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The recovery of diagenetic environments of limestone in Early Miocene
Zhujiang Formation, Pearl River Mouth Basin
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Abstract: Based on core description, thin section observation, SEM and cathodoluminescence analysis, combined with
regional geological setting, the authors tried to recover the diagenetic environments of limestone in Early Miocene Zhujiang
Formation of Pearl River Mouth Basin by identifying the diagenetic fabrics and analyzing the diagenetic characteristics. Some

conclusions have been reached: 1) No epigenesis is developed in Zhujiang Formation limestone because of the transgressive
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background and gradual burial history. However, frequent changes in sea level result in the influence of meteoric water on limestone
in the high part of the palaeo- geomorphology. The main diagenetic environments developed in Zhujiang Formation limestone
include marine phreatic environment, fresh water phreatic environment, fresh water vadose environment and burial diagenetic
environment. 2) Marine phreatic environment is the first and foremost environment that the Zhujiang Formation limestone have
experienced during the diagenetic process, in which the main diagenesis includes the encrustation of red algae and mutual crusting
effect between red algae and other organisms, the development of organism borings, early lithification of micrite and the formation
of micrite envelope, glauconite formation, and the cementation of fringing fibrous calcite, bladed spar calcite and syntaxial calcite.
Fresh water phreatic environment is characterized by the cementation of equant and massive calcite and mosaic sparry calcite in
optical continuity with enclosed echinoderm fragment, and limited solution, while fresh water vadose environment is lack of

cementation but has typical features of non-fabric selective solution and geopetal structure. Chemical compaction, development of

stylolite, late leaching and oil emplacement are common in the middle to deep burial diagenetic environment.

Key words: cement fabric; diagenetic environment; diagenesis; limestone of Zhujiang Formation; Pearl River Mouth Basin
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Fig. 3 Main reef—building organisms and bioclastics of Zhujiang Formation in Pearl River Mouth Basin
a—Reef limestone, core observation, Well Y4—1, 1304.2 m; b— The encrustation and bonding effects of coralline algae, core observation, Well Y4—1,
1290.5-1293 m; c— Bioclastic limestone, the main bioclastics are coralline algae fragments. Green epoxy impregnated , plainlight, Well Y1-3,
1227.7 m; d — Foraminifera limestone, showing that the main grains are foraminifera (Miogypsina sp.). Blue epoxy impregnated , stained by Alizarin
red S, plainlight, Well Y2—1, 1305 m; e — The core photo of rhodolith limestone, showing the spherical and ellipsoid shape of rhodolith and stylolite
developed in limestone, Well F13-2,2516.3-2517.1 m; f —Rhodolith with encrusting structure, plainlight, Well F15—1, 1850 m;
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Fig. 5 Main diagenetic textures in marine phreatic environment
a—Mutual crusting effect between red algae and foraminifera, the development of skeleton pores of algae, blue epoxy impregnated, plainlight, Well
Y1-1A, 1845.15 m; b—Lots of boring pores are developed in bivalve to form a mesh—like structure, plainlight, Well Y4—1, 1245.3 m; c—Early
lithification of micrite and the formation of micrite envelope of bivalve, the dissolution pore filled with a small amount of calcite cement, blue epoxy
impregnated, plainlight, Well F15—1, 1832.08 m; d—The micritization of algae, showing the micrite envelope with a little stronger
cathodoluminescence than that of algae fragments. Cathodoluminescence conditions: beam voltage of 12 kV, beam current of 300 pA (all
cathodoluminescence microphotographs in the paper have the same conditions), Well Y1—1A, 1244.1 m; e—Some of Bryozoans body pores filled
with glauconite, blue epoxy impregnated, plainlight, Well F15—1, 1860.6 m; f—Spherical pyrite is commonly distributed. Well Y1-1A, 1258 m,
SEM; g,j—No visible cathodoluminescence of fringing fibrous calcite and very weak cathodoluminescence of matrix, Well Y1-3, 1243 m; g—
Microphotograph impregnated by blue epoxy, plainlight; j—The corresponding cathodoluminescence microphotograph of g; h,k—Syntaxial calcite
showing no visible cathodoluminescence, Well Y1—1A, 1233.7 m; h—Plainlight; k—The corresponding cathodoluminescence microphotograph of h; i,
1-Different cathodoluminescence strengths of three stages of calcite cements. The first stage of fringing fibrous calcite with no visible
cathodoluminescence, the end edge of the secondary stage of syntaxial calcite with bright cathodoluminescence, and the third blocky calcite filled in
the pores with very weak cathodoluminescence. Well Y1-3, 1273.8 m; i—Plainlight; 1-The corresponding cathodoluminescence microphotograph of i
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Fig. 6 Main diagenetic textures in fresh water environment
a ,b—The isometric granular calcite growing toward the pore center with stronger cathodoluminescence than that of fringing fibrous calcite and
bladed spar calcite distributed in the edge of pores, the zoned cathodoluminescence indicating the fluid change of cements developed in fresh water
environment, Well Y4—1, 1309m. a—Plainlight; b—The corresponding cathodoluminescence microphotograph of (i); c—At least two generations of
cements can be identified, wherein the first generation cements are developed along the pore walls and the secondary generation cements are granular
calcite with crystals gradually increasing towards the pore center, thus only a small amount of residual inter—granular pores is left, Well F15—1,
1832.45 m; d , e—The coaxial growth of echinoderms showing the characteristics of two generations: the first generation has no visible
cathodeluminescence whereas the secondary generation has weak to moderate cathodoluminescene, Well Y18—1, 1379 m. d—Plainlight; e—The
corresponding cathodoluminescence microphotograph of d; f—Fabric selected dissolution of Halimeda, blue epoxy impregnated, plainlight, Well
Y18-2, 1413.28 m; g—Non—fabric selective dissolution producing mold pore and the enlargement of intergranular dissolution pore, blue epoxy
impregnated, plainlight, Well Y1—1A, 1227.2 m; h—Grains occur as floating—like distribution due to intensive dissolution, and the original
compositions are difficult to distinguish. Intergranular pores are expanded by the dissolution and some grains are totally dissolved, so the diameter of
intergranular dissolution pore is much larger than the grain size. Green epoxy impregnated, plainlight, Well Y1-3, 1282.8~1282.85 m; i—Coral
skeleton pores, some are dissolved, blue epoxy impregnated, plainlight, Well Y1—1A, 1239.1 m; j—The lower part of geopetal pore is filled with
micrite, and the upper part is pore without any fillings. Blue epoxy impregnated, plainlight, Well Z33—1, 2014 m; k—Micro—stalactitic cements
suspended in the bottom of grains, Well Z33—1, 2013.65 m; 1-The crescent fabric concentrated in the grain contacts, blue epoxy impregnated,
plainlight, Well Y1—-1A,1233.34 m

