary. Gondwana Res. 11, 7-37.

Melluso, L., Mahoney, ]J., Dallai, L., 2006. Mantle sources and crustal input as
recorded in high-Mg Deccan Traps basalts of Gujarat (India). Lithos 89, 259-274.

Morgan, W.J., 1971. Convection plumes in the lower mantle. Nature 230, 42-43.

Morgan, W J., 1972. Plate motions and deep mantle convection. Mem. Geol. Soc. Am.
132, 7-22.

Murphy, J.B., Nance, R.D., Cawood, P.A., 2009. Contrasting modes of supercontinent
formation and the conundrum of Pangea. Gondwana Res. 15, 408-420.

Nance, R.D., Gutierrez-Alonso, G., Keppie, J.D., Linnemann, U., Murphy, J.B., Que-
sada, C., Strachan, R.A., Woodcock, N.H., 2012. A brief history of the Rheic Ocean.
Geosci. Front. 3, 125-135.

Nance, R.D., Murphy, J.B., Santosh, M., 2014. The supercontinent cycle: a retrospec-
tive essay. Gondwana Res. 25, 4-29.

Natal'in, B.A., Sengor, A.M.C., 2005. Late Palaeozoic to Triassic evolution of the Turan
and Scythian platforms: the pre-history of the Palaeo-Tethyan closure. Tectono-
physics 404, 175-202.

Pang, K.N., Zhou, M.F,, Qij, L., Chung, S.L., Chu, C.H., Lee, H.Y., 2013. Petrology and geo-
chemistry at the Lower zone-Middle zone transition of the Panzhihua intrusion,
SW China: implications for differentiation and oxide ore genesis. Geosci. Front.
4,517-533.

http://dx.doi.org/10.1016/j.jog.2014.12.001

Please cite this article in press as: Wang, Y., et al., Large igneous provinces linked to supercontinent assembly. ]. Geodyn. (2014),



