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(HPC) I fEMIF CE, Xubds 5B LT R A2 S E 2 T TR AR 22,
HEST T R 2P SRR HE SRR BiA 2 55.0 ka BP Lk % 2 3E AR i KU DT AR
Y, VEEEARAE IR 1R

B AN T TR ) N 4 —E AR (2~5 cm) PEATR S SR EE, K22
TR . Ab2E 0 R AT 7R B PG U Y5 R 2 F A AR T S 00 22 58 o K H AR KT HAERILIE 25 200
HUAF, FREC4.0 g EHIRRTE M A, R A7 2% Panalytical 23 7] 45 7= iy X-Ray %¢ 6 6%
PW2403 #EA T E , SZu i i AARHERE S, (GSS-1), 1RZEIHIAES% N, B R b E bR

MELEER (PEBEBE R A IR, 1989) BEATINIA.

F1 DUILEHETHEHERHE
Tab. 1 Stratigraphic characteristics of the loess in the upper Hanjiang River
e HEAL B E IR A
“ (kaBP) QFC i MTS i i HPC 1 i
50~0 cm, IhEHE
35~0 cm, MAR(BYR7/4, T 60~0 cm, hAE(7.5YR5/4, T (10YRS/3, %), #hit
£t 15-0.0 &), FL—WEbmH, WAL X)), Ft—Hemuh, WL —Reuh, KR,
(™) ), GibsAl, ZHURER. W, BME, ZHEIRER. B2, EURRL
=D
110~35 cm, A (7.5YR5/ ~ . 100~50 cm, i EHs
BRI gy 4 TE). B, st 2000 SOOI qovren, £,
(Lo o VYOIREE . T DR éi%’ s Jikh, HORZ5H, TEA
HRBCHER e JEAR AR e g e
260~110 cm, LIAR(5.5YR3/ ~ . 270~100 cm, HEAE
4, TE), BL-WBRM, B 13)13%;17 Eﬁf;\%igmﬁﬁ (75YR34, T4), Bl
WoRHE gy SRIREEH, BURIERE, KRBT 000 Tl BT n et —RBIUL, BebRes
S) U ROEMLRBORRL, AR L e e L BORIREE, Kl
[N A, PRI BERL, Stk L e
PR LA, HS A ik e, Pl e A, 45
HR4 (< 0.2mm). D RNt
320~260 cm, JEFE(7.5YRS/  350~270 cm, ME(EE(10YR7/  310~270 cm, Jh#ifE
R cge 4 T, Wb, YURES 4, TE), Wb, JeRZS  (10YR5/4, T4), Hibi
F(L) UM, HpEACmis s M, ABEA /RO, JolRgSH, ZUHEA
TR BERR., HRTHE o A AR O AT
660~320 cm, PEHS(7.5YRS/  1140~350 cm, HUEEHE(10YR7/ ~ ;
Bgeh g0 4 TA) B, MO 3 1A, B, waw ool o R
(L) T Holkgbty, Hirh660~480 cmiit HulkgEHy, Hrh 1140~590 om vl
JHiHl, HolREH

AT

(T:-al)

S A DB AR

TR D EE AR

SR A — 85K, AR T armiRs . TROHLED R A S I AR B R A2

3 SLmngh iR

(1) DUT e ) FE 2 22500 Sio, . ALO:Fl Fe,0s, HiF%

1398 573.8 glkg.

