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Abstract

Palaeodrainage basin, as an important component of the source-to-sink system, contains critical information on
provenance and palaeoenvironment. Previous studies indicate that the scaling relationships of source-to-sink
system components generally follow power laws, and channel-belt thickness represents a reliable first-order proxy
for the drainage area. In this study, a database of borehole cores and geophysical well logs of the Jurassic coal
measures from Saishiteng area in the northern Qaidam Basin was used to reconstruct the palaeogeography, and to
identify single-story channel-belts. Three palaeochannels, namely, River A, River B and River C, were identified which
were persistent throughout the Dameigou and Shimengou Formations during the Middle Jurassic. The mean
channel-belt thicknesses of River A, River B and River C in the Dameigou Formation were 9.8 m, 8.9 m and 7.9 m,
respectively, and those in the Shimengou Formation were 7.4 m, 6.2 m and 5.4 m, respectively. We estimate the
drainage area of three major rivers by using scaling relationships between drainage area and channel-belt thickness.
The drainage areas of River A, River B and River C in the Dameigou Formation were 63.0 × 103 km2, 50.1 × 103 km2

and 37.7 × 103 km2, respectively, and those in the Shimengou Formation were 32.3 × 103 km2, 21.2 × 103 km2 and
15.3 × 103 km2, respectively. The drainage basin lengths of River A, River B and River C in the Dameigou
Formation were 300.4 km, 239 km and 180.2 km, respectively, and those in the Shimengou Formation were 154.3 km,
101.3 km and 73.1 km, respectively. For both the Dameigou and Shimengou Formations, River A showed the largest
scale, followed by River B and River C succeedingly, which was mainly determined by the stretch direction of
provenance in the southern Qilian Mountains. The variations of channel-belt thickness, drainage area and drainage
basin length between Dameigou and Shimengou Formations are the response of source-to-sink system to the
transformation from extension to compression depression during the Middle Jurassic in the northern Qaidam Basin.
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1 Introduction
The comprehensive study on source-to-sink systems was
originally proposed in the sub-project of Margins
Program Science Plans 2004, which took the tectonic
setting and denudation of source area, the transport
process of sediments, and the final depositional pattern
as a complete system (Allen 2008; Fuller and Marden
2010). This study comprehensively analyzes the interaction

between internal and external factors that control the
system, including the driving mechanism of sediments from
source to sink, the evolution of palaeoprovenance, and the
reconstruction of palaeodrainage systems (Allen 2005;
Sømme et al. 2009; Romans and Graham 2013; Amorosi et
al. 2016), so as to guide the prediction of corresponding
geological events (Alexander et al. 2010; Berryman et al.
2010; Liu et al. 2017a). When source information is not
preserved due to erosion, the source-to-sink system
analysis can independently obtain information of the
provenance and sediment supply through multiple
methods (Helland-Hansen et al. 2016; Carter et al.
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2010). Therefore, the source-to-sink system theory has
developed rapidly in energy exploration in recent years
and will be widely applied in the research on deep-time
palaeoenvironments (Sømme et al. 2013; Bhattacharya et
al. 2016; Walsh et al. 2016).
Drainage basin, as an important component of source-

to-sink system (Fig. 1a), controls sediment supply from
provenance to sedimentary basin, and then affects distri-
bution characteristics and accumulation patterns of the
strata in the sink (Davidson and Hartley 2014). It
contains critical information of provenance and pa-
laeoenvironment, however, due to late erosion, recon-
struction of the source is difficult. Key information of
drainage can be obtained from fluvial deposits, as which
are mainly transported from the provenance by fluvial
channels (Fig. 1b; Hovius 1998; Blum and Womack
2009). In recent years, a number of studies have inves-
tigated river data such as river channel dimensions,
drainage area, and bankfull discharges, demonstrating
that the scaling relationships of source-to-sink system
components generally follow power laws, in which the
channel-belt thickness (bankfull thickness) is positively
correlated with the drainage area (Fig. 2; Syvitski and
Milliman 2007; Blum et al. 2013; Anderson et al. 2016).