dx.doi.org/10.1016/j.jog.2014.12.001
http://dx.doi.org/10.1016/j.jog.2014.12.001
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0005
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0005
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0005
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0005
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0005
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0005
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0005
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0005
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0005
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0005
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0005
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0005
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0005
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0005
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0005
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0005
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0005
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0005
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0005
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0005
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0005
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0005
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0010
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0010
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0010
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0010
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0010
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0010
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0010
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0010
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0010
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0010
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0015
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0015
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0015
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0015
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0015
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0015
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0015
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0020
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0020
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0020
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0020
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0020
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0020
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0020
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0020
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0020
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0025
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0025
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0025
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0025
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0025
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0025
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0025
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0025
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0025
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0025
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0025
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0025
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0025
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0025
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0025
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0025
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0025
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0030
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0030
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0030
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0030
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0030
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0030
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0030
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0030
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0030
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0030
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0030
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0030
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0030
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0035
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0035
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0035
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0035
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0035
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0035
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0035
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0035
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0035
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0035
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0035
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0035
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0035
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0035
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0035
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0035
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0035
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0035
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0035
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0035
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0035
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0035
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0035
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0035
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0035
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0040
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0040
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0040
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0040
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0040
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0040
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0040
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0040
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0040
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0040
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0040
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0040
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0040
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0045
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0045
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0045
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0045
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0045
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0045
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0045
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0045
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0045
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0045
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0045
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0045
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0045
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0045
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0045
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0045
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0045
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0045
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0045
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0045
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0050
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0050
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0050
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0050
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0050
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0050
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0050
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0050
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0050
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0050
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0050
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0050
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0050
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0050
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0050
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0050
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0050
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0050
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0055
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0055
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0055
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0055
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0055
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0055
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0055
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0055
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0055
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0055
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0055
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0055
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0055
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0055
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0055
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0055
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0055
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0055
dx.doi.org/10.1016/j.gsf.2014.02.001
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0065
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0065
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0065
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0065
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0065
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0065
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0065
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0065
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0065
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0065
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0065
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0065
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0065
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0065
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0065
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0065
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0065
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0065
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0065
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0065
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0065
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0065
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0065
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0065
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0065
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0070
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0075
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0075
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0075
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0075
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0075
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0075
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0075
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0075
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0075
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0075
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0075
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0080
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0080
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0080
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0080
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0080
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0080
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0080
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0080
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0080
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0080
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0080
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0080
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0080
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0080
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0080
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0080
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0085
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0085
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0085
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0085
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0085
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0085
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0085
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0085
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0085
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0085
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0085
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0090
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0090
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0090
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0090
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0090
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0090
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0090
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0090
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0090
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0090
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0090
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0090
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0090
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0090
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0090
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0090
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0090
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0090
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0090
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0090
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0090
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0090
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0095
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0095
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0095
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0095
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0095
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0095
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0095
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0095
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0095
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0095
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0095
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0095
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0095
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0095
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0095
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0095
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0095
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0095
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0095
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0095
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0095
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0095
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0095
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0095
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0095
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0095
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0100
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0100
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0100
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0100
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0100
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0100
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0100
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0100
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0100
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0100
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0100
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0100
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0100
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0100
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0100
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref9105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref9105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref9105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref9105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref9105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref9105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref9105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref9105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref9105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref9105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref9105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref9105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref9105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref9105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref9105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref9105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref9105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref9105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref9105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref9105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref9105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref9105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref9105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0105
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0110
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0110
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0110
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0110
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0110
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0110
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0110
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0110
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0110
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0110
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0110
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0110
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0110
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0110
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0110
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0110
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0110
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0110
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0110
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0110
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0110
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0110
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0110
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0110
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0110
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0115
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0115
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0115
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0115
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0115
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0115
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0115
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0115
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0115
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0115
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0115
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0115
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0115
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0115
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0115
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0115
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0115
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0115
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0115
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0115
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0115
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0115
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0115
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0115
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0115
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0115
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0115
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0115
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0115
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0115
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0115
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0115
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0115
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0115
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0115
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0115
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0115
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0115
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0115
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0120
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0120
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0120
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0120
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0120
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0120
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0120
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0120
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0120
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0120
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0120
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0120
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0120
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0120
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0120
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0120
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0120
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0120
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0120
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0120
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0120
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0120
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0120
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0120
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0120
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0120
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0120
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0125
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0125
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0125
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0125
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0125
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0125
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0125
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0125
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0125
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0125
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0125
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0125
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0125
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0125
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0125
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0125
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0125
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0125
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0125
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0125
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0125
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0125
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0130
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0130
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0130
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0130
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0130
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0130
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0130
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0130
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0130
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0130
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0130
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0130
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0130
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0130
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0130
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0130
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0130
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0130
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0130
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0130
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0130
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0135
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0135
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0135
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0135
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0135
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0135
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0135
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0135
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0135
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0135
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0135
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0135
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0135
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0135
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0135
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0135
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0135
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0135
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0135
http://convention.pdac.ca/pdac/conv/2013
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0145
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0145
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0145
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0145
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0145
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0145
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0145
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0145
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0145
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0145
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0145
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0145
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0145
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0145
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0145
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0145
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0145
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0145
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0145
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0145
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0145
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0145
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0145
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0145
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0145
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0145
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0150
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0150
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0150
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0150
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0150
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0150
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0150
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0150
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0150
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0150
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0150
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0150
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0150
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0150
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0150
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0150
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0150
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0150
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0150
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0150
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0150
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0150
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0150
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0150
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0150
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0150
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0150
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0150
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0150
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0150
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0150
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0155
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0155
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0155
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0155
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0155
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0155
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0155
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0155
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0155
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0155
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0155
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0155
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0155
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0155
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0155
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0155
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0155
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0155
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0155
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0155
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0155
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0155
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0160
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0160
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0160
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0160
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0160
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0160
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0160
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0160
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0160
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0160
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0160
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0160
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0160
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0160
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0160
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0160
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0160
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0160
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0160
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0160
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0165
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0165
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0165
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0165
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0165
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0165
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0165
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0165
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0165
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0165
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0165
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0170
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0170
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0170
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0170
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0170
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0170
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0170
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0170
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0170
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0170
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0170
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0170
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0170
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0170
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0175
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0175
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0175
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0175
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0175
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0175
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0175
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0175
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0175
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0175
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0175
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0175
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0175
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0175
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0175
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0175
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0180
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0180
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0180
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0180
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0180
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0180
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0180
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0180
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0180
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0180
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0180
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0180
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0180
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0185
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0185
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0185
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0185
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0185
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0185
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0185
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0185
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0185
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0185
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0185
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0185
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0185
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0190
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0190
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0190
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0190
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0190
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0190
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0190
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0190
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0190
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0190
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0190
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0190
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0190
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0190
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0190
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0190
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0190
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0190
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0190
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0190
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0190
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0190
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0190
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0195
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0195
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0195
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0195
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0195
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0195
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0195
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0195
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0195
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0195
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0195
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0195
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0195
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0195
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0195
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0195
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0195
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0195
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0195
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0195
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0195
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0195
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0195
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0195
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0195
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0195
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0195
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0195
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0195
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0195
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0195

