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Table 1  Basic morphological features of soil profiles

RS LHREE RERK TEF 6 % - g Ry 6] AL B £ B 1]
Location  Soil depth  Horizon Soil color Texture pH Soil type Soil-forming
(Hlme) (em) (F&) (H,0) age(104a)
(Prof. No) (Dry)
Fubd 0~15 Ap %% 10YR4/4 it 6.33 ARMEREFL L 107
TFEE 15~30 (A)C B#5 10YR3/2 MEREL 657
HE09 30~ 50 C, JKE 10YR8/1 5 10YR3/1 4« B FHEL  7.13
50 ~ 80 C, K H 10YR8/1 A% gt 6.89
EMH 0~12 A 1 7.5YR4/6 it 6.17 EEHERWEEE L 9.0+2.07
e 12 ~ 44 AC 1 7.5YR4/6 MEHEL  6.13
HW03 44-~100 C 6.45

ERE 0~15 A 5 10YR4/4 - 5.57 EHEHEEHEFL L 146209
a¥s  15-35 A(B) %% I0YR4/4 Bt 5.49
HE05  35~50 B £ 10YR4/4 gL 6.06

50~75 C B #E 10YR3/3 L 6.30
M 0~6 A B 4145 SYR3/4 L 475 HEFFRMEEHT 641
mYLE 6~22 AB B 4145 SYR3/6 #t 4.72
HW04  22~37 B S £1 #% 5YR3/6 ®t 5.25

37~ 65 BC B 2155 5YR3/5 #+ 5.10
FILH 0~25 A FELTHE SYRS/8 Ht 4.49  KALBELIMUEEEE L 133 2 181!
= 25~50 AB FATHE 5YRS/6 t 5.27
HEI0  50~70 B, FELLEE 5YRS/6 1t 5.23

70 ~ 90 B, L% SYRS/6 #t 5.11

90~120 B FLELLER SYRS/6 MEH T 4.79

120~140 BC TR SYRS/7 W R+ 4.77
fEMm 0~25 A W% 41 #% 25YR3/6 Bt 4.17  JEAERBLBEEE L 181480
AR 25~52 AB BE 41 5% 25YR3/6 BEHL 4.85
% 52~ 88 B, BE 41 £% 25YR4/6 BEHL 4.82
HW02 88~128 B, B 41 k% 25YR4/6 "t 4.64

128~ 150 B, 4145 25YR4/6 ML 4.73

150 ~ 180 BC HE 4145 25YR4/8 MEHT 4.86
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ZRAERKEM EEF W ESEARAE 104.5~172.5g kg ' Z 6], — B F 26 KAk i o gy
58.4~143.9g kg™ ' (K 1), B ABARBNTE, HIFESB YA N R B LB PE R
BR BB AMKAR T EREN T EWNES S’ —RES, &5 2 M Hm
WESkER(Y,gkg DR EBIAN(X,10%) F B EMIEEE, Y =0.26X +118.3(r
=0.9620,n=6), FMPFHEKER(V,gkg DRRESLELEEE (X, gkg HEREHE
B IEAI X, Y =1.025X -95.7(r=0.9015, n =24) , 7E— EFR B LA - o84 5B 5t
PGB ENHAER. B TRE5EGENE W, BT 58k F0k 5 8k 2 5 (Fey/
Fe) Blir Bk 58S B, FlER M EAFTRED, -850 % i M HE0 B H
(1x10*a)(A)C 2R 46.6% 3 ZE HWO02 HHE (181 x 10*a)B, JZ K 68.6% , 5% %I TH +. 2 I 4L
S BRI (Y, % ) BE AL R B R ( X, 10%a) 38 LA 3 30T 4R B (R2 = 0.9854, n =
6), TEABTNEG T MKMA LG, BRI EE M N B2,

