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Table 2 Basic physico-chemical properties for the studied soils
G5 RK AR WSS AR IR P %ﬁi% e @m BE ke
Soil Depth  SOM pH CaCo, Fe, Fe, Fe,/Fe, m%’% . Fe, ferE Clay =
Noo (em) (ke 0 ) (ke (ke (a) T (g M (s tem) o
(%) (%) (gkg™)
JI07 5~30 87.14  6.28 8.95 2554  10.13  39.66 24.01 6.45 63.67 202.3 4.13
Jf12 30~73 2336 545 0.40 7279 2837  38.98% 53.15 18.66 65.78 263.0 1.91
J02 16~60 999  6.48 7.15  107.33  46.95  43.74 62.02 4.60 9.79 373.1 1.83
Jf20 22~55 17.58 7.8  20.13 9923 4093  41.25 80.96 1.98 4.84 464.9 1.80
J23 23~56 1031 651 1125  97.53 4242 43.49 — 1.64 3.87 545.0 —
HhOl 40~80 478  6.67 631  94.84 4721  49.78 — 1.68 3.59 457.6 —

F Note: DSOM, soil organic matter; @Fe,, soil total iron; @Fe{,, free iron oxide (iron extracted by dithionite-citrate-

bicarbonate solution ) ; @Fe,/Fe,, ratio of Fe, to Fe,; G&Fe,/Fe, "™’

, ratio of Fe, to Fe, in clay; @Fe,, amorphous Fe oxide (iron
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extracted by oxalate solution ) ; (DFe /Fe,, ratio of Fe, to Fey; &SAR, silica-alumina ratio

20054F FI201 LAF L8 a7 H3EH e (R1) .
Hr, B AR 14 (Jf07) , EEES ML
00K BB A8 45 5T O A K by Ll b B AR 1A
(Jf12) , KRB T L2000 TR 1A F K 75 02 B
s HO K 34 (JE02, JR0FIIR23) , KEAE
Sl h R A KA B, AlERDN; A6
AKAEIA (HhOL) |, BB T A sl A Bk
o BpAMEREAEZREEE, KWK, BHE, 5k
AL 1.00 mm, FFHH P32 O 28 B 10.25 mm
B, BEAT, M. RAE M L L
HHEAHLT . pH. CaCO5, 2%k, WEESEk . TH kR
FUBURLZH B, TF 40 B 3 20 FF b i RRLAE SR A8 . 3R2
SR - AR AL

FERLEEOT L. B30 g2 44 1.00 mmifi i B)Z 1
B, BT RBEA, /b2 WA, FH6% MR
IR EAHUBT, IN2%%5 2 51 W & 15 mindh 8L,
IR, R Z R ERBE 4, K60 CHE
T, FESHFERBTEE 300 H 5 . Bk XRDAT R
pU R 7 Ab BT SR BB R R vk
D C Bk 25 Ui 88 2k 5 6 — T i it A 1) v o A
500 °CHVEE I A& ) ik . FXD-38IXUf 24
FHX, HCu-Kaf®m 4, HHE36 kV, 20 mA,
20 :2~55° 82 ~32° , £%50.02° . XRDAGH
FE2012—20 14458 i, M JadeS. 0558 1 B 1%
38T .

2 45 R

21 &HULTMEBEEAKR IR YARK
JO7THF L a2 4 (1), DR
FIAFLA omB YN E, 0.72 nmfiTHFIEHRES, 3
A DESEREHERA; 2.4 nm, 1.2 nmibH B
TR AT, b, A AIRIE TP AT g
-t B (K2) , 1.0 nmIg{ G, 5%
B A 5 1.7 nm i BUE 55 3% B A0 A7 S
ADRSERA; 14 nmfiT 50 2, X 0E ] iR 2%
Ao SRR AT E S ML, RZT W24 At
FHEE 4P EE26~27 A, IMAES00 CJ5 (A
3) , L4 nmATHEIRTEW 0T WL, A B
fio WRFefg Y, BRI AR A 1.4 nmig S
FE1.05 nm, MEIRAM1.4 nmIERE, L85
A (K4) , JI07 1314 am TS IEAEH &, [5]
0.473 nmlEH I, BRMGIRAFE. 1.4 nmlEE
B R SR8 A7 AV AT B

