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hydrocarbon source rocks due to their high organic matter contents. The Biluo Co section was chosen as the
research target. Based on paleontological stratigraphy and by analyzing the total organic carbon (TOC)
contents as well as variations in carbon and oxygen isotopes, this study discussed the spatio-temporal
distribution patterns of carbon and oxygen isotopes from the black rock series of the Bathonian-Callovian
stages ( Middle Jurassic), and the characteristics of the paleoenvironment and paleoclimate during this
s 0°C
between —24%0 and —26%c0, —4.819%c¢ and 2.323%c¢ ( mean values of —0.659%0), —13.96%c and

0.66%0 (mean values of =7.37%0), respectively. According to the global carbon isotope correlations,

period. Results show that the TOC contents range from 0 to 1.5%, 8"C and 80 values vary

carb

the negative inorganic carbon excursions in the early Bathonian is associated with the enhanced terrigenous

input triggered by the Early—Middle Jurassic regression event. The positive shifts of §"C_, from the Middle
—Late Bathonian to the Early Callovian correspond to the event of a substantial surge in marine primary
productivity. During the Callovian-Early Oxfordian, a widespread positive carbon isotopes anomalies and
high TOC contents of shales occurred in regions such as the Qiangtang Basin, Saudi Arabia, Paris Basin,
and Polish Carpathians, which shows that the organic-rich black rock series are closely related to large-scale
marine transgressions and primarily driven by the increase in the burial flux of organic matters under the
backdrop of global sea-level rise. Moreover, paleontological and petrological characteristics, and redox-
sensitive proxies (e.g., V/(V+Ni), V/Cr, Ni/Co ratios) suggest that the black rock series deposited in
a relatively reducing sedimentary environments. This study highlights that the carbon and oxygen isotopes of

Middle Jurassic black rock series have the global distribution patterns influenced by multiple factors,

including redox conditions, sea-level fluctuations, burial dynamics of organic matters, and so on.

Key words carbon and oxygen isotope, global correlation, sea-level changes, black rock series,

Middle Jurassic, Qiangtang Basin
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Fig. 1 Simplified structural map of the Tibetan Plateau (modified from Liu et al., 2016)
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Fig.2 Tectonic division of Qiangtang Basin in Tibet (A), strata distribution (B) and comprehensive stratigraphic
column of the Jurassic in Biluo Co area (C) (modified from Wang, 2006; Ma et al., 2017; Xue et al., 2020)
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Fig. 3 Field photographs of the Middle Jurassic at Biluo Co section in Qiangtang Basin
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Fig. 4 Comprehensive stratigraphic column of the Middle Jurassic at Biluo Co section in Qiangtang Basin

