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Fig.1 Early Triassic paleogeographical map of South China showing the setting of the Tianwan section

(base map modified from Feng et al., 1997)
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Fig.2  Lithostratigraphy of the Tianwan section showing microbialite succession, and field outcrop photographs
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(a) Tianwan section, mainly showing the microbialite; (b) P-Tr boundary beds at the Tianwan section; (c) thrombolites within the microbialite of the Daye Formation;

(d) coral-bearing bioclastic limestone of the Wujiaping Formation
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Fig.3 Meso-microstructures of microbialites in the Tianwan section

(a) polished surface of thrombolite; (b) polished surface of shell layers within microbialite; (¢) polished surface of thrombolite with stylolite structures at microbialite base;

(d-f) photomicrographs of thrombolite, displaying clotted textures; (g-i) photomicrographs of biological shell layers showing fossil fragments of ostracods, gastropods,

bivalves and other organisms; white arrows indicate organic-matter-rich peloids; red arrows indicate clotted textures; yellow arrows indicate fossil fragments
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Fig.4  Microscopic features of microbial and metazoan fossils within microbialites at the Tianwan section

(a-e) cyanobacteria Gakhumella, located within the sparry areas of thrombolite, where the matrix consists of sparry high-Mg calcite or dolomite; (a) clustered aggregates of

Gakhumella with visible cup-like lamellae; (b) individual Gakhumella without spherical top; (c) top view of Gakhumella, showing the spherical calcite top and two rows of

cup-like lamellae behind it; (d) aggregated area of Gakhumella, where some fossils display a double-sphere aggregation, representing cell division; Some fossils are well-

preserved, showing the top and lamellae; (e) individual Gakhumella, with visible cup-like lamellae; (f) microconchids, overall tubular in appearance, and symbiotic with os-

tracods commonly found in the microbial carbonate shell layer; (g) gastropod fossils in microbial carbonate shell layer
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Table 2 Comparisons of particle size, morphology, mineral composition and Raman spectral characteristics

of various peloids within the microbialite
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Fig.5 Photomicrographs of peloids I-1I1

(a) peloids T and IT are partially retained in the same layer; some peloid IT are deposited in the higher beds; (b, ¢) peloid I is black, mainly spherical in shape, with a parti-

cle size range 14-90 pm; It has indistinct boundaries and is distributed within calcite spar, containing abundant organic matter residues; The interior shows almost no re-

crystallized carbonate minerals; (d, e) peloid II is black and spherical, with a particle size range 10-130 pum; It has clear boundaries and an interior almost filled with re-

crystallized carbonate minerals, with a small amount of flocculent organic matter residue; (f-j) peloid IIT is circular or elliptical in shape; It is larger, with a particle size

range 50-350 pm, with indistinct boundaries, and is mainly distributed in microbial micrite or calcite crystals; The particles are well-sorted and consist of fine-grained

carbonate material
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Fig.6  Photomicrographs of peloids IV-VI
(a-c) peloid IV has a particle size range 70-210 pm, is circular or elliptical in shape, with unclear boundaries; It is distributed within the cavities of bivalve fossils or between
fossil fragments and is composed of micritic carbonate material; (d-f) peloid V is brown and angular in shape, with the largest particle size range 280-600 pm; It has clear

boundaries, is often attached near fossil fragments, and some particles form larger aggregates; (g-j) peloid VI with a particle size range 70-300 wm has indistinct boundaries

and is distributed around fossils within shell layers, with partial recrystallization
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Fig.7  Comparison of particle size statistics of various peloids

The lower and upper bounds of each box represents the 25th percentile (Q1) and 75th percentile (Q3), respectively, The horizontal line inside the box indicates the medi-

an (Q2), The whiskers extend to the range of Q1-1.5XIQR (interquartile range) and Q3 + 1.5XIQR, The circle indicates the mean; Actual particle sizes are shown as scat-

ter points to the right of each box
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Fig.8  Fluorescence photographs of peloids V and VI in different laser irradiation

(a) photomicrograph of peloid V in plane-polarized light (PPL); (b-e) fluorescence photographs of (a) in (b) green, (¢) purple, (d) ultraviolet, and (e) blue light, to produce

red, green, blue and yellow-green fluorescence, respectively; (f) photomicrograph of peloid VI in PPL; (g-j) fluorescence photographs of (f) in (g) green, (h) purple, (i) ultra-

