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Abstract

Turbiditic lobe bodies (LBs) are the ultimate deposits of source-to-sink systems. Their geometry
and architecture vary with depositional environment (marine vs. lacustrine), hierarchy (lobe elements,
lobes, lobe complexes), system size (large vs. small) and topographic confinement. Constraining these
variations is useful for characterizing the dispersion of sediments, carbon, nutrients, and pollutants into
lacustrine and deepwater environments. Although LBs are known to be dominantly ellipsoidal, robust
statistics of scaling relationships describing their morphology are still lacking. Here, we compile data (n
= 365) from seabed surface, subsurface, and outcrops of modern and ancient systems to investigate the
morphometric scaling of LBs. We show that the shape of LBs is firstly controlled by the hierarchy of
LBs and secondly by the system size. The LBs from large systems are one order of magnitude more
voluminous than those from small systems. We demonstrate for the first time that each hierarchical level
has its own elongation (i.e., length-to-width) ratio, but also its own 3D morphometric scaling where its
length correlates with its width-to-thickness ratio. This is consistent with the construction of the highest
hierarchy LBs dominated by the lateral stacking of lower hierarchy LBs, promoting sediment spreading

in the abyssal plains and lacustrine bottoms, while aggradation is secondary.
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1. Introduction

Subaqueous fans are distal deposits composed of different scales of distributary channels
(Pettinga et al., 2018; Pickering et al., 2015; Pickering and Clark, 1996) and lobe bodies (LBs) (Fig. 1)
(Deptuck et al., 2008; Pettinga et al., 2018; Prélat et al., 2010, 2009; Saller et al., 2008; Sweet et al.,
2019), respectively formed by channelized and unconfined gravity flows connected through a transition
zone (Mutti and Normark, 1987; Wynn et al., 2002). Historically, LBs have been investigated by the oil
and gas industry for hydrocarbon exploration and, more recently, for CO; storage because they constitute
good-quality reservoirs, often in the form of stratigraphic or combined traps (Allan et al., 2006; Amy,
2019). Recent studies showed that turbiditic currents are efficient for the long-run transport (Hage et al.,
2024) and burial (Talling et al., 2024) of terrestrial organic carbon. Within turbidite systems, organic
matter is mainly deposited within fine-grained sand, showing a mean weighted terrestrial organic carbon
with facies of 0.8 to 1 % in channel margins and lobe fringe that can reach 1.6 to 3.2 % in lobes (Hage
et al., 2022; Spychala et al., 2025). Consequently, turbidite systems can store more than 60 % of the
global terrestrial organic content exported to the marine environments, depending on the sea level
(Talling et al., 2024). Therefore, LBs constitute a significant sink in the carbon cycle. Finally, gravity
flows are also effective at transporting anthropogenic pollutants, such as microplastics, in deepwater
environments (Bell et al., 2021; Chen et al., 2025; Kane and Clare, 2019), and LBs are consequently
also a sink for plastic microfibers and fragments (Pohl et al., 2020b).
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Figure 1. Diagram block of a schematic continental margin showing a sedimentary system from the delta
to the distal submarine fan (modified after Talling et al. 2024), and the close-up views on a lobe complex
and lobe architectures (inspired by Prélat et al., 2010; Pettinga et al., 2018). Hierarchical levels of distal
lobe bodies are lobe element (H2), lobe (H3), and lobe complex (H4).



Previous studies proposed scaling relationships regarding: (i) LBs dimensions (width, length,
thickness, area, and/or volumes) (Pettinga et al., 2018; Prélat et al., 2010, 2009), or (ii) feeding channels
size vs LBs dimensions (Pettinga et al., 2018). Such scaling relationships provide useful insights into
the intrinsic properties and processes operating in the distal part of source-to-sink systems (Semme et
al., 2009). At their depositional time-scale (i.e., 10°-10* yrs) (Deptuck et al., 2008; Droz et al., 2020;
Jegou et al., 2008; Jobe et al., 2017; Picot et al., 2016; Sweet et al., 2019), it was suggested that the
dimensions of LBs do not correlate with those of their terrestrial feeding catchments (Pettinga et al.,
2018), due (i) to avulsions (Fig. 1) that segment the size of LBs (Straub and Pyles, 2012) and (ii) to the
transfer of particles that is incomplete in distal environments (Romans et al., 2016). Works that focused
on the scaling of LBs mainly considered their hierarchy (i.e., lobe elements, lobes, and lobe complexes)
(Fig. 1) and topographic confinement (confined vs. unconfined). It was suggested that the degrees of
LBs’ confinement increase with the ratio of their thickness to depositional area (Pettinga et al., 2018;
Prélat et al., 2010). Nevertheless, the gravity-flow properties (i.e., volume, hydraulic regime, density,
concentration, and grainsize of transported particles) were considered as the primary control on the
shape of LBs (Baas et al., 2004; Talling et al., 2012; Wahab et al., 2022), with topographic confinement
being a secondary factor (Al Ja’Aidi et al., 2004).

The properties of gravity flows partly depend on the system type (i.e., mud-rich vs. mud-sand-
rich vs. sand-rich). Larger systems are usually thought to be less sandy and more mud-prone (Reading
and Richards, 1994). Inferring system type can be done using the net-to-gross ratio (NTG: the volume
of sand over the whole volume) measured on boreholes or from seismic data. In detail, small systems
were considered as sand-rich (NTG > 70%), medium systems as mud/sand-rich (30 < NTG < 70%), and
large systems as mud-rich (NTG < 30%) (Reading and Richards, 1994). In detail, sand vs. mud
distribution may be heterogeneous within the LBs of large systems, potentially inducing a bias
depending on where the NTG is measured. For instance, in the Amazon and Nile systems, the lobe axis
is very sandy (NTG > 70%) on a restricted width of = 5-10 km (Migeon et al., 2010; Piper and Normark,
2001). Therefore, in this study and in contrast to previous works that investigated the morphometric
scaling of LBs, the size of deepwater systems (i.e., small, medium, or large) is preferred over sand-

richness for system comparison.

In this study, a large dataset from Permian to modern fan systems (Fig. 2, SM, database) is
collected to demonstrate the influence of (i) hierarchical order, (ii) system size, and (iii) depositional
environment (marine vs lacustrine) on the morphometrics of LBs. When possible, scaling relationships
are defined. Then, these morphological properties are used to evaluate the processes that operate at

different hierarchical scales and the differences between small and large systems.

2. Data and methods



To compare the morphology of LBs according to hierarchical levels (H2: lobe elements, H3:
lobes, H4: lobe complexes) and system sizes, we complemented two existing datasets (i.e., Pettinga et
al., 2018; Prélat et al., 2010) with data from the literature to obtain morphological data for LBs (n = 365)
from 60 submarine-fan systems and 4 lacustrine systems (Fig. 2, SM, database). Measurements of L
(length), W (width), and H (thickness) mainly come from sonar and seismic-reflection surveys (Fig. 3)
and less frequently from outcrops. Area (A) is either measured or calculated, while volume (V) is
systematically calculated. Below, we detail: 1) the definition and the classifications of the system types,

and 2) the measurements and calculations of LBs dimensions.

e

- West of

Bering «o»Shetland? -

Sea .