(modified from Chen et al., 2023)
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Table 1 Geochemical data of the Middle Jurassic black rock series at Biluo Co section in Qiangtang Basin
By R GS ik 10 7Ch; Oy STO M LY s L SvBa RbK B/TE
/% /%o ,PDB /%0 ,PDB /%c,PDB /ug-g™' /pg-g™! /ngeg! rere
#  BL-30-3 M T 1.55 -26.193 0.350 -5.54 387.23 524.68 0.74 0.38 6.13  0.008 0.273 856
H BL-30-2 VIERR Y/ & 0.90 -27.102 0.570 -6.53 387.23 591.82 0.65 0.38 6.30  0.009 0.437 939
b BL-30-1 M A 2.88 —26.156  0.732 -5.18 232.34 427.06 0.54 0.53 335 0.011 0.234 1274
BL-29-4 KA 1.38 -26.074 0.196 -6.76  309.78 397.69 0.78 0.66 2.55 0.010 0.109 1557
BL-29-3 RO TUA 1.02  -24.489 0.774 -6.27 232.34 421.70 0.55 0.39 3.95 0.004 0.046 1068
BL-29-2 ey &= 1.01 -26.533 0.008 -5.85 464.67 433.43 1.07 0.58 293  0.011 0.208 1477
BL-29-1 M 1.43  -26.135 0.509 -7.10 309.78 368.69 0.84 0.42 3.58 0.006 0.052 1029
BL-28-2 o IR R 0.79 -25.637 -0.719 -4.80 619.57 413.92 1.50 0.6 2.65 0.013 0364 1563
+ BL-28-1 M 1.30  -25.889 0.241 -7.18 309.78 378.30 0.82 0.69 2.31 0.007 0.076 1639
i BL-27-2 g 1.90 -25.963 0.176 -5.70 309.78 348.64 0.89 0.80 0.89  0.008 0.294 3914
?J/EI\ BL-27-1 5 5 e 1.42  -26.796 0.784 -7.24 309.78 299.67 1.03 0.85 1.65 0.007  0.108 1814
BL-26-1 M 2.14 -26.458 -0.588 -7.20 387.23 300.43 1.29 0.28 4.16  0.002 0.256 723
BL-24-1 M T 2.74 -25.605 0.109 -7.82 309.78 283.36 1.09 0.28 3.82  0.003 0.084 741
BL-23-1 KA PRI A 0.45 -27.286 0.950 -1.76  851.90 348.40 2.45 0.28 4.68  0.006 0.364 745
BL-20-7 WA T A 0.16 —-25.726 2.323 -0.60 851.90 29437 2.89 0.72 1.69  0.027 0.364 1738
BL-20-6 WA A 2.51 -26.088 0.375 -9.25 309.78 292.94 1.06 0.34 3.28 0.002 0.069 892
BL-20-5 TR S AL YR K 0.17 -25.213 -0.009 -1.84 929.35 337.71 2.75 0.20 4.86  0.006 0.232 695
BL-20-4 TR BAG YR IR 0.46 —-26.552 -1.107 -0.12 464.67 397.86 1.17 0.20 1.78 0.007 0.416 2237
BL-20-3 KT 0.34 -25.886 1.273 -1.60 542.12 264.14 2.05 0.82 1.10  0.034 0.388 2395
BL-20-1 KA T 0.57 -24.980 0.715 -0.70 542.12 319.27 1.70 0.70 1.77 0.032  0.388 1804
BL-19-14 M 2.63 -26.017 0.079 -6.98 232.34 468.98 0.50 0.22 3.54  0.002 0.111 1325
BL-19-13 e K A 0.41 -25.826 1.379 0.66 387.23 292.43  1.32 0.67 1.32 0.025 0.364 2213
BL-19-12 WA T A 0.03 — -2.764 -8.04 542.12 43223 1.25 0.23 1.30  0.002 0.129 3336
BL-19-11 O YR K 0.80 -26.208 -3.147 -1.48 619.57 342.47 1.81 0.63 1.59  0.026 0.340 2153
BL-19-9 O YR K — — 0.109 -1.75 851.90 403.50 2.11 0.60 2.45 0.016 0.175 1646
!Jj: BL-19-8 M A 2.53 —26.880 0.508 -6.26 232.34 300.07 0.77 0.62 1.94  0.003 0.099 1543