400 pm
——

400 pm
m———

700 pm
e

700 pm

80 [ SRR -
| I AR | -15
\:llVZﬂﬂ?*ﬁi??
20 | B V sk
I VI A ERK
I [EE I
60 - I
1 ﬁ =10
50
S P
- i " | L ks
20 | 1 1
zo—*-ﬁD 1 1 &“ 1
. eei oaatW_iTin |
10 T T T ‘ T ‘ T : T
O Ca [« Mg Fe Si

Kl

9 A[RIERALAY

AE I

M5 TR LN

LU 4 LU R - 2STT R A A 1L, Horh L Ca O S EETR , S5 ML B FABTT R & UL, S 4 LR
Fig.9 EDS analysis and elemental composition comparisons of various peloids

showing elemental mass percentage distributions, main elements Ca, O in left-hand scale; low-content elements in right-hand scale
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Fig.10  Raman spectral point analysis results for different types of organic matter spheroid structures
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(a-e) photomicrographs of a peloid under plane-polarized light; (f) Raman spectral point analysis for different types of peloids: spectral curves of different colors represent

the Raman spectral results of the cross-filament position of the corresponding color
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Fig.11

Raman spectral mapping of various peloids

(a-c) photomicrographs of peloids I-IIT in PPL; (d-f) Raman spectral organic peak (1 600 ¢cm™) and calcite peak (1 080 ¢cm™); Raman spectral mappings of peloids I-111;

(g-i) photomicrographs of peloids IV-VI in PPL; (j-1) Raman spectral organic peak (1 600 cm™) and calcite peak (1 080 ¢cm™); Raman spectral mapping of peloids IV-VI
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Fig.12  Raman temperature maps for various peloids, fossils and micritic envelopes on the outside of shell fragments

from the study section

Results of calculations using formula 1; (a) peloid I, peak diagenetic temperature range 240 “C-300 °C; (b) peloid II, peak diagenetic temperature range 270 °C-310 C;

(c) peloid VI, peak diagenetic temperature range 170 “C-310 “C, with a low-temperature zone of 180 °C-248 C in the nucleus; (d) peloid III, peak diagenetic temperature
range 260 °C-340 °C; (d) peloid V spherule, peak diagenetic temperature range 320 °C-360 °C; (f) peloid IV, peak diagenetic temperature range 220 °C-350 °C; (g) Gakhu-

mella, peak diagenetic temperature range 300 C-360 °C; (h) organic-rich micritic envelope, peak diagenetic temperature range 250 °C-320 °C; (i) foraminiferal fossils, peak

diagenetic temperature range 270 “C-360 C
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Table 3 Calculated peak period alternation temperatures of various peloids, fossils and micritic envelopes of shell
fragments using Raman thermometer
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Fig.13  Graphitization degrees of organic matter preserved in various peloids, fossils and envelopes
at the outside of the shell fragments

The background colors in the subfigures indicate different degrees of graphitization: pink. disordered organic matter; blue. early graphitization; light gray. intermediate graphitiza-
tion; dark gray. advanced graphitization; In the scatter plot, darker colors represent R values close to 1, indicating better fitting results. Using the calculation based on formula
(1). (1) as an example, most organic matter in the analyzed samples falls within the early graphitization stage: (a) peloid I (MIP) has most organic matter at the early stage of graph-
itization, with only a minor portion remaining in a disordered state; (b) peloid IT (RMIP) shows poorly preserved, more scattered organic matter; (c) peloid IIT (ADP) contains some
intermediate graphitization stage organic matter, with narrower Raman peak widths indicating a more ordered structure and higher thermal maturity; (d) peloid IV (ISP) with mod-
erate graphitization, falling between different types; (e) peloid V (DP) with relatively dispersed distribution in temperature and peak width, but overall organic matter exhibits
higher structural order and thermal maturity; (f) peloid VI (AMIP) has temperature and peak width ranges that almost overlap with types I and II, suggesting similar graphitiza-
tion; (g) coccoid cyanobacterium Gakhumella has well-preserved organic matter along the laminar edges; (h) organic-rich micritic envelope shows significant organic matter en-

