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Micromorphological characters of quartz grain from Nilke loess-paleosol
sequences and their implications of origin and provenance
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Abstract: Background, aim, and scope Xinjiang is also one of the most significant loess regions in China
with the exception of Chinese Loess Plateau, and the loess is mainly present in the northern piedmont of the
Tianshan and Kunlun Mountains and Ili Basin. The loess deposits in Ili Basin unconformably cover the river
terraces, the low uplands and the slopes of the Tianshan Mountains, and the researches on them have the
merit of enabling reconstructions of past climate change in westerly dominant area of inland Asia. Although
many predecessors have investigated the spatial distribution and studied the ages, pedostratigraphy, rock
magnetism, elemental and mineral compositions and their implications for paleoclimate in details with
respect to the Ili loess, there are many urgent questions that need to be solved: How were the materials
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of 1li loess generated? Which geological process was experienced by the loess silt particles before they
reached the sediment area? And where is the provenance of Ili loess? We have had no understanding of
the answers by far, which hampers the interpretation of climate change. For this reason, this paper aims to
solve the problems above mentioned with the micromorphological characters of quartz grains. In recent
study, we compared the micromorphology of quartz grains from Nilka loess with those from glacial tills,
riverbed deposits and desert sands to determine the mechanisms of loess-sized quartz silt production. These
works will lay the foundation for the subsequent studies on the Ili loess. Materials and methods The 4 loess
samples were collected from Nlika section located at the second-order terrace of Kashi River in the east of
Ili Basin with the depths 1.50 m, 9.10 m, 11.06 m and 19.56 m, respectively. Glacial till was sampled from
the terminus of Arqialeter Glacier located in catchment area of Xiate River; riverbed deposits were sampled
from Kashi River and the sampling sites lay in the west of Nilka loess section; desert sands were sampled
from Kyzylkum, Muyunkum and Saryeslk Atyrau desert within Kazakhstan respectively. With regard to the
loess, 2 g dried sample was weighed, then hydrogen peroxide and hydrochloric acid were added to remove
the organic matters and carbonates, and finally the quartz minerals were separated by hydrofluosilicic
acid (H,SiF,) treatment. We chose the quartz grains within the grain sizes of 20— 70 wm for observation.
For glacial till, riverbed deposits and desert sands, first, organic matters and carbonates were removed
from these samples with the same method; second, remnant materials were dried and sieved through
0.125 mm; third, quartz grains of <0.125 mm were selected under binocular microscope. All the quartz
grains were mounted on the SEM (scanning electron microscope) stubs with conductive tapes and sputtered
with gold, and morphologic observation were conducted with Phenom™ proX (energy spectrum version) at
the Environmental Mineralogy Laboratory, State Key Laboratory of Loess and Quaternary Geology. After
that, frequency of each texture’s occurrence was calculated. Results The results reveal that the quartz grains
from Nilka loess are poorly rounded; microtextures produced by glaciation and fluviation are obvious but
those by aeolian abrasion are rare; the chemical dissolution developed well in the surface of quartz grains
but very few chemical precipitation could be observed. Discussion In spite of the surface with sharp feature,
we are quite confident that Nilka loess is the eolian sediment according to previous literatures and the grain
size distribution characteristics. With the Euclidean distances, we found that the loess was nearest to riverbed
deposit and farther away from glacial till, and had farthest distance to desert sand. This result suggested
the significant impact of flow action on the generation of loess quartz silt and a certain contribution from
glaciation. By analyzing the characteristics of tectonic environment in Tianshan region, combined with
silt generating mechanisms reported by predecessors, we also considered the freezing weathering in high
elevation area as one of the silt generating mechanisms. With comparative analysis to probable sequence
of events indicating the formation of loess, it holds that the origin of Nilka loess are similar to those of
loess in Hungary but different from those of loess in Chinese Loess Plateau. Conclusions With the studies
of surface micromorphological characters of quartz grain and the grain size, we believe that Nilka loess
also belongs to eolian sediment, and the shape of particle and morphology by mechanical effect indicate
that Nilka loess materials have experienced glaciation and flow action before transportation by wind.The
flow action played an important role in the generation of quartz silt from Nilka loess and glacial abrasion
might make a certain contribution. However eolian erosion leaved no obvious traces in surface of quartz
particles, indicative of the shorter transporting distance by wind between loess deposit area and provenance.
Moreover it is inferred that the weather denudation was also the important silt generating mechanism. The
origin of Nilka loess are similar to those of loess in Hungary, but different from those of loess in Chinese
Loess Plateau, which displays mainly in the time of transportation-deposition by wind or distance of wind

transport. Recommendations and perspectives This paper analyzes the geologic processes experienced by
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Nilka loess materials and gives a understanding of the loess silt generating mechanism with plotting the

probable sequence of events indicating the formation of loess. This work will lay an important foundation

