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Climate Change Indicated by Heavy Metals in Holocene Loess
Profile in Changcheng Tableland

ZHANG Yuzhu, HUANG Chun-chang, PANG Jiang-li, YANG Hong-jin

(College of Tourism and Environment Sciences, Shaanxi Normal University, Xi'an, Shaanzi 710062, China)

Abstract: Based on filed survey, soil samples were collected systematically in the Holocene loess profile in
Changcheng tableland, the Ningxia Hui Autonomous Region. Chemical elements, magnetic susceptibility,
particle-size distribution, loss on ignition and the content of calcium carbonate were measured in the laborato-
ry. The results showed that; (1) There was a significant positive correlation between the curves of the heavy
metals(Mn, Zn, Ni, Cu, V and Cr) and the curves of magnetic susceptibility, loss on ignition and clay.
While a negative correlation was showed between the curves of the heavy metals(Mn, Zn, Ni, Cu, V and
Cr) and the curves of the content of calcium carbonate and coarse silt. The contents of these heavy metals in
the mid-Holocene Ustic Isohumisol were higher than that in the loess. It indicated that these heavy metals
were affected by weathering and pedogenesis along with the Holocene climatic change. (2) The shape of the
curve between the Pb was different from that of the heavy metals(Mn, Zn, Ni, Cu, V and Cr). The curve of
Pb was uncorrelated with the curve of magnetic susceptibility. The content of Pb was very low in the transi-
tional loess(L,). The content of Pb was relatively high with very small variability in the Ustic Isochumisol
(S,) and in the recent loess and topsoil (L,, TS). It seemed that these elements are not much affected by cli-
matic change in the Holocene.

Keywords: Changcheng tableland; heavy metals; Holocene; climate

’ 2 (
:2012-06-09 :2012-09-27
: “ ”7(20110202130002) 3
(GK201101002) (X2012YB04)
(1987, «( ) s s . Email:SSDZYZ@126. com,
(1954—), ( ) N s s . E-mail: chuang @ snnu.

edu. cn,



97
100 cm) N 2 500 h, 160 d,
8l , 100 cm,
[9] s , 10
o s cm s 2 cm s
100 60 cm 125
cm, 180 cm s
s o C D,
(L)) o
[10-15] s
190 cm
, 11 500 a B. P. ;190—150 ¢m,
| (L),
(11 500—8 500 a B.P.);150—54 cm,
(Sy), (8 500—
(35°52"01"N,106°46'44"E) , 3100 a B.P.);54—20 cm,
1678 m, s (Lo, (3 100—1 500 a B. P.);20 cm
7.4~8.4 °C, 350 ~550 mm, (TS,
1
/cm
(TS 20—0 ’ ’ ’ ’ ’
(Ly) 54—20 , s
(S 150—54 ' ' ’ o 130Todems
(L) 190—150 ’
(L) >190 ’ ’ ’ ’
) MS-B2 ,
(0.47 kHz) (4.7 kHz) ,
2009 10 5 3 , 0.1;
o 200 ,
\ N 4 g, YY-60 ,
. , Panalytical
2 mm , PW2403 X-Ray o
10 g Batington GSS-1 GSD-12



98 33
. (St)) . .
10% ; ,400 C , , ,
2 h, . R (L,,L.,Ly)
; 1.5 g, . R
Eijkelkamp 08.53  Calcimeter .
CaCO, ; Malvern 400 C ;
Mastersizer-S , ’
, 10% H,O, , 10% ,
HCl b ’ o
. , 0.60% ~2.44%,
s 0. 89,
3
(10‘01( 19 2)0
3.1 . . (S ,
o (TS ,
b 16: ’ b
s CaCO;
4,21 X10 7~8.49X10 " m*/kg( 1), Hi
, CaCO, 11. 14% ~17. 36 %,
. N O. 86 _O. 657 0(0,01( 1, 2)0
, (S))  ,CaCoOs
(s] ’ ’ ’ ’
,CaCO;,
o s (Lo
s . (L) CaCO;, R
HWE B BRI m kg") BREERY% RS/ % <0.005 mm/% 0.01~0.05 mm/% 4F4%/a(B.P.)
em 30 60 90 0 1 2 310 13 16 19 15 20 25 30 46 49 52 55
S s s
L, 40
80 |
S,
120
L, — X-If
ooy g e e B B
L,
240
Ex+ [+ EASt# DAdE#RT: XEsSstsE XEERBLE
1 . . . .
(<O. 005 mm) 2) ° (S()) ’
S , (L,»L.,L) .
, 19. 73% ~29. 05%, (0. 01 ~0. 05 mm) 46.13% ~53.
; 75%
0.72 0.74, a.n €1, , —0. 84, CaCO,