richment; (i) foraminiferal fossil with relatively high organic matter structure

IV BUERAE (ISP) () B A BUE SR AE 5 Gakhumella 37, S ECAT HUT A HURE IR A XTHCMG, A B 5
A LA B o E ( 13d, g, 1) FRIAAPLE 2B W4k A A8 LAY #4368 fk 47 1 (Reid, 1987; X1 DL,
FERIE T A A NS HAEY A IUR et 2023). Beak, A7 2 o R i A e T A HE T
WHE =Y R IV BERR R T A e R R B E  fERR R B B R UTRE
ZRPYFER , DL AT AL A R R rp Az B e iR R, FLR A LT PR I G R
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Gakhumella WA HLBTTEHAL AT BUZ T S IR AT
RORAF (B 13g) o SXFPRAEFR I A W 7en™ fhad A
o RS R S RS — e B AR A AL, fi
HAE R R b 2 B s B B2 s . ALl
FURGERRC N W, A B TAEER A A i R
PUBTHA TR (B 131) o IXPSEEALBER TR
FIE G AR A A LR, EATHY B LS IR AR
T TR S A AR R Z I U BB AR T

Wb, — S 5ehE R R B e E W R
HHAC s B AL B AR AR, R e R i R ] e
A AR A T G A A AR B, BT 7o i T
A E A HLT 2Ok A MR E RGN, B 5
AP AE P UIAR G . e B AL S A9
UG AR A AL AR ] AL T — R HE A
(J#113h) , PR A % Tl BE ARG LA . R A BT
TEAT FEWE R AR E M E 1Y & R WL B, YA N
A ML 32 25 2o e S Ak 1) 5 AT IR A (Sun
and Wright, 1989 ; Neuweiler, 1993) , 1fij i # il 4 o 72
T sy IR S e ] e EOR ML Y2 A

25 b TR A N R IR 3 U S OSORL B ]
RS A LTI AV E AT OC , A AR T A
AW R JE AR, Bl T E SR IR P
LA I SE I, 5k B A AL A2 2 RS () AR
AT SR E, B S T R 2R LR
(A L IL IV VIBSSRORL A BT 75 28 3 i M5 4R
FHIEAT) FE B THIRAT SEALBT B, BT e BB
H AT E RGUNER, 2 KR 5 A bR i
WP A AURZ —SE M AR TSR . A, T
NV BIBRORL I A LTS BERE R s, AR A L
[T AT B R E KRR TR i K b Y B IR A L)
(Steinhauff et al.,2021) . P, TV BYBORE ) A AL
BRI RELE T T AN Ik — R e B R B I e T
HABSAIBRR AL PRI, 2 e T2 5 4
J5 i S AT AL SR IR ) BT B
4.2 e IERRIEI R B AN ERE S L4 H

FH 725 351 T A A kB 7E PTME 2 ) B B VLA
RS BRIRER 5 Ml 2, HUTAHEREE BAT W48 Ak A
TR RE A4 A (RN 55, 2007) o W4 fL A ZK PR 3R 8
AR TA LY 03858, 117K B 07 S5 A 1 2 S 0 ok
AT S5 o e A B G PRIV E P o D8 A Bk
A T ARV AR SR N S A e 2 aE RN, B
WA 2801 55 Mz |, 76 )5 M ORI . U8 f 3o

T H R BRI (ERIE A BRIE 10 B TR R 3 5 3R
LR, Bl = B I [R) .0 202 B B )2 #4 1 (Samankassou
et al.,2005) . Adachi et al. (2004) B YA A 1125 1
TR 0 0 2 A LR RN S BORE AR AIE A T TIA R Bk
PRI )G , FARARTS 3 ML T 454k, Bk
R BB T A BT, SRR AR AE I I U BR A
X 33 SRR 20 AL MBS K R, JLT- A BB A 9
A% By PRIA WL 43 A T 85 4k, 98 5 A A se 30T R A o
FHI , K EHBRRLIE A Y 3l 5 P55 45 2L R 4
. KKAZ )G, Hem X R A KB
S A ERTEA L A 2 R A U
FH(CE kbR A5, 20055 X & % 55 , 2007 ; Chen et al.,
2022) . HFADE LT L IX R IRIRER 5 1, 31X
BBV o i AR = SR A CRE S 2 W A0 TR ) R
BH AR TRRERER DI, toh, Tl 9 itk
PABEHR AT T2, T 5 2 38 2 A IR BE SR 8 v L
FH(Ezaki et al.,2008 ; Kershaw et al. ,2012) , Rtk A
Y1 U b AR 2 i b ORI 1Y) o

