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The Chengdu Clay in the Sichuan Basin, China, was named by Thorp and Dye in 1936. The genesis, dust
provenance and transport mechanism for the Chengdu Clay, however, are still debated. In the present work,
the Chengdu Clay and adjacent loess from the eastern Tibetan Plateau, the Chinese Loess Plateau and the Qinling
Mountains were investigated. The content and grain size distribution of quartz, quartz δ18O, Sm–Nd isotopic
system, rare earth elements and other trace element concentrations for the Chengdu Clay and its adjacent
loess were analyzed. Based on comparison and spatial variation analysis, the results confirm that the Chengdu
Clay is of aeolian origin. The dust provenance of the Chengdu Clay differs from those of the adjacent loess. The
Chengdu Clay is possibly of local origin and is transported by an ancient katabatic wind over a short distance
during glacial and stadial periods. The alluvial sediments in the northwestern Sichuan Basin are possibly the
major sources of the Chengdu Clay. There is little possibility of an effective aeolian transport bringing dust
from the Tibetan Plateau, the arid area in northwestern China or Inner Mongolia into the Sichuan Basin, where
itmay be deposited to form the Chengdu Clay. Thus, long-range dust transport by the East Asianwintermonsoon,
the westerly jet or the Tibetan Plateau winter monsoon possibly plays a minor role in controlling the magnitude
of the dust flux of the Chengdu Clay in the Sichuan Basin.

© 2014 Elsevier B.V. All rights reserved.
1. Introduction

The Chengdu Clay (Chengtu Clay; CDCL) was named by Thorp and
Dye in 1936. According to the description by Thorp and Dye (1936),
the Chengdu Clay is characterized by the following properties: (1) dis-
tributed in the western and northwestern parts of the Sichuan Basin
(Szechwan Basin), (2) near surface outcrop, (3) covering the second
and higher terraces or rocky hills, (4) no stratification, (5) no columnar
structure, (6) containing calcareous concretions, (7) no gravel or pebble,
(8) moderately or slightly acid to neutral reaction, (9) yellow sticky and
plastic clay, (10) weathered after deposition, (11) formed in the late
Pleistocene, and (12) possible aeolian origin.

Thorp and Dye (1936), Salfeld (1936), and additional investigators
(Chu, 1937; Thorp, 1939; Richardson, 1942, 1943; Ma, 1944; Liu,
1983; Shao et al., 1984; Fang, 1995; Feng et al., 2010, 2011; Hu et al.,
2010; Yang et al., 2010a, b) confirm that CDCL is possibly a weathered
aeolian deposit. In contrast, Young (1937) and other researchers
express different opinions regarding the aeolian origin of CDCL (Yü,
1940; Hseung, 1944; Li, 1947; Li et al., 1964; Zhou, 1986; Zhang,
1988; Kong, 1994). Moreover, the original relationships among the
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CDCL, the loess of the eastern Tibetan Plateau (ETPL), the loess of the
Chinese Loess Plateau and the Qinling Mountains (Tsinling Mountains;
LPQL), and their potential source areas are still debated (Thorp and Dye,
1936; Thorp, 1939; Richardson, 1942, 1943; Ma, 1944; Lu et al., 1976;
Shao et al., 1984; Fang, 1995; Wang, 1998; Wang et al., 2002; Feng
et al., 2010, 2011; Hu et al., 2010; Yang et al., 2010a,b). Accordingly,
the wind systems for dust transport in the Sichuan Basin are also a
debated problem (Fang, 1995; Feng et al., 2010, 2011; Han et al.,
2010; Hu et al., 2010; Yang et al., 2010a,b).

Aeolian deposits are very important for understanding soil genesis,
aeolian dust aggradation, wind erosion, palaeoclimate, source-area
aridity and plant cover (Rea, 1994; Derbyshire et al., 1998; Muhs and
Bettis, 2000; Stuut et al., 2009; Maher et al., 2010). A large number of
studies focusing on the aeolian deposits in Asia, particularly in China,
have been reported so far (Liu and Chang, 1964; Heller and Liu, 1982;
Liu, 1985; Kukla et al., 1988; Porter and An, 1995; Derbyshire et al.,
1997), but the investigations on the aeolian sediments in the Sichuan
Basin are relatively few (Zhao et al., 2007; Han et al., 2010; Yang et al.,
2010b). In addition, the investigations of the aeolian sediments in the Si-
chuan Basin may shed light on whether or not the Tibetan Plateau is an
important dust source for long-range transport in Asia (Clarke, 1995;
Fang, 1995; Zhang et al., 1996, 2001; Lehmkuhl et al., 2000; Fang et al.,
2004; Lu et al., 2004; Sun et al., 2007a; Han et al., 2008; Kapp et al., 2011).

The objectives of this study were to investigate (1) the original rela-
tionships between CDCL with adjacent loess (ETPL and LPQL); (2) the
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transport mechanism and potential source areas of the CDCL; and (3)
the meteorological conditions and wind regime responsible for CDCL
formation.
2. Background

2.1. Geographical conditions

The current study area lies in the northwestern Sichuan Basin and
adjacent areas (Fig. 1). The Sichuan Basin (450–650 m asl–above sea
Fig. 1. A. Sketch map showing the topographic features and the potential atmospheric circulati
et al., 2009); B and C. sampling sites and the δ18O values of quartz in the Chengdu Clay and ad
level) is one of large basins in China, and is surrounded by the eastern
Tibetan Plateau (2000–4500 m asl) to the west, the Yunnan–Guizhou
Plateau (1400–1800 m asl) to the south, the Huaying Mountain (800–
1000 m asl) to the east and the Qinling Mountains (2000–3000 m asl)
to the north.Moreover, theQinlingMountains, with east-to-west orien-
tation, border the Chinese Loess Plateau to the north. The seismically
active Longmen Mountains (Lungmenshan Mountains) thrust belt is
located at the margin of the eastern Tibetan Plateau (Fig. 1C).

The Sichuan Basin consists of low hills and alluvial plains. Several
major rivers, including the Minjiang River, Jialingjiang River, Tuojiang
River and Fujiang River, flow into the northwestern part of the basin
on for aeolian dust transport (main axes of the westerly jet are modified after Schiemann
jacent loess.

image of Fig.�1
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and form various alluvial plains. The Sichuan Basinwas cut by the Yang-
tze River near southern borders. All the above-mentioned rivers are
tributaries of the Yangtze River.

The Sichuan Basin currently has a monsoon-influenced, humid, sub-
tropical climatewith four distinct seasons. TheQinlingMountains to the
far north help shield the northwestern Sichuan Basin from the cold East
Asian winter monsoon in the winter (Fig. 1B). The western Sichuan
Basin has an annual average temperature of 16–17 °C. The average
annual precipitation is 1000–1200 mm. Rainfall is greatest in July and
August, and there is very little in the cooler months. Taking Chengdu
city as a reference point, the dominant wind direction is static wind,
with 43% annual frequency. NE and of NNE frequency throughout the
year is 11%. The strong winds mainly occur during the summer. The
average annual wind speed is about 1.1 m/s.