JI07 L HE B s 3.1 ART g (I,
4) , BAKMMo.4 Afg (K3) , 46 L
WA, AW ER X, BT LR A2 A I A R A
BHig. JE07 EHERZT W dgy W 7E24 AR, 3
doo 5 RILA . WHBALR, EZSRAKEE
MRV 2T, BH0a RN B 2 A A W
U mIKRE IS A X R R B S
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AFOATHEHEMAKED Y, 258
L T a RS AL S R A
X @ TR — s, ArEA—. £FCa0
5 O RRZ 0 d ooy Moo BT A L DL
M/DBESEB ARG, WL ERIZT YN
(RER B WIEA T b T = o
2.2 &HULTILH EiRER L M K
2 Eiem, LHEFEET Y14 om
TYRhE (FL) , KEAFERA . @mika, A0
BH0.485 nm = KA AT A7 B0 o BE—H Y AR A Ak B
Ja (E2) , ATgTdE AR R AR L, RIL.7 nmfii 4
Mg, FRHIEARNEZM A, MMES00 ClF (E
3), RWBENSGIRA .4 amfFH0E, SN

L 1 " L
7 14 21 28 35

20 (%)
e Is, WETY; v, 8405 1, FHA; K, Sike; Qz,

AYe; Ta, W45 G, =JKEA; G, FHEE7; Hm, JREDT
Cal, Jrffifr; H, ¥4 M, ZBif1: Ch, &A1 7, AH
EV Y. FIA Note: Is, interstratified minerals; V, vermiculite;
I, illite; K, kaolinite; Qz, quartz; Ta, tale; G, gibbsite;
Gt, goethite; Hm, hematite; Cal, calcite; H, halloysite; M,
montmorillonite; Ch, chlorite; 7, unspecific mineral. The same
below
BT R SERRAR S WA A XRDAT 55 1511
Fig. 1 X-ray diffraction ( XRD ) diagrams for unoriented

samples of clay fraction

Ji (KE4) . 1.4 amfiT5HIESEATE R, 12 A
ANEGRA, ININHEL4 nmB Y HIE 4 Bikirh
0.418 nm#Hkw g R & (E1. F4) .
23 EHUFTHEBARLIFEITYHERK

JEO2 R IEAE AT, Li1.4 nmi ¥ i £
BE LY, AR RA RS A (F
1) 5 0.485 nmfiT 5 IERHI ., A/ H =K A;
0.418 nmilfe B & H W6 A 55 2% , A5 55 45 fhEH ek,
ZEE-HiiE A (E2) , GRERAR R AL,
FE1.7. 0.89 nm BB HS 1Y S WA AT 506 TN &
500C)5 (E3) , RIS AML.4 nmlgE, J02+
WEET Y RIEA

J620 JR23 B3N T e hE . J20+
LA amB ) 45, A mER A, DR
AEEA (ED) , A2 RIrfEA (0.302 nm)
HHZB®EMCaCO,F i —3 (FK2) , A0 =K
B (0.485 nm) o BE-HImMAELE (E2) , fif
SPGB R AR AL, 1.4 nm i T2 R 0E A4 S0
1.7, 0.89 nm i 3 55 09 2 WA AT 5 08 o 4R 3
500CHE (KI3) , RILEFEML.4 nmil, ANELRTE
fio JR23TIEMPIOHRILA R F, HKCET - 18R
WA FREAa (K1), A0E14 ami Y, 1
N =K A, AH0.418 nmEF 8w i s, 81
WIS (E2) , 33 mBm i B A A e A
W, dEa e AL, ACEZENA. PEATREA
(F3) .

