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Fig.l Tectonic characteristics of the Emei geotraverse in the Sichuan Basin and the distribution of sedimentary
zones
() Tectonic characterization of the Upper Permian Emei rift movement of the South China Plate *'4); (b) Characteristics of the spreading

of the cenolithic phase zone in the Sichuan Basin with the spreading of the beach body in the marginal phase zone of the Maosan—Wu

Diyan platform and the distribution of sedimentary tuffs in the Yuanba tectonics!'**!]
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Fig.2 Comprehensive histogram of the MaoKou a ujiaping formations in the northern Sichuan Basin
This histogram was completed using observations of core andythin Section of rock chips, and the cathodoluminescence is characteristic of

the luminescence of the basal part of carbonate rocks
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Fig.3 Characteristics of reservoir rocks and minerals in the Maosan-Wu section in north-central Sichuan area
(a) bright-crystalline bioclastic chert, with bioclasts such as gastropods and mesoclasts, and residual intragranular dissolution porosity; (b)
mud-bearing mud-crystalline bioclastic chert, with echinoderms (sea lilies) and gastropods; (c) bright-crystalline bioclastic chert, with
bioclasts such as gastropods and mesoclasts, and residual intragranular dissolution porosity; (d) powdery-to-fine crystalline dolomite,
dolomite is semiautomorphic-to-automorphic, with phantoms of residual bioclastic debris; (e) fine crystalline dolomite, dolomite is
semiautomorphic-to-automorphic, with phantoms of residual bioclastic debris, several dolomites have haze-centered bright-rimmed
structure; (f) grayish fine crystalline dolomite, echinoderms (sea-lilies) with gastropod bioclastic debris, and phantoms of residual

granularity; (g) grainy laminated carbonaceous tuffaceous sandstone, clastic distribution is not uniform, carbonaceous local aggregation is

grainy laminated, the rock in the glassy clasts exhibit strong deglaciation or mud, residualgair holes, blasted (Hya); the rock contains a

certain amount of carbonate minerals, most are authigenic minerals or feldspar. rals of the carbonate drop of alizarin
red-potassium ferrocyanide reagent, does not change the color, determined that it ite dolomite; (h) orthogonal polarization
characteristics in the same field of view as (g); (i) contact between grainy charcoal-bearing tuff and tuffaceous carbonaceous sandstone,
and the contact between the tuffaceous carbonaceous sandstone layer (lower right B in the left panel) and the charcoal-bearing tuffaceous

dolomite layer (upper left A in the left panel), where the glassy clasts in the rock are strongly deglassed or mudded (Cly); the rock

contains carbonate minerals for dolomite
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Fig.4 TIMA of rocks in the sedimentary tuft section of the Wujiaping Formation in north-central Sichuan
(a-h) are TIMA scans of rock thin sections of the tuff section, and (i) is the result of whole-rock X-diffraction (XRD) scanning analysis of
the tuff; 1. albite; 2. plagioclase; 3. smectite; 4. quartz; 5. Fe-albite; 6. garnet-rocksite; 7. pyrite; 8. calcite; 9. titanomagnetite; 10.
hematite/magnetite; 11. magnetopyrite; 12. kaolinite; 13. silicon-aluminum-titanium-potassium-iron; 14. rutile; 15. actinolite; 16.
wollastonite; 17. chalcopyrite; 18. porosity; 19. clay minerals; 20. potassium feldspar; 21. plagioclase feldspar; 22. rock salt; 23.
rhodochrosite; 24. pyrite
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Table 1 Quantitative mineral analysis results of thin-section TIMA face-sweep minerals in the sedimentary