G Model
GEOD-1343; No.of Pages10

10 Y. Wang et al. / Journal of Geodynamics xxx (2014) XxxX—Xxx

Peate, D.W., Hawkesworth, CJ., 1996. Lithospheric to asthenospheric transition in
low-Ti flood basalts from southern Parana, Brazil. Chem. Geol. 127, 1-24.

Pecher, A., Arndt, N., Jean, A., Bauville, A., Ganino, C., Athurion, C., 2013. Structure
of the Panzhihua intrusion and its Fe—Ti—V deposit, China. Geosci. Front. 4,
571-581.

Peltier, W.R. (Ed.), 1989. Mantle Convection—Plate Tectonics and Global Dynam-
ics. Gordon and Breach Science Publishers, New York, London, Paris, Montreux,
Tokyo, Melbourne, pp. 1-201 (Chapters 1-3).

Pirajno, F., 2000. Ore Deposits And Mantle Plumes. Kluwer Academic Publishers,
Dordrecht, Boston, London, pp. 1-556.

Santosh, M., Maruyama, S., Yamamoto, S., 2009. The making and breaking of super-
continents: some speculations based on superplumes, super downwelling and
the role of tectosphere. Gondwana Res. 15, 324-341.

Saunders, A.D., England, RW., Reichow, M.K., White, R.V., 2005. A mantle plume
origin for the Siberian traps: uplift and extension in the West Siberian Basin,
Russia. Lithos 79, 407-424.

Schellart, W.P., Moresi, L., 2013. A new driving mechanism for backarc extension
and backarc shortening through slab sinking induced toroidal and poloidal man-
tle flow: results from dynamic subduction models with an overriding plate. J.
Geophys. Res. 118, 3221-3248.

Schellart, W.P., 2008. Kinematics and flow patterns in deep mantle and
upper mantle subduction models: influence of the mantle depth and
slab to mantle viscosity ratio. Geochem. Geophys. Geosyst. 9, Q03014,
http://dx.doi.org/10.1029/2007GC001656.

Schellart, W.P., 2010. Mount Etna-Iblean volcanism caused by rollback-induced
upper mantle upwelling around the lonian slab edge: an alternative to the plume
model. Geology 38, 691-694.

Sears, J.W., 2012. Transforming Siberia along the Laurussian margin. Geology 40,
535-638.

Sharma, M., 1997. Siberian traps. In: Mahoney, J.J., Coffin, M.F. (Eds.), Large Igneous
Provinces: Continental, Oceanic, and Planetary Flood Volcanism. Geophysical
Monograph, vol. 100. The American Geophysical Union, The United States of
America, pp. 273-295.

Shellnutt, ].G., Denyszyn, S.W., Mundil, R., 2012. Precise age determination of mafic
and felsic intrusive rocks from the Permian Emeishan large igneous province
(SW China). Gondwana Res. 22, 118-126.

Sobolev, A.V., Hofmann, A.W., Sobolev, S.V., Nikogosian, LK., 2005. An olivine-free
mantle source of Hawaiian shield basalts. Nature 434, 590-597.

Sobolev, A.V., Hofmann, AW., Kuzmin, D.V,, Yaxley, G.M., Arndt, N.T., Chung, S.-L.,
Danyushevsky, L.V, Elliott, T., Frey, F.A., Garcia, M.O., Gurenko, A.A., Kamenetsky,
V.S., Kerr, A.C., Krivolutskaya, N.A., Matvienkov, V.V., Nikogosian, LK., Rocholl, A.,
Sigurdsson, L.A., Sushchevskaya, N.M., Teklay, M., 2007. The amount of recycled
crust in sources of mantle-derived melts. Science 316, 412-417.

