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Fig. 2 Loess stratigraphy and chronology in Shandong from piedmont to islands
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Table 1 Luminescence dating results and parameters of loess in Shandong
WE/ K/ Th/ u/ 5K AEROR 74 R AR/ Rtz /
1 T Ik W A SR
m % 106 6 % (Gy) (Gy/ka) ka pm
1 2.07 8. 73 .95 109 1.17 26. 1 OSL DA
2 2.23 7.82 .65 120 4.13 29. 1 OSL  fidk L
30 211 9.83 92 160 4.35 36.7 OSL  fi# HAT
Qi) 4 2,09 9.76 2.05 180 4.45 40. 4 OSL  fidk T A
5 2.13 11.4 .31 200 4.75 42.1 OSL  fH¥ ] HE %Ak
6 222 9.9 .67 248 4.42 56. 1 OSL  fid TR A
7 2.3 10.2 .09 355 4.61 77 OSL  fidk 1A
0.5 2.2 14.3 .2 50.3+3.8 4.940.5 10.240. 8 OSL  fidk Ok
GGLasd
2.1 2.4 29. 6 .3 =400 7.740.8 =50 OSL  fid IR A
2 2.3 11.4 2 103.743.5 1.5+0.5 23.1£1.9 OSL DA
- 3.5 2.3 10.9 .9 119.544. 4 4.440.5 27.643.5 OSL  fidk L
e 5 2.4 10. 6 .8 112.5+4. 8 4.440.5 25.643.9 OSL  f# A e
6.5 2.5 11.4 .9 213.5+17.5 4.6+0.5 46.3+5.5 OSL  fi¥ ] e AR Al
3.5 2.54 131.62+3. 15 1.91 26.83+£0.64  OSL £33  4~11  W#
XLz 7.5 3.09 145.00+3. 01 1.17 34.80+0.72  OSL fi#  4~11 W4
1 2.66 102. 624 1. 59 4.93 20.7340.32  OSL  fidk  4~11  @J4
It 6.6 2.54 299.05+9. 75 4.67 64.014+2.09  OSL  fid  4~11  {&f}
1 2.5 8.8 .7 19.8+5. 8 4.240.4 11.841.4 OSL ¥ 90~300 T4
2.7 2.4 9.3 .7 50.9+3.4 1.2+40.4 12.140. 8 OSL ¥ 90~300 T[4
BHCL13)
4.2 2.3 10.3 .9 106.443. 7 4.040.4 24.640.9 OSL  fid%  90~300 #J4E
6.2 2.3 9.5 .7 80.2+3.8 4.140.4 19.440.9 OSL  f#  90~300 A[4E
0.5 2.2 14.1 .8 41.5+4.0 4.740.5 8.940.9 OSL  fid%  90~300 W[4
yslis) 2.2 2.2 29.7 .5 57.8+4.0 7.14+0.7 8.0+0.6 OSL 3% 90~300 w4
3.6 2.2 10.6 .9 76.944. 2 4.240.4 18.1+1.0 OSL A 90~300 T[4
0.8 2.4 11.5 2 66.244.1 4.640.5 14.441.0 OSL  fid%  90~300 #J4E
XJytedd 2.5 2.2 1.3 .9 92.2+4. 4 1.3+0.4 21.4+1.1 OSL % 90~300 T[4E
3.9 2.1 10.1 .9 211.8+10. 8 4.140.4 51.8+2.6 OSL  £i#  90~300 A B fIE A
1 1.38 9.08 A7 82.9+1.0 3.140.4 26.9-+3.6 OSL  HI  90~300 T4
2.2 1.03 5.99 .55 130.942.9 2.7+0.3 47.5+1.6 OSL  fid 90~300 #J4E
2.4 1.09 6. 39 51 141.545. 3 2.8+0.6 50.54+1.9 OSL  f#  90~300 A[4E
6.6 1.77 10. 26 56 354. 5429, 3 3.540.4 101.248.8  OSL £ 90~300 {4k
71107 8.2 1.14 7.27 77 308. 923, 1 3.040.3 106.54+7.7  OSL 3%  90~300 {4k
