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Fig. 1 The sketch of the geological setting of southeastern China and the geological profile

of the Shuicheng—Nayong region of Guizhou Province

(a) TEFg M JE LR KOBUA 48 434 B (3% Ukstins-Peate et al. , 2008) ; (b)) #8 R Az B R A6 325 1 300 5 #H 77 b 2 151 (4% Wei Hengye et al. ,

2016) ; (o) GHZEE 5071 I 3 B 78T P (4 X145, 2008)

(a) Distribution map of Emeishan Igneous Province in south China (from Ukstin-Peate et al. , 2008) ; (b) lithofacies palaeogeography of the Late

Guadalupian in South China Plate (from Wei Hengye et al. , 2016); (c) profile geological sketch of Yingpan, Nayong ( from Liu Ping et al. ,

2008)
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Fig. 2 Lithologic column of the Middle Permian Maokou

Formation at Yingpan, Nayong, southwestern margin of the

Qianzhong Trench
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Fig. 3 Specimen and electron microscope images of Middle Permian Maokou Formation at Yingpan, Nayong,

southwestern margin of the Qianzhong Trench
(a) REBUASAMEE EIZ; (b) EREEFUAEIMEL; (o) MBS ER, (d) HEDRAE S AP R EIE

(a) Siliceous rock interbedded with manganese oxide ore; (b) field characteristics of layered siliceous rocks; (c) interbedded Mn and Fe

bands; (d) nodular quartz is closely symbiotic with organic matter
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Fig. 4 Genetic discrimination diagram of the siliciclastic rocks of the Middle Permian Maokou Formation

at Yingpan, Nayong, southwestern margin of the Qianzhong Trench
(a) Fe—Mn—Al AR H 3 i (35 Adachi et al. , 1986) ; (b) Fe—Mn—( Cu+Ni+Co) [l (#& Bostrom, 1983) ; (c¢) Si0,—Al, 0, L H]
5P R P Wonder et al. , 1988) 5 (d) U—Th ¢ZR &I (H Bostrom, 1983) , EH—Z K P B HAUKITIARIX ; RH—ZLIE KK TTRUX 5

FH— & RITRRIX s OS—IE# IEFETIRRIX ; MN—HR 25 TRRIX

(a) Genetic discrimination diagram of Fe—Mn—Al (after Adachi, 1986); (b) Fe—Mn—( Cu+Ni+Co) diagram ( after Bostrom, 1983); (c)
Si10,—Al, O genetic discrimination diagram ( after Wonder et al. , 1988); (d) U—Th diagram ( after Bostrom, 1983). RH—Red Sea

hydrothermal district; EH—East Pacific hydrothermal district; FH—Fe—Mn paleo-hydrothermal district; OS—ocean sediment district; MN—

manganese district; AH—alumina sediment district
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Table 1 Analysis results of main elements ( %) of the siliciclastic rocks of the Middle Permian Maokou Formation

