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The composition of single-grain detrital zircons is an effective provenance indicator of loess, and sheds new light on dust for-
mation and transportation. Here we review the features of detrital zircons and their use as a provenance indicator, including in-
ternal structure, trace element, U-Pb age spectrum and Hf isotopic compositions, and present a case study from the Horqin 
sandy land and its surrounding loess. The loess samples have detrital zircon age peaks in range of 2600–2300, 2100–1600, and 
600–100 Ma, of which the 2600–2300 Ma zircon grains mainly have positive Hf(t) values (3.4–8.7), the 2100–1600 Ma zir-
con grains mainly have negative Hf(t) values (10.1–6.8), and the 600–100 Ma zircon grains have a variable Hf(t) values 
ranging from 21 to 15.9. The detrital zircon signatures of the loess are similar to the Horqin sandy land, but clearly different 
from the Chinese Loess Plateau and central-western deserts, implying that the loess is transported mainly from the Horqin 
sandy land in the Last Glacial period. Comparing these with neighboring tectonic units, we found that zircon populations at 
2600–2300, 2100–1600, and 600–100 Ma with negative Hf(t) values may come from the northeast North China Craton (NCC), 
and those at 600–100 Ma with positive Hf(t) values may come from the east Central Asian Orogenic Belt (CAOB). It is esti-
mated that the two sources contribute equally to the Horqin sandy land and the surrounding loess. 

loess provenance, detrital zircon, U-Pb age, Hf isotope, Horqin sandy land 

 

Citation:  Xie J, Yang S L, Ding Z L. Methods and application of using detrital zircons to trace the provenance of loess. Sci China Earth Sci, 2012, 55: 
1837–1846, doi: 10.1007/s11430-012-4428-x 

 

 
 
As eolian deposits, before final accumulation, loess experi-
enced a series of processes in arid area including production 
of fine-particle material, sorting, mixture and transportation. 
Understanding these processes is important to reconstruct 
surface processes of arid area and atmospheric circulation 
patterns. To date, the consensus in academic community is 
that loess of the Chinese Loess Plateau was produced in 
mountains and plateau of western China, and then was 
transported to the Chinese Loess Plateau or farther regions 
by winds in desert environments. But it is a kind of simple 
and sketchy characterization. Some problems such as rela-

tive contributions of different sources and transportation 
pathways cannot be solved because of the lack of effective 
means. For example, many researchers apply geochemistry 
(such as element, Nd, Sr, Pb, Hf, Os isotope) [1–7], miner-
alogy (such as O isotope, crystallinity and ESR signal in-
tensity of quartz, dolomite content) [8–10], and sedimen-
tology methods (such as sedimentation rate, grain size sort-
ing) [11–14]. The mixed samples are measured by geo-
chemical and traditional mineralogical methods. Although 
the initial source region can be pointed out sometimes, these 
methods are incapable of determining contributions of dif-
ferent sources. Loess is a mixture of many source areas, 
even its chemical composition is considered as the average 
of upper crust [15–18]. If geochemical characteristics of 
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loess lie between several potential source areas, it originates 
from single source or a mixture of two or multiple sources. 
In addition, these methods are incapable of tracing the pro-
cess that dust grains are transported from erosion area to 
deposition area. Sedimentology methods only indicate the 
last-station source before deposited in the Loess Plateau, 
and cannot demonstrate the initial source areas. Because 
these tracing methods have their own limitations, sources of 
dust are too complicated to sort out. Different conclusions 
can be made using different methods. So, avoiding non-      
uniqueness of data explanation is the research focus on dust 
provenance.  