9.1 1.71 9. 71 .75 391.1+7. 3 3.5+0.4 112.5+8.3  OSL A 90~300 [HA4h
10.6 1.53 9. 26 .62 366.7+41. 6 3.340.3 111.9412.4  OSL £k 90~300 &4k
11.6 0.98 8. 41 .82 291. 7+40. 6 2.940.2 99.7413.6  OSL i3 90~300 {&fh
12.9 0.84 6. 23 .82 =400 2.7+0.3 =100 OSL  fi#  90~300 {&fH
14 0.91 6.93 2.83 =400 2.840.3 =100 OSL  HH  90~300 [EAk
L4 2.4 135.914+13.9 5.725 23.744+2.44  OSL  fid  4~11 @4
LGzl LT 2.62 386. 24 +25. 6 5. 256 73.494+4.87  OSL  fid  4~11  {&f}
2.1 2,18 10.64+0.23  2.09-+0. 21 22 33.041.0 3.4040.11 9.7-+0.4 OSL  fii CEA
QzH 7.1 1.76 L1740.22 1.9240. 20 22 219.4+11.2  2.9340.10 74.844.6 OSL  fidk T B AR A
10.5 2.04 5540 2.060. 22 22 608.043.0  3.2940.11 185.146.5  OSL  fi# A
0.5 2.4 12.5 4 11 4.440.5 4.440.5 1L.o+0.1 OSL  fidk CEH
BX[38]
12,3 14.9 3 8 68.745.0 5.2+40. 6 13.2+1.0 OSL i OE
2.1 2.4 11.2 1 15 62.7+15. 1 4.4+0.5 14.143.4 OSL ik DA
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WH/ K/ Th/ u/ oK EXVEIN %/ AR Rif
7 T i Y DER
m % % % % (Gy) (Gy/ka) ka pm
3.1 2.5 12.8 2.4 15 69.54+5.6 4.840.5 14.4+1.5 OSL  fidE CIES
4.1 2.7 13.9 2.3 20 84.7+7.6 5.040.5 17.1+1.6 OSL £ CIE
51 2.6 13.6 2.3 21 95.7+13.3 5.040.5 19.4+2.7 OSL Ak Al 45
6.1 2.4 11.5 2.1 15 112.7+15. 4 4.7+0.5 24.1+3.3 OSL  fi LEH
7.6 2.5 10.5 1.9 21 131.7+5.8 4.440.4 30.0+3.5 OSL i CIEHS
9.6 2.3 12.7 2.3 17 159.7+5.6 4.640.5 34.8+1.2 OSL ¥ E N E
13.1 2.6 13.9 2.7 23 203.1+8.8 5.140.5 39.2+1.8 OSL  f# 1] fE 1A
L1JE 1.61 12. 82 1. 24 4.2 209. 3 3.07 68+5 TL F
L2J§ 1.7 19. 89 3.7 4.9 1 046.5 4.6 227418 TL FNORH
Qzi" L3 J§ 2.21 23 0. 55 3.8 1524.9 4. 82 313425 TL NG
L5JE 1.75 21.7 1. 69 3.8 2272. 4 5.15 441435 TL K[z
L6 F 1.81 16. 63 1.17 3.4 2 810. 2 4.8 585446 TL R[5
L9 F 1.96 14.76 1.62 4.6 3049.8 3.84 793464 TL FNORR
L1JE 1.55 13.2 2.76 4.5 508. 3 3.54 143411 TL NGRS
W L2 JE 1.64 13.5 1.61 4.6 897 3.7 242419 TL K[ fE
Je L] L5 JE 1.7 9.3 2.04 4.5 5554. 8 3.28 474+38 TL A fE
L2 J§ 2.28 13. 28 2.6 3.2 890 4.18 213415 TL Rl {5
1y HE L]
L3JE 1.8 8.76 2.25 3.3 1042.8 3.22 324428 TL KA fE
TGN L3 1.98 16.8 1.38 5 926. 9 3.76 250419 TL NG
Hil 007 L8 T 1.91 8. 96 2.01 3.8 2 780. 8 3.84 724458 TL FNGRE
K o) L2 b 1.6 11. 54 1. 96 5.2 508. 3 3.2 158+12 TL R[5

