ERE
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45 8 1) Mo % i ACTA GEOLOGICA SINICA

A %1 5 o 5T 7 580 T o A 4%
T R L 5 —— 0 ek ] iz 2 V4

B, 2EF, REBE, WR, BEY
Fp b SR 2 B P G TR A ST AT . A SR RS B A S R VR PR A EE S SRR
H SR 9% IR ] 57 25 b o B 05 S 56 % L JE BT, 100037

PR E K HE AT B ol on ol B A AR R kA A b A A K R A A L RERIDR E R I A A & 5 A
oA LR IR AR R U I8 S T H Y U R A Ak 2 A0 A 1 A A L AE G F R BRI AL 3 A
TEARTR AR FRATxE 8 B v ST ot 5500 T b il R 5 0 W I 467 35 R A 4 IO R RIS R IEAT T R . E
15 1) 0% Sinps s 10 A 0. 6%0~3. 3%0, T3 2. 200, BRI A 2= UL AR 5 1 67 Sins 20 8 0 35 I 55 , 5 13236 2 ) 1
TURE 50 2 0k [R) 7 28 21 AT O o 4% 0 2571 1Y 0'° Ovesmow TEL R 21 790~ 27. 8%, F- 45 25. 5% » 55 A B A ik J5 5 119
(B PR S M 55 5 T 5 R I AR RE A Y 0% O (AL, i) B350 T 1 == 2 R A A5 B TR 6 A 1Y 0" Braost T4 0% ~
11 0%0Z ] SF- 2 4. 8%0 AR ARG ARG PR EL O (E W BARAR. & TR EF R WA A KW H =51 0" B
BT A MRAE A AR 3. 3% ~12. 9% 0], 34 8. 4%0., fEMRYESME T & £ & W F 12 % 19 BCOH),; B Ak
BN, TS EC O BET S, XRBAKH A ATRIER T RIBEBRE KR, &AWk m Sio,
VAR /UIVE S pH Z A0 B3¢ R 48 a6 B T Hp i R A A R — R B R AR AE 1 R DB 2B ) Ak 2 0 RURE SR
Fo HICHARHE K R SIO, R R A AR S . Mg/ Ca HAE 5, A2 90 35 30 B B R 5% Wi I PR IR B 0 BN
e A W) 1 2 R K LR DU T, S EO K — DO B R R pH (B K IE R B (pH<7. 8) , = A S5 i iR
Eh e T v ME LA UE 5 5 I AH R, SIO, W B RR AL, 35 B 5k fR A0 L R B U B BURE /1 iy /B Ak . AE W TE Bh
5540 g IS pH (H TH PR 5 B I KOF L SIO, %1 BE T i B R BR VA i BE R AR B I B = A S R AR UL TE . B
Sy AR B LA = 8 SRR BRSO RB AR . A A0 A A TR 2% 4R B Y R R R
9 0" B AT pH A A8 A F O S5 8 U K 1 B0 1R] 437 26 2 1
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KGR BB b Tl BRI B AR E m s IR R kR ALK s pH

H08 A — b 32 R A S R LR L T
FR A 2L BR A SS R AIE R . J2 AR
WO EERE TR R ZE B A A —
EREN AT . Bissell (1959) & Goldstein (1959)
SERE R JEARIE A HEAT TR SE R B IR 2 SRR R IR
KA Ry D G T AR ke PR 0 0 B0 B BB i H 2 G
T IR AR W PR 3 2 BT AR AT A7 AR AR il
(Siever,1962; Ding Tiping et al, 2017, 2018; Shen
Bing et al. ,2018) . [ X F 3% 5 Il 9 0F 5% 1 40
M. JF 2 8 2= R AR S 43 43 Bt A F (Ren
Guoxuan et al. , 2008; Chen Denghui et al. , 2010;

A SO E R A RFLE IS T H (55 41403012) BRI R

Yang Rui et al. ,2014; Wang Xiaolin et al. , 2017;
Liao Shuai, 2017; Liu Hongguang et al., 2017;
Zhang Yan et al., 2017; Wei Shaogang et al. ,
2019) . ik B By Jo o IR L R 3145 48 — 1YL, Ding
Tiping et al. (1996) #& t A~ [7] Bl [ 28 80 9 4% A4 H A
N G R i VAR = R A S (T N = N N [
Chakrabarti et al. (2012) 38 H T LK R 25 A H B k&
A G 5 S5 A% 0 i (R A6 3R A B T DA s L Vg K P A B
A SR B ST TG BBV PR SR T B
IAE K PR b 22 LA R BCOHD, P T = £ 45
) AR AR 25 BCOHD,— (DU T A 45 #) it 98 X A7

