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TYPICAL MUDSTONE OF THE LOWER PERMIAN SHOUSHANGOU
FORMATION IN MIDDLE-SOUTH DAXINGANLING MOUNTAINS:

Geochemical Characteristics and Geological Implications
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Abstract: The mudstones of Lower Permian Shoushangou Formation in Xi Ujimqgin Qi of Inner Mongolia are well-
developed source rocks in middle-south Daxinganling Mountains. With study on the characteristics of major, trace and
rare earth elements in the mudstones, the paper analyzes the provenance, tectonic setting and weathering of
Shoushangou Formation in depth. The ICV values of rock samples ranging from 1.15 to 1.57 (averagely 1.33) show that
the samples are basically not affected by secondary diagenesis. According to the A-CN-K triangular diagram, the
mudstones are subjected to certain K-metasomatism. The CIA.,,, values of 54.28-70.06 (averagely 65.33) are gained
after correction, indicating the provenance has experienced primary-moderate weathering. Based on the analysis on the
multivariable environment of major and trace elements, it is concluded that the argillaceous sediments of Shoushangou
Formation are mainly derived from the felsic provenance, mixed with minus materials from the femic volcanic rock

provenance, under the tectonic background of continental island arc. From the above, it is thought that the sedimentary
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features of the mudstones in the study area are attributed to the subduction of the Paleo-Asian Oceanic crust in early

Permian.

Key words: Shoushangou Formation; mudstone; geochemistry; provenance; weathering; tectonic setting; Daxinganling
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Fig. 1 Geological sketch map of Tabinmiao area in Xi Ujimqin
Qi of Inner Mongolia and with profile position
(Modified from References [5, 21])
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3 H#R

R 1 FoR, U4 E Sio, & &R 60.37%~
66.13% , 3K 62.28% ; ALO; iR, 54T
14.90%~17.14% 2 [0] ,"E-39°0 16.31% £5 5 e A ke
fE. FEfD CaO &HN 0.71%~1.88%, F1 1.17%; K0
N 1.66%~3.71%, V-1 3.09%. J5 1 CaO 7t
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Table 1 Major element contents of the mudstones from Shoushangou Formation in Xi Ujimgqin Qi, Inner Mongolia

FEAS T606-1 T606-2 T606-3-1 T606-3-2 T606-5 T606-6 T606-7 T606-9 T606-10 T606-11 T606-12 T606-13 F-IMH He/IMH e k(l
Si0, 62.58 61.74  63.06 62.05 60.37 6166 66.13 6114 63.07 6244 6117 6197 6228 60.37 66.13
Al,0, 1643 1673  15.66 1672 1708 1627 1490 1659 1574 1639 1609 17.14 1631 1490 17.14
Fe,0sT 649 632 524 627 597 663 547 646  6.16 6.47 6.35 6.26 617 524 663
Fe,0; 344 347 084 337 219 458 192 247 44 3.51 4.00 431 321 084 458
FeO 274 256  3.95 261 339 184 319 359 157 2.66 2.11 175 266 157 395
Ca0 0.84 098 1.88 079 150 151 156 121  1.26 0.79 0.99 071 117 071 188
MgO 231 232 273 232 239 244 190 279 201 2.40 3.98 202 247 190 398
K0 309 329 202 341 371 267 166 334 357 3.47 3.21 361 309 166 371
Na,0 267 286 473 289 260 283 446 325 213 2.67 2.65 268 304 213 473
TiO, 077 079  0.65 078 08 076 055 075 0.76 0.76 0.75 080 075 055 085
P,0s 015 013 013 014 028 016 012 013 0.5 0.16 0.14 014 015 012 028
MnO 0.04 005  0.05 0.05 006 006 005 005 007 0.05 0.05 0.05 005 004 007
Lol 447 463 370 442 497 488 308 412 493 4.19 4.46 447 436 308 497
B 9953 9955  99.39 9954 99.38 99.66 99.53 9943 99.68  99.48  99.61  99.64 99.53 99.38 99.68
AlLOJTIO, 2128 2131  24.28 2138 2016 2132 2704 2218 2068 2159 2148 2134 2200 20.16 27.04
Fe,O;T+MgO 8.80 8.64  7.96 860 836 907 737 925 817 888 1034 828 864 737 10.34
AlLOJSIO, 026 027  0.25 027 028 026 023 027 025 0.26 0.26 028 026 023 028
Al/Na 355 201 352 399 350 203 310 449 373 3.69 3.89 215 330 201 449
Na/K 132 354 128 106  1.61 407 148 090 117 1.26 113 383  1.89 090 4.07
IcV 123 1.26 1.57 125 129 134 141 141 126 1.27 1.54 115 133 115 157
ClAcorr  68.73 67.17  54.28 68.13 67.09 6425 5528 6401 6840 69.04 6751 70.06 6533 54.28 70.06
F1 -092 -097 025 -126 -158 -0.09 147 -130 -174 -158 -376 -099 -1.04 -3.76 147
F2 -358 -309 -395  -299 -233 -403 -394 -334 -260 -317 -527 -244 -339 -527 -233

