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Relationship between Late Pleistocene Glacial Remnants and
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Abstract: The strong activities of the deep faults provide the important magma channel for volcanic eruption.
The volcanic crater formed after volcanic eruption, the vertical accumulation of volcanic lava 300~450 m above
planation surface, and the maximum thickness of volcanic lava up to 500 m, plus the uplift of the crust caused by
deep geological processes, provide favorable topographic and climatic conditions for glacier formation and
slipping. The glacial remnants first discovered in the northwest of Zhangjiakou mainly, consist of glacial
moraines, glacial sediments and glacial landforms. The surface of the quartz sand grains by scanning of electron
microscope shows glacial erosion scratches and grinding pits; and the pollens show a dry and cold climate
environment. The OSL ages of (121.22+6.54) ka and (81.13+4.48) ka which correspond to the fifth and sixth
glaciations in Hebei Province, and coincide with the Huanghua and Dacheng regressions in the plain area,
indicating that Bayuan area, Zhangjiakou experienced two periods of glaciation in the early and middle of Late
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Pleistocene. This discovery fills the blank in the research of glacial remnants in the study area, and supply
evidence for the existence of the quaternary glacier at the middle-low mountains in the eastern China, has enrich
the quaternary glacial chronology data. It is of great significances for understanding characteristics of continental
climate and the quaternary environmental changes in the study region and eastern China.
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Fig. 1 Cenozoic tectonic-volcanic activity diagram in the northern part of north China(a, after FAN et al., 2015;
Zhao et al., 2001) and regional geological map of the study area (b)
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Fig. 2 Distribution of craters and glaciers in the study area (a), P69 profile of glaciers (b), and P68 profile of glaciers (c)
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Table 1 Statistics of spores
LI e Field number P68BF-4 P68BF-3 P68BF-2 P69BF-4 P69BF-3
TR Im Depth/m 2.2 2.6 3.9 20.0 20.5

THR g Sample size/g 50 50 200 80 200
oy ik B Concentration 19 3 6 15 2
T AE 53 PR Sum 151 27 178 211 34
ARAFEYI AR Trees & Shrubs 27 5 22 92 2
EARFEYIAEH Herbs 117 21 150 105 32
BRI P F Ferns 7 1 6 14 0
Ly Pinus 23 4 18 82 2
M) Betula 2 0 0 3 0
BR & Quercus 0 0 2 2 0
i g Ulmus 0 1 1 3 0
g Corylus 2 0 0 0 0
R R Ephedra 0 0 1 0 0
11 3 Nitraria 0 0 0 2 0
RAF} Graminaceae 1 1 0 2 1
R Chenopodiaceae 30 10 74 58 9
Eap Compositae 0 0 1 0 0
R Artemisia 71 8 58 33 17
TR Taraxacum 0 0 1 0 0
EHF Ranunculaceae 1 0 1 2 0
JERSHLJR Thalictrum 1 0 1 0 1
Py Polygonaceae 0 1 0 0 0
TR Cruciferae 0 0 1 0 0
EAEEL Convolvulaceae 10 0 5 3 2
X Leguminosae 0 0 0 1 1
SRR} Linaceae 0 0 1 0 0
7 LR Humulus 3 1 7 6 1
EaLiEN Selaginella 7 1 6 13 0
K e AR Polypodiaceae 0 0 0 1 0
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OB A 8 1 €8 40D FE T 1 oK DR ) R A 8
EAIRE AR T — RO, BS54 5]
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BT R RS S, R B Sy — DAl i
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PR S NI TR G, I 2L BRI A AT RE RO
TR, KT AR R AR 2 R AN E R RS
I SR

FEM I RTAL I RSB0 = 554064 T, 2
100 g ARBEEFEM T E T 1000 mL AL, FZE
WEKIZ L, JeH 30% M) WUAE K 2B ML, 7
30% MY Eh R < PR BR R 2501, ARG A 72818k ¥ &
Mk vEZE ok, ARHE Stokes SEFE, Z3ESH 4~11 pm
BRI G0, PR e EEAERRR T 3 K
PRAGANORL AT B, S F RN $ 4 1 20 kT £
FEGISUIEIEEAR N 9.7 mm ARSI |, it
D o