W H 459 :2019-02-21 5 2 0] H 48 : 2019-05-13 5 W 4% % 2 H 7 :2019-07-05; 37T 4 48 - #54.
TEZ TN BB, 40,1986 44, B BROF Y 51, 32 22 1 J 2 0l [l 1 Z b ER b 4 0f %8 . Email: zhaoyue0612@ hotmail. com. il i{E % . =4k
L5 ,1962 4R, WFSE L AR T K M A E A R b BRI 2= B %Y . Email: lyh@cei. gov. cn,

SIS BB, 0, JEE 4, Hat, S« 2019, fedu] B rp oot B RS A 4 B T8 BUAL ) —— B0 R R AL AR Hb T A
i, 93(8):2055~2067, doi: 10.19762/j. cnki. dizhixuebao. 2019169,
Zhao Yue, Li Yanhe, Fan Chanfu, Hu Bin, Gao Jianfei. 2019. Formation mechanism of chert bands in the Mesoproterozoic
Jixian Section: evidence from boron isotopes and silicon isotopes. Acta Geologica Sinica, 93(8) :2055~2067.
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e, ERMEYB B4 BIOH), b, % FEME"B
WAL B(OH), ~ Hh, 3 WA & i 32 KK pH (E
P&l (Kakihana et al. ,1977), BAERIR Eh 8™ W h
FUiEY T, 2L B(OH), B ETE, Wi 7EK
WP EE UL BCOHD, U7 7E 76 B — WA B4
MRt B B S iE A AE Y B R S A T
AH o 18 B K RN 28 K 45 1 0" BB AHRT A5

M ARAL 2 B A B D, BCOHD,— Fit BCOHD
AR5 CO,® AHAT . 3 ¥ AT LUl o 26 R A 4
T 2 alE AR R £ A 4% o (B JE MLk 2 15 T 3E (Hobbs
et al. ,1999;Sanyal et al. ,2000) #1745 fL H §5 35 5L 56
(Sanyal et al. ,1996) 45 L HK R EL 1Y o' B &
KR pH H BT m . BB B K 2 50E &
H6IN A R R Y i B v i K P B B 32 2
B(OH), B iE ARk R 6 Ak iz B A ™ A W] i
{18 B[] 47 28 43 A88 Vi 90 U0 B 0k 1 5 1 909 [ 432 28 4 K
A% S Wi /K i BCOHD /9 B[] 47 38 20 A, B
S"' B = 0" Bpoms— (Gaillardet et al. , 1995), ifij
BCOH), — (8 [a] 437 2 41 W2 15 7K pH (A9 pREL
I AT ) A TR T 8 1) B0 1) 457 2 2 A RO B
WEIACHE K 9 pH {H (Klochko et al. ,2006),

AR B 5 HU 5 B ) EL v STl R I R A A
W 2 Q2 AREE A R B 18 &k %) 00 [ o7 3R
fiE s 32 P S 38 AR A B pH (B, pH (B 2 45 i
T 5 R R SOV e / DO VE 9 — A R T A R
AU A I B pH AE BT LA 38 7% B A Bl BRI B
BT HRAL B4 R . R A 0 R AT 2 0 AT DL
FEJWTRE A1 bR i ) SR TR 0 S Ak A1 A B PR ATL D

1 b A

R L T DL AR Bk R e o L B R
T8 OB b )2 2 P AR AE S AT S AR R AR T A
T A7 PR AR RE AL R A KON BN 2 1 DR AF B 1 R
JET A #) i 2 — (Huang Xueguang et al. , 2001),
2 T 0 FRURH X 3% B2 L DUAR R BE A 9000 oK 415
1650 Ma~800 Ma A" R M= (&1 1,181 20 m] L&)
Sy 4 % 12 4 (Li Huaikun et al. , 2014; Zhang
Kan et al. ,2018): (1) K3 & (1650~1600 Ma) . i
BNV BRI AT L R LD A A R s (2) B E R
(1600~1400 Ma), 1 @ T FE# FE . 55 & 1l gk ok
FEVBRIA 2H 2H A5 (3) 1 &R (1400~1000 Ma) . i F
U 4 R fii e M 2 2H A (4) 7 &R (1000 ~ 800
Ma) , L5 9% BE 0 CK e 1) M s L4l . BRIk &
B R AR E M R HME A DR FEB T

