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(modified from references[18]) ; (c) lithological histogram and core<of research member (modified from references[19-20])
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(s (&) MBRABACH D), KEWMA, 272749 m, (5 (D Fe, O
Fig.2 Microscopic photographs of limestone-marl alteration from Well DB1
(a) eyelid-like marlstone, develop with4disSolving holes, 2 727.1 m, (-); (b) same as a, (+); (c) eyelid-like marlstone, 2 726.66 m,(-); (d)
eyeball-like limestone, 2 729.19 my/(+); (&),eyehd=like dolomitic limestone I, develop with dissolving holes, 2 727.49 m, (-); and (f) same

ase, (4)
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FL R £ 55 B8 P R G 3EAT /0T (RD<10%) . #i Eoc & T R #E (LiBO2/Li2B4O7)
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Fig.3 Cathodoluminescence and microscopic photographs of dolomitic marlstone and limestone from well DB1
(a) eyelid-like dolomitic limestone (I), 2 727.49 m, (-); (b) eyelid-like dolomitic limestone(Il), 2 729.42 m, (-); (c) eyeball-like dolomitic
marl, 2 728.88 m; (d) same as a, different perspectives; (¢) same as b, different perspectives; (f) same as c, different perspectives; (g) same
as d, (+); (h) same as e, (+);(i) same as f, (+); (j) same as d,cathodoluminescenc; (k) same as e, cathodoluminescence; and (1) same as

f,cathodoluminescence
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W2 FER R Feo Mn. Sr & & & CPEIMEL AN 0.03%. 9.6x10°, 1247.4x100). X T-K
A AR, Feo Mn St & 818 REOIRG A O s, 700008 0.18%. 15.17x10°
A 1250%10°, HICNIREIRB KA (1D €0.11%. 12.67x10°, 1248.33x10°), HRERR =
Ji K e BAT AR E) Fe 1 Mn AR =¥ Sr & & (0.05%. 12x10°. 1310x100). HFlfEFF
TR, WBCRZA RS QD) Al (1D AR J B A BRI Fey SrMIEE & Mn & & 1
IRERIR = K H 1 Feo MnFIT Sr & m THRER (& 1.

HAbEZEMICRW Nay Al Ti B Zr, 7EIR P& EEeE, WEkhikz. ERERNN
FE R, XETRER R Z RS (D P, mIRERR Z 5K H .

21 FRE R REEHY & & FIME N 11.09x10°, /£ S LHFHIRIR Sha Lt R S8
FIA (<20x10) RU, (HBFSARTFEIEE S TURRIY REE+Y & & (100x100), gk FAR K
YREE+Y &ffum, HUONIRBCREFRKS (D R (D, IRERRIIRERR 25 KA ik (%
2).

JITi b [0Ce OBu HINBONIEIL, HKEIRIOCe T EIMEN 1.17 (6Ce=Ce/ Ce™=Cesn/
(0.5Lasn +0.5Prsn) ), 0Eu “F#4{E N 0.93 (JEu=Eu/Eu" = Eusv/ (0.5Smsy +0.5Gdsn)); Ak
B I6Ce SFIME A 1.28, SEu FIIMHA 0.97, FEMRMRRILA Ce IERH, Bu 35657
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AHUTERY) Y/Ho HUAH—5L (40~70). FHAERERA) Y/Ho CPIMEN 600 i, HARK. R

FOR =R E (D LUK BRERIR 2= i K 5 B Y/Ho A3, “FHME 51N 44, 44 F1 43,
%1 DBl HBEIETHELESE

Tabel 1 Trace element contents of carbonates from well DB1

HE Rt Ca0/% MgO/%  Nay0/%  ALOy% Til% Fe/% Mn/x 106 Sr/x10° Zr/x10

AR 2724.74 43.70 5.27 0.16 0.32 3.10 0.12 8.00 1605 0.01
2725.58 51.00 2.11 0.16 0.38 4.10 0.15 9.00 1750 0.01

2726.10 49.2 2.27 0.18 0.43 3.8 0.12 10 1720 0.013

2726.66 36.90 4.56 0.30 1.21 13.10 0.49 16.00 1115 0.04
2727.10 36.40 5.57 0.35 1.47 18.70 0.44 15.00 1255 0.05
ST 43.44 3.96 0.23 0.76 8.56 0.26 11.60 1489 0.03