Qi %
Bute Inlet 3
M 4 c ; 0 3 > v j(Doumsan)
| Sk \ : 5
Catalina ; o .
Basin "0 O M|55|55|pp|
Navy Trigity-8razos

t
s

&u}aj Basin
3 ) ‘.
ndalo ﬁelm-f .

2

O
Campos Basin
(Albacora, Barracuda,

° ¢ Tanqua Karoo ¢
. Marlim, Marlim Sul fields) Q
[ 4
o Marine systems ; A e
X Lacustrine systems . X Sea Lion & Otter fields (Falkland Basin) Zealand

Figure 2. Geographic location of the 60 submarine and 4 lacustrine fans included in this study. The map
is provided from https://www.freeimages.com/download/free-vector-world-map-5384230.

2.1. Studied systems

Systems of the dataset are from various geographic locations (Fig. 2), tectonic settings (i.e.,
passive, active, transform margin or aborted rift), source-to-sink configurations (i.e., basin floor vs.
intraslope), and environments (i.e., marine vs. lacustrine) (SM). Note also that confined systems in
intraslope settings exhibit two configurations: ponded or not ponded (SM; database). As introduced
above, turbidite systems were initially classified following their sand richness (Reading and Richards,
1994), which has limitations in heterogeneous LBs observed in large systems (Piper and Normark,
2001). Fortunately, this NTG classification also gives the ranges of each system size, which can be
applied to analyse the dimensions of their LBs. Consequently, three system sizes can be considered:
large, medium, and small. They respectively correspond to the former mud-rich, mud/sand-rich, and
sand-rich classes. Lobes are deposited in an environment corresponding to the middle-lower fan

(Normark, 1970). In small systems, this environment is < 100 km-long, it is 100-300 km-long in
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intermediate systems, and > 300 km-long in large systems. For simplicity, medium and large systems

were merged into one category (i.e., large systems).

Some simplifications have been made to improve the representativeness and the consistency of
the LB classes. They are described below. For more details about each turbidite system, please refer to

SM or to source studies.

First, some changes were made based on groups of LBs that exhibit dimensions that are
characteristics of another class of system. LBs from well-known “large” systems come from the
Amazon, Congo, Mississippi, and Nile systems (n = 106). Similarly, the LBs from the Rhone fan, Rhone
Neofan, Celtic fan (n = 17), which are described as mud/sand-rich systems (Droz et al., 2020; Reading
and Richards, 1994; Zaragosi et al., 2003), but also from the Monterey (Fildani and Normark, 2004) and
Bering Sea fans (Kenyon and Millington, 1995) (n = 8) would correspond to medium-sized systems.

Therefore, they were classified as part of the large systems (SM) category.

Second, intraslope LBs, which are described as sandy and small in the literature, were added into
the small systems class because intraslope basins create segmented sub-basins within turbidite systems
that can evolve diachronously from up- to down-slope (Prather, 2020; Prather et al., 2012). This included
(SM): the intraslope H3 of the Nile system (Shi et al., 2021), the intraslope H2-H4 of the Niger Delta
(Jobe et al., 2017; Pizzi et al., 2023; Prather et al., 2012; Zhang et al., 2016) and the basin floor H3 of
the Niger Delta (Prélat et al., 2010; Zhang et al., 2016). Finally, on the same basis, LBs (n = 3) of three

coarse-grained systems (database) were also added to the small systems class.

2.2. Measurements and calculated dimensions

Three morphological attributes were measured for LBs based on facies boundaries and stratal
onlaps/downlaps: 1) the down-flow length (L), 2) the maximum width (W), and 3) the maximum
thickness (H) (Fig. 3). Length was measured from the apex of the lobe located downdip of the channel-
mouth, which constitutes a more-or-less diffuse transition zone dominated by sediment bypass (Bonnel
et al., 2005; Droz et al., 2020; Wynn et al., 2002), to the distal fringe. Maximum width was measured
perpendicularly to the length, and maximum thickness was estimated from 2D section(s) where the

thickness scale was available in meters or when vertical exaggeration was indicated (Fig. 3).

Both planform and vertical delimitation of LBs depend on the data resolution. In the case of
datasets acquired with side-scan sonar, sub-bottom profiles and acoustics, measurement of thickness
was often limited by vertical resolution and/or source penetration (10 to 40 m). Unfortunately, this
resulted in series of constant thickness values for some LBs from the Amazon, Al Batha, Gulf of Cadiz,
Mississippi, Nile, and Rhone systems (database). The number of data where the thickness of LBs is

known is thus smaller (n = 307) than the number of data where the planform dimensions are known (n
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=365). Planform delimitation may somehow be interpretative due to a gradual facies transition (Pettinga
et al., 2018) on sonar and seismic attribute maps (Fig. 3). We thus (re)measured as accurately as possible
the planform dimensions of LBs with a GIS software within the systems of modern Amazon (Jegou et
al., 2008), modern Congo (Dennielou et al., 2017), Kutai Basin (Saller et al., 2008), and Brazos-Trinity
Basin I'V upper sequence (Beaubouef et al., 2003).

-
Feeder channel

Figure 3. Example of measurements made from sonar and seismic data: lobe body length (L), width
(W), thickness (H), and area (modified after Jegou et al., 2008; Pettinga et al., 2018).

Usually, area (A) and volume (V) of LBs are not measured by authors. They can be calculated

using the following ellipsoid equations (Prélat et al., 2009):

a=n W _ 1w et
S_A LwH_1
32227 6" (eq2)

Sometimes, the area was measured in the literature or digitized on maps (systems listed above). Only
the volume was then calculated using equation 2. Note that due to variations in LB morphology, a =

25% error is found between measured and calculated values of area and volume (Pettinga et al., 2018).

The measured and calculated dimensions were used to compare length vs. width (Fig. 4), to show the
distribution of the size of the different LBs (Fig. 5), and to follow the evolution of the thickness-to-area
ratio with hierarchy (Fig. 6). Finally, we also established morphometric scaling relationships between

the length and the width-to-thickness ratio (Fig. 7).

3. Results
3.1. Shape similarities between lobe bodies

A considerable overlap of the median elongation ratio (i.e., L/W) of architectural levels is
observed for marine LBs (Figs. 4, SA). When considering the whole dataset, the width and length of

marine LBs scale linearly, with a planform aspect ratio close to 2:



L= 1.94*W, 1>= 0.85, n = 370 (Fig. 4). (eq3)

This ratio is higher than the one proposed by Pettinga et al. (2018) for a similar correlation factor (i.e.,

L= 1.7*W, r*=0.86, n = 271).
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Figure 4. Scaling relationship for lobe bodies where length correlates to width (modified after Pettinga
etal., 2018). Hierarchical levels of distal lobe bodies are lobe element (H2), lobe (H3), and lobe complex
(H4). H3lac and H4lac, respectively, refer to lacustrine lobe and lobe complex.