As a reliable first-order proxy for drainage area, channel-
belt scaling relationship becomes an effective method for
reconstructing the drainage area in source-to-sink system
analysis (Davidson and Hartley 2014). Davidson and
North (2009) predicted drainage area of the Middle
Triassic of the Sydney Basin and the Upper Cretaceous
of southwest Utah through the scaling relationship ob-
tained from regional geomorphic curve. Xu et al. (2017)
measured the lower channel-belt thickness and bankfull
thickness of the Early Miocene in the Gulf of Mexico
Basin and estimated the drainage areas corresponding
to several different rivers by channel-belt scaling re-
lationship. Milliken et al. (2018) reconstructed drainage
basin evolution and sediment routing for the Cretaceous
and Paleocene of the Gulf of Mexico by using fluvial
scaling relationships.
The measurement of river channel dimensions is a

prerequisite for applying channel-belt scaling relation-
ship in drainage basin reconstruction. Compared to
channel-belt width, channel-belt thickness (bankfull
thickness) is more easily measured from well log,
borehole and outcrop; also the river characteristics
reflected by channel-belt thickness are more reliable
(Miall 2006).

Fig. 1 Schematic diagram of a continental basin source-to-sink system. a Source-to-sink system components (modified from Blum et al. 2013);
b Channel-belt deposits profile (modified from Saucier 1994)
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As an important basin in northwestern China, the
Qaidam Basin is rich in oil, coal and gas resources
(Shao et al. 2014; Li et al. 2017). The Saishiteng area is
a potential exploration area for coal resources of the
Middle Jurassic in the northern Qaidam Basin (Zhao et
al.2000; Li et al. 2014). The database of coal and oil bore-
holes in the Saishiteng area provides convenience for ana-
lysis of depositional environment and palaeogeography.
The analysis showed that the depositional units developed
during the Middle Jurassic included meandering river,
delta and lacustrine facies. During the Middle Jurassic,
sufficient siliciclastic materials were transported into the
northern Qaidam Basin by rivers, and fluvial deposits
occupied most of the Saishiteng area (Li et al. 2016).
These fluvial deposits allow us to build the drainage areas
for the Jurassic continental basin based on channel-belt
scaling relationships.
In this study, borehole cores and geophysical well logs

in the Saishiteng area were used to identify and measure
river channel dimensions. The Middle Jurassic drainage
areas of different rivers were estimated by channel-belt
scaling relationships combined with analysis of basin
sedimentary–tectonic evolution. We focus on the va-
riation of channel-belt thickness from the Dameigou
Formation to the Shimengou Formation of the Middle
Jurassic, and try to reveal the relationship between river
dimensions and tectonic evolution, and to improve the
comprehension of the Jurassic source-to-sink system in
the northern Qaidam Basin.

2 Geological setting
Formation and evolution of the Qaidam Basin is closely
related to the intense activities of Tethys Himalaya tec-
tonic domain. During Jurassic, Qaidam Basin was lo-
cated in the area surrounded by Qiangtang Block, North

China Plate and Yangtze Plate, where early stress rela-
xation, post-orogenic extension, and late stress extrusion
formed the fault-depression basin (Zhao et al.2000; Dai
et al. 2003; Wu et al. 2005). The Saishiteng area is lo-
cated in the northern part of Saishiteng depression
which is a second-order tectonic unit in the northern
Qaidam Basin (Fig. 3). The basement of Saishiteng
depression predominantly consists of Upper Ordovician
gneiss, phyllite, slates, tuff and quartzose sandstone in the
northwestern and eastern parts, and Upper Ordovician
granite and gabbro in the central part (Wang et al. 2006;
Liu et al. 2013; Li et al. 2016). Dameigou and Shimengou
Formations were deposited during the Middle Jurassic
(Zhang 1998; Qian et al. 2018). The Dameigou Formation
is equivalent to Middle Jurassic Aalenian and Bajocian
Stages (Lu et al. 2009; Deng et al. 2017), which mainly
consists of coarse- to fine-grained sandstones, siltstones,
mudstones and coal seams. The Shimengou Formation is
characterized by pebbly sandstones, coarse sandstones,
siltstones with interbeds of coal seams, thick mudstones
and shales (Fig. 4), corresponding to Middle Jurassic
Bathonian and Callovian Stages (Lu et al. 2009; Deng et
al. 2017). The sporo-pollen assemblages of Marattispor-
ites, Cycadopites, and Cyathidites indicate a warm and
humid palaeoclimate during Middle Jurassic in the north-
ern Qaidam Basin (Yang et al. 2000; Dang et al. 2003).
Based on previous research of the northern Qaidam

Basin and a large number of borehole analyses, Li et al.
(2016) reconstructed palaeogeography of the Middle
Jurassic in the study area by “single-factor analysis
and multi-factor comprehensive mapping method”
(Feng 2004) (Fig. 5). Saishiteng area shows the palaeo-
geographic pattern that meandering river and delta de-
veloped in the north, while lacustrine facies were mainly
distributed in the south. Compared with the Dameigou

Fig. 2 Global scaling relationship between mean channel-belt thickness and drainage area (modified from Blum et al. 2013). R2: Coefficient of
determination
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Formation, more extensive lacustrine deposits developed
during the depositional period of the overlying Shimengou
Formation while meandering fluvial and delta deposits
obviously decreased. Detrital zircon analysis indicates
that Qilian Mountains continued to provide siliciclastic
material to Saishiteng depression during Middle Jurassic
through three major rivers (Li et al. 2016; Yan 2017;
Qian et al. 2018).

