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EREERZ Rl 2 B X i A ML JZ R B R R e A Y
B B bR AL 2 T RL ] 55 ARG R R A5
Mozley(1993) A fii 1E 19 8" C fHAE F = % A 24
3, A7 AL B ST R T A A 4 o B R R 4 K R
P R AL R A AL AR A T A = A TE IR
A ) T J5 ff A 822 BB . B TR ALK
O ST Sr/* Sr A Tz W Y T 45 408 UL i A
G AH S5 KA A 1 2 A1 E R (Ander
et al. ,1991; Hudson et al. , 2001; Loyd et al. , 2012,
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Fig. 1 Typical section of Chang 7 Member of Yanchang
Formation, in the Tongchuan area, south of Ordos basin,

showing the concretion distribution
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Fig. 2 Photos in the field and under the microscope for the carbonate concretions in the Yanchang Formation of Ordos basin
(@) — % EEHI 2548 (bwz-c-7,bwz-¢-8) 5 (b)—bwz-c-6 1 E B A5 (o) — Fi EJEFH 45 4% (bwz-c-2) 5 (d)—bwz-c-2 B Y 1 5
(e)— i LA 458 (bwz-c-3) s (D —bwz-c-1-1-1 Bi F A 3 (@) —bwzc-1-3-1; (h)—bwz-c-3 HARZ 0. 5 mm Y [ FE 0k

(a)—concretion (bwz-c-7, bwz-c-8) in the section of Bawangzhuang; (b)—gastropod fossil in the bwz-c-6; (c¢)—concretion (bwz-c-2) in
the section of Bawangzhuang; (d)—cross section (bwz-c-2); (e)—concretion (bwz-c-3) in the section of Bawangzhuang; (f)—the photo

(bwz-c-1-1-1) under the microscope; (g)—bwz-c-1-3-1; (h)—round particles with a diameter of about 0. 5 mm in the bwz-c-3
HafhE: o E KM U A s A8 E. AN TR 45 A% B 14 22 U A R S 3R O B 8 s 1
T A8 2 = A £ B2 B KR Mg/Ca.$h /BN R 5 R K AR AR TS e (Fork et al.
JBE B BT RE BN Bl g A A e R — S T 1975; Talbot, 1986) .
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Table 1 Carbon and oxygen isotope data of concretions

il TH 25 % UK 4 5 J2 HURE AV oy 818 C(%,, VPDB) | 8 O(%,, VPDB) | i JE(C)

