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Abstract: Although the Upper Ordovician Linxiang Formation marl in DD1 well is covered with thick silty mudstone, there is a lack
of graptolite fossil, and no Hirnantia limestone marker stratum of the Guanyinqiao Member. Therefore, it is difficult to determine the

boundary between Ordovician System and Silurian System by biostratigraphic and petrostratigraphic methods. The analysis of trace
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elements and REE of silty mudstone in the well DD1 shows that Th, Sr, Y, Th/U, Ce,, Eu,, dCe and 6Eu curves at the middle part of
silty mudstone (1288.3m) present sharp abnormal peaks with significantly higher ZREE content of silty mudstone (1288.3m) than its
upper and lower silty mudstone and great right slope of the REE distribution curve. By comparing the elemental geochemistry
characteristics of the well DD1 with other O—S boundary in the Yangtze Region, it can be concluded that there exists Guanyingiao
Member of Wufeng Formation in the well DD1, and the thickness of this marker layer is also less than 1 m. The geochemical redox
discriminant graph shows that the sedimentary water medium mainly was in weak oxidation environment from the Wufeng period to
the early Longmaxi period, and its oxidation was the strongest in the Guanyingiao period. According to the analysis of sedimentary
markers, the evolution process of the sedimentary facies at the O—S transition is as follows: subtidal — intertidal — supertidal —

intertidal; in the Guanyingiao period, the water was the shallowest, and there existed supertidal deposits.
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Fig.1 Geological map of the well DD1
a—division of chronostratigraphy, lithostratigraphy and biostratigraphy near the Ordovician—Silurian boundary in the upper and middle Yangtze plate
(modified from Chen Xu et al., 1987,2017; Nie Haikuan et al., 2011); b—paleogeography and geotectonic setting of DD1 well in Hirnantian (Wufeng
period) in the middle and upper Yangtze plate (modified from Rong Jiayu et al., 1987, Mou Chuanlong et al., 2011); c—brachiopod fossils from
siltstone in the middle of Longmaxi Formation (1205.5 m) of DD1 well
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Fig.2 Sensitive trace elements curves near Ordovician—Silurian boundary

a—DDI well in Northwest Yunnan; b—Goujiaya section, Yuan'an County, Hubei Province(after Wang Chuanshang et al., 2002)

http://geochina.cgs.gov.cn FPEHLT, 2021, 48(1)



302 h |

b J 20214

k3 b Ui 45 i SREE 7 138.11~1384.09 pg/g (*F
¥I{E 215.08 pg/g, n=45), e KA (1384.09 pg/g) i T
WA TR (DD-345) (5 1,83),

DD1 311 1Y Ce, F1 Eu, (BRBLES A1 bR 4L ) i
2o AR IR EE K, 23 IR 21.82~591.19 F16.33~137.41
A (F 1), Ce,Fl Eu, TENGIAL A (DD-7 5+
i ) HE A Y S 1 TR D e Hh i (DD —-34
K RSB B R G, BR UL 2 AN AR D T e
#19 Ce Fl Eu, 2 V22, i AR/ IN([E14) . 9Ce Fil 6Bu
A3 HIHE 0.76~0.98..0.50~0.73 284k, , F-H4E 4351 4 0.91
F10.61(n=47). 6Ce FloEu fh£h1m) b shPH &, A
SR FRFE , DD Ce & Al Eu 5 i AE L R —i
B R M7 10, Rl 2 6Ce it Ze g m) L A8k
FUEEPETE SR, 5 Ce, Al Bu, 2 2 ARL, 78I 0 41 101 5
(DD-7"5) Fkp b s lie 7 &R (DD-34 5 ) 435l B
AR50 S TR I , 76 1288.3 m Ak (DD—34 5 )6Ce (H
BT 1, M Cetiedg 5t (K3),

DUBUARORR 100K Ce S ELIZIC 5% TULRUK
AR A T o, 1T L3 — R i A B P 3
B AR AR DUORERE , PR Ce S AT A R Ak b
JZ 51535 He Y B AR A (Goodfellow et al., 1992375
Tk ELZE 2000; T AL 45, 2002; B2 2472, 2007) . W&
e GBRRE R ) , i b vk 35 38 4 T 30 B P i
% (Goodfellow et al., 1992; Zhang et al., 2000;
Kimura et al., 2001 ; Munnecke et al., 2010; Melchin
et al.,2013; Yang et al.,2016) (& 1a) , X thfff O-S %t
2R BT )2 19 Ce B Eu ot 2 B 3 528, il an 78
TRACRR I B O—S AR , 78 04 2H X35 477 B
BB Ce, il Eu, AR B0 e v UG, 1Z B 0Ce 2L T 1,
b Ce fie 555 B (FAL M4, 2002) o 53 4b, 38 B
BFER TSV O—S FLL 2 T HUZ ) Ce, tH 2 BUAR B %
SR (272, 2007) o

