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Abstract; Soil chronofunction is an important way to understand soil developent processes quantificationally,
and the foundation for establishment of soil genesis model. To establish soil chronofunction, soil properties
and ' C ages in the Holocene of Heilu soil profile in Luochuan, Shaanxi Province, were studied. Linear, log-
arithmic, and three order polynomial functions were used to fit the relationships between soil properties and
soil ages. The results indicated that three order polynomial function was the best to fit the relationships be-
tween clay (<{0.002 mm), silt (0. 002~0.02 mm), sand (0. 02~2 mm) and soil ages, and the trend line
showed the existence of Heilu soil in the profile. The logarithmic function indicated the variation of soil or-
ganic carbon and pH with time perferably. The variation of CaCO; content, Mn/Zr, Fe/Zr, K/Zr, Mg/Zr,
Ca/Zr, P/Zr, and Na/Zr with soil ages could be described best by use of three order polynomial functions,
and the trend line showed the migration of CaCO; and soil elements.

Key words: ' C age; function; soil properties; element migration; soil development

[3]

[1-2]

:2012-02-15
(Q20111207,XD20100595) ;
(20110491162) 5 (KJ2009B033)
(1982—), , s ,

:2011-04-27
: (10501-1211)

. E-mail; extreme0082000(@ yahoo. com. cn



25
l-lC s
b o b b
b ’ :2] ’
[10]
[2,4-5] s
1
b
, . (35°42.561'N,109°23. 952'E),
— Y , 9.2°C, 622
o mm, . .
2. 0 m )
b b b
el o o 1 o
1
/cm
(Ap) 0—25 (10YR7/3), s , , s
(7.5YR3/3), , , ,
2580
(Ah) 0 , .
LC (A/B) 80—100 ’ ’ ’ ’ ’
(7.5YR5/3), s s s
100—125
(Bk) , s
) 125—200 (10YRS/4), , , s ,
2 “C
/cm 0—10 10—20 20—30 30—40 40—50 50—60 60—70 70—80 80—90 90—100
He /a 841432 1714421 2275426 2970421 3171+24 368630 3999423 4443+31 4901425 5651+26
/em 100—110  110—120 120—130 130—140 140—150 150—160 160—170 170—180 180—190 190—200
e /a 6052430 6284+26 7216+34 6159+27 7899+37 7659429 8154430 9923+£35 10693+£34 1281640
s , Z1.—5100
, 10 cm , Mn,Fe,K, Na, Ca, Mg , uv—
20 C 2), VIS850011 P
s 500 g . Zr ,
(26 (Y=a+
, “Ce bX) . (Y=a+blnX) (Y=a+
5 bX+cX*+dX?) s
3MV ",
. e 0.5%, 0.2% \
~0.3%., 9
Mastersizer—
2000 , 2.1
PHBJ]—260 pH ,
s (<C0. 002 mm) . (0. 002~0. 02 mm)
(ja(:(); ’ PE (0.02~2 mm)

’



26

19

3 o 3 , o
a b c d -
17.39 —2.00Xx10"* . 26
Y=a+bX 42.05 —4.00Xx10"" .16
40. 57 6.00X10"" 20
21. 20 —0.62 .07
Y=a+blnX 42. 86 —0. 35 .01
35.95 0.97 .02
12. 88 24.00X107* —4.00X1077 2.00X107" 59
Y=a+bX+cX*+dX* 31. 38 53.00X 10" —8.00X10° 7 3.00x10 " 79
55. 74 77.00X107* 1.00X10~°¢ —5.00x107 " 75
60 —o— Fi #i(<0.002 mm) —0—#7} $1(0.002~0.02 mm) N s
—a— P $0(0.02~2 mm) 1
50 A A b b
£ 40 o AastaA ’
a3 30 [6]
&
ko 20 V—O’O—O‘Q“’Q“’_W*vw———o_o__o ’
10 b .
0 2.2 .CaCO;, pH
2000 4000 6000 8000 10000 12000 14000
+ W/ 4 ’
1 s 0.8
.Bockheim"* y 0.57  0.60,
Merritts Y , , 0.6C 2a),
., Barrett!'” s ,
s 13]
[14]
b b
DN
s o 1. 68 ,
b o
4
a b ¢ d r
0. 57 —3.00X10°° .79
Y=a+bX CaCOy —2.87 16.00X10"* .74
pH 8.10 2.00X10°° .80
1.68 —0.15 .79
Y=a+blnX CaCOy —51. 39 6. 83 .59
pH 7.48 0. 09 .90
0. 60 —5.00X107° 8.00X1071" 2.00X10" " .81
Y=a+bX—cX*+dX® CaCO; 4.78 —41.00X10"" 1.00X10"°¢ —5.00Xx10"" .85
pH 8.02 6.00X107° —7.00X107° 3.00x10° "% . 88
CaCO, CaCO,
, 0.74 0.59, CaCO;, .
v —2.97 —0.15C 4), CaCoO,