3 Database and methodology
3.1 Database
Due to limited Jurassic outcrops in the study area, it is
difficult to observe the complete channel-belt succes-
sions in the field. In recent years, a large number of coal
and oil boreholes have been drilled in the Saishiteng area
(Fig. 3c), which enriched the database of well logs and
facilitated the measurement of channel-belt thickness.

Fig. 3 Tectonic divisions of the northern Qaidam Basin and location of the study area. a Location of the northern Qaidam Basin, NW China;
b Tectonic divisions of the northern Qaidam Basin (modified from Dai et al. 2003); Saishiteng area is located to the north of Saishiteng
depression; c Position of well logs and boreholes in Saishiteng area (boreholes discussed in the following text are numbered)
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Fig. 4 Comprehensive stratigraphic column of the Middle Jurassic of the borehole 18 (location shown in Fig. 3c) in Saishiteng area
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Based on the analysis of 81 well logs, the channel-belt
thicknesses of three major rivers developed in the
Dameigou and Shimengou Formations in Saishiteng
area were measured. The three major rivers were named
River A, River B and River C, respectively (Fig. 5).

3.2 Single-story channel-belt recognition
Major fluvial facies in littoral plains include channel belt,
levee, crevasse splay and floodplain deposits (Fig. 6;
Galloway 1981). Each depositional facies has special litho-
logical assemblages, sedimentary structures and grain-size
trends which correspond to specific geophysical well logs

(Fig. 6; Galloway 1981; Bridge and Tye 2000; Zhang et al.
2017). Therefore, these depositional facies can be iden-
tified by the well log patterns (e.g., gamma ray (GR),
spontaneous potential (SP)).
Channel-belt deposits usually present an upward-fining

succession, in which the lower channel belt mainly con-
tains medium- to coarse-grained sandstone, and large
trough crossbedding and planar crossbedding, while the
upper channel belt is mainly composed of fine-grained
sandstone, siltstone, and mudstone, with horizontal bed-
ding at the top (Fig. 7; Saucier 1994; Hubbard et al. 2011;
Bridge and Tye 2000). The deposits of floodplain, levee,

Fig. 5 Palaeogeographic map of the Middle Jurassic sediments in Saishiteng area (updated from Li et al. 2016). a Palaeogeography of the
Dameigou Formation; b Palaeogeography of the Shimengou Formation
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Fig. 6 Gamma ray well log patterns of different depositional facies in fluvial depositional systems (modified from Galloway 1981)

Fig. 7 Sedimentological and gamma ray well log characteristics of the Middle Jurassic channel-belt deposits of borehole 27 (location shown in
Fig. 3c) in Saishiteng area
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and crevasse splay are finer, mainly siltstone and mud-
stone, which usually display an upward-coarsening succes-
sion (Fig. 6; Zhang 1990).
Channel belt generally shows different sedimentary char-

acteristics in upstream and downstream. The upstream
channel belt is mainly formed by lateral accretion while
the downstream channel belt is prevailingly deposited by
downstream translation. The former is characterized by a
high sandstone content, while the latter has a heteroge-
neous package of sands and muds, showing a serrate,
upward-fining pattern on well logging curve (Fig. 8b;
Willis 1989; Durkin et al. 2015). The reconstructed palaeo-
geography showed that the fluvial types in the Saishiteng
area were mainly meandering rivers, the majority of which
belonged to downstream reaches with relatively stable
channel, and displayed a certain degree of lithological
heterogeneity (Figs. 5 and 7).
Abandoned channels are usually formed by river diver-

sion or cut-off and dominated by fine-grained sediments
(Galloway 1981). Sand fill occurs in upstream regions
where the abandoned channel remains connected to the
new active channel, while mud fill formed in down-
stream areas is located away from the active channel. In
general, the gamma ray well log patterns of abandoned
channels are characterized by a relatively thin, blocky or
bell-shaped sandstone at the base and a thick, flat shale

baseline on the top of the Jurassic coal measures in
Saishiteng area (Fig. 8; Xu et al. 2017).