tuff section of the Wujiaping Formation, north-central Sichuan Province, China

/] 2 Samplel (%) Sample2 (%) Sample3 (%) Sampled (%) SampleS (%)
Azt NaAl3(SisO10)2(OH)2 32.51 19.09 41.95 28.65 42.89
BAZH Ca(Mg, Fe, Mn)[COs]; 9.32 7.36 21.91 22.14 30.10
AHCH (Ca,Na) (ALSi)iOs 21.05 23.67 16.59 16.56 10.61
Hrh) K(Mg,Fe)3(AlSi;010)(OH) 20.14 23.36 329 5.32 6.57
PEp Si0, 7.98 3.88 7.79 7.05 3.71
Ji A CaCO3 1.87 441 0.36 7.88 0.19
R FeS: 0.42 9.34 2.67 5.17 1.53
Tl #R-BR- -2k Si-Al-Ti-K-Fe 0.78 0.35 1.20 0.54 0.54
ERERH™ FeTiOs 1.61 0.62 0.60 0.39 0.23
KA CaSiOs 0.13 1.00 0.05 0.41 0.02
A Cax(Mg,Fe?)sSis022(OH)2 0.10 0.22 0.28 0.27 0.23
TR Fe20s 1.39 0.11 0.02 0.07 0.03
Eawal ALO;s 0.25 0.23 0.36 0.27 0.18
IR AlLSi>05(QH)4 0.01 0.01 0.02 0.11 0.07
fNA CaMgsSisOx(OH): 0.02 0.03 0.02 0.03 0.05
s R Fe;04 0.00 0.07 0.01 0.06 0.01
- A3Bo[SiO4]; 0.00 0.00 0.01 0.01 0.01
ERERH™ CeAL[PO4]2(OH)s 0.01 0.00 0.01 0.00 0.01
A CuFeS, 0.02 0.01 0.01 0.00 0.00
HRA BaSO;4 0.00 0.02 0.02 0.00 0.00
IR ZnS 0.01 0.01 0.00 0.00 0.00
ENES - 0.30 0.11 0.18 0.15 0.05

it - 97.92 93.9 97.35 95.08 97.03
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Table 2 Results of whole-rock XRD analysis of the tuff section of the Wujiaping Formation in nor

th-central Sichuan

W &8 (%)

e R BETY AR men ke RE ARG AR BRE REE
o1 B 51 16 0 18 4 7 0 1 3
02 R B 28 12 0 22 6 28 0 2 2
03 R B 26 15 0 28 7 16 0 6 2
04 BB 26 12 0 19 6 33 0 2 2
05 B 31 13 0 30 % 18 0 2 2
06 BB 36 35 0 10 5 6 0 1 7
07 BB 16 19 2 10 7 2 0 1 3
08 B 27 28 4 11 9 12 0 1 8
09 e 30 22 2 5 2 32 0 1 6
10 e 28 30 2 5 0 28 1 1 5
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Fig.5 Characteristics of cathodoluminescence and types of diagenesis in rocks of the Maosan-Wu section in the

north-central Sichuan Province, China

(a) bright crystalline granular chert, with bioclasts such as gastropods and mesoclasts, and cathodoluminescence in which the granules
glow dark red and the cement does not; (b) cathodoluminescence in the same field of view as a, in which the granules glow dark red and
the cement is non-luminous; (c) grayish, fine-crystalline dolomite, with phantoms of residual bioclasts; (d) cathodoluminescence in the
same field of view as ¢, in which dolomite is non-luminous, and the matrix is a mud-crystalline bioclastic chert that glow dark
reddish-reddish light; (e) fine-crystalline dolomite, with phantoms of residual grains, dolomite mainly accounting for the grains, and
several dolomite crystals with haze-centered bright-rimmed structures; (f) cathodoluminescence in e-synoptic field of view, where
dolomite is not luminescent, and the matrix is mud-crystalline biotite is not luminescent; (g) mud-crystalline biotite, with submarine
calcite cemented at the boundary of the basement rock, and followed by fine- to medium-crystalline calcite infilling in the shallow burial
stage; (h) cathodoluminescence in g-synoptic field of view where g (h) cathodoluminescence in the same field of view as g, in which the
matrix mud-crystalline clastic tuff is non-luminous, the seafloor calcite cementation is non-luminous, and the shallow-burial calcite
cementation glows dark red; (i) leucocrystalline clastic tuff, seen as atmospheric fresh-water calcite cementation with shallow-burial

