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Simplified tectonic map of the Huizhou Depression in the Pearl River Mouth Basin and

columnar section of the Zhujiang Formation in Well HZ21
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o Taylor 1985) . SiO,
Si0,
. 2 3. .
3 Al K .
B ALO, K,0
3.1 o
HZ21 Si0,+ AL 0,.Fe,0, K,O
1o 1 82. 92% 6. 40% + 2.29%
Si0,.AL 0, Fe, 0, K,O 2.299 , NSQ1  NSQ2
73.53%15.63% 4. 54%  3.29% CaO NSQ3  NSQ4
Si0, NSQ1 75.52% Ca0 MO NSOI  NSQ2
Al 0, NSQ4 16.09%  Fe,0, NSO3  NSO4 c
a
NSQ2 NS4 4.69% 4.84% . " NSO
( PAAS) HZ21 e >
Si0,  ALO,.Fe,0,.K,0 @2 NSQ3.NSQ4
MgO  MnO.Na,0.P,0; TiO, ( PAAS °
1 (%)

Table 1 Major element contents and element ratios of clastic rock in Zhujiang Formation( %)

ALO, Ca0 Fe,0, K,0 Mg0 MnO Na,O P,05 TiO, Si0, K,0/ALO;ALO,/TiO, CIA Al,0;/Na,0
NSQ4 21 16.09 0.26 4.84 3.22 1.34 0.03 0.99 0.07 0.93 72.21  0.20 17.24  74.16  16.25
20 7.65 0.33 2.63 2.72 0.33 0.0l 0.67 0.04 0.30 85.32  0.36 25.890  62.17 11.42
19 9.58 0.25 3.37 2.68 0.60 0.02 0.92 0.05 0.5 82.01  0.28 18.68  66.21  10.41
18 6.96 0.19 2.55 2.28 0.39 0.0l 0.58 0.03 0.35 86.67 0.33 19.85  64.86 12.00
17 6.87 0.16 2.43 2.37 0.36 0.0l 0.66 0.04 0.36 86.75 0.34 19.28  63.60 10.41
7.77  0.23 2.75 2.51 0.42 0.0l 0.71 0.04 0.38 85.19 0.33 20.93  64.21 11.06
NSQ3 16 7.46  0.19 2.23 2.30 0.48 0.0l 0.94 0.04 0.50 85.85 0.3l 14.94  63.00 7.94
15 11.13 0.20 3.97 2.63 0.8 0.03 1.36 0.07 0.66 79.06 0.24 16.78  67.11  8.18
9.29  0.20 3.10 2.46 0.69 0.02 1.15 0.06 0.58 82.46  0.27 15.86  65.06  8.06
NSQ2 14 18.29 0.19 5.17 3.67 1.48 0.05 0.40 0.07 0.84 69.84  0.20 21.66 78.61  45.73
13 16,12 0.37 5.12 3.29 1.66 0.07 0.46 0.11 0.90 71.91  0.20 17.88  76.31  35.04
12 12.45 0.12 2.83 2.8 0.80 0.0l 0.45 0.05 0.76 79.63  0.23 16.31  75.26  27.67
11 16.30  0.40 4.70 3.23 1.16 0.03 0.56 0.07 0.75 72.80  0.20 21.68 75.97 29.11
10 3.40 8.84 2.45 1.43 4.8 0.09 0.15 0.03 0.08 78.66  0.42 44,44 62.49  22.67
9 5.41  0.11 1.45 2.19 0.12 0.0l 0.36 0.0l 0.11 90.22  0.40 48.71  62.97 15.03
8 14.09 0.30 5.98 3.02 1.28 0.05 0.45 0.10 0.82 73.90  0.21 17.18  75.53  31.31
7 17.96 0.30 4.34 3.75 1.66 0.04 0.42 0.08 1.01 70.44  0.21 17.74  77.20 42.76
6 2.91 26.92 0.99 1.07 0.50 0.03 0.18 0.04 0.11 67.26 0.37 27.62  62.46 16.17
5 525 0.32 1.58 2.42 0.10 0.01 0.44 0.0 0.14 89.73  0.46 38.52  57.17  11.93
15.87 0.28 4.69 3.31 1.34 0.04 0.46 0.08 0.85 73.09 0.2l 18.74 76.48  35.27
424 9.05 1.62 1.78 1.4 0.04 0.28 0.02 0.11 81.47  0.41 39.82  61.27  16.45
NSQI 4 11.97 0.28 3.32 2.66 0.65 0.02 0.59 0.09 0.49 79.94  0.22 24.68 73.28  20.29
3 17.36  0.14 4.60 3.93 1.5 0.03 0.41 0.06 0.78 71.09 0.23 22.16  76.94 42.34
2 5.92 3.54 1.48 3.06 1.48 0.02 0.38 0.02 0.10 84.00 0.52 58.08  56.41  15.58
1 420 7.16 2.36 2.35 3.89 0.06 0.32 0.04 0.07 79.56  0.56 61.56 53.93  13.13
14.67 0.21 3.96 3.30 1.12 0.03 0.5 0.08 0.64 75.52 0.23 23.42 75.11  31.31
5.06 5.35 1.92 271 2.69 0.04 0.35 0.03 0.09 81.78 0.54 59.82  55.17  14.35
PAAS 18.88 1.29 7.18 3.68 2.19 0.11 1.19 0.16 0.99 62.40