134.1 g/kg #159.4 g/kg, =FZHI767.3 g/kg, 1M K.,O. MgO. Na,O. CaO &/ 5{L
4326.1 glkg. 18.2 g/kg. 13.5 g/kg #119.0 g/kg, JC&E & &% & B SiO, > ALO; > Fe,0, >
K:0 >MgO > Na,O > CaO [y (£2), LREHITE S HEAE L2 LSy
SR (CV) AL, BrCaO FINa,O #J CV{EH 5312k 0.16 F10.18 41, HAhITER S A CV
H ¥/ T 0.20, H 1 Si0, (0.02) . KO (0.03). ALO; (0.04). Fe.0. (0.07). MgO
(0.10), UMl 3 S, 58 AT R A MEA Bk, WORME Y TR AR, B
Ty R XA R G Y )
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(2) B A EEPRECR & /ARSI 22 5% . Si0.. Na,O. CaO. MgO A il
oA, A2 (& L. L. L) H1Si0.. Na,O. CaO. MgO [y 1E 53 il h
577.4 g/kg. 14.1 g/kg. 9.0 g/kg. 18.4 g/kg; Ifii 35 SoHh ik LE 50 E 1Y 5 243 11 N 568.6
g/kg. 12.9 g/kg. 8.6 g/kg. 18.2 g/kg, HAEMIWAR T2 1)=, UM LI st 14k
ERAEEASREL, Si. Na, Ca. Mg &AiERMRAE, RIE AR N 7 HEE . Sl
1 Si0,, Na,O, CaO fIMgO & & 7EHE B J7 In] b AR RECRE B Lodse s — LA FEAIL—So
B —L TR (22), 8888 HHERLUL & (R TR I U XAk A 53 B A T
XUETTREB M AR E W AR, s, RERLETSHSIO.. Na,O. CaO. MgO H{H
(567.9 g/kg. 12.3 g/kg. 9.4 g/kg F117.6 g/kg) %A%, X5 AZBHENS shadm 8 B A,

Al,O;, Fe, 0,1 KO & &40 AR fbiaMim. ¥ )2 (EHL. L. L) FEMW
P 5AK, ALOs. Fe0s Fl KO 43 %Il 132.0 g/kg. 57.6 g/kg. 25.8 g/kg, T i U4
(137.8 g/kg. 62.4 glkg. 26.5 g/kg) HINAEN LIS, VXML D 2 i TR
Ca. Mg, Nafy Rk, FEAI, Fe. KR X & EMEEE, H ALO:, Fe,0,fl
KO & e A FE AL I Lo L—So B Wi o . Lo s itk mAE (%2), 5
SiO,. Na,O. CaO. MgO AR L FRIE R IA S R R IV G o FIRRHIE SO T LT i v
+RACE R, WEICE LA T B, RIONSI. Na, Ca. Mg &4 T AR
FEMIME, AlL Fe, KEATESE; MXLASEREANT, ST ERCEN S REE
FEEPEES,

F2 WILEHKELESTEESE(K)

Tab. 2 The major element contents (g/kg) of the loess in the upper Hanjiang River

Hi 22 Sio, AlLO; Fe,0s K.0 Ca0 Na,O MgO
472.2~648.2"  111.2~151.0  54.0~66.7 24.2~28.1 7.4~122  9.2~183  16.0~19.6
TS 567.9% 136.4 61.9 26.4 9.4 12.3 17.6
464.7~701.5 105.8~150.0  44.8~62.6 23.7~28.2 74~104  9.4~219 14.2~195
Lo 592.2 127.0 54.7 25.1 8.7 14.1 16.4
e 472.4~652.7 109.5~153.8  56.1~65.7 23.5~29.7 7.4~10.7  9.8~207  16.3~20.8
S 568.6 137.8 62.4 265 8.6 12.9 18.2
j; L 480.8~653.7 112.5~152. 53.5~62.3 23.6~29.6 7.5~9.6 9.7~184  18.1~20.2
# 570.0 136.0 60.3 26.1 8.7 13.1 19.0
+ 479.2~642.8 102.9~151.4  52.7~65.2 22.3~29.5 7.7~114  9.7~255 16.8~22.3
L 570.1 133.1 57.8 26.3 9.5 15.0 19.8
464.7~701.5 102.9~153.8  44.8~66.7 22.3~28.2 7.4~122  9.2~255  14.2~22.3
i 573.8 134.1 59.4 26.1 9.0 135 18.2
cv 0.02 0.04 0.07 0.03 0.16 0.18 0.10
W+ 5757 119.0 48.0 20.8 773 14.9 20.6
AL+ 662.0 1335 52.9 232 36.6 12.3 16.0
THREE™ 6807 133.2 53.0 235 10.0 9.2 16.1
ucce 660.0 152.0 50.0 34.0 39.0 42.0 220
TE: DUT W+ 8 e R SRR . RFESE . SR 3NN Rl S5 M R OEGER, O rfE.
4 e