LT B BRAL H BUAE A W 5 IR B2 R e e
RN ik AT FE 8 AR R RE IR BT, X S
TR A & B W1 YIAE 8 R 1 X A X e i K iR
FH—2 (FRFREEF, 2005 ; XIHEPESE, 2007 5 Chen et al.
2022), XLEERRFICR A LA Ca 0 h 3, Si Mg
/N 1%, A VLR R EEFE AL T 15 40 58 Gakhumella |
JE AR A B IR AT TR =& RS
AR B K A TR A DL - B o BEAk A
FCHRA I L ARIA IR A 0 RR AT, B0 PRI
(7=, 2 B T BB G AL J2 R R R K 4
J5 SRR R0 R R A P 42 e 1 D A A s A
FLARIHE Sl 7= , i A i V5 4 o R XU A A A
WK TP A LT, BURT, B P e A A e
CO,, J3 AN R Wy (EPS )T S Bh It 5 5, LA &1 5 13k
A YIRETE SRR , EPS v i 220 F 8 1 5t v
DIAVE N A A5, 454 Ca2t F Mg 1375 SR R 55 1T
S T R A B o D TE (HEF R = W,
2020) , JE BCE & A HILTE G B2 W R 45 F (Monty
1976; Chafetz, 1986; Wu et al.,2022) . 2 F¥F241
R = RE I K Bh 1 25 A B ) AR 0 T S I
JI I R Bl e, i — 20 BE IR TR B BRA 2574 o

T AUBRORE PR A T B s vh R i Bk ey
I, I B K 36 77 2 A AR R 5 55, A A T 1L I BR
KA KA B2 A HLBRUTRR , 26 B T R BB 1Y
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MU AT e 1 G0AE P i A ™ Py sl iy P A K
A AILET . SR, LAY (14 Jld b 0o i B v T
AT Gakhumella F1J5 A A= A AT RS , 150 BH BRORE
b R 43 HIL ST R RE R U T i BA AR v K R A AL
FTo J5 A FBORE T bl M XL ), 28 ks VR
BT AR I B AR K T AR T AE W A
AL, A2 D B 2R SCA MR | IR A TR
I 5 (Canfield et al. ,2021) .

IV BUBRR AR AE T B AR A U A 52 2 N B
B 53k AT, B T A BB PR B, i S kb B
BOMI A, A MU IR B S Gakhumella 3555, H L
SITCE B EEE(>5%) , vt WA PR = ZRIET
Gakhumella %5 T4 W) A HRAR 53 A% 54 RN S =4
[, G54 0 m] RE3 WA R i EPS il SRk A4 8 -0
YISERE R e 2R A TE e A ERRL (Hong et al. ,
2017)

V BUBRRDRIAR ORI 2E B AR 1R
7 Y U 17K 3 ) 25488 [ 2 A6 3 A Wy
B B UK A0 SETE IR AR T £ 2548, SR W%k
BORL Y E BT B8 5 A2 0 N TS 104 U8 b A6 25 D AH G
(Fliigel, 2004) o 1% 2 BRORL B A7 AL R B fe i
32 B I B R R R | AR W HR HLJSE 22 R K i
AN . [Fm, /TR = 1= 5 R
(1090 cm™) , Mg/Ca 1 2 & T+ (>6%) , R H =%
A E R AP A BT Y O P B 5 e o

VI B BRORLOR AT T30 W 8 T B A= W A oe J2
o, T8 BT RE B 5 IO E, JL R S AR W
F A8 A A A — e SRR, 2 i U A0 28 A=
Yt I 5 TR BRI A 7= 1, A7 AL 32 BRI
TR W e A B A ) AR A AL B 53 fie s A3
eI Y/
43 WEMEESREGPIRIEIR

CBRARIKYG A AR OK BRI 5 H
TR R A0 TR K MR K (Derrien et al. ,2023)
BT CEVEN ALRES VR SRR A KoLk
(4 €O, HCO,) [EE A A ML/ 1, FL 46 2 2R |
WESE , BES S R A WA B 06 U 2 A A LR o)
T E B 20 RS (Gale e al.,2016) 427
KA, W AAPUEIATUN BTiis, 5
F K, R R HL 6Kk (Dissolved Organic Carbon,
DOC) . [RlA, A= M DURRA & b S A — i SRS
WA, A ) TR R A D A R ) B