at Yingpan, Nayong, southwestern margin of the Qianzhong Trench

e =k Al,O; | CaO |TFe,04| K,O MgO Mn Na,0 | P,05 | SiO, TiO, B4 | Mn/Fe ﬁ
YP-20 | EfEILZ A | 12.40 | 5.06 | 15.16 | 2.81 | 3.68 | 0.12 | 2.71 | 0.49 | 49.96 | 4.16 | 2.85 | 0.01 0.38
YP-19 R 0.15 | 0.43 | 1.60 | 0.03 | 0.02 | 0.11 | <0.01| 0.02 | 96.03 | <0.01 | 0.95 | 0.10 0.06
YP-17 REB A 0.19 | 0.48 | 1.64 | 0.04 | <0.01| 0.15 | 0.01 | 0.03 | 95.49 | <0.01 | 1.02 | 0.13 0.07
YP-15 HEA 0.21 | 0.15 | 3.00 | 0.06 | <0.01| 0.71 | <0.01| 0.05 | 93.40 | <0.01 | 1.11 | 0.34 0.04
YP-13 A 0.17 | 0.16 | 2.84 | 0.03 | <0.01| 0.15 | <0.01 | 0.02 | 94.80 | <0.01 | 1.18 | 0.08 0.04
YP-12 Epiva 0.27 | 0.21 | 1.19 | 0.06 | <0.01| 0.74 | <0.01| 0.01 | 95.27 | <0.01 | 1.51 | 0.89 0.08
YP-10 | FHGGEA | 0.15 | 0.27 | 2.49 | 0.26 | 0.19 | 7.14 | <0.01 | 0.07 | 82.71 | <0.01 | 3.38 | 4.10 0.01
YP-08 | FhhAEFA | 0.23 | 0.20 | 3.88 | 0.15 | 0.13 | 6.22 | <0.01| 0.11 | 83.57 | <0.01 | 3.17 | 2.29 0.01
YP-07 | SHEEREFCA | 0.19 | 0.10 | 2.29 | 0.04 | <0.01| 1.22 | <0.01| 0.03 | 94.44 | <0.01 | 1.06 | 0.76 0.03
YP-05 | ShEREFA | 0.22 | 0.13 | 5.19 | 0.05 | 0.02 | 1.98 | <0.01| 0.06 | 89.73 | <0.01 | 1.73 | 0.55 0.02
YP-02 | FEGREEFRA | 0.25 | 0.30 | 2.14 | 0.12 | 0.09 | 4.14 | <0.01| 0.03 | 89.38 | <0.01 | 2.39 | 2.76 0.02

ARG | AR (2022)

R2BPEHABGMNEERET _BEF OHEREMEBNB L TRANE R (x107°) RSEHHE

Table 2 Analysis results of trace and rare earth elements (x10™°) and parameter characteristics of the siliciclastic rocks

of the Middle Permian Maokou Formation at Yingpan, Nayong, southwestern margin of the Qianzhong Trench

JLE YP-02 YP-05 YP-07 YP-08 YP-10 YP-12 YP-13 YP-15 YP-17 YP-19 YP-20
Li 1.85 0. 945 0. 805 1.42 1.375 1.53 1.44 1.34 1.59 1.41 11.1

Sc 0.535 0.285 0.249 0. 456 0.423 0.371 0.34 0. 476 0.362 0.286 22.6
\ 108 79 31.4 105 108 111 109 106 86.2 73 346

Cr 111 123 55.5 79 60.5 203 106 103 131 93 35.8
Co 32.1 24.3 12 9.75 13.8 7.05 8.46 9.98 5.98 5.1 38.0
Ni 95.5 86 45 96 101 45 25.4 36.6 24.4 19. 4 44.9
Cu 8.15 6.4 3.745 4.82 6.75 7.9 6.48 6. 64 7.86 7.2 203

Zn 18. 1 19.1 8.5 38.5 26.6 48 38.8 13.3 26.2 23.4 133

Ga 4.69 2.5 1.61 6.45 7.15 1.32 0.558 1.17 0. 606 0.49 24.9
Ge 0.373 0.225 0.142 0.171 0. 136 0.128 0. 154 0.152 0. 141 0.12 1.56
Sr 105 61 41.9 120 160 44.7 23.6 40.8 45.8 46.4 208

Zr 10.8 8.85 3.94 5.9 6.9 5.15 5.64 9.06 7.9 6.14 352

Nb 1.58 1.12 0.491 0.875 0.995 0.54 0.59 1.44 1.09 0.918 43.5
Mo 4.98 5 4.94 6 4.04 10.6 7.02 5.48 9.36 7.56 2.31

