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An analysis of barite concretions from lower Silurian Longmaxi Formation
on the northern margin of the Yangtze block and their genetic mechanism
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Abstract: Barite concretions were found in siliceous rocks and mudstones in the lower Silurian Longmaxi Forma-
tion on the northern margin of the Yangtze block. Their mineral compositions are barite crystals, pyrite, clay or
quartz. Based on an analysis of the macroscopic and microscopic morphology of barite and strontium isotopes,
the authors hold that barite deposits precipitated from the enclosed pore water in sedimentary column. The high
productivity and anoxic bottom water provided the environment for the formation of barite. Bio-barite could be
formed by biological effect in the seawater. Afterwards, bio-barite was dissolved by sulfate bacteria (BSR) in
the sulfate depleted zones. Sulfate in pore water was evolved from the penecontemporaneous seawater. The host
mudstone indicates high preservation potential in an anoxic depositional environment. This study has provided
some implications for the further understanding of the paleoenvironment of the northern margin of the Yangtze

block in early Silurian.
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Fig. 1 Lithofacies-paleogeography map of Sichuan area during Katian-Rhuddanian stages (modified after Ran ez al., 2015)

and lithological column of the study section
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Fig. 2 The outcrop characteristics of barite concretions and Longmaxi Formation
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a—barite concretions in the Xujiaba section; b—ellipsoidal barite concretions in the Xujiaba section; c—graptolite fossils of black mudstone in the Xu-
jiaba section: d=—lenticular barite concretions hosted by mudstone in the Xujiaba section; e—barite concretions hosted by siliceous mudstone in the

Mingzhong section: f—graptolite fossils of black siliceous mudstone in the Mingzhong section
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Fig. 3 The outcrop characteristics of barite concretion and its internal structure compared with internal structure

of typical diagenetic nodules
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Table 1 Electron microprobe analyses of oxide compositions of barite
NazO SIOZ FeO CaO Ale3 SrO MnO Kzo BaO TlOz SO3 NiO Total
X4-1-1 0.13 0.23 0.03 0.05 0.39 0.86 0.00 0.01 63.11 0.08 31.09 0.10 96.16
X4-1-2 0.16 0.24 0.04 0.06 0.45 0.48 0.02 0.03 63.08 0.07 31.50 0.00 96.12
X4-1-3 0.16 0.21 0.00 0.06 0.39 0.35 0.00 0.03 63.18 0.12 31.55 0.01 96.11
X4-2-1 0.26 0.46 0.05 0.11 0.47 1.02 0.00 0.02 50.06 0.12 47.24 0.16 100
X4-2-2 0.31 0.49 0.08 0.14 0.53 0.56 0.03 0.04 49.92 0.11 47.75 0.00 100
X4-2-3 0.32 0.43 0.00 0.13 0.47 0.42 0.00 0.05 50.07 0.18 47.89 0.02 100
e BB TOR 27 il U S T A TR I 5K B R S A T AR SRR = L, 2016,
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Fig. 4 Structure characteristics of barite concretions in the Mingzhong and Xujiaba section under the microscope
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a—structure characteristics of barite concretions in the Mingzhong section ( =), barite crystal size significantly increases from core to margin;

b—structure characteristics of barite concretions in the Xujiaba section ( =), barite crystal size decreases from core to margin
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Fig. 5 SEM photos of the characteristics of barite crystals in the Mingzhong and Xujiaba section (the Ba element is the

most brilliant, followed by Fe element, Si element is darkest)
a— AR ST o 5 A SR AR TS /INRHIE, SO BHE: b— =S A ST A B A0 W) RILTC KL, T BUH BB o4k K05 T A
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T AT T AR R/NERAE, “ B0 BT, 15 B UG B rp o T A e i T A A, UM MR o a R S AR RE TR AL s h—
Pl o A A TR e TR A
a—morphological characteristics of barite crystals in the Xujiaba section, BSE; b—dolomite minerals in the barite concretion and its elements, BSE;
c—morphological characteristics of pyrite crystals in the barite concretion, BSE; d—morphological characteristics of barite and pyrite crystals in the
Mingzhong section» BSE; e—morphological characteristics of barite crystals in the Mingzhong section, BSE; f—the rounded edges and the presence
of surface pitting in the barite crystals exhibiting dissolution features: g—the spectrum characteristics of barite crystals in Fig. 5a; h—the spectrum

characteristics of barite crystals in Fig. 5f
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Fig. 6 SEM photos of characteristics of radiolarian and bio-barite in the organic shale (the Ba element is the

most brilliant, Si element is the darkest)
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Table 2 Strontium isotopic compositions of barite concretion,
country rocks and mudstone from the Mingzhong, Xujiaba sec-
tion and JY-2 well

