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Petrological characteristics, geochemical characteristics, and geological
significance of sandstones in Changzhougou Formation, central sector
of the Yanshan Mountains
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Abstract: The Mesoproterozoic Changzhougou Formation is the first set of sedimentary cover on the metamorphic
crystalline basement of the Yanshan area in the northern margin of North China Craton. It unconformably covers all
kinds of Neoarchean gneiss. Based on the field geological survey, grain size analysis and geochemical analysis test
were carried out on the sandstone of Changzhougou Formation, to disclose the paleoenvironment, paleoclimate, ma-
terial source, tectonic environment, and basin properties during this period. The results of rock assemblages, sedi-
mentary structure, and grain size analysis indicate that the sedimentary environment evolution of Changzhougou For-

mation is alluvial fans, braided rivers, and clastic tidal flats, from bottom to top. The geochemical characteristics of
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sandstones in Changzhougou Formation are characterized by high Si0,, Al,O,, K,O, and low TiO,, Fe,0,, FeO,
and MgO contents with high maturity. The chemical alteration index (CIA) varies from 52. 00 to 73.23, and the
chemical weathering index (CIW) ranges from 93. 04 to 98. 68. Due to the influence of potassium replacement,
combined with A-=CN-K diagram, Th/U-Th diagram, and paleoclimate discrimination diagram, the provenance
may have experienced strong weathering, implying warm and humid paleoclimate. The ratios of Cr/Zr, Th/Se, Ba/
Sr, Rb/Sr, and La/Th—Hf diagrams indicate the provenance of Changzhougou Formation from the upper crustal en-
vironment, and the sediments were sourced predominantly from felsic rocks. The discrimination diagram of the tec-
tonic setting shows that the sandstone of Changzhougou Formation was formed in the craton basin, that is, the Yan-
liao Aulacogen might be produced in the internal rift of the craton. In addition, the ratios of Th/Yb, La/Se, La/
Th, and Th/Sc indicate a few obvious mantle materials in the sandstones. Therefore, the Yanliao Aulacogen is pre-
sumed to be the coastal-epicontinental sea formed on the continental crust basement of the North China Craton, not
to the extent of continental crust rupture and oceanic crust occurrence.

Key words: North China Craton; Mesoproterozoic; Changzhougou Formation; paleoenvironment analysis; prove-

nance analysis; lectonic selting
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Fig. 1

Geological sketch map of Qianxi County, Yanshan Mountains area( after Zhao Huaping et al. , 20149,

Zhuan Shaopeng et al. , 2018®)
I— RN AR 2— ML 3—BRISIA; 4—RETIRAL; S—Hi LR 6—FHHR; T—ERRZ-BHR; s—kP &,
O— AT G RL; 10—MEERBEALA; 11— 12— REECLHE M4

1—Archean metamorphic rock series; 2—Changzhougou Formation; 3—Chuanlinggou Formation; 4—Dahongyu Formation; 5—Jixian stratum;

6—~Qingbaikou stratum; 7—Cambrian-Ordovician stratum; 8—Jurassic stratum; 9—disconformity boundary; 10—unconformity boundary;

11—fault; 12—sample locations
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Fig. 2 The sedimentary structure and microscopic characteristics of clastic sedimentary rocks from Changzhougou Formation
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a—Tfield characteristics of conglomerate; b—imbricate structure of conglomerate; c—large tabular cross bedding sandstone; d—wave ripple bedding

sandstone ; e—bidirectional cross bedding sandstone ; f—flaser bedding sandstone ; g—wavy bedding sandstone ; h—cross-polarized microscopic photo-

micrograph of quartz sandstone ; i—cross-polarized microscopic photomicrograph of feldspathic quartz sandstone ; Qtz—quartz; Fs—feldspar; Lt—lithic
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F1 BNAAWEEIETE (w,/ %) RIGEITTER (w,/107°) FHER

