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Abstract: In order to explore the paleoclimatic evolution characteristics and stratigraphic age of Zhangye basin,

we reconstructed the climate change characteristics of the study area since the late Pleistocene by means of
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sporopollen analysis, heavy mineral analysis and optical luminescence dating, and confirmed the stratigraphic
boundary between Holocene and late Pleistocene. The results show that the strata are divided into four
spore—pollen assemblage zones, the vegetation types and climatic characteristics from bottom to top: (D the
depth ranges from 56.8 m to 26.4 m (the age is 112.7~63.3 ka), which is the last interglacial period, the spore-
pollen assemblage is Pinus—Castanea—Chenopodiaceae —Compositae—Artemisia, coniferous and broad—leaved
mixed forest steppe vegetation, which is the warm and humid climate in the late Pleistocene. ) the depth
ramges from 26.4 m to 2.6 m (the age is 63.3~11.8 ka), which is the last glacial period, the sporepollen assem-
blage is Pinus—Ephedra—Chenopodiaceae—Artemisia, and the vegetation type is coniferous and broad—leaved
mixed forest steppe vegetation, which is the dry and cold climate of late Pleistocene. (3 the depth ranges from
2.6 m to 0.8 m (the age is 11.8~8.9 ka), which is the postglacial,the sporepollen assemblage is Pinus—Chenopo-
diaceae —Artemisia, mixed broadleaf—conifer forest steppe vegetation, early Holocene cool and dry climate.
@ the depth ranges from 0.8 m to 0.15 m (the age is 8.9~7.8 ka), which is the postglacial, the sporepollen as-
semblage is Pinus—Chenopodiaceac—Compositac—Artemisia, broadleaf—conifer mixed forest steppe vegetation,
which is the warmer and drier climate of Holocene. The late Pleistocene to mid—Holocene climate evolution

characteristics revealed by the spore—pollen assemblages are of great significance for revealing the paleoclimate
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changes in the Zhangye basin and even the arid area of Northwest China.

Keywords: Zhangye basin; paleoclimate; glacial period; sporopollen analysis; heavy mineral
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Fig. 1 (a) Simplified geologic map of study area and (b) location of borehole HQS
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Tab. 1 The results of OSL dating of the borehole HQ8
RE (m) u(10®) Th(107°) K(%) HRMFHEED (Gy) 47 i Dy( Gy/Ka) K (%) 4E % (ka)
6.0 1.86+0.07 11.39+0.30 2.17+0.08 69.66+1.12 4.01+0.16 5+1 17.4+0.7
8.4 2.67+0.04 13.55+0.30 2.14+0.06 150.77+6.99 4.4540.18 5+1 33.9+2.1
26.2 1.19£0.06 6.67+0.26 1.63+0.03 169.91+£7.21 2.70+0.11 5+1 62.9+3.7
®2 WEEERFHBEMEERREXMEFERR
Tab. 2 The age corresponding to the depth of the sample was obtained by internal difference method
R IE (m) 0.15 0.8 1.8 2.6 2.8 8.4 12.6 16.6 26.2 26.4 56.8
AR (ka) 7.8 8.9 10.5 11.8 12.2 33.9 40.7 47.3 62.9 63.3 <112.7
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Tab. 3 The provenance analysis of heavy minerals
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Tab. 4 The results of the mass percentages of the heavy minerals and coefficient of weathering

‘ W (m) (FEF R 5)
Fa e K 4y R/ EXS
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A 0.62 3.33 2.29 1.52 0.73 1.39
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W Fa 2 ) o
Bk — 0.01 0.01 — — —
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P Wi 1.68 3.96 3.03 3.56 24.09 15.61
EimA 0.09 1.11 2.51 1.49 — —
N/ — — 3.95 9.28 — —
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(50.57%), H P #EJE (0.86%) . 528 (16.29%) | ik #E
JB(2.00%) . % 2 Bl (1.71%) . B A K ¥ 16 ¥~
0.00%~56.00% (V-8 28%), H 2 EL (17.72%) .
HFH(4.86%) . HJE (5.43%) . BREMPIE T 5 0.57%,
A EEA o SR 2 B 2 A I TR S AR A
B o MR B A SR AR T TR R Y

