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    Abstract
Major reorganizations in climate and tectonic regime occur in East Asia during the Pleistocene. 
In this chapter a detailed geochemical record of these environmental changes is presented. 
Based on the sediment composition of the Weihe Basin drill core LYH-1, we established 
that, in addition to glacial-interglacial variation, there are three distinctly different units over 
the past 1 Myr. These units are the result of variations in the overall tectonic regime in the 
northern Weihe Basin.

Core LYH-1 is drilled in a distal alluvial fan setting in the northern part of the Weihe Basin. 
It displays a complex array of lithofacies alternating in a rapid cyclic fashion over the past 1 
Myr. Detailed mineralogical and geochemical analyses show that fine-grained detrital quartz, 
albite, muscovite, carbonate and clay minerals were predominantly delivered during colder 
climatic periods. Contrastingly, calcite, dolomite and gypsum were deposited during the 
warmer, interglacial periods probably as a result of strong seasonality. This compositional 
variation demonstrates the importance of climate control on hinterland erosion, surface 
runoff, chemical weathering and evaporation.

Based on: Rits, D.S., Prins, M.A., Troelstra, S.R., Van Balen, R.T., Zheng, Y., Beets, C.J., Wang, B., 
Li, X.Q., Zhou, J., Zheng, H.B. “Geochemical characterization of the Middle and Late Pleistocene 
alluvial fan-dominated infill of the northern part of the Weihe Basin, Central China”. Submitted to 
Palaeogeography, Palaeoclimatology, Palaeoecology (under review).

4
Geochemical characterization of 
the Middle and Late Pleistocene 

alluvial fan-dominated infill of 
the Weihe Basin
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Al-normalized ratios of indicative major elements relative to averaged source loess 
composition, indicate important variations in sedimentary processes. Si ratio fluctuations 
correlate well with the Zr/Rb ratio and the abundance of the coarser siliciclastic grain size 
fraction. Grain size end-member analysis in previous work assigned the coarsest siliciclastic 
fraction exclusively to high energetic sedimentation. Si-enrichment is therefore used as an 
index for past flooding events. The average depletion of Si compared to the loess is attributed 
to sediment sorting processes on the alluvial fan system. Fe enrichment likely reflects influx 
of clays, because of its high degree of similarity in the down-core variation with K and Ti. 
In contrast, Ca and Mn are strongly enriched throughout the core, associated with authigenic 
precipitation of carbonates, especially during interglacial periods. 

The geochemical record shows that the lower (221-162 m) and upper (90-0 m) units of the core 
are characterized by relative intense and frequent flooding, which coincided with extensive 
ponding in the study area. In the middle unit (162-90 m) increased salinity levels due to 
evaporation, as reflected in the high Sr/Ca ratio and dolomite abundance, led to increased 
carbonate precipitation. Simultaneously, the increased influx of iron- and titanium-rich fine 
material indicates an increased clay production in the source area as a result of a more intense 
summer monsoon strength after 600 ka.

4.1 Introduction
The sediment core, LYH-1, was drilled in the alluvial sequence in the northern Weihe Basin 
(Fig. 4.1). The base of the studied core interval dates back to approximately 1 Ma. Localized 
tectonics in the region resulted in a subdued relief (Rao et al., 2014; Lin et al., 2015), in 
which thick alluvial deposits accumulated (chapter 3). The Weihe Basin is of great interest 
because it is located in a transitional zone between the humid south and the arid north of 
China (Sun and Wang, 2005; Guo et al., 2008), which makes it very sensitive to fluctuations 
in the strength of the East Asian Monsoon (EAM). The EAM is characterized by wet and 
warm interglacials and cold and dry glacials. Therefore, the sediments in the basin reflect a 
highly dynamic regime with cyclic alternations between eolian deposits, playa lake deposits 
and alluvial fan aggradation with typical sheet flood deposits over the past million years 
(chapter 3). Here we address the detailed reconstruction of these environmental changes as 
recorded in the geochemical composition of authigenic and allogenic sediments. This record 
can provide a better understanding of the sensitivity of this region to external forcing.

Sedimentary characteristics in alluvial environments largely depend on discharge, sediment 
supply, fan gradient, depositional energy and proximity of the fluvial source (Schillereff et 
al., 2014). Alluvial settings are therefore very sensitive to changes in the local environment 
and can provide valuable information on past climates. This is especially true for semi-
arid regions where shallow ephemeral lakes may form with characteristic sequences of 
evaporitic-clastic alternations. (Yechieli and Wood, 2002; Alonso-Zarza, 2003; Sinha et al., 
2006; Scuderi et al., 2010; May et al., 2015). These sequences reflect a complex relation 
between hydrological changes and erosion of the surrounding catchment.

Geochemical studies have been widely applied to lacustrine sediments in order to reconstruct 
paleoclimate (e.g. Yancheva et al., 2007; Cuven et al., 2011; Löwemark et al., 2011; Zhong 
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et al., 2012; Corrella et al., 2013; Jouve et al., 2013). The elemental composition of lake 
sediments is partly controlled by the geochemistry of the detrital influx, which is determined 
by catchment geology, the weathering and erosion history in the catchment and size 
selective dispersal. Geochemical properties can therefore help to elucidate sedimentary and 
erosional processes and have the potential to yield information about varying influence of 
authigenic versus allogenic sedimentary processes, as well as flood magnitude and frequency 
relationships. Especially in closed basins, the geochemical record gives well established 
insights in past erosional conditions (Roy et al., 2009; Zhong et al., 2012). Previous research 
concluded that the Chinese Loess Plateau (CLP), which borders the basin directly to the 
north, is the most important source for the sediments in core LYH-1 (chapters 3, 5). Changes 
in elemental composition in the sediments of core LYH-1 relative to the composition on the 
CLP can therefore provide valuable insights in how the alluvial fan sedimentary processes 
influenced the geochemistry in the core.

The main aim of this chapter is to show how the chemical properties of the alluvial deposits 
of the northern Weihe Basin relate to monsoonal climate change and tectonic influences. An 
important objective is to distinguish trends in the geochemical record that does not directly 
relate to glacial-interglacial variability and how these trends should be interpreted in terms of 
external forcing (e.g. climate change or tectonic activity). In order to do so, we established 
relative enrichment factors, based on calibrated XRF core scanner data. The depth variation 
of the element enrichment as well as the mineralogical and carbon content will be linked to 
the lithofacies model of the core as presented in chapter 3. 

