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Abstract: “Wushan loess”, regarded as the southern boundary of Chinese Loess, is distributed in the Three Gorges area in the
Yangtze River, which contains rich paleoclimatic information attracting attentions of many scholars in paleoclimate. In order to
further reveal its causes and better understand the paleoclimatic significance contained in Wushan loess, the glycerol dialkyl
glycerol tetraethers (GDGTs) extracted from Wushan loess section were investigated. Comparing the mean annual air tempera-
ture (MAAT) reconstructed based on branched GDGTs (bGDGTs) with frequency-dependent magnetic susceptibility and
North Atlantic sediments, it is found that the three curves are analogous in climate evolution patterns. These similarities show
that climatic changes in Wushan region respond to global climatic changes. The BIT values range from 0.5—1.0 and most BIT
(bGDGTs vs. crenarchaeol) values are close to 1. The low BIT values suggest that it was very dry at 36.2 ka.BP, 30.2 ka.BP
and 23.5 ka.BP. Based on MAAT and BIT values, it is found that it was relatively cold when it was very dry. It is proposed that
the three periods correspond to H4, H3, H2 climate events, respectively.
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Sk [ B0 A0 T P Il e 3 il 1 ek b
4 ¥ (glycerol dialkyl
GDGTs) , #5257 % — M GDGTs (iGDGTs) fl 3¢
# GDGTs(bGDGTs) Fi K (Yang et al., 2013),
TV AEFE T FE (L et al., 2014) .17 (Giinther
et al., 2014) P& 7% (Coffinet et al.. 2015) Fl 1 4
(Wang et al., 2014) ZF PL ALY L H 5 A BB R fi
M) SO A A8 A8 A o A I AT R iy A B A O o F
FEI A

W RENE & S A TG E N LR A iGDGTs
&Y (B DB & & B H R & 77T F ¥
(Schouten et al., 2002). M1 4 (Buckles et al.,
2010 E VTR L G ok & BLAE 11 (Weijers et al.,
2006b) A iGDGTs 40 i, Ho A i 8 %7 1 4
pH (Yang et al., 2012; Dang et al., 2016) FI{E &
(Wang et al., 2013) Bl 4 7 bGDGTs — it H
2~6 NHIFEZEER 0~2 NHTTHHBE DL HIR
AWM A N, EEAET L (Weijers et al.,
2007) FIYE 5 (Weijers et al., 2006a) YL Y, I3f:
BT A AR VE AT (Herfort ez al., 20065 Kim
et al., 2007), 53 4b, FE WA RN Gl h A B A1
bGDGTs ( Tierney and Russell, 2009; Sinninghe
Damsté, 2016). H 54k 45 % MBT (methylation in-
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(Zhou et al., 2011; Peterse et al., 2012; Tang et al.,
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# (Dirghangi et al., 2013).
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Fig.1 The structures of GDGTs and their protonated mass to charge ratios (m/2)
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1.1 HRREREE

ALy B A5 5 PR T SR AR i o Bl A 0 R DX 0
Hi AR AU v PRI o AR ) S AR R XU A
AER 18.4 °C L AERE KB 1 041 mm , 1A .
FE SR A AR LB 32 i I RV i A i AL R
R — A~ BT M 42 R i 8% Sk ) S ik 10 m
%, g 5E B, R 0 DL 00 Bl R €0 1) A B R R
AR A — TC)2 B R Ly - S BAR
¢ AR LB ) T (R 2).

X AT R G0 R AL RFEMIBE N 5 cm, 2245
BESD 177 A KT AR 3 AN FE S L BDEERR 20 em B
FE#EAT GDGTs M ; [/ s, 3 1 4~ 3% & GDGTs
BE S P AT IR R X L 5T, R 46 A #E
GDGT's A ity J 32 1 Ak 2R AT LA sz R A=A T 182 4 17 11
S 55 R[], A T A7 X B 28 R B AT R B (177
AN PEAT Ak 3, AR LB A A R B D T
VEFE rp [ b 5 K2 RO 5 A 2 S5 36 28 58 il R
FH HKB23 B AR AL, F R GRS AT 35 2 X 1077 SL
AANAEF T 2.00 m,4.00 m,6.00 m,8.00 m,
10.00 mAh ke G2 B R4 5 HekE §h % ) B R g
T I AR T 5T BT B R Al A N S = AT RO
COSL) M 4F , I 4F J5 ¥ T UL 8 7 %% (Lai et al.,
2007; Kang et al., 2011). 1 F1E 8.00 m &b RAEH)