FES A % 3h T, BLIE, A/C B R 0.73, 38 5
S AR /N 0.5 A FE BEAE B X, R IX — i
KT 1 [ B AR B /) i P A 48, 8RR 3R i
1, T In(NAP/AP){ETE 56.8~26.4 m iZ Wi /N, K2k
AT

(2) 0y 20 44 1: # R 35 22 -5 (26.4~2.6 m,
63.3~11.8 ka) . M7 B 45 4 DAL &L, i 5 2 ZY 04,
ZYO05, ZY06. ZYO07 . A7 f8y & A%, ARAAEY) 46
e, &l 69.59%~98.13% (F-14 2 85.11%),
FEEMIR(57.14%) . B K2 JE (0.84%) . 3 &
(2.18%) . FR B (22.56%) . #% P} (2.39%) o FHAAH
PIAENT N 0.93%~0.40% (F-F5°8 11.66%), H 2 EL
(6.94%) . & )& (7.71%) . BRI Y #1715 0.23%, A
R BRIE o ARSI MR SRR AR B . 1 B B
RAEREAR |2 TR IER 1 .

FEAS A 3 7 T, H IR 26.4 m Ak, B )
b, RS TR SE S, IF H, BRSO RO AR

W45 1Y 26.2 m B BE 09 4 18 (62.943.7) ka, XF Iy
B GRS T2 S GR 4R A ME, UE S5 T R
16 T 4 7€ ¥& (Thompson et al., 1989; Bk #8 4%, 1997; =
MREESE, 2000) o Bl FL R EE A 2.8 m Ab A8 % & BRI,
K /D (W BE L ARA B, 28 B A B T 508
1M 2.6 m &b 968 50 K, W BLK & 22 iR 8 5 IR
W45 /R AW, A/C (E7E 2.6 m 35 2 W {H, S5 < M 3R 1%
BT

(3) 96 43 21 A 2 e #1822 -5 (2.6~0.8 m, 11.8~
8.9ka). M ELFEI M, i it ZY03, ZY02, A&
LR AL, AR R, AR
40.00%~65.63% (F-H°4 52.82%), H: 2251 (38.75%),
RN ERE (14.06%) o ARAFEYIAEN (7L 34.38%~
60.00%(°F 341 2k 47.19%), H i # J& (36.25%) . 12 )&
(3.12%) . M2 32 JE (4.69%) . JbK ¥ J& (1.56%) . % 1 B}
(1.56%) . A KIBREAEYH T HET, 4/C{EJZ 038,
HEAE B /N InONAP/AP) BB K, AR 3R H 44 1 [ TR
SEMREL AR B, SRR BT R F

() F # 4l A V. #2235 -5 (0.8~0.15 m,
8.9~7.8ka). MAALHE | DMES, HiT /2 ZY01, ik
i, FEAAHYAE SRR, & Rk 72.25%,
KAKE W AEHKS 27.16%, BRIEAED) T 5 0.58%, K& I
BRI B SRR R IR BT .
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HE AR B T, BEET, 4/C fE 2 0.56, g KT
2.6 m AL Z AR A3 K5 In(NAP/AP) 7E 0.15 m BUfA K,
R IR BT 5 AR AR BT [ VR S AR
P o AN FIRR B I A (C+E) B8R, AR M
AT AT bR HURE VKOS B i A P b, AR
fhtah—34.

3.5 AMASKRNSEFTESHERS

(D) ek Tk as Ve, SO Ry T f k)
B EEAIR, AR A A0k 20 A QR AR B i i e ) R A AR
AR AT A 4 Bk 47 th I 30 S e A8 AL B, R0 At T
FFELA 1 IV Sk 4t s 30 A O 45 B e B A1 i T
FESE R (K 2), HEWT 200 58 5 B0 5 43 4 AE 2.6 m,
Bl 2.6~0.15 m 22 H % .

() famar 1k & s i, o i IR 22 7%
R T AR B, A I I N, A R IR B TIERR, &%
SEROGAES y (33.942.1) ka, H | #H45(Q,) &

(3)fapa 1A A & &, Bl I i IR S AR
R, SRR I, B B S (Q,) .