. CIA ; PAAS

°
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3.2 Sr
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2, 2 Sr
NSQ1 V.Cr.Co-Rb.Sr.Zr V.Cr.
Ba . Co-Rb.Zr Hf NSQ1.NSQ2
HZ21 NSQ3.NSQ4 o
Ba ; HZ21
Cr Ba
Cr .
: Th  NSQI.NSQ2
NSQ3.NSQ4
; Th N
T
Th
. NSQ3.NSQ4
Zr -Hf \Nb.Ta NSQ1.NSQ2
; Rb.Ba.Th.U °
2 (pe/g)
Table 2 Trace element contents of clastic rock in Zhujiang Formation( pg/g)

Sc A% Cr Co Cu Rb Sr Zr Nb Ba Hf Ta Th U
NSQ4 21 14.98 135.94 101.65 10.69 38.18 202.11 144.73 213.30 24.86 557.04 7.77 2.19 25.07 5.33
20 3.97 59.37  44.39 3.58 11.52  166.61 99.00  83.32 9.56 432.78 3.14 0.92 12.28 4.19
19 7.59 64.99  56.07 5.21 12.60 151.53 105.45 247.70 15.18 440.14 9.20 1.36 17.89 3.94
18 4.45 51.80 40.77 3.93 17.15 132.43 77.44 112.89 12.05 781.86 4.49 1.10 9.84 3.88
17 4.90 41.45 29.49 4.40 9.73 130.92  71.62 210.85 12.28 411.68 8.29 1.29 17.93 3.93
5.23 54.4 42.68 4.28 12.75 145.37 88.38 163.69 12.27 516.62 6.28 1.17 14.49 3.99
NSQ3 16 5.34 40.32 48.17 6.07 8.32 121.34 95.51 278.51 15.32 471.30 10.62 1.44 38.49 6.28
15 9.61 77.27  71.22 8.89 14.58 146.96 130.49 315.29 19.86 595.34 11.97 1.71 19.90 4.15
7.48 58.79  59.70 7.48 11.45 134.15 113.00 296.90 17.59 533.32 11.29 1.57 29.19 5.22
NSQ2 14 17.67 156.13 103.02 16.47 55.52 247.08 107.02 197.56 25.20 472.10 7.35 2.40 32.14 7.57
13 16.65 147.24 96.73 29.79 42.23 217.58 111.72 228.22 23.69 426.50 8.75 2.17 27.70 5.56
12 13.02 110.46 81.49 8.62 20.68 199.95 89.36 359.75 25.10 445.04 14.06 2.46 28.52 6.34
11 15.30 128.82 91.61 12.69  33.22 234.79 134.41 252.16 24.96 526.37 10.10 2.39 31.30 5.84
10 2.30 45.77  44.49 3.65 10.02  94.31 147.86 32.82 4.63 460.48 1.54 0.55 6.67 1.17
9 2.95 31.77  29.04 4.17 10.86 150.26 51.99  75.11 5.42  707.03 3.17 0.66 7.73 1.55
8 17.40 139.43 96.75 26.23 43.45 205.34 104.62 224.64 23.12 421.78 8.90 2.18 30.45 6.34
7 14.80 137.72 95.03 13.49  32.78 200.51 99.59 199.18 22.30 376.76 7.40 3.96 25.68 4.71
6 1.72 18.20  31.97 3.62 3.03 50.68 426.75 25.27 3.20  126.81 0.95 0.69 16.13 1.63
5 1.27 11.25 18.15 1.63 20.26  93.87 54.19  25.40 4.28 996.91 1.18 0.54 3.87 1.19
15.81 136.63 94.11 17.88 37.98 217.54 107.79 243.59 24.06 444.76 9.43 2.59 29.30 6.06
2.06 26.75 30.91 3.27 11.04 79.28 170.20 39.65 4.38 572.81 1.71 0.61 8.6 1.39
NSQ1 4 6.99 54.62  36.01 3.89 11.38 128.04 54.78 109.62 11.83 267.20 4.37 1.25 14.40 2.81
3 15.30 124.83 85.02 12.31 59.97 223.47 73.12 162.41 19.37 398.08 6.04 1.82 24.46 4.99
2 2.60 23.03  51.67 2.91 21.45 104.08 66.57  33.87 4.88 336.42 1.56 0.51 6.85 0.89
1 1.12 20.43  21.50 3.46 17.52  87.05 51.91 19.32 2.92  563.57 0.82 0.38 4.56 0.66
11.15 89.73  60.52 8.1 35.68 175.76 63.95 136.02 15.6 332.64 5.21 1.54 19.43 3.9
1.86 21.73  36.59 3.19 19.49  95.57 59.24  26.60 3.9 450.00 1.19 0.45 5.71 0.78
11.00  60.00  35.00 10.00 25.00 112.00 350.0 190.00 25.00 550.00 5.80 2.20 10.70 2.80
36.00 285.00 235.00 35.00 90.00 5.30 230.0  70.00 6.00 150.00 2.10 0.60 1.06 0.28