bwz-c-1-1 K7 | RiEgRRE PR 045 T 25 % 13. 705 —11. 931 38.3

bwz-c-1 bwz-c-1-2 K7 | KRR SR A0 A T 5 A% 12.177 —12.101 39. 2

bwz-c-1-3 K7 | Rt SR T 45 % 12. 692 —12.618 12.0

bwz-c-2 * K7 L& PR A4 [ 25 9.270 —12.767 42.9

bwz-c-2-x-1 K7 3 TBOK A5 5 T 25 1. 213 —17.187 71. 4

bwz-c-2-x-2 K7 [# 3 SRR A0 4 5 45 4% 0. 420 —17. 427 73.2

bwze2-x3 | K7 3 LR A5 ST 4 1. 164 —17.150 71. 1

bwz-c-2-x-4 K7 3 DRI A6 B I 8 A 2.522 —16.938 69. 6

bwz-c-2-x-5 K7 E 3 Ly SRy 12. 266 —13.319 16.1

bwz-c-2-x-6 k7 % 3 SRR AR A [ 5 10. 788 —13.155 45.1

bwz-c-2-x-7 | K7 A 3 SR A5 S 45 A% 9.984 —12.403 40. 8

bwz-c-2-x-8 K7 3 SRR 045 [T 25 ¥ 10. 634 —12.817 43.2

bwz-e-2-x9 | K7 3 A S 45 A% 11.105 —12.979 44.1

bwz-c-2-x-10 K7 [ 3 SRR A0 485 JoT 45 4% 10. 887 —12.951 43.9

bwz-e-2-x-11 | K7 3 PR B4 T 25 10. 714 —12. 860 43.4

bwges | PYEeExIZ R T 3 SRR 5 R 45 1% 12. 096 —12.613 42.0

bwz-c2-x-13 | £ 7 [# 3 SRR A0 AT 5 45 4% 11. 570 —11.545 36. 2

bwzc-2-x-14 | K7 & 3 Y/ SR TE 13.012 —10.073 28. 6

bwz-c-2-x-15 | K7 3 TR AL AT T 25 % 4. 745 —15. 589 60. 2

bwzc2-x-16 | K7 & 3 SRR A0 AT 5 45 4% 2. 304 —16. 843 68.9

bwz-c-2-x-17 K7 [# 3 SRR A0 4 J5 45 4% —0.594 —17. 485 73.6

bwz-c-2-y-2 | K7 3 B 65 T 4 A —0.082 —16. 075 63.5

o bwz-c-2-y-3 K7 3 SRR 455 [T 25 ¥ 3. 805 —16. 236 64. 6

BRI bwz-c-2-y-5 | K7 3 A i 45 4% 12.676 —11.958 38.4

bwz-c-2-y-6 K7 [ 3 SRR A0 45 J5T 45 4% 10. 617 —12. 868 43.5

bwz-c-2-2-1 K7 3 LR A SR 45 A% —2.102 —17. 865 76.5

bwz-c-2-2-2 K7 3 SRR 855 T 4 14.189 —11. 048 33.6

bwz-c-2-z-3 K7 & 3 IR A0 A 2 12.116 —12.332 40. 4

bwz-c-2-2-4 &7 I 3 BELIR 055 T 45 12.122 —12.780 43.0

bwac 3 bwz-c-3-1 K7 | RiEdibriE ) 0,575 [ 45 % —1.005 —18.077 78. 1

bwz-c-3-2 K7 | RIEEIARE | KB AFE O 545 —0.795 —17. 870 76.5

bwz-c-4 bwz-c-4 K7 | RiegbriE T B0 45 T 45 1. 267 —13.998 50. 1

bwz-c-5-1 K7 | Rt LR AR AT T 45 % 9. 270 —13.396 16.5

bwrcs bwz-c-5-2 K7 | RiEgibri LR 0,55 [ 45 4% 2.357 —16.796 68.5

bwz-¢-5-3 K7 | KRR SRR A0 AT 5 45 4% 3.750 —16.721 68.0

bwz-¢-5-4 K7 | RUrgIbREE SR 655 I 45 8.580 —13.518 47.2

bwz-c-6-1 K7 | KRR b2 HRAT, T 45 % —3.274 —18. 297 79.8

bwz-c-6 bwz-c-6-2 K7 | RERE 0B A 5 25 % 1.439 —16. 542 66.7

bwz-c-6-3 K7 | KRiEMbRE 5 5 25 1% 8. 861 —13.294 45.9

bwz-c-7 K7 | RUE4bRTE SRR 5 I 4 6.599 —13.575 47.6

bwz-c-7 K7 i TS PR 555 [ 45 4% 11.4 —14.2 51. 3

bwg-c7 bwz-c-7 k7 TR PR AL A5 1% 10.977 —14.513 53.3

bwz-c-7 K7 s BR85S 9.070 —14. 627 54

bwz-c-7 K7 JKHB SRR A0 45 JoT 45 4% 10. 546 —14. 707 54.5

bwz-c-7 K7 i LR A0, 45 I 45 A% 11. 600 —14. 000 50. 1

bwz-c-8 bwz-c-8 K7 | REMIRE TR BB AG A 25 % 2. 440 —15.014 56. 5
njh-c-1 njh-c-1 K7 | RiEgitrid PROK 555 T 2 —4. 490 —15.529
xR | njh-c-2 K7 R SRR A5 5 T 25 A% 13.223 —9.253
P hez | k7 % LR 5 5 A 12.576 10,116

e x bwze-2 HRREAL R AL R TR bwa-c-2-x-7,
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Fig. 3 Distribution map of carbon and oxygen isotopes in concretion (bwz-c-2) in the section of Bawangzhuang