3.3 Multi-story channel-belt deposits
A complete channel deposits succession is the prerequisite
for the measurement of channel dimensions (Lorenz et al.
1985; Blum et al. 2013; Holbrook and Wanas 2014), and
the equilibrium relationship between sediment supply
and accommodation space controls the preservation of
channel deposits succession (Gibling 2006). The low-ac-
commodation space with sufficient sediment supply tends
to form multi-story channel-belt deposits, and the overly-
ing channel often causes erosion on the underlying chan-
nel deposits. Multi-story channel-belt deposits cannot be
used to measure the true thickness of single-story chan-
nel-belts, and should be identified and excluded in
practice.
Multi-story channel-belt deposits mainly consist of

massive blocky sandstone with interbeds of thin mud-
stone, which are often developed with erosional surfaces
and display blocky interbeds of serrate GR well log
curves (Fig. 8d; Xu et al. 2017). The rapid tectonic sub-
sidence of the Middle Jurassic in Saishiteng area forms
sufficient accommodation space, which favors the pres-
ervation of single-story channel deposits. Multi-story
channel-belt deposits rarely provide a good opportunity

Fig. 8 Typical gamma ray well log patterns of the Middle Jurassic channel-belt deposits in Saishiteng area, including: a Upstream channel
belt; b Downstream channel belt; c Abandoned channel; and d Multi-story channel belt. Borehole locations are shown in Fig. 3c
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for the measurement of true thickness of single-story
channel-belts (Li et al. 2016).

3.4 Channel-belt thickness measurement
Complete channel-belt deposits are formed during a bank-
full stage and can be subdivided into the lower channel
belt deposits and the upper channel belt deposits (Fig. 1b;
Bridge and Tye 2000). The lower channel-belt deposits
have relatively high sandy components which can be easily
identified by well log curves, but it should be noted that
the lower channel-belt only represents a portion of the
channel-forming discharge (Bridge and Tye 2000). The
top boundary of the upper muddy channel belt can be
recognized by observing the maximum deflection to the
shale baseline on well log curves (Fig. 8; Xu et al. 2017).
There are several coal seams developed in the Middle
Jurassic of Saishiteng area, which facilitate the identifi-
cation of a complete preservation of channel-belt de-
posits (Fig. 4). The appearance of coal seams can also
be used as a sign to identify the top of a channel belt.
In this study, bankfull thickness (a complete succession
of channel-belt thickness) was measured to estimate
the palaeodrainage area and length by channel-belt
scaling relationship.

4 Results
In this study, data from 332 bankfull thickness were
measured in 81 GR well logs, which basically cover the
major fluvial axes of Rivers A, B, and C. The channel-
belt thickness distribution characteristics of each river in
Dameigou and Shimengou Formations were analyzed,
showing that the thicknesses generally range from 3.6 m
to 13.2 m (Table 1; Figs. 9 and 10). In general, the thin-
nest 10% of channel-belt thickness data may represent
distributary channels or tributaries near the major fluvial
axes, while the thickest 10% may represent multi-story
channel or valley-fill deposits (Xu et al. 2017). In order
to exclude the interference of these outliers to the true
channel-belt thickness of three major rivers, we only
used the remaining 80% of the channel-belt thickness
data to reconstruct the drainage area. The raw data and
truncated data of Rivers A, B, and C in Dameigou and
Shimengou Formations are presented in Figs. 9 and 10.

4.1 Channel-belt thickness of Dameigou Formation
The channel-belt thicknesses of Dameigou Formation in
Saishiteng area range from 5m to 13.2 m. The thickness
distribution characteristics of each river are distinct
(Fig. 9; Table 1). The channel-belt thicknesses from raw
data of River A in the northwest mainly concentrated at
9–12 m, accounting for 62% of the total data, followed
by 25% of the data at 7–9 m, and the proportions of data
distributed at 6–7 m and 12–14 m are relatively low. The
channel-belt thicknesses from raw data of River B range
from 6m to 13m, including a major peak at 8–10 m.
The thickness at 7–8 m can account for 18%, and the
proportion of remaining data is relatively low. River C in
the southeast shows a narrower range of channel-belt
thicknesses, ranging from 5m to 11m, with an obvious
major peak at 7–8 m which account for 35% of the total
data, and there are no channel-belts thicker than 11m.
After excluding 10% of the thickest and 10% of the

thinnest outliers, truncated thickness data can better
reflect the true channel-belt thickness. River A has the
largest truncated thickness, ranging from 7m to 12 m,
River B has moderate thickness data at 7–11m, while the
truncated thickness of River C is the thinnest, ranging
from 6m to 10m, and 88% data of River C are thinner
than 9m. As a whole, the distribution range of truncated
thickness data is more concentrated than the raw data,
and the distribution trend is basically similar to those of
the raw data (Fig. 9).

