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1.1 ffARXER

T T I Ak v T g VA PR IR (18°107 ~ 20°107 N,
108°37' ~111°03'E ) , j2FREH X S R lG, 5
TN B AR W 5 E B R, A
i, ZHTR, BRE; FIRIR 22.5~25.60 °C,
AEREIK A 1500 ~ 2500 mm. G S AL A 28 U 28 K

WA, KSE DL A N . %X
BB R TPEN G L, 3 i A R & 2 A R
AT
1.2 HIEHARE

FEA A R A XA L. A 4R
WA A SCHR PR FERE 03191 SRIBUR R & 4] (4351
#i4~0.09. 0.146. 0.64, 1.12, 1.81, 2.30MaB.P.)
ZRAN LT LIRS, & RS E W
1R, REAERILE 1, RS GPS i
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Bdisr % 1.5 kg AiAq, [l SR AR A B T G i A
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Fig.1 Location of the sampling sites in study area
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JHL T BHEFac#eE: (CEC) AL (pH =
7.0) &k 4k (Si) 4 NaOH #Eflk, HAbw™

FtE 4l HNO,-HF-HCIO, &%, Iy FicE
I ICP-OES (Agilent 5900 SVDV ICP-OES ) ¥EiE .
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Table 1 Basic information of the sampling sites
[T R
T R A bR taeen R e s
Profile  Coordinate Altitude Dominant species Land use type Soil type Soil age Dating method Reference
(m) (MaB.P)
TS0l 19°47'5"N 21 gl Mt Tm I E R B 0.09 K-Arpk [13]
109°1326" E Eucalyptus tereticornis Smith
TS02 19°24'60" N 83 HEAPAY IN: B EWEME L 0.146 EEYE SIS [14]
110°17'36" E Areca catechu Linn
TS03 19°46'48" N 26 Ktk Mt LA L 0.64 K-Arik [15]
109°11'06" E Eucalyptus robusta Smith
TS04 19°53'42" N 12 M biSiA B EWEME L 112 K-Ari%: [13]
110°34'38" E Radermacherasinica(Hance) Hemsl.
TS05 19°45'38" N 165 i) b i 3 1 £V 1.81 K-Arik [13]
109°33'59" E Hevea brasiliensis
(Willd. ex A. Juss.) Muell. Arg.
TS06 19°46'17" N 102 AR Mt @R L 2.3 K-Arp: [15]
109°54'19" E Acacia confuse Merr.
TE: THEUARE CPETERGRGR) CR=R0) USRI
HECTRE | RHRIRRE . R . RHESEH . LS ba= (Na0+K,0+ CaO+ MgO)/ALO,  (5)
FEPE (1) K 48 pH K M52+ 4600 T % 7 46 0 A HHR B A9,
e S — | B S/ R et
(PDI) . 15X 345 & A 2 R R R R A T IR A = (Si0,+Na,0+K,0 + Ca0) /
(B ZE—DRAATI R 10) , BE RS AR (Al,03+Na,0+K,0 + CaO) (6)

JRYEMR B 5 5 A 220 (BEaBREiash, Ha
JRHEFHEIA LT, "R 0) , AR5, LRAK
(1) XEHEHITIRE .
X — Xpnin
X=— @D)

Xmax — Xmin
Ko, xCAPREE 0 R RS, x oh B3R
B, X 5 X0 2002 R R MAE S R
Ho £ &AL S 8 R BOT- 4 E A 2 + 248
¥OCHD , &g, WA (2) IWE &5 e
PDI 8.

PDI = Z(HI,- x h;) 2)

Krf, PDIH IR L BIRE, HL RS i 2 H)Z
BE bW i RHREE (em) .
1.4.2 £33 RACIR IS4 AR A K
TLE SRS TR, GREEERR (Sa) | EZE
2 (Saf) . NALME R (ba) . A FEEUR B 541,
T2 AT 5L (CIw ) Ffb2Eii AR 85k (Cl4) 1Eh
FWT RS B R AR . SRR LA (3) ~
2~ (9) .

AR (Sa) | BEERERAR (Saf) 2229,

Sa = Si0,/AlL0; (3

Saf = SIOQ/ (FCQO3+A1203) (4)
WAL R R (ba ) 9.

