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22844 m, FfOLE; (b)) AKTLUBIRTUE R EPINIERLF Kl f g, SOURSMEIK 7 B, YY1 I, 229.60 m, Hafiit7;
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Fig. 1 Characteristic diagram of volcanic-hydrothermal sediments

(a)horizontally bedded shale with two periods of tuffaceous layers, the lower layer is a feldspar crystal tuff layer, and the upper layer is a
glassy tuff layer, Chang 7 member, Ordos Basin, YY1 well, 228.44 m, planed-polarized light (PPL)*"); (b)horizontally bedded shale with
two periods of normal-graded volcanic crystal fragments, Chang 7 member, Ordos Basin, YY1 well, 229.60 m, PPL¥"); (c)normal-graded
volcanic crystal fragments, Chang 7 member, Ordos Basin, YY1 well, 236.50 m, PPL¥"); (d)tuff of the lower crystal fragments in Figure
a, Chang 7 member, Ordos Basin, YY1 well, 228.44 m, PPLX7); (e)interbedded laminated yolcaniclastic rock (white) and dolomite (dark
brown), Lucaogou Formation, Santanghu Basin, M11 well, 2 944.80 m, PPLP®.; (fenlargement of the f frame in e, showing angular
feldspar grains (white), some with a chicken-bone structure (red arrow)®l; (g)enlargementsof the g frame in e, showing a clear erosional
contact between the volcaniclastic rock (upper half) and the dolomite (lower half), with the volcaniclastic rock displaying normal
grading®®; (h)explosion breccia, with a large number of patchy calcite, red arrows indicating the gradual decrease to disappearance of
patchy particles, Jimusaer Depression, Jung gar Basin, Lucaogou Formation, J32 well, 3 733.20 m, core photo®’); (i)corresponding rock
thin section photo of the hand specimen in h, Jimusaer Depressiony Jung gar Basin, Lucaogou Formation, J32 well, 3733.2 m, PPLI®];
(j)corresponding to the j frame in Figure i, showing developed patchy” calcite with developed fractures, Jimusaer Depression, Junggar

Basin, Lucaogou Formation, J32 well, 3 733.20 m, PPLI®3]

BN S, KL —RRIRA R R & B AL, 7Rk 028 SRS
Bk 2. BEIR AR, BPA R E RERSI R, 2 1IRFPSURIR. 2R A 128
RN o AELAR [R] (9 A SO RE T 0 57 1R R B B AE K T i s TR P A g QiR
HAY AR A, it TR A R TR 2802 R0 A7 HY R — .
4, WU S K B JE Y B SRR IR Y S AR L, BE R4 “REBRIR 11 “ B
B RFAIE

2 YHRLITAR A ST 5 (R ORI B e B A

2.1 FEHHRIEREKE

EIRA L S PRI SRS R AR o IR L A, R L
WA B FE BORIEN . AHRIUTAR S K30 2 B L o R UR R, KA B
SZRER R YRS KR 5 DR R s | 0804661, HL ey S fig 2R A Il 20 BEA A 7 )
JRAb 53 5 R LA P2 R 0 SRBE LB, AN TR (IR B R B 1) e A A R 5 SR KU AR



&
SH
g\
=]

RALTT [E) ARG £ SRR R AR A . FEANE 8 U AR A . MIETE S E R R M OL T, BEA 1k
JRUZ S A B BB R, R TURE UL AL RE 758 T KOea 2R07, 1
KB IR JE AR AT P4 R BEIR S B R 5 (1] 2) (681, MR B 9, Hpi AL R 71 SLZ

RO,

ENE A DS A M-l (IEAL SR

AR

|
i

|
b 7 M7

1
1 P (D
1 38 AN
|__> I
NG
|

;
|
l
aey T
T
I
:

L PR

B2 i e B 2R A1 B KAt KL RE 7168

Fig.2 Bowen's Reaction Series diagram and weathering resistance [**
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Fig.3 The relationship between clay minerals and the diagenesis indicagor,of fine-grained sedimentary rocks(®
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Fig. 4 Characteristics of detrital quartz from terrestrial sources
(a)terrestrial detrital quartz (indicated by white arrows), well sorted, with subangular to subrounded shapes evenly distributed in

fine-grained sedimentary rocks, in the Zheng'an area of Northern Guizhou, Longmaxi Formation, Anye-2 well, PPL!!'?l; (b)terrestrial
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detrital quartz accompanied by quartz overgrowth (within the white frame), in the Qinshui Basin, Shanxi Formation - Taiyuan Formation,
Scanning Electron Microscope (SEM)!''4; (c)aeolian transported terrestrial detrital quartz with surface micro-morphology - disc-shaped
impact craters, SEMI!''); (d)aeolian transported terrestrial detrital quartz with surface micro-morphology - crescent-shaped impact craters,
SEMI!'¢); (e)aeolian transported terrestrial detrital quartz with surface micro-morphology - pitted craters, SEM!'®; (f)hydraulic
transported terrestrial detrital quartz with surface micro-morphology - subaqueous polished surfaces, SEM!!¢l; (g)hydraulic transported
terrestrial detrital quartz with surface micro-morphology - impact grooves, SEM!!®l; (h)hydraulic transported terrestrial detrital quartz

with surface micro-morphology - V-shaped impact craters, SEMI!1¢]
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Fig. 5 Cathodoluminescence characteristics of detrital quartz from terrestrial sources.

(a)cathodoluminescence of terrestidl detrital, quartz appears blue, its parent rock is igneous, Lancang Group sedimentary rocks!!®);

(b)cathodoluminescence of terrestrial4detrital |quartz appears brown, occasionally blue-purple, parent rock is metamorphic rock and a
small amount of igneous rock, Suyu Kousection!'?!); (c)at the Xiaoyu Chuan section, the cathodoluminescence of terrestrial detrital
quartz appears brown and non-luminous, occasionally blue-purple, indicating that the parent rocks are metamorphic rocks, sedimentary

rocks, and a small amount of igneous rocks!'?!J
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Fig. 6 Cathodoluminescence characteristics of detrital quartz from terrestrial sources
(a)radiolarian quartz, in the Lower Yangtze region, Gaojiabian Formation, Gudi-1 well, 1222m, PPLI!'4]; (b)spicule quartz, in the
northeastern Chongging Basin, Lower Zhiliu System Longmaxi Formation, PPL!3!; (c)microcrystalline quartz aggregates, smooth and
delicate surfaces, mostly cryptocrystalline, Sichuan Basin Wufeng Formation - Longmaxi Formation, SEM['3?); (d)cathodoluminescence

photograph of Figure (b), the white frame corresponds to the spicules in (b), non-luminous under cathode ray irradiation!4!
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Fig. 7 Characteristics of hydrothermal-volcanic quartz

(a)volcanic ash material, distributed in a laminated pattern, in the western Hubei Xianfeng area, Wufeng Formation - Longmaxi
Formation, EXY 1 well, 1 512.80 m, cross-polarized light (XPL)!*4); (b) tuffaceous fine-grained sedimentary rock, the white band in the
middle of the picture is a band formed by the aggregation of quartz, Malang depression Lucaogou Formation, LUl well, 3 062.18 m,
SEMU*; (¢) tuff, the white circle is the self-formed quartz formed by the devitrification of tuff, coexisting with feldspar in pores and
caves in the Malang depression Lucaogou Formation, LU1 well, 3 060.63 m, SEM [*%]; (d) devitrification of tuff material containing
cloud ash to form non-crystalline forms of silicon dioxide, Mahu depression dust wind city group, MY 1 well, 4 952.18 m, P,/', SEM['37];
(e) devitrification of tuff material to form amorphous, irregular spherical silicon dioxide, Malang depression Lucaogou Formation, LU1
well, 3 060.63 m, SEM ['3]; (f) self-formed quartz formed by the devitrification of tuff material, with better crystallinity, short columnar
quartz, coexisting with dolomite, feldspar, and residual volcanic material, Malang depression Lucaogou Formation, LU1 well, 3 062.18 m,
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Fig. 8 Diagenetic quartz characteristics diagram

