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Fig. 1 Geological setting and geological map of Xiyahe barite deposit, Ziyun, Guizhou: (a) Regional geological map of Xiyahe

barite deposit in Ziyun ( after Cheng Yuqi, 1994#); (b) paleogeographic reconstruction of the research area during the Late
Devonian (after Chen Daizhao et al. , 2001) ; (c¢) sediment column, geological map of the Xiyahe barite deposit
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Fig. 2 Photographs of the geological features and microstructure of the spherical limestone
of Xiyahe barite deposit, Ziyun, Guizhou
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(g) FEMAMERPREERD s (h) | PR R LA 220K
(a) and (b) images of the methane seepage from Xiyahe barite deposit in Ziyun; (c) spherical, tubular limestones ( yellow arrow); (d) the
bedding of surrounding rocks (siliceous mudstone) around the spherical limestone; (e) clotted micrites are observed in spherical limestone (yellow
arrows) ( cross polarized light); (f) fine-grained pyrite are observed in spherical limestones ( white circle) (cross polarized light); (g) the

framboidal pyrite ,which is sporadic distributed; (h) the internal structure of framboidal pyrite is simple, which has the form of sun-flower
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Table 1 Major element contents ( % ) of limestone in Devonian barite deposit

in Xiyahe, Ziyun County, Guizhou
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Table 2 Rare earth element contents ( x10 ~°) and parameter characteristics of

limestone in Devonian barite deposit in Xiyahe, Ziyun County, Guizhou
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Fig. 3 PAAS-normalized REE distribution patterns of
limestone from Xiyahe barite deposit in Ziyun, Guizhou
(The data of PASS quoted from Taylor and McLennan,
1985)
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Fig. 4 Ce/Ce” versus Pr/Pr” discrimination diagram for Ce
anomaly of limestone from Xiyahe barite deposit in Ziyun,

Guizhou (base map after Bau et al. , 1996)

T AE K A AR TP

CA TR, DL S5 31k & Y0l 3 20k
PR Ve SR UTRR W v i 5% B A A il B3 oI
(Peckmann et al. |, 2001 ) , % 548 = BEMS W K 5 1)
AT YI2EFRAE AT, U8B A P A A S R R
TAMSERIA G Y . BeAh, S5 A LT A AL
PRI A B IR 6 5 AT A AR 2 B 25 3R AR R i 01 68 3K
T e WA b2 I 2 A DLk B R IR
VEMS T ICE 25 4% 22 LI A8, R A58 3, o0 K it

RILZKBTERET KHEZRKEHR.E
FEfL R DR
Table 3 Carbon and oxygen isotopic compositions of the
limestone from the Devonian barite

deposit in Ziyun, Guizhou

%ﬁﬁiﬁ #% 513CV-PDB( %0) 5180\'.P[)B( %0)
XYHI 1.097 -2.259
XYH2 -1.995 -6.843
XYH3 1.621 -5.498
XYH4 3.736 -5.558
XYH5 -7.569 -7.204

VEMS | XYH6 1.417 -6.10
XYH7 -2.992 -6.30
XYHS -6.813 -6.773
XYH9 -4.299 -3.617
XYHI0 -10.27 -8.10
XYH14 -8.82 -8.20

w1 A R A = {2 Pl ( Peckmann et al. , 2001,
2004 ; Jiang Ganging et al. , 2003 ; Himmler et al. ,
2008 ; Wang Jiasheng et al. , 2008) , 5 2 P4 & 75 P L
B Sonora JZOREE i A1 87 ¥ SR LA B R £6  ( Canet
et al. , 2014 ) FIF = U5 H 1 0] 1 2 1 V% SR IR 1
#+(Tong Hongpeng et al. , 2012) {4 [F) {7 Z{H 1 kb
AT (HEIEF BRI IS8 SR R IR AR 5 198" O fH
(Canet et al. , 2006; {5445, 2008; Roberts et al. |
2010; Feng Dong et al. , 2011) . WiFEFEH : H Tl
EVEFRSE I, v Az AR B T S AR ¥ SR B R R
W R U 8" Oy ppg 18 ( Campbell et al. , 2002;
Peckmann et al 2001; Peckmann et al., 2004;
Himmler et al. , 2008; Hammer et al. ,2011; Tong
Hongpeng et al. , 2012 ) , 15 B 6 15 0 e 135 s 78
521 Ja WAV RS 0 T A 8 Oy, B O 11 671
(B AR R AER ER V2 SRR AR 2 1 P U5 IX 5
TR, bR 1 SEAUA 5 39 a VR B2 oh, XA
TEFIL 23515 8" Oy g fEL s 17 671 { ( Tong Hongpeng
et al., 2012) o 58 25 PRSI B 43 U AE BT o
=3 B N Y e F DR =R ATt o g b
T ICEAR 1) 8" Oy ooy (B 7T R 55 AL A G,
XA A TE AL B ) 48 7R G SO B R ((Tong
Hongpeng et al. , 2012) ,

