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Abstract

In recent years, with the deepening understanding of the law of hydrocarbon formation and
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accumulation in Chinese carbonate strata, it is clear that the multi-factor coupling process of struc-
ture, sedimentation, diagenesis and fluid is the key to control the scale, distribution characteristics,
quality and predictability of carbonate reservoirs. However, there are still some problems in the
quality evaluation of carbonate reservoir, such as insufficient quantitative characterization of main
controlling factors, insufficient studies on different factors’ controlling reservoir coupling and lack
of systematic constraints on pore evolution model. Based on the summary analysis of the character-
istics of basin, layer, sedimentary facies and physical properties of carbonate reservoirs in China,
this paper reveals the controlling factors of physical properties of carbonate reservoirs from four
aspects of structure, sedimentation, diagenesis and fluid: 1) Structure mainly controls the sedimen-
tary setting and distribution of high-quality reservoirs; 2) Deposition mainly controls the develop-
ment scale and material basis of high-quality reservoirs; 3) Diagenesis mainly controls the high-
quality reservoir type and pore structure; 4) Fluid mainly controls the direction and stratification
of reservoir reconstruction. In view of the complexity of carbonate diagenesis and pore evolution,
the quantitative evaluation of carbonate diagenesis and pore evolution will be more perfect, and
the diagenetic model will be more targeted and data-oriented under the constraints of multiple ge-
ological backgrounds in the future, combined with the techniques of cast thin section, cathode lu-
minescence, scanning electron microscopy, isotope analysis, fluid inclusion, etc.
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ABRH R I S AN R JE . ORI RE, Bk 5 R 5T 25 A 5 AN W 1 O %) O O e R AT I
FR) B L AR AR AR R ) B S i R[] [2] o S SR 3R FE R JE B 3 5 it < T AN I B A 2K R [3], Y
NI B8 BLRRIGE /R 22 W7 = R AH 7 AH 4k il R 3 fif 77 I EELRE L [2]. #% 2018 4FK[2], hEC KM
TRJZ i BT R A b i BRI 40 x 108, BT R R 5.7 x 108t CURILRZE A H BRI RA
AH P EIT 5 x 102 m?, Rib/m & 4300 x 108 m3.

AR $hE it = 0w B A Z E RN, DI ZHE. ERZ. HZENRBEBER, BaRiE
KHER, EEREYIEE R GRS Z NIl - 48 - TRRE KB RS [2] [4]. TR RIRSE A IE 2
B4, HERSCEER T RER g mE MRS NE R FR[5]-[11]. BRIR A s a1EH 2 K&
FEWFEERIBE VTR At . SRS BR IR 2h e & Mo A L s [12], ELI R IR 85 th A i R 2 5 FL I
FSORH S0 () B B R A AR . R HORURE b, MEAE . ARBE. REAEFINT = 5 S0 i UL FCATL ) 4 1 ik
B R A A EH SRR B R M R EE b, WASE A - AR EAER . 4%, 0.
NG ) S R E VDA OR[138]-[19] BT F 2, MElER . DURRIER . s VR AR A E FH AE &
WL 2 328 il B 8 365 D0 0 i 2 TR 5 R B 1 0% . TEig K iy s g se i B, g SR g R RAEA
HEMS 5%, W T RRBE A IRERN . Boa B AR RS o, =2 H aie &Pt
FRZE MR S 2 A B BB R bR 2 — . o, o B T B R 2555 % )2 B A0S0 3 R I B R 26
WO IR AL U-Pb [FIAL 22 AR H AR K HERE T oy 2 5 AR 3h 2 s 8 R 72 [20]
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MR AR BN 4y, SR ICER . BUE BUERBL. IR B ARSI 7 B 55 2 SO € &
IERARIBAREE A TSy, L) T BkIR SR it )= T Th e A AR A B T T o A SC DABR IR 6 5 it )= P Vi
WA, BB IE - PO - U - R EGE e, DURHESIME R - DIRUER - BUETEH -
TARAE ARG AL R B BR 28 25 i /2 I & = VPAN B 2
2. RERERE S HS