L UA 2 5% BE e 2 A R TR JE )2 T A H A 45 2 b
2 R Y LA R R R CRLAE S R R ER (D L DU
Vg AE B TR 6 2 24 o i) L ) 1 B 2 1 75 %6 (Chu
Xuelei et al. ,2007 ; Guo Hua et al. ,2013), #ij H %
] Ml 2 AR QA REZR TR DL I 2, A 0 T AR B840 4
AR A ) e, ) P 0 R 3 N A e ) T Y TR
A AF i o

2 A AR R R AR A A AR

] LLrp ooy BRI ok 4 400 2200 A T s B
FE T B 55 2k Ll R e KO 21 B IR Hh A i 2
O RAFTE A AL & e E B2 00 B K — KB,
TR FEZH A KA H R TR T
2 ] [a] 75 U PR 3R 3 1 (Mei Mingxiang, 2005 ; Zhang
Kan et al. ,2018) , iy N 1ij b 4% 5 PR A2 46 AT 432 pU A4
WAH B THE RO A aMEAFTHR S
([ 3a,b) A TE 1 = B IR IK A 5500 /35 B ik
TR 7= s R A8 R S 2 S T
A, EEF BRI S A s A M s
WAHBR = R B 2= 5 Ah s LU B = B R &
R S VU ZH R A E A B EER O Sk
A8 EERE A= A (FE 3¢) (Xiao Chengdong et al. ,
2007 ; Mei Mingxiang,2007 ; Guo Hua et al. ,2013),
7R NDS FARGD /Y SRR VRN S ek =i J= O o
A DR E K 8 — MR BTSSR T R
~EMPERA A (E 3D, FRIWAHLAS
o BB R £R e 2 TR LR U E MR R SR e
e/ GO RN =l = S I VTSR S o =]
(Guo Hua et al. ,2013,2015),

TEHJZ 7 9 F A A VB ER T DL 24>
ZGET A =GR P R SO RN A
FRAESE BRI Z P . X SR 27 BARTES AR B
0 JEEBE A i B A M B W W i 8 AL (L2 K 240
Bi AB.C = A HEARPIR I T B, 75 203 5F —
W T BRERE T T A D) T
A AR — 3 ) T (BT AN A R — )
R (C 250 YL (Zhao Guisheng,2011), A B
TLEURKORERE SRR s a5 E . Asf
WOk — AL, BERREZARE, )2 EBh Y
D EERERE R A FEE N TR KE TS .
— B A PRLOTRE L SRR E T BE 40%, B
BT LI IR — TR )2 — v 2 AR5 % A 2570 Fe
SEMMARaERE., ZRTTEEELZMEEA
M/ NS R A A S M2 R G A=A F
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Fig. 1

T T ] EL ) T AT X b T R . &% & 0 A (Li Huakun et al. ,2014; Ding Tiping et al. ,2017)

Schematic geological map of the sampling areas of Jixian, Tian Jian, modified from

(Li Huakun et al. ,2014;Ding Tiping et al. ,2017)

R TIZMBICA . B ICIEEE Y H AR E ) BR
1 50% ., fEREN oA TRE A Sk (B 3e. [, 9) i
R R KA — BRSO B A = A AR
W H BRSO AL KR, AR
F1 2 TR A 2507 43 A REAE 0 43 A AR 8T 288 53 A5 R vy
W44 2 #p25# (Shen Bing et al. ,2018), K4
A B BN 5 A7 45 )R 1~ 10em, % Bl 5~20 4%
A /oK CIEL 3T, @) o i 93043 A (8 AN % A 2% 1Y JEE B8
Z o mm G B RER 1~2 A5/ JEK (B 3e) .
Jr LI 25 SR SR WY % A 2R 32 R R A R R
A (<10pm) 48 (& 3h) W A 2l . e w1 0
VLo RE A7 2500 /802 03X A 43 A1 G o3 R AE 3R TR

R AEBTRUS A . C BATT LA K — K 1 (5 B & e ot
Al 2 R R A B 5 N — i
A WLAEE S A% L] SJe A 2 8 A D S RS 20 5
Ped . WA T B4 Ve 20 i iR B MISS 4y
M PR A ORI L R WU R LI I 2. C
FITR AR AR 2R R 1000, ARG
AR NG H 400 2R SEA TURR L2
k.