#1 MULEITHEOSLMELER
Table 1 OSL dating results of the samples from Wushan

loess section

SRR (m) R AR I (ka. BP)
2 26.4+2.3
4 28.2£2.5
6 31.9+2.9
10 44.4+4.2

A ity ) 0 A 5 H0E W AN A S BR  OKE R e R
MAERREE (R D SR E 2RMLMHE LR (R=
0.975) (R AT 4§, 2014) , FRWIBF 5 X A AR 1 8 4 ) 1
DUBUESE , HAF ARV N 44.4~22.8 ka. BP, A I
Bt b s WIDORR B L AR X R A R T L AE
1 m 4bFF U5 R EE.
1.2 GDGTs By ZE BLA0 43 4

B RE A A 48 h ¥ R T 4R I T B B B R 0T
Bt 60 H i J5 . FRIL 80 g 76 A5 FF b Fll— & 1Y A1
PERP IR A ¥ 50 05 % A 3 ) A€ B0 CASEL00
Dionex, USA)RYAEBUHE v, 22 2% - 2 B 5, I8 IF
B AL RS A 2 £E A8 B0 B 3] 100 °C L A A
JEZE 1.0X10° Pa J5 . DCM : MeOH(9 : 1, v/v)
TR VEF AR 5 30 min. 58 1A BUS 5 32 U
KR R s 78 K AR A & 1~2 mL, J5 A KK
R SRR E Y =y T o - | B 1 o S
43 5 VST 43 ) Ry I O o R Y 2 AR A 2 43 /UK
TJ& , FH DCM E B % f# i 0.45 pm PTFE JE A, F
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FO R IR S EBT IR R AE 300 pL 1E © i/ S T B
99 : 1,v/WIRAHERH,HImA 10 L C,; GDGT
VE R AR (B R 0.001 157 pg/pl) 25 1E% GDGTs
kB 1 B ARG I SR FH o 00RO €0 33 T 3 — 9 % Bk FH A
(LC-MS) . {¥ #8815 Agilent 1200 HPLC, &l A
KA EAL A B B (APCD 5 HLI8E55 (ESD P fh B 1
JREY 6460 A — PO FT BT 351 . A% A 4 Alltech
Prevail {34 (150 mm X 2.1 mm, 3 pm).GDGTs
LB AR 25 F R - sl AH A FH R IE C %6, B AH K
ECkE/ SN EERBIE R 9 ¢ DR B R 0~
5 min,90% A = 10%B;5~45 min, A A/ L 1 90 %
AMERER 8200, 1M 5 v Uk 6% A 2= B AR & ] F]
10% 2t Fe i # 4 0.2 mL/min, A IR 1H IR 40 °C.
e APCI J5 b #E47 466 W85+ 16, APCI/MS 454t
T FALAEE S 0.41 MPa. 5 ALIRE 400 C, THS
(N it # 6 L/min, i E 200 C, B 4014 | &
3500 V, HLEHLTH 5 p AL 3200 V) R EHE T
PR (SIM) K GDGTs i T4k 5 F5 & J 1
B H R R Gn /=) 2 1 302.1 3001 298,
1296,1292,1050,1048,1046.,1036.1034,1032,
1022,1020,1 018 Fil 744, AHfF 5% £ Z &5 GDGTs
0G0 0 8 PE AT T 38 i A% B T 0 T R S A S R
T AR Fe (A H ARG i 17 0 = 53 #

LIRSS SR R AR ws-169 P9EHE T IR
R e AR B 45 NRE S BOE s BT AT A L RE
PR W) A S 6 BT 26 A .

2 ZEH 508

B4 GDGT-V #l GDGT-IN (crenarchaeol) , (5 1
B iGDGTs B 9.37%~71.19%. 4B bGDGTs H
F 4K K GDGT-1,GDGT-1b. GDGT-
II. GDGT-I b, 5 41 B bGDGTs i & 19 8.52% ~
45.48 Y6 8% 4= A b B 55 0 4L 8 ol R IGDG Ts
(5 B GRS AR C46GDGT) He R PE + i & B i
(B ,2014) , B + 41 bGDGTs 19 3 541 3 4%
T2t + 3 L GDGT-1, GDGT-II. GDGT-I b 4
R IX .
2.2 MIIEL GDGTs HIREENX