3.2. Influence of hierarchical level for marine LBs
3.2.1. Dimensions

In detail, the elongation ratio of LBs is different depending on their hierarchical levels (Figs 5A,
Tab. 1). Lobe elements (H2) have the greatest elongation ratio (i.e., 1.98) and lobe complexes (H4) the
smallest (i.e., 1.71), while H3 have an intermediate L/W ratio (i.e., 1.89). Note that H2 also show the
greater dispersion of L/W ratio from quartiles Q1 to Q3, while H4 exhibit the smallest dispersion from

the first (Q1) to the third (Q3) quartile (Fig. 5A).

When considering the Q1-Q3 interval, hierarchical levels of marine LBs can be well
individualized based on their maximum thickness. Indeed, the limit between H2 and H3 is ca. 10 m
while the limit between H3 and H4 is ca. 40 m (Fig. 5B). H2 have a median thickness of 6.7 m, H3 of
22 m, and H4 of 75.6 m. Moreover, note that H3 have the greatest Q1-Q3 range of maximum thickness
values among LBs (Fig. 5B).

The area of marine LBs (both median and mean values) increases by one order of magnitude when
hierarchy increases, with a median area of 5.7 km? for H2, ca. 50 km? for H3, and ca. 650 km? for H4

(Fig. 5C). The median volume of marine LBs increases by more than one order of magnitude (about 30



to 40 times) between two successive hierarchical levels: it is 1.8 x102 km? for H2, 7.17 x10"' km? for

H3 and 31.3 km? for H4 (Fig. 5D).

Hn System type n Stat | L(m) |W(m) |H* (m)] A(km*"2) JV* (km"3)] L/W
Undifferenciated 67 P50 4950| 1800 6.7 5.68| 1.80E-02| 1.98
|65* Mean | 7273 2711 7.5 23.4| 5.70E-02| 2.72
57 P50 3000| 1400 8.4 3.75| 1.29E-02| 1.75

H2] Smallsystems
55* Mean| 3811| 1882 8.6 6.92| 3.65E-02( 2.26

10 |P50 | 25650| 5400 1.5 91.5| 1.01E-01| 5.18}

Sl s 10* [ Mean]|27010] 7440 15 117.0] 1.70E-01] 5.35
. . 169 JP50 11419| 6000 23.2 49.8| 7.17E-01( 1.89
Undifferenciated
133* | Mean | 21967| 9053 22.0 281.1 2.07| 2.27
117 P50 6574| 4170 25.0 23.6| 3.83E-01| 1.67
H3] Smallsystems
95+ [Mean| 943g| 5482 242 64.7| 6.35E-01| 1.85
L : 152 1P50 41150] 15083 15.0 470.0 5.12| 2.87
argesystems  |oax  |'Mean | 50162 17089 15.9| 7679 6.19| 3.21

115
96* 60439| 27978 81.3

88456 96.1
Lacustrine|17 3620| 1690 6.9 3.26| 9.00E-03| 2.40
I Mean| 5768| 2142| 13.1 17.5| 2.20E-01| 2.79

40000| 20900 76.5 646.0 31.3] 1.71
2109 64.4| 2.07

Undifferenciated

Table 1: Median (P50) and mean dimensions of lobe bodies in function of their hierarchy and system
size. Hierarchical levels are lobe element (H2), lobe (H3), lobe complex (H4), and lacustrine lobe
(H3lac).

3.2.2. Thickness-to-area trends

Evolution of the thickness-to-area ratio is a way to consider shaping of LBs with hierarchy
(Pettinga et al., 2018; Straub and Pyles, 2012). Two trends (i.e., “trend 1” and “trend 2”), which spread
over at least two hierarchical levels, may be tentatively represented when considering the whole dataset
(Fig. 6A). In details, some systems align perfectly with these trends (Figs. 6B). For instance, the Kutai,
Myanmar and East Corsica systems fit well with trend 1 while the Mississippi and Al Batha can be
considered to follow trend 2. On the contrary, the Karoo system, which has been computed from
outcrops, seems to start close to trend 1 and then to follow trend 2. Then, the LBs from the modern
Congo show an evolution which is different from trend 2 (Figs. 6B, 6D), and the LBs from the Nigeria
intraslope system do not evolve following trend 1 (Figs. 6B, 6C). Therefore, systems respectively
belonging to each trend show an increase both in area and in thickness, which operates between each
hierarchical level, and also in each system type (Figs. 6C, 6D). However, variations in thickness and

area may vary between systems and between hierarchical levels (Figs. 6C, 6D).
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Figure 6. Thickness vs. area plots. A: Trends of evolution through hierarchical levels, “trend 1” for
instance fits with “confined” lobe bodies, and “trend 2’ fits with “unconfined” lobe bodies (modified
after Pettinga et al. 2018). B: some selected systems that belong to “trend 1” and “trend 2”. C: Close-up
on some systems from to “trend 1”. D: Close-up on some systems from to “trend 2”.

3.2.3. 3D scaling relationships

A correlation is found between the length of LBs and their width/thickness ratio (Fig. 7A).

L = 272%(W/H)*¥, 2 = 0.39; n = 307, (Fig. 7A).

(eq4)

When considering all the data, the coefficient of the regression is weak (r* = 0.39). But when

considering data from one hierarchical level only, the coefficients of the regression are clearly better (1

~ 0.69; Fig. 7B). This indicates that each hierarchical level has a distinct scaling relationship (Fig. 7B):

_ H2 i.e. lobe elements, L = 94.59*(W/H)*% 12 =0.69, n = 65,

_ H3i.e. lobes, L=211.78*(W/H)*™, 1> = 0.69, n = 133,

_ H4 i.e. lobe complexes, L = 558.62*%(W/H)"™, r* = 0.69, n = 96.
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Figure 7. Scaling relationships for lobe bodies where length correlates to the thickness-to-area ratio. A:
considering all the lobe bodies (LBs). B: considering independently each hierarchical level of
exclusively marine lobe bodies, i.e., lobe element (H2), lobe (H3), and lobe complex (H4). H3lac and
H4lac, respectively, refer to lacustrine lobe and lobe complex.

3.3. Comparison of marine LBs from small vs. large systems

In the following section, LBs belonging to different system size classes (i.e., small vs. large) are
compared at an identical hierarchical level. Note that the comparison for H2 is limited by the small
number of LBs (n = 10) in large systems (i.c., the modern Mississippi system only). LBs of large systems
are often observed in unconfined settings (i.e., “trend 2°), while LBs of small systems are often deposited
in confined settings (i.e., “trend 1) (Fig. 6A). One source of bias when comparing LBs from small vs.
large systems is the potential for topographic confinement, which may occur in some settings and can

reduce LBs area while increasing LBs thickness(Pettinga et al., 2018; Prélat et al., 2010).

The elongation (L/W) ratio is different between LBs from small and large systems. LBs from
large systems exhibit a greater elongation ratio than LBs from small systems, which is verified at each

hierarchical level (Fig. SE). Indeed, LBs from large systems have a median elongation ratio above 2,
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while LBs from small systems have a median elongation ratio below 2. Therefore, one should note that
lobe elements from large systems have the greater median elongation ratio (ca. 5). When considering all
system types, the elongation ratio decreases with increasing hierarchy (Fig 5E). In large systems, a
consistent decrease of the elongation ratio with increasing hierarchy is observed. In small systems, H2
are slightly more elongated (median L/W ratio = 1.75) than H3 (median L/W ratio = 1.67). H4 are more
circular, with a median L/W ratio = 1.35 (Fig. 5E).