Ag 0. 051 0.017 0. 008 0.015 0.029 0.011 0.017 0. 069 0.034 0. 028 0. 606
Cd 0.235 0.074 0.068 0.339 0.249 0.79 0.536 0.312 0.206 0.165 0.184
In 0. 007 0. 004 0. 003 0.003 0. 003 0.003 0. 005 0. 007 0. 005 0. 006 0.104
Sn 0.077 0.103 0. 059 0. 06 0. 152 0. 004 0. 082 0. 106 0.282 0.304 2.73
Sh 2.65 7 3.71 20.1 8.5 2.2 2.6 3.6 1.64 0.87 0.197
Ba 92 22.6 25.3 53.5 97.5 57 10. 4 26.8 15.4 13.8 492

Hf 0.201 0.171 0. 067 0.126 0.122 0.165 0. 141 0.296 0.158 0.138 9.73
Ta 0. 021 0.015 0. 007 0.016 0.012 0. 021 0.015 0. 025 0.016 0.014 3.03
Tl 1.41 0. 635 0.385 3.23 0.595 2.63 0.582 2.08 1.41 0.992 0.231
Pb 1.13 1.11 0. 665 0.93 0.88 1.32 1.4 1.67 0.934 0. 808 12.8
Th 0.097 0.091 0. 059 0. 126 0. 104 0.15 0.112 0.15 0.139 0.098 7.32
U 2.99 1.8 2.45 2.16 1.94 2.98 2.18 2.44 1.72 1.51 1.69
La 16.6 4.84 4.28 13.6 9.65 13.2 5.86 10. 4 8.82 7.5 44.6
Ce 15.1 4.96 4.12 11.8 5.4 4.67 6. 44 7.56 6.08 4.5 99.5
Pr 3.35 0.62 0.675 1.68 1.59 1.67 0.916 1.45 1.18 0.92 13.9
Nd 16.2 2.83 3.18 7.5 7.4 7.65 4.04 6.24 5.3 4.02 62.1

Sm 3.3 0.58 0. 64 1.38 1.52 1.37 0.78 1.23 0.94 0.712 13.2
Eu 0. 88 0.142 0.162 0.324 0. 401 0.341 0. 154 0.28 0.234 0.168 3.76
Gd 4.24 0.74 0.785 1.88 1.75 1.82 0.96 1.55 1.29 0. 964 11.3
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JLE YP-02 YP-05 YP-07 YP-08 YP-10 YP-12 YP-13 YP-15 YP-17 YP-19 YP-20
Th 0.595 0. 106 0.108 0.261 0.25 0.239 0.14 0.224 0.175 0.13 1.61
Dy 3.58 0.66 0.64 1.6 1.49 1.47 0.882 1.44 1.07 0.794 8.67
Ho 0.76 0.143 0.128 0.328 0.304 0.323 0.188 0.316 0.228 0.17 1.59
Er 2.01 0. 387 0.334 0.815 0. 805 0. 84 0.502 0. 856 0.586 0. 442 4.03
Tm 0.267 0. 054 0.043 0.102 0. 107 0.112 0. 068 0.12 0.074 0. 056 0.524
Yb 1.5 0.336 | 0.245 | 0.535 0.63 0.66 0.408 0.74 0.402 0.31 3.18
Lu 0.218 0. 045 0.036 0.072 0. 089 0.095 0. 056 0.098 0. 059 0.043 0. 454
Y 30.3 7.6 6.8 14.6 13.7 17.2 6.48 13.5 11.9 9.48 38.7
Euw/Eu* 1.08 1.00 1.06 0.92 1.14 0.99 0.82 0.94 0.97 0.93 1.45
Ce/Ce” 0.47 0.63 0.55 0.54 0.31 0.22 0.63 0.44 0.42 0.38 0.91
SREE 68. 60 16. 44 15.38 41.88 31.39 34. 46 21.39 32.50 26.44 20.73 268. 42
LREE/HREE 4.21 5.65 5.63 6.49 4.79 5.20 5.68 5.08 5.81 6.13 7.56
(La/Ce) g 2.29 2.03 2.16 2.40 3.72 5.89 1.90 2.87 3.02 3.47 0.93
Y/Ho 39.87 53.15 53.13 44.51 45.07 53.25 34.47 42.72 52.19 55.76 24.34