B 3 IR VE U AR AL PV B BRI L A BEI 4 BE519%; AVNa NalK 04 PR HE ; 1CV=(Fe,0tKo0+Nai0+Ca0+MgO4 MnOATIO, )
ALOs, A EAL LUEE RECH 5475 F1.F2 BREHE Roser and Korsch (1988).
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Fig. 2 Comparison between the NASC-normalized and chondrite-normalized REE patterns of the mudstones from Shoushangou

Formation and greywackes of different tectonic settings
(After References [23-25])
1—#5 ) K Bt 91 2% (passive continental margin); 2— 8l K Fifi #1 2% (active continental margin); 3—K i & 9K (continental island arc); 4—K ¥ & 5K

(oceanic island arc)
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Table 2 Trace element and REE contents of the mudstones from Shoushangou Formation

FEA S T606-1 T606-2 T606-3-1 T606-3-2 T606-5 T606-6 T606-7 T606-9 T606-10 T606-11 T606-12 T606-13 F-H4{H H/IMH F K{H
Th 6.56 751 3.67 25.27 653 636 446  6.09 6.52 6.80 6.51 8.41 789 3.67 25.27
Hf 496 585 3.22 6.63 553 519 413 538 5.23 5.50 5.48 6.39 529 322 6.63
Sc 1548 16.92 14.64 16.42 18.27 1636 1282 1789 17.62 1755 18.00 1645 16.54 12.82 18.27
La 2401 2725 1352 28.39 2356 2255 18.95 20.04 1949 2547 2336 2892 2296 1352 2892
Ce 49.04 5381 2290 55.13 4539 40.00 3293 3569 36.28 4895 4051 56.87 43.12 22.90 56.87
Pr 6.80 6.40 331 7.94 658 539 464 499 5.06 6.46 5.53 17.77 591 331 794
Nd 2340 2517  13.69 29.65 2353 2147 1921 19.99 2059 2398 2213 2641 2244 13.69 29.65
Sm 459  4.86 2.80 9.18 476 420 384 413 4.19 4.73 4.38 514 473 280 9.18
Eu 098 112 0.88 1.38 123 097 1.04 111 1.05 1.28 1.19 1.25 112 088 1.38
Gd 412 431 241 9.15 426 365 331 361 3.60 4.24 3.98 466 428 241 915
Th 0.67  0.70 0.41 2.17 071 060 054 0.62 0.61 0.70 0.65 0.75 076 041 217
Dy 403 4.28 2.54 15.73 428 363 326 3.83 3.74 4.24 3.98 449 484 254 1573
Ho 0.81 0.86 0.52 3.27 088 074 065 0.77 0.76 0.85 0.81 0.91 099 052 327
Er 219 234 141 9.18 241 207 180 2.09 2.10 2.31 2.20 2.50 272 141 918
Tm 0.42 0.46 0.28 2.01 048 041 035 041 0.42 0.45 0.43 0.49 055 028 201
Yb 278  3.02 1.85 13.50 319 272 236 275 2.80 2.98 2.89 3.16 3.67 185 13.50
Lu 0.43  0.46 0.28 2.00 050 043 036 042 0.43 0.47 0.45 0.50 056 0.28 2.00

