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Abstract Patchy dolostone, a common type of dolostone, is distinguished by its heterogeneity and
complex internal structure, requiring a comprehensive investigation of its origins and formation mecha-
nisms. In this study, the Yangjiagou section in the eastern Hannan-Micangshan area is selected as a repre-
sentative example. Through comprehensive field observations and various methods including petrography,
sedimentology and geochemistry, 13 types of lithofacies and five dolomite types were identified in the
Xianniidong Formation. Geochemical methods were employed to analyze the carbon and oxygen isotopes as
well as trace element compositions of these dolostone. Our findings indicate that the occurrence of patchy
dolostone is strongly associated with the location of vertical tectonic fractures and transverse extension
zones. The fractures within the patchy dolostone and surrounding limestones are filled by coarse-grained
saddle dolomite. Notably, the §"°0 values of the patchy dolomites (80 —8. 17%o to —6. 58%0) are lower
than those of the contemporaneous seawater-derived dolomites. Additionally, in-situ trace element meas-
urements reveal that dolomite crystals exhibit high Mn/Sr ratios (mean of 14.8) , a positive Eu anomalies
(mean of 1.3), and a middle rare earth elements-enriched pattern when normalized to shale. After exclu-
ding other possibilities, it is inferred that the formation of patchy dolostone in the study area can be attrib-
uted to the influence of regional fault-controlled hydrothermal fluids. The significance of this study lies in
its ability to identify the distribution and development of Cambrian dolomites within the Xianniidong Forma-
tion in the surrounding area, as well as to clarify the identification markers and formation processes of hy-
drothermal dolomites. This study may provide valuable insights for oil and gas exploration in the northern
Sichuan Basin.

Key words lithofacies analysis, patchy dolostone, saddle dolomite, hydrothermal fluids, in-situ
microanalysis, Xianniidong Formation, Sichuan Basin
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Fig. 1 Structural outline and lithostratigraphic units ( Cambrian Series 2) of the Hannan-Micangshan area

(after Li et al., 1975; Dong et al., 2012)

BT BT 2 UROK i 0 ) oy M B AR Ry (Li et al., 2021,
2023) , FERAH 5 A T AR S 28 &K A
(RWIE) « AliZgim A, el 2o 4L . L BH I 4 Fn BE 3
SFAL CRER) (B 1) SRR A M 220 MR i
TUA . IR e E MK M s (%,
1975; ZRUFARAE, 2018) 5 filiZg i 4 IC &R & P £ R
RGO —IR KT (F55E) Mbda, h—1Fh
RIKEJRZ iR . A HE A . AR R KA R
MAEY A (GRS, 20205 XP5 85, 20215 24
JUAE, 2023; ZfE 22 4%, 2024); [al £ B 2 ) AR L
LT VRS TR IR A X 4y, AR LA
Wa . Mamgi s, URKSGOaHRTsE (R
VA 1999; Li et al., 2023)

AP 5T S LR U A D h T P 2 BLHE 1 =
BB FF 4 % ¥ R 1 % (GPS: 32°59'31.7"N,
107°54'06. 4"E) y FZHEEI T, JL RN
7 (%Eﬂ) FIE M AR 2% 0 0m (K1 B
2) . XEFIEE R R LA R, 5Tk
SR INALFN -5 ) o ALY RS k. Al iR
o B = R A R SR N

3 HmEHIE
AR YBT3 2 3 240 e T D2

SMLEE . DR AR AR AE T A, BL 1~ 1.5 m [
BEERARNM LA A A b A 50 15, by as s
JZ2BOT e 1B E XS PR R T A0 8 R A o el £ A v v
F (2.5ecmx7.5em) 50 4y5k, KA (Semx
7.5cm) 53k, S 24, ?ﬁzlisﬁ%o

AR YIS TE VY B A 1 RS R AR AU B 0 )1 45
S I5E ) A 06 B (Leica DM2700P F1 CO-
IC UP200i) X # R #E4T 1 & A oA R aE WL 4%, )
F Image] BAFXT#E 82F BOR o B & A d ROk AR
AT T geit (21150 i), W& HESHFAE
(2021), RLAz X 53 br S % Folk (1980) J5 %
bR BA R &0 s (CITL CL8200 MKS) X A
[F) Bk R £ A 20 K i SO 1 DL AT A, L
~10kV, HH N 20mA,

kTS R AR 1 TR 2 AT A A, 2B A
PR 73 5B ) 2 o BN W o a2 A, A
JSCHB AT S I B AAT BIR 2 7] A1) HI A€ [F) AL 2% ot 3 A%
( Thermo Fisher MAT 253, GasBench Il -IRMS) #I
R A 25 TR %Y (Agilent 7700 ICP-MS)
o3 I EAT R A [ 52 2R AR T 3R A0 o A U1 B R
OEBARARAE, A HEOER M R 585 BB &
S5 B FAR BT A ] R (LA - ICP - MS; ASI
RESOlution LR # %% 5 Thermo iCAP TQ JRHE{Y) ,