IR A T AOTE BRIz, IR B R, KA - R KA < B oK [21] . I A Al
FABRIREL A W AOB S AE DY )1 BT BSER. SRS M. B O JEdS . He. SahR. W, gk
AR R II21]. o, WEME/R L. SHRAEM . A AR A F L O, DY)k P R K%
FEUL RBEM A R SSA RIS At I R E T, MR, TN A, 4
PHZEHL . = K AR P B S 1 R B A B 3 )2 &R [22]: B s AR At . DU k. 56 /R 2 i
ARG X )2 R AR R AR S AR [4] [23]-[25]; PUASRRER £h s U BAE AR DU )1 G B
RIS 7K 2 By i [26] . B B R 26 5 i AUBUE A R R T ISR R Y s — (20 | 2Y) . AL AR R (B
AR St 20 0.6%~1.5%) A LT B2 i IR (— AR 0.5%). i ZWIEZCEIIALIR A 5%, &
FEHRAT 0.1 mD~10mD Z[Al). )2/ Ai Y F R R « AR 2 FEERe 21 [27]-[29]. s A 2 th B P R
45 R BRI i R ALBR R i v fLIR e A FE R R A% SR P s 4%, FLBREETIUME N 1.45%, &
FEARSFMEN 0.85 x 1073 um?; JIFEHEX A AE L =8 R G0 DU %2 FLBR 282 3 BN A A% 22 5L
FUEERIANA L FLERE PN 3.9%; BiEHR TN 14.377 x 103 um?; 1P X R AR MA A =S
FLBGE e /N T 10.0%, 46K 2 BFE M FLBREEAR T 2.0% [30]; #hifgiSat Eool sl B R R4 E LA
EED g Z FLBREAE 2.51%~9.94% 2 1], 1BiEZRAE 8.8 x 1073 um?~50 x 1073 um? 2 [f]; SR /R £ Wi 4 th 5L pl
RO AE. REA. =P ILAMERA= T4, REH. BEAL. RRARREEEIERES
TRLRURL MR B, A VAR 2 AL E AT 2.00%~16.36% 2 [7], P14 5.98%, Foki Al ik 2 £
/T 2.00%~18.03% 2 [, “F¥IFLERE N 6.16%
3. RREREREPIM4FE

TRIE B2 #h 2 it f b 2 B e Bl & G RE nd, AR Z B B R A RIRHH B MG . R, s
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fits E PV AR BRI I B A BRI 3, H R AR B g R A A A B = ALBR L BB R K B RHE .
U v X B SRR IR AL SR Ak 2 N MEA T EC AR L Bl AR B M TR A A PR A AR IR AR 25 [40]; Ok
HOIX KPS - RALSCH PR R A PV Ge i 45 SRR A [41], G HUAZ M. GHUOALEYTE. GHIZEK
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Figure 1. Property variation among different lithologies and lithofacies
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Lee %5 A\[43] 483 T O R R I E B K7 R DL (1ODP) &L BR M i fif 2 Hidls , 5@ A0 g FLIR Bl
PRI RS- A 2R (1] 2) . 14 2 0 gmZE SRR BH, Bl #h s FL RS RE EL A Tl 3 R 388 iy PR A 34 - Ehrenberg
A1 Nadeau [44]7C 4 1 A BR(BRINEE-K) 30,122 AMeE ST 4 S 5 A1 10,481 ANk R 56 4 it )= FLIR L Hidfs - Ehren-
berg %5 A [45]7F 2009 4F-F- R4 T A BRAN [F) 1 57 ) S REE o A S8 o R IR 3625 it J2 L Bt v (L o 3 2R 1) A
(K] 3), FRIAR 2 Hth o B H3 it 2 LB FSE B SRS I i B K, s 30 L B 1 S A8 A A R i
WA . =& 202 FLBREE AR A [F) T o Ad SR 4, Ehrenberg 45 A [46]4 FL A BRI T-#F
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Figure 2. Compendium of compaction trends in global carbonate porosity (Reference [42]). Published compaction trends are
taken from studies of the Ontong Java Plateau (ODP Sites 803, 805-807; Reference [47]), South Florida Bay (Reference [48]
[49]), Nova Scotian Shelf (Reference [50]), North Sea Basin (Reference [51]), Borneo (Reference [52]), Williston Basin, Gulf
Coast and Niobrara Formation (Reference [48])

B 2. SIRBRERELE FLIRE E ST ROT AR E (S| B 3R [42]) B & A E SE#4%5k B Ontong Java i & (ODP Sites 803,
805-807; 3CHK[47]), Fafh % BIATE (STHR[48] [49]), FTEFl & EFGZR(SCRR[50]), ALt (STRR[51]), Z 5 M (STHR[52]),
BN, 27 S Niobrara 28 (SCHK[48])

DOI: 10.12677/ag.2024.1412149 1592 HOBRBL 2RI


https://doi.org/10.12677/ag.2024.1412149

iU

FL B (%) FLBE (%0)

0 10 20 0 10 20 30
u) T T uy T
O F et i g o2 7] "
Nixd
1k 11y}
171
|
N/
2F e -
/é\ 3 B / m
e, AN AY)
]i]i( / I
S / |
N4 \
‘/
/
5 L // L
6F |
— = F3E B4 m— > BRP 5074 45 =24
— — it —— A — it o=t
— —FiLs — =nOma — L4 — AL
SEZH — —RAEL ERZS AL
- —REL — =i ERL- L |— P4 — W ERLEEL