RS I RO S50 = B A BR A
HIFH3Z Risg 32560 % 42 77 19 Risg TL/OSL-DA-20 Y68
AR NIAE S AT T I, B ol A 0 A 4
GRS TR . WUAE BE (preheat) BEFE
200~260°C , WF[]Jy 10 s, SZH ) PR
(cut-heat)y 160 °C, 10's. %&BEIE K (°SrPoY)B .
Wk e TR BRSO 90% Y i Ok & ot A
(A=(470 £ 20) nm). FESHTE 130 CRLEE &1 T A
ik 60 s, MAERINESEHE 7.5 mm /Y
Hoya U-340 3E 5% F ik A 9235QA YGHL 53645 EFTid
S o ARPEATR A7) = AR R R Y OSL {5 55, &
1t test dose X HE R AR L HEA TR IE, 6 4% BE R
ACIEJG OSL {555 B i vy e — 25 i AR K £k,
RIGHRIE GRS OSL {5 SR 3z A K
Mk I, Zead ReHETHoa s AR N I SRR o . B e
ANFESRHESR 10 SRR f, RIZEELA%°4 0.97 cm 1)
AN L8510 — 2 I, K RE S 5 SR B e
b SR/ G A RN R BRORE AR SRR R Y 5
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a—S YT, b—uk I, c— MR d—IKER B, e—K)IHBIR; F—BE 340, g—RHZE BRHE ; h—TR A HERR K 2 B AR T AT
i—BRE TR ER; j—UR A VAR, k— oK BRI I BT, | —F 55 4, m— A SRR SRR AE
n—f1 SR RLURIMEIR ; o— A0 SR ML IS He 3T ; p— A0 SRR -1 7 fiff 21 .
a—horseshoe pit; b—glacial lake; c—lateral moraine; d-kame; e—glacial scratches; f—flatiron boulder; g—oblique bedding;
h-mixed accumulation and bedding deformation; i-muddy gravel of conglomerate; j-muddy gravel of mudstone;

k—glacial scratches and grinding craters; I—-glacier; m—morphological characteristics of quartz sand;
n-glacial scratches of quartz sand; o—-grinding craters of quartz sand; p—parallel cleavage plane of quartz sand.

B3 KJIEEE R AR IR HHE
Fig. 3 Macroscopic and microscopic evidence characteristics of glacial remains
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A L B R T AR R R R 5 A UK 3t R
vk 0 st 4 3k A3 T (121.2246.54) ka A
(81.13+4.48) ka HYJLREOCAEIS (R 2), HIE BU AR
S A G R T SRR A o, X k48 5 D 20 vk
1A 555 0 UK NS 7S vk (Tl b A X3 b 5 4 7 9
WFFE T, 2017),
3 Wig
R ER B AE A 5k IR R X &
TR 2415 200G 2, Ry o ILme & S it 7 H %2
P R GETE, AR DXL K i RS b B A - i
SeRETE T 100~200 m, gk ST A Al i
A ) 2 T RS EE AT 3E 450 m, BRITHEN Y
= A5 550~650 m, NZJEUKIIIE L . PRAFFI
WSRO T S R A RS S . SEPE LK
KN ING—H5 BT 26 DU 28 vk 1 380328, R AR (L3 o
SR FIRE B M 3 FE ) N 58 A T Al R AR JE 5
UK AL 302 i 43 A1 X AT BEAAAE 56 D 42
PRSI AT I 3%, (EAFRAIRIY o X0 F i 52
Jb—Z B RS P vk RS, A5 25 SEBR A T A R
LI -8
3.2 wk Il i 3 1 b 58 PO 22 ok 1| T2 7E WO 4E R