http://geochina.cgs.gov.cn H1EHLET, 2015, 42(6)



FA2E ol

2L IIF 45 IRV H AR VD R R BRTT A A U PR R 1 1847

AL PRl EE BB AL R B (I 6—g.i), Sk
JKCHE TR R 5T 1 9 g AT T 00 22 531 U 2 SR B R 0K
B TS T B AR AT LURA AR A e e
VA TRARAIL VA i S O R SRS , B 2 A5 L Ll Y
WA CELAON , SEXE LIS o B 1 i LB Y
RLIEAL AP B AL B Tl R L R e R Ax T
Jo MRS I Tt 2E ) B R FL A AL B, BRTT 2 ik
BRER A b TRl Y i S R R O W SRR )
R SCAT I SR R 56 (P 6—h 1), 2255001l 4
e ZU ik (B AR AT 60 0 S ORI A9 8 G , L
ZAUIRAT D 5 e A EBRRLR 7Y, A A B
TSI LA R S i ok

(2) /R i

N AR I B R B RIR K B I A A T
WP RIIE A BRIT O G BR VT AL R 855
INEMIEBCN R B DS T Z AR IER I |
VB 5 it 5 kA SR W) (B JESE B ALBR) AT
FREE DR - O R W 2 2R (18 6—) o BRI
Jeor TR BT R DA o 0 AN HL R A
sl b S5 BN KO, L85 i 7 M A R AR 2L
RS 53 1) W) 5 A AR ' o

) phFLR I EE )

BRIT AL IR E8 25 rh ] WS 1) /D i 1) Ak e
KR J7 B A 5 A 25 (18 6K, m] A S iU
R PioKkE mismss foa RS Z —o oK
BRI PR R R BRI 515 PO TR JEE A7 B DRI T e
SEPAXL oA AR A KR BRI = ORL Y T 7
TS B 2 R R RO BhFLR IR S5, tpk 2
N RAEI IR A5 ol T e

(4)3 HIE 4

BRIT AL BOO BU IR L A vh A 7 195 H R 4
Yy = ZER BN RLAR Ty e A7 4R T o0 A e JORE 4 Ak Ak
(B 6-1) , oL T AR SO Bk R £ URE 7 42 AE —
A, IR A A P e A AR s S A 2Z 0, IR 1 s AR X
AR T 225 1 PO A B ML B B2 N BT P S RE T 1 o
T 5 R 22 000 B A R ] FL A AGRAE, [t LA
UNCEER A e et S e SR S P S TS
PERCE A o
3.3 BRI EINE

J7 SR, BRI R A A SRR 85 0] LA o0
TRHLECA LT MR ILECA S , I R U R A

#BJE TR HEASE , A SCUT R B3R A BE 32 B4
o — RIS . H R OC T B RN — TR
IBE A TR B B BRAT SR AEAE i, 5 S (2010) M
B TR Ak 22 A1 BE A, ety 3R T Y 52
M), EE ORI R A B TR B T B R 1 72 600~1000 m
AT B L 1T TR T8 ) Y ARV T PR 5 IR K T
IR FNR KB WA FEA LS TR A 5
BRVL T 70 M AS [R]85 I 48 7 19 3 1 4 330 TR A8 b 7
1000 22K 2 2000 Z2 K (130 Fil N, BRVLZH B R i
JEANTRVRR B b A7 1) 3L sV FH A s |, 4R 45
() A RAE R ZE R LA T o