Th/Sc 042 0.44 0.25 1.54 036 039 035 034 0.37 0.39 0.36 0.51 048 025 154

La/Th 3.66 3.63 3.68 112 361 355 425 329 2.99 3.74 3.59 3.44 338 112 425
La/Sc 155 161 0.92 1.73 129 138 148 112 111 1.45 1.30 1.76 139 092 176
Tilzr 31.70 3124 3043 34.67 3046 31.67 3314 3148 2943 3240 30.70 3444 3181 2943 3467
SREE 124.28 135.03 66.83 188.69 121.74 108.83 93.25 100.45 101.12 127.11 112.48 143.80 118.63 66.83 188.69
Y LREE/>HREE 7.04 7.22 5.88 2.31 6.29 6.64 638 592 5.99 6.83 6.31 7.24 6.17 231 7.24
(Dy/Sm)x 136 137 141 2.66 140 134 132 144 1.38 1.39 141 1.35 148 132 266
SEu 069 0.75 1.03 0.46 083 076 089 0.8 0.82 0.87 0.87 0.78 080 046 1.03
oCe 090 095 0.80 0.86 085 085 082 084 0.86 0.89 0.84 0.89 0.86 0.80 0.95

AR E B ARSI AR I P GV B ARSI O A TR, B B 1075 8Ce=Cey/(LayxPry)™?; SEu=Euy/(SmyGdy)"™?; N F/REkb B AR EAL (Taylor

and McLennan, 1985).

CIA,.=[ ALOJ(ALO#+CaO*+Na,0+K,0,,,) |x100 (1)
K,0..=[ m* ALOs+m* (CaO*+Na,0) /(1-m) (2)

AP ALY LB R EON B, o KO AARK
AEBRAACYE RS K0 B i m ] 1 A
3158, EIFIELIEAT T A-CN 2504 a BYRERK
HEZE Y] CN-K ARFRAh 22 s B BESHY m 8, AR
42 m {H4 0.08; CaO* SZI5HEMRELH ) Y CaO.
AW FE K F McLennan $& H [ CaO* A% 1E 71k,

Ca0 54=Ca0-P,0sx10/3, {15 CaO g2<Na,0, ] CaO*=
Ca0 g4 W CaO 54>Na20, M| CaO*=Na,0. 1155575
F| CIA,,, fH M 54.28~70.06,FYJ{EH A 65.33, CIA,,, {H
FEARIRIEAE 50~70, J& TR 5 —rh & XULos .
42 iR

TR BUE PR, e TR R il & kT
HOER AL AR I RS & 2. M4 Roser and Korsch
P2 H 1) T G 3 A W U DX R 1 ) ) e A e
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Fig. 3 The A-CN-K diagram of the mudstones from
Shoushangou Formation

(Modified from References [26, 28])
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Fig. 4 The F2-F1 provenance discrimination diagrams for the

mudstones from Shoushangou Formation
(After Reference [36])
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rock); PA4—F 7 A1 & UL AL 4 9 U X (quartz-rich sedimentary rock )
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Fig. 5 The Hf-La/Th discrimination diagrams for source rock
compositions of the mudstones from Shoushangou Formation

(After Reference [37])
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Fig. 6 The La-Th-Sc and La-Sc-Z1/10 discrimination diagrams for tectonic setting of the mudstones from Shoushangou Formation
(After Reference [40])
A—K P 9K (oceanic island are); B—Kfifi & 3 (continental island are); C—i% 8K i 1112k (active continental margin); D—4% 3} KBl 1 2 (passive

continental margin)
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Fig. 7 The La/Sc-Ti/Zr discrimination diagrams for tectonic
setting of the mudstones from Shoushangou Formation
(After Reference [40])

A—R P E I (oceanic island arc); B—K i & 3K (continental island
arc); C—I% 3l K[ 1% (active continental margin); D—#% 3f K Fifi i1 4%
(passive continental margin)
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