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Abstract

The separation of Laurasia land and Gondwana land and the opening of the Atlantic Ocean as well as the ex-
tinction of the Palaeotethys Ocean in late Jurassic probably led to severe sea level change and climate fluctuation.
Recent studies show that global climate was not always warm in late Jurassic. On the contrary, the world under-
went a violent period of climate change, turning from cold wet to drought and hot during the Callovian-Oxfor-
dian transition of the vast region of the west Tethys. In order to determine whether similar climate shifts might
have happened in the East Tethys, the authors took the sediments from the Xiali Formation of Yanshiping Sec-
tion in the Qiangtang Basin as the study object, measured Ca(();, hematite and goethite, and analyzed lithologic
changes with the purpose of summarizing the characteristics of the palaeoclimatic evolution. Some conclusions
have been reached: Climate change in 163.8~159.6 Ma could be generally divided into three stages. The first
stage{163.8~162 Ma)was probably humid, the second stage(162 —161.4 Ma)might have been semiarid and
the third stage(161.4~159.6 Ma)was characterized by aridification. It is thus held that the climate change at
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the late stage of the Middle Jurassic period (163.8 — 159.6 Ma) of the Qiangtang Basin in East Tethys

tesponded to the Paleoclimatic evolution of West Tethys. In the light of climate evolution, the results achieved

by the authors will help to evaluate the halite-forming potential at the late stage of the Middle Jurassic period.
Key words: geology, CaC(4, hematite, goethite, climate change, Middle-Late Jurassic, Xiali Formation,
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18, R¥ET Amazon FHIEHiH LR M EREENL.
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Fig. 1 Distribution of basins and evaporites in the middle-east Tethys tectonic domain
(The distribution of basins after Wang et al. - 2004; that of evaporites after Zheng et al. » 2010; 2012
1—Rrine of Sichuan Basin; 2—Gypsum and saline springs in Degin-Yongping: 3—Gypsum and saline springs in Changdu; 4—Gypsum
in Xiangyanghu- Yanshiping of northern Qiangtang Basin; 5—Halite in Tadzhikistan and Afghanistan; 6—Sylvite in Turkmenistan and
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H ARk S5 (2004 25 25 58 A DU 3 X B LA %
AT PR B HREIE LK Guthidi ter Ovmmdacidites-
Deltoidospora TR L6 LA Bl M g R o 30 LI
Parvamussium  subpersonatum-Protocardia Iycetti-
Pholadomya socialis ginghaiensis Ry FHE.
FES, E LR EREHRIT Erymnocer as coro-
natum 36 2, Erymnocer as kT HF#HE 1
PR A, T2 R E T RO Bk s i X R v
iz, BR=2FQDEREARBMRERAYT, &
RIT D F R8BI Anisocardia tenera-Modio-
lus bipartitus BUERWAEE. E5EYMEENE
R, BEHRANMNERAFRET R HE#ERE
FABFROEHBIFES R 7 SRR, T R4 H#
B4 163.8~159.6 Ma, BT -4,

JEA PR 2 B AL W R A 607.6 mCHTH
2046~2653.6 m), KB —ELHBE B EME
HAEMELLEREOHREE, RRKERER
2 LRAXELERE. P . wERaBReH,
BRI S, - BERS T, G XFRY
50%~85% - KABEANSH~15% . EHEEN
4% ~45%. . SR ERREG WS EN 5% ~15%.
ERAESDOENRAE. RO LMEEHDIHG
Bh. K, WA AEGH R ERFT R BUKHE
) S X R (=%, 2005) . HAIRMER
IR EGER R BT B8 PR TSR EE
BYEES. BB LA DB EN LA RE,
ST R 2 A B PRI I TR 4 .

2 HEMRENEESER

2.1 HAXESNE
HEAMEETEAFEHOERESA, # 0.5 m %M
PR, WA B EN LR 10 om IH# R
FED, ERAE 1104 BREEFR . VLERY CaCO; BRI
B8R, 4 NEZNRKETREFRT =REES
SRR R AT R AR k. TURY
TR, KRR BB 40C B P, R E
HRESBHBZE 200 HELF, M 2~3 g KRB ERE,
TU-1901 B4y 3¢ 6 B v AT e i3 3, (LB W B
B4 360~ 850 nm, FrE HAR FHBRERALHIME .
REEEGHER, SWRTREN dHERT
ERFAGARZPERENFAMGERETH, AR K

FREBKEE, FARENRE AT & BRI
&G, PRk, XHEE R AT I8 R O3 (DRS) Jll
B, aTLASr B 56 5 i 4T 2R R AR R 18 B (Deaton
et al.» 1991; Schwertmann, 1971; 1988). Deaton %
(1991 Dt A LA 7] 9 BE ) AR e ST 8k i
G, RAGT B4 %5 RSB R KIE—H
FHELFTEEMEETEXE. FRES
(2007)ZER L HIFEFF 5D, Bt CBD EIrER
th ERE - TR Rk e RS Rk
TR, AT RRE R N, T IRB R T B R
HEE, RBEZEAPT AR S BRI FET M4
B, BlSARAERE S . R BRE G TR iR 2,
M) S8 B LR B P IR R 8 S & .

