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Abstract 

The identification of the Shandong loess provenance adjacent to the floodplain of the Yellow River external the 
Loess Plateau is very important for revealing the path of dust accumulation and paleoenvironment, which has 
aroused widespread concern. In this study, the clay-size(< 5μm) minerals and major elements composition of bulk 
samples and of two grain-size fractions (< 20μm and 20~63μm) were analyzed in order to determine the 
provenance of the LongQiaoCun(LQC) loess in the Central Shandong based on comparisons with loess from the 
Chinese Loess Plateau and with Yellow River sediments. Statistical analysis of the sedimentary clay-size minerals 
reveals that LQC loess deposits in the Central Shandong adjacent to the floodplain of the Yellow River were not 
blown directly from the northern deserts as is the case of loess deposits in the Chinese Loess Plateau. and the 
Yellow River sediments may be related to erosion from the Loess Plateau. The difference in relatively immobile 
major element ratios of TiO2 /Al 2O3 and K 2O/Al 2O3 of the < 20μm and 20 ~ 63μm fractions affirm that 
sediments exposed during glacial periods in the North China fluvial plain, including the floodplain of Yellow River, 
were the major dust source as the statistical analysis of the sedimentary clay-size minerals has concluded. 

Keywords: Loess Provenance, LQC Loess, Yellow River Sediments, Chinese Loess Plateau, Geochemistry, Clay-
size minerals 

 

1. Introduction 

The identification of aeolian dust sources is important for 
understanding the environmental conditions (Tsoar and Pye, 
1987; Sun et al., 2013; Israel et al., 2015). There has recently 
been increasing interest in tracing the sources of loess deposits 
using different methods, such as major element( Hao et al., 
2010;Yang et al., 2010;Qiao et al., 2011 , 2014; Zhang et al., 
2012a;Zhang et al., 2012b ; Peng et al., 2016), trace element 
( Hao et al., 2010；Qiao et al., 2011; Zhang et al., 2012b ), 
REE (Qiao et al., 2011; Zhang et al., 2012b, Song et al., 2012 ) 

                                                 
*Corresponding Authors: 
 dingmintsjy@163.com; shuzhenpeng@sohu.com 

and isotope ( Yang et al., 2010，Zhang et al., 2012b )..Most 
of those studies depend on the variation of ratios of different 
elements and isotopes and develop some very useful index 
for tracing the source of loess deposits(Hao et al., 2010；Qiao 
et al., 2011; Zhang et al., 2012b; Peng et al., 2016）.However, 
clay minerals have been widely used to ascertain Sea 
sediments and fluvial deposits different sources and transport 
paths(Liu et al.,2010, Wang et al.,2015 ) and used to reveal 
paleoclimatic changes as weathering index adjacent to the 
floodplain of the Yellow River , It is scarcely utilized to trace 
the sources of loess deposits in the central Shandong , northern 
China, there are not statistic methods to tracing the source of 
loess deposits, either. 
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Here, based on clay-size minerals analysis, we use 
principal components analysis to discuss the possible for 
tracing the source of loess deposits in central Shandong 
Province adjacent to the floodplain of the Yellow River. At 
the same time, the relative reliable and two grain-size fractions 
Tracer indexes (K2O/Al2O3 and TiO2/Al2O3 ratios) are used to 
verify. 

2. Materials and methods  

2.1 Materials 

The study area is located at the central Shandong Mountains 
of North China Plain (Fig.1)，it is covered with the alluvial 
flood plain only along the Yellow River, the rest mostly 
consists of the hills and low mountains, elevating between 200 
m and 1545 m. The region has a warm temperate and semi-

humid monsoon climate with distinct season, prevailing 

northwesterly wind in winter and southeasterly wind in 

summer, respectively. Annual temperature and precipitation 
are about average 12.6-14.5 °C and 615.3-793.9 mm (Peng et 
al., 2016). Thick loess deposits in central Shandong Mountains 
mainly spread in the east-west direction along the northern 
piedmont regions of the central Shandong Mountains. 

LQC loess Profile (36º18N, 116º 23E) lies at the second 
Yellow River terraces of Pingyin county, 2 km distance from 
the Yellow River(Fig.1). The thickness is about 7.8m,Its Pedo-
sedimentary descriptions as follows: Top soils(0~20 cm), pale 
orange(7.5YR6/4),silt, lump structure, friable; Paleosol 
S0(20~280cm), brown red (7.5yr5/3), prismatic structure, 
relatively firm, carbonate mycelium found in the soil; Malan 
loess L1(280~780cm), Pale yellow(7.5yr7/4), silt, massive 
structure, very friable, some fine sand and Large(2~10 cm) 
CaCO3 concretions and snail shell found in the lower 
part(700cm~780 cm), no bottom. In this study, we selected 5 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1 Location map showing loess distribution in China and the location of the sites mentioned. (a) 

Distribution map of loess in China and the Chinese Loess Pleatue, (b) the Shandong loess 
distribution in the lower reaches of the Yellow River and the sampling sites ( LQC section). 

