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Abstract: [Objective] This study aimed to unravel the weathering intensity and elemental geochemical
characteristics of soils in the southern mountainous regions of the Tibetan Plateau. [Method] Shergyla Mountain
in Linzhi City was selected as the study area. Fifteen typical soil profiles were sampled across different landscapes
and altitudes, and the geochemical characteristics of soil elements were analyzed, with weathering intensity
estimated for different soil horizons. [Result] The results indicate that the soils of Shergyla Mountain, influenced
by the alpine climate, are weakly developed, with the soil types dominated by Gelic Cambosols. For the studied soils,
primary minerals were predominant in soil minerals while secondary minerals were present in low abundance. The
Chemical Index of Alteration (CIA) ranged from 47 to 62, suggesting that most soils were in a state of weak
weathering. The low temperatures at high altitudes restricted chemical weathering of soil minerals, resulting in
insignificant impacts of precipitation, temperature, altitude, slope, and parent material on soil chemical weathering.
The weathering intensity indicators (CIA, weathering leaching coefficient ba, Weathering Index of Parker WIP)
across soil profiles exhibited different distribution patterns from the surface layer downwards, primarily influenced
by transportation and deposition processes driven by external forces such as wind, gravity, and runoff. Nevertheless,
the results indicate that chemical weathering had a relatively small impact on soil formation. [Conclusion] The
alpine environment controls overall soil development thus weakening the difference between other soil forming
factors. The findings of this study provide theoretical support for the evolution of pedogenesis and soil classification
on the Tibetan Plateau and offer pedological insights into the rational utilization of land resources.
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W, BEOKEERAE 7T—9 H, SZENFEVEKIREM, K FE B3 AR K2 R %
I HE B AR AR, AL A LT, ARIRIEEFRAR, PR EIZEg . Bk F iR
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Mass Spectrometry, ICP-MS)ll %€ 1-3%# Si. Fe. Al. Mn. Ti. Ca. Mg. K. Na. P &g
R TIPS X AT ACXRD)E, - HERURLAL R FH O FE G &
B7l, IR IR (hE LRGSR R CGE=O) ek,
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Fig. 1 Location and sample distribution of Shergyla Mountain
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Fig. 2 Morphological characteristics of sampling profiles
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Table 1 Soil formation environments of soil profiles

I R B MW FEXR 4—10 A SO B R IE
5 AltitudeSlope Slope Annual Pk & Landscape Source of parental material
Profile /m direction mean Precipitation vegetation
temperature  from Apr. to
/'C Oct.
/mm
POl 4575 10° E109° -1.5 1061 AL B w1t
P02 4574 10° SEI151° -14 1 060 A+ EE  10em PLENE L, DN MRS
R
P03 4551 10° §S198° -1.3 1 057 HE+EEE 10 cm ARG RE, DUR AR
+
P04 4462 25° S189° -0.7 1 042 L] 15em LA AL, LN AREGH
Jii, 58 cm LA N AH L

P05 4460 30° SE139° 0.6 1 041 HEAR+HAE 5em bl EAE L, LT AREH

Ji, 65 cm PL R AL B R
P06 4459 25° NI8° 0.6 1041 HEA 48 cm P FAEE L,

LU TR K A XA
P07 4347 40° SW214° 02 1022 WA+ T A Wt
P08 4322 35° NE27° 0.3 1018 HEAR .
P09 4309 2° SEI31° 0.4 1016 5 ) RS BER
P10 4113 2° NE31° 1.4 787 ] w+
P11 3845 40° NW334° 3.3 741 EHRVEASHR 42 om DL_ENTE RS AL, AR
IR AR
P12 3614 10° S174° 5.1 635 Bt R VR AT AT %+
W YR RS Ak

