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Fig. 1 Geologic settings of Sichuan Basin and the study section location
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(a) structural map of South China, location of Sichuan Basin ( gray) and study section location (red asterisk ) ; (b) geological map and study

section location( red triangle) ; (¢) lithological column of Chihsia( Qixia) Formation in Shangsi Section; (d) sedimentary facies plan of Chihsia

Formation member 1 in Northwest Sichuan Basin
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Fig. 2 Macro- and microstructures of massive dolomite from Shangsi section in Northwest Sichuan Basin
(a) WE B Jzolk (1 = A WURRAE Otk s (b) BPHRIR (T 2 8, Ak = 5, BB KR () 18] () L, BUA 18] a r BURE (37 1 (20 680
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('a) macrostructures of massive dolomite from the middle of Chihsia Formation member 2; (b) the sucrosic dolomite, sampled from the red rectangle
on a;(c) the sucrosic dolomite with numerous pores and caves, sampled from the red circle on a; (d) microstructures of the red rectangle on b,
coarse dolomite; (e) microstructures of the red rectangle on ¢, compact medium—coarse dolomite; (f) compact medium—coarse dolomite with
anhedral— subhedral mosaic texture; (g) coarse dolomite with residual particle structure and subhedral—euhedral texture; (h) cathode
Luminescence characteristics of g, coarse dolostone with red luminous; (i) cathode Luminescence characteristics of f, medium—coarse dolostone

with dark red luminous
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Table 1 Carbonate average values of C—O isotope on

different stratum from Shangsi section in Northwest

Sichuan Basin

613(:, 5180’ /{E{':ZI:
s KA PDB PDB "
a . (%) | (%) | HH
H AL REH 1. 69 -1.23 8
G — B JE 3 BB 1.05 -5.25 7
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Table 2 Contents of MgO ang CaO in dolomite on different

stratum from Shangsi section in Northwest Sichuan Basin

(o B MgO CaO Mg0O/CaO
(%) (%) FHIE
CJG-2-4-1 18.998 | 33.304
CJG-2-4-2 17.719 | 33.284
CJG-2-5-1 17.863 | 32.898
CJG-2-5-2 18.276 | 33.816
i — B R CJG-2-5-3 18.723 33.214 0.54
M= AEER  CIG-3-2-1 18.264 | 32.963 ’
CJG-3-2-2 16. 021 32.816
CJG-4-1-1 15.787 | 34.030
CJG-4-3-1 18.491 | 33.446
CJG-4-3-2 18.551 33. 883

CJG-22-1-1 21.764 30. 650
CJG-22-1-2 21.324 31.253

s

j;gj;;; CJG-26-1-1 20.067 | 31.991 0.68
CJG-26-1-2 21.021 31. 601
CJG-26-1-3 21.840 | 30.696

W B | €JG-31-1-2-1 | 21.159 31.155

EIRHA A | CJG-31-1-2-2 | 21.280 | 31.238 068
CJG-35-1-1 19.553 | 33.084

W BET0HR | CIG-35-1-2 19.551 33.386 0.5

HzAfkBEE  CJG-39-2-1 18.770 32.314 ’
CJG-39-2-2 19.878 | 32.541
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Fig. 3 Macro- and microstructures of leopard dolomitic limestone on the lower part of Chihsia Formation member 1
from Shangsi section in Northwest Sichuan Basin

(a) Wi—BORARBESR 1 = B 2 WARRE  JE—P 2R (b) I ABEREEE TZM, K a KR (L ETHE) ; (o) BRI BBUK
&, A A ACBEGUET O AR, A B a A BOREAL B (LL A ; (d) BEHRE 2 BUKCE OWAHIE , BES b — 4l i 2 A, B D e
BB s (o) BER A 2 BUKCHHOASAE , SEMR LAAE JE 5e At 5 (1) 18] e BIBRCRDGHHE , 1 20 R B0, A FLE R 200

