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Abstract: To deeply reveal the paleoclimate characteristics of the Sifangtai Formation in the Songliao Basin,
infer the controlling factors of climate change, and improve the information implied by climatic evolution, magnetic
susceptibility and chromaticity tests were conducted on the core (140.0-380.5 m) from the ZKQAl-1 in the
Qian’an area. Through Pearson correlation analysis, it was found that magnetic susceptibility and chromaticity data
were weakly correlated with stratigraphic depth. Brightness (L") was negatively correlated with redness (a” ) and
yellowness (b" ), while redness (a” ) was positively correlated with yellowness (b” ), indicating that the data
were minimally affected byagenesis and had reliable paleoclimate significance. Through SPSS cluster analysis,
high-frequency magnetic susceptibility, low-frequency magnetic susceptibility, frequency-dependent magnetic
susceptibility, brightness (L"), redness (a” ), and yellowness (b" ) were filtered once, and four filtered mean
values were obtained for each dataset. The filtered values were classified into four climatic types (cold-dry, relatively
cold-dry, relatively warm-wet, and warm-wet) based on paleoclimate proxy indicators. To avoid errors caused by
semi-quantitative analysis of climatic types using magnetic susceptibility and chromaticity data, the six datasets
representing climatic types were assigned numerical values ( cold-dry; 0.5, relatively cold-dry: 1.5, relatively
warm-wet: 2.5, warm-wet; 3.5), averages were calculated based on depth summation, and comprehensive temporal-
scale analysis was performed in combination with lithological and well-log data. The results showed that the magnetic
susceptibility and chromaticity data of the Sifangtai Formation core from the Well ZKQA1-1 indicated a relatively
cold-dry climate during the mid-Campanian (76.08-75.65 Ma), and the paleotemperature decrease in this stage
was associated with the migration of the intertropical convergence zone (ITCZ). A relatively warm-wet to warm-wet
climate was identified during the mid-late Campanian (75. 65 -74. 32 Ma) , with an extreme paleotemperature peak
observed at 75.55 Ma, while the slight paleotemperature decline from 75. 55 to 74. 32 Ma was linked to the Campanian—
Maastrichtian Boundary Event (CMBE). During the late Campanian (74.32 -73. 19 Ma) , a cold-dry to relatively
cold-dry climate was recorded, with an extreme paleotemperature minimum at 74. 13 Ma, followed by a relatively
warm-wet climate from 73. 19 to 72. 86 Ma, and the paleotemperature rise from 74. 13 to 72. 86 Ma might be related
to intermittent volcanic activity prior to the late Campanian Deccan Traps eruption event. Overall, the paleoclimate
of the Sifangtai Formation was demonstrated to correspond well with global climate trends, representing a relatively
warm and dry climatic type.
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Fig. 5 Paleoclimate evolution analysis

W15 46.41 x 10 °° m*/kg, PIHE R AXT E{E, 4
RUALRAN T 14.38% ~24.66% , V14 24.66% ,
JERAHXHICE, =& HLFEFE R RR Tk, 75.75 ~
74. 32 Ma fRARREIL R AT (32.25 ~65.92) x10°°

m’/kg, ZHCN (32.25 ~42.20) x107* m’/kg, A
WALRA T (18.12 ~46.41) x10°* m*/kg, Z%H
(18.12~33.08) x10* m*/kg, 5/ IEAHR S
W~ N, ISR Ak 24 AE 74. 80 ~ 74.75 Ma FlI
74. 60 ~74. 50 Ma AT E{E 65. 92 x 10 ~* m’/kg
172,14 x107° m’/kg, FE/RIREEFEAL, 2000 5K
BT R T, R A AE 74. 80 ~74.70 Ma
FAXS 25 18 46. 41 x 10 ° m’/kg, 2% T HYKIE,