The area of LBs from large systems is one order of magnitude greater than the area of LBs from
small systems (Fig. 5G). On the contrary, the thickness of LBs of small systems is greater than the
thickness of LBs of large systems for H2 and H3. For H4, LBs from small and large systems have the

same median thickness of about 75 m (Fig. 5F).

Finally, at each hierarchical level, the volume of LBs from large systems is at least one order of
magnitude greater than the volume of LBs from small systems (Fig. SH). Therefore, at the scale of lobes
(H3), the median volume is = 0.4 km?® in small systems, while the median volume is = 5 km® in large
systems. Finally, data show that the volume of LBs increases by at least one order of magnitude when

hierarchy increases for both small and large systems (Fig. SH).

3.4. Comparison between marine LBs and lacustrine lobes

Lacustrine LBs (H3 mainly reported, i.e., n = 17 with only n = 1 for H4) represent a distinctive
group from both their deposition environment and their dimensions. They are more elongated than most
of the marine LBs from small systems (i.e., median L/W ratio = 2.40) (Fig. SA). Their elongated shape
is well defined in the ancient systems from the North Falkland Basin (Dodd et al., 2019), from the
Niuzhang Sag of Eastern China (Shi et al., 2021), or from the modern Geneva Lake (Silva et al., 2019).
Moreover, lacustrine H3 show planform dimensions (length and width, Tab. 1; thickness, Fig. 5C) and
size (area and volume, Figs 5C, 5D, Tab. 1) close to those exhibited by marine H2. Thus, lacustrine H3

are usually much smaller than marine H3, which is also visible on the thickness-to-area plot (Fig. 6).

4. Discussion
4.1. Volumes

4.1.1. Disparities between hierarchical levels

Our results show that the volume of LBs increases by one order of magnitude at each hierarchical
level (Fig. 5D). These results are in agreement with previous studies that introduced notions of hierarchy
(Pettinga et al., 2018; Prélat et al., 2010) and that highlighted that the principal criterion of distinction
between hierarchical levels is the volume (Fig. 5SD). This supports that H3 and H4 are usually composed
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of about ten LBs of inferior scale. A reason of this volume partitioning may be that feeder channels are
also ordered by size (Pickering et al., 2015; Pickering and Clark, 1996), i.e., from channel complexes
(largest) to storeys or distributaries (smallest), where dimensions of the channel section strongly
correlate with the volume of the associated terminal LBs (Pettinga et al., 2018). Finally, one should note
that the mean volume of H3 found in our study is = 2 km? (i.e., 2.07 km?), which is slightly less than
previously described by Pettinga et al. (2018), i.e., 2.9 km®. The reason is that our study included
intraslope LBs, which usually have smaller volumes than basin floor LBs (database, Pettinga et al.

2018).

4.1.2. Heterogeneity of LBs between system types

A new finding of this study is that the volume of LBs depends on the system type they belong to,
i.e., LBs of small systems are composed of smaller LBs than those belonging to large systems (Figs. 5H,
8). Indeed, by comparing LBs of the same hierarchical level, we show that LBs from large systems are
usually one order of magnitude more voluminous than LBs from small systems (Fig. SH). Therefore, in
addition to having the longest feeder channels (Curray et al., 2002; Jegou et al., 2008; Migeon et al.,
2010; Picot et al., 2016; Twichell et al., 2009), large turbidite systems also host the most voluminous
LBs at every hierarchical level (Fig. SH, 8). These findings are in contradiction with the interpretation
of Prélat et al. 2010 that assumed a similar mean volume of lobes (i.e., = 2 km?) independently of the
basin settings. Using the present dataset, it was not possible to find a correlation between the dimensions
of LBs and those of their terrestrial feeding systems. This lack of correlation is in agreement with
previous findings (Pettinga et al., 2018; Romans et al., 2016), and suggests that some degree of self-

organization does exist in the construction of submarine LBs.

Other parameters may control LBs volume, such as regional slope gradient and transport distance
(Semme et al., 2009). The latter process progressively filters out the turbidite record of high-frequency
and small-volume events (Allin et al., 2017; Jobe et al., 2018; Talling, 2014). Nevertheless, medium
(i.e., Rhone) and large systems (i.e., Amazon, Congo, Mississippi, Nile) present the most voluminous
LBs, meaning that transport distance is not a strong limiting factor to the amount of material deposited
in terminal LBs. In large systems, voluminous turbiditic flows may be able to run long distances (Allin
et al., 2017; Jobe et al., 2018; Talling et al., 2022). The process-based classification of deep-sea fans
(Piper and Normark, 2001) established that large, passive-margin rivers deliver sand and mud generated
by load-induced slumping of rapidly prograding deltaic sediments (e.g., Amazon, Indus, and Rhone
systems) that generate voluminous turbiditic flows (Talling, 2014). Following this process-based
classification, the Rhone system consequently operates as a large system, which is coherent with the
volume of its lobes being close to that of large systems (i.e., often > 2 km?) (database, Fig. 5SH). Although

each sedimentary system has its specificities (Romans et al., 2016), such large systems usually provide
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the most stable depositional conditions (i.e., flow volume, frequency, and type), especially during sea
level lowstands (Piper and Normark, 2001). Additionally, river-fed canyons such as the Congo are
flushed every few years by powerful and long run-out flows (Talling, 2014; Talling et al., 2022), leading

to relatively regular and voluminous deposition in these deep-sea fans (Picot et al., 2019, 2016).

On the contrary, sea-level variations may more strongly influence small systems in response: (1)
to hyperpycnal currents and delta-front slumping (Gervais et al., 2006; Piper and Normark, 2001), (2)
to active/inactive shelf processes that promote sourcing of different particle size (Piper and Normark,
2009; Talling, 2014; Zaragosi et al., 2003), (3) to subaerial exposition of the shelf during sea-level
lowstands (Romans et al., 2016) and (4) to more variability in the frequency and intensity of flushing
events (Allin et al., 2017; Jobe et al., 2018; Talling, 2014). On the one hand, these variations, together
with the limited sediment supply (Romans et al., 2016; Semme et al., 2009; Syvitski and Milliman,
2007), lead to less frequent and more heterogeneous deposition in small systems, and thus to less
voluminous LBs (Fig. 5H, 8). On the other hand, some small systems occasionally contain lobes (H3)
with volumes comparable to those formed by large systems (> 1 km?, Figs 5H). Usually, this may be
due to the efficient bypass of sediment from catchment to deep environments in small systems (Semme
et al., 2009). In this study, these small systems, where the source-to-sink routing is better known (i.e.,
in Pleistocene systems), belong to the Brazos-Trinity Basin Il and Basin IV, and to the Kutai Basin Fan
(database). Indeed, each of these previously cited systems shows coarse-grained feeding of its fan
associated with subaerial shelf exposure and/or intense channelization of the shelf edge (Romans et al.,

2016; Saller et al., 2008).