3 ATk
3.1 SCISREM

RAET W TR A R A % 5 2K L2 R A o
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Fig. 2 The stratigraphic chart of Mesoproterozoic-early Neoproterozoic.in Yanliao Basin, North China Craton

(modified from Li Huakun et al.

WB RO BB A% (B 3L R IR R 2 A
= D RE BRI RS A IKE &2 A &2
AR A B UK e BT = 5 45 B R 3 A
HEATXF LA AT R ST o ik PR R FE ot i e T 25 8 oK i
AT Uk« 38 2o T3 A 0 28 5 o HEAT R B b 0 R o
S 63 ARt A8 Jik S 300 %) Je 45 0 45 30 B ot B 4
A S B <200 H 83 AR, #E 47 B 18] 62 3 AL 4= 0T
E iR
3.2 XBRERMRFERXA
T it P18 G AV e N e T2 6 ARV ik XF L S 9 7
SRR [ 37 3R i A S 0 3 O O S I N 58

,2014; Zhang Kan et al.

,2018)

B ] A7 2% A 2 S5 0 ik A v R g 1 35K A 45 AF 5 o
R FBEH AT RE N LR EREH
G v R 38 XA TC O KRS R E T
e, TCO A XUR G A BB B TR RO A
G,

S gt A v i P A AL 34 A R D M R Y R M
AR, SR FH ™ A% 00 3 PR U AR DA R IR L0 A AR JES < A7)
VoK Be—1E 2% 4 HNO; (7mol/L) & —#8 4§
KIEVE R — g4l HCl(6mol/L) 2 iy
LKW UE R — T H .

SO BT JG I 7K FR AR 4K 55 00RO B 28 B
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Fig. 3 Field and microscopic photos of siliceous banded dolostone (siliceous stromatolite and nodules) in Jixian Section
(a)— i TR JX-4 i & 2 A EF AN 75 (b)— 8 T4l JX-10 R 46 A = H BN A s (o —m TOREA & E 45 A = 5 574
(D —H FEAL TR JX-20 & W5 3 B RE T 45 1 = s () —F5 2R INAL BUZ R / 4t Rk 00 BT A0 I8 5 (D — 25 3k 1 4 JX-30 #3418 BT
MR (@) —55 K I TX-34 fE A% 1 2= 0 B A IR OR (RO 2 A BIORE 480 5 (Cho— 28 ok 1L 4 TX-26 Rk B4R 1 = 8 AU A
(a)—field photo of siliceous stromatolite (JX-4, Gaoyuzhuang Fm. ) ; (b)—field photo of siliceous banded dolostone (JX-10, Gaoyuzhuang

Fm. ); (c)—field photo of siliceous nodules ( Gaoyuzhuang Fm. ); (d)—field photo of bituminous siliceous banded dolostone ( JX-20,
Yangzhuang Fm. ) ; (e)—field photo of laminated/siliceous banded dolostone(Wumishan Fm. ) ; (f)—field photo of siliceous banded dolostone
(JX-30, Wumishan Fm. ) ; (g)—field photo of siliceous banded dolostone with micro-faults and micro-folds (JX-34 , Wumishan Fm. ); (h)—

microscopic photo of siliceous banded dolostone(JX-26, Wumishan Fm. )
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2 Savillex DST-1000 7.3 25 18 5 48 K Z 18 5 s
4li7k i Millipure Ziif6 145, FRFH R 18. 2 MQ * cm,

F Mk 2% F A HNO, . NH,Ac DU K&
H,O,, H v HNO, H MOS % 4fi i 25 35 Savillex
DST-1000 W73 2818 & 48 IR ZZ M PT 15 s NH, Ac 2y
g2l 7, & 8 =99. 0% H,0, Mgk 4k 7,
WP R 302 s NH, « HoO Rt 4k 7, 28 5 WU
SR ZE TRy kAt Ak s B bR ME R WOR ] NBS SRM 951
W FREY R T 2% HNO, fil &5 5],

3.3 LWBIRTE
3.3.1 EXBRERE WM, 12 B K 48

FREL 2g #E &4, A 10mL., Imol/L # NH, Ac
(Liu Chao et al. ,2013),20 jE (1mL) H,O, , $& 2],
FEAr N, KIS #E A 40min, 3000rpm & 0> 20min,
WA FIE WA B AR s R Z IR 3 K
JE A 10mL #8245 7K ¥ ¥E - 3000rpm & .0> 20min; S
LR B - 3E W 50mL Bk W FF AR
3.3.2 REUmREREEAR