Figure 3. Variation of the P50 porosity of siliceous clastic and carbonate reservoirs with burial depth in different geologic
periods around the world (Reference [45])
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Figure 4. Relationship between porosity and temperature in sandstone and carbonate reservoirs (Reference [46])
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Figure 5. Relationship between physical properties and buried depth of carbonate rocks in typical basins in China [40] [53]
5. BRI MRRELEL A I SIEIRAY X AR [40] [53]

4. BRERER SN IEHIE R

T WA #)Z, WIREEE RV EERIOVLRE . B@E R LR 2 w2, 25T
Fgide s UUARS BCE FILAR DU KRR i3z . AR, BRI ER A Z X iE . IR Bea AR D0 R R &R
ZIE R A R B AR, R FLRREE | V203 AL IR W B A (R ARS8 T o S [ 23 o R
TR Ut TUARMBE YRR SR A8/ E I3 1A R A il R RS, i Bk AR S5 (452t T UUAR - ea 34
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AR LR R 7 ok A AR T LR “ =R 2 B0AR; iR EE[55]4
TG JBFe AL AR IR C ARG MR, AR IERRE, B2 S DA VORE] TR
PERRIR £ 2 DU 2 RO T SUAEATE 2 2 R IR & A 2 2 S AE T I 45 2R [56], IFEARITTRR A R IR (KK AL
TR KAL) R 3 T S GREAR R Bt R DA it . IS7. 65 M B Ly iy ) 24 R R I kR ke 1 R AL
BRI AL LR [S] [56], JUIH AL bR Mt al F ke . 8 PR AR R S5 DX RS R IR M 7 55t

4.1. HIEIER

RS T AFE Jo B R 5 i J2 R S v 43 it SR 2 b e iR L B T S (R AR 5 S ORR e i
AR BB KT T o S SR A R 5 R EEARLAE M DUAR AT Je A (2 il VR, e M
AU R R G A AR, ROE T AR DTN RAT . DORURIRE . AR AN B K RE F1[55] [57]. Mg
IR S At 2 T B A 5 3 AR B R ORI A O], AN TR IO A A& 3% B AR AT R B A R AL i 2
ORISR > A Ao Q00 )1 22 b AN [ B 300 0 Mg 36 s J B ] ne 2R 0 T e P 2 2 ok = (100 8 7 MRS
50 Ai[58]; B BRF R A A ARV B 7 RIS R BRI 7 ARER A DONTIG 8 6 U X T
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RAE 52 [59] s o b 3 w3 e o [UAH 8] R 3 S SR 5 5 L R AR PG 38 7 22 e A DI AH 5R[60],
KRG Sa TR PRI oo Ft T AR 5 I8l R 0 BB AR IR £h o R i J2 % 7 (K SR B [61]; SRR 2 Mk
b T AR E IAIE T 5, I AR RAE BS54 AR E AR IR e USSR SR (it 1A 2%
P[62] o WIAE IE G SN T A W AT VR iRt RIS R A T8, I 22 A7 OB AN R SR B A s IR 2L
fitifs, XS HLREAT s . A FEOR BB R 3 DX T BB e 1 1Ly 2 A R VA LR R T 1 A T I
FOA Az Wi 24 28 RH AR AR A ) i 3 A P AN RT3 [63]s DU Gt b — B SR 4 - 5F ALK IE - 34
WA AR T A EAT W] R 32 75 T Wi 2 [64] [65];  BROLHESE[66]1% B HLAR Z3 T i 2E Ak
MREh A AT AR IO LR W], TR s S R iZE R BRI B X6, W1 CE R A IE
WIHiE. I, A€ G R R AL R KR DT A RIS, 10 22 30035 30 (1 R A I A% SR AR AR I AR
ANBEE R R TIR,  HAR R BRI R .

4.2. RER

DURME R M Bk R #h 8 TR AG VI VERFAE I SR B, R BRIR Eh A M IR AL (2Rt IR E IR S8 R
AR 7 EEEHIER . EASMIERIERIR A RIE . REREE HRY . VIR, WM
AT AT 1 2 QU PR R [67] [68], fig 1 BRIR #h AT BLE R K (W% i T75) DO B R R
WA PAEVRK S IR A S AR N U, G R Z 5 T R VERRIR £h UTAR[69] [70], FHAAEM
AR £ A MBI 2 F 2R E T AR G kIR SR 2 X & Hhil 2 3 RUTARE 5¢[67]. IkERERA T 1Y
P [71] SRR BRIR Eh A DI SR Fe 3 i, S5 SEANRIVE R [710-[75 MK HE DTIE B B i or « AR 7 TR B
AR IR AE DA 22 T T R R AT IR B Hh Jg o A Reijmer [761IKFEIE L AKiR . 7755, ZREE. JRAHI
TR e VLA B0 5 D] 3 M L IR b A 77 3 (B AT AR (520, R RRIR 35 LT 490y 4 B AL (18 6): T L)
(T-factory). CWC T.J (CWC-factory). M T.J (M-factory)Fl P T.J (P-factory).
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Figure 6. Types of carbonate factories (Reference [76])
B 6. mBREhE T KBY(5|B3CHEK[76])