FE 4 Faica 87Sr /808y 20
XJ-4-1 oA % 0.709 399 51 4.29%10°°
XJ-4-2 A S 0.709 36720 2.74%1073
XJ-4-3 CNTVaE ) 0.708 819 54 2.82x1073
XJ-4-4 it AT S 1 0.70905639  1.27x107°
XJ-8 A 0.725061 58 1.04x10°3
XJ-10 BOYeE 0.733 359 00 3.84x10°°
MZ-6-1 G ERE A 0.708 705 63 4.77%1073
MZ-8 PR 0.724 038 00 1.16x1073
J2-1 B 0.731917 33 3.07x107°
J2-2 s 0.723 62626 2.55%1073
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Table 3 Characteristics of various geneses of barite
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Fig. 7 The characteristics of 8’Sr/®Sr ratios of barite and other barium minerals
TREP AT R8P 8 S U T30 2K A2 45 (20114, T HE DK AR 35 B g K S7Sr/%0Sr LA (Haruo ez al . » 1998)

the data of Shuiping, Shenhe and Shiti are from Liu Jiajun ez al. (2014), gray zone indicates Sr isotope composition of

Silurian seawater according to Haruo et al. (1998)
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Fig. 8 Lateral distributions of total Ba and biogenic Ba in
the upper Yangtze block (the data of Nanbazi and Wanjiawa
are from Yan Detian ez al ., 2009)
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Fig. 9 The formation mechanism of diagenetic barite

e TR 2H IS B A S5 A2 Oh U R A S
A5 SR SRR AR o 1IN T A A R AT
TORH IR B )47 22 41 B 9E CShen et al.» 2000;
Strauss, et al. 2001: Goldberg et al., 2005; Peryt
et al.» 2005; Mazumdar and Strauss, 20065 XI5 Z%
&5, 2008; Xu er al.» 2016). HE5FREZW], B A
(K] &3S ABL— e AH X A v » o 1) L A2 IR 64..0%0

(Johnson et al.» 2009). X} T & 8*SH, # & M1H
P i e 5 3l A 2 FAL A I B R Eh Ak )R AE H
(TSRO s T AL Wt 1R 6 38 J5 A 1 (BSR) 5 B E
IBREVE R o ARSI, JL& B 3 1 AR A )
WEE 5O RN G B3R AL T AT A 5o i I
T ) T A WL PR A7 F A R B, 0% 3 B0 A=
TR AL, AW FE , B PRI B R 2R 5 B K
I, KA SRR T 44, X v DT &
AT A4S, DRk, Bk AR ) R Eh O R A
(BSROF RS H AR —E KR
4.4 HIMEEX

FSCA L A A G5 A B T I P A R A B AR
BREEA BAS R e i i Uy o B N S A BT S R
(A Y A T & A 1T 2% 717 Cbarite [ront) ( Torres ez
al.» 1996; MK %5, 2009; Lash. 2015; Zhous
20150 HA AT 1B BT EEUTAR D)4 4k 2 9% 1 A Bl
J5T DA B AT A S P ) AL SR K fR 4 R ik
JRAS o X0 R BT 76 3R J2 g 7K = I W46 AR
7 E R 2 K Bl AR 1) PR 5, I HLEESR TR (1) T AR
R RERE PR, 15 WU D) HERR 22 /K 1T, B IR h 23 4
A FE(Bréhéret and Brumsack, 20000, K LK
W] LA S5 AR B I H b g 7Ky 38 7249 s R i)
THEm AR IRAL T8 IR Al 3R 2 K W46 A 7= % T
e, A K AL TR IR TR T8 & A WL B
U, IO H A TR AR A T AN IR BT 10D .
R, 7297 AR Ab 20 F 28 B 48 e B R 20 o ol 45
R R B I EBEEIR RN TR B2 Z
RVEFRIR S 1B 52 A AR T I 7™ A2 R 2 7K T 1
— PRI, 76 b T B X AR 2 B R A I R
A E A USRS Ak IO R IR 3k A5 TR (ke
WIS, 2012). WFFTIX TR AL T 44
BT R REE 2 0, i o2 doc Ris £
L7

5 4ie

(D #yeIb s~ S Mo E b A a5 s A
ST S DA CRE TR A B R L R ] R BT s B
WA I DT I FL K

(2) 2R J2HEIK v HIAI IR 2L 7= FRE 2 K Bk 5
AT I T BRI T AN A

(3) A=y i i o A 12 5 4 1 A T CBSRO i 75
Jm ARt TR



52

ERSCAE: i BORAR SR T A5 B G R A A SRR S L R LR 2 A 223

R

—

!
BAH BRI 3

EE LR E

A

10 S A S8 B 5 7R 5 K
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a—accumulation of barium in seawater by bioactivity; b—bio-barite transformed to form barite concretion in the early diagenetic stage
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