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1:Caledonian granitoids; 2; Variscan granitoids; 3:Indosinian granitoids; 4:Early Yanshanian granitoids; 5:Late Yanshanian granitoids;

6:Sinian to Silurian; 7:Devonian to Triassic; 8:Lower Middle Jurassic; 9:Covers of sedimentary basins from Cretaceous to Paleogene; 10 Faults

Fig. 1 Simplified regional geological map of the Nanxiong-Zhuguang area ( Modified after reference [ 16])
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Fig.2 Schematic diagram of the sampling point location
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Table 1 Sample information

Sample ~ Water type Note

YSO01 Stream Upstream of Huangkeng Town

YS02 Pond Inside the Red-bed area,near the forest

YS03 Pond

Inside the Red-bed area,near Youshan Town

YS04 Stream Downstream of Huangkeng Town

CPO1 Lake Surrounded by forest and Red-bed area
CP02 Pond Surrounded by farmlands

CP03 Pond Near the Provincial Road

CS01 Pond Fish pond beside the village
CS02 Pond Surrounded by farmlands

CS03 Stream

Upstream of Hukou Town

CS04 Lake Near the Red-bed area

HKO1 Pond Near a village

HKO02 Pond Surrounded by farmlands

7J01 River Upper reaches of Zhenjiang River
7J02 River Middle reaches of Zhenjiang River
7J03 River Lower reaches of Zhenjiang River

FERTA, SRAE IR S AN TR 3 ) 225K
TR AL . T4 190K [ Fe Mn il
EEPHES T RE S 0. 45 wm 4 8 R K RE E
7 U85, A 6 mol + L™ HNO, fdi pH /N T 2;
FAF b EZE B B A RE Al 0,45 m 1 I8 A5
i AR BT 4 CHBEPIRAT,

1.3 #H&UKESH
FE IR 7E L R 2= I 0 SE R, R
BHi 1 ICEK Fe TLRH Mn ;uzf;amr“u FE R H
TR £ 25 8 A TR (TCP-MS ) YR HEA T, Al FAX 78
TR ACAP Q. FEEF F . .C NO3\SOZ' %
GB/T 5750. 5-2006 {i 1 5 F (35 vk 00 5 |, fff HAL A%
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M KFE KA o INEE 2 B, pH 224k
TR 7.02~9. 46 VI 7. 96, B4 5 55 50 1
Eh 2845 Fl 8 -135.90 mV ~ 14. 50 mV, F¥{H K

-39.18 mV, T 4 FHE 29, ClI7(1.77
mg/L~18.70 mg/L) 1 SO2"(1.94 mg/L~17.80 mg/L)

2.1

*x2 MRERMEKpH.EL R
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Table 2 pH.Eh and concentrations of macro-element in surface water from the study area/( mg/L)

Sample pH Eh/mV F- cl NO; S0y K* Ca®" Na* Mg
YS01 7.02 14. 50 0.27 7.76 3.15 6. 86 5.22 20. 00 3.93 2.46
YS02 7.55 -20.10 0. 14 3.06 0. 04 4.76 3.13 46. 50 1.42 1.94
YS03 8.99 ~105.90 0.34 3.76 0.12 5.22 3.75 31.00 3.35 2.35
YS04 7.69 -23.80 0. 41 11. 60 4.73 11.10 6.30 41.30 4.87 2.65
CPO1 7.83 -35.90 0. 14 4.13 0.08 4.90 4.73 35.50 2.44 2.91
CPO2 7.69 -25.50 0.24 7.16 0.09 6.21 4.88 39.50 3.20 2.61
CP03 8.05 -53.70 0.18 7.99 0.07 11.50 9.78 36. 10 6. 03 3.69
€S01 9.46 -135.90 0.10 7.22 0.08 5.27 5.06 14. 00 4.61 1.64
€S02 7.84 -16.20 0.32 10. 50 0.08 17. 80 7.28 47.00 2.60 3.31
€S03 7.55 -1.90 0. 65 18.70 2.39 13.30 13.20 46.20 5.96 4.03
€S04 7.96 ~44.30 0.17 1.77 0. 04 8.35 3.16 50. 30 2.00 2.96
HKO1 7.45 12. 00 0.11 4.80 0.10 4.79 4.58 6.48 3.44 1.61
HKO02 8. 06 -54.30 0.18 5.70 0.11 1.94 5.78 42.90 3.47 4.47
7J01 7.57 -12.90 0.23 5.52 3.66 5.50 3.88 13. 60 4.07 1.73
ZJ02 8.20 -55.30 0.28 6. 40 2.89 6.24 4.71 18.90 4.17 2.38
7103 8.39 -67.70 0.28 6.83 2.25 6.45 4.97 19. 00 4. 44 2.36
Maximum 9.46 14. 50 0. 65 18.70 4.73 17. 80 13.20 50. 30 6. 03 4.47
Minimum 7.02 -135.90 0.10 1.77 0. 04 1.94 3.13 6.48 1.42 1.61
Average 7.96 -39.18 0.25 7.06 1.24 7.51 5.65 31.77 3.75 2.69
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ng/mL( 3£ 3) ., SREEs & iz 1 RAE £ 202,
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Table 3 Characteristic parameter values for REEs in the study area