Fig. 4.1 - (a) Map of China. The inset indicates the location of the Weihe Basin and its surroundings. The basin is 
influenced by the East Asian Winter Monsoon (EAWM) and the East Asian Summer Monsoon (EASM). (b) DEM of the 
Weihe Basin bounded by the Chinese Loess Plateau (CLP) in the north and the Qinling Mountains in the south. The 
white star indicates the location of core LYH-1. Red lines indicate important faults (BPF = Beishan Piedmont Fault). 
The white arrows indicate the flow direction of the two largest rivers.
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4.2 Study area

4.2.1 Geographic and tectonic setting of the Weihe Basin
The Weihe Basin is a large rift basin, created by the tectonic escape in response to convergence 
and uplift of the Tibetan Plateau (Peltzer and Tapponnier, 1988; Ratschbacher et al., 2003; 
Zhang et al., 1995, 1998). The basin is located on the southern margin of the Ordos Block 
and is directly bounded by the Qinling Mountains in the south and the CLP in the north (Fig. 
4.1). The basin has an elongated shape, approximately 100 by 400 km (ESE-WNW oriented). 
The local morphology of the northern Weihe Basin is characterized by typical waveform 
topography that on the whole gently slopes to the south. These waveforms are caused by 
flexural folding of the alluvium cover above deep seated faults (Lin et al., 2015). In one of 
these tectonically induced depressions, core LYH-1 was drilled, recovering a long sequence 
of distal alluvial fan sediments.

There are several rivers flowing through the Weihe Basin. The Wei River drains the basin 
from west to east to finally confluence with the Yellow River in the southeast of the Weihe 
Basin. The Luo and Jing rivers are the largest tributaries of the Wei River and the Luo River 
flows relatively proximal to the coring location. The Sichuan River is also proximal to core 
LYH-1, but it currently is dry. These rivers have or had very high sediment loads, because 
they drain the easily erodible loess deposits of the CLP. 

The Weihe Basin marks a transitional climate zone where both winter- and summer monsoon 
have had strong influences in the past (Sun and Wang, 2005). Climate in this region is semi-
arid (573 mm/yr) with potential evaporation exceeding precipitation. Most of the precipitation 
falls in July and is delivered by the East Asian Summer Monsoon (EASM). This also explains 
the general decrease in precipitation from the southeast to the northwest (Du and Shi, 2012). 
Given the location’s position on the trajectory of both the winter monsoon and the westerlies, 
windblown dust has accumulated at this site as well. Dust storms frequently occur in the 
region during spring (Ding et al., 2001).

4.2.2 Lithofacies model for infill of northern part of the Weihe 
Basin
Based on detailed grain size analysis, micro-paleontological analysis and other 
sedimentological parameters, the core was subdivided into five different lithofacies (chapter 
3). Facies 1 represents eolian sediments and is characterized by yellowish silt with no 
distinguishable sedimentary structures. Facies 2 contains relative thick bedded sandy deposits, 
alternated with clay layers and represent relative energetic floodings. Facies 3 is composed 
of thinly bedded clayey deposits with abundant aquatic species and represents shallow lakes. 
Facies 4 represents playa lake sediments composed of greenish grey carbonate mud. Facies 5 
is characterized by irregular structures and often contain reddish fractured mud. This facies is 
attributed to processes related to pedogenic alternation. Overall, the sedimentary sequences 
in the core represent the distal part of an alluvial fan system (Fig. 3.9). Flood deposits record 
alluvial deposition (progradation of the fan). Ponds and soils are formed at times when the 
(active part of the) alluvial fan is at a relative distal location. The ponds evolve into playa 
lakes due to evaporation. The eolian facies indicate dry settings. 
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4.3 Material and methods

4.3.1 X-ray diffraction
The mineralogical composition of 50 samples from core LYH-1 was determined by X-ray 
diffraction (XRD). For the XRD analysis we selected several samples from each of the five 
lithofacies described in the former chapter (Fig. 4.2). The stratigraphic position of the XRD 
samples are indicated in Figure 4.3. Before the analysis, the sediments were pretreated by 
powdering the sediments in a mortar after an overnight drying in an oven at 50 °C. Analyses 
were carried out on a Rigaku D/max-2500VL/PC diffractometer at the Testing and Analysis 
Center of Nanjing Normal University in Nanjing. The routine power was 1400 W (40 kV, 35 
mA). Qualitative identification of mineral phases was made using Jade 7.0 software.

4.3.2 Thermo-gravimetric and C:N analysis
Loss-on-ignition (LOI) analysis is executed by thermo-gravimetric analysis (TGA) on a 
Leco TGA701 in the Sedimentology Laboratory of the Vrije Universiteit Amsterdam. The 
uppermost 221 m of core LYH-1 were analysed at a 10 cm resolution. Similar to the XRD 
pretreatment, samples were dried overnight in an oven at 50 ˚C, after which homogenization 
in a mortar took place. Subsequently, the thermo-gravimetric analyzer derives OM and 
carbonate content from weight loss as a function of temperature in a controlled atmosphere. 
During a first ignition step from 105 to 330 ˚C under a pure oxygen atmosphere, OM is 
combusted, but also lattice water from gypsum is released. This is designated as LOI330. 
Between 330 and 550 ̊ C, the remaining resistant OM is combusted in an air atmosphere; this 
is indicated as the ‘LOI550-LOI330’. A final ignition step from 550-1000 ˚C under a CO2 
atmosphere causes dissociation of different types of carbonate. In order to further characterize 
the TGA results, the organic carbon content of a selection of samples was determined on a 
Flash 1112 series Thermo Finnigan elemental analyzer. In preparation for these analyses the 
samples were powdered and carbonates were removed in an HCl atmosphere. 

4.3.3 Elemental geochemistry
XRF core scanning provides a fast and non-destructive way to obtain information on elemental 
composition of core sediments in the range of Al to U (Croudace et al., 2006; Weltje and 
Tjallingii, 2008). Elemental composition of the core was determined by X-ray fluorescence 
(XRF) core scanning in combination with conventional XRF methods. The core scanning was 
carried out on a Avaatech XRF core-scanner in the XRF lab of the Nanjing University and 
the conventional analyses with respect to major elements were done at the Vrije Universiteit 
Amsterdam, on a Pananalytical MagiX Pro XRF. In order to obtain information on important 
trace elements, additional conventional analyses were carried out on compressed powder 
samples on a Pananalytical Axios Petro at the Nanjing Normal University. The core scanning 
was done with a 0.5 cm resolution for the 0-221 m interval.

An important consideration when using XRF core scanning data is that the sum of element 
concentrations equals unity. Selective addition or removal of an element will affect the 
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concentrations of all other elements, which is also referred to as the “closed sum effect” (e.g. 
Löwemark et al., 2011). Since carbonate, sulfate and organic content in lacustrine sediments 
can reach high levels and the XRF is not able to detect elements such as hydrogen, carbon 
and sulfur, it will affect the outcome of the other detected elements (Weltje and Tjallingii, 
2008). Moreover, the core scanner measures the elemental variation as counts, rather than 
concentrations and therefore we need a quantitative estimation of the actual concentrations 
by calibrating the core scanning results to conventional XRF methods calibrated against 
elemental standards (Weltje and Tjallingii, 2008). A total of 25 samples were used to calibrate 
the core scanner results for the elements Al, Si, P, S, K, Ca, Ti, Mn, Fe, Rb, Sr, Zr and Ba. 
The samples were chosen, based on a combination of the lithofacies analysis and XRF core 
scanning results.

