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Abstract: Kumtagh Desert is one of the eight biggest deserts in China, but poorly investigated be-
fore our interdisciplinary study because of the difficulty of access. In this paper, 33 representative 
surface sediment samples were collected from the Kumtagh Desert and analyzed in the laboratory 
to obtain heavy mineral components and geochemical element contents. Results show that various 
kinds of heavy minerals are present in these samples, with high levels of epidote and hornblende. Si 
and Al take up a large part of chemical composition. Compared with the average composition of 
geochemical elements of the upper continental crust (UCC), except Si and Ca, all elements are 
depleted to a certain degree; Fe, Mg, Ca, P, Ti and Mn have high correlation coefficients in their 
contents. The mineral and geochemical composition of the Kumtagh Desert sediments have a 
similarity with that of rocks of Altyn Tagh Mountains, and the surface sediments of the alluvial/diluvial 
fans around the Altyn Tagh Mountains and that of the Taklamakan Desert, indicating that one major 
source of the Kumtagh Desert sediments is located in the Altyn Tagh Mountains. Alluvial deposits 
and lake sediments in Aqik valley and lower reaches of Shule River are prone to be eroded and 
transported by the strong northeasterly wind into the Kumtagh Desert, forming another source of the 
desert deposits. An A-CN-K ternary diagram shows that a weak degree chemical weathering by the 
loss of Na and K occurred in these sediments, whereas A-CNK-FM ternary diagram suggests that 
Fe and Mg have undergone a significant chemical differentiation. Physical weathering processes 
cause easy erosion and enrichment in fine particles for mafic minerals, thus coarse desert sand 
particles can be relatively depleted in Fe and Mg. The mineral and geochemical composition of 
sediments in arid regions experiencing less chemical weathering are mostly affected by physical 
weathering. 
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1  Introduction 

Recent studies on formation and evolution of deserts in northern China and its relationship 
with climate change have made considerable progresses. However, because of the difficulty 
of access, the Kumtagh Desert is the last of the eight biggest deserts in China to be system-
atically and scientifically investigated (E et al., 2006). In recent years, some researchers 
have focused on the geological background of the desert region (Zheng et al., 2000; Ritts 
and Biffi, 2000; Sun and Liu, 2006; Sun et al., 2009; Lu et al., 2010; Zhang and Sun, 2011) 
and its landscape features (Xia, 1987; Wang, 1987; Qu et al., 2005; E et al., 2008), as well as 
the morphological interpretations of dune landforms (Qu et al., 2007; Dong et al., 2008; E et 
al., 2008) and grain-size distribution of the sediments (He et al., 2009). However, the infor-
mation about the sediment composition is very limited. Moreover, the origin of the desert 
deposits and weathering process during transportation have not been well documented. 

Mineralogical and geochemical characteristics of desert deposits are widely used to trace 
sediment provenance (Weltje and Eynatten, 2004; Chen et al., 2007; Stevens et al., 2010) 
and sedimentary process (Nesbitt and Young, 1996; Nesbitt and Markovics, 1997; Muhs, 
2004), as well as to reconstruct paleoclimatic changes (Nesbitt and Young, 1982; Ding et al., 
2001; Chen et al., 2001; Újvári et al., 2008). Many studies have focused on sediment com-
position and provenance of the deserts in north China, e.g. Taklamakan Desert (Qian et al., 
1993; Yang et al., 2007), the desert of Jungger Basin (Qian et al., 2001) and other dune 
fields (Xie and Ding, 2007; Stevens et al., 2010), while others use geochemical isotopic 
analyses to evaluate their contributions to the global dust production (Chen et al., 1995, 
2007; Jickells et al., 2005; Zhang et al., 2005). However, these works did not include the 
weathering of desert sands during formation, transportation and deposition, and its influence 
on mineralogical and geochemical composition was also not considered. 

The main factors that control mineralogical and chemical composition of silicate rocks 
are (1) source composition, (2) climate through chemical weathering, and (3) abrasion and 
sorting during the sediment transportation (Blatt et al., 1980; Johnsson et al., 1988; Johnsson 
et al., 1991; Nesbitt and Young, 1996; Young and Nesbitt, 1998; Ohta and Arai, 2007). Pre-
vious studies of sedimentary petrogenesis focused mainly on mineral chemical weathering 
and element migration related to in-situ weathering profiles (e.g. Nesbitt and Markovics, 
1997; Chen et al., 1997; Ohta and Arai, 2007; Li et al., 2007). Nevertheless, effects of 
physical weathering on mineral or bulk chemical composition of sediment are given less 
attention (Nesbitt and Young, 1996), especially in arid regions where abrasion and sorting 
during transportation is considerable. In this study, 33 surface sediment samples were col-
lected from Kumtagh Desert during the desert exploration in September 2007 and then ana-
lyzed in the laboratory with the following objectives: (1) to describe the mineralogical and 
geochemical characteristics of desert deposits in the Kumtagh Desert; (2) to investigate the 
source region of these sediments; (3) to evaluate the effect of physical weathering process on 
the mineralogical and geochemical composition of the desert sands. 