(upper one is horizontal cross section, marked with x and y directions respectively; lower one is vertical direction, marked with 2)

) 8" C(VPDB) }y — 4. 490%,, 8" O (VPDB) 4 [F] {3
FME A — 15.529%0, njh-c-2 1§ & C (VPDB)
12. 576 %~ 13. 223%0, 8" O (VPDB) 4, [5] fii £l N
—9.253%0~—10. 116%0, 5 I &1 11 25 4% sk« &[]
I F 43 AT 45 S 3 R AE 2 sk TR A7 R AE R 1B, 87 C
(VPDB) 3l — 3. 274%, ~ 14. 189%,, 8" O (VPDB) &
[ Z A8l — 18. 297%0 ~ — 10. 073%0 » £ 25 1 1 A~
[ BB Bk [F) 407 28 {H 22 5 K (B 3) . M ik o B &
RE Gk AR R SCHNE =SSR PR
1 T A AR Al L AR TR 7 3R (8 C ffL: — 0. 5% ~
+3.0%, 8" O {f: — 3. 9% ~ — 0. 6%, F1 Bt B {4
BV C:+2. 5%0~+3.5%0, 8" O {H : — 4%~ —2%0)
Lo s ST 28 8 2 67 O Btk ) 457 2% 58 20 O R
Te S LA = A o FE 2 53 0 58 23 T0] 30 T8 45 A% R
M S DA i A0 o 35 R 43 1 5 ) TS5 A Tl LR
[F] 5 25 34 st 1F .
3.3 ERBRMAERSE

BRI R BT HAF R ER L F AT R, )12 B

JH T 65 AF 122 22 A RO IS AR AR L 1L s B
A TR SR AR A S e AR EE DR AN T AE RO
A A AL A B DX A3 B S T L R K IR 3 L A AR
A % X £ 40 3 ( McArthur et al., 2001;
Wierzbowski et al. , 2012), /K B £8 5] 2 4,
2 A7 e R RN R PR S SRR R B B ST TR R R
H K iy 2 A UGB %7 Sr /% Sr (1 & BROT- ¥
0. 7119, 8 JER F 2R R R RS G IR K
Wr 2 A OC 1Y B4R AL A 48 A, ST Se/% Se o B
0. 7035, A7 17K Hh i 585 1 K rb i SRR IR B R
] o VAT 381 7K A7 Sr /%0 S B i F i K an BEAR I K
[9°" St/ Sr FLAE A 0. 709; o] 7K HF A Se/% Sr Ay 0. 711
(Wadleigh, 1985), LA & ] /9" Sr/* Sr F # {4
0. 71171, et [E 7 b 35 P & T3 Sr/% Sr {f 0. 711721
~0. 711508, &% 3 W[*" Sr/* Sr 3 0. 709960 ; 1) i 745
3 b BE 340 1568 T8 4 0 Tl 5 A b — BB 4 O R L A 1Y)
Sr/*Sr WA K 0. 71121 ~0. 71168, F-44 0. 71146,
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U VU BE 2 A4 5 SR A £ R fh ™ St/% Se g 0. 71118
~0. 71184 ,°F-34 0. 71151, Jafdb e ] v ) o it 2
S TR A AR TUAR W b A L HURE B 597 Se/* Se FE A
4 0. T11190~0. 712018, H [E30 R 25 3 2L R T A
LAARRZIE 41 8 K 5 Sr/™ St {H ) 0. 71321 (Huang
Sijing et al. , 2001, 2002),

RIRHFFTIEIT bwz-c-2 458 #k 47 B[R v & 4y
Br(3 2),%Sr/*SrffH 0.711222~0. 711594, -1y
{H M 0. 711382, F1 P8 J2 4 & 7 St/ Sr{H % 1= 1 14 18
JERER B T =B OR BRI K Sr/* Sr o
YI{H (0. 7077) (Huang Sijing et al. , 2001, 2002),
55 b SR PN 5 ) 7 R R s B R R A R B
e IR . i REASRBRR AL R e B R ) A R
{ELWS (=7 » 1] RE R T SRR A VR A BEAT AT AL BER
AR 3 O 1A A 5 pH A Y R 10045 (D
ek TR o ¥ ik ' PR 1 A A9 0 S P S R 88 By A e 4
[F) 157 2 U AR In