4.2 Channel-belt thickness of Shimengou Formation
The channel-belt thicknesses of Shimengou Formation
in Saishiteng area range from 3.6 m to 10.3 m, with a
narrower range relative to that of Dameigou Formation
(Fig. 10; Table 1). 80% of channel-belt thicknesses from
the raw data of River A concentrated at 6–9 m, with a
right-skewed distribution pattern. The raw data distri-
bution of River B shows a clear major peak at 5–6 m,
accounting for 40% of the total data, which also displays a
strong right-skewed pattern. The channel-belt thickness of
River C is clustered in thickness ranging from 3m to 9m,
with most data clustering at 4–6m and a few data ranging
from 3m to 4m and 6m to 9m, respectively.
The truncated thickness of Shimengou Formation

shows a narrower range, from 4.2 m to 9.4 m. The trun-
cated thickness of River A clustered at 6–10m with the

Table 1 Channel-belt thickness of three major Middle Jurassic fluvial systems in Saishiteng area of the northern Qaidam Basin

River
system

Dameigou Formation Shimengou Formation

Raw thickness Truncated thickness Truncated thickness Raw thickness Truncated thickness Truncated thickness

Range (m) Range (m) Mean (m) Range (m) Range (m) Mean (m)

River A 6.4–13.2 7.4–11.8 9.8 5.3–10.3 6.4–9.4 7.4

River B 6.4–12.9 7.3–10.6 8.9 4.3–9.3 5–8.4 6.2

River C 5–10.6 6.2–9.6 7.9 3.6–8.6 4.2–6.9 5.4
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largest overall thickness in this period. River B has
thickness data ranging from 5 to 9 m, among which
the 5–6 m data accounting for 49%. The truncated
thickness of River C has the narrowest range com-
pared to Rivers A and B, which clustered at 4–7 m,
and 85% of the data are thinner than 6 m. The overall
thickness of the three major fluvial systems in Shimengou
Formation decreased significantly compared with that in
Dameigou Formation (Fig. 10).

4.3 Comparison of channel-belt thickness patterns
The cumulative frequency plot of truncated thickness
shows the scale of river dimension during Dameigou
and Shimengou Formations. The gentler the cumulative
frequency slope, the larger the river scale (Fig. 11). The
mean truncated thicknesses of River A in the northwest
during Dameigou and Shimengou Formations were 9.8 m
and 7.4m, respectively. The cumulative percentage curve
of River A channel-belt thickness in Dameigou Formation

was the gentlest, indicating that River A has the largest
scale during this period, while the scale of River A in
Shimengou Formation decreased. River B in the center
has a mean channel-belt thickness of 8.9 m in Dameigou
Formation, which was only thinner than that of River A
during this period, and the mean channel-belt thickness of
River B in Shimengou Formation reduced to 6.2m. The
mean channel-belt thicknesses of River C in the southeast
during Dameigou and Shimengou Formations were 7.9 m
and 5.4 m, respectively. River C has the steepest cumu-
lative percentage curve of channel-belt thickness in
Shimengou Formation, indicating that the scale of River C
was the smallest of the three major Middle Jurassic fluvial
systems (Table 1; Fig. 11).

5 Discussion
Comprehensive studies have been conducted on the
scaling relationship between channel-belt thickness
(bankfull thickness) and drainage area (Blum et al. 2013;

Fig. 9 Channel-belt thickness histograms of three major fluvial systems of Dameigou Formation, Saishiteng area
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Fig. 10 Channel-belt thickness histograms of three major fluvial systems in Shimengou Formation, Saishiteng area

Fig. 11 Cumulative percentage plots of truncated thickness of the three major Middle Jurassic fluvial systems in Saishiteng area of the northern
Qaidam Basin
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Davidson and Hartley 2014; Xu et al. 2017; Milliken et al.
2018) in Saishiteng area, northern Qaidam Basin. In this
study, the channel-belt scaling relationship established by
Blum et al. (2013) was used to estimate the drainage area
of three major fluvial systems in Saishiteng area during
the deposition of Dameigou and Shimengou Formations
(Fig. 2). The coupling relationship between drainage
changes and basin tectonic evolution will be discussed
based on these estimations.

