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Abstract: [ Objective ] Clay content and soil color are the most basic physical properties of soil. And soil color, including its hue,
value and chroma, is highly influenced by type, content and state of the ferric oxides in the soil. As a result of the intense erosion
during the later period of the development of the Loess Plateau, the ancient red clay layer, originally buried down in the lower
part of the plateau has emerged up close to or even out of the surface, which is of high significance in the researches on soil
genesis and ancient environment. But so far little has been reported about any systematic studies on relationships of soil color
with clay content and iron oxides in the ancient red clay soil of the Loess Plateau. The purpose of this paper is to provide certain
scientific basis for further studies of soil classification, paleosol and paleoenvironment in the plateau. [ Method ] Soil samples
were collected from the thirty one argillic horizons of the Alfisol profiles in Shanxi Province on the Loess Plateau for analysis of
contents of total iron, free iron oxide, amorphous iron oxide and clay and soil color, and further for quantitative exploration of
relationships of soil color (hue, value and chroma) with the first three indices, respectively. [ Result] Results show that clay
content in the argillic horizons was positively related to the content of iron oxides (P<0.01), and so was soil color, and especially
soil redness (P<0.01), of which free iron oxide contributed the most. The other soil color parameters, like hue, brightness and
chroma, were also significantly related to total iron oxides and free iron oxides, which indirectly indicates that clay content had a
certain relationship with soil color. It was also found in field observations that the surfaces of some argic horizons were redder
than the matrix inside the horizons, which demonstrates that iron oxide migrates with clay through soil pores and accumulates on
the surface. Conclusion In Alfisols of the Loess Plateau, the reddish argillic horizons develop mainly from the Tertiary red soil
of the Baode series and the Quaternary red clay that outcrop or lie close underneath the surface as a result of intense soil erosion.
Their contents of clay and color indicate that the paleoclimate was hotter and wetter in the Tertiary than in the Quaternary in the
Loess Plateau region.

Key words: Loess Plateau; Red paleosol; Clay content; Soil color; Iron oxides
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Table 1 Basic information of Bt horizons of the studied soil profiles
|2 + % 25 3N %73 Zhib)z A B A - A R
Subgroup  Soil series Latitude and longitude Altitude/m Argillic horizons/cm Munsell soil color ( dry ) Parent materials ~ Land use type
5~18 LI7 {0 (5YR4/4)
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Table 2 Physical and chemical properties of the studied soils