) 0. 85, pH
CaCO, , 0. 90, (
¢ 2b), CaCO;, . 20)
[14] [15] .pH
CaCOQ;, . pH .
s . [16-17] .
0.7 8 20-y=-5E-11x’+1E-06x1-0,004lx+4.774 b 830
0.6 , 015316791 C1sh R'=0.8536 . 8.25
9..,\3 0.5 R'=0.7855 é .20
E 0.4 g 10} % 8.15
fr 0.3 S| 8.10r /A y=0.08531nx+7.4751
0.2 e 8.05 R'=0.9031
01— - - - 0 Q00 0 8.00L - - -
2000 6000 10000 14000 2000 6000 10000 14000 2000 6000 10000 14000
T d/a + B /a T+ A #/a
2 . pH
2.3 Lozl Zr
Ti Zr o 5 )
Zr
rsl Ti , Zr s 0
5 Zr
a b c d r
Mn/Zr 217.22 3.00X107° 0.22
Fe/Zr 10362. 00 0.22 0. 44
K/Zr 6175. 20 0.15 0.68
Y=a+bX Na/Zr 4092. 90 0.10 0.62
Ca/Zr —4439. 10 2.18 0.77
Mg/ Zr 3527.00 0. 27 0.92
P/Zr 141.63 0.01 0.68
Mn/Zr 61.71 20. 39 0.46
Fe/Zr 809. 08 1276. 10 0.67
K/Zr 660. 09 751. 88 0.78
Y+a+blnX Na/Zr 1358. 60 392.23 0.41
Ca/Zr —68638. 00 9049. 10 0.61
Mg/ Zr —5071. 10 1197.70 0. 82
P/Zr —181. 56 44.99 0.61
Mn/Zr 153. 32 0. 04 —5.00X10"°¢ 2.00Xx107" 0.69
Fe/Zr 7664. 10 1.65 —2.00X107* 7.00X10°° 0.78
K/Zr 5455. 40 0.48 —4.00X107° 9.00x107" 0. 81
Y=a+bX+cX*+dX? Na/Zr 4894. 30 —0.44 9.00X107° —4.00X1077 0.79
Ca/Zr 5832. 50 —5.34 14. 00X 10" —7.00X1078 0. 88
Mg/Zr 3811. 10 —0.04 7.00X107° —4.00X107° 0. 96
P/Zr 165. 90 0.02 6.00X10 ¢ —3.00X10° " 0. 84
3 sMn/Zr,Fe/Zr K/Zr . R Mn,Fe K
, [18,20-22] ,
o sMn,Fe K 3
, Mg/Zr



19

28
’ ) ] ) Ca . P Na
1) ° ° Ca
Mg ) ) P . Na
o ° Ca CaCOg
Mg [18,21-22]
Ca/Zr.P/Zr Na/Zr ,Ca,P Na
[18.20.22]
b o
3001 140001
250 d ° 12000}
& 022 % ©°° - ° -
3 200t o 7o S 10000
= y=2E-10x-5B-06x+0.0378x+153.32 . ° y=TE-09x"-0.0002x*+1.6449x+7664.1
150} R*=0.6855 83000} R*=0.7812
100 6000
2000 6000 10000 14000 2000 6000 10000 14000
TIRF R/ + HE4E #/a
10000 70001
6000F
8000
S| o ° S S 5000f
Y N
— L] (o] [+] =N
) S 4000} _ ; :
6000 5 \ y=-4E-09x’+TE-05x*-0.0378x+3811.1
y=9E-10x’-4E-05x°+0.4814x+5455.4 Rom0.9635
R=0.8122 3000}
4000 2000
2000 6000 10000 14000 2000 6000 10000 14000
T/ THEF R/
25000 y=-7E-08x"+0.0014x>-5.3357x+5832.2 300 6000
R'=0.8758 o
20000 o 250 = o0 o 5000 o o
= 15000 w 200 = .
4
- N o0 S 4000 ®
U 10000 150~ z
° y=-4E-09x"+9E-05x"-0.4403x+4894 3
5000 100} ¥=-3E-10x"+6E-06:-0.0156x+165.9 3000 R=0.7907
R'=0.8366
20 0000 9, . , 50 2000
2000 6000 10000 14000 2000 6000 10000 14000 2000 6000 10000 14000
T e Tt a T e
3 Mn/Zr,Fe/Zr ,K/Zr ,Mg/Zr ,Ca/Zr ,P/Zr  Na/Zr
3 CaCO;
o Mn/Zr,Fe/Zr
K/ZI' ’
e , . Mn,Fe K
. b o
i Mg/ Zr Mg
N b
, . Ca/Zr,P/Zr,Na/Zr  CaCO,
Ca,P,Na CaCO;,
’ b
’ b
b
pH ’
o b
’ [1] Vreeken W J. Principal kinds of chronosequences and
pH their significance in soil history[ J]. European Journal of