B T i e Bl 2 I A R AR
B, TE 14.38% ~41.73% %15, Wi
WA SR, 74.32 ~73. 19 Ma fEHiRE LR
KENT (65.92~72.14) x 10~ m’/kg, MR
EFEREZNT (46.41 ~64.4) x10°° m’/kg, P
T TAHXS I E, R R R Z AT 14.38% ~
24.66% , AbTAHXHRME, ILRIHE R A X8V 1<
fit . PTG AL R AE 73. 87 ~73. 62 Ma Hdli kb T
BIRME (32.25 ~42.20) x107°* m’/kg, F&/NECHE
WA, FEIREALRAE 73. 87 ~73. 80 Ma #1 73. 68 ~
73.60 Ma HBUFAGME 18. 12 x 107° m’/kg, E/RHE
WA, BURBEALFLE 73. 87 ~73. 80 Ma #173. 68 ~



416 Ao B

http: //sjdz. jlu. edu. en

44 5

73.60 Ma H PLE i AE 35. 24% , FE N BCEIR S A%,
PEB Bl AR IR S % B R AIE

74.32 ~72.86 Ma XA #EfL R K L2 R 42.2 x
10°° m’/kg, FARBLALRA T (18.12 ~33.08) x
107° m’/kg, PIEEUESIAL T AR, SR Gk
RREN35.24% , Wb FHAXEE, LTS REE
A
5.2 BEERNESEEX

UURY (0 B R ) 20 ) S e, A2 AL
AR B TR P 2 A, IR I
FEMAR L, S2RE L™ (E Bl h R 56 i S mmi g in, &
EARRES T, FLKE A LAR (4 358 i i ek
AN, ARMEARFRBERAE ), 1 o EEZ AR
W, MEHERE™ SR B b ARk, EE L
B o™ RS b A (B e 1 ) S, IR S
e R S NS @ TR AL/ EaN: A KL 4
b 55 L EN AR — L R0E T 6
Febnxd i A A AL R R R B

76.08 ~75.65 Ma 1% a™ {HFE 1. 86 L F %3l
W b FEEAE9. 23 IR, MR, R
L EFEAE 72.50 L FFsh, AmEE, =&
B TR,

75.65 ~74.32 Ma £1JF a" {HUE Zhu [l 1. 86 ~
7.67, EE DL EHFEENT9.23~15.83, = L H
T 49.92 ~72.50, HIPEshBMRIZL, KB T HXT
WV <M, HorP 20 a” {HAE 75.45 ~75.32 Ma,
74.87 ~74.77 Ma H174.70 ~74.62 Ma H} 1.86, &
IR TR, BEEE b {HAE 74.70 ~74.62 Ma
419.23, WM T IR A AR,

74.32 ~73.19 Ma £LJ% 2" {H7E - 0.87 L 7%
B, EE Db EFEE NS00, XL, L E
FE72.50 LRV, MAAXTEE, KWL TRCTEH
BT 5t

73.19 ~72.86 Ma £LJ¥ a " {H/T 1. 86 ~7. 67,
W b A T 15.83 ~22.19, PIEMIAEAR, =
JE L MHA T 60. 62 ~64.23, XA E, w5
BB IR LA
53 MAEAHSEEUNEREKRSIEITLL

R, ARSI R G AR DL RS2 8 L (L 4T
JE o  (HAE R b EA AR AR, X RS R BR

il 7RG AR A B R AR AR A AT RN, AR
SCHE R ST I JE At XSl 43 Hh 1) 4 NS 25 78
AL I, B Je e R BBl I &4 5 T T
KEMBIE, 2% S 8008 KRG RETR B 1 A2
feiigk (ES5); SRR TSMEMEN 0.5, &
BTN 1.5, BRRRERER 2.5, &
MBAERAE R 3.5, 456 0TE &S50 JE KISHME
HEFTREMRAL P B 6 A S HOR (A % 8 5 1 7 41,
PAF 6 NS LA RV s AE it [a] ROEE /% 48 4k il
2, Wan Gan AR fethZ (#5), RAERMAE
A RTAREE R, DR X DU & 4l S 72 4
10 NHrBE (76.08 ~75.65 Ma, 75.65 ~74.62 Ma
74.62 ~ 75.45 Ma. 75.45 ~ 74.32 Ma, 74.32 ~
74.19 Ma, 74.19 ~73.88 Ma, 73.88 ~73.60 Ma,
73.60 ~ 73.31 Ma. 73.31 ~73.19 Ma, 73.19 ~
72.86 Ma) , RV TR - 8 1 - R W -V
T T -5 T T -5 T -5 B W0 1 AR b 3
(Kls),