2.2. Geological setting

The developedQuaternary clayey strata in the northwestern Sichuan
Basin can be divided into three units from top to bottom (Richardson,
1943; Shao et al., 1984; Zhang, 1988; Kong, 1994; Fig. 2A and B).

The upper horizon is CDCL (Fig. 2A). It forms a discontiguous blanket
over the low hills and high river terraces in thewestern and northwest-
ern Sichuan Basin (Thorp and Dye, 1936; Richardson, 1942, 1943; Liu,
1983). Fig. 1C shows the main distribution of the CDCL. The CDCL is
brownish yellow in color (Munsell, 10YR 6/8) and is rich in calcareous
concretions. The maximum thickness of the CDCL horizon is about 3 m.
The underlying strata of the CDCL vary with various geophysical regions
(Thorp and Dye, 1936; Richardson, 1942, 1943; Liu, 1983; Kong, 1994).
Fig. 2. Photographs of CDCL, ETPL and LPQL sections. A. CDCL covering the brown clay; B. the
occurring within the upper brown clay horizon (note the ferromanganese nodules being incl
clay; F. CDCL covering Cretaceous red sandstone on a hill in the Sichuan Basin; G. Arba loess from
Plateau (3076 m asl); and I. Taibai loess from Qinling Mountains (1587 m asl).
The middle horizon is brown clay with a dominant dark brown
(7.5YR 5/6) or brownish yellow (10YR 6/8) color (Fig. 2A and B). Its
thickness ranges from 1.5 to 6.0 m (Kong, 1994). Single pebbles
occasionally occur in this horizon (Fig. 2C). It is rich in ferromanganese
nodules. Calcareous concretions also occur within the top brown clay
horizon. We observed that the ferromanganese nodules are often
included within the calcareous concretions (Fig. 2D). The syntagmatic
relationship of the ferromanganese noduleswith the calcareous concre-
tions indicates that part of the carbonate is leached and transported
downward from the overlying CDCL and precipitates within the top
brown clay horizon. Moreover, the CDCL unconformably overlies the
brown clay (Fig. 2A).

The lower horizon consists of red clays with a dominant red color
(2.5YR4/8). Its maximum thickness is about 6.0 m. The boundary
between the red clay horizon and the overlying brown clay can be dis-
tinguished, even though recentweathering and reworking have blurred
the boundary (Fig. 2B).

Throughout the profile, the CDCL and the underlying clay horizons
exhibit a clayey texture, a massive and blocky structure and a lack of
visible bedding features (Fig. 2A and B). A reticulately-mottled structure
is developed within the brown clay (middle horizon) and red clay
(lower horizon), filled with light gray clay (2.5Y 7/1; Fig. 2E).

At present, the term CDCL is given different stratigraphic meanings.
Some scholars merge brown clay (middle horizon) and/or red clay
(lower horizon) into the lithostratigraphic unit of the CDCL (Zhang,
1988; Kong, 1994; Qiao et al., 2007; Zhao et al., 2007; Han et al., 2010;
Yang et al., 2010a, b). In the present paper, we follow the definition
given primarily by Thorp and Dye (1936).
brown clay covering the red clay; C. pebble in the brown clay; D. a calcareous concretion
uded in the calcareous concretion); E. the reticulately mottled structure of the lower red
the eastern Tibetan Plateau (3733m asl). H. Daofu (Dawo) loess from the eastern Tibetan

image of Fig.�2
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Early investigators proposed that the CDCL formed within the Late
Pleistocene based on stratigraphic correlation (Thorp and Dye, 1936;
Richardson, 1942, 1943; Ma, 1944; Harland, 1945). More recently, the
CDCL is identified as Late Pleistocene based on fossils and conventional
14C dating (Liu, 1983; Chen and He, 1990) and lastly, based on optically
stimulated luminescence (OSL) and 14C dating methods, Yang et al.
(2010a) and Han et al. (2010) proposed that the CDCL formed in the
Late Pleistocene.Moreover, the red clay (lower horizon) began accumu-
lating at about 825–1130 ka B.P. as shown by magnetostratigraphy
(Zhao et al., 2007; Yang et al., 2010a).

2.3. Field sampling

Sampleswere collected from the CDCL and late Pleistocene ETPL and
LPQL (Figs. 1 and 2). The sampleswere taken from35 localities spanning
490 km in a south-north transect and 650 km in a west-east transect
(Fig. 1). Additionally, the Minjiang River, Jialingjiang River, Tuojiang
River and Bihe River form various fluvial plains in the western and
northwestern part of the basin. Their fluvial sediments from floodplain
and terrace were collected for comparison (Fig. 1). The Sichuan Basin
is also known as the ‘Red Basin’ because of the Cretaceous red sandstone
that is widely distributed (Fig. 2F). Thus, we collected one sample of
weathered red sandstone for comparison. Detailed information about
the sampling sites is listed in Appendix A.

3. Materials and methods

3.1. Quartz isolation

Quartz is the most common mineral in aeolian deposits. It weathers
extremely slowly at the earth's surface (Götze and Zimmerle, 2000).
Therefore, quartz grain size is used as a winter monsoon indicator
(Xiao et al., 1995, 1997; Sun et al., 2006). The quartz oxygen isotopes
(Hou et al., 2003; Feng et al., 2008), ESR (electron spin resonance) signal
intensity and crystallinity of quartz (Sun et al., 2007b, 2008) are used as
provenance tracers of Asian dust and Chinese loess.

Quartz was isolated from the aeolian, fluvial sediments and weath-
ered red sandstone by sodium pyrosulfate (Na2S2O7) fusion and a
sequential treatment with solutions of 3 M HCl + 30% H2SiF6 + 0.1 M
HF + saturated H3BO3 (Jackson et al., 1976).

3.2. Grain size measurement

The grain size distributions of bulk samples and the isolated quartz
samples were examined by using a Malvern mastersizer-2000. Prior to
measurement of the grain size distribution, the bulk samples were
treated sequentially with 30% H2O2, 1.5 M HCl, addition of 10 ml 1% so-
dium hexametaphosphate ((NaPO3)6) dispersant and 90 s of ultrasonic
dispersing. The quartz samples were measured after 30 s of ultrasonic
dispersing. We calculated the mean quartz grain sizes, sorting, skew-
ness and kurtosis parameters of all samples using the logarithmicmeth-
od of moments (Blott and Pye, 2001).

3.3. Measurement of quartz oxygen isotope

The δ18O of quartz depends on its formation temperature and the
δ18O of the source materials. Except through recrystallization, the δ18O
of quartz remains unchanged during surface processes, including dia-
genesis and alteration (Clayton et al., 1978). The δ18O stability of quartz
makes it a good source tracer (Feng et al., 2008).