4.3.4 Element enrichment factors
Relative enrichment factors (EF) for certain elements are calculated, based on the elemental 
concentration derived from the XRF calibration. This factor can be used to see whether the 
sediments in core LYH-1 are either enriched or depleted compared to the CLP loess. EF’s 
are calculated through the ratio between normalized samples over normalized standards 
(Tribovillard et al., 2006). We use a similar approach, but present the data as percentages to 
emphasize possible enrichment or depletion. The EF in this study are defined as:  

where X stands for the concentration of an element oxide for which relative enrichment is 
calculated. The loess data is taken from Gallet et al. ( 1996) (Table 4.1). Aluminium oxide 
was used to normalize the data, because Al is considered a resistant and insoluble element 
(Mischke and Zhang, 2010).

EF
X Al O
X Al OX

LYH

loess

( ) =
[ ] [ ]( )
[ ] [ ]( )

−
⎧
⎨
⎪

⎩⎪

⎫
⎬
⎪

⎭⎪
×

2 3

2 3

1 100 (4.1)

Oxide SiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O TiO2 P2O5

Average 
loesss (%) 65.40 13.75 5.27 0.10 2.34 8.00 1.57 2.66 0.74 0.17

Average 
paleosol (%) 67.10 14.62 5.70 0.11 2.23 5.11 1.40 2.78 0.80 0.15

Table 4.1 - Average oxide concentrations in loess-paleosol sequences at Luochuan (Gallet et al., 1996)
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4.3.5 Age control
A preliminary age model was established by paleomagnetic dating (Table 4.2). The uppermost 
221 m of the core corresponds roughly to the last 1 Myr. Three magnetic reversals were 
observed. The Blake event, corresponding to the last interglacial (100-120 ka) was found 
at 43 m. The Brunhes-Matuyama boundary, corresponding to 780 ka was found at 180 m 
and the onset of the Jaramillo event (990 ka) at 220 m. Linear sedimentation rates increase 
towards to the top of the sequence from 19.0 cm/kyr between 220 and 180 m, to 20.8 cm/kyr 
between 180 and 43 m, and 35.8 cm/kyr between 43 and 0 m. 

Depth (m) Magnetic reversal Age (ka) Interval (m) LSR (cm/kyr)

43 Blake Event 120 0-43 35.8

180 Bruhnes/Matuyama 790 43-180 20.8

220 Jaramillo transition 990 180-220 19.0

Table 4.2 - Chronology and linear sedimentation rates (LSR) of the core based on paleomagnetic reversals.

4.4 Results

4.4.1 Mineralogical composition
The XRD patterns of five different lithofacies are displayed in Figure 4.2. The mineral 
composition of the sediments can be subdivided into a clastic- and a carbonate group. The 
siliciclastic group is dominantly present in Facies 1, 2, 3 and 5, whereas Facies 4 represents 
the carbonate group. The siliciclastic group is dominated by quartz and feldspars (albite). 
However, the sediments in this group also contain significant amounts of muscovite, 

Figure 4.2 - (a) Major mineralogical components of  5 selected lithofacies as discussed in chapter 3. Ab: Albite; Cal: 
Calcite; Clc: Clinochlore; Dol: Dolomite; Gp: Gypsum; Ms: Muscovite; Qz: Quartz. Facies 4 is further subdivided, 
based on the dominance of either calcite (4a) or dolomite (4b) (see Fig. 4.4 for an indication where calcite, dolomite 
and gypsum prevails. (b) Dolomite in the core coincides with a diffraction belonging to proto-dolomite (authigenic 
formation).
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Figure 4.3 - Variation of mineralogical, TGA and geochemical data with depth. The black stripes on the left (next to 
the core photo) indicate the stratigraphic position of XRD analysis. (a) lithofacies model. (b) Relative contribution of 
the important evaporative minerals; gypsum, calcite and dolomite. (c) Loss-on-ignition (LOI) data. LOI330 weight loss 
at 330 °C and LOI550 is weight loss at 550 °C. The red stripes on the right indicate the stratigraphic position of the 
C:N analysis (Fig. 4.5). The three units in the figure are mainly based on micro-paleontological analysis. Unit 1 and 
3 are relatively wetter compared to Unit 2, which is characterized by more terrestrial conditions, interrupted by playa 
lakes.
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chlorites (clinochlore) and calcite. Contrastingly, the carbonate group is characterized by a 
significantly increased amount of calcite (Facies 4a) and/or dolomite (Facies 4b). Gypsum 
is present throughout the core and is easily macroscopically recognizable in the sediment. 
It grows in both vertical structures as well as parallel to the bedding. This makes it hard to 
distinguish between primary and secondary gypsum growth. Although not shown in Figure 
4.2, gypsum is mostly present in Facies 4 and 5 (playa and soils respectively) and is almost 
absent in Facies 1 and 2 (eolian and flooding deposits respectively). The variation in relative 
abundance of gypsum, calcite and dolomite with depth is displayed in Figure 4.3b. These 
elements are important autochthonous components in playa lakes.

4.4.2 Loss-on-ignition
LOI330 varies between 0.2 and 12.0 wt% (average: 0.9 wt%) and ‘LOI550-LOI330’ varies 
between 0.8 and 10.3 wt% (average: 3.1 wt%). Figure 4.3c shows the stratigraphic variation 
of the two indexes. LOI330 contains the highest values in the lower part of the core, in 
sediments belonging to Facies 4. The ‘LOI550-LOI330’ curve has maximum values from 
~135-90 m and is also higher in Facies 4. Usually, the combined indexes (LOI550) can 
be related to total organic matter. To 
test this, the organic carbon (OC) 
content of 16 samples  (Fig. 4.3) was 
analyzed. The results show that there 
is a rather small contribution of OM. 
Most of the analyzed samples have a 
carbon content of less than 0.1%. The 
lack of correlation between carbon 
and LOI data (Fig. 4.4), indicates that 
the LOI dominantly represents other 
constituents than organic matter, such 
as crystal lattice water in gypsum and 
clay minerals (Boyle, 2004; Santisteban 
et al. 2004).

Figure 4.5 - (a) Loss-on-ignition curves of a pure gypsum (CaSO4•H2O) compared with two samples with a relative 
high LOI330 content. (b) XRD plot of the samples used in the loss-on-ignition plot of Fig. 4.6a. All samples peak at 
11.6 °, indicative for gypsum. The left vertical axes in both plots belong to the core samples and the right vertical axes 
belongs to the gypsum sample.