B2 B E A R XRDAT 5

Fig. 2 XRD diagrams of the soil oriented with Mg-glycerin
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50/ 0.221H10.224, [R]S5 46T n] Fom £ 8k 45 i i B

: Ta
IS: 5

260 (°)

El3 m#E 500 °C 5 i XRDATI & 1%
Fig. 3 XRD diagrams of the soil heated to 500 C

24 MUBBIEBARLIFTTIEK

it i)kt (HhO1) B2 +0 % £ 5 it
Fla CEL) 1 DRGS0 A RTR IS A R IR
P, 1.4 am® )& BARMR, FR & A 245 MAaar
R, A 5900.368 nmaR 2B A7 04 . B
WhEE (E2) , BURRLA . kAR E, 1.7,
8.9 nmAT 55 M Z WA AT HE . M ZFES500 CJa AR W
sgiea (E3) .

3 i ®

3.1 ERMTIESGSEYRENR

t BRI, I B X KA R B R R AR
Y B, Ban K07 Wik, AL
FaE, RARRN, PGS, ke E R AR
(£2) , FEXRDA H B 2 0 & TP AT 5 0%
L1l B AR T 126K 1 0.418 . 0.269F10.245 nmfi
SrugRm B (B D), WIS E R, SHAR
WO —F, BT YESE , BLUISE RN, AR
SEEE AL (£2) o BEAKEI02, J120
233830 & A — a2 gy (1), BIREK
[ 1 J£02 1330.418 nmIEAIANIREL, K WIG5 5 EEAT)
A, LB BARAY IR0 I35 2545 R 1R .
MIF12EIHhOT 38 (E 1) , £H8670.418 nmfir
W Eve ((A26°) 43 H10.305, 0.268. 0.225.,

VA B AT T 4 5

it A K EHhO LR R . 41+ 0.269, 0.368
nm AT R BB (L, ES ), e &a >
ARV, SR IS E AR N . SRR
WA SRR, EEREA . B TEBESENS
g 56 (HFRARE ) o HT0.269 nmfiT 516 A%
BRET 1300 FI AR R0 10408 B, Gul30%8 FE 24 N
Gt110f935%, MRAEEH T Gl 10/ R A /N, T
HESE HGH1305R B, 1M 5 7E G /70.269 nmfiT 5 i Ji
HIBRGLI30RY AT B 3R B, B ] 3k B Tk 5 ARk
M (Gt/Hm) ', HhO1AIGU/HmMZI KRS « 1,
WA Ak . WAL SR (R2) |, AR5 LAk
Wh37.96 g kg™, FRERTNT.56 g kg '
3.2 B IBETYEENEN

Zadxtoo1E A EA (K1) , e80T
I 2% S, AEE N TF07EIHhO 1 108, 1+ 178
TYERDIN A% . 15% . 21% . 21% . 25%F
26%. HHTJ0713£0.72 nmlJ2 =08 £ dy,, MLk e
A doo M B i, Hedsadm L Ak, il xS
A 70.358 nmAISEJEA10.352 nmiei, fiF 4 A
FE0.72 nmUG ) L E, DA B8 Hh s 0 A ) A X
AR AT, BEEIRFEAL, bl 1Rl
I, PSR AR I3 M HhO 1 S s A, R
Aoaiz, RUDKHRSER, &0 Az dm
iR, KRB BREIGRE.
33 AMTERWTIEFHTT SN

S I T A 3RS A M T 2 R
WK, SREEE. MobEMEgETAE XK. J07
2K SBACKS T GUA A AR B, B AL
A, BRARIA L e, D mieash, Wi R
g A B B Y, A U RE ) 55 i ke
o [REE, SRR, H2E, BEMMM, R TR

20 (°)
Fl4  BEEEZ T NI07 . T2 - BEXRDATE 1%

Fig. 4 XRD diagrams of the soil boiled with ammonium salt
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Gt(110)

Gt (130)

Hm (012) +Hm (104)
. Cgl :