4.1 DI _EHEE T R R iR
bR R, KU+ AR C R R B AR5 shA T i & B4 5+ . Side
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FEME ST WIOCER, EE TR, WA T A S E IR Feo AlE THUE
PETOE, BEE KEIRILE TR S S s A i Bk e mi & A M & %5 Na. K. Ca,
Mg J& T2 G BRI 4 JE Fis oo R, BRI F 9 8aa i, HK 8%+
WM, ERE RS T, R, AFDCE & MonR s HUE R AR L
FRAEREPT LAFE 78 2 XA e A, SRE S i 285 0y S IR B T AR

4.1.1 IR ZESE  H O R A XA BE A0 1 I e — AObRifE, & FH L ER
BB . A f8 B CIA (ALOY (ALLOs+CaO*+K,0+Na,0) ). #%H i (Na/
K) . s 22 (CaO+K0+Na.0) /ALO:, iRil &% (Na,O+CaO) /ALLO:) . FRFL R %K
(Al,O;+Fe,0;) / (CaO+MgO+Na,0) %, BEANTMAIEM AR T XALI R . fh2z XAk
s, KATYSHEZAFERERRAL, M4/ErE Na, Ca, KRI/KMNFEIERTK,
G HE B 32 B 0 ALOS RO L #)™, [RIIk, CIASEE b T KAk R v K AR
WAL AR H CIAEMGE, DRIk R B s, SR A R R 1
. CIAMERMAIE IS5 SCHk[13])35k 45 -

BT 8 /) CIA{E A T 56.98~71.32 Z [0, #£ QFC. MTS Ml HPC | il iy 28 fk #4
PAHL, PRBCR I 228+ LK —ad 8 4 LA T —l 4 Sofe i — 4
B Lo )RR LA (B13) . DhAQFCHIM AHE, #+J2 L., LA LAY CIABE S 5N
65.99. 68.39 F168.51, i T SHYXIME (70.40) B T +J2, Ui +308 st
WAL A E R EY, KA 2R s i MR &, P8 i) SR I, A T4k
AR T T R R S AE T, AR TR AR A, KL R A 5
T HP AN R Z A CIA B A AR A AR 5 I sz e T 8+ 3 FU& 7 e 7 b 28 D7 B XU A 3 i i 25
S, B[R XA 58 N L L SolBiirfinm . Lo ST RIS . XA AL S5 1
A sz WL i AR AL AR PR — 3, 3R B CIA ZE DT X 30T 8 4 XAk s e ot 132
Il S AR B B 0938~ PE] . 8 CIA 564k 3 A th 2 TR 25 b RS 10 S8 0 2%
(E13), X2 Mg A 21 AR A KA R o B AH G, 38 5 T 5 42k 1 A7 T A5 M
Ko MRLZ CIAERR, X5 NIHHEN S B A

Na/K & 5E 8 + i K A i Wit 22 AR BE 1 8 FAE AR, il FAHC A A A
ARk, Nafide s R kT K, B, Na/K EC(EBE b2 XA 1R 38 5 i A
AT H Na/K (B A T 0.34~0.54 Z 1), mfEHIMER L=, HE L, L. LWMEUE
539050, 0.47 F10.42, iy HIESHVEUE (0.41) BAK, BB HHOP AN A
BRI, NaiUHimik, ik itk XALVERT; 8+ 208 A ARHS A 9 5
FREEAG, NaliiRFEE ST, F5/ni5ftb2e AL ER . BORTR 20 NarK Fe (i R /NHERE A
L>LoLe>So, HAMb#EH CIAMME R RIS (E4), T8RS XA g
R IR L S 55— L A 1 5 — Sodae i — Lo MRAR A AR AL AFAE