B = (Na,0+K,0 + Ca0)/
(Si0,+Al,0,+Na,0+K,0 + Ca0) 7

PR Ads s (Ciw) FMbAastsgl (Cla ) 222,
CIW = [ALO,/ (ALO;+Na,0 + Ca0)] x100  (8)

CIA = [AL,O;/ (AL,O;+Na,0+K,0 + Ca0)] x100
(9)
K1, Si0,. ALO;, Fe,0;, Na,0, K,0, CaO, MgO
R A 5K
143 TEFELE KT TifERIER TR,
HRREICEE HEN AR, WA (10) .
X (%) = [(X./1,) ] (X,/1,) — 1] x 100 (10)

AP, AX SR XOURTE IR N AR, AX>
0 RRIZTCEELEFE, AX<0 FoniZmRLE 70
giEH; X X, 058 XU RTE M A A RS
iy L 5P TifE RIS A &

1.4.4 %304 RH SPSS 19.0 XHAKHIE 114
53475 R Origin 2021 1 Excel 2016 X 46 5
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Table 2 Description of the studied soil profiles

B ORAEE WECem)  BiE0E) BiEc Jig:i) 45 ZEFEMECH) B aRN
Profile Horizon  Depth  Color (moist) Color (dry) Texture Structure Consistence (moist) New growth
TSO1 A 0~3 75YR4/3  75YRS5/6  WHEL HDRDIR TRV T
Bw 3~10 75YR4/4 75YRS/6 WL MUk TN T
BC 10~15  7.5YR4/4 10YR5/4 W+ WMAYLR T 51 T
TS02 A 0~12 7.5YR3/2 10YR6/2 FiFigE+  HRRR [TV I
Btsl 12~32  7.5YR3/3  10YR62 ML MR IR A D AR BESL
Bts2 32~60 7.5YR3/3 10YR62 MEMEL WHUR RS AR RS
BC 60~86  7.5YR3/3  10YR6/2 MEHEL WAMCR i1l /D EREE BEAL
C 86~110 7.5YR3/3 10YR6/2 #%i+ I T 51 T
TS03  Ah 0~9 25YR4/6  5YRS5/4 R+ FRRR LV I
Bsl 9~26 25YR4/8  S5YR5/4 MEHEL  BAER IR AL F1EY T e e A =X 7 K et 3
Bts2  26~55 2.5YR4/8  5YRS5/4 it WLERIN 135 Uoaiie =ty Al A a5 et
Bts3  55~95  25YR4/8  5YR5/4 it AN 1351 Woaie=y g A e et
Bts4 95~136 2.5YR4/8  5YRS5/4 it [ZERIN 1550 AR . TP EAREE AL . TP R
Bts5 136~158 2.5YR4/8  5YRS5/4 it [ZERIN 5y AR . PRGBS . TP RS
Bs2 158~180 2.5YR5/8  5YR5/4 MFHEL  BHAR R PR . PR A
C 180~200 2.5YR5/8 7.5YRG6/4 fbEL I R Jo
TS04  Ah 0~25 5YR4/3  75YR5/4  HEL AR VA T
Btsl  25~55 5YR4/3  75YR5/4  MFht AR T 51 AR . TP EAREE AL . TP R
Bts2  55~90 5YR4/4  75YR5/6 it ek F IR 5 rPE AR . PRGBS TP R A
Bts3 90~120 5YR4/6  7.5YRS5/4 Mt MRk F IR S rEARIRRE . PRSP R
Bts4 120~165 S5YR4/6  7.5YRS/6  MFEit ek IR A EFRIIRE . R R R A
Bts5 165~200 S5YR4/6  7.5YR5/6 &l WAPUR il D ERRIE R RS . PR
C 200~220 5YR4/6  75YR5/6  EL ¥ il T
TSO5  Ah 0~12 25YR3/4  5YRS/4 ML BIRCR B o
Bl 12~30 25YR4/6  S5YR5/4 MEHEL WMAPCR LV DR A%
B2 30~62  25YR4/8  S5YR5/4  KFEHEL WAHUR TR RS
B3 62~98  25YR4/8  SYRS/4  MFEL ARk 335 sty Rt
B4  98~130 2.5YR4/6 5YR5/4 L [LZE2IN 1351 IR A
B5 130~182 2.5YR4/6  5YRS5/6 it (YR RIN I 5 USRI
Btsl 182~208  10R2/3 5YR 5/3 Ft WPk 5y TR RPN . PR A
Bts2 208~218  10R2/3 5YR 5/4 Ft WAk RIS s absw sy A N e S T
Bts3 218~270  10R 2/3 5YR 5/4 Ft PR 351 HERRRLRNE . TR A
Bts4 270~310  10R2/3 5YR 5/6 Bt el 135 Uoaiie =ty Al A a5 et
TS06  Ah 0~20 25YR4/4  5YRS5/6 it [Eip T2V B T
AB 20~40 2.5YR4/4  5YR5/6 it i B3N LV PR R B
Btsl  40~60 2.5YR4/4  5YRG6/6 it BN F IR S R BRER RS . R R
Bts2 60~100 2.5YR4/4  5YRS5/6 it fadotk 351 RS . R R I
Bts3 100~140 2.5YR4/4  5YRS5/6 it Fadetk 135 D EREEBES R I I
Bts4 140~170 2.5YR4/4  5YR5/6 it P3N RIS D EREE RS, R I
Bts5 170~230 2.5YR4/4  5YR5/6 it BN RIS D EEREEBESC . TR R R
Bts6  230~400 2.5YR4/4  5YRS5/6 it JEEESIN RIS DR R

