% - e
ISSN 0564-3920
N

(g s 2 s 0N
ST e
\

ki 97

A # & %2 k& R



S, + & =z R

( Turang Xuebao )

£52% F£3H 2015 £ 5 A

E R
gk 5iFig
SR I A B TR B AR AR TR AT FE oo S KB B (469)
i%%@&ﬁ;ﬁﬁ%{ﬁﬁﬁ%ﬁ% .................................................................. B‘KEF”HZ _\é.;&%ﬁg@ (477)
MRIEX
ARAL ST - DR L P IRAR PRI oo oo I @aE A TS AE (489)
TR R SR VR 0 2l V2 PR T B A S S e BRGRE BCER B AREE (499)
DT LR E DR TR 47 DX SRR S I LA v eveeee e oo Brin dpEE JH RS (507)
JHR ST DK AR A L 2 3 R I B R PR BRI T oo B M TARIE BUKASE (517)
LA R S T RRIR DAY ZS AR AR AR - o evemeeeeeee e e KR RIS (528)
W SR /N R B S R S 7K R LR AR oo FPREIN BREERS  F sk (538)
R TRT i L IX B K SR E M R K I FR T oo HEM M H ERRRSE (547)
PP B AT I S KA T B R R ) RS RIS B oo £ WWE W B (558)
PPk BR ICAE B IE R O IR AR KRS - LR G AR - X ILEE R (567)
ZEAE G A T 2250 - A LAR SEAFIAE ) B FET -eeeeveememeeeee Z OB TR TRRE (576)
A PNARIC BNETE R I R B NE L R B SR weememeeeeeeeeeees B R’ ok A (587)
AN [+ Jt U Xk £ S A e e 77 i B R Ml T M oo e BH BEEAH %S (597)
R AE XS XA 7 AR e B AR PR TR e B R - e FLE LG XER(CAF (607)
e S 3 WA AL A i X R R R R S TR T I R TT oo Jd ik sk BAEZESF (620)
Bl - AL B AR B 3 5 B I RICRAIE T woeeee e R £ OB BT (628)
08 B PR EATE X e A LB R AR B RO -+ oo AT s A AR (637)
FIEARS AR T FE A XS 38 TR 0 R TG MM e eee oo Bl A BRIEFRSE (646)
ﬁ{ﬁEi%i%%ﬁﬁi%%{ﬁ‘%%%ﬂﬂ ....................................... *ﬁﬂn? j(‘[J*@Tﬁ Igi_}% ( 654 )
e AT AN [ TR B8 30 T X T8 b A AL 2 BRI B R e BrEniE A RS (665)
HERE R TD2 11X /K Rl 4w A A=A P B L ST AR T 22 R PR R RO oo TR ARG MRS (673)
DK
LT R/ VR AR OB BRI B Y2 N S TR B oo e O KTl R (682)
BRMENS K AR AR T FL A= o R SRl P S BT R A Y BT oo M= FEE FILESF (690)
RIS G HE A5 1T 2D KRS U E IR A B AR A e e 2 W s EANAE (697)
T R B 3t A [ SE PRRRS ol b e - SRR BRI oo EhHn FLam E O OEE (706)
(==
2015@”3/%:[:%44: ...................................................................................................... (696)

HEE R RIS =i EIR (i dt)



ERPESE KR
2015 4F 5 A

O S
ACTA PEDOLOGICA SINICA

Vol. 52, No. 3
May, 2015

DOI: 10.11766/trxb201406180301

RIBWEEAKIRAGE X HIEFTIH ERT L

BFI WEE A fh EET Haw!
Z OB OPFE FEme

C 1 Rk B KR 5 0 L e 5 SRR o8 i, (e A s R 5 AR A s J N SE 0 ==
o R e s L LA S R G IR 5, BCAR 610041 )
(2 P EBEBERY, dL5T 100049 )

