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Abstract: The sediment provenance is of indicative significance to study the distribution of uranium sand body and
migration channel of uranium fluid. Taking the Yaojia Formation in Central Depression of southern Songliao Basin as
object, based on the systematic geochemical testing of sandstone samples and collected data of neighboring Qianjiadian
uranium deposit, the paper discusses the geochemistry, formation environment and sediment provenance of sandstone of
Yaojia Formation and compares with those in Qianjiadian area. The results show that the sandstone detrital of Yaojia
Formation is relatively rich in Si and Al, with the main rock types of lithic sandstone and arkose. The REE content is
160.12x107°-253.74x107°, characterized by enriched LREEs (La, Ce, Pr, etc.), flat HREEs (Ho, Er, Tm, Yb and
Lu) and moderate negative Eu anomaly. The analysis of major, trace and rare earth elements reveal that the sandstone
was formed in arid-semiarid climate, without high degree of chemical alteration, and the tectonic setting of provenance

is active continental margin. Combined with the regional tectonic background, it is considered that the provenance
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component of the study area is similar to that of Qianjiadian area, but the source directions are different. The parent

material for sandstone detrital of Yaojia Formation in the study area is derived from the northeast or southwest

provenance, with the main source rocks of granodiorite and granite.

Key words: petrogeochemistry; sediment provenance; Yaojia Formation; uranium deposit; Songliao Basin
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Fig. 1 Tectonic location map of Songliao Basin
1—#E F (Cenozoic ) ; 2— K LI 72 (voleanic lava); 3—4E 1 752 (granitoid ) ; 4—HF5E X (study area); 5—7% 11 4L (basin boundary); 6—4 %
£k (provincial boundary); 7—H144 (place name)
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Fig. 2 Comparison of major element content in sandstone between