2  Study area 

The Kumtagh Desert is situated in the eastern part of the Tarim Basin, northwest to the Lop 
Nur Depression and south to the Altyn Tagh Mountains (89°57′–94°54′E, 39°07′–41°00′N) 
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(Figure 1). On the north of the desert locates Aqik Valley adjoining to the Kezile Tagh 
Mountain and to the east is the extensive Shule River flood plain. The Kumtagh Desert is the 
sixth biggest desert in China with an area of 2.28×104 km2 (E et al., 2006). Various types of 
aeolian dunes cover the SW-NE inclined alluvial/diluvial plain of the northern Altyn Tagh 
Mountains, which is influenced by tectonic movement (Xia, 1987; E et al., 2006, 2008), and 
the unique pseudo-feathery dunes are distributed at the north central part of the desert (Qu et 
al., 2007; Dong et al., 2008). The annual precipitation of the desert region is less than 10 
mm and therefore it is an extremely arid climate (E et al., 2006). NE, NNE and ENE winds 
combine to be the dominant group of winds, accounting for 45% of the winds, and the other 
group includes ESE and E winds, accounting for 23% (Dong et al., 2008). Seasonal rivers 
originating from the Altyn Tagh Mountains flow mainly northwards through the desert and 
cut several deep river gullies. At northwestern part of the Lop Nur Depression and lower 
reaches of the Shule River flood plain, the second largest Yardang landform in China is 
found (E et al., 2006; 2008). 

 
Figure 1  Geocover image of the Kumtagh Desert (from USGS). Solid red dots show locations of our sampling 
sites. Solid blue lines represent modern river patterns 

3  Composition of the surface sediment 

The 33 unconsolidated surface samples are divided into five subareas according to geo-
graphic location: the north (N region, n = 8), the west (W region, n = 4), the central (C re-
gion, n = 10), the south (S region, n = 7) and the east (E region, n = 4). S1, S2, S7 and S8 are 
dune sands or fluvial deposits from alluvial/diluvial fans of the northern Altyn Tagh Moun-
tains; S3, S4 and S6 are fluvial sediments of the intermontane basin; sample E5 locates in 
Mingsha Hill; most of the other samples are aeolian sands. S3, S4, S6 and S8 all have fine 
grain-size distributions with high silt content, while others are course dune sands with a 
dominant component of medium to fine grade sand (He et al., 2009). 

3.1  Mineralogical composition 

The fine grain size fraction (<0.25 mm) of 25 samples was dry sieved to obtain heavy min-
erals using elutriation method. The ferromagnetic and electromagnetic fractions were ex-
tracted by a hand magnet or electromagnetic separator, and then weighed to calculate mass 
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faction. Heavy mineral grains of the three parts (ferromagnetic, electromagnetic and 
non-ferromagnetic fractions) were then counted under an optical microscope based on crys-
tal feature, optical characteristic and chemical property to calculate the relative abundance of 
each mineral. The results show that more than 30 kinds of heavy minerals are present (Table 
1), but with a low total proportion compared to the bulk sample. Generally, medium stable 
minerals (including epidote, zoisite and orthite) and stable minerals (including magnetite, 
hematite and goethite) have a high average content of 39.1% and 25.5% respectively, and 
content of very stable minerals (including tourmaline, zircon and rutile) is relatively low 
with a variation ranging from 0.6% to 7.95%. Samples from S and E regions have a consid-
erable content of unstable minerals (mainly amphibole, average 28.5% in S region) while 
samples from N region have a relatively low content of 12.0% on average. Other minerals, 
such as garnet which ranges from 0.7% to 21.4%, anatas, leucoxene, barite and kyanite are 
present in almost all the samples, albeit with a rather low content. Pyrite was detected in 
some samples (frequency of samples with pyrite appearance is 56%); diopside was detected 
in S region (33%), C region (60%), W region (50%) and N region (12.5%); sillimanite was 
detected in C region (40%), W region (25%) and N region (12.5%); glaucophane was de-
tected in S region (16.7%), W region (25%) and N region (12.5%); andalusite was present in 
sample W1 and N4; staurolite was present in sample S3 and S4; brookite was present in S3 
and monazite was present in C10. 