I (Fe,) AT LI B S R 2E, KT SMBIENESS&ENERD
R EE MR ER KT ER HEO S AN X Z LRI BREE 19.1g kg™, T
RAL A R R K A+ R EBMETF 5.0gke™  BIET 2.05 kg™ HEFHEERESE
BT CEBERE, TRREHEEX FIESBURELERERHERE X (E2), LH
R P R AL B TEIL E (Fe,/Fey) , N R E RS S BE S A B LA, AT H B &K
s SRR S B FEARD s RN 7E— A T h R s £ X e aEEl, £ZR
HEEG R T HP R AR 133 x 10%a DL 2 IELE <4.0%, MEABERY HEDY
>7.0% ,F 35 53 A 7R 2 B3 B 7 9 09 45 T £ )2 AU 39 05 BRI AL 55 3 4F 8 0 2 X 3K
ERBERAAXL(R =0.9049,n =6), Uil THERIL R L3 B A B, + sk b4 R
BMRE, X5 X-FRGH T B RRENALSRETUMEEE(LTX),
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Table 2 Contents and ratios of iron of various forms in soils

RAEHE HREE SHAR WEKAR TERHKAR AOKAR  RMEE  BEAE BAAE

Location  Soil depth Total iron Free iron  Amorphous iron  Free iron Fey/Fe, Fe,/Fey Fe,/Fe,
(HE5) (em) Fe, Fe, Fe, Fe, (%) (%) (%)
(Prof.No) (gkg™") (gkg™") (gkg™") (mg kg™ ")
LT 0~15 247.9 116.7 19.1 269 47.1 16.4 1.4
+ B 15~ 30 224.2 104.5 16.3 578 46.6 15.6 3.5
HE09 30 ~ 50 — 78.7 13.0 553 — 16.5 4.3
50 ~ 80 191.2 58.4 9.7 421 30.6 16.6 4.3
M 0~12 236.8 127.8 7.8 190 54.0 6.1 2.4
W 12~ 44 212.9 123.3 7.5 652 57.9 6.1 8.6
HWO03 44 ~ 100 224.3 125.6 6.4 118 56.0 5.1 1.8

EEE 0~15 — 120.8 13.9 593 — 11.5 4.3
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REEMA HEEE 0 SBSRE WHELSTER XEREKSE REETER GnmEE BRIEE SESH
Location  Soil depth ~ Total iron Free iron ~ Amorphous iron  Free iron Fey/Fe, Fe,/Fey Fe,/Fe,
(RimES) (em) Fe, Feq Fe, Fe, (%) (%) (%)
(Prof.No) (g kg'l) (g kg‘l) (g kgAl) (mg kg™")
Y% 15~35 230.6 127.1 11.5 302 55.1 9.0 2.6
HEO0S 35~ 50 233.2 141.8 6.1 112 60.8 4.3 1.8
50 ~ 75 194.5 133.7 3.9 65 68.8 2.9 1.7
75+ — 121.5 5.0 196 — 4.1 3.9
i 0~6 201.3 123.4 4.3 652 61.3 3.5 15.3
1 5L 6~22 208.6 128.5 4.9 549 61.6 3.8 11.3
HW04 22~ 37 213.7 131.7 5.7 356 61.6 4.3 6.3
37 ~65 212.0 133.7 5.7 488 63.1 4.3 8.5
65 ~ 100 229.2 143.9 7.8 333 62.8 5.4 4.3
il 0~25 246.2 156.4 2.0 112 63.5 1.3 5.7
Py 25 ~ 50 237.6 154.3 3.5 21 64.9 2.3 0.6
HE10 50 ~ 70 223.2 147.4 3.4 24 66.0 2.3 0.7
70 ~ 90 — 146.9 3.4 28 — — 0.8
90 ~ 120 220.3 148.2 3.2 36 67.3 2.1 1.1
120 ~ 140 — 150.4 3.3 25 — 2.2 0.7
N T 0~25 247.5 162.9 3.5 181 65.8 2.1 5.2
FRRY  25~52 250.8 165.5 4.6 20 66.0 2.8 0.4
HWO02 52 ~ 88 251.3 172.5 5.0 18 68.6 2.9 0.4
88 ~ 128 254.6 167.3 5.2 11 65.7 3.1 0.2
128 ~ 150 252.3 163.0 5.1 1 64.6 3.1 0.0