P13 3590 60° SW215° 5.3 631 (RN 6 cm LA FNIRA R, DL NE

+, 22 em LR AR E KLY
P14 3512 45° NW299° 5.8 618 TR wt
P15 3189 2° NW297° 8.1 563 W Ik #+

e IR 410 JBOKES 2013—2018 F R MEHEE I EAE] . BRRESRIETSCHR(32], iR & B BE s A
X ALY A BT & LU I HAREIR & o 4 AESS IR AR TSR 2 2~3°CP%), Note: The annual average temperature and
precipitation from April to October were calculated based on monitoring data from 2013 to 20180351, The type of parent material comes
from literature [32], where mixed parent material refers to two types of parent materials, loess, and weathered rock, with similar proportions

and mixed. The average annual soil temperature in the local area is about 2-3 ‘C lower than the air temperaturel>?).

13 KEXLBEME

AR T AE AR TRRL (CTAD) . KULIRIE B2 (ba) FE e MALTEEL (WIP) 1E
VA A AL 5 BE TR FE AR 044,

CIA NKA M F L0 VAR E R0, s T3 R M E 2R R, &
e iz TR AR L, RIS RO Tl S A R s . — AN, CIA /M T 50 %
INIUBEIIARZ R, AT 50~65 RARZFENE RN AT 65~85 KonZH LY
KAk: AT 85~100 FonZimIik X4k, CIA AJ LA A-CN-K, Bl Al,O3-(CaO*+Nay0) -
KoO = MAEERER, e B Hh S RS 8 TTAR ) B4k 2 A 34 DL R A 27 A T AR w4
SR AR A,

ba NEIEF IR ITTREANY (Na,O. KoO. CaO. MgO) H4 AL (ALOs) MIEE/RLEE
B, &Ik RACFE B AN EE 5L 0 R B DL B B4R bR 2 — 1420, ba fHE/N, RoRER
FEIUE MR E R ., b2 AR

WIP & i Parker™ i k3 H, TN RERR S W0 AR FE () — N ds . H R B2
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THHEHEITCE (K. Na. Ca. Mg) TERAT=PIR I LL, DA it 398 (1 UAKOTR 25 Rt gk —
B R BURFE S . WIP /MR ZIER MR e R R R 2, [RIt b2 AL i
16 3 b2 AL SRR FRFR I A N (R 2), SEMMYI VLB R 3 B3R . CaO*fs
FERR EhH 1) CaO, 18 % K H McLennan*4g Hi i) 5 5 TR IE,  #5 n(Ca0) < n(Na,0), N
KH n(CaOYWENFESL CaO*, #HNISE A n(Nax0) /£ CaO*. AHF 55 b firfT # 5 n(CaO)
< n(Na;0), KIEKH n(Ca0)Z5itH.
R 2 WERERHITEAR

Table 2 Calculation formulas for chemical weathering indexes

P
ik AR B3
’ (References)
Indexes Calculation formulas
References
2R AR EL CIA CIA = [AL,O3 / ( ALOs + CaO* + Na;0 +K20 )] x 100 Nesbitt & Young [4%]
AL R 5 ba ba = (Na2O + K20 + CaO + Mg0) / Al,O3 Jenny [42]
58 KA FE 2 WIP WIP = ( 2Na20 / 0.35 + MgO / 0.9 + 2K20 / 0.25 + CaO* / 0.7) x 100 Parker [43]

e PR A LB R 5 B R . CaO*FBRERR EE (¥ CaO, ASBFFCHTA F: il n(CaO) < n(Nay0), R n(CaO)fEJ9F: b
Ca0*Z 5itH1, All oxides in the formulas are expressed in mole fractions. CaO* refers to CaO in silicates, and all the samples in this

study are n(Ca0) < n(Nay0), so n(Ca0) is used as the sample CaO* in the calculation*4,

