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Fig.1

Structural background map and lithologic histogram in Taiyang block of Zhaotong (modified from reference [18])
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Fig.2 Macroscopic and microscopic characteristics of the Wufeng Formation-Longmaxi Formation shale

in Taiyang block of Zhaotong



LERE 25 HRHAE LRV b DX g B e T —

i

B AR DU M BR AL AR S HC B S 741

¢l

3 JLERHERILAAHE

31 EETHRIFME

B 38 K FH X H R A TOC &5 A T 4.2%~
6.8% , FHIMEH 5.5%(F 1. & 3) k& migm. &
LI TOC FHA T 0.1%~8.1%, F-YI{E 4 14.9%,
TOCETE e — | /NZ B KAE , A T _L Wiz
Tl 2 —Jp THIR 4 0L 7 EEALHE Si0, L ALO, , Ca0
K08 FgIn s, i lp BB H U5 Sio, FEn T
34.50%~61.40% V- $4{E 4 53.61% , TLIEH] U145 Si0,
TERIPSREARM. HEDEATUA AL, T EANT
9.90%~26.26% , F-Y{H H} 14.56% , 3% W 2H ALO, 7%
R, AL ALO, & AR 1R ka3, Ui
i Py AR I, A e TR YL TUA Ca0
T BN 6.80% .6.30%, 1ii MgO &5 1 -1
{H°H 3.59%.2.74% , & Ik T CaO & & , KW v

FfaERRTHS AR, T KR -
(Upper Continental Crust, UCC) T E F= ™, gl
— g TR 4 B Y Si0,. ALO,  Na,0 . TiO, . P,0, % Jil
55 T WAL , CaO \MgO HA 5t 5
3.2 ETEREHE

WFFE X FL0G 2] — I T IR 20 T R A R e R oy
Pras R 2. BT IX I i A4 UCC L&
Mo U &3 H 5 B0 & 4 1 FRAERY, 5 45 R 5000 ik
71.58.17.22,Be .V Ni,Cu.Zn.Cs .Pb £ Ry P 455
% ,Li.Sc.Ga . Rb.Zr Nb.Ba . Th.Cr 23 J 55 & 445
ik, 1M Co \Sr HF IG5 MAVRFIE (K 2) s B HEA
TUA Mo TG 5 HGELLRRIEAR L, & 5 R4k 48.22,
V.Ni.Cu.Zn.Cs.Th .U ZEE4 Li.Be.Sc.Co.Ga,
Ba .Rb.Zr Nb.Pb.Cr 55 & BN & 4L, 1M Sr HE 23
THRIFHIE (B 4)

F1 BEXMERRAEA—EZDRATETERE(%)FHITR

Table 1 Principal element content (%) in the Wufeng Formation-Longmaxi Formation, Taiyang block of Zhaotong