A Piper triangular diagram is used to show differences in mineral composition between 
samples (Qian et al., 2001). Six assemblages of heavy minerals are arrayed according to 

 
Table 1  Regional average of the heavy minerals in Kumtagh Desert (%) 

Unstable minerals Medium stable minerals 
Sample Total HM Carbonate

Amp Px Mica Sum Ep Chl Ap Ttn Sum 

S (n=6) 1.45 4.4 28.5 0.4 0.1 29.0 31.5 0.7 0.5 0.4 33.1 

C (n=5) 1.74 5.9 21.5 0.3 0.1 21.8 39.8 0.8 0.2 0.2 41.1 

W (n=4) 1.52 7.0 22.8 0.3 0.1 23.3 45.9 0.4 0.2 0.2 46.8 

N (n=8) 0.87 3.9 12.0 0.3 0.1 12.4 46.4 1.1 0.2 0.2 47.9 

E4 1.80 3.9 49.7 0.8 0.9 51.4 14.3 0.8 0.4 0.8 16.4 

E5 0.92 4.1 26.0 8.3 0.8 35.1 20.0 0.8 0.2 0.7 21.7 

Total (n=25) 1.33 4.9 21.6 0.7 0.2 22.5 39.1 0.8 0.3 0.3 40.5 

Stable minerals Very stable minerals 
Sample 

Mgt Hem & Gt Grt Ant Leu Brt Ky Sum Tur Zm Rt Sum 

S (n=6) 13.0 13.3 3.3 M M M m 29.7 0.2 3.2 0.3 3.7 

C (n=5) 11.6 14.3 3.4 M M m m 29.4 0.5 1.2 0.2 1.9 

W (n=4) 9.7 8.9 2.7 M m M m 21.4 0.3 1.1 0.1 1.5 

N (n=8) 14.1 16.4 2.9 M m 0.3 M 33.7 0.3 1.6 0.2 2.1 

E4 7.1 10.1 9.3 M m M m 26.5 0.2 1.4 0.2 1.8 

E5 9.7 5.7 21.4 M M M 0.0 36.8 0.2 1.8 0.3 2.2 

Total (n=25) 12.2 13.3 4.1 M M 0.1 M 29.8 0.3 1.8 0.2 2.3 

Amp-amphibole, Ant-anatas, Ap-apatite, Bry-barite, Chl-Chlorite, Ep-epidote, Grt-garnet, Gt-goethite, Hem-hematite, 
Leu-Leucoxene, Px-Pyroxene, Ky-kyanite, Mgt-magnetite, Rt-rutile, Ttn-titanite Tur-tourmaline, Zm-zircon; Carbonate 
includes calcite and dolomite; Hm-heavy minerals, M-small amount, m-present. 
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their physical and chemical stability (a. Amp+Px, b. Ep, c. Chl+Mica, d. Ttn+Ap, e. 
Hem+Gt+Mgt, f. Grt+Tur+Ant+Rt+Zm+Leu) and then plotted on a ternary diagram (Figure 
2). Point congregations of the samples show that S region has significant a high Amp+Px 
content, while N region has a relatively high content of Ep and opaque iron minerals. Min-
eral assemblages of C and W regions show a high content of amphibole and epidote similar 
to S region. E5 in Mingsha Hill has a high garnet and pyroxene concentration inconsistent 
with main body of the desert. Generally, only slight differences exist among mineral assem-
blages of different regions in the Kumtagh Desert, indicating a relatively simple origin of the 
desert sands. 

 
Figure 2  Mineral assemblage of surface sediments in Kumtagh Desert. a. Amp+Px; b. Ep; c. Chl+Mica; d. 
Ttn+Ap; e. Hem+Gt+Mgt+Ilm (ilmenite); f. Grt+Tur+Ant+Rt+Zm+Leu. Heavy dots show the samples: blue dot-S 
region, green dot-C region, yellow dot-C region, red dot-N region, cross point-E region. 

