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The Rencha basin is one of the typical Mesozoic-Cenozoic volcanic fault basins in northeastern Guangdong. The 
borehole data indicate that the basement is mainly composed of Paleozoic metamorphic rocks and Wenxiang granite. 
At present, the basement granite has been lacking in precise years. Then, to discuss its formation age and improve the 
understanding of the geological evolution of the area, LA-ICP-MS zircon U-Pb isotopic dating of Wenxiang granite 
cores from two boreholes in the Chagan area of the basin is carried out. The two harmonic ages are 179+1 Ma and 
186 Ma, respectively. The results show that the basement Wenxiang granite in Rencha Basin was formed in late Early 
Jurassic, and it is the product of Yanshan's first volcanic activity. This age not only deepens the understanding of the 
formation and evolution of Rencha Basin but also provides new chronological data for the lack of magmatic activity 
in the Early Jurassic in northeastern Guangdong, China.

ABSTRACT

LA-ICP-MS Zircon U-Pb dating of Early Jurassic granite basement in Chagan Area  
of the Northeast Guangdong and its geological implications

Aplicación del método LA-ICP-MS y datación U-Pb en granitos de basamento de principios del Jurásico en el área de Chagan,  
en el noreste de Guangdong (China) y sus implicaciones geológicas
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La cuenca de Rencha es una de las cuencas típicas de fallas volcánicas mesozoico-cenozoicas en el noreste de 
Guangdong, China. Los datos del pozo indican que el basamento está compuesto principalmente por rocas metamórficas 
paleozoicas y por granito Wenxiang. En la actualidad, no se conocen datos específicos del granito del basamento. Para 
discutir su edad de formación y mejorar la comprensión de la evolución geológica del área se aplicó el método LA-
ICP-MS y datación U-Pb a dos muestras de granito Wenxiang de dos pozos en el área de la cuenca de Chagan. Las dos 
edades armónicas son 179+1 Ma y 186 Ma, respectivamente. Los resultados muestran que el granito Wenxiang del 
basamento en la cuenca Rencha se formó a finales del Jurásico temprano, y que es el producto de la primera actividad 
volcánica de Yanshan. Esta edad no solo profundiza la comprensión de la formación y evolución de la Cuenca Rencha, 
sino que también proporciona nuevos datos cronológicos para la falta de actividad magmática en el Jurásico Temprano 
en el noreste de Guangdong.
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Introduction

The Renzi Basin is located at the intersection of the eastern end of the 
east-west Nanling polymetallic metallogenic belt and the northwestern Wuyi 
polymetallic metallogenic belt (Fig. 1-b). The caprock is mainly composed 
of the Late Cretaceous Yetang Formation volcanic rocks, followed by the 
Paleogene Paleocene and Eocene sedimentary rocks. The formation is 
relatively flat, forming an open syncline basin. According to a large number 
of field geological surveys and borehole control, the basement of the basin is 
mainly composed of Cambrian, Devonian-Carboniferous metamorphic rocks 
and Wenxiang granite, namely “double base”. The cap layer is not integrated 
on the basement, forming a pattern of the upper collapsed basin and the red 
basin of the brazier. At present, many uranium, molybdenum, lead, zinc, gold, 
silver and rare earth polymetallic deposits and mineralization have been found 
in Renchao fault basin (Liu et al., 2007; Xu et al., 2010).

According to dating data, the cover volcanic rocks in Rencha basin were 
mainly formed at 90 Main Late Cretaceous. The Dashenba rock mass (135 Ma) 
of Early Cretaceous, Guikeng granite of Indosinian-Yanshanian period and 
eight-foot gneissic granite (165 +1 Ma) were widely exposed on both sides 
of the basin (Liu, et al., 2007). So far, no plutonic rocks corresponding to the 
caprock volcanic series have been found in the basin. In addition, the cover 
of the basin is thick and the granite is less exposed. At present, the granites 
exposed by the borehole are mainly composed of fine-grained zeolitic granites, 
which are in contact with the overlying Paleozoic strata. At present, the igneous 
rocks of these basements have been lacking in precise dating. The formation of 
the LA-ICP-MS zircon U-Pb age was studied by geological exploration of the 
bored area of the Rencha Basin.

