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Extensional tectonic basins are important sinks for sediments and contain 
a relatively continuous record of long-term tectonic activity in relation to 
climate change (Gawthorpe and Leeder, 2000; Allen and Heller, 2012). Through 
erosion, transport, deposition and post-depositional processes, sedimentary 
sequences in rift basins are subject to numerous alterations and are not 
always straightforward to interpret. In this thesis, the environmental evolution 
documented in the uppermost 221 m (1 Ma) of core LYH-1 in the northern Weihe 
Basin is analyzed. Through careful analysis and field surveys, the influence of 
tectonics and climate change on sedimentation in the basin are unraveled.

7.1 Sedimentary evolution
The studied core site is located in a structurally controlled intrabasinal depression. In order 
to reconstruct the sedimentary and environmental evolution, a multi proxy approach was 
applied to the sediments of core LYH-1. The analyses include the recognition of macroscopic 
sedimentary structures, grain size distribution, micro-paleontology/paleoecology, thermo-
gravimetric analysis, color reflectance, x-ray diffraction, x-ray fluorescence, CN analysis and 
magnetic susceptibility. By comparison of core characteristics to sedimentary characteristics 
of modern environments in the Weihe Basin, a detailed lithofacies model of the core is 
established (chapter 3). This lithofacies distribution reveals that the environmental conditions 
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varied considerably over the past 1 Myr, with alternations between shallow lakes with variable 
salinity, fluvial flooding, eolian deposition and periods with minor pedogenic alteration. 

Given the local morphology and the geographical position, the core site mainly received 
sediments from northerly sources in the Chinese Loess Plateau (CLP). This is confirmed by 
a striking similarity between (decomposed) grain size distributions of the loess deposits in 
the CLP (e.g. Prins et al., 2007) and the sediments in core LYH-1 (chapter 3). Based on this 
similarity, it might be argued that the sediments in the core site are of eolian origin. However, 
the much higher sedimentation rates in the study area as well as the abundant presence of 
bedded sedimentary structures ruled out an exclusive eolian origin (like on the CLP). The 
sediments at the core site are predominantly derived from fluvial sources eroding the loess 
deposits on the CLP. The lack of channel deposits (grain size rarely exceeds fine sands) 
indicates that these floods were shallow and unconfined flows (North and Davidson, 2012). 
Together with the lithofacies association this indicates that the sedimentary sequence in core 
LYH-1 is controlled by progradational cycles on a distal alluvial fan system (Fig. 7.1). The 
nature of the sedimentary record in core LYH-1 is episodic, where alluvial fan aggradation 
events are punctuated by periods of eolian deposition, non-deposition or even erosion. The 
episodic character of the sedimentation is best reflected by the high resolution record of 
major element composition in the core, which is largely dependent on grain size and mineral 
sorting processes (chapter 4).

The depositional environment is dependent on subsidence rate and sediment influx. Increased 
sedimentation rate occurs when the alluvial fan system progrades towards the core site. 
During progradation, the sediments become sub-airily exposed and soil formation can take 
place on inactive parts of the alluvial fan. However, the generally high sedimentation rates 
at the core site do not allow for intense pedogenic alteration of the alluvium, which is also 
reflected by the low organic carbon content (chapter 4).

The core can be subdivided into three units. The interval from ~1.0-0.69 Ma is characterized 
by relatively wet conditions with abundant aquatic flora and fauna remains and frequently 
occurring flooding deposits (chapters 3, 4). The environmental setting evolved to drier 
conditions interrupted by hyper saline lakes, in the interval from ~ 0.69-0.33 Ma. A decrease 
in overall floral and faunal diversity (despite an increase in abundance of salt shrimps) marks 
the onset of this interval while the grain size over this period is on average much finer. In 

Figure 7.1 - Schematic 
model showing the 
sedimentary model in the 
study area.
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addition, this interval is characterized by increased amounts of dolomite precipitation and 
higher Sr/Ca ratios, which both represent an increased salinity (chapter 4). From ~ 0.33 
Ma onwards, the environment at the core location returned to wetter conditions with the 
lack of salt water shrimps and the increased amount of ostracods and molluscs. Dolomite 
precipitation and Sr/Ca ratios decreased dramatically as well. Deposition of coarse flood 
deposits occurred again from approximately 220-240 ka. The tripartition is in agreement with 
palynological records (unpublished data).