R IS L X S AR U 22 vk I, TR
B O AFrE T — ML m SR Z G LFEZ
ARSI X & B vk 88 A F- AT 4R, RO & 2
T g SRR KO B 8 AT, DO AR AR
X ELA UKAE ) . I . BRI S vk gt Ry U
AFR R AR K AR o 3 SCHIFFE A R oK) 18R
52 S AR R g M 88— 2R . JEA R HL
R, B Z RN, R 5 RE AR R vk (32 3 5
]y e A IR B 32 1 07 0] Z A8 RS AN F-, T8
BT BT, B/ IR, #IE 71
AR RRATIE S M. WX TN T
A GRS () R RFAEDESE AR VK A R R 1 A b
SRAWAE R T B A Semb b AR TESME 5 T S8R K
FHAFRRAEAT — 8 P AR U, (RO T A5 5 2 e
2. FEMIKIEIE, TEAMEE — 2 WE W RE
IR S s 470 11 Y- 28 £ 2L v D)2 K N LV R IR A B4 7 40

3.1

=2

RE 8 A7 240 51 B LA 58 A oK N T AR B e A4 3t 30
. BFSE X N oK SRR b2 LR R S fa e, 2
MR EL R, HH RS N A s &imal s
VRN BB 88 R A R ) A9 DK 8898 L R ok )1 b F1 4
FF A R BS RS REA TR B . BT AT
Wb, RO b, DK 35 30 A R 0 W 5 X P A
DY 22 K1 A7 AE o
3.3 kKT ARY H T SRR

SEVULE VK1 & B I EE o FEV T 1) A 3P
Be, AR R % B A (B A, 1995). BFSTIX
KK TR v L8 e 1125 SR R it R 1 TR
HAR T RERL RN €V 4 @ BT o L8 43931k 34.97%
30.49%F1 16.98%(F 1), AR-A LAT¥& B AN 1
MR E Ao MBS S R B AL e . VT
S5 (2007)BIFFEIA hy b i A6 4 5 Ak 56 B2 TRI AT — 1Y)
FHCPE, AR U B & & T
30% (L T IX N 16.98%) LA B, JE A Al fig
FASMRAEAE, Ul B X YA JE A R O I B 8 S
Yo EAKAR(1997)FE 5T X A Jb M 3 $ir 1l 1l — iy
PR A v i thE g 0 P[5t 30 r R AR AR AR A it 45 R
R, KA S 30.7%, HA Ll Pinus()
72.7% . Cupressus(#1)14.5%k F, N Betula(#E) .
Picea(= #2)5%, WJEAEH: HL(22.3%) KT 4 X N 1Y
16.98%, {HASR/NT 30%, % A BF9E X 16 25 437 Pl
[l Pk 1| 358 38 408 Ja A6 A9 B A9 A 3 e 34 . 25 B 5 IR
SEH WIS X A & AL AT BE R R F 35 Ll [l vk
JISSEE 2R A6 5 ) 1) S oo 45, i AE 5 X P K st 3
AR B 2 TR Sy T4 B i A
3.4 k)i i 5 5 P &0 vk HA RO X R % 2R

SRR AR SO A & JRE E2 S e e &
VKOV 38 300 (4 T J 45 BT 7% B 387 41X 9 EEL 0 vk
W E AR A A Lok L EEPE I 3R S TR rk L Tt
A5 DU 205 VKA ARG R, HAT 4 ERYE N I vk
X HE o TR 1K1 35530 T B A S Tk s
S VLRSS /S VKA T R, S s A PR XS X AR AR,
T E 4= BRI PRl PN 05X 07 e 7% B 07 4 X1 L i — &
ARIEIVKI . A A A R L — R ) ok . bR vh
LB 5 2 ) pK AT o EHRRT 1K) 38505 5 6 5 v 1 ok
D138 30 R b AR KO 38 300 28 S A . A 2 A
FIE - 11 A5 Ak F AR A AR AL, A5 245 B W A IR 22,

