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Table 1 Evolution of soil condition in Qinghai-Xizang plateau since the end of Tertiary

(3 B B SHE 5 & B ® 5 ]
Structure and Soil forming
Period landform Climate Vegetation weathering crust
ol b5, W12 BEREME, % | Bl A®ULE | BRESEULHE
- S, amh, A | —SAEEERER | B, SELENEL | R, TER
wEEH, BEREF |k, BAEEE | MAERR, @KUz | BRED, gtRd
Holocene HHEBR 4,300 | X, ARAKET | SHIE o, AMWRER
4,700 k RERHSE, HRY BRH
PHBERSBRSIE
kiR, MR EEERERHT, BUCEXWHGEL | SCRRAYHEER
B AERTEEN, ¥ | URLEER TR | B ZUAEOH | REREE, KK
HESMREAT, & W BEIL BV | MABER, S
Late pleistocene E%%g%-Fé}L g BReF
4000
wE XM, T BHTHERE, 8 BILBRAEIAEA| BREEGIHH
IR WEREA 200—1000 | RAE LR, THE | MOZOE, R | ARBREDR L
k. RREENAE | K, HERFEBE | MESHNEALTHR | 7%, BRER A
Middle pleistocene | R 3000 kZA | B, UREERE, | ASRAK, HKeohia | BRRLE, &N
[ELBHEATRT | HBREANG &8, | RAKEBRER
BB ERK
HwamhE ¥ FERL I TR EE s Belizs E K,
BEFH BAERE, TOR | T,ARENER | KILHRRMELE
BEZE 500 XKLL, # Lz g, #hEmst
Early pleistocene éﬁ,(%ng s R PR R 3ZAE EHR 4,500
o R
WEEDRR, X | FESHFEREE | BoUllgs, £ | AXTHANLS
EE s I K H B BH, ZRMSAY | B, FHTOSEN | MCRFE
HESREE 1,000k | @, RABBEMN | B, RENIHE
Pliocenc EA mis, URANSES | K, BRERTE
A gmwmmzm

S, HB K PNEEN S ARAT. EREFH, LT ZEXMEEHHRMHELR
M HREBE SR/ N AKX, ERE BIENTFEERERD, EALFHE, £8LE
B4 8 L B SRR AR G 5 L A R AR, B E 1 B BB — R RO S M R E B 45 21
RN E . ARBARBENE SRR LR LBIRERFEMRI, T REFREE
A MR LB ERERRR R E %X

#M, BREAAREBP, FXRPEFULUAMRAATHERAS, HRASER
4,500—5,000 KR F i F RRFRFNLERLTE, URGERBMHEERD b &ttt =
Bt SEh B AR RIER, TR EFEN KBS BENRBRRLTER . F
BT BEE FRE B MR, RBRRA RGBS BREEH TR
RARE, MRBRRAARENIBEGREES. ELTREFHBENNEK A2
G, BRBRNAMZRBEEAT K. ALFHIUG, KBREBRLT EBRRAL
ENRBRERARE ST R TEBRENGBRRAARAREER SRR LER LM,
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Table 2 Percentage of soil mechanical compositions in different soil horizons of Qinghai-Xizang plateau

é*&(ﬁ) Eﬁﬁ(>3mm) YyEEEME (<0.01mm) ﬁﬂ(<q,901,,,,‘,)

+ m % B Sample ravel Physical clay Clay
B K O B o e o o o o e P e e
Alpine frozen soil 16 BL.3 — | — JI8.7 — 4_3:37.513.7 - —-1]= 81.263.0!2.5_-———
,ﬁgﬁﬁﬂ;ﬁfs{? 36 [52.8/13.9] 8.3125.0] — | 8.3]30.6/25.0[33.3] 2.8 T30.530.530_.;:;:
s‘flﬁ,%’iiﬁlﬁgﬁfﬁl 46 6.2 8.7013.0] 2.1 4.332.628.219.610.9;._2 2.2067.419.6 6.56_.5
ﬁ%fﬁfgﬁ%ﬁ) 18 [66.8)22.2) — [11.0{ 5.6 5.661.116.711.0T - 50.02;:;—1
%ﬁf{fﬁﬁf&ﬂi? 16 [8r.2)12.5) 6.3 — | — [ — [62.5}18.8018.7| — | — 6.337.537,5;;
8 132 [69.7[11.4] 7.6)11.3] 2.319.7[38.6[20.5[16.7{ 1.5]0.7 |49.2}24.3[18.2| 8.3

EiRo FATHURMKBRENBRE GRS, ANAZHASRBEEY. ¥Li WLl
KEBRFRENE, MEERER KB SR A N — B & K04.5% D b, ERIm
ML/ BT SR, 164 T MR B ARR N LB Y®, £ LRI
AR, mEERNEER | /i 3). BRERERE BREREEFER L B 4 F(G&3).

