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Fig.1 Distribution of major source rocks and glaciation in China
Age data are sourced from references [23-39], oil and gas reserve data from references [40-41], global average temperature from

reference [42], and global average sea level change from reference [43]
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Fig.2 Paleogeographic distribution of marine source rocks during deglaciation in China 174!
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Fig.3 Marine source rock profiles and total organic¢ carbon (TOC) contents during deglaciation in China
Data of the Datangpo Formation are cited from reference [19]; data of Doushantuo Formation are cited from reference [73], data of
Yurtus Formation are cited from reference [65], data of Wufeng Formation-Longmaxi Formation are cited from reference [68], data of

Chihsian Formation are cited from referénge, [71]
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Fig.4 Summary of geochemical indicators of marine source rocks in deglaciation
Data of the Datangpo Formation are cited from references [61,91-92]; data of the Doushantuo Formation are cited from references
[49,79,93]; data of the Yuertus Formation are cited from references [94-96]; data of the Wufeng-Longmaxi Formation are cited from

references [68,86-87,97]; data of Chihsian Formation are cited from references [71,89,98]
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Fig.5 Relationship between chemical index of alteration (CIA) value and terrigenous input of source rock in

Chihsian Formation (Data are cited from reference [#1)
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Fig.7 Damage mechanisms caused by rock freeze-thaw processes (modified from reference [102])
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Fig.10 Distribution of source rock strata in the world and its contribution ratio to oil and gas geological reserves

(modified from reference [22])

[ A e 5 R P Jeelstc BB R ) XA o AT Bt AR 2R ik O 5, P iR R
AR A AR AT KB AR 2E i ok, i [ AR Ui AR e 7 EUAR o Bl AR YR
HHMEICAA, RS 2B EHE IR, ks s ARG AR O, R T
IKAERSE . pH AR SE R A B AE ], Bl A I 32 Ui S0 2 0420, v [
C-P Fer 0 RIRALAN ™ Fyg 414k, DRI IR 78 B AN S B TlE =

5 VKIS HIEIEA A LR E S

UKRRATIIIRF IR B0 . A8 MG AR A A 5t SRS 50 1 A = I AR TR 61,
1T P A R A LR IR B o e U A LR 8 B 10 B T 22 SRR K g
FAEMRMRE . HIRMER, UL S KAGAR S IR AR AT 5%, TR R (R =0 A v 14
AN TR K, TR A J . AR T Sl sl i 2= =, vk I



UL R

AR IFAIILE, Hi TREMIR RGN RS ERm S, TR, 2. E
PRI R L A 25 5 S o e R 1- P9 AR B R o I & B B A BRI ok« 0K
TN FhK S N S BRI RAE A R 22 S BN ETHRAE R TR B s N B i A A
FIVA B LR Kl A P SE TR 3 880 7 e g7 4R T, IR _ETHRERT KL AR
WA FE R A S B RS, (S LR R IRAF

PRI, KT AR RS B R SURT DL 9 B = e Je—, THIRAIRI 2083 <
1] SECE A AR G0, BRI, B i, EAM T AN E . KT, 0K
R BUR UK R P 1B RE S BRI AL CETHRAR SR SR e
IR LT 70, HAR SR R AT LS 20 i 6 SR S BT UK AR IR sk SO B, A7 R T HLA 1)
B ARANORAT o L=, UK ST R AR L A FH 2 T i s K8 TR T HL 3 SUK A A B4
PRI A S SRR A MUBR AR AT AR o 3% = AN R 32 AN M BR 2R G818 VK — R0 VK 4 e ] o
XS U 91/ FRO M L 171 R UK S — T UK S [ e A2 K (B 0 BRAR AL 15 22 AL 1K
SFEERTIRR (B 1D o IR (4 B A 50 R3O SR AT UK i A e s
WiEH, #FERIEA BT B E R, ERAIURE RN ESEREAME, iR h
AN o H TR TERI SR A DS TUBORREN , R RIE R 45 AR AR R, i —
FSESROVIE - wixiI RS E SO RER NS

BTT DRI 2 N ) AT MU AR JA T s

Fig.11 Pattern of the formation of organic-rich source rocks under a deglaciation climate
6 4k

(D) PEEERPCAEAS . FAERKE TEREUERFET, et N EAR s
TRIER KRR T, HUKTRIea 2 70 A e P AREE X



MR IR DK ) o A AR U A LR o

(2) [ T UK IR 1V Rl R e o 2 An A e AR, Rl Ry 42— AL e i
W, B — SO B L AL,

(3) K P Ml N H B E . THRABE) R S B S A KA 5, T2 KR
PR SR B TR AT (1 K Ll R TR S 380 1 DK SR AR 2 77 0 B v R i S0 B 1
IKVERIAET, B8 T AR E SMRAE, I 7R — KR P R AR

(4) AHF TR 7R T UK AR el AL & SR IS IR, RORIE R 45 &k U
BRANGE RN = Jp A, 3k — D IS UE UK WS AR A HUBR B SR AR A LB SR R &K

it AEFRAMTAAERR BT A A mB SR E L, AR RA AR K .

) B R PR AR 4 T 7 R R A A P R & .

SE Rk (References)

[1] Pedersen T F, Calvert S E. Anoxia vs. Productivity: What controls the Formation ofyorganic-carbon-rich sediments and sedimentary
rocks?[J]. AAPG Bulletin, 1990, 74(4): 454-466.

[2] Schoepfer S D, Shen J, Wei H Y, et al. Total organic carbon, organic phosphorsus,\and biogenic barium fluxes as proxies for
paleomarine productivity[J]. Earth-Science Reviews, 2015, 149: 23-52.

[3] Demaison G J, Moore G T. Anoxic environments and oil source bed genesis[J]. Organic Geochemistry, 1980, 2(1): 9-31.

[4] Sageman B B, Murphy A E, Werne J P, et al. A tale of shales: The relative roles of production, decomposition, and dilution in the
accumulation of organic-rich strata, Middle—Upper Devonian, Appalachian Basin[J]. Chemical Geology, 2003, 195(1/2/3/4): 229-273.

[5] Caplan M L, Bustin R M. Palaeoceanographic controls_on gé€ochemical characteristics of organic-rich Exshaw mudrocks: Role of
enhanced primary production[J]. Organic Geochemistry, 19995 30(2/3): 161-188.

[6] Rimmer S M. Geochemical paleoredox indicators in Devonian—Mississippian black shales, Central Appalachian Basin (USA)[J].
Chemical Geology, 2004, 206(3/4): 373-391.