Song, X.Y., Qi, H.W.,, Robinson, P.T., Zhou, M.F.,, Cao, Z.M., Chen, L.M., 2008. Melt-
ing of the subcontinental lithospheric mantle by the Emeishan mantle plume;
evidence from the basal alkaline basalts in Dongchuan, Yunnan, Southwestern
China. Lithos 100, 93-111.

Sorkhabi, R., Heydari, E., 2008. Asia out of Tethys: foreword. Tectonophysics 451,
1-6.

Stampfli, G.M., Borel, G.D., 2002. A plate tectonic model for the Paleozoic and Meso-
zoic constrained by dynamic plate boundaries and restored synthetic oceanic
isochrons. Earth Planet. Sci. Lett. 196, 17-33.

Storey, B.C., 1995. The role of mantle plumes in continental breakup: case histories
from Gondwanaland. Nature 377, 301-308.

Strak, V., Schellart, W.P., 2014. Evolution of 3-D subduction-induced mantle flow
around lateral slab edges in analogue models of free subduction analysed by
stereoscopic particle image velocimetry technique. Earth Planet. Sci. Lett. 403,
368-379.

Ukstins Peate, I, Bryan, S.E., 2008. Re-evaluating plume-induced uplift in the Emeis-
han large igneous province. Nat. Geosci. 1, 625-629.

Veevers, JJ., 2004. Gondwanaland from 650 to 500 Ma assembly through 320 Ma
merger in Pangea to 185-100 Ma breakup: supercontinental tectonics via
stratigraphy and radiometric dating. Earth-Sci. Rev. 68, 1-132.

Veevers, ].J., 2012. Reconstructions before rifting and drifting reveal the geological
connections between Antarctica and its conjugates in Gondwanaland. Earth-Sci.
Rev. 111, 249-318.

Wang, Y., Li, ].Y., Sun, G.H., 2008. Post-collision eastward extrusion and tectonic
exhumation along the eastern Tianshan orogen, central Asia: constraints from
dextral strike-slip motion and 40Ar/39Ar geochronological evidence. J. Geol.
116, 599-618.

Wang, Y., Sun, G.H,, Li, ].Y., 2010. U—Pb (SHRIMP) and “°Ar/?>?Ar geochronological
constraints on the evolution of the Xingxingxia shear zone, NW China: a Triassic
segment of the Altyn Tagh fault system. Geol. Soc. Am. Bull. 122, 487-505.

Wang, Y., Luo, ZH., Wu, P., Chen, L.L., Hao, J.H., 2014. A new interpretation of
the sedimentary environment before and during eruption of the Emeishan LIP,
southwest China. Int. J. Rev. 56, 1295-1313.

Wei, X, Xu, Y.-G., Feng, Y.-X., Zhao, J.-X., 2014. Plume-lithosphere interaction in the
generation of the Tarim large igneous province, NW China: geochronological
and geochemical constraints. Am. J. Sci. 314, 314-356.

Xiao, L., Xu, Y.G., Mei, HJ.,, Zheng, Y.F.,, He, B., Pirajno, F., 2004. Distinct man-
tle sources of low-Ti and high-Ti basalts from the western Emeishan large
igneous provinces, SW China: implications of plume-lithosphere interaction.
Earth Planet. Sci. Lett. 228, 525-546.

Xiao, L., He, Q. Pirajno, F., Ni, P.Z,, Du, ].X., Wei, Q.R., 2008. Possible correlation
between a mantle plume and the evolution of Paleo-Tethys Jinshajiang Ocean:
evidence from a volcanic rifted margin in the Xiaru-Tuoding area, Yunnan, SW
China. Lithos 100, 112-126.

Xu,Y.G., He, B.,Chung, S.L., Menzies, M.A., Frey, F.A., 2004. Geologic, geochemical, and
geophysical consequences of plume involvement in the Emeishan flood-basalt
province. Geology 32, 917-920.