Comparatively speaking, using detrital zircons to trace 
provenance is a more effective method. Zircon (ZrSiO4) 
occurs in a wide variety of sedimentary, igneous, and met-
amorphic rocks. Zircon contains radioactive elements U and 
Th with long half lives. Due to the high U-Th-Pb closure 
temperature in zircon (>900°C) [19], zircon is often used 
for dating. It is resistant to erosion, and the Earth’s oldest 
known rocks were dated by zircons. Zircon can be deter-
mined U and Th, it also contains Hf and REE, which are 
good indicators of evolutionary processes of its host rock. 
Recently, the developments of in-situ microprobe tech-
niques make it possible to study them on micrometer scale, 
and multistage geological events are revealed from a single 
zircon crystal, including various igneous and metamorphic 
processes caused by dissolution, modification, and newborn 
of zircons. Therefore, the source areas of zircon grains are 
constrained definitely by analyzing U-Pb ages and element 
composition of zircons. The relative contributions of dif-
ferent sources are estimated by multi-grain statistics. Com-
pared with the potential desert sources, the processes before 
loess accumulation are now much better understood.    

In this paper, we introduce the methods of detrital zir-
cons to trace the provenance of loess, and take the Horqin 
sandy land and its surrounding loess as an example to 
semi-quantitatively estimate the sources. 

1  The tracing methods of detrital zircons 

Using detrital zircons to trace the provenance is to compare 
the zircon compositions of depositional area with those of 
potential source regions in order to determine the contribu-
tion of different sources to the sediments. These compari-
sons include internal structure, trace element, U-Pb age 
spectrum, and Hf isotopic compositions of detrital zircons. 

1.1  Internal structure 

The internal structure of zircon is often obtained by 
backscattered electron (BSE) imaging and cathodelumines-
cence (CL) imaging. BSE image reveals the difference of 
average molecule weight of zircon surface [20]. CL image 
shows the difference in the abundances of some trace ele-

ments (such as U, Y, Dy, Tb, etc.) and the defects in the 
crystal lattice of zircon. Generally, a negative correlation has 
been observed between the CL intensity and the trace element 
content of U, REE, Th, etc. [21, 22]. In most cases, The CL 
image reveals the most detailed internal structure of zircon. 

Magmatic zircon usually has typical feature of well-de-    
veloped magmatic oscillatory zoning. Sector zoning also 
occurred in magmatic zircon, which was formed in unstable 
environment that results in different growth velocities of 
crystal facies [23]. Some igneous zircons from man-
tle-derived rock show no or weakly zoned characteristic. 

Metamorphic zircon has such internal structures as no 
zoning, weakly zoning, cloudy zoning, sector zoning, 
fir-tree zoning, planar zoning, patched zoning, spongy zon-
ing, and flowed zoning [24]. 

1.2  Trace element compositions 

A large number of investigations indicated that magmatic 
and metamorphic zircons can be distinguished by their Th 
and U contents and Th/U ratios. Magmatic zircons have 
higher Th and U contents as well as Th/U ratios (usual-
ly >0.4). Metamorphic zircons have lower Th and U con-
tents as well as Th/U ratios (usually <0.1) [25]. However, if 
zircons crystallized from some melts that have peculiar 
chemical compositions, they would have anomalous Th/U 
ratios [26–28]. Other indices except Th/U ratios are needed 
to distinguish igneous and metamorphic zircons.  

Trace element (especially REE) abundances in igneous 
zircons are used mostly to distinguish them from different 
rock types. Belousova et al. [28] analyzed concentrations of 
trace elements for zircons from a wide range of igneous 
rocks. They found that bi-variable discriminated diagrams 
and classic trees based on recursive techniques can provide 
a useful means of relating parent rock type to zircon trace 
element characteristics. There is a general trend of increas-
ing trace element abundances in igneous zircons from ul-
tramafic through mafic to granitic rocks. The average con-
tent of REE is less than 50 ppm in kimberlitic zircons, 
600–700 ppm in lamproitic zircons, and about 2000 ppm in 
zircons from mafic rock, and can reach per cent levels in 
zircons from granitiod and pegmatite. 

The trace element characteristics of metamorphic zircon 
can be used to relate their formation to metamorphic condi-
tions. Metamorphic overgrowth of zircon in granulite-facies 
rocks generally has relative HREE depletion and obviously 
negative Eu anomaly [29, 30]. Metamorphic zircon formed 
under eclogite-facies conditions is usually depleted in 
HREE, and has low Nb and Ta contents and Nb/Ta ratio 
without significant Eu anomaly [25]. Amphibolite-facies 
zircon shows relatively HREE enrichment and clearly nega-
tive Eu anomaly [31]. 