RV 2B, IR R B Bl R S e - XU R R R Ca NaZE B M R i
TR AR BON R Mfa B Mo E Fe. AVFIRT B 42 S sk B RRBES BRITT, Wi
28, B AR H XA B U L, SRR RSO A IE L . QFC ) Tl iy 4 SoH Y
WIERE, BIRE (43H80.42F10.20) 4%, ¥t L. L. LJZ&%E, HL (0.52F
0.27) >L. (0.46/10.24) >L, (0.45F10.22); MisRFREA N HIESAE (2.37) B
BETETE (L. L. L4398 1.90, 2.10F12.34) , ik Se4pAEPa B 1 iy 58 & & i
WAL IR SR EL, e Ca, Natli REiEBM, Fe. AlEAESRFR A & ; i
w2 T E A SRR I AR R S . BT LUE AN TRZ 0 R AL
BRI NFEIIIFI R L> Lo> Lo>So, SR REON I E AR W) &, R T
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Fig. 3 Variations of CIA and magnetic susceptibility of the loess profiles in the upper Hanjiang River
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I3, SsItE Ca. Na KB, BS ALRRAER W, tah, B+ fh o
R HARE E A — R AL —M, SERA AR = A B ) R B S A
PR E, RIEERAL FREAS . B TP S XEBY B, T AE B AR A . —IKERA N
F TR ZRAE B B o

ARRNR G 2 AR A A e —E 22 5, W HEES AL AT (Kl5a), 57~
FHE A BOACEE AR BB 0 W AR fe i, T 5 22 B L SR CN UGS, Ui H i =7
B AR B el . MOAS (] b2 BT 75 18] Sa R N HC A B ] LA Y, 3N 30 Tri  RUAE
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Fig. 5 A-CN-K ternary diagram of the loess in the upper Hanjaing River and its comparison with the Luochuan,
Wushan and Xiashu loess (arrows indicating weathering trend)
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42 ILEHELRUERERESSIESTK

DUUT Ui 0% R R B B 7 1y A AR, TS 1] A AR AR e 58 1T
I 2B e B DR S AR fb iy s o AR Pk (55.0-11.5 ka BP) : T 1 24 Hb#F 55.0
ka BP A JE B BT Uk sz AR HE R, R AR FH — 4994231 115 ka BP, JERL T 522
WA L, # AL, CIA (65.99) ., R A% (1.90) 7& 7| M H 2 MR ARME, 11 Na/K
(0.50) . WiEZRE (052). EFAEE (0.27) LM EE, Pl H XL R F =i
59, FER TiZB A B RER K, SERHIE MR T 5, WG shnmgl, KK e
i, 52 BRVE AR ER v B BEA XS R . it R4 (11.5-8.5 ka BP) : Hilid Pk
+ LR, 5528 L AH I, CIA (68.39). FRFHEREL (2.10) AFrTlE, i Na/K
(0.47) . WIAZE (0.46) . BILZRE (0.24) HIREAL, Fo B H XL B8 VE FIAG B hnse
FERBEE SRR R KIARIZS R, B R0s5, H XI5, 12 XS T R 4 v i 2 12
T, ARV RS, A olciss ) e s/ o