Figure 4.4 - LOI330, LOI550-LOI330 and LOI550 values 
versus the measured organic carbon content.
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High LOI330 values are strongly correlated to gypsum content (CaSO4•2H2O). Gypsum is 
an evaporitic mineral with a water component in its crystal structure. Figure 4.5a shows the 
TGA combustion curve of a pure gypsum crystal (determined by XRD; Fig. 4.5b) compared 
to two sediment samples from core LYH-1 with elevated LOI330 values (at 158.0 and 193.3 
m). The gypsum crystal has a distinct peak at approximately 190 m, which is within the range 
of easily combustable organic matter. However, the combustion of this type of organic matter 
actually takes place over the entire range from 105-330˚C under a normal atmosphere. The 
peak at 190˚C can likely be ascribed to the loss of water from the gypsum crystal. These 
findings are confirmed by the positive relation between the LOI330 curve and XRD analysis 
(Fig. 4.3b; c).

The ‘LOI550-LOI330’ curve most likely represents variation in the clay mineral content, 
because dissociation of hydroxide bonds within such minerals takes place in the range from 
330-550˚C (Boyle, 2004; Santisteban et al. 2004).

4.4.3 X-ray fluorescence

Depth variation of the elements
Figure 4.6 shows that the geochemical elements change rapidly at a sub-meter scale. Al, Si, 
K, Ti and Fe have high counts in brown-colored sediments (photo on the left of the figure), 
while the Ca counts has the highest values in sediments belonging to Facies 4 (chapter 3). This 
contrasting behavior is also reflected in the correlation matrix of the elements (Table 4.3). 
However, from Figure 4.6 it can be observed that there also exists a considerable variation in 
Ca counts within the brown sediments. This is well demonstrated over the interval from 85-
70 m. Mn tends to have abundant spikes in the greenish grey mud layers of Facies 4, but also 
increases in the brown sediments. S deviates from the other described elements as it mainly 
contains large peaks in the lower part between 221 and 143 m. From 143 m upwards there 
is an obvious reduction in sulphur counts with only minor elevated values at approximately 
100 m, 70-65 m and 43 m.

Figure 4.6 - Geochemical variation along depth, derived from XRF core scanning.
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XRF calibration
The XRF core scanning count data were calibrated with conventional XRF analysis. The 
conventional XRF procedure is capable of measuring the concentration of Na, Mg, Al, Si, P, 
K, Ca, Ti, Mn, Fe and Ba. Since the core scanning method is not able to detect the lightest 
elements, Na and Mg remain uncalibrated. Figure 4.7 shows the calibration between the two 
analytical approaches for Si and Ca.  Table 4.4 shows the correlation for all other investigated 
elements. Ca has the highest correlation with a correlation coefficient (r2) of 0.87. Other 
major elements that correlate well are in decreasing order, Fe, Mn, Si, Al, Ti and K with an r2 
of 0.80, 0.76, 0.74, 0.72, 0.67 and 0.67 respectively. With respect to the trace elements, S, Sr 
and Zr are correlated well with an r2 of 0.57, 0,86 and 0.59.

The calibration results demonstrate that the core scanning technique is well suited in detecting 
the elemental composition of sediments from widely varying environments with extreme 
fluctuations in carbonate content. Establishing a proper calibration between conventional and 
core scanning XRF methods enables us to quantify the geochemical record from core LYH-1, 
similar to what has been done at the CLP by Liang et al. (2012).

330 550 CO3 Al Si S K Ca Ti Mn Fe Sr Zr

330 1.00

550 0.02 1.00

CO3 0.10 0.29 1.00

Al -0.18 0.13 -0.23 1.00

Si -0.26 -0.09 -0.29 0.92 1.00

S 0.52 -0.04 0.05 -0.32 -0.36 1.00

K -0.20 0.21 -0.25 0.93 0.82 -0.37 1.00

Ca 0.20 0.27 0.82 -0.13 -0.19 0.24 -0.14 1.00

Ti -0.28 -0.02 -0.53 0.79 0.79 -0.40 0.85 -0.47 1.00

Mn 0.10 0.40 0.24 0.10 -0.03 0.13 0.19 0.32 0.07 1.00

Fe -0.13 0.26 -0.37 0.78 0.62 -0.31 0.89 -0.31 0.85 0.23 1.00

Sr 0.24 0.18 0.53 -0.22 -0.22 0.22 -0.26 0.53 -0.33 0.18 -0.28 1.00

Zr -0.15 -0.40 -0.21 -0.12 0.13 -0.11 -0.15 -0.21 0.19 -0.16 -0.18 0.25 1.00

Table 4.3 - Correlation matrix of LOI and elemental geochemistry data *

*LOI data is derived from TGA and element geochemistry is derived from XRF core scanning. 330 = LOI330 and 550 = 
LOI550-LOI330; CO3 = bulk carbonate.

Figure 4.7 - Correlation between 
elemental counts derived by 
XRF core scanning and element 
concentrations measured by 
conventional XRF. (a) Correlation 
of Si, an element typically enriched 
in the detrital fraction and (b) 
Correlation of Ca, an element 
typically enriched in the evaporite 
fraction. The correlation of other 
elements is given in Table 4.4.
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Element enrichment
The enrichment factors were determined for Si, K, Ca, Ti, Mn and Fe, and their depth 
variations are shown in Figure 4.8. Si is on average depleted, although it shows regular spikes 
to enriched values, especially over the interval from 221-145 m and 70-25 m. Fe, Ti and to a 
lesser extend K show a similar down-core variation with increasing trend from 150 m. Ca and 
Mn are on average strongly enriched over the investigated interval, although Ca enrichment 
becomes lowered towards the top of the core. Mn enrichment shows a more stable trend.

Element Al Si S K Ca Ti Mn Fe Rb Sr Zr Ba

r2 0.72 0.74 0.57 0.67 0.85 0.67 0.72 0.80 0.24 0.86 0.59 0.42

Table 4.4 - Correlation between elemental counts and element concentrations

Figure 4.8 - Relative aluminium normalized element enrichment compared to the source loess of the CLP 
(values in Table 4.1). The green area indicates enrichment and the grey area indicates depletion. The 
calculated enrichment is based on the XRF calibration. (a) enrichment of Si. (b) enrichment of K. (c) enrichment 
of Ca. (d) enrichment of Ti. (e) enrichment of Mn. (f) enrichment of Fe.
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4.5 Interpretation of the data

4.5.1 Element correlation and link to facies model
The strong correlation between Al, Si, K, Ti and Fe (Table 4.3) suggests that a similar process 
is responsible for the transport and deposition of these elements. These elements likely 
represent a primary sedimentary signal, because they are geochemically stable and hosted 
by resistant minerals (Boës et al., 2011). An elevated contribution of Al, Si, K, Ti and Fe 
can be interpreted as increased flux of allochthonous (mainly riverine; chapter 3) sediments, 
where Al, K, Ti and Fe are strongly associated with clay minerals (Kylander et al., 2011). Fe 
is also important in independent iron oxides and hydroxides (Kylander et al., 2011; Jouve et 
al., 2013).