(a)diagenetic self-formed quartz, filling between clay minerals, Jiyang depression Sha four upper sub-segment, NY1 well, 3 456.50 m,



A

SEMU'®); (b)diagenetic self-formed quartz, filling between clay minerals, Ordos Basin Yanchang Formation, G293 well, 2 565.00m,
SEMP; (¢)self-formed quartz formed by silicification of calcareous material, quartz growing from the edge of the shell to the inside
(indicated by the dashed line in the arrow), in the Yuanba area of Northern Sichuan, Jurassic Da'anzhai segment, YL4 well, 3 758.20m,
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Fig. 9 Mechanism of feldspar formation mediated by microorganismst!>4
(a)organic matter within microorganisms is oxidized to produce electrons that are transfegred to extracellular iron-bearing montmorillonite
through iron-reducing enzymes, leading to the destruction of the montmorillonite_stricture;\(b)elements released from montmorillonite

are adsorbed by extracellular polymers and ultimately form feldspar
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Fig. 10 Formation patterns of carbonate fine-grained sediments
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Fig. 11 Chemically formed calcareous fine-grained sediments

(a)lamellar natrite, with well-formed crystals of natrite, in the Paleogene of the Qianjiang Depression of the Jianghan Basin, Bangye Oil 2
well, 3 647.32 m, PPLI%*; (b)laminated argillaceous limestone, with bright calcite laminae indicated by the arrow, in the Wufeng
Formation - Longmaxi Formation of the Southern Sichuan area, W213 well, 3 741.42 m, core photo!'®®]; (c)alternating bright calcite
laminae and argillaceous laminae, in the Wufeng Formation - Longmaxi Formation of the Southern Sichuan area, W213 well, 3 741.42 m,
XPLUSI; (d)alternating bright calcite laminae and argillaceous laminae, in the lower submember of the Sha San and the upper submember
of the Sha Si of the Dongying Depression, XPLU®J; (e)medium- to coarse-crystalline dolomite cement formed by burial genesis,
developed at the edge of pores, with distinct secondary enlargement margins, from the Sinian Doushantuo Formation in the Sichuan Basin,

PPLI7; (f)dolomite cement formed by burial genesis, from the Sinian Doushantuo Formation in the Sichuan Basin, PPL[7?]
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Fig. 12 Theoretical models for the formation of carbonate minerals by microbial chemical action

(a)theoretical model for the formation of calcite by planktonic algae through biochemical action®”); (b)theoretical model for the formation
of calcite by cyanobacteria through biochemical action®”); (c)theoretical model for the precipitation of carbonate minerals induced by

microbial extracellular polymers!!®*]
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Fig. 13

iochemically and biologically formed carbonate minerals

(a)seasonal rhythmic carbonate fi edimentary rocks, with light-colored microcrystalline calcite laminae in summer and
brownish micritic calcite laminae’in winter, Lu Depression Ess", STIH well, 4 206.60 m, PPLI'78]; (b)microcrystalline calcite formed
by EPS-mediated action, with small holes by the degradation of organic matter indicated by the white arrow, Shu Lu Depression Ess,
ST1H well, 4 206.20 m,argon ion polishing scanning electron microscope (AIP - SEM)B?; (c)clustered calcite, composed of multiple
nanoscale spherical calcite (indicated by the white arrow), in the Shahejie Formation of the Dongying Depression, SEMI!'l; (d)
dumbbell-shaped calcite, composed of two nanoscale spherical calcite (indicated by the white arrow), in the Shahejie Formation of the
Dongying Depression, SEM ['#; (e)microbially formed dolomite through microbial chemical action, with the internal preservation of the
original microbial morphology!"®7; (f)shelly mudstone, with shells arranged in a disorderly manner, in the second member of the Da'an
Zhai of the Northern Sichuan Langzhong area, 2 916.12~2 916.25m, core photo; (g)shelly silty claystone, with shell fragments floating in
fine-grained sedimentary rocks, in the Jurassic Da'an Zhai section of the Yilong-Yingshan area, Ping'an 1 well, 3 173.60 m, PPL[!];