[71 Hofmann P, Ricken W, Schwark L, etral. Geochemical signature and related climatic-oceanographic processes for early Albian black
shales: Site 417D, North Atlantic Oceanfd]."C€retaceous Research, 2001, 22(2): 243-257.

[8] Wei HY, Chen D Z, Wang T G, st al. Onganic accumulation in the Lower Chihsia Formation (Middle Permian) of South China:
Constraints from pyrite morphology and“multiple geochemical proxies[J]. Palacogeography, Palacoclimatology, Palacoecology, 2012,
353-355: 73-86.

[9] Jiwarungrueangkul T, Liu Z F, Zhao Y L. Terrigenous sediment input responding to sea level change and East Asian monsoon
evolution since the last deglaciation in the southern South China Sea[J]. Global and Planetary Change, 2019, 174: 127-137.

[10] Xu Z K, Wan S M, Colin C, et al. Enhanced terrigenous organic matter input and productivity on the western margin of the western
Pacific Warm Pool during the Quaternary sea-level lowstands: Forcing mechanisms and implications for the global carbon cycle[J].
Quaternary Science Reviews, 2020, 232: 106211.

[11] Gao K S, XulJ T, Gao G, et al. Rising CO; and increased light exposure synergistically reduce marine primary productivity[J]. Nature
Climate Change, 2012, 2(7): 519-523.

[12] Striebel M, Kallajoki L, Kunze C, et al. Marine primary producers in a darker future: A meta-analysis of light effects on pelagic and
benthic autotrophs[J]. Oikos, 2023, 2023(4): e09501.

[13] Huang H, Gao Y, Ma C, et al. Organic carbon burial is paced by a ~173-ka obliquity cycle in the Middle to high latitudes[J]. Science
Advances, 2021, 7(28): eabf9489.

[14] Calvert S E, Pedersen T F. Geochemistry of Recent oxic and anoxic marine sediments: Implications for the geological record[J].

Marine Geology, 1993, 113(1/2): 67-88.



[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]
[29]

[30]

[31]

[32]

[33]

[34]

LR Rk

Pichevin L, Bertrand P, Boussafir M, et al. Organic matter accumulation and preservation controls in a deep sea modern environment:
An example from Namibian slope sediments[J]. Organic Geochemistry, 2004, 35(5): 543-559.

Dixon R K, Turner D P. The global carbon cycle and climate change: Responses and feedbacks from below-ground systems[J].
Environmental Pollution, 1991, 73(3/4): 245-262.

Craig J, Biffi U, Galimberti R F, et al. The palaeobiology and geochemistry of Precambrian hydrocarbon source rocks[J]. Marine and
Petroleum Geology, 2013, 40: 1-47.

Cai C F, Lyons T W, Sun P, et al. Enigmatic super-heavy pyrite Formation: Novel mechanistic insights from the aftermath of the
Sturtian Snowball Earth[J]. Geochimica et Cosmochimica Acta, 2022, 334: 65-82.

B, ERetlE, IR, & hEITH RIS BURRHE X EVRATRD]. TEEEE (D8 - HiERERE, 2019, 49 (6) -
939-964. [Zhao Wenzhi, Wang Xiaomei, Hu Suyun, et al. Hydrocarbon generation characteristics and exploration prospects of
Proterozoic source rocks in China[J]. Science China (Seri. D): Earth Sciences, 2019, 49(6): 939-964.]

Zhang S C, Wang X M, Hammarlund E U, et al. Orbital forcing of climate 1.4 billion years ago[J]. Proceedings of the National
Academy of Sciences of the United States of America, 2015, 112(12): E1406-E1413.

Algeo T J, Meyers P A, Robinson R S, et al. Icehouse—greenhouse variations in marine denitrification[J]. Biogeosciences, 2014, 11(4):
1273-1295.

WERIR, RS, MR, . PRGBSV GEE . PSR D] AR, 2010, 15 (12) : 37-52. [Teng Geer, Jiang Qigui,
Tao Cheng, et al. Research progress, challenge and prospect of the source rocks/in €hina[J]. Sino-Global Energy, 2010, 15(12):
37-52.].

Zhang S H, Jiang G Q, Zhang J M, et al. U-Pb sensitive high-resolution ion microprobe ‘ages from the Doushantuo Formation in South
China: Constraints on Late Neoproterozoic glaciations[J]. Geology, 2005, 33(6): 473-476.

B, Ik X R v A S BE L T A RG2S RIE KL X [D]. AR P ERZEH AR KY:, 2016: 39-44. [Hu Rong. Geochemical
characterics and implications of the Nantuo and Doushantuo Formation in the three gorges area[D]. Hefei: University of Science and
Technology of China, 2016: 39-44.]

Zhang S H, Jiang G Q, Han Y G. The age of the Nantuo Fermatien and Nantuo glaciation in South China[J]. Terra Nova, 2008, 20(4):
289-294.

Yao J X, Xiao S H, Yin L M, et al. Basal Cambrian microfossils from the Yurtus and Xishanblaq Formations (Tarim, north-west
China): Systematic revision and biostratigraphic correlation of Micrhystridium-like acritarchs[J]. Palacontology, 2005, 48(4): 687-708.
Wang X, Zhang X L, Liu W. Biostratigraphic constraints on the age of Neoproterozoic glaciation in North China[J]. Journal of Asian
Earth Sciences, 2021, 219: 104894

Wang R M, Shen B, Lang X G, et al. Asgreat Late Ediacaran ice age[J]. National Science Review, 2023, 10(8): nwad117.

Delabroye A, Vecoli M. The end-Ordovician glaciation and the Hirnantian stage: A global review and questions about Late Ordovician
event stratigraphy[J]. Earth-Science Reviews, 2010, 98(3/4): 269-282.

Mg, BEER, F30OF, & BiEIX ER R DR RO A TUR M BUEE R D). TEBEE (D8 o HiEREE,
2017, 47 (6) : 720-732. [Chen Xu, Fan Junxuan, Wang Wenhui, et al. Stage-progressive distribution pattern of the Lungmachi black
graptolitic shales from Guizhou to Chongqing, Central China[J]. Science China (Seri. D): Earth Sciences, 2017, 47(6): 720-732.]

Sun F N, Hu W X, Cao J, et al. Sustained and intensified lacustrine methane cycling during Early Permian climate warming[J]. Nature
Communications, 2022, 13(1): 4856.

Wang T T, Cao J, Carroll A R, et al. Oldest preserved sodium carbonate evaporite: Late Paleozoic Fengcheng Formation, Junggar
Basin, NW China[J]. GSA Bulletin, 2021, 133(7/8): 1465-1482.