K2 BIERRERMESWER
Table 2 The analytic results of strontium isotope for the

samples in Bawangzhuang

FE it 2 5 =2 A FaRis 87Sr /88 Sr +o
bwz-c-2-x-11 | =& % WIRE A | 0.711365 0. 000002
bwz-c-2-x-13 =& R [divE = 0.711594 0. 000004
bwz-c-2-y-5 —&AR WEREh S | 0.711345 0. 000005
bwz-c-2-z-4 =BR [ 7E = 0.711222 0. 000003

-2 {8 0.711382

4 WRIRER A SRR R O X

4.1 ERHERMNESHALGEREITE

AR 2 A K 2 AL B R A% (B 4 [
PR I [l 28 Ak, 3 2 [R) 17 2% 1 FL A A5 ok 1) 4
L2 R X5 F 5 A RS 8 TR . R R -
Py i C- O 2 EEXT P 1 A A R B B A UK
Tk X B¢ TR b A [ 57 25 (A4T) T SE AT i E B A K
P oty T o T Al R R ) 2B K I T AR (KO
RN 8" O) s AL A A47 FIT- P 87 O, S
Ik B E A K AR R 8O (Eiler, 2007),
i 1) Bk 12 6 1) 552 T) 52 28 T K 42 1 sk 1 6 1 2
KIBEMERARN "0, B8 H R mER &

JEWRIE B TR £k 5 e A TS5 J7 )3z i ] (Dennis
et al. , 2010, 2011, 2013; Eiler, 2011; Ferry et
al. » 2011; Lechler et al. , 2013; Loyd et al. , 2014;
Wacker et al. , 2014),

IR Z 22 F W 50NN QR AR 8 4R 15 B TR #h e &
FERUE i A ) TR A 2R 0 AT AR O R 3h
W B IR . 0 Friedman et al. (1977) B 45 H7 AR
RHE T 5 A CE s A1) R I AR 18 4R TR 4 2618
5 AE (E =55 TUTE M i il B2 0% of B0t 26 e 15
th A 480 2 20 Bl TR BB T i A0 CE s ) A
PR . AR A JE T A4T IR B R AT B 1 ik R
AR B B R A5 A DR T AR R AL R L AT
DAL S ol i A iy A R L R

1000 acicite— 11,0 = 2. 78 X10°/T* —2. 89 (D)
3" Oyater = 8" Orateire — 1000 nctcutcite—warer ~~ (2)
3" Ov_smow = 1. 03091 8" O pps + 30.91  (3)

B T = 333.4215669 K #F A J5 # (1) K 15
1000Inacaicite— warer = 22. 11675963

¥ 8% Oatciecv—rosy = — 18.36288319 5
1000Inateytite—waer = 22. 11675963 47 A 5 2 (2) Hk 15
0" Outercv—pom = —40. 47964282

8" Ovucercv—ppy = — 40. 47964282 #H7 A (3)
K% 8" Ouaercsvow) = — 10. 82086858
s 0 Ouace 9 J5 18 A1 B SRR 2R AH 5 8"° Oppver
ERARR R R AR T AT 50 (K

AU FE 0 B I bwz-e-2 458, #EAT
THRFNML R (F 3, bwze2 FES A47T H R
0. 633, HHTE R L (E O 42. 9 CL IR AT Rk
12 £k A 6 Ak 2L SCRik Cui et al. s 2019a,