7.2 Fluvial evolution
The fluvial environment in the northern Weihe Basin is characterized by three incised 
rivers and multiple gullies, which all erode the loess deposits of the CLP. The Jing River is 
located at a relative distal position from core LYH-1 and is obstructed to reach the core site 
by a topographic barrier, created by one of the larger faults in the Weihe Basin Kouzhen-
Guanshan Fault. This river is therefore not considered to play a major role in the sediment 
contribution to the core site, at least not during the recent past. The Luo- and Sichuan River 
on the other hand are relatively proximal to the core site. The Sichuan River is currently 
dry, but might have transported sediments to the wetland at times of increased precipitation/
runoff. The same can be expected from the multiple gullies that cut though proximal alluvial 
fans directly north of the wetland area (chapter 2). Field surveys in one these gullies revealed 
that extensive erosion of the CLP occurred here.

Currently, the Luo River carries water and flows in an incised position, close to the core 
site (25 km to the west). It has been demonstrated that prior to MIS 7, the river contributed 
to the sedimentation at the core site (chapter 5). Based on extensive morphological and 
sedimentological analyses, it is concluded that an alluvial fan of the river delivered sediments 
to the northern margin of the Weihe Basin. At times of aggradation of this fan, the core site 
formed the distal setting of the extensive fan system and thereby received (occasionally) 
sediment pulses from the river. The famous Dali Man skull was discovered in sediments 
belonging to this alluvial sequence (Xiao et al., 2002). Our finding therefore implies that the 
ancestor of the modern Homo sapiens lived on an alluvial fan (with shallow streams) rather 
than in an environment with a deeply incised river as previously thought (Xiao et al., 2002; 
Yin et al., 2011; Sun et al., 2015). This has important implications for his adaption to the local 
environment, like for example his food gathering strategies.

The contribution of the Luo River to the sedimentation at the core site diminished at the 
beginning of MIS 7. The river began to incise in its own alluvial fan, but a paleo-overflow 
channel indicates that the river still reached the core site at times of extreme flooding. The 
connection between the Luo River and the core site disappeared completely after the river 
further incised in its own alluvial fan at approximately the transition from MIS 7 to MIS 6. 
This event resulted in the deposition of a younger alluvial fan further downstream (Fig. 7.2). 
Subsequent incisions finally connected the Luo River with the Wei River in the south of the 
Weihe Basin. 

The incision of the Luo River is attributed to the combined effects of tectonics and climate 
change (chapter 5). Initially, the incision was triggered by vertical offset along an intrabasinal 
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normal fault that also defines the southern boundary of the sub-basin where core LYH-1 is 
located. Downstream from this fault, the older fan is covered by younger fan deposits. Timing 
of the incision appears to be related to Quaternary climate transitions, generating a phase 
of fluvial instability (Maddy et al., 2001; Bridgland and Westaway, 2008; Vandenberghe, 
2008). We conclude that climate transitions (cold to warm and warm to cold) initiate a phase 
of downcutting. The initial moderate incision takes place at a glacial-interglacial transition. 
Subsequently, the river could still reach the terrace at times of flooding, which is why the 
basal paleosols on top of terraces are fluvial reworked. In other words, they developed in a 
floodplain setting. The timing of such incisions could be explained by a change to more intense 
monsoonal rainfall during interglacial times (Jain and Tandon, 2003). However, the most 
prominent incisions occur at transitions from interglacials to glacials, which is explained by 
the effect of climate on vegetation cover (chapter 5). The Luo River could relatively easy erode 
through its own alluvium during glacial periods, because vegetation (and thereby protection 
against erosion) is relative scarce (e.g. Porter, 2001). The youngest terrace was created at the 
transition from the last glacial to the Holocene, which shows that transition to interglacials 
also generate significant vertical dissection of the river. That no older morphological steps 
related to incision at glacial-interglacial transitions were preserved in our study area, while 
other studies in the vicinity of the Weihe Basin do report on such steps  (e.g. Pan et al., 
2010; Gao et al., 2016; Hu et al., 2016), is dedicated to a different setting. In this research, 
alluvial fan aggradation in an intramontane lowland area is studied, whereas the other studies 
analyzed river incision on uplifted areas. In lowland areas, a lateral extensive braided river 
system develops during glacial times. Such a fluvial system can largely mask the previously 
formed incisional scar created by the glacial-interglacial transition (Vandenberghe, 2008), 
hence it removed the morphological step created at corresponding periods.