T HIEBUBREE ER A (USDA) HI#EFTRI5)
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2,12 R3EHER LIERUR AR TR
[ BRI — PR, SR R R R,
LRI 5 VE AR T BE - AR S T P A EEBT S
PRI, 30 P 2 R A e A R A R ) e ) i
BRI — G720 BF5 (X A 398 3] 1 O 2 a3 LA
BRI AURYR R, HEEI YRR R SRR 0, K
[N Rk e Ny Sy A =S G D N P WS i AN |
s p AN oF V3w A D W&t vig MAa ey viw A 0N A R =R (IR S 3T 8|
—MEHE b

M3 TTLLE I, b & s e 6 N RE sy
AN —, HAR R R 3.84% ~ 14.91% 2
B, BTSSR (CV.<10%) FIPEAER (10% <
C.V. <100% ) /K, Ui BABFSY X 4 HER): BT 7E & 1
WA B2 W ERIEZ A, Hoh 5 & 43.82%

(TSO1 ) HHNZE 80.33% (TS02) , BEJGTE 75.06% ~

92.16% Z[al/NigE s, R FTE R 91 BY
Bt (<0.15MaB.P.) i n sl 47, BEfS A EIA
X R AR A o 4% 1T [R] A KRS b B AE 21.96% ~
25.61% Z 0], 7285 REUUN 6.54%, J& T 5578 5 .
PRI It 2 bR R I B RELRY r B i BRAS A AT IX 1 48
BIRE T W1 BT R R4 . ol & 5 Ao RY
R/ RL LLAEAE 6 ST N A 22 5 R, b T
5570 S B AR R KOE . SR, BT TS01 FURLZH b
HHART 2 SRR, SEPRRLE SRR AL
HRL FLAEAE 6 AN = 18] 148 5 R iy, HAUE
A3 R 24.79%M1 33.12% (£ 3) , {HXFR2 524
X R R B AR A IE R AR

F3 BHIEJNEEFRFORIAVHRL AR PR AR R R EL (E
Table 3  Variation of clay-free silt, coarse silt (CS), medium silt (MS), fine silt (FS) and CS/MS in the studied soil profiles

FBRFRLIG AR (%) LBRERLAHEBIRL (%) LBRERRLAY ORI RL (%) FBRBAL AR AR

Rl Clay-free silt Clay-free coarse silt Clay-free medium silt Clay-free fine silt
Profile SF-34fl #Rifi2s AERREL (%) FIME i BRRE (%) P L BRER (%) FHE EE BRER (%)

Mean S.D C.V Mean S.D C.V Mean S.D C.V Mean S.D C.V
TS0l  43.82 1.68 3.84 22.17 1.54 6.95 13.1 0.34 2.56 1.69 0.09 5.56
TS02 80.33 4.11 5.11 23.26 1.75 7.52 28.01 1.62 5.79 0.83 0.05 6.6
TS03  76.14 3.66 4.81 25.61 3.75 14.63 24.49 1.17 4.78 1.05 0.18 17.43
TS04 75.06 11.19 14.91 22.43 1.16 5.17 24.5 3.79 15.48 0.93 0.11 11.36
TS05  90.67 3.66 4.04 24.9 4.34 17.42 30.19 1.57 5.19 0.83 0.17 21.05
TS06  92.16 9.77 10.6 21.96 6.37 29.02 28.24 4.33 15.34 0.81 0.3 37.05
Total 7636 17.49 22.91 23.39 1.53 6.54 24.76 6.14 24.79 1.02 0.34 33.12

213 Ti, ZrA AL HER Y —EN S
—MHEBSERIN . RGBS YEon R &
H, EHNESOASEA, S-Sy YT
NIEREICE Ti 5 Ze57 20, Nk 4 fios, 4% 38
M Ti. Zr & &40 58 17.61 ~ 59.38 g kg, 0.17 ~
0.48 gkg™', Ti/Zr HLAHAE 76.39 ~ 124.26 Z[a], #HEM.