2 45 R

2.1 gAY

FRAE 15 AN FHE BN K SARE (- 2), S8 (PEHERGHRBER (E=
BROY KRS WIERSWIREE, HEmkl o TSR (R 3) B8, ZELERE, BREIH P09 BN
ek, BRE&EBANRERLEGILLEY R, HETFAI LN, HahElimn B ER A
HEEE, YR N Zm R, RIS R R, RN
BINFEHRAE L. PO, PO2 F1 PO3 HA R RE, NEHFELKMELL; P10 LARKR
2, NESHFERAEE L HARHIE B W B G L KRR RS AR AE. A
IR SRR . AR SR X oy BARIE 2R . f e MR A U 4 i 7 28 AR A vk 5+
Bt o L. L, ARBFFEIX RIERA N 2 AR 2 N, 443K 64N
BA 11 AR,

23 HEEHEMSHE . SHEMERASS %

Table 3 Diagnostic horizons, diagnostic characteristics, and Chinese soil taxonomy of soil profile

i m ZHRE i [ -3 R 502
HIHS D}a li:rjjo)iic R ! (ifﬁ)ﬁﬁj *
Profile & Diagnostic characteristics

horizons Chinese soil taxonomy (soil family)

POl BEERE W ARVIBREEERRE, A BT, Wit SRR R A - IR M R R R A
HZE HOKPROL, JER LR RO, RRLRHIE

P02 BEERE WACRUIBWETERAE, A, Wit SRR TR G - I SR S R A
HEE BOK RN, FER T HERERGL, RARHE

P03 EEERE WACRVIBETERAE, A, Wi SRR RS - I B R S R A
HZE HOKPROL, JER LR AR, RRLRHIE

P04 RERE BRIV ENERAE, @8R, R KA TR G R ER M- E T B SRR

AR FEUR TR EIRDL,  RRLRFAE +
POS  RiFR)E AR E TERAE, 0 Rk R0, SR A B R -l ) JE R A £
MR FEUR IR LRI, R RRRAE

P06 KRR MRV ERFA, RIS, R K SR e BESC R B R
WIS EGEBEE, TE LRI, VA

P07 IEERE HRUURAE R, R R, O A K I A A R 2
2 St HER R T B A L
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P08 RIIRIE W ARVIR AR, SR 3K IR, ST A TR & R R - ] i € R AT

= TEVE IR R, VRALRFE +

P09  HHRZE BEAN LY, WHR KRN, JE M B TR R GRS R

TR RS, RALRRE EHANL

P10 HERRE WAMRITBYEMERHE, BIE KR, SRR A B R M- 0 s R R AT
K3 FEM IR ER +

PIl REXRZE  WBETLHOKRG, EUEREEREORG HESRK A RSB AR M- F E 5
= L

P12 RERE EAIRIFEVERAE, WBIE KRN,  BERKARA BRI -2 O 6 8 IR
A2 FEM IR ER +
=

P13 RERZE WAARIIBRYISEIERHME, A Ak, Bt SR aiRe M- R R Y
(A HOKAPRIL,  FEPE IR R +

P14 RERE WIARITBYEMERHE, AR, B SRKARE B AR M- P S0 H & % 4
HEEE HOKIRDL, SRR DRI, EIE R .

fiE

P15 RERE EAIWRIEEERAE, BIE KRN,  SRKARE B AR M- 5 & R

R ZE FEME IR R i
VE: SR 2H WL SCHR[32]. Note: The particle composition of soil can be found in reference [32].
2.2 FEH AR

TP TEET YO KA . AR WA, A Kath BA. @A 7/, R
PRI T DX A SRS AT AN B BN ESEVE W, A DX 2 22 DA s = B BRORAE B o AL A B
FURE BHON T, KRR LR G B AR, SR EE, AR
KB LBEAEET D Ad~ K> fekE RAYIEHFUR & LRI R AT Y08
Kf>fadesa (R4), 1HR 2 MERE BT NG S ERE. TR, Kafn