 

3.2  Bulk geochemical composition 

33 surface samples of the Kumtagh Desert were measured for major element abundance us-
ing X-ray fluorescence spectrometry (XRF) in the Center of Modern Analysis, Nanjing 
University. About 5 g of the samples were ground in an agate mill to <63 μm. Loss on igni-
tion (LOI) was obtained by weighing after 10 h of calcination at 960℃. Some 0.6 g of each 
sample was mixed with dilithium tetraborate (Li2B4O7:LiBO2 = 67:33) flux (flux:sample = 
11:1) in a Pt-Au crucible, fusing with LiBr (40 mg ml-1,0.6 ml) in a muffle oven to make 
fusion sample disc, and thereafter measured by a ARL9800XP+XRF Spectrometer. Concen-
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trations of major elements were analyzed by comparing with standard samples and control 
experiments. Analytical uncertainties are 0.5% for SiO2 and 0.2% for Al2O3. The relative 
error of CaO, K2O, Fe2O3 and TiO2 is less than 5% and less than 10% for MgO, Na2O, P2O5 
and MnO. The elemental concentrations are expressed as weight of oxide (%) with all iron 
expressed as Fe2O3. 

Major elemental concentrations are presented in Table 2. On average, these samples have 
high Si (71.68±0.10%) and Al (10.16±0.11%). Compared with the average composition of 
the upper continental crust (UCC), these samples are depleted in Al, Ti, Fe, Mn, Mg, Na, K 
and P, but slightly enriched in Si and Ca. UCC-normalized major element distributions of 
these surface sediments show a similarity to that of the Taklamakan Desert (Table 2 and 
Figure 3g, Qian et al., 1993; Yang et al., 2007), but with a relatively low concentration of 
CaO. Compared to the average composition of loess and dust, these samples are poorer in Ti, 
Fe, Mn and Mg, but significantly enriched in CaO contents in comparison to the loess. The 
lower CaO in loess may indicate an intensive Ca mobilization during chemical weathering 
after dust deposition (Chen et al., 1997, 2001). When compared to PAAS, typical products 
of continental chemical weathering (Taylor and McLennan, 1985), the desert deposits are 
significantly higher in Ca and Na, but depleted in Al, Fe, Mn, Fe and P. Variances exist be-
tween different regions: samples of the S region, primary materials eroded from the Altyn 
Tagh Mountains, are enriched in Ti, Fe, Mg, Mn and Ca relative to the UCC, which means  

 
Table 2  Average of the major elements in Kumtagh Desert (%) and comparison with other aeolian deposits 

Sample SiO2 TiO2 Al2O3 Fe2O3
i MnO MgO CaO Na2O K2O P2O5 

S (n=7) 60.67 0.59 10.50 4.18 0.07 3.23 7.93 2.03 2.18 0.13 

E (n=4) 70.47 0.33 9.80 2.73 0.06 2.10 5.43 2.64 1.73 0.07 

C (n=10) 74.11 0.33 10.46 2.44 0.05 1.22 3.22 2.90 2.49 0.07 

W (n=4) 74.61 0.33 10.59 2.30 0.05 1.32 3.00 2.89 2.43 0.06 

N (n=8) 77.41 0.33 9.45 2.10 0.04 0.98 2.58 2.55 2.26 0.06 

Mean 71.68 0.38 10.16 2.75 0.05 1.71 4.31 2.59 2.27 0.08 Kumtagh 
(n=33) St. D 0.10 0.34 0.11 0.34 0.28 0.54 0.52 0.16 0.17 0.36 