Yaojia Formation in the study area and Qianjiadian area
1—HHFFE X (study area) ; 2—4E%FJE M X ( Qianjiadian area)
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Table 1 Major element contents in sandstone of Yaojia Formation in the study area
FEAS Sio, Fe,0, FeO Fe,0," Al,O, Ca0 MgO MnO Na;0 K0 Tio, P,0s
Y96-1 73.30 1.42 0.95 247 12.99 2.82 1.38 0.04 2.81 3.77 0.41 0.12
Y96-2 72.51 0.24 0.66 0.98 10.17 9.84 0.36 0.09 2.68 3.17 0.22 0.06
Y96-3 58.47 4.63 1.19 5.96 13.68 12.30 3.56 0.15 1.63 3.55 0.58 0.26
Y96-4 56.65 6.78 1.18 8.09 17.72 7.39 4.30 0.07 1.40 3.65 0.71 0.16
Y96-5 73.11 122 1.10 244 13.48 2.68 112 0.03 2.93 3.85 0.40 0.08
Y96-6 69.99 2.14 1.25 3.53 14.68 3.10 1.50 0.04 2.96 3.74 0.50 0.10
Y96-7 68.26 0.77 1.00 1.89 11.67 10.24 0.62 0.11 2.97 3.99 0.29 0.07
Y96-8 69.43 0.90 111 2.14 11.75 9.00 0.91 0.11 2.99 3.33 0.39 0.08
Y96-9 67.67 3.55 1.00 4.66 14.23 4.25 1.87 0.06 2.77 3.98 0.50 0.12
Y96-10 67.19 249 0.98 3.57 12.96 7.89 1.34 0.12 2.79 3.78 0.36 0.11
Y96-11 74.32 0.89 0.94 1.93 13.14 2.28 1.00 0.03 3.22 3.69 0.42 0.08
Y96-12 69.33 1.29 1.12 2.53 15.25 3.36 1.48 0.04 3.59 3.94 0.51 0.10
Y96-13 70.66 1.08 1.12 2.33 14.89 2.99 1.37 0.03 3.48 3.78 0.50 0.10
Y36-1 74.54 1.95 0.56 2.57 13.91 1.17 1.30 0.04 3.11 2.82 0.53 0.07
Y36-2 62.85 3.45 0.62 4.14 13.62 9.80 1.52 1.02 3.07 3.15 0.70 0.21
Y36-3 64.34 5.50 0.72 6.30 16.23 3.89 251 0.14 2.35 3.45 0.72 0.14
Y36-4 61.31 6.77 0.79 7.65 17.26 4.18 2.86 0.14 2.10 3.72 0.71 0.15
Y36-5 64.37 6.89 0.73 7.70 17.63 131 2.65 0.09 1.96 3.60 0.65 0.12
Y36-6 57.38 8.23 0.78 9.09 19.91 3.49 2.84 0.11 217 4.23 0.72 0.16
Y36-7 58.52 7.69 0.71 8.48 18.13 4.81 244 0.08 2.57 4.25 0.62 0.19
Y36-8 64.23 3.82 0.55 4.44 14.53 7.30 1.70 0.59 3.03 3.48 0.59 0.18
Y201-1 63.18 1.24 0.70 2.02 11.97 14.19 1.04 0.26 3.58 3.17 0.57 0.10
Y201-2 64.30 3.10 1.73 5.03 15.34 5.39 2.57 0.05 3.06 3.72 0.61 0.12
Y201-3 69.36 2.86 1.06 4.03 13.93 3.77 1.70 0.04 3.09 3.64 0.44 0.12
Y201-4 56.86 7.03 1.12 8.27 16.78 7.05 3.68 0.11 2.35 4.17 0.66 0.19
Y201-5 71.37 1.96 0.86 2.92 13.92 2.99 151 0.03 3.19 3.71 0.37 0.09
Y201-6 70.27 1.44 0.98 2.53 13.34 5.35 124 0.06 3.26 3.59 0.38 0.09
Y201-7 69.94 192 0.81 2.82 13.51 4.69 141 0.06 3.55 3.64 0.36 0.10
Y201-8 61.29 5.64 0.99 6.74 15.32 6.45 2.95 0.09 2.80 3.72 0.60 0.13
Y201-9 53.96 6.40 1.16 7.69 17.42 9.29 4.26 0.09 247 4.08 0.67 0.19
Y201-10 70.15 1.40 0.88 2.37 14.38 3.80 1.06 0.04 3.87 3.84 0.47 0.10
Y201-11 73.23 1.06 0.83 1.99 13.58 2.44 0.81 0.03 3.88 3.62 0.41 0.09
Y201-12 66.67 0.52 0.69 1.28 10.35 14.59 0.97 0.20 2.87 2.66 0.40 0.08
Y201-13 70.43 2.24 0.91 3.25 12.86 5.16 1.84 0.05 2.86 3.00 0.54 0.10
Y201-14 61.69 5.20 1.00 6.32 15.68 6.22 2.92 0.06 2.63 3.81 0.63 0.16
Y201-15 56.80 7.08 1.07 8.28 17.34 6.71 3.56 0.07 2.14 4.37 0.66 0.20
Y201-16 62.60 4.45 0.98 5.54 16.19 5.56 2.69 0.05 2.79 3.95 0.59 0.14
R %.
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Table 2 Trace element contents in sandstone of Yaojia Formation in the study area
JETiR=: Rb Sr Ba Th U zr Hf Sc \Y, Cr Co Zn Ni
Y96-1 115.40 286.10 899.50 11.87 49,51 68.17 2.69 6.29 85.27 26.54 7.04 106.70 16.88