(h)shelly limestone composed of bright calcite formed by shells, in the second member of the Yuanba area, Y2 well, 3 903.99m, PPLU*?I
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Fig. 14 Characteristics of mechanically formed carbonate sediments
(a)silty calcareous mudstone with gravel, visible carbonate gravel, in the upper submember of the fourth member of the Shahejie
Formation of the southern slope of the Rongying Depression, Chen Guanzhuang area, G3 well, 1 940.23~1 940.25 m, PPLE®I;
(b)terrestrial dolomite grains interbédded“with argillaceous rock fragments, in the Shu Lu Depression Esit, ST3H well, 3907.20m, PPLP?;
(c)dolomitic rock fragments composed “of dolomite crystals and low-roundness terrestrial feldspathic minerals co-deposited, in the

Dongying Depression Eqs", Y891 well, PPLE?!
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Fig. 15 Characteristics of carbonate sediments formed by volcanic-hydrothermal action

(a)laminated dolomitic tuff, with microlaminated structure, in the Fengcheng Formation of the Mahu Depression, Fengnan 1 well, 4
338.19 m, XPL?"); (b)algal dolostorie containing tuffaceous material (light brown) interbedded with tuffaceous laminae (white), in the
Jimusaer Depression of the Junggap{Basin, |Ji 174 well, 3 224.30 m, PPLE%; (c)laminated dolomitic tuff, with dolomite grains
intermingled with feldspathic minerals, shéwing organic matter developed in layers, Ma 78 well, 3 048.00 m, PPLU'%; (d)laminated
tuffaceous dolomite, with tuffaceous and organic layers and micritic dolomite laminae, in the Tiaohu-Malan Depression of the Santanhu
Basin, tuffaceous dolomite, L1 well, 3 079.13 m, PPLI; (e)brecciated explosive calcite, irregular granular and aggregate forms, in the
Licaogou Formation of the Jimusaer Depression of the Junggar Basin, upper oil layer, J174 well, 3 197.00 m, PPL!'Y; (f)brecciated
explosive calcite, calcite developed in an irregular angular breccia, with grain internal fractures, the matrix mainly composed of dolomite,

ankerite, calcite, albite, orthoclase, and quartz, etc., in the Jimusaer Depression of the Junggar Basin, PPL12%%
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Fig. 16 Different types of pyrite and their characteristics

(a)autogenetic single-crystal pyrite with straight edges, in the Yulin I area of the Sichuan Basin, Y101-01 well, Wufeng Formation -
Long;' Submember, 3 744.51 m, SEMP?'?); (b)autogenetic pyrite with straight edges, in the Yulin I area of the Sichuan Basin, Y101-03
well, Wufeng Formation - Long:' Submember, 3 744.51 m, SEMP2!2; (c)strawberry-like pyrite, in the northern section of the Pinghu
Slope in the Xihu Depression, KB1 well, P8 sand group, backscattered electron scanning microscope (BSEM)P'3); (d)strawberry-like
pyrite, formed earlier than authigenic quartz, with a grain size of about 3um, Southern Sichuan area, 1L202-84B, Long;!, 4 322.26 m, SEM
[131]; (e)metasomatic pyrite, pyrite replacing biological cavities, forming pyrite that retains part of the biological structure, Southern
Sichuan area, 1.204-35JX, Wufeng Formation, 3 845.64 m, SEM!'3!l; (f)metasomatic pyrite, replacing the outer wall and body cavity of
organisms, with clay minerals growing around the body cavity of algae, Ordos Basin, CY1 well, Chang7; Submember, SEM [!4];
(g)tubular and rod-shaped pyrite aggregates affected by AOM-SR, SEMZ); (h)overgrown pyrite affected by AOM-SR (indicated by the
white dashed line within the arrow), with a regrown structure, SEM?7); (i)overgrown strawberry-like pyrite, the area within the dashed
line indicated by the white arrow is the overgrown pyrite after TSR, in the grey shale of the Datangpo Formation, Ediacaran Period, South

China, SEM[24¢]
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Fig. 17 Schematic diagram of anaerobic oxidation of methane coupled to sulfate reduction (AOM-SR)2!“1