SREEs LREEs MREEs HREEs
Sample (La/Sm) p (La/Yb), Ce/Ce” Eu/Eu”® Gd/Gd*
/(ng/mL)  /(ng/mL)  /(ng/mL)  /(ng/mL)
YS01 1. 0429 0. 8640 0. 1344 0. 0445 0.73 0.93 0.91 0. 84 1.36
YS02 0. 2660 0.2334 0. 0230 0. 0092 2.03 2.35 0. 61 0.91 1.07
YS03 0. 1078 0. 0854 0.0170 0. 0054 0.48 1.05 0.98 0.95 1.11
YS04 0. 4746 0. 3835 0. 0720 0.0191 0. 62 1.03 0.91 0. 86 1.20
CPO1 0. 2361 0. 1894 0. 0354 0.0113 0.58 1.10 0.94 0. 89 1. 11
CP02 0. 0585 0. 0507 0. 0054 0. 0024 0.52 1.08 0. 86 1.59 0.72
CP03 0. 1167 0. 1015 0.0110 0. 0040 0.92 1.48 0.87 0. 82 0. 85
€S01 0. 1622 0.1321 0. 0234 0. 0067 0.94 1.37 1.09 0. 94 1.15
CS02 0. 1647 0. 1300 0. 0264 0. 0083 0. 40 0.74 0. 90 0.76 1.41
€S03 0. 9048 0. 7461 0. 1220 0. 0367 0.57 0. 81 0.93 0.92 1.18
€S04 0. 1539 0. 1255 0. 0202 0. 0082 0.62 1.17 0.98 1.08 1.28
HKO1 0. 2506 0.2115 0. 0305 0. 0086 0. 88 0.74 0. 90 0.93 1.02
HK02 1. 4553 1.2259 0.1907 0. 0387 0.71 1.45 0.94 0. 94 1.33
7Jo1 0. 9693 0. 7968 0. 1330 0. 0395 0.59 1.73 0.85 0. 66 1.16
7J02 2.8514 2.4110 0. 3532 0. 0872 0. 66 1.51 0.85 0.79 1.23
7J03 0. 4082 0. 3374 0. 0550 0.0158 0. 65 112 0. 83 0. 81 1.19
Average 0. 6014 0. 5015 0. 0783 0.0216 0.74 1.23 0.90 0.92 1.15

Note: The unit of REEs is ng/mL, (La/Sm)p and (La/Yb), are PAAS-normalized ratios( PAAS data from [20])
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Table 4 REEs contents of some major waters in China and surface water in the study area/ ( ng/mL)

Water body La Ce Nd Sm Eu Th Yb Lu TREEs Reference
Yangtze River source area 0. 130 0.150 0.390 0. 005 0. 003 - 0. 030 0. 004 0.712 [9]
Yangtze River system 0. 050 0.110 0.070 0.013 0. 004 - 0. 008 0. 002 0.257 [9]
Guangzhou Pearl River 0. 035 0.075 0. 050 0. 037 0.015 0.010 0.023 0. 005 0.250 [21]
Waters of China 0. 060 0. 120 0. 060 0.010 0. 005 0. 003 0. 008 0. 002 0.268 [22]
Poyang Lake catchment 0.078 0. 108 0.079 0. 027 0.012 0. 005 0.028 0. 004 0. 340 [11]
Dongting Lake catchment 0. 067 0.251 0. 042 0.019 0. 006 0. 003 0.011 0. 002 0. 402 [12]
Surface water in this study 0.121 0.227 0.124 0. 027 0. 005 0. 003 0. 007 0. 001 0.515 This study
Note ; Unit of REEs is ng/mL, TREEs is the sum of 8 rare earth elements listed in the table
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Table 5 Analysis results of water samples

Parameter TREEs LREEs MREEs HREEs
pH -0.11 -0.11 -0.12 -0.20
Eh 0.09 0. 09 0.10 0.18
F- 0.20 0.19 0.23 0.28
cl- 0.12 0.11 0.15 0.19

NO;j 0.49 0.48 0.52° 0.60"
S0y -0.19 -0.19 -0.17 -0.13

Note: “ and ™ mean significant correlation at P<0. 05 and extreme-

ly significant correlation at P<0. 01 respectively, N=16
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Geochemistry of Rare Earth Elements in Surface Water from the

Red Beds of the Nanxiong Basin of China

ZHU Chun-lin' , CHEN Bing-hui'”" | FU Jia-fang’, YU Bo®*, SI Feng-xia', LI Wen-jun'

(1. School of Earth Sciences and Engineering, Sun Yai-sen University, Zhuhai 519082, China;
2. Guangdong Provincial Key Laboratory of Geological Processes & Mineral Resources Survey, Guangzhou 510275, China;
3. Natural Resources Bureau of Nanxiong City, Nanxiong 512400, China;

4. Guangdong Institute of Environmental Geological Exploration, Guangzhou 510080, China)

Abstract; The concentrations of the dissolved rare earth elements and main ions were determined in 16 samples of surface
water at the Red Beds of the Nanxiong Basin by using the inductively coupled plasma mass spectrometry (ICP-MS) ,inductive-
ly coupled plasma atomic emission spectrometry (ICP-AES) and ion chromatography. The results show that the surface water
samples in the Hongshaling area of Nanxiong are weakly alkaline, with a pH range of 7. 02 to 9. 46, and the cation is mainly
Ca™. The average total content of rare earth elements is 0. 6014 ng/mL, which is relatively high compared with the main riv-
ers and surface water bodies in China. The La/Sr ratio in shale (PAAS) is predominantly below 1, with an average value of
0.74. The PAAS-normalized rare earth element (REE) distribution pattern exhibits a slightly right-skewed trend, with a mod-
erate enrichment in the middle rare earth elements, suggesting their relative accumulation in the water body. Additionally, Ce
and Eu display negative anomalies, whereas Gd exhibits a positive anomaly. The total concentration of rare earth elements
(REEs) exhibits a weak negative correlation with pH and a significant positive correlation with the concentrations of Fe and
Mn. It is inferred that the desorption or dissolution of Fe-Mn colloids or suspended particles constitutes one of the primary fac-
tors influencing REE behavior in the studied system.

Key words :rare earth elements; geochemistry; surface water; red beds; Nanxiong