To avoid grain-size effect on quartz oxygen isotope (Clayton et al.,
1972; Gu et al., 1987; Hou et al., 2003; Feng et al., 2008), the same
grain-size fractions (2–50 μm quartz grains) were isolated from typical
samples formeasurements of oxygen isotopes. The oxygen in the quartz
was liberated by using the bromine pentafluoride (BrF5) method
(Clayton and Mayeda, 1963). Oxygen isotope ratios were determined
by using a stable-isotope mass spectrometer (MAT-253 EM) installed
at the Institute of Mineral Resources, Chinese Academy of Geological
Sciences. The oxygen isotopic compositions are expressed as deviations
relative to the StandardMean OceanWater (SMOW) reference (δ18O=
([18O/16O]Sample/[18O/16O]SMOW −1) × 1000). The analytical uncer-
tainties are ±0.2‰.

3.4. Analysis of trace element concentrations

Trace elements are known to have different geochemical behaviors
in mineral formation and in certain superficial processes. Ratios of
elements with very different levels of incompatibility are especially
useful in characterizing the composition and tracing the origin of aeo-
lian dust (Taylor and McLennan, 1985; Cullers et al., 1988; Sun et al.,
2007a; Muhs et al., 2008).

During dust transport and subsequent dust deposition, the dust
grains undergo various degrees of dissolution and/or weathering. Un-
stable minerals (carbonate, halite, gypsum, etc.) decompose, and sec-
ondary Fe–Mn oxides and oxyhydroxides form, along with carbonate
neoformation in the terrestrial dust deposits (e.g., loess and paleosols).
Therefore, the stable silicate minerals provide more appropriate
materials for tracing the dust provenance than bulk dust samples
(Feng et al., 2009). To exclude thepossible influence of such chemical al-
teration on trace elements, we removed the acid-soluble components
by acid leaching.

Aeolian deposits and weathered red sandstone were treated with a
20% hydrochloric acid (HCl) solution at 97 °C in a Teflon vessel for
45 min (Yokoo et al., 2004). The silicate residues were washed four
times with Milli-Q water. To avoid incorrect trace element determina-
tions due to changing proportions of mineral interferences caused by
grain size effects (Feng et al., 2011), grains partitioned from stable
silicate minerals of the same size (2–50 μm) were isolated for typical
samples based on Stokes' law (discarding the b2 μm fraction) and
wet-sieving (discarding the N50 μm fraction).

The powder of the 2–50 μm fraction was dissolved by using the
pressurized acid digestion method following the analytical procedures
described by Qi et al. (2000). The concentrations of rare earth elements
(REEs) and other trace elements in these samples were determined by
using the inductively coupled plasma mass spectrometer (ICP-MS; X-7
series; Thermo Elemental) installed at the Institute of Tibetan Plateau
Research, Chinese Academy of Sciences.

3.5. Analysis of 147Sm/144Nd ratio

Two representative samples subjected to the same pretreatment as
the trace element samples, the Chengdu Clay (JTW1-3) and the Garze
loess (GZ1-2) collected from the terrace of the Yalong River on the east-
ern Tibetan Plateauwere further separated into seven gain size fractions
(b2 μm, 2–5 μm, 5–10 μm, 10–20 μm, 20–32 μm, 32–50 μm and N50 μm
fractions) based on Stokes' Law with sequential extraction. The Sm and
Nd concentrations and 147Sm/144Nd ratios of thewhole silicateminerals
(WS) and the seven grain size fractions were determined by using
isotope dilution analysis (Feng et al., 2010).

4. Results

4.1. Grain size composition of the bulk Chengdu Clay

Fig. 3 illustrates the grain size distributions of the bulk Chengdu Clay
samples. These results indicate that the bulk Chengdu Clay is composed
mainly of silt and fine-sand grains (about 2–100 μm). The component of
silt (2–50 μm) sized grains accounts for 64 to 96% of the total. The com-
ponent of clayey grains (b2 μm) varies from 0.3 to 28.5%. In addition,
most samples of bulk CDCL contain small components with a modal
size of 150–200 μm. The grain size distribution shows unimodal or
bimodal patterns.



Fig. 4. Quartz grain size distribution of (A) ETPL; (B) LPQL; (C) CDCL and weathered red
sandstone.
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4.2. Quartz contents and quartz grain size distribution

The results of quartz grain size distributions and quartz contents are
shown in Figs. 4 and 5 and Appendix A; while spatial variations of the
quartz granulometric composition and the quartz content are illustrated
in Figs. 6 and 7.

The data illustrated in Fig. 4 indicate that all aeolian samples are
mainly composed of silt-sized (2–50 μm) quartz grains. This similarity
between the CDCL and typical aeolian loess provides new evidence for
an aeolian origin of the CDCL. However, there are two significant differ-
ences: (1) CDCL is finer in themodal size than ETPL and LPQL (Figs. 4, 6C
and 7B); and (2) many samples of CDCL contain a component with a
modal size of 200–300 μm, which is lacking in ETPL and LPQL (Fig. 4).
There are no significant differences in quartz contents of aeolian sam-
ples among the three regions (Figs. 5, 6A and 7D). The weathered red
sandstone is characterized by high quartz content (63.2%; Fig. 5;
Appendix A). The grain size distribution of quartz in the weathered
red sandstone presents a wide range of 1–800 μm, but it is mainly com-
posed of sand-sized (100–800 μm) quartz grains (Fig. 4C; Appendix A).

4.3. Quartz oxygen isotopes

Figs. 1 and 5 and Appendix A present the δ18O of 2–50 μm quartz
fractions for CDCL, ETPL, LPQL, alluvial sediments and the weathered
red sandstone. For ETPL, the δ18O values vary from 16.0‰ to 17.2‰
with a mean value of 16.6‰ (n = 11). The δ18O values of LPQL vary
from 15.6‰ to 16.4‰with amean value of 16.1‰ (n=5). Correspond-
ingly, the δ18O values of CDCL range from 16.2‰ to 19.0‰with a mean
value of 17.1‰ (n=18). The results show that the δ18O values of quartz
of CDCL are higher than those of ETPL and LPQL (Figs. 1 and 5). The sam-
ples of CDCL also show a large degree of spatial variation in the quartz
δ18O values (Fig. 5).

In the five alluvial sediments, the δ18O values of quartz vary from
16.7‰ to 17.5‰ with a mean value of 17.1‰ (n = 5), which is similar
to the mean value of CDCL (see Appendix A and Fig. 1). The δ18O value
of quartz from the weathered red sandstone is 17.6% (Fig. 5; Appendix
A). This value is higher than those of most of aeolian deposits (Fig. 5).

4.4. REEs and other trace elements

The analytical results of trace element concentrations for the
2–50 μm fractions are listed in Appendix B. The results show that
all CDCL samples have total REE concentrations (ΣREE) in the range
of 118–144 μg/g, which is significantly lower than the values of
146–217 μg/g for ETPL. Moreover, the concentration of each REE and Y
in CDCL is systematically lower than that in ETPL. By contrast, there is
no great distinction between CDCL and LPQL for the total REE, individual
REE or Y concentrations (Appendix B).
Fig. 3. Grain size distribution of the bulk Chengdu Clay.
Chondrite-normalized REE patterns for CDCL, ETPL and LPQL are
shown in Fig. 8. All REE patterns are remarkably similar in shape, with
light REE enrichments, relatively flat heavy REE profiles and consistent
negative Eu anomalies. This is further evidence that CDCL is derived
from aeolian deposits. In addition, the features of REE fractionation for
CDCL, ETPL and LPQL differ from each other. In diagrams of ΣREE vs.
(Ga/Yb)N and (La/Sm)N vs. (Ga/Yb)N, the data fall into three fields (Fig. 9).
Fig. 5. Variations of the quartz contents and quartz δ18O values in CDCL, ETPL, LPQL and
weathered red sandstone.
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Fig. 6. Spatial variations of quartz content and quartz granulometric composition along with latitude for CDCL and LPQL.