Pl 4 R P=H A 10mL 2% HNO, , K #87
40min J§HHA 10mL 2% HNO, /K& # 7% 40min,
BEMA 20mL 2% HNO, #&id % 24h,3000rpm
B0 20min, Y W W B 5 A 10mL 8 4l K
3000rpm B .0 10min, & 3L UL &R 50mL i K ED
Shy b T2 5 AH (B 2 22 500 IR 2k 25 B o 3 75 5K
Fr AR AR ST LR N R R BD . A WESE AR
PRAE 20 Y0 ~ 30 Y0 Y Bk TR AN V4 ff o T AR /0 Bk 12 46
AHA I I AE Bk R 35 A 75 i 38 175 B4 (Zhang Kan et
al. ,2015) . ¥ BIE W] 0. 45pm (1 Je Je U i i U8
INHGE R (ZE R Z 3mL 2245 8 IR 2 25 & 1
),

3.3.3 {4k

B8 e W IR B R 28 [ Savillex ® 24 & Y
PFA B 7AZ M IEH: . HAE N 3. 2mm, & K 3. 5em,
B3R 4 B B 1R £ A AR A (B RV KT 500ng)
JH NH; « HO P85 #E a1 pH (HZY N 6. 0, 9K 5 6
FE b 1 W0 o B AR RO B Amberlite IRA 743 CRy i
22y 100 H) 58w 4 M FEORBE 45 - A 2mL
MQ,2mL 2% HNO,, 4mlL MQ, 2ml NaAc-HAc
ZZ R W, ImL MQ J5 . A pH (B ~6. 00, B iR
26 2 mL MQ kP62 B FH & 7, e J7 R H 6mlL 2%
HNO,; {5 i 15z B e 810 0552 k8 W o
3.3.4 JRIENHK

B ) 57 2R 2 )8 D 3 3 7 7 v B B b 1K B 85 BF 5
PP Neptune plus 2 820 — BB & 45 5 1R i

WAL (MC-ICP-MS) | 5¢ i, » 1 #E vk B 20 R 508/ L.
I FE bR A NIST SRM 951 AR bR i . B
B 43948 H3 A L3 sk B ARk, WAz &
E AL AR TAES BN RE I3 1200W, 1% 414 16
L/min,#iBI A £ 0.8 L/min, &K % 1.0 L/min,
TAEZEPRAL AR RS A B 23 00 VF 8 8 8 — i A2
fEARK,. L8, R 100pg/L NIST SRM 951 ¥
B ZHC U RERBE."BWESH
LSV 22y, il B b, SR AR U — FE il 52
# (Standard-Sample-Bracketing, SSB) 3 & 1F ¥ #%
R J5T B 4300 A R AR it LA o A R T TR P A JRE R T
M2 HI7E 10 LK.

OMB(Y) =[(Rsp/Rsr) —11X1000, K Rep Ny
Foin ' B/ B AR 1 I G {H . Rer i 54 AR 28 1
WA B/ B H B I (/- 24, Bl 7E MC-1CP-
MC HERE R Ge 0 IR0 AE 8 3 A 80 H R R0 T
Ve AR M SC B . Rl ie A2 RO L A NaF
PEATAE BTE Uk R AN E) 4 538l vl LUK B AR 5 Uk
EAJELFE N (He Maoyong et al. ,2019), 1% J5 ¥
(g 0 ER E B T £ 0.35 %o (2SD),

4 orpraR

] LT = TR A E R I A A A
0 I AR AR F AL 3R DA M = i I R 7 3R 43 A 4 2R
FIFR 1,8 T 4,5, 13 1H5E £ 554 19 67 Sixss s
{H 4> fi F 0.6% ~ 3.3% =z 6], &1 2.2%,
8" Ovsvow TH 28 T 22.6%0 ~ 27. 7%, z A, &4
25.500s 1 REEBT SR 1 MR REAL B 2 AW
8" Sinpszs T 435 A 2. 4960 1 1. 1%05 6" Ov-smow H 43
A 25. 8% Fi 24. 2%, (Ding Tiping et al. ,2017),
] L T AN /) 5 2 1Y 15 A 4l i 2 3 o ok R 6 AR
A R 47 25 20 B (0" B, ) B 0960 ~ 11, 0% Z ] (£
DR 4 80 Hbm THEAEZ RN 7 M=
TR 5 5 2 A FE B 0" Bew, B AL T 4. 9%0 ~
7. 4%Z 8] 3 3. 6%0 st TREAL 2 55 ok 1l ZH 3k 10
ANEE 250K 1 & A FE A Y 0V B 2246 F 3. 300 ~
12. 9% Z 18] (R 1, /& 4) -1 8. 400 Bk i 44 1 =
R B[R AL R P T A SR A R H s
R A (Al R R R B (EL (1] 5)