N Taylor and McLennan ** .
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19 20
o HZ21 NSQ1 NSQ2
59.82 39. 82 NSQ3.NSQ4
N Eu NSQ3 15.86
( 2 NSQ3
o ; Al 0, /TiO, 16.31 ~24.68
K,0/Al 0O, 19 ~28
K,0/Al, 0, 0.4~1.0 o
0.3 0.
K,0/Al, O, 0.24 ~ NSQI . NSQ2
0.56 0.38 NSQ3.NSQ4
; K,0/Al 0,
45
0.21
o Girty
1996 2 Al, 0, /TiO, 14
Al 0, /TiO,
19 ~28 ( NSQ1.NSQ2)
( ) . ( NSQ3.NSQ4)
. 23
Al, 0,/Ti0, 14. 94 ~ 61. 56 °
3 (pe/g)
Table 3 REE contents and element ratios of clastic rock in Zhujiang Formation( pg/g)
LREE/ (La/ (La/ (Gd/
La Ce Pr N Sm Eu GI Th Dy Ho E Tm Yb I Y Y REE 3Ce u )
HREE Yb) x Sm)y Yy
NSQ4 21 56.27 116.55 12.90 47.97 8.97 1.67 8.66 1.25 7.36 1.48 4.26 0.63 4.20 0.65 36.63 309.44 3.75 1.06 0.57 9.06 3.95 1.67
20 34.01 65.39 6.39 22.68 3.95 0.78 3.28 0.43 2.41 0.45 1.33 0.19 1.33 0.20 10.39 153.19 6.66 1.09 0.64 17.34 5.43 2.01
19 44.26 95.65 10.38 38.41 6.44 1.15 5.78 0.75 4.37 0.84 2.39 0.36 2.47 0.40 19.93 233.59 5.26 1.09 0.56 12.09 4.32 1.89
18 22,37 47.21 490 19.09 3.53 0.82 3.33 0.47 2.61 0.52 1.54 0.23 1.60 0.24 12.74 121.20 4.21 1.11 0.72 9.43 3.9 1.68
17 4,66 99.43 11.07 41.71 7.44 1.23 6.57 0.84 4.56 0.86 2.42 0.36 2.46 0.37 20.60 244.61 526 1.10 0.53 12.25 3.78 2.16
36.33 76.92 8.19 30.47 5.34 1.00 4.74 0.62 3.49 0.67 1.92 0.29 1.97 0.3 1592 188.15 5.35 1.1 0.61 12.78 4.38 1.%
NSQ3 16 36.53 75.66 8.09 30.21 5.89 1.08 5.46 0.83 4.64 0.90 2.75 0.41 2.76 0.43 22.59 198.23 3.86 1.08 0.57 8.93 3.91 1.60
15 46.22 97.24 10.53 39.47 7.24 1.40 7.34 1.03 6.09 1.21 3.64 0.54 3.54 0.53 30.87 256.89 3.69 1.08 0.58 8.81 4.02 1.68
41.37 86.45 9.31 34.84 6.56 1.24 6.40 0.93 5.37 1.05 3.20 0.47 3.15 0.48 26.73 227.56 3.78 1.08 0.58 8.87 3.97 1.64
NSQ2 14 59.89 120.99 13.21 49.03 8.62 1.61 8.20 1.21 7.25 1.53 4.67 0.68 4.71 0.71 37.17 282.29 3.83 1.05 0.58 8.59 4.38 1.41
13 58.76 121.77 13.50 52.16 9.81 2.01 10.06 1.54 8.86 1.76 5.16 0.72 4.91 0.74 43.24 291.77 3.35 1.06 0.61 8.08 3.77 1.66
12 60.59 125.84 13.90 53.33 9.67 1.56 8.93 1.24 7.01 1.48 4.41 0.65 4.78 0.70 35.04 294.10 4.12 1.06 0.50 8.56 3.95 1.51
11 59.22 126.43 13.54 S51.71 9.77 1.81 9.89 1.43 823 1.73 5.04 0.71 4.96 0.75 41.50 295.21 3.54 1.09 0.56 8.07 3.82 1.62
