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Abstract

Autogenic processes are widely found in various sedimentary systems and they play an important role in the depositional
evolution and corresponding sedimentary architecture. However, autogenic processes are often affected by changing allogenic
factors and are difficult to be identified and analyzed from modern and ancient records. Through the flume tank experiment
under constant boundary conditions, the depositional process, evolution principles, and the sedimentary architecture of a
river-dominated delta was presented, and a corresponding sedimentary architecture model was constructed. The evolution
of river-dominated delta controlled only by autogenic process is obviously periodic, and each autogenic cycle can be divided
into an initial progradational stage, a middle retrogratational stage, and a late aggradational—progradational stage. In the initial
progradational stage, one feeder channel incised into the delta plain, mouth bar(s) was formed in front of the channel mouth,
and small-scale crevasse splays were formed on the delta plain. In the middle retrogradational stage, the feeder channel was
blocked by the mouth bar(s) which grew out of water at the end of the initial stage, and a set of large-scale distributary splay
complexes were formed on the delta plain. These distributary splay complexes were retrogradationally overlapped due to
the continuous migration of the bifurcation point of the feeder channel. In the late aggradational-progradational stage, the
feeder channel branched into several radial distributary channels, overlapped distributary channels were formed on the delta
plain, and terminal lobe complexes were formed at the end of distributary channels. The three sedimentary layers formed in
the three stages constituted an autogenic succession. The experimental delta consisted of six autogenic depositional succes-
sions. Dynamic allocation of accommodation space and the following adaptive sediments filling were the two main driving
factors of the autogenic evolution of deltas.

Keywords River-dominated delta - Autogenic process - Depositional process - Sedimentary architecture - Flume tank
experiment

1 Introduction

There are a number of controlling factors that govern the
depositional processes and the internal architecture of a
sedimentary system including water and sediment supply,
climatic changes, base-level variation, tectonic activities,
and so on (Gong et al. 2016; Jia et al. 2018; Jia et al. 2016;
Ventra et al. 2018; Zhao et al. 2018a; Zhao et al. 2018b). In
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order to clarify the controlling mechanism of each factor on
the sedimentary system, Beerbower (1964) first classified
the above factors into two types, including within-basin and
extra-basin factors. The periodic and spontaneous evolu-
tion of geomorphology has been observed in most of the
terrestrial sedimentary systems (such as alluvial fan, flu-
vial delta, braided river, and meandering river) when the
extra-basin factors were maintained approximately constant
(Carlson et al. 2018; Clarke et al. 2010; de Haas et al. 2016;
Hajek and Straub 2017, 2017; Hamilton et al. 2013; Tram-
push et al. 2017; Van Dijk et al. 2009). As controlled by
the within-basin factors only, the above processes are called
autogenic processes (Miall et al. 2014). The widely exist-
ing fining upward sequence in the meandering river reser-
voir and the coarsening upward sequence in the delta are
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typical autogenic deposits (Hajek and Straub 2017; Miall
et al. 2014).

Autogenic processes control the fundamental deposition
of the sedimentary system, such as channel migration, avul-
sion, and abandonment (Clarke et al. 2010; Qi et al. 2018). It
is these basic processes that give rise to the growth of sedi-
mentary systems and to a large extent determine the internal
sedimentary architecture. Even though an autogenic process
only exists in a relatively short time compared to the allo-
genic process, the deposits formed in autogenic process get
recorded in the stratigraphic framework created by the allo-
genic process (Hamilton et al. 2013; Miall et al. 2014). In
other words, the autogenic deposits are the basic elements of
the stratigraphy (Li et al. 2016; Wu et al. 2013). Therefore, it
is not only helpful to guide the evaluation and development
of oil and gas reservoirs scientifically, but also essential for
sedimentology research to clarify the autogenic sedimentary
process and its controlling effect on the internal architecture
of sedimentary systems.