TECIAE B % R A2 B A K B4R AR A IR AR
Je B 32 0TI A5 i 7 M ) I (R 467 OSL AR AR B
ARG UEMA T ™ i Ah ) TL BO8E A9 Al (5 R R
F T3 M 0 T 3 ) RS B L B B 3 KO [R] K
e ], v 4 (OB B A8 22 S AR (] 2 2 R 20
TH B OB TR A A A R R B ik 2 L O Bl 1Y )2
JEE B S /N T A R R L L () PO TR R AR
H 32 M R A P A= b 5% AT BB FE 5 43 Hb X 3 B Hb 2
G UTRIE SRR e 8, AL, 36 T TR R i £ 58
SEANETEERY . T bl R AR 45 R R E AR . HRE U
EIRFERA T 780 ka,

BX.ZL.LGZ,LQ & ¥ 2R WK » H K 4R AR
KA. CUIEMH . GG HIf 2. 1 m A4EA D
HLA, BC XLZ 1 1 JiS & 44X 43 1) & (46. 3 £5.5)
ka FI1(34. 84 0.72) ka, B iR A, ¥ & X ] A
AR TN OSL AR, B2, I AR 45 Hb o 1 46
AEARZ RN, M B AR AR AE AE [n)

3.2 OSL £R/1Kf

Lai Z58F 5% T 43 9 OSL M 4F 78 3% J1] % + v
AR B PR 38 5 bR o R R EE R B2 AR e
i 300 Gy AR L 7~10 JFAEN R AT, BOLE

SAR T BRI AN, AR AR AR AR . Chapot 45 [H] B F1 H
TR A AR b R B SE T A 9 OSL RARAE K
i1 206 R0 52 50 55 T2 R 2R MR 1 25 5L R B2 A K
Hik#) 150 Gy BRI AT, Buylaert Z58F 58 T #
R JE P T TR AR AR A B L S RO A
150 Gy BpAAn ', PRk 8+ 09 A & OSL 4R R
W AR 150 Gy (40 ka 22 47) B iZ J& — A e #AT
HERY AR TR A A e 22 AR AR R I AR
Wik, GG FIif 2.1 m,BC %A 6.5 m,BX # &
13.1 m,LGZ #)1 5.7 m,TJ] F|H 6. 6 m,XJY 3
3.9 m, LQ#IH 4 m LLFLZL H)1 6.6 m LA F.QZ
FITE 7.1 m U OSL AEARHE i 40 ka, 55805 i
150 Gy, ik S8 4E AR 7] BE B AR A - B ot . A
B 0 AR ROBE R 15 LU AR B8 4 H AT A {EF 19 OSL 4FRAR
Hdi 63.46 0, MK A BGES WRAET &, K
A IRSL AR f K 0 1) 82 A 5 1 5% 8 R, X
=70 kalgig N1 2R )1 0 HRE AT X EE IR 6L K OE
S IR E A AR AR T K A AR Buylaert
LGN R R T 75~130 ka FORE S KA AR T BA A
fF RS KA B I 20 4h (post-TR IRSL, pIRIR) #]
DASE I 21 A0 1 3 & L T B AN B 1 5 3 AR I S
S DT A B R 1 S IR AL AME S T K



3% A2

B S LR B AR AR I S R« RS 7 1) 145

AT A RO R R E K 2 L+ 5 4R . Li X% )1
# I T K G 24 TR (MET) pIRIR 45, 76 15
(250 "CHI 300 C) IR A5 B4R 5 O 1Y Hb 2 4F
R, bl 2 S, R s 241N
(324415) ka, 250°C W} 3k £ 19 4F 18 4 (289.1 =
41.7) ka, 300°C B 3k 15 (1 4F 40y (326. 1 £ 72.5)
ka ™, HK A pIRIR 0 AF X FE f (6 B 12 48 20K 42
151 > I HL 32 TR RN R 0 B 5 ) 95 K AE RS R T T
FERRAEESRE., B2 KA0 pIRIR )4
RINAREE TR T e F B H 24w
ESCEIIVR

SMZ IR HAEUE AR LT A (D) 4R
gD, By A FH N AR I BUAR U 1) A7 AR 24 AE
205 (2) ¥+ R A HE B AR AR HE T L X T R AR
A T AR Ty AN [R] L 4 i3 R; (3) B A WS AEAE
AR AR AR T B850 5 (40 0 AF Ty 30 A B — , e = M ff 11 4F
A .

4 RKHEFETT W)

4.1 EIAEHENFRIER

G BB R T R OSL 4R, 47 K oF
FEA FE I 52 i AR AR B AR, DA A N7 AT A RE R Y
AEARAEZE B9 L0 AR B VTR AR o
T 40 ka BB - DUABEMAE Ry KT 40 ka YLLK
A1 Post-IR IRSL 2 3, H K, X FAE#E T OSL
DA 1 PR A 5 2 o A) SR FH At D7 3 i AT A AF .
AL/ Be $H I AF 15 B X 8 4 % 3 5l b 3 Y
WK 2 HE 47 2 4R, e AR Sl 0.3 ~5 Ma,
XFF 30 J7AE DL B FRRAE 2 A, 45 B L Post-IR
IRSL 4 32 H A B ey 1 AT A5 B2