=2 RS Sio, ALO, T(Fe,0,) Ca0 MO K,0 Na,0 TiO, P,0, MnO TOC/%

Y12 53.27 15.47 8.71 427 2.80 3.93 1.05 0.68 0.1 0.04 0.8

Y13 49.39 26.26 5.74 0.81 3.07 6.48 0.78 0.53 0.07 0.01 03

Y14 48.51 13.45 6.63 8.58 4.17 339 0.82 0.63 0.11 0.09 1.0

Y15 48.28 23.44 5.64 2.90 3.18 5.99 0.84 037 0.09 0.03 1.0

Y16 48.32 16.28 5.26 8.54 2.98 435 0.63 0.70 0.09 0.05 1.7

Y17 54.04 14.88 477 6.75 2.73 4.16 0.66 0.62 0.1 0.04 1.9

Y18 50.59 15.92 5.26 7.10 2.82 439 0.69 0.62 0.1 0.04 2.1

Y19 51.75 12.77 4.80 8.76 3.02 3.51 0.63 0.60 0.1 0.05 2.4

Y20 53.68 16.38 421 5.77 2.72 4.46 0.73 055 0.09 0.03 25

Je TR Y21 54.58 12.35 4381 7.90 227 334 0.69 0.58 0.14 0.03 2.6
Y22 55.65 12.09 437 8.08 232 325 0.65 0.58 0.14 0.03 2.7

Y23 55.24 14.49 4.46 6.34 2.43 3.84 0.88 057 0.14 0.03 23

Y24 57.09 11.54 4.14 7.46 243 3.12 0.65 055 0.14 0.04 2.7

Y25 56.89 10.92 4.40 7.95 2.20 2.95 0.69 0.52 0.14 0.04 33

Y26 55.26 9.90 7.41 7.34 2.00 2.74 0.63 047 0.1 0.04 2.9

Y27 56.38 9.99 3.66 8.99 2.63 2.70 0.61 0.47 0.1 0.05 3.2

Y28 53.06 11.14 4.46 7.13 3.48 3.02 0.81 0.55 0.14 0.06 5.4

Y29 58.86 10.12 451 6.83 2.25 2.69 0.66 0.47 0.11 0.03 3.6

Y30 51.09 12.11 401 6.89 2.58 3.16 1.04 0.62 0.14 0.04 8.1

Y31 47.72 1237 3.46 8.82 3.85 3.48 0.69 0.55 0.14 0.05 6.8

FUELH

Y32 46.24 19.70 473 479 3.33 559 0.62 0.77 0.1 0.04 42

e 66.00 15.20 — 420 220 3.40 3.90 0.65 0.15 0.08 —
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Table 3 Rare earth element content (pug/g) in the Wufeng Formation-Longmaxi Formation,
Taiyang block of Zhaotong
J2A (=322 La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yh Lu
Y12 51.3 99.0 11.30 432 5.76 1.35 5.83 1.02 5.56 1.16 341 0.52 3.35 0.63
Y13 38.8 79.2 9.94 38.0 5.90 0.82 5.36 0.93 5.26 1.17 3.47 0.55 3.62 4.00
Y14 49.7 108.0 11.30 432 6.02 1.62 6.61 1.13 6.13 1.24 3.59 0.54 3.38 0.54
Y15 232 44.1 5.33 20.4 3.25 0.93 3.47 0.69 3.98 091 2.82 0.48 3.22 0.58
Y16 39.3 78.5 8.60 323 5.12 1.38 5.31 0.90 5.22 1.09 3.19 0.47 3.07 0.50
Y17 46.0 90.5 9.66 35.1 5.48 1.29 5.49 0.88 4.86 1.01 2.96 0.45 2.82 0.49
Y18 424 80.2 9.17 339 5.06 1.25 5.13 0.89 4.99 1.09 3.20 0.49 3.17 0.65
Y19 474 97.0 10.30 38.4 5.60 1.41 5.94 0.95 5.40 1.14 3.25 0.48 2.95 0.50
Y20 40.5 78.0 8.90 329 4.93 1.25 5.01 0.84 4.82 1.07 3.18 0.50 3.22 0.53
o HiR A Y21 45.8 95.5 10.00 37.5 5.65 1.37 5.69 0.89 4.90 1.00 2.77 0.40 2.46 0.57
Y22 44.6 95.2 9.85 37.3 6.23 1.44 5.84 0.94 5.00 1.01 2.84 0.42 2.54 0.40
Y23 40.3 79.6 8.38 30.9 4.39 1.22 4.86 0.76 4.29 0.89 2.58 0.38 2.38 0.36
Y24 46.1 92.9 9.65 36.2 5.44 1.35 5.56 0.88 4.76 0.97 2.81 0.41 2.52 0.38
Y25 43.5 90.9 9.56 36.0 6.13 1.43 5.81 0.91 4.90 0.98 2.79 0.40 247 0.38
Y26 43.7 90.1 9.30 354 4.80 1.30 5.17 0.88 476 0.98 2.79 0.40 2.56 0.43
Y27 40.8 82.2 8.46 31.6 5.26 1.36 5.23 0.87 4.85 1.00 2.77 0.40 2.52 0.36
Y28 45.8 93.8 9.73 37.0 5.60 1.45 6.05 1.01 5.57 1.14 3.29 0.47 2.95 0.46
Y29 41.8 84.2 8.87 333 5.10 1.29 5.31 0.91 4.86 1.02 2.95 0.42 2.60 0.41
Y30 434 87.5 9.32 355 5.94 1.47 5.98 1.06 6.18 1.28 3.71 0.55 3.40 0.54
Y31 72.7 149.0 14.90 52.8 9.23 1.32 10.20 1.99 12.10 2.59 7.51 1.13 6.91 1.04
LA
Y32 53.9 111.0 12.20 43.8 6.38 1.21 6.85 1.26 7.59 1.68 4.99 0.77 5.18 0.86
e 33.0 64.0 7.30 28.0 5.00 1.12 4.40 0.67 4.00 0.80 2.30 0.34 3.24 0.33
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Longmaxi Formation shale, Taiyang block of Zhaotong