(4)F60 77 Tk At ) PtV 58 AR PR B0 B 0,
FHTHE (Qq) ¥8 A FE V8 M I IR e 2 i Ik Jr B A DL AR,
SR AT R O, B A3 4 (Q,) -

(5)F60H0 7 IV Sy 1 R P VR 5 20 MR B A B, 2 Ui
B 13 N TR, 5 B0 Y M AR Bl A S AR W &,
W R BACTTR (2 H4E Q,) -

3.6 $hFL ZY-1 MHRLE

PR EE 0.8~93.4 m, HURE 11 M. AR 4 4b )2 Py
Ui R YRR S S U S IR (0 i ek
(11 3), B b a3 BAGA .

(DB A T J5 R -BR-8 o B3 . AR
Bt 93.4~31 m, G453 PMESL . AR O AR, Lk
P19 KA o ARAHE Y ALKy i F R BB 1Y 57.67%,
AMERTE . BRI R E . R AER 5 28.04%,
HER, HIE . BRI YAT 5 14.29%, A HEEH T
AR L 1) B I PR SCPR R AR A, SO A 9% o

(2) By A Al 11 s -3 -8 JE R - KU R oy i o
fRFHEE 31~29.5 m, 6145 3 NFESL o AT A &
WA, e I 54 RiA Ay . ARASHE Y 6Ky o5k B
1) 43.13%, A& T RA . BR)E . R R E
BRI AT 4 28.69%, AR EBREF . KU R B K
e BBl A BARKYIAER i 28.18%, A EEEL
e BE IR . TR AR R TR S MR B A
B, B AR W R

(3) FUB AT T 2= 42 - - R B - 08 k- XU

RN A AREHEE 29.5~3.5 m, fU3E 3 MRES . A
A AR e, IR B 687 RN . KRR S
Ry B 1Y 80.48%, A1 ~ AZFF MR L MRIE L ARSEE |
FRE R . AP NS 11.87%, FH2ER R &
J& . JRIER, IR BRI T 5 7.65%, F9F
RRBRE RBREL, KB a R, Rag . fCRE
TR 28 AROMAEL I, S IO A0 i I V1

(4)ftl A 20 5 4 IV A1 -JRR B -3 T 2 Rl 271
R HLBL 3.5~0.8 m, L6 AR o A AR & it
e, R 113 KA . B YL T BT
R Y 11.87% b T151] 48.39%, A 2Rl &8 . el
BEOEZE . AR SR R YLK & BT R,
FH 80.48% T [% %] 36.99%, (H 2V R L F 5, A
FAJE L TEERAE . ARJE L SRR L MR L AT
R, BRI T Y 14.62%, £ R R RUB IR
BhRUY RS | BREES T, AR A IR SR A
B, RN S AEAT 1) B8 T ) R R

AWHFFEH E 112.7 ka LR B SRR R
A AR A, S5ty B v 810 T i ey 125 ka LU
SRR 1 AR Ak e $ B A — 20 (Thompson et al., 1989; Bk
TR, 1997; 7 ARIEZE, 2000), [A] 5 _FSCHE G ) KAk
FEC i A A AL, B T T [ p 5
®(FES),

4 HHig

4.1 SBILE M SAREFAERT L 53 47

SHIT, X 7 4 2 e R BT 1 A 9 vy R Al
R ST AR BE 55, H A A A QB AT R 4 | 2R 75 M
AR SCHESE, W R A . ROR B SRR () T
T PUE B A ), EA TR i B T BUR AR L
A B 5 08 32 -] 3R < M R R A 4 1S 8 14 AL A 32 8
B Lo P, £ DA B R LAY M S AR A L T AL
o RN R UURRE R . X LU A8 A, LA R
ZRBHWGZ T, 2018) B A A IR B L 3% 1 AR
ELF T (4 TR A4S, 2004) | B g B PG 70 - CHE A i
T RE PG ZE A M G SR T S LR LA B D)
(R A5, 2007) B J2= v A8 T 2 1 ) vl % A8 AL
AR 5T B9 R S R | AT LA S e R 2 g
BACEA — 2

(1) FI 565 10 20 G 307 T AR, {75 S 43 4t 7 1 B8
R CR YR VK3 ) (150~ 60 ka ) 4b FIRBEH, Z )5
kA TE R I (I d 575, 2005) 5 B S 230 Hi 78 A VR i) oK
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Tab. 5 The comparison of the weathering coefficient of heavy minerals and their climatic indicators and palynological analysis results