4.2 BBHREEZABK . ERVLRFLE.HEE
T

i 25 bwz-c-2 B, i B BR AR B
1225 62 cm, 552 50 cm, JFHE L 20 em, LA A
Sy BRURES VI E b B 43 v B Y 1 2
IR R B RS ER A fa R B SR A R A
T 5 HMHB B JZE S A JR R LK PR 38 K 8 i AR
Wk s 768 HM R BB 2 5 U X, kB W I i A% 1) 24 S0
Vs L) SN PR 2 R K BE N R A T R A

®3 ERERBUERSWER

Table 3 The analytic results of oxygen isotope
dBC/1EC 8180/ 0 A4T-WE AAT-AF A47-RF corr t(C) 38 Oyarer (Y0 » SMOW)
NB4-1-SA (i #f) —1.422 —8.543 —0. 484 0.483 0. 474 91. 6
bwz-c-2 9. 270 —12.767 —0. 335 0. 642 0.633 42.9 —7.993
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A R A S A R .
4.2.1 4% bwz-e2 AEHUBEARMEHFE.&
BETWK

T IS A% AN ) B A5, A it 2R AT Bk SRR 8 2K 43 BT
AR 8 C(VPDB) 8" O(VPDB) i % % K.
S B2 R R A % B 1E . 8 C (VPDB) H
9. 98% ~ 14.19%0. 3" O (VPDB) ff — 13. 32%, ~
—10. 07%,, & A B 1 1 A5 fk i e S ER 1 2 87 C
(VPDB) 18 4. 74%0 ~ — 0.59%0, H W 1 #p, 6% C
(VPDB)E 20, L Z Bl . 8" O(VPDB) {f —
17.86%0~—15.59%,, AL AR B (K 2), fik
[ A7 28 1L PN J2 55 90 )2 A 0 10 I R o i o 388 7 O
AT B 1 380 7 B o TR 114 39 3 32 0 A AN X I 1 HR
e 2 i 23 BRI 7K A v sk R A AR B ik [m] o7 % i L 1Y)
i J3E 23 W AR O 32 W 1 A R A T B 2R o B (1 4D

MR bwz-c-2 FF &l (1 75 [6] 7 R 43 B« SR A5 7y B
SN EN TR PR i e 3 NI IV = T )
TE Bty T E S 45 % P B R 2 T s TR 28,6~
46. 1°C A ER B ZIE B ik 32 o 60. 2~73.6C
4.2.2 Z#bwrc2 AEABUMRBEERLEE

fEHREZL

R T IR A% A R A By 5 25 S A
Ay BT 8 FE FE S bwzc-2., bwz-c-6. bwz-c-7
SAGERITR T HOE BRI C.O LR .

58 bwz-c-2 A [A] A7 i B P B i bwze-2
PR Jbwzc 2GR 16 bwz-c-2 (h ) 4> 347
T = ANAS )R S8k O (R 20 43 ) 1) 380 Bk S TR A 3
BT s i 4[] A7 28 (B A8 Ak R K 1k 58 0 3 B 43 Ol ok

AR AT, ARMRE FhesE
§"C(%0) §"°0(%0) CH. (%)

4= ) i I s Biodiagenetic zones

47°C .44.1°C .48. 5°C AT —Fh BUA F B9 1 ik B8R 1L
TORAER . bwz-c-2 GHED 2 M HEAT T 3 AR K
S3HT s B AR 2R (B AR AR AR AR R L R A = A
B % fH X A — 14.438%, ~ — 14.1315%,
—15.964%0. —18. 216%, . B[Rl FHHA =~ B
B X 8], 43 5 K 2.256% ~ 2.828%0. 5.311%, ~
5.251%0.7. 874%,~8. 95%, , 5 1 i B {8 48 4 X 7]
4 50.9~79.2°C,

TE bwz-c-7 Z5 W HCRE i SR 2R AR fB R K
HE AR EEIEE N 56.2~58.5C, bwzc6-2 £
T A N TR VA =W iR (VA o el C P (E R AR £
AK.