ARER 272526 53.90 1.10 0.07 0.08 1.00 0.04 9.00 1730 <0.005

272575 54.30 1.18 0.07 0.08 1.00 0.04 9.00 1315 <0.005

2726.34 54.00 1.15 0.07 0.09 1.20 0.03 11.00 1670 <0.005

2726.80 53.50 1.38 0.07 0.09 1.40 0.02 9.00 767 <0.005

2729.19 54.50 1.17 0.05 0.02 <0.5 0.01 10.00 755 <0.005

PHIME 54.04 1.20 0.06 0.07 1.15 0.03 9.60 1247.40 <0.005
MR EAR = 2727.13 27.90 17.65 0.31 1.02 9.00 0.29 16.00 1185 0.03
JR A (D) 272730 30.30 17.90 0.20 0.70 6.10 0.21 16.00 1285 0.02
2727.49 27.50 18.75 0.24 0.77 6.40 0.26 19.00 1185 0.02
2727.65 33.10 17.90 0.15 0.36 3.10 0.09 13.00 1300 0.01
2727.67 32.90 18.10 0.13 036 4.40 0.09 13.00 1285 0.01
2727.84 34.50 14.70 0.24 0:60 5.30 0.12 14.00 1260 0.02
Rl 31.03 17.50 0.21 0.64 5.72 0.18 15.17 1250 0.02
IRER = 2728.68 34.90 10.95 0.13 0.21 2.00 0.05 12.00 1135 0.01
AR (1) 2729.05 32.90 10790 0.22 0.43 4.40 0.14 13.00 1295 0.01
2729.42 40.50 6.78 0.20 0.40 3.70 0.13 13.00 1315 0.01
PHIME 36.10 9.54 0.18 0.35 3.37 0.11 12.67 1248.33 0.01

IRERIRZ 2728.88 42.30 10.00 0.08 0.06 0.80 0.03 11.00 1260 <0.005
AR 2729.61 36.30 15.05 0.09 0.15 2.10 0.06 13.00 1360 0.01
T 39.30 12.53 0.09 0.10 1.45 0.05 12.00 1310 0.01

Ve MM RER G A RORRE IR T AT R 51
LR TUA (NASC) FrfEfb)a, IREZE> . IRERE D SIRBORZFAE (1D S
TR A EON T, BIRBCREFAE D SRERR Z A # Lo s i 2

L LREE A%t 541, HREE AHXT &4, RICAABR (K 4).
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Tabel 2 Rare earth elements in carbonates from well DB1 (x10°%)

#*2 DBl ABBKEBERLITESE (x109

= Pt La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Y SREE+Y  Y/Ho  dCe OEu SLREE/LHREE
2724.74 240 450 037 140 027 007 0%3 0.05 031 007 0.2 0.03 0.8 003 28 13.02 40 1.08  1.07 7.45
2725.58 150 270 020 080 027  0.04 0.2 0.02 018 004 012 002 015 002 11 7.32 47 110 0.89 7.76
AR 2726.10 0.9 2 021 08 015 003 012 002 014 003 012 002 012 002 16 6.28 48 1.06  1.05 6.93
2726.66 2.9 7.7 073 27 049 007 037 006 035 009 029 005 030 006 38 19.96 40 122 077 9.29
2727.10 4.6 13.8 114 48 084 015 069 011 067 014 045 007 046 008 48 32.30 36 139 093 9.30
Rl 246 614 053 200/ N40/° 007 034 005 033 007 024 004 024 004 282 15.78 212 117 094 8.15
2725.26 040 130 0.05 020 NO04 <002 <005 001 <005 001 003 00l 003 00l 030 <2.39 60.00  2.02 \ \
272575 <0.1  <0.1 <002 <0 <0.03 <002 <0.05 <0.01 <0.05 <0.01 <0.03 <0.01 004 <001 030 <0.34 70.00 \ \ \
IREk 2726.34 060 120 011 040 008 002 009 001 008 002 007 002 006 00l 080 3.57 60.00 1.07 110 6.69
2726.80 070 4 220 021 070 009 <002 009 00l 006 00l 003 <001 007 00l 090 <5.08 40.00 131 \ \
2729.19 SO0 NOMQ Lm<0.02  <0.1  <0.03 <0.02 <0.05 <0.01 <0.05 001 <0.03 <0.01 003 00l 0.60 <0.75 70.00 \ \ \
Rl 057 120/ 012 043 007 002 009 00l 007 001 004 002 005 001 058 3.57 60.00 \ \ \
2727.13 130 380 034 130 024 005 023 004 021 004 012 002 017 003 170 9.59 3600 132 1.00 8.17
2727.30 120 330 034 120 017 003 016 003 016 003 011 002 014 002 140 8.31 3750 119 0.86 9.31
BR BIR 2 B K 2727.49 320 770 072 280 048 006 033 005 030 006 019 003 018 003 220 18.33 3286 117 071 12.79
H() 2727.65 040  1.80 014 040 005 <002 006 001 006 002 003 00l 007 00l 0.0 <3.66 3000 172 \ \
2727.67 0.80 190 0.7 060 007 002 009 002 010 002 006 001 007 00l 090 4.84 3000 119 116 9.37
2727.84 140 420 043 160 028 005 021 003 020 004 013 002 015 002 180 10.56 3833 124 097 9.95
Rl 138 378 036 132 022 004 018 003 017 004 011 002 013 002 143 10.33 3412 130 \ \
2728.68 020 060 0.6 020 <0.03 <002 0.0 00l 009 003 009 00l 010 002 1.60 <3.11 4500 1.5 \ \
IR RIR 25 K
e 2729.05 0.80 130 015 060 013 003 018 003 021 005 017 002 013 002 200 5.82 4750 086  0.90 372
o 2729.42 040 050 0.0 030 006 003 022 003 020 004 013 002 013 002 210 428 40.00 058  0.96 1.76
Rl 047 08 010 037 010 003 017 002 017 004 013 002 012 002 190 5.05 4417 0.90 \ \
IRBRIR Z BT K 2728.88 030 030 <0.02 <0.1 <0.03 <002 <005 <001 <005 001 <003 001 004 <001 050 <1.16 70.00 \ \ \
H 2729.61 0.7 1.3 011 04 011 003 015 002 011 002 007 002 007 00l 100 <2.13 4333 124 \ \
R[] 050 080 011 040 0.1 003 015 002 011 002 007 002 006 001 075 \ 43.67 \ \ \

