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Fig.1 Geological map and location of the Qangzé Formation

section in the Zanda basin
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Qpx'"'=Lower Pleistocene Qangzé Formation; Qp Pleistocene

glaciofluvial till; Qp*”~ Middle—upper Pleistocene glaciofluvial till;
N,—Pliocene ; Mz—Mesozoic ; Pz—Paleozoic ; 1 —Fault ; 2—Normal fault;

3—Reversed fault;4—Unconformiry ; 5—Section and number
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SRS A YA A A0 BCAE RRB AN AR
I S S NI R S TN L D N R A R S RS
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A E BIREA RO AR B R 1~10 mm B4,
YR N, — M2 EAN I 1 m, ARG B R 227 m,
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2.68~1.36 Ma™®  RBIJ FLTT 7 fH L 4]
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A EH e [ R 25 B K S ST A B b A T A A T
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TE 34 DA 3R GE T 4 B 3660 RLALKY, VAL
107.6 KL, JA3 V- S BN B 27.2 B /g (— AR T 30 Ki/g,
Tl 4.6 Ki/g, fcmih 101.7 Ki/g) , 70 & 180 1268

TR AV TR AR TER A (Pinus) . 542 (Picea) .
B 12 (Abies) M (Betula) M (Salix) ; HE A FEH W) 4E ) . 55 26 4



1278 h | Hi J 2006 4F
#| % | g |msses|rs| erE |2 s 2 S
A A Y VK[ RTFER, T
G| st 0800 >0 N | mmakis, s
A | B S0 5l JI AR, AR
i = | FBAmE Lk
w lop == 22.1 R L BB B S
& 550 0000] W |APE, ERai
0000000 & AR A
T
= B ~ T SRR .
b e | FhenE ks
Q 5 g:g;g;g 68.5 %i%%ﬁ%%{@
7t P x—=T—-.—-68. i AP s .
| B & | " === HEHERE.
0000000 " kMmN ERL A
& [— NI__o.N.I_
53500500
S o000 0
i - R
Ennss R R AR
000000 R, 3
(S XX LU 5K B K
50600 . BRBE, Sk
@ Toooes | AARELE
E E & coco00Q0
0000000
~N-0-N-»
- =-0---0- -
# SEEEEN D
ogoocoC (_-Ii
000000 ¥
- ~N-O-N = -
5666600 8 Je B iR KA
A & RS b B
L Jeeoovootigr. LRI .
.. |opfoeoooo0 T & R
= SRR B i dgr s
AR\ B4 e ®o| Wan
-0-0-0-0-0-0-0
co0o0o000
& —
5600060
000090
P IR e e A -
EE B P | mroemew
= % H B 000000 W HHE

P2 ALIR T BB S8 A 04 M )2 AR T8

Fig.2 Columnar section of the lower Pleistocene Qangzé Formation in Zanda County, Tibet

(Spiraea) | R B (Ephedra) | IK HA B (Myricaria) | Ba oK
(Sambucus) % ; WAYIEN . ZR (Chenopodiaceae) |
(Artemisia) . K A B} (Gramineae) . 4§ Ft (Compositae) , &
(Ranunculus) [ Z ZF (Scrophulariaceae) | JEH (Saxifraga) .
BB (Rosaceae) JE LBl (Labiatae) 55 , 8 A D i B i LB &
J& 53 . 2 Fh =YK (Tricolpopollenites) it = V& #3 ( Tricolpites) |
[ 1T = FL YA # ( Retitricolporites. ) PAYE R (Monocolpollenites ) &R
LAY A F . KB BR (Preris) R BR (Adiantum) % BT IES
J& 43 F K Je B B EE L ( Polypodiaceaesporites) 5
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MR AL 35 75 #4051 T JL Aol Mt 7 560y S B KR (18] 3), 90 46
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F A 53 2 SRR 4 DR A NF Z B4 5108
2311 %

