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Analysis of pyrite framboids in Nenjing Formation, Songliao Basin,
and implications for the redox conditions of paleolake
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Abstract: Cretaceous is a period of typical greenhouse climate. The study of the Cretaceous terrestrial sedimentary
records helps to better forecast how the continental ecosystems responded to climate fluctuations in the warming
Earth. As a large Cretaceous continental sedimentary basin,the Songliao Basin of Northeast China preserves a near-
complete Cretaceous terrestrial succession. The black shales of Member 2 of Nenjiang Formation are the dominant

source rocks in Songliao Basin. Moreover, several major geologic events, such as the Lake Anoxic Event, seawater
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incursion event, and the termination of the Cretaceous Normal Superchron occurred during the deposition of
Member 2 of Nenjiang Formation. In order to reconstruct the redox conditions of the paleolake at that time, a
detailed study of the size and distribution of pyrite framboids from Member 2 to the top of Member 1 of Nenjiang
Formation was conducted. The results show that the pyrite framboids widely exist and are scattered far and wide in
both samples.The statistics of the grain size and distribution of the pyrite framboids indicate that great changes had
taken place to the lake water environment during the period from the top of Member 1 to Member 2 of Nenjiang
Formation. The grain size data of the pyrite framboids indicate the sulfuretted sedimentary environment in the
interval from the top of Member 1 to Member 2 of Nenjiang Formation. In the middle to upper part of Member 2 of
the Nenjiang Formation, the average grain diameters of the pyrite framboids are larger with wide ranges, suggesting
dysoxic-oxic conditions. The increase of the pyrite framboids from the top of Member 1 of the Nenjiang Formation
probably resulted from the extra sulfate injection due to seawater incursion event at that time.

Key words: pyrite framboid; Songliao Basin; Nenjiang Formation; redox condition; paleolake

TN 29 2l AR R 2 AR RO N 3 T S R RO A BRI AR A IO [ A 2 S R 5 TE
(1 T 0 R A ) B, o R A 2R G A LL T R AR G X 4 RS0 A Ak T AU i b SR AR A A
T LA UG . NS Y A 8 i Ao AT DT fili 3t 28 G 7 R BRAZ W 26 1 T 9 A R BR B AR AL AT IR AR T
fi# . FIHELL(~145. 0~66. 0 Ma) J& BT C 35 il 2 UM A% 1 oy M RV 1) =2 — o LA s dL 2 oo ¥ °F 1D
1o R AR A B SRR AL 1 L 20 ) Rl A SRAR S L S Bt 1 9 5 il M AR R I A A Y 2 A L
2o RERLA M (R KRR M 4 AR AF T — B IE T2 R R L REAR TR TR AR L A b
REGREFRER—“Aa B 17 B 2 HE7 A RA B 3 73R T L8 220 B L 22 DTRGE 3¢ 9 R 50 i 42X
e il i 2R 48 A A BR B AR AL BRI T AR I IR A

B £ T 4 B (K, n®) YU ] (Santonian-Campanian 1) > S WA 12 4 Hb ) J5e QW12 31« 18 DX 1
PO 2 B4 bR B OF ELBRIT A — Bac 3t T WA B SR L Ol BB A9 1 12 T 01 L 1 2 20 T 1 00 0 4
SFE RS T  [EE AA L AR R R A Il A O T B B B TUA R R R RS
Z— o DIt R BT 2 BT R 1A T K AR A S A I BB Ry R T A TS . — B AR AR A I A
Mo AIF 5T R

BERAT (FeS,) & M H fie i UL i — Ff i A 40 » 7 AR B 20 05 v A ORI 19 B8 Bk 7 2 ' A HIL B D0 AR
2 A RAE D) AR AR DU I R AR 2 1 SRR Bk R DR )2 b dec R LI B BT
TR Z— 2 SRR S O 8 k™ o 1 2R A T A BR OB 4 45 KT B AR R O JLBOK L BOKR T
Rust* ££ 1935 4F 5] F &35 framboid”—1al ¥ U 38 1 Fl 4 A AR TB 25 2 )5 UAR b J2 v 1) B4 0k 3 k™ —
ELW GV 2 MR B2 S K . SRR SR e BUACTE 17 AR AU ) LA K 45 3t i by st st 300 A DU Bt )22 o
e A7 A S A R AR AR R N T B S 0 R AR R P R AR S B TR BOBL 1 RDRL AR 43 A
AT 5 » e B B AR B R T BT DO ARU A o 14 o ) A 300 sl s A TR 00 A SR A o Dt A% T R 30 B il LB
A FURLAR 43 A R AIE AT LI GRS f oy Y P Loty 0T 0% e AL B SRR A T A2 L R T e AR S LA I
FHANBE 1A ALIE 5 A T 2 B BT X G L 3l i X Y S b R AR B R AT A RLAR R/ B A ML
AIF 52 BT DURR S 7K R BRI 1 A2 4K

1 R

ST 00 A7 F v [ ARG L b 5T AR SRR YT = B P Sl X TR ZY 260 000 km® . AL #
T NI AT S, 20 7T BB B SR A JR IR I PRI A 0 6 R A e e DO R A B B A
oA A AR 32 L i A LA B b AR 9T L I8 A B A 2R £ e R I AR
AL IR 10 000 m, 25 FE Ry s AR RO S A R K s o