HBAFIRERR

Table 2 OSL dating results

*4%%% ﬂ;?ﬁ{%ﬁ %7J(£

| % u/107® Th/107® K/% |2 %/ (Gy/lka) ERRRIGY AE S Ika
m (1]

P68OSL1 0.5 1645 2.46+0.11 12.30+0.53  2.18+0.02 4.06+0.21 492.05+5.72 121.22+6.54
P69OSL1 0.5 1245 2.77+0.24 15.55+1.00  3.75+0.05 6.12+0.31 496.58+10.11 81.13+4.48

T AEAERULROL SR SR HAT RO W) 230 2 I 5
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2EH NN AE [R)— B 8] BE = R AT BEAEAE W Ah R AR A
RIS o B BT IR 11 K1 8t 8 T B, bt
PO LA [ AR R AL TR TR IAEE, WA F S
PUZE oK), HU YT 2R & BRI 1) 5L A A58 500 1)
VKJURIESE,  BIFE I L — K 3R] oK 359 A 25 22 ] vk 390 7y
FETER VIR sk, FUE BRTeA KBmic . #r
] T —7 55 B R B0l X A M PR A B . AR AC A
Hi TV b A S5 AR A AE 2 T 250 31, OB vk st
T TR BB AR AT BB 0T — R AR TA] 2K 0 P /N ok
N o
35 KkEAEBFEEL

A BV 1 B e 2 VY- T R, P T A AR
PSR TARIRA B B . VKIS, KR
REGHE BB, T2 WK e e KRl b, (T~ T
T RECIRIE - 1E L VR ); RIS IR, vk Rl
BRI AT, T (R ),
L Z UK UK AR, (YT AR 2R
TR, SEBOREMBUGAEE 225, b E R 0T
X 12.8 T4 E L BA 5 KR Y, R4
yBIh 15~25 ka, 7.5 ka, 11 ka, 5~7 ka.
89 ~ 108 ka, 7<[X.(121.22+6.54) ka #1(81.13+4.48) ka
eSS (ARETITiNE i MR A TR s S 71| R S R
KR AR XS N, VKI5 b 48 55 DU 20 vk P9 36
VKA ISR 75 DK A AR X I (] b A8 DX 3 ot 4 ™ 90
WS, 2017), 4@ FERAME, ALk
KB,
36 AEIWEFEzHSHKABSERBETHL
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APRAR W Y A e 2 R TE IR TR, A O
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Pk N 283 sl BT R i 1 il 2 SO 2 i B A L BR
THiR ) e 325 [H (Richard et al., 1998); fij 5 — &t
SEFIN R BRSNS AL R B AR IK S T i 4G
B (Haigh, 1996; Courtillot et al., 2006; Matthews et
al., 2009; #hA£HH, 2021), AER7SME 52 K FH A4
S, HERBFUER RS . BEARISRE . T BRI K
U ERAR 03 1% Zh S 520 o v I DX s o 3 - Ty A6 250K ]
1648 55 U 28 R 43R 7 vk (2500 ka . 2000 ka,
1300 ka., 750 ka., 128 ~ 108 ka., 89 ~ 70 ka.
50 ~ 11 ka). 6 “{~[H] 7k }#(2200 ka. 1800 ka. 900 ka .
69 ~ 128 ka, 108 ~ 89 ka. 70 ~ 50 ka)Fl—1~vKJ5 #
(11 ka 24, 25 12 ME R, €4 1
Xof 17 VA R A, I R U X g v T S, AR X N R
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(2) % 5K 2 1 N — 7 17 UK K& BRI 55 DY 4 e B
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BREE . ks AR TR SRRk
AR ARy I UESE TR VKN 38 I AE e, 3R AR
BB AR L DS P2t vk AR SR T A T Tk

(3) V5 5% 75 AT 0 1 pK K LA B R 3R 45 T
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