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Detrital Apatite Trace Element Characteristics of Main Rivers around
Jianghan Basin and an Analysis of Their Provenance Discriminant Indicators
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Abstract: Sediments deposited in the Jianghan Basin record important information about the formation and
evolution of the Yangtze River, and hence the provenance tracer of detrital materials in the basin has always been a
hot topic, but the timing of the cutting through the Yangtze River is still inconclusive. Apatite is a common accessory
mineral in fluvial sediments, and trace elements of apatite are mainly affected by their source rocks and significant
differences in the trace elements of apatite existent in different regions, so it can be used as a good indicator of
source minerals. On such a basis, the authors used the laser ablation inductively coupled plasma mass spectrometry
(LA-ICP-MS) in combination with the multi-dimensional identification (MDS) of statistical method to
systematically analyze new indicator so as to distinguish the provenance of the upper and middle reaches of the
Yangtze River; the MDS diagram also verifies the rationality of the characteristic elements indicators. The results
indicate that the St/Y ratio of detrital apatite can be used to distinguish the provenance of Hanjiang River, Yuanjiang

River, Xiangjiang River and main stream of the Yangtze River in the study area. The bivariate diagrams of trace
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elements of Nd-Sm, Sm-Eu, Eu-Gd and La/Yb-La/Sm can effectively distinguish the provenance of the upper and

middle reaches of the Yangtze River. On the whole, the trace element ratio diagram and distribution characteristics of

REE have great potential in the study of provenance tracer in large rivers.

Key words: Jianghan Basin; modern sediments; detrital apatite; trace element; provenance discriminant indicators
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WA (K25, 2000; #5Flk, 2006; MBS,
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KA M- 1A O RV EE /714 (Clark et al,,
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Fig. 1 Location of the adjacent rivers and
sampling sites around Jianghan Basin
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Table 1 Collected sampling point information
Feih 5 IR/ 1 i (N) L% (E) PR
HJIL-3 KT HATEARR 30°15'17" 111°41'20" 60
XF-2 BT 22 U T BER X 32°05'43" 111°58'18" 60
YJ-4 b RaR AT R X 28°59'38" 111°3827" 57
XJ-1 WL MR T B L 28°38'30" 112°5029” 25

XF-2-16

a—1KIT; b— 3L c—TEiL; d—HTL,
a—main stream of the Yangtze River; b—Hanjiang River; c—Yuanjiang River; d—Xiangjiang River.
El2 BEKSRAH CL EE
Fig. 2 CL images of single particle apatite
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WHFE 8 h DIk, PRIEXTRES 18 23R, e s
B AR BRI 2% HNOs, FilEZE 100 g
Je AT EALIR
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FAEA I SEN, 1XE N LA-ICP-MS, H#Ot# M R 4
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7900, #ICRER 80 ml, JHE 5 Hz, HEOGCHKRBEEHE
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8R4 ICPMS Data Cal(Hu et al., 2015)
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BdE: KILT AR E B KA St R F & il
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DETLATE BB KA1 St JUR &R 742.8x10°C,
I3 AT R 29.1x107~6200.4x10°°, Y JTLE I E 1 &
HON O 1448.9x10°°, F 4 A 5 Bl A 0.7x107°~
3717.5%x10°°; T AIRREBE K A SroG R ik
550.3x10°, 43 #ii J5 Bl A4 30.3x10°~3135.2x10°°,
Y JSCEMFEH A RN 1208.9x10°, 4 4 10 FH R
6.7x10 °~4475.1x10°, fitHh 4 4005 Sr. Y A
ARENE 3, AR 150 G T 0 i 8 i it
B St ST Y, St/Y KT 1; Hofth = 4 e
JBUTREMA S, St & BARTF Y, Sr7Y /hF 1,
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SEH AR BT R 4 KA YREE: K
VLT R S S o 2225.5%10°5, HAM A6 I Bl N
105.2x10°~9767.6x10° I 1L & ¢ ¥ {6 N
2347.8x10°%, HAM G E R 202.0x10 °~5224.1x10°5;
PCUL B B o 3752.2x10°°, 4 A Y5 B K
1028.1x10°°~9145.6x10°% il T & F ¥ {5 A
2529.1x10°%, HAM T Ky 27.0x10°~8246.7x10°°,,
4 Z i B B T R A 3 2,

S48 P B Ak 24 1 A + o0 R o R+
(LREE: La~Eu)fIH#i +(HREE: Gd~Lu)JG%, 4 &
[ LREE/HREE MF-34ME /3002 I T b
(5.54). IIT(3.86). VLIL(2.66). WHIVI(2.14),

OB 4 S I SEACHER S TR R R
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ig. 3 Average Sr and Y element content
in detrital fluvial sediments
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Table 2 Statistical table of trace elements in detrital rivers around the Jianghan Basin