7.3 Climatic control on the sediment flux
Alluvial fans are dynamic landforms and their morphology and spatial extent appears to be 
adjusted to the prevailing sediment supply and flood regime (Harvey et al., 2005). Climate 
change exerts a significant influence on water runoff, base level fluctuations, weathering rates 

Figure 7.2 - Schematic overview 
of the fluvial environment after 
MIS 7, when the Luo River 
incised deeply in its own fan. 
This resulted in the disconnection 
between the river and the core 
site and deposition of a younger 
fan in southern direction. 
Nevertheless, the core site 
received the bulk of the sediment 
from northerly alluvial fans.
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and vegetation cover in the catchment. Therefore, Quaternary climate changes cause cycles 
of fan aggradation, progradation and retrogradation (Gawthorpe and Leeder, 2000).

The most prominent variation in core LYH-1 are alternations between periods of detrital 
influx, associated with alluvial fan progradation, and periods of enhanced deposition of 
authigenic carbonates in playa lakes (chapter 4). Deposition of carbonates in ephemeral lakes 
is dependent on precipitation-evaporation balances (Alonso-Zarza, 2003). Playa lake deposits 
in core LYH-1 appear to coincide with interglacial periods (chapter 4 and 6). Other studies 
on sedimentary basins in the arid to semi-arid regions of China also show that ephemeral 
lakes are sensitive to glacial-interglacial climate forcing with lake expansion during wetter 
interglacials (Liu et al., 2008; Long et al., 2012; Zhao et al., 2012; Li et al., 2015). In Eocene 
deposits of the Xining Basin (Northeast Tibetan Plateau) similar variations have also been 
attributed to the effects of glacial-interglacial variability on the sedimentary system (Dupont-
Nivet et al., 2007; Licht et al., 2014), with carbonate rich layers corresponding to interglacial 
periods. There exist a similar control on the sedimentary sequence in the study area (chapter 
4). In this area, playa lake development is related to increased seasonality in both temperature 
and humidity. Increased runoff and higher temperatures during interglacial times promote the 
deposition of relatively thick layers of carbonates. A factor that further promotes increased 
carbonate deposition during interglacials is the diminished influx of allogenic sediments, 
which otherwise might dilute the formation of thick carbonate deposits (Alonso-Zarza, 2003).

Many studies have indicated an increased sediment supply to alluvial fans during glacial 
periods, as a result of more effective sediment transport from the catchment area (Molnar, 
2001; Weissmann et al., 2002; Dühnforth et al., 2007; Shirahama et al., 2015; Shellberg 
et al., 2016). The climate in the study area is mainly determined by variations in the East 
Asian Monsoon (EAM), which varies in intensity over orbital and suborbital timescales 
(Sun et al., 2015). The effects of the EAM on the sedimentation in the study area is mainly 
reflected through its control on the erodibility of the loess deposits on the CLP as well as 
the intensity and frequency of floods. The CLP consists of distinct alternations between 
yellowish silty loess and darker finer grained paleosols (Liu, 1985), which are closely linked 
to monsoonal climate change. More intense soil development takes place during interglacials 
when diminished loess accumulation rates as well as a higher mean annual temperature and 
higher average humidity levels promotes vegetation growth and pedogenic alteration of the 
loess (e.g. Kemp, 2001). The widespread vegetation cover on the CLP then forms a natural 
protection layer, which hinders fluvial erosion (Zhu et al., 2004) and subsequent sediment 
supply to the alluvial fans in the northern Weihe Basin. During glacials, fluvial activity can 
more effectively erode the poorly consolidated loess, which results in progradation of the 
alluvial fan system in the northern Weihe Basin. This is in accordance with the model of 
Weissmann et al. (2002), which clearly illustrates that alluvial fans have a much greater spatial 
extent (wider radius) during glacial times. The increased ‘sediment supply-to-discharge ratio’ 
will result in widespread unconfined flow and lateral progradation of the fan system. During 
interglacial times, the increased water discharge and vegetation growth will result in more 
localized incision and decreased sediment influx to the alluvial fan system.