W iGDGTs 4@ bGDGTs B @ 57 i 7 <
5 PR BT 48 bR O 76 16 1 0 L U8 ok L BT 1) il 21 1 R
fife 8 9 R UE S T L W . AR LR B R bR
T ENEEMRN GDGTs (k&Y. X R A AL L
1 GDGTs @ A A 582 4t 1 Al fE M. GDGTs
L&Y E) MBT Il CBT 48 i) 32 I 2 8
EE, HATH IR B 28 T 2 F 2k -1
R IE 2 2 (Weljers et al., 2007; Peterse et
al., 2012) P E XK IE AKX (Yang et al., 2014).
T AR SOR AR AL il 55 4% 0CHE S 1 ] DCBRURE TE 2y
%R i B AR R JE L BT LA ST R A Wi v X
B A IE 28 328 6 R 3 o b IR E A
B B MAAT L& Hopmans %5 # 57 (9 Fifi
JE %1 A 48 0 BIT (branched and isoprenoid tet-
racther index) (Hopmans et al., 2004) 3 T fi# A% L
Wb 2 A B AR B BRI O ik n A K
CONCINEINCIICA- k- R 5 & (v =] I L PO IV
) GDGTs 43 F 4514 «

MBT =
2.1 GDGTs 4 451 T+Ib+1Ic
AR AL 25 R S e T 5 55 S rk s 2 T b Tt T Mb Mo M b e’ 1
Fh 7 BE2¢ GDGTs » 1 B iGDGTs RN bGDGTs 4 SRS A 1'% o)
B2 IR (8 3) .43 B 31.20~3 999,40 pg I N I [
g UHI 164,60 ~ 36 451.30 pg + g L. bGDGTs 15 i MAAT=7.5-+16.1X MBT —
GDGTs &8 78.33% ~94.29% . & iGDGTs 19 F 1.2XCBT, (3)
WS-41 I WS-137
o 1 i
i Iv o
= =
= \ Ie =z
AHXS AR B B 7] (min) R R B 7] (min)

[l 3 Rl A 43 e 0 € %
Fig.3 HPLC-APCI/MS base peak chromatograms of two samples in loess
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[ +1+1
IT+I+m+N°

JE A I 2 R R AR A Y i an 18] 4.

FHZA 30D A C2) 45 31 AR 1L 35 4 350 1 v 40 7 1
H L MR % MBT Mk 48 50 CBT 19 2% 4k 3 Bl 43
WK :0.50~0.85,0.05~0.47 . F AR () HF H £
+IZBITRE N 18.6 °C . LB 24 M T R A 2 R
18.4 C & HEZERH A K. 44.4~22.8 ka.BP, MAAT
AARYE K 15.5~18.3 “C,E IR EA N 16.7 °C,
B 12 X0 % IR B AIG 1.7 °C L X 5% B AL T
PRI BE B AR T B AR Y S5 S A AT AN [ 1 4 B R
YR UK B 5 BRI B 1 2 S AR — Mk UL R 2
B ML X AT DA 25 8~10 °C (F90K%5,2001) K45 i b
X ATBEAH 22 2~3 °C (Wk e 45 45, 2007) , A BF 5% X i
b B 2 B M X R 22 4~ 5 C (2RI, 2006).
Weijers et al. (201 1) it BFFE A BK 8 A RAE A1 1
e, & MBT-CBT 3545 th (9 T B be 52 Br 4t 119
RAAE I & 2.1 °C AR A 23 n] R e S b
I s R 5 ik ) 2 /0, ik B SR T SRR
195 Y VI 1 R 555 A IS ] TV R R g U AR R R Ak R
FREL B K (X1 55 86 %5, 1990) 1 MAAT &k 5
R AL R LR (B 3) G 4% il 4 R ik b Y s Ak
HAAFEAR — B, B AR 1 X A TR MAAT
ittt 66 XoF Y BE 1Al v (LG AR X AR A i AR R AR Y.