Loess(n=12)a 66.40 0.73 14.20 4.81 0.07 2.29 1.02 1.66 3.01 0.15 

Paleosol (n=13)b 65.18 0.75 14.79 5.12 0.08 2.21 0.83 1.41 3.15 0.11 

Red clay (n=5)c 63.75 0.76 15.05 5.28 0.08 2.89 0.90 1.16 3.00 0.15 

Taklamakan1 (n=24)d 62.05 0.46 10.60 3.10 0.06 2.20 7.88 2.58 2.11 0.10 

Taklamakan2 (n=42)e 73.25 0.39 10.18 2.36 0.06 1.58 7.30 2.33 2.40 0.16 

Dust (n=4)f 55.58 0.74 13.20 5.50 0.10 2.94 4.68 1.45 2.54 0.21 

UCCg 66 0.5 15.2 5 0.06 2.2 4.2 3.9 3.4 0.5 

PAASh 62.8 1.0 18.9 7.22 0.11 2.2 1.3 1.2 3.7 0.16 
a Average of 12 loess samples from Chinese Loess Plateau (Chen et al., 2001). b Average of 13 paleosol samples from 
Chinese Loess Plateau (Chen et al., 2001). c Average of 5 red clay samples from Chinese Loess Plateau (Chen et al., 
2001). d Average of 24 sand samples from Taklamakan Desert (Yang et al., 2007). e Average of 42 sand samples from 
Taklamakan Desert (Qian et al., 1993). f Average of 4 dust samples, data from four published articles of Lanzhou, 1993 
(Shi et al., 1995), Harbin, 2002 (Xie et al., 2006), Beijing, 2006 (Zhang et al., 2008) and Nanjing, 2006 (Li et al., 2009). 
g The Upper Continental Crust (UCC; Taylor and McLennan, 1985). h The post-Archean Australian average shale (PAAS; 
Taylor and McLennan, 1985). i Total iron expressed as Fe2O3. 
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Figure 3  UCC-normalized major element patterns. a-S region; b-E region; c-C region; d-W region; e-N region; 
f-mean value of each region; g-mean value of Kuntagh Desert, mean value of Taklamakan Desert (Taklamakan1 
(n = 24); Table 2), the average loess (Loess (n = 12); Table 2), the average dust (Dust (n = 4), Table 2) and com-
parison with the standard PAAS; The UCC and PAAS values were used from Taylor and McLennan (1985). 
 
the original deposits from glacier or fluvial erosion have undergone less chemical weather-
ing. Compared to the S region, samples of the E region have a slight paucity of Ti, Fe, Mg 
and Ca contents, but element distribution is still consistent. Samples from the W region and 
C region are further depleted in Ti, Fe, Mg, Ca, K and P along with increasing distance away 
from their main source region, the Altyn Tagh Mountains. As a result, samples from the N 
region, which are the most far north, have almost all major elements concentration lower 
than the UCC except for Si. The coefficients of variability (CV) of K, Na, Al and Si are rela-
tively low while Fe, Mg, Ca, P, Ti and Mn show high values of CV and standard deviation 
(Figure 4 and Table 2). In addition, Fe, Mg, Ca, P, Ti and Mn have strong positive correla-
tion with each other and high negative correlation with Si, suggesting that Fe, Mg, Ti, Mn  
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Figure 4  Correlation coefficients between major elements (bottom axis) and coefficient of each variance (CV, 
top axis) 
 
and Ca may display similar geochemical behavior or element mobility during weathering 
and deposition. 

4  Discussion 

4.1  Provenance of the sediment in the Kumtagh Desert 

The great dunes are developed overlying the alluvial/diluvial plain in the north piedmont of 
the Altyn Tagh Mountains (E et al., 2006, 2008). Seasonal rivers originating from the Altyn 
Tagh Mountains flow northwards through the hinterland of the desert and leave several deep 
gullies, where thick fluvial/lacustrine formations underlying the dunes were exposed for 
easy erosion. Traces of palaeo-drainage system (e.g. gravel relief) were found in the north-
ern part of the desert (E et al., 2006), indicating long distance transportation of eroded mate-
rials from the Altyn Tagh Mountains into the hinterland of the desert by the rivers. Therefore 
the origin of the surface sediments in the Kumtagh Desert could have a close relationship 
with surrounding mountains. Mineralogical analysis suggests the desert sand has a dominant 
amphibole content, while the appearance of metamorphic minerals (e.g. diopside, glauco-
phane, sillimanite, staurolite), high Si, Ca, Na content and low Al, K, Na, P content are con-
sistent with the sand composition of the Taklamakan Desert, which is of typical character for 
metamorphic and volcanic rock sources. The bedrock of the north Altyn Tagh Mountains 
consists of predominant Proterozoic or Archean gneisses, schist, phyllite and granite, the 
same as the rock type of extensively-outcropping schist and gneisses appearing in the 
Kunlun Mountain and the Tianshan Mountain (Qian et al., 1993; Yang et al., 2007), while 
the rock type of Kezile Tagh Mountain in the north is mostly Carboniferous carbonate and 
clastic rocks. As such it could be concluded that the major Altyn Tagh Mountains are sand 
sources of the Kumtagh Desert: products of mountain erosion were transported into the ba-
sin by fluvial system from the Altyn Tagh Mountains, and then blown and sorted by wind to 
form aeolian sand dunes. Erosional remnant landscapes (e.g. gravel relief, gullies, Yardang, 
gravel and sand ground) and aeolian dunes are alternately distributed, giving the Kumtagh 
Desert a general fragmented appearance. Large volumes of material from underlying flu-
vial/lacustrine deposits could be easily deflated by wind to form the dune landforms in place. 
In addition, wide-ranging Yardangs are distributed at northwestern Lop Nur Depression and 
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the lower reaches of Shule River extended flood plain (E et al., 2006). Those allu-
vial/lacustrine deposits at Aqik Valley and the lower reaches of Shule River are prone to be 
eroded by strong northeastern wind and transported into the desert, which contributes an-
other source for the desert deposits. 