(a) 

(b) 
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samples of L1, which are weak in the Quaternary period, as the 
research object. 

The eolian sediments in northwest inland and sediments 
of the Yellow River both are LQC loess potential provenance. 
Xifeng Chenjiazhuang section (XF,35º53'N, 107º58'E) located 
at the central Loess Plateau of Qingyang is a typical 
representative of northwest eolian sediments, is the results that 
the northwest desert, Gobi and other places of dust 
accumulation mixed, we select 6 samples of the L1 horizon as 
the approximate northwest dust composition. where annual 
mean temperature is 9.2C. The annual precipitation is about 
527.6 mm (Peng et al., 2016).4 Yellow River sediments nearby 
Pingyin bridge (36º10'N, 116º20'E）are sampled to compare 
with the LQC Loess. 

2.2 methods 

2.2.1 geochemical analysis 

The elements samples are divided into < 20μm and 20 ~ 63μm 
two components to trace the source. Fine grained components 
of the < 20μm can move suspended below 5 km high Over a 
long distance (Hao et al., 2010; Qiao et al., 2011; Peng et al., 
2016), So, Fine grained components of the < 20 μm are most 
likely to achieve the LQC in Shandong province from the 
plateau and further northwest. Element ratios of < 20 μm 
obviously advantage in source tracer (Hao et al., 2010; Qiao et 
al., 2011). Coarse grained components of 20~ 63μm mainly 
represents the adjacent composition. All in all, the elements 
ratios graded can be ignored granularity separation effect on 
the results (Hao et al., 2010). 

Major element abundances of bulk and grain-sized were 
determined using a Panalytical AXIOS XRF spectrometer in 
the Institute of Geology and Geophysics, Chinese Academy of 
Sciences. To remove organic carbon and carbonate, all bulk 
samples of LQC and the about 25g samples used by grain-size 
fraction were pretreated with 30% H2O2 and 1 MOL/L acetic 
acid, respectively. Then, the samples used by grain-size 
fraction were infunded 10 ml 0.05 MOL/L (NaPO3)6 for 
ultrasonic cleaning, Grained components with a 62.5μm sieve 
removing >63μm components were shifted into a 
sedimentation cylinder, according to stokes law separation, the 
< 20μm component and 20 ~ 63μm component were obtained. 
All major element percentages were converted to oxide 
percentages. Analytical uncertainties are ±2% for all major 
elements except P2O5 and MnO (up to ±5%).The geochemical 
data of 6 XF samples from the Loess Plateau and the 3 
floodplain samples were cited for earlier work (Peng et al., 
2016). 

2.2.2 clay-size minerals measurement and 

minerals identification 

Clay minerals were measured by X-ray diffraction (XRD) on 
oriented mounts of clay-sized particles (<5 m). All samples 
analyzed for clay minerals were disaggregated in deionized 
water and treated with 30% H2O2 and 1 mol/L HAC to remove 
organic materials and carbonate. The particles less than 5 m 
are then subject to pipetting based on Stokes' law. Oriented 
specimens were prepared on glass slides by the pipette method 
at room temperature.  

XRD Analysis was carried out using a PANalytical 
XPert PRO X-ray Diffractometer with CuK radiation, 
operating at 40 kV, 40 mA at Key Laboratory of Tourism and 
Resources Environment in Universities of Shandong, Taishan 
university, China. Slides were scanned from 3 to 282 with a 
step size of 0.01672 and a scan speed of 0.0711/s under the 
air-dried, ethylene-glycol and glycerol saturated conditions for 
Mg-saturated samples, and the heated to 400C and 550C 
conditions for K-saturated samples.  

Identification of clay minerals was made mainly 
according to the position of the (001) series of basal 
reflections on the Multiple XRD diagrams in above-mentioned 
five different states (Moore and Reynolds, 1989) using the 
Macintosh program MacDiff (version 4.2.5) (Petschick, 2000). 
Curves almost under all test conditions have the same peaks: 
1.41、1.0、0.71、0.5、0.47、0.354、0.334 、0.324 and 
0.318nm(Fig. 2).  