PEAT TR IX TR (S LT R) &850



_

CM K

26k HSH VA DR R 1 DX AR T AR Al L 4 BB A R TR L 1239

a—Mg FIGHNE ZEWAEAE ; b, c— MK WH ML MATBHERZ A=A d, e—2 (B) FEHEM LA FHEEA S,
FIEWALE B JIRET FRAE; £, g— 43 Al 2o 3 4582 e 1 = 4
B2 BRVEVE S K0 . B . R S8R AT AR I ) T PE R A L 4 S S AR AE
Fig. 2 Field photographs showing dolostone characteristics of the Cambrian Xianniidong Formation at Yangjiagou,

Shengjiagou, Mujiazhuang and Shibangou sections, Xixiang County, Shaanxi Province
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Table 1 Micro-lithofacies of the Cambrian Xianniidong Formation in the Yangjiagou section, Xixiang County, Shaanxi Province
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Fig. 3 Integrated column of the Cambrian Xianniidong Formation in the Yangjiagou section, Xixiang County, Shaanxi Province
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in the Yangjiagou section, Xixiang County, Shaanxi Province



‘(IM K

2024 % 10 A

a— K A QARG L BRI A 2 SRR (D2) S BE, AR A AM, WE SRS, Fot, &35 b—KAEMM, EZNM
A Wy ER AR AR T PR — BRI A, RO, 35 e —BOR A QAR M PSS H S A BER(D2), B, A3 d—AR M R RC
RWAZERER(D2) SHEE RGN, TKAUBSTHEZAE, fhot, sl e— LB OAAMBEEELNN A 2 &R (D2) 5 H A&
WAEHM, b, &35 (—HAREOURIL, 5 e Ml —3G e—MWERBIT MBI A S 4, BMOL, &35 —BBAsAO, EXMmWL,
5 g U —E0 i—AREOUHE, 5 ¢ SIR—B MM AL ERIEIL K 3P @R SARE
K5 BePETE £ 4% 50 50 T 98 R Al W AR R E BT 4 (1)

Fig. 5 Characteristics of different components from the Cambrian Xianniidong Formation

in the Yangjiagou section, Xixiang County, Shaanxi Province( [ )
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Fig. 6  Characteristics of different components from the Cambrian Xianniidong Formation

in the Yangjiagou section, Xixiang County, Shaanxi Province( II )
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Table 2 Stable carbon and oxygen isotopic compositions of
patchy dolomite (D2) from the Cambrian Xianniidong
Formation in Yangjiagou section, Xixiang County,

Shaanxi Province
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Fig. 7 Stable carbon and oxygen isotope compositions of patchy
dolostone ( D2) from the Cambrian Xianniidong Formation in

Yangjiagou section, Xixiang County, Shaanxi Province
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Fig. 8 Shale—normalized REY patterns of different components of patchy dolostone from the Cambrian

Xianniidong Formation in the Yangjiagou section, Xixiang County, Shaanxi Province
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Fig. 9 Types, characteristics, and originally depositional environments of various dolomitized components

from the Cambrian Xianniidong Formation in the Yangjiagou section, Xixiang County, Shaanxi Province
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Eu 1IF % % 4 fF ( Bau and Moeller, 1992; Cai
et al.,2008; Debruyne et al.,2016) , TEHEBRK AW
Y5 Qe A kg 72 BaO T4, A LU N BF5E
X D2 B EME AT B ERdREEEs
FAPR AR R TR EAT A G (4) BB
BRERERE 4 670 {H B & 7 A IR 3R Bk T AR
RBGESL, KRR AR T REM N R Z —
(Swart, 2015), {HJZ, ¥R/K BA B o 72 X ik 7]
PR A W AR 3 B3 (—8%0~—4%0) , THEFT
DA ] o7 2% K 6 5 24 i 98 K 38 B 22 0 AR R (2
1%c; B 7), iRk SCaEER IR oA
R EEN R M, REF AR D2 & WA R
(B W ARG T 2 I ¥ K OR U8 1 5 A 30 L Y o 5
(5) e Ml 28 4 Ji) 2 O L OIR W D6 4R R A9 R b
BILA s AMEE (K S-g, 6-a), 2HMBMHH
SARE— DT YR . A, AR ST & B
AR B e BRI A A Eu E R
H, R AT RS BER A NIRRT A = A0 YA
A R 32 PR A R A B AR A G, X
RFFEAK Eu IERHE 5P E (K 8-c).
17 JEASE A DX A XoF B K 1 2 A AR A5 1 45 R R 6 48
AN IX R A LT R A R (& 8-b), BR il
J ASE A5 DX 53 A B 0 3 o