Yang, T.N,, Hou, Z.Q., Wang, Y., Zhang, H.R., Wang, Z.L.,, 2012. Late Paleozoic to
Early Mesozoic tectonic evolution of northeast Tibet: evidence from the Tri-
assic composite western Jinsha-Garzé-Litang suture. Tectonics 31, TC4004,
http://dx.doi.org/10.1029/2011TC003044.

Yaxley, G.M., 2000. Experimental study of the phase and melting relations of homo-
geneous basalt + peridotite mixtures and implications for the petrogenesis of
flood basalts. Contrib. Miner. Petrol. 139, 326-338.

Zhang, Z.C., Mahoney, ].J., Mao, ].W., Wang, E.S., 2006. Geochemistry of picritic and
associated basalt flows of the western Emeishan flood basalt province, China. J.
Petrol. 47, 1997-2019.

Zhang, C.L,, Xy, Y.G., Li, ZX., Wang, H.Y., Ye, H.M,, 2010. Diverse Permian magmatism
in the Tarim Block, NW China: genetically linked to the Permian Tarim mantle
plume? Lithos 119, 537-552.

Zhang, D.-Y., Zhang, Z.-C., Santosh, M., Cheng, Z.G., He, H., Kang, ].L., 2013. Perovskite
and baddeleyite from kimberlitic intrusions in the Tarim large igneous province
signal onset of an end-Carboniferous mantle plume. Earth Planet. Sci. Lett. 361,
238-248.

Zhang, D.Y., Zhou, T.F,, Yuan, F., Jowitt, S.M., Fan, Y., Liuy, S., 2012. Source, evolu-
tion and emplacement of Permian Tarim Basalts: evidence from U—Pb dating,
Sr—Nd—Pb—Hf isotope systematics and whole rock geochemistry of basalts
from the Keping area, Xinjiang Uygur Autonomous region, northwest China.
J. Asian Earth Sci. 49, 175-190.

Zhang, ZM., Dong, X., Santosh, M., Zhao, G.C., 2014. Metamorphism and tectonic
evolution of the Lhasa terrane, Central Tibet. Gondwana Res. 25, 170-189.
Zhuy, B.Q., Hy, Y.G., Chang, X.Y., Xie, ]., Zhang, Z.W., 2005. The Emeishan large igneous
province originated from magmatism of a primitive mantle plus subducted slab.

Russ. Geol. Geophys. 46, 904-921.

Zhu, D.C., Mo, X.X,, Zhao, Z.D., Niu, Y.L, Wang, L.Q., Chu, Q.H., Pan, G.T., Xu, ].F., Zhou,
C.Y.,2010. Presence of Permian extension- and arc-type magmatism in southern
Tibet: Paleogeographic implications. Geol. Soc. Am. Bull. 122, 979-993.

http://dx.doi.org/10.1016/j.jog.2014.12.001

Please cite this article in press as: Wang, Y., et al.,, Large igneous provinces linked to supercontinent assembly. ]. Geodyn. (2014),