W E W) B A ™ g I T A8 b ) AL AR B UL R R B R S R XU e AT
SFF 3 T 1L A MR 3 DI R 45 X = 3800 0 20 R Bt ok = 4 B T AR AR AT TR T, SRR, vk
IR 45 XA+ BEFT 0 AR R BT g m . DARERRER D o (£990% ) , fudd: #HCA (28.5%) . A
e (24.5%) . BabE, #EKa, WEMEG . NG, A, B4A; FESEmREY Y, W)
A (<8%) . Aafi (<2.3%) 5 LIRBERED WBEIKA (<2.1% ) o BEH X G000 P2 plt s 258
KB AR, BEE R AR RN, A B RO RS, NG Babk, BEK A
Se A B EEAL, KA AR B PN . A AR R T 2 R AR A S AR B TR A R

A SEpHAYRZ R, PR K 7 IR BT B e p HIVH [, UL PR B o

K
FEIASES S151

A 32 AR F I B W0 B U 2R ) I BT
B R B IR, MO SRR AR RS, R
1R L R (7 4 BRI AR Y e )N H Az KR
TR AR R Z, P, AR A /N e L 3 X2 T
BRI FEY) B A B i F ROk IR Z —; Ll
X A9 JXUA 2 D R T By 2 Bk XA A R T 58 B — A
B AR R AR, Lk )IE
5NN, TR R A AR X B 4 7K 1|3 45 3 4
e L DX s A B R 2 XU A RN A A A R
WEE N

W A S A 18 Y M i A, 2 PR L S
U RN AL BME DATE B2 A ARIRAS R T BL i, &
HERAES B2 D I, R 2
)7 BOMES, SR S ] 5 A 5T K
ARt ] A8 Ay PRAR e B . - IR s A= T ) KUAE R IR
FE IR B R B R Sk R S
I[P AR R S, Bl R, R

*EKARFHFAE T E (41272200) Bi)
Ti@iﬂﬂfﬁ, E-mail: yhwu@imde.ac.cn

T RS R BRI URIRSEI s XSFEAT S AT
MXEARIRES A

R 1Y) [ SR ER T KAL = A AR . Rk,
) B 2 2 - 4 W 1 AR b R A 5 3 XAk R Y —
ML

B AAE R S 800 R AR,
AL o A AR K ) B LR R R
W KA T, 76 b A A 5 T 2R et
NEERRERE ) Y L DLEERR R N A AR E R
B, TSR RE L, 30 XA e b
fisf 1) 39 I 2 48 BOB LT ) o 25 22 Bothnia i k1|
R AT TENEE, RELEPERA
B AN, KA B, A EE
BJR LT il X+ 32 1.5 T E LT, TS
Ji A R K R SR A v A B L (X s
& Hof ] RUBE A F 5 T v i e e S0 XUk st 2 P ) 1 4
Ak, H EE L XU R T o AR A R B A
WD, AR R UK)IRAEX, R AR DA
FAE S K B B KA st Y, B

YEZTIAN: ML (1989—) , 4, WRA, Witisd, FENFLFEL TR, E-mail: yangzj_imhe@outlook.com

Wk HI: 2014-06-18; WeEME SR HIY . 2015-01-15

http: //pedologica. issas. ac. cn



508 + %

¢

52 &

Py i KA 3 38 T2 B2 N Bl g 2 2 (52 2 3 g
S AR EREE L AR R W R )
A4 B il 12 o PR B I Morteratsch?K )1 1B 45 305 Hi
THERFS (291404 ) h, BB BT YA 2 5
AR, Dammayk 1R 41X A 35 9 76 B+ B 5
H R 1004F LUR B sk L3+

DT IEE L TR VA K1 /N U 45 R 3 iR 4
St 2 M 8RR B O L, JFRE TR
R EE RS, R E L EREE T KUk
VE T 3t 7 vh ™ 20 B0 R v A 4 1 1 BARL Y 3 i
HefTang LB I 2 T T A KGR X S A
Mg, K& 5 LT, B THREAY
Wy 32 Ak A AE B e 3R E A IR e
Zhou§ U INAG + KR H A ABEREAT . A
e, YT S W R A R

AWEFEAE TR LB RR VA DKIR X, % 0K 1] 1B 4 )
[ 36 9 61> SR A JR A L HEARE A, S XU Ze AT
ST RIZIIEZE L WAL, 456 AN AR g
PEAR PR BRI R AR S A i, R R AR [ 4R
i 1 S W A A S A, IF A R A
L R %o - S W A LA e, e s L R G
IS KA B A 3o i v - 33 ) XA AR A S A 2
Hdh o