KA L VLI T

R wAME CFME RRE BME CFEE BORE RAME CPEIE RRE RAME PRIME
La 2890.65  0.09 369.58 2480.11 5.59 401.06 3 484.40 2.23 374.15  1299.77 0.17 215.94
Ce 5796.86  0.40 857.43  4754.27 19.50 996.50 5390.14 16.83 1018.14 3616.67 0.45 669.67
Pr 637.22  0.11 109.88 459.20 4.03 136.11 515.47 3.24 153.02 467.10 0.10 103.02
Nd 2 666.47 1.63 504.26 1962.49  25.42 634.65 2243.10 21.74 775.13  1924.84 0.90 505.96
Sm 493.27 1.61 124.00 498.98 10.80 164.58 1176.00 9.81 257.56 551.07 0.41 179.31
Eu 93.24  0.13 20.39 126.22 2.83 26.46 318.98 2.31 23.38 40.74 0.24 11.39
Gd 541.02 431 126.59 639.70 8.49 189.18 1065.09 16.10 311.81 689.27 1.02 224.10
Tb 76.21 0.69 18.78 130.70 1.01 29.27 172.02 2.56 4791 134.80 0.17 38.98
Dy 400.34 451 100.91 862.41 5.69 167.81 1112.05 18.67 302.69 817.71 0.84 238.21
Ho 78.47  0.90 19.09 163.92 1.14 32.20 180.52 1.61 52.58 143.94 0.22 41.34
Er 21645 234 49.14 45491 2.94 85.53 432.05 1.95 141.09 411.84 0.61 110.39
Tm 28.68  0.25 6.00 66.64 0.38 11.07 46.48 0.12 17.79 57.39 0.16 13.99
Yb 186.25 1.26 39.01 437.05 2.80 63.01 309.20 0.36 113.93 376.24 1.43 86.77
Lu 2270 0.10 5.06 72.83 0.27 8.90 40.75 0.04 14.63 53.46 0.30 12.25

YREE 14127.84 18.32
LREE 12 577.72 3.98

2225.51 13109.43  90.88 2347.77 16486.27 97.58
1884.98 10281.28  68.17 1864.44 13128.10 56.16 2728.02

3752.16 10 584.84 7.01 2529.08
7900.18 227 172437

HREE 1 550.13 14.34 340.53 2 828.15 22.71 483.33 3 358.17 4142 1024.13 2 684.66 4.74 804.71

LREE/
HREE 8.11 0.28 5.54 3.64 3.00 3.86 3.91 1.36 2.66 2.94 0.48 2.14
Lax/Yby 1.14 0.01 0.69 0.42 0.15 0.47 0.83 0.45 0.24 0.25 0.01 0.18
dEu 0.84 0.20 0.52 1.03 1.39 0.47 1.34 0.82 0.23 0.30 1.51 0.16
dCe 0.97 0.68 0.93 1.01 0.81 0.95 0.98 0.84 0.91 1.04 0.74 0.88

ey 41 HETHZLERE_4HEM®
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VLI ZE R 0K R oA S %, TR AE At
HeRTFHRAE R A, XA Z P05 09 TR X258
B ) B2 A b OB UC R Y R, FHA
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AN ) 3 A RSB I, 45 TR i 0 0 BT 485 el
BB IR A5 St ik 45 A AH [H] (Zheng et al., 2013; Zhang
et al., 2016; Sun et al., 2020b, 2021), A W5 FEH]
T4 8 W8 A it o6 2R R L H A g XA R A
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UL T EEIEE(Cao et al., 2012, XPELE, 2017;
M, 2021); B KA A FE o0 K N HAE R4 3155
PR e e, W N AT ORI IR R R
Ak 2 XAk R 3 B85 Y 45 D T8 BIF 9 RN T 4
4, 2021, HEM T RIT B o 5k,
AR B IRAE S, ML, boil . WVEARE
R AR B SR, TR AT AR I i
GG . 2T I, ASCEEENT 4 it
P KA R TR e . 4R E . W Ot R
5 RS, SRR X A KT B T iR
HIEHESEHE, FERIH MDS #6380 4 J] JRE i ()R AE
FRAR I 22 51k

WA S S Y A TR, HigEoc
RO R4 S0, & & M e R A i 4 ic
FREOTEE ], UL BRI 5 SRR R KA T A
B B R AEREA e B, Y TR SR
W L Sr LR ST WAL, Hib SrY HEFEA
[F) 7 A1 BB K A v 22 57488 K (Piceoli et al., 2002) . fiff
Z% DX 3L (A R S W KA P e R E DA Sr. Y i
BRFEE, PR, fETN RN 4 4
WA, PO UYL YL Sr ALY 1YY
T 5 L 25 S/ T 5 R VT U i B s I AN T
DULL L DEYL . WIVCUTRN) B B W KA St ot &R I
SR EMT Y 0K, KA Sy H5r5h:
0.44. 0.51. 0.46, T T TR Y 0 REE 0 KA
HSr GERMEE S EE ST Y oX, H Sy E
h1.88, 4 A Sr. Y SEX SRR E WE 3,
TR TR BB K AT S Y TR AL e 4
oS E A BRI da): KITH) S FEAS 1
AR5, WL . DL AT AL S 250 A fE 2
O KA X ISk . Sr/Y AT RUEHR T F S R iRy
DU PIIE X 43 JF 2k, B Sr/Y 27 KF 1 Al DIAE
Sk T e TR 1) B R AE AE AR o

T 0 2 e AR Y — 4k 1R AT LA T AR
Wit — 2 A5, 0Buycc-(Gd/Yb)uce, (La/Yb)ycc