The autogenic depositional processes and the associated
sedimentary mechanism have received extensive attention
and have been thoroughly researched. As described by Hajek
and Straub (2017), the typical autogenic processes include
dune migration, upstream migrating cyclic steps, channel
migration/meandering, channel bifurcation, avulsion, and
regrading of depositional surface. All these processes are
very common in modern sedimentary systems and stratig-
raphy records (de Haas et al. 2016; Lin et al. 2018a, b). For
a sedimentary system, when the allogenic boundary condi-
tion is constant or approximately stable, its topography and
sedimentary architecture is completely dominated by the
autogenic processes (Clarke et al. 2010; Hajek and Straub
2017; Van Dijk et al. 20009).

In general, autogenic behavior is usually observed during
allogenic variations in field, which makes it difficult to study
its characteristics and significance (Van Dijk et al. 2009). In
order to clarify the autogenic depositional process and asso-
ciated internal architecture of sedimentary system, flume
tank experiments have been performed by researchers on
various sedimentary systems in recent years (Carlson et al.
2018; Esposito et al. 2018; Trampush et al. 2017; Wang et al.
2015; Yu et al. 2017; Zhang et al. 2016). To date, extensively
experimental studies have been performed to investigate the
autogenic behavior of alluvial fans, fan deltas, meandering
rivers, and so on (Clarke et al. 2010; Clarke 2015, 2014,
Crosato et al. 2011; van Dijk et al. 2013; Egozi and Ash-
more 2009; Ganti et al. 2016; Kim et al. 2013; Nicholas
et al. 2009; Paola et al. 2009; Reitz and Jerolmack 2012; Van
Dijk et al. 2009). As pointed out in a review by Paola et al.
(2009), flume tank experiments produce spatial structure and
kinematics that, although imperfect, compare well with natu-
ral systems despite differences of spatial scale, time scale,
material properties, and number of active processes (Hajek
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and Straub 2017). Therefore, the experimental sedimentary
systems can be regarded as a substitution of the field scaled
ones. In recent years, flume experiments were used for inves-
tigating the autogenic process of fan delta (Van Dijk et al.
2009), fluvial delta (Foreman and Straub 2017; Carlson et al.
2018) using non-cohesive sediment and constant sea level
(not constant relative base level). These types of sedimentary
systems usually developed in arid and semiarid climate. In
humid climate, the sediment in various types of sedimentary
systems was cohesive. However, the experimental studies on
autogenic process-controlled river-dominated deltas using
cohesive sediment and constant relative base level are very
limited (Straub et al. 2015). For river-dominated delta, even
though its extreme complex sedimentary architecture was
investigated by numerous studies using outcrops, modern
deltas, and numerical models (Wright 1977; Edmonds and
Slingerland 2007; Ahmed et al. 2014), but the autogenic suc-
cessions included in the sedimentary records were affected
by changing boundary conditions (Wellner et al. 2004). The
formation process and mechanism of the mouth bar in the
delta was investigated by numerous scholars by numeri-
cal simulation and field work (Wright 1977; Edmonds and
Slingerland 2007; Ahmed et al. 2014), but these studies only
focused on mouth bar or a part of river-dominated deltas.
Thus, the complete and detailed sedimentary architecture
of an entire delta was not clear enough yet. Therefore, the
autogenic evolution of depositional process and associated
internal architecture of cohesive sediment-dominated deltas
in an unconfined catchment still need to be investigated.

In this paper, we investigated the spontaneous sedimen-
tation and evolution in the autogenic processes of cohesive
sediment-dominated deltas based on the experiment per-
formed at Tulane University by Straub et al. (2015). The
entire process during the formation of the experimental
delta had been recorded with a digital camera and a 3D
laser scanner. The digital elevation models (DEMs) had
been constructed with scanned topography data and were
utilized for topography and sedimentary evolution analysis
with the assistance of a newly developed program. Based
on the analysis of the autogenic process and the internal
architecture of the experimental delta, six autogenic cycles
have been identified.