1 MRS Ik

L1 AREER

DL (29°207 ~30°20'N, 101°30' ~ 102°15'E)
A7 T 7 A i 5 0 )1 b e Y, IR T 556
mo LT TR AR Bl R IA k1 8 ) vk 2
Ja i WHIE, B RKA2 kmpy &R (R
2 800~2 950 m) , Hi#&HYZ AR i 2 8 L BN
T BB VNS N AR DUAE KR & AR
B R AR R X R TR R KR
o X, AR b I R 2 B D L g 1 2R A R UL
TR uh (29°34'34.69” N, 101°59'55.08" E, 4k
3000 m) MRREH, EINFRIRA.1C,
AEREK T 903 mm o MR IS BT IR S L L
( World Reference Base for Soil Resources, WRB )
T3, IR VKR 45 X 3 s T L
1.2 HmRE

PR A AR UK 1B 4R X P 8T 2 R 285
T B RO AR AR R AR ., B 1 R DK R 46 38

B ARURE S0 1 VK IR 45 ] ASBESE LA K3, 7
UKNHRAF X B 6N FERL (R1) , T20104E7 H %
M BAFEST IR EIA LIS, [FEHC
SERE b 2 R OIR B o ARl MR R B A Ry
R 2R ROJE (R fdmMEmz) « AR
(AHLTEEZ) MCZE (B2 ) o RIEHIEE
B, BCEARCL, C2uiFHC3ZE, Frf 5%
MC)ZE (BERUZ ) BRFIKE, HHH 0 KK IR
Y. HTGSIMAMALE LI (£1) , HILN
BERZ (0~10 em) MUKEBII ARG . R4 HAE
a1 0 R SR R A B AP R SE g = A T4
Bro HORERZH i -4, ASUUXFAZ . CJZ 1%
HEAT 5T o
1.3 HRNH

RN AR CE ZE NN, 312 mmiii
Bk S R RUBORL A BT, miTAE B RTHL0, (30%,
SrpTal ) RBRHIERA U, (F R
W R S HE T SRR FH D B AT ORE R S BIF B A G
gk, W HEL400 H IR EE S, B e SR XU A7 S
ORI . AL PRSP RE S T 2013412 7 % &
VU2 TR P R, IR RO R, SR XS4
FEHY ( H A2 D/max-2 500 PC4: [ shX B
S AT M S Cu-Ka §l; fAERHE
AN B 40kV; HIJ: 200 mA; FHEH
5°~45° (20 ) ; FARHEE: 10°min™ (20 ) ;
A58 0.02° (20 ) ;5 Pe%E: 1°-0.15 mm-1° ( [
NALER DI FA, B LA = T AR AR ) .
XHHEATH 20 HF ( X-Ray Diffraction, XRD ) FFigHY
T A FHJade SR EATAL B, 77 5 06 45 2R LU X
HEPDFR R, 1538 r 25 4L R4k,
Rt NN R = e b T 7/ 3| K L= e w7/ B M
SPEBUMREE, HEEPAR LY SR AER L
W, iEAKWT

Xﬁ[é/(Zé)]xum% (1)

Ao, XomRRE i E e, e Bk
Ny KON YIS g s Lo 9 5407 5 06 i
SR

T3 BEGH A3 A A BRI 2 -, SR XSO
Wik (XRF) PR vkl e RaEsioc R i, &
T 3% ( NHO,—HC10,~HF ) J&, %L
WA S FEEIED: (ICP-AES) MEAL, Fe,
Na., KICE R,

http: //pedologica. issas. ac. cn



3 4] WA ST e R v 1 AR 46 X 4 Py 5 A A Al 509

®1 BB TIRFTIRE R R KB FHE
Table 1 Basic properties of the soils and vegetation at different sites along the Hailuogou Soil Chronosequence

K1 IR 45 1 8]