dx.doi.org/10.1016/j.jog.2014.12.001
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0200
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0200
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0200
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0200
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0200
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0200
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0200
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0200
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0200
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0200
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0200
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0200
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0200
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0200
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0200
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0200
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0200
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0200
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0205
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0205
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0205
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0205
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0205
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0205
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0205
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0205
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0205
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0205
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0205
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0205
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0205
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0205
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0205
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0205
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0205
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0205
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0210
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0210
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0210
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0210
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0210
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0210
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0210
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0210
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0210
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0210
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0210
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0210
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0210
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0210
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0210
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0210
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0210
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0210
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0210
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0210
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0210
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0210
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0210
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0210
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0210
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0210
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0210
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0210
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0210
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0215
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0215
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0215
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0215
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0215
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0215
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0215
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0215
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0215
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0215
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0215
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0215
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0215
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0215
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0215
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0220
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0220
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0220
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0220
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0220
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0220
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0220
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0220
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0220
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0220
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0220
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0220
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0220
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0220
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0220
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0220
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0220
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0220
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0220
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0220
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0220
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0220
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0220
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0220
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0220
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0225
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0225
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0225
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0225
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0225
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0225
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0225
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0225
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0225
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0225
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0225
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0225
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0225
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0225
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0225
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0225
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0225
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0225
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0225
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0225
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0225
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0225
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0230
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0230
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0230
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0230
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0230
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0230
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0230
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0230
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0230
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0230
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0230
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0230
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0230
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0230
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0230
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0230
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0230
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0230
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0230
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0230
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0230
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0230
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0230
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0230
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0230
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0230
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0230
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0230
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0230
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0230
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0230
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0230
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0230
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0230
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0230
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0230
dx.doi.org/10.1029/2007GC001656
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0240
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0240
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0240
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0240
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0240
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0240
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0240
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0240
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0240
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0240
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0240
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0240
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0240
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0240
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0240
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0240
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0240
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0240
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0240
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0240
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0240
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0240
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0240
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0240
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0240
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0240
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0240
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0245
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0245
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0245
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0245
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0245
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0245
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0245
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0245
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0245
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0245
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0245
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0250
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0250
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0250
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0250
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0250
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0250
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0250
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0250
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0250
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0250
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0250
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0250
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0250
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0250
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0250
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0250
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0250
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0250
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0250
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0250
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0250
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0250
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0250
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0250
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0250
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0250
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0250
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0250
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0250
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0250
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0250
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0250
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0250
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0250
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0255
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0255
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0255
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0255
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0255
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0255
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0255
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0255
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0255
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0255
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0255
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0255
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0255
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0255
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0255
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0255
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0255
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0255
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0255
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0255
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0255
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0255
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0255
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0255
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0260
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0260
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0260
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0260
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0260
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0260
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0260
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0260
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0260
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0260
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0260
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0260
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0260
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0265
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0265
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0265
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0265
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0265
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0265
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0265
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0265
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0265
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0265
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0265
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0265
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0265
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0265
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0265
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0270
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0270
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0270
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0270
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0270
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0270
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0270
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0270
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0270
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0270
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0270
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0270
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0270
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0270
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0270
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0270
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0270
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0270
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0270
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0270
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0270
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0270
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0270
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0270
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0270
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0270
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0270
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0270
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0275
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0275
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0275
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0275
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0275
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0275
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0275
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0275
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0275
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0275
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0280
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0280
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0280
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0280
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0280
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0280
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0280
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0280
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0280
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0280
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0280
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0280
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0280
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0280
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0280
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0280
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0280
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0280
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0280
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0280
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0280
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0280
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0280
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0280
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0280
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0280
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0280
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0280
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0285
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0285
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0285
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0285
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0285
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0285
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0285
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0285
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0285
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0285
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0285
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0285
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0285
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0285
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0285
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0285
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0285
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0290
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0290
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0290
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0290
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0290
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0290
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0290
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0290
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0290
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0290
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0290
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0290
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0290
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0290
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0290
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0290
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0290
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0290
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0290
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0290
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0290
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0290
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0290
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0290
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0290
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0290
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0290
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0290
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0290
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0290
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0290
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0295
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0295
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0295
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0295
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0295
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0295
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0295
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0295
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0295
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0295
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0295
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0295
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0295
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0295
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0295
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0295
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0305
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0305
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0305
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0305
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0305
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0305
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0305
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0305
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0305
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0305
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0305
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0305
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0305
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0305
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0305
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0305
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0305
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0305
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0305
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0305
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0305