4.1.3. Heterogeneity of LBs between “large” systems

Our dataset shows that lobe volume is also heterogeneous within large systems (database). The
most voluminous lobes are deposited within the Congo and Rhone, where they often reach 5-10 km®
(database), while the Amazon lobes are less voluminous (= 2-5 km?) (database). These differences arise

from different source-to-sink contexts.

The Congo fan is composed of voluminous lobes (database) because: (1) progradation phases are
mainly controlled by West African Moonsoon within its large feeding catchment (Picot et al., 2016;
Semme et al., 2009) and less so by sea-level variations (Picot et al., 2019), (2) river-(submarine)canyon
connection occurs even during highstands (Picot et al., 2019; Talling et al., 2022), and (3) floods generate
strong erosional turbidity currents that can accelerate thereby travelling much further (Talling et al.,
2022). During sea-level lowstands, the Rhone fan has similarities with the Congo fan, despite being
mainly fed by Alpine catchments. There, an efficient river-canyon connection occurred during Late
Pleistocene lowstands via a deep incised valley, until the onset of the post-glacial sea-level rise (Droz et

al., 2020, and references therein). Furthermore, the Rhone system has a moderate length that minimizes
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sediment storage in turbidite channels. In the Amazon system, the sediment supply depends on the
distance between the source and the canyon head on a particularly wide shelf. This distance depends on
(1) climatic conditions within the drainage basin, and (2) sea-level variations that control delta migration
and shelf currents (Jegou et al., 2008). Therefore, even during sea-level lowstands, the river-canyon
connection appears to be much less effective in the Amazon than in the Congo and Rhone systems,

influencing the amount of sediment transported to deep environments.

4.1.4. Small volume of lacustrine lobes

The small volume of lacustrine H3 is close to that of marine H2 (Fig. 5F). This is likely the result
of the location of lacustrine LBs along the sediment routing system: they are fed by smaller drainages
than marine systems. However, these findings must be taken with caution as their volume varies a lot
depending on the system (Fig. 5F) and as their 3D shape can be either close to that of marine H3 or even
H4 (Fig. 7B). Currently, the limited amount of data available (n = 17) prevents further interpretation of
the 3D shape of lacustrine LBs.

4.2. Influence of the system type on planform shape

From a 2D planform point of view, this study confirms that a lobe body is controlled by turbidity
flows and exhibits an elongation ratio of about 2 in the median case (Fig. 4) (Pettinga et al., 2018). When
looking into details, some differences can also be highlighted based on hierarchical order and system
type. As a general comment, one must notice that the lobe elements (H2) of large systems (n = 10) only

come from the recent Mississippi system, which is likely not fully representative.

4.2.1. Elongated LBs in marine environments

The greater elongation (L/W) ratio observed for LBs within large systems (Figs. SE, 8) may be
due to several factors. First, erosive turbidity currents have the capacity to accelerate and thus to run
long distances, as observed in the Congo (Talling et al., 2022). Thus, within large systems where gravity
flows are potentially more voluminous, high flow discharge can create more elongated deposits

(Spychala et al 2020) and enhance progradation (Spychala et al., 2020; Ferguson et al., 2020).

Second, in large systems, debris-flows frequently reach the abyssal environment: they were
observed in the Mississippi (Schwab et al., 1996; Talling et al., 2010; Twichell et al., 2009), Nile
(Migeon et al., 2010), and Congo (Dennielou et al., 2017) systems. Debrites are usually elongated
deposits (Goodwin and Prior, 1989; Haughton et al., 2009; Talling et al., 2010). Within the Mississippi

and Nile systems, debrites and hybrid-bed events constitute “frond-like” or “finger-like” LBs with a
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dendritic pattern (Haughton et al., 2009; Migeon et al., 2010; Schwab et al., 1996; Talling et al., 2010;
Twichell et al., 2009). Although cohesive flows are not the main depositional process operating within
the Mississippi, some LBs are mainly constructed by hybrid and turbulent flows (Fildani et al., 2018).
These LBs constitute ~ 5-20 m-thick units (i.e., lobe elements and lobes) of hybrid-event beds, which
are mainly composed of poorly sorted fine-to-medium grained sand within a matrix of silt and mud, or
sandy mud (Fildani et al., 2018). Similar “dirty” sands are also observed within the lobe fringes of the
Congo system, while distributary channels are plugged by sandy debrites (Dennielou et al., 2017).
Similarly, the relatively small-sized Al Batha system is composed of finger-like and sand-rich lobes,
whose axes are mainly composed of bipartite massive beds (sandy debrites topped by fine-sand beds),

resulting from concentrated flows generated during hyperpycnal events (Bourget et al., 2010).

Therefore, the mud fraction of cohesive/liquified flows or hybrid flows seems to greatly
contribute to the elongation of LBs within large systems (Fildani et al., 2018; Haughton et al., 2009;
Migeon et al., 2010; Talling et al., 2010). Finally, in the Congo system, a transcritical flow regime is
interpreted as the cause of elongated deposits at the larger (i.e., H4 to fan) scale (Wahab et al., 2022).

4.2.2. Elongated shape of lacustrine lobes

The elongated shape of lacustrine lobes (Figs. 5A, 8) may be related to the important contribution
of hyperpycnal flows that operate in these environments (Dodd et al., 2019; Shi et al., 2021; Silva et al.,
2019). Similar to marine systems, this kind of flows may produce high-density turbidity flows (Dodd et
al., 2019; Shi et al., 2021; Silva et al., 2019) and hybrid events (Dodd et al., 2019). Therefore, in
lacustrine environments, lobes can also show a frond-like pattern (Dodd et al., 2019), but their lobe axis
and proximal fringe seem to be dominated by high-density turbidites, respectively of one-meter-thick to
pluri-decimeter-thick, and hybrid beds seem to be negligible (Dodd et al., 2019; Shi et al., 2021). Thus,
one can suppose that in such environments, high-density turbidity currents are sufficient to create a

frond-like pattern.

4.2.3. Elongation limitation within small systems

Regarding small (sand-rich) systems, field studies (Postma and Kleverlaan, 2018; Rohais et al.,
2021) and experimental ones (Hamilton et al., 2017) described lobe building in three distinct phases: 1)
progradation, 2) aggradation, and sometimes 3) retrogradation (Fig. 1). This retrogradational phase is
observed in the small systems of East Corsica (Deptuck et al., 2008; Sweet et al., 2019). Retrogradation
is interpreted as a consequence of the frontal confinement and hydraulic jump of flows, due to the relief
made by the aggradation of lobe elements deposited during phases 1 and 2 (Hamilton et al., 2017; Postma

and Kleverlaan, 2018). Backstepping can also be the result of a flow discharge decrease at the end of
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the lobe deposition (Ferguson et al., 2020), which is also suspected for the East Corsica lobes (Gervais
et al., 2006). The combination of the two aforementioned processes, which are respectively autocyclic
and allocyclic, may therefore limit lobe progradation and thus increase widening. To date, such

architectural evolution has not been described in large systems.