ZFIHIEF (2007 FIERR R W, £ AR L E 4
FIFRERE R & ERTT DRS J63%— Bt S8 G1DV) B &
B, R R 1 M B3FE K DRS &R F 565~ 575
nm), HARY SR M, ¥R, SHRETA
[, 41885 H 2 N DRS ¥ (EIEFE 535 nm, K IEFE
435 mm), R BT S B InTgm. FH
—Mr SEEV B ST MRS S B, 3 Lk
BB 400~700 nm HEAT I8 SOHOLIERRE, BL 2 nm A
IR SRR e, AL M . &R &
A EH Origin WAHAT —Hr SEKR T, 40k HE
— S HE LA T 435 nm Fl 565~ 575 nm Z [
W, BT BN BATH R MR & &

2.2 TEER

JEA S B R A PTRY CaCO;. R 4t
BV SERNROBRENELEELE 4. BEUHFY
B CaCO;~ FRERT M T S B R FEY /489 1
{HrZAb s, HTFE BT ilRah 3 B(E 0, %
BBRESRINTPHELE 1.

F1E ERHTEREIHEMN 2046 ~2310 m).
ZEB w(CaCO5 YR ZE 2160 ~2300 m ALREH T /&,
BAEET TR, P w(Ca00;)HN 8.52%, AEHH
B w( GO EEAT 12% ~22%, FHE
16.6%, AEHEEA: WwSHERTOEEN T 20%
~36%, FI{E 18.4% . A EFIHBERGEGE 1.

S B, B B4 B (HITH B 2310~ 2405 m).
BT 1 B, Hw(CaCO)H B K, FHENE
TBMN 8.52% T 11.9%, S BHAMHE, FH
7E 25% ~30% 201 : w GREFHWE_ L&, 1y
HAMEE T BEI 16.6% LT B 17.5% ; w(SHET DB
HFREAE, PIIEN18.4% BAER]17.7% ; AR T /41
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Table 1 Average content of CaC0;: hematite, goethite and hematite/ goethite of Xiali Formation in the Qiangtang Basin

BB HEHGER/m  w(CaOOTFHE/ % w (8P % wlEHRT Y EBIE/ % T /4T R I

FIR 2046-~2310 8.52 16.6 18.4 1.91
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Yanshiping section



®33E HsM

BAMEYE. B P AR IR RN IE S R R 999

LV HEERAER L&Y, FHEMN1.91% £
B 3.89%(E 1).

BME. EE4 B HITE K 2405~2653.6 mD-
ME 4 RF L TR ZBHESTE B
w(CaOO B RE LA #H, PRHEMNSE T BEK
11.9% X IE % # 3| 16.4%. 7 2560 m B i,
w(Ca00; YA IR A, w(CaCO ) EHANTF 45% ~
50%;: wREFDOHEBRE FARS, N 1.5
I &, ACEHEH B KON 17.5% LI 3]
22.3%), T H wGREF) B X {H 8 H I 7L & B
wC RO 2 RS, THEMN 17.7% T3]
10.1% ; ARG/ $H 867" ELEL 28 LT+, BT IEE
AR, FHEM 3.890% I3 5.4% (K 1).

3 i #

TEADIR Y+ MH R Y, %Ry MEH ey £
FERR EE 44 Ak B 1= 1K1 7= 9 ( Cornell et al. s 1996).
— AR R T R K R B, T RIS AT
TERLARERT 6T BN R A KER D BETRE
R, B, R SR B R TR & (Kampf et al. » 1983;
Trolard et al.s 1987: Schwertmann, 1988). AEWF
KR, URY P R e BT NEREEE
WEGASC. WL H X K38 5 &R w] LU S 2,
LA R B, R AR R, X g
ML BB R HOTZTIRY, 74 B A
BT, BERRE AR5 mAST 2%, W
R RERE T, 8RR ERA TR Fe &y
3% (Majzlan et al. » 2003).

RRERARATERENLEY, HETE
LTI , R KBV T SR AL, B SO R R £, 3
— 3 BT R AL B K IR 45 1k SR ER £ R MU, ]
BRI, RAERNT R EAG T, BAKEKSE,
PIFRF ALY £h 2K (Wasson et al. » 1984: Sinha et al.
2004; Warren, 20100, B LT L, YT H B BR R
AR e B RA RIFSBH SR AEA.

Wi BRX B BATHI T CaCO;y- FRET M
o S BERBH, R E B H(163.8~159.6
Ma) IS BZR404r 0 3 NMTELCE 4).