4.2  Weathering process of desert sand in the Kumtagh Desert 

4.2.1  A-CN-K diagram 

A-CN-K ternary diagrams based on the mass-balance principle, feldspar leaching experi-
ments and thermodynamic calculation of mineral stability are widely used to predict the 
trend of continental chemical weathering and alteration of mineralogical or geochemical 
components (Nesbitt and Young, 1982; Chen et al., 2001; Li et al., 2007). The trendline 
from the UCC to PAAS represents a typical early stage of continental chemical weathering. 
Data points of samples from the Kumtagh Desert concentrate around the UCC (Figure 5), 
indicating that chemical compositions of these samples are similar to the UCC and have un-
dergone hardly any or weak chemical weathering with a slight leaching of Na and Ca, and 
further evidenced by low CIA (Chemical Index of Alteration) values mostly below 50. In 
general, the A-CN-K ternary diagram reveals that surface sediments of the Kumtagh Desert 
are exposed to a lack of effective chemical weathering under the extremely arid climate. 

 
Figure 5  A-CN-K ternary diagram of the Kumtagh Desert. A=Al2O3, C=CaO, N=Na2O, K=K2O, CaO is the 
amount of CaO associated with the silicate fraction of the bulk sample, details of the calculations are provided by 
Nesbitt and Young (1982). 1-S region, 2-C region, 3-E region, 4-W region, 5-N region, 6-dust (Table 2), 7-loess 
(Table 2), 8-paleosol (Table 2). The standard PAAS and UCC values were used from Taylor and McLennan (1985). 
Granite-Granite rocks with high calcium (Turekian and Wedepohl, 1961). Tak.-the average composition of Tak-
lamakan Desert (Taklamakan1 (n=24); Table 2). Bi-biotite, Ch-chlorite, Gi-gibbsite, Il-illite, Ka-kaolinite, 
Ks-K-feldspar, Mu-muscovite, Pl-plagioclase, Sm-smectite. 

 

4.2.2  A-CNK-FM diagram 

A-CN-K diagrams are used to predict chemical weathering intensity and variation of min-
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eralogical or geochemical components through alkalis and Al content but fails to reflect mi-
gration or weathering of other elements. The coefficients of variability (CV) in Fe, Mg and 
Ti are relatively high and these elements show a strong positive correlation, indicating that 
Fe and Mg have gone through significant differential weathering or migration processes. The 
A-CNK-FM pattern is used to show variations in Fe and Mg abundances (Figure 6, Nesbitt 
and Young, 1996): Total Fe and Mg contents (FM value) of the desert deposits vary signifi-
cantly and show a decreasing trend from the S region to N region, while Al and other alkalis 
have slightly increases. Considering the chemical composition of biotite (Bi, K0.9[Mg+ 
Fe]3Ti0.05Al1.1Si2.9O10[OH]2) and hornblende (Hb, Na1Ca2[Mg+Fe]5Al1Si7O22[OH]2), most 
samples plot within the Feldspar (Fs) – Biotite (Bi) – Hornblende (Hb) compositional trian-
gle (Figure 6, triangle defined by the dashed lines), indicating that chemical compositions of 
these deposits are mainly controlled by these minerals. To better understand chemical dif-
ferentiation in Fe and Mg abundances, Quartz (Qz, SiO2), K-feldspar (Ks, KAlSi3O8), Albite 
(Ab, NaAlSi3O8), Anorthite (An, CaAl2Si2O8), Biotite (Bi) and Hornblende (Hb), these six 
rock-forming minerals are chosen to calculate the proportions of minerals in all sediments 
based on the A-CNK-FM diagram and XRD diffraction diagram of some samples (Figure 7, 
e.g. sample S1). Table 3 shows the transform matrix for mesonormative mineral calculation 
and the results presented in Table 4 indicate that the calculated average proportion of total 
femic minerals decreases from the S region to N regions accompanied with the increasing 
felsic mineral content. The estimated plagioclase content remains largely unchanged. The 
estimated proportion of K-feldspar is low in the S and E region, mostly because the potas-
sium was preferentially partitioned into biotite, which had a relatively high calculated pro-
portion due to the high Fe and Mg contents of the samples. Indeed the content of K-feldspar 
is expected to be constant, since it has more stability than albite or anorthite under  