BIT= €]

Pl 4 Sy A LB A A A o R B RN L R PR VR AL V23-
81 A fLH & & %t e B £8 (Bond er al.,1992) , A FH AL
(A8 AR 7R I 3 TR B A R W Bl U AR
6.6 m.4.8 m Ml 1.6 m &b AT KM B FEAK.
ASCH AKX (R BIT HRKH 4 1
( 4) ,—BEAE 0.95~1.00 JLHE N B 3, {25 %2 4 ik 2
PRIABE RS L 35 40 BE & A9 BIT (8 A B I 30, 43 Bl e
6.6 m.4.8 m 1 1.6 m &b H BUARARAE , % 57 i BIT {E
A3 BIRES] 0.50,0.92.,0.80, F2 WL T 33 26 if 4] i 30 T
TRFF. — B BIT F8 803 FB Y 0~1, 76 L3,
WHE GDGTs SRS BIT $8 88 T 1; W fE T
VLR LT %A 28 GDGTs , BIT $5 %00 # 3
F 024 1 BIT #2238 T 1 AR S {8 R 5 Sz i {2
TS A fH BIT (18 T 2 A X6 1 A (B 7T LA S e+ 52 5
PR AT GE A - v ) 55 e 25 0 R bR T 5 IR 4040
T A1 bGDGTs B /b, df S i 7= A= 1 7 R i 2
M58 BIT {725/ (Xie et al., 20135 #HK.2014).
HYEE 4,76 6.6 m. 4.8 m Fl 1.6 m 4t BIT A%
A8, R MAAT o 2R AH ., sl 7 T 5 54, i
T T 0 A FE Ve AR I A AR (TSR 58 2 B3 e ]
(B P-4, 3 3 AN IR AE X B 1) s 8] B 43 53] ok 36.2 &
3.6 ka.BP.26.0+2.7 ka.BP Al 23.7+2.3 ka.BP, X
SEAE S S 7R B PR A DA B H4 L H3 L H2 4R i 1 [H
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P SE I L 3 Uk A X R b RV PR TR B
8/ H4 . H3 F1 H2 FF (Bond et al.,1992). A
Bl EorArilch He fe T 5L, H2 IRZ, H3 ok /f
e H4 FHAFIE &6 & D/ O BE [ FE % 11,1 H3 .
H2 54 X0 D/O JiE |1y [a] ok By 8 CE 4 5K
2011). 454 K15 ) MAAT H1 BIT 43 #r, 76 A& 1l Hb
DX o B8 iy T 5% B 0% 7 2 il R 8 A L W] B2 bR
PUEE UK W 8 4 (H 34 (Heinrich, 1988;
Bond et al., 1992), i@ — K KA EFTH,
PG R T 52 7h ¥ v F 5% e 7R I 28 XU &R 48 (A,
2000) , B BR A 5 R PERE IR T 58 3 AR L
B 2 B B B B T AR R RE UM 2 R 5 AL R T I
V23-81 HifL UL FR Wi 5% 9 Heinrich 3% {4 XF 1 4%
G, U B A S I 3 N AR L T A A TR S B
S ERPE AR AR LB 4 F5 R 0 S B A B W] S ) R
PE L S8 B 22 VKOt e Sk — 2 1 22 R0, TR R A2 AR
L1 5 2% i B PR3 110 5 i) L2 380 B — 5 ) DX el e

(AR e AR T 38 WA Y 2R e -
HFYIE bGDGTs & & B 8 & T 15 i iGDGTs & = ,
FHH P B 550+ ER GDGTs 43 A FRAE.

(2)FFH MBT Al CBT & A9 Ak 1l # 1 K K vk
Wi ) MAAT {A 88 L6 SCBR i i (B AR fb i 35 5
FL A A8 bR — 3, AT v S 0 A0 X A2 fk . MAAT {8
WK Ry vk A0 B AN R kL AR 1L Y
BIT #8500k 8643 #:38 F 10 /& i T 4% o < gt B
PR3 A BEAK, 78 78 T 555 4 AR MAAT Al
BIT $8 45, Ak L1 1 X 7E 24 36.2+ 3.6 ka.BP,26.0 +
2.7 ka.BPHI 23.742.3 ka.BP 5} % 5 5 144, i 7]
A3 WK % H4  H3 FI H2 F

(3) Ak Ll B A A0 Il = HL A Ak L R
HAKRWHFIC A —~EMER, TR EZKILE
% i, $H PRI 1) 5 ) B0 S B — 2 Y DX B

FH R AR F (KO AT F iR
WFE ZAp R B AR 5T 4 T A B MK oA AR e 45
FIRMADMFTE R FTERE L SR TR
GDGTs B 4 9 Ml X 4 4F 3 B 55 30 £ 2 Ak 2 JF Fo
F) 5 0 45 B Bt A A5 A AT S 4 B8 TS L R
WAEE SRR L E TSR E L
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