ORI IR EONEE Y. ST RETY), SRR LS A>K S
B a>mie A FERE AT BETUR B LK = B> A > gl > (R 4). ]
W KA P h A & B IREEHRK TS B R T E 2. T R
IR Y& B R TUET Y, T B IRATYh RACE R I s A& 2R (1%~
12%) (R 4), IS L RS BHFUR & IR AL S B 1R 55

WA BFUR & LA TR A AR & LR EA B2 Mmie nsle . fEea

WAL B ) A T3 B 3 B S 2 i A AUK B IR & BRI L)

BENTHENER A RAYIPIF R 2 (8. AT, S EAER S KAk B L3R
FRE A R AR ), HR LR E LIREAET YDAy E, ks ke LR
BT ILARA AT WK E BRAUCE T s M A g e TR A K E
.

® 4 LRPERT PER

Table 4 Main mineral composition in soil

BT gk kn o g WA gupy KEEOBA g

Parent material Number  Feldspar  Quartz Amphibo Chlorite Hydromi - Vermiculi Kaolinite
type type % % le % ca te %
% % %
Eoguifany =4 & RKAE 54 43 4 21 25 19 12
All s(oil san)lples /M 18 13 1 6 7 4 1
=64
: A 30 28 2 13 12
PRt 22 8 8 1 4 4 4 2
#t PN 39 43 3 19 15 16 12
(Lojf) B/MiE 20 23 1 6 7 4 3
" FIME 30 30 2 13 11 6
I UEZE 6 6 1 3 2 3 2
T & A RKMHE 54 32 4 14 21 14 6
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Weathering 5 /MHE 18 13 1 7 15 6 1
material from g4y 36 20 2 10 17 10 3
granite o
(n=7) bR 16 9 1 3 3 4 2
R TR B 39 34 2 21 25 19 9
Mixed parent g\ iy 19 13 1 6 7 4 4
material
(n=14) “EME 29 25 1 14 12 12 6
bR 2 7 9 1 6 5 5 2

2.3 TIE TR MR FAHE

WEREEN 64 S LREHTR I, BFERLL TR S EAN Si>APFe>K>Na>Ca>Mg
>Ti>P>Mn (R 5). 434 KEAE RN GRS R®E &M AN R80n B & &4
8, XRPFARXIEE LR S5 E S . 7 MERE IR E LI TR ER
INOHEF 5 3R, {H Caw Mgy K. NaZ#inRwS 288 mTiet, tHE+ Ca.
Mg &R ERTAE A ALY, Ui 3 T BRI A B (1) h 50 38 & e KA UL AR
B L RIER AT S T AN, SFEBERAMETE Z M Ca. Mg tH. 14 MBGEKEM
TR SEHF SE L8, (0 Si. Fe. Mn & ELT & MK SR, JoH SifE
AR SRR AR ENZR, RNRARFR S KBS aS THL5H P09,
HANUR & K 53 Siv Feu Mn 25380 R & &8 T .

BE IR GERL LT (UCC) “FIEM), it tEk UCC itk El (B 3D, Rl
FLVLHE S BTG AR T R s SR B T TR . 45 SRR I L IX 35 Ti 1 P ¥AEX T |
M AT E4E, Caw Mg Fl Na W& 541, 1M K THAWE. RFLE TR L LI
HATCRMIE SR F, Lh Cay Mg #l Na iR AE, S8 MRAESES, 1M Ti. PR E
JtR. KW3RWELRFR AT LM Ca. Mg M Na 5K TN AR LS 11, XAl
RESE T 28 e B 8 A A B8 ) IRAK A BT

