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Abstract: The Upper Permian recorded the greatest mass extinction events and the most dramatic environmental changes in geological

history. Fine description of stratigraphic framework and the establishment of high-resolution stratigraphic sequence of the Upper
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Permian have been the key and foundation to in-depth understanding of these events and evolutions. Based on comprehensive analyses
of well logging, core observation, and geochemical testing results, this study performs the sequence stratigraphic division of the Upper
Permian coal measures on Milankovitch cycles using wavelet analysis in Panxian, western Guizhou Province. Results show that
well-preserved Milankovitch cycles were contained in the measures. The sedimentary process of coal measures was obviously affected
by astronomical orbital period. The thickness of 16.06-17.24 m, 5.39-5.70 m, 2.11-2.15 m and 1.12-1.21 m were affected by long
eccentricity (405 ka), short eccentricity (123 ka), obliquity (44 ka) and precession (21 ka), respectively. Among the four controlling
factors, the long eccentricity had the strongest effect on the coal measures of Milankovitch cycles. A “floating” astronomical time scale
was established by filtering the long and short eccentricity cycles, which provided geo-chronological constraints on the formation and
duration of the synsedimentary volcanic event layers (known as Tonsteins). Finally, taking the long eccentricity cycles as isochronous
section and combined with the sedimentary succession and characteristics of cycle boundaries, the Upper Permian coal measures in the
study area can be divided into four third-order sequences and sixteen fourth-order sequences. These help to establish the regional

high-frequency cyclic sequence framework.

Key words: Milankovitch Cycles; wavelet analysis; astronomical time scale; high-frequency cyclic sequence; the Upper Permian; Panxian
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Fig. 1 Simplified geological map of Panxian, western Guizhou Province
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Table 1  Statistics of data related to Milankovitch cycles in the Late Permian of Panxian wells

- JSHF2 B T )J‘E BEMEE R ‘ “?ﬁ R/ (m/ka) ﬂﬁ}?
K /m IR /ka el ul FHME SERETE

405 15 16.99 6075 0.042 0.041 0.97

1 535.5~783.5 123 48 5.7 5904 0.046 0.042 0.91
(248 m) 44 132 2.15 5808 0.049 0.043 0.87

21 241 1.22 5061 0.058 0.049 0.84

405 16 17.24 6480 0.043 0.040 0.93

V1 630~887 123 52 5.54 6396 0.045 0.040 0.89
(257 m) 44 142 2.14 6248 0.049 0.041 0.85

21 254 1.21 5334 0.058 0.048 0.84

405 16 16.06 6480 0.040 0.036 0.91

V3 490~724.1 123 51 5.39 6273 0.044 0.037 0.85
(234.1 m) 44 140 2.11 6160 0.048 0.038 0.79

21 252 1.18 5292 0.056 0.044 0.79

T« Hb)Z SE RO R P TR A 5 G IR 1 ) SRR A LU AL, FoR AN TR RUEE (a3 HE30) T LR M2 BRZEZE M (Yu et al., 2008)
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Fig. 8 Recognizable characteristics of continuous wavelet curve and energy spectrum of amplitude cycle superimposed pattern
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Table 2 Contents of rare earth elements (X107) and geochemical parameters of Upper Permian mudstones in Panxian Well Y-3

(RE e %WE/m LREE  HREE Y REE I/HREE (La/Yh)s Ceuom Sr/Ba V/(V+Ni) Sr/Cu
P-1 7207 31259 35.56 348.15 8.79 11.10 -0.05 1.14 0.76 1.38
P-2 703.6 22819  30.25 258.44 7.54 9.24 -0.06 0.98 0.90 0.88
P-3 699.7 9555 25.48 121.03 3.75 3.33 -0.11 0.62 0.66 1.69
P-4 6669  356.65  38.56 395.21 9.25 11.00 -0.02 0.56 0.83 3.26
P-5 653.8  202.78  42.85 245.63 473 5.91 -0.19 0.77 0.92 3.71
P-6 641.6  214.65 2557 240.22 8.40 12.68 -0.11 0.95 0.91 2.82
P-7 6235 24399 2219 266.18 10.99 16.15 -0.05 0.72 0.74 2.24
P-8 6145 16024 2453 184.77 6.53 7.75 -0.12 0.66 0.83 3.32
P-9 609.2  184.42  22.82 207.23 8.08 10.49 0.04 0.42 0.89 1.05
P-10 608.3 33593 3523 371.16 9.54 11.69 -0.01 0.45 0.76 3.71
P-11 598.7  393.08  26.27 419.35 14.96 20.54 0.11 0.58 0.88 1.79
P-12 5772 266.87  24.30 291.16 10.98 17.31 0.01 0.98 0.91 1.49

p-13 5522 43762 3588 47351 12.20 16.42 0.05 0.54 0.88 2.24
P-14 5314 593.10  46.27 639.37 12.82 18.07 0.11 0.83 0.68 2.63
P-15 5201 105.58 9.93 115.50 10.64 13.76 -0.07 0.26 0.87 2.90

¥ : LREE=La+Ce+Pr+Nd+Sm+Eu; HREE=Gd+Th+Dy+Ho+Er+Tm+Yb+Lu; ¥ RRE=LREE+ HREE; L/H y LREE 5 HREE B9 FU{H ; (La/ Y ) i IG5 Bk [
AARFEAAE I HEAE 5 e =logi3Cexe/(2Lay+Ndy.), N TG R BN A AR ILA, N0 2E TUA (NASC) TC bR AE ; St AR 70 R K (1ICP-MS) H ]
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Fig. 9  Division of high-frequency cycles and vertical variations of elemental geochemistry in Well Y-3
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Fig. 10  Stratigraphic framework of high-frequency sequences of the Upper Permian in Panxian County
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