Fiis 1702 W53 A B R DUBUK AR IR R (1) 20
2 (AL i 452002 25 XA 452008; 7 1 R 45
2009), DD1JIEHIZATIA (DD~75) %) ZREE i %
AR, oA A R PSS A URRE , R 1w AR
fiE, DD1J1288.3 m(DD-345) I R RP BV A
(R T ER A RIS, SREE & &8 22 51/ )N,
PR BSR40 F W 5 SEARAE ;{1 1288.3 m
AR AD T 6 5 (AR T 3R A A 0] 2 0 P Jd A fht
FHIE,ZREE 5B EHE, BN LR EEE (K4,

O A V0 L S 9V 5 T 0 2 O O B (A 1
2002) %) SREE & it b 3 5 T A2 F B, f ot
RO B R, B0 AR

AL DD 1R RRIH BRI R4k T4
TR (& 1b) , B AL B R A A — 3,
HAE P R2— B R AL 2 9 100 F Ce,,
Eu, 1 6Ce, 0Eu AR R I oA B Xt LA AH
RIPE AR e S i (RS I I R B, R T 4
BRUKNNF S 20 2Rk m MR, Rk, Xk
“F b 22 ERRAE A UMt 2 B DD A7 AE L2 L
FEHTEE, Ce. Eu,.0Ce LRS54 5 L KA +
TCE AT T A AR B

4 DURPREGE AR

DD H- A D, $ 76 f1%) 0 21 0 25 1 Bt 7 A 7E e
JRA AR E X2 B B 2Rk B R R M O )=
(I TG 3R R o0 3R S o S 0 FE R B L izt
AEAE TLWEZH W5 A7 BEAE T 29.4 m B RD BI85
BB, WL B (1288.80~1287.90 m) 12 JEJE 2 1 m,
DD1 H 548 X K 7 A H A9 N211 H (£ 3 55,
2016) DA R A 7 R0 ) T (2 L 2 4, 1983) B UL ¥
P B 2 R B S AR AR ] . AR p b4 7 KA I
R LGRS, W2 B )2 R B K 7 1 m
Zedr (CEEWAE, 2016, Fif 9855 ,2017) , 487 UL
M B3 JEE B A DX 3k ) PTG R4, T i 25 DD
FEWLE r Be )2 R BE W) G o 76 DD b2z =4
iRtz b Xz R g R — RS
e BT Bl AT ORI AT
4.1 FN-E[FEINE

Tl TG 2 R 00 R 1Y 5 R S5 DTRUK
{RIREE %) FH 5% (Wang et al.,1993 ; Jones et al.,1994;
Wignall et al., 1996; Algeo et al., 2004 ; Sugitani et al.,
2006; = 1E K4 2009; Yan et al., 2015) . Th/U H{H
B FHAE UTBUK A 0T 80 3 B 45 14 04 L 5 48 s
Th A2 S8R JFEAAF R R, 5 LIS Y Th B
KAAAE B U TR JE 55 T IAE R U IE AF
e, 15 U RO b e 48 s 7R 55 1 T DUAT i
PER U, RECU DT 5 8. Th/U H(E
FESR AT o 0~2; E S AL IR 3T o 2~8 5 FE TR 4R
LIRS AT 35 8 UL (Jones et al., 1994 ; Kimura et al.,
20015 /™ fEKAE,2009) .

http://geochina.cgs.gov.cn H1EMLTT, 2021, 48(1)



S48 A1 TR R DD T2 — e Ly BR Ll J22 S 3] o3 B DURRIR S5 1% 303

®1 DDIABIRREFREEMENRLITZAERILE(EETRAMN % ; HTE A ng/g)

Table 1 Contents and ratios of trace elements, REE (pg/g) and major elements (%) in some samples of well DD1

FE = DD-6 DD-7 DD-8 DD-9 DD-27 DD-32 DD-33 DD-34 DD-35 DD-36
% /m 1305.80  1302.93  1302.20  1301.70  1291.80  1289.30  1288.80  1288.30  1287.67  1287.17

Si 24.95 8.91 52.24 52.4 49.33 53.19 53.74 48.81 41.59 46.42
CaO 31.07 33.41 5.31 4.65 6.18 4.75 3.67 8.43 14.67 7.5
ALO; 8.69 1.70 15.56 16.22 15.42 17.35 18.52 12.78 9.81 17.01