LA} 7 AE A} B e S ERUN RIS SRk
Hh 2 B AL A i LR
BRI e BRI (m) P 1) 5 38 W0
0.8~0.15 BLaRE FER T 15 15 0% 1 i ,
2H K5 § _ . 2.2 mif % ~0.15 m%E %
i e 2608 Py A ¥ O A
28~26 BARE FEVS T TR 2 1 S
. L T S S et oA - 7.3 mbt.2.2 mifik B2
—— 73~28 B2 45 T 157 YV - A T
’ 10.5~7.3 A B It iR 10.5 mh 7.3 mik %
e, B3 26.05~10.5 R L FEV T TR I R . o
S 29.2 m¥E¥4 ~ 10.5 mik BB
29.2~26.05 L8 E > FRLL IR T4
A YK (8] VK ) 53.8~29.2 RBEL AR T 1 Y V) - A T 55.5 m#% 29.2 mif % 15 7
56.8~53.8 180 # It

$07 B 85 T % S R I — G TR R Yk K A R 4
(70.23~55.99 ka ) (Li et al., 2011; F i PESE, 2018), X
A Fh TR VK 7 B2 W A 8 A e H B T TR ARG 5
KA A 26.2 m AL SEBEOLAE IS 62.9 ka FEAW) &, 8
By o ARG, AT . 2SRRI (B2 T, 2018), 7E
MIS5(85.8~72.1 ka) J[R], ZRARKL A A, W0 BE 4%
o, R RN o E s I I R B
AR B VK1 (128~ 75 ka) IO AF 4 Hh (2 4%, 2004),
BB T A R BT AR, G ZRA R R L B
AR, DL SO Al R AN kA2 L A L LRk A
RO A o AR IR I R 1

(2) MRt I CGRURVKE) , TSR A HIAE 60~ 40 ka
WA = ROk, SR IER T 5, B i i, R
AFEY) UL, REAFE ) R D G R B
B 2 23 b 7 W6 Bt AR oKk 3 1 (55.99~23.60 ka)
AR R T, AR HE R FEV T, X A IR A ST Y
KA A Bl 8.4 m(33.943.7) ka, fM SR Z A
o, AR RS REMSR I TR . W 2R WIE MIS4.
MIS3(71.9~29.5 ka) Hi[], LA & . 2R RREE N &2
18 LA R /S R, SR AR R RIETARI AT . ]
B LAA o0 (218, 2018) o #5 4 vey JU P 8 o 4 351 1
CHR #7270, 282055 Hh i o0 3T HE 06 300 LAk JLAS
BE D B A LA B ST A5 R BR, 7F 46.4~29 ka
SOITRY, A6 v P8 5 A1 sz il 224 Fsf R AP Jir A ol 7 2 IR
DL EF I BRRE B 2SR Ry 3, AR 5 A2 i R 3 S €
(FEIAREE, 2007) .

(3) 175 R A b G TR HHERGE A CRIRKI) (40~ 12 ka),
IH Y B 2658 Sy Y R A 1) ) A A T R e it B R R
ARG RS Y, B AT 75 2E JBE 30 000~ 16 000 ka 1 ]
CRW VKA ) L FE¥% S5 o 3 it HE KL%, 1997), 12~
10 ka Hi T8Il Ze AR 6 v 5 IR 2R 23 b WG 537

YR VK B 1 194 1% KA T Ak AR (24 23.60~13.78 ka)
R SR FEVS, 5 AR W SY B 5K A M B AL FE 6.0
m(17.4 ka) S5 55 FER T 8 R RW & o 7 2
ZER W M1S2(29.5~12 ka), JEI A B A AT & . 228},
RAFE Ny 3 0y ML A B, A 5 B TR A, B 1L
WK, ZEMER, T HRIER (2T, 2018) . ¥+
e D PG S 5 TR A 29~ 11.7 ka 1], 4645 Mk BEARAIE,
FEJE RUAAE Y 2 Ik AR — AR AR i R AR A 2
TG R B B o 20.4 ka, JFUR #E AR KB VK (LGM),
AEA Vi BEARARR, Fh 8 Jir i) 37 Y 8 Ji 0 ) e A o AR
IR IR (EAAY %, 2007) .