Huang H, Gao Y, Ma C, et al. Astronomical constraints on the development of alkaline lake during the Carboniferous-Permian Period
in North Pangea[J]. Global and Planetary Change, 2021, 207: 103681.

Qie W K, Algeo T J, Luo G M, et al. Global events of the Late Paleozoic (Early Devonian to Middle Permian): A review[J].

Palacogeography, Palacoclimatology, Palacoecology, 2019, 531: 109259.



[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

MR IR DK ) o A AR U A LR o

Garzanti E, Sciunnach D. Early Carboniferous onset of Gondwanian glaciation and Neo-tethyan rifting in South Tibet[J]. Earth and

Planetary Science Letters, 1997, 148(1/2): 359-365.

Wk, BiEAR, B, 2. ol AERUK I Sl R [I]. s R R, 2016, 35 (2) ¢ 140-151. [Yang Bing, Xia Haodong, Yang

Xinjie, et al. Late Paleozoic Ice Age: Review of recent progress[J]. Geological Science and Technology Information, 2016, 35(2):

140-151.]

Whetten J T. Carboniferous glacial rocks from the Werrie Basin, New South wales, Australia[J]. GSA Bulletin, 1965, 76(1): 43-56.

Jones A T, Fielding C R. Sedimentological record of the Late Paleozoic glaciation in Queensland, Australia[J]. Geology, 2004, 32(2):

153-156.

WRiE, BE4EET, skons)), 5. TOGA Kk BEA BATUAES FE G X NRIa S5 e ] B2 E, 2015, 39 (4) : 351-358.

[Chen X, Fan J X, Zhang Y D, et al. Subdivision and delineation of the Wufeng and Lungmachi black shales in the subsurface areas of

the Yangtze Platform[J]. Journal of Stratigraphy, 2015, 39(4): 351-358.]

WEE. 7 EAC IR U E R B R Dl R R BB T]. RIS 5 A1, 2022, 40 (4) : 1-15. [Dai Jinxing.

The significance of giant gas fields with annual output of more than 10 billion cubic meters in the development of natural gas industry

in China[J]. Natural Gas and Oil, 2022, 40(4): 1-15.]

gkfd, R, TkeEE, 25 D0 S8 KRS R IE S B AR 7M7), RARS Tk, 2018, 38 (1) : 10-20. [Zhang Jian,

Zhou Gang, Zhang Guangrong, et al. Geological characteristics and exploration orientation of Mid-Permian natural gas in the Sichuan

Basin[J]. Natural Gas Industry, 2018, 38(1): 10-20.]

Scotese C R, Song H J, Mills B J W, et al. Phanerozoic paleotemperatures: The ‘earth's changing climate during the last 540 million

years[J]. Earth-Science Reviews, 2021, 215: 103503.

TR, BBot, WEW, % SRKMAHERAFS S mAEM]. st %Mt 2015: 103-117. [He Dengfa, Tong

Xiaoguang, Wen Zhixin, et al. Formation conditions and distribution rules of global major oil and gas fields[M]. Beijing: Science Press,

2015: 103-117.]

Shen W B, Zhu X K, Li J, et al. Mechanism of organic matter accumulation in black shale of the Datangpo Formation: Insights from

paleo-environmental variation during the Cryogenian non-glaciatien[J]. Precambrian Research, 2022, 383: 106889.

Shen W B, Zhu X K, Yan B, et al. Sequence stratigraphy 0f/the Cryogenian Nantuo Formation in South China: Constraints on

Marinoan glaciation dynamics[J]. Journal of Asian Earth Sciences, 2021, 214: 104776.

Bao X J, Zhang S H, Jiang G Q, et al. Cyclostratigraphic constraints on the duration of the Datangpo Formation and the onset age of the

Nantuo (Marinoan) glaciation in South China[J]. Earth and Planetary Science Letters, 2018, 483: 52-63.

UL, ZUAR. R S WA s R AR M]. Jest: ST ARAL, 20130 3-36. [Li Jianghai, Jiang Hongfu.

World atlas of plate tectonic recOnstruction, Lithofacies Paleogeography and Placoenvironment[M]. Beijing: Geology Press, 2013:

3-36.]

Harper D A T, Servais T. Early palacozoic biogeography and palacogeography[M]. London: Geological Society of London, 2013.
e, B, w25 HpEERBELTE AR T RS S AT T[], MR AR, 2021, 95 (8) : 2553-2574. [Zhu

Guangyou, Zhao Kun, Li Tingting, et al. Formation mechanism and distribution prediction of source rocks in the Ediacaran

Doushantuo Formation, South China[J]. Acta Geologica Sinica, 2021, 95(8): 2553-2574.]

Cai C F, Zhang C M, Cai L L, et al. Origins of Palaeozoic oils in the Tarim Basin: Evidence from sulfur isotopes and biomarkers[J].

Chemical Geology, 2009, 268(3/4): 197-210.

Cai CF, Zhang C M, Worden R H, et al. Application of sulfur and carbon isotopes to oil-source rock correlation: A case study from the

Tazhong area, Tarim Basin, China[J]. Organic Geochemistry, 2015, 83-84: 140-152.

Zhang G J, Chen D Z, Ding Y, et al. Redox fluctuations and organic accumulation on the outer shelf of the Early Cambrian (Ages 2-3)

Yangtze sea: Geochemical records on a seaward submarine sill[J]. Geological Journal, 2021, 56(4): 1841-1857.

S, TEME, BRSE, SR DU ZEH G S S AT A R AR SRR R R R R [T R B IR, 2021, 26 (6) : 68-81.

[Wen Long, Wang Hua, Xu Liang, et al. Characteristics and main controlling factors of gas accumulation of the Middle Permian Qixia

Formation in western Sichuan Basin[J]. China Petroleum Exploration, 2021, 26(6): 68-81.]



[54]

[53]

[56]
[57]
[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

LR Rk

Shen S Z, Zhang H, Zhang Y C, et al. Permian integrative stratigraphy and timescale of China[J]. Science China Earth Sciences, 2019,

62(1): 154-188.

SO, SR, BN, S5 DO 2t A )1 — i g Hh X TS 40 1 2= 5 KRR AR AE S A IR X A (7], KA i b i 5 7F

K 2022, 41 (4) : 1-11. [He Wenyuan, Meng Qi'an, Yin Changhai, et al. Geological characteristics and favorable exploration plays

of gas in Qixia Formation dolomite in Hechuan-Tongnan area of Sichuan Basin[J]. Petroleum Geology & Oilfield Development in

Daging, 2022, 41(4): 1-11.]