SEA BRI RO A

76.08 ~75.65 Ma B, KEHE% T, FiE
B e iRk H , % B Beib T Campanian H1H
PEAT RO AR B s, RIZ K2 K
MR BkiF EARXHE T, Py & KA 4R
Tb, BB AERS N, ZAREREW (ITCZ)
TR 2 SHTE 75,55 Ma B IR B9 4%
R E, ST TR

75.65 ~74.32 Ma B, HH75.65 ~75.62 Ma 2
377 a i), MIREMIRARE, RIANER; BT
FEZEA R RS G, SRR ERBRREE
74.32 Ma, HAMERGEMIRE, ZH B4 T
Campanian "M, B AR ) CMBE U1
FERA AR RLH2ERARR, X 54
D5 540 75. 55 ~74. 32 Ma Ay 38 B s AR o
N, BEHT T A BRI R R S Bt Rk vE KA 1)
FAP IR ELRBER N ST BCAE TR T A i S G 7K
FORIE, AUMEARXT T, d P R, 1y
SRR B, dEim S EE 74,13 Ma FIHE T
ML,

74.32 ~73.19 Ma B, SR T LR AR
B, Hp, 74.32 ~74.19 Ma, 73.88 ~73.60 Ma



3 S,

85 NI AR X b B Uy B TR (B ARG A A 2 R il U Al 417

F173.31 ~73. 19 Ma NEETH &A%, 74.19 ~
73.88 Ma 1 73.60 ~73.31 Ma ¥ TS M5, B
KEAMBOE AR AT E, BAT-%
T T TR T sh Rl

73.19 ~72. 86 Ma B, S O A8 AR
THRREAL, B IR RS A TR, 2Bk
Sk, 74.32 ~72.86 Ma 4bF Campanian B3], <
AR, BB B R A Atk B T = i
AR B T, BFsE X U G 41 74. 13 ~
72. 86 Ma R M P s AR R, ShhT
SERTHE AT B -5 7 2 R i S 4 A 47 T B Ak
LG 3h i 5 B0 R R R ARk BT e
WG A Fa T, DUy & L Be s K A7 ok b T i
PR, AT RE A I T R K PG in 3 ] 5 3

SRR, AR SCIU )5 6 4L TR g A F A €
s PE 3, S AR LR R A TE I, IR A
DESIRFIE, HC H B R U A ) 30 455 e 1 S 4k
SRR AR A 2 X R A, AR T AR A
A3 BTSSR i R DU 5 65 2L A AR T R B 0

6 it

(1) Pl 45 Hb vz 22 b X DU Ty 5 2 DL AR ) €6
FRE AL E I 32 5 I CE VE FHZ AR /N, AT LR
S M Bt S AR T A AR A

(2) WAL 233 0 22 3t [X DU 5 5 2 oy A< e 28 A
AR 42 BT BET . BB, BB, BIK
BER-B- - R & TR T 21
SR, 4 AR BT 31h 76. 08 ~75. 65 Ma,
75.65 ~74.32 Ma, 74.32 ~73.19 Ma 1 73.19 ~
72. 86 Ma,

(3) FAL A b WE 2 M X DU 5 5 4 S S5
F e RS AH IR, o 75,55 Ma B0 LB
Mtk (e, SRERAW (ITCZ) EBA X,
74.13 Ma B R EE (IR {E, FITHES CMBE < f%
4k CO, A e A 5,

(4) WFFEIX 74.13 ~72.86 Ma S EIEH, I
TR, TIHEYS Campanian BRI A8+ 2 A A
FA A A KL B G,

SE K.
(1] Agaa, 8k ERKEIR =14 [1]. PEF

(2]

(3]

(4]

(5]

(6]

(7]

(8]

2 (HiEkERL) | 2014, 44 (3) . 377-404.