5 g

5.1 1A FH SRR AR HARRE R ERSRIR
AT X 2R 5 o e 60 PR 26 28 Y AR 2 52
A 3 QPR DURREE B A @ A4 W DR B o
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x1 HEHNEASRBREERERFFEZENMRAMEEARMEBRARF ERABELERONE. SREAK,
iR R G FE LIRS A B (Ding Tiping et al. ,2017) , R AR —HmBEAEFHFH FHE

Table 1  §"' Bsgy os; values for carbonate-associated fraction of carbonate rocks collected in this study, 5 Sixgs.s and 8" Ov_syow
values were mean values of chert bands,siliceous nodule and stromatolite from(Ding Tiping et al. ,2017)
FE 5 G5 Ak JZ=E = JE (m) AR (Ma) | 8" Beary (40D | 0% Simean (X0) | 6" Omean (X0)
JEY-4 R sLingl 7360 800 7.1
JX-58 WA s L2 7350 830 3.7
JEY-1 R LR 4 7340 860 3.3
JX-55 B&E A KA B 21 6980 1412 8.0
JX-54 BEAKE BRI 21 6960 1419 11.0
TL-3 BEA BRUA AL 6920 1433 7.8
TL-1 WK BRUE 21 6880 1445 5.9
JX-44 EPre) Z5 3 Ll 20 5 D 7 20 TR 6553 1472 7.4
JX-43* [F S Z5 2 1L 45 DU I 41 T90R 6496 1474 6.3
IJX-42~ Rz A 55 o L 21 5 D 7 40 To R 6439 1476 3.3
JX-40 SR AR Z A IR T Z5 o Ll 20 5 1 7 20 To R 6325 1480 2.8 26.4
JX-37 PR AL S IR A Z5 3 1L 415 DU T 41 15058 6210 1485 2.5 26. 2
JX-36 FERZ A = Zk 4L gl 4815 1500 2.4 25.8
JX-35* REFT SR A= Fk gl Al 4618 1503 8.7
JX-34+ RER A5 o FRINASE WA 4421 1506 10.1 2.2 25.1
JX-33 R A A A 4 QIR S A 4224 1509 2.3 25. 4
JX-32* FET 26 H = kgL gl 4027 1512 10. 3 2.1 24.6
JX-31 Hz= %5 FE IS W 3828 1515 5.2
JX-30* fER S5 o F R4 — 4 3810 1518 11.0
JX-28 A=A FH AN — WA 3668 1524 5.4
JX-27 RERT S = F kAL — Al 3597 1527 3.3 27.4
JX-26 REFT SR A=A FHR A WA 3526 1530 3.3 24.5
JX-25 FER A5 = F kI — A 3455 1533 2.7 25.2
JX-24* FET 26 = Z k4L — 4l 3384 1536 5.7
JX-22 Je i =& 25 3% 1L 4155 — 7 41 3310 1539 4.9
JX-21* fERR 450 o i B 21 TS 3180 1542 3.3
JX-20* RO 9 1 41 T 2910 1545 12.9 2.7 22.6
JX-19" TR 257 = & 15 T 255 D 4 TR 2473 1548 12.5 1.8 25.9
JX-16 Mz R TR = 1991 1557 1.0
JX-14 EPNIV &3 TS = A 1816 1560 0.7
JX-13 ISPV e T A = Al 1641 1565 0.8
JX-12 Mz R A [ A o A 1467 1570
JX-10 RN A DA TR — A 1182 1580 1.0 27.4
JX-9 REYCR ¥ap 3 TR — WA 1119 1585 0.6 27.7
JX-5 FET 26 H = TR — A 993 1595 1.4 23.5
JX-4 Tk & J2= A T A — R B 930 1600 1.1 24. 2
JX-67 HaA P L1 25 T35 510 1630 0.0

TE 10 DMREFUARN 1= A RERARIC R " .