FIHREE N 191~247 m , BE SR B RS0 T A2 568 —
F B (Qp' ) T I LT S A 01 A AR R B AR AR
W T w e de e by 389 i, Hirh e RAEM 215 ki EAR
BB 40 B0, FEAFHPIAERY 121 B0 BRISHORY 13 A, WRE —
0 8~80 Ki/g, UUTE AP A G R E, &L 65%, HIK
NEAKEWIAEN 200 20%, VEARFIBRISHUB I B0 10%
TEAi . FEEIER BA AAS (Pinus) FEFR) (Chenopodiaceae ) i
(Artemisia) , FEAF SR DLE B A nEARAERS S 32 ST 1l Ml
FERAT L MRS AERRAE
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Table 1 ESR dating of samples from the Qangzé Formation in the Zanda basin, Neari, Tibet

B FE S g TR B2 /m A W S /Ma
B P4E2 2.4 i A0 BN (IS 1.36+0.1
AR P4E4 15.6 ibE B 1.49+40.2
P4EG 35.1 Ve TR b VRS 1.5140.2

- P4E10 55.2 Ve TR b VRS 1.6240.2
P4E12 72.9 Ve TR b A8 1.7240.2

P4E14 89.4 Ve TR DA B 1.81+0.2

P5E10-6 105.75 ERlTitEs VRS 1.9740.2

. P5E9-1 107.7 EL it ZEES 211402
po PSE9 116.7 SRR sk 217402
PSES 124.5 gLtz Fep 2.24+0.2

PSE7 159.6 TR VRS 233403

P5E6-1 175.8 EglTitiEs FEp 241403

B P5E6 191.1 TR FEp 245403
PSE5 206.1 R FEp 257403

PSE4 221.1 bR R I LR FEp 2.68+0.3

TE  ESRORE il (9 47 AR iy iR B TR 2% ESR SR 30 3 3R 24 LRI 5E L 2004,

232 T4

PR BE ) 0~191 m, FEdh R B S0 IE R Sl 5 — A B
(Qp'™x) EFBFIR AN — 25 = A B (Qp' Px . Qp'Tox,
Qp' ) , B I LB R TR O B, A b BEACRE ) ALK
TGRS R B 3271 RLAE R T TR ORAER 1089 i,
HEARAENY 342 ML FEAAYIAERY 1748 AL BRISTIM 02 47,
JE—f#h 6~100 ki/g, VAEEAAYAER A G N E 35 53% 7
i I AR A R Dl Y 55% T BRI 33% A,
TE AR W AE K 380, 29 10% , T ik B 27% , I B g%
A T T R A ) e Ol R R R A ) A S R
WA S R 3% WS ER A W L B 0
ik E) 28%, FEAEK K ES (Artemisia, 29 22%) KA (Pinus, 2
28%) .2 B} (Chenopodiaceae, 29 11%) . R A B (Gramineae, 29
4.5%) , 5 238 (Spiraea, 2 5% ) . B TE (Ranunculus, 29 1%) , LA &%
IR B (Ephedra, 29 1% )55 . & HEA YL 0 FIBR IS IE T35 12
A, s X4 LR 3 AW,

(1) PR I, F VR 103~191 m, FE &L R R 55T
AP — 5 B (Qp' ) LI A S — 5 B (Qp' ™),
TEIFE]) 1N 2007, B 25 AR g AR A PR R e | 7
AR AR B T H P (Pinus) HE (Betula) f3 8 T F 5
Sy 2 MV AR (Quercus) | G BR ( Cycobalanopsis ) T3 7E X
ol R AR I R R R AR AR X B 1 X
— I B AT e 0 A AR R A R R A A A
Vs IR E A I, SO b )2 v o — 35 A e 8 R 2
1 DX B, S B > i 1 S 1) T RS A (R T i
b AT I bR o B A R D A A A 1 AR

(2) HERIE AT 1T, ¥ TR E 5~103 m, B fh R A 5 R
T AU 55 =25 B (Qp!' o) B T BE (Qp'ix) T i, HEAC
PREET FEBAT I, Ma i i A FR0E A (Pinus) M (Betula) 18
LR T AR A K B AR (Quercus) . SRR
( Cyclobalanopsis ) F0 ¥y & 2818 0 | [ I 3R 26 46 - W 2 1 B, B
AR PR EE TR B & & CP 3R 57%), e & &) ik
73% , [ I 0 28 A T 3 VB R AR R A G 3G R R
B T I ARAE By 328 T 0 /0 | B e St ik — 2P ke T 5L R
ARFENFETE G AR B ARG R & EAEAR X B SR Al E A7
LIRS WEE)) W) IR BE A BB (0 18 R s S Y R AR 4%
PR TLE R TR R BT R A A TR L B o O A
WA FEAED TR D R B R AT R U — 2 Y
AN I X AR AR T IR