Survey of Research Areas

Renchao Basin is located in the Caledonian fold system of South China, 
the Late Paleozoic depression belt of Yongan-Meizhou, and the northeastern 
part of the Heyuan deep fault zone. It belongs to Pingyuan County, Meizhou 
City, Guangdong Province. It is about 15 km in length from north to south, 
10-15 km in width from east to west, and has an area of about 200 km 2m2. 
The basin is a typical volcanic faulted basin, which consists of a set of rhyolitic 
and acidic rock-dominated complex formations. The lower part of the strata 
is breccia tuff and rhyolite, the middle part is pyroclastic rock and lava tuff, 
and the upper part is pyroclastic rock (Song et al., 2010). The basin is NNE-
trending and belongs to Mesozoic-Cenozoic continental volcanic faulted basin 
(K2-E). The basement of the basin is composed of Cambrian, Devonian-
Carboniferous epimetamorphic rocks and early Yanshanian Wenxiang granites, 
which mainly distribute in the margin and outside of the basin. The caprock is 
mainly composed of Cretaceous volcanic rocks, followed by Late Cretaceous-
Tertiary volcanic-clastic sedimentary rocks. The basin structure is dominated 
by faults, mainly NNE, followed by EW and NWW. The NNE on the west 
side of the basin to the Zhegulong fault and the east side NNE to the Zhumaba 
basin is the basin control structure, and the near EW to Malou fault constitutes 
the southern boundary of the basin. Several NNE-NE-trending secondary 
faults are also developed in the central part of the basin. In addition, the NWW-
trending structures developed in the basin are filled with medium-basic dikes. 
The granite is mainly distributed in the east and west sides and the margin 
of the basin. The east side is the early Dashenba rock mass in the Yanshan 
Mountains, and the west side is the Indosin Yanshan period Guikeng rock mass. 
The lithology is medium-grained porphyritic biotite granite. In the western part 
of the basin, there are also medium-fine-grained mica granites and fine-grained 
biotite granites. In the south, there are sub-flow porphyries with narrow strips 
and other outputs (Li et al., 1998).

Samples and analytical methods

In this work, samples of granite cores from ZK1702 (760 m) and 
ZK1401 (610 m) drilling holes in Chagan area, northern Renchao Basin are 
collected and zircons are separated for LA-ICP-MS zircon U-Pb dating. The 
sample number collected in ZK1702 is B-1 (north latitude 24°53’07′′; east 
longitude 115°57′33′′), and the sample number in ZK1401 is B-2 (north latitude 
24°53′26′′; east longitude 115°57′ 07′′). The core of the collected sample 
is preserved intact, and the rock is fresh and not weathered. The rock hand 

specimen is fine grained granitic granite (Fig. 2-a~b). The sample is patchy, the 
matrix is microscopic, and the image symbiote is between 0.05 mm and 0.15 
mm. There is a local mosaic structure (Fig. 2-c~d). The size of automorphic 
quartz phenocrysts and potassium feldspar (diorite) phenocrysts is mostly 
1-2mm, and the maximum is 5mm.

Firstly, the core samples weighing about 1 kg are cut up and crushed, 
80-100 meshes are screened, the rock powder washed out. The obtained heavy 
sand is electromagnetically sorted, the non-magnetic part is separated by  
heavy liquid, and the heavy part is taken.

Finally, zircon crystals are manually selected. The zircon crystal is 
made into an epoxy sample target and polished. Zircon transflective and 
cathodoluminescence (CL) photography is performed at the Laboratory of 
Geological Mineralization and Process Center of Sun Yat-Sen University. The 
target of zircon sample is observed by optical microscopy and scanning electron 
microscopy cathodoluminescence (CL). Zircon crystals with good crystal 
shape, no cracks and undeveloped inclusions are selected for determination 
(Figure 3).

LA-ICP-MS zircon U-Pb dating is completed online by ICP-MS and 
laser denudation system at the State Key Laboratory of Geological Processes 
and Mineral Resources, China University of Geosciences (Wuhan). ICP-MS 
is Agilent 7500a produced by Agilent Company in the United States, and laser 
denudation system is GeoLasPro produced in the United States. The laser 
spot size of sample melted by laser is 18μm. ICPMSDataCal software is used  
for data processing (Liu et al., 2010; Liu et al., 2008; Gao et al., 2020). U-Pb isotope 
dating uses standard zircon 91500 as external standard for isotope fractionation 
and U content correction. Recommended values for U-Th-Pb isotope ratios for 
zircon standard 91500 according to Wiedenbeck et al. (1995). Using standard 
zircon Plesovice as a monitoring sample, the TIMS measured at 206 Pb / 238 
U was 337.13 ± 0.37 Ma (2σ) (Slama et al., 2008). Sample U-Pb harmonic 
plotting and weighted average calculations are performed using Isoplot/Ex_ver3 
(Ludwig, 2003). Normal Pb correction is performed using the ComPbCorr #3.18 
program (Andersen, 2002). Thirty zircons are tested in two samples. A group of 