5.1 Drainage area
As one of the important sediment transport systems in
Saishiteng area, River A continuously carried siliciclastic
material from the southern Qilian Mountains to study
area during the Middle Jurassic (Li et al. 2016; Qian et
al. 2018). The drainage area of River A in Dameigou For-
mation was 63.0 × 103 km2, and that of Shimengou For-
mation was 32.3 × 103 km2, which was about 50% of the
former (Table 2). In general, when the source-to-sink
system is in dynamic equilibrium, the dimension of
linked components should have a corresponding pro-
portional relationship (Romans and Graham 2013;
Bhattacharya et al. 2016). The palaeogeographic map of
Saishiteng area reconstructed by Li et al. (2016) shows
that the flow direction of River A in the Shimengou
Formation was skewed towards the west compared to
that of Dameigou Formation. Correspondingly delta area
decreased, indicating that the amount of sediment sup-
plied by River A to the study area reduced, which corre-
sponds to the conclusion that the drainage area
decreased by channel-belt scaling relationship (Fig. 5;
Table 2). Provenance analysis of detrital zircons shows
that the sediments carried by River B in the study area
are also from the southern Qilian Mountains (Qian et al.
2018). River B shows a drainage area of 50.1 × 103 km2

in the Dameigou Formation, and decreased to 21.2 × 103

km2 in the Shimengou Formation, which was about 42%
of the former (Table 2). The reconstructed palaeogeo-
graphic map (Li et al. 2016; Fig. 5) indicates that the
Middle Jurassic River B formed a relatively large delta
in the central study area, and the channel position
migrated northwards from the Dameigou Formation
to the Shimengou Formation. River C was also mainly
originated in the southern Qilian Mountains in the

Middle Jurassic, with its drainage area estimated to be
37.7 × 103 km2 for the Dameigou Formation, and
15.3 × 103 km2 for the Shimengou Formation, which
reduced by about 41% compared to that of the former
(Table 2), and the corresponding delta area in the
palaeogeographic map also obviously reduced (Fig. 5).
On the whole, for the three major rivers developed in
the northwest to the southeast of the study area, River
A showed the largest drainage area, followed by River
B and River C, both in the Dameigou and Shimengou
Formations. The drainage area of the same river de-
creased significantly from the Dameigou Formation to
the Shimengou Formation, which can be mutually con-
firmed by the river scale in the palaeogeographic map
(Fig. 5; Table 2).

5.2 Drainage basin tectonic evolution
Sømme et al. (2009) shows that the length of the longest
river channel is positively correlated with drainage area.
However, measurement of river length is very difficult for
fluvial system in deep time. As a good proxy for length of
the longest river channel, the drainage basin length can be
estimated by channel-belt thickness (Fig. 1). Based on the
study of Xu et al. (2017) for drainage basin length and
channel-belt thickness, the relationship between drainage
basin length (y) and channel-belt thickness (x) can be esti-
mated as: y = 1.2206 × 4.3297 (R2 = 0.9748; R2 is coefficient
of determination). Using this equation, the drainage basin
length of River A is estimated as 300.4 km in the Damei-
gou Formation and 154.3 km in the Shimengou Forma-
tion, demonstrating a shortening of 146.1 km during
deposition of the latter. The drainage basin lengths of
River B in Dameigou and Shimengou Formations are esti-
mated as 239 km and 101.3 km, respectively, reducing
137.7 km during deposition of the latter. The drainage
basin length of river C is estimated as 180.2 km in the
Dameigou Formation, and 73.1 km in the Shimengou For-
mation, reducing 107.1 km during deposition of the latter.
Generally, for the same river, the drainage basin length
significantly reduced from the Dameigou Formation to
the Shimengou Formation, and the shortened distances
for each river are basically similar (Table 2). In addition,
during the same period, drainage basin of River A showed

Table 2 Drainage area and drainage basin length of three major Middle Jurassic fluvial systems in Saishiteng area of the northern
Qaidam Basin

River
system

Dameigou Formation Shimengou Formation

Drainage area
(× 103 km2)

Drainage basin length
(km)

Drainage area
(× 103 km2)

Drainage basin length
(km)