1.3  U-Pb ages 

At present, there are mainly three measurement techniques 
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of zircon U-Pb age. (1) TIMS (Thermal Ionization Mass 
Spectrometry): The zircons were decomposed by acids, U 
and Pb were extracted by anion exchange resin, and isotopic 
ratios of U and Pb were determined by isotope dilution 
method [32]. This method has high precision, but the sam-
ple treatment is complicated, requiring zircon decomposed 
and cannot implement in situ measurements. (2) SIMS 
(Secondary Ion Mass Spectrometry): This method need not 
dissolve zircons, and can obtain in situ results with 
high-spatial resolution to determine age of fine part of sin-
gle zircon crystal [33] (the beam spot size is generally 
20–50 m, and even reduced to 5–8 m). However, this 
method is time-consuming (about 20 min for every test spot) 
and with a high cost. Measurements of large numbers of 
zircon grains using above two methods are not suitable. (3) 
LA-ICP-MS (Inductively Coupled Plasma Mass Spectrom-
etry): This method can realize in situ dating by laser abla-
tion sampling [34]. In some condition, it can achieve the 
accuracy and precision comparable to SIMS, has a shorter 
analysis time (<4 min for every test spot), and is less expen-
sive. It is an ideal analysis method for detrital zircons at 
present. Compared with SIMS, this method has some dis-
advantages such as larger sampling amount and more dam-
age to samples (the spot size is generally 30–60 m, and 
sampling depth is 10–20 m). Although its spatial resolu-
tion and analysis precision were lower than SIMS, it can 
meet the requirement of detrital zircon analysis of loess. 

There are two strategies in detrital zircon analysis. One 
approach is that grains from all color and morphology 
groups were analyzed irrespective of their abundance 
among the available grains [35]. This method has an ad-
vantage of including all possible age components when 
analysis of detrital zircon grains is small. Most TIMS and 
SIMS detrital zircon analyses follow this strategy. This 
strategy cannot reflect the relative contributions of different 
source components. Another approach is that at least 117 
grains were measured randomly and proportions of different 
age components are calculated to estimate the contributions 
of potential sources statistically [36]. This strategy is widely 
applied with the development of LA-ICP-MS technique. 

U-Pb age data are generally displayed using concordia 
diagrams to convey information about grain numbers of 
every sample analyzed, precision and concordance of every 
spot. However, as sample size increases, these concordia 
diagrams can become visually crowded. Thus concordant 
detrital zircon ages are commonly displayed in histograms 
and probability density distributions. Through comparison 
of detrital zircon age spectra of sediments with those of po-
tential sources, the provenances can be constrained specifi-
cally, and then transport pathways be proposed. There are 
two mathematical methods to compare age spectra of detri-
tal zircons commonly. One is that Sambridge et al. [37] de-
veloped a deconvolving method based on maximum likeli-
hood algorithm in order to estimate the most likely ages, 
proportions, and number of components in a set of U-Pb age 

spectra of detrital zircons. The other is the two-sample 
Kolmogorov-Smirnov (K-S) test that can provide a statisti-
cal basis for comparing the similarity of detrital zircon age 
spectra of sediments with those of potential sources [38]. 

1.4  Hf isotopic compositions 

The geochemistry of Hf is virtually identical to Zr. Hence 
Hf is as a minor substitute for Zr in zircon (0.5%–2% Hf 
contained in zircon) [39]. Variations in the abundance of 
176Hf are conventionally expressed with respect to 177Hf, 
which is stable nuclide. The β-decay of 176Lu, which has a 
half-life of 37 Ga, produces 176Hf. The content of Lu in zir-
con is very low. 176Hf decayed from 176Lu is very few. So, 
176Hf/177Hf ratio of zircon effectively preserves the initial 
176Hf/177Hf ratio at the time of zircon formation, and pro-
vides important information for genesis of the parent mag-
ma [40]. This combination of U-Pb ages and Hf isotopic 
compositions of single-grain detrital zircons makes it possi-
ble to determine, through each grain, not only the age but 
the nature and source of the host magma. 