; BL-19-7 BETUE 0.36 —-25.511 -1.852 -—11.43 774.46 34494 2.25 0.63 2.03 0.014 0.208 1696
BL-19-5 HE (Y8 K A 3.12  -26.587 0.202 -9.56 309.78 246.11 1.26 0.52 1.83  0.004 0.100 1348
BL-19-4 BEITUE 1.53  -26.312 -4.319 -7.01 851.90 184.16 4.63 0.97 0.77  0.013 0.159 2390
BL-19-2 PRI A 0.35 -27.797 -4.040 -8.93 1084.24 295.62 3.67 0.54 2.28 0.006 0.193 1297
BL-19-1 #0505 K A 0.41 -24.880 -3.843 -8.91 1084.24 306.36 3.54 0.79 1.12  0.015 0.171 2729
BL-18-1 R TUA 0.00 — -0.603 -9.67 309.78 252.90 1.22 0.40 2.43  0.002 0.088 1042
BL-17-2 K555 A 0.55 — -4.814 -5.24 851.90 249.73 3.41 0.40 2.19 0.006 0.189 1139
BL-17-1 WK S 054 -25.343 -4.819 -4.68 851.90 451.26 1.89 0.66 0.83  0.014 0.168 5451
BL-16-1 M A 1.70  -26.276 -2.259 -7.91 697.01 271.97 2.56 0.96 1.17  0.035 0.668 2324
BL-15-2 KA 0 T 4.10 -26.788 -0.268 -11.85 232.34 258.56 0.90 0.46 2.49  0.003 0.101 1040
BL-14-2 o IR R 0.49 —  -0.464 -877 851.90 344.95 2.47 041 254 0.062 1.942 1356
BL-13-2 BEIUE 1.21  -25.668 -0.298 -10.11 309.78 445.69 0.70 0.47 4.02  0.007 0.364 1109
BL-13-1 BETUE 0.70 -24.319 -1.196 -9.10 309.78 438.88 0.71 0.47 3.85 0.007 0.188 1139
! BL-11-1 Mg 0.00 — -1.146 -8.86 77.45 161.56 0.48 0.46 0.87 0.008 0.448 1864
BL-9-1 JKEOEAEKAE 030 -24.668 -0.650 -7.37 309.78 1571.3 0.20 0.10 — — 0.485 —
BL-8-1 TR B T 0.82 -24.232  0.338 -9.87 232.34 545.16 0.43 0.35 8.62  0.007 0.291 632
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2k 1
) Toc &, &C., "0 Mn Sr Ce Ba,,,
By FEE S pedica ” . . Mn/ Sr : St/Ba Rb/K P/Ti
/% /%o ,PDB /%o ,PDB /%0 ,PDB /ug-g”" /pg-g” /pngrg /ugeg!
BL-6-1 AR 0, T 0.60 -25.057 0.192 -10.09 309.78 519.36 0.60 0.19 4.15 0.007 0.265 1252
BL-4-1 TR A T A 0.40 -25.361 -1.904 -10.70 309.78 44298 0.70 0.17 271  0.007 0.218 1636
BL-3-38 A T 1.24 -25274 -1351 -11.71 309.78 305.46 1.01 032  3.53 0.007 0.300 864
BL-3-5  JR@IRFEKE 047 -25979 -0.450 -10.32 309.78 245.18 1.26 0.25 565 0.007 0.132 434
9 BL-3-4 I T 3.41 -25.165 -0.483 -10.24 154.89 241.41 0.64 077 1.08 0.007 0.121 2236
BL-3-3 MWIKGEGTREKE 021 -26248 0.239 -11.75 23234 294.14 0.79 0.13 5.81 0.007 1.768 506
BL-3-2 A8, T 0.30 -24.830 0.156 —12.11 232.34 231.68 1.00 0.47 2.00 0.007 0.146 1157
BL-3-1 WRKGERFEKE 044 -25917 0.586 -10.49 232.34 319.76 0.73  0.18 590 0.007 0.324 542
BL-2-1 K 0.38 -25.113 -0.791 -13.96 309.78 174.44 178  0.27 235 0.007 0.260 741
e =T TR
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Fig. 5 Correlation diagrams of 513(:““_', vs. Mn/Sr (A), 60 vs. Mn/Sr (B), and 813(:%_', vs. 80 (C) in black rock series