B 87.9 26 181 200 152 192 178 146 142 196

Li 16.7 5.82 67.2 61.9 10.9 12.9 13.7 27.6 16 14.6

Be 3.02 0.41 3.76 4.13 3.66 391 4.08 2.38 1.94 3.81

Sc 9.54 3.21 14.6 15.7 13 14.7 17.4 12.9 9.29 16.1

v 60.4 24.4 142 145 82.7 91.3 112 75.5 55.6 98.7

Cr 50.6 8.94 88.6 93.9 585 85.1 98.3 66.5 50.4 89.4

Co 7.04 1.58 23.8 22.8 26.4 14.1 159 12.9 13.2 18.3

Ni 37.7 18.9 80.5 79.2 73 37.3 36.1 33.7 28.7 36.5

Cu 59.9 19.5 62.2 57.6 64.6 30.4 26.2 17.9 10.2 24.6

Zn 29.8 49.9 45.9 50.6 658 65.2 66.3 321 354 51.7

Ga 12.9 3.29 222 234 22 239 26.9 29.4 13.7 25.4

Rb 122 21.1 210 228 196 237 251 167 119 239

Sr 227 2672 232 189 146 116 117 671 294 193

Y 17.3 14.3 23.1 25.7 36.5 18.8 22.1 71.7 19.8 16.2
Mo 0.248 0.312 21.4 21.8 37.6 1.23 1.49 0.373 0.278 0.417

Cd 0.094 0.061 0.21 0.252 1.3 0.133 0.163 0.977 0.061 0.096

In 0.064 0.022 0.116 0.116 0.575 0.085 0.096 0.092 0.058 0.075

Sb 0.624 0.985 6.01 5.47 7.42 2.36 1.89 3.48 1.94 29

Cs 153 1.68 28.1 28.8 18.5 17.6 17.7 11.4 7.15 17.8

Ba 626 82216 1143 1259 1213 1448 1667 5862 493 1095

La 32.8 15.4 49.8 51 46.8 46.2 58.7 272 39.2 535

Ce 51.3 213 78.6 84.5 87.2 78.3 104 577 70.3 99.2

Pr 6.08 2.83 9.34 10.1 11 8.8 11.7 70.9 8.3 11
Nd 21.9 11.9 34.1 36.3 41.6 31.7 42.7 314 314 37.5
Sm 3.78 243 6.24 6.62 6.57 5.2 6.51 57.2 5.32 6.64

Eu 0.828 0.548 1.15 1.17 1.24 0.889 1.17 11.9 0.973 1.13

Gd 3.47 2.61 5.37 5.61 5.63 42 53 44 4.7 5.12

Tb 0.556 0.378 0.86 0.941 1.05 0.705 0.837 5.65 0.77 0.737
Dy 2.98 2.01 4.32 4.7 6.33 3.65 4.24 20.2 3.81 3.36
Ho 0.564 0.386 0.812 0.9 1.36 0.739 0.798 2.51 0.713 0.639

Er 1.61 1.03 2.14 2.44 4.19 1.98 2.31 4.94 22 1.77
Tm 0.281 0.161 0.376 0.428 0.799 0.385 0.415 0.546 0.372 0.312
Yb 1.67 0.949 2.25 2.59 5.17 2.48 2.65 2.89 2.58 2.31

Lu 0.223 0.129 0.322 0.363 0.723 0.343 0.366 0.352 0.376 0.348

Pb 4.66 2.31 65.7 64.2 117 25 30.5 612 17.8 27.2

Bi 0.161 0.119 0.388 0.409 0.36 0.402 0.379 0.231 0.221 0.392

Th 10.3 2.62 18.1 19.3 20.6 19.9 22.3 33 11.8 21.7

U 0.837 0.364 9.79 10.2 6.25 3.34 4.13 3.48 1.84 3.27
YREE 128.04 62.06 195.68 207.66 219.66 185.57 241.70  1384.09  171.01 223.57
oCe 0.85 0.76 0.85 0.87 0.90 0.91 0.93 0.97 0.91 0.96
oEu 0.71 0.67 0.61 0.59 0.63 0.59 0.62 0.73 0.60 0.60
Th/U 1231 7.20 1.85 1.89 3.30 5.96 5.40 9.48 6.41 6.64
V/Sc 6.33 7.60 9.73 9.24 6.36 6.21 6.44 5.85 5.98 6.13
V/Cr 1.19 2.73 1.60 1.54 1.41 1.07 1.14 1.14 1.10 1.10
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Fig.6 Sedimentological markers from Wufeng Formation to
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