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0305
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0305
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0305
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0305
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0305
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0305
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0305
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0305
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0305
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0305
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0305
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0310
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0310
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0310
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0310
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0310
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0310
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0310
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0310
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0310
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0310
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0310
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0310
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0310
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0310
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0310
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0310
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0310
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0310
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0310
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0310
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0310
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0310
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0315
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0315
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0315
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0315
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0315
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0315
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0315
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0315
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0315
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0315
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0315
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0315
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0315
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0315
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0315
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0315
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0315
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0315
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0315
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0315
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0315
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0315
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0315
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0315
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0315
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0315
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0315
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0315
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0320
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0320
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0320
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0320
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0320
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0320
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0320
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0320
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0320
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0320
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0320
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0320
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0320
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0320
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0320
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0320
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0320
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0320
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0320
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0320
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0320
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0320
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0320
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0320
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0320
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0320
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0320
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0320
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0320
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0320
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0320
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0320
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0320
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0320
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0320
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0320
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0320
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0325
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0325
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0325
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0325
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0325
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0325
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0325
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0325
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0325
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0325
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0325
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0325
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0325
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0325
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0325
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0325
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0325
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0325
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0325
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0325
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0325
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0325
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0325
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0325
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0330
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0330
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0330
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0330
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0330
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0330
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0330
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0330
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0330
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0330
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0330
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0330
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0330
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0330
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0330
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0330
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0330
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0330
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0330
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0330
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0330
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0330
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0330
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0330
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0335
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0335
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0335
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0335
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0335
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0335
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0335
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0335
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0335
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0335
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0335
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0335
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0335
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0335
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0335
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0335
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0335
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0335
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0335
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0335
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0335
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0335
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0335
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0335
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0335
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0335
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0335
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0335
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0335
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0335
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0340
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0340
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0340
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0340
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0340
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0340
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0340
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0340
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0340
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0340
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0340
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0340
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0340
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0340
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0340
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0340
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0340
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0340
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0340
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0340
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0340
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0340
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0340
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0340
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0340
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0340
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0340
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0340
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0340
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0340
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0340
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0345
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0345
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0345
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0345
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0345
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0345
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0345
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0345
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0345
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0345
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0345
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0345
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0345
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0345
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0345
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0345
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0345
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0345
dx.doi.org/10.1029/2011TC003044
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0355
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0355
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0355
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0355
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0355
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0355
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0355
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0355
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0355
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0355
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0355
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0355
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0355
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0355
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0355
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0355
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0355
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0355
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0355
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0355
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0355
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0355
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0355
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0355
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0355
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0355
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0355
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0355
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0355
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0355
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0360
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0360
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0360
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0360
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0360
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0360
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0360
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0360
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0360
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0360
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0360
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0360
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0360
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0360
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0360
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0360
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0360
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0360
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0360
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0360
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0360
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0365
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0365
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0365
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0365
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0365
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0365
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0365
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0365
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0365
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0365
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0365
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0365
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0365
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0365
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0365
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0365
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0365
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0365
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0365
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0365
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0365
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0365
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0370
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0370
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0370
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0370
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0370
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0370
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0370
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0370
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0370
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0370
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0370
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0370
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0370
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0370
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0370
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0370
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0370
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0370
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0370
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0370
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0370
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0370
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0370
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0370
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0370
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0370
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0370
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0375
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0375
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0375
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0375
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0375
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0375
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0375
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0375
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0375
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0375
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0375
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0375
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0375
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0375
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0375
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0375
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0375
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0375
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0375
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0375
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0375
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0375
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0375
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0375
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0375
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0375
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0375
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0375
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0375
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0375
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0375
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0375
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0375
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0375
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0375
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0375
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0375
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0375
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0375
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0375
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0375
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0375
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0375
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0375
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0380
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0380
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0380
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0380
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0380
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0380
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0380
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0380
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0380
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0380
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0380
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0380
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0380
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0380
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0380
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0380
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0385
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0385
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0385
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0385
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0385
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0385
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0385
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0385
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0385
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0385
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0385
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0385
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0385
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0385
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0385
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0385
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0385
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0385
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0385
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0385
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0385
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0385
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0390
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0390
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0390
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0390
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0390
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0390
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0390
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0390
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0390
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0390
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0390
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0390
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0390
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0390
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0390
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0390
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0390
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0390
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0390
http://refhub.elsevier.com/S0264-3707(14)00163-X/sbref0390

	Large igneous provinces linked to supercontinent assembly
	1 Introduction
	2 Evidence for the 290–250Ma events and related global tectonics
	2.1 Regional characteristics of two LIPs and their time-scales
	2.2 Tectonic regimes and frameworks: local and regional characteristics
	2.3 Polar-wandering paths: convergent features

	3 Discussion
	3.1 Conflicting hypotheses for LIPs: geological and paleomagnetic evidence
	3.2 Proposed asthenospheric flow and its process
	3.3 Global asthenospheric perturbations and the convergence of continents during LIP formation
	3.4 Formation of the LIPs: a new geodynamic hypothesis

	4 Concluding remarks
	Acknowledgements
	Appendix A Supplementary data
	References