(3) BB AT I 5. #1010 3R BE 0~5 m, #F il R H 5
T P A 102 B (Qp! ) TRHB Y BLUE 2, 468 = B2 A 5 R
AR YT, A T AR /MR T B TR AR T BB
B AFLBR IS AR W 90 30 R AR e KR 28%, i TR B

SARAFE,
3 IBRAE BRI R S R

5 % 7 T AL T L 36 R4 B SR A R 37 e
ZeR AL AT | 7E 34 HOBE @R R BT A AL A 2L S
B U1 R e R B I 2 S 5 5
R E

PEF T BB FRAAL EHEE (Qpx.Qp . Qi)

MR A SR ESE, W Candona xizangensis Huang;
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Candoniella xizangensis You et Huang; C. mirabilis Xchneider; C.
vulgaris Yang; Lencocythere mirabilis Kaufmann; L. postilirata Pang;
L. exilitropis Huang; L. dorsotuberosa Huang; L. reticulata Huang
Leucocytherella sinensis Huang; L. trinoda Huang K /bt (1 45 # 1k
., Wi, &Fdomm bl e nda il Enm
Limnocythere; /N ¥ 46 /v J&  Limnocytherellina; /)N 11 46 /v J&
Leucocytherell 55, W FL AV K I AR & S M fe A 4, LAk
WA Candona; /WIS & Candoniella 3 £ A G 45
T LT K R 1

BN A4 2L ) T Y LAY TE Al T B B M R A R
R 2 2 W7 A A 2 TP 5 L A A R0 23 AT i L
HoJZ P i BLAL  R 2 B AR R U2 Tz e e AT
DA V8 7 5 2L 9 i S22 I AU 2 B R |t o o WG B B
R S AQE S R L0

ZAATH A LA Lencocythere J& 5 T, Leucocytherella J& 2 Fir
Candoniella J& 2 F' | Candona J& 1 #1044 FERE, X/EM
MBI R E A LA G A KD E R Hyocypris J& T &
W Candona , Candoniella J& B A E MR &, Hg i MR
B3 22— R S 20 I R A% i Y D AR
i,

4 HIKGHZR

G345 T K N AR A A B b D00 oty ok 2 0 4 B R Y
A PR R, AL IS M B G e L X G A )
R R e S TRty R R LA T R R RE A, RAR R B — R A
8 FE VS 25 P T B0 A ) T PR /N L T S A AR K
K URR W) 22 3 S 52 235 R R A 1) i B A i A PO B /1
T2 PR B G A 5 T TR A 8 A BT [ 4y A
BT, J7 [ PR el

AL 2 3 B LR 2 ) R R R A LA 2 Ik T T 4

|3 [«2]4 ¢ Im

=i [47]2 |

4 B = HB(Qp'x) TR B MY R Rl R 4
1—HR 22— 3— TR B D A 5 4— VR AR 4
Fig.4 Freeze—and—thaw folds in the Third Member of
the Qangzé Formation
1—Conglomerate ; 2—Sandstone ; 3—Argillaceous siltstone
4—Freeze—and—thaw fold

W, w0 A U TR I I O R RS — A
(Qp'x) , F8 AL BE LK, W3R 0.4~0.6 m 55 41, D LT R
ST 2R Y T RS R B (Qp! ), R AR TE K i
W, RHLMCR , 728 4 300 m A9 F DX R0 i
B S =5 B (Qp o) VAN D BUBY D v | B RO AR Y
R T R E  RIA TG (K 4), SO vk & DU R
BEREAE I, A A A2 5 DU B (Qp! ) DLARUZ Hh R il 8 At
e A& O TR TR R Z 2 (RRE G00R B BN N R KRG,

RN s N TN N O Y Y v N U
B, N ) B B 2 DCRE R B K — IR R
Gi— JR AT LIS, 3 WH I M X0 T A D 1 g 1
AR

5 ALK 7 B HEUE R S R S T A

MR T UK S 0 G UOAR S22 V6 Ak B il 2 v T A R
I TE AR AT I T, AT AL 3 75 M LR T DT A A A A 5 v
A e R B0 )43 DL 4 DB (R 2)