HE—"REARM, KRPELE Fe FRBL Fe,0, RR

TP B R (Fe,) TERSANYRL NG, AR L BHEHFRAENTEY
ETE Img kg™ ' FE 593mg kg ', HE L H L EEAHRNSBVBERE T TR, 8P
MEBENRTAEA BE XGRS, FTEZHTANENS R, B4, TEPH%RE
BB (Fe, 5 Fe, ZWHE)EHE 10%UT , A+ EFRERBRUTNEERN L,

3 REMYTYES

THEE PR R ARG T PR B RS RS R SR E AL
TR ES N LERERHAEEN,
3.1 BREREHR

FIF " Fe B 14.4keVy TR =AW B I & /K0, BB R /RIES L, N F R S 6k
B S) R AR (QS) BANEG (W EEMERM ALY BEERN TR
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PRI It e UK T 2 R BE 2 Y TR B (77K LA U /0 o T A 35 7 #4932 T o 8 % XAk AR - s )
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Table 3 Parameters of soil samples under Mossbauer spectroscopy at room temperature

TRWE

iRy BE&HS n BB IS Qs
. Soil depth
Prof. No Sample No Sample type (mms™") (mms™")
(em)
HWO03 112 12 ~ 44 i A 0.35 0.58
HEO5 20 15~ 35 i A 0.36 0.59
HW04 117 22~37 Kot 0.35 0.56
0.34 2.05
HE10 45 50 ~ 70 LA 0.32 0.56
HW02 108 52~ 88 ik 0.34 0.54
0.73 0.30
0.47 2.18
HW02 108A 52~ 88 iR 0.35 0.60
0.99 0.84
0.47 2.59
 IS— 5 BB A8 < QS— T A L
108
5 s s
a K a
g . e 45 B
2 et : 5 2 112
& o N ek A ar &
B . co . o & 17
@ W =
e e A Sy < 1 . 1 ) L P L 1
32 - o 1 42 3 4 -10 -5 0 5 10
# Kt Velocity(mm s™) EFE Velocity(mm s™)
1 =ETHEERNBITERE B 2 77K F SRR 5 BB R ORI
Fig.1 Mossbauer spectroscopy of soil samples at room temperatrure Fig.2 Mossbauer spectroscopy of clay fraction at 77K
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BE NS H RN, RSB WSS ERE. NGB, 1 E8E, 12
ERGEEIIKET M HE. BRRGRBREREY . G, BRI L A3,
FHTMSREVRERS. R, R4 5 2REE 77K & E T U5 8RS 1 8 E
WA BE 7 o B FE AR S B3N, X HR A AR S B EHT D SRR L B A
AR AT Y EOR  K B

T4 ITRMERHBHERIESH (77K)

Table 4 Mossbauer spectroscopic parameters of clay fraction at 77K

B HEs IS Qs H RA BAMLYAER
Sample No Prof. No (mms™") (mm s~ ') (T) (%) Tron oxides

112 HWO03 0.43 -0.11 50.9 16 FgH
M 0.48 -0.12 45.0 - 51 Hew

e 0.48 0.56 - . 33 IS Tt
17 HW04 0.42 -0.11 51.3 25 e
e 0.46 -0.14 45.5 51 T

B L 0.49 0.58 — 24 IR A Pt
108 HW02 0.42 -0.12 51.3 48 FkY
o M i 0.41 -0.19 45.8 41 Lix3

HEKS 0.45 0.59 — 11 HBIFE S Fe*

T IS—F R B REALE ; QS— MUk /3 3 s H— B 40 N 3 s RA— 3 i #L

ERBEHERIEPRERBEET S/ NRAET TR T (DT ERELRF
T BB B TR SR B R BE SR ORI/ 7E 77K B4 TR RE AT FEEMEE MR &
K (4K Z24) A BE X 4 0k 5 (2) & 8155 (3) S RLB AR 89 Atk 3 100,

3.2 X-HETHHR

fEia ) X-H AT 5T (XRD) & 5] B sk P ed, L EF EFRENF B ALK
SKEALEEETH, ZHA PR, ¥ A 5 mol L™ 'NaOH 1H& RS LB E KB A
EKEAETY, FARRELEHEN. XFLBEFEENE—-TENIERFERYE R
EWGEY, WK FRHMA NS5, B e SR AR,