St (85-3.1 ka BP) : HiWy +3 S & F B, CIA (70.40) . R
(2.37) BEHIHE S, T Na/K (0.41) , B R (0.42) BIAL (0.21) BEAL
T2, IR RIEE AR AL, fenix i IR Xk, A8 2 R g e
MBI B (BRIt RBEI ), WARMERVERITSS, smELA s e G % 20
M (3.1-0.0 ka BP): B4t + LMERURT, S5 H3ES AL, CIA (68.51),
FRARAREL (2.34) BEMK, Na/K (0.42) . #iEFE (0.45). BIFHEE (0.22) Fhim, Uil
XA A 8 , S T At RIS oG, R BRI R &R 7E, SN
s, VAR R,
43 WIBETEEMXFGE)I R TE)ETHIXTEE
431 EETEAR KIUTELS5EN. AR, TEE ST, B EE AR X R
w4 TR A EA SEALYE, FERIN . O B0 E 22 a0 Si0 .
AlLO,. Fe,0s hE, =FHANGLFIZ A KT 75% (R1750.0 g/kg) . {HAS[E] X6k #5 £ X
SFICR BT EAFEMEI 22T (£2), HA% )8 PRI + 78 742.7~767.3 glkg 2.
W] . A L - ER R % B - C97E 848.4~866.9 glkg 2 [A], X AT fE 5 X A R PGS 2% A
Koo @ AKX HHICE ) UCCHREfL £k o3 AH1, BR CaO sk, HiAthor ZAEfL LT
B —4 AT, WEHNSLO., ALO,. Fe,0s. KO, MgO#%it T 1.00, #AWES
ol a4, i Na,O B 5. T UCC T 7, £ ZHAFE (E6); @ AN X8 1 1)

2.0 ,

—a— T — e - Bt — o A — oA - FHEE L f.*"

Fedh/ucc

0 I i L L i
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Fig. 6 UCC-normalized pattern of major elements of the loess in the upper Hanjiang River and its comparison
with that of the Luochuan, Wushan and Xiashu loess
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UCCFrifEfb(E (CaO &4 ) dEW 23, SiO, 28 {k i B/ T 0.86~1.03, ALO;4; T 0.78~
0.88, Fe,0:7r T 0.96~1.16, KO/ T 0.61~0.77, MgO 4 T-0.73~0.94, Na,O 4/ T 0.22~
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Fig. 7 The location of the loess in different regions in the scatter diagram of weathering parameters
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Chemical weathering characteristics and regional comparative
study of the loess deposits in the upper Hanjiang River

MAO Peini, PANG Jiangli, HUANG Chunchang, ZHA Xiaochun,
ZHOU Yali, GUO Yonggiang, HU Hui, LIU Tao

(College of Tourism and Environmental Sciences, Shaanxi Normal University, Xi'an 710119, China)

Abstract: Field investigations were carried out along the upper reaches of the Hanjiang River,
a major tributary of the Yangtze River in China. Three loess profiles on the first river terrace
were selected for a detailed study. The characteristics of major elements and chemical
weathering were analyzed systematically. Results are shown as follows. (1) The major elements
are dominated by SiO,, Al,O; and Fe,Os, the total average content of which is 767. 3 g/kg, in the
loess profiles of the region. The contents of the major elements are ranked in the following
order: SiO,>Al,O;>Fe,0,>K,0>MgO>Na,0>Ca0. The elements Na, Ca, Mg and Si are
leached to different degrees and Fe, Al and K relatively enriched in the chemical weathering
processes. (2) The weathering and pedogenic intensity was the weakest in the Malan loess L.,
increased slightly in the transition loess L. became the strongest in the paleosol S, and
decreased again in recent loess L,. The results reveal that the climate was cold-dry in the Last
Glacial (55.0-15.0 ka BP), turned into warm-wet gradually in the Early Holocene (15.0-8.5 ka
BP), became the warmest and wettest in the Mid-Holocene Climate Optimum (8.5-3.1 ka BP),
and turned into cool and dry in the Late Holocene (3.1-0.0 ka BP). (3) Based on the comparison
with Luochuan, Wushan and Xiashu loess, we can find that the major elemental compositions
and the UCC-normalized patterns of the loess are similar with those of Luochuan, Wushan and
Xiashu loess to a higher degree, suggesting a similar sedimentary background of aeolian loess.
But the chemical weathering intensity of these loess deposits changes significantly in different
parts of China, with the sequence of Luochuan loess < loess in the Hanjiang River < Wushan
loess < Xiashu loess. The changing trend is well consistent with the modern climate change in
China, which is the response to the East Asian monsoon.

Keywords: loess; major element; chemical weathering degree; upper Hanjiang River; regional
comparison