Fig. 7. Spatial variations of quartz content and quartz granulometric composition along
with longitude for CDCL and ETPL.

73J.-L. Feng et al. / Catena 121 (2014) 68–80
Compared with ETPL, the CDCL have higher concentrations of Li, Ti,
Co, Ni, Cu, Zn, As and Cs, lower concentrations of Be, B, Sc, V, Rb, Sr, Zr,
Ba, Hf, Pb, Th and U and similar concentrations of Cr, Ga, Nb, Sn, Ta
and Tl (Appendix B). By contrast, the CDCL have higher concentrations
of Li, B, Ti, Co, Ni, Cu, Zn, Zr, Cs and Hf, lower concentrations of Be,
Sc, V, Rb, Sr and Ba and similar concentrations of Cr, Ga, As, Nb, Sn,
Ta, Tl, Th and U, compared with LPQL. Generally, most of the trace
elements show distinct compositional fields for CDCL, ETPL and
LPQL (Appendix B).
Fig. 8. Chondrite-normalized REE distribution patterns of (A) ETPL; (B) LPQL; and (C)
CDCL and weathered red sandstone (C1 chondrite data after Anders and Grevesse, 1989).

image of Fig.�6
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Fig. 10 presents the trace element geochemistry of CDCL, ETPL and
LPQL as bivariate plots of Th/Sc vs. Sm/La, Rb/Sr vs. Ba/Sr and U/Pb vs.
Th/U. The data are somewhat scattered, but it is clear that they show
systematic trends. In the three diagrams, CDCL plots mostly outside
the fields of ETPL and LPQL (Fig. 10).

The concentrations of each REE (especially light REE) and Y in the
weathered red sandstone are significantly lower than those in CDCL
(Appendix B; Fig. 8). Moreover, theweathered red sandstone has signif-
icantly lower concentrations of Li, B, Ti, Cr, Rb, Sr, Zr, Ba, Th and U, and
higher concentrations of V, Cu, Zn, Ga and Pb, compared with CDCL
(Appendix B).

4.5. Sm–Nd isotopic system in various grain size fractions

The 147Sm/144Nd ratios of various grain size fractions in CDCL
(JTW1-3) and ETPL (GZ1-2) are presented in Appendix C. The 143Nd/
144Nd data for the same grain size fractions from CDCL (JTW1-3), ETPL
(GZ1-2) and LPQL (LT-25) after Feng et al. (2009, 2010) are also pre-
sented here for comparison (Appendix C). The plot of the fSm/Nd (devia-
tion of 147Sm/144Nd from a chondritic uniform reservoir) values vs. the
TNd (Ndmodel ages) values indicates that the variations of CDCL (JTW1-
3) and ETPL (GZ1-2) with grain size differ systematically from that of
LPQL (LT-25; Fig. 11 and Appendix C). The Nd model ages (TNd) associ-
ated with various grain sizes indicate that the CDCL (JTW1-3) and ETPL
(GZ1-2) reported here have more juvenile components than those of
LPQL (LT-25) (Fig. 11; Appendix C). Correspondingly, some fractions
of the CDCL (JTW1-3) and ETPL (GZ1-2) display similar fSm/Nd values
and Nd model ages.

5. Discussion

5.1. Aeolian dust transport mechanisms

Three possible mechanisms for dust transport to the Sichuan Basin
have been proposed (Fig. 1A). One is through surface winds of the East
Asianwinter monsoon (Ma, 1944; Lu et al., 1976;Wang, 1998). Another
is through the westerly jet and/or Tibetan Plateau winter monsoon
winds (Fang, 1995; Yang et al., 2010a,b). The last is local, small-scale
Fig. 9. (Ga/Yb)N vs. (La/Sm)N and total REE concentration (ΣREE) for CDCL, LPQL, and ETPL.
N inferred C1 chondrite-normalized (chondrite data after Anders and Grevesse, 1989).

Fig. 10. (A) Th/Sc vs. Sm/La, (B) Rb/Sr vs. Ba/Sr, and (C) U/Pb vs. Th/U diagrams comparing
CDCL, ETPL, and LPQL.
and near-surface wind (Feng et al., 2010, 2011; Hu et al., 2010). Accord-
ingly, the potential source areas for CDCL include the arid area in north-
western China and/or Inner Mongolia, the west and central Tibetan
Plateau and the northwestern Sichuan Basin.
Fig. 11. Plot of fSm/Nd vs. TNd for CDCL (JTW1-3), ETPL (GZ1-2) and LPQL (LT-25; after Feng
et al., 2009) with the whole silicate minerals (WS) and the various grain size fractions.
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5.1.1. East Asian winter monsoon
The East Asian winter monsoon is derived from thermal differences

between the land and the sea. For understanding the transport mecha-
nisms of loess on the Chinese Loess Plateau, a basic consensus has been
achieved, i.e. loess on the Chinese Loess Plateau ismainly transported by
low-level circulation of the East Asian winter monsoon. The Qinling
Mountains are located between the Chinese Loess Plateau and the
Sichuan Basin (Fig. 1). Their altitudes range from 2000 to 3000 m asl.
The highest peak in the range is Mount Taibai at 3767m asl. The Qinling
Mountains as a topographic obstacle to the East Asian winter monsoon,
prevent effectively much of the aeolian dust from reaching the Sichuan
Basin. However, part of dust can still be transported over the Qinling
Mountains and be deposited in the basin.

5.1.2. Tibetan Plateau winter monsoon
Arid and semi-arid zones of the central and western Tibetan Pla-

teau are potential source areas of the aeolian dust. The aeolian dust
transported by the Tibetan Plateau Monsoon is mentioned by many
researchers (Fang, 1995; Lu et al., 2004; Lü et al., 2004; Yang et al.,
2010a,b). However, the surface deflation, dust storm formation and es-
pecially aeolian dust transport need favorablemeteorological conditions.

Some scholars have proposed that a separate, relatively shallow,
monsoon exists on the Tibetan Plateau (Xu and Gao, 1962; Tang and
Reiter, 1984; Tang, 1998). However, the meteorological characteristics
of the Tibetan Plateau Monsoon are not fully clear.