(4) 4, W9 SR A AE 10~7 ka I18], S5 R
BRI . ROOR AL 7E 2B i (10.22 ka 24) SN
TR BRI 5 5k A IR 2.6~0.15m(10.5~7.8 ka),
SAGEARACLE DT T e W8-I 88 L e i A8 fh i R — 2L
Bty B e 48U o7 2% 1 A @ [ 47 i ) & ( Thomp-
son et al., 1989; BkHE#:, 1997; % AKIESE, 2000) . 7 22
ZER (12~9 ka), LUH & . Z2R R 0 S Re 50k 52,
Ty K B BT, R (2 1L, 2018) . B
- T D L, AE 11.7~7.5 ka B, SR Z BT
T, FEAR B BoAE Ky W BEAIR, AREAA Y N 32, 22
HE . RAPRL, %R 8.8 ka TFIAFNE . 750 i 45 K
AP, wAEYEE . RAR, HEME X .
4 SIS A DA T R JEE i B - it AR R 5 B Bl AR v e
SO AU BV SRR IR UL B m T OFF R 55, 2007)
(#6).

42 $hH7LHQB.ZY-1 Mo R R KIRFFERTLE

W R ATE 5 1) T ARl L PR B 500, T AMOGT B F Y
AR AR T e, R 22 R S
TR BE AR A 60RO IE 1Y) oy A A8 AL RRAE HEA T X L,
XF LA SRR (£ 7).,
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Tab. 6 The comparison of climatic evolution between Zhangye basin and adjacent
Jiuquan basin and Minle basin in the HQ8 borehole
. e P L, e . Gt =N
AR T SR 7 b R AR B &t &L AR AR V& )11 B B 3
H22~629(K \os 858~ 721
A% (ka) 150~ 60 70.23~55.59 9 56.8~26.2 ) ’ ' 128~75
m)
W& . ® N E B A K
TR AR . A A ] vk b Y W] vk A B, &
RN e A E A NI R T o L Y D WA N 1 BT — S R AT
. o o PERELWIE TR T AR, M M262m, R SR % i (OER N GRS G
it ﬁrffﬂ“ HOBLI 6% . SARRRA, A L2957k gzw@ B ek b HE A
k1) #.OGR. W 6076 ka MR M S EMAL. DL BT 30 B A A2
¥, HAHREFE W ¥ (Lietal., 2011; < FHpER A . WA
(IR 45, 2005) EmiigEZ, 2018) LA (A,
2004)
B a7 IR S HL i 4 b X
= SN = S > 3 == AR
A %g”’%ﬂ“”ﬂ’ OB g st 0 3 ﬁfjﬁg%ﬁ;‘iﬁ*ﬁ;
bz
629~ 3300 v IS4 -4 7 5 0 85 L 0
AEES (ka) 60~ 40 55.59~23.60 MIS3(71.9~29.5  ~° -
26.4~8.4m) ) 46.4~29 ka
| gz*ﬁggjgg TR IE,
SR ENTE, BEOKEE R AR RS %E;@‘zn@;ﬂiﬂ i 2% AR J A Bl 6 A
W, B 5 TR AR A M, £FRNENHE  H84m, Fik %Jﬁ/ﬁ?ﬁ%\?# . 46.4~46.2 ka ZE bk
BRI i AHY LW, A REEL, {HLE40.61 2 (33.9£3.7) ka, ﬁ‘?/;%ﬁ‘@iﬁjgﬁ G B, 46~29 ka
WD e HO A D REES | B kaRIS334ka MEEAK LB S B2 L s EEIEARBT B it B
JBR & (9 O 4%, RIS T (Liet  BIE98EM, < Ill\iﬂﬁm;l?kﬁﬁk NP AR v - I 1}
2005) al., 2011; EmiGE KRB NT AR b E 1 WU A I B AR
& 2018) % o Y R R 44 45
V&M AR (2 T,
2007)
2018)
RAREEE FES T, Bl RIBBCONETE, HEREKELSTHR SBEATRIE RARIE 5 BRI
RS (ka) 40~ 12 23.60~10.22 ?3‘9N10‘5(r*ﬁ MIS2(29.5~12ka) 29~ 11.7ka
Jy8.4~1.8m)
29~23.4 ka FR bk — FR A
2 AE A B B
B N RV S 23.4~20.4 ka Fi B %5 5
FUR LA R . AR W VKA B B Mk ER . OB R R,
RAYAH =K L Bk B RARNE  FEEHAMY, K
FOKRHRE. HEL M. (23.60~13.78ka)  XTRIAWEEZ  RIMBRIE, F AW REM . JEA
kA W%, SAMYAE EHBEETHER meom, £  EENENA, AL vk (LGM) .
W BT IE RAE OB ORRE . R MORWUKIM AR R (17.420.7) kao BRI LU RS A 20.4~ 17 ka®i J§i [f] Fie 51
e 0 (R IR AR FFEHER K, B BRE BREERE sEMNEEAE EEFmEA. Rk
k) MRk IR O 45 S €Y (Lietal., i EEMAEE O EMRMK. 17~132kadk
2005) 2011; FuibEs, (511, 2018) R R R B, 117
2018) kal) J5 f B 3% =, FH #
S [k I R R R
WA, 2007)
12~ 10ka Z ]
Faril & RE R
SAEFFAE 5%, KBS KRBT HIES ST R IE R 73 N R EISE