at Biluo Co section in Qiangtang Basin

Sh, BRI KR E ROE R YIRS S WA R B R
REWEA PR R, RV, X%
WARCEE 900 2 48 AT HILAR TR 6 2R (L A S R 5/, DR
H 8V C,, (H e BT bR A7 JEUIG A= WK 5 DTLRRR
BEREE (FRZE, 2015) . #Ay, HEI% S &)
R i PR T S [ 62 2R AL IR 32 1A AR 2 i, T LA
AR S W s L 5 A5 R o

3.2 #£&§

3.2.1 HExTE

AR R BUECE U, V., Cr, Co. Ni DK
Th F#AE ] DL EE i 0 AR B 0T 00+ SR iR JR R B (5
fE I, 20125 BRP-5F, 2020)  ER 9% 48 f w8 s
ZUGEANTF0.32~1.10 pg/gzfal, Fy 1.96
ne/g; Voo 15.22 ~ 170.44 pg/g, F 3 71.56
pg/g; Cr. Co I Ni & &t 43 Jjl  11.91 ~ 86. 48
ng/g. 6.34~21.554 pg/g. 70.79~150. 611 pg/g;
Th &k 1.03~11.282 ng/g, F 541 png/g.

Hrfr, Th Al Cr 198 & LEAL, FE S50 5. 42
pe/ g 0.48 wg/g( 3£ 2)
3.2.2 mEARMKE

1M 6 oR, 5 A R ECA Pk
(TOC) & H A i tE 0~1.5% 2 ], SEHIE N 1. 1%,
AHLRR I AL R A (87C,,) FE —24%0 ~ —26%0
(PDB) Z[a72eft, ~F-#4-25.8% (PDB), Tk
67 H Al (6°C..,) FA % 30 15 B o — 4. 819%0 ~
2.323%0 (PDB), F-¥-0.659%c (PDB). 4&[Fl{i
K AH (8"0) A 48 4k 5 B N —13.96%0 ~ 0. 66%0
(PDB), F9-7.37% (PDB) .

FEHR KA (0~100m), TOC & & ¥ L T
1%, 8"C,, fH M —26%0 T [ % —27%0, i 6"°C.,, 1l
FEBAE - 1% AT Wy, 870 fHAENT 10%o b A1 X
JE o TERIT AR 222 ~437 m (RIgKFr) H1 437~
455.3m (4 # ), TOC & & % i & i 1%,
8"°C, A8 F 4y i 4F = 26%0 ~ = 27%0 2 1], 8"C,,, fH
FE O B8l , T 60 fEAE — 6%t T ik 2 W1 &2
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Table 2 Elemental geochemical data of the Middle Jurassic black rock series at Biluo Co section in Qiangtang Basin
Tt/ pgeg!
57y FE i 5 I
U % Cr Co Ni Th sU
BL-30-3 e T A 1.11 42.53 33.92 8.38 96.98 4.15 0.89
24y BL-30-2 TR 16 Y8 IR 1.39 44.11 39.13 8.61 101.89 4.60 0.95
BL-30-1 S T 1.56 63.20 50.02 10.49 93.40 6.74 0.82
BL-29-4 KA 1.77 80.01 56.45 11.65 87.67 8.87 0.75
BL-29-3 S8 T 1.20 48.91 38.68 9.47 90.57 4.78 0.86
BL-29-2 IR A 1.79 71.50 54.18 10.76 92.26 7.30 0.85
BL-29-1 M T A 1.09 49.93 42.36 9.30 91.36 4.74 0.82
BL-28-2 8 A 1.72 80.35 59.05 11.75 92.53 7.32 0.83
) BL-28-1 (e T 1.79 78.12 60.00 11.88 91.65 7.78 0.82
FHRH BL-27-2 igss 2.12 88.86 68.19 12.48 87.31 8.98 0.83
BL-27-1 5 T8 A 1.97 96.46 66.43 12.59 92.32 8.51 0.82
BL-26-1 SR T 0.65 41.36 28.91 7.10 74.84 3.22 0.75
BL-24-1 S8 T 0.67 39.59 29.24 7.04 95.64 3.20 0.78
BL-23-1 VRN & 0.60 40.55 24.61 7.73 80.64 3.06 0.74
BL-20-7 TRAG T 2.13 100.04 68.13 12.78 95.96 8.54 0.86
BL-20-6 TRAG T 0.73 57.77 36.42 8.83 80.88 4.08 0.70
BL-20-5 TR AR R IR 0.57 31.58 25.49 6.44 77.97 2.43 0.83
BL-20-4 TR A R IR 0.50 42.69 24.09 6.84 77.39 2.53 0.74
BL-20-3 TRAG T A 1.99 101.65 74.01 14.42 81.51 10.17 0.74
BL-20-1 TRAB T 1.95 86.70 64.29 10.37 92.34 8.30 0.83
BL-19- 14 AT A 0.50 46.08 24.73 6.34 70.79 2.62 0.73
BL-19-13 4 e K A 1.70 91.45 63.06 11.70 79.42 7.82 0.79
BL-19-12 TRAG T 0.67 62.19 31.01 6.49 74.67 2.66 0.86
BL-19-11 48 Y8 K 4 2.27 98.08 69.01 12.25 96.55 7.45 0.95
BL-19-9 46 JE IR 4 1.84 89.74 59.74 9.66 88.34 7.00 0.88
—_— BL-19-8 g T 1.41 60.28 44.62 12.59 99.91 5.89 0.84
BL-19-7 S T 2.99 112.98 63.62 11.53 109.58 7.41 1.10
BL-19-5 W0 IR A 1.33 73.06 47.38 12.74 73.24 5.73 0.82
BL-19-4 BT 3.33 156.45 86.48 16.54 109.23 10.75 0.96
BL-19-2 40, Je IR 1.20 71.54 44.10 11.30 78.71 5.56 0.79
BL-19-1 48,27 6 R IR 2.10 105.27 73.07 11.78 75.10 9.44 0.80
BL-18-1 S e T 0.88 63.11 45.26 10.05 76.81 4.44 0.74
BL-17-2 TR 855 I 6 0.87 58.62 43.85 9.71 75.84 4.46 0.74
BL-17-1 IR A8 58 TR 3.73 145.40 62.45 16.84 115.65 6.98 1.23
BL-16-1 e T 3.09 137.53 76.99 10.83 70.84 11.28 0.90
BL-15-2 R e 8, T 7.27 170.44 46.28 15.42 144.49 5.07 1.62
BL- 14-2 5 T 8 A 0.32 37.73 12.40 21.55 33.97 4.28 1.56
BL-13-2 LveyE 1.52 59.71 52.39 10.15 99.96 4.61 0.99
BL-13-1 e T 1.49 59.67 51.26 9.47 102.45 4.76 0.97
! BL-11-1 A 5.97 128.28 60.46 14.96 82.68 5.06 1.56
BL-9-1 G B IR 0.57 18.19 21.08 6.50 115.92 1.03 1.25
BL-8-1 TR BB A5, T 1.57 45.55 36.30 9.34 107.69 3.60 1.13
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gk 2
CR