2 Experimental design

To investigate the autogenic behavior during a river-domi-
nated delta evolution, an experiment in the Delta Basin at
Tulane University was performed by Straub et al. (2015).
In order to simulate the autogenic depositional process,
consistent accommodation was created at a constant rate by
increasing the ocean level using a motorized weir that was in
hydraulic communication with the basin (Straub et al. 2015).
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Fig. 1 Diagram of the facility used in the experiment

Table 1 Boundary condition of the experiment (modified from Straub
et al. 2015)

Experi- Experi- gpoly- Qy, m’/s Qs, kg/s Water
ment ment mer per level
run kg sedi- rise rate,
time,h  ment mm/h
TDB-13  300-700 0.73 1.72x107™* 391x107™* 0.25
(weakly
cohe-
sive)

The facility diagram of the experiment is shown in Fig. 1.
The boundary conditions (Table 1) including the computer-
controlled ocean level rise rate (r), input water (Qy,), and
sediment discharge (Qg) allowed the shoreline to be main-
tained at an approximately constant location in the whole
experiment but with superimposed fluctuations associated
with autogenic processes (Straub et al. 2015). The particle
size of sediments ranged from 1 to 1000 pm with a mean
of 67 pm and it was dominated by quartz. During the first
300 h, a bedform for the experiment was constructed (Straub
et al. 2015). The polymer enhanced the cohesion of the input
sediments and ensured the formation of deltas with strong
channelization at subcritical Froude numbers (Straub et al.
2015). After finishing the bedform, the experiment was run
for 700 h with the weakly cohesive sediment (Straub et al.
2015). Red dye was added into the water to indicate the
active flow and basin water.

Digital elevation models (DEMs) with a set of 5X 5 mm?
horizontal grids were constructed with a 3D laser scanner
(Fig. 1). The vertical resolution for terrestrial regions and
areas with water depths <50 mm was less than 1 mm. The
topographic data (sediment thickness) were collected once
an hour during the whole experiment (1000 h) and share
the same reference system (Fig. 2). Therefore, the spatial
and temporal resolution was fine enough to capture the
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Fig.2 Locations of four transverse sections and one longitudinal sec-
tion

mesoscale morphodynamics and internal architecture for the
delta (e.g., distributary channels, lobes, levees, and crevasse
splays). To aid the analysis of the depositional process and
the sedimentary architecture, the digital images of the delta
top were collected every 15 min.

To understand the evolution of the depositional process
and the resulting sedimentary architecture of the experimen-
tal delta, we developed a program with MATLAB for the
analysis of the DEMs. With the help of the program, four
sections across the flow direction and one section along the
radial flow direction were figured (Fig. 2).

3 Result

3.1 The periodicity and general characteristics
of the autogenic depositional process

The autogenic processes were constrained under the con-
stant boundary condition during the experiment. The water
and sediment supply, the total accommodation space, and
relative base level remain stable (Hajek and Straub 2017).
Therefore, the variation of depositional process and the
complex internal sedimentary architecture were spontane-
ously formed. In the experiment, the spontaneous periodic
evolution of the delta has been observed.
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3.1.1 Periodically vertical transition of sedimentary
architecture elements

To check the topography variations in the whole experiment,
a transverse section was constructed with the data of the
DEMs using the newly programed application (Fig. 3). Six
kinds of sedimentary architecture elements were observed
in the evolution of the delta, including feeder channel, levee,
mouth bar, distributary splay, terminal lobe, and distributary
channel. As observed from the transverse profile, the vertical
distribution of these sedimentary architecture elements was
periodic and occurred in a fixed order (Fig. 3). From bot-
tom to top, six cycles of sedimentary architecture element
transition could be observed. Each cycle consisted of a lower
part, a middle part, and an upper unit. On the transverse
profile, the lower part was characterized by feeder channel
and associated levees, the middle part was characterized
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by distributary splays, and the upper part was character-
ized by distributary channels and associated terminal lobes
(Fig. 3). The three parts constituted a complete succession
controlled by constant boundary conditions. In this experi-
ment (301-700 h), there were six sequentially stacked such
successions. Sequential transition of the three parts indicated
the periodicity of autogenic processes.