4 99
, 0.15, ao.01 ( o
1, 2, ) , o
S ) )
, (Li»L»Ly) o
2 N . . .
Mn Zn Ni Cu Pb \% Cr
Mn 1 0.72%* 0.65** 0.56"~ 0. 09 0.41** 0.33** 0.49** 0.39** —0.46** 0.54** —0.65**
Zn 1 0.75** 0.76"* 0.32*% 0.34*~ 0.25%% 0.34** 0.24** —0.38"* 0.48** —0.58*"
Ni 1 0.79** —0.03 0.42% % 0. 04 0.20% 0.24** —0.03 0.59** —0.73**
Cu 1 0.14 0.44* 0. 10 0.20% 0.23% —0.13 0.43** —0.59*~
Pb 1 —0.18~ 0.19* —0.11 —0.36"* —0.29"*—0.26"" 0.28**
\% 1 0. 04 0.08 0.12 0.09 0.25*" —0.44*~
Cr 1 0.61** 0.50** —0.66*" 0.45** —0,24*~
1 0.88** —0.86"* 0.72** —0.43**
1 —0.65%% 0.74** —0.50%%
1 —0.46** 0.15
1 —0.84**
1
s 0.01, % 0.05,
3.2 )
. L2l Mn,Zn,Ni  Cu
[19-20] CCY ,Mn,Zn,Ni Cu
Mn,Zn,Ni,Cu,Pb,V, Cr 7 , CaCO;
« 2, ) ) anon C 2),
s 0.02,0.03,0.03,0. 04, (S,) ,Mn,Zn,Ni Cu s
0.08,0. 02 0. 05, s
. , CaCO,
[21] . , R i
(L) . (L)) sMn,Zn,Ni Cu ,
) (L .
. SPSS CaCO,
, Pb ,
o o (L) (Ts) ,
s Mn,Zn,Ni  Cu ,
Mn 613.57~635.39 mg/kg,Zn . ETC
54, 70 ~57. 00 mg/kg, Ni 29.50~ Mn,Zn,Ni  Cu Lietsy
31. 15 mg/kg, Cu 21. 28 ~22. 37 mg/kg, , .
, Mn Ni ,Zn ,V
Cu o s 80. 31 ~80. 72 mg/kg, Cr
, a0t O 2D, 72.19~79.09 mg/kg, V. Cr ,
’ ’ 2 o
, o .V Cr

b



100 33

1) a(un( 2)0 ( 2)0
(S(;) qv Cr 1) (L[) 9Pb .
] (So ) CaC();
o (L,,L..Ly) .V s Pb
Cr ; , o (So) s (L))
s o (TS ,
,Pb (L , 0
16.83~20.10 mg/kg( 2), Pb ,
CCY ,Pb s ,
WE %E/  Mn/(mg-kg?) Zn/(mg * kg™) Ni/(mg * kg™) Cu/(mg * kg™") F//a(B.P.)
54 58 62 25 28 31 34 19 21 23 25
TS e
L,
S,
L,
L,
WE HE/  Pb/(mg-kg') V/(mg * kg™ Cr/(mg * kg™) Ti/(mg * kg™) FER/a(B.P.)
‘m 19 15 20 25 75 80 85 90 65 75 85
TS B ) T - '
o0 2 ==m—— | =T
S,
L, =
Ll ‘ ‘ ‘ H : -
] R+ [T 3% & ekt s EEt
2 . Ti
; Ti . CaCO;
[22
4 b o
(141 ) o ’ o
s o s Mn,Zn.Ni,Cu,Pb,V Cr
CaCO, ) , o
s s 11 500—8 500 a B. P. ,