Figure 1. (a) Simplified geological map of rencha volcanic basin area  
(b) Tectonic location of the studying area
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the two samples is not obvious, considering the Th/U ratio of zircon, the zircon 
selected in this test has typical magmatic zircon characteristics, and the U-Pb 
age of the main group zircon can represent the age of magmatic crystallization.

A total of 30 data of 30 particles were obtained from sample B-1. The 
weighted average age of 206Pb/238U is186+1Ma (MSWD=0.084). One of  
the analysis points (point 9 has a harmonicity of 7%) has a low degree  
of harmonicity and is eliminated when recalculating the age. The remaining 
28 analysis points have an age of 206Pb/238U between 184Ma and 187Ma. The 
weighted mean age of the remaining 29 analysis points is calculated by Isoplot 
software to be 186. Ma (MSWD = 0.082), which represents the crystalline age 
of B-1 fine grained granite (Figures 4 and 5).

A total of 2830 data are measured for sample B-2 (points 6 and 7 and 
points 11 and 12 belong to the same zircon). In the analysis point, the age 
of point 3 is 519 Ma, which may be the early magmatic zircon captured in 
the process of rock formation. The ages of point 9 and 21 deviate from the 
mode obviously. Therefore, the three analysis points do not participate in  
the calculation of weighted age. The weighted average value of the remaining 27 
206Pb/238U ages obtained by Isoplot software is 179+1Ma (MSWD=0.18), which 
represents the crystallization age of fine grained granite from B-2 samples. 

The above LA-ICP-MS zircon U-Pb dating data show that the MSWD 
values of the basement fine-grained hieroglyphic granites in Renchao Basin 
are small and reliable. The two diagenetic ages are 179±1 Ma and 186 Ma, 

samples are determined for 60 seconds, in which the first 20 seconds turned off 
the laser and the last 40 seconds turned on the laser. Because apatite contains 
more common lead, if the content of La or P is higher at the analytic point, it 
indicates that the laser melting point contains apatite inclusions, these analytic 
data points should be excluded (Liang et al., 2006; Harris et al., 2004).

U-Pb dating of zircon

The results of LA-ICP-MS zircon U-Pb isotope dating parameters of 
fine grained Wenxiang granite in Rencha Basin are shown in Tables 1 to 10, 
respectively. The results of optical microscopy show that the zircon grains in 
the samples are small, mostly self-shaped or semi-self-shaped columnar, with 
good crystal shape, light yellow, light rose or colorless. The polymorphism is 
composed of cylindrical (110) (100) and conical (111) (131). The lengthwise 
direction of the zircon grains is 80-200μm, and the aspect ratio is between 1 
and 3. The Th/U ratio of zircon can indicate metamorphism or magmatic origin 
to some extent. The Th/U ratio of metamorphic zircon is usually less than 0.1, 
and that of magmatic zircon is generally greater than 0.4. Th/U ratios at all 
points measured are greater than 0.4, averaging 0.76 (B-1) and 0.69 (B-2), 
with obvious magmatic zircon characteristics. Although a small part of zircon 
oscillating zoning or fan-shaped zoning of fine-grained Wenxiang granite in 

(a) (b)

(c) (d)
Figure 2. (A) Sample hand specimen and micrograph in Chagan area. a, b-fine grain granitic granite hand specimen;  

c, d-text image granite microphotograph (orthogonal polarized light) 
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Table 1. LA-ICP-MS zircon (B-1) U- Th-Pb dating results (01-06)

Point number 01 02 03 04 05 06

Pb ppm 8.6 42.3 21.1 17.1 30.3 22.3

Th ppm 119 962 323 312 545 600

U ppm 192 856 525 433 730 523

Th/U 0.61 1.12 0.61 0.71 0.74 1.14
207Pb / 206Pb Ratio 0.074 0.0661 0.0526 0.0524 0.0539 0.049