Illite can be defined as a clay-size material that exhibits a 
rational series of reflections with ad 001 spacing of about 1.0 
nm that does not change in ethylene glycol or glycerol 
saturation or after heating to 400 and 550 °C (Fig. 2) 1.0 nm 
and 0.5 nm peak are respectively (001) and (002) illite 
diffraction peak, and 0.334 nm peak should be superposition 
of diffraction peak of illite (003) and quartz (101). 
According to the diffraction database, chlorite (001) series of 
diffraction peak position, were 1.41, 0.71, 0.47, 0.354 nm in 
turn (Zhang et al., 2014, 2016). As Figure 2 shows, compared 
with the air-dried(Mg-saturated) curve, diffraction peak 
position of 1.41 nm peak in ethylene glycol saturation changed 
weakly, but the intensity is decreased significantly, and 0.71, 
0.47, 0.71 nm peak position basically remain unchanged either, 
these features suggest chlorite contained. The diffraction 
characteristics of the 0.71 and 0.354 nm peak mean that the 
samples contained kaolinite in addition to chlorite, especially 
K saturated samples of 0.71 nm when heating to 400ºC 
diffraction peak intensity is abate, the diffraction peak 
disappear after heating to 550 ºC, it is the diffraction 
characteristics of kaolinite. Although heating method cannot  
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Fig.2 Multiple X-ray diffractograms of typical samples with identification and interpretation 

of clay-sized fractions(<5μm). (a)and (b) LQC loess samples from the CSM, (c) XF sample 
from the CLP, (d) the YRS in the lower reaches of the Yellow River. 
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accurately identify kaolinite (Moore and Reynolds, 1989), 

but you can see a low 0.358 nm peak near by the 0.354 nm 
peak, we can accurately infer that ti is diffraction peak of 
kaolinite. Therefore, 0.71 nm peak is kaolinite (001) and 
chlorite (002) diffraction peak, while the peak near 0.354 nm 
is kaolinite (002) and chlorite (004) diffraction peak. 

Similarly, compared with the air-dried curve (Mg-AD), 
the ethylene glycoled curves have a new peak at 1.75 nm (Fig. 
2 Mg-EG and Mg-G). After saturated with glycerol (G), 1.75 
nm peak moves to around 1.8 nm. Although, vermiculite of 
1.41 nm peak glyceroled also can move to a low Angle, the 
diffraction peak appears nearly 1.45 nm peak (Moore and 
Reynolds, 1989). this implies the occurrence of irregular 
mixed-layers of illite (I/S, R = 0) or smectite (Fig.2) not 
vermiculite. 

Based on the above identifications, the clay-size minerals 
in the samples are illite, chlorite, I/S(R = 0) or smectite. Semi-
quantitative estimates of peak areas of the basal reflections for 
the main clay mineral groups of I/S (R = 0) and smectite (1.75 
nm), illite (1.0 nm), and chlorite (0.71 nm) were carried out on 
the EG curve using the MacDiff software (Petschick, 2000). 
The weighting factors introduced by Biscaye (Biscaye,1965) 
are used for each clay mineral. Additionally, other minerals 
were identified based on the following peaks: quartz, 0.334 
nm, feldspars, 0.324, plagioclase, 0.318 nm (Fig.2). Semi 
quantitative mineral calculation by no internal standard 
percentage method of Biscaye (Biscaye,1965). Semi 
quantitative calculation formula is as follows: 

Total-area ＝ Sm-area(001) ＋ I-area(001)×4 ＋ [Kao-
area(001)＋Ch-area(002)]×2+Q-area(100) +K-area+P- area  

                Sm％＝Sm-area(001)/Total-area； 
                I％＝4×I-area(001)/Total-area； 
                Kao％＝2×Kao-area(001)/Total-area； 
                Ch％＝2×Ch-area(002)/Total-area;  

Q％＝Q-area(100)/Total-area； 
K％＝K-area/Total-area； 
P％＝P-area/Total-area。 

In the formula ， Sm － smectite ， I － illite ， Kao －

kaolinite ， Ch － chlorite ， Q － quartz （ 100 ） ， K －

feldspars，P－plagioclase. 

2.2.3 Statistical analysis 

Principal component analysis (PCA) statistical 
multivariate descriptive technique was used to explore the 
relationship between potential sources and loess. PCA is 
designed to transform the original variable into new, 
uncorrelated variables (axes), called the principal components. 

Principal components are weighted linear combinations of the 
original variables. This technique provides information on the 
most meaningful parameters that describe an entire data set, 
reducing data with minimum loss of original information 
(Helena et al. 2000). 