R ST
B - +IR s . 4 et
pH Bulk density
Site Time of glacial Horizons Depth (cm) . Dominant plants
(gem™)
retreat (a)
GS1 0 C — 8.5+0.0 1.80 #HbBare rock
A 1 55+0.4 0.75 Vbl Hippophae
j 2
cs2 30 cl 10 8.6+0.7 1.37 rhamnoides L. %)k
# Populus purdomii
c2 >44 8.5+ 0.0 1.39 Rehder
A 2 6.7+0.2 0.66 &
GS3 40 Cl 10 7.7+0.4 1.44 Populus purdomii
2 >40 7.9+0.5 1.13 Rehder
A 4 5.5+0.3 0.49 K04 Populus
GS4 52 Cl 10 5.8+0.2 0.60 purdomii Rehder , gk
WAl A B .
2 >45 72+1.1 1.26 Tt Abies fabri
A 13.5 48+0.3 0.59
Cl 10 6.2+0.3 1.27 WA Ve Ko Abies fabri,
GSS 80 % i ZA2Picea
C2 20 6.4+0.5 1.44 brachytyla
C3 >47 7.2+0.3 1.57
A 8.5 4.7+0.2 0.60
c1 10 5.6+0.0 133 WA Abies
GS6 120 fabri, #% M=t Picea
C2 20 6.4+0.1 1.40 b
rachytyla
C3 >51 6.5+0.3 1.44
1.4 BRSNS 320 ¢ B
BT T AN : I Al
| RJspearman (CRUZRR) HXAIIRE ] —
By A4 5 kAR ik IA] o A 9 B Ak B RN AR AR o 52‘*‘
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| I LA KB R
#n\\i’ j:%%E\TTEEQSI\ Al\ Fe\ Na\ KE% ﬂ]Al\ Fe. Na. Kﬁ%/ﬁ\iﬁ,ﬂsq%?ﬁ
75 A £ ) 2 NI
/Xﬂﬁ@(/J\ ( [E]] N %‘%2 ) ) EL}ﬁ%Mﬁ&H%jﬂIE@ Fig.1 Variation of Si and Al, Fe, Na, K contents
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Table 2 Chemical analysis of the parent material with standard deviation along the Hailuogou Soil Chronosequence
Si (mgg™) Al (mgg™) Fe (mgg™) Na (mgkg") K (mgkg")
Bl + b
298.00 +9.26 66.56 +3.66 36.41 £5.32 16.45 +2.84 20.48 +2.49

Mean value = SD
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Table 4 Mass fractions of minor minerals along the Hailuogou Soil Chronosequence ( % )

FE R T2 Ty g g
Site Horizons Soil mineral Mass fraction
GS1 C /ﬁf%ﬁpyrite 1.0£1.0
GS4 c1 BERA Pyrite 1.7£0.9
GS2 A i1 Barytes 1.0£0.5
GS3 A TR 1 Wollastonite 0.7+0.7
GS4 A FFREG A7 Crystalline Calcium 2.0+1.2
GS6 A ﬁﬁfﬁfﬁ%ECIystalline Calcium 1.6+1.2
GS6 A Z2 I 47 Montmorillonite 0.2+£0.2
CS6 a3 5 i A1 Montmorillonite 0.7+02

RS BEHATEFIARLIRTYSKEREEMOEXRY

Table 5 Correlation coefficient between analysis of retreat time and soil mineral in soil A horizon along the Hailuogou Soil Chronosequence

RHA B A I ffa EPaVal A AINA WA SN e
Plagioclase K-feldspar Calcite Dolomite Augite Hornblende Apatite Biotite Chlorite

VKR B[]
Glacial -0.28 0.14 -0.04 -0.12 -0.03 -0.75" -0.64" -0.67" -0.57

retreat time

e #*FRLE0.01KF F W FM G, *£E0.05/KF F i Z A Note: ** means significant difference at 0.01 level, * means

significant difference at 0.05 level
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AN . BRSO B
RPN RE Ty, (H3Z AR W) 53 WA HLER 72
75+ HEpH 5.5 ~ 2,09 Bl s e R b 2 L R
R 8 R e ) v L B Ik S Y A2 T I R (2952
), HHERBpATEESS (F£1) , FrRlFEed
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Table 6 Correlation coefficient of soil mineral with vegetation biomass and soil pH along the Hailuogou Soil Chronosequence

FAINA WK A LN a1

Hornblende Apatite Biotite Chlorite

pH 0.725" 0.779" 0.600"
Wi Biomass -0.753" -0.644 -0.666" -0.567"