Y96-2 60.12 313.10 910.90 8.44 3.37 42.11 1.80 221 20.59 29.48 1.30 66.17 4,72
Y96-3 112.20 516.20 575.40 9.86 2.18 95.10 3.61 11.18 70.74 40.07 8.41 76.14 30.28
Y96-4 148.40 478.10 483.90 14.39 2.09 113.00 3.96 14.23 106.20 67.77 14.14 90.38 43.30
Y96-5 112.20 323.50 986.70 11.99 18.38 61.06 2.15 451 333.60 19.89 7.72 33.04 15.74
Y96-6 114.80 313.10 902.50 12.46 48.19 78.09 2.74 7.10 197.80 54.43 10.66 61.57 27.39
Y96-7 98.63 364.70 997.90 13.68 18.24 4481 1.24 2.96 143.60 18.24 5.01 55.12 12.85
Y96-8 84.95 322.40 839.80 9.74 47.39 70.02 1.99 4.07 68.36 20.60 7.19 68.45 16.19
Y96-9 121.50 307.00 862.10 11.40 3.86 79.62 2.75 7.26 43.45 26.17 5.01 82.24 17.20
Y96-10 98.01 310.70 838.80 8.95 2.87 55.54 2.10 5.20 29.99 17.82 3.49 52.21 11.76
Y96-11  102.50 333.00 1016.00 13.67 7.56 61.54 2.31 4.35 53.74 17.98 3.30 41.22 8.29
Y96-12 114.80 368.20 1037.00 13.60 21.95 79.85 2.73 5.94 116.30 46.53 8.10 171.00 16.79
Y96-13  107.40 359.20  1008.00 18.69 20.02 80.75 2.95 5.88 94.19 26.61 5.59 88.03 13.66
Y36-1 94.95 275.90 536.80 10.84 2.26 89.48 3.13 6.63 82.46 20.27 8.08 87.29 14.79
Y36-2 101.40 315.60  1207.00 14.70 3.15 124.70 443 7.89 56.93 19.96 8.56 93.84 17.88
Y36-3 154.60 280.40 433.50 14.42 2.15 112.80 3.81 11.79 80.18 35.31 11.55 128.00 29.83
Y36-4 158.20 280.00 489.30 15.41 2.25 121.40 414 13.67 87.83 36.88 12.53 158.10 35.66
Y36-5 159.50 241.40 331.30 15.00 2.29 123.00 4.17 14.34 85.27 63.45 11.96 105.00 33.30
Y36-6 168.70 288.40 760.10 14.58 2.23 120.80 4.10 14.14 89.47 39.89 12.68 134.80 34.91
Y36-7 138.50 336.70 428.60 13.08 172 103.10 3.50 11.11 65.15 35.44 10.44 97.43 30.26
Y36-8 115.80 354.30 507.40 10.49 1.72 95.58 3.37 7.62 50.01 14.96 8.01 69.26 18.10
Y201-1 80.42 505.80 718.80 13.06 2.08 94.12 3.20 3.95 34.90 12.18 4.85 31.03 8.33
Y201-2 119.30 409.20 734.30 16.45 5.65 94.68 3.29 8.89 84.67 28.75 10.34 68.85 26.36
Y201-3 106.40 378.40 898.80 10.78 2.75 78.30 2.95 6.30 36.39 33.74 6.39 129.70 17.68
Y201-4  155.60 449.80 504.90 15.21 5.26 109.50 3.73 11.90 72.22 51.20 11.87 107.50 33.52
Y201-5 110.70 376.70 909.50 5.56 17.52 66.34 2.29 5.20 46.79 19.38 4.57 75.90 15.73
Y201-6 91.20 413.60 879.50 10.44 11.37 66.53 2.58 5.17 41.14 20.56 4.84 109.90 13.63
Y201-7 92.89 393.70 907.00 10.87 130.57 71.68 2.78 5.30 45,91 24.46 6.04 63.77 14.68
Y201-8 137.90 440.40 710.40 16.90 385.19 107.80 3.67 9.61 216.80 57.15 14.21 96.15 30.42
Y201-9 131.50 627.10 559.70 11.90 13.01 121.40 4.24 12.72 93.71 47.18 13.50 94.12 40.72
Y201-10 89.52 42510 1029.00 13.78 3.15 76.74 2.63 4.20 34.76 25.81 3.95 41.61 11.55
Y201-11 93.86 407.30  1147.00 11.08 6.45 79.60 291 3.46 25.64 16.18 3.47 29.83 7.61
Y201-12 70.49 480.90 672.80 7.87 128.43 77.97 2.71 3.67 33.99 12.26 3.73 44.33 9.43
Y201-13 9154 390.50 621.90 9.98 8.12 87.66 3.14 6.70 44,18 28.46 7.10 82.79 18.71
Y201-14 134.90 453.90 551.10 13.18 6.09 101.00 3.59 9.97 60.81 42.67 10.45 104.80 36.49
Y201-15 150.10 479.80 481.40 13.30 10.66 106.70 3.95 12.57 70.47 58.38 13.13 112.60 37.78
Y201-16 129.20 454.50 624.00 12.42 13.73 92.26 3.60 10.11 65.40 55.74 10.56 81.63 27.19
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Table 3 REE contents in sandstone of Yaojia Formation in the study area