i1 FE o5 A : ) ;
U 4 Cr Co Ni Th sU
BL-6-1 TR 0 T 1.02 22.82 24.42 7.60 113.95 1.95 1.22
BL-4-1 TR B, BT 0.87 23.24 18.44 7.11 107.94 1.76 1.19
BL-3-38 BT s 2.45 49.29 26.37 9.89 104.29 2.73 1.46
BL-3-5 TR TR A 0.84 20.51 53.55 7.17 83.65 1.91 1.14
7 BL-3-4 (0, L 2.27 90.18 22.17 14.07 113.37 8.68 0.88
BL-3-3 e R 0.56 15.22 74.66 7.24 86.99 1.16 1.18
BL-3-2 ey A, TT 1.50 60.61 11.91 12.15 113.91 5.09 0.94
BL-3-1 & U8 ST K 0.72 21.65 14.56 6.78 104.08 1.65 1.13
BL-2-1 Ny &= 1.10 27.42 21.55 7.76 99.62 2.52 1.13

=" BEE; sU=2xU (U+Th/3) (3KBE, 2021),

FER T PR 100 ~ 169 m (B 5@ By FL 18
TOC F1 §7C,,, U 2h W] &, 5 B0 8 0 5 e &
8"C, M TE 4. 10%0 ~ 0. 35%0 2 ] % fk, 8"C,,, {H 7E
=0.268%0~ —4.04%0 Z 7] & £, 169m Z I-, TOC
HIFMBE 2.53% (BL-19-2 % BL-19-11), &
KFAEM 0.17% (BL-20-5); §"°C_ i LT &
-1.517% (BL -19 -2 % BL -19 -11), 3 7¢
-0.009% (BL-20-5) #Ffa; 8"C, AT
-27.797%0 ~ —26.788%0 =z [a], i 8" 0 {H 7¢
~11.85%0~ —8.93%c 2 |8 P 3 (BL-15-2 % BL
-19-2), FZAE 217 m R TRaE (B 6)