W R RIRTE0.01 K BB SE, *7E0.05/KF- F R FEHISE Note: ** means significant difference at 0.01 level, * means

significant difference at 0.05 level
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VARIATION OF MINERAL COMPOSITION ALONG THE SOIL CHRONOSEQUENCE
AT THE HAILUOGOU GLACIER FORELAND OF GONGGA MOUNTAIN

Yang Zijiang"" > Bing Haijian' Zhou Jun' Wu Yanhong'® Sun Hongyang' Luo Ji' Sun Shougqin'
Wang Jipeng' *
(1 Alpine Ecosystem Observation and Experiment Station of Gongga Mountain, Key Laboratory of Mountain Surface Processes and
Ecological Regulation, Institute of Mountain Hazards and Environment, Chinese Academy of Sciences, Chengdu 610041, China )

(2 University of Chinese Academy of Sciences, Beijing 100049, China )

Abstract Weathering of bedrocks releasing mineral elements into the pedosphere is the starting point
of global element recycling. Therefore, the knowledge of the variation of soil minerals in the soil with the soil
forming process and its mechanism is the basis for understanding soil weathering and development. Since the
end of the Little Ice Age, the glacier at Hailuogou on the east slope of the Gongga Mountains, Sichuan,
China has been retreating continuously, leaving bottom moraines exposed to weathering and soil forming. Then
the area is invaded successively by Hippophae rhamnoides 1., Populous purdomii Rehder, Abies fabri, and
Picea brachytyla, forming a 120 year soil development sequence and plant succession sequence. Besides,
the area also contains a rich accumulation of climate data and geological structure data. In this study, six
sampling sites were set up in this area, representing 0 yr, 30 yr, 40 yr, 52 yr, 80 yr and 120 yr after the
retreat of the glacier, for sampling of soil in the humus horizon and parent material horizon. The soil samples
were air-dried and ground to pass a chosen sieve for X-ray diffraction ( XRD ) analysis (organic matter was
removed with H,0, in pretreatment ) to determine qualitatively and quantitatively soil minerals therein in a
view to analyzing mineral composition of the soil parent material along the soil chronosequence and variation
of the soil minerals with soil development.

XRD analysis shows that the soil parent material horizon in the area is quite homogenous, and soil
minerals are dominated with silicates (about 90% ) , including quartz (24.5% ) , plagioclase (28.5% ) ,
K-feldspar, augite, hornblende, biotite, chlorite and vermiculite, and some carbonates, like calcite

(<8% ) and dolomite ( <2.3% ) , and phosphate mineral apatite (<2.1% ) . However, in some soil
samples, some other minerals like pyrite, barites, calcium oxalate, wollastonite and smectite are also
detected. The soil in the area is fairly high in content of feldspar, mica and hornblende, which is the feature
of entisol. As the pedogenesis proceeds, after 52 years of exposure, calcite in the parent material begins
to transform into calcium oxalate. After about 120 years of exposure, biotife or hornblende is very likely to
transform into smectite, reducing its content in the soil. The soil in the humus horizon is relatively enriched
in felsic minerals ( quartz, plagioclase and K-feldspar) . Correlation analysis shows that the contents of
hornblende, apatite, biotite and chlorite decreased significantly with soil development ( p<0.05 ) . Surface
vegetation biomass and soil pH are two important factors influencing weathering of surface soil. Plant growth
and succession not only directly promotes weathering of the minerals in the surface soil, but also speed up,
weathering of hornblende, biotite and chlorite along the soil chronosequence by reducing soil pH. And what
is more, only when soil pH is dropped down below 5.5, will it accelerate weathering of apatite. In the end,

by comparing the Hailuogou Soil Chronosequence with two similar soil chronosequences in the Alps, this
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paper deduces that mineral composition of the soil forming parent material may affect development of surface
vegetation. The high contents of mafic minerals and apatite in the parent material as well as the warm and cool
climate are responsible for the flourishing vegetation along the Hailuogou chronosequence. All the findings
and data indicate that apparent weathering occurred at the early soil development stage of the Hailuogou Soil

Chronosequence.

Key words Soil mineral; Early weathering stage; Soil chronosequence; Glacier retreat area; XRD
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