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Fig.3 Thin section microphotographs showing petrographic features of the limestones from the Changhsing

Formation, Mianyang-Guang’an trough
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Fig.4 Plane-polarized light(unstained)and corresponding cathodoluminescence features of reef-beach limestone

samples‘from the Changhsing Formation, Mianyang-Guang’an trough
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Fig.5 Isotopic-trace element response characteristics of carbonate diagenesis in the Changhsing Formation,

Mianyang-Guang’an trough
(a) cross-plot of carbon and oxygen isotopes (coeval seawater data from Korte et al., 2005a, 2005b; freshwater data from Liang et al.,
2020); (b) cross-plot showing Mn/Sr versus carbon isotope; (c) cross-plot showing Mn/Sr versus oxygen isotope in the calcite; (d)

cross-plot showing dolomite content versus oxygen isotope composition in the co-existing calcite from Changhsing Formation carbonates
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Fig.6 Reservoir physical properties of the Changhsing Formation, Mianyang-Guang’an trough
(a) box-plot of porosity for Changhsing Formation samples; (b) box-plot of permeability for Changhsing Formation samples; (c)
cross-plot of porosity versus permeability by sedimentary facies; (d) global average porosity—depth relationships for hydrocarbon
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and Nadeau, 2005)
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DIRRHRAY (P54, 2026) « BT, AFEPEMAMYMEERZE, MR 7 IR
Mg JE R B A EMEHIER (Dong etal., 2026). RIS CLBURL K A S =3 1 A 8 T AH
EEERE AR . HIALBREAZE R 2R IEMHECH (K 6a, b) , Fa/RERLIK
HRBREENLREMEE . &0 PR ERR, FABRRMPIRASR T, HREHEERE
FLEAH (B 3d, D .

SRRH—T 22 6 N M AR R AH DO AR 3R AR A, R T 4R 5 28 & = I a AN
WERRFKERE  Hol, ARG 2 ICH FGSHE R B KA LR EEASE 4 T
WA SRS (B 6a, b) 4 LI AAE R DLSGE IS4 B B I 2 i i . 54 B
FHAR LG, M40 B AR B 2 B BE 2 R I T LR FE RIS SR A A, R W TE oA
BB AR S T AR B VA . FLALRR B A E R B IV B IEA G (Bl 60) , FEIR1Z%
KULALBRAGEE N .

FEGEEX A, WE/RER] MV AH 32 2 R e CE AR R IR H s Rnie 2K AR K 5 2 AL
BREEAR. BERMLMEE S (B 6a, b) o HILFREEANSERABARNE (B 6c) , ULHLEL
KUTHAHTE AR E b, LR ST A IR, TR R B — ERE LXGE T ERER
VAP
42 MEER
421 EFEAEBAER

BTN FEINA, W KE ik 2B 3 5 500 m IRFE, FLBRBERITE 5.2%7% 4 (Schmoker and
Halley, 1982) . BIfESuiH4xBkya N MBRER A 42, IR B3 Bl s K LIS BE AN i

an)



12.5% (& 6d) (Ehrenberg and Nadeau, 2005) . 40, I [X W85 LH IR FEAE 4 500 m /2
F A FLBREN T 0.1%~4%, “PIJFLBRE AN 2.6% (Zhang et al., 2026) . JIIH13F 4R
FETE 4 200~4 400 m PR FE G N I HCE FLBRE A T 0.1%~2.7%, “FIIFLBREE N 2.12% (Tan et
al., 2025) o SRTM, WEFEIX 5400~5 500 m i A S BORLACE LR AT IA 16.1%, B &
FILUR BE VORI BR IR b i 2 (K8 FFLBREE o DRI, (ERRITIX P, S/ A A R VAR 6 K&
ift )2 FLBR S5 84 (R B M AR N B/ o X AF 6 BT N OB T 4518, RIE RERBORTIR B2 = g AR
BEE P 2 AL TR ME AR R B R 0 B0 VR i AR R B, TR T 3 P R e Ak R AT T RS
YEF (Wen etal., 2025) .