4 tig
4.1 HITRAE

4.1.1 FHiEHEINE

AR T BRI P R SRR R, TR AR
S 7K1 SR BB AR IR SR AL L B
AL AR AL (Werne e al., 2003) . %8 AL id )5
BUEMEITR (WU, V. Mo, Cr, Co #l Ni &%) &
i MOCRHIE FO (B 8 ) 2 0 T A0 O BUK M4 1 4 Ak
W JFR A (Jones and Manning, 1994; Tribovillard
et al., 2006; FHIEM, 2012), V/Cr<2 $5/5 E 1k
W 2~4.25 R FE /B, >4.25 5 R BRE
% (Jones and Manning, 1994) (& 3). It b,
V/ (V+Ni) >0.84 i & 15 /~ Bt & B 8%, 0.60 ~
0. 84 4E/RTLAMEL, <0.46 WHE /R & A5

PR X R G RZAERT, V/Cr {0 0.86 ~
3.68, FXME Ny 1.5, HrpFlm g (L#Epr) 4

AFES V/ Cr (HEKF 2. Ni/Co HE [ 5. 52
~17.83, SFEH{E K 9.63, V/ (V+Ni) {HH 0. 11~
0.66, (K 0.4, U/Th {H 0.18~1.43, F
BfE R 0.38 (B 7). Hr, 4 AH K U/Th
HARTF 0.75, [RHE, SU{ER 4 A TEHE K 0.7 ~
1.62, FH#MEK 0.9, Hrb 13 MG H SUME KT
L, DLEFHEHERY], REREE RTHTIHA
—HIRIFEMET . oAb, ZEROGAERUTTEH
JEMBAT S, RKAENE(E 3), @l EYE
HBIAMSE (Pr/Ph<2, FHEE BE C,/ B ES e
Cppy<1) UESE T BE Y& 51 10 2R 625 B8 T 38 i 26
B (skBe, 2021), Chen 58 (2023) A& i@
W —F R 87, B35 1E I B% 15 0 £ B 4 10 B
[ AL AR AE 7R i e AR 7 ) h & S S SR
FRAHLE . & 9 th 8Ce Wil KT 0, F87R BeA 5%
(BB IS, 2022), B L, oo O R FEAE LU (E 45
HaEME. EYRERG Y KR RICRE BN, B
RIXZEROE R TR R TR
4.1.2 HE=H

WPEE = I B RS RE N LI 11,
Fok gh e s FUCRRA 8k A AT b 5T 9 A% =
P b A W R T K 46— 25 R G0 52 T3 3 R 1 S B E 9
WA (B, 2018), #FFERW], FFE M ITR
(fn P, Ba) @5 2E W) W Isc—3 e A B AE DU AR )
REEE, WASER A 0 BB R
Bn (Algeo et al., 2007) . SR, P & fE4Eh5 5 52 bk
TR S A BT, ME AR SR B R IR AR R T . %
Fib, WrRERERA P/Ti CHE WEE, @i Ti
Xof ki V5 S DR R AR AL AL B, A O B LA T
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Fig. 6 Carbon and oxygen isotope compositions and variations of the Middle Jurassic black rock series at Biluo Co section in Qiangtang

Basin (The dashed line represents the three-point moving average curves, and the solid line represents the actual change curves)

x3 SUTEEHRETEIES (I8 Jones and Manning, 1994)

Table 3 Trace-metal redox proxies (after Jones and Manning, 1994)