(1)2.68~2.45 Ma, kit Bk PR K 8 — J 4% 0, JRE )22
R 2 & B R A A 25 T HELAD 2 I 65 €6 8 O o 120 2 2 i, e
— UL RE R Y R TR T e R v ) A
AN, K 8~80 Ki/g, AT RMYIAEN &, & 2 65%, R
R EAKEYIAE N | BEAR R AR I TR WL A |
B E A D AR TE AR BB TR B R S R A L
BRI ARIE R L AR R T, S i S IR
s I PR RRAE

(2)2.45~2.11 Ma, ki A% P 1 TR K €8 )2 )2 IR 0
R A I B i A7 2 JE LD o5 AL, B AR & & 1 VR il
a2 B AR BB E B Candona , Candoniella J& B
FAb AU B 2 R RS A B P TR O 2D | B AR A
WAL oy TG i oA AR LR Ul D B R TV AR
W ERBR AR S B T B BRI T R AR b
B A AT T i L T P b e K RS
157 AR B ARAE

(3)2.11~1.49 Ma, DUEUHH Sy b it BUAH — K Z 0 FLAH | LA
UKRGUURAM N | HE M EE A RS s B A &
it U )2 b R R )2 T LR I £ AR vk S DU H )2 R
W PR AR A MR WS Y Candona  Candoniella J& 17
TG RAC A B WHG 2 0 MEFD R 2 O 45 T ARG ) 2K | T
T IERR H SRR & 200 Ok RIS T 2 B T R A A
VAR R T B A i [ R 2 TR | R R K A
Xof B A B A T M R A 2| R Rl —
BT TR IR AR GRS BT A i SEER
FR KM SESAM T REmRE T TR BT RS
15 % Sh R AE

(4)1.49~1.36 Ma, VAUKZE LA AT K {6 — ) BE {0 J2
R 5 R o R R R R 02 | R S T TR K A
02 2 A, 802 U8 TR 0 2 v T DL RS 0 i /N 1 R
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Table 2 Relations of the biological evolution and climatic and environmental
changes of the Qangzé Formation in the Zanda basin, Ngari, Tibet

BrEe i pR/Ma i 8 4 TR AR fl-F L8 Lk L
. A Candona. Candoniella —_— N - A

4 149136 o o el g R 0 i e B T
N VRREREAEE 1 Candona. Candoniella 14 (Pinus)~ #¢ (Betula) /> %, T -
30O2NTLA G T RIS RES HAHE, WA AR e
. Candona. Candoniella &Mk (Quercus). W #4kk 5 . e

2 245~211 PR AL A FF U4 B (Cyclobalanopsis) %1 ¥ B PR AR R it

S ¥a (Pinus). %
1 2.68~245 @gmﬁg (Chenopodiaceae) [EEdupN i v g+

i (Artemisia) }

TR 4, b2 T B W Candona , Candoniella J& N B 24k 41 7=
BEAR & 5 B Y 2 1 A /NIRRT B ERAE A T R
TR A W I R 2 A L IR K R K 28%, R
FEVS T 510 g JE B R SR RAIE

R T 3 A T LA Lt AR A T
B (Ep T 5 ) =21 1 01 S AR L s 1 2 B e gk A
R R R AR E T T 2988 Ml T iR %
HNRIXIE R A KR BT 4K T i 19 45

4iE T

() NFB AT 73 (8 3) Ry Rk A T A 1T
ZIa e B oy A, i T MG I AAE WAL o5 I
P FEOMN  HOP AR A 2 a2 B B IR IR
SRR /A BRSE BT i BG A  BL R A e A A
I 4 20 & rh s A AE W AE B i D03, EENEE 8 T 542
BRZEAE B B ARty 26 By i 43 55 /0 D ) B35 DU 28 4 3K 5 00
OB W) R AR 43 A7 45 Hh 00 4538 JE AR — B B i 7R ) TR
191.1 m At ,ESR #f i AF % 0 (2.4540.3) Ma, iX £ KRB T
i O | el 1 O o VA= O = S I o | T O
AR 2.60 Ma BRI,