PCA was carried out using CANOCO4.5 (Braak and 
Šmilauer, 2002). The parameters used for the PCA included 
the all major elements from fine and coarse loess and potential 
source sediment samples. 

3.  Results and analysis 

3.1 major elements and chemical weathering 

Mean major element data of bulk samples of loess from LQC, 
XF and sediments from Yellow River are compared (Table1). 
The weathering stage was determined by Al2O3-CaO+Na2O-
K2O triangular diagram (Nesbitt et al., 1980) (Fig.3). The 
parallel of distribution of LQC, XF and YR samples to 
CaO+Na2O axis indicates that these samples have been only 
experienced weathering of the early Na and Ca removal stage, 
and element K etc. remained unchanged during the post-
depositional weathering. Chemical index of alteration (CIA, 
CIA=Al2O3/ (Al2O3+CaO* +Na2O+K2O)  100, in molecular 
proportions, CaO* is the amount of CaO in the silicate 
minerals), widely used the chemical of terrestrial sediments 
(Nesbitt and Young, 1982), is also calculated. The CIA values 
of LQC loess deposits range from 57.3 to 60.9 (average 59.3). 
The CIA values of the XF loess samples from the CLP ranges 
from 60.2 to 61.2 (average 60.8). The CIA values of the YR 
sediments ranges from 57.4 to 68.5 (average 61.3). The CIA 
nearly equal shows that LQC, XF and YR samples is in the 
roughly same stage of chemical weathering degree, and reveal 
the same result as Al2O3-CaO+Na2O-K2O triangle. 

Table2 shows that the major element data of the 20 m 
fraction of sediments from LQC, XF and YR. The trace index 
plot shows obviously three different fields of compositions 
(Fig.4a). The 20 m fractions from XF loess samples (CLP) 
distribute in a restricted field with high K2O/Al2O3 ratios 
(from 0.204 to 0.210 and average to 0.207) and low TiO2/ 
Al2O3 ratios (from 0.059 to 0.061 and average to 0.06) (Peng 
et al., 2016). Those from LQC distribute in another field with 
Low K2O/Al2O3 ratios (from 0.187 to 0.195 and average to 
0.191) and high TiO2/ Al2O3 ratios (from 0.062 to 0.072 and 
average to 0.067), and those of YR sediments also in a 
restricted field between those of CLP and CSM samples 
(Fig.4a). 

Table 3 shows that the major element data of the 20~63 
m fraction of sediments from LQC, XF and YR. The trace 
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index plot shows that the 20~63 fraction of sediments from 
CSM, CLP and SYR lies in two separated field (Fig. 4b). The 
20~63 um fractions from XF loess samples (CLP) distribute in 
a restricted field with low K2O/Al2O3 ratios (from 0.207 to 
0.210 and average to 0.209) and TiO2/Al2O3 ratios (from 
0.072 to 0.082 and average 0.077), The 20~63 um fractions of 
sediments from LQC and YR distribute in another wide filed 
with overall both high K2O/Al2O3 ratios (from 0.208 to 0.225 
and average to 0.213) and TiO2/ Al2O3 ratios (from 0.083 to 
0.103, and average to 0.092) (Fig. 4b). 

 

Table1: Mean concentrations (wt %) of major elements in the 
bulk deposits from the loess deposits in the LQC and the CLP, 
and from the YRS in the lower reaches of the Yellow River. 

 
 

Table2: Mean concentrations (wt %) of major elements in the 
<20 m fraction from the loess deposits in the LQC and the 
CLP, and from the YRS in the lower reaches of the Yellow 

River. 
<20 m Long Qiao Loess Xi Feng Loess Yellow River Deposits 

  (n = 5) (n = 6) (n=3) 
SiO2  62.26±2.24 61.03 ± 0.70 61.65 ± 1.14 
Al2O3  17.85±0.62 17.47 ± 0.26 16.78 ± 0.44 
Fe2O3  7.31±0.25 7.58 ± 0.19 7.36 ± 0.48 
MnO 0.07±0.01 0.13 ± <0.01 0.08 ± <0.01 
MgO 3.35±0.11 3.68 ± 0.09 3.80 ± 0.14 
CaO 3.39±2.71 3.98 ± 1.02 4.39 ± 1.13 
K2O 3.11±0.13 3.34 ± 0.06 3.08 ± 0.04 
Na2O 1.47±0.15 1.53 ± 0.05 1.55 ± 0.14 
TiO2  0.94±0.14 0.81 ± 0.01 0.84 ± 0.03 
P2O5  0.26±0.10 0.45 ± 0.11 0.47 ± 0.11 
Total 100 100 100 
CIA 58.5±5.6 56.8 ± 3.45 54.9 ± 3.42 

 

 

Table3: Mean concentrations (wt %) of major elements in the 

20~63 m fraction from the loess deposits in the LQC 

and the CLP, and from the YRS in the lower reaches of 

the Yellow River. 