There are mainly two parameters to be considered to ex-
plain the source of zircon host magma by Hf isotopic ratio. 
One is Hf(t), which is the relative deviation in parts in 104 
from the 176Hf/177Hf ratio of the chondritic uniform reservoir 
(CHUR) when the rock is formed.  

Hf(t)=10000×{[(176Hf/177Hf)S(176Lu/177Hf)S×et1)]/ 
[(176Hf/177Hf)CHUR,0(176Lu/177Hf)CHUR×(eλt1)]1}. 

The initial Lu/Hf ratio of the Earth is approximately sim-
ilar to that of the chondrite. The Lu/Hf ratio changed gradu-
ally as the upper mantle partially melted. During the course 
of producing basaltic magma, residual mantle is depleted in 
Hf (Hf is more incompatible than Lu), and basaltic crust is 
enriched in Hf correspondingly. As the time elapsed, the Hf 
isotope ratios of the depleted mantle (Lu/Hf>chondrite) and 
the enriched crust (Lu/Hf<chondrite) are different from 
those of non-differential primitive Earth (Lu/Hf=chondrite). 
When Hf(t)>0, it means that the rock comes from the de-
pleted mantle (DM), and when Hf(t)<0, the rock comes 
from the enriched mantle (EM) or sources assimilated and 
contaminated by the Crust.  

The other parameter is Hf model age relative to the de-
pleted mantle (TDM), including one and two-stage model age. 
In most cases, a two-stage model age should be considered 
for zircon [41], which signifies the age that the host magma 
of zircon comes from the mantle, i.e. crustal residence time.  

TDM
C=1/×ln{1+[(176Hf/177Hf)S,t(176Hf/177Hf)DM,t]/ 

[(176Lu/177Hf)C(176Lu/177Hf)DM]}+t. 

When Hf(t) of zircon is positive and Hf model age is 
close to crystallization age, it shows that the source rock 
originates from newborn mantle material. Otherwise, it 
comes from remelting of the old crust [40]. 
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Several above-mentioned characteristics of zircon 
combined are very effective to trace the provenance. For 
example, the composition of the Triassic Songpan-Ganzi 
complex is complicated. It is difficult to determine its 
sources using traditional methods. Weislogel et al. [38] 
compared the U-Pb zircon age spectra of this complex with 
those of surrounding potential sources systematically, and 
found that there are three kinds of compositions in the U-Pb 
zircon age spectra, correspond to three depocenters that 
sourced from different tectonic units respectively. Their 
work well constrained the provenance of this complex. 

Although detrital zircon analysis is a powerful tool, the 
complexity of natural processes and the discrepancy of sta-
tistic methods of detrital zircon will affect the results of 
provenance explanation. The complexity begins with the 
source rocks themselves; for instance, zircon does not occur 
in all rocks (there are few zircons in ultramafic and mafic 
igneous rocks). Even if zircon is present, the rock type will 
determine the amount of zircon present, and then will 
overestimate or underestimate the contributions of some 
sources. 

2  Applications of detrital zircons in the prove-
nance of loess from Northeast China 

The Horqin sandy land is located in the southwestern part of 
the Songliao Basin covering an area of 42300 km2 with an-
nual precipitation between 300–450 mm. There, most of the 
sand dunes are semi-stabilized [42]. There are loess deposits 
in the south and east of the Horqin sandy land. This region 
is distributed in the marginal zone of east Asian monsoon, 
which is very sensitive to monsoonal change. The geologi-
cal records indicate that sand dunes in this region are active 
during the Last Glacial Maximum (LGM) and are stabilized 
during the Holocene Optimum (HO) [43]. Human activity 
and climate change in recent several thousand years make 
the trend worse [43]. So far, study on loess in this region is 
concentrated on luminescence dating and paleoclimatic re-
construction [44–46], with little concerns on loess prove-
nance. Whether the surrounding loess comes from the 
Horqin sandy land? And where does the Horqin sandy land 
source from? These questions remain unanswered. We 
sampled the sands from the Horqin sandy land and loess 
from its surrounding loess deposit systematically, analyzed 
U-Pb ages and Hf isotopic compositions of detrital zircons, 
and compared them with those of neighboring tectonic units 
to determine the provenance of the loess and sandy land. 