4.2 WHFRETEARNERE EWEREEY

4.2.1 FR#EHILE

H T8 OB A A 3 2 M L 2 41 oL B B
il P A R A g R AR AR A — R AR ik 30 ] vk
WZAERAFAN. IR W TTR S E I AR E . 5
o A EE T A R s D B R A
B B Bk T B N i 2k (N TEL 2) Al BB i
F 6] DR A S T P 3k A T AR e/ B 9 4
oo A e 1% T R G AR AR AR L U R AT B A P i
B 27 Ty b A AT RE R 1 vk B9 B R L
i 3 A TR R o A X A B0 AR AR AR
JE T A R A AR AR AR 2 O A L EE R A R

foefm AT HE . [R) BR, B4 I Sy B T o0y 4 g
Yy 5 AR R R A AT RE & 2 T 5 LY UK i 8 A
KATEVKIA . L, AE 0 5% o F b il 5 2 B
TP & F o B 3X R A B N A S B
R ME AR ACHE 2R A SR 1
4.2.2 #H4giRx

B I 0 BT -l R A R D % 2k
AT 5% AT T B 5 A () st ] RO A <A A2 A
BT BIF 5 5K T 1L A B e ) R R 3 25 1 I AR
AR T v B AR A L AR b DX 42 i G 1 2
PR I s, A T PR BT A 5 T A R AN AT
PR o PRI 5 5 3 v o3 P I AR AUHE 2R 4R i 1
PR e 1) B A TR R R A N A Dl & R
AR A TS bR AT PR A RS B . H TR
B W AR A A A UK ) UK DR A i 42 40 S A T
RBP4 b XA 2 /0 {8 85050 — ko M 1 v
TURR s PR A AN Ta] X3 - 4k e 780 35 T 3 A7 40 1 &2
51 25055 — O ORI AS T] A=A i B g ol A< 2 T AT
Y o 33K JCBE X 111 AR b DXty B 45 A8 A 0 0 RS K FH
A Al 2= XU Ak | v B T B 858 728 A 1) w7 DL K
B YRR A L L
4.2.3 FH X925 R%

B () HEFURNR AT A 5 A AR b DL K b T HE
S UIAOE . VKA T IR B R HERR
PR TA) DR A e 8 P s o oty R RS
JK 3 Z2 S A] BB T AR ek R T HE AR X AT RE R T U
o B 05 X B A PUAR A D HRAR R i ] . Ak, 1l
T X R ARG T8 4 b ol A7 ) 3 A 2 R AR A0 1L 2R P
b DR -l IR A A e R L Y B M DX B = ORI
UKIA LARG 9 88+, n] B2 T 1 3 19 R ik OB 3 3
DL 7K AR ol 1 5 PR 0 AR %) B A T K B A
PRI I A 6 3 1) ) vk 22 0 B A R e L. i H
FVEE S A5 A AR R vk 0 8+ T RO B Ry i R 42 ) R
5 1 18] DK f2 ok o a6 b o 4 ol 2 5 A B T A R
T rRGFEE R TH PR IWRE 6T
B/MZ J& 2 TURR PR 58 09 2 35 340 2 52 ok 1) 0 553 » A [
Hi DX A R 2 78 v A 9 0 RR B) W A G 25 5, DO RR [a)
5 A I R A Tn) RS A AR AT AY . IR BT AR
B Y BIF 5 e e 5 S A2 A 18 56 2 7K - AR A
HABREMHLE L,

5 4%t

ZEIL MR RN ILARELEEA T
BB AT LUR S H— 8 m] . (1) FAA 1



146

T T 3 5 5 5 1] 0 o

2017 4F 4 A

ARE TG TILH MR TL FMRERZEAF
B L A 0 AR 4 D AR B R AR AR E T 0. 78
Ma D)ok, 3 J2 0f 8 - AR AQAE 42 () 8 2[R a5 (2) 1l
IR - AE DK ] k0 6 g TR Rk 4 2 R R R L IO AR
R R 3 AT T R AR A ) T Y AR AR
SEAAATI 5 (3) OSL AR Jy 1t &R v R4 fit T K=
AlRE Y AEAR B R AR Z AR T 40 ka, A AT
FE 52 0L 0 P 552 I 717 8 S [) B PRI A o I BB AP AR AL
2 AN A PE R AR AR B 25 2 - (D IR B 15
TRAE ARSI 22 5 (2) TC AR HE DA IE S 4T 7] S 1
A T A AR M X A b i) R R KR
i 3y AT SR 5 (3) TEE R DURNIE SEAS 3 L A R 42
A0S TE B 1 fige B L BELA XA A AR i S DO S ARk
BRI,