3.1.2 Periodic evolution of delta geomorphological
characteristics

In order to further demonstrate the periodicity of delta
evolution, the geomorphological characteristics have been
investigated based on the data published by Straub et al.
(2015). There are three key indicators for the characteri-
zation of delta geomorphology, including the terrestrial
delta area (App), the fraction of the delta top covered by
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Fig.3 Topography (sediment thickness) evolution from 301 to 1000 h along the transverse section. The locations of section L3-R3 are presented

in Fig. 2
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active flow (fy), and the roughness of the shoreline (Rg; )
(Fig. 4). The Arp curve demonstrated that the shoreline
was well-controlled by the automatic water-level controller
(Fig. 1), as we expected. The nearly constant A ensured
the stability of the accommodation in the depositional
environment because the shoreline was maintained at an
approximately constant location (Straub et al. 2015).

The fraction of the delta top covered by active flow (fy)
is an indicator of the development degree of the chan-
nels on the top of the experimental delta. Meanwhile, the
roughness of shoreline (Rg;) quantified the fluctuations
of the shoreline along the delta plain (Straub et al. 2015).
In an autogenic process, fy experienced several cycles of
rising first and then falling. On the contrary, Rg; experi-
enced several cycles of falling first and then rising. It was
worth noting that the trends of fy; and Rg; were exactly
the opposite. Both curves of fi; and Rg; suggested that the
geomorphological characteristics (including development
degree of channels and the roughness of the shoreline) in
the delta had obvious periodic changes under the control of
autogenic process (Fig. 4b—c). The spontaneous periodic
evolution in distributary channel development degree and
shoreline roughness demonstrated that the autogenic pro-
cesses were very complex rather than simple and stable.

3.1.3 Geomorphology dynamics in the autogenic processes

It was observed that there were six sedimentary cycles
driven by the autogenic process in the experiment. Accord-
ing to the evolution of f; and Rg; of the experimental delta,
deposition on the delta experienced a sequential variation
in each cycle, and each cycle was similar (Fig. 4b, c). The
whole delta was constituted by the deposition of six such
cycles. Therefore, investigation on the depositional process
and associated sedimentary evolution in each cycle is essen-
tial to understand the nature of geomorphology dynamics of
the delta driven by autogenic processes.

The digital images collected during the experiment were
utilized to investigate the variations in the cycles. To illus-
trate the sedimentary evolution in a complete cycle, we
choose the cycle formed from 559 to 706 h (Fig. 5). The
evolution of the delta which experienced three different
stages was manifested in the diversity of its topography and
sedimentary elements development.

At the initial stage, a feeder channel incised into the delta
plain and continuously brought sediments to the delta front.
Under continuous sediment feeding, a lobe-shaped mouth
bar was formed and grew continuously (Fig. 5a, b). The mid-
dle stage of an autogenic cycle was characterized by retro-
gradational distributary splays (Fig. 5c, e). During the late
stage, the feeder channel branched into several small-scale
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Fig.4 Evolution of geomorphological characteristics in the autogenic processes. Data of the terrestrial delta area (App), the fraction of the delta
top covered by active flow (fy,), and the roughness of shoreline (Rg; ) are calculated by Straub et al. (2015)
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image color

distributary channels, and each of these distributary chan-
nels fed a terminal lobe at the distal part of the delta plain

(Fig. 5f).

3.2 Geomorphology dynamics and associated
internal architecture during different stages

3.2.1 The initial progradational stage

In this stage, the feeder channel deeply incised into the delta
plain (Fig. 5a, b), and at the same time, a number of cre-
vasse channels and the associated splays were developed on
both sides of the feeder channel. Most of the sediments were
transported to the delta front by the strong current in the
channel (Fig. 6). As a result, a lobe-shaped channel mouth
bar was formed (Fig. 7), and this mouth bar continued to
grow under the continuous feeding of the incised channel
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(Figs. 6 and 7). The mouth bar in the delta front was the
dominant deposition formed during this stage. As the mouth
bar gradually protruded from the shoreline, Rg; of the delta
plain increased (Fig. 4c) while f, decreased (Fig. 4b).