FARE 1 (00 T T a0 Hb o 2 v SR 38 B DXty D T 5 2007 4 58 OB PRAE 55, IR T I 1 1 Sk 4 b
HR A KRR 2L R AL T 2 485. 89 m KA Lo I H g FLAN AL AL A Bl FL 2 B P AL H (O AR




F R KA AN L 750 BT 2 R R B B MO BRI T 3

2560 km, #ARF 1 IR ALAH TR KA Z BB RO BRI R A RE 1 IR A AL B K
154166 m, 3= B4 I 2 T2 — Be ol 22 0t i 40 28 AR TR M= - AR ARE 1 v £L LAV 4 — Beie
R S R AR S JE AT R (B Do MR T IR ACSL AT 4 T BR O 199. 4 mL IR 1 783.2 mu g
FEERYEMWZ LRI @A el 5UA DB b e A AU

(@) N AR

0 100 km — S BT R4
SCAN [N "L P T HAIT R BB IR TL
Pk [o] sl
B crisa
T4

\,,,, A
p—_ FlER .~ B =

47°N —

Sk

45°N - ey [ RcplieEl

el

- T BT

| Y7 & 4+ Bk
BIME LR
d:% 5
~ 7 s

L e
'/ PIm R X

EIL
43°N - []

-1000+

-2 000+

-3 0007

JE/m

1% -4 000+

-5 000+

-6 000+

() ¥y BT K 73 5 () Wiy A=A R T 19 b J2 A 28 B At L 407
Bl RIZMHEATIIMEERRE KB FZERGILMCE

Fig. 1 Structural divisions, lithostratigraphic framework and borehole sites of Songliao Basin
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Fig. 2 Microscopic morphology of framboid pyrite in samples
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Tab. 1 Descriptive statistics of framboid size distribution in Member 2 of Nenjiang Formation

FE e WEE/m ok W B8 PR/ pm PERR/pm e KRR/ pm AR UEDR 25/ pm i £
N2-1 1 785.56 A 17 5.1 4 8 1.39 0.94
N2-3 1 784.06 e 18 9.1 8 16 2.76 0.86
N2-5 1 782.06 k= 29 3.3 3 6 1.04 1.11
N2-7 1 780.03 ey 32 5.4 5 8 1.41 0.66
N2-9 1778.03 T 75 8.1 8 16 2.84 0.92
N2-13 1774.53 P 78 10.1 8 32 5.03 1.84
N2-15 1772.53 ePa 56 11.3 10 26 6.31 2.72
N2-17 1769.95 P 122 9.6 8 30 4.47 1.75
N2-19 1767.95 gy 86 11.2 10 30 5.10 1.66
N2-21 1765.95 b=y 98 12.8 11 30 6.10 1.27
N2-22 1764.95 ke 53 13.8 12 34 7.05 1.25
N2-23 1763.95 b=y 59 10.7 10 28 5.96 0.88
N2-25 1762.14 ke 107 11.9 10 44 6.80 2.34
N2-27 1760.14 k= 109 11.4 10 38 5.93 1.36
N2-29 1758.14 A 116 11.2 10 40 6.41 2.01
N2-31 1756.14 k= 120 9.9 10 40 4.77 2.69
N2-33 1754.12 T 98 10.2 10 30 5.22 1.77
N2-35 1752.12 b=y 84 10.9 10 34 5.57 1.57
N2-37 1750.12 b=y 60 12.4 12 30 5.65 0.78
N2-39 1748.12 b=y 24 12.0 9 34 8.77 1.54
N2-41 1746.12 k= 53 9.2 9 18 2.66 0.62
N2-43 1743.58 ey 34 9.8 10 20 3.83 1.13
N2-44 1742.39 iRy 72 12.7 12 28 4.59 0.48
N2-45 1741.25 biE=y 69 12.0 12 28 5.16 0.98
N2-47 1739.39 Mz 44 11.2 10 24 3.89 1.03
N2-49 1737.39 P 60 10.4 10 28 4.80 1.43
N2-51 1735.39 bebas 40 11.4 13 30 7.68 0.61
N2-53 1733.22 ePas 40 10.4 11 22 5.98 0.21
N2-57 1729.22 e 58 10.7 11 20 5.33 0.20
N2-59 1727.22 A 15 11.1 10 18 4.12 1.03
N2-61 1725.01 T 48 13.4 12 24 5.21 0.24
N2-63 1723.01 o=y 0 0 0 0 0 —