:Ce/Ce ™ =2%Cey/ (Lay+Pry) ,Eu/Eu” =2xEuy/ (Smy+Gdy ) ;N FRBEAF 5 KA T4 (PAAS) (Mclennan, 1989) frfEfL A,

BN B ORETUS (La/Ce) [N T 1.9~5.89,
EHIH 2. 98 £5 5 B R E A UTRUERBE MO R 7
1 4. 7E Fe,0,/Ti0,—AL0,/( ALO, + Fe,0, ) .
(La/Ce) yv—AL0,/( AL,O, +Fe,0,) Ef# 1 (& 6),
F 1 45 FE R RE S ik A A A 2 A FRTPE R X
P BB DB, iR BRI B2 B R R TR
T TR IX AR AR JEL R SR TR B LASR TR
KW G il 2445 | I I Ml J5T ) 18 1 S5t (R A
ALz & B RS B (Adachi et al., 1986;
Yamamoto, 1987; 5KIESE, 2017), FH% L, h =&

T TS KOF A AEAETE TP, 2 BT AR P4 1]
Jr AT v 53 53 A USRS 45 1 [R] TR T 2L I A
BEAT 3R )2 B RO BTRREE 4, R 0 ] v B s s )
FEREAPRB KT B S EPEIORIX, FrLL, g
BEAE A (La/Ce) y HUAH ., Fe,0,/Ti0,—ALO,/
(ALO, + Fe,0,) J (La/Ce ) —ALO,/( ALLO, +
Fe,0,) KIS0 b S Brk o il il e B2 5 T
B 5 36 Y PRI A R A
4.3 BEZEXFRNT
Hep B L B R T AR A BT A DTAR (H
A RREIR SHIE A E k%
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T

o HiEAR Bt X Bh &
WK B A2 &
20 KT AR A o R R )
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45, 20165 #RIESE, 2017) 1
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Fig. 5 Normalized distribution patterns of the rare earth elements in the siliciclastic rocks of ijJ?F(EI ﬁlé “ZhTRD %/I\ j( El"]
the Middle Permian Maokou Formation at Yingpan, Nayong, southwestern margin of the A 1 ( ¥ S — ’%’Sf’ 2003; Sun

Qianzhong Trench (the value for normalization of the Australian Post-Archean mean Shale Yadong et al., 2010; 'S ?I,
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—Al,0,/(Al,0;+Fe,0,) discrimination diagram (after Murray, 1994) of siliceous rock

PRSI 2 A A A E"ﬂ%/\%(){u Yigang et al. , ﬁilﬁjfﬁﬁﬁﬁ%@kfﬂT?}@(ﬁﬁiﬂg%\%72‘5( I 378 T
2001 ; Zhong Hong et al. , 2009) Z R , it A7 1E— Bt i) 4, 2020) , S5 AR R B B B RS 25 0 A R
SHARXS B 2L JILyg Bl R A IR R B T AR P B AL B 2 K B R e LT
Capitanian " ¥ 1Y Jinogondolella altudaensis i ( ~ WO i (A4, 2003, ERYREE, 2010, 2011;
260 Ma) (Wu Qiong et al. , 2020) , i H B /RMEIK/7K  RIZELSE, 2013 #RIG5E, 2017) , 1 0 4R 5 b X [7]
TBORRIE JE R K LR B BT ISR BN JRALRE BT 0 sk B AR TR S5 AR 55 (4 7K IR
— LA BN K I GG S Al (Wignall et S, 2008 PG5 RAE, 2016; IRITAE, 2018 BX4RTE
al. , 2009; Sun Yadong et al. , 2010; 471, 2019), 4 2020)