The intensity and frequency of the monsoonal rains greatly affect discharge and erosional 
power. It has been demonstrated that flooding events can result in increased sediment transport 
and aggradation of alluvial fan systems (Aalto et al., 2003; Jain and Tandon, 2003; Spelz et 
al., 2008; Fuchs et al., 2015; Antinao et al., 2016). That the intensities of monsoonal rains also 
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impact the sedimentation in the northern Weihe Basin is indicated by a precession cycles in 
sediment flux and grain size proxy records (chapter 6). Like many other monsoonal systems, 
the intensity of the EAM is controlled by precession induced variations in incoming solar 
radiation (e.g. Wang et al., 2008; Cheng et al., 2016). The monsoonal rains trigger sediment 
transport to and deposition on the alluvial fan system. The most intense flood deposits in 
core LYH-1 are therefore deposited during precession minima when the EAM rains are most 
powerful (chapter 6). The lack of a precession signal in carbonate proxies indicates that the 
formation of authigenic carbonate is not controlled by variation in precipitation, but depends 
more on seasonality and mean annual temperatures. 

In addition to precession cycles, there are also cycles with a wavelength corresponding to 
eccentricity (~100 kyr) and obliquity (~41 kyr) (chapter 6). These two cycles are commonly 
regarded as the pacemaker of the ice ages, because they are strongly associated with 
variations in cryosphere extent and average CO2 concentrations in the atmosphere. Many 
other studies in this area (mainly on the loess deposits) also distinguish an eccentricity and 
weaker obliquity band in the temporal record (e.g. Peterse et al., 2014; Sun et al., 2015). An 
increased ice cover over the northern hemisphere during glacial periods drastically alters 
global oceanic and atmospheric circulation systems. The position of the Siberian High shifts 
south which suppresses the summer monsoon and facilitates an increase in strength of the 
winter monsoon (Ding et al., 1995). As the variations in relative strength between summer 
and winter monsoon exerts a strong control on vegetation expansion in the CLP, it controls to 
a large extent the erodibility of the loess as explained above. 

7.4 Tectonic influence on the alluvial fan dynamics
Alluvial fans develop as a result of disparity between upstream and downstream transport 
capacity, which is often facilitated by vertical offset (Gawthorpe and Leeder, 2000). The 
core site is located in an elongated sub-basin along the northern margin of the Weihe Basin. 
Subsidence of the sub-basin provides the necessary conditions for sediment transport, 
deposition and preservation. The general subdivision in three main units (see 7.1; chapter 3) 
is associated to variations in relative subsidence rate in this basin. Tectonic offset generates 
an increased potential energy which is accompanied by deposition of coarser material 
(Frostick and Reid, 1987; Gawthorpe and Leeder, 2000; Withjack et al., 2002). Therefore, it 
is concluded that the subsidence rate was higher during the intervals from 1.0-0.69 Ma and 
from 0.24-0 Ma, because during these intervals, sedimentation at the core site is characterized 
by intensified and more frequent flooding events. In addition the diversity of aquatic species 
was also higher over the corresponding intervals. During the middle interval (0.69-0.24 Ma), 
a decreased subsidence rate resulted in a gentle progradation and bypassing of the alluvial fan 
system. During this time interval, the flattened topography was not able to transport relative 
coarser sediments, hence the average grain size in the core is finer.