2.6 BHBRIEEEKE

MRTIRUE FA S EFE . SHEMANUR, (B H AT SR RS A LR St —
X375 5, K2 Bt R EU 2 A 22 A N R BE , R4t g o A LB R
INBAE . TERUR. KR ShA b LR B 5 K& 727252253, R H]
BT A HUTR A 7 R e BRI FU 7 1%, AR E 45T

G A B AR T — S B 2 N PR R S I 25 L R TR AL SR IRAL
BEA FLR AT, RS R AL IOR M JZ o B, DU AT BLE 39 8 5 0 7 A AR AR AR

FRAR T HORL RN, DUBURLIR 2 BT 4R AR S i, 1R/ B BB A 45 (1
18c, d) 362571, g 1 B )+ DRIME, - DRI vl DASKeh S Aol 4 AT HE A Ja) 23 2270,

B 5 1 7

P s Y A

K18 4BKLUTAR A P B i AR E
(a) PIRREEMGIT R, MR RE ELr, Ry aZlE X, AR — B8R KEA—LPuADT; (o) KRB S R i,
KT AR X, AR— 8 RREA— LAY (o) BEMHEFEE G, £E llinois i New Albany TU&, iR SN
JER; (A TREMWESEE, JIR—BRMEREA, M1 R
Fig. 18 Characteristics of vitrinite in fine-grained sedimentary rocks

(a)reticulated structure of vitrinite, with well-preserved cellular structure, in the Wuning Basin, Wuning South Block,



Carboniferous-Permian Taiyuan Formation-Shanxi Formation>*¥]; (b)banded gel vitrinite, in the Wuning Basin, Wuning South Block,
Carboniferous-Permian Taiyuan Formation-Shanxi Formation®4l; (c)structureless detrital vitrinite, in the New Albany Shale of the
Illinois Basin, USA, oil-immersion reflected light®*®l; (d)structureless detrital vitrinite, in the Longtan Formation of the Eastern

Sichuan-Southeast Guizhou area, M1 well?”!
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Fig. 19 Characteristics of inertinite in fine-grained sedimentary rocks

(a)lamellar arrangement of inertinite fibrous matter, in the Weiytan area, X3 well, Longl, 2 653.40 m, MAPS scanning image, 250 nm
resolution?*®l; (b)laminar distribution of longitudinal section of ihértinit&fibrous matter, in the Lucaogou Formation of Xinjiang, SEM?>);
(c)laminar distribution of longitudinal section of inertinite fibreus matter, in the Lucaogou Formation of the Santanhu Basin, SEM[?%];
(d)transverse section of inertinite fibrous matter, with minerals filling the cell cavities later, in the Carboniferous-Permian of North China,

SEMESH]
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Fig. 20 Characteristics of liptinite in fine-grained/sedimentary rocks

(a)sporinite with a cross-section in the shape of a ring, in the Lucaogou Formation asin, SEM>5%); (b)curvilinear cutinite,

in the Lucaogou Formation of the Santanhu Basin, SEMP%]; (c)lamellar cutinite, in aogou Formation of Xinjiang, SEM 2%
(d)oval resinite, with clear contours, in the Carboniferous-Permian of North China, SEMP?*!; (e)individual amorphous alginite, still
retaining a certain outline of algae, composed of fine organic matter and clay minerals inside, in the Wufeng Formation-Longmaxi
Formation of the Sichuan Basin**?; (f)lamellar alginite distributed in bands, in the Yuxi area of the Sichuan Basin, Z202 well, Longmaxi
Formation, 3 877.09 m, PPLI%l; (g)strip-like bitumen, with“a,sm and flat natural fracture, in the Lucaogou Formation of Xinjiang,

SEMP%); (h)a local magnification of Figure g, showing the latstructure inside the bitumen, in the Lucaogou Formation of Xinjiang,

SEM[ZSQ]
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Fig. 21 Characteristics of zooclastic organic debris in fine-grained sedimentary rocks