RONG J Y, HUANG B. Study of Mass Extinction over
the past thirty years: a synopsis [ J]. Scientia Sinica
(Terra) , 2014, 44 (3) . 377-404.

TIGAE, MR, AL, A R AR X A
it 2 YTl AR AR WU R S U BRI A (], bRl
%, 2017,24 (1) 18-31.

WAN X Q, WU H C, XI D P, et al. Terrestrial biota
and climate during Cretaceous greenhouse in NE China
[J]. Earth Science Frontiers, 2017, 24 (1) 18-31.
ST, EARME. ML A B T4 SRR K L AR
AL [J]. AAEhBR, 1994, 14 (1) 11-16.
ZHANG L P, WANG D P. Paleoclimatic characteristics
and the mechanism for climatic changes in the Songliao
Basin during the Cretaceous [J]. Sedimentary Facies
and Paleogeography, 1994, 14 (1) 11-16.

B, B IBE T, A M AR R R
AR AW [J]. WA, 1994, 33 (6):
659-675, 785-787.

GAO R Q, ZHAO C B, ZHENG Y L, et al. Palynological
study of deepbeds ( Lower Cretaceous) in Songliao Basin,
China [ ] ]. 1994, 33
(6): 659-675, 785-787.

HUHE, e, B, 5. P P2t SR
58 [1]. WA AR, 1999, 16 (1) 2 99 -107.
HUANG Q H, ZHENG Y L, YANG M J, et al. On

Acta Palaeontologica Sinica,

Cretaceous paleoclimate in the Songliao Basin [J]. Acta
Micropaleontologica Sinica, 1999, 16 (1): 99-107.
MEREE, A, L, S LA R L
FA U R Z A AR R s (9], {5 e,
2024, 43 (3) . 378-389.

LINT F, FU X L, Al X, et al. Lithofacies types and
cycle patterns of shale layers of Qingshankou Formation in
Gulong Sag, Songliao Basin [J]. World Geology, 2024,
43 (3). 378-389.

SRPEZE, RS, sKiBUF, 48 AR 2 R D
WAk LS KO R E S [T]. HUFUE 4R,
2024, 43 (3T 1) . 429-442.

ZHANG D J, ZHENG Y J, ZHANG S Q, et al. Early
Cretaceous spore-pollen assemblages from the Shahezi
Formation in Well SK-2 and their paleoclimate significance
[J1. of China, 2024, 43
(Suppl. 1) ; 429-442.

Wb, o, DEIEFF, SF. PSR 20 b AR E R

Geological Bulletin



418

LG

http: //sjdz. jlu. edu. en

44 5

(9]

[10]

[11]

[12]

(13]

[14]

[15]

WARBESTIE R [J]. MUy, 2024, 44 (5):
1188-1204.
YANG L, GAOY, WU Z X, et al. Advances in research on
terrestrial paleoclimate in the mid-Cretaceous hothouse earth
[J]. Quaternary Sciences, 2024, 44 (5). 1188-1204.
GAO Y, GAO Y F, DANIEL E I, et al. Clay mineralogical
evidence for mid-latitude terrestrial climate change from
the latest Cretaceous through the earliest Paleogene in the
Songliao Basin, NE China [J].
2021, 124, 104827.

WANG Z, SUN P C, DU J F, et al. Eocene paleoclimate

Cretaceous Research,

evolution under the background of warm house : hothouse
conditions in the continental Fushun Basin: implications
from magnetic susceptibility and color reflectance []].
ACS Omega, 2022, 7 (28) . 24614-24625.

PECK J A, KING J W, COLMAN S M, et al. A rock
magnetic record from Lake Barkal Siberia: evidence of
Late Quaternary climate change []J]. Earth and Planetary
Science Letters, 1994, 122 (1/2) . 221-238.

TrRE, B, hEL A A A AR
FIRGRE S AURE XL [J]. HERY B4, 1989,
32 (1). 111-114.