D rRERORREENIRE RSB LR WML ENER,



140 + . | =4 iR 18 %

%3 WRERELNERMHRWRR

Table 3 Development regime of soil forming matter in Qinghai-Xizang plateau

T EMERY
Soil type Soil forming matter
Api L ARE OIS R, — R R R
Subalpine Lt o T b AR RO B B R
THlLERE BEERES ERRMELE. HaRSRAKMBERARMARY
Subalpine steppe soil MARE, UBILBREE AR
WEL St BEERGH -ENBREERS . HE - gmn 8k, A0
Sub.llpmr desert soil HEmAUEBEERIR
— AB BEFIEDERE G, AHERERRE, XHRSRMBRY
Mountain shrubby steppe soil gg%gn E%%%@E%ﬁ&ﬁ gﬁgﬁﬂ" E'? FLBGL A P

AXRSFELHEE-BRA IS MALT 0C LT, ERETHEE. BT HE
AKREFE. BWMLYUHBATBRARRERH, ERARTORFLERTE. T0REK
g, BTSRKAKEREIBREK, TREEREGR MRNEREHR. ARHE
Uil DR B ERERR(ER 1 BA2) 2R (AWM EXEERSHIT.
2R IMRRAE (LIR) B, = AR TR 1R IR PR RN B BER B B S B R o T AR
FU, &L L MPETEHRREREROBERER I B 5). Mesn(ER TR
F6) Hidlo

(=) TBBBRIENRR

EEERE LHHtEANEEF RN ERAR AT, BRI OFRYTE. E
T B RS A SRME, X B RHKME KRN, ERATHRH
BEVBEBURZ RN EAS S 0B AN AR T ERBEHE /N XML S B4 h W
RBEER: (1) EXBHEAXHEELHREEN, BRI KREGTRER. G IER
T RARFHEBRET, 3 BEERR G RERE, ERER REELEBRTF, 0H
EFROEELRRE, ERERT —BERAEL—Ha+- 5, mFdE. mEHEEN
HEESHENARLIRET XA (2) EETRUXARLBARN, 2JB%H
ExENEH T MRR, BREMARERT —BAEGL—SHLERTI RS (EH#HEHE
BN, REAEAL FABERLI—TELERERII(ERBRZER ). BIELL
P AREARK, GETRLTHCE MEE BEE. ZRKE BhES.

THBAEL BORR, RIRRISAZBEL, TMRBREEK, UREHR
BB HH EROE RIS NN, ERBRELEES EREHEEXEN T uE R
H, BRENTERERABEENRERE. Bkl =55 Rbr #a WL E R L 3
T RAAAFRLIOERBRER, ~SRARBFERRARY (BRIKA 7). ROE
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MRUER SRR A RERR, £ THERR/N. FRERERRENIURE
A, XERZARESE, —REIBHRRERTHUE; PR e & R R ER 0% B F5R B
BEE BB XERDERE 5% EARYHRRUER, FHABHRER. BREER
WAL, MBAENRREERE, RELSEEN 15% £4, ARERRERRRE M
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Table 4 Chemical composition of lake water tn Qinghai-Xizang plateau

HAEETISRERLE/D) KAp 28

A iR i (e/) Anion and cation content (m.e/l.) Yype of che-
Locality Alfi[tr:l)dc pH tMm"'dr:h"_ Nat mical composi-
lon degree oot cop sort cl- | Catt | Mg+t K+ tion of water

B 4471 [7.80] 1341 1.64] - |17.76] 1.62|6.67| 7.35| 6.69] SOT(Ma™,

Nat)

SOy, HCO)-
WL 4594 9.45| 1.669 | 7.76] 7.36] 14.37} 0.73[0.16 [ 18.10{ 11.96 ((M}H,Nﬁg

B 4330 19.74 4.365 28.92] 26.48| 15.86 5.17| 1.05 | v.73] 74.65| HCO7-Nat

BN B 4235 19.18 2.155 8.331 5.22| 7.80{ 18.62{ -— 15.60] 24.37| Cl--Nat

HBEmARE | 4613 [9.30 14.867 36.66| 19.91]131.86] 44.24)21.31 2.90| 208.46| SO7-Nat

BEK 4440 (8.14; 158.856 10.22] 29.33| 88.36[2668.80(22.11 469.86| 2304.74| Cl—-Nat

St 4866 [9.34] 210.428 29.00]153.26(115.78)3297.60( 1.2) | 18.89}3575.54] Cl—-Nat

BRREE | 4830 |7.70] 310.866 12.28| — |109.745295.41[18.71 [686.34|4717.83| Cl--Nat

O/REXKFR | 4785 [8.64] 314.005 B.65( 34.61| 84.34/5280.00 2.65 {266.69(5138.26{ Cl—-Nat

Bk Rl 4900 [9.24] 342.665 58.50/336.19(302.30| 5137.92| 0.40 5.2315829.28 ] Cl--Nat

1) B 1975, 1976 £BRMEFRR, KASTHAFTRRHRCEZALE SEE SELRAERK.