(‘a) macrostructures of leopard dolomitic limestone from the lower part of Chihsia Formation member 1, medium- and thick-bedded ; (b) the
dolomitized leopard is perpendicular to stratum , close-up view of red rectangle on a; (c¢) leopard dolomitic limestone with micro-sucrose texture,
sampled from the red circle on a; (d) microstructures of leopard dolomitic limestone, the lepard is powder-fine-crystalline dolostone and the
surrounding rock is packstone; () microstructures of leopard dolomitic limestone, the leopard is bounded by bioclastics; (f) cathode Luminescence

characteristics of e, dolostone with non-luminous and limestone with red luminous

BB B 1 2 BUKA (33 ~40 J2, 308 B JBREER RS fr . F o B0
20.33 m) BUR (K 5a) , HZ B KO-—%4E  ZEE TR0, BAMEKR BoR P REZSHIEE,
O KAEBAEEERIRO A Sh) o KA al W, EHARZAE 5~ 15 em, HHBLE KT IGH A =4

¥
|

0.25 mmfp - S W3 o 0.2 mm
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Fig. 4 Macro- and microstructures of leopard dolomite on the lower part of Chihsia Formation member 2
from Shangsi section in Northwest Sichuan Basin

(a) Wi —BURERREY (2 BUSCH 2URHIE, JRE 2 —8eR s (b) A AL BER 23 5 TR (o) F A AL BES O E , 35 | 244% 70 030
5 () B A, WAREIAL, IEZE G ; (o) FI s A AR BOUAFE , il T oA, AR R () 181 E BB AOLRHIE, = A kDR
WAL

(a) macrostructures of leopard dolomitic limestone from the lower part of Chihsia Formation member 2, thick- and massive bedded; (b) the
dolomitized leopard is perpendicular to stratum; (c¢) microstructures of dolomitized leopard limestone, the caves and fractures are filled with
bitumen; (d) saddle dolomite with intergranular pores, under cross-polarized light; (e) microstructures of dolomitized leopard, medium crystalline

dolostone with anhedral mosaic texture; (f) cathode Luminescence characteristics of e, dolostone with dark red luminous

mm

Bl 5 PR P AL R b — S So M 4 B S T B R BEER 1 = B 2 O E
Fig. 5 Macro- and microstructures of leopard dolomite on the upper part of Chihsia Formation member 2
from Shangsi section in Northwest Sichuan Basin

(a) Wi B FRBE IR 11 2 BT IR WAL, BOtR 5 (b) B AL BER 230 B T2 1 ; (o) BEY I = BURCAOWARE , BES LR AL A e S 2k
TRAE R 5 D T A T R 5 (d) BEBR A 2 BURCE ROWARFAIE , e Bl A 57 it OB IR, 5 3 BEBR S b, UKL AT — 7 15 1o P 14
JESEE G 5 (o) H o A LBERBOWARE , 4k E =41, 2F BIB— BIRR, SR FERUR B = A BRIRER A BD 5 () 18] e BIRCRDGHHIE, A =4
RO AN ZOt , BAT — I R 20 e3haT

(a) macrostructures of leopard dolomitic limestone from the upper part of Chihsia Formation member 2, massive bedded; (b) the dolomitized
leopard is perpendicular to stratum; (c¢) microstructures of leopard dolomitic limestone, stylolite is developed at the boundary of the leopard with
grain stone as surrounding rock ; (d) microstructures of leopard dolomitic limestone with grain stone as surrounding rock, the particles have a certain
orientation and are assembled near the boundary; (e) microstructures of dolomitized leopard, fine crystalline dolostone with subhedral—euhedral

texture; (f) cathode Luminescence characteristics of e, dolostone with non-luminous core inside and a red luminous rim outside