Studies on fluvial terraces in the Weihe Basin distinguished a distinct interval with decreased 
incision of the fluvial systems during the Middle Pleistocene. In the upper Wei River valley, 
increased incision is observed from approximately 0.13 Ma (Gao et al., 2008; Gao et al., 
2016). In the eastern Weihe Basin, and closer to the drill site, a transition to faster incision 
rates is seen at 0.24 Ma (Hu et al., 2012), which coincides with the timing of the observed 
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sedimentary change in core LYH-1 and the incision of the Luo River into its oldest alluvial 
fan. 

There are more indications that tectonic activity exerts a major control on sediment fluxes to 
the study area. A drastic change to much higher sedimentation rates occur at the transition to 
the last glacial. This change cannot be explained by climate change, lack of compaction or 
anthropogenic influences, which leaves only tectonic subsidence as a possible mechanism. 
Tectonic activity must have occurred along the Beishan Piedmont Fault, and not along the 
intrabasinal faults, because there is no deformation of the Luo River terraces, positioned 
along strike of these faults (chapter 5). Fluvial erosion of footwalls took place in response 
to normal fault activity, eroding large amounts of sediments, which were transported further 
towards the distal alluvial fan area where core LYH-1 is located. 

That the influence of tectonic motions on the sedimentary environment in the northern Weihe 
Basin is relatively complex is demonstrated by the incision of the Luo River at ~0.24 Ma, and 
the associated disconnection from the core site. This event coincides with coarser influx and 
increased sedimentation rates at the core site. The apparent contradiction is explained by the 
fact that the fault that forced incision of the Luo River also created increased fault-induced 
folding and intrabasinal subsidence at the position of the wetland (chapter 5). The subsidence 
initiated increased sediment flux from northerly alluvial fans (Fig. 7.1).

7.5 Sanmen Lake
The Sanmen Lake once occupied a large area in the Weihe Basin. The lake might have 
extended 400 km westwards from the Sanmen Gorge at the eastern boundary of the basin 
(Jiang et al., 2007). At its maximum size, the Sanmen Lake would therefore also have 
covered our study area and influenced the sedimentary environment. The drainage of the 
lake marks a drastic change in the environment and represents the final integration of the 
Yellow River with the connection of its middle and lower reaches (Kong et al., 2013b). From 
this moment the river developed an extensive delta plain area in its downstream reaches 
and transported large amounts of mainly silts towards the Bohai Sea. Although, several 
studies have conducted research to fingerprint the timing of the drainage event, there is still 
no consensus on this matter. Through thermoluminescence analysis on fluvial sands in the 
Sanmen Gorge, Wang et al. (2002) and Jiang et al. (2007) concluded that the drainage took 
place at 0.15 Ma. However, other studies show that the drainage must have taken place much 
earlier. Analysis on fluvial terraces yielded an estimated age of 0.9-1.2 Ma (Pan et al., 2005a; 
2005b). Kong et al. (2013b) dated the transition from lake to fluvial environments at 1.3-1.5 
Ma, based on cosmogenic nuclide burial dating and U-Pb (zircon) dating on fluvial terraces 
near the Sanmen Gorge. Hu et al. (1993) argued that the lacustrine sedimentation terminated 
even earlier, during an Early Pleistocene age.

From our research, there is no evidence for the existence of a large paleo-lake that extended to 
the study area. This indicates that the Sanmen Lake had already drained through the Sanmen 
gorge before 1 Ma. This implies that the integration of the lower and middle reaches of the 
Yellow River is  also older than 1 Myr. I therefore doubt the drainage age of 0.15 Ma as 
given by Wang et al. (2002) and Jiang et al. (2007). The results of this thesis are in line with 
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findings of Kong et al. (2013b) and Hu et al. (1993) who argue Early Pleistocene drainage 
ages. Due to the structural configurations of the rift basin, the deepest parts are along the 
southern margin. It might be that small (perhaps ephemeral) ‘Sanmen’ lakes existed in the 
southeastern part of the Weihe Basin, which could not influence the sedimentation record in 
the study area. Structural, climatological and hydrological control on these lakes might have 
resulted in varying sedimentary environments as recorded in and around the basin (Zheng et 
al., 2007; Hu et al., 2012). In chapter 3 and 5, we argue that tectonic perturbations in the study 
area affected sedimentation at the core site as well as the fluvial dynamics of the Luo River. 
It might be that these tectonic events also had an impact on the Yellow River in the eastern 
Weihe Basin (Hu et al. 2012) and ultimately on an increased sedimentation just outside the 
basin (Zheng et al., 2007; Prins et al., 2008; Huang et al., 2009)