20~63m Long Qiao Loess Xi Feng Loess Yellow River Deposits 
  (n = 5) (n = 6) (n=3) 

SiO2  79.82±3.03 72.92 ± 0.80 74.54 ± 1.25 
Al2O3  9.36±1.02 11.10 ± 0.19 10.58 ± 0.27 
Fe2O3  2.26±0.62 3.55 ± 0.11 3.25 ± 0.32 
MnO 0.04±0.01 0.06 ± <0.01 0.05 ± 0.01 
MgO 0.98±0.40 1.95 ± 0.06 1.74 ± 0.14 
CaO 2.46±0.92 5.12 ± 0.56 4.57 ± 0.48 
K2O 1.87±0.10 2.14 ± 0.05 2.08 ± 0.03 
Na2O 2.410.12 2.33 ± 0.02 2.30 ± 0.04 
TiO2  0.7±0.05 0.67 ± 0.02 0.71 ± 0.06 
P2O5  0.09±0.04 0.17 ± 0.01 0.17 ± 0.01 
Total 100 100 100 
CIA 47.4±2.9 41.8±1.9 42.5±0.9 

    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig.3 A-CN-K (Al2O3-(CaO*+Na2O)-K2O) diagrams of 
the LQC, SYR and CLP samples. (Sm, smectite; ILL, 
illite; Ksp, potassium feldspar; Pl, plagioclase. CaO* 
is the amount of CaO incorporated in the silicate 
fraction of the samples). 

 
 
 
 

Bulk Long Qiao Loess Xi Feng Loess Yellow River Deposits 
  (n = 5) (n = 6) (n=3) 

SiO2  76.69±1.78 71.37 ± 0.31 74.50 ± 3.33 
Al2O3  12.02±0.67 13.96 ± 0.16 12.60 ± 1.57 
Fe2O3  3.55±0.48 5.20 ± 0.10 4.26 ± 1.11 
MnO 0.05±0.01 0.07 ± <0.01 0.05 ± 0.01 
MgO 1.36±0.30 2.28 ± 0.04 1.84 ± 0.46 
CaO 1.23±0.17 1.47 ± 0.05 1.27 ± 0.07 
K2O 2.34±0.11 2.66 ± 0.04 2.43 ± 0.20 
Na2O 2.14±0.23 2.10 ± 0.01 2.20 ± 0.24 
TiO2  0.57±0.08 0.74 ± 0.01 0.70 ± 0.12 
P2O5  0.08±0.03 0.16 ± <0.01 0.15 ± 0.03 
Total 100 100 100 
CIA 59.3±1.8 60.8 ± 0.37 61.5 ± 6.25 
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Fig.4 Plot of the K2O/Al2O3 vs. TiO2/Al2O3 of the size 
fractions from the loess deposits in the LQC and the 
CLP, and from the Yellow River sediments in the 
lower reaches of the Yellow River. 

3.2 clay-grade mineral composition and PCA 

result of clay-minerals 

The clay-size minerals from LQC, XF and YR as table 4 
shows. PCA of clay minerals calculated a total of 4 PCA axis 
which explain 100% of the variance with the data. The two 
main axis of PCA account for more than 94.4% of the total 
variance of the data set for all sampling dates(table5).  

Axes 1 and 2 of a PCA of the environmental variables are 
shown in Figure 5. The most dominant component is axis1 
representing a variance of 71.6% of the data. Almost all clay 
minerals are associated in this component, with strong, 
positive loadings from Smectite. In relation to these, axis1 also 
displays a negative related association of Illite, Chlorite, 
Plagioclase. The second dominant component is axes2 
accounts for 22.8% of the data and represents positive 
association of Kaolinite, Quartz and Feldspar. 