FANG D J, YE D Q. Magnetic susceptibility and rema-
nence intensity of Cretaceous rocks from Songliao Plain
of China, their significance in paleoclimate [J]. Chi-
nese Journal of Geophysics, 1989, 32 (1) . 111-114.
FERNANDEZ R N, SCHULZE D G, GOFFIN D L, et
al. Color, organic matter, and pesticide adsorption rela-
tionships in a soil landscape [J]. Soil Science Society
of America Journal, 1998, 52 (4) . 1023-1026.
ST ARET b R AR 2 bl XA T T PR T AL A Y
[D]. KfF: HMR, 2020.

PING S F. Research of paleoenvironment process during
the Eocene in Yilan area of Yi-Shu graben [ D ].
Changchun; Jilin University, 2020.

KB, IR, BRIEER, AF AP R R S AT
FRYIwEA A RLEE | (B AR AR Moy R PR R X
(1], WARRA2R (HERBLERR) , 2020, 50 (2)
465-479.

ZHANG X R, PING S F, JIAO J Y, et al. Characteristics
of magnetic susceptibility, grain size and chromaticity of
modern sediments in the southern margin of Songnen
Plain and their paleoclimate environment significance

[J]. Journal of Jilin University (Earth Science Edition),

[16]

(17]

(18]

[19]

[20]

[21]

2020, 50 (2): 465-479.

VRIS, 240, W, 55, AL A AL =AM Y
T AT MY EA AT L AR S BT X
[J]. fEdbibf, 2022, 45 (4): 10-20.

CHEN L L, LI M, TANG C, et al. Petrology and
mineralogy characteristics of the uranium-bearing sand-
stone from Sifantai Formation in Sanzhao Depression of
northern Songliao Basin and their geological implications
[J]. North China Geology, 2022, 45 (4) . 10-20.
Vi, BRAERK, PRk, S5 ML KHE R P &
LR D IRAL R S HX 5 H 36 7 5 A 1 20
[J]. KM 5w 2, 2021, 45 (5): 892-912.
TANG C, WEI J L, CHEN L L, et al. Geochemical
characteristics of clastic rocks and their constrains on
source and tectonic background of the Sifangtai Formation
at the southern end of the Changyuan, Songliao Basin
[J]. Geotectonica et Metallogenia, 2021, 45 (5): 892-
912.

B, B, Edde, & ALK Hh X
Va7 S R AE S Sl 25 0F oA (1], heT it
i, 2022, 38 (4): 618-630.

HOU X G, LUO M, WANG Z H, et al. Sedimentary
characteristics and uranium metallogenic conditions of
Sifangtai Formation in Yi’an area, northern Songliao
Basin [J]. Uranium Geology, 2022, 38 (4): 618-630.
TR, BTE WESR, % LA IX E
FIBEGE VY J7 5 4 R SO MR B sl A b & TR
IHCRRRAE [T]. JRFRERFAEOR, 2024, 58 (H8
1): 182-190.

WANG J X, LIZ Y, XING Z C, et al. Identification of
astronomical cycles in Upper Cretaceous Sifangtai Forma-
tion and constraints on depositional age of uranium minera-
lized sandstones in Qian’an area of Songliao Basin [J].
Atomic Energy Science and Technology, 2024, 58
(Suppl. 1) ; 182-190.

F 0, B, B, 55 ML A R
RGOS B R ) [T]. KPS T
K, 2024, 43 (3): 49-61.

BAI X F, LU J M, LI J H, et al. Hydrocarbon accumula-
tion patterns and exploration potential of whole petroleum
systems in northern Songliao Basin [ J]. Petroleum
Geology & Oilfield Development in Daqing, 2024, 43
(3): 49-61.

L, BB, AN, NI R N A



k/~3/ﬂ):ﬁ

S,

85 NI AR X b B Uy B TR (B ARG A A 2 R il U Al 419

(22]

(23]

[24]

(25]

[26]

WG FLAFE . LIASIT 25 Hh [ BR R Bl R S PR A B
3FRB (1], AT, 2023, 30 (3): 425-440.
GAO H, WANG P J, GAO Y F, et al. The Upper-
Lower Cretaceous boundary in the southern Songliao
Basin: a case study of ICDP borehole SK-3 [J]. Earth
Science Frontiers, 2023, 30 (3): 425-440.