BTS2 mRAREMAT IR n (Y Sr)/n (™
Sr) {41 T 0.70863 ~0.70898 , -1 0. 70877 ( & %
P, 2013) , A 8" Sy HA T +27. 6%0 ~
+68.4%0, -1 +52.2%0( Gao Junbo et al. , 2016) ,
BRI S K P R B S R e (o TGV SR
IS HIE B B AR T A B ARV SRR
A R 3l BT G TTORR IR 7K i e 174 B[] 3 2% (1
B[ o R AL ( Canet et al. , 2014) , B /R T—5
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Fig. 5 Rosette barite associated with methane leakage from Xiyahe barite deposit in Ziyun, Guizhou
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Keddedy et al. , 2001, 2008 ; Jiang Ganging et al. ,
2003 ; Wang Jiasheng et al. , 2008) , [fijixX —B ] 57
BB A DGR o5 — B RO S o
1 (Bao Huiming et al. , 2008 ; Zhou Chuanming et
al. , 2010; Peng Yongho et al. , 2011) , 5 S A TE5H
FRAE 2 5 BB A8 IR BUIR L B B &% (2 KR 46,
2012) , AU S5 S B T fh A 7E 58 m R A R T
AR s, HOE AR 2 AE IR , 2H ALY
AT B R NIEAR — S (8] 6a.b) , UL 5 B4
FRE A R R ] BRAEAE T R BB IR AE T, X
o AT — 2P 1 S A B BRCAR R SsOIR A
BRI 8 T8 SRR AR A B IAT
4.2 FRINE

W+ ICEK Ce TE AT BAAI T P L Ce’* JE
AEAE ; A T AT, Ce™ B AL ATL Ce* ™, A
M5 R TR 018 (Eh NS, 1989) , it Ce
SRR BRI B U ST i AR A AR AR JEUR
o SR JE A S T2 X0 Ce S 38 J80R2 W)
(Peckmann et al. , 1999a; Shields et al. , 2001) , 24
Lapys/Smpys > 0. 35, H Lap,g/Smpyg Fl Ce/Ce” {H
Z B TC W AR DG OC R I, T WA il s 0T R 2
2 3 5 B aVE I 9820 ( Mcarthur et al. | 1984 ;
Shields et al. , 2001 ) ;24 Ce/Ce " {HF1 Dyprss” SMipyss
ZIAAFAESARICIC AR I (18] 6a F1 b) , ULBIFE i 107
TICRA R Z B 5 e VR F Y52 (Shields et

al., 2001 ), A SCHFIT I 9 18 JK 75 FF fh Lap,ss/
Smy, K F 0.35, H Ce/Ce” H 5 Lapyse/Smypyes
Dy pass/ Sy Z 8] 32 TG BH 5 AH &4, UL BH & AT fr 32
MY Ce/ Ce ™ fEFF AR BN S A RCEVE I , [
W T R TURR I I R AR SRR AE S, AT AR 4T
BCE P

B JFARA T 1 F e DR AR AR TR TR v SRk
BREh A it B 3 2 J7 2 ( Hinrichs et al. , 1999) , 3 LA
AATC Ce 5 8 Ce 1E 54y H AL KR AE ( Tong
Hongpeng et al. , 2012) . We#E W] K &+ 5 XYHI |
XYHS #1 XYH9 s T H Ce 53, 4678 18 JFA T
HAR AR MY B H Ce 574 (K1 4) F5R% L
AT X BERHE 5 85 P RS BH ¥ Sk R R 5 F1 E
TR HM g 4 5 0% SR B IR E o SR (T ACHE 55,
2012b) , YA B ETE L Y BRBE S5 AN 2 B — R ik
JERAS I A A [E] B 9 AR PR