2.1  Geological setting and sampling  

The Horqin sandy land and its surrounding loess are situat-
ed between the NCC to the south and the CAOB to the 
north (Figure 1(a)). The CAOB is a huge structural collage 
belt between the Siberia Craton and NCC. It formed mainly 

from the progressive subduction and accretion of terranes of 
different types containing Precambrian microcontinental 
blocks, island arcs, accretionary complexes, ophiolites, and 
passive continental margins [47]. It is distributed by huge 
volumes of Paleozoic and Mesozoic intrusive and volcanic 
rocks. The northeastern part of the NCC consists of early 
Archean to Paleoproterozoic basement rocks overlain by 
unmetamorphosed Mesoproterozoic to Neoproterozoic vol-
canic-sedimentary sequences and Phanerozoic cover suc-
cession. The Phanerozoic strata are composed of the Cam-
brian-Middle Ordovician deposits dominated by neritic 
carbonates and a Late Carboniferous to Early Permian al-
ternating marine and terrestrial sequence is characterized by 
carbonates and coal-bearing rocks, overlain by the Late 
Permian-Triassic red beds and conglomerates, and the Early 
Jurassic to the Early Cretaceous terrestrial volcanic and 
clastic sediments. 

We sampled two typical sections of the Horqin sandy 
land deposited from the Last Glacial––KZH (42.70°N, 
121.97°E) and SL (43.51°N, 123.38°E), and two loess sec-
tions––YC (42.12°N, 119.85°E) and SLB (41.87°N, 
119.39°E) (Figure 1). These sand sections consist of yellow 
sand unit, whose lower part is not outcropped, and black 
sandy loam soil from the bottom up. The luminescence re-
sults indicate that the ages of boundary between yellow and 
black sand unit are from late Last Glacial to early Holocene, 
implying that yellow sand unit was deposited mainly during 
the Last Glacial and black sandy loam soil during the 
Holocene [50]. The loess sections are composed of the 
Last Glacial (L1) loess and the Holocene (S0) paleosol 
(Figure 2), which can be distinguished easily in field ob-
servation and magnetic susceptibility curve. We collected 
one sample from every sand and loess layer of the Last 
Glacial (Figure 2).  

2.2  Experimental methods  

About 1 kg samples were processed by elutriation, electro-
magnetic separation, and heavy liquid. Zircon grains with 
free inclusion and least fracture were handpicked and 
mounted on adhesive tape, enclosed in epoxy resin and then 
polished to expose zircon surface, and photographed in re-
flected and transmitted light. The mounts were then imaged 
under CL using a CAMECA SX51 scanning electron mi-
croscope at the Institute of Geology and Geophysics, Chi-
nese Academy of Sciences. U-Pb age analyses were carried 
out on a Perkin-Elmer Sciex Elan6100DRC ICP-MS 
equipped with a 193 nm GeoLas200M laser, housed at State 
Key Laboratory of Continental Dynamics, the Department 
of Geology, Northwest University. In our analysis, zircon 
standard 91500 was used as an external calibration. The 
laser spot diameter was 30 m. The detailed analytical pro-
cedures and parameters were described by Yuan et al. [51]. 
Common Pb was corrected according to the method pro-
posed by Andersen [52]. Isotopic ratios and element con- 
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Figure 1  (a) Tectonic background map of the study area (modified from [48]); (b) map showing the profile location of the Horqin sandy land and its sur-
rounding loess (based on ref. [49]). 