(base map is from reference [32])
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Fig.7 Typical siliceous biological photographs of the Wufeng Formation-Longmaxi Formation shale, Taiyang block of Zhaotong
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Si-Al, Taiyang block of Zhaotong (base map is from reference [35])
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Fig.9 Histogram of terrestrial source input of the Wufeng
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Table 4 Variables and their coefficients of discriminant function for provenance of sandstone and mudstone

[50]

A Ti0, ALO, T(Fe,0,) MgO Ca0 Na,0 K,0 WAL
F1R%L -1.773 0.607 0.76 -1.500 0.616 0.509 -1.224 -9.090
F2 250 0.445 0.070 -0.25 -1.142 0.438 1.475 1.426 -6.816
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Table 5 Comparison of rare earth element characteristics of mixed sandstones from the Wufeng Formation-

Longmaxi Formation shale samples from Taiyang block of Zhaotong with heterogeneous sandstones in sedimentary

basins with different tectonic backgrounds
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Fig.13  Tectonic setting discrimination diagrams of the Wufeng Formation-Longmaxi Formation, Taiyang block of Zhaotong
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Abstract: [Objective] Located at the southern margin of the Sichuan Basin, the Zhaotong Demonstration Area of
northern Yunnan and Guizhou was relatively shallower and closer to the source area than the Changning-Weiyuan ar-
ea in the basin during the Late Ordovician-Early Silurian period. Therefore, the deposition of the Wufeng Formation-
Longmaxi Formation shale in this area may be different from that in the basin, it is of great significance to clarify the
siliceous genesis, provenance, and tectonic setting of the Late Ordovician-Early Silurian black shale in the Zhaotong
area of northern Yunnan and Guizhou.[ Methods ] Using the Taiyang Block in the Zhaotong area as the research re-
gion, this study explores the source area background, source rock properties, and siliceous sources of the shale in
the Wufeng Formation-Longmaxi Formation in the region by utilizing the testing data of major elements, trace ele-
ments, and rare earth elements from four wells within the area.[ Results ] The results show that the silica of the black
shale mainly came from siliceous organisms and terrestrial clastic materials, and the biogenic silicon first increases
and then decreases from bottom to top, showing a trend opposite that of terrestrial source silicon. There was a brief
glacial period in the Late Ordovician, until the melting of the Early Silurian glaciers, the occurrence of marine intru-
sions, and then the gradual falling of sea level, leading to the continuous shallow water bodies. The overall manifesta-
tion of terrestrial input is characterized by first decreasing and then increasing, and the sedimentation rate also shows
the same trend. The standardized distribution mode curve of chondrite meteorites of rare earth elements in certain
samples fluctuated slightly, indicating that there may be a mixture source during the deposition of shale in the
Wufeng Formation-Longmaxi Formation in the study area. [ Conclusions] Therefore, the parent materials of the
Wufeng Formation-Longmaxi Formation shale in the study area may come from granite and sedimentary rocks of the
Kangdian paleocontinent and the central Guizhou uplift, which is affected by certain seafloor hydrothermal fluids dur-
ing sedimentation, but the original hydrothermal components are extremely small. The relevant indicators compre-
hensively reflect that the tectonic background of the shale source area of the Wufeng Formation-Longmaxi Formation
is a passive continental margin.

Key words: black shale; geochemistry; provenance analysis; tectonic background; northern Yunnan and Guizhou