We calculated component or loading score, which are a 
linear combination of the individual samples data and the 
component loadings, for each individual sample from different 
sites. The basic rule is, the higher the concentration of clay 
mineral that also has a high loading in particular, the higher 
the score will be (Scull and Schaetzl,2011). The component 
score distribution will help to identify different group. Figure 
5 shows the distribution of all samples in two main axis plots. 
The distribution in the plot reveals that three distinct sample 
groups. The LQC subsamples comprise one group with 
relative high concentration of Kaolinite, Feldspar, Smectite 
and Quartz and relative low concentration of Illite, Chlorite; 
The XF samples comprise another group with relative high 
Illite, Chlorite, Plagioclase and relative low concentration of 
Kaolinite, Feldspar, Quartz and Smectite; and the YR 
subsamples comprise a third group with relative high 
concentration of Smectite and relative low concentration of 
Illite, Chlorite, Plagioclase, Kaolinite, Feldspar and Quartz. 

 
Table4. Mean concentrations (wt %) of minerals obtained 
from the <5μm fraction deposits from the LQC loess deposits 
in the CSM and the CLP, and from the YRS in the lower 
reaches of the Yellow River. 
 
Sample Smectite Illite Kaolinite Chlorite  Quartz Feldspar Plagioclase 

 Long Qiao Loess 

LQC10 5.7  44.3  13.0  15.2   19.2  0.6  2.1  

LQC20 5.9  46.2  11.1  14.4   19.8  0.9  1.6  

LQC30 7.9  44.1  12.8  14.6   18.6  0.5  1.5  

LQC40 3.9  44.7  11.8  17.5   19.7  0.7  1.6  

LQC60 3.7  43.5  13.3  12.9   23.2  1.1  2.2  

average 5.4  44.6  12.4  14.9   20.1  0.8  1.8  

 Xi Feng Loess 

XF22 1.9  50.4  6.4  18.1   20.1  0.6  2.5  

XF24 2.3  54.0  7.6  16.4   17.7  0.4  1.7  

XF26 2.6  52.4  7.2  16.0   19.3  0.5  2.0  

XF28 2.7  51.6  7.4  16.2   19.6  0.4  2.1  

XF30 2.6  51.8  7.1  15.7   19.9  0.7  2.3  

XF32 2.1  54.0  6.9  15.5   18.9  0.4  2.2  

average 2.4  52.4  7.1  16.3   19.2  0.5  2.1  

 Yellow River Deposits 

HHN1 18.8  43.5  8.8  12.0   15.2  0.5  1.3  

HHN2 11.2  44.5  7.7  16.2   18.2  0.4  1.8  

HHXS3 14.9  43.3  8.1  13.6   17.3  0.6  2.3  

HHCS4 10.4  46.5  8.2  14.4   18.4  0.5  1.6  

average 13.8  44.5  8.2  14.0   17.3  0.5  1.7  
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Table5: Loadings of  clay-sized minerals on four significant 
principal components for samples from the LQC loess 
deposits in the CSM and the CLP, and from the YRS in the 
lower reaches of the Yellow River. 

Sample PC1 PC2 PC3 PC4 

Smectite 0.951  -0.309  -0.012  0.007  

Illite -0.870  -0.472  -0.133  -0.045  

Kaolinite 0.339  0.886  -0.201  -0.246  

Chlorite -0.695  -0.024  0.686  -0.212  

Quartz -0.502  0.721  -0.016  0.475  

feldspar 0.092  0.742  -0.186  0.405  

plagioclase -0.513  0.040  0.147  0.598  

Variance(%) 71.6  22.8 3.8  1.8 

Cumulative 
variance(%) 

71.6 94.4 98.2 100 

      
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig.5 Principal component analysis of the minerals data 
obtained from clay-sized fractions(<5μm) from the LQC 
loess deposits in the CSM and the CLP, and from the YRS in 
the lower reaches of the Yellow River. 

4. Explanation for Provenance 

4.1 Evidence from clay-sized minerals 

It shows that the LQC loess in Shandong has significantly 
different Clay-size Minerals composition (< 5μm) with XF 
loess from plateau. We can conclude that the LQC loess in 
Shandong does not come from the loess plateau. However, 
Clay-size minerals composition of the LQC loess in Shandong 

are similar with the Yellow River sediments, therefore, we can 
infer that the exposed YR fluvial sediments was mainly but 
not the only dust source of LQC loess deposits in Shandong. 
Near-Source hypothesis is that loess deposits in Shandong 
maybe trace sediments Bohai Bay shelf, yellow river fluvial 
plain or Locally weathered material. Far–source hypothesis is 
that loess deposits in Shandong maybe trace sediments 
northwest of china or Loess Plateau (Hao et al., 2010; Peng et 
al., 2016). 