The rapid oscillations in the elemental composition of the sediment (Figs. 7; 9) imply rapidly 
changing sedimentary conditions. This is consistent with distal alluvial fan sedimentation, 
characterized by sheet-flow processes and other forms of unconfined fluvial inundation (North 
and Davidson, 2012). Si, Al, K, Ti and Fe are more abundant in brown oxidized sediments 
(Facies 1, 2, 3 and 5) and their contribution decreases in greenish-grey colored clays (Facies 
4), suggesting higher sedimentation rates over the intervals with brown sediments, although 
a more accurate age model could confirm this. 

The concentration of Zr in the core shows a pattern deviating from the concentrations of Si, 
K, Ti and Fe. This is attributed to its rather exclusive connection to zircon, which is a strongly 
resistant heavy mineral. Apparently the deposition of this mineral is more episodic in a distal 
alluvial setting. Deposition of zircon might only take place under increased energetic flooding 
conditions, either triggered by intense (monsoon related) rainfall and/or a more proximal 
position of the alluvial fan system.

S, Ca, Mn and Sr also show overall poor correlations with other elements (Table 4.3). In 
case of S, Ca and Sr there generally exist a negative correlation with Al, Si, K, Fe and Ti 
indicating a mutual dilution effect and/or association with different minerals. Ca, and to 
a lesser extent Sr, is associated with carbonate minerals, whereas manganese will either 
respond to changing redox conditions, associated with carbonates, or forms MnO2. The weak 
correlation of Mn with Ca (r2: 0.332; Table 4.3) can be explained by a preferential uptake of 
Mn in calcite to form rhodochrosite (Wehausen and Brumsack, 2002; Cohen, 2003). When 
focusing on the carbonate-rich sediments, the Mn concentration seems to have its highest 
values at depths where the concentration of S also increases. Thus, Mn is (partly) linked to 
evaporative processes.

Table 4.5 show the average concentration (derived from calibrated core scanner results) of 
major elements and selected trace elements of the five different lithofacies of core LYH-1, 
described in chapter 3. It is clear that Facies 1, 2, 3 and 5 have higher concentrations of 
Al, Si, K, Ti and Fe, compared to Facies 4. Contrastingly, Ca and Sr concentrations are 
significantly higher in Facies 4 compared to the other facies. The elemental composition of 
the sediments in core LYH-1 clearly reflect the mineralogical subdivision between detrital 
influx and evaporites (Fig. 4.2). The Zr concentration is higher in Facies 2 (flooding), but is 
relative low in Facies 3 (shallow ponds). Zr is likely delivered during flooding, but becomes 
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negligible in low energetic environments. S is more complex as it is mainly incorporated in 
gypsum, but also has a large concentration in the flood deposits. It could be that the floods 
delivered dissolved sulfate into the system.

Facies inter-pretation Al2O3 
wt(%)

SiO2 
wt(%)

K2O 
wt(%)

CaO 
wt(%)

TiO2 
wt(%)

MnO 
wt(%)

Fe2O3 
wt(%)

Sr 
(ppm)

Zr 
(ppm)

1 Eolian 14.9 60.3 1165.6 2.9 10.2 0.6 0.1 5.9 107.5

2 Flood 20.4 86.6 2413.4 3.7 10.9 0.7 0.1 4.9 233.9

3 Lacustrine suspension 24.9 77.9 88.9 4.6 5.3 0.7 0.1 8.9 1.2

4 Playa 7.2 30.2 3246.7 0.7 33.9 0.3 0.1 2.0 89.5

5 Pedogenic alteration 13.4 59.9 2265.8 2.5 7.1 0.6 0.1 5.9 162.1

Table 4.5 – Average element (oxide) concentrations of five characteristic lithofacies*

*Note: S, Sr and Zr are given in ppm and not as oxide concentrations.

4.5.2 Detrital influx
The Al-normalized enrichment of Si, K, Ti and Fe at the core site can be explained by sorting 
processes along the sedimentary trajectory of the alluvial fan. At times of increased influx of 
sediments, these elements become slightly enriched. The frequency in which this happens is 
rather high (Fig. 4.8), implying that sedimentation occurs as frequent pulses of detrital influx.

Al (as Si) is an important component in clay minerals, but is absent in quartz, which is the 
most dominant detrital mineral in the sediments of core LYH-1 (Fig. 4.2). The enrichment 
of Si can therefore be considered as an increased influx of coarser quartz particles (Clift et 
al., 2014). There exist a striking similarity with the coarsest grain size end-members (Fig. 
4.9). These end-members are strongly associated with relative energetic flooding (Facies 
2; chapter 3). The Si-enrichment is also compared to the Zr/Rb ratio (Fig. 4.9). This ratio 
has been used as primary grain size proxy in marine (Dypvik and Harris, 2001), lacustrine 
(Kylander et al., 2011), subaqueous deltaic (Wang et al., 2011) and exclusive eolian settings 
(Chen et al., 2006). Zr is related to heavy minerals (zircon) and is concentrated in the coarser 
silt fraction, while Rb resides in the finest silt and clay fraction. The stability and resistance 
of both elements makes them useful to reconstruct primary depositional signals (Dypvik and 
Harris, 2001). The Zr/Rb ratio is very similar to the Si-enrichment and the contribution of the 
coarsest grain size fraction (Fig. 4.9). Only at approximately 195 m, the two curves deviate, 
but this can be attributed to the very high carbonate content at this depth, which also results 
in a dramatic drop in Rb and Zr. Therefore, we are confident that the enrichment of Si can 
indeed be used as a proxy of relative energetic sedimentary conditions. It probably reflects 
progradation events of the alluvial fan system. When the fan is at a more distal position, 
ponding and soil formation could eventually result in increased clay content, which depletes 
the relative contribution of Si in the deposit. 