N2-65 1721.01 e 26 12.0 12 30 5.67 1.39
N2-67 1719.01 P 57 12.8 12 28 5.20 0.45
N2-69 1717.01 P 48 10.5 10 24 4.97 0.96
N2-71 1715.06 b=y 50 11.8 10 32 5.30 1.45
N2-73 1713.06 b=y 52 10.8 10 24 4.49 1.20
N2-75 1711.06 b=y 52 10.5 8 24 4.70 0.90
N2-77 1708.15 ke 49 11.7 10 30 6.35 1.67
N2-79 1706.15 k= 62 9.7 11 30 7.18 1.69
N2-81 1704.15 ey 59 10.8 8 26 5.32 1.23
N2-83 1702.15 biE=y 52 10.4 10 30 4.58 1.66
N2-85 1 699.80 A 74 8.8 8 22 3.80 1.38
N2-87 1697.80 A 15 9.9 8 20 3.84 1.31
N2-89 1 695.80 b=y 50 11.7 10 28 6.16 1.00
N2-91 1 693.80 P 74 10.5 10 22 4.07 0.97
N2-93 1691.53 k= 59 13.5 12 34 6.52 0.91
N2-95 1 689.53 A 108 11.7 9 34 7.08 1.06
N2-97 1 687.53 e 56 13.4 12 31 7.12 0.83




b AHE KR FFIROE RHAF RO

2021 %% 5

FE S REE/m T Wik S E SFHRAR/ pm PERIR/ pm KRR/ pm ARHER 2/ pm ot i
N2-99 1 685.53 bi¥a) 80 12.1 10 29 5.97 1.23
N2-101 1 683.55 A 79 11.6 10 32 5.09 1.07
N2-103 1 681.55 begas 58 11.1 9 28 6.02 1.29
N2-105 1679.55 A 60 9.8 8 24 4.98 1.41
N2-107 1677.55 et 69 11.4 10 32 5.44 1.99
N2-109 1675.52 ey 37 8.4 8 16 2.58 0.82
N2-111 1673.52 bt 12 11.2 10 24 4.72 1.57
N2-113 1671.52 A 71 11.4 10 30 5.46 1.50
N2-115 1669.52 e 64 13.3 12 30 5.98 0.89
N2-117 1667.52 ek 28 9.9 10 18 3.32 0.62
N2-119 1 665.38 ek 80 10.2 8 30 5.84 1.42
N2-120 1 664.38 ek 72 11.3 10 24 5.25 0.68
N2-121 1 663.38 et 82 11.5 10 34 6.34 1.22
N2-123 1661.38 ek 50 11.9 10 34 7.53 1.35
N2-125 1 659.38 A 71 12.4 10 26 5.00 0.78
N2-127 1 657.40 A 54 14.8 17 34 8.61 0.32
N2-129 1 655.40 A 62 13.9 12 34 7.67 1.12
N2-131 1 653.40 ik 52 13.6 11 28 6.36 0.56
N2-133 1 651.40 g 57 16.0 16 32 6.65 0.43
N2-135 1 649.14 g 74 8.9 8 34 4.15 3.89
N2-137 1647.14 ks 4 10.5 11 12 1.66 —0.49
N2-139 1 645.14 ik 0 0 0 0 0 0
N2-141 1643.14 A 13 20.2 18 34 6.72 0.55
N2-143 1641.22 g 67 12.3 12 32 4.93 1.13
N2-145 1639.22 ik 60 10.4 10 28 3.45 2.41
N2-147 1637.22 e 66 13.0 12 30 4.91 0.59
N2-149 1635.22 A 28 10.2 8 24 6.33 2.05
N2-151 1633.22 A 46 11.4 11 24 4.22 0.59
N2-155 1629.12 Niks 71 14.9 14 28 5.24 0.45
N2-157 1627.12 ik 80 15.8 14 40 7.57 0.93
N2-159 1625.12 et 36 16.2 15 34 7.25 0.63
N2-161 1622.91 et 14 11.3 10 30 6.49 1.59
N2-163 1620.91 betas 8 11.8 10 24 6.12 0.69
N2-165 1618.91 bt 70 14.3 14 28 5.41 0.32
N2-167 1616.91 et 76 10.9 10 28 4.81 1.28
N2-169 1615.02 ik 62 13.5 12 28 6.94 0.74
N2-171 1 613.02 g 74 11.5 10 28 5.07 1.40
N2-173 1611.02 ek 76 10.2 8 30 5.29 1.64
N2-175 1609.02 ek 14 10.6 8 26 5.95 1.53
N2-177 1 607.02 et 74 11.5 10 34 6.65 1.40
N2-179 1596.25 NApi iR =y 22 9.6 9 22 4.43 1.02
N2-181 1594.25 rFORLED 1 7.0 7 7 — —
N2-183 1592.25 D U A 88 12.6 12 18 3.99 0.03
N2-185 1.590.25 Wb A 0 0 0 0 0 0
N2-187 1 588.27 Ve TR 0 40 10.5 11 12 1.66 —0.49
N2-189 1586.27 A 4 7.8 8 9 1.09 -0.65
N2-191 1584.27 Wb U 11 12.6 14 20 4.72 0.04
N2-193 1582.27 WD U 18 9.2 8 20 3.98 1.19
N2-195 1580.27 WD U 10 12.5 11 26 5.97 0.89
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Fig. 3 Box-and-whisker plot of the diameter distribution of

pyrite framboid in Member 2 of Nenjiang Formation
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Fig. 4 Diagram of the mean grain size of pyrite framboid versus the standard deviation

and skewness coefficient in Member 2 of Nenjiang Formation
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