Principal components PC1 has positive correlation to 
Smectite content （coefficients is + 0951), and has negative 
correlation to unstable minerals （ Illite, chlorite and 
plagioclase）（correlation coefficient is less than 0.513). the 
Yellow River sediments(YRS) gain the highest scores, 
followed by LQC loess deposits, they are distributed in the 
right side of the first axis, the two have larger similarity, 
compared with the XF loess in loess plateau, Yellow River 
sediments (YRS) with high content of Smectite, and low 
content of chlorite, Illite ,plagioclase. and numerous research 
support the results that the Yellow River sediments has high 
Smectite content , and Smectite content of LQC loess 
deposition in Shandong is higher, too, unstable minerals, such 
as chlorite, illite content is low. So, we can confer that fine 
particles of the LQC loess is from the deposition of the Yellow 
River. In fact, LQC profile is located in the Yellow River on 
the second terrace, about 2 km from the Yellow River south of 
the Yellow River. It blows northerly, and can carry the 
materials of dust (Yellow River sediments ) to the LQC 
section, we can further deduce LQC profile fine materials 
mainly is from yellow floodplain sediments. 

As principal components PC2 display, LQC section in 
Shandong is different in minerals composition from the XF 
section in Loess Plateau and the Yellow River deposition 
(YRS), kaolinite, quartz and feldspar content from LQC 
section is higher. However, the XF section in Loess Plateau 
and the Yellow River deposition (YRS) are inverse. 
Weathering triangle (A-CN-K) and CIA indicate that LQC, 
XF and YRS samples are all roughly in weathering of the 
early Na and Ca removal stage and K-feldspar without 
weathering, so K-feldspar and kaolinite in older weathering 
stage are the clastic not the Local weathering products, so, can 
reveal the provenance and sedimentary path. Quartz is very 
stable and free from weathering and can reveal changes in 
provenance. This feature of LQC loess with high content 
stable minerals differing from XF and YRS, may be related to 
the contribution of local weathering products. As for the 
Yellow River sediments and XF loess of the Loess Plateau has 
relatively the low content of kaolinite, feldspar, quartz, that is 
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similar each other, the reason is that the two have a certain 
relationship. As previous studies show(Li et al.,2009), the 
Yellow River sediments partly come from the Loess Plateau 
heavily eroded in the middle reaches by the Yellow River, It 
flows slowly down with sediment deposition in the lower 
reaches of the the Yellow River , long and long, The Yellow 
flood plain and the North China Plain is formed. 

So, the clay-size minerals show that fine materials of 
LQC loess partly and not only trace from the Yellow River 
sediments, and the Yellow River sediments come from the 
Loess Plateau heavily eroded loess in the middle reaches by 
the Yellow River. 

4.2 Evidence from major element composition 

CIA and Al2O3-CaO+Na2O-K2O triangle from the bulk 
samples shows that LQC, XF and YR samples is in the 
roughly same stage of chemical weathering degree。LQC 
section lies in Shandong, it is warmer and wetter than the city 
XF section lies in, the same as the periods of the Quaternary 
glaciation when we study. So, If the LQC loess comes from 
the Loess Plateau, the LQC loess should have higher chemical 
maturity. But, this is not the case. We can suppose that it is due 
to differences in provenance and LQC loess is indirectly from 
the Loess Plateau. 

The ratios of the TiO2/ Al2O3 and K2O/Al2O3 from 
fractioned loess (<20m and 20~63m) are powerful indexes 
to trace the provenance of loess (Hao et al., 2012; Zhang et al., 
2012; Peng et al., 2016). And the two ratios are most less 
affected by variations in grain-size caused by the sedimentary 
sorting processes and are proved valuable to trace the dust 
source in CSM region of china and the Southern China (Hao et 
al., 2012; Peng et al., 2016). Our data reveal that the LQC 
loess is at the early stage of weathering, characterized by 
removal of Ca and Na (Fig.3) and by reservation of K, 
similarly to those in central CLP. Plot of TiO2/ Al2O3 vs. 
K2O/Al2O3 could provide a valuable indication of the dust 
source in Shan dong province of china. 