S La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er m Yb Lu
Y96-1 34.65 62.71 741 28.17 4.84 112 4.37 0.55 2.73 0.50 1.49 0.20 1.29 0.19
Y96-2 26.20 38.43 5.71 20.00 351 0.89 3.25 0.39 1.82 0.34 1.01 0.13 0.87 0.13
Y96-3 37.11 63.08 8.34 31.57 5.73 1.24 5.45 0.71 3.69 0.71 212 0.29 1.89 0.28
Y96-4 45.76 84.39 9.98 37.91 6.71 143 5.97 0.79 4.00 0.76 2.27 0.31 2.01 0.30
Y96-5 42.06 72.11 8.13 31.01 4.84 1.07 4.19 0.48 2.16 0.39 117 0.15 1.02 0.15
Y96-6 40.60 74.67 7.65 31.95 491 1.10 4.34 0.55 2.65 0.49 1.44 0.20 1.30 0.19
Y96-7 38.84 62.66 5.86 29.45 3.65 0.78 3.27 0.38 1.77 0.31 0.88 0.11 0.72 0.10
Y96-8 34.79 56.77 5.06 24.66 3.13 0.76 2.86 0.36 1.71 0.32 0.96 0.13 0.88 0.13
Y96-9 36.60 67.67 7.63 29.25 4,99 1.14 4.46 0.57 2.84 0.54 1.58 0.21 1.40 0.21
Y96-10 32.82 56.18 7.21 25.76 451 1.06 4.09 0.51 2.46 0.45 1.35 0.18 1.16 0.17
Y96-11  43.64  75.15 854 3249 5.07 1.14 4.48 0.54 2.52 0.46 1.35 0.18 1.18 0.17
Y96-12 43.21 76.05 7.81 32.84 4,98 1.14 4.52 0.57 2.80 0.52 1.55 0.21 1.37 0.20
Y96-13 57.67 101.40 11.20 43.66 6.90 121 6.03 0.69 3.14 0.57 1.68 0.22 1.45 0.21
Y36-1 31.29 62.88 6.22 25.28 4.16 0.96 3.75 0.49 2.50 0.48 1.45 0.20 1.36 0.20
Y36-2 47.27 88.34 9.89 42.11 7.10 1.60 7.09 0.95 5.01 0.97 2.89 0.38 2.50 0.38
Y36-3 44.68 84.24 9.10 39.63 6.33 1.30 5.89 0.80 4.18 0.81 243 0.34 2.21 0.33
Y36-4 46.59 87.74 9.84 41.54 7.06 147 6.63 0.93 4.88 0.95 2.85 0.39 2.55 0.38
Y36-5 42.13 85.27 9.54 37.51 6.64 131 6.05 0.83 4.37 0.85 2.58 0.36 2.35 0.35
Y36-6 42.99 86.31 9.54 37.56 6.91 1.45 6.54 0.89 4.77 0.92 2.76 0.38 2.47 0.37
Y36-7 36.41 68.70 8.11 30.90 5.84 121 5.55 0.78 4.24 0.84 2.56 0.36 2.37 0.35
Y36-8 34.79 66.08 7.19 30.03 5.05 111 4.76 0.65 3.44 0.68 2.06 0.29 1.90 0.29
Y201-1 38.13 63.75 7.06 29.92 4,50 0.95 4.18 0.52 251 0.48 1.43 0.19 1.29 0.19
Y201-2 49.89 87.32 10.63 40.50 6.69 1.27 5.96 0.72 343 0.63 1.89 0.25 1.67 0.24
Y201-3 39.57 73.08 8.68 33.07 5.51 117 4.93 0.62 3.02 0.57 1.70 0.23 1.48 0.22
Y201-4 46.77 85.35 9.52 39.05 6.45 1.29 5.92 0.78 4,01 0.76 2.26 0.31 2.02 0.29
Y201-5 26.72 52.50 5.33 21.69 3.39 0.97 3.05 0.40 2.02 0.39 1.17 0.16 1.06 0.16
Y201-6 32.99 58.54 7.22 24.50 442 1.07 4.07 0.50 2.48 0.46 1.39 0.19 1.26 0.18
Y201-7 33.10 59.43 7.19 26.80 4.75 112 4.35 0.57 2.85 0.55 1.65 0.23 144 0.21
Y201-8 48.57 91.34 10.22 42.60 7.78 1.75 7.60 1.06 5.58 1.07 3.07 0.39 2.44 0.35
Y201-9 42.21 80.86 9.34 35.44 6.32 1.28 5.81 0.76 3.88 0.74 2.22 0.30 197 0.29
Y201-10 43.29 78.36 8.37 35.20 5.20 1.08 4.58 0.55 2.54 0.47 1.37 0.18 1.23 0.18
Y201-11 33.38 64.18 6.74 26.03 4.23 1.03 3.80 0.48 2.36 0.44 1.34 0.19 124 0.19
Y201-12 25.22 41.11 5.56 20.75 3.58 0.84 3.38 0.43 2.20 0.43 131 0.18 1.18 0.18
Y201-13 36.39 62.78 7.65 31.12 5.02 112 4.55 0.59 2.97 0.56 171 0.23 1.56 0.23
Y201-14 40.42 75.42 8.84 35.11 5.94 1.23 5.44 0.71 3.66 0.69 2.06 0.28 1.84 0.27
Y201-15 40.80 79.66 9.28 35.22 6.35 1.26 5.83 0.77 3.92 0.75 2.25 0.30 1.99 0.29
Y201-16 37.97 69.69 8.42 33.82 5.69 124 5.24 0.70 3.56 0.68 2.04 0.27 1.80 0.27
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Fig. 7 Sediment provenance discrimination diagrams for