422 KEAER

B (DD KEIRIR PRGN, LA A B RURL K A R IR) FRL A #)32
REESORNTES T RARSEY (B 3a, ) o WEE SRR S8 % s AT
T HEK A S RS R (Longman, 1980; Melimepéalo\ 2004) o &0 X %K
AT O 5 3 R R AR S — IR (K B R R AR (L 4) R & X IR Th I 5 A e 46
YER FE 2R T R AE—HER A 3.

Xof b — e — St A BRI K BBk [ AL R K (Korte et al., 2005a, 2005b; Jiang et al.,
2014) , 4AFH—T % AN KB MK ROk IKCE KB R KA I KR =, TR
FOBC AL (+3.6%0~+4.3%0) 155 F M KM01C A (Bl 5a) o XFh AR fRA
5 [R) S K Bk TR 2 2 R — S50, Ut W AL A7 A R BRI T TR M K B e, 0 — 25 3¢
FE T 7 R IR A N TR AR K R IR R . 55— 51T, AR Mn/Sr Hef (Mn/Sr<0.2)
FRAR TP AH O PR, /A s 1 Mn/Sr EUE (Mn/Sr>2) M5 2446 7k K B A 2 5
(Brand and Veizer, 1980) , BfFiffmF# Ik Mo/Sr HUAE (<0.2) , #E—BHEl 7K
EEB A AEIRE BRI | HETE IR S PRI FURLYE 2K 7 (17 A I A5 N T 5 9 7K
A/EHE K TGO, SCRF T IREAE T BT R A SR K g R AR (B 5b, o) o« iX—1A
RS HTEIE U-Pb vEXT & ABURLICE 7 il A IR 45 e SRR B S5 R W& K, RIS A
T A0S 5 U Z TR RE — B, 2008 256.246.1 Ma (Wen et al., 2025) .

ERERIR, EAEBBRAE S, BRES A=A EEIEINS 7 A WBRE AL 1
WA, 577 A A RN RAEFARE (B 5d) , Bl R BN H b 75 i
AR ARG W Fk, T eSS 7 AT O I BEIR B, T R =i
MFH. BRI, Ao E KT 5% 7L A 8 TR AR A 5 0 R A S JURL 2K 265 1 7 A
F10180 S AE-2.9%0 /2 A7 o ME S TE X P4 58 77 A FRE G P AT A X IR SRAT 1) A TR 8 3 4



ST A R SRR S MR R AR L

AFTEHE (-5.8%0~-2.2%0) RMIEHI (Wen et al., 2025) o FIFHX MR A R R AT,
gEE i — B K AR R K AE-3.1%0 (Korte et al., 2005a, 2008b; Jiang et al., 2013, 2014),
FRAE A T=16.9-4.2 (6'80 4080 ) +0.13 (9180 4:-0'80 ;) 2 (James and Jones, 2015),
TS A R AT B B KRR E AT 13.2 °C~29.2 °C CPIRFE R 23.5°C) , fEaHt
TR U R s PR 5. R, HhERAG R AE AN S A 2 R IE— BRI, 2L B AE T kL
KEFBR (B HEIKR =58 W77 A 5 TR K B A E .
423 BBAER

NARSHEEP AL S R (B 2) nTLLEH, FLBRER BRI B LR EK
—h BB (SQ2) , BUAHXSHEFIE SARARHIN B EREERR, ERKH ETERN,
BEAEFE B (TST BB LB EER: MEH- P T (HST BO B, FLIR
FEdp I e (B 2) o XTI AR 5 FLBR B AR TR S A R OR R AR B, Mg T T B 5
AL R A 1, AR RE R o T BALBRK B e B R