To investigate the sedimentary characteristics on the delta
plain during the initial stage, the sediment thickness incre-
ment per 7 h’ deposition is calculated and shown in Fig. 8.
Compared to the delta front, the deposition rate on the delta
plain was significantly lower (Figs. 8 and 9). During the
35 h’ deposition, increment in sediment thickness along the
longitudinal section was about only 4 mm in average (Figs. 9
and 10). However, its evolution on the delta plain was unex-
pectedly complicated (Fig. 8).

According to the observation on digital images and the
DEMs, the incised channel was relatively stable; mean-
while, deposition on the delta plain was characterized by
crevasse channels and associated crevasse splays (Fig. 8).
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Fig.6 Growing process of the mouth bar during the initial stage. Water depth of channel mouth was gradually becoming shallower with the con-
tinuous sediments feeding. The location of the images is presented in Fig. 5a

At the beginning of this stage, only one or a limited num-
ber of isolated crevasse splays developed on the delta plain
(Fig. 8a, b), and the development degree of levee was too
low to be identified (Fig. 8a, b). With the development of
the mouth bar in the delta front, the area, quantity, and
sediment thickness increment in the crevasse splays on
delta plain increased gradually (Figs. 6 and 8). At the end
of the initial stage, the crevasse splays were laterally over-
lapped rather than isolated (Fig. 8d, e). Overlapped map
of the areas that has an increment more than 3 mm in
A-E demonstrated that most of the sedimentation on the
delta plain during the initial stage were deposited at the
later hours. Meanwhile, there were nearly no sediments
deposited in a large fraction of the delta plain (Figs. 8f
and 10). In the latter 21 h during this stage, levees tended
to develop well by usually distributing along the channel

bank continuously (Fig. 8c, e) and were about 0.25 m wide
(Fig. 9).

It was worth noting that the feeder channel was later-
ally migrating during this stage (Fig. 10). The maximum
migration distance was about 0.06 m. The crevasse splays
were distributed on the side that was eroded by the migrating
feeder channel (Fig. 10a—c).

3.2.2 The middle retrogratational stage

The middle stage started at the end of the initial stage and
was characterized by retrogradational distributary splays
(Fig. 11). At the end of the initial stage, the mouth bar
grew out of water. Consequently, the current started to be
blocked by the mouth bar. Meanwhile, the feeder channel
continuously transported the sediments to its terminal and
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Fig. 7 Internal structure of a mouth bar formed from 590 to 630 h. a The topography of the delta at 630th hour, topography data was scanned by
the laser scanner. b Internal structure of a mouth bar on a transverse section. ¢ Internal structure of a mouth bar on a longitudinal section

bifurcated into a set of small channels (Fig. 12). As a result,
a large splay fed by multiple small channels was formed
on the delta plain (Fig. 5¢). In this paper, the large-scale
splay was defined as distributary splay based on its forma-
tion process. The deposited distributary splay blocked the
subsequent flow. Therefore, a chain reaction was triggered,
that is, a distributary splay blocked the subsequent water
flow and a new distributary splay was formed. During the
chain reaction, several large distributary splays were formed
step by step, whose bifurcation points traced back to the
source gradually (Fig. 11a—c). When the bifurcation point
reached the source point, the middle stage went to its end
(Fig. 11c). During this stage, the small channels were shal-
low and had a short development duration. Nearly no chan-
nel filling deposits of such channels could be found in the
transverse profile (Fig. 3).

To clarify the precise sediment distribution during the
middle stage, the sediment thickness increment per 5 h is
calculated and shown in Fig. 12. In each of the increment
plot of sediment thickness, the distributary splays were
symmetrically distributed on both sides of the feeder chan-
nel (Fig. 12). The shape of distributary splay complexes
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was often short elliptical or irregularly lobate, and several
smaller and nearly paralleled small channels developed in
the complexes (Figs. 11 and 12b). Compared to the crevasse
splays formed during the initial stage, the distributary splays
were obviously larger in area and thickness. The distributary
splay complexes formed in 5 h were as large as 0.35 m? in
average, and the maximum thickness of the splays in 5 h was
thicker than 10 mm (Fig. 12).