ERE, P, EER, 5. LM IRRBIX
VU7 A RHE [J]. RREEOR S TR, 2021,
21 (14) . 5677-5687.

WANG D X, LUO M, NIE F J, et al. Uranium metallo-
genic characteristics of Sifangtai Formation in Taikang
area, western margin of Songliao Basin [ J]. Science
Technology and Engineering, 2021, 21 (14). 5677-
5687.

VRS, BINrIR, £FA, 55, L2 X g
T 6 E R R A S 4R 5 [J/0L].
[2025-03-19]. H[E 1 B, 2023, 1-23, htp; //
kns. cnki. net/kems/detail/11. 1167. P. 20230613. 1521.
002. html.

XING Z C, JIA L C, WANG X J, et al. Metallogenic
conditions and prospecting direction of sandstone-type
uranium deposit of Sifangtai Formation in Qian’an area,
Songliao Basin [J/OL]. [2025-03-19]. Geology in
China, 2023, 1 - 23. hitp: //kns. cnki. net/kems/
detail/11. 1167. P. 20230613. 1521. 002. html.

B, R, IR, A AL A AR L X
PUTT 3 AR MR A 2 R ik B R B S [T ]
Bl R 5 TR, 2022, 22 (5) . 1814-1820.

LI'Y, NIE F J, YAN Z B, et al. Geochemical charac-
teristics and petrogenetic significance of the sandstones
of the Sifangtai Formation in Yi’an area, northern Songliao
Basin [ J].
2022, 22 (5): 1814-1820.

7T, AR, AT, AR MM R K R %
VU5 3 LA B Tk 4 ) 52 2R R AR K il i 2 X
(1], HRHEGER, 2021, 40 (3): 140-150.
CAINN, ZOUN N, FU Y, et al. Carbon and oxygen

Science Technology and Engineering,

isotopic characteristics and uranium mineralization
significance of the sandstone-type uranium deposit in the
Sifangtai Formation at the southern margin of Daqing
placanticline in Songliao Basin [J]. Bulletin of Geological
Science and Technology, 2021, 40 (3). 140-150.

XUBH, 2L, 2R, 45 ML Abdb iR KE
G U T £ 2EORT A 2 R 43 KR Bl R B

(27]

(28]

[29]

[30]

[31]

(32]

[J]. #2325, 2020, 44 (2) : 181-190.

LIU Y, WANG J L, LI J G, et al. Fine stratigraphic
division of the Upper Cretaceous Sifangtai Formation in
the Daqing placanticline, northern Songliao Basin and its
significance for uranium mineralization [ J]. Journal of
Stratigraphy, 2020, 44 (2) . 181-190.

ERGE, m, EBER, 5. AL E PR KRR
BRI RIE R B sk [J]. Mo
%k, 2024, 31 (1) 412430, 511-534.

WANG C S, GAO Y, WANG P ], et al. International
continental scientific drilling project of the Songliao
Basin: terrestrial geological records of the Cretaceous
dinosaur age [J]. Earth Science Frontiers, 2024, 31
(1):412-430, 511-534.

MFZE B ML 7 b VY R A G S T A = 0y B
HARGHNTE K 3 KA E Y236 [D]. db
s PR, 2020.

YE Y Q. Taxonomy and biostratigraphy of limnic ostracoda
(crustacea) from the Nenjiang and Sifangtai formations,
Santonian—Campanian, Upper Cretaceous, Songliao Ba-
sin, NE China [ D]. Beijing: China University of Geo-
sciences, 2020.

W, RIMTR, A, SF NI E RS
AU E IO (1], MR, 2011, 35
(3): 250-257.

HUANG Q H, WU H C, WAN X Q, et al. New pro-
gress of integrated chronostratigraphy of the Cretaceous
in Songliao Basin [J]. Journal of Stratigraphy, 2011,
35 (3): 250-257.

RN, i, ERGE, % LA LR A AR
HUZRRAE [J]. Hb~FTTZk, 2024, 31 (1) : 431-445.
WU H C, LIS, WANG C S, et al. Integrated chronos-
tratigraphic framework for Cretaceous strata in the
Songliao Basin [J]. Earth Science Frontiers, 2024, 31
(1):431-445.

