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Fig.1 Products of replacement of calcite by dolomite and magnesite'”

(a) 3D reconstruction of the sample showing grey reaction rim (dolomite and magnesite) and grayish-white unreacted calcite core, 14-day reaction time;

(b) overall replacement after 28 days; (c) reaction rim divided into two layers, magnesite and dolomite. The gap at reaction interface separates reaction rim

from calcite core. The yellow dotted line represents the transfer from the dissolution position to the precipitation position, and the red dotted line represents

the ion exchange through the porous reaction rim; 14-day reaction time; (d) large number of intercrystalline micropores developed in the reaction rim; 14-

day reaction time

R1 AR R E R B IR BT

Table 1 Composition of reacted fluid as a function of time

[49]

R I T ot
Mg/(mg/L) Ca/(mg/L) Mg/(mol/kg) Ca/(mol/kg)

0 24 600 0 1.012 1 0 9.34

1 23990 1621 0.987 0 0.040 4 8.48

3 22100 2310 0.909 3 0.057 6 7.77

7 21380 3000 0.879 6 0.074 9 8.75

14 21030 3740 0.865 3 0.093 3 9.34

28 22370 5758 0.920 4 0.1437 7.33

2.3 753 A (NaAlSi,0,-H,0) 32 £ B # A (KAl-
Si,0,)

FELS0 CHR R T HAaMamikE T8
3.5% 1) NaCl ¥ & 1) v 48 TP 04T 05 Wb A0 3SR AR
AL R AN A (5) s

KAISi,0,+Na"+H,0—NaAlSi,0, - H,0+K* (5)

Z I RIS FE LR 1 mol AY Na' [R B BET 1 mol
MK Z AT, BT A = A i SRR 2 U
o B, A2 B 1 mol 5l A 2 1HAE 1 mol AR A .
SR A AR AT ) B R AR R 89.302 em/mol, A= B4
77 A7 B EE SR AR TR K 97.574 em?/mol™, Az i 4y ) FE

SRR T R . 55 2 e A P8 P ZR R AR
AR DUAR S, BB TR W, 1 mol J5 Bk 41 22X
1 mol FAREAT ) , PR 8 1) [ AR A B R 3 1 9.26% , AL
B JEE AH L AR 34 9.26%

SR, UL 25 2R W7k, SO ) 1 R A7 R XL 45
14, FLBA R T (K 3a~c) , AW 07 WA 15 AR
A1 A B R A AR (B 3d) o 34 L B LA
N, 7 WA B TR B L (L 3e) S22 ] R B K
ATLALER (181 36) o 3 5 R GE BRI R BE AR R R g
TNBEAR LB WL AR I o el R, AR U A
IR TR AN 2 5 i 52 AR i A o L BRI I8, B
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(a) 3OO BRI I NE T A 0921 B TR 1, SOV 6 hs (b) SCF BRI R ANZ K B A a5, TE il HIE—F AR A a0 kLUl k&K R
AR L B, BB 24 b Co) iR PN 3 22 2 11 2 GRSk ), BUSEIH 24 b () SDBL LT85 11 2547 58 25X, iR SUZ R 2 10~30 pm, S S
96 h; (e, 0 Az A2 o IO BIRLIENZ 45K, 12 th H TE—2F BRI A 280, SR 180 h

Fig.2 Experimental reaction products illustrating progressive dolomitization of aragonite ooids™

(a) small clusters of subhedral dolomite crystals precipitated on ooid surfaces, 6-hr reaction products; (b) dolomite rind on outer ooid surfaces with many intercrystal-

line pores, 24-hr reaction products; (c) partially dolomitized ooids, 24-hr reaction product; (d) almost completely dolomitized ooid with mimetic dolomite laminae 10~

30 wm wide, 96-hr reaction product; (e, f) fine-scale concentric dolomite laminae of euhedral-subhedral crystals. 180-hr reaction products

SERT R i FeE JNEE el TE
(a~c) SN VR AT 3R T A FSURR S R RAAE , LT AN & A LI 5 () SRS 5 77 A0 4 A0 200 i 5 (e, D T7 B A0 S AR VR A1 SR AROR T U251
[T AL B

Fig.3 Experimental reaction products illustrating progressive dolomitization of aragonite ooids'

51-52]

(a-c) typical leucite grain with coarse and fine twin lamellae; (d) leucite grain partially replaced by analcime outer rim, preserving the overall shape; (e, f) micropores in

analcime reaction rims

NP AEAE LB P R — i B 5 . LB
T R A A A b 5 B B UTE /DT A
Vi, I B SR AR i () 2
24 SHFHEKCHZRIRLHER(KBr)

BT B/ A 2 mmx2 mmx1 mm AR
AL AR SRR A 0.25 mL f9 KCHEANE R T, KBr 7£ 3%
T B A AR BN TR K R,

KL R & A DUsE , B 20 R BAY KC1 521t
KBr A, 52 0 B A 1 min 28 12 4, 2848 5 o it
A (6) R
KBr+Cl—KCl+Br~ (6)
It PRI FE TR 1 mol 19 C1[RIFREAL 1 mol (1)
Br ik, AT A = A b i S B R e AR
Mo TR, A2 B 1 mol EALER 2 THFE 1 mol {RALAHR .
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N 4 V5 AR B 1) JEE IR AR B 43.273 em’/mol , A2 i
W S AL B Y FE IR PR AR 37.519 em®/mol™, A= 1 4
(B JRIRBUINT R4 . BEE T, 1 mol 544k
BRAZAR 1 mol TRALAR I , 1A 75 1y [ A 1A FHUR 322 0 /1>
13.30%.