(DYFR (AU A . S A R i
BB SEAE FE 3 B3R R S8 R A A8 TEAE FH AL
PERRLI TV E DL S s i & (Bl 7-a) o

)2 SR o A= RSB (B2l
FEEAERD) SRR B R 55 & 26 10 & B AN RIURE 22 8] 1)
M1 —5% G 2 il OC R E0CHE AR W) Z A I A R AE HL
AR (E 6-b) o 0 WS K HE A i O g rh 1
Al UL BN ERYT A TR L A P 8 B Mk F (Kl 3-e) ,
Hok & B M, 2 S DI 2B i ks B 22 g
IKIEEEH) s IR I 45 0 RN 2040 ) ) i 4 A4
459, RV VE RS A6 T CaCOs i A FI AN
TUCTE AR 454, 3k T 200 4% B 28 BFF T AR B30 i 45
YEH, ® T ILBRSE AR R T a A s A
PITEVEH (K 7—c.d) .

(3)RRR—HRSE 5 A o SRS AR T
T kB BT A IS L FE AR A LB L
HOlRJ5 fife A1 (B 51) , LR SR T 2488 rh kR Bk
PRI (B 7—e) , R B A0 455 5 g S0k W 28 5 &
B 158 AN LB E B 5 A 454 (B 7—6) Al
WAL KT RLRITiRA (K 7-c) . I TFLB
S RMINERBER N ¥ T 2 N o N e P VNN B
SUNDYSE TR TR U IR RN ST 7/ IRTL YN i N = X
FITR 2 S mlob 55 B & ' , Tm] B BRObR 5 & fif A 1
8O B K ES3 A1 — 8%o0~—10%ol I T B PN , B IH H ELA
W EBUR R . IRESYIEASR S0 R FE R
S Y53 B W IR ER 0 S — ARG &
O DA B A A R 57 25 2 ) 0 L Sy 35 e 45 400 1)
FEARAE

(4) B HAVA TR o S 7 2 A v i 0 3 1t
Y7 A 0 FL IR B8 W 300 Dl A FH 28 e 22 i O

http://geochina.cgs.gov.cn H1E LT, 2015, 42(6)



1848

Pl 7 SRR (1 3 SRR AR
a— A LI SERIAL, K A RAYIoR FE I 44  E i, SR, 232~ 191 ,2182.25 m b—4E S LU 2R IR i BURIAE JE AU , VA% 5 4 B AL
Bt B, SR, Y1-4 9T, 1335 ms eI AE R AR T BORLR T 1 RAE ) i i, IEAEDE, Y1-1A T, 1264.8 m; d—UT4E A2 K T knin
Fzfr, Hmi R, R S Y (0, B, Y1-3 31, 1276.3 my e, t—Fo P RUE P I HUROT it AT AN R BB A F15— 11, 1833.25 m; e~ i 11
HERE R £ e XA RO s eS8 AN THDCIX SO LI, A4 & 2k 7 BT RISE G AR A i LI, HAT BALRRIE , il , 1658
i, Y1-1A T, 1234.1 m; h— )5 SR AL AP iR AR VA AL F AL, T DR e e SE T3 A VR ALE , o (S5 R, S idle
Y 1-1A 1, 1253.72 m; i— W] S HAd AR T RO 5 A7 U] 58 AT R, FLBURE OS54 , 13 i P BT SRR A e B MR AIE , SZ BRI T R
BN , BAIALBE R B AT R s B 1, AR, 5D, Y1-1AJF,1248.43 m
Fig. 7 Main diagenetic textures in burial environment
a—Large foraminifera are cracked due to the compaction effect, and late unfilled fracture is developed. plainlight, Well Z32—1, 2182.25 m;
b—Stylolite cut through the micrite and bioclasts, and dissolution pores are developed along the stylolite, plainlight, Well Y1—4, 1335 m;
c—Granular calcite cement are developed along the stylolite. Crossed nicols, Well Y1—-1A, 1264.8 m; d—Silt—sized dolomite is distributed along the
stylolite. Stained by Alizarin red S, plainlight, Well Y1-3, 1276.3 m; e,f—Blocky calcite filled in the fracture shows no visible cathodoluminescene,
Well F15—1, 1833.25 m; e—Plainlight; f— The corresponding cathodoluminescence microphotograph of ¢;
g—Dissolution pores along stylolite with no distinction showing the characteristics of superlarge pores, plainlight, Well Y1—-1A, 1234.1 m;
h—Inter—granular dissolution pores and large pores are developed because of intensive dissolution that occurred after the cracks of fringing cements,
blue epoxy impregnated, plainlight, Well Y1—1A, 1253.72 m; i—Coral and other grains show obvious fractured characteristics. No cements are
developed along the pore walls. The non—fabric dissolution is printed by the burial dissolution. This sample has high degrees of porosity and
permeability. Blue epoxy impregnated, plainlight, Well Y1—-1A, 1248.43 m
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