Hearing T W, Harvey T H P, Williams M, et al. An early Cambrian greenhouse climate[J]. Science Advances, 2018, 4(5): eaar5690.

Lindstrom M. Cold age sediment in Lower Cambrian of South Sweden[J]. Geologica et Palacontologica, 1972, 6: 9-23.

Landing E, Macgabhann B A. First evidence for Cambrian glaciation provided by sections in Avalonian new Brunswick and Ireland:

Additional data for Avalon—-Gondwana separation by the earliest Palacozoic[J]. Palacogeography, Palacoclimatology, Palacoecology,

2010, 285(3/4): 174-185.

FEE, TOHE B, & SONRPkEE e R R AR ACH #5417 SHRIMP 11 U-Pb 4E84[J]. HUBi 244, 2006, 80 (2) : 273-278.

[Yin Chongyu, Wang Yangeng, Tang Feng, et al. SHRIMP Il U-Pb Zircon date from the Nanhuan Datangpo Formation in Songtao

county, Guizhou province[J]. Acta Geologica Sinica, 2006, 80(2): 273-278.]

KM, WA, B, L P R F X R AR R K S 2 OB A T B Rk vl <0 I 48 AR [J/OL). [ R

https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CAPJ&dbname=CAPJ &filename=DIZ120220407000. [Song Teng, Lin Tuo, Li Fei,

et al. Lithofacies paleogeography in the depositional Period of the Datangpo Formationgof Nanhua System in the Middle and Upper

Yangtze Region, SW China and its indication of hydrocarbon,” “accumuldtion[J/OL]. Geology in  China.

https://kns.cnki.net/kcms/detail/detail.aspx?dbcode=CAPJ&dbname=CAPJ &filenam&=DI1Z120220407000.]

A, ROE, B, S ERHX R AR RO A R U R AR IE S A HUR B LS. AR, 2021, 42
(9):1142-1162. [Li Tingting, Zhu Guangyou, Zhao Kun, et al. Geological, geochemical characteristics and organic matter enrichment

of the black rock series in Datangpo Formation in Nanhua System, South China[J]. Acta Petrolei Sinica, 2021, 42(9): 1142-1162.]

Jiang G Q, Shi X Y, Zhang S H, et al. Stratigraphy and paleogeogeaphy of the Ediacaran Doushantuo Formation (ca. 635-551Ma) in

South China[J]. Gondwana Research, 2011, 19(4): 831-849:

XUME%E, FEE, MAss, 5. ERIRA X Bl 4 4 (R YA ER M ERI PRI M 4%, 2012, 86 (6) : 849-866. [Liu

PJ,Yin CY, Chen S M, et al. Discussion on the Chronostratigraphic Subdivision of the Ediacaran (Sinian) in the Yangtze Gorges area,

South China[J]. Acta Geologica Sinica, 2012, 86(6): 849-866.]

B, KKk, KRW, & BAREEE R R GERR) il d)EFHERr 5XE[]. dE R, 2015, 17 (D:

1-20. [Yang Aihua, Zhu Maoyan, Zhang® Junming, et al. Sequence stratigraphic subdivision and correlation of the

Ediacaran(Sinian)Doushantuo Formation of Yangtze Plate, South China[J]. Journal of Palacogeography, 2015, 17(1): 1-20.]

Zhu G Y, Chen F R, Chen Z Y, et al. Discovery and basic characteristics of high-quality source rocks found in the Yuertusi Formation

of the Cambrian in Tarim Basin, China[J]. Journal of Natural Gas Geoscience, 2016, 1(1): 21-33.

Yeasmin R, Chen D Z, Fu Y, et al. Climatic-oceanic forcing on the organic accumulation across the shelf during the Early Cambrian

(Age 2 through 3) in the mid-Upper Yangtze Block, NE Guizhou, South China[J]. Journal of Asian Earth Sciences, 2017, 134:

365-386.

Qiu Z, Zou C N. Controlling factors on the Formation and distribution of “sweet-spot areas” of marine gas shales in South China and a

preliminary discussion on unconventional petroleum sedimentology[J]. Journal of Asian Earth Sciences, 2020, 194: 103989.

DR, A5 RE, FLLE, & TEET HIEH— R DR TUA AR B R S ER R D] RASHERES, 2020, 31 (2):

163-175. [Qiu Zhen, Zou Caineng, Wang Hongyan, et al. Discussion on characteristics and controlling factors of differential

enrichment of Wufeng-Longmaxi Formations shale gas in South China[J]. Natural Gas Geoscience, 2020, 31(2): 163-175.]

SR R G X T 2 — o 3R A Y8 TUA RRAE S A WL W SEHLBLRT JE[D]. 229H: 2 MIK%%, 2019: 12-18. [Jia Min. Shale

characteristics and organic matter accumulation mechanism of Wufeng-Longmaxi Formation in northeastern Sichuan Basin[D].

Lanzhou: Lanzhou University, 2019: 12-18.]



[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

MR IR DK ) o A AR U A LR o

WM, TTHER, EER, 2. DN SN A S5 O AR RS 2 R PR RS Tk, 2016, 36 (12) : 26-34. [Huang
Shipeng, Jiang Qingchun, Wang Zecheng, et al. Differences between the Middle Permian Qixia and Maokou source rocks in the
Sichuan Basin[J]. Natural Gas Industry, 2016, 36(12): 26-34.]

FHfEH, BERA, BR, & SHhIX b S GEA R RIS TR, H AR, 2011, 46 (1) : 68-82. [Wei Hengye,
Chen Daizhao, Yu Hao, et al. Formation mechanism of source rocks in the Lower Chihsian Formation of Middle Permian, western
Hubei province[J]. Chinese Journal of Geology, 2011, 46(1): 68-82.]

B4z, Ry, g, . MIEE A A ZORHE EAHRDTRE RO SRR IR R[], WEEHUR 5 H AR, 2010, 30 (5):

109-118. [Lv Bingquan, Cai Jingong, Liu Feng, et al. Upwelling deposits at the marginal slope of a carbonate platform in Qixia stage
and its relation with hydrocarbon source rocks[J]. Marine Geology & Quaternary Geology, 2010, 30(5): 109-118.]

McFadden K A, Huang J, Chu X L, et al. Pulsed oxidation and biological evolution in the Ediacaran Doushantuo Formation[J].
Proceedings of the National Academy of Sciences of the United States of America, 2008, 105(9): 3197-3202.

Nesbitt H W, Young G M. Early Proterozoic climates and plate motions inferred from major element chemistry of lutites[J]. Nature,
1982, 299(5885): 715-717.