4.3 mEBHEEZKETIR

FRAE AT I 5 A2 R R ORI 22 1 34T VB
NN BB JR 22 1 725 b B % i F T L B O AR T 7
WZ A A LT DU R A5 A%, 87 C 5 BN IE R
A RESE & B AN T 2 5 00 B b A PR S 50
F ot T 1 30 5 | A2 A AL BBk [ o7 22 4010 (BT 4L 1 5D

BRAE FSR A LA SR A AR BR RN A SRR =
TR A2 A S B[R] o 38 A9 VA8 32 22 5 P R IR I i 12
HIE : OBk [ 2 28 e, B CO, SR 5 45 Bl 7 Bk 1R
D 1 22 (6] 4 e [ A7 3% 3¢ 4 s g fofF sk iR 6 ' 4R
PO, Rk C T EEEmN SN LG Y,
Bl CH, (¥ C % 5 #1) > C—>CO—>CO,—>CO;* (" C
% & ) (Zheng Yongfei et al. , 2000); Q4 ¥z 1
SN B R B CO, 2068 1 A W L IR
Jei A W BE T i B G, 28 SR MK 0 A LR e A P
(1 —FB 43, A B BB R AR A R . Bk TR

21 14 %A ftBacterial oxidation /

CH,C00 +0,—HCO,+H,0 (D

7
I P 2 138 J5 25 ,’I
Bacterial surfate reduction — /

CH,COO (3"C-25%0)
HCO, (8" C-25%o)

CH,CO0 +S0,” —»2HCO, +HS @

g temperature and depth

41 7 B E(COLIE J5)
Bacterial methanogenesis
Y (CO,reduction)

T AR 4

Incressin

<

HCO, (8"C =0%0~—25%0)
HCO, +4H,+ H' -»CH,+H,0 © /N
) CH, HCO,
(8"°C=50%0~—100%0)( & "C)
CH,COO + H,0—CH,+ HCO, @ (;‘/H;C\OO (3"°C —25%0)
_ CH, HCO,
(8"°C=50%0~—100%0) (&"C)

Abiotic thermocatalysis
(decarboxylation) /

A gL (B ; 7 (

~25--10 0

« i F FE i 45 %% B A (Samples of concretion from Bawangzhuang Section)

CH,+ SO,”~HCO, +HS +H,0 ®

]3| 1 45 #% B i (Samples of concretion from Niejiahe Section)

Bl A AR A Y Bk 4T 2 3 5 A OIS Il 9l Talbot, 198619903 Mazzullo, 2000)
Fig. 4 The characteristics of carbon and oxygen isotopes of different zones (after Talbot, 1986, 1990; Mazzullo, 2000)
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| SRR BT BT DL 5 0 (% I
o | S5 bwz-c-2 R 3R AL RE S AT TOC CA AT BLE
2 10 | L SIHT (2 4) L B B B2 A 1 81 TOC 5 it
2 ~12J i ° : BN (bwz-c-2-x-9 #£ & TOC {f 2. 67 % —>bwz-c-
_14;1LWDJ:L>§<IEL«X/);:§[J1L; o .’.Q..: 2-x-6 B TOC A 5. 96 %) . 254 4P 18l JZ M 1]
N carbonate | . .: S . A TOC F 5 i 2 38 in (bwz-c-2-x-4 ¥ i TOC
yFTL . {5 2. 66 % —>bwz-c-2-x-1 £t TOC {4 6. 10%), fH

N ST o v 5 57 C HCR AW & R E T — SRR,

B L (/5) s 20 £4 BREFAWABIANIBE bvr-c2 HHRE

BS54 Hb DX 25 A% s 4R 2R 43 A 18 OIS B4 Trwin, 1977)
Fig. 5 Distribution map of carbon and oxygen isotopes

of concretions in the Tongchuan area (after Irwin, 1977)

fL R AL 5 PR PR 5 v A2 B DDA ¢ W C AT L
Jo 1 5 P AR AR KIS S AR CL g CO, A
VT — R R e 28 AR SR 2 K B A 2 e
Gk 8 C Ry A8 A, % ) T - 5k 23 ) T Bk TR
R A AL R 7] 107 2 1E Al AT RE -5 7 Y el Ak AR g
I 5 A B AR PR A G .