BB RE AR TCER S ORI AT B IR A
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Fig.4 Rare earth elements patterns of carbonates from well DB1
(a) eyelid-like marlstone and eyelid-like dolomitic marlstone (I), eyelid-like dolomitic marlstone (II); (b) eyeball-like limestone and

eyeball-like dolomitic limestone
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Fig.5 Scattered diagram of 6'3C and 6'%0 of carbonates from well DB1
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AU TE 53 BIR R S AR B R FVA 4 > (BRIR RS ) FIRRERIR AN TETRIA (REUERERE D
AT TARIEALZR 00T, BT R S S IR VA 44 7Sr/0Sr fE B 7 T R K TE B 2 - €0.706
62~0.708 21) 2324, F IR (1) 87Sr/0Sr . CPIIMEN 0.707 154) & FHRER CPI4E N 0.707
119) (£ 3D, RPEKE WBEIRATEA Y, HRER 7Se/86Sr Al A0 10 W B K AR %, L
HRER (1B R AN 2053 87Se/%6Sr SF34MH (0.707 657) [RIFERY s TR K2 CFI44E M 0.709 050).
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#*3 DBI HELELE VSrSr BRI ERK. ERIZE (V-PDB)
Tabel 3 #Sr /8Sr, 6'3C, and 6'%0 of carbonates from well DB1 (V-PDB)

oy PR 87Sr/%Sr (FEER AT ) S7Sr/%Sr (BEERAH) dB3C/%o 3'%0/%o
272474 0.707 164 0.707 810 4.06 -6.32
2725.58 0.707 130 0.707 647 324 -7.19
{0 2726.10 0.707 140 0.708 192 3.41 -6.61
2 726.66 0.707 162 0.711 964 3.65 -5.64
2727.10 0.707 174 0.709 636 3.08 -7.10
SFHE 0.707 154 0.709 050 3.49 -6.57
2725.26 0.707 187 0.707 556 3.56 -6.32
2725.75 0.707 110 0.707 511 3.53 -6.61
AR ER 2726.34 0.707 098 0.707 554 3.42 -6.81
2726.80 0.707 092 0.708 344 4.07 -5.06
2729.19 0.707 107 0.707 322 3.01 5.5
THME 0.707 119 0.707 657 3.52 -6.01
272713 0.707 129 0.710 585 3.89 -5.84
2727.30 0.707 107 0.710-548 3.92 -5.64
2727.49 0.707 114 0.710/131 4.02 -5.55
AR EOIR 2 KA (D)
2727.65 0.707 077 0.708 878 434 -4.87
2727.67 0.707 118 0.708 299 451 -4.48
2727.84 0.707 134 0.708 854 4.03 -5.35
SFHE 0.707 113 0.709 549 4.12 -5.29
2 728.68 0.707 144 0.707 311 3.54 -6.52
AR R2IR 5 5K 5 (1D 2729.05 0.707 147 0.713 070 3.18 -6.71
2729.42 0.707 149 0.712 187 3.12 -5.45
THE 0.707 147 0.710 856 3.28 -6.22
2728.88 0.707 106 0.708 069 4.09 -5.55
ARERIR 2 K
272961 0.707 099 0.707 423 4.45 -4.48
THME 0.707 102 0.707 746 4.27 -5.01