Finally, the break of slope (i.e., from feeder channel to lobe depositional area) is more important
in small systems than in large systems (Denneilou et al., 2017; Deptuck et al., 2008; Droz et al., 2020;
Jegou et al., 2008; Prélat et al., 2010; Saller et al., 2008). The break of slope leads to thicker LBs (Pohl
et al., 2020a) and particularly to thicker lobe elements (Fig. 5SF). As a result, aggradation is enhanced
during lobe building in small systems, favouring the formation of hydraulic jumping and the
backstepping of the lobes (H3) (Hamilton et al., 2017; Postma and Kleverlaan, 2018). In small systems,
thick lobe elements (H2) (Tab. 1) may also trigger more easily lateral compensation, thus participating
directly in the widening of H3 (Figs. 1, 8). These processes thus lead to the reduction of the elongation
ratio of the H3.

4.3. 3D change of LBs’ morphology with hierarchy

4.3.1. Widening

The elongation ratio (L/W) of LBs decreases with hierarchy when considering all data: it is 2 for
H2, 1.9 for H3, and 1.7 for H4 (Figs. SA). Moreover, the same trend is observed when considering small
and large systems independently (Figs. SE, 8). This statistically supports that LBs are relatively wider
with increasing hierarchy and length, whatever their system size (Figs. SE, 7B, 8). The widening of LBs
from H2 to H3 could be the consequence: 1) of the positive relief resulting from H2 stacking, which
modifies hydraulic properties at the mouth of the H3 channel and promotes hydraulic jump then
backstepping (Hamilton et al., 2017; Postma and Kleverlaan, 2018), and 2) of the variations of flow
discharge through times, with a low discharge that enhances backstepping (Ferguson et al., 2020).
Moreover, in large systems where the thickness of LBs is less important with respect to the depositional
area (i.e., “trend 2” in Fig. 6), anterior topography (i.e., lobe axis-lobe fringe transition) may control the
mouth location of the active channel, promoting flow deconfinement and lobe deposition, as observed
in the modern lobe complex of the Congo system (Dennielou et al., 2017). In the same system, subcritical
conditions (Wahab et al., 2022) also trigger channel bifurcations and therefore participate in spreading

at several scales (Picot et al., 2016; Wahab et al., 2022).

Thus, these processes likely increase the radial distribution of lobes (H3) within lobe complexes
(H4) by minimizing the longitudinal stacking of lobes. The low elongation ratio of H4 may result from
a reduced progradation capacity of LBs, which operates from the scale of lobe elements up to the scale

of lobe complexes.
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Figure 8. Schematic diagram of planform shapes and dimensions of lobe bodies considering the
hierarchy and the system type. The compared hierarchical levels of lobe bodies are lobe element (H2),
lobe (H3), lobe complex (H4), and lacustrine lobe (H3lac). The width of lobe bodies here is defined
from the median length and median length/width ratio provided in Table 1.

4.3.2. 3D trends

H2, H3 and H4 have different 3D scaling relationships: length correlates differently with width-
to-thickness ratio in each hierarchical level (Fig. 7B). At first glance, these relationships inform that, for
a similar W/H ratio, H4 are longer than H3, which are longer than H2 (Fig. 7B). Another interpretation
of these relationships is that for a similar length, H4 exhibit a smaller W/H ratio than H3, and H3 show
a smaller W/H ratio than H4 (Fig. 7B). Factually, all these dimensions (i.e., length, width and thickness)
increase with hierarchy (Figs. 4, 5B, 7B, Tab. 1). Thus, these trends show that, for each hierarchical

level, the width-to-thickness ratio of LBs changes with length, because width increases comparatively
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more than thickness. Therefore, when hierarchy increases, both length and W/H ratio increase (Fig. 7B),

or conversely, the cross-section aspect ratio H/'W decreases.

The above findings are thus consistent with the fact that LBs widen when their hierarchy increases
(Figs. 5A, 8). Previous works suggested that the thickness-to-area of LBs decreases with hierarchy due
to lateral stacking of LBs (Pettinga et al., 2018; Straub and Pyles, 2012). Some authors suggested that
this process is effective for all systems of LBs (Straub and Pyles, 2012), while others suggested it is
effective only for “confined” systems (i.e., the “trend 1”” of Fig. 6A) (Pettinga et al., 2018). These authors
argued that the H/A ratio decreases with hierarchy only for confined systems because they show a
significant increase in area and a moderate increase in thickness (Fig. 6A, 7). Our study (database)
allows us to compare area and thickness values between hierarchical levels in many different systems
(Fig. 6B). A shift produced by a significant increase in area and a moderate increase in thickness is also
observed, but it is effective for both “confined” (Fig. 6C) and “unconfined” (Fig. 6D) systems. This
leads to a reduction in the thickness-to-area ratio as first suggested by Straub and Pyles, 2012.
Furthermore, the three different scaling relationships identified in this study (Fig. 7B) confirm that each
hierarchical level has a specific geometry and indicate a 3D change in shape that occurs in most systems.
We nevertheless admit that quantifying the change of the shape in each system may be difficult due to
the logarithmic representation of thickness vs. area values (Figs. 6B, 6C, 6D). It could also be difficult
because the order of magnitude of changes may differ between systems, but also between the
hierarchical levels of a system (Figs. 6C, 6D). Moreover, these changes do not follow mandatorily “trend

1” or “trend 2” (Fig. 6).

As discussed before, several processes are thus responsible for the widening of LBs. Progradation-
retrogradation dynamics (Fig. 1) must also be considered for the construction of H3 and H4 (Dennielou
et al., 2017; Deptuck et al., 2008; Gervais et al., 2006; Hamilton et al., 2017; Postma and Kleverlaan,
2018; Rohais et al., 2021; Sweet et al., 2019). These dynamics are primarily controlled by the volume
of the flows (Allin et al., 2017; Deptuck et al., 2008; Ferguson et al., 2020) and by their regime (Hamilton
et al., 2017; Postma and Kleverlaan, 2018; Rohais et al., 2021; Wahab et al., 2022). Finally, LBs
thickness also increases -moderately- with hierarchy (Fig. 5D). Aggradation is due to overlapping of
LBs as they build LBs of higher hierarchy (Fig. 1). This construction is due to 1) lateral compensation
(Mutti and Normark, 1987; Straub and Pyles, 2012), 2) retrogradation that favours the cover of channel-
lobe transition zones (Hamilton et al., 2017) and up-dip thickening (Deptuck et al., 2008), and 3) limited
displacements or reoccupation of the feeder channel during avulsions (Saller et al., 2008; Dennielou et

al., 2017; Picot et al., 2016) (Fig. 1).

Consequently, the 3D shape of LBs is controlled by autogenic and allogenic processes that
promote the horizontal spreading of sediments, whereas vertical thickening appears secondary, largely

as an indirect result of this complex superimposition of planar processes. This also suggests that
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topographic confinement, which should increase the thickness of LBs by reducing their depositional

area, is also a secondary process.