WE A P S5 G A A B A AL B AR 1R R A Tt
[ (Sulfate-Reducing Bacteria, SRB) o fL.fit H 37 14 [%
fift . A= 1 CO, S H A AT HE TS 22 Kb (Megonigal
et al. ,2004 ; Gale et al. ,2016) . THAEYIET )G, AHH .
LT A5 AR ) 2l o A IR i S ) B O A AL
AR B — B LA, SR SO I
S UK 2R TR (Sun et al., 20125 R R R
55,2014) , gE—2B PR A T A BB B R
{45 IR 23T i A HLR e A CO,, CO, FRCRI R
BRI 2 OV, B AT SOl U A
R—H LA —CO, HE I — T ) T s — A AL
IRV =R A 1 0 X FEA N U N S K e L 7 i
1A FLBK E AL CO, I R A AUH DA
BUBT T2 T A BE R A T8 Ja A= A M g A G I e
JURLA HLEK (Particulate Organic Carbon, POC) . 24
KB 7 Z5 A S I, POC JIURLZ W T4 22 K AR
38 1o R T FR R e A5 DA AR A (Wada et al., 2007 ;
Algeo et al.,2013; Carlson and Hansell,, 2015; %% 2k XC
85,2023 JE S A A LR, I ZIE M FIE SR I
BORE 03X A R G W) RE A% 4R AL AR Y L R THT
B 4/ DOC 25 5 W HAR 2K L A= ks e i A Bl —
WA A S AR A S iAS |, ORI A RE )
345 (Philp, 1985) o PN, 764K S SR + DURUIA
L 385 POC AT ABEENAF (5 i T R A 9 e 28 1 A
PR R R BRI, 28R 7 POC BB A AT
I A TR b, O SIS A7 A BILEK

FEHEECE R b, ARG | R B IR BRI ) A2 4k
A HLBZD) 1A RUEE I , S B0 A5 8 K B8
ft (Beyssac et al.,2002; Kouketsu et al.,2014; X Il ,
2023) . FeAlETERIR SRR, BEE TR T
AP o3l BRI 2 A DL B A i R
CO, B HAMTTHLY) , RN E A P BTl bR
FHBETE , ORI IR TR 200k . SR T Rl A
ANAT Y, Bl BA AR R — 2D, A LT 4
B R AL , e S B I R Z AR

AN K R A S ) R 4, AR LY
A HLITE PTG A= S8 B, Bz 7 31 B R K 1
DX, BRI, 7642 g M X PTME A TR KR & 1T, 40
P VU A XY DR 1T, 5 3 e S I R R K AR
DURYIIE S 10 TOC & 5 AR K (Shen et al.,2015;
Pei et al.,2021) , LI I A8 B RE R P OFBOA KA
PUBTHIH R A
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g b R KR e AR DRI E s
IFAE R T KA HLT, (H AR A oK 3 1/E R LA
Bt A 2 R R L FAVE A BR ) T HAE DA
%) L 8 %, e A9 352 W T TOC & £ 385 3 4541
(Zheng et al.,2024) . 1A BRI D TR
ATTRERAR: oty PRBE (04 A8 AL RN RRAE P 1) Je AR SR T B
b T UE A, 0 R 58 A5 A Ak Ak g s
WIRRARE A T A LA B
5 45

(1) WFFEHE A YA D BRI TE il 32 22 51
A= BN B UIRE G, I R 0 A P E D A R AR
WA PR, A& 5E CO,, It /i i o R &
Y1 (EPS) SRR BRER UITE . BROR =2 i A HLTAL AR,
TE Gt F vh Az TR A SR K 3l ) 45 R 2

(2) AR FAE N B A AN B
FBRARL ] 23 Ry 7S FpE Y JLrp TRR 1L RYERRE 9 E B
S5 A T AT G 5 T B Bsok: 0 i Al i 5 vt
K HF BA A HILITE A A DL BOR A AR TEAE A OG5 TV
RIBRRLEMAE YA NG 55 -0 iR &4 v Ak
K7 ()T 15 RT B85 A8 1 PN AR IS 1 U VR FH %35 U0 A
XK, ZRIEF KA AN E %, VIR A
Pt g e Ak 0 7= 1, A LT 3 R UR T R A 1
VAL