 
 

 

Figure 2  Stratigraphic map of the Horqin sandy land and its surrounding loess. The optical stimulated luminescence(OSL) ages are marked in bracket [50]. 
■ Sampling position of detrital zircon. 
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centrations were calculated using the Glitter program (ver. 
4.0). The age calculations and plotting of age spectra were 
made using Isoplot program (ver 3.0) [53]. We analyzed 120 
grains of zircon from each sample arbitrarily. The 206Pb/238U 
ages were used for grains with 207Pb/206Pb ages<1000 Ma, 
and 207Pb/206Pb ages for older grains. Grains that are dis-
cordant by more than 10% were discarded. 

Zircon Hf isotopic analyses were conducted using the 
Neptune MC-ICPMS at the Institute of Geology and Geo-
physics, Chinese Academy of Sciences. The spot size of 63 
m was used. During analyses, standard zircon 91500 was 
used for external correction. The operation condition of the 
instrument and detailed analytical technique is described in 
Xu et al. [54] The detailed procedures of data correction 
were described by Wu et al. [55]. 

2.3  Results  

The lengths of zircons from sand sample KZH-24 and SL-5 
are from 50 to 330 m, and those from loess sample YC-2 
and SLB-L1 are from 40 to 150 m. Zircons from sand and 
loess samples are from euhedral prismatic and acicular to 
subhedral stubby and anhedral elliptical and rounded in 
morphology. Zircon colors include colorless, light yellow, 
light pink, and dark brown. There are all kinds of internal 
structure zircons in CL images. (1) Igneous zircon such as 
typical oscillatory zoning (Figure 3(a)), sector zoning (Fig-

ure 3(b)), and inherited core with oscillatory zoning over-
growth (Figure 3(c)). (2) Long prismatic or acicular zircon 
may be sourced from volcanic rocks. (3) Metamorphic zir-
con including overgrowth (Figure 3(e)), newborn such as no 
zoning (Figure 3(f)), weakly zoning (Figure 3(g)), and fir-     
tree zoning (Figure 3(h)), recrystallization (Figure 3(i)).  

Th/U ratios of detrital zircons are mostly larger than 0.4, 
and only a few are smaller than 0.1. So, detrital zircons of 
the samples are sourced mainly from igneous rocks, and 
metamorphic zircons are rare.  

The U-Pb detrital zircon spectra of sand samples from 
the Horqin sandy land can be divided mainly into three 
groups 2600–2300 Ma (peaks in 2500–2400 Ma), 2100– 
1600 Ma (peaks in 1800–1700 Ma), and 600–100 Ma. 
Therein, there are dense peaks in 600–100 Ma, and the peak 
of ca. 250 Ma is dominated. Loess samples are similar to 
the sand samples, and also consisted of these three groups 
(Figure 4). 

The Hf isotopic compositions of loess detrital zircons are 
also identical to those of the Horqin sandy land (Figure 4). 
The detrital zircons can be divided into four groups accord-
ing to U-Pb age and Hf isotope (Figure 5). The 2600–2100 
Ma zircons have Hf(t) values of 9.3–8.7 mostly positive. 
The 2000–1500 Ma zircons have negative Hf(t) values of 
10.1–6.8. Phanerozoic zircons (546–121 Ma) can be clas-
sified into two groups according to Hf(t) values. Some zir-
cons have negative Hf(t) values of 21–0.8. The others  

 

 

Figure 3  Representative cathodoluminescence (CL) images of detrital zircons from the Horqin sandy land and its surrounding loess. 
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Figure 4  U-Pb age spectra of detrital zircons from the Horqin sandy land and south loess, and published U-Pb ages of igneous rocks from potential 
sources-Northeast NCC and East CAOB (data are from ref. [56] and references therein). 

have positive Hf(t) values of 1.7–16.0. 

2.4  Discussion and conclusions  

The U-Pb detrital zircon age spectra and Hf isotope of loess 
samples are similar to those of the Horqin sandy land, im-
plying that the loess is sourced mainly from the Horqin 
sandy land during the Last Glacial period. 