δ 0.004 0.0022 0.0014 0.0018 0.0014 0.0013
207Pb/ 235U Ratio 0.2905 0.276 0.2122 0.2131 0.2197 0.1996

δ 0.0125 0.0104 0.0055 0.0075 0.006 0.0052
206Pb/ 238U Ratio 0.0295 0.0294 0.0294 0.0293 0.0294 0.0295

δ 0.0006 0.0003 0.0003 0.0004 0.0003 0.0003
208Pb/232Th Ratio 0.0115 0.009 0.0101 0.0082 0.01 0.0086

δ 0.0004 0.0001 0.0002 0.0002 0.0002 0.0002
207Pb /235U Age(Ma) 258.92 247.5 195.38 196.14 201.67 184.82

Δ 9.79 8.28 4.56 6.29 5.03 4.38
206Pb/ 238U Age(Ma) 187.52 186.83 186.74 186.37 186.5 187.29

δ 3.46 2.12 1.92 2.25 1.98 2.17
208Pb /232Th Age (Ma) 232 180 203 165 201 174

δ 8 3 4 4 4 5

Harmonious degree % 68 72 95 94 92 98

Figure 3. CL images of analyzed zircon from graphic granite (B1, B2) basement in Chagan Area  
(The figures in the figure represent the point number and zircon age, which correspond to tables 1 and 2)

Table 2. LA-ICP-MS zircon (B-1) U- Th-Pb dating results (07-11)

Point number 07 08 09 10 11 12

Pb ppm 9.9 7.7 51.6 48.3 20.9 14

Th ppm 162 125 938 897 322 217

U ppm 217 181 848 1096 526 335

Th/U 0.74 0.69 1.1 0.81 0.61 0.64
207Pb / 206Pb Ratio 0.0692 0.0639 0.1419 0.0642 0.0582 0.0596

δ 0.0027 0.0025 0.0111 0.0014 0.0016 0.0022
207Pb/ 235U Ratio 0.2722 0.2518 0.6446 0.263 0.2361 0.241

δ 0.0094 0.0091 0.0655 0.0061 0.0067 0.0089
206Pb/ 238U Ratio 0.0293 0.0294 0.0291 0.0294 0.0294 0.0293

δ 0.0005 0.0005 0.0009 0.0003 0.0004 0.0004
208Pb/232Th
Ratio 0.0109 0.0106 0.0155 0.0103 0.0102 0.0106

δ 0.0003 0.0003 0.0015 0.0002 0.0002 0.0003
207Pb /235U Age(Ma) 244.44 228.04 505.13 237.09 215.19 219.22

Δ 7.49 7.38 40.48 4.91 5.53 7.3
206Pb/ 238U Age(Ma) 186.03 186.91 184.98 186.51 186.6 186.36

δ 3.4 3.09 5.5 1.99 2.47 2.55
208Pb /232Th Age (Ma) 220 214 310 207 206 213

δ 7 7 30 4 5 6

Harmonious degree % 72 80 7 76 85 83
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Table 3. LA-ICP-MS zircon (B-1) U- Th-Pb dating results (13-18)

Point number 13 14 15 16 17 18

Pb ppm 24.5 15.4 9.1 21.1 28.2 30.5

Th ppm 379 212 155 392 493 539

U ppm 601 285 215 471 665 725

Th/U 0.63 0.74 0.72 0.83 0.74 0.74
207Pb / 206Pb Ratio 0.0537 0.097 0.0576 0.0553 0.0504 0.0511

δ 0.0012 0.0073 0.0019 0.0016 0.0011 0.0013
207Pb/ 235U Ratio 0.2158 0.4463 0.2293 0.2248 0.2047 0.2059

δ 0.0048 0.0414 0.0073 0.0068 0.0045 0.0051
206Pb/ 238U Ratio 0.0293 0.0295 0.0292 0.0293 0.0293 0.0292

δ 0.0004 0.0006 0.0004 0.0004 0.0003 0.0003
208Pb/232Th Ratio 0.0099 0.0141 0.0092 0.0095 0.0089 0.0097

δ 0.0002 0.0009 0.0003 0.0002 0.0002 0.0002
207Pb /235U Age(Ma) 198.44 374.68 209.66 205.85 189.08 190.06

Δ 4.01 29.08 6.01 5.59 3.82 4.27
206Pb/ 238U Age(Ma) 185.9 187.33 185.73 185.98 186.12 185.83