The feeder channel was filled while bifurcation point
migrated from the channel mouth to the source. The lon-
gitudinal topography section from L5 to RS in this stage
indicated that the retrogradational process of the distributary
splays and channel filling was continuous rather than even-
tual (Fig. 13). Channel filling took place and the distributary
splay was formed as well (Figs. 11, 12a—e and 14). As the
feeder channel was gradually filled from the channel mouth
to the source during this stage, the distal part of the chan-
nel was filled without lateral migration, while the unfilled
reach of the feeder channel still migrated laterally for about
0.055 m during this stage (Fig. 14).

Retrogradational distributary splays formed during this
stage nearly covered the whole delta plain (Fig. 12f), and
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Fig.9 Sediment thickness curves from 589 to 624 h during the initial stage on a longitudinal section (Fig. 2 L5-R5). The average slope of delta
plain was about 0.5450. Increment of sediment thickness was about 4 mm in average. Most of the deposition located at the middle part of delta
plain. The location of the section is presented in Fig. 2

the average sediment thickness increment during this stage  larger than the initial stage (Fig. 3b). The distributary splays
was about 20 mm on delta plain (Fig. 13). Therefore, at this were fed by multiple small channels, each of these small
stage, sedimentation mainly occurred on the delta plain, and ~ channels dominated a single small splay. Consequently, the
the fraction of the delta top covered by active flow (fy,) was  edge of the large splays was very rough. As the delta plain
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delta plain was about 0.3836. Increment in sediment thickness was about 20 mm in average. The majority of the deposition was located at the
middle part of delta plain. The location of the section is presented in Fig. 2

consisted of a set of retrogradational distributary splays, it ~ 3.2.3 The late aggradational-progradational stage

had a larger Rg; than that in the initial stage (Fig. 3c).
In the late stage, delta morphology was characterized by the
distributary channels originating from the source (Fig. 15).
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Once the feeder channel entered the delta plain from the
source, it quickly bifurcated into multiple small radial dis-
tributary channels, and these distributary channels migrated
laterally on the delta plain (Fig. 15). The bifurcation and
evolution of channel in the late stage was significantly dif-
ferent from the previous two stages.

For each distributary channel, a lobe was formed at the
terminal of it (Fig. 15). To clarify the distribution law of
sediment in this stage, the sediment thickness increment was
calculated per 5 h (Fig. 16). Result shows that the deposition
was mainly developed at the terminal of distributary chan-
nels (Fig. 16a—e). The areas where most of the sediment
were preserved were generally lobe-shaped and distributed
near the shoreline (Fig. 15). Therefore, these lobe-shaped
sedimentary elements were named as the terminal lobe. In
general, terminal lobes were laterally stacked to constitute a
terminal lobe complex (Fig. 16a—e).

Compensatory deposition on the top of the delta was
typical at this stage (Fig. 16). According to the observation
on the distributary channels, the average existence dura-
tion of a distributary channel was about 3 h in this experi-
ment. On the contrary, the existence of the feeder channel

in the initial stage usually lasted for more than 30 h. The
existence duration was significantly less than that of the
feeder channel in the initial stage. While a distributary
channel reached its end, another one was formed in rela-
tively lower areas. The rapid changes of the distributary
channels and associated terminal lobes covered the whole
delta during this stage, and as a result, the sediment cov-
ered the entire delta approximately uniformly (Fig. 16f).
On the longitudinal topography section (L5-RS5), the
increment in the topography was approximately uniform
(Fig. 17). All the above sedimentary characteristics dif-
fered greatly from the initial and middle stages.

According to the transverse topography sections, the
increment in sediment thickness in 25 h’ experiment was
significantly thicker than that in 35 h’ experiment in the
initial stage (Figs. 10 and 18). Meanwhile, the increment
in sediment thickness in the late stage was obviously thin-
ner than that in the middle stage (Figs. 14 and 18). There-
fore, we can infer that the deposition in this stage mainly
occurred at the delta plain and delta front. The dominant
sedimentary elements were the terminal lobe complexes
(Figs. 15 and 16).
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3.3 Sedimentary architecture of autogenic process
dominated delta

Combined with the sedimentary characteristics and evolu-
tion in different stages of the experiment, the sedimentary
architectural model of autogenic process forced river-dom-
inated delta in the three stages was established according to
the observations made via the delta deposition process and
quantitative analysis.