long-term intermediate-crystalline calcite cementation; (j) cathodoluminescence in the same field of view as i, in which the atmospheric
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fresh-water calcite cementation glows red, and the shallow-burial long-term intermediate-crystalline calcite cementation glows dark red;
(k) caverns, with coarse-crystalline calcite filling in the buried phase; (1) cathodoluminescence in the k isoview, in which matrix and
coarse-crystalline calcite glow dark red; (m) and (n) intergranular pore asphalt filling and dissolution in the buried phase; and (o) and (p)

dissolution crevices and caverns formed by epigenetic karst and filled by late-stage calcite
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ial evolution history of the Maosan-Wu section in north-central Sichuan.
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Fig.6 Diagenetic sequence a
(a) Sequence of orogenic evolution and burial-thermal evolution history of the Maosan-Wu section in north-central Sichuan; (b)

Histogram of mean temperature of inclusions in the Maosan-Wu section in north-central Sichuan
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Fig.7 Histogram of trace elements of dolomite from the MaosanWu section in north-central Sichuan

(a) Histogram of Na+K content; (b) Scatter plot of Fe-Mn elements; (¢) Histogram of Si content; and (d) Histogram of Al content

42 WmErE

BKIR £h 4 1 REE FHAERVIBUK AR T REE FHIEA BUR B, J5 IR BOE X BRIR EhARAS
REE GRS, X b P DU B8 R s iR R I8 BT R R ) BT &R
RIBH AL, AKX REE 5 Y $da R A G R AR R TS PAAS BEATFREALAL TR, Jf



BRI IeiX —& 25 =B —2 Bk A =& RENLHIIER

SEA IR GRS A Z A BN . 3 = B2 — BRI X R e A P R B
(£3) , A ATYREE &4 Fm TR, HYREE /T 8.6x100~42.4x10° (*F1
fEH: 23.7x10%) , JEFEYREE /T 5.1x100~37.7x106 CF#ME: 17.1x100) ; BAAHY
HENT 3.5x100~16.2x10° CFHMHE: 6.3x100) , JEE Y FENT 3.4x100~7.9x106 (P
H: 5.2x10°) ; HHERE = A Y/Ho M0 T 31.3~53.1, &1 Y/Ho (N T 46.8~74.4.
AR A=A B AR S R EBoR 0 B La IER % RHE, 2T LawrencedeMI R A UK
F Prn/Tbn 48% LREEN/MREEN- PryYbn fX# LREENHREEN- Ty Ybn 1% MREENHREEN,
o Prv/Toy CPIMEN 0.83)  PrvYbn CPHIME N 0.98) <1, TbyYby CFIIEA 1.16) >
1, FIH LREE AH%f MREE. HREE % #if#iE. Pr b2zt iifase, fEdKP—RICH R
W, FTLA%EE KA Pr s (OPr) BN Ce 5% (6Ce) FFfiE (K 8a) ; 4iREMEAS
A HoPr SFEME N 1.03>1, 6Ce “FIIMEN 0.96<1, HA Ce f 7 HHHE, 1MHmFEHoCe<1
FoPr=1 MAK T La IEH, AL Ce HI5H, 5K BERREIRIZ AL & VTR VIR EAR LA L8491,
B JFEIAEL R AN 428 Bu 1 Bu® B T#08 5K Bu, 4870 50V EW & 25 9> ST 51 Bu IE 3 1
$ (GEuw>1) 3 SRRWE A=A HSEu EAT 0.61~1.12 CFIHE: 1.01) , FHEFKAHIEu
EAT 0.85~1.15 CFHME: 1.04>1) , Bu S5 8O0 R HE 1878 15K OC I BUs PR B

850521 (8] 8a)

= V. /12y
e (@ T R ERmEK (bl
— EEmRERRE 1l =3 2xmemsEsk
N e el O ¥n@mmEk
V) O #a%E
g 0.71054| = £m
J = zRE

é -  mEEEE

=10 wn

>+_ £ 07085 3 (3 .