QA AR/ A8 ot il PRk T2 . MR 8 K A 45 (1) Hl o
PR AR A RRAE o 55 = b 80 D 28 B B AT LAHERR
PORAL = DU B 32 202 b Vi IS PR 2 72 M8 <
BT 1 e DUUE T 2R 0 35 40 i BB iy, 32 28 4 45
SRAE RIS SR A H R R A SRR R DL
WA R B VI SRR/ S IRBE TS . #ok e
DURRBE BT W B Ak Z b B s A — &
IR AL AR LTS i T REEAL R Bl
F4 8 (Li Yanhe et al. ,1995; Ding Tiping et al. ,
2017,2018) IR P AU SI0, BB AU, T

UTTE T B IR R BE 0 0% Sinnsos [ B WAL, HIE
TR o DT R R R R BN Bz A T R
T SE T R TOVE Hh Bk BT 0% Sins s T R AK . B &
TUVEREFIT o7 03 80 00 385 0 T UE fk 11 07 Sinns s 15 78 W
Fhies s 5 J5 DUVE I fiE 0% Sipsos A H . P IL R AR
T IS TR 1 B vty AR AROK A 7 TR JB 2 1907 Sinis 25
B3 hy B2 A% 14 171 {8 (Ding Tiping et al. , 2018),
Ao 15 SR S 20 T RS WA IR LR S5 IR A
H & (BIF) [ 6% Sipses K H AL T — 2.0% &
—0.3% =z [a], JF 3 — 0.8%, (Li Yanhe et al.,
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. S JC AR R BLRCS H RE A A% ok T Al
1510 . SR WA L 3R I R I A R 2 A ) B B DURUE
) . . BURY S {H A BT 25 A1 AR WAE AR A PILB & &t s 1Y 2L
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------------------- f"’"""'""";%-%ééﬂ HAT B AR B AL 22 DU T
}{/[6;)) 52 ERBAETHZENMEMNEZAREER

Pl 4 ] L Tk S5 AR 1 2 e 1 B0 I 2 3% 4 A B B
JZ AL Y A A A 4T 3R LR A e L 4R TR L 3R 2E R
[ — il B A0 A5 1P B, & 0 B AR o — A R B AR
A (JX-36) . fit A KR 149 5] B (Ding Tiping et al. .2017)

Fig.4 ¢" B values for carbonate-associated fraction of
siliceous band dolomite in the Jixian section collected in this
study.6* Sixgsss and 8" Ov.swow values are mean values of
chert bands and open diamond is the siliceous nodule sample

(JX-36) from (Ding Tiping et al. ,2017)
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Fig. 5 Histogram of boron isotope composition of pristine

carbonate and siliceous banded dolomite

20100, X2 HATHIER & PLAY 6% Sisses (H ALK
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(E 4) ,Robert et al. (2006) 147 3 1 &7 5 ) 17 & 2
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(OHD,  JE 2k A 2o B R 26 % X — 8 WA 3R
/o M B R AV & 4318 (Klochko et al. ,2006) . Xiao
Yingkai et al. (2008) 7 51 K pH i [ 4 % JC ALk iz
AR DR A8 A 00 6] A0 R 2 1R AUF 5% b ke B B K
pH H B84k, RS2 BCOHD), . #4> B(OH), W
SB AR E T pH EMN 9.0 FEE 7.4, NGk
fR L BCOHD, 43 % 0. 08 ¥4 % 0. 3;pH {H#RAK,
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F. WMTEAREE R LI 10 R AW Ao A
FESY 0" BAE A A3 7E 3. 3%0 ~ 12. 9%, Z [d], 3y
8. 4%0s T MF 2 UK A 51 2 2 i 1 B [R] 37 28 4
WAL T 4. 9%0~7. A% 22 18], S5 3. 6% 5 ik ST 45
I 25 5 ) 20 2 i TR 36 1) o' B[ 5 3 i = (&
5), il RE S W IR M A5 10 T 2 AR 519 B(OHD,
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N 2 4 ) 2 JR TR T AR Y 0" B A pHE, AN IR
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W 3% 22 B3 (Walther et al. ,1977; Han Yinwen
et al. ,2003) , i R £6 B — S8 Ak RE VS fift /DT UE BH B 32
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T 23 e T 6 R 1) B 1] 467 28 20 B 5 0% A Ak TR) 0 3
AR (E O RN 7 5 R4 T - B
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Fig. 6 Schematic diagram of the relationship between
solubility of carbonate and silica and pH (Han Yinwen et
al. ,2003),pH=7. 8 is the precipitated pH value of calcite