Fedo C M, Nesbitt W H, Young G M. Unraveling the effects of potassium metasomatism in sedimentary rocks and paleosols, with
implications for paleoweathering conditions and provenance[J]. Geology, 1995, 23(10): 921-924.

B, RN, IEA, 2 SR AR R R R AR AR RS T PRI 7], DU AR, 2018, 36 (2) : 343-353. [Zhao Zhanlun,
Wen Xiaohao, Tang Liansheng, et al. Applicability of chemical alteration index t@ indication of Paleoclimate change by different
sedimentary Facies[J]. Acta Sedimentologica Sinica, 2018, 36(2): 343-353.]

Wei G Y, Wei W, Wang D, et al. Enhanced chemical weathering triggered an expansion\of euxinic seawater in the aftermath of the
Sturtian glaciation[J]. Earth and Planetary Science Letters, 2020, 539: 116244.

Zhai LN, Wu CD, Ye Y T, et al. Fluctuations in chemical weathering on the Yangtze Block during the Ediacaran—Cambrian transition:
Implications for paleoclimatic conditions and the marine carbon cycle[J]. Palacogeography, Palacoclimatology, Palacoecology, 2018,
490: 280-292.

i, AASH, PRBk, 5. Aepgliid-Rhr 20 Lve YNBSS A SRV SO AR R R ] AR E, 2022, 41 (5) -

891-902. [Lu Zhuo, Zhu Yuxiang, Tao Lu, et al. Enlightenment<of source and weathering of the Ediacaran Doushantuo Formation in
South China on the global phosphorus event[J]. Acta Petrologica et Mineralogica, 2022, 41(5): 891-902.]

Hoffman P F, Kaufman A J, Halverson G P, et al. A Neoproterozoic snowball earth[J]. Science, 1998, 281(5381): 1342-1346.

Shields G A. Neoproterozoic cap catbofiates: A critical appraisal of existing models and the plumeworld hypothesis[J]. Terra Nova,
2005, 17(4): 299-310.

Shields G A, Deynoux M, Straus$ H, ‘et al./Barite-bearing cap dolostones of the Taoudéni Basin, northwest Africa: Sedimentary and
isotopic evidence for methane seepage after a Neoproterozoic glaciation[J]. Precambrian Research, 2007, 153(3/4): 209-235.

Peters S E, Gaines R R. Formation of the ‘Great Unconformity” as a trigger for the Cambrian explosion[J]. Nature, 2012, 484(7394):
363-366.

Shields G, Stille P, Brasier M D, et al. Stratified oceans and oxygenation of the Late Precambrian environment: A post glacial
geochemical record from the Neoproterozoic of W. Mongolia[J]. Terra Nova, 1997, 9(5/6): 218-222.

Li Z X, Evans D A D, Halverson G P. Neoproterozoic glaciations in a revised global palacogeography from the breakup of Rodinia to
the assembly of Gondwanaland[J]. Sedimentary Geology, 2013, 294: 219-232.

Yan D T, Chen D Z, Wang Q C, et al. Large-scale climatic fluctuations in the Latest Ordovician on the Yangtze block, South China[J].
Geology, 2010, 38(7): 599-602.

Zou C N, Qiu Z, Poulton S W, et al. Ocean euxinia and climate change “double whammy” drove the Late Ordovician mass
extinction[J]. Geology, 2018, 46(6): 535-538.

A, BT, YR, SF PORLANREE S UK AT TE]. A E M, 2014, 41 (6) : 2132-2143. [Wang Honghao, Li
Jianghai, Li Weibo, et al. A study of the distribution of ice sheets on Gondwana Supercontinent in Paleozoic[J]. Geology in China,

2014, 41(6): 2132-2143.]



[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

LR Rk

Sun S, Chen A Q, Ogg J G, et al. Continental weathering indices recorded in low-latitude carbonates unveil the P3 glacial of the Late

Paleozoic Ice Age[J]. Global and Planetary Change, 2023, 220: 103994.

R, EER, DK, L PG AL R G R AR R R R A T AR KR R T AR, 2020, 25
(3) : 66-82. [Li Minglong, Tan Xiucheng, Luo Bing, et al. Characteristics of facies-controlled and early high-frequency exposed

karstificationin the Qixia Formation of Middle Permian in the northwest of Sichuan Basin and its significance[J]. China Petroleum

Exploration, 2020, 25(3): 66-82.]

BUKK, BT, KR, 2. ST RABORIES A S R AOE BT[], #U5iR 24, 2023, 58(2) 1 489-510. [Pei Bingbing,

Cai Chunfang, Zhang Jizhen, et al. Formation environment analysis of Mn-bearing rocks in Datangpo Formation, Songtao, Guizhou

province[J]. Chinese Journal of Geology, 2023, 58(2): 489-510.]

AiJ Y, Zhong N N, Zhang T G, et al. Oceanic water chemistry evolution and its implications for post-glacial black shale Formation:

Insights from the Cryogenian Datangpo Formation, South China[J]. Chemical Geology, 2021, 566: 120083.

Fang X Y, Wu L L, Geng A S, et al. Formation and evolution of the Ediacaran to Lower Cambrian black shales in the Yangtze

Platform, South China[J]. Palacogeography, Palacoclimatology, Palacoecology, 2019, 527: 87-102.

BRRHEEE, Bere, wehe, &5 Fep st s IR RIE SRR E R AR DU RUR BT F— A DO B[], SR

L2, 2022, 51 (2) : 293-310. [Ouyang Siqi, Lyu Xiuxiang, Xue Nan, et al. Paleoenvironmental characteristics and source rock

development model of the Early-Middle Cambrian: A case of the Keping-Bachu area in the Tarim Basin[J]. Journal of China

University of Mining & Technology, 2022, 51(2): 293-310.]

e, BGIR, BRAREL 25 3 EARZE AR 1 H N RS R /R W 1 R IR ER S 1 5 T PR BE (0], BT 244, 2022,
96 (6) : 2116-2130. [Zhu Guangyou, Hu Jianfeng, Chen Yongquan, et al. Geochemicahcharacteristics and Formation environment of
source rock of the Lower Cambrian Yuertusi Formation in well Luntan 1 in Tarim Basin[J]. Acta Geologica Sinica, 2022, 96(6):
2116-2130.]

Afh. RER—TNERGVIR IR T T A WU & R A IUEIRS . LA R RIS R B 561D, 0 ER B
TP BRI B 50T, 2021: 69-92. [Deng Qian. Sedinfentary/geochemical records and organic matter accumulation mechanisms in
the Sinian-Lower Cambrian strata: Case studies in South Ghiha and the Tarim Basin, NW China[D]. Guangzhou: Guangzhou Institute
of Geochemistry, Chinese Academy of Sciences, 2021: 69-92.]

Qiu Z, Li Y F, Xiong W, et al. Revisiting paleoenvironmental changes on the Upper Yangtze Block during the Ordovician-Silurian
transition: New insights from elemental geochemistry[J]. Sedimentary Geology, 2023, 450: 106377.

XA, FUEE, BEaeR, . PR R SR AR RS R R AE Y AR (1], PR (DD - HERERE, 2014,
44(6): 1185-1192. [Liu Xiting, X an Jiaxiny Xwue Wugiang, et al. The geobiological Formation process of the marine source rocks in the
Middle Permian Chihsia Formatiofi of South China[J]. Science China (Seri. D): Earth Sciences, 2014, 44(6): 1185-1192.]

Yan D T, Chen D Z, Wang Q C, et al. Carbon and sulfur isotopic anomalies across the Ordovician—Silurian boundary on the Yangtze
Platform, South China[J]. Palacogeography, Palacoclimatology, Palacoecology, 2009, 274(1/2): 32-39.

Wang P, DuY S, Yu W C, et al. The chemical index of alteration (CIA) as a proxy for climate change during glacial-interglacial
transitions in earth history[J]. Earth-Science Reviews, 2020, 201: 103032.

AR L VR 2 A 7S P RE R S AR SR A S i E I 7 [D]. dbaE: A EHLFE RS (IERD) , 2020: 40-46. [Li Yubai.
Study on the effect of freeze-thaw weathering on rock mechanical properties and oil and gas reservoir conditions[D]. Beijing: China
University of Geosciences (Beijing), 2020: 40-46.]

PR, ZLREUA PRVR AR 1 71 24 MR a6 R R WL 78 [D]. B0 IR TR %, 2013: 48-57. [Lu Yani. Study on mechanics
characteristic of damage due to freeze-thaw action in fractured rock masses and failure mechanism[D]. Wuhan: Wuhan University of
Technology, 2013: 48-57.]

Hori M, Morihiro H. Micromechanical analysis on deterioration due to freezing and thawing in porous brittle materials[J]. International
Journal of Engineering Science, 1998, 36(4): 511-522.

Nicholson D T, Nicholson F H. Physical deterioration of sedimentary rocks subjected to experimental freeze—thaw weathering[J]. Earth

Surface Processes and Landforms, 2000, 25(12): 1295-1307.



[105]

[106]

[107]

[108]

[109]

[110]

[111]
[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

MR IR DK ) o A AR U A LR o

TR, REKF, FoMH, % GRbE R 590G VU E K S E R it e gk 2 (0], UKk )11 £, 2011, 33 (2) : 442-452. [Wang
Jiaoyue, Song Changchun, Wang Xianwei, et al. Progress in the study of effect of freeze-thaw processes on the organic carbon pool and
microorganisms in soils[J]. Journal of Glaciology and Geocryology, 2011, 33(2): 442-452.].

Schmitt A, Glaser B, Borken W, et al. Repeated freeze—thaw cycles changed organic matter quality in a temperate forest soil[J]. Journal
of Plant Nutrition and Soil Science, 2008, 171(5): 707-718.

Titd, RARIT, RHEE FRERYE S BRI S E A T, ERE (D ) - HhERELE, 2023, 53 (12) @ 2687-2700. [Wan
Bo, Wu Fuyuan, Zhu Rixiang, et al. The influence of Tethyan evolution on changes of the Earth's past environment[J]. Science China
(Seri. D): Earth Sciences, 2023, 53(12): 2687-2700.]

vt RV VU0 TR 4 R DU MR A B AE S TR ER SR U [D]. AT : e B LK%, 2017 82-89. [Zhang Qian. Black
shale from the Longmaxi Formation in the western Xikang-Yunnan ancient land: Geochemistry and sedimentary environment[D].
Wuhan: Wuhan University of Technology, 2017: 82-89.]

Raiswell R, Tranter M, Benning L G, et al. Contributions from glacially derived sediment to the global iron (oxyhydr)oxide cycle:
Implications for iron delivery to the oceans[J]. Geochimica et Cosmochimica Acta, 2006, 70(11): 2765-2780.

Hoffman P F, Abbot D S, Ashkenazy Y, et al. Snowball earth climate dynamics and Cryogenian geology-geobiology[J]. Science
Advances, 2017, 3(11): e1600983.

Jenkins A. The impact of melting ice on ocean waters[J]. Journal of Physical Oceanography, 1999, 29(9): 2370-2381.

Lechte M A, Wallace M W, Hood A V S, et al. Subglacial meltwater supported aérobic marine habitats during Snowball Earth[J].
Proceedings of the National Academy of Sciences of the United States of America,'2019, TH6(5¥): 25478-25483.

Shen W B, Zhu X K, Yan B, et al. Secular variation in seawater redox state during thé, Macinoan Snowball Earth event and implications
for eukaryotic evolution[J]. Geology, 2022, 50(11): 1239-1244.

FARZE, FAR, K= RERBIRSUERERMRA/P I BHEER—ANERED]. HEkpHEEE R, 2000, 15 (6) -
654-660. [Zhou Tianjun, Wang Shaowu, Zhang Xuehong. Comments on the role of thermohaline circulation in global climate system
[J]. Advances in Earth Science, 2000, 15(6): 654-660.]

TKE, TRAEL, BARRAT, S RSCHUE R B R KL E S g DX SRR 1 — LS B A LB SR R[], Al R S
K, 2021, 48 (4) : 732-744. [Zhang Xi, Zhang Tingshan, Zhao Xiaoming, et al. Effects of astronomical orbital cycle and volcanic
activity on organic carbon accumulation during Late Ordovician - Early Silurian in the Upper Yangtze area, South China[J]. Petroleum
Exploration and Development, 2021, 48(4): 732-744.]

Pohl A, Nardin E, Vandenbroucke TR Aj.et al. High dependence of Ordovician ocean surface circulation on atmospheric CO; levels[J].
Palacogeography, Palacoclimatology,Palagoecology, 2016, 458: 39-51.

Zhang X, Zhang T S, Lei B J, et al.vA giant sandy sediment drift in early Silurian (Telychian) and its multiple sedimentological
prosess[J]. Marine and Petroleum Geology, 2020, 113: 104077.

HKE, KER, WAL, & hEEH RS R B EHIEED). H2ET2, 2005, 12(3): 39-48. [Zhang Shuichang, Zhang Baomin,
Bian Lizeng, et al. Development constraints of marine source rocks in China[J]. Earth Science Frontiers, 2005, 12(3): 39-48.]

FRARE], ERE, ER, & P AR T EREE AR E RN EE) ) F 5 ZE R[], HURES:, 2011, 46 (1D
5-26. [Chen Daizhao, Wang Jianguo, Yan Detian, et al. Environmental dynamics of organic accumulation for the principal Paleozoic
source rocks on Yangtze block[J]. Chinese Journal of Geology, 2011, 46(1): 5-26.]

Erlich R N, Astorga A, Sofer Z, et al. Palacoceanography of organic-rich rocks of the Loma Chumico Formation of Costa Rica, Late
Cretaceous, eastern Pacific[J]. Sedimentology, 1996, 43(4): 691-718.

Tkar. BRI R IE A R B A HI AR R AL DL B K B 4RI & 3 e 2T 9Bl [D). bt AR K% (dEsD 5 2021:
4-12. [Zhang Yu. Research on the control of upwelling in the development of source rocks as exemplified by the Chinese Dalong
Formation and the European Schoeck Formation shales[D]. Beijing: China University of Geosciences (Beijing), 2021: 4-12.]

Porter S C, An Z S. Correlation between climate events in the North Atlantic and China during the last glaciation[J]. Nature, 1995,

375(6529): 305-308.



[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

LR Rk

Jansen M F. Glacial ocean circulation and stratification explained by reduced atmospheric temperature[J]. Proceedings of the National
Academy of Sciences of the United States of America, 2017, 114(1): 45-50.

Rykaczewski R R, Checkley D M. Influence of ocean winds on the pelagic ecosystem in upwelling regions[J]. Proceedings of the
National Academy of Sciences of the United States of America, 2008, 105(6): 1965-1970.

Sweere T, Van Den Boorn S, Dickson A J, et al. Definition of new trace-metal proxies for the controls on organic matter enrichment in
marine sediments based on Mn, Co, Mo and Cd concentrations[J]. Chemical Geology, 2016, 441: 235-245.

Schoepfer S D, Henderson C M, Garrison G H, et al. Termination of a continent-margin upwelling system at the Permian—Triassic
boundary (Opal Creek, Alberta, Canada)[J]. Global and Planetary Change, 2013, 105: 21-35.

XU, TP, BT, S TR R R XU T 45 R o AR AR 2 W A R IS B 0], AR SR, 2011, 27 (11) = 3295-3307.
[Liu Feng, Zhang Zeming, Dong Xin, et al. Cenozoic multistage magmatism and tectonic significance of the southeastern segment of
the Gangdese belt, Tibetan Plateau[J]. Acta Petrologica Sinica, 2011, 27(11): 3295-3307.]

Boning P, Brumsack H J, Bottcher M E, et al. Geochemistry of Peruvian near-surface sediments[J]. Geochimica et Cosmochimica Acta,
2004, 68(21): 4429-4451.

KRR, BESCHY, BREate, S DU AR B R — o AR SPGB R H U SR ). 50, 2008, 28 (3) + 41-50.
[Liu Shugen, Huang Wenming, Chen Cuihua, et al. Primary study on hydrothermal fluids activities and their effectiveness on
petroleum and mineral accumulation of Sinian System-Palacozoic in Sichuan Basin[J]. Mineralogy and Petrology, 2008, 28(3): 41-50.]
TURM, A, PMESR, 25 SRNHLX AR B LR SRR A O ER L 2R AE ]/ RER S HERRL 2, 2018, 29 (7) : 1031-1041.
[Jia Zhibin, Hou Dujie, Sun Degiang, et al. Geochemical characteristics of source™ocks in‘the”Lower Cambrian Niutitang Formation,
Guizhou province[J]. Natural Gas Geoscience, 2018, 29(7): 1031-1041.]

KR, LR, K8 & ETHRVUBRRBT LR AR R F (). A RIS TR, 2012, 34 (1) = 7-11, 30. [Zhang Shangfeng,
Xu Guangcai, Zhu Rui, et al. Research status and development tendency of upwelling sediments[J]. Journal of Oil and Gas Technology,
2012, 34(1): 7-11, 30.]

Robock A. Volcanic eruptions and climate[J]. Reviews of Geophysigs, 2000, 38(2): 191-219.

Huybers P, Langmuir C. Feedback between deglaciation,wyolcanisnt, and atmospheric CO>[J]. Earth and Planetary Science Letters,
2009, 286(3/4): 479-491.

Wang C Y, Shi G Z. Redox condition and organic carbon accumulation mechanism in the Cryogenian Nanhua Basin, South China:
Insights from iron chemistry and sulfur, carbon, oxygen isotopes of the Datangpo Formation[J]. Advances in Geo-Energy Research,
2019, 3(1): 67-75.

LiuQY, Zhu DY, Jin Z J, et al/ Tnfluence,of volcanic activities on redox chemistry changes linked to the enhancement of the ancient
Sinian source rocks in the Yangtze craton[J]: Precambrian Research, 2019, 327: 1-13.

Doblas M, Lopez-Ruiz J, Cebria J M, et al. Mantle insulation beneath the West African craton during the Precambrian-Cambrian
transition[J]. Geology, 2002, 30(9): 839-842.

Kirschvink J L, Ripperdan R L, Evans D A. Evidence for a large-scale reorganization of Early Cambrian continental masses by inertial
interchange true polar wander[J]. Science, 1997, 277(5325): 541-545.

FAWIRE, BHR X, W, & SRR OGS ie T SR E T, B5EAR, 2011, 31(3) : 453-461. [Zhou Mingzhong,
Luo Taiyi, Huang Zhilong, et al. Early Cambrian volcanic records in Guizhou province, China and their geological significances[J].
Acta Mineralogica Sinica, 2011, 31(3): 453-461.]

BB, sk, BRIRZE, 2. KILKUTRS TUAE ANUR & R RIR T DIFIEH — e TR A &S 0UE I, DIREAR, 2019,
37 (6) : 1296-1308. [Qiu Zhen, Lu Bin, Chen Zhenhong, et al. Discussion of the relationship between volcanic ash layers and organic
enrichment of black shale: A case study of the Wufeng-Longmaxi gas shales in the Sichuan Basin[J]. Acta Sedimentologica Sinica,
2019, 37(6): 1296-1308.]

Zhang B L, Cao J, Mu L, et al. The Permian chert event in South China: New geochemical constraints and global implications[J].

Earth-Science Reviews, 2023, 244: 104513.



MR IR DK ) o A AR U A LR o

[141] Grasby S E, Shen W J, Yin R S, et al. Isotopic signatures of mercury contamination in Latest Permian oceans[J]. Geology, 2017, 45(1):

55-58.

[142] £E3E, Miashe, A Ak, &5 WA B 9 K D — IR T 5 il U R £ 58 R TUE R [T]. W B 244, 2021, 23 (4):

789-809. [Jiao Xin, Liu Yiqun, Zhou Dingwu, et al. Progress on coupling relationship between volcanic and hydrothermal-originated
sediments and hydrocarbon generation in lacustrine source rocks[J]. Journal of Palacogeography (Chinese Edition), 2021, 23(4):

789-809.]

[143] Pirrone N, Cinnirella S, Feng X, et al. Global mercury emissions to the atmosphere from anthropogenic and natural sources[J].

Atmospheric Chemistry and Physics, 2010, 10(13): 5951-5964.

[144] Pyle D M, Mather T A. The importance of volcanic emissions for the global atmospheric mercury cycle[J]. Atmospheric Environment,

[145]

[146]

[147]

[148]

[149]

2003, 37(36): 5115-5124.

Shen J, Yin R S, Zhang S, et al. Intensified continental chemical weathering and carbon-cycle perturbations linked to volcanism during
the Triassic—Jurassic transition[J]. Nature Communications, 2022, 13(1): 299.

Fan H F, Fu X W, Ward J F, et al. Mercury isotopes track the cause of carbon perturbations in the Ediacaran ocean[J]. Geology, 2021,
49(3): 248-252.

Yang S C, Hu W X, Fan J X, et al. New geochemical identification fingerprints of volcanism during the Ordovician-Silurian transition
and its implications for biological and environmental evolution[J]. Earth-Science Reviews, 2022, 228: 104016.

Zhou T, Pan X, Sun R Y, et al. Cryogenian interglacial greenhouse driven by enhanced yolcanism: Evidence from mercury records[J].
Earth and Planetary Science Letters, 2021, 564: 116902.

Wang L, Liu Y, Yang C C, et al. Volcanism intensity and associated climate-oegan-land dynamics during the Cryogenian
interglaciation: Insights from mercury isotopes[J]. Palacogeography, Palacoclimatology, Palacoecology, 2023, 623: 111634.

VTG, Wik, DI, 55 SARHRIRE A6 B AR ISR T[], AR E ML, 2013, 40 (6) : 1683-1698. [Li Jianghai, Yang
Jingyi, Ma Liya, et al. A study of the distribution of source rocks in Phanerozoic based on Paleoplate reconstruction[J]. Geology in
China, 2013, 40(6): 1683-1698.]

s, THEE, BAT IR < KW, S AR A RN R KA R RLEI ). S ATVE, 2023, 39 (2) : 28-37.
[Ma Xintao, Ding Xiujian, Yiming A, et al. Influence mechanism of transgressive events on source rock development in continental

lacustrine Basin[J]. Marine Geology Frontiers, 2023, 39(2): 28-37.]

Climate of Deglaciation Controls the Organic Carbon

Enrichment of Marine Source Rocks in China
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Abstract: [Significance] Climate plays an important role in controlling marine organic carbon enrichment, but
relevant studies have primarily focused on the mechanism of organic carbon enrichment under high insolation and
a warm humid climate, summarized the relationship between organic-rich basin sedimentation and astronomical
cycle, and have rarely involved the development mechanism of marine source rocks during deglaciation. Several
sets of marine source rocks were deposited during the deglaciation of Proterozoic and Paleozoic in China.
Studying and summarizing the mechanism of climate on organic carbon enrichment in basins during deglaciation

is helpful for establishing a coupling relationship model between different climatic conditions and organic matter
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abundance from the perspective of Earth system. [Progress] Research has found that the main source rocks of
Mesozoic and Cenozoic corresponding to large oil and gas fields in China were developed in the greenhouse
climate period of middle and high latitudes, whereas the main source rocks of Proterozoic and Paleozoic were
mainly developed in deglaciation of middle and low latitudes. Abundant dating data indicate that the source rocks
of the deglaciation period were distributed in the Neoproterozoic, Ediacaran-Cambrian transition,
Ordovician-Silurian transition, and Permian. The source rock of the second member of the Doushantuo Formation
in the Neoproterozoic was formed after the Nantuo glaciation. The Yurtus and Qiongzhusi formations of the Early
Cambrian were formed in the cold stage of the Early Cambrian, after the North China Luoquan and Ediacaran
glaciations. The Longmaxi Formation of the Early Silurian was formed after the Hernant glaciation. The Chihsian
Formation of the Middle Permian was formed after the Late Paleozoic global ice age. Through the study of the
paleoenvironment, paleoclimate, and productivity of source rocks in each periods, it is found that the unique
climatic conditions in the deglaciation period played an important role in the organic carbon enrichment of marine
source rocks. High temperatures and humidity in the middle and low latitudes, and high insolation corresponding
to high obliquity during the deglaciation favor biological growth, reproduction, and organic carbon enrichment.
Glacial meltwater input during deglaciation can cause transgression<and\import nutrients to the ocean. The
chemical index of alteration (CIA) values, which rise sharply and fluctuatesignificantly between 50 and 90 in each
period, reflect the warming and unstable climate characteristics during the deglaciation, corresponding to enhanced
chemical and freeze-thaw weathering, leading to increased terrestrial nutrient input and productivity enhancement.
During the initial stages of ice melting, strong equator-polar temperature differences and sea surface wind lead to
intense upwelling, increasing surface water primarysproductivity, whereas surface biological blooms and oxygen
consumption create a reducing environment conducive toyorganic matter preservation. Volcanism is more intense
during interglacial deglaciation, the input of nutrients from volcanic eruptions increases the productivity of the
marine surface, and the input of reducing substances improves the preservation conditions of organic matter.
[Conclusions and Prospects] Under the control of Milankovitch cycles, high insolation, warming, and fluctuating
climates lead to enhanced rock weathering, extensive marine transgression, intense upwelling, and frequent
volcanism, collectively resulting imvincreased water productivity and anoxic reduction during deglaciation, thereby
promoting organic carbon enrichment and source rock formation. This relationship model between climate and
source rock formation during deglaciation reflects the control of the ocean-land-atmosphere earth system on
organic carbon enrichment under the control of climate cycles. In the future, combining climate simulations and
quantitative calculations, certain predictions can be made regarding the distribution of large shale oil and gas
fields.

Key words: deglaciation; organic carbon; source rock; paleoclimate; weathering; upwelling; volcanism
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