5.2 MIREHMBZERMIE

ER7E SEEINTP S IR =R NS = ]
22 F T Al 2 28 T TR R A e R B
Fza (B L B 2), B8 B E b 4R & 5
ZLE R AT AR FR I K — I BB 0 I
RO e s IE W T g 1 2 O D S
RERE M . BT RGEM A AR X A =
E A AT E A BRI AR, AR T i T
WFFE X 2 W= P B o A R s (B 10) o A
BT, FEASE (DL EDS) EhRAFFED
JK 2 BB BRI . BEEREE 4040 3T 1A £ 28
Bz e, R s e Az s (D) 32 203 4 B 5
WAL 4 — BRI A, RS LR
EFM U B ma Bt (D2) A H MR (& 4
—a, 4=c, 4=d). HeAEMENFT—HHEH =
A (D3) JiUh 20 A8 T8 B T 18] 7 3R g, LR AN B
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w5 AR A PR AN A B A SR (D2)
ML B = a5k (D4) ML (E 4-g;
Bl 9) o T A 2 T A R 3 AR A Rl IO T T A
WK E (& 4-a) o JB 4S5 BUR /Y il kL OB K
(z) AFEE R —ZEAK (5) A3 TH
TRz R T REE R T —E LR (| 4-1), 1
R IE AR e PR S ARI R = (DS) .

F1 T BIF 5T X 52 32 B SO AR e AR B 5 e g A
BEFRE 20, DI = 2 1T 4R DU — oK Ly Bl 4 i
BT, ISR AR IOE A i AL S A% b i a
0k BT R (B BEAF, 19975 XM AR A, 2006) .
SEF MM DI A 25 BT 5 i PR A3 5+
T WTE L RBR AR A 4 1 1R JE R A i 4
kiR L £ T Z A R (F 10) .

F10(D1, D2)

F6 (D5)

F8 (DL, D2)

F10(D1. D2)
F9(D5)

F7. F8 (D1, D2)

F10(D1, D2)

F5(D2)

292 %08 o oo 5 FI‘FZ‘_F3\_F4___,-.'_-l'.-__'_-'

BHRIHAAZE S S

- ” v 2
z - |2 - 7 oy S

4 L N 7 - vy 7 v 7 v L J

HAWMAM (FI—F13) Az &KE (DI—D5) (RS54 R
—H, AEKFNRIZRR, AT LERPIRREEIIHKE,
Hb 2R R AR B R, AR Bk
10 BRVE VY £ 47 52 16 ) 1 78 2 R Al 2 20 i )2
TS PrE W Ak F:

Fig. 10 Model of fault-controlled patchy dolostone from

the Cambrian Xianniidong Formation in the Yangjiagou

section, Xixiang County, Shaanxi Province

5.3 MEEHB=zEREX

H = a el A R A S Az —, ik
AR [ P9 S il AR AR B R TT A Y T2 B AR 2 6
Mo T A AR, W s H A R 26
B 2 R B FE ik 7 BIL ] e o o figp ke 1) 5K B
[ AL DU V] gt v ] R i BB A Bk 3 22 37
B, A3 E = a T B R AR R a0 )= A5 KT R
M, HEWH . KX RAlOE L A 5 B VLA A

(FRILTF55, 2020) o AT A X U253 3 = 5 B A
INRZEE, DIZER—FIR B E . S, k. A
A R A RO Sk AR, 20055
o LR AE, 20065 AR A AESE, 20145 LR ILAE,
2015) o XTI A = A AN H k7 EA
BR, LU ISR Z iR IZ s R IR AT D 2 N
R HAMEFHNREAUEMLER . LR, #X
VU1 %54 — B AR W R 2H RS A R 8 = A
WEFEIT f R B (BREFAE, 2012), fHIEXF T
AR 2 o T JOHIL A F T 5 AR s
I H R Z B sk JR BR T Bk A 2/ . S0Pl
RGN E A HAHBEGE, 45 G BF A WSR2 N b Bk
AR, B T DR — K L M XA SR A 7 52 W
JEERI A D T o % AP [ W7 A 7RI
MR X A2, Bz E iR A
MR Az (F 1), EFHEN E Ity
Y& T Bl XA A AE U PR E R R Z A o
HWEE, X0 T BT ILGRIZE A = MU E
HARREL.

6 g

1) PO — KA 1 3l X 2 70 2 502 Al o R 4
L e W 28 AR BT 2 R B = A K d, A
ERWEA=E (D), JRdAmEEESR O s E
BB (D2) | h—HdmHA =S (D3) . 4k £F 1k
TR E = HRESR (D4), DL e £ 5 AUHY URL
Hza (D5) S AP mAkm,

2) FERGUEMY . a1 AL ER b 22 T 35 1)
AN, ARUHIETE A DU — K@ i XA E Al &
T 2H 9 25 o5 I T -5 e 1) 4 T A 18 i R AR 1) S i
WA K W, 3R T 25w ok TR £ K 41
B, Bz e RA Eu iE 55 LR TUS S
TR R LOCR B . & Mo/ Sr i AR K #
A a A e ESE K 7R, LR TiZA s
PR 5 B = A ) RO TR T B A O

3) A X sz DT JE R A Al i 4L A s
PEATHRTE, AT DURE—K G Ll XU 2R 7Y i Wy 2y
WA 3 i 8 J2 W 5 L2 e JF At 3t XA [] P 390 52 A 52 T
Hza iRt 2%,

Higt RMAELELFTERNEZTIN,
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