FseaFpltETESE

Table 5 Element contents of soils in Shergyla Mountain

i A
Parent!nitjetri% type Si Fe Al Mn Ti
0 280.62+19.13a  30.16+2.88a 653244382  0.65+0.33a  3.54+0.19a
16 AL 273.15428.66ab 28.39+4.1a  68.49+10.49a  0.5+0.08a 3.3£0.33a
REEHR® 257.81+31.4b 27348.17a  65.73£11.94a  0.55+0.44a 3.3+0.42a
i A
Parent!rﬁj;ltjetriga:l type Ca Mg K Na P
0 8.11+1.49b 6.4140.98b  27.8+4.15a  16.75+2.36a  0.85+0.22a
16 AL 12.29+4.49a 7.6+1.33a 29.1843.95a  20.2246.99a 0.98+0.3a
REEHR® 9.15+£2.67ab 6.39+1.64b  2624+4.41a  17.75+4.8%8a  0.87+0.19a

(DLoess, (2 Weathering material from granite, (3Mixed parent material ¥£: [F] %A [F] 7
HRRAFHEREZE (P<0.05). Note: Different letters in the same column indicate

significant differences in parent material (P<<0.05).
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1.50 All soil Loess Weathering Mixed parent
" samples ‘material from material
granite

o 10 === === == -
®
85 e Y
43 '
~ a %
oE g‘ N
ta v

0.50

0.00

Si Fe Al Ma Ti Ca Mg K Na P
HE7u# Constant elements

B 3 ¢z 1l 3R i B TR UCC ArifEqb
Fig. 3 UCC normalized diagram of major elements in soil samples from Shergyla Mountain
24 TIEUEXAEE

R AR E TR A, AR FEIX L) CIA YalE Dy 47~62, ~F3{E N
563, FHH P06 HITHIKZE IR CIA KT 50, JUTPRZALZ AR, JHABRE 5 1
CIA ¥IN 59 b A TE R (50~65) (K6, 4. WFBMELE, #LH CIA
(5743) >RGEH (56+2) >Teida ML) (5444, BEFLIX L33Erh ba YUy 0.81~
131, “PEMEN 1.0020.11. MTEIMEER, fERE XA ba (1.1320.15) >REBER
(0.994+0.09) >#1 (0.98+0.09) (£ 6). WrFTX -1 WIP il N 35~82, FHE A
5619, MWFHIME LR, 1EKE RN WIP (63+13) >3+ (55+8) ~iRA&REHE (55
+11) (R 6). CIA BRI HIEH Y RALER5E, ba AT WIP /)N i B 438 £5 L b i B i
AT ERFI, CIA. ba5 WIP 3 AMEARXS T3 XA FIR i 58 S FR 7Rt A 45 5
B 1 XL SR BERE K TR a e, T BAE R E KAL) ba 238 KT 4, Ui 6t
A B (P40 2 R AR 5 BT 2 v TR R A A, Bk 13 o - R Jo 358 1 6 05 e 25 52 31 1) ik
A 3 R TR R A .

Rl R R AL RECTPAT T A-CN 3, 7 TR - A IEZ L |,
HERRHA M (B4, RELZMEX T 20 B, s X iRl —
E MR G, S uE Cay Na JFIGT R, TR E S ALIRAER L e, Rk, B
PRI A R B W T3 LR 22 AL, sl o H3 AT R RH A X
1eB B .

T o BERILTENFREE

Table 6 Soil chemical weathering intensity in Shergyla Mountain

N N ST X
R e s O
Parent material type 8 CIA Z%iba WIIE’I
# 1L Loess 57+3a 0.98+0.09b 55+8a
1615 M ALY Weathering material from granite 54+4a 1.13+£0.15a 63+13a
W& BFi Mixed parent material 56+2a 0.99+£0.09b 55+11a

VE: AR RRR R Z 5T B3 (P<0.05). Note: Different letters in the same column indicate significant differences in

parent material (P<<0.05).
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ALO,

0prp--=====-=-- BRE. BRE. SKEE
BEFURY Kaolinite, Chlorite, Gibbsite

e - - ]
[T

=)
—}

WM BEHCIA

(7]
=}

10 -

A P01 ® P02 m PO3 P04 < P05

v P0G » P07 & P08 * P09 # P10

PIl @ PI2 I P13 4 P14 & P15
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