BT IX PN 0 Ve 2 o TR A I e B 3R 5 SR R TR 2 > W 2R AT L SR S B o i 2R ik
PRIV, BB IRAESLBRRA . A S, BRI S T A R 45 LA R Fopth
IR B D R AR R 5 R B RINTE U K IR 25 Y AR BE T i A (Tucker and Wright,
1990; Grammer et al., 1999; HE5EHi%%s 2005; J2Riglg s, 2021) , 1A FLHEEA T
PRI JE A A 28 R RT 6 DA 86 7 A2 2 3 (Stholle and Ulmer-Scholle, 2003; F#:%, 2007),
SEE T TH 5 FLRR EE RN R OR 2R, BIFFE X2 K B R Ae 336 Y A FH T 0 BT T 0 2 B B B
RARAMIERS AR E SR M A1 28 5 IR e W i (AR, AR W IR A ey
ST AR 226 T B D RCE TR AR (P 3e, ©) o IR AT L o35 50 Mk v AL Tk B 22
BRI, SR T ARl K Vi A P bV E A o ol T B 20 B i 46 ) ELTE R0
KT GE I 3 B Sk AR KR 459 (B 3g, he Bl 4d, &) , TMESA FL oS i
EARELS, Pt DART & R I SE SR A HOaA i o XA A B i BV hodt — PR SE T A
X e AR VR T aE I IR o 45 B KRG R B ORAE, LASALRR EE R hn 5 i-F i~
B IRIIR G DR R, VA MR F 2 2R IR T R A 8 1 KRR s 1B, T S B
BRAR L B S RV i e (RT3
424 a=iER

EAFRER Y, ZACRAARIFREE 52 T ORI IS « M40 B 2R 2 I 0 g 4 i 4
KR TERRLIKE T, ZAFEEERAE, X HILREASERGIA K. MM, SR
WA EBEICERLL, WA E IR B R ICE IR o WAL E RS E E R ke, RY o



WAE RAE—E R _EA R T AW rEAR %2 BRI GE .

A AERIAE RS 8] B BA W] B i P, EERIUN B =0 S A48 28 I 1k
WHERHI SR T (1 3b) , e e Se A JE MORL A P RLIR) 2 T i (18 3g) » X
MK RRY, GEX I AE R AR R T R KRS R - NS HER R B INZ
fhikE, AxAMREEEET TR P B (SQ2) W KGRI (B 7) , R
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Fig.7 Vertical distribution pattern of sedimentary-diagenetic Integrated facies of the Changhsing Formation,
Mianyang-Guang’an trough (INPEFA data and sea level data are modified from Sun ez al., 2025)
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] AR AEAE I T B Y BT I B 28 2R AT FE 18 558 )3 35 R o1 e W /K PR 888 iR i A%
HEFERIR Eh 5 G HI KA b BV B = AR T A 72 45 BAH — B0, B O 2 8k k& =] A
SRR, HHETE R Z SAHRHEF I N BT SR PR R & RIS % UIAR ¢ (Jiang et al.,
2013, 2014; CHE%%, 2017; Liang et al., 2020; {]3CH&%E, 2022; T4, 2025b) .
A=, A=ASEEERILSTETNBREY, A=A 0ERRTRKRIEER (&
3j, k) o Bk, MUTBR—BCE BT IIRE, =W AE R AR R B AE R 56 4 R fe
(K52 BRAG R I B, i) b 5 58 AR SR AR R I A R 2 40 7= A I e B P VA

5 fk B L]

5.1 WEMBEIREMEERELEFT

FELRRH—) 2 G KA Bl 2, AR T (28 4k 22 51 R A I REVE (8 4k, [R] I
WP E RIS 5 S A T R AY . R T AN P A AR « A A UE R AE, DR
KGR R B K i B BB 43 =2 B Bl & TR — s AL 51,
FEREEK PR T EHRMEAESFH, REEK PR B AmTEs, LERE
fEK = E BT RMET S (B .

WS40 7 51 K B TEK P B T S A 5 7 P9 R AR i T b BT ) o v
Fe oo JLTOHR R & B Y bL AR 6 b e K B R 1% )2 7 B B K2 Tl (maximum flooding
surface, mfs) (P& 7) « ZFH A Fifi R oA FLEA BB S JEENT 3.5~4.5m).
TR A B BRL s JREEAT 1~2.5 m) SEBECATRKIICE (JEENT 1.5~3.5m) , AR
oy e 45 B B IR B PR SR RSO AE (18] 8a) o LA R ER R & (A L R AR i ROkL A
PURHER/NSRBE AL AT, FHAERSIH LR EiZA G R BN, SZAXHEFERRS: L
FHEd], IRUARRAKRE B 5 EE, HIMEhZ KRR R SR, s R
FERPUNFE I KIAEE N 1 F R4S .