The <20 m fractions for loess from LQC loess in 
Shandong province, Chinese loess plateau and Yellow river 
sediments have distinctly different geochemical 
compositions (Fig. 4a). The TiO2/ Al2O3 ratio of LQC is 
higher and the K2O/Al2O3 ratio of LQC is lower compared 
to those from CLP, it precludes the possibility that the <20 
m fraction in the LQC samples was not directly blown 
from the northern deserts. The distinct K2O/Al2O3 ratios of 
LQC from the YR sediments indicate that the YR sediments 
dust is not the only source as the case proved by the clay-
size minerals previously. As the clay-size minerals have 

indicated and the Previous research, the eroded loess 
particles are one of the major sources of suspended in the 
section of Yellow River when it flows through Chinese 
Loess Plateau. Why are the TiO2/ Al2O3 and the K2O/Al2O3 
ratios of Yellow river sediments Obviously different from 
CLP? Mabey, it is the reason that significantly newly added 
base rock materials from the YR drainage system into the 
fluvial deposits of YR or the original minerals were lost 
from the YR drainage system (Nie et al.,2015). Thus, the 
K2O/Al2O3 ratio of Yellow river sediments is lower than the 
ratio of loess from Chinese Loess Plateau is due to the loss 
of Illite, Smectite, mica and other clay minerals 
comminuting during fluvial transport. K often is hosted in 
Illite, Smectite, mica and other clay minerals (Cox et al., 
1995), The loss of K leads to decrease of the ratio 
K2O/Al2O3. In fact, the dominant Iillite content in the fine-
grained(<5m) Yellow River sediments (44.5%) is 
significantly lower than that on the Chinese Loess Plateau 
(52.4%). So, it is well consistent with our inference from 
clay-size minerals that the fine fractions of LQC loess in 
Shandong province is not only blowing from Yellow River 
sediments. 

In the case of the 20~63m fraction the samples from 
LQC in Shandong have significantly different TiO2/Al2O3 
ratios compared to those from Chinese Loess Plateau; and the 
values overlap with the ranges of values for the Yellow River 
samples. The fact that the 20~63 m fraction of the Yellow 
River samples has higher TiO2/Al2O3 ratios than those of the 
Chinese Loess Plateau may be mainly related to newly added 
base rock materials into the fluvial deposits of YR during 
fluvial transport(Nie et al.,2015), as is the case for the<20m 
fraction. However, the K2O/Al2O3 ratio of Yellow river 
sediments is not lower than the ratio of loess from Chinese 
Loess Plateau is because the Illite, Smectite, mica ,et al.in 
fluvial deposits is less loss in coarse fraction than it in the fine 
fraction during fluvial transport in Yellow River .The 
significantly different TiO2/Al2O3 and K2O/Al2O3 ratios of the 
20~63 m fraction of the loess samples of the Central 
Shandong Mountains compared to those of the Chinese Loess 
Plateau also support our previously-stated inference that, 
based on the aerodynamic characteristics of the >20 m 
fraction, it is unlikely that this fraction is derived from distant 
sources. Furthermore, the values of TiO2/Al2O3 and 
K2O/Al2O3 from LQC samples in Shandong overlapping with 
the ranges of values for the Yellow River samples infer that 
the 20~63μm coarse fraction of LQC loess mainly derive from 
Yellow River sediments. 
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5.  Conclusion 

In this study, the clay-size (< 5μm) minerals and major 
elements composition of bulk samples and of two grain-size 
fractions (<20μm and 20~63μm) were analyzed in order to 
determine the provenance of the Longqiaocun (LQC) loess in 
the Central Shandong based on comparisons with loess from 
the Chinese Loess Plateau and with Yellow River sediments.  

The trace index (TiO2 /Al2O3 and K 2O/Al2O3) plot shows 
obviously three different fields of compositions and the trace 
index (TiO2 /Al2O3 and K 2O/Al2O3) plot shows that the 20~63 
fraction of sediments from CSM, CLP and SYR lies in two 
separated field. The difference in relatively immobile major 
element ratios of TiO2 /Al2O3 and K 2O/Al2O3 of the < 20 μm 
and 20~63μm fractions affirm the case that LQC loess 
deposits in the Central Shandong adjacent to the floodplain of 
the Yellow River were not blown directly from the northern 
deserts as is the case of loess deposits in the Chinese Loess 
Plateau. 

Statistical analysis of the sedimentary clay-size minerals 
reveals that LQC loess deposits in the Central Shandong 
adjacent to the floodplain of the Yellow River discover the 
cause of the difference in relatively immobile major element 
ratios of TiO2 /Al2O3 and K2O/Al2O3 at LQC section. And 
together with the elements, we can conclude that North China 
fluvial plain, including the floodplain of Yellow River, was 
the major dust source of the LQC loess in the central 
Shandong adjacent to the floodplain of the Yellow River and 
the Yellow River sediments may be related to erosion from the 
Loess Plateau. This is consistent with the conclusion that the 
loess is the near-source deposits adjacent to the floodplain of 
the River(Li et al.2014). 

The combination of elements and minerals is an effective 
means of source identification. 
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