δ 2.35 3.48 2.47 2.23 1.71 2.17
208Pb /232Th Age (Ma) 198 283 185 191 180 195

δ 4 17 5 5 3 4

Harmonious degree % 93 33 87 89 98 97

Table 4. LA-ICP-MS zircon (B-1) U- Th-Pb dating results (19-24)

Point number 19 20 21 22 23 24

Pb ppm 44.7 12.3 25.1 14.8 10.1 39.6

Th ppm 731 183 491 267 180 670

U ppm 1020 294 610 328 228 897

Th/U 0.71 0.62 0.8 0.81 0.78 0.74
207Pb / 206Pb Ratio 0.0569 0.0605 0.0608 0.0645 0.0528 0.0615

δ 0.0011 0.0022 0.0019 0.0021 0.0019 0.0015
207Pb/ 235U Ratio 0.2313 0.2449 0.25 0.2588 0.212 0.256

δ 0.0045 0.0087 0.0094 0.0078 0.0074 0.0085
206Pb/ 238U Ratio 0.0292 0.0293 0.0294 0.0294 0.0293 0.0295

δ 0.0003 0.0004 0.0005 0.0004 0.0004 0.0003
208Pb/232Th Ratio 0.0104 0.0106 0.0098 0.0096 0.01 0.0103

δ 0.0002 0.0003 0.0003 0.0002 0.0003 0.0002
207Pb /235U Age(Ma) 211.3 222.44 226.58 233.72 195.2 231.4

Δ 3.67 7.13 7.66 6.28 6.2 6.88
206Pb/ 238U Age(Ma) 185.73 186.21 186.8 186.53 186.13 187.15

δ 1.81 2.31 2.86 2.39 2.32 2.11
208Pb /232Th Age (Ma) 210 212 198 194 200 207

δ 4 6 6 5 6 5

Harmonious degree % 87 82 80 77 95 78

Table 5. LA-ICP-MS zircon (B-1) U- Th-Pb dating results (25-30)

Point number 25 26 27 28 29 30

Pb ppm 14.2 12.8 40.5 31.1 28.3 21.5

Th ppm 231 223 737 355 456 403

U ppm 289 272 913 595 658 492

Th/U 0.8 0.82 0.8 0.59 0.69 0.81
207Pb / 206Pb Ratio 0.0829 0.0664 0.0645 0.1131 0.0653 0.0563

δ 0.004 0.0025 0.003 0.0086 0.0024 0.0015
207Pb/ 235U Ratio 0.3286 0.2637 0.2743 0.5127 0.2764 0.2277

δ 0.0148 0.0084 0.0158 0.0501 0.0129 0.0055
206Pb/ 238U Ratio 0.029 0.0295 0.0294 0.0292 0.0293 0.0292

δ 0.0004 0.0004 0.0004 0.0007 0.0004 0.0003
208Pb/232Th Ratio 0.0116 0.0104 0.0096 0.018 0.0109 0.0087

δ 0.0003 0.0002 0.0002 0.0014 0.0003 0.0002
207Pb /235U Age(Ma) 288.49 237.68 246.09 420.24 247.76 208.33

Δ 11.32 6.73 12.6 33.67 10.25 4.57
206Pb/ 238U Age(Ma) 184.1 187.3 186.49 185.4 186.09 185.8

δ 2.22 2.66 2.21 4.57 2.58 2.05
208Pb /232Th Age (Ma) 234 210 193 360 220 174

δ 7 5 4 28 7 4

Harmonious degree % 55 76 72 22 71 88

Table 6. LA-ICP-MS zircon (B-2) U-Th-Pbdating results (01-06)

Point number 01 02 03 04 05 06

Pb ppm 11.8 20.6 24.7 11.3 13.2 8

Th ppm 176 335 148 162 132 137

U ppm 285 429 209 290 219 204

Th/U 0.62 0.78 0.71 0.56 0.6 0.67
207Pb / 206Pb Ratio 0.073 0.0834 0.0669 0.0632 0.1616 0.0569

δ 0.0039 0.0049 0.002 0.005 0.0073 0.0025
207Pb/ 235U Ratio 0.281 0.318 0.77 0.236 0.6465 0.2215

δ 0.0134 0.0175 0.031 0.0113 0.0337 0.0096
206Pb/ 238U Ratio 0.028 0.028 0.0839 0.0283 0.0281 0.0283