(B) +/STREREHRFT

BERBEREMNB=LAMUR, 25 =Avki, BARKEIMET R/NEAY, HiH
A — AR EARGTRRE LA, HEBEN L, FRIHBERER
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Table 5 Salt regime of predominantly salt-affected soils in Qinghai-Xizang plateau

s SRR .

LA & | BE(em) oy | caco, [caso, | EE [gpug/tont) | o1
Soil type Locality Depth (%) (%) Total salt Total alkalmgty SO7

(m.e/100g soil)

#eEm | 9.50 | 3.7 - 7.935 3.14 0.01

I o 1—6 | 8.91| 3.9 — 0.072 0.16 0.02
Salinized meadow =395 6—24 | 8.61 5.1 — 0.049 0.19 -
soil 24—30 [8.62| 5.7 — 0.040 0.24 -
s0—-60 |8.87 | 2.7 - 0.018 0.18 -

#esw |8.72] - - 0.708 1.34 -

HALARE T 1—7 | 8.56 | 28.7 - 0.150 0.92 0.0t

Salinized bog soil 7—35 |8.52]|41.2 - 0.099 0.59 0.02

35—45 [8.25(10.8 - 0.046 0.54 0.26

0—1 |7.60|28.29 |20.35 | 8.100 1.06 2.10

5—10 [7.24|41.49 | 2.89 | 6.081 0.51 2.88

BiE+ A 1525 |7.86 | 46.17 | 2.98 | 3.501 0.38 1.70

Saline soil RE 35—45 | 7.71|51.27 | 3.13 | 2.462 2.03 .18

60—70 | 7.70 {40.69 |12.45 | 2.203 0.20 0.54

90—100 | 7.73 [ 45.10 [17.44 | 2.410 0.21 0.59

s | 9721 11,90 - 1.789 20.59 0.73

1—9 9.86 | 13.50 - 1.009 | 11.40 1.03

REiAkst wHE 9--17 | 9.82 | 10.10 - 0.118 1.20 3.22

Meadow-boggy MEFR | 1725 9.56 | 15.30 - 0.088 0.64 2.50

25—41 |9.14 | 11.50 - 0.042 - 0.43

41—55 |8.64 | 14.30 - 0.092 - 0.04

0—2 |9.28|41.69 | 0.60 | 3.039 3.63 4.01

2—8 |9.2631.28 | 0.37 | 0.225 2.04 4.36

8—17 |9.03(35.53 | 0.02 | 0.112 1.46 1.35

B L HWK 17—32 | 8.67|49.06 | 0.35 | 0.165 1.50 0.10

3257 [9.26 |35.53 | 0.34 | 0.178 1.96 0.09

57—87 | 9.03|45.95 | 0.45 | 0.235 1.80 0.11

87—120 | 8.54 [ 47.44 | 0.44 | 0.156 1.05 0.09

0—1 |9.69| — — | 10.447 2.54 5.52

Salized Bione HHX 1—13 (7.72| - - 2.888 0.97 5.51

13—30 |7.75] — - 7.538 1.27 5.80

D R RKEMCE DL RREREN T, 2) JBEaE coT & HCoy,

W75 AR AT Bl R AL BRENNFEEZINB FE40RE. EHEN
MBUFRSRLROBLEARX, SXEHERME, RAEHKRFEREREHT
B RETREAARTIANEH. ENBRRTLEAHMZIFR T APORE, B
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1) f=kEe (BRI A 12) BB ER IR TS LA EA L XESE KR
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xo WlEERF LT MM BRI