PEBEBR , EAOR T — BURHR H = A AL BES, il W
ZATHCBEBR Y F I 0 A 5 AL A AL (
5b) . B FHz BB A A - ARG %O
e AR, R (K Se de) . A FEHT
AT EARERT (18] Se) /R AT WAL AR A= W) 4k
A WA 28 Ao ALV BRE S I Bl
T FARUR T WA G LR (I 5d) S JE iR E N
Hzm i it KA Bla 2 0 58 Wb 8 A2 8 K 6
Se—Ve R R s (18] 5e d) |, AT I E Z5A 1 A4

e At Ak 1 A 8 A 55 b g A PR e SEEAE FH i A L il
G 0P BA R EmPE(E 5d) . BIMSA T, B
oA b EA AN KOG NAZ S — I R 4063 (
5f) . ZEREAB S Copy 180,y FIH 3. 32%0FN
—3.75%0, H K 45 [ 4 80 C,yy F18%0,,, HI1E K
2. 48%0f1-5.55%c (%K 1) , =1 MgO 5 CaO %
1N 18.770% ~19. 878% 5 32. 314% ~33. 386% , -
7 19. 438% 5 32. 831% ,Mg0/Ca0 0.59( % 2) .



598 Mo R

it

2020 4F

4 B zESERCR
HIABFTEIA A 8 2 TR A AR (R AR5 (£
M ELAE 2013 5 1855 LA, 2015 MMl 565, 2015 5 8 4 F
85,2018) , TEMGERAL A ZRER I, #b 2 IE AL T A
wHZ P IE R S BCA A T (RLT5 AT, 2015,
Xiao Di et al. ,2017) , Bl 5. {5 W 59 ( Vacher and
Mylroie,2002) . %A R G050 A R 10« 28 i
WS R — R AR AR R Y B Al 5 8 i A
A6 (James and Choquette, 1988) o &4 574 MG AL,
EWET  EVEAR S BN KB il R
B W BUMUZ PRI, 7R —SERRERIE O T AR K2y

SN

DR ok M fL 2 2 AE 8 B W iE (Jin
Mindong et al. ,2014; 575 A 55 ,2015) 1Bl 1)
E N SZ P T OB, LA 1K 10 32 2000 18 O 4
J5ORE [B] FL ( Vacher and Mylroie, 2002 5 75 i%, 45,
2015 14 5 4 2015-Xiao Di et al. ,2017), ‘FHiHK
T?Lﬁ@ﬂﬁﬁﬁ%@& LRITREEL S 2| A Ry ]

f/\ﬁj\?ﬁlﬁ@al_f%/ OB R A AR
’m%?&( HF A 2015)

e bS5 TR B 2H 3 L B IR A s Ak
BEHE BEHAIE 255 20 AR O -5 U v Dl
TE U v DL i 38 BA B R AR, R A =
I BEPR A 81 Cpyy ARSI L 4 B 17 AR

mm §

s 1 3 o) 0.25 mm

& |

Ko IEIJIIﬁ{i’@ﬁjtiﬁ*#g?ﬁ@aﬁéﬂi—#%ﬂﬁm L2 AT R O RHAIE

Fig. 6 Macro- and microstructures of penecontemporaneous and eogenetic karst from Shangsi section in Northwest Sichuan Basin
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(a) macrostructures of un-dolomitized leopard from the lower part of Chihsia Formation member 1; (b) the penecontemporaneous erosional surface
from lower part of Chihsia Formation member 1, in-situ breccias developing under the surface; (c¢) microstructures of leopard from lower part of
Chihsia Formation member 1, dissociated zone is dolomitized and half-dissociated zone is half dolomitized, with spartic packstone as surrounding
rock; (d) macrostructures of eogenetic karst from the lower part of Chihsia Formation member 2, karst system is dolomitized, and caves are filled
with saddle dolostone, with grainstone as surrounding rock; (e) microstructures of dolomitized leopard from lower part of Chihsia Formation member
2, intergranular is filled with clay; (f) macrostructures of eogenetic karst from the middle part of Chihsia Formation member 2; (g) polished slab of
dolomite, sampled from the red rectangle on f; (h) microstructures of red rectangle from g, karst system fillings are dolomitized with intergranular
pores, surrounding rock are dolomitized with intergranular pores and caves are filled with saddle dolostone; (i) macrostructures of karst from the
upper part of Chihsia Formation member 2; (j) macrostructures of dolomitized leopard from the upper part of Chihsia Formation member 2; (k)
macrostructures of un-dolomitized karst system from the upper part of Chihsia Formation member 2, solution grooves is filled with clay; (1)