and dolomite

pH AR ZE L5 # Y, Ding Tiping et al. (2017)
RGMEIE T B PR IE 0 R A0 S HAE SR 4 K 1Y
FE [F] 46 25 7 b 0 I s b %) A R L R BRE A BT
K F) 6 S 25 TH B R T o7 22 BLAE 52 1L 7B A2 4k
FE T A % & 1L 241 38 B i 5 % . Ding Tiping et
al. (2017) AR ATl o 3 rp oo oy AR, T 7K v | e ik
JE — AL TR RUIR SRR PR 32 252 A 2R MR T AR
H T Kl R AR A R [R) 32 3R Bl g 2 o AL =
WG AR AR A7 ) 0% St Ik Bl e (. ot
I — AN AR X — I 22 5 L AR Wi B T
T Ay 42 T A B 10 2 5 PR B R RS A WS
T P i R BIR A A — S B ) K A 27 A M
MR H 6% Sinns o (H IR AL — A BARAAR /N 1Y JE F
M7254k . Zhang Kan et al. (2018) X} &[] & % & & T
JEAL (1. 60~ 1. 55Ga) fil iR #h 47 ¥ J& 1 ¥ 4 1% M 2k
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Z MM B AR A A 8RR TR ER
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Abstract

Marine carbonate-dominated strata from the Jixian section, Tianjin, spanning from the
Mesoproterozoic to early Neoproterozoic, are intercalated with a large number of chert bands. Especially,
the Wumishan Formation is composed of thickly bedded dolomite intercalated with chert bands and is also
characterized by well developed sedimentary rhythm and biological activity. However., the mechanism of
formation of the chert bands is debated. We systematically studied the boron isotopic composition of
carbonate rocks and the silicon and oxygen isotopes composition of chert bands in the Mesoproterozoic
Jixian section. The 6" Siypsss value of chert bands ranges from 0. 6%,~3. 3%, (an average of 2. 2%,) , which
is significantly higher than that of the chemically precipitated chert from hot water environment, but close
to the silicon isotope composition of the marine bio-sedimentary siliceous rocks in shallow water environment. The
8" Oy.smow value of the chert bands is from 21. 7 %,~27. 8 %, (an average value of 25.5 %), obviously higher than
that of hydrothermal siliceous rocks, but similar to that of normal marine siliceous rocks. The boron isotopic
composition of pristine carbonatic rocks (dolomite and dolomite limestone etc. ) associated component
ranges from 0. 0%,~11. 0%, (an average of 4. 8%,), which is obviously lower than that of modern marine
carbonate. The 8" B values of siliceous banded dolomite samples from Gaoyuzhuang Formation to
Wumishan Formation are generally higher ranging from 3. 3%, to 12. 9%, with an average of 8. 4%,. Under
the acid condition, decrease in local pH would result in more BC(OH); with higher §"'B incorporated into
the lattice of carbonate minerals and an elevated ¢ B¢ in carbonate phase. This indicates that siliceous
banded dolomite may have formed in a local acidic water environment. Combined with the correlation
between carbonate, SiO, dissolution/precipitation and pH, this study suggests that siliceous banded
dolomite was a synsedimentary bio-chemical sedimentary origin of chert bands in Jixian section.
Mesproterozoic seawater had a high concentration of SiO, and was basically in a saturated state, with a
high Mg/Ca ratio. Biological activities have become an important factor affecting the marine environment.
During the flourishing period of biological activities, a large amount of organic matter was deposited at the
bottom of the sea, resulting in rapid decreasing of pH (e. g. . pH<(7. 8) at the seawater-sediment interface
and increasing of the solubility of dolomite and other carbonate; on the contrary, decreased solubility of
Si0O, led to saturation and this gave a rise to the precipitation of silica and form chert bands/lenses. In the
weak period of biological activity, the pH value increases to the normal level, with the solubility of SiO,
increasing and the carbonate solubility decreasing, resulting in precipitation of carbonate such as dolomite
and others. The periodic change of biological activity resulted in the formation of striped rhythmic layer of
dolomite and chert. The boron isotopic composition of siliceous banded dolomite reflecting 6''B and pH of

local fluids does not apply to deducing the §"' B composition of sea water.

Key words: Proterozoic Jixian section; siliceous banded dolomite; boron isotopes; silicon isotopes; pH
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