[BUBTAT AW FORRR s BRIR 3 DUAR TS SRR 20 DAt s AR A K B IR #h 5 IR = K38 . 1At
BRIR 3 DU 2 AR AR BE R . A A4 IE . ME TR B A SE R R R0 AR B S TAR A A [77]-
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[80], FEWN=# 2T Wilson $2HI LR AT, 45 & DXt T 26 A 22 e OB AR AU EAT 4040 . #b
FEAI 78] [ P 2 LE A ERLIAE AR AR AR BIE FURE JRE O itk A0 [ b 3 f) I AR BRI st e T 7 BE 3
T AT RE R ZE 55 [ PN A8 T i BT DUARAH SR RS A AL A S AR oy s B 20 A7 [ 78] W B R 2
E VIR S 5 s . W& 5t KOO K3 ) 56 AF SR R VIR 5<[81] [82],  HLiBIMi Ak
ML TR Z BB OL T ERERUEDIE S, RS ER IR S s A AR B B B R B . W KIRIR s
DUBURF TR ST g A B, AR - A BT S PR s, RIUOVEMRISE D
FEAR HokZ AWHEANES SR 2R [83] [84]. TRl 5 2, WAHAEMINE . WA MIBRIR £h 6 VA /K BRI
H B %21 23 R AR U BR £

4.3. pE{ER

KT BRIR A E EH I E A T A E R AR . BUEIEE . BUETERIERL. BUE 1%
FRIEHLEE B oA R 2 (P« AR iR, BRI 2 5 PR & e R KT . IE4 M)
TR B B 1F PR & B ¥R 22 Rt T LB 2 Sorby [85]41 Cullis [86]HIF- M TAE[12], (HiZ4 A1k, A
[F) 2238 % B A AR SRR (A AR AR R], BE AR & TIAFAE 4+ [87]-[90], JuF R3S A 1E A, wnE
G 12000 BT %o} IR b o B 1 P MR ST M ME & AT T AR, 3R T S B A TR AR . VR
PR R R B IER  AR J  (1] 7)

[Gul:

Figure 7. Common diagenetic environments and fluid types and distributions in basins (modified from reference [12])
E 7. BRAEREREMIRALRBE 55 (5] B 3CHR12])

ARk, TR TE R 2 SRR R £k 2 J2 A v I S A 3 K R IR A [55], s BUR S M AL FR 1 3R 1
S0 (8408 myK B LG A= B 66 Z[91]: AL - w3 X ¥ ST JHp BLPE 4t — (7] 55 41(7658 m) K &
R ER £ 5 1 J2[92]: WAL HE i HH PP 2 (6500 m~8000 m) & & 441 BBk R £h 5 i 2 (93] 15 bt X
R LI RGPS RS A R A SO T 6400 m) R B ILTAEE[94]. H AT, FRERRER A L
At 2 EE R BRI, IR EE B RFH 0lp. Oly. O2y. O3l 261k & AL it 2 kb Tk
BCE B A-B ;. DIk Z2d. el | JEATRRIR 2hik 2 4b T Mo eE B B U)11 75 Clh 2474k T A AR K
FASA VU T2 Z 04 THER A S0/R 2 Wit OLm JZ AL AN v 8 Ll il < BT Ab O B B 5
P& R TR A — S [4]o ARRE AT DUR MR SS9 2 BH, B RCE B BORT e 48 il A0 o it )2 T Js )
BRCHI, R A DR B FLERE I A =5 R R A E) 200 m [95] A1 KR AL 5 Marion /& 5
IR EE S G I B = B LT I A BV 39 m~635 m 2 FT45[96]. a3 ik [9 7% 245 v JIF g 1 (X — ) 55
HRRIR Eh 2 i 2 ORI T 3R B, ) A 2 A A PRI 22 10 2 A P A i A2 AR s 2 T B B R 3R . L3
B B BT 36 56 2 (T A A 48 7 B Hb SR AL bR PG, TV K TR BROK SR G IR R 36 5 11
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Figure 8. Diagenesis and porosity evolution model of carbonate rocks in atmospheric freshwater diagenetic environment
(modified from references [103] and [104])
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