5. Conclusions

Our database thus illustrates how the size and shape of lobe bodies depend on hierarchy but also
on system size. First, we show, as suggested by other studies, that the median planform shape of lobe
bodies has an elongation ratio of 2. Second, hierarchy controls both the volume and the 3D shape of
lobe bodies. We confirm that the volume roughly increases by one order of magnitude between two
successive hierarchical levels, which can be used as a reliable criterion of distinction. We also
demonstrate statistically that lobe bodies are less elongated with increasing hierarchy. Each hierarchical
level exhibits a specific scaling relationship where length correlates with the thickness-to-width ratio.
This change of 3D shape can be explained by the fact that systems, independently of their size, usually
show a significant increase in area with increasing hierarchy, which is associated with an overall
reduction of the thickness-to-area ratio. Third, lobe bodies from large systems are usually more
clongated than those belonging to small systems. We also demonstrate statistically that for each
hierarchical level, large systems produce lobe bodies that are one order of magnitude more voluminous
than those of small systems, contrary to previous suppositions. Therefore, we consider that hierarchy is
the first factor controlling the shape of lobe bodies, with system type having a significant influence on
their volume and planform shape. Finally, we show that lacustrine lobes are one order less voluminous

than marine lobes.

These evolving morphologies thus reflect the different modes of sediment dispersal into terminal
lobes. Considering these morphological differences will help improve models of heterogeneities in deep-
sea and deep lacustrine reservoirs and better assess the dispersal of pollutants such as microplastics and

the burial of terrestrial carbon into the deep ocean.
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Supplementary Materials 1. Table of the properties of the compared systems in this study.