The down-core Al normalized enrichment of K, Ti, and Fe deviates strongly from Si. The 
relatively high similarity of Fe with K and Ti rules out the possibility that variation in Fe 
enrichment reflects authigenic changes in paleo-redox conditions. In addition, the non-
correlation with Mn (another redox sensitive element) (Table 4.3) also indicates that redox 
processes are insignificant. Fe and Ti could show a similar trend as a result of pedogenic 
alteration of the sediment, as both elements act conservative and remain in the soil profile, 
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Figure 4.9 - Depth variation of the lithofacies grain size end-member data and geochemical proxies of core LYH-1 
(see paragraph 5.2 for explanations and implications). Relative continuous carbonate rich layers are indicated in the 
core photo on the left side by yellow dashed lines. The two blue shaded areas indicate Unit 1 and 3. In the lower half 
of Unit 2 (at approximately 150 m), the iron content starts to increase (grey arrow), which represents increased influx 
of fine material.
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where other (mobile) elements are flushed out. However, the similar trend of Fe with K 
enrichment is not in agreement with such an explanation, because K is typically depleted 
in soils as chemical weathering proceeds (Clift et al., 2008; Bayon et al., 2012). If a strong 
degree of  pedogenic alteration would have played a significant role on the down-core pattern 
of the elemental composition in core LYH-1, a much stronger fractionation is expected. 
The high sedimentation rates (Table 4.2) on the alluvial fan and the generally low TOC 
values (Fig. 4.4) also indicate that soil formation is negligible. Fe and Ti also jointly reside 
in certain heavy minerals (e.g. ilmenite). But if this would explain the similar trends, then a 
stronger correlation with the Si-enrichments is also expected (now it is almost anti-phased). 
In addition, the Fe:Ti ratio in ilmenite is 1:1, while our data shows a ratio of 10:1, making 
ilmenite control negligible. We therefore conclude that concentrations of K, Ti and Fe are 
not diagenetically controlled or related to heavy and coarser-grained minerals, but must be 
considered indicators for fine clastic sediment influx (Haug et al., 2001; Kylander et al., 
2011).

4.5.3 Authigenic control on geochemistry

Carbonates
The most outstanding outcome of the geochemical analyses is the separation between 
elements associated with detrital influx and elements associated with authigenic processes, 
like Ca, Sr, Mn and S. Calcium can have both allogenic and authigenic sources (Cohen, 
2003), which is reflected in the weakly negative correlation with allochthonous elements 
(Table 4.3) and the contribution of calcite in Facies 1, 2 and 3 (Fig. 4.2a). Through leaching 
of Ca during pedogenesis, calcite nodules and horizons are often formed directly underneath 
paleosol layers. It can be assumed that Ca is eroded and deposited in the same way as 
elements from the detrital group. However, the very poor negative correlation to the other 
clastic elements (Table 4.3) points to a different genesis. Ca and Mn are (in contrast to Si, 
K, Ti and Fe) strongly enriched in core LYH-1 and rarely become depleted throughout the 
entire studied interval (Fig. 4.8). This suggests that authigenic alteration of the sediment 
plays an important role. Similar conclusions can be derived when comparing the carbonate 
content in the core with the CLP loess. The average bulk carbonate content in the CLP is 
about 10-15 wt% (Gallet et al., 1996; Li et al., 2007; Jeong et al., 2008; Jeong et al., 2011), 
but the sediments in core LYH-1 contain much higher values of up to almost 60 wt% at peak 
levels (chapter 3). They indicated that playa conditions are frequently occurring at the core 
site (Facies 4). Therefore, we conclude that the high carbonate content and the enrichment 
of Ca and Mn can be explained by (enhanced) evaporative concentration. The carbonates are 
predominantly formed in situ due to evaporative concentration, similar to characteristic distal 
alluvial fan palustrine carbonates (Alonso-Zarza, 2003).

According to the XRD analysis, the carbonates are composed of a combination of calcite 
and dolomite. The latter is abundant in the core sediments over the interval from ~180-90 
m. Although the exact origin of dolomite in (fluvio)lacustrine settings is unclear, a relative 
high salinity, high Mg/Ca ratios, high ionic strength solution promoted by evaporation, 
increased alkalinity and microbial mediation are all in favor of forming dolomite in modern 
environments (Armenteros, 2010). Increased precipitation of dolomite coincides with an 
increased abundance of the brine-shrimp Artemia sp. (chapter 3), which is an indicator 
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for increased salinity at times of deposition (Djamali et al., 2010) and suggests a link to 
increased evaporation rates. The type of dolomite in the core sediments provides evidence 
that the majority is formed as authigenic mineral. Figure 4.2b shows that the XRD plot has a 
diffraction at 30.78˚, which is generally considered as being representative for protodolomite 
and indicative for autochthonous precipitation of the mineral (Li et al., 2007; He et al., 2012). 
Ordered dolomite is characteristic for detrital origin and has a peak at 30.95˚ approximately. 
The Pleistocene loess of the CLP contains rounded detrital dolomite, originating from rock 
fragments and brought to the plateau by eolian transport (Li et al., 2007). This is in strong 
contrast to the underlying Red Clays at Duanjiapo and Bajiazui, which mainly contain 
authigenically formed protodolomite (He et al., 2012). During the Pliocene, a warmer climate 
and seasonally dry conditions led to the formation of calcrete from soil pore waters, thereby 
increasing the Mg/Ca ratio, which promoted the formation of protodolomite (He et al., 
2012). In palustrine records, dolomite is often associated with an increased aridity (Alonso-
Zarza, 2003). A similar model could be applicable to sediments in our study area and fits a 
playa setting with evaporation exceeding precipitation. In addition, this would imply that 
protodolomite at the core site is mainly brought about during warmer interglacial climates.

Several studies have made an attempt to reconstruct past salinity levels of lacustrine 
environments by using elemental geochemistry. Sr/Ca is widely used because at increased 
salinity levels, carbonate tend to incorporate more Sr in its crystal structure (Corrella et al., 
2013). Figure 4.9 shows that Sr/Ca increases over most greenish grey intervals (Facies 4), 
although there is a significant drop after approximately 90 m. This suggests that these playa 
deposits were relatively saline. The highest values are found in carbonate deposits of Unit 2 
(Fig. 4.9). This unit also contains a relatively high contribution of dolomite, confirming that 
dolomite represents increased salinity.

Pedogenic alteration of alluvium
Organic matter can give information on the maturity of the soils and loss on ignition data 
is usually a reliable index for organic matter in sediments (Boyle, 2004; Santisteban et al., 
2004). However, total organic carbon is very low and in most cases negligible (Fig. 4.4). 
This might seem surprising because wetlands usually have large accumulations of organic 
matter, as a result of emergent vegetation in combination with faunal variety (Richardson 
and Vepraskas, 2001). Currently the Luyang Wetland is dominated by small ponds, covered 
by macrophytes with in between a densely covered area of reeds and grasses, which should 
result in a reasonable amount of organic matter content. The low amount of organic matter 
is largely attributed to the sedimentary setting of the core. As it is located on an alluvial 
fan, detrital influx strongly dilutes the authigenic processes belonging to pedogenesis and 
aggradation of organic matter (Werner and Zedler, 2002). The higher the accumulation rate, 
the more immature the soils become (Daniels, 2003; Carter et al., 2009), which can explain 
the low organic matter in the study area, given the relative high sedimentation rates (Table 
4.2). In addition, the majority of sediment is delivered during glacial times, as a result of 
lowered retainment of the source material on the CLP (chapter 3). The lowered temperature 
and moisture levels will probably not result in extensive pedogenic alteration at times of 
alluvial fan aggradation. 