It is suggested that the Tibetan PlateauMonsoon is generated from a
cold high pressure center and a warm low pressure center on the
Qangtang Plateau during winter and summer, respectively (Fig. 1A).
Above the near-surfacewind system, a seasonally reversingwindoccurs
as the Tibetan PlateauMonsoon system (Tang, 1998). Tang (1998) pro-
posed that thewind systemon the Tibetan Plateau includes three layers.
The lowest level is a near-surface wind system with thickness less than
1000 m. The intermediate level is the Tibetan Plateau Monsoon system
with thickness less than 3000 m, while the upper layer is the planetary
wind system. Thus, the Tibetan Plateau Monsoon is not a near-surface
wind system. In addition, the Tibetan Plateau Monsoon does not result
from a land-sea thermal difference. To summarize the above discussion,
a suggestion can be made that the eastward Tibetan Plateau winter
monsoon cannot transport aeolian dust of N20 μm in diameter over
long distances, even if it exists. Correspondingly, the CDCL samples
contain a large number of N20 μm grains (Figs. 3 and 4).

5.1.3. Westerly jet
Schiemann et al. (2009) demonstrated that during winter and sum-

mer the westerly jet is located, respectively, to the south and north of
the Tibetan Plateau (Fig. 1A). During the spring and autumn seasons
the jet shifts from south to north and vice versa. The spring shift is asso-
ciatedwith large interannual variations. During northwardmigration in
April/May, the jet intensity weakens and its latitudinal position varies
considerably. In some springs, there are several shifts and split configu-
rations that occur before the jet settles in its northern summer position
(Schiemann et al., 2009).

It is suggested that the cold climate had stronger winds, which may
have caused greater entrainment and more efficient transport of dust
(Hesse and McTainsh, 1999; Moreno et al., 2002). During glacial and
stadial periods, however, there is evidence of changes in vegetation
(Moreno and León, 2003; Ono and Irino, 2004) and provenance of
aeolian dust (Nagashima et al., 2007, 2011), and global climate models
(Yin, 2005; Williams and Bryan, 2006; Toggweiler and Russell, 2008)
demonstrate that themain axes of the westerly jet in both the northern
and southern hemispheres shift in latitude toward the equator.
Nagashima et al. (2011) further suggested that a westerly jet axis
should locate to the south of the Tibetan Plateau throughout most of
the year during glacial and stadial periods. This idea appears to be sup-
ported by dust flux records in the northwestern Pacific. Rea and Leinen
(1988) found that themaximum indust fluxoccurred 6000 yr B.P. at the
Holocene climatic optimum, whereas dust inputs at present and at
18,000 yr B.P., the time of the last glacial maximum, are moderately
low in the pelagic deposits. Thus, rates of dust deposition in the
northwestern Pacific and the Chinese Loess Plateau show a poor cor-
relation during the last 30,000 yr B.P. (Pye and Zhou, 1989). Many rea-
sons, such as a dry mid-Holocene (Rea and Leinen, 1988; Chen et al.,
2003) and different patterns of atmospheric circulation (Pye and
Zhou, 1989), have been given to explain the differences in the timing
of the dust fluxmaximumbetween the continent and the northwestern
Pacific, where dust originates mainly from Inner Asia. We suggest that
the westerly jet axis shifting to the south of the Tibetan Plateau
throughout most of the year during glacial periods, and then being far
away from the dust source area in northwestern China and/or Inner
Mongolia, can explain the observations.

The position of the westerly jet axis in relation to the dust source
area on the Tibetan Plateau is also a critical factor. When the westerly
jet axis is aligned with the dust source area, it gives rise to more dust
transport from the interior of the Tibetan Plateau. If it is far away from
the interior of the Tibetan Plateau and is poorly aligned with the dust
source area, it would bring less dust downwind. Because the main axis
of the westerly jet is not directly over the interior of the Tibetan Plateau
during glacial and stadial periods, we propose that dust transport by the
westerly jet is not important, especially for the formation of the CDCL.

5.1.4. A katabatic wind
The Sichuan Basin to the west is adjacent to the eastern margin of

the Tibetan Plateau (2000–4500 m asl). The highest peak in this range
is theMinya Konka at 7556m asl. The topographicmargin of the Tibetan
Plateau is one of the world's most remarkable continental escarpments
(Kirby et al., 2002). The steep topographic escarpment adjacent to the
Sichuan Basin has been deeply dissected by the Minjiang River and
other rivers, which have produced high-relief, narrow river gorges and
threshold hillslopes (Kirby et al., 2002; Ouimet et al., 2007). During
glacial and stadial periods, an ancient katabatic wind that originated
from the eastern margin of the Tibetan Plateau probably occurred.

Aeolian deflation by katabatic winds is also a significant transport
mechanism for loess in cold areas (Thorson and Bender, 1985;
Muhs and Budahn, 2006; Schaetzl and Attig, 2013). The katabatic
wind possibly rushed at high speeds down the steep topographic
escarpment on the eastern margin of the Tibetan Plateau. Thus, the
entire near-surface wind field over the northwestern Sichuan Basin
was largely determined by the westerly katabatic wind during glacial
and stadial periods.

If this model is valid, it suggests that a predominant westerly
katabatic wind becomes strong enough to effectively remove dust
from the surface and re-accumulate the eroded dust mass within the
surrounding eastern areas. The alluvial plain and alluvial–proluvial fan
in the northwestern Sichuan Basin regions may be significant dust
sources for the CDCL.

Based on the points discussed above, it is suggested that the East
Asian winter monsoon and an ancient katabatic wind are potentially
significant transport mechanisms for the dust deposition in thewestern
Sichuan Basin. As to which one is more important is discussed below.

5.2. Spatial variation and dust transport path

During aeolian dust transport, sorting by winds leads to spatial var-
iations in the grain size of aeolian deposits (Pye, 1987; Tsoar and Pye,
1987). This, in turn, leads to grain-size-dependent changes in mineral
assemblages and geochemical components (Rex et al., 1969; Clayton
et al., 1972; Miao et al., 2004; Hao et al., 2010; Feng et al., 2011). In con-
trast, 143Nd/144Nd isotope ratios do not depend on grain size for homo-
geneous loess, while 147Sm/144Nd ratios and the fSm/Nd values tend to
increase with increasing grain size (Feng et al., 2009). The TNd values
of aeolian deposits generally reflect the average crustal residence ages
of the rocks in the source terrain (Taylor et al., 1983; Goldstein, 1988).
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Accordingly, the Ndmodel ages have been used to trace the provenance
of aeolian deposits (Feng et al., 2009 and references therein).

If there are original relationships among CDCL, ETPL and LPQL, the
spatial variations or spatial consistency for different fingerprints should
be identified, and the above inference should be supported by the fol-
lowing evidence: (1) a progressive decrease in the mean quartz grain
size of aeolian deposits with distance from the source should occur;
(2) the distribution of grain size of aeolian deposits should show
evidence of significant sorting during transport; (3) the content of
N20 μm sized quartz grains should decrease toward the Sichuan Basin;
(4) CDCL should be composed mainly of fine silt and clayey grains
(b20 μm), which are transported in long-term suspension; (5) the
quartz content should tend to decrease downwind due to enhanced
clay content in the fine component; (6) the quartz δ18O and other geo-
chemical indices within the same size fractions should have little spatial
variation; and (7) the 143Nd/144Nd isotopic ratios should exhibit little
variation with grain size, whereas 147Sm/144Nd ratios, fSm/Nd and TNd
values should have little variation with the same size fractions.