(1) SAREAAA BB (163.8~162 Ma)

ZH BT E 4 1958 T B, B BB CaCOy &
BEAEN B T80 S RANEE AL, HHEL
REOWE BPENREFOAERRERIERE N

X, EHE 2160 m EA HBREGH, HEFRE
RIEY AT . EBEHENT, B B R A A A
EHEXHQUOMA#H T LELECGRER, 48
FHBE(TOC) & B M EFy,~Sr/Cu HE IS LAREE,
R T4k T iR A KB IR, B3 A Ik
P I L e S P A St o LB A, D A
RETEENDE, BMHKEMN REE EHTIA
¥, B3 SREE #l TOC & BH & EFy M Sr/Cu
{H PEAR , T BT 2 1 3 I SR AR ST . S 4,
Podlaha %5 (1998 )~ Gruszczynski( 1998 ) Barskov %
(20000 Jenkyns (2002 )b 4% 18 B 4L &6 X H . FF
25 I 2SR P & W 85 5 (Belemnite rostra) K
3180 fH i M, A K PR IR ITIEE) RM K E R
B E— A B RE S, R HRET
BT 6~7C ; Malchus % (2002) % %5 B A 2= /g b
ARSI F 8180 EHEALININ. Abbink 2%
(2001 )E W R Ak H 3w, B A B IL ¥ (North Sea)
HE RER MR .

(20 ST EHrE(162~161.4 Ma)

BB 4 E DB Y TREREAT B,
ZBH CaCO; R FETV SRV R 48T S
EZRERA IR /4Ry LR EAR . R R
EHEENOBNTE B ENEE, REKE.
R ZBE CaCO;- T S RT I & B AR/
HERT AR L, ST NI AL (B S
FL AT ARG 0 R APl etk 32),
W EIF R BRT 246, A% E B4 T #H 3%,
HAETRSBEEML.

(3) SEFET R B(161.4~159.6 Ma)

ZHr B N 4 BRI B, B AR CaCO; MR
By SEBER, FEENER, RS ERK, F
/Y AN E. ZBRAREAEER
AAE, REKFEE. B WA E B S50 -
HEMURY. TN ZE CaCO;FET SR
Mt A RAEBEN UL, RHERSHRELT
B, X@EBEEQ007FEILTERMILCHX ERF R
ERAFRET, RAUANHBNE, S PEEE
8RS8 R R 4 A, R S8 i R
RAAHBETERKET R W AR 7
Y& 8542 # (Chriolepidaceae), BETT AN E B4 LB
WERBETTRESHEKFE. 54, Ribouleau &
(1998)HF R 1 8 T i &5 11 164 (Belemnites ) 7 4L [F]
R E, BN ANE SRR EFH R Y.
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Benjamin(2008 )3l i 28 2 M % 5 e 4 B tH: - 5 o
M 8180 {H, RIE T PR AT AL, A R -
FRAEIHIR XM T 6T, B4 H Transversarium
Zone Hi X B & iR & 75 B 24C. Riboulleau %
(1998 >+ Wierzbowslsi (2002; 2004 ) 1 Lécuyer 5
(2003>1E 13k B Jbds R 8 (Northern Tethys) 25
LA IR AR AE, BL A Abbink (20013 &
T 85 41 (Belemnites ) 19 % 7 AL & 4B JL ¥ (North
Sea) B ER I FRUS S0, W\ A4 BB SBRE TR
M. KEXNAR BT WTriyRy, ME
BERIEM, LR BIFE—MSBET R (Hal-
lam,» 1985; Rioult et al.,» 1991; Abbink et al..
2001; Hautevelle, 2005 «

G LR, AT ReTHEEL,
163.8~159.6 Ma # M I SRL h MR,
BT 2B B R T8, SRR R
PEBEASEBEZTITHNEARE -
( Vakhrameevs 1991; Riboulleau et al., 1998;
Aarssen et al. » 2000; Malchus et al. » 2002; Dromart
et al.» 2003a; 2003b; Groicke et al.» 2003; Lécuyer
et al. » 2003).

4 4 W

AR SO X 2% R 5 07 36 5 4 M B A B X -
HRFAE BH BT CaCO;s. IR 8- FEH KT
SRR E, 868t BEAR 2
¥, B BUTF &8

(1) HHEX 163.8~159.6 Ma B < fE &1L
T[R4 4 R H#1(163.8~162 Ma)HI XA (162
~161.4 M) T ERBHA161.4~159.6 Ma)FF&t
TR 3 M EL

(2) RIRSRRH R SRR TR — N A 5
M A AT H A Al 3B PR % i
FIEAH SR T BATR T k.

F W AW EHKNSEREE T HAAR B
= BT  AMEC BUR ST R R B0 3R 2, 5 3
o B kA 52 B LT S T R R 3 SRR, 22K
FANI R R E T R A EH SRR EA
TAEH R BY, B e Xt il T R X E B UL R
RIEE B R R R Lt !
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