 
Figure 6  A-CNK-FM ternary diagram of the Kumtagh Desert. A = Al2O3, C = CaO, N = Na2O, K = K2O, F = 
FeOt, Mg = MgO, CaO is the amount of CaO associated with the silicate fraction of the bulk sample. 1-S region, 
2-C region, 3-E region, 4-W region and 5-N region. The standard PAAS and UCC values were taken from Taylor 
and McLennan (1985). Bi-biotite, Fs-feldspar, Gi-gibbsite, Gt-garnet, Hb-hornblende, Ka-kaolinite, Mu- musco-
vite. 
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Figure 7  XRD diffraction diagram of the Kumtagh Desert (Sample S1). Ch-chlorite, Hb-hornblende, Qz-quartz, 
Pl-plagioclase, Ks-K-feldspar, Cal-calcite, Dol-dolomite. 

 
Table 3  Transform matrix for mesonormative mineral calculation 

Ab An Ks Bi Hb Qz Transform matrix 

3 2 3 2.9 7 1 SiO2 

0.5 1 0.5 0.55 0.5 0 Al2O3 

0 0 0 3 5 0 FeOt + MgO 

0.5 0 0 0 0.5 0 Na2O 

0 1 0 0 2 0 CaO* 

0 0 0.5 0.45 0 0 K2O 

 
Table 4  Results of mesonormative mineral calculation in the Kumtagh Desert (weight %) 

Sample Ab An Ks Bi Hb Qz Pl Fs Felsic Femic 

S (n=7) 18.3 11.7 0.6 30.3 1.1 36.0 30.0 30.6 66.6 31.4 

E (n=4) 21.0 9.2 5.0 12.2 5.3 43.2 30.2 35.1 79.2 17.5 

C (n=10) 22.4 8.0 12.9 4.2 8.8 42.3 30.4 43.3 85.6 13.0 

W (n=4) 22.8 8.5 11.8 6.0 6.8 43.3 31.2 43.1 86.3 12.8 

N (n=8) 20.3 7.4 11.1 5.3 5.3 49.5 27.7 38.8 88.3 10.6 

Kumtagh(n=33) 20.9 8.8 8.8 11.2 5.6 43.0 29.7 38.5 81.5 16.8 

Ab-albite, An-anorthite, Ks-K-feldspar, Bi-biotite, Hb-hornblende, Qz-quartz, Pl-plagioclase, Fs-total feldspar, Fel-
sic-total felsic minerals, Femic-total femic minerals. 
 
thermodyamic and kinetic considerations. Femic minerals such as biotite and hornblende 
have prefect cleavage, less physical and chemical stability, and the lamellar crystal form of 
biotite, easily abraded and weathered during transportation and then sorted, resulting in 
preferential enrichment in the fine-grained sediments. 

The surface sediments of the Kumtagh Desert show high variations in Fe, Mg and Ti but 
low in Na and K. The A-CN-K diagram indicates that these deposits undergo a low degree of 
chemical weathering by loss of Na and Ca, and the A-CNK-FM diagram reveals significant 
chemical differentiations in Fe and Mg contents (Trend1 in Figure 8), but little changes in 
Na, K and Al. Mineral proportions were calculated using a matrix algebra approach and the 
results show that femic minerals (e.g. biotite and hornblende) rich in Fe and Mg are prone to 
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mechanical abrasion and preferential comminution during transportation. This yields the 
destruction of femic minerals in the coarse sand, resulting in the dearth of Fe and Mg in the 
coarse-grained sediment (Nesbitt and Young, 1996). If mass-balance was considered, com-
minution and sorting of femic minerals cause distinct chemical differentiation of Fe and Mg: 
fine-grained femic minerals would accumulate in the silt or clay component of the sediments 
and be mechanically separated from coarse-grained component by hydraulic or aeolian sort-
ing during transportation, leading to enrichment of Fe and Mg in fine-grained component 
and depletion in the coarse residue. Compared with the chemical composition of typical ae-
olian deposits, loess and dust of East Asia, the weathering trend of samples from the Kum-
tagh Desert (Trend 1, Figure 8) is divergent from the trend exhibited by the fine aeolian de-
posits (Trend 2, Figure 8), which shows a significant increase in Al proportion (Here Trend 2 
may be more right inclined, even parallel to the A-CNK axis line, however, this cannot be 
determined without secure composition of primary material). Fine-grained aeolian deposits 
are more enriched in Fe, Mg and Ti than the coarse desert sands (Figure 3g and 8). Assum-
ing that the sediments of the S region represent the original composition of eroded material 
from high mountains, the divergent lines of Trend 1 and Trend 2 would be caused by me-
chanical abrasion and sorting during transportation: preferential abrasion and comminution 
of femic minerals are sorted and enriched in fine-grained sediment, and then mechanically 
separated from the coarse residue by the following hydraulic/aeolian sorting (aeolian sorting 
especially) and subsequently transported away from the desert area, leading to the relative 
deficit of Fe and Mg in the coarse desert sand. 