River A 63.0 300.4 32.3 154.3

River B 50.1 239.0 21.2 101.3

River C 37.7 180.2 15.3 73.1
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the greatest length, followed by River B, and that of River
C as the shortest (Table 2).
The Late Triassic tectonic movements resulted in the

uplift of Qilian Mountains and the relative subsidence of
Qaidam Block (Jin et al. 2004). The Qaidam Block ended
the history of long-term uplift and erosion by the end of
Late Triassic, and began to receive net deposition since
Jurassic. The Saishiteng Mountain was not uplifted, while
the Qilian Mountains were uplifted and had provided
siliciclastic materials continuously during the Middle
Jurassic (Liu et al. 2017b; Qian et al. 2018). Rivers A, B,
and C are the major channels for transporting sediments
into Saishiteng depression, forming a local small-scale
source-to-sink system in Qaidam Basin. Since the stretch
direction of the southern Qilian Mountains is NW–SE
(Jin et al. 2004) and the palaeo-shoreline was roughly
west-to-east trended, River A in the northwest flows into
the lake through a longer distance, River B, located in the
middle, had a shorter distance, while River C, located at
the southeast, had a shortest length (Fig. 12). The pattern
of these rivers length distribution is in consistent with the
result derived from drainage basin reconstruction.
The basin evolution of the northern Qaidam Basin

during Jurassic has been extensively investigated by a
number of researchers (Shao et al. 2014; Du et al. 2017;
Yan 2017; Qian et al. 2018). Analyses of palaeomagnetism,
palaeotectonic stress field, subsidence history, balanced
cross section and apatite fission track records (Wang et al.
2006; Zhan et al. 2008; Ren et al. 2009; Zeng et al. 2009)
indicate that an extensional tectonic setting existed
between the North China Plate and the Qaidam Block

during the Early – early Middle Jurassic, while a colli-
sional orogeny occurred in the late Middle Jurassic. In
the Early Jurassic, there were several small fault basins
in the northern Qaidam Basin, and the depocenter of
the Middle Jurassic basin migrated to the front of the
southern Qilian Mountains. Seismic sections show that
the Middle Jurassic sedimentary strata on the northern
Qaidam Basin are not controlled by normal faults and have
the typical sedimentary characteristics of the depression
basins, but the changes in tectonic setting have caused the
basin to gradually transform from extension depression to
compression depression (Yan 2017; Zeng et al. 2017). In
general, the tectonic evolution will have a certain de-
positional response in the components of the source-
to-sink system. In this study, compared to that in the
Shimengou Formation, the three major rivers in the
Dameigou Formation have larger drainage area and
longer drainage length, which indicates that the proto-
type basin is larger in this period, and the “source” is
more far away from the “sink”, corresponding to the
extension depression. The drainage area and drainage
basin length in Shimengou Formation decreased, which
correlates with the reversal of tectonic stress. The Qilian
Mountains were pushed southwards by the compression
of the North China Plate, forming the area-reduced com-
pression depression (Fig. 13). The variations of channel-
belt thickness, drainage area and drainage basin length of
the source-to-sink system during the Middle Jurassic
Dameigou Formation to Shimengou Formation are
likely to be the performance of the Yanshan movement
in the northern Qaidam Basin.

Fig. 12 Schematic diagram of the Middle Jurassic source-to-sink system in Saishiteng area of the northern Qaidam Basin
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Compared with the source-to-sink system of passive
continental margin basin, the scale of source-to-sink sys-
tem of continental basin in Saishiteng area is relatively
small, and the relationship among source-to-sink system
components is often more sensitive. In the Middle Juras-
sic, Saishiteng area belongs to a depression basin with a
relatively gentle slope. The stable meandering river de-
positional system is mainly developed in the drainage
area, while the sedimentary area mainly consists of delta
depositional system. The study shows that the larger
drainage area is consistent with a longer transport path,
and the river with a larger bankfull thickness carries
more sediments and forms a channel-belt with a larger
thickness, which corresponds to larger delta deposits in
the sedimentary area. This scaling relationship indicates
that the source-to-sink system is in mass-balance with no
obvious intermediate storage or loss of sediment, but the
accurate quantitative relationship among the components
of source-to-sink system in Saishiteng area needs to be
established and verified by measuring more data in sub-
sequent work. In addition, the estimated drainage basin
length reveals the distance between Qilian Mountains and
Saishiteng area in the Middle Jurassic, which is conducive
to provenance analysis. In the case that most strata of
the northern part were eroded in the study area, the

corresponding drainage area is of great significance for
the reconstruction of palaeogeography.