δ 0.0004 0.0003 0.0028 0.0005 0.0005 0.0004
208Pb/232Th Ratio 0.0113 0.0138 0.0279 0.0106 0.0205 0.0092

δ 0.0004 0.003 0.0009 0.0004 0.001 0.0003
207Pb /235U Age(Ma) 251 280.35 579.74 215.11 506.32 203.12

δ 11 13.49 17.78 9.26 20.76 7.96
206Pb/ 238U Age(Ma) 178.21 178.24 519.53 180 178.7 179.61

δ 3 2.06 16.43 3.32 3.31 2.49
208Pb /232Th Age (Ma) 226 278 556 213 411 186

δ 8 59 18 8 19 6

Harmonious degree % 65 55 89 82 4 87
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Table 7. LA-ICP-MS zircon (B-2) U-Th-Pbdating results (07-12)

Point number 07 08 09 10 11 12

Pb ppm 8.3 8.1 21.9 13.9 13.4 9.3

Th ppm 150 129 434 194 239 130

U ppm 217 202 589 326 348 245

Th/U 0.69 0.64 0.73 0.59 0.68 0.53
207Pb / 206Pb Ratio 0.0538 0.0635 0.0664 0.0763 0.055 0.0542

δ 0.0025 0.0035 0.0023 0.0038 0.0029 0.0027
207Pb/ 235U Ratio 0.2045 0.2477 0.2321 0.3083 0.2149 0.2056

δ 0.0089 0.0134 0.0078 0.0181 0.0109 0.009
206Pb/ 238U Ratio 0.028 0.0285 0.0252 0.0281 0.0284 0.0284

δ 0.0004 0.0005 0.0003 0.0004 0.0004 0.0006
208Pb/232Th Ratio 0.0086 0.0113 0.009 0.0121 0.0088 0.0107

δ 0.0003 0.0005 0.0003 0.0005 0.0003 0.0004
207Pb /235U Age(Ma) 188.92 224.75 211.94 272.87 197.68 189.82

δ 7.51 10.94 6.44 14.07 9.07 7.6
206Pb/ 238U Age(Ma) 177.91 180.91 160.6 178.87 180.56 180.3

δ 2.66 2.99 1.98 2.6 2.63 3.73
208Pb /232Th Age (Ma) 174 226 181 243 178 216

δ 5 11 5 10 5 7

Harmonious degree % 93 78 7 58 90 94

Table 8. LA-ICP-MS zircon (B-2) U-Th-Pbdating results (13-18)

Point number 13 14 15 16 17 18

Pb ppm 11.7 19.4 12.8 9.8 8 15.9

Th ppm 179 405 188 170 125 262

U ppm 296 454 298 249 210 411

Th/U 0.6 0.89 0.63 0.68 0.59 0.63
207Pb / 206Pb Ratio 0.0578 0.0545 0.0793 0.058 0.0585 0.0577

δ 0.0032 0.0023 0.0026 0.0024 0.0028 0.0028
207Pb/ 235U Ratio 0.2292 0.2146 0.3069 0.2229 0.223 0.2195

δ 0.0124 0.0103 0.0097 0.0087 0.0091 0.0072
206Pb/ 238U Ratio 0.0284 0.0283 0.0282 0.0282 0.0282 0.0281

δ 0.0004 0.0004 0.0004 0.0004 0.0004 0.0003
208Pb/232Th Ratio 0.0099 0.0095 0.012 0.0097 0.0097 0.0093

δ 0.0004 0.0002 0.0003 0.0003 0.0003 0.0002
207Pb /235U Age(Ma) 209.55 197.39 271.81 204.31 204.37 201.52

δ 10.22 8.61 7.5 7.22 7.52 5.99
206Pb/ 238U Age(Ma) 180.75 179.74 179.17 179.43 179.39 178.88

δ 2.61 2.3 2.39 2.75 2.64 2.1
208Pb /232Th Age (Ma) 199 192 242 195 196 187

δ 8 5 6 6 6 5

Harmonious degree % 85 90 58 87 86 88

Table 9. LA-ICP-MS zircon (B-2) U-Th-Pbdating results (19-24)

Point number 19 20 21 22 23 24

Pb ppm 17.7 9.9 18.8 14 18 13.6

Th ppm 294 171 700 195 306 260

U ppm 466 252 745 326 439 336

Th/U 0.63 0.67 0.93 0.59 0.69 0.77
207Pb / 206Pb Ratio 0.051 0.0552 0.0873 0.0836 0.079 0.0494