10 11.62 22.98 2.32 8.01 1.5 0.37 1.17 0.18 1.00 0.21 0.65 0.11 0.66 0.11 4.91 50.94 5.21 1.08 0.81 11.89 4.75 1.4
9 12.20 27.73 2.63 10.12 1.92 0.50 1.97 0.32 1.69 0.39 1.32 0.16 1.20 0.17 8.98 62.32 3.40 1.20 0.78 6.89 3.9 1.34
8 61.19 127.12 14.18 54.39 10.52 1.92 10.35 1.45 8.51 1.67 4.97 0.71 5.03 0.71 41.38 302.74 3.60 1.06 0.56 8.22 3.66 1.67
7 53.22 104.99 11.85 44.50 8.06 1.54 7.68 1.11 6.52 1.36 3.99 0.60 3.94 0.58 33.46 249.94 3.78 1.03 0.59 9.12 4.16 1.58
6 12.34 27.56 2.81 10.87 1.99 0.40 2.06 0.29 1.58 0.30 0.79 0.11 0.76 0.10 7.29 61.95 4.22 1.15 0.60 10.99 3.91 2.20
5 6.24 11.58 1.32 5.08 1.01 0.40 0.92 0.16 0.93 0.20 0.56 0.09 0.61 0.09 4.8 29.21 3.03 0.9 1.26 6.89 3.90 1.22
58.81 121.19 13.36 50.85 9.41 1.74 9.19 1.33 7.73 1.59 4.71 0.68 4.72 0.70 38.63 286.01 3.70 1.06 0.57 8.44 3.96 1.58
10.60 22.46 2.27 8.52 1.62 0.42 1.53 0.24 1.30 0.28 0.83 0.12 0.81 0.12 6.52 5111 3.97 L.11 0.86 9.17 4.14 1.55
NSQU 4 28.45 61.60 7.03 27.35 5.25 0.98 5.14 0.72 4.13 0.80 2.29 0.33 2.26 0.32 19.76 146.64 3.66 1.07 0.57 8.49 3.41 1.84
3 51.73 106.44 11.92 44,59 8.33 1.45 7.80 1.06 5.99 1.20 3.55 0.53 3.56 0.54 29.98 248.67 4.14 1.05 0.54 9.83 391 1.78
2 16.74 38.69 4.22 15.72 2.76 0.55 2.29 0.28 1.48 0.27 0.73 0.12 0.67 0.11 6.19 84.62 6.48 1.13 0.65 16.88 3.82 2.77
1 8.94 20.07 2.20 8.83 1.84 0.48 1.65 0.23 1.25 0.24 0.68 0.09 0.65 0.09 5.84 4521 3.87 1.11 0.84 9.8 3.17 225
40.09 84.02 9.48 35.97 6.79 1.22 6.47 0.89 5.06 1.00 2.92 0.43 2.91 0.43 24.87 197.66 3.90 1.06 0.56 9.16 3.66 1.81
12.84 29.38 3.21 12.28 2.30 0.52 1.97 0.26 1.37 0.26 0.701 0.11 0.66 0.10 6.02 64.92 5.18 1.12 0.75 13.23 3.50 2.51
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Fig.3 Discrimination diagram for provenance atiribute of clastic rock in Zhujiang Formation( a: after Allegre 1978; b: after Gu et al. 2002)
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Fig.4 Discrimination diagram for tectonic setting of clastic rock in Zhujiang Formation( a: after Roser et al. 1986; b: after Bahtia et al. 1986)
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Geochemical Characteristics and Provenance Indication of the
Zhujiang Formation in Well HZ21 at the Huizhou Depression