3.3.1 Sedimentary architecture in the initial stage

In the early stage, sedimentation was dominated by one or a
limited number of feeder channels. Controlled by the feeder
channel (s), three kinds of sedimentary architecture elements
developed, including mouth bar, levee, and crevasse splay
(Fig. 19a). Mouth bar was the main deposit and consumed
the majority of the sediments during this stage. Its internal
architecture was characterized by downstream accretions
(Figs. 7 and 19a). Levees and small crevasse splays mainly
formed at the end of this stage and were significantly thinner
than mouth bars (Fig. 6). The feeder channel incised into the
delta plain and was unfilled during the initial stage (Fig. 10).

3.3.2 Sedimentary architecture in the middle stage

Distributary splay and feeder channel filling were the main
sedimentary architecture elements developed during the
middle stage. Retrogradational bifurcation was the typi-
cal behavior of the feeder channel. Near-symmetric large
distributary splay complexes developed on both sides of
the feeder channel and the feeder channel was also filled
with sediment (Figs. 14 and 19b). Due to the retrogra-
dational bifurcation of the feeder channel, distributary
splay complexes and channel filling was manifested as

retrogradational patterns (Figs. 12 and 13). The continu-
ous bifurcation of the feeder channel and the sediment
deposition made the surface of the delta smoother, and
the surface elevation gradually decreased from the feeder
channel to both sides. Compared to the crevasse splays
developing in the initial stage, the distributary splays
developing during this stage were significantly larger and
thicker (Fig. 19a, b).

3.3.3 Sedimentary architecture in the late stage

In this stage, the experimental delta was characterized by
multi-branched radial distributary channels and terminal
lobes. Originating from the source, these distributary
channels were obviously smaller than the feeder chan-
nels developing in the former two stages (Fig. 11). These
distributary channels often transport sediment to the area
close to the shoreline and form terminal lobes (Fig. 19¢).
The lobes overlap each other, leading to a significantly
smooth shoreline (Figs. 11c and 19c).

The main sedimentary architecture elements were ter-
minal lobes that were deposited near the shoreline. For
the most time of this stage, radial distributary channels
just act as a shallow sediment transport pathway and thus
hardly form channel filling deposits (Figs. 16 and 19). In
addition, since the distributary channels were very shal-
low, overflow developed on both sides of the distributary
channels. As a result, a small fraction of the sediments was
deposited on the delta plain (Figs. 17 and 19).
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4 Discussion: driven mechanism
of the autogenic evolution
in the experimental delta

The periodic evolution of the delta autogenic deposition
process is completely spontaneous in the absence of exter-
nal environmental forces like sediment supply, water flow,
tectonic activity, etc. (Straub et al. 2015). Scholars have also
discovered autogenic cycles in sedimentary systems such as
meandering rivers (Miall et al. 2014), alluvial fans (Clarke
et al. 2010), and deltas (de Haas et al. 2016; Trampush
et al. 2017; Van Dijk et al. 2009; Yu et al. 2017). A similar
experiment presented by Van Dijk et al. (2009) investigated
the sedimentary process of a fan delta using non-cohesive
sediment and a constant sea level. Cycles of alternating
sheet and channelized flow demonstrated that the autogenic
process was significantly periodic. In the natural environ-
ment, a large number of similar fan delta could be identified
along the shoreline of basins in arid or semiarid climate
(Van Dijk et al. 2009; Jia et al. 2016, 2018). In contrast, the
river-dominated delta presented in this paper was simulated
using cohesive sediment and constant relative base level. In
modern environment and ancient stratigraphy records, this
type of delta mainly deposits along the shoreline of basins
in humid climate (Li et al. 2015; Ielpi et al. 2018).

Fine analysis of the periodic autogenic evolution process
on the experimental delta shows that the main mechanism
was the dynamic distribution of accommodation space in the
sedimentary system and the following adaptive compensa-
tion of sediments (Trampush et al. 2017).