) A B R R DT RR A sk ) 62 3R {10 72 1 32 18 7K
Hh VS AL ARG ] 32 3R 2 LA B i HL i (TDIC)
5k B2 #h U0 VE BT W) Z 8] o3 1 R0 B 4 ] (Le
Guerroué et al., 2006; Wang Chunlian et al. .,
2013) 5 M Ah  H 32 K A i 30 B R VTR B AR IR
JEA A AW T LA B oK A 5 3k IR #h ) =2 1) 114 ik
IR ARG . — Ok U, Fh T 87 C (Y R,
KA EERG I, 8% C BRAR, sk FUE 5 261 T 67 C [
10 A= W A AT fiE 8" C A8 %% (Zheng Yongfei et al. ,
2000) . AN Bk 7] A7 2K 36 52 W A B IF ) L C
FAT BIL BT A 480 8 DL B B R B2 5 R ( Mlckenzie,
1985) o ik [m o 2% 4 AL 52 Tk BE 228 A0 52 Wi /) o i JE
EF 1C, A i 0.035% ( Drummond et al. ,
1995; Arenas et al. , 1997; Leng et al. , 2004),

5 UCE W AT B A O ARk IR R T ) LA R
FRY Btk [ 57 2% 2 8 » i 40 ST L TR 3 oy T A g
A CO. 19 8" CAEARRL R 0%, — 2500 Fl—15%0. 5
ot R R IR T HY e DR 4 S A A T S i 3k 5 4L 2
A 48UV WA AT G A ik R R 7 k) 07 3R S AR &2
sRALGUN s A CO, B C mEE LA R,
8" CAJ 3K+ 1590  F-45 31 41 581 1 FH AR 48 552 30 79 ik 52
77 H b ot T AT Bl ] LA S R AR L 5Tk R) o 3R

#BAL TOC 1T &5 R
Table 4 The analytic results of TOC in different parts of

concretions from the Tongchuan area, south of Ordos basin

BEgS | TOCY) | 8B C(%) | #BEfhdS |TOCCY) 8% C(%0)
bwz-c-2-x-1 6. 10 1.21 bwz-c-2-x-5| 2.55 12. 27
bwz-c-2-x-2 4.02 0.42 bwz-c-2-x-6 | 5.96 10. 79
bwz-c-2-x-3 3.25 1.16 bwz-c2-x7| 5.75 9.98
bwz-c-2-x-4 2. 66 2.52 bwz-c-2-x-8 | 2.49 10.63

bwz-c-2-x-9| 2.67 11. 10

ek 2 5 M 3890 A e R 25 4[] A7 2% 4 o ) 7L
6oy R RS AT E 1CL, 80 fE
&A% 0. 24%,(Talbot, 1990; Li et al. ,1997). Jifk
S ) 07 28 201 O T T A VS S Ok VR AR TR 1A% 11 — Fh
WAVRRAE . K7 DORRET 0T, 5 1 ) [ il | b 723 3
WK ER A2 R E KK TR AAE A B R
29 30 m Hb )23 i 2LPRU Y 156 )2 22 K- K 9 1) ¢
KA JZ(Cui et al. , 2019b) . ZEMW BRI W H = A
R AR B K

MR IE DT 9% iR 20 A 45 B (Ren Zhanli et al. ,
2017) BRIR 2237 A Mo - 349 oty bR B B Oy 2. 93'C/100 ms
J& TR iR S . AR R TR A I A 9 4
A% P9 B2 T e R R 29 7E 970~ 1570 m A2
A5 S0 P 2 R T YR K 2 7E 2000 ~ 2500 m
(6,

HRA 1T 3 43 A7 K 7 DRS00 K AR 35 L 1L
T Rt & A HUTR DU & A DL A 76 BUA i
FEHp YR RS R E 2K HE B T & B 7
Hoe iy TR A AR Bl & T AN B AE TG SO, A JFUER
B2 T o AT BILTT o R A TR A0 267 R 6 o ol B Ak 1Y)
HCO, gHEERME. BT RA ML/, 1T
JKAR XE . Ab ok B9 HCO, #% 2, 46 K £ 8
HCO, J& e & 1 A Pl it & & F &0 A i 1y
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Fig. 6 The burial and evolution history of the strata and genetic pattern of the concretion in the Tongchuan area

