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Abstract: The Huangshan section in Harbin is considered as a standard Quaternary sedimentary sequence for terrestrial strata in
Northeast China. Due to the lack of absolute age data, there are different results about its stratigraphic division and the
chronostratigraphy. In this paper, a detailed magnetostratigraphic investigation, coupled with AMS"C, OSL and other
chronological data was carried out on the Huangshan section. The chronological framework of Quaternary strata of the Huangshan
section is redefined. The results show that the magnetic polarity stratigraphy includes late Matuyama negative polarity chron to
Brunhes positive polarity chron in the Huangshan section. The B/M boundary is at 46.7 m in lower part of the section, and the
initial deposition age of the section is earlier than 0.90 Ma. The Holocene and Upper Pleistocene lower boundaries are determined
according to AMS"C and OSL ages. The sequence of Huangshan section comprises in chronological order the Xiahuangshan,
Shanghuangshan, Harbin, Guxiangtun and Tantu Formations. The age of each lithostratigraphic unit in the Quaternary is
determined as follows: the Xiahuangshan Formation is deposited earlier than 900 ka BP; the age of the Shanghuangshan Formation
is 138— 580 ka BP, that of the Harbin Formation is 79— 138 ka BP, that of the Guxiangtun Formation is 12— 79 ka BP, and the
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age of the Tantu Formation is ~12 ka BP. The results provide new data for the Quaternary stratigraphic system of Huangshan

section, and the division and correlation of Quaternary strata in Northeast China.
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Table 1  AMS"C results of the Huangshan section

S A T TR I RHERE (em) SR i
(aBP) (cal BP)
BA121555 12HS09 T 90 7275425 8097 £ 49
BA121556 12HS18 3 180 24 9904100 29971 £ 259
BA121558 12HS66 TR 660 309304130 35003 £ 339
F2 FRUMFNEABENR(OSL)MIKLER
Table 2 OSL results of the Huangshan section
AR
o W4y B/ IR U» Th K SRR Dy  &/KkE A P
(em) (105 (109 (%) E.D (Gy) (Gy/ (%) (ka)
Ka)
13G-20 12HS27 270 1.67 9.33 2.96 186.62+6.35 4.55 6.3 41.0+£2.2
13G-21 12HS42 420 1.52 8.97 2.99 222.85+£5.97 4.47 5.7 49.8+2.4
13G-22 12HS58 580 1.60 9.37 2.86 231.42+3.78 4.34 7.9 53.3+2.3
13G-23 12HS1000 1 000 1.67 9.20 2.73 357.4043.48 4.14 9.9 86.443.8
13G-24 12HS1200 1200 1.61 8.67 2.93 404.23+15.10 4.32 7.2 93.54+5.1
13G-25 12HS1390 1390 1.69 9.30 2.81 423.39+4.63 4.31 6.5 98.3+4.1
13G-26 12HS1540 1540 1.74 9.99 2.73 451.97+16.05 4.31 6.2 104.8+£5.6
13G-27 12HS1750 1750 1.66 9.86 2.81 477.04+15.11 4.31 7.3 110.8+£5.7
13G-28 12HS2140 2 140 1.77 11.33 2.71 547.20425.86 4.23 12.8 129.248.0
13G-29 12HS2380 2 380 1.75 9.67 2.87 576.79+14.84 4.20 14.5 137.4+6.5
13G-30 12HS2810 2 810 1.86 9.51 2.73 1233.81+23.0 3.99 17.7 309.2+£13.6 8142 J7 9 A