In the initial stage, with high elevation and flat topogra-
phy, the delta plain has very limited accommodation space,
while there is more accommodation space in the delta front
(Fig. 20), which has two relevant effects on flows and sedi-
ments. One effect is delta plain erosion and the other is more
sediment being carried into the delta front to form multi-
period mouth bars (Paola et al. 2018). At the same time, the
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accommodation space on the delta plain gradually increased
and even transformed from saturated into starvation (Clarke
et al. 2010; Miall et al. 2014).

With gradual progradation of the mouth bars, the accom-
modation space in the area in front of the feeder channel
mouth gradually reduced (Hajek and Straub 2017). Once
the channel mouth area ran out of accommodation space,
the feeder channel bifurcation formed a large-area distribu-
tary splay. Hydrodynamics of the bifurcated flow greatly
reduced, leading to the rapid formation of the distributary
splays. At this time, the accommodation space on the delta
plain was significantly larger than that in the delta front.
As the growing distributary splays continuously blocked the
flows, bifurcation point was forced to retreat upstream. The
delta plain was gradually filled from the mouth of the feeder
channel to the source (Foreman and Straub 2017), eventu-
ally forming multi-period retrogradational and overlapping
distributary splay complexes (Figs. 19 and 20). In the middle
stage, few sediments were carried to the delta front, thus
continuously increasing its accommodation space. As the
consumption of accommodation space on the delta plain,
the middle stage ended and the late stage began (Fig. 20).

In the late stage, because the accommodation space in
the delta plain has been very limited, particularly the little
space on both sides of the feeder channel, several smaller
distributary channels radiating from the source point were
formed (Fig. 20). These small distributary channels extended
through a locally lower area to the delta front, and terminal
lobes developed at the area close to the shoreline (Fig. 19).
In general, in the late stage, the sediments mainly concen-
trated near the shoreline of the experimental delta (Clarke
et al. 2010; Trampush et al. 2017). On one hand, the delta
plain was dominated by aggradational deposits, and on the
other hand, the delta front was dominated by progradational
deposits.

Overall, the dynamic change of accommodation space
between the delta plain and the delta front during the
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autogenic deposition process and the adaptive compensa-
tion of the sediments led to the migration of the sedimentary
center in the delta (Fig. 20). Changes in the morphology,
scale, and combined style of the sedimentary architecture
elements ultimately led to complex configurations within
the delta (Carlson et al. 2018; Foreman and Straub 2017,
Hamilton et al. 2013; Miall et al. 2014).

5 Conclusions

Controlled by only autogenic process, the river-dominated
experimental delta experienced several autogenic cycles.
Each autogenic cycle generally consisted of three stages:
the initial progradational stage, the middle retrogradational
stage, and the late aggradational-retrogradational stage.

In the initial stage, one channel developed from the
source point to the delta front. Consequently, a large-scale
mouth bar was formed at the end of the feeder channel. The
feeder channel incised into the delta plain and remained
unfilled until the end of this stage. Several small-scale cre-
vasse splays and levees were deposited on both sides of the
channel (s).

In the middle stage, the feeder channel was blocked by
the mouth bar which grew out of water at the end of the ini-
tial stage and resulted in the bifurcation of the feeder chan-
nel and the development of large-scale distributary splays.
Due to reactivated accommodation space, continuous feeder
channel bifurcation and associated distributary splays gradu-
ally retreated toward a sediment feeder, and the feeder chan-
nel was filled with sediments.

In the late stage, the feeder channel branched into a num-
ber of small-scale, radial channels. Each of these distributary
channels fed a terminal lobe in the area close to the shore-
line. With rapid migration of the distributary channels, a
set of distributary channel-terminal lobe complexes were
formed and stacked together.

The distribution of accommodation space and deposi-
tion on the river-dominated delta were not balanced every-
where. Active deposition can usually control a fraction of
the area. When deposition happens at this place, cumulation
of the accommodation space happens in the remaining area.
Allocation of the accommodation space and the following
adaptive compensation of sediments were the main control
factors driving the autogenic evolution of the delta.
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