sandstone of Yaojia Formation

1—5E X (study area) ; 2—4E&Z )5 HuIX (Qianjiadian area)

www.fineprint.cn



http://www.fineprint.cn

PDF pdfFactory Pro

55 5 KRR ML R AR R e M1 X kR DA R A~ R ST IR 553

P LR MBS —80, R TR w A M
LICRAZ AP AR RHE, BN IR O AE
HRFMRIEE H Y EHseA.

()& U AR LRGS0 R ] AL 2
MR R S MR KRR A r T R —F TR
o, IR X ARG 0 SRRl 4, oA Tk R T
MRPEK 1.

(3)HTL 77 3t i 8 b e (U1 X5 B i s IX b X
U EYIEEFUARIL, (EBTE X W AR
JEHAR, P XA 5t 5 EREE XA, P4
WhA R REOR B MR PG IL SRRy ), BEA I
FENAE N A ML B

SE 3k ( References ) :

[1]skAR, A7, Al . “ThARI" B30 R B E R 10 F3t 10 0
F——Lh b S B X R o L0 ). 53 5 B, 2018, 27(3):
257-262.

Zhang S, Shi L, Ju N, et al. The “oil-uranium co-exploration” idea in
Songliao Basin: A practice in southern Central Depression[ J]. Geology
and Resources, 2018, 27(3): 257-262.

27, Wies, 20, % BREE K ImHh GEO 20t &%

CRA R ] EG R, 2020, 25(6): 13-25.
Wan J, Chen Z Y, Li Q C, et al. Comparative study on metallogenic
conditions of uranium deposits and hydrocarbon accumulation
conditions of oil reservoirs in the Qianjiadian area and its significance
on comprehensive exploralion[]]. China Petroleum Exploration, 2020,
25(6): 13-25.

[3THE AR, WRED, RefRtT, . o LT b A BT AR a5 & 3L
BT T ] KM s ST, 2020, 44(4): 561-575.

Miao P'S, Chen Y, Cheng Y H, et al. New deep exploration discoveries
of sandstone-type uranium deposits in North China[J]. Geotectonica et
Metallogenia, 2020, 44(4): 561-575.

(4155000, B, 25780, 5. PAIL G e wi ik S 4 DUARRRAIE Kb 1
W RAFLT ] T, 2009, 25(3): 144-149.

Ma HF, Luo Y, Li Z Y, et al. Sedimentary features and uranium
metallogenic conditions of Yaojia Formation in southern Songliao Basin
[J]. Uranium Geology, 2009, 25(3): 144-149.

[5]A0pk, sk@ias, R¥Th, 5. SRS iseb& 2
Yy B IR A6 2 R KRR B ST ). #2016, 90(12):
3393-3407.

Wu B L, Zhang W Y, Song Z S, et al. Geological and geochemical
characteristics of uranium minerals in the sandstone-type uranium
deposits in the north of Ordos Basin and their genetic significance[J].

Acta Geologica Sinica, 2016, 90(12): 3393-3407.

Lo xIfefd, 440, AR, 55 MAIdeis &4l E R IE &
IR HTIRFE LT ] MR A S BETE, 2017, 40(4): 281-289.
Liu HJ, Jin RS, LiJ G, et al. Advance in research for sedimentary
and uranium source analysis of the uranium-bearing series in northern
Songliao Basin[J]. Geological Survey and Research, 2017, 40(4):
281-289.