When climate gets wetter during interglacials, ponding will occur. Eroded organic matter 
from the catchment might have accumulated in the regularly appearing ponds, but as the core 
site is located in a subtle topographic depression at the distal area of an alluvial fan (Lin et 
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al., 2015), it is not capable of maintaining a deep stratified water body to preserve the organic 
matter that might have been accumulating. The Weihe Basin is characterized by a semi-arid 
climate with a strong seasonal contrast. This will have the effect that organic matter is hardly 
preserved (Alonso-Zarza, 2003). The slightly higher TOC levels in the lower part of the core 
might therefore be attributed to a slight increase in humidity. 

Most carbonate-rich layers have distinct greenish and orange mottling structures (chapter 3). 
These are the result of remobilization of iron due to changes in Eh in a poorly drained soil 
(Alonso-Zarza, 2003; Bedard-Haughn, 2011). It indicates fluctuating groundwater tables and 
resembles hydric soils. There is a noticeable correlation between peaks in gypsum content and 
presence of carbonate rich hydric soils. The core site can be considered as a discharge wetland 
with a relatively large influx of groundwater. According to Richardson and Vepraskas (2001), 
playas and lake basins represent the most common geomorphic setting for saline and wet 
soils and wetlands of dry climates. In case of sediments in core LYH-1, gypsum precipitation 
must be largely the result of pedogenic processes, in which evapotranspiration and capillary 
rise enables salts and carbonates to precipitate in the soil profile (Richardson and Vepraskas, 
2001). This is in line with the nature of the gypsum deposits, which generally do not form 
parallel to the bedding and are all interstitially formed (chapter 3). A strong seasonality with 
sufficient influx of sulfate and calcium during the wet season and evaporation during the dry 
season promotes gypsum formation in the soil profile.

4.6 Discussion

4.6.1 Climatic and tectonic control on carbonate formation
The allogenic deposits of core LYH-1 are interrupted by rather massive carbonate layers . 
The paleo-environmental interpretations of such deposits dependent on the dynamic interplay 
between surface runoff, source lithology and periods of sub-aerial exposure (Alonso-Zarza, 
2003), which is ultimately controlled by tectonics and climate. Tectonism is responsible for 
the accommodation space for sediments at the core site (chapter 5). 

Nevertheless, the cyclic deposition of relative massive and continuous carbonate layers suggest 
a prominent climatic forcing (Dupont-Nivet et al., 2007). There are several relative continuous 
layers of carbonate deposits in the core sediment. These are found at 42-47 m, 57-61.5 m, 88-
91.5 m, 102-113.5 m, 120-134 m, 143-145 m, 158-166 m, 179-185 m, 191-195 m (Fig. 4.9). 
Two of these layers are well dated by paleomagnetism and are correlated to interglacial times. 
The glacial-interglacial cyclicity in the Weihe Basin is controlled by variations in the strength 
of the East Asian Monsoon, composed of a continental winter monsoon and a wet summer 
monsoon (EASM). The EASM is on average more powerful during interglacial climates 
(Wang et al., 2008). The increased orographic precipitation results in increased influx of 
dissolved chemical components. The decreased slope gradient causes the groundwater table 
to rise above the surface to create the ponding and associated aquatic fauna. However, the 
flattened topography and strong seasonality will prevent the formation of deep lakes and 
promotes the precipitation of large amounts of palustrine carbonates. The flux of water during 
the wet season, either overland or through groundwater recharge, brings the required cations 
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and anions to form carbonates under enhanced evaporative concentration. A low floodplain 
aggradation of mainly fine clastic material is ideal for the development of massive palustrine 
carbonate bodies, because a large clastic influx would ultimately disperse the formation of 
carbonate (Armenteros and Huerta, 2006). Ca only becomes diluted compared the source 
loess on the CLP when elements associated to terrigenous influx become enriched (Fig. 4.9). 
The sedimentary model for core LYH-1 (chapter 3) explains that during interglacial times 
the soil formation on the CLP will prevent large-scale erosion of loess deposits. A decreased 
influence of detrital influx in the form of sheet flooding allows more time for (palustrine) 
carbonates to develop. The massive carbonate layers are therefore likely representative for 
interglacial periods when warm and wet period prolonged for longer times.

When the EASM is less powerful during glacial times, the source area becomes more 
vulnerable for erosion, because vegetation cover is diminished. During these times, the 
alluvial fan becomes more active and progradation towards the core site takes place. This 
results in increased terrigenous influx, which is reflected in relative higher concentrations 
of elements belonging to the detrital group. In addition, the cooler climate does not generate 
enough seasonal contrast for thick evaporate layers to form.

4.6.2 Sedimentological trends in response to tectonic activity 
and large-scale climate change
The top 221 m of core LYH-1 is subdivided into three units based on micro-paleontology 
analysis, sedimentary features and detailed grain size analysis (chapter 3). Unit 1 (0-330 
ka) and Unit 3 (690-1000 ka) are relatively wet with abundant flora and fauna remains and 
frequent flooding. During most of Unit 2 (330-690 ka), the setting appears more terrestrial 
with interruptions of highly saline playa lakes. In the next section an attempt is made to 
explain the geochemical depth variation over the different units.

Unit 3 (690-1000 ka)
During this interval, the core site is mainly relatively wet and often covered with ponds. An 
abundant and diverse aquatic fauna prevails over this period during ponding conditions. The 
chemical record shows distinct peaks in the enrichment of silicon (linked to quartz content) 
and Zr/Rb (Fig. 4.9). This indicates that the study area is frequently inundated by the alluvial 
fan system, because chapter 3 has indicated that fluvial influence on the sedimentation is 
relative extensive compared to eolian sedimentation. Given the high frequency of the peaks, 
the fan must have been relatively active with several large progradation cycles. The influx 
of clay material is relatively low, but also shows distinct peaks (the most extensive are at 
210 and 185 m; Fig. 4.9). These could be deposited at times of low energetic influx when 
either the alluvial fan retreated (not capable to reach the core site) and/or when ponding 
became relative extensive so that only fine material could reach the core site. The ponds 
in the wetland can be regarded as brackish, because minor peaks in Sr/Ca can be observed 
parallel to the Ca/Si peaks. An increased precipitation of gypsum in the soil profile (mirrored 
by the peaks in LOI330) is probably created by capillary rise under shallow groundwater 
conditions and strong seasonal changes in temperature.
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Unit 2 (330-690 ka)
During this interval, the core site is characterized by relatively drier conditions, interrupted 
by hypersaline lakes. The number of floral and faunal elements decreased significantly and 
only the brine shrimp prevailed (chapter 3). These high salinity levels are reflected in the Sr/
Ca ratio, which show distinct peaks in this interval. The extensive precipitation of dolomite 
at the beginning of the interval also indicates widespread arid conditions. 