HCO, ™ Fih )2 i Ca®" 2545 T8 W T Bk IR #6 5 45 %
PN B2 S i B B LA WL 4 00 20 Ak B B, A R
A LT ] A1 T A Al B 58— A B B X — R AR A
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FELLIG WA AN FE L BT LAIZ B B O i A (25420 k[
L2 {H 7R AT DL OR 5 LT BB 1 Bk [R) 7 2R AIE
SYC(VPDBMERAELE 9. 98%0~14. 19% £ 47, K A+
T BERAR L 8 O (VPDB) fH — 13. 32%0 ~ —10. 07 %0
T RE 28.6~46.1C, — AN H e oy i AT 7E 5
~A5 CYE B N A7 % - 16 35 CHl e MG k. PRIk, i%
By B A= AU ORI R R B S5 N
S5 A5 I A IS S R A A 0. 3204, SR 5
MR —%. ERAELKRM, GHANAE K
BV B W) )2 8 T TS 3 (Ren Zhanli et al.
2017) , Hb 2Pl BE 2 1000 m, G5 R W74 T K
VA Y B R N 2 B TS 3 T R 4R A
e, b e 2 & AR RROE TR R E 2000 m A
A i T e VR T R AR AR R 2R
CO. TR KA T A8 Ak B T B 3 e s 7 7 40

LER ) Al b 25 B A T R A T TLTE S 45 A2 AN B
HK L TE RS 4 40 B 2 L 8 O(VPDB) B —17. 86%, ~
—15. 59%0 . & b IR R 60.2~73.6C,

5 ZHig

(1) S/ 22 38 75 M B ¢ A 11 3t DX 7 3 = 4
W S P R 2 e PR 2R R 25 A S5
ST R A FI 2 A1 BRORE L 4 RER g3 BROREER £ A7

OO 7T MZEHIRTCE P (A RGO 6"
CHIRHE T =F ik 6" C py 2 1bE [l . 5 JACTIM
P TG A2 T T M A0 i A TR UL S 56 CO, 7= 49yl B H )
91 C i R A A B A — 2l BB 5 7 e o B AR
YA B 51k Y R e 2 A 5% L R Eh 25 B P T
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Abstract

There are a large number of spherical, ellipsoidal and oblate carbonate concretions in the sequence of
fine sandstone, siltstone, argillaceous siltstone and silty mudstone in the Chang 7 Member of the Middle
Triassic Yanchang Formation in the Tongchuan area, south of Ordos Basin. Macroscopic description was
carried out for concretions in several sections in the Tongchuan area. On the basis of thin section
observation, rock and mineral composition, stable isotopes, cluster isotopes and micro-area isotopes were
analyzed. In particular, one concretion was selected for detailed anatomical studies. The results showed
that the concretion was composed mainly of calcite and a little dolomite. The inner structure is different,
which is divided into two circles on the cross section of the sphere. The carbon isotope value was positive
and decreased from the inner layer to the outer layer. The variation trend of oxygen isotope is consistent
with that of carbon isotope, and the variation range of the concretion formation palaeo-temperature range
was 28. 6~76.5C. The formation temperature of cluster isotope in the middle of parts was 42.9°C. It is
believed that such nodules are formed by the early fermentation zone bacteria participating in
methanogenesis, and the activity of methanogens causes the organic carbon isotope fractionation, and the
calcite and dolomite spherules in carbonate nodules may be the result of calcite or dolomitization of
cyanobacteria cells. According to the burial history, it is believed that the nodules were formed in the early
stage of diagenesis and grew superimposed in the later stage of diagenesis, with obvious concentric ring

structure.

Key words: lacustrine carbonate concretions; carbon and oxygen Isotope; clumped isotopes; strontium

isotope; methanogenesis