T RARK ) a0 FHRL & Clay N
+Z (R + Y Fe, Feq Fe,
Name of the soil Redness content pH
Soil layer/cm H° Soil texture / (gkg') /(gkg') / (gkg')
series rating / (gkg")
5~18 54 7.5 331 PR UT e 8.4 57.83 19.59 0.67
) 18~68 45 8 255 FribHE 8.5 52.28 19.52 0.69
EARUAELEN
68~102 45 8 273 ALV i 8.5 54.25 18.95 0.44
102~145 45 10 217 LR 8.4 59.91 19.01 0.32
75~118 54 6 308 AL E 8.4 47.8 18.76 0.37
PR AR .
118~150 54 5 129 B+ 8.4 40.44 16.74 0.28
PRI R 31~81 45 16.7 594 it 8.4 62.84 20.78 2.38
15~37 54 7.5 519 it 7.8 50.22 20.24 2.24
ERES
37~75 54 9.4 491 #+ 8.2 52.35 21.98 2.20
39~81 45 6 358 e+ 7.6 50.68 18.62 1.01
ELERES .
81~120 54 7.5 306 WL 7.7 50.19 17.67 0.75
71~93 54 9 402 LTI T 8.3 48.75 19.36 1.58
NI 93~133 54 9 460 AL i 8.2 56.38 21.78 1.46
133~155 54 7.5 424 VAL i 8.2 49.09 18.41 1.17
40~88 45 12 344 DA 4 8.6 53.23 19.65 1.32
FHE RS .
88~140 45 12 320 LT 8.7 48.17 18.12 1.24
AL 27~60 45 15 312 WD R+ 8.2 60.76 23.11 1.10
15~48 54 11.3 272 WD R+ 8.9 53.29 21.36 1.56
BLR 48~100 54 8.8 343 ALIDE i 3.8 46.19 19.38 1.61
100~150 45 10 311 WRb B+ 8.9 46.97 20.11 1.59
18~52 45 20 488 VAL i 8 61.28 22.82 2.17
EARIEES 52~91 45 225 473 pR s 8.1 63.01 23.17 2.17
91~150 45 25 471 b EE 1 8.2 65.57 24.44 2.19
15~35 45 10 352 g+ 8.1 56.75 19.22 2.02
BIKR 35~72 36 20.8 407 e+ 7.9 62.99 23 1.92
72~160 36 18.8 404 MR+ 7.9 62.87 21.85 2.11
BER 120~150 63 3.3 298 ALIDE e 8.4 44.76 17.49 2.25
72~131 63 6 305 ALVIDE E 8.2 45.54 18.44 1.99
R -
131~160 63 8 298 AL E 8 53.8 18.86 1.79
50~71 54 9 378 AL E 8.7 47.74 19.47 1.81
HEEIIES
71~150 54 9 461 b EE 1 7.7 57.88 21.02 1.94
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Table 3 Transformation of Hue into value
Hue 7.5R 10R 2.5YR 5YR 7.5YR  10YR 2.1 iigﬁi{:’gg%\ ﬁ}%%};ﬂ\ pH %ﬂ%ﬁg?&g&ﬂ’\]
He 27 36 45 54 63 72 HE AR M G4 E
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BEE (V) . B (C), =4I 8E. AxX8:

RR = (K-H) xC/vi7 (2)
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2.5YR. 10R Y H 735l sE 2 10, 7.5, 5.0, 2.5, 0,
C/V T HEB R B R BE Y LU AR
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TR AT B0 HE B DG 23, JFR A Origin9.0
B 1 o

TEFRLE . AESE pH M TE S BT
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Table 4 Descriptive statistics of clay contents, colorimetric parameters, pH and iron oxides of various forms
f/ME SEIN] T 5 5 R I BE 353 g
Min Max Mean CV/% Skewness Kurtosis  Distribution type

S A He 36 63 50 2.4 0.06 -0.21 EIER

41 Jif Redness rating 33 25 10.92 9.0 1.22 0.62 EIER
FHbi Clay / (gkg") 129 594 365 4.9 0.13 0.199 EZ SR
pH 7.6 8.9 8.3 0.7 -0.02 -0.50 BB
4%k Fe/ (gkg!) 40.44 65.57 53.67 2.2 0.12 -0.92 EZS I3

Wk Fed (gkeg") 16.74 24.44 20.1 1.7 0.53 -0.48 JEIER
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Fig. 2 Soil profiles typical outcropped and underground red paleosols
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x5 BESHELIZEHESEZERY Pearson X R

Table 5 Pearson’ correlation coefficients between content of iron oxides and color parameters

THHE S BN iA=E=R A3 T B A ALk
Soil color parameters Fe, Feq Fe,
21 (RR) 0.817" 0.821" 0.467"
@iE (H) —0.609" —0.494™ -0.017
B (V) —0.765" —0.682" —0.439"
EE (C) 0.329" 0.545™ 0.424"

" P<0.01; " P<0.05

FALZLI B (RR) 5 Fe,. Feq. Fe, 2k B 3%
IEASESE R r43 90 0.817.,0.821 10.467,P<0.01 ),
Z1 55 Fe il Feg 34 2 48 BpREOC FR (5] 3a FIE] 3 ),
X 5 Torrent 25 2OV 5% Wi Ml X bk 3% 4 P Ak % 5
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Fig.3  Correlation between soil redness and contents of total iron oxides (a) and free iron oxides (b )
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