’ ’ ’ (Ilt)o



4 101
’ N ’ ’ Mn’
s s Zn,Ni,Cu,V Cr
. b 5
s , (D)
° ’ ’ N \Cacos
, CaCO; ) . N
, , CaCO;
CaC()g ’ ° (So) ’
’ ° N 9CHC()3
Mn,Zn,Ni,Cu,Pb,V, Cr .
8 500—3 100 a B. P. , o (Ly,L,sLy), .
s (S, ,CaCoO;,
. , CaCO, . s ,
s s (2)
s o , Mn,Zn,Ni,Cu, V Cr
CaCO; 0
o Mn, R CaCO;,
Zn,Ni,Cu,V, Cr \ . (Sy)
N s (Ly . LisLod o
CaCO; s (3)
Mn,Zn,Ni,Cu,V Cr o , Pb Mn, Zn, Ni,
3 100 a B. P. . 3100—1 500 Cu,V Cr . Pb
a B. P. Les-2a] | , ,
(L), s Pb s
, CaCO; . .
b b b I: ]
.CaCO, bl ’
. 0. ,2003,22(3):131-136.
s Mn,Zn,Ni,Cu,V Cr
[2] . , . Hg.Cd,Pb  As
° 1 500 a B. P. 1)
’ ’ [Jl. ,2005,5(3) :396-403.
(TS, ,20 cm [3] ) , ,
o [Jl. ,2005,25(3) :355-362.
s , [4] , ,



102

33

(5]

[6]

7]

(8]

[9]

(10]

[11]

[12]

[13]

[14]

[rl. ,2007,40(11) :2507-2517
b3

[Jl. ,2008,29(8):109-115

s ’ ’

0.
Zhou Shenglu, Liao Fuqiang, Wu Shaohua, et al. Heavy

,2007,26(4) :275-280.

metals contents in soil profiles of typical agricultural
lands in Yixing, Jiangsu Province, China[J]. Chinese
Science Bulletin, 2008, 53(S1).177-187.

Jun Dai, Thierry B, James H R, et al. Influence of
heavy metals on C and N mineralisation and microbial bi-

omass in Zn-, Pb-, Cu-, and Cd-contaminated soils[ J].

Applied Soil Ecology, 2004, 25(2):99-109.

s ’ ’

[Jl. ,2006,

27(7):1323-1328.
Huang Chunchang, Pang Jiangli, Chen Shue, et al.
Charcoal records of the fire history in the Holocene
loess-soil sequences over the southern Loess Plateau of
Chinal J]. Palaecogeography Palacoecology Palaeoclima-
tology., 2006, 239(1/2): 28-44.
Huang Chunchang, Pang Jiangli, Zhou Qunging. et al.
Holocene pedogenic change and the emergence and de-
cline of rain-fed cereal agriculture on the Chinese Loess
Plateau[ J]. Quaternary Science Reviews, 2004, 23
(23/24) :2529-2539.
Huang Chunchang, Jia Yaofeng, Pang Jiangli, et al.
Holocene colluviation and its implications for tracing
human-induced soil erosion and redeposition on the
piedmont loess lands of the Qinling Mountains, North-
ern China[J]. Geoderma, 2006, 136(3/4):838-851.
Huang Chunchang, Pang Jiangli, Su Hongxia, et al.
The Ustic Isohumisol(Chernozem) distributed over the
Chinese Loess Plateau: Modern soil or palaecosol []]

Geoderma, 2009, 150(3/4) :344-358.
Huang Chunchang. Zhao Shichao, Pang Jiangli, et al.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Climatic aridity and the relocations of the Zhou Culture
in the Southern Loess Plateau of China[J]. Climatic
Change, 2003, 61(3):361-378.

Huang Chunchang, Pang Jiangli, Chen Shue, et al.
Holocene dust accumulation and the formation of poli-

cyclic cinnamon soils in the Chinese Loess Plateau[ J].

Earth Surface Processes and Landforms, 2003, 28
(12):1259-1270.
(Il
,2006,26(1) :14-19.
0. ,2004,41(3);
362-368.
LJl. ,
2005,14(1) :52-56.
[I].
,1985(3) :269-276.
[J1. ,1998,18(2) :41-47
[M:I. H b
1989.

Bloemendal J, Liu Xiuming, Sun youbin, et al. An as-
sessment of magnetic and geochemical indicators of
weathering and pedogenesis at two contrasting sites on
the Chinese Loess Plateau [ ] ].
Palaeoclimatology, Palaecoecology, 2008, 257 (1/2):
152-168.

Palacogeography,

’ ’ ’

[yl (B ).
(12):1300-1308.

,1992,22

) ’ ’

Ll )
2003,23(4) ;404-414.