microstructures of dolomitized leopard from the upper part of Chihsia Formation member 2, un-dolomitized carbonate sands filled between euhedral

dolostone crystalline grain
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Fig. 7 The column of penecontemporaneous karst on the lower part of Chihsia Formation member 1

from Shangsi section in Northwest Sichuan Basin
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sampled from the red rectangle on phote (a’); (a') polished slab of pene- contemporaneous karst system from lower part of the Member 1 of the
Chihsia Formation; (b) microstructures of penecontemporaneous karst system from the lower part of the Member 1, Chihsia Formation, with
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(a) on early age of Chihsia Formation, part of shoals was exposed to
meteoric water by high-frequency oscillations of sea level; (b) on
early age of Chihsia Formation, due to the enhancement of
evaporation and the barrier of shoal, the restricted environment is
formed, and the seepage reflux dolomitization occured; (c) on late
age of Chihsia Formation, shoals was exposed to meteoric water by
fall of sea level; (d) on later age of Chihsia Formation, due to the
enhancement of evaporation and the barrier of shoal, the restricted
environment is formed, and the seepage reflux dolomitization
occured; (e) on age of Maokou Formation, intensive tectonic
movement formed faults to connect karst system and hydrothermal

fluid
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Characteristics and genesis of sucrosic dolomite in Middle Permian Chihsia
Formation , Northwest Sichuan Basin:A case study from Shangsi section
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Objectives: A major breakthrough has been made in the gas exploration on sucrosic dolomite reservoir of the
middle Permian Chihsia( Qixia) Formation in the northwest Sichuan Basin. However, recent cores show that the
development horizon and scale of the sucrosic dolomite is of great variability. Therefore, the key to the distribution
prediction of this type of dolomite reservoir is to figure the genetic mechanism out. To solve the problem, study has
been carried out on the Chihsia Formation in Shangsi section, such as petrological characteristics, carbon—oxygen
isotopes and EPMA ( electron probe micro analyzer) of the dolomite, to establish dolomitization model of Chihsia
Formation.

Methods ; The dolomite development in field and petrological characteristics were studied through the outcrop
observation, microscope analysis and Cathodo Luminescence observation. The paper combines the in-situ micro-
electron probe analysis, isotope geochemistry characterization, petrological characteristics and geological
background to trace dolomitization fluids.

Results: Four characteristics of the sucrosic dolomite were summarized, including: massive dolomite,
developing well in the middle of Chihsia Formation member 2, and leopard dolomite from dolomitic limestone,
developing in the lower part of member 1, lower and upper part of member 2. () Massive dolomite is characterized
by medium—coarse crystalline and red luminous under CL( Cathode Luminescence ), with Mg/Ca values 0. 68,
8" C,ppp and 80, average values 2. 42%¢ and —6. 18%o respectively ; @ Leopard dolomite developing in the lower
part of Chihsia Formation member 1 is characterized by powder—fine-crystalline, micro-sucrose texture and non-
luminous under CL, with MgO/CaO values 0. 54, 8"C,,, and 8'"°0,,, average values 2. 42%0 and —6. 18%o
respectively; (3 The upper part dolomite with medium—fine-crystalline structure shows a non-luminous core inside
and a red luminous rim outside under CL, while the lower part dolomite with medium—coarse-crystalline structure
shows dark red luminous under CL. Their MgO/Ca0O, 8"C,,, and 8"0,,, average values are 0. 59 and 0. 68,
2.16%0 and —6.50%0, 3.32%0 and —3.75%oc respectively.

Conclusion ; Based on the results from filed work and indoor materials arrangement , The results suggest that (1)
in the lower part of Chihsia Formation, there are two penecontemporaneous exposure surfaces, below which leopard
porphyritic karst system developed. 2 Eogenetic exposure surface has been identified on the top of Chihsia
Formation with clear vertical zonation of karst developed below. Most of the karst dominant channels was
dolomitized. 3 Both types of dolomites were formed by superposition of seepage—reflux dolomitization and
hydrothermal dolomitization. Due to the vertical zonation and influence degree of karstification, there are
differences between the result of two phases dolomitization.
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