fiff 2 33K 2 ) L) O B AE T AR AR A L A T SR R AR
AHE R (% B mily b JF Jre o v R R i 98 AR . HAT.
OSL MAEAS 2 B i A 2 k5T F B, A 9 OSL
AR T A0 1 T R 40 ka DN B4R AR HE 2,
MK A4 post-IR IRSL ¥} T 40~300 ka [ 4% HE 48
B 8 7K A B BRS04 1 1) ) e )
AFLAFI Y Be /% AL 3580 0 AF > F — 25 1 i I AF
il

% % L Hf (References)

[1] XUZRZE. 3 £ 53R BRI, 78 %8 58 30 K 2% 2% e 4k & Bl 22 W,
2002,22(4);7-12. [LIU Dongsheng. Loess and environment
[J]. Journal of Xi’an Jiaotong University (Social Sciences) ,
2002,22(4):7-12. ]

(2] Bk—1, 82800, RIS R0 3 DXOR U ok 91 3 + < fi e %
By X L@ gE L), o P 8, 2009, 29 (6) : 1075-1080. [CHEN
Yimeng, ZENG Xianguang. Comparative study of climate
changes recorded in loess strata both in northwest China and
northern China during the last glacial period[ J]. Journal of
Desert Research,2009,29(6):1075-1080. ]

(3] Z=)6HH.BRUAH K G255 000 a e 5835 A 2 2R 1 2 XU DT
UL S 1 & 2 WAL [T i I 7 158, 2010, 30(5) - 29-37. [NTU
Guangming, QIANG Mingrui, SONG Lei, et al. Change of
eastern Asian winter monsoon recorded by aeolian deposits o-
ver the past 5 000 years at the southeastern margin of Qaidam
Basin[]J]. Journal of Desert Research,2010,30(5):29-37. ]

[4] Guo Z T,Ruddiman W F,Hao Q Z,et al. Onset of Asian de-
sertification by 22Myr ago inferred from loess deposits in Chi-
na[ J]. Nature,2002,416(6877):159-163.

(5] XA 0 T S tH oK 400 o [ Il 2 v 355 4k B HC A3 2R DL AR I T 5
CJ0. ¥ ¥ 518, 1991, 22 (3): 285-293. [ ZHAO Songling.
China shelf sea desertization and its derived deposits during the
last stage of late Pleistocene[ J]. Oceanologia et Limnologia

Sinica,1991,22(3) :285-293. |

(6]

[7]

(8]