In fact, most of our results do not follow the above rules (Figs. 3–11).
These significant differences indicate that the potential sources for
CDCL, ETPL and LPQL probably differ from one another. In addition,
the assumption of CDCL transport by the Tibetan Plateau Monsoon
and/or westerly jet and the East Asianwintermonsoon is not supported
by most of the evidence. Many samples of CDCL indeed contain more
components of clayey grains (b2 μm) than ETPL and LPQL. However,
clayey grains vary under weathering processes. The clayey grains in
CDCL may be mainly derived from the pedogenesis processes, which
are favored by the sub-tropical climate in the Sichuan Basin. These pro-
cesses would have caused the formation of secondary clay minerals
after aeolian deposition. Therefore, the enrichment of clayey grains in
CDCL cannot be used as evidence of long distance transport.

Correspondingly, the CDCL is probably derived from a local source
(Richardson, 1942; Feng et al., 2010, 2011; Hu et al., 2010). An ancient
katabatic wind during glacial and stadial periods possibly played an im-
portant role in the dust transport. This inference is supported by the fol-
lowing evidence. (1) The bulk and quartz samples of CDCL often contain
150–300 μm components (Figs. 3 and 4). In general, grains of this size
Sample
no.

Sampling
depth
(m)

Location Altitude
(m a.s.l.)

Quartz
content
(wt.%)

δ18O of 2–50 μm
quartz fractions
(‰)

Quartz grain size distribution (volume, %) Mean
quartz
grain size
(μm)

Sorting
(σΦ)Latitude Longitude b2

(μm)
2–10
(μm)

10–20
(μm)

20–32
(μm)

32–50
(μm)

50–63
(μm)

63–100
(μm)

N100
(μm)

Chengdu Clay
DT1-2 0.43 31°6.337′ 105°6.708′ 496 32.2 17.0 4.7 35.2 28.1 18.3 10.7 2.5 0.5 0.0 14.0 1.30
JY1-1 0.70 30°23.050′ 104°33.845′ 411 43.1 17.8 1.3 23.8 22.4 16.9 13.4 5.5 8.1 8.6 25.1 1.55
CDST-2 0.90 30°40.682′ 104°8.545′ 545 38.7 16.4 3.4 31.2 28.6 20.3 12.7 3.1 0.7 0.0 15.7 1.26
HY1-1 0.30 31°34.125′ 105°10.480′ 458 31.3 16.6 2.4 23.6 23.5 20.0 15.4 5.0 4.4 5.8 22.4 1.52
LS1-1 1.00 30°59.96′ 104°23.931′ 478 32.6 16.2 3.3 28.8 26.7 20.8 14.4 4.0 2.0 0.0 16.9 1.30
CYC1-1 0.60 31°21.090′ 104°23.257′ 554 30.1 17.2 2.7 31.5 26.0 18.0 12.3 3.8 3.4 2.3 17.4 1.40
PM1-1 0.30 31°29.403′ 104°38.807′ 544 30.9 16.2 2.4 29.3 27.2 20.8 14.3 4.0 2.0 0.0 17.2 1.25
BSC1-1 0.70 30°50.532′ 105°24.695′ 358 33.9 18.1 2.0 28.8 26.8 19.3 13.1 4.0 3.5 2.5 18.7 1.35
SZS1-3 1.00 30°36.404′ 104°7.198′ 505 34.6 18.0 2.9 30.2 28.6 20.6 13.2 3.3 1.2 0.0 16.4 1.24
LP2-3 0.35 31°19.832′ 104°23.555′ 551 28.8 18.0 2.9 29.6 24.6 18.2 13.4 4.4 4.2 2.9 22.4 1.45
JT3-1 0.60 30°51.904′ 104°23.142′ 454 30.2 16.9 3.2 31.3 25.9 18.5 12.6 3.6 2.5 2.3 17.1 1.43
YT1-1 0.40 31°12.274′ 105°24.353′ 383 32.8 16.2 1.3 26.6 25.4 19.3 14.3 4.8 4.9 3.4 20.8 1.36
TSH1-1 0.65 30°42.509′ 104°13.706′ 487 39.2 16.8 3.2 30.4 25.9 17.9 12.0 3.8 3.7 3.1 17.8 1.46
SSH1-1 0.35 30°51.802′ 105°22.202′ 344 42.5 19.0 2.1 26.9 23.8 16.9 12.1 4.3 5.9 7.9 21.9 1.57
HXXH-7 2.10 31°14.695′ 104°24.865′ 516 33.9 16.8 3.6 30.8 26.1 19.8 13.9 4.0 1.8 0.0 16.2 1.32
SH1-6 0.55 31°38.513′ 105°5.295′ 502 31.7 16.6 3.1 26.5 24.3 20.3 15.4 4.8 3.6 2.0 19.1 1.42
SLC1-3 1.70 30°42.919′ 104°11.545′ 524 41.2 16.7 1.2 26.1 26.2 21.2 16.1 5.2 4.0 0.0 19.7 1.21
JTW1-3 0.70 30°51.9863′ 104°23.5923′ 451 35.2 16.9 4.5 30.4 25.2 16.7 10.4 2.8 1.7 8.3 18.8 1.80
HX1-50 0.80 31°15.433′ 104°24.596′ 524 40.1 16.5 4.7 30.4 26.8 19.6 13.3 3.7 1.4 0.0 15.6 1.28

Appendix A

Sampling location, quartz content, quartz oxygen isotope, and quartz granulometric composition for the Chengdu Clay, the loess from the eastern
Tibetan Plateau, the loess from the Chinese Loess Plateau and the Qinling Mountains, alluvial sediments and weathered red sandstone.
are transported by wind only by saltation and cannot be blown long
distances (Pye, 1987).We infer that parts of the coarse-grained compo-
nents in some CDCLmay be derived from theweathered red sandstone,
which iswidely distributed in the SichuanBasin (Figs. 4C and 5). (2) The
δ18O values of quartz in the CDCL range from 16.2‰ to 19.0‰, and vary
significantly with geographical location. This variation indicates that
dust sources for CDCL were not very well mixed, and were not very
homogeneous in composition (Figs. 1 and 5).
6. Conclusions

Given the above observations, we suggest that the CDCL in the
northwestern Sichuan Basin examined in this work is of aeolian origin
with weathering reworking. The dust sources of CDCL differ from
those of ETPL and LPQL. Most lines of evidence indicate that an ancient
katabaticwindduring glacial and stadial periods, possibly is a significant
transport mechanism for the dust deposition in the western Sichuan
Basin. There is little possibility of an effective aeolian transport system
bringing dust from the Tibetan Plateau, the arid area in northwestern
China and/or Inner Mongolia into the Sichuan Basin, where it may be
deposited and accumulated as CDCL. Thus, long-range-transported
dust possibly plays a minor role in controlling the magnitude of the
dust flux to the CDCL in the Sichuan Basin. Correspondingly, CDCL is
possibly transported by an ancient katabatic wind over a short distance.
The alluvial plain and alluvial–proluvial fan in the northwestern Sichuan
Basin regions may be a significant dust source for the CDCL. The exis-
tence of an aeolian origin of CDCL is evidence for wind erosion and sug-
gests that the surface in the northwestern Sichuan Basin was a windier
environment in the past than at present.
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Sample
no.