L

L e - . - =

: : ST T

& 1o 5 - s 4 8

— 0.7065- . sl B
L
L)
-
3
1

0 0.7045 -

8

La Ce Pr Nd Sm Eu Gd Tb Dy Y Ho Er Tm Yb Lu I 2 3 4 5 6 7
K8 JIrdeEisth X 5 = B—R — Bt u iR S5 R AL 70 i K
() F=B— 5B S SHR IE R R TR (b) VSu/esr UM (1-5,8-9 Mook (8-10.53-54.39-60 ¢
FEBR—RBEHATHEANR, 7 ZBR—R—BAERER A F)
Fig.8 Distribution of rare earth elements and strontium isotopes in the Maosan-Wuosan section of north-central
Sichuan region
(a) Patterns of rare-earth element and yttrium element compositions of Ankerite from the Maosan-Wu section with the matrix; (a)
87Sr/%Sr scatter plots (1-5,8-9 data sources [8-10:53-5459-601 " 6 Strontium isotopes of Ankerite from the Maosan-Wu section, and 7.

Strontium isotopes from the matrix in the Maosan-Wu section)
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Table 3 Trace elements and rare earth elements in iron dolomite, matrix and cement in the Maosa

n-Wu section, north-central Sichuan area

A=A R GREERKE 20 5 5 R TR 45
Na 252.03 144.18 551.81 36.29 338.46% 2263 3347 2403 26952 9344  30.54
K 148.73 5.64 196.27 6.28 36.40 85.92 3036 5250 2036 3418  4.90
Natk  400.76 149.82 748 07 42.57 374.86  108.55 63.83 7654 289.88 127.62  35.44

Si 2185.25 1626.00 1735.20 1100.00 517.60 899.24  78.68  723.56 763.69 755.75  639.10

Fe 16159.44 1228888 11694.95 3660823 10339.27 102.09 89.36 72.15 9448  123.58 139.00

Mn 562.57 1058.20 1469.14 2565.01 559.88 17.61 27540 156.57  26.15 102.33  255.01

Al 622.83 41.02 642.44 53.92 189.00 184.56 6575  115.67 7.32 7.28 1.21

La 6.12 4.73 4.43 3.42 1.71 3.75 4.70 8.33 0.53 1.63 0.75

Ce 10.64 9.16 6.01 3.91 2.96 2.26 3.41 5.31 0.27 0.81 1.02
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Pr 1.29 1.15 0.85 0.55 0.44 0.48 0.70 1.17 0.07 0.20 0.12
Nd 5.29 4.78 3.11 2.03 1.48 2.16 3.00 5.15 0.30 0.96 0.55
Sm 1.05 0.74 0.49 0.38 0.27 0.36 0.53 0.79 0.07 0.10 0.07
Eu 0.20 0.15 0.11 0.07 0.06 0.09 0.13 0.21 0.01 0.01 0.01
Gd 0.93 0.75 0.79 0.45 0.28 0.43 0.55 1.02 0.10 0.28 0.16
Tb 0.13 0.08 0.12 0.06 0.05 0.05 0.09 0.11 0.01 0.03 0.02
Dy 0.68 0.63 0.69 0.49 0.41 0.27 0.51 0.76 0.03 0.21 0.16
Y 4.71 3.69 7.29 5.59 3.83 3.39. 583 7.89 1.31 3.22 1.76
Ho 0.15 0.11 0.20 0.12 0.09 0.06 0.10 0.17 0.06 0.05 0.03
Er 0.40 0.33 0.46 0.33 0030 0.18 0.27 0.33 0.04 0.17 0.11
Tm 0.04 0.05 0.08 0.04 0.05 0.02 0.03 0.04 0.01 0.01 0.01
Yb 0.32 0.23 0.44 0.36 0.29 0.16 0.19 0.28 0.01 0.08 0.08
Lu 0.04 0.03 0:08 0.05 0.03 0.01 0.02 0.04 0.00 0.01 0.01
XREE 27.277 22911 17.846 12.259 8.416 10.274 14235 23.720  1.504 4.556 3.106
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Fig.9 U-Pb isotope dating of dolomite from the Maosan-Wu section in north-central Sichuan, results, and
microscopic photographs of inclusions at the corresponding sites
(a) Laser in situ U-Pb dating results of Ankerite from the Maosafi:Wu section, north-central Sichuan; (b) micrographs of tested Ankerite
from the Maosan section, north-central Sichuan; (c) cathodolumingscence, characteristics in the same field of view as b, an Ankerite is not
luminescent; (d, e) liquid hydrocarbon (asphaltene-rich) inclusions captured in the dolomite cement at inclusions tested from the