5.3 Uncertainties and limitations
According to Charles Lyell’s concept that “the present is
the key to the past” in Earth science (Romano 2015), it
can be assumed that the scaling relationships among
components in the source-to-sink system have universal
applicability at different space–time scales, which enables
us to reconstruct the deep-time drainage landscape based
on the preserved stratigraphic records. Research cases
have demonstrated the reliability of this approach in
deep-time studies (Sømme et al. 2013). However, this
method must be applied cautiously in deep-time studies,
and the impact of various error factors should be taken
into account.
In different climatic regions, rivers with similar drainage

areas often have different channel-belt thicknesses, so it is
necessary to pay attention to the influence of climate on
the channel-belt thickness. The Saishiteng area belongs
to a small continental basin source-to-sink system,
palaeomagnetic data indicate that the Middle Jurassic
study area is at 8.5 degrees north latitude, and the
chemical weathering degree of sediments and sporopollen
assemblages indicate a continuous warm and humid

Fig. 13 Prototype basin tectonic evolution during deposition of Dameigou and Shimengou Formations

Liu et al. Journal of Palaeogeography            (2019) 8:16 Page 14 of 17



palaeoclimate (Yang et al. 2006; Shao et al. 2014; Du et al.
2017). The tectonic stress of the Middle Jurassic northern
Qaidam Basin changed, but it is still a depression basin as
a whole, and the climate and tectonic setting were all
included in the database of scaling relationships in the
source-to-sink system established by Blum et al. (2013).
It is inevitable that there will be certain errors in

measuring channel-belt thickness by well logs. Bankfull
thickness may be underestimated when the upper chan-
nel deposit was eroded by an overlying channel, or over-
estimated when the upper channel deposit was mixed
with overbank deposits (Lorenz et al. 1985). Distributary
channels, tributaries near the major channel, multi-story
channel deposits and valley-fill deposits will all interfere
with the measurement results, although truncated thick-
ness was used to minimize the impact of these factors.
There are few exposed Jurassic outcrops in the study
area, but measurements should be made in conjunction
with field outcrops as much as possible and verified with
the well logs data in further work.
The Middle Jurassic was only preserved in the southern

parts of the study area, while the strata of the northern
part were eroded due to late tectonic uplift in late periods.
Therefore, accurate palaeogeographic reconstruction of
the whole area is very difficult using traditional methods.
Drainage areas of the three major rivers were restored
quantitatively by channel-belt scaling relationship, but the
boundaries among drainage basins of these rivers are still
not precisely defined. A single method is often unable to
fully reconstruct the complex geomorphic units of a
source-to-sink system, which requires further understand-
ing of the source-to-sink system in the northern Qaidam
Basin by means including sedimentary volume backfilling,
and thermal chronology of clastic minerals.

6 Conclusions

1) Based on a database of 81 well logs, Middle Jurassic
single-story channel-belts were identified in the
Saishiteng area, northern Qaidam Basin, and channel-
belt thickness of three major rivers developed in the
study area were measured. The mean channel-belt
thicknesses of River A, River B and River C in
Dameigou Formation were 9.8 m, 8.9 m and 7.9 m;
and those in Shimengou Formation were 7.4 m,
6.2 m and 5.4 m, respectively.

2) Channel-belt scaling relationship was applied to
source-to-sink system analysis, and drainage area and
drainage basin length of the three major rivers in the
Middle Jurassic were reconstructed. The drainage
areas of River A, River B and River C in the Dameigou
Formation were 63.0 × 103 km2, 50.1 × 103 km2

and 37.7 × 103 km2; and those in the Shimengou
Formation were 32.3 × 103 km2, 21.2 × 103 km2

and 15.3 × 103 km2, respectively. The drainage
basin lengths of River A, River B and River C in
the Dameigou Formation were 300.4 km, 239 km and
180.2 km, and those in the Shimengou Formation
were 154.3 km, 101.3 km and 73.1 km, respectively.

3) For the small-scale source-to-sink system of con-
tinental basin in the study area, River A showed
the greatest scale, followed by River B and River C
both in Dameigou and Shimengou Formations, which
was mainly determined by the stretch direction of
provenance in the southern Qilian Mountains.
Channel-belt thickness, drainage area and drainage
basin length showed a decreasing trend from the
Dameigou Formation to the Shimengou Formation
for the same rivers, which is the response of the
source-to-sink system to the tectonic transformation
of extension to compression depression in the Middle
Jurassic of the northern Qaidam Basin.
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