3 fE 4 85 XA R+ B B A HE09 FI T A, R0RL B 4 40 R R 3 U8 1 o o X
MBS, BAEDBFED AR RE Sy ; x4 MM HEE XRD £ R EH L
B SREAYBRE DB REY INEF LT, HWO3 Hm P R UH B AN £,
FHAOBRKRET MR ; LA NR WARKT , 8T £, HES H @+
AR EMLY D, TRAEELS B RGT ME &K LR & E LYY B esk
B, AIREE 480, REEBES 6 HWo4 HEM , R TR ER S A f&
B REAM R S, EH —E RN MR RGP e A b R WA
L LRGT R E, EF —E BT . 448 LK BRI, HE10 HI 15 L F0R P #
TTYURBA FRT . ZKEA RN E RERY T RAET A, O REB FIBE Rk
5 LA SRR Y AR MR, R R BT 80, S M B B BBk
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B0 55 AT 52 S NaOH ¥ 7040 B8 AT 58 8 2 Ak o B 8k AL ¥ (XRD R RESRM ) 75 1L A £ k5
AXP, HWO2 HEHE PR LT WIUEEA FRT ZKBANE CFE—ER
MR AP BREAYURET B L, & F - SRR R KT 5% .

K—E A G—= KA - &F Hm—F &5
Gr—#H 80" Mh—B 77 % 5™ Mi—B 5K 5

K ‘ K

Hm+I|,
m HWO03

K
Hm
A Gt HE09
HmHEOS

16.50 29 50 42.50 55.50 68.50
CoKa 26

A3 EERRR X-SE S EE
Fig.3 X-ray diffraction diagrams of clay fraction in soils

EARIELHAFHXGEEENSEE L - BRAFERMEY . 5t AE AR &K
s E L E T EB RS EARUeS,

H#S AT, BEE XA B a3, R n S B MM E S LB B, EHIER K
DEMT A ST S EOEN, X FBERE - (KILR 6 HE 10 x 10%a £ 4 )&, -
AT AL, ZEEERE SRR N, KT ERN A 18
h A AL REWH XRD EM ARG E Y LSKEDT hE  HGE LS R EE,
BHELCBRKS BLKET N E, BHE/RESRBUKIKB HW03 Hl @& ELWE &
i, BET ERENAERELEPERBED, KT 10x 10°a EA N EARALEE, #
T ZE LR XRD O Al ok, (A#E AR 80 & B R B8 308 iU 18 L IE g
B, HE10 gkt . BRAE TP RECYARE - NERTRREELETE
NaOH 7 AL FH % o
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Table 5  Iron oxides in soils at different developing and weathering ages
R KBk &k M+ H%ENY
Location Iron oxides in clay fraction( < 2pm) Iron oxides in fine-earth fraction( < 2mm)
(=)
Prof. No
PR B LRIFKT LRFRT MEERT
(HE09)
o e L RFKT Mk L RS
(HW03)
A

(ﬁ:;foi "2 AEEH LB AR MRy LR, TR SR

P iV g VO RE P
A T 7S BRI LR AR R BT R R
(HW04) 3
Bl = KEFERT My, P BER U —
(HE10) &y
o M T H B R G
(HWO2) KRB FET F— & BBHFKT RBHRET ,—ERYEFEY SHET

K—# KA -8 % Hm—F & ¥ Gt—EH & 5"
Mh—B F & H Mt—B&%5 Q—A X

Mt+Hm
Hm Q

Hm HE09

Iy
K HWO03

1 i | ! 1 1 |
17.50 32.50 47.50 62.50 77.50
CoKa 26

B4 350 <2mm)B X-5F & 575 B S

Fig.4 X-ray diffraction diagrams of fine-earth fraction( < 2mm)in soils
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FEAS ST B 5T 1Y 38 7P 5 B 8K (Fey) LA KL Bk 17 89 (Fey/Fe,) BRI 1L (Fe,/Fe,) tLH