Maosan-Wu section, north-central Sichuan. Th: 69 °C—-80 °C
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Fig.10 Patterns of dolomitization in iron dolo e Maosan-Wu section in north-central Sichuan region
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Study on the Genesis Mechanism of the Permian
Maosan-Wuyi Iron Dolomite in North-Central
Sichuan

LI Yuejie, YUAN Haifeng, XU Guosheng, XIAO Qinren, KUANG Mingzhi, XU Ting,
YE Zixu

State Key Laboratory of Reservoir Geology and Development Engineering { Chefigdu University of Technology ) , Chengdu

University of Technology College of Energy, Chengdu, Sichuan 610059, China

Abstract: [Objective] At present, the mechanism of iron dolomite genesis for the Maosan-Wu section in
north-central Sichuan is not clear. [Methods] Based on the rock-mineral characteristics of the Maosan-Wu section,
we combined rock TIMA scanning, whole-rock X-ray diffraction analysis, microzonation in situ main trace
elements, strontium isotopes fluid inclusions homogeneous® temperature, and in situ U-Pb chronology of iron
dolomite to study the mechanism of iron dolomite genesis. [Results] The study shows that: (1) the rock types of
the Maosan-Wu section are cherts, dolomites and tuffs. The tuffs mainly include mud crystal clastic, bright crystal
clastic, and cloudy tuff; the dolomites are semi-autogenous-to-autogenous powdery-to-fine crystalline dolomite;
the sedimentary tuffs are mainly’composed of volcanic clasts, carbonaceous, calcium-magnesium, sand-grade
clasts, and metallic minerals, ahong' which the volcanic clasts are glassy clasts, basalt, and other clasts, and the
calcium-magnesium mainly consists of dolomite and calcite. (2) The average values of trace elements in the
dolomite at the top of Maosan Section 3 and Wu Section 1 show extremely high Fe content (10,678.40x10), high
Mn content (822.95x10°), Si content (1,929.81x10), Al content (394.11x10), and high Na+K content
(362.38%10°%), indicating that the fluids in the closed environment are characterized by high salinity and alkaline
metal content. This also indicates that the rock-forming fluids in the confined environment are characterized by
high salinity and high alkaline metal content. The 37Sr/*¢Sr in the matrix of Ankerite and mud crystal clastic tuffs are
within the range of seawater from the same period in the Maokou and Wujiaping groups, and they also have low
total rare earth element (REE) values and light REE (LREE) loss, consistent with the LREE loss pattern of
seawater, indicating that the dolomitized diagenetic fluids and seawater of the same period have similar
characteristics. (3) The U-Pb age of powdery-to-fine crystalline dolomite in the Maosan-Wu section is 245.36+1.08
Ma, and the dolomitization mainly occurred in the Late Permian to Early Triassic. [Conclusion] The source of
dolomitization fluids in the powdery-to-fine crystalline dolomite of the Maosan-Wu section is the dewatering of

clay minerals in the clayey sedimentary tuff and tuffaceous mudstone of the overlying Wu section. During this
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process, a large number of Mg?*, Fe?*, AI**, and Si*'-rich ions were precipitated and transported to the granular
tuffs at the top of Wu Sections 1 and 3 to form iron dolomite using the seawater residual from the Maokou to
Wujiaping formations during the same period as the carrier.

Keywords: ankerite; Permian; Maosan section; Wu section; north-central Sichuan
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