7 S T A B V/Cr Ni/ Co V/(V+Ni) U/ Th 8U

L4 A R A B >4.25 >7.0 >0.84 >1.25 > 1
AR 2.0~4.25 5.0~7.0 0.60~0.84 0.75~1.25

A VAL <2.0 <5.0 <0.6 <0.75 <1

R PRl R AR, SR T A VAR RRRUEREE P Ba i, HOHR AU (Fran-

(Zhao et al., 2021) , cois et al., 1995) .
AN, W Ba,, & s )z HIAE W R Ba,, =Ba, — [Al x (Ba/Al) ;] (1)
IR FE R o Bay, SRR TTARY H Ba JU R B 5 & Uk Hrpr, Ba,, RV A Ba & &5 Al Fl Ba,,
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Fig. 7 Vertical distribution profile of palaeosalinity and palaeoredox parameters of the Middle Jurassic black rock series

at Biluo Co section in Qiangtang Basin

43900 R R e S R AL R Ba U FE OB &
(Ba/Al) o ¥ M58 55 41 b Ba/ AL {E, H
A+ F 0.0032 ~ 0.0046 = [a], ¥ {4 H 0.0039
(Shen et al., 2015) . AWHFZEH, & 0. 0039 ff
i (Ba/Al) 0 TSR . HR 4 Bay, & B RN,
AL A KR A R ARSE (<200 pg/g) .
% (200~1000 pg/g) FE% (>1000 pg/g) 3 4
L, K8 IR THFSIX Sr/Ba, P/Ti, Bay 7{k
A

mE 8HiR, EiEpBEAE RN P/ T FIE N
0.23, Ba,, & F¥{E K 1990. 15 pg/ g, Bl Wow,
I ZHRE S Bay, & R AT 2000 we/ g, #BAF AR
fin Ba, {H 35 5000 pe/ glh b, SCmH g AR K
SEARAE, R EE W R A R B sh . M L
ZF, RIBERBrBaA R0 P/Ti {4 0.046~0.36
(91 0.184) , Ba,, &/ 722.5~3914.2 pg/ g2
] (fH 1453.8 pg/g), HelR S BARXTFRE 0y v 45
A7 IR, AXTE R R B AR B S R MR K
BRI (I EUE LT 2000 pe/ g.

g5 LA, ME IS A R A ) SR DL A Dy
F=, b I T Bl B R, A e 2

W E W SRR, b —@ko £, RIER
— A N ARG E R SRR O F AU SR A
71 R R T RHAE o
4.1.3 HBFEETL

Ce S H 4 B 58 AR X g F T P s 4@ it 7 — 7
¥ (Wright et al., 1987; Wang et al., 2016) ., %18
B AAA] A R0 B AR I I 5 T 2 (o] S A A, B
V7 FH 3 ¥ V- T T R JE 1T ) A 5 B o G B i il
T Elderfield FIl Greaves (1982) # Hi 4l o6 K /M5
Bl Ce™™ 5 Ce™ My 45 55 1 3 A2 5 BOH 8 K Mk — 13t
Y RGP 22 5 W AT, XA ek 74T
Al L 6Ce e L, AT

6Ce =log[3Ce,/(2La, + Nd,) ] (2)

e Lay, Cey. Ndy Jydb 58 B b ofE 1L (H
(NASC, Gromet et al.,1984), 4373|H 32 ng/g. 64
pe/ g, 32 pg/g. WEIE /R, Ce IE 5% & X 4
A FR 55 14 8 B8 T - TR AR AV A S R, T B e ) s ke
AR EOE R TURE R (Wilde e al.,
1996) . (EAFHEE M2, R R RO IS MK A —
W R A e 7 Wi IR 452 5 B R 4 2% 1 T B AL
FHEHAEHEMN Ce &% (Guo et al., 2007), X—I
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Fig. 8 Stratigraphic variations of TOC contents and paleoproductivity proxies of the Middle Jurassic black rock series

at Biluo Co section in Qiangtang Basin

RUETL A Ce F5AR A AUEAT 5 1 AH Bk B2 £6 4= W) 5¢
(e, asifba) MR TE R I RE,
SEREA RUHEBR TUARE 22 S O s o A R T
U, Al K R I TR 285 R0 ¥ 1 T Bl 4 it n] 5
HIIEHE (Yang et al., 1999)