I AL B B[R] 3 0, BT 3 K, R

FEHT R IR 1L 45 R B R KUAL B L BRI 9 x 10%a. .64 x 10%a. 181 x 10%a, + 3B B P

HRET B LSS TN 16% 25% 8T 48% , +EED4 &I WA H E8
ik, R BT 45 BT 2= 0 B X AL R o )4, 4T kT S R M

XRD 45 R 3 B B 81 58 B9 £ HE A0 + A0 60 AR 8k & B 5 UMK R L B 18] 2 1F L 3

o 75, LA WA & B AR BRG 0 BRI A RN L

HE A&k,
4 % X 3
1. Schwertmann U.The effect of pedogenic environments on iron oxide minerals. Adv.Soil Sci.,1985,1:171 ~ 200
2. Bockheim J G,Marshall ] G,Kelsey H M. Soil-forming processes and rates on uplifted marine terraces in southwestern Oregon,
USA . Geoderma , 1996 ,73:39 ~ 62
3. Aniku J R F,Singer M J. Pedogenic iron oxides trends in a marine terrace chronosequence.Soil Sci.Soc. Am.J.,1990,54:147
~ 152
4. PEMFRHEE TR . LRI Bl EBRCEEAR R 1978.62 ~ 411
5. Goodman B A,Berrow M L, Russell ] D. Transformation of poorly-crystalline oxides during boiling with NaOH to concentrate iron
oxides from soils. J. Soil Sci.,1988,39:87 ~ 98
6. TR, EEMR, T OEFE PELEREL ML k- KR . LSRR 1999241 - 778
7. HEWLHEXEH RT . BEBXBULHEREFRE—ADEE —SFE Rl R ER,
1989,32(5) : 500 ~ 558
8. HHEILLHBEMN . BALFHLZRELFERLERN Y LR B F 199208 T)) :295 ~ 301
9. MEK . FHEOBHFERXREESHFERWERBHRR ERGEH AR, PLXEFERIEAAR
R ) ,1992,27:93 ~ 103
10. Schwertmann U. Occurrence and formation of iron oxides in various pedoenvironments. /n :Stucki ] W, Goodman B A, Schw-

ertmann U.ed.lron in Soil and Clay Minerals-Dordrecht: D.Reidel Publishing Company, 1987.267 ~ 308

Fontes M P F,Bowen L. H, Weed 5 B. Iron oxides in selected Brazilian Oxisols: Il . Mossbauer studies. Soil Sci. Soc. Am.]J. .
1991,55:1 150 ~ 1 155

Maher B A, Taylor R M. Formation of ulirafine-grained Magnette in soils. Nature , 1988 ,336.:368 ~ 379

Siuger M J, Bowen L H, Verosub K L. Méssbauer spectroscopic evidence for citrate- hicarbonate-dithionite extraction of maghemite
from soils. Clays Clay Miner.,1995,43:1~7

Goulart A T,Fabris ] D, De Fesus M F.lron oxides in a soil developed from basalt. Clays Clay Miner. ,1998,46:369 ~ 378
AT ERE  EEIEOF LT WER . £ RR1958,6(3) 178 ~ 192



458 + 4 =3 % 39 %

GENESIS OF SOILS DERIVED FROM BASALT
IN NORTHERN HAINAN ISLAND
I.IRON OXIDES

Huang Cheng-min' Gong Zi-tong Yang De-yong
( Institute of Soil Science , Chinese Academy of Sciences , Nanjing  210008)

Summary

Characteristics of iron oxides in soils with a chronosequence developed from basalt have been
studied in Northern Hainan Island. The results show that pedogenic free iron oxides( DCB-Fe) and
Fe;/Fe (ratio of DCB-Fe to total Fe)increase and Fe,/Fe,(ratio of active Fe to DCB-Fe) decrease
with increase in soil-forming age . The ratio of pedogenic hematite to iron oxides reaches from 16% ,
25% to 48% in soil clays at soil-forming age of 9 x 10*a, 64 x 10*a to 181 x 10*a determined by
Méssbauer Spectroscopy . Furthermore the younger the soil-forming age, the poorer the crystallinity of
goethite in soils. Also, X-ray diffraction studies indicate that the hematite contents in fine-earth frac-
tion and clay fraction rise with increase in soil-forming age and that magnetite descends while
maghemite ascends in content .

Key words Soil genesis, Soil ages, Iron oxides, Basalt
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