Table 1 Major (w,/ %) and trace (w,/10°) element contents of sandstones from Changzhougou Formation

s PM9-1 PM9-2 PM19-2 PM19-3 PM26-1 PM36-1 PM37-1 PM37-2
Faais KAaWE Kaws  HERADE ROARDE KAARDE ROAEDS ABARDE  ARDE
Sio, 87.76 79.13 90. 09 92.43 93.52 94. 53 96. 28 95.84
Al 0, 5.91 9.78 4.35 3.45 3.11 2.54 2.17 2.38
TiO, 0.11 0.36 0.10 0.19 0.06 0.11 0.05 0.09
Fe, 0, 1.05 1.46 0.97 0.61 0.01 0.34 0.08 0.07
FeO 0.14 0.23 0.38 0.22 0.41 0.17 0.05 0.07
Ca0 0.07 0.06 0.12 0.04 0.05 0.05 0.05 0.04
MgO 0.22 0.47 0.10 0.08 0.05 0.08 0.10 0.12
K,0 3.77 7.00 3.40 2.54 2.3 1.82 0. 64 0.74
Na, O 0.10 0.08 0.10 0.09 0.09 0.07 0.03 0.03
MnO 0. 002 0.003 0.003 0.003 0.003 0.002 0.001 0.001
P,05 0.021 0. 046 0. 024 0.021 0.019 0.012 0.016 0.014
Al,0,/8i0, 0.07 0.12 0.05 0.04 0.03 0.03 0.02 0.02
Al,0;/(Ca0+Na,0) 34.76 69. 86 19.77 26. 54 22.21 21.17 27.13 34.00
CIA 57.7 55.86 52.00 54.10 53.63 54.13 73.23 72.75
CIW 96. 07 98. 68 93. 04 95.29 94. 14 93. 47 95. 65 96. 41
La 25.70 32.49 31.05 45.38 12.93 11.41 8.86 10. 65
Ce 47.22 62.30 57.68 86. 88 23.91 21.38 19. 48 19. 68
Pr 5.14 6.90 6.47 9.84 2.67 2.57 2.80 2.15
Nd 17.08 24. 49 22.04 33.87 9.33 9.29 12.97 7.79
Sm 2.42 3.80 3.86 5.66 1.55 1.76 2.22 1.34
Eu 0.49 0.86 0.56 0.81 0.32 0.34 0.27 0.23
Gd 2.23 3.53 3.59 5.23 1.25 1.58 1.49 1.34
Th 0.29 0.54 0.56 0.82 0.20 0.25 0.21 0.23
Dy 1.68 3.26 3.28 4.75 1.16 1.48 1.22 1.39
Ho 0.36 0.65 0. 64 0.90 0.22 0.28 0.22 0.28
Er 1.11 2.00 1.90 2.54 0.63 0.81 0. 69 0.84
Tm 0.20 0.31 0.31 0.41 0.11 0.13 0.11 0.14
Yb 1.18 1.94 1.89 2.61 0.72 0.84 0.78 0.86
Lu 0.25 0.46 0.31 0.65 0.15 0.18 0.17 0.23
Y 9.34 17.23 15.00 19.95 4.85 6.74 6.16 8.18
Y REE 114.68 160. 73 149. 14 220.31 59.99 59.04 57. 64 55.32
LREE/HREE 13.43 10.33 9.75 10.18 11.44 8.43 9.53 7.90
5Ce 0.99 1.00 0.98 0.99 0.98 0.95 0.94 0.99
5Eu 0. 64 0.72 0.46 0.46 0.70 0.62 0.45 0.52
Rb 101.20 96. 06 73.18 49.65 35.36 34.78 10. 65 17.92
Sr 45.58 39.85 25.72 21.03 43.51 11.70 43.28 25.91
Ba 416. 60 431.00 278. 40 200. 60 233.20 121. 60 19.67 38.81
Cr 22.46 46. 18 23.80 29.93 19.78 24.41 14.56 12.88
Ni 7.42 13. 19 7.45 8.05 8.08 8.36 3.70 3.79
Nb 3.76 6.25 3.64 4.62 1.31 2.82 0.95 1.70
Ta 0.46 0.56 0.03 0.13 0.84 0.65 0.10 0.19
Zr 96.79 297.90 103. 30 687. 30 131.9 133.90 115.16 170. 88
Hf 2.73 8. 44 0.15 1.90 8.86 14.12 3.43 5.13
Th 7.57 10. 24 11.28 12.78 13.97 21.93 3.93 4.43
U 1.24 1.49 2.77 2.95 2.22 4.09 0.74 1.67
Ga 6.43 8.82 4.12 3.76 2.96 3.13 2.36 2.43
Co 0.68 6.23 0.52 0.59 0. 60 0.51 0.43 0.38
v 76.08 96. 81 20.91 20.43 17.08 20.55 17. 08 22.24
Sc 3.05 5.8 1.74 2.61 1.19 1.37 1.44 1. 65
Th/U 6.10 6.87 4.07 4.33 6.29 5.36 5.31 2.65
Rb/Sr 2.22 2.41 2.85 2.36 0.81 2.97 0.25 0.69
Ba/Sr 9.14 10. 82 10. 82 9.54 5.36 10. 39 0.45 1.50
Th/Sc 2.48 1.76 6.49 4.89 11.77 16. 01 2.74 2.68