SEEE R R, RV SR T aE B AL
BURE R (Kl 4a) , b 22 AR A8 i N 2EA T, 2L
o 1) AL A B % TG K (] 4b, ¢) |, N s [R] 28
120 min Ji5 56 2T BUE AL ER AR (18 4d) o T LBE
W B, AR AL SR A FLBR B T L A (K de) | T
Hy STk B0 20 BR 1Y F2 By i & B K A AL B (A
de~g) o AR, H1 T 00T AN AFL B B A 45 K i 2 i
AiE B B A B R 9 S 25 A AT 25 it — 20 i R A
PP, FECRIRIMA GBS R T — A B
() 5E N5 (E 4h) o Bl - s [B] A 18, 52 1 245
Fa ek B . (1] 4) , SR RFL R S8 A s i T L 2
X AN R 5 SR ) 2 A S R R A B — 5
VRRIE B ARG AL (B 45)

10 min

0 min 10 min e 40 min l 120 min
> - "o X —
P - -
3
b

3 ZAUEH S LB AL

SEARS AT A BN W 64 8 ik 55 A ) B D TE
VAR i S TCTE B AR AR A b SR 5 | R T (A SR A2
LAV EIN 20 IPNANCIE e S R NCI P
LA LI AE SR, TR HH S ARBOE ) — LEIE PR RFAIE
S ER g A R P LR T R A A

ZRA DU SR AU S SRR T, S AR I AR R
Ff TSR Wy SUBURL A SR AR JE , AR i ik
B WALB AL B IR B 1 sS4 i L A
AR5 SN A i) MR AT o e =415
SEg R, BN A AL BT AR A = e
WA Je 7 FLBR, R A i) SR LI JL-F- 2 0, {5
Pryixasyi R 7/ Lo RIPUE -StIPN Y ELICEE €05
ARSI S AT AR OB R FLBRL . SR pm e A1
INSPVERIIE 5> 2 wid (¥ SN S Py SR A & ]
RIIX =2 SN, Az ) B4 B SRR RS /N T S i, AU
PR UE T A EE RS T ALBR I . SR, T

Pl 4 i o T T S B S AR A B A 7 ) o
Camd) S B AL T B LIS TLT 0, B2 3P ML MW AEAT , A 2 AL BRI LIS €5 S , P28 5 4 s X, ST 1]
910 min 40 min Al 120 min; oGRS a~d FAHIRIG LB 5 (emg) MO KCI 2 7 ML, 10 mins (h) 58 4238 (R T MU S A0 1A 5
AR PP, AL O RS , Sk PR AR A KR BRFL BT P 55K, 120 mim; Gi) S A28 D 1 ] O 25K P48, I 0 oS30 45
1,12 d3 () ZGFUNTRE S AT 25 7 R OB 35 oS30 (S (k) >

Fig.4 Experimental reaction products illustrating progressive dolomitization of aragonite ooids

[531

(a-d) sequence of optical micrographs showing migration of replacement interface through the crystal. The initial KBr crystal is optically clear and the product KCI ap-

pears milky because of micropores; (e-g) Replacement interface in a crystal of KBr exposed to a saturated KCI solution for 10 min. The lighter center is the original KBr

without pores; the darker rim is the replacement KCI product with abundant micropores; (h) completely replaced crystal after 120-minutes. The produced KCI crystal

has coarse internal porosity, and outer rim is no longer porous; (i) a replaced crystal after 12 days showing re-equilibration, resulting in transparent crystal with thicker

non-porous rim; (j) cloudy-centered, clear-rimmed dolomites in the Miocene carbonates, Antilles

[54]
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Dolomitization and Dolomite Pore Formation: Insights from
experimentally simulated replacement

WANG GuangWei'?
1. National Key Laboratory of Deep Oil & Gas, China University of Petroleum (East China), Qingdao, Shandong 266580, China
2. School of Geosciences, China University of Petroleum (East China), Qingdao, Shandong 266580, China

Abstract: [ Significance ] Dolomite is a common carbonate rock and servers as an important reservoir for oil and gas.
In the Sichuan Basin marine carbonate successions, for example, approximately 96% of the proved gas reserves are
in dolomite reservoirs. Thus, studies of the dolomitization process, and how pores originate in dolomite, have made
significant progress. However, how dolomitization affects the development of pores is still argued. [ Methods ] By sum-
marizing the main theoretical viewpoints of pore origin, combined with the results of various replacement experimen-
tal simulations, this study explains the formation and evolution of pores during dolomitization and suggests lines of fu-
ture research on pore origin. [ Progress ] The pores in dolomite are either inherited from its precursor limestone, or
they have resulted from the dissolution of calcite during or after dolomitization. Dolomitization might increase, main-
tain or reduce reservoir porosity, depending on the environment, residence time and nature of the dolomitizing fluids.
[ Conclusions and Prospects | Replacement observations in experimental simulations imply that replacement is a
micro-process of dissolution, migration and precipitation, accompanied by the formation of new pores that act as a
channel for fluid and ion exchange to maintain the reaction. The molar volume of minerals does not influence the
formation of pores. This is determined by relative solubility: that is, if the dissolution of reactants is greater than the
precipitation of products, pore volume increases. The whole replacement process is accompanied by the formation of
new pores, but they are mainly micropores, and their contribution to the effective porosity of a reservoir remains to be
further evaluated.

Key words: dolomitization; porosity evolution; experimental simulation; replacement