B 8 ) T BB A0 A &R 6Ce 47— 0.03~0.06 Z
], FMEH-0.03 (& 9), 8 HBIRRE R
KAEREL, BT HIMR Ce S bk, mTLIR
S (FA) 2 YO T AR X TR SR s, —
KL 6Ce=0, KRBAY B Ce 574, Ce
IR E5HAMR LT R —3; 6Ce>0, IRIE Ce 7
W, Ce MIXI & 4, % 58 LB (Ce™
FALN Ce" IFULIE) 5 8Ce<0, FIRTL Ce 54, Ce
M T, W S0 R R B OE (Ce Bl ik JE N

, IRFFE RS ) o B9 IR, RIE Ce R
{EETJLI:THEEEJQEH 2 Mgz, fEEEZ
T, W O R R (BRI ES 1~20 2)
T R 18 K Bir— 4 B B vl F- 10 2 7 T
4.2 PHRTFHLHKSC,,, 3L

B ) TR PR 0 s R R AR P ek R L R
(67C...,) 78 AL H5AE 5 4 Bk [F) 428 1k = E — 5
(Brigaud et al., 2009; Arabas et al.,2016; Al-Mojel
et al., 2018) , FEypl g EiEH—RE RN AL EAH
B R AR BR AT e (18 10) , gl T b b i 2
AR AL B A A A TE 4 o

TE R ELIE By, I8 4 e % Al ) 1T Y 67°C,, 1
110~128 m 4bic 5 1 1 A W 1 i m B, HAE M
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-0.25%0f% & —4.85%0, IR &N 4.6% ([ 10-
A), X—8 3 8"C,,, 5 EBTHAAR S (Vb HEBT
b r) DARBRWE AR B (ELEE AL . o R ELBT k)
DL % st 4 B, U 4R BT B2 A0 19 Khashm adh
Dhibi #|[ (230~275m 4b, & 10-B) LI} Wadi
Birk #| T (240~315m 4b, & 10-C) ¥n[ % B e
B L, W E AN 2% (Al-Mojel
et al., 2018) , T KV Az Bk 1 2 2% 75 (5] 10-D)
DL R == g R 2 BF 1 Bk Arda & (8] 10-E)  #Y
SC MR FE B T W MR, DR T ok
4%o (Brigaud et al., 2009; Arabas et al., 2016) ,

T L By 2RI R B, I8 3 28 b 56 08 A ) T 1Y
8"°C, fE 135~230m kb & W b F+, HHM -4%0 I
T3 1%0, W¥HEHR 5%o, FFH 8°C,,, I3 W B .

— BGAE VD BT 47 (9 Khashm adh Dhibi # i |
Wadi Birk FiJ a7 2L e WO Bz e f) B B2 25 3t DA B i 2
WEIRELET Lk Arda F T XA AR R S 4, fW 5% 2 AE
2%0~4%oZ 8] o HH—WE R KB, B 58 X 5 B iz A
WP LA B BRAR S 87°C,,, 49 A TE 50, A B v
TS AR BE B /NG, AR BN R A e A, A
PN E R 2%0 ~4%0 (P 10)

4.3 iR L E R

i W) 457 3R 20 B2 A 32 BIDTAR IR B | VY- T 3 3
LA UG R R . T 3R b, REURA
BURR A A e He S0 7 T m) 5 v i AP C iy w4
ST S B R £k 8 C (H &AL ( Coimbra et al.,
2014) o 5T REEEAR B, P Rl 2R K A Y TR AL 5K (R
FEAE R A 0 2 R0 3 DL 58 4 A7, R BOR 1F Bk R ER
8 CAHEAL ., MR AR, WRH%NCH
BLGE i N, KRG J2 A HLTTAR ) & A
WAk, M B 8VC H B B F fu e (Arthur
et al., 1987) o i AH XS - i b JF By BL, 5 Y Rl
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