IOVINE R S, PELULLO C, ARIENZO I, et al. Insights
into magma reactivation times prior to a catastrophic
highly explosive event: the Campanian ignimbrite eruption
(Campi Flegrei, Italy) [J]. Bulletin of Volcanology,
2025, 87 (27) . 1-17.

XIHHE, EARY, Xar, 5. ML e DU
fiE [J]. ez, 1992, 66 (4) . 327-338.

LIU Z J, WANG D P, LIU L, et al. Sedimentary

characteristics of the Cretaceous Songliao Basin [ ] ].



420

[T

http: //sjdz. jlu. edu. en

44 5

(33]

[34]

(35]

[36]

[37]

Acta Geologica Sinica, 1992, 66 (4) . 327-338.
WG, Wk, BAEAR, 4. RPHKE g i i 1 24
FRYH 5 R AR S A ARIe 3 (], AR,
2021, 44 (2): 74-80.

XU Z L, TANG C, WEI J L, et al. Late Cretaceous
palynological record and its paleoclimate significance in
the southern of Daqing placanticline [J]. North China
Geology, 2021, 44 (2). 74-80.

BRRIR, ORI, A, GE. 9.4 ka LR R I
ARACTRKUBITER ) €0 18 2 B8 A RRAIE R HE PR35 1 A8
[J]. BURHLIT, 2022, 36 (2) . 439-448, 461.
HUM]J, JITQ, ZHENG D Y, et al. Variation charac-
teristics of chromatic parameters of eolian sediments and
environmental evolution on the northeastern Tibetan
Plateau since 9.4 ka [ J]. Geoscience, 2022, 36
(2):439-448, 461.

BARRON V, TORRENT J. Use of the Kubelka—Munk
theory to study the influence of iron oxides on soil colour
[J]. Journal of Soil Science, 1986, 37 (4): 499 -510.
SR, e, DY, AF. AL AL B b AL
WA R A BT 53 T R ()], A
MR, 2023, 40 (2): 174-185.

ZHANG H, NIE F J, CALJ F, et al. Analysis of favorable
metallogenic conditions and exploration direction of
sandstone-type uranium deposits in northern Songliao
Basin in China [J]. World Nuclear Geoscience, 2023,
40 (2): 174-185.

YANG D, FANG X, SONG Y, et al. Development of a

pediment on western slopes of Liupan Mountain related

(38]

(39]

[40]

[41]

[42]

[43]

[44]

[45]

to the Neotectonic Uplift [J]. Chinese Science Bulletin,
2001, 46 (Suppl. 1) 11-15.

BALSAM W L, WOLHART R J. Sediment dispersal in
the Argentine Basin: evidence from visible light spectra
[J]. Deep Sea Research Part II ;. Topical Studies in
Oceanography, 1993, 40 (4). 1001-1031.

PIRRIE D, MARSHALL J D. High-paleo attitude Late
Cretaceous paleotemperatures: new data from James
Ross Island, Antarctica [J]. Geology, 1990, 18 (1):
31-34.

THANPSON R, OLDFIELD F. Environmental magnetism
[M]. London: Allen & Unwin, 1986 1-227.
BEHERA S K. Tropical and extratropical air-sea interac-
tions;: modes of climate variations [ M |. Amsterdam:
Elsevier, 2020 171-206.

TANG XJ,YUZJ, LUZY, et al. Orbital hydroclimate
variability revealed by grain-size evidence in the tropical
Pacific Islands since 140 ka [J]. Global and Planetary
Change, 2024, 236 (12). 104429.

MILLER K G, WRIGHT J D, BROWNING J V.
Visions of ice sheets in a greenhouse world [ J].
Marine Geology, 2005, 217 (34) . 215-231.

GAO Y, IBARRA D E, WANG C S, et al. Mid-latitude
terrestrial climate of east Asia linked to global climate in
the Late Cretaceous [ J]. Geology, 2015, 43 (4).
287-290.

LI L Q, KELLER G. Abrupt deep-sea warming at the
end of the Cretaceous [J]. Geology, 1998, 26 (11):
995-998.