MR AR IR BEK P B B3, e 7 ARXHE I RRSE TR, SOl SR KR
MR (B 7D« ZPHE N R B A R RE EENT 1.5~2.5m) |
AALHAEEBRR S EENT 1.5~2.5m) MgRERKREE JFENT 25~35m) 4
Ji, BERFRIA BAH X BIR K KR B AR P51 (B 8b, o) o Horr, LoDl
BILACHE. EZFHIT, FEER-T RS TR, DURSEE N BRI B, S48 as
KB o AHXHETP T BT B /N 8 3 9 TSR K I 5 FR SR 4 T R e 315 . B Sk
IKIRBE—BAR IR, AR RS2 IR FE B 2 R Ve i, (R R AR R =4k (& 8b)
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METRRSME P S T4 — BB, S 1 AR ¥~ i BB B BT AR AL, S5 8T i K g
BT 2 J5 B RD & A4 /NI R (B 7D o S FIRBUAKIE IR S A5, B R
DRSS REERKE (RENT 3.5~6.0m)  WAEHRKE (45~55m) | MRE

FLIRAERRACE (REANT 1.5~2.5 m) MR A ERRAKCE (BEAT 1.5~2.5m) ([
8d) o FEAR ST I [ f5e M IR IF FF0R (R0 TH (KT SIR B, WA T A T A e /K — T Bl 2 6 3R 8%
HEARTEEAF DK B o T2 SIS M T T2 ]R3 A8 A FABESR (A I A — A [R) A BT 1
(AR AR S RAE R A S A SR, TR E IR D IKE « BEIS, BEE AR T T i —
B ETE, RRAEFRMES, = EEHHE L, TR R AE R SIS R ICE N E .
BEE RIRRFSEINTR, AWERE R AT, DA LR 3 (KA A g i B A5, AR
R A AL A T RSO AR o HLJE AKAAHE— 3B IR, TR AR MK B I Uik R AR ok
VB, TV R A o TSR A o B A R X RS ST T e 51 R I 8 Sk SRRk
KMRBEIER (RWAEZE, 2003; Wueral, 2010; Yinengls~2014) , &S E0LE T A#ER
AALdGeEE R A AR E S HE R

5.2 FLBRFE AR AOIEHIALE

BRI X b B G K A2 TR 7 2R B, FLRR T R R B2 SR AR P LA T
PRV ) A U A A 1 T 7K SR SR IR VA A IR 45 17 P DA R R T 30155 I 3 1
EBUEEARRE o X PG S0 15 F 2 IR AGRFAE, RSB I8 DX B 1 AR 8 P e
R E, NI R 7RI BOMSRFA R 2 B s . X — 2% TR pea B A R HA
R, AT IX PR BT 5 1 R TR AL R — S BB ILER B, 101K
WMAAE R =B M EN I T R I R, PR3 R AE 20 m/Ma BL_E (5KREE, 2007,
HEESE, 2010; BERA%E, 2013; FEERRSE, 2018; &EHS, 2023) . SUbFEAE, B kAL
R BURE e TUE R i A A BN EEIPRE AR, PO AR TTIL 250 m/Ma (BHIEE, 1988;
JESE, 20125 Yinetal, 2014) , S GHNKE 2 LK AR IS0 5 L
PR o XA bR S 5 Ca B AR S, S SR A P S B S AR FLRRL A A TS T B T SR
B HES, PEAR R R ESSRE (B 6d) , #MdEAR TimZiMEE RS (kEFESE
2014; FREEFESE, 2025; Wenetal, 2025) .