MFZREERNNE A CREERRATEAD) s, RERZmEKSE D HAEmH
(¥ $7Sr/86Sr fH (SR EAHID), HUCHIRERZ A E (D MIRRRZmAKE, HRHRRE
JRIRE ) $7Sr/40Sr SHRERAHIE (& 6a). X TEERA AN S, RECRAFZE (D Al
(1D 1 87Se/36Sr AZA Ul FIAE IR BR = B Ak K, HEMA BIRBCIR= s (D A (ID
FRANTE AL 731 87Sr/80Sr B iy THRBRR 2 BUACE o AL, BRERIR 25 Joi K 5 B AN 2H 73 1 87Se/36Sr
HIRBRAHZ (& 6b).
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Dolomitic Process in the First Member of the Maokou

Formation, Southern Sichuan Basin, and Its Indication for
the Formation of the Eyeball-shaped Limestone: A Case of
Well DB1
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3. PetroChina Hangzhou Research Institute of Geology, Hangzhou 310023, China

Abstract: [Objective] Limestone-marlstone alterations (LMAs) are important archives of climatic, hydrological,
and geological events. However, as a typical endmember of the LMAs/knowledge regarding the genesis of the
LMAs with eyelid-eyeball structure from First member of the Magkou ‘Eormation in the Sichuan Basin is not
widely accepted. This not only seriously affects environmental research of the' LMAs with eyelid-eyeball structure,
but also affects the efficiency of its exploration. Dolomitization is developed in the LMAs with eyelid-eyeball
structure (mainly in the eyelids) of First member of the Maokou Formation of well DB1 during the
penecontemporaneous and early diagenetic phase can, be used to constrain the depositional environments of
carbonate rocks. [Methods] Petrological and geochemieal analyses have been conducted in detail, the process and
the fluid properties of dolomitization has been discusséd to constrain the process of LMAs with eyelid-eyeball
structure. [Results and Discussions] Three types of dolomitization developed in First member of the Maokou
Formation, which are muddy dolomitic (EDM-I); limy dolomitic (EDM-II); and dolomitic marlstone (EDL).
EDM-I has the highest degree of ‘dolomitization, distinct bands of cathodoluminescence, a flat rare earth
partitioning pattern, higher 6'3C/and 'O values, but lower Y/Ho values relative to seawater; it was dolomitized by
penecontemporaneous seawater “mixed with a small amount of meteoric freshwater during the
penecontemporaneous phase. EDM-II has a middle degree of dolomitization, a left leaning rare earth partitioning
pattern, and values of §'*C, '0, #7Sr/*Sr, and Y/Ho similar to seawater; it was dolomitized by seawater with high
Mg/Ca, which was induced by frequent sea-level rise and fall changes during the syn-sedimentary and
penecontemporaneous phase. EDL has the lowest degree of dolomitization, a left leaning rare earth partitioning
pattern, higher 6*C and 6'®0 values relative to EDM-II, and seawater-like Y/Ho values. EDL was dolomitized by
the sealed seawater of the syn-sedimentary phase that has been alterated with the wall rocks in the early diagenetic
stage. [Conclusions] The dolomitization of the LMAs with eyelid-eyeball structure by weakly evaporating
seawater and seawater mixed with freshwater during the penecontemporaneous and early diagenetic phase requires
that the LMAs deposited in a shallower water. The high mud content, high strontium isotope and rare earth element
values, low carbon and oxygen isotope values ,and Y/Ho values of the eyelid-like marlstone relative to the
eyeball-like limestone indicate that the depth of water for the eyelid-like marlstone is shallower than that of the

eyeball-like limestone during deposition. Therefore, the LMAs in First member of the Maokou Formation were

‘ MIBR[1E#]: member

‘ MER[(1E#]: case

| BIBRITE#: well
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produced under cyclic oscillation in the depositional environment, and their genesis may have been mainly

influenced by sedimentary process.

Key words: southern Sichuan Basin; the First member of the Maokou Formation; eyeball-shaped limestone;

sedimentary process; dolomitic genesis
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