δ 0.0015 0.0021 0.0034 0.0044 0.0037 0.0017
207Pb/ 235U Ratio 0.1991 0.2114 0.1983 0.3455 0.3045 0.1914

δ 0.0057 0.0069 0.0087 0.0229 0.0146 0.0058
206Pb/ 238U Ratio 0.0282 0.0282 0.0163 0.0282 0.0283 0.0283

δ 0.0003 0.0004 0.0003 0.0005 0.0006 0.0004
208Pb/232Th Ratio 0.0091 0.0092 0.0058 0.014 0.0131 0.009

δ 0.0002 0.0002 0.0002 0.0008 0.0006 0.0002
207Pb /235U Age(Ma) 184.41 194.74 183.69 301.35 269.93 177.87

δ 4.84 5.81 7.36 17.3 11.33 4.92
206Pb/ 238U Age(Ma) 179.43 179.52 104.45 179.46 179.94 179.83

δ 1.81 2.65 1.98 2.85 3.6 2.24
208Pb /232Th Age (Ma) 182 186 117 282 263 181

δ 4 5 4 16 12 5

Harmonious degree % 97 91 44 49 59 98

Table 10. LA-ICP-MS zircon (B-2) U-Th-Pbdating results (25-30)

Point number 25 26 27 28 29 30

Pb ppm 14.9 10.7 17.8 23.8 15.4 11.7

Th ppm 273 162 324 436 279 214

U ppm 351 249 439 550 386 279

Th/U 0.77 0.65 0.73 0.79 0.72 0.76
207Pb / 206Pb Ratio 0.0635 0.1233 0.0516 0.0635 0.0537 0.0574

δ 0.0025 0.065 0.0017 0.0022 0.0017 0.003
207Pb/ 235U Ratio 0.2468 0.5182 0.1996 0.2543 0.2048 0.2235

δ 0.0094 0.2958 0.0056 0.0104 0.0061 0.0113
206Pb/ 238U Ratio 0.0281 0.0282 0.0281 0.0283 0.0277 0.0282

δ 0.0004 0.0005 0.0003 0.0004 0.0003 0.0005
208Pb/232Th Ratio 0.0105 0.0099 0.0091 0.0109 0.0093 0.0095

δ 0.0003 0.0003 0.0002 0.0003 0.0002 0.0003
207Pb /235U Age(Ma) 223.95 423.93 184.78 230.07 189.16 204.8

δ 7.65 200.37 4.75 8.42 5.18 9.34
206Pb/ 238U Age(Ma) 178.88 179.56 178.91 179.72 176.12 179.54

δ 2.43 2.93 1.86 2.67 2.17 2.9
208Pb /232Th Age (Ma) 212 199 183 220 187 192

δ 6 6 4 7 5 6

Harmonious degree % 77 19 96 75 92 86
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respectively. The ages are late Early Jurassic. Because of the age difference 
between magmatism and consolidation diagenesis, the basement granite in 
Renchao basin should be the product of early Jurassic magmatism.

Discussion

The early Yanshanian in southeastern China is generally considered to 
be a critical period for the transition from the Paleo-Tethys tectonic domain  
to the Pacific tectonic domain (Shu & Zhou, 2002; Chen et al., 2002). Before the 
Middle Jurassic was affected by the Tethys tectonic domain and the Indosinian 
collision, the Late Jurassic has been mainly constrained by the combination 
of Pacific tectonic and intracontinental deep structures. However, during the  
transition period of the two tectonic domains (ie, the early Yanshanian),  
the South China provinces lacke the isotopic age values (200-180 Ma) of the 
Early Jurassic igneous rocks (J1). Therefore, it is generally believed that J1 is 
the intermittent period of magmatic activity (Yu et al., 2009). Although the 
geological work in southeastern China has been relatively high in the past, 
it mainly focuses on the late Mesozoic igneous rocks and Cenozoic volcanic 
rocks. The study on the geological characteristics and tectonic setting of early  
Mesozoic igneous rocks is not in-depth, especially the isotopic age of  
early Jurassic igneous rocks.