for interpreting climatic significance of Ili loess.
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EIRE, WL TR & m R T A,
AN P PR it 8 S s DX A )9 G R
AL RINATPE R Sy, A 4k
8+ E B AR, B s By e
HAE, 2003) . B HZFER, RZEEH (LIE
WA, 2007; RAKES, 2010a, 2010b; Z={% 44
4, 2011, 2012; ZELRERIR AR, 2011, 2014;
Zhang et al, 2013; FPEEE5E, 2014; M FHIR
M, 2014; Songetal, 2014; Yangetal, 2014 )
XSRS ALEE LA AR IE L ARG BRI
2 KARRRAE . RLRE . W27 RN 40 2 55 5 T A
TESEAT T 208, i — R0 T 88 4 25 i e
IBE R S, SR B v R ARG A SR ROk BE R
PR AL b rp o R R ST EGie (3,
2001; $IE4E, 2007; Song et al, 2008; 257 b4
2010; RAMESE, 2010a; HHUH:, 2010; BIAESE,
2011, 2012) . [FIESORAELEE 4 BT anfel = Az v
TR AE BN R YRR X AT 28 7 T W Le b /R 7 2
Wk £, il Bz 7 B8 - PR XAEM
B BHACA L, XER] S A 15 2RI,
Wik T AL+ 0 SR AR AR IR i L
PRI, AR SR FH A e Ok 3R TRLRRAE SR i 5% B 1
G 5 R ) A

T S 7E M R PR BT N B R 1 B A Ak
SRR, DRSO T S RRAE AT A H Ok S i I R
YIRGIRIX . 3z sh 1 Ai ARG ek (XA,
1985; Pye, 1987; Guo et al, 2002) , A[a]Ff4E
T YA g U 2R AT AN [F A A SO A REAE
(19 7, 1984; Krinsley and Trusty, 1985; Vos
etal, 2014) , BEIHAT DA SEREAERHTTAR ) L
K JEAT BOWLA 5] ( Krinsley and Donahue, 1968;
Helland et al, 1997; 2= ¥ 4%, 1999; Newsome
and Ladd, 1999) . i i %64 AL %0 Hb e ) v % +
() A S OB Y A A 3R TS # i 9, IE0s HOB
DFHE A RSk 3 vk L AT B A A T
XFHE, R ZHL X B 4 A SRR A = A AL
AT E W ST b R R L v e R
KR 5 1= 1 5 [

1 HFmERE.
1.1 HEHRE

R TR e R A B O e AR T gk
MIDTRRIAES , SRAE TP AL A o 1 | BRI
WU . KRR (1), T T A
R B T OB A BIRIFSY o UDRE ok B AL oY
T B e T A s SO ARV B AR JE LV R
5% 8 BB VY SE A REST VYD, FE 543 R KZ45
KZ60 1 KZ84 (& 1a) o VKJIFESL R A K 1L H Fy
]S BT R A SRR R VKT R vk i (& 1b)
FE i S5 GL-XT; ] JREDAE i >k A JE 8 v 350 T
AvG pyms A (I 1b) , FEdh g5 o YL1420,
YL1421 #1 YL1423; JE#vedlm (& 1c) i FHt
AE G AR ER AT R i (R 1b ),
T H TR A7 By 83°15'0.5"E . 43°46'6"N, ik & i
Jy 1558 m, #IEJE 20.5 m, FEH 2 EWE
228 BIA N, KRG 2 1 EE (Song et
al, 2015) o kB QI AR FH 38 1l 1) A 27 s ok T
TUVE XS A1 T UKL J5 46 FR T FF AR (5200, AR SCALfel
FHE B8 )2 MRS, BRURETR B2 43 & 1.50 m.
9.10 m, 11.06 m 1 19.56 m,
1.2 HmHEE

B R A Y A3 S SR FH R TR AR A R
B - URE PR IR TR (Xiao et al, 19955 P AR,
2001) , BVEOXCEREM 2 g, MSCEUK FIER RIS 2
AL, BRFREL AR ALY, SR )5 R AR Ep e
Al - AR IR RO S P B S A g, e
AT RN A e g, ARk 95% DLk (
2) o TREFORNT i SR, A FALTRANT
FREL10 g BE 5y, A 30% 19 H,0, i & 48 h
Ja, I LIBR KA. RGP RE B T
JEh 15% myERmR, Wk 15 min, £ ERA Srb i
T RS B R ER S 0W . FHZR IR K i &2 ke
JE LT R R B A FRAE 5 60847 ¢ (Porter,
1962; Mahaney, 2002) , JuHXF T Vb4 D,
HCRURL O, B R RS ( =, 1987) o A
FEIAN 0.125—0.01 mm 7 FERP G/ D FOWORL Ky fitk 5