YU Ye' ZHANG Chang-min' LI Shao-hua' SHI He-sheng’
DU Jiayuan'> WANG Li’

(1. Key Laboratory of Oil and Gas Resource and Exploration Technology MOE School of Geosciences Yangtze University
Wuhan 430100; 2. Shenzhen Branch of CNOOC Ltd. Guangzhou 510240;
3. Shengli Production Plant of Shengli Oilfield SINOPEC Dongying Shandong 257061)

Abstract: It has been found that the components of MnO Na,O P,0O; and TiO, in the clastic rock of the Zhujiang
Formation in well HZ21 at the Huizhou Depression Pearl River Mouth Basin are similar to those in PAAS through a
comprehensive analysis on the major elements trace elements and rare earth elements. Comepared with PAAS  a fact
that the clastic rock of the Zhujiang Formation is richer in SiO, while poorer in Al,0, Fe,0; K,O and MgO. Refer—
ring to the mudstone the content of Ba is slightly lower than the supracrustal abundance but it is far higher than low—
ercrustal abundance; the content of Cr is slightly higher than the supracrustal abundance but it is far lower than low—
ercrustal abundance; the content of Th is higher than the supracrustal abundance and it is far greater than lowercrust—
al abundance. As regards to the sandstone the content of Ba is similar to the supracrustal abundance but it is far
higher than lowercrustal abundance; the content of Th is slightly lower than the supracrustal abundance in NSQ1 and
NSQ2 while it is far greater than supracrustal abundance in NSQ3 and NSQ4. The REE distribution pattern is similar
to that of the upper continental crust characterized by enrichment of LREE uniform of HREE and negative Eu anom—
alies. Eu anomalous value of NSQ1 and NSQ2 is higher than the Eu anomalous value of PASS and it has the opposite
situation in NSQ3 and NSQ4. The ratios of major elment and the diagrams of non-migration trace elments show that
the source rocks are mainly felsic and the principal source of detritus in NSQ1 and NSQ2 are derived from the sedi—
mentary rock and calcareous mudstone and the principal source of detritus in NSQ3 and NSQ4 are derived from com—
positon of the granite alkali basalt sedimentary rock and calcareous mudstone. According to Si0,K,0/Na,O0 La-
Th-Sc¢ discrimination diagrams and the anomalies of Ce it can be inferred that the tectonic setting of the provenance is
similar to that of passive continental margin. The value of Al,0,/Na,O and chemical index of alteration ( CIA) sug—
gest that it was warm-wet climate in the area but the degree of damp-heat was relatively higher in NSQ1 and NSQ2
and that is one of the reason why the intensity of weathering was relatively strong. But it has an opposite situation in
NSQ3 and NSQ4: the warm-wet degree was relatively lower and the intensity of weathering was relatively weak.

Key words: Pearl River Mouth Basin; Huizhou Depression; Zhujiang Formation; geochemical characteristics; prove—

nance analysis