Igneous zircon ages from the eastern CAOB range 
broadly from 531 to 111 Ma, almost without Archean or 
Proterozoic ages (Figure 4) according to Yang et al. [56] 

Paleozoic and Mesozoic garnites and volcanic rocks in the 
eastern CAOB have positive Nd(t) values, indicating that 
large amounts of juvenile mantle materials were added to 
the CAOB crust during the Phanerozoic [57]. Correspond-
ingly, Hf(t) values of igneous rocks also have positive val-
ues [58]. Igneous zircons in the eastern CAOB have Hf(t) 
values ranging from 4.2 to 16.3, with peaks at about 6.0 
and 10.0 [56] (Figure 5). U-Pb ages of igneous zircons from 
northeastern NCC have age distribution peaks centered on 
2600–2400, 1900–1700, and 390–111 Ma (Figure 4). Its 
Phanerozoic zircons have negative Hf(t) values of 3.8 – 
22.8, which is very different from Phanerozoic zircons of 
eastern CAOB (Figure 5). 

In detrital zircons of loess and the Horqin sandy land, the 

older Archean and Paleoproterozoic age group (2800–2100 
Ma) have positive Hf(t) values, and the Paleoproterozoic 
age group (2000–1500 Ma）have negative Hf(t) values. The 
two groups are similar to the basement rocks of northeastern 
NCC, implying they may come from northeastern NCC. 
Phanerozoic zircons (546–121 Ma) can be divided into two 
groups according to their Hf(t) values. Zircons with positive 
Hf(t) values may come from eastern CAOB, and some with 
negative Hf(t) values may come from northeastern NCC. 
Few Meso- and Neoproterozoic zircons occur in some sam-
ples, whose Hf(t) values change broadly. They may origi-
nate from several sources. Therein, zircon ages of ca. 900 
Ma may be consistent with Neoproterozoic magmatic activ-
ity of northern NCC [59]. 

We count detrital zircon grains derived from northeastern 
NCC and eastern CAOB, and calculate percentages of dif-
ferent sources to estimate the contributions. The northeast-
ern NCC may contribute 49%–61% to the Horqin sandy 
land and its surrounding loess (54% on average), and the 
eastern CAOB is about 46%. Materials derived from the 
northeastern NCC and eastern CAOB may be transported by 
fluvial system and wind to the Horqin sandy land, and then 
transported to downwind loess deposit area by wind. Detri-
tal zircon characteristics of the Horqin sandy land and its 
surrounding loess are clearly different from the Chinese  
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Figure 5  Diagram of Hf(t) vs. U-Pb ages from the Horqin sandy land and its south loess, and published data from potential sources––Northeast NCC and 
East CAOB (data are from ref. [56] and references therein). 

Loess Plateau and central-western deserts [60]. The U-Pb 
detrital zircon age spectra of the Loess Plateau are distrib-
uted in early Paleozoic of 243–382 Ma with peaks at ca. 280 
Ma, late Paleozoic of 400–540 Ma, Meso- and Neoprotero-
zoic age peaks in 590, 656, 800–1100, 1200–1500 Ma, and 
a few in Paleoproterozoic of 1600–1900 Ma and late Ar-
chean, without any young Mesozoic grains. The Horqin 
sandy land and proximal loess have much fewer late Paleo-
zoic zircons than the Loess Plateau, almost absent of Meso- 
and Neoproterozoic age, and have Mesozoic grains of 100– 
200 Ma. So, loess surrounding of the Horqin sandy land is a 
kind of short-range transportation deposit entrained by the 
near-surface winds.  

From this application instance, it is evident that detrital 
zircon is an effective method of tracing loess provenance, 
and it determines not only which desert it comes from, but 

also which crystalline rocks it comes from by comparison 
with proximal tectonic unit. This method can establish the 
connection that material eroded from crystalline rocks de-
posits to loess accumulation area passing by the deserts. 
Certainly, limited by instrument techniques and zircon grain 
picking, the zircon grain size analyzed is coarse in most 
laboratories. Recently, study on dating fine grain zircon is 
developed in some laboratories, and some data have been 
published [61, 62]. As the techniques improving, measure-
ments of fine size zircons will be popularized gradually. So, 
using detrital zircons to trace the provenance of loess will 
have a very wide application prospect.  
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