H,O, 1 30 %6 1) £h 2 2% bR A HILJTT A AR R 628 SR J5
30% BYREEBR IS 1l 5 K . HZE /KR EHHE . K
P B VR BB AR AR R R K D R DR B 43 B
A~11 pm I UKL K J3 285 5 4l g 1) A0 0 A0 SR 78 4y
FEA I, TR e A L T SR U S
SRR TR AE WA L5, K128
TR T BERS AR IR T (40 °C) L BUR AN A
B 450 e A B WA ERESE 2 1 mg.
FE S 7E Daybreak 2200( 3% [ ) Y6 B AL 2 .
ZERG IR K N 470 nm, 2E % 5 nm, i KIh
A 60 mW /em®; 140 G IR I O 880 nm, 2 58 10
nm , i K3 % Hy 80 mW /em?, Ve £ fix < T 5 k47
T RE S A S K B R B AT OB A R b
K&, I Fleming $2 HY A8 1 7 i, X6 26 858 7] o
RHEAT TEIE . D4 R L3k 2.
23 HEEHE
231 BENE EofH KLY-3 R T 522
AN FE S TR AT R Ak 45 1) S M 0 B A R U 15
A7) SR G AR Telinek J7 325 1158 R A FE 5 00 G AL
Rk 3 L I RN ) B AMS T 25 SR R

W, % 4 B (1) 38 3 /)N T % 1 24 (F ), #6 1k 28 10 2R LA
it (B JE Ry 32 5 4 R 43 A il 9 B R Ak 2 2l (K1)
AT, B DABOIR W0 AR R R AR 5 e/ Ak 3 32
(K3) i 3 5 T e RUZ 1, i B A6 e s . R
R DA B G A AR B R L DI TR DR = s
ARVA KA D, AT T 34T HL R oA

T $F 28 AR 1R i 10 J7 R AR EE AT T RS
T T 6 . 38 78 3B 75 R A D2000 32 25 18 w5 AL, 7w
HTE 2G-755 M AT % )AL b 58 1, 2878 1R W 1Y) B
B3 180 mT, 43 10~15 4 #1471 (5~20 m T [H]
B ). i OE 3¢ # 52 1B i AT AR 25 R 0 4 b (Zi
jderveld, 1967) , 5 In] & J7 [n] H] fie /N — 48L& 13154
(Kirschvink, 1980) , | J§ PaleoMag %k 4} (Zhang,
2003) 3 5545 1iE Tl 1 149 7 1)

i YA 5 AR IR 2 R LR (BT 2) . AR A OE
s BT LU AR S5 i ) 1) 8 8 43 B 7E 20 mT
DUHTBE 20 8, K0 20 FF fh 7 20 m'T 2247 3B i ih 28 I
GG R A, B 20 mT LAJS ¢ Al # 2k &2 7 18] T 4
1) R S T I . AR i R el th 2 FT DL R
20 mT Z2 Ay ] w4 5 B a0 3 K AR ) o



2666 HiEkF#  htp://www.earth-science.net 5 45
Up,W - Up W Up.W
7014 p. 7136 7090
T L e 7 7380 S—r= N
LS0mT " e A S P N i iy
e S ; N 150mTF__
\ 150mT ] T \“\ ‘l"k*'- —
Scale:1.0E-05 \ . 150mT \ Scale:1.0E-05
.\me \_ Scale:5.0E-06 \\ Scale:5.0E-06 \\XUmT
\ .\eiomT a\me \
\.\\ \\\ \\ :
\2 ot Z(Jm:l:‘a\ ‘L\ZOmT &
\ ‘\ } 10mT ( 20mT
Y \ E
\ ~ NRM /lSmT s
| s ~
I : NRM >
Down.E NRM DownE DownE DownE NRM
Up.W Up.W Up.W Up,W
7456 NRM & NRM
20mTe" am <
S e — N TS tomT 120mT
——— \ | NRM |
\ 20mTH $30mT
" - \ +40mT
20T Scale:2.0E-06 Y N\ dsomT
\{,umT \ somT |
\ 7498 7506 7488 \i2omt |
\ \ 4150mT
*20mT \ i
\ i X 1 180mT
% L \
£ 160mT ™ \
\ -, i 6o Scale:5.0E-06
) -
\ S — N S—+—+—+—+—+ —+N s—o—o—nFo——o—N
. Scale:5.0E.06 Scale:1.0E-05 :" 1
NRM I's
Down.E Down,E Down.E Down,E