[7]KKAR, ska, G4, & SRZHEIARILGEKD R)Z 5

FHEXT D 5 R i R i 29 [0 ). vh R B J5T, 2020, 47(2):
278-299.
Zhang T F, Zhang Y, Jin R S, et al. Characteristics of Jurassic
sequence boundary surfaces on the northeastern margin of Ordos Basin
and their constraints on the spatial-temporal properties of sandstone
uranium mineralization[ ] ]. Geology in China, 2020, 47(2): 278-299.

(8BRS, sRBHH, PRIAFL. JT& f ik 530 MR & flom Rk R AT
BRI B R Al XL DUV S R , 2005, 25(3): 74-79.
Chen F H, Zhang M Y, Lin C S. Sedimentary environments and
uranium enrichment in the Yaojia Formation, Qianjiadian Depression,
Kailu Basin, Nei Mongol [J]. Sedimentary Geology and Tethyan
Geology, 2005, 25(3): 74-79.

(918 %, b, i, & AT G GUE Tha UG M R
FEAEL) ] O AHBRR , 2012, 31(2): 391-400.

LuoY, HeZB, MaHF, et al. Metallogenic characteristics of Qianjiadian
sandstone uranium deposit in Songliao Basin [J]. Mineral Deposits,
2012, 31(2): 391-400.

[10JE7REE, fBIRIR, SO0E, 45 MMT A rg SRS A Rk K 4L b

EHERALSE AL R B LT ). uER R, 2019, 44(12): 4235-
4251.
Xia F Y, Jiao Y Q, Rong H, et al. Geochemical characteristics and
geological implications of sandstones from the Yaojia Formation in
Qianjiadian uranium deposit, southern Songliao Basin [J]. Earth
Science, 2019, 44(12): 4235-4251.

[11]Blatt H, Middleton G, Murray R. Origin of sedimentary rocks [ M ].
New Jersey: Prentice-Hall, 1980.

[12JHerron M M. Geochemical classification of terrigenous sands and
shales from core or log data[J]. Journal of Sedimentary Research,
1988, 58(5): 820-829.

[13]Suttner L J, Dutta P K. Alluvial sandstone composition and
paleoclimate, 1: Framework mineralogy [J]. Journal of Sedimentary
Research, 1986, 56(3): 329-345.

(1414530, MRSk, Zisdds, 6. IRUSIRTIE R S WTRa )= WIAR DL B s
REGERHNR] AMSERE<HFR, 2015, 36(2): 209-218,
229.

Li H, Lu J L, Zuo Z X, et al. Controlling factors of high-quality
lacustrine hydrocarbon source rocks in southern Changling Depression
[J]. Oil & Gas Geology, 2015, 36(2): 209-218, 229.

[15Nesbitt H W, Young G M. Prediction of some weathering trends of

plutonic and volcanic rocks based on thermodynamic and kinetic

www.fineprint.cn



http://www.fineprint.cn

PDF pdfFactory Pro

554 i

=

2021 4F

considerations[J ]. Geochimica et Cosmochimica Acta, 1984, 48(7):
1523-1534.

[16]Roser B P, Korsch R J. Determination of tectonic setting of
sandstone-mudstone suites using SiO2 content and K;0/Na,O ratio[ J .
The Journal of Geology, 1986, 94(5): 635-650.

[17 Maynard ] B, Valloni R, Yu H S. Composition of modern deep-sea
sands from arc-related basins[C]//Leggett J K. Trench and Fore-arc
Sedimentation. Geological Society, London, Special Publications,
1982, 10(1): 551-561.

[18Floyd P A, Leveridge B E. Tectonic environment of the Devonian
Gramscatho Basin, South Cornwall: Framework mode and geochemical
evidence from turbiditic sandstones [J]. Journal of the Geological
Society, 1987, 144(4): 531-542.

[19]Floyd P A, Winchester J] A, Park R G. Geochemistry and tectonic
setting of Lewisian clastic metasediments from the Early Proterozoic
Loch Maree Group of Gairloch, NW Scotland [J]. Precambrian
Research, 1989, 45(1/3): 203-214.

[20]Bhatia M R. Rare earth element geochemistry of Australian Paleozoic
graywackes and mudrocks: Provenance and tectonic control [J].
Sedimentary Geology, 1985, 45(1/2): 97-113.