Table 6 Micromorphelogical of paleosol remained in Qinghai-Xizang plateau

ARLMER R BRWUATARL TN R
M EERN
Soil type Locality Altitude] Horizon Micromorphological

|Eady | 4,910 AC BELTYRE

Alpine frozen soil

LI L MBI | 4,760 | As, AB BRTKRRELHER

Alpine meadow soil

=]
Alpﬁtusﬁgitsoil Wﬁﬂﬁtﬂﬁsﬁﬁm 4,630 A SRAEFRARA

URlEat WERLE | 4,520 | As, A, AB| SFEAFTWER

Subalpine meadow soil

: St
BB RACH MRS BB (AHER
%L B ; ; ik
BEER T RERX,
p 3
Sub%[ﬁnu:‘)fc%%soil sg?jg k 4,240 A SR KR BHEA T MBRREE,
UMM ERE | . HEDANELRRCED; 3R
Mountein shrubhy | BFARRET | 3,75 A SHERILE WK,
Brow% ﬁnimon NERPUK 3,870 A BRALKERAEBR
soil ik
B oz BERLE | 2,93 A BRIT YRR
EFRPRELARERRETA R E &
Yellow carth | BEHRER | 1,710 ’ & w#wﬁﬁ_ﬁﬁmﬂwﬁﬂﬁﬁgﬁfﬁgyﬁém
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THE INFLUENCE OF PLATEAU UPLIFT ON THE FORMATION
OF ALPINE SOIL IN QINGHAI-XIZANG REGION

Chen Hong-zhao, Gao Yi-xin and Wu Zhi-dong

(Institute of Soil Science, Academia Sinica, Nanjing)

Summary

According to the data from the field investigations with soil physical and chemical
analysis, miero-morphological and electron-microscopical identification in the laboratory,
the influence of plateau uplift on soil-forming environment in Qinghai-Xizang region is
discussed on the view point of soil genesis. It shows that since Pliocene, the most no-
ticeaile changes of soil-forming environment in this area were the raising of the altitude
-of land surface, the inereasing of the complexity of geomorphology, the reconstruction
of atmospheric circulation by which specific climatic characteristics of plateau were
formed, the gradual decreasing of the forest coverage replaced by the vegetation of alpine
meadow, alpine steppe and alpine desert, and the soil-forming weathered crusts with
diversity and complexity, Under these conditions, a particular soil region was formed
on the plateau.

This paper deals with mainly the influence of plateau uplift on the formation of
alpine soil and development processes. The influences are considered chiefly as follow-
ing four points: the strengthening of soil-freezing process; the development of the pro-
«cess of separation from swamping of soil; the occurence of soil salinization; and the re-
mains of soil polygenetic characteristics. All the influences are discussed macroscopical-
ly and miecroscopically.
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The main soil types and characteristics of this region are also described in this
paper. It shows that besides the unique frozen soil, alpine and subalpine meadow soil,
steppe soil and desert soil, as well as mountain shrubby steppe soil, there also have many
aquatic soils, salt-affected soils and mountain forest soils as same as the soil types in
plain region. The rich and varied soil types and their regularly distributional patterns
are seldom seen in the would.
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Fig. 1 Alpine steppe soil in the Maquan valley, at Plg. 2 Frost cracked sods of the alpine meadow
altitude of 4,670 m. The foreground is the soil in the Mt. Gandise, at altitude of
5,600m.

sand land

gravelly surface and the blown
(the whites are plant-growth areas). The

background is the Mt. Himalaya,
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Fig. 3 Humicans around the mineral grains in A Fig. 4 Carbonate nodule inclosing ferruginated
horizon of a alpine meadow soil near the mineral grain in A horizon of a mountain
piedmont of the Mt. Kangrinboq®, 5,250 in. shrubby steppe soil near Zé&tang, 3,750 m.

above sea level. (plain light, X100)

above sea level. (plain light, %32)
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Fig. 5 Frost cleaving on the edge of quartz grain Fig. 6 Thin section of A horizon of a subalpine
in B horizon of a mountain shrubby steppe steppe soil showing the micro-rolled fabric,
soil near Mainling, 3,000m. abave sea level. uear Gucuo, 4,610 m. above sea level.
(crossed nicols, X75) (plain light, X38)
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Fig. 7 Ferric ring around plant root in C haorizon Fig. 8 Concentric ferric concentrations in C hor-
of a subalpine steppe soil on Peigucuo terra- izon of a subalpine steppe soil on Peigu-
ce,4,680m. above sea level. (plain light, X 80) cuo terrace, 4,680m. above sea level. (plain

light, X20)
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Pig. 9 Fragments of ferruginated mineral grains

‘ in A horizon of a brown cinnamnon soil near

Kangsha, 3,890 m. ahove sea level. (plain
light, %x100)
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Fig. 11 ‘Transinission electron microscope photo of
a less crystallized kaolinite in B horizon of a
mountain shrubby steppe soil near Zétang,
3,750 m. above sea level. (% 10,000)
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Fig. 10 TUluviation argillans in B horizon ot a
brown cinnamon soil near Toba, 3,890 m.
above sea level. (plain light, x100)
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Fig. 12 Transmission electron microscope photo
of the gibbsites in BC horizon of a subal-

pine steppe soil near Qomo, 4,370 .
above sea level, (X 10,000)