P2 S Ll TS ) P B AR R A i TR O

Fig.2 Orthogonal vector plots for representative samples of the Huangshan section
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Fig.3 Chronological results of the Huangshan section in Harbin
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910~2 390 cm, JK ¥ 0, 8 1 Je A% o K i A
Wb IR A, B B — |, R AR AR T A % . A
A A TR A3 () A R AL I S i g, b AR IS
2574 0.13 Ma BP, F #4118 2975 0.2 Ma BP, J& 5
BT s 9] (90l v A5, 1982 Fh b, 2005) . IR R T
4y R B R HE R R 5~25 m (SRR VLA b T
W77 )Ry, 1993) . 7R A6 B 4 76 AS 7] 3 X P B[] 25 5
B, R IRI0 U M R 2 & I b T R R R
W], 25 1.00~1.22 Ma ( 8 #k % , 20115 Zeng et al.,
2016) 5 7% W 8 4 1 JI AR A 25 1F 1] 3 A 1 2 1]
1 BB T, AT LR RS A v AT X e (PR
2005) 5 T 1L 75 Hb X (3L 77 75 #F S 9 50 AR B &6 ) 1Y
THE T A B, R R AR 2 2.9 Ma
(PNEE R, 2005) . 3T 85 -+ W] 457 25 1 BR Ak 2% 55 0 by
N, AR AR T 8 e R e (IR E
o745, 2020) M5, 6L RE BORL L RUAR R BE AR (B R
42017 ; Xie et al.,2018,2019) , LT ¥k &, BT
ASTIE g/

A b ER L AS OSL 4E % 86.443.8 ka, iT
JEE ¥R B+ OSL4E 4 137.4+6.5 ka, A OSL il 4F 4%
RORF WG R EHF A+ UORR R E , 3 UL R
29.35 em/ka, F#B4 23.68 cm/ka, “F UL HE R 4
27.05 cm/ka, 5 £ di 4 b Bt w9 TR % 25.2
em/ka A3 (B 3). T 15 m BLF 4 A
(12HS1750,12HS2140,12HS2380 Fl 12HS2810) fY
Al 2t TR AR 5 E R BB AW /N L 5 B
JRUEFE 6 BT AT, = ok (SBHD) 1 i 3B % 4
AY AR W% 3T A H U0 R 24 24.16 cm/ka (Zeng,
2016) , 5 3¢ 1L 3] 1 0 2R V5 4 A T AR R SR AH BT 5 A UK
VT 7 1E B OSL AR #% 45 1 5 3% AR 7R 5 R
] X 26 B, W JR TR B i R 29 2 80~140 ka( 5 3¢
45,2013) , PR 0 DRy Iy 7R V5 8+ OSL AT 8 0 7 152 22
YU PPN B0 T L T R U B - OSL AR I T3 o7
P i AR 2 I B 4 i FAE IR 2 138 ka, Ry I IR U
A AR R TR A E TR L2
(2 100 em) , 5 - ¥ U0 BUE R 1B AR S O 127.7
ka, 5 I 8 4 )8 A AE 8 (126 ka, Pillans and Gib-
bard, 2012) 44 , M /R E 4 A48 29 138~79 ka, 7] LA
5 A BP0 AT O B (I R i 4 L 2009) . B
IR R TP BB 4 LB — g b AR
34 Lt¥RWL4E

2 390~3 950 cm, AR A K KR+

TR Ry 0 i G - e A B R D A UK S 2
JR A BE A, Z2 S RCR E5 4, JR AT DL AT 40 /N i
Ja KA T 5 b A TR . i B i B R T
RS R A o B R B gl (R
Hi AT 7 SRy, 1993 5 vl [ Ml 2 B ) 4 25 45, 2000) . Ti
PSR/ S S i = S5 V) O =L SR i e
IRV 43 (B de). v rp 85 0 Sy ARG O 0.2~
0.8 Ma BP, Hl & 7 [ 43 /K 14 351 17 4 75 8 1 19 4F i
(0.2~1.2 Ma BP) K# 2 EEG M, 4R KEH
+ L HF R BE ERE R X A4 AR AL (Fh
H1,1982). M T HHAT )2 BAEFRAE (& 4d) i 5 04 /R
R KB AW 225 8 8 R — 5 A
TR (5K 7 5k, 1995; 811G 4%, 2015; & V4 %,
2018). ot Mtk 2 OSL 45 R 3R W, 8 WA F A B I8
KU T A K AR B A DOV AE OB R AR A
LN B N = 5wl RSB il s A AV e e <
JG K FR AR S L4l .