520 0 L HIX (Yan Hao et al. |, 2020) , &L ST E R, TR s ER AL 2 AR TR AR R
B 8 RN ik B e R A RO N R A A HOR DU B, 53 DG ™ s
A, BSeEFUA A 22 KILKIE (K IRSE,  E JEREHREE LR G 00T a8 Tl
2008) . AT UL, U JE Mg AT BB S AL IE S B IR R RA 2T, R WHIE U R R T g
TR FREEAR T MRS (2020) #E— 20 X0 IR aRCE R T b ], [l GA 98 A RE A
T TG SR IEA G TR T RS 5B S LR IARE BUE B S IR S
S, HEWTIRJE s A BT IS A & SR B XN TR X S G R 4 K R R e B (R iR
FROK S PR R I ) B SR, X —HfE VR WG /R MR JE . PEAE, 2020) AT XS L, Yan Hao 55 (2020) X 3
AT VAR RS L TG AR T REXS X R RAOK DT 460 DU AR 24 &5 4 JF B U-Pb /245 45 1N
FURE A B BB A, E I XAV 261, 6£2.4 Ma Ml 262. 5£2.3 Ma, iX — 45 40 47 Hb
J¥ 51 v e 2 K A A ) AR R A7 R AL AL (0. 7068 ~ S 7 T 06 JiE b e Ak R U1 IR RS 2K 1 355 B s ] (P I
0. 7070) MBI L HIFSREB K UGS A —E R R, 2013) . BLAh, G5EARIT(2019) T JH b ik
% (Huang Hu et al. , 2019), MM, SEME X =& FIIOKT) KITEh7r = 52000 B 55285 8 A
LR R B B B n (YSe)/n (FSe) AT SO, GRS B T T IR YR L B i
0. 706860 ~ 0. 706866 ( #ifE, 2022) , 454 IS A Z W P FRITIA N S Bk B s BT 1
WE AT WD ERE RS BRI BEZ B JE A A RIS LT 3 B UTAE 5G| 3X — I 4 5
Mo AT KR K ITE S, X AU FURTRIR JOLE 3 5 Z A SR ORI o A
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The genesis and geological significance of the siliciclastic rocks of the
Middle Permian Maokou Formation at Yingpan, Nayong, Guizhou

YANG Guiyuan' > | GAO Junbo"? , YANG Ruidong"* , LIU Zhichen® , XU Hai*’
1) College of Resource and Environment Engineering, Guizhou University, Guiyang, 550025;
2) Key Laboratory of Karst Geological Resources and Environment, Ministry of Education, Guizhou University, Guiyang, 550025;
3) The 102 Geological Brigade, Guizhou Bureau of Geological and Mineral Exploration and Development, Zunyt, Guizhou, 563003 ;
4) Department of Tourism and Geography, Tongren University, Tongren, Guizhou, 554300

Objectives: The siliciclastic rocks of the Middle Permian Maokou Formation at Yingpan, Nayong, Guizhou,
are the main object of this study, focusing on the genesis of siliciclastic rocks and the origin of defined silica using
elemental earth methods.

Methods: Based on the field investigation work, the ratio characteristics and enrichment patterns of major,
trace and rare earth elements were analyzed by elemental geochemical methods, combined with geological
background and petrographic paleogeographic features to discern the siliciclastic genesis and depositional
environment.

Results: Elemental geochemical correlation ratios and diagrams of diagenetic discrimination indicate that there
was a significant input of hot water material during the formation process, and silicon was mainly derived from the
hot water system. The depositional environment is the Qianzhong Terrace Trench in the deep-water phase of the
same sedimentary fracture.

Conclusions; The early submarine volcanism of the Emei mantle column or the associated hot water action
provided the siliceous fraction required for the deposition of siliciclastic rocks at Yingpan, Nayong. And the early
submarine volcanism of the Emei mantle column may have an important controlling role on the Permian siliciclastic
sedimentation in South China.
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