Sampling
depth
(m)

Location Altitude
(m a.s.l.)

Quartz
content
(wt.%)

δ18O of 2–50 μm
quartz fractions
(‰)

Quartz grain size distribution (volume, %) Mean
quartz
grain size
(μm)

Sorting
(σΦ)Latitude Longitude b2

(μm)
2–10
(μm)

10–20
(μm)

20–32
(μm)

32–50
(μm)

50–63
(μm)

63–100
(μm)

N100
(μm)

Loess from the eastern Tibetan Plateau
LX1-3 1.10 31°27.165′ 103°9.989′ 2055 24.7 16.6 0.5 17.7 20.0 21.8 21.9 8.8 8.9 0.4 26.1 1.20
GZ1-2 2.50 31°37.151′ 99°58.643′ 3431 41.4 16.0 0.3 12.3 12.3 17.9 24.2 12.3 16.9 3.8 35.2 1.22
AB1-1 0.60 32°54.405′ 101°46.344′ 3373 32.8 16.4 1.9 16.6 18.5 22.2 23.0 9.2 8.6 0.1 25.5 1.29
SP1-2 0.45 32°47.469′ 103°39.219′ 3197 40.7 16.3 1.7 18.8 20.0 21.6 21.5 8.4 7.9 0.1 24.3 1.29
SLH1-1 0.60 31°24.392′ 100°40718′ 3259 30.2 17.0 0.8 16.7 16.4 20.3 23.0 10.1 11.7 1.0 28.1 1.27
JC1-1 0.80 31°29.771′ 102°4.891′ 2484 29.3 16.8 2.7 22.7 22.7 21.5 18.6 6.6 5.1 0.0 20.6 1.34
WQ1-2 0.75 33°6.337′ 102°42.575′ 3478 50.1 16.3 0.0 7.7 8.3 15.7 26.1 14.9 22.0 5.2 43.3 1.07
MX2-4 1.56 32°0.296′ 103°41.014′ 2380 30.5 16.7 0.4 14.4 18.6 22.7 24.0 9.8 9.9 0.4 28.6 1.15
WC1-2 1.20 31°27.745′ 103°34.913′ 1882 25.7 17.2 2.7 27.5 23.2 18.0 15.2 5.9 6.8 0.7 19.4 1.40
GT1-5 1.90 31°42.418′ 98°32.895′ 3110 42.3 17.0 0.1 8.9 8.4 13.2 21.9 13.4 22.8 11.4 45.8 1.21
DF1-1 0.50 31°0.009′ 101°5.987′ 3076

Loess from the Chinese Loess Plateau and the Qinling Mountains
FZ1-1 0.50 33°58.325′ 106°38.479′ 1053 27.8 15.6 0.8 19.7 23.2 23.6 20.8 7.1 4.9 0.0 23.2 1.17
LJG1-2 1.00 34°4.326′ 107°18.677′ 1587 36.5 16.1 0.9 25.0 27.7 22.7 16.7 4.9 2.2 0.0 19.7 1.14
WJP1-1 0.70 33°5.222′ 106°56.771′ 534 55.6 16.4 2.3 24.3 25.6 22.1 17.3 5.5 3.0 0.0 19.5 1.26
GJH1-3 1.20 32°25.348′ 105°46.079′ 480 33.3 16.2 2.5 21.7 20.2 20.3 19.8 7.8 7.5 0.2 22.2 1.37
LH1-3 5.75 34°25.394′ 107°7.549′ 908 37.7 16.3 0.3 16.4 23.9 24.9 21.8 7.5 5.2 0.0 25.3 1.08
LT-25* 34°6′ 109°19′ 26.0 1.1 27.5 28.5 22.2 15.0 3.9 1.8 0.0 15.4 1.22

Alluvial sediments from Jialingjiang River
GJH1-13 32°25.348′ 105°46.079′ 480 16.7

Alluvial sediments from Bihe River
JT4-1 30°51.904′ 104°23.142′ 454 17.4

Alluvial sediments from Tuojiang River
JYTJ-1 30°23.782′ 104°33.284′ 380 16.7

Alluvial sediments from Minjiang River
MJ-1 30°58.933′ 103°36.563′ 717 17.5

Alluvial sediments from terrace of Minjiang River
MX1-1 32°4.641′ 103°42.913′ 3070 17.3

Weathered red sandstone
JTW1-8 2.65 30°51.9863′ 104°23.5923′ 451 63.2 17.6 0.1 4.7 4.0 4.0 5.6 3.1 4.3 74.2 199 1.83

* Data after Feng et al., 2008.

Appendix B

Mean concentrations (μg/g) of rare earth elements and other trace elements in the 2–50 μm fractions from CDCL, ETPL, LPQL and the weathered
red sandstone.

Elements CDCL
(n = 9; ±σ)

ETPL
(n = 11; ±σ)

LPQL
(n = 5; ±σ)

Weathered
red sandstone

Li 42.6 ± 5.5 24.6 ± 4.9 26.2 ± 5.4 24.9
Be 1.18 ± 0.08 1.89 ± 0.24 1.54 ± 0.24 1.35
B 81.6 ± 5.4 85.3 ± 13.6 67.4 ± 8.9 41.6
Sc 8.97 ± 0.85 10.5 ± 1.2 10.3 ± 0.8 8.71
Ti 5795 ± 203 5340 ± 245 5386 ± 213 3627
V 62.7 ± 5.6 72.6 ± 9.7 69.4 ± 6.1 79.9
Cr 59.6 ± 5.9 60.5 ± 5.5 57.3 ± 3.6 48.9
Co 2.30 ± 1.00 1.77 ± 0.25 1.70 ± 0.58 3.32
Ni 13.5 ± 2.1 7.08 ± 0.83 8.62 ± 1.29 15.5
Cu 11.9 ± 1.5 8.66 ± 1.42 9.62 ± 1.83 39.4
Zn 31.2 ± 3.9 20.1 ± 2.6 24.6 ± 6.0 37.3
Ga 12.7 ± 1.3 14.1 ± 1.6 14.3 ± 0.9 22.0
As 5.32 ± 0.65 3.82 ± 0.81 5.63 ± 1.1 4.08
Rb 94.0 ± 9.9 113 ± 15 111 ± 7 82.7
Sr 70.7 ± 19.1 141 ± 16 130 ± 23 63.3
Y 24.1 ± 1.6 28.3 ± 3.2 22.2 ± 1.6 12.7
Zr 329 ± 25 387 ± 67 299 ± 18 202
Nb 20.8 ± 0.7 19.2 ± 1.0 19.2 ± 0.6 18.3

Appendix A (continued)
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Elements CDCL
(n = 9; ±σ)

ETPL
(n = 11; ±σ)

LPQL
(n = 5; ±σ)