According to the relative enrichment of Si and the Zr/Rb ratio, there was a major flood at 145 
m. Over the remaining part of this interval, the peaks have a distinctly lower amplitude, which 
could indicate that the alluvial fan is less active. Another indicator for lowered inundation 
by the fan system is the sudden drop in LOI330 curve, which occurred at the same depth as 
the major flood at 145 m. Apparently, the increased runoff was responsible for the required 
sulphate influx to form the large gypsum deposits in the lowest interval. We suggest that the 
transition from Unit 3 to Unit 2 is diminished tectonic activity. 

In contrast to influx of relatively coarse sediments, the clay content (as reflected by Fe 
enrichment) shows a clear trend towards more influx (Fig. 4.9). The increasing trend in clay 
influx, roughly coincides with increased monsoonal strength, which is observed on the CLP 
(An et al., 2005; Sun et al., 2010; Hao et al., 2012) as well as within the Weihe Basin itself 
(Guo et al., 1998; Balsam et al., 2004; Sun, 2005; Bloemendal et al., 2008). The warmer and 
wetter interglacial climates could results in increased authigenic clay formation due to soil 
forming processes in the CLP, resulting in a larger clay influx on the fan system. At the same 
time, due to a decreased tectonic subsidence in the northern Weihe Basin the wetland filled-up 
and became more terrestrial during this interval (chapters 3, 5). However, in such a scenario 
coarser alluvial deposits are expected due to the resulting fan progradation, whereas we note 
an increase in clay influx. This contradiction can potentially be explained by the change in 
the composition of the sediment influx on the fan. Alternatively, the fan can have been largely 
by-passed, resulting in only the deposition of the finest fraction on the fan surface. A second 
alternative explanation is the repositioning of the main alluvial fan channels in response to 
the internal sedimentary dynamics of the fan system. Either way, the relatively increased 
influx of clay material seems to follow an increased strength of the EASM.

Unit 1 (0-330 ka)
Given the reoccurrence of the large amounts of ostracods and molluscs, over the uppermost 
90 m (0-330 ka), ponding became more extensive and brackish compared to the middle 
interval, while at the same time the sedimentation rate increased rapidly over this interval 
(Table 4.2) (chapter 3).

According to our geochemical record, there is a renewed influx of coarse material from 60 
m to the top of the core. The reoccurrence of coarse influx can be dedicated to a stronger 
activity on the alluvial fan system. This eventually flushed the depositional system again, 
making the core site less saline. In response to the decreasing salinity levels, the Sr/Ca ratio 
falls drastically and does not peak anymore. The increased sedimentation rate at the top 
of this interval might also have contributed to lowered salinity levels. The influx of fine 
material remains relatively high. In fact, the steepest peaks of Fe-enrichment are in unit 1, 
at 70 and 55 m-depth respectively. That the influx of fine material remained high indicates 
that clay production in the source area (the CLP) remains of significant importance and that 
monsoonal strength remained high as well, which is in line with other climate records in the 
basin (e.g. Balsam et al., 2004; Sun, 2005; Bloemendal et al., 2008).
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In addition to the distinct variation between detrital and carbonate layers, which is attributed 
to glacial-interglacial climate change, geochemical composition also records important 
changes in tectonic activity. Unit 1 and 3 are characterized by increased relative enrichment 
of Si and higher Zr/Rb ratios, which indicate intense flood deposits. These deposits 
are strongly reduced over unit 2, while the precipitation of dolomite and Sr/Ca ratio are 
increased. This is explained by decreased tectonic subsidence at the core site. The alluvial fan 
system progradates further due to diminished vertical offset, which flattened the topography. 
Fluvial transport is insufficient to transport coarser sediment, while precipitation of extensive 
carbonate beds could intensify, leading to higher salinity levels.

as presented here shows that it is able to record both local and regional changes related 
to different characteristics over the differente units. In previous work the tripartition 
is attributed to Increased rates of subsidence can be a seen as the primary cause for the 
reoccurrenceoccurrence of relatively energetic floods as represented by the relative 
enrichment of Si and the Zr/Rb ratio. In the next chapter, it is shown that incision of the Luo 
River in the northern Weihe Basin is triggered by increased tectonic offset. The timing of this 
event coincides with the transition between unit 2 and 1.

4.7 Conclusions
The thick Weihe Graben sedimentary infill records in great detail the temporary and spatial 
environmental development. This study uses mineralogical, loss-on-ignition, organic 
carbon and XRF element geochemistry data in order to obtain a better understanding of past 
sedimentary conditions over the past 1 Myr on a distal alluvial fan setting in the northern 
Weihe Basin. Our findings offer new insights in the combined forcing of tectonics and 
climate change on the sedimentary evolution of this site. It therefore provides a valuable 
advantages over records from the nearby Chinese Loess Plateau, which mainly records 
glacial-interglacial variability.  

A calibration of the XRF core scanner data with conventional XRF methods showed that 
the major elements: Al, Si, K, Ca, Ti, Mn and Fe, as well as S, Sr and Zr were adequately 
measured by the core scanner. Enrichment of Si mainly reflects relative quartz content and 
is related to coarse influx, associated with progradation of the alluvial fan system. K, Ti and 
Fe enrichment largely reflects the influx of clays, whereas Ca and Mn enrichment is strongly 
associated to evaporative concentration.

The constant influx and relatively high sedimentation rates determines for a great part the 
chemical variation in core LYH-1. The most important authigenic process is the evaporative 
concentration of ions. For this reason, the sediments in the core can be broadly divided in two 
dominant clusters, belonging to either detrital influx or authigenic precipitation of various 
minerals (mainly carbonates). The cyclicity between the two clusters is mainly climatically 
controlled. Large deposits of carbonates coincide with interglacial times when erosion of 
the CLP is diminished and an increased summer monsoon results in sufficient influx of the 
required ions. During glacials, a stronger progradation of the alluvial fan results in increased 
allogenic influx, which dilutes the precipitation of evaporites.



80

G
eo

ch
em

ic
al

 c
ha

ra
ct

er
iz

at
io

n 
of

 th
e 

M
id

dl
e 

an
d 

La
te

 P
le

is
to

ce
ne

 a
llu

vi
al

 fa
n-

do
m

in
at

ed
 in

fil
l o

f t
he

 W
ei

he
 B

as
in

On a larger scale, the geochemical depth record is controlled by the complex interaction of 
climate change and tectonically induced subsidence. Most of the floods are recorded in the 
lowest (145-221 m) and uppermost (0-60 m) units of the core and indicates progradation 
events of the alluvial fan system. The relative dry middle unit is well reflected by high Sr/
Ca ratios and precipitation of dolomite. In decreased floods are likely the result of lowered 
tectonic subsidence. The influx of clay material increases significantly at times of increased 
summer monsoon precipitation (~600 ka), which suggest a genetic relation. It is likely that 
clay production in the source increased due to increased pedogenesis in response to a warmer 
and wetter climate.
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