L9l

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

XA A o g SR B ML db 50 B2 R AR Ak, 1997, [LIU
Dongsheng. Quaternary Environments[ M]. Beijing: Science
Press,1997. ]
WRR R A7 RN ME L] PER% B
$,1987,17(10):1116-1123. [CAO Jiaxin, LI Peiying, SHI
Ning. Loess of Miaodao island in Shandong[]J]. Science in
China(B),1987,17(10):1116-1123. ]
SR AEL Il 38 NN 3 R T TR R S T G b PR ST .
Mo B 2 42, 1995, 50 (5): 465-470. [ZHANG Zulu. Loess
mounds on the Laizhou Bay plain south of Bohai Sea and their
paleogeographic implication [ J ]. Acta Geographica Sinica,
1995,50(5) :465-470. ]
BB, AR B2, B MR, A5 1L AR 2 B B o g b B 0t R 4R
fR2EWE 5T [T]. 8 ¥ b 5T 55 55 DU 228 M 5, 1994, 14 (1) : 64-68.
[ZHENG Honghan, ZHU Zhaoyu, HUANG Baolin, et al. A
study on loess geochronology of Shandong peninsula and
northern part of Jiangsu and Anhui provinces[ J]. Marine Ge-
ology and Quaternary Geology,1994,14(1):64-68. ]
XUSRZE, 2R G 0E, FKE. & op o ok B R fiE B HC R TR R
(I, ¥ Hb 5% 45 465 U 40 b 5, 2000, 20 (1) : 81-86. [LIU Le-
jun, LI Peiying, WANG Yongji. The grain-size properties and
genesis of the loess in central Shandong province[ ] ]. Marine
Geology and Quaternary Geology,2000,20(1) :81-86. ]
ST ORI B A AR M 0 R AR R K
Bk BT[], T 5 X M B, 2010, 33(6) : 947-953. [PENG
Shuzhen, ZHU Lijun, XIAO Guoqiao. Magnetostratigraphy
and provenance of the Qingzhou loess in Shandong Province
[J]. Arid Land Geography,2010,33(6):947-953. ]
THEZEL i [ AR A e 2w R BT R AR LT 5 I e B Y
1999,19(4):367-372. [ YU Hongjun. A new exploration on
the origin of loess in the shelf area of the eastern China seas
[J]. Quaternary Sciences,1999,19(4):367-372. ]
TR A W 5 D 20 T X 2 HE R Y XSS B LML) T
WA AR H B, 2012, [XU Shujian. Regional Comparative
Studies of the Late Quaternary Eolian Deposits in China[ M].
Jinan: Shandong People’s Publishing House,2012. ]
AR IR TR AR VLR B B R R R AR B L B )
LI, it ¥ M B 5 45 U 22 3t 5, 2001, 21 (1) 25-32. [ LI
Xusheng, YANG Dayuan, LU Huayu. Grain-size features and
genesis of the Xiashu loess in Zhenjiang[J]. Marine Geology
and Quaternary Geology,2001,21(1):25-32. ]
TRALBE o RS R L0, 1L R M X 3% R o 28 iR [ . b BRL
2,2004,24(6) :746-752. [ZHANG Zulu, XIN Liangjie, NIE
Xiaohong. A summary of loessial researches in Shandong[ ] ].
Scientia Geographica Sinica,2004,24(6):746-752. ]
W EAR R AR M b DX L R 2 A
B 43T L) ], Hb B ) 2% 2% 4, 2007, 13 (4) : 315-321. [PENG
Shuzhen, GAO Zhidong, WU Xiuping,et al. Grain-size distri-
bution and genesis of loess in the Qingzhou area, Shandong
[J]. Journal of Geomechanics,2007,13(4):315-321. ]
TRALRE F RS, 28O, 5. IR U g K BB 4 AR R R 43
HriJ]. iy M B4, 2005, 7(1):98-106. [ZHANG Zulu, XIN

Liangjie, JIANG Luguang, et al. Sedimentary characteristics



2

IEE M

B S LR B AR AR I S R« RS 7 1)

147

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

and genetic analysis of Zhangxia Loess in Jinan, Shandong
Province[ ] ]. Journal of Palaeogeography, 2005, 7 (1) 98-
106. ]

TR LR 5 B I B b AR B R AE S KR R [T 1
VEFRF#,2008,32(12) :60-63. [ XU Shujian. Grain size charac-
teristics and its indications of loess in Miaodao Islands, Shan-
dong Province[ J]. Marine Sciences,2008,32(12):60-63. |
LA W R R LT ] S AL B 5T, 1989,9(2) ¢ 155~
168. [ AN Zhisheng. Loess stratigraphy in Luochuan of China
[J]. Quaternary Sciences,1989,9(2):155-168. |

TR, BV T DL RO AE R B DU R AE B 5T
(7). P ¥ 8, 2011, 31(2) : 295-301. [ XU Shujian, WANG
Tao. Optically stimulated luminescence dating and sedimenta-
ry characteristics of loess section at Penglai in Shandong prov-
ince[J]. Journal of Desert Research,2011,31(2):295-301. ]
IVUEHE 2 AR BA ep . 5 0 20 D AR AT 5 R kSR LT . M R
#2003, 9(4): 371-378. [SUN Hongyan, LI Zhixiang,
TIAN Mingzhong. New progress in Quaternary dating re-
search[J]. Journal of Geomechanics.2003,9(4):371-378. ]
Heller F,Liu T S. Magnetostratigraphical dating of loess de-
posits in Chinal[J]. Nature,1982,300(5891) :431-433.
XUZR A 2 A i )1 b s 28 B+ M b 22 2 i w2 g L.
HiBR Ak 2 ,1984,13(2) :134-137. [LIU Dongsheng, AN Zhish-
eng. A preliminary magnetostratigraphic study of the
Beihanzhai loess section[ J]. Geochimica, 1984, 13(2);134-
137. ]

Rutter N W,Ding Z L,Evans M E,et al. Magnetostratigra-
phy of the Baoji Loess-paleosol Section in the North-Central
China Loess Plateau[]]. Quaternary International, 1991, 7
(8):97-102.