A WFFE & B, BRI H 8 18 T DX A T A4
g3 BUE B 5 BE AR 5 T RO R
(Chen Duofu et al. , 2005) . KL RGNS
T AT AR E A AE , FE AN [R] (] B N B AR R
255 (Tryon et al. , 2004) o 3% LA AR AR
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(16" C {8, Jx Z, H 8" C {6 W B & fi & ( Burton,
1993) . [R5 T 8 38 A8 AT ) HHY e AR A K i 0
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N5 FH e A A 4R AR ( Ettwing et al. |, 2010)
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of limestone from Xiyahe barite deposit in Ziyun, Guizhou
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Genesis of Devonian Spherical Limestone Related to Methane Seepage

in the Xiyahe barite deposit, Ziyun, Southern Guizhou

ZHANG Xu"', GAO Junbo" , YANG Ruidong" , CHEN Jun" , ZHENG Lulin" , WEI Huairui" , BAO Miao”
1) College of Resources and Environmental Engineering, Guizhou University, 550025 ;

2) Bureau of Geology and Mineral Exploration and Development of Guizhou Province 112 Geological Brigade,
Anshun , Guizhou, 561000

Objectives: Although carbonates related to methane seepage seep were widely reported in modern sediment or

sedimentary rocks ( especially since Carboniferous ), researches about cold seep carbonates associated with

sedimentary deposits were rarely reported. In the study, we report the spherical, tubular limestone linked to the

leakage of methane and other hydrocarbons, which was newly found in Xiyahe Devonian barite deposit, Guizhou

Province.

Methods; A detailed field survey was conducted on Xiyahe Devonian barite deposits. 9 samples of limestone

in the research were collected from Xiyahe section. In order to observe micro characteristics of the nodular
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limestones, 9 limestone samples were observed by Polarization microscope in College of Resources and
Environmental Engineering, Guizhou University and scan electron microscope in State Key Laboratory of Ore
Deposit Geochemistry Chinese Academy Science, Guizhou, China.

The limestones were ground to less than 200 mesh for the use of X-Ray Diffraction (XRD) , major element,
stable carbon, oxygen isotope and rare earth element (REE) analyses. REE analyses were carried out in State Key
Laboratory of Ore Deposit Geochemistry Chinese Academy Science, with ELAN DRC-e Q - ICP - MS made in
Canada PerkinElmer. The major elements were measured with ME-XRF26d in ALS Minerals-ALS Chemex. Carbon
and oxygen isotope analyses were carried out in the Key National Laboratory of Environmental Geochemistry of the
Institute of Geochemistry under the Chinese Academy of Sciences. The instrument used was a gas-stable isotope
mass spectrometer, which type is MAT253. The end results were corrected by carbonate rock solid standard. All
analysis results were compared with the V-PDB standard. The precisions for §”C and 8" O are better than
+0.05%0 and +0.08%o respectively.

Results; Carbonate clots and framboidal pyrites were found in the nodular limestones. The interior texture
present sunflower shape in framboidal pyrites, single pyrite have clear outline and similar size. The 8" C,_p values
of limestones in Xiyahe vary from —10.27%o to +3.736,average value is —3.18%0; Xiyahe nodular limestone
have relatively light oxygen isotope compositions with "0, values ranging from —8.20%o to —2.26%0,average
value is —6.04%0c. The min-value of 8" C, p, of limestone is —10.27%0. The total REE contents of 9 limestone
samples in Xiyahe section range from 2.62 x 10 ™ to 43.49 x 10 ~°, average value is 21.9 x 10 °. Ce/Ce” values
vary from 0.50 x 10 "° to 0. 78 x 10 ~°, but the revised results following Bau and Dulski’ s method ( Bau et al. 1996
) indicate real Ce anomaly occurrence in six samples, the others are not real Ce anomaly. Moreover, the major
elements of limestone are mainly CaO and SiO,.

Conclusions; Amounts of nodular limestones were found in Xiyahe barite deposit. And the shape of limestones
are spherical, elliptic spherical and tubular. The micro characteristics of nodular limestone are similar to modern
cold seep carbonate (such as; carbonate clot, framboidal pyrite) , and its carbon isotopes contents are also similar
to modern carbonate associated with the leckage of methane. These results indicate the genesis of the nodular
limestones in Xiyahe Devonian barite deposits was related to the leakage of methane and other hydrocarbons, but
the petrographic observations of limestones and earlier studies on Xiyahe barite deposit suggest pyrolytic methane is
the dominant carbon source of the limestone in Xiyahe barite deposit. The Ce anomaly of limestones show not only
deoxidation in ancient sedimentary environment, but also intermittent oxidation are reflected. The situation may be
affected by methane fluid leakage rate.

Keywords: Limestone; Sedimentary fabric; Carbon and oxygen isotope; Rare earth elements; Devonian;
Ziyun.
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