7.6 Concluding remarks
The nature of the sedimentary record in core LYH-1 can be regarded as discontinuous, where 
alluvial fan aggradation events are punctuated by periods of shallow lake deposition, non-
deposition or even erosion. This occurs over different timescales and varies spatially as 
well. Monsoonal climate change and tectonic perturbations have an important impact on 
sediment fluxes and deposition in the northern Weihe Basin (see 7.3; 7.4). Nevertheless, 
the interpretation of cyclic sedimentation remains challenging, because the sedimentary 
environments of alluvial fans are subject to cyclic variations induced by internal dynamics 
(autocyclicity) (Peper and Cloetingh, 1995). Under steady sediment fluxes, the sediment 
lobes of alluvial fans shift laterally when a critical angle is reached (e.g. Kim and Paola, 
2007; Van Dijk et al., 2009). Allen (2008) showed that alluvial sequences are organized 
into cycles of various scales, depending on the basin geometry and sediment flux. These 
cycles cannot always be attributed to primary extrinsic controls. In core LYH-1 autocyclic 
variations results in many cycles in the high frequency domain (chapter 6) and potentially 
result in overprinting of external forcing factors.

The preservation of climate signals in the sediment record is dependent on sufficient 
accommodation space, generated by tectonic subsidence. This is well demonstrated in 
chapter 6. Precession cycles in the fine grain size influx are abundant over the period with 
increased tectonic subsidence. Decreased subsidence filled up the sub-basin and eventually 
causes the fan system to by-pass the drill site. When this occurs, possible climate signals 
will get obscured. However, it does not imply a period in which precession had no influence 
on the sedimentary dynamics in the distal alluvial fan setting, which is shown by the grain 
size ratio within the coarse bedload fraction (chapter 6). This index is less dependent on 
the overall alluvial influx as it represents relative bedload composition of individual floods. 
This index shows a relatively continuous forcing by precession, where other proxies clearly 
lack this forcing in the middle interval of the core. Erosion and associated hiatuses are other 
important factors that should be taken into account when interpreting terrestrial sedimentary 
sequences in terms of climate forcing. Higher runoff might induce higher sediment flux, but 
can also erode sediments.
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7.7 Outlook

7.7.1 Extension of the temporal record
This thesis focused on the uppermost 221 m of core LYH-1, which corresponds to the last 1 
Myr. Our analyses yielded a wealth of information on climate change and tectonic influences 
on sedimentary dynamics in the Weihe Basin during the Middle to Late Quaternary. The entire 
length of core LYH-1 comprises almost 1100 m, which provides a substantial extension of the 
temporal record, studied so far. Analyses on deeper parts of the core will include important 
climatic boundaries, like the Pliocene to Quaternary boundary. It can be expected that the 
changing climatic conditions at this boundary exerted a strong impact on the sedimentation 
in the basin, because the majority of the loess on the CLP was deposited after the onset of 
the Quaternary (e.g. Ding et al., 1999; An et al., 2001; Sun and An, 2005). As the (fluvial 
reworked) loess from the CLP is the dominant component in the core sediments over the 
past 1 Myr, it is useful to understand how the sedimentary system responds to such dramatic 
changes in the source area. In addition to a dramatic change in dust flux, the mean annual 
temperatures were also different, with a much warmer Pliocene. This should have affected 
the monsoonal circulation and hence the sedimentation in the Weihe Basin.