Soil Science,1975,26(4) :378-394.



29

[2]

[3]

[4]

[6]

7]

(8]

[9]

[10]

[11]

[12]

Bockheim J G. Solution and use of chronofunctions in
studying soil development[J]. Geoderma,1980,24(1):
71-84.
Vincent K R, Bull W B, Chadwick O A. Construction
of a soil chronosequence using the thickness of pedogen-
ic carbonate coatings[ J]. Journal of Geological Educa-
tion,1994.,42.316-324.
Birkeland P W. Holocene soil chronofunctions, South-
ern Alps, New Zealand[J]. Geoderma, 1984, 34 (2):
115-134.
Huggett R J. Soil chronosequences, soil development,
and soil evolution; a critical review[ J]. Catena,1998,32
(3/4):155-172.
Schaetzl R J, Barrett . R, Winkler J A. Choosing mod-
els for soil chronofunctions and fitting them to data[ J].
European Journal of Soil Science,1994,45(2) :219-232.
[Jl.
,1994,31(3) :295-304.
[J1. ,1998,29(6) .
241-244.
[JJ.
Finke P A, Hutson J L. Modelling soil genesis in cal-
careous loess[ ] ]. Geoderma,2008,145(3/4) :462-479.
Merritts D J, Chadwick O A, Hendricks D M. Rates

,2002,39(5) :609-617.

and processes of soil evolution on uplifted marine ter-
races, northern California[ J]. Geoderma, 1991, 51 (1/
4).241-275.

Barrett I R. Astrand plain soil development sequence in

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Northern Michigan, USA[J]. Catena, 2001, 44 (3): 163~
186.

(Il ,2005,42(1) ;1-8.

[J]. ,2004,24(2):129-

139.

’ ’

[Jl

Vidic N J. Soilage relationships and correlations: com—

,2006,26(6):969-975.

parison of chronosequences in the Ljubjana Basin, Slo-

venia and USA[]J]. Catena,1998,34(1/2):113-129.

[J7.

Egli M, Fitze P. Formulation of pedologic mass bal-

,2000,20(4) :337-342.

ance based on immobile elements a revision[]J]. Soil
Science,2000,165(5) :437-443.

Langley-Turnbaugh S J, Bockheim J G. Mass balance
of soil evolution on late Quaternary marine terraces in
coastal Oregon[]J]. Geoderma,1998,84(4):265-288.
Sauer D, Schellmann G, Stahr K. A soil chronose-
quence in the semi-arid environment of Patagonia ( Ar-
gentina)[J]. Catena,2007,71(3):382-393.

Koutaniemi L., Koponen R, Rajanen K. Podzolization
as studied from terraces of various ages in two river
valleys, northern Finland[ J]. Silvia Fennica,1988,22:
113-133.

Lichter J. Rates of weathering and chemical depletion
in soils across a chronosequence of Lake Michigan sand

dunes[J]. Geoderma,1998,85(4):255-282.

R O O O O O O O I O O O I I O O O O O O O O O O O IO

[1]

[2]

(3]

[4]

s ’ ’

. .2007,21(1)
35-38,49.

Foster G R. Modeling ephemeral gully erosion for con-
servation planning[ J]. International Journal of Sediment
Research,2005,20(3) :57-175.

’ ’ Ll

(Il ,2008,27(1) ;145-154.

[J].

’ [} ’

(7. ,2009,29(4) ;545-549.

,2005,21(6) :8-11.

(6]

[7]

[8]

[9]

[10]

[11]

L. ,2007,23(8) :59-65.

[Jl. ,2000(3) :29-31,41.

[Jl. , 2009, 37 (30) ; 15009~
15013.
[Jl. . 2006, 26
(4) :449-454
’ ] 1] [M].

»2003:40-41.

’ s

[Jl. ,1991,5(2) :8-13.