[21]Gu X X, Liu J M, Zheng M H, et al. Provenance and tectonic setting
of the Proterozoic turbidites in Hunan, South China: Geochemical
evidence[J]. Journal of Sedimentary Research, 2002, 72(3): 393—
407.

[22 B2, AL Z B AWk R AL DR R A (D . K bR

2008: 36-46.

Guo Y Y. The analysis of the sedimentary system of Yaojia group in
the south of Songliao Basin[ D ]. Changchun: Jilin University, 2008 :
36-46.

(23 JFZH], XHCH], TR, 5. LA Rg il U oR o5 M A i TR
B ST RR )], MU S5 BER, 2009, 18(4): 274-278.
Wang L M, Liu C M, Xi H Y, et al. The relationship between
structural-sedimentary evolution and uranium mineralization in Xiersu
Depression, southern Songliao Basin [J]. Geology and Resources,
2009, 18(4): 274-278.

(24 JH#, B2, B, 5. ML A R0 M1 2 20 X35 1 1T 21—

BB RRAE 5 7 PR S —— LU 50 1 R 0T ). st
BT, 2020, 47(1): 220-235.
Bai J, Xu X Y, Chen S, et al. Sedimentary characteristics and paleo-
environment restoration of the first member of Qingshankou Formation
in Qian’an area, Changling Sag, Songliao Basin: A case study of
Jiyeyou 1 Well[J]. Geology in China, 2020, 47(1): 220-235.

(25 R, TR, BEUR, 55 ZEGWHR G T 7R ML A RE R
S MR A AE—— DU AR R A L) 1 v E B, 2019,
46(5): 1126-1136.

Wang T Q, Han J T, Hou H S, et al. The utilization of integrated
geophysical profiles to reveal the basement geology and geophysical
characteristics of the Songliao Basin: A case study of the profile of

Well SK -2 [J]. Geology in China, 2019, 46 (5): 1126 -1136.

(E4% 525 7 /Continued from Page 525)

(150, FRH, ke, &5 JD T2 X P oo AHRIRR AL

VAL A7 B0 5 R T LRI BE e [0 ). 7 E £, 2012, 32
(3): 103-109.
Yang M C, Zheng C Q, Zhang M S, et al. Study on paleo-sedimentary
environment of Dahongyu Formation sandstone conglomerate of
Changcheng System of Mesoproterozoic in Xingcheng area, Liaoning
Province [J]. Journal of Mineralogy and Petrology, 2012, 32(3):
103-109.

16 Jihtse, XS, MW, 4. 1
IR L) ], M55 55 5
Qu H X, LiuJ, Hao M, et al. Stratigraphic assignment and regional

TLAbRE B AR B 4Z ()8 B H K x]
, 2013, 22(4): 296-298.

correlation of the Sinian Yintun Formation in northern Liaoning[J].
Geology and Resources, 2013, 22(4): 296-298.
(17 ]EKTF, WEM, BRIt ERTEER AR R ok ks H5RR
EL)]. I3, 1986(2): 136-145.
Wang C Q, Fan Y B, Wang H X. The geological characteristics of
the till conglomerate of the Yintun Formation in the upper Precambrian
of the Northern Liaoning[J]. Liaoning Geology, 1986(2): 136-145.
L1844,/ H, EAMIR. -8 & R R AR A PR JHEE SO

B[] R SRS, 2017, 40(4): 241-252, 262.
Niu S W, Xin HT, Wang S Q. Collation on the Nanhua System in
China-Korea platform and geological significance [J]. Geological
Survey and Research, 2017, 40(4): 241-252, 262.

(1918 88, AL AL R AR e B A AR LT ] 1 T
1991(4): 356-362.
Yang Z J. A discussion on the time of Fanhe Group and Yintun
Formation of north Liaoning[J]. Liaoning Geology, 1991(4): 356-362.

(208 7%, EATT. ILALBL 2 A AC I g R Kt p i 58 L[ ).
AT, 1990(1): 31-41.
Yang S, Wang D F. Timing of the Yintun Formation in northern
Liaoning province and its significance in tectonics[J]. Jilin Geology,
1990(1): 31-41.

(21 JPMts, E8UR, BRI T @B AR P Peh R ] P E
I, 1990(3): 206-214.
Sun J S, Wang M C, Ren F S. The Middle Proterozoic in the Bajiazi
area, Jianchang, Liaoning Province[J]. Regional Geology of China,

1990(3): 206-214.

www.fineprint.cn



http://www.fineprint.cn