FITET PN AR S R TS04 /9 Ti i (C.V.=13.20% )
HNBIINT 10%, 68 Ti. Ze 50 75N R 2R A
B 225, PRUOHIFSR DX 34 A T P AN A7 PR
SR PR v AR R — o BRI, AR BRI T
Zr AR, TR AISE X - 6 AL A ]
Skt P £ b SRS IE] A R R T B S

x4 BETENAETLZcSERHELE

Table 4 Variation of Ti, Zr contents and Ti/Zr ratio in the studied soil profiles

i Ti(gkg™) Zr (gkg™) Ti/Zr

Profile P iM% BRER@)  FHE bEE BREN@  PHE W% BRER (%)
Mean S.D C.V Mean S.D C.V Mean S.D C.V

TSO1 19.83 0.45 2.27 0.26 0.01 5.5 76.39 5.88 7.7

TS02 59.38 4.89 8.24 0.48 0.03 6.34 124.26 3.98 3.2

TS03 17.61 1.04 5.92 0.17 0.01 6.61 103.84 8.56 8.25

TS04 29.43 3.88 13.2 0.27 0.02 6.19 106.88 8.35 7.81

TSO05 27.21 0.92 3.37 0.35 0.02 5.86 78.23 4.11 5.25

TS06 22.82 0.59 2.59 0.27 0.01 5.47 85.79 3.21 3.74

22 BIREXMFRFIE

221 XERMMHELI@EF IR THHEH R

P R R ROM Bl A S RRR g T
WL e b - o R b B AR, R AR XA
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Fig.2 Variation of soil basic properties and profile development index with soil weathering time

222 EIERALERE AT AW R N 11
AR ETEbR, R (Sa) . BEERERR (Saf) .
AFEEL. BAEEL. b RkiEEL (CIw) FfkephAs
B (CI4) . WALMIE REL (ba ) 29 RIRWTH S +
HEXALFERE A OC R, HE MR I X 4 9 XA % 0F
FFHE . K 3 frR, Sa 1 Saf (IZASALIE 4351 K
1.07 ~2.46., 0.76 ~ 1.55, BE&E KA R EAT,
THEMBARER B, WRANELIERT
0.64 Ma B. P. N2 [ Fikshia®, Bfjaiasizg, 7
+IERF 1.12~2.30 Ma B. P.]N, HAEHILE 1.07 ~

1.37 F10.76 ~ 0.94 ZJa], A F5HOUE e 38 % 7 i
AL Si E A E SRR, T B fa 8 W A
INFIRAERIIE R FE RS, 4 $85500 B 88072 4k
JEEE AR 1.06 ~2.28., 0.012 ~0.051, b 4 $5%k
E LT 0.64 Ma B, PRI, BRIEHE LI XL
AR R AR AR A TR s B HR U 4
KH 0.64 Ma B. P.oV IV FRAL, ZJ5kfiE L3t —
HRE LT RERNS, AR HIER TN
(0.09 ~2.30 Ma B. P.) Z2XJEpR%0421L (R =0.986,
P<0.001) . CIWH8%UF CIA #5503 2 H T [ s



14 FRIRA: Hd B A KB R LA — s AR ) R 7

ARk, DA K, Na, Ca AOFEXHI R,
CIW $8HUM CIA $68053 MTE 87.99 ~ 97.65 Fil 85.90 ~
97.42 Z ], BN R BRI T, SEEiEmn
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Parent Material Uniformity and Relative Age Identification of Soil
Chronosequence Derived from Basalt in Northern Hainan Island

LUO Yuan-jun"?, HUANG Lai-ming>*, YUAN Da-gang'*
(1. College of Resources, Sichuan Agricultural University, Chengdu 611130, China; 2. Key Laboratory of Ecosystem Network Observation
and Modeling, Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing 100101, China;
3. College of Resources and Environment, University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: [Objective] Soil chronosequence is a valuable tool for investigating the processes, rates and thresholds of
pedogenesis. In order to establish reliable soil chronosequence, it is necessary to identify the soil parent material
uniformity and its relative age. [Method] A soil chronosequence (0.09, 0.146, 0.64, 1.12, 1.81, 2.30 Ma B. P.) derived
from basalt in northern Hainan Island was selected to identify the soil parent material uniformity and its relative age by
using various soil attribute parameters, including profile morphology, particle compositions, stable elements, soil
development index and element mobility. [Result] Results showed that the morphological characteristics of soil
profile, such as soil color, texture, and structure exhibited uniform and gradual characteristics. Clay-free coarse silt and
Ti/Zr ratio had a low variation coefficient either between soil horizons or among different profiles, suggesting the
studied soils derived from a relatively homogeneous parent material. With the increase of soil weathering age, soil clay
and profile development index (PDI) showed a linear increasing trend, and the weathering index (B value, chemical
weathering index (CIW), chemical alteration index (CIA), as well as ba value) all showed a logarithmic change trend,
indicating that these parameters could be used for identifying soil relative age. [Conclusion] The conclusion indicated
that all soil profiles in the studied region derived from the same parent material, and soil relative age is consistent with
the time gradient, providing a prerequisite for the quantitative study of pedogenic thresholds.

Key words: Tropical soil; Soil chronosequence; Parent material uniformity; Soil relative age; Pedogeneic threshold
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