21 24 27 30 33 36
20(°)

e a WERIAES, bR LFES Note: a stands for clay particles

and b for fine earth
K5 HhO1 3k S Ak Py e il 1 ol

Fig. 5 Determination of iron oxides in soil HhO1

AT, A E RN CaCO,, pHIEU M, 2
Wb, BRI (F£2) , FWIZEELETR;
JEOTA AL T B0 47 K - B, MR B €2 ] i 2 S
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H TR S B Z R, HIRS AR &
THIE R, H)REIE, FIT KRG,
AR 5 FRabEmk vt . JE250kiw 4 LLiE £
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LW R B ARER PR T R A G R
HERARTE R T L T 2B R Eh A B RGE , pHAS
fiK, BEAREMR (£2) , FuEGEm, ARERZ
(Bt) , J& Il ket

4 %5 B

TEHR M ARAT X, fr KR K R A L
2 1B R s A O T, 1 s TR IR Ay IR
AT UL o AR B R R e A A
FHERAAE R REMEAREAR, = SRR BT
B, BHEROAS SRR, BHORE IR Eathil
WTHE, 7 B B FUAPEAR 5 AT A 25 S5 R A ¢
ARBEXT LS BB L0 A B B K
TR BAORG FTUA A KA, 0 2k,
WAk, BRI AR R R AR, AR
R e A1 1B B ARHEZ D 5T ALK H
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Effects of Elevation and Lithology on Clay Mineral Composition of Soils Derived
from Limestone
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CHENG Yongyi®

LONG Xiaoyong'

(1 School of Geographical Sciences, Southwest University, Chongging 400715, China )

(2 Vegetable Science Research Institute of Huaihua city, Huaihua, Hunan 418000, China)

(3 Exploration and Development Research Institute of Qinghai Oil Field Company, PetroChina, Dunhuang, Gansu 736202,

Abstract

China )

(4 College of Resources and Environment, Southwest University, Chongqing 400715, China )

The purpose of this paper is to determine the effects of elevation and lithology on clay

mineral composition of soils derived from limestone in south China. The research areas were located in the

Jinfo Mountain, Chongqing municipality, and the Huaihua Basin, Hunan Province, two karst regions. The

samples of Black limestone soil (Jf07 ) and the Mountain yellow-brown earth (Jf12 ) were collected on the

top of the Jinfo Mountain, about 2 000 m in elevation; the samples of Yellow limestone soils ( Jf02, Jf20 and

Jf23 ) on the mid-and lower-slopes of the Jinfo Mountain, about 600 ~1 200 m in elevation; the sample of

Red limestone soil ( HhO1 ) in the Huaihua Basin, Hunan Province, over 200 m in elevation. Soil mineralogy

of the samples was determined by X-ray diffraction ( XRD ) on the <1 pm (clay ) fraction in B horizons.

Results show, in the mid-subtropical zone of China, clay minerals in the limestone soils are dominated mainly

with 2 @ 1-typed illite or vermiculite, in addition to some 1 : 1-typed kaolinite and halloysite. With elevation

going downwards, the fractions of kaolinite and goethite in soils exhibit a trend of increase, and their
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crystallinity increase too; this shows that, with the locations descending on slope, the soils are intensifying
in weathering. On top of the Jinfo Mountain, lithology, topographic feature and vegetation are important
factors, affecting soil forming process and mineral composition of the clay. On top of the Jinfo Mountain,
the Permian Maokou Formation is a set of stratum of limestone larded with grey-dark carbonaceous shale;
the Permian Longtan Formation is a set of interbedded rocks of limestone and sandstone-shale. Due to being
significantly affected by the Permian Maokou Formation, Jf07 soil is weak in weathering, its clay mineral
composition is complicated; there are certain amounts of talec and aliettite, which are residues from its grey-
dark parent rocks. But, Jf12 soil is well-developed, its clay mineral composition is simple, and its main clay
mineral is vermiculite; this is attributed to the impact of the parent rock ( Permian Longtan Formation ) .

Key words Mid-subtropical zone; Altitude; Lithology; Soils derived from limestone; Clay mineral

composition; Soil iron oxides
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