T B AR GG R RE F] UG Sl = D e BAESE . R THTFLIX 4 000~5 000 m Sl
BRSNS RS B (B9, KMHBIEMZN 0.02 MPa/m. bR, i
BILE] 5500 m i, #EKIIZN 100 MPa, O R#LAHN 1.8, BT REEER. EEE
ERE, XSRS QX ER 9 KA M E RS E 7 (100 MPa) SEVI&



(Wen et al., 2025) . #RM0, MECTRIMSAMIEK 5418~5 591 m HIFZER 10 3, SEXHNH
B9 FRMABRE R, T 3 680~3 800 m. X FHEEVRE (1K S — 8k, IESE T MR
RAE G SR/ T2 ATAE, (519 G PO R B ARSI B B A . 9 8 R R AR v
FRE PRIPRE, X L6 & K S AL R IEAA IR S BE % o 32 I S s AR I B0, AR BE 7 58 %
R AR —HE R A B R 7 51, RO B A M — S th VK AL S AR A o AR5 B 0 B AR M R A 2
Hofd.
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Fig.9 Measured formation pressure of the Permian in the Mianyang-Guang’an trough
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JBR B YN o AR ARER ZBerh BB =ZE e A, S = 2R R R R AR T
WS, HPRETFEEER TN PEAER Fo, IR R B0,
B BR#TEERKRF (LR) AR BREIAZLEET RRRENTFLEZRFfEX
REAERE T @E T,
4 AT A M AR R
SCHEATIE TR it AR b B R 2B B2 Bdla 4R 17 (Science Data Bank, ScienceDB)
T A NI R A, Vi i bk A https:/www.doi.org/[10.57760/sciencedb.cjxb.00024] £l

[https://cstr.cn/31253.11.sciencedb.cjxb.00024],
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Formation Mechanism of Reef and Shoal Limestone
Reservoirs with Deep Burial Depth: A case study from the

Mianyang—Guang'an trough, Sichuan Basin
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Abstract: [Objective] The Upper Permian Changhsing Formation in the Mianyang—Guang'an trough, Sichuan
Basin, is characterized by deeply buried limestone reservoirs. Clarifying the depositional and diagenetic evolution
processes can provide new geological insights for deéep carbonate exploration in the Sichuan Basin. [Methods]
Based on core and drilling data, petrological and geochemiical investigations were conducted on the reef- and
shoal-bearing limestone reservoirs within the 24 Member of the Changhsing Formation in the Mianyang-Guang'an
trough. [Results] Reservoirs in the study area are developed in the 2° Member of the Changhsing Formation, with
the lithofacies varying from sponge framestone, sponge dolomitic framestone, sponge doloframestone,
foraminifer/crinoid bioclastic grainstene, packstone and wackestone. Fabric-selective dissolution along fusulinid
foraminiferal tests, which ‘occurreds inder meteoric leaching conditions associated with short-term subaerial
exposure, is the dominant mechanist for porosity formation. In terms of 6'*C compositions, calcites from various
lithofacies show values consistent with coeval seawater, reflecting their formation within an early
seawater-mediated diagenetic regime. The relationships between 50 values in calcite and dolomite content, and
between stratigraphic distribution of dolomite and sea-level variations, in contrast, suggest penecontemporaneous
dolomitization that occurred under intensified evaporative conditions during sea-level lowstands. A closed
diagenetic system developed within the limestone reservoirs during the Induan, effectively preventing subsequent
diagenetic fluid alteration and compaction. Therefore, the limestone reservoirs in the 24 Member of the
Changhsing Formation well preserve a complete sedimentary—diagenetic evolutionary succession, which is
characterized by “shoal contraction, reef growth on the shoal base, and shoal formation on the reef crest”. The
shoal-base reef, formed during sea-level regression, constitutes the most favorable limestone reservoir.

[Conclusions] The core of limestone reservoir formation under deep burial conditions lies in the overpressure
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system driven by “rapid burial and early sealing”, whereas the development of porosity reflects the interaction
between deposition and early diagenesis under the influence of sea-level fluctuations.
Key words: deep-buried limestone reservoirs; Changhsing Formation; integrated sedimentary-diagenetic facies;

Mianyang-Guang’an trough; Sichuan Basin
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