Yu L P,Lai Z P. OSL chronology and palaeoclimatic implica-
tions of aeolian sediments in the eastern Qaidam Basin of the
northeastern Qinghai-Tibetan Plateau [ ] ]. Palacogeography
Palaeoclimatology Palaeoecology.2012,337-338(4) :120-129.
Madsen A T,Murray A S. Optically stimulated luminescence
dating of young sediments: A review[]]. Geomorphology,
2009,109(1-2) : 3-16.

Yu L P,Lai Z P. Holocene climate change inferred from stra-
tigraphy and OSL chronology of aeolian sediments in the Qai-
dam Basin, northeastern Qinghai-Tibetan Plateau[ J]. Qua-
ternary Research,2014,81(3):488-499.

Yu L P,Lai Z P, An P, et al. Aeolian sediments evolution
controlled by fluvial processes, climate change and human ac-
tivities since LGM in the Qaidam Basin, Qinghai-Tibetan
Plateau[J]. Quaternary International,2015,372(6) :23-32.
Liu X J,Lai Z P, Madsen D, et al. Lake level variations of
Qinghai Lake in northeastern Qinghai-Tibetan Plateau since
3.7 ka based on OSL dating[ J]. Quaternary International,
2011,236(1-2) :57-64.

Buylaert ] P, Vandenberghe D, Murray A S,et al. Lumines-
cence dating of old (>=>70 ka) Chinese loess: A comparison of
single-aliquot OSL and IRSL techniques[J]. Quaternary Geo-
chronology,2007,2(1-4) :9-14.

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Buylaert J] P,Murray A S, Huot S. Optical dating of an Eemi-
an site in Northern Russia using K-feldspar[J]. Radiation
Measurements ,2008,43(2-6) :715-720.

Rink W J,Bartoll J,Schwarcz H.et al. Testing the reliability
of ESR dating of optically exposed buried quartz sediments
[J]. Radiation Measurements,2007,42(10):1618-1626.
XA, PO R L 98 ESR AR v £ 58 U 42 Bl A I
R I AE o i 13 LT . 58 DU 2 WF 5. 2016, 36 (5) : 1236-1245.
[LIU Cunru, YIN Gongming, HAN Fei, et al. ESR dating
methodology and its application in dating Quaternary terres-
trial sediments[ J]. Quaternary Sciences, 2016, 36 (5);:1236-
1245. ]

Griin R. The DATA program for the calculation of ESR age
estimates on tooth enamel[ J]. Quaternary Geochronology,
2009,4(3):31-232.

Granger D E, Kirchner ] W, Finkel R C. Quaternary down-
cutting rate of the New River, Virginia, measured from dif-
ferential decay of cosmogenic %9 Al and °Be in cave-deposited
alluvium[]J]. Geology.1997,25(2):107-110.
INEL, PR RE T M8 T, 20 AL/TO Be 46 I £ 4 A0 4F 75 kAR R
5 A R A L1, #1898, 2012, 20 (2): 66-72. [ SUN
Zheng,SHEN Guanjun, LAI Zhongping. Introduction to basic
principles and applications of isochron 26Al/'°Be burial dating
method[J]. Journal of Salt Lake Research,2012,20(2):66-
72.]

WE% . 8K F . Darryl E GRANGER. 26 Al/'0 Be i Il 4F
eSS R SRR NS S e | G R A AL AN i A I RPNE S ok o
1 .2009,28(3) :292-299. [SHEN Guanjun.SHAO Qingleng.
Darryl E GRANGER. ?6Al/'°Be burial dating and its poten-
tial in dating early hominid sites in China[J]. Acta Anthropo-
logica Sinica,2009,28(3):292-299. ]

PR, TR AR AR Ll R G B T TR AR AE B R
MR B & S]], H B 42 4R, 2014, 69 (11):1707-1717. [ XU
Shujian, DING Xinchao, NI Zhichao. The sedimentary charac-
teristics of Buxi loess profile in Shandong Province and their
paleoclimatic and palaeoenvironment significance [ J ]. Acta
Geographica Sinica,2014,69(11):1707-1717. ]

Murray A S, Wintle A G. Luminescence dating of quartz u-
sing an improved single-aliquot regenerative-dose protocol
[J]. Radiation Measurements.2000,32(1):57-73.