W, LR
M 3
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W EEIGE . KA
it 5 4 ROR 4 e A4 2 4 mi”’?"miﬁ‘g”ﬁ *
A (ka) 10~ 7ka 10.22 ka~ 105~7.8 k(R & 12~9ka 11.7~7.5ka
1.8~0.15m)
11.7~ 8.8 ka Jit 35 %1 51 A # 2%
B ER U BEAL, AR A
. oy = 4 YihE, TEEERE. RAE
%$fﬁgﬁ B AR, R R RS
L LR SR BE R S,  f 0]
v TR /= 3R 44 2y V) 55 Rl v 4 A= it GE VA T B
, e g, CCREBURE. L DR REY MK URER TR R
FH gy B ROR g TR oy A I, 5
(€7 9= FLA K W) A B . WHE2.6m, Mk e R
) FEAE HREIE . % (Lietal., PusppS F, TPk BBy 8.8~ 7.5 ka i AR B
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2005) e T B A A
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fE10~T7ka, R AMWEHERET ABEHEEE TR BELA, EE .
AR R A AR R S YR
TR mmin RS R 6% R T PR PR i o T
F 7 $H7L HQS.ZY-1 fa#is R SRR $FAERT bk &
Tab. 7 Comparative table of climatic characteristics of pollen zones in borehole HQS8 and ZY-1
i i 2R E (m) AR 2 T Tk A 5 A
BHFLHQS  Hiflzy-1 45 FLHQS FLZY-1 45 FLHQS B FLZY-1
I 56.8~264  93.4~31  FA-HIE-ZE -2 - 7 R AR - T % 18 - % SBEET %
II 264~2.6 T -JFR B -2 - 15 1% 1 i
31~3.5 i -6 908 T k- RV R R - A2 R o -2 58 1% R i -3 1 Y
m 2.6~0.8 -2 - Buwt 5
Y 0.8~0.15 3.5~0.8 i -3 -5 - S -BR B -7 IR 2 IR BT 5 m] Bg 5 & R

43 EFitFnEHtiE R RS I

LT XT T 9 40 2 b %) e SR T 5 R R A L W R
T 2 4t b 2 Bl = RS A A AR R i, R R AR 45
T HLURE KGN 12 S GR Bl Z6 (B (Thompson et al., 1989;
WM S, 1997; AKRESE, 2000) | Bl e A4 & 4
A [8] (Ma et al., 2012; Igor et al., 2020) . J6 B G AF #% |
B B 5 SR ARAE TP & 5 2 A Hr R bR, 2R 6 HIT
H R AR DL S AR . R 6.0 m Ab, b
FEGCIR A S J2 17.4 ka, T3l o AR S50 & A 1 1R)
12.5~11.5 ka, FEI0 1 322 /2% 066 B0t 0 109, ) Ao 46t LI
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Ab b JZ OGO AR (B VR TR T AR AR IR R 12.2 ka, 1T
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Mo TTVREE 2.6 m Ak A B AT, FR S AR,
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(2) 7 300 A Hb P T B8 A8l L I B RR AIE T 5 Bl ) <
PRBERAAE 2 I 0y B v I S R AR, I k) o3t T
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TR R 56.8~26.4 m, X S5 2 K R B K35 8 FL IR
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