 
Figure 8  A-CNK-FM ternary diagram of the Kumtagh Desert, Taklamakan Desert, loess, dust and weathering 
trends. 1-S region, 2-C region, 3-E region, 4-W region, 5-N region, 6- dust (Table 2), 7-loess (Table 2), 8-paleosol 
(Table 2), 9-aeolian sand deposits of the Taklamakan Desert (Taklamakan1, Table 2), 10-the Taklamakan Desert 
(Taklamakan2, Table 2). 

4.3  Chemical differentiation and elemental migration during deposition in the arid 
region 

The main factors controlling mineralogical and geochemical composition of siliciclastic de-
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posits are the source, climate during chemical weathering, and abrasion and sorting during 
transportation (Blatt et al., 1980; Johnsson et al., 1988; Johnsson et al., 1991; Nesbitt and 
Young, 1996; Young and Nesbitt, 1998; Ohta and Arai, 2007). Detailed work about the ef-
fects of abrasion and sorting on bulk composition in the absence of chemical weathering has 
been done by Nesbitt and Young (1996). An example in a glacio-fluvial system reveals that 
primary mafic minerals of the bedrock are preferentially concentrated in mud, subjected to 
abrasion and subsequent sorting. In arid regions, clastic deposits eroded from the high 
mountains are mainly controlled by glaciations and freeze-thaw processes, and then trans-
ported into the basin by subsequent hydraulic process or mass movement. Because of the 
extreme arid climate, sediments from Kumtagh are subject to very little or no significant 
chemical weathering. Thus, mechanical abrasion and sorting during transportation impart 
significant influences on bulk composition and mineralogy in the arid regions. Mechanical 
comminution includes abrasion occurring primarily within the glacier environment (Nesbitt 
and Young, 1996) and later abrasion by particles colliding, as well as possible dissolution or 
conversion of minerals, which makes it easy for mafic minerals to be eroded and enriched in 
the fine fraction. The fine-grained sediment would later be separated by subsequent differ-
ential sorting during hydraulic and aeolian transportation (aeolian sorting especially), gener-
ating fine aeolian deposits with higher abundances of Fe and Mg in the form of downwind 
dust deposition. That is different from the in-situ weathering profile, where usually elements 
would be leached by solution or minerals would be converted due to chemical weathering, 
and insoluble elements such as Fe, Al and Ti would not be mechanically transported or de-
posited allochthonously but enriched in the in-situ weathering profile. Figure 8 shows the 
two chemical differentiation trends (Trend 1 and Trend 2) experienced by surface sediments 
from the Kumtagh Desert, the Taklamakan Desert, loess and dust. Physical weathering 
processes (mechanical abrasion and sorting) account for this kind of chemical differentiation 
in the arid regions. 

5  Conclusions 

Detailed mineralogical and geochemical studies have been conducted in order to obtain 
heavy mineral components and geochemical element contents of surface sediments collected 
from the Kumtagh Desert. The results indicate one major source of the desert sand is located 
in the Altyn Tagh Mountains. Statistical analysis reveals that Fe, Mg, Ca, P, Ti and Mn have 
high correlation coefficients in their contents and an A-CNK-FM ternary diagram suggests 
that Fe and Mg have suffered significant chemical differentiation, though an A-CN-K ter-
nary diagram suggests a weak degree of chemical weathering by loss of Na and K occurring 
in these desert deposits. Physical weathering processes (abrasion and sorting) preferentially 
erode mafic minerals and enrich them in the resultant fine particle fraction. Thus coarse de-
sert sand particles are relatively depleted in Fe and Mg. The mineral and geochemical com-
position of sediments in arid regions with low levels of chemical weathering are therefore 
mostly affected by physical weathering processes. 
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