TE: CIA=[ Al,05/ (AL, 0;+Ca0 " +Na,0+K,0) ]x100, CIW = Al,05/ (Al,0;+Ca0 " +Na,0) ]x100, HH CaO " M )5 & 1 ( CaO g4 = CaO
-P,05x10/3, # CaOgu <Nay0, 4 Ca0 " =CaOgy; # CaOgy >Nay0, %2 Ca0” =Na,0); 8Eu=2Euy/(Smy+Gdy ), 8Ce=2Cey/( Lay+
Pry) s



MR ORAE . Ml BOR NI ALRD A R A | BRI R IE S B

777

Ff 5h/PAAS

0.01

N

Ff i

0.001

& 3

" LaCe Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu

RbBaTh U K Ta NbLa CeSr Nd P Zr HfSmTi Y YbLu

N LR G BRI A1 5 PAAS RIFE A 0 2R E 43 P K DR it e o A fole b 7 28 0k 19 1] [ OB o 7 e R i b e

FrEfAEHE Taylor and McLennan( 1985) ; PAAS Frififb #4iHl McLennan(1989) ]

Fig. 3 Chondrite and PAAS normalized REE patterns and continental crust-normalized trace element pattern of sandstones in

Changzhougou Formation ( chondrite and continental crust values after Taylor and McLennan, 1985; PAAS normalized values after

McLennan, 1989)
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Table 2 Grain size character parameters of sandstones in Changzhougou Formation

FE SR PM19-1 PM19-2 PM19-3 PM19-4 PM19-5 PM19-6 PM19-7 PM19-8
Mz/¢ 1.67 0.56 1.18 1.46 2.86 3.39 2.66 2.38
o/ 0.93 0.94 0.91 0. 66 0.55 0. 44 0.62 0.47

SK, -0. 14 0.14 -0.01 -0.24 -0.19 0.02 -0.08 0.03
K, 1.11 0.94 0.81 1.37 1.05 1.45 1.12 1.23
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A-CN-K (a, after Nesbitt and Young, 1982) and Th/U-Th (b, after Gu et al. , 2002) diagram of

sandstones from Changzhougou Formation
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Fig. 6 Source rock discrimination of sandstones from

Changzhougou Formation ( after Floyd and Leveridge, 1987)
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Table 3 Geochemical parameter comparison between the sandstones from Changzhougou Formation and the

sandstone from various tectonic setting

S8 WML LTINS UE SR Y IPN TBUE S NGTHTN KA IR EC T H5E
Si0, 91.2 81.95 73.86 70. 69 58. 83 65. 46 66
Al, O, 4.21 8.41 12. 89 14. 04 17.11 13. 65 15.2
Tio, 0.13 0.49 0.46 0.64 1.06 0. 65 0.5
Al,0,/810, 0. 05 0.1 0.18 0.2 0.29 0.2 7.15
Fe,0,T+ MgO 0.96 2.89 4.63 6.79 11.73 7.89 6.7
K,0/Na,0 35.62 1.6 0.99 0.61 0.39 0.94 0.23
Al,04/(Ca0O+Na,0) 31.93 4.15 2.56 2.42 1.72 2.25 0.87
SEu 0.57 0.55 0.6 0.8 1.04 0.73 0.65
Th/U 5.12 5.6 4.8 4.6 2.1 5.77 3.8
La/Sc 10. 14 6.25 4.55 1.82 0.55 2.32 2.73
Th/Sc 6.1 3.06 2.59 0.85 0.15 0.6 0.97
Rb/Sr 1.82 1.19 0.89 0.65 0. 05 0.31 0.32
Ba/Sr 7.25 4.7 3.8 3.55 0.95 2.55 1.57
T MEABRIES 5] A Bhatia (1983 ) ; EC AU E R 72 (F5 1145, 1999) ; E#5E{EHE Taylor and Mclennan (1985) ; E L%
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Fig. 7 Tectonic setting discrimination diagrams based on the constant elements for sandstones from Changzhougou Formation

(a, b after Bhatia, 1983; ¢ after Roser and Korsch, 1986; d after He Zhengjun et al. , 2003)
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Tectonic setting discrimination diagrams of Ti/Zr—La/Sc, Th—Sc~Zr/10 of sandstones from Changzhougou Formation

(after Bhatia et al. , 1986)
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