R LU AR D AR LB DG ROB AR R B BT R XD
7R 10 R Ui Y8 K 2%, 2014, [ LI Qiang. Loess chronology and
environmental significance of Weifang Zhuli profile in Shan-
dong province[ D]. Shandong:Shandong Normal University,
2014. ]

TR 2R S AE 55 BESR AR AL A 3 B e BB 4R
PRI ] TR XIS HEE,2015,29(5) : 48-52. [XU
Shujian, LT Qiang,FU Xinhua,et al. Study on the OSL chro-
nosequence of eolian deposits in the northern of Jiaolai Basin
[J]. Journal of Arid Land Resources and Environment, 2015,
29(5):48-52. ]

TR S AR L E L LD AR ST B TR 1 T AR &
YRR RS L) TR X E IR 5 358, 2015,29(9) : 188~



148 35 b T 5 5 DO 42 M o 2017 4 4 H

192. [DING Xinchao, CAO Wen, XU Shujian, et al. Charac- for loess samples from Luochuan in the Chinese Loess Plateau

teristics of rare earth elements in Pingyin loess profile, Shan- [J]. Geochronometria,2014,41(1) ;57-64.

dong Province and its implications for provenance[ J]. Journal [47] Chapot M S,Roberts H M,Duller G A T,et al. A comparison

of Arid Land Resources and Environment, 2015,29(9) : 188- of natural- and laboratory-generated dose response curves for

192. ] quartz optically stimulated luminescence signals from Chinese
[43] M5 A & & 3 o6 RO R IR D] 1h Loess[J]. Radiation Measurements, 2012,47 (11-12) ; 1045-

1l & 5 K 2, 2015, [ NI Zhichao. Optically Stimulated 1052.

Luminescence Dating and the provenance analysis of Loess in [48] Buylaert ] P, Murray A S, Vandenberghe D, et al. Optical

Miaodao Islands, Shandong Province [ D]. Shandong: Shan- dating of Chinese loess using sand-sized quartz: Establishing a

dong Normal University,2015. ] time frame for Late Pleistocene climate changes in the west-
[44] Xu SJ,Ding X C,Yu L P,et al. Palaeoclimatic implications of ern part of the Chinese Loess Plateau[ J]. Quatemary Geo-

aeolian sediments on the Miaodao Islands, Bohai Sea, East chronology,2008,3(1-2):99-113.

China, based on OSL dating and proxies[ ] ]. Aeolian Re- [49] Li B, Jacobs Z,Roberts R,et al. Review and assessment of

search,2015,19(12) :259-266. the potential of post-IR IRSL dating methods to circumvent
[45] A4 B4R, BTG IE A A F 0 3R 4 0 VB IARLT . b i the problem of anomalous fading in feldspar luminescence[ J].

PF,1991,37(4) :356-362. [ LU Yanchou, ZHAO Hua. Ther- Geochronometria,2014,41(3) :178-201.

moluminescence dating of the late Quaternary loess-paleosoil [50] LiB,Li S H. Luminescence dating of Chinese loess beyond

sequence at the Jiezicun section, Weinan county, Shanxi 130ka using the non-fading signal from K-feldspar[]J]. Qua-

province[ J]. Geological Review,1991,37(4):356-362. ] temary Geochronology,2012,10(7) ;24-31.

[46] Lai ZP,Fan A C. Examining quartz OSL age underestimation

PROGRESS OF CHRONOLOGY RESEARCH FOR LOESS IN SHANDONG .
PROBLEMS AND SOLUTIONS

ZHAO Qi'*, AN Ping', YU Lupeng', XU Shujian'
( 1. College of Geography and Environment,Shandong Normal University,Jinan 250014, China;

2. College of Resources and Environment, Linyi University, Linyi 276005, China)

Abstract: Owing to the large amount of dust input from the exposed Bohai shelf during the glacier periods,
the loess in Shandong region has quite different material sources from those on the Chinese Loess Plateau
and other inland regions. The Shandong loess is a very important archive for climate and sea level changes
in the coastal areas in orbital time-scales. However, it has not raised enough attention so far comparing to
the loess at the Loess Plateau. Even though there have been increased input in recent years, they are still
less than enough. As we are aware, chronology is the basis for paleoenvironmental reconstruction and geo-
morphologic studies and the major concern of geologists, it must be prioritized in the future research. Af-
ter summarizing the published ages of Shandong loess, their reliability is analyzed and some problems a-
bout chronology of the Shandong loess proposed in this paper. We suggest that the chronology studies on
Shandong loess should focus more on establishment of reliable chronological frameworks with optically
stimulated luminescence dating (or combined with ** Al /'*Be dating) as the major method. A few impor-
tant associated scientific questions and suggestions concerning Shandong loess are also proposed in this pa-
per.

Key words: optically stimulated luminescence dating; sea level change; climate change; material sources;

erosion; Shandong loess