FRAE M R B 5 R H A OSL AR . B il gl
BB K 0K B AL+ OSL AR # 309.2+13.6 ka &
B/M FLBRAE S, 43 99 3 F 53 35 R 38 4 0T U e 4
3.40 em/ka fi1 3.59 cm/ka, 5 i 11 &5 LA 0 F 36
v bR A M T B AT Y (F 5 BT 4L 2020) TH R T 8
DU 4 3.56 cm/ka AH I . 4 U4 DU 1 55 L 21 5
AR 24 580 ka, HAF % 1 Fl 29 2 138~580 ka, J&
P TE L
35 TwWul4a

3 950~5 250 cm, b # AR K R K €6 5 4 I8 K
AT ERE L, o WA R R, e A e
LR ) RGN R AL R R N P ST e ol
“HCIL AL i 3 SC A 44 AR R R B I L s
A AR Sy b BT A S ek i L A (o
Hi ML) g = 2%, 2000) , 5 FiE L ) RS FB A T
A — A DR (el rp 45, 19825 5K ¥ 3, 1995) ,
gy B MBI el AR LR B R R SR b4l
)R R R B M R R AR A, AR
Ly 2 v A T B P BT Sy A L B B 1 B R K i
(B A5 ,1984) . F i Ll 41 07 F A % 1E ) B 14 15
A L 1) A P I =2 ) B A 24 40~80 7 4F (B IR
B4, 1984) . 5 W R L IX S 1 414 24 g b )2, A
/AT O | S AP o TN NS T Y =i o =8
WD 2 e 2 (BB T AR M W 7= 5, 1993) , 4R i oy
0.90~0.20 Ma( 338 3C 55, 1988). i # & H1 Ik 8 37
L1 20 7 P M )2 AR IS 248 0.75~1.20 Ma BP, J& H
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45 %

R (Fh L 2005).

Jic L B/M SRR T 4 A 46.7 m Ab 4
#% >4 0.781 Ma(Pillans and Gibbard, 2012). 2 & #
] T 38 ¥ 950 AR 26 3.4 em/Ka, i 0 351 18 JFS 4T 1
£50.90 Ma. L, T4 )E T g Lk — s
WG T

R 0 U5 e L TR S R SRR AR R 2
OSL 5 AMS"C 4E % , I 5 75 At Hb X B8 55 Py 4 b
JE WIS B X L, X M R T L R AT T RS
b 22500 43, ST T S LU AR DU 20 b 2 R 5

(1) AR 25 M R AF B A7 AR 24 B di o 3 L) i
EEA R ) = I T T 165 b O N o 1 25 N g 1 25 A
MRS ZH (0 2 HE 20 FSH R 2

(2) ) a7 135 R A5 28 1 AR M B R B A A L
] B M B, B/M FERR A T 46.7 m &b . AR 4 7 B #
OSL J AMS™C Wl 4 45 4, 1 & B Jic 1 21 4F % 29 76
580~900 ka, J& - B8 t i A — v BB R L -
Tt L1 20 4F % 29 1F 138~580 ka 2 [a] , J& v 55 357 tH i
. Wy IR L AR W A 7E 79~138 ka Z Ja], T AR MR
TR B S i AR R 12~79 ka, J& B BT
M, 5022 8 A Y HRHAER I ~12 ka, &
e R

Hi . FEMbRLE—AXEABRRAERE F
v AR, E DA AR T T AR &S 3R
LT HRMR F R E R TR ELE RS
PATHY;FRERRETAEEIRGOSAEL,
A2 b — JF R T R
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