System size if marine / System size
Systam Margin/basin type Location [see also Fig ) Bge Fan type Ponding Hierarchy Referemoes
el lacustring this work
Al Batha Passiee Omian Basin, fArablan Soa Ouaternany Bashn flioor Mot panded |Sma Zmall H3, H4 Bourget et al. 2000
Alooran Sea Almena Active Ko ditemmancan Sea, ofishare Spain Late FRooene Juabernany Basin fioor Mot ponded  |Sma Small Hd Garcia et al, D015; Alonsa and Ercilla, 200
Alboran Sea Sacratif active Mepdtesranean 5ea, affshare Spain Late Placene Ouatennany Basan floor Mot ponded  |Sma Zmall Hd Garcia et al, 7015; Alonsa and Ercilla, 2002
Alboran Sea Salobrena Acthee Fipditemranean Sea, affshare Spain Late PRocene) Juatennary Bashn flioor Mot ponded |Sma Zmall H4 Garcia ¢t al., 7315
Alnoran Sea Guadlaro Acthvi Mo ditemmanean Sea, obshare Spain Late PRoCens Quatarnary Bashn tioor Mot ponded  |Sma Smiall H4 Garcia ¢t al, D015; Alonsa and Ercilla, 200
Alooran %ea La Linea Acthvee KMediterranean Sea, obishare Spain Late Flooene) Ouaternary Basan Hioor Mot ponded  |Sma Zmall H4 Garcha &t al., 31015
Alboran Sea Calahonda Active Meditesranean 5ea, affshare Spain Late Placene Ouatennary Basan fioor Mot pongled  |Sma Zmall H4 Garcia ¢t al, 2015
Alboran Sea Fuengerala Acthee Mipditemmanean Sea, affshare Spain Late PRoCene) Ousa berniary Bashn flioor Mot panded |Sma Zmall H4 Garcia ¢t al, 7315
Alooran Sea Torrenueyva Active Ko ditemmancan Sea, ofishare Spain Late FRooene Juabernany Basin fioor Mot ponded  |Sma Small Hd Garcia et al, 3015
Alboran Sea Banos active Mepitesranean Sea, affshare Spain Late PloCene Ouatennary Basan fioor Mot ponded  |Sma Zmall H4 Garcia et al, 2015
Anotz Fm Acthen Pamiplune Basin, anshore Spain EDcEmas Bashn fioor Mot ponded |Sma¥ {coarse-grained) Zmall H4 Payros &t all 2007
Bering Turbedite System Passive Bering Sea, Offshore Alaska, U5 Unknigwni Bashn tioor Mot ponded  |Intermediate Large H4 Eenyon and Millington, 1595
Umimnalkk Turbidite System Passiar Beving Saa, Oftshone Alaska, LUISA Lo Basan Hioor Mot ponded |Ir'.-:"'m:d|:mc~ Large H4 Eenyaon and Millington, 1995
Pichimeal Turbddite System Passiee Bering Sea, Offshone Alaska, |58 Unboriossn Bashn flioor Mot ponded |Ir'.n:""m:d|:m:~ Large H4 Eenyan and Millington, 1595
Bering Sea 81 Passiwe Bering Sea, Offshone Alaska, USA Lnknown Basin tioor Mot poncled |Ir'.-c"'ru:d|:m:~ Large H4 Eenyaon and Millingion, 1935
Beting Sea 82 Passwe Bering Sea, Offshone Alaska, USA Lnkonossn Basan floor Mot panded ||r'.-:"'nm:h:|n:~ Large Hd Eenwon and Millington, 1995
Berimg Soa 83 Passive Bering Sea, Offshore Alaska, \ISH Unboriossn Bashn flioor Mot ponded |Ir'.n:"'ncd|:m:~ Large H4 Eenyan and Millington, 1595
Bering Soa 84 Passive Bering Sea, Offshore Alaska, USA Unkniown Bashn tioor Mot ponded  |Intermediate Large H4 Eeniyon and Millingion, 1595
BrazasTrinity Basen Il and W Passiar Offshiore Texas, USA Late Fickitooene Intraslome Pomd e Sma Zmall H3, H3 Beaubouet and Fredman 2000; Beaubowel ot al. 2003a; 30030
Burte Inlet Pasiee British Colwmbia, Canada (fjord) Ouaternany Intraslope Mot pongded  |Sma Zmall H3 Prior et al., 1585; 1987; Sywishkl and Farrow, 1583
Campaos Basin "labo” Passiee Sowthern Atlantic, Ofshare Brazil Hodaoene Bashn flioor Mot panded |Sma Zmall H4 Machada ot al. 2004
Campas Basin Albacora Passive Southern Atlantic, OHishare Bracil Oigo-Miccene Intraslope Pomd e Sma Small Hd Casagrande D023
Campas Basin Barracsda Passwe Sowthern Atlantic, Offshare Brazil Digo-Minrene Intraslopie Pondied Sma Zmall H3, H4 Azsis etal. 1998
Campas Bazin Masdim Sul Passive Eowthern Atlantic, Ofshare Brazil Digo-Miscone Intraslope Pondied Sma Zmall H4 Casagrande ¢t al. 7024
Campas Basin Mardim Passive Sowthern Atlantic, OHshare Bracil Oigo-Miccene Intraslope Pomd il Sma Smiall H3 Casagrande ¢t al. 2022
Campaos Basin wnknown Passiar Sowthern Atlantic, OHshare Brazil Dhgo:Miscene Intraslome Pomd e Sma Zmall H3 Brufim &t al. 15398
Catalina Basin Transfomm Difshore California, UES Ouaternany Intraslope Mot pongded  |Sma Zmall H2 Maier et al. 2008
Celkic fan Passive Bay of Biscay, Offshore Ireland Ouaternarny Bashn ficor Mot ponded  |Intermediate Large H3, H4 Zaragposi ot al. 23003
Congo Axial Fan Passive Southern Atlantic, Ofishare Congoy'Ango b Late Quatemary Basin fioor Mot ponced  |Large Large H3, H4 Babomnnegau 2002; Picot et al. T01E; Dennielow et 3l 2017
East Corsica South Galo active Dffshore East Corsica, Franoe Late Flektacens Basan floor Mot ponded  |Sma Zmall H3, H3, H4  |Deptuck of al. 2008; Sweet et al. 2009
East Corsica North Gaolo Acthee DOifshore East Corsica, France Late Flektacens Bashn flioor Mot ponded |Sma Zmall H3, H3, H4a Depiwck of al. 2008; Sweet ot al. 2009
East Corsica Fluminads: Acthvi Oftshore East Corshca, France Late Fleistocena Bashn tioor Mot ponded  |Sma Smiall H4 Deptuck ot al. 2008, Sweet et al. 2009
East Corsica 5t Damilano Acthvee Offshore East Corsica, France Late Fickitooene Basan Hioor Mot ponded  |Sma Zmall H4 Swert ot 2. 2015
East Corsica Fineto Active Dffshore East Cofsita, France Late Fleitacens Intraslope Mot pongded  |Sma Zmall H3 Deptuck et al. 2008
Gemneva Lake Post-glackal ke Onshare France and Switserkand Late Cuateimary Bashn ficor Mot ponded  |Lacustrne Lacustring H3lac Sibva et al. 2013
Gendalo Passive Oftshore Bomeo, Indonesa Upper Miocene Basin fioor Mot ponded  |Sma Small H2, HZ Saller et al. 2008
Gusf of Cadie Aweing active Difshiore Spain Late Quatesmary Intraslopi Mot ponded  |Sma Zmall H2, H3 Hanquiez et al 2000
Gt of Cadiz Lislia Acthen Oifshore Spain Late Quatemary Intraslope Mot ponded |Sma Zmall H3, H3 Hamquiez ot al. 2000
Gult of Cachz Tasyo Acthve Oftshore Spain Late Cuatemary Intraslope Mot ponded  |Sma Small H2, H2 Hamquies et al. 2010
Karced Tangua Fam 2 Pasiee Onshare Sowth Africa Peimilan Basan fioor Mot pongded  |Sma Zmall H2, HZ, H4  |Prelat et al 2009; 2010
Kiarca Lainsburg Passive Onshare Sowth Africa Peimilan Barth Mot ponded  |Sma Small H3 Broaiks et al. 2008
Eutal Basin Passiar Offshiore Bomeo, Indonesia Pleistoc ene Basan Hioor Mot ponded  |Sma Zmall H2, H3, H4 Saller et al. 2002
Fallulanid Basin aforted Farae-Shetland Trowgh, Northern Atlantic Early Cretaceous Basan floor Mot ponded  |Lacustring Lacustrinie H3lac, Hdlac |Dood et al. 2019
La Forita Passive Mipditemranean Sea, Ofshare France Hodaoens Bashn flioor Mot ponded |Sma Zmall H4 Drox et al, 3001; J00&
Reserve Fan Poat-glackal ke Lake Superiar, Minessota, USA Hidaoen Bashn tioor Mot ponded  |Lacustrne Lacustring H3lac Hiormark and Dicksan 1976a; 19760
Klissiszipp Passiar Offshiore Lowislana, LISE Plio:Fleistooene Basan Hioor Mot ponded |Large Large H2, H3 Stefting &t al. 19B6; Twichel a1 al. 1991; 2009; Wen et al. 15955
Kiyanmar Active Dffshore Myanmar (Bay of Bengal Pliccieme Basan fioor Mot pongded  |Sma Zmall H3, H4 Yang and Kim 2004, Cossey et al. 20032
Mokazse Basin Acthvi Onshare Austria Mo Intraslope Pomd il Small {coarse-grained| Small H4 D Rulg and Hulbibard 200E
Komte ey fam Transioemm Oftshiore Calitornia, USA Late Flooene Basan Hioor Mot ponded  |Intermediate Large H3 Wilde ot 2l 15978; Fildanil and Mormark, 2004
Havy fan Transdomm Difshore California, UE& Late Flsrene-Hobaoene Basan floor Mot ponded  |Sma Zmall H3 Piper and Normark. 1983
Hiw Zoaland Acthee Onshare New 2ealand Mliocens Intraslope Mot ponded |Sma Zmall H4 Burgreen and Graham 3014
Hizw Zoaland Acthvi Oftshore Mew Tealand Mo Intraslope Pomd il Sma Smiall H4 Fictuthar et al. 2021
Higeria “Dasim Hloor LC™ Passiar Sowthern Atlantic, OHshare Migeria Kliocens Basan Hioor Mot ponded |Large Zmall H3, H3 Zhang et ad. HI1E
Higeria DML 140 Pasiee Sowthern Atlantic, Offshare Migeria Ouaternany Basan fioor Mot pondled  |Large Zmall H3, H4 Prélat et al. 2000
Higeria X Fan Passive Sowthern Atlantic, Ofishare Migerna Ouaternarny Intraslope Pomd il Lairge: Small H2, HZ, H4 Prather et al., 2012; Jobe et al. 2017
Higeria intraslope LC Passiar Sowthern Atlantic, OHshare Migeria Kliocens Intraslome Pomd e Large Zmall H3, H3 Zhang et 3l H01E
Higeria intraslope LC Passwe Sowthern Atlantic, Offshare Nigeria Late MEnoen e Intraslopie Pondied Large Zmall Hd Pizzl, 201%; Pizzi et al. 2023
Higeria intraslope lobes Passive Eowthern Atlantic, Offshare Nigeria Late Meaoone Intraslope Pondied Large Zmall H3 Plzzl et al. 37023
Hilz Passive Mg ditemranean Sea@, OHshare Egypt Ouaternarny Bashn tioor Mot ponded  |Lange Large H4 Migeon et al. 2010
Hile indrashope Passiar KMediterranean Sea, OHshare Egypt Plioceme Intraslome Mot ponded  |Sma Zmall H3 L et al., 2021
Rhone fam and Neofan Pasiee Mepditesranean 5ea, Offshare France Pl Flesstooen e Basan fioor Mot pongled  |Intermediate Large H3 Megaou, 2008; Draz et al. 2020
Sowth Korea Acthvi Onshare Sowth Korea Mo Bashn ficor Mot ponded  |Sma Small H3 Eim and Chough 2000
Hivgzhang Sag Anceried DOnshore Easterm China B ma Basan Hioor Mot ponded  |Lacusbrne Lacusirine H3lac Ehiet al, 2021
Wiestern Shetland Inverted Farae-Shetland Trowgh, Northern Atlantic Early Eocene Basan ficor Mot pongled  |Sma Zmall H4 Ejedier 2015
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