(2) NEEHBLRRAC s, 7 S8 T R I AR 1402 (Qp ')
J VK 2 DX R — UK G TR | B o T SRR A e
TR AT ML S S il M D B A S P R e
R A BRI A RS TR U B D A RS T
A T RD S LR TOURR RS e JBOA R I AN A S R I A
DU £ R S T pK ot I B 3ok R AL Ak A L SR T LA 22
P37 wh R A FR SRR R R WITAR T A S A
TEB L vk,

(3)NFREE i R ATS MR 1 3R B (Qp! oy Qv
Qp' ) IE R B RS B R I 5 Jm 11 Fh Horp
Lencocythere J& 5 Ff , Leucocytherella J& 2 B, Candoniella J& 2 Ff |
Candona J& 1 #, fb FEMR e, HPhE M Candona,
Candoniella J& WAL AT F BEAR &, MR W B W 1Y Dyocypris & | |
Mg 1 P 2 A e 2 1) DK AR IO AR BR 5

(4) TR A 20 & b I BAS R R AE A 5 0 3, =
REE E N B AL RIS KO R AR 1A L S g

6

BB SR AE L AL Ty FEV T 5 L R,

(5) & A h RS k2 ik T A R D B RN &
H R RS Z 0L W Ry 5 k1 06 s AT G Y vk 2k 8 8 1
VKA TOAR S S FE 4 1

(6) MR 22 i 55 5008 PR B 28 Ak 8 DI AH SC 1 b Jo i 5 | AT
7P ) L AL sk A M L R R0 A A AR AR R AR 4 A
B . (D2.68~2.45 Ma, J& Ll Hb J€ I A ;(2.45~2.11 Ma, %
AFW T, B32.11~1.49 Ma, KMEH LT T2,@
1.49~1.36 Ma, N FE T R LR %

25 L ITIAR  AE AL I A b L Rt A A4 0 T I AH
2 R E A AN R TR A AR AR A SR R [ 2T
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Early Pleistocene deposits and paleoclimatic and paleoenvironmental changes
in the Zanda basin, Ngari area, Tibet

ZHU Da—gang', MENG Xian—gang', SHAO Zhao—gang', YANG Chao—bin’,
HAN Jian—en', YU Jia!, MENG Qing—wei!, LU Rong—ping'

(1.Institute of Geomechanics, Chinese Academy of Geological Sciences, Beijing 100081, China;
2.Department of Land and Resources of the Tibet Autonomous Region, Lhasa 850000, China)

Abstract: The paper analyzes various geological records closely related to the earliest Pleistocene climatic and
environmental changes in the Zanda basin, Ngari, Tibet. The analytic results indicate that the earliest Pleistocene
deposits in the study area may be divided into three sedimentary facies and four lithozones and that the
paleoclimatic and paleoenvironmental changes may be divided into four stages: (D the 2.68—2.45 Ma stage, which
is marked by alluvial and diluvial deposits, when freeze—and—thaw folds started to appear and the vegetations were
dominated by arbores, mainly including Pinus, Chenopodiaceae and Artemisia, indicating a cool—temperate alpine
climate; @ the 2.45—-2.11 Ma stage, which is also marked by alluvial and diluvial deposits, when most freeze —
and—thaw folds in strata were contorted, herbaceous plants increased rapidly, showing the features of the shrub—
grassland climate, and the climate became cool and dry; 3 the 2.11—1.49 Ma stage, which is marked by alluvial—
diluvial and periglacial deposits (mainly periglacial deposits), when the freeze —and —thaw folds increased, there
appeared cryophilic ostracods, and the quantity and varieties of herbaceous plants reached a maximum and the
shrubs also increased relatively, showing that the climate became more and more arid; and @ the 1.49—1.36 Ma
stage, which is marked by glaciolacustrine deposits, when the freeze—and—thaw folds appeared extensively in the
strata, the abundance of cryophilic ostracods was very high and the herbaceous plants decreased slightly but
pteridophytes increased significantly, showing the features of the cold—dry grassland climate.

Key words:Zanda, Tibet;earliest Pleistocene;sporopollen record, freeze —and —thaw fold;climatic and

environmental change
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