(3) F7 8 b o R B oM s R TRl 2T BR
KL MURZ T T AR B A M R . k&
BERRLA LT SZ B B VR T RZ i A/, Ak T 4%
A1 SR AL B B T ATV BYERR AR A7 A 32 3 2R il
LG AR FH B2 () = VR A AL, SR B Hh A SRR B,
FTREUR ¥ B K TR BRI AL . X R IR 2
i I R T T R 5 A LS A AR A P
YOk IR EER AR T H,

(4) RAETA e i Ui & AR R A
BILIT, (EA B A A ) A A —3 TR 25 0 2 T v 1
VK IR N T I A LT R 4R R R CO, B
FNIRA . AU B R P B POC, I8 o
OB ETAE , LR A HILITT PR 8 2 B A BRAE 2548
ORI B, LA VE I B S i T KA L
e, A DB A MU AL Bl BT A, TR T 1%
WA R ZR TOC 5 8 i e (IR R B .

B ORI, BB RATAFA
BT TAE PR ERE . HEFAL TR

ERREAR PR EY; BAHPT AR BN E

TSR EL,
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ed in southern China, indicating a microbial bloom in the Lower Triassic following the cataclysm. However, micro-
bialites generally exhibit low paleo-productivity, which seems to contradict the microbial explosion. This study ana-
lyzed the microbialites at the base of the Triassic Tianwan section in the Luodian area of Guizhou province, focusing
on the petrological characteristics of micritic pellets and their thermal metamorphic evolution and sources of organic
matter. The study clarifies the respective influences of microbially derived and seawater-trapped organic matter on
pellet formation, with the aim of providing empirical evidence for exploring carbon cycling mechanisms in post-
extinction microbialite systems. [ Methods] In situ micro-area analytical techniques (optical microscopy, fluores-
cence microscopy, scanning electron microscopy (SEM) with energy-dispersive spectroscopy (EDS) , and laser
Raman spectroscopy) were used to conduct a detailed analysis of various types of peloids within the microbialites
from the Tianwan section. These reveal the distribution patterns and thermal metamorphic evolutionary characteristics
of internal organic matter.[ Results ] Based on morphology and infill materials, the various peloids were classified in-
to six types: type I (microbially-induced peloid, MIP) ; type II (recrystallized microbially-induced peloid, RMIP) ;
type 1II (aggregated detrital peloid, ADP) ; type IV (intraskeletal peloid, ISP) ; type V (dolomitized peloid, DP) ;
and type VI (aggregated microbially-induced peloid, AMIP). Raman spectroscopy-derived metamorphic roasting tem-
peratures provide insights into the thermal history and transformation of these peloids. The organic matter in types I,
I, IV and VI (MIP, RMIP, ISP and AMIP) shows thermal maturity similar to that found in primary cyanobacteria in
microbialites and shell fragments, indicating a common diagenetic history and microbial origin. Of these, peloids I,
IT and VI exhibit low thermal maturation temperatures, with organic matter mainly derived from the photosynthetic
and metabolic processes of primary cyanobacteria and other microorganisms within microbialite systems. Specifically,
peloid VI formed when micritic particles wrapped around peloid I, linked to bioclastic micritization. peloid 1V shows
moderate thermal maturation temperatures, resulting from a mix of microbial micritization and siliceous clastic material.
By contrast, peloids III and V (ADP and DP) evidenced significantly higher metamorphic temperatures, suggesting
multiple thermal alteration events. Peloid Il may have been formed by neomorphism; peloid V was primarily shaped
by bioclastic micritization. [ Conclusions] In summary, after the end-Permian mass extinction, microbial blooms,
especially cyanobacterial photosynthesis, led to the generation of large amounts of dissolved organic carbon (DOC)
in the oceans. Due to frequent fluctuations in seawater redox conditions and rapid temperature increases, the DOC
was typically oxidized into CO, and released into the atmosphere, with only a small fraction being preserved as
particulate organic carbon (POC) and deposited on the seafloor. Raman geothermometric analysis shows that most of
the organic matter in the microbialite peloids, particularly in those associated with bioclastic peloidal envelopes,
originated from the metabolic activity of primary cyanobacteria, which was the original organic matter in the
microbialite system. A small portion of the organic matter may have been sourced from long-stored terrestrial organic
matter in seawater, which underwent multiple diagenetic thermal alterations and shows higher thermal maturation
temperatures. The thermal maturation of organic matter and mineral recrystallization during diagenesis had a signifi-
cant impact on the efficiency of organic matter preservation, ultimately resulting in a low total organic carbon (TOC)
content in the microbialites.
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