Chen et al. (2002) made Rb-Sr isochron dating of bimodal volcanic 
rocks in the Xunwu-Baimianshi basin and Dongkeng-Linjiang basin in 

southern Jiangxi Province. The values of 178±7Ma for basalts in Dongkeng 
basin, 173±6Ma for basalts in Baimianshi basin and 165±2Ma for rhyolite 
are equivalent to those of late Early Jurassic to early Middle Jurassic, which 
changed the predecessors’opinions on the formation of igneous rocks in these 
areas in late Jurassic. Xu (1992)proposed for the first time that the volcanic 
rocks in Fankeng Formation in Yongding, Southwest Fujian Province were 
bimodal assemblages of Early Jurassic (Rb-Sr age 179 Ma), formed in 
intracontinental extensional environment, which aroused scholars’ attention 
to the early Jurassic igneous rocks in the southeastern continent. Zhou and 
Chen (2001) obtained the Rb-Sr isochron age of the rhyolite in the Yongding 
Hulei basin again. Li and Li (2007) have made SHRIMP zircon U-Pb  
dating of the Keshubei intrusion in southern Jiangxi, and obtained an isotopic 
age of 189±3Ma, which coincides with the age of 187±4 Ma (zircon U-Pb) 
measured by Ding et al. (2005) of the Xiangzikou intrusion in the middle part of 
Nanling Mountains, Hunan Province. Xing et al. (2002) made Rb-Sr isochron 
dating of gabbro in Meizhou Xialan complex, and obtained 179 Ma age.  Again, 
SHRIMP zircon U-Pb dating of granite (1196±2Ma)) and gabbro (1195±1Ma) in  
the intrusion proves that magmatic activity also existed in the early Jurassic 
in northern Guangdong (Yu et al., 2009), which is also the earliest granite age 
of Yanshanian period up to now. It is believed that the Pacific tectonic domain 
has begun to act on South China (Chen et al., 1999) at least around 195Ma. 
The Yanshanian magmatic activity along the southeastern coast of China is a 
part of the tectonic-magmatic cycle in the western Pacific Ocean. Compared 

Figure 4. Sample number B-1 weighted average age

Figure 5. Sample number B-2 weighted average age
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with the unprecedented magnitude and intensity of magmatic activity in the 
Late Jurassic (~140 Ma), the signs of early Jurassic magmatic activity are not 
obvious. However, the above age data indicate that the Pacific plate subducted 
to the Eurasian plate in the Early Mesozoic (~200Ma), which has a precise 
chronological record in the middle and eastern part of Nanling Mountains. The  
U-Pb zircon ages of the two groups of fine grained Wenxiang granite in  
the Renchao Basin are 179±1Ma and 186 Ma, which provide new information 
for the lack of reports of magmatic activity during the J1 period in southeastern 
China. The origin of the U-Pb zircon may be related to plate subduction, mantle 
material upwelling or heating of crustal material and the introduction of some 
mantle-derived material. Although the early Yanshanian granites are mostly the 
products of magmatic emplacement under extensional tectonic environment, 
the alkaline rock-syenite-granite assemblages formed in the typical extensional 
tectonic environment of the same period have not been found yet because of the  
intense volcanic activity in the late Yanshanian period of Renchao Basin, 
the thick coverage of volcanic caprock and the few outcrops on the surface. 
In addition, the study area is located at the junction of Nanling and Wuyi 
metallogenic structural belts, and its tectonic significance is particularly special 
(Zhao et al., 2008). Therefore, the geological work in this area needs to be 
further strengthened.

Conclusion

The LA-ICP-MS zircon U-Pb dating of the basal-image granite in the poor 
dry area of the Renzi Basin yielded the isotopic ages of 179±1Ma and 186Ma, 
respectively. It indicates that the formation of the basement lithology granite in 
the Yanshen Basin is in the late Early Jurassic period and is the product of the 
first magma activity of Yanshan. This age provides new chronological data for 
reports of the lack of magmatic rock activity during the J1 period in northeastern 
Guangdong. The subduction of the Pacific Plate to the Asian Plate in the Early 
Mesozoic (~200Ma) resulted in the warming of the crust, the melting of crustal 
materials into magma, and the compression of the crust resulted in a series of 
NE-trending sag basins. The basement hieroglyphic granites in the Renchao 
Basin were formed at this stage. During this period, the Dading iron ore back 
rock mass (176±4M a) in Lianping and Zijinshan rock mass in southwestern 
Fujian were (168±4Ma) (Wu & Zheng, 2004), both of which developed granite 
basement. Although they were formed later, they should be the product of 
magmatic activity in the same period regionally.
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