&S AE



s

54 Z=

i, A AR e B A SUBURE UE S RHIE B R S5 R

369

BN, Sear Rl LASCMRR IR SR, i 45 A
HEkaRae (/Mg 1991) , BBy
FEdhad 0.125 mm i, A BURDRLAR 55 JE B v
AT SORAR AR R, DA R TORLAR 25 Sl ok
AIIRZE . SRJETE 40 AR H WA N AT i A
UDBRE b R 23 S B Y 47 S RURE 40 KDL B fEDK
JIRE AR R BEIE Y 48 Rifr e Miki, 4l Pye (1987)
AIBIESE, 20— 70 pm FPREZRC LIRS Y B AR 217
It HH g Je i ve o Hown R £ g, AR 3C

LI B A A R ) A 3 ) A D R R $E A
Befa B BORTE S B B A 5L 100
BT o FERE S R [ e IR eSS, B
F gy 5 A BT Phenom™ proX (EIEM ) T
WLEE . AEXT Pk () A e Bk E A T B 22w, Je H
HLE [ BRI (EDS) & A TEmiks, K5
AT RETE SRR G087 DA SE g0t f A B
5 55 DU 40 b R [ R S S R S
E e

65°E 70°E 75°E 80°E 85°E 90°E 95°E 100°E
L L — - —_— L R
S ~—> 50°N
WA S AR
b Republic of Kazakhstan = .. = (= =
EEIMATSRGR ) 2 iR :
tha s T Basrk
KZ60 .SaryeSlkAt'yf%}LD. Junggar Basin e . o 45°N
0 r A0 Qs b Sk :
[fy %/\%}@uyu’”;%’ : = e
B (o : %S e h%ﬁﬁiﬁ*ﬂ
o o e / s Re ; m
40°N- - e ’i; ‘ *Bﬁﬂij‘ s e E%}??ﬁ%ﬂ@ 40°N
& lf’ 'P[[iln?iér/%;l]_] au fro, z %ﬁ*ﬁiﬂ ° ]/)e/sert sample
e A o L. Qaidam Basin | ik
A o ey SEe s 2 River sample
35N e = Ao B 35N
0 250 SOyknt 74 R 7 W River
—— A | R 45, 10€ t'latcauy 2 Porgd 7l ok, e ~ [{ 5 Border
65°E 70°E 75°E 80°E 85°E 90°E 95°E 100°E
b
=) 3 5 v
e, A
Ili Basin , . . River
. ' = vk}
Sl &,
o 0 50 100
I -
K1 RAEEGE (a, b) FJE#E) s LF (o)
Fig.1 Location of the samples (a, b) and the Nilka loess section (c)
L3 StHHTE 2 HR5itE

I A S SR 4 T S 0 A 1 W 4 T ) A VR
PR, — BB E AL AR T . AR
AN (T, 19845 T Al 49 i /R, 19855
WA~ A, 2012) b g JB0RE 3R R4 1 %) 43 7
AT, AT R IR O A A ik (4
PER N ik SR A S ARt 5 G v L AN E R = )
(BRunfess, 1986) .

2.1 AEBRRSBEFE

R AR LSRR, 2R
B SRR, RIFLRBURIAR 2D A B,
RILBFEAR AL (B 3) o &I IRZRIARE
BRI B A, B th B8 R 14% A2
fi, AOwWRH S B, (HRE KT 2% (&
4a) , RULEERNZ



370 HIERFRIE 244 74

L L O P ] ] L O P L
2288 B8 e2eE g28g BgegE
cgoe Do ZZE £2ce Zec2lt
S AORA SMRE LOA SAORA SMAOOA
C R Qe el Sl Qe
OB N N O EM N Y
N #EREE NEZ RO NEREE NEZERRO
100005 NLKI11- 150 ‘ 100000 10000—5 NLKI1-91 100000
- EQH& \ A SRR gk g
3z Quartz amp | Quartz Sampfe | =
£ 1000 R IRER s T 1000 = b 3 dd ] z
E 10000 ‘ ronc=10000
R WA R WA FF \ g
g 100 Or]gma] Sam e 1 L\. W 100 Ong]p\a],Sam _]e N J,j W ﬁ
4+ = wd s He Wi ! =
i 1000 : 1000
T T 71— 77 T
25 30 35 15 20 25 30
20/° 20/°
10000 NLKH no 100000 10000 NLK”-'% 100000 _
T, 0 t S \? \ 449{?6 i \\ Z
= t \ =
= ufizuiff SO S R 1000 RuartzSample & iii JHAE L g
2 : e AE-10000 : e 10000 S
&) o 4
TG K &) VR UE Y b | 3
w100 Original | Sa}n e AA_n, \ N y 100 Ong,"la] Sam fle  ARA PR ﬁ
= T "~ 1000 § - 1000
I | L A A T
25 30 35 15 20 25 30
20/° 20/°

B2 ASeREREAE X GTEATIH P Xt

Fig.2 Comparison of X-Ray diffraction spectrums between extracted quartz and bulk samples in NLK section
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Fig.4 Surface microtopography (a) and mechanical microtextures (b—1) (Including part of chemical microtextures) of quartz
grains under scanning electron microscope
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