The Weihe Basin experienced several dramatic periods of extension (at approximately 
Middle Eocene, Middle Miocene and Late Miocene-Early Pliocene) (Zhang et al., 2003; Liu 
et al., 2013). The entire length of core LYH-1 might include the latter two periods, because 
stronger compaction and different environmental conditions may cause lower sedimentation 
rates. This thesis already studied the importance of tectonic subsidence on sedimentation 
in the northern Weihe Basin. With this knowledge in mind, the role of these major tectonic 
moments on the sedimentary processes in the Weihe Basin could be investigated. 

One of the reasons to drill the northern Weihe Basin was to unravel the timing of the Sanmen 
Lake drainage. Such an event would have had serious consequences for the final integration 
of the Yellow River (Kong et al., 2013b). However, it is clear that no large lake existed 
during the past 1 Myr and that if a large lake had ever existed, it must be recorded in deeper 
(older) layers of the core. Therefore, important questions, such as ‘When did the Sanmen 
Lake exist?’ and ‘How did it affect the evolution of Yellow River?’, remains to be answered 
in future research, using the deeper parts of the core. A valuable addition in this objective is to 
compare results from core LYH-1 cores in the delta of the Yellow River. Currently, the river 
transports large amounts of sediments to the Bohai Sea, but if this is trapped in the Sanmen 
Lake, it should also be recorded in marine deposits as a time period of low sedimentation rate.

The extension of the record will likely include drastic changes in the sedimentary 
environment, with a possible different course of the Yellow River (running parallel through 
the Weihe Basin). Detailed provenance analyses are therefore required to understand where 
the sediments came from and how this fits the evolution of the sedimentary environment. 
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7.7.2 Additional analyses on the studied record
In addition to extending the temporal record, more information can also be obtained by 
focusing   on certain intervals of the studied core interval in this thesis. With the reconstructed 
sedimentological environment and general climate development in mind, a focus on specific 
intervals can provide more comprehensive insights in climate dynamics in this setting. 
Chapter 3 already provides an insight in the general composition of the flora and fauna 
throughout the uppermost 221 m of the core. By a taxonomic determination to the species 
level, a more detailed reconstruction of environmental conditions could be obtained. In 
addition, stable isotopes derived from biogenic sources (ostracods, aquatic snails, molluscs) 
can also provide a detailed and qualitative reconstruction of paleo-environmental and 
paleoclimatic conditions (Leng and Henderson, 2013). These fauna incorporate oxygen in 
their shells from the water in which they form, which make them excellent climate recorders. 
Under conditions of isotopic equilibrium, δ18O and temperature are inversely proportional, 
following an empirically determined equation (Bradley, 2014). However, we have to be 
aware of the effects of evaporation in our setting, which extracts the lighter 16O and leads to 
higher δ18O. This can be compensated for by comparison to δD, which would also provide 
information on the evaporation rates in the study area.

From the current study, it is clear that the sedimentary environment in the northern Weihe 
Basin is characterized by multiple low and high frequency cycles related to autocyclicity, 
superimposed on cycles resulting from climatic- and tectonic forcing. Variations in 
(monsoonal) climate change exerted a major influence on sedimentary dynamics, through 
its impact on vegetation growth and flood intensity and frequency. However, the rather 
complex cyclicity in the sedimentary record makes it hard to distinguish climate signals from 
processes related to autocyclicity in the sedimentary environment. Inherent to drilling in an 
alluvial sequence are phases of non-deposition or even erosion. It is therefore recommended 
to drill an array of sediment cores within the same basin to test whether certain signals can 
be found over a wider area. Only through this approach, self-induced autocyclic signals and 
local perturbations, can be distinguished from climatic and tectonic signals. In addition, this 
will also provide information on the pace at which the sediment lobes of the alluvial fan 
migrate laterally.

This research shows that modern analogues are valuable for reconstruction and visualization 
of paleo-environments. In a similar way, we might be able to complement our current 
understanding of alluvial fan dynamics. By analyzing modern surface sediments along a 
transect from the incised gullies in the CLP towards the core site, we could obtain information 
on how sediment characteristics evolve from the proximal to the distal alluvial fan setting 
(cf. Li et al., 2015). By translating this information to the core sediments, it might provide 
additional insights in progradation/retrogradation of the fan system, which in turn is a 
function of the effects of tectonics and climate change.