Weathered
red sandstone

Sn 2.76 ± 0.18 2.99 ± 0.30 3.29 ± 1.16 1.97
Cs 9.78 ± 1.46 7.42 ± 1.84 7.93 ± 1.13 6.93
Ba 316 ± 62 482 ± 67 489 ± 36 407
La 28.2 ± 1.9 40.0 ± 5.3 28.5 ± 1.0 10.6
Ce 55.2 ± 3.7 79.3 ± 10.4 56.1 ± 1.9 19.2
Pr 6.09 ± 0.43 8.86 ± 1.17 6.26 ± 0.24 1.95
Nd 22.2 ± 1.5 32.6 ± 4.2 23.1 ± 0.9 6.84
Sm 3.68 ± 0.31 5.6 ± 0.62 4.13 ± 0.26 1.23
Eu 0.686 ± 0.058 1.04 ± 0.09 0.813 ± 0.061 0.31
Gd 3.39 ± 0.28 4.83 ± 047 3.62 ± 0.31 1.29
Tb 0.568 ± 0.045 0.741 ± 0.069 0.564 ± 0.039 0.24
Dy 3.77 ± 0.26 4.63 ± 0.50 3.58 ± 0.26 1.85
Ho 0.811 ± 0.060 0.955 ± 0.106 0.754 ± 0.059 0.43
Er 2.52 ± 0.17 2.90 ± 0.31 2.33 ± 0.16 1.40
Tm 0.388 ± 0.025 0.436 ± 0.044 0.356 ± 0.025 0.22
Yb 2.70 ± 0.17 3.00 ± 0.31 2.49 ± 0.15 1.61
Lu 0.408 ± 0.024 0.450 ± 0.047 0.376 ± 0.018 0.25
Hf 8.69 ± 0.60 10.1 ± 1.8 7.76 ± 0.46 4.96
Ta 1.81 ± 0.11 1.68 ± 0.09 1.60 ± 0.03 1.36
Tl 0.555 ± 0.048 0.550 ± 0.064 0.541 ± 0.026 0.45
Pb 6.05 ± 0.78 8.05 ± 0.65 7.76 ± 0.43 13.3
Bi 0.093 ± 0.016 0.061 ± 0.010 0.073 ± 0.012 0.07
Th 8.61 ± 0.53 12.3 ± 1.0 8.45 ± 0.50 4.14
U 2.83 ± 0.14 3.15 ± 0.26 2.61 ± 0.08 1.53

Appendix B (continued)

Appendix C

Sm and Nd concentrations and isotopic data by grain size fraction in the Chengdu Clay and the adjacent loess.

Sample Sm Nd 147Sm/144Nd 143Nd/144Nd
(±2σ)

fSm/Nd (a) εNd(0) (b) TNd
(c)

(μg/g) (μg/g) (Ga)

Loess on the Chinese Loess Plateau (LT-25) (d)

b2 μm 2.66 15.87 0.1012 0.512017 ± 0.000013 −0.485 −12.11 1.53
2–5 μm 3.43 19.67 0.1056 0.512045 ± 0.000013 −0.463 −11.56 1.55
5–10 μm 3.43 19.36 0.1073 0.512050 ± 0.000014 −0.455 −11.48 1.57
10–20 μm 3.86 21.24 0.1097 0.512047 ± 0.000014 −0.442 −11.52 1.61
20–32 μm 4.02 21.60 0.1126 0.512042 ± 0.000013 −0.428 −11.62 1.67
32–50 μm 4.15 22.18 0.1131 0.512068 ± 0.000013 −0.425 −11.12 1.64
N50 μm 5.05 26.63 0.1146 0.512078 ± 0.000014 −0.417 −10.93 1.65
WS(e) 3.69 20.40 0.1093 0.512077 ± 0.000011 −0.444 −10.95 1.56

Chengdu Clay (JTW1-3)
b2 μm 1.56 12.60 0.0745 0.512135 ± 0.000029(f) −0.621 −9.81 1.11
2–5 μm 2.55 21.60 0.0712 0.512221 ± 0.000021 −0.638 −8.13 0.99
5–10 μm 3.05 25.00 0.0738 0.511998 ± 0.000007 −0.625 −12.48 1.25
10–20 μm 2.70 22.30 0.0731 0.512025 ± 0.000009 −0.628 −11.96 1.22
20–32 μm 2.71 19.70 0.0834 0.511997 ± 0.000008 −0.576 −12.50 1.35
32–50 μm 2.29 18.20 0.0763 0.512042 ± 0.000013 −0.612 −11.63 1.23
N50 μm 0.84 6.49 0.0784 0.511900 ± 0.000007 −0.601 −14.40 1.41
WS(e) 1.90 15.40 0.0747 0.511972 ± 0.000014 −0.620 −12.99 1.29

Loess on the eastern Tibetan Plateau (GZ1-2)
b2 μm 2.78 22.20 0.0759 0.511909 ± 0.000014 −0.614 −14.22 1.37
2–5 μm 3.42 27.60 0.0748 0.511982 ± 0.000009 −0.620 −12.80 1.28
5–10 μm 2.85 21.20 0.0810 0.512002 ± 0.000006 −0.588 −12.41 1.32
10–20 μm 3.63 29.30 0.0747 0.512031 ± 0.000007 −0.620 −11.84 1.23
20–32 μm 3.38 25.60 0.0798 0.512032 ± 0.000006 −0.594 −11.82 1.27
32–50 μm 3.24 24.30 0.0806 0.512004 ± 0.000006 −0.590 −12.37 1.31
N50 μm 4.17 33.00 0.0762 0.512005 ± 0.000006 −0.613 −12.35 1.27
WS(e) 3.91 29.80 0.0794 0.511970 ± 0.000006 −0.596 −13.03 1.34

(a) The fSm/Nd notation describes deviation of 147Sm/144Nd from a chondritic uniform reservoir (CHUR). fSm/Nd = [(147Sm/144Nd)Sample/(147Sm/144Nd)CHUR−1], where
(147Sm/144Nd)CHUR = 0.1967.
(b) The εNd(0) notation describes deviation of 143Nd/144Nd (in part per 104) from a CHUR reservoir. εNd(0) = (143Nd/144Nd)Sample/(143Nd/144Nd)CHUR−1] × 104, where
(143Nd/144Nd)CHUR = 0.512638.
(c) The TNd is the Sm–Nd crustal residence age calculated relative to depleted mantle (DM) reservoir. TNd = (1/λSm)ln[((143Nd/144Nd)Sample − (143Nd/144Nd)DM)/
((147Sm/144Nd)Sample − (147Sm/144Nd)DM) + 1], where (143Nd/144Nd)DM = 0.51315, (147Sm/144Nd)DM = 0.2137, λSm = 6.54 × 10−12 yr−1.
(d) Data of loess on the Chinese Loess Plateau (LT-25) after Feng et al. (2009).
(e) WS–Whole silicate mineral sample.
(f) Data of 143Nd/144Nd for Chengdu Clay (JTW1-3) and loess on the eastern Tibetan Plateau (GZ1-2) after Feng et al. (2010).
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