(a)non-granular graptolite organic debris, with the internal cavity of the graptolite mineralized by pyritization, developing a large number
of strawberry-like pyrite, in the Wufeng Formation-Longmaxi Formation of the Sichuan Basin*); (b)non-granular graptolite organic
matter, Outcrop samples from the Silurian Longmaxi Formation in Wuxi County, Chongging, Chinal®*?); (c)chitinozoan organic debris,
with complete morphology of the wall, oral tube, and tail end, in the Wufeng Formation-Longmaxi Formation of the Sichuan Basin[?¢?];

(d)chitinozoan organic debris, in the New Albany Shale of the Illinois Basin, USA[?5?]
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Fig. 22 Characteristics of secondary organic matter in fine-grained sedimentary rock
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(a)secondary organic matter bitumen, amorphous, in the Wufeng Formation-Longmaxi Formation of the Sichuan Basin?*?); (b)secondary

organic matter bitumen, visible bitumen inlaid in minerals in ps, in the Wufeng Formation-Longmaxi Formation of the Sichuan

Basin??; (c)secondary organic matter bitumen, well-developed‘girculaiyand elliptical vesicles are visible, in the Lower Cambrian of the

South?); (d)secondary organic matter bitumen, well-developed, bubble-like pores are visible on the polished surface, Lower Cambrian,

South China, in the Lower Cambrian of the South!?*]
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Abstract: [Significance] The study of the provenance of fine-grained sedimentary rocks is a crucial first step in
the "source-to-sink" system theory of fine-grained sedimentary rocks. It is important for restoring the ancient
sedimentary environment, understanding the formation mechanism<of’ fine-grained sedimentary rocks, and
predicting the distribution of unconventional oil and gas resoureesh, Kine-grained sedimentary rocks are
characterized by small particle size, complex composition, and difficulty in observation and research, with
different material components corresponding to a variety of sources and origins. A review of the existing research
results worldwide shows that currently there is a lack of systematic organization and summary of research
outcomes regarding the provenance and origins Of finé*grained sedimentary materials.[Progress] This paper
synthesizes current research findings and categorizes th€ sources of fine-grained sedimentary rocks into three
major types: terrigenous, endogenic, and volcanic-hydrothermal. It provides an in-depth summary and conclusion
on the common sources and origins of fine-grained sediments, pointing out: (1) Clay minerals are of detrital
weathering origin, diagenetic transfermation from other minerals, transformation among clay minerals themselves,
hydrolysis of submarine voleanig materials, and biologically mediated by extracellular polymeric substances; (2)
Quartz mainly originates from “the weathering of terrigenous materials, intra-basin biological activity,
devitrification of volcanic ash materials, and authigenic formation; (3) Feldspar originates from the weathering of
terrigenous detritus, input from volcanic-hydrothermal activity, and recent studies have also indicated that feldspar
can be formed through microbial chemical processes; (4) Carbonate minerals are primarily endogenic, formed
through chemical, bio-chemical, biological, and re-transport and deposition processes within the basin, and the
input of terrigenous and volcanic-hydrothermal materials not only directly provides carbonate minerals for
fine-grained sedimentary rocks but also promotes the formation of carbonate minerals within the basin; (5) Pyrite
is mainly formed by the two ore-forming elements, iron and sulfur, through dissimilatory iron reduction and iron
shuttling mechanisms, microbial reduction, and thermogenic reduction of sulfate within the basin; (6) Organic
matter can be divided into terrigenous vitrinite, inertinite, and some liptinite, as well as endogenic liptinite,
zooclastic organic debris, and secondary organic matter. [Perspectives and conclusions] Future research on the
provenance and origins of fine-grained sedimentary rocks will develop in a multidisciplinary and high-precision

direction, and there is still an urgent need for a systematic approach suitable for the study of the provenance of
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fine-grained sedimentary rocks.This paper aims to clarify the provenance and origins of fine-grained sedimentary
rocks, enhance the understanding of the sources and formation mechanisms of fine-grained sediments, and thus
promote the development of fine-grained sedimentology theory. It provides a solid theoretical foundation and
scientific basis for identifying the distribution characteristics of fine-grained sedimentary strata and predicting the
distribution of unconventional oil and gas resources.

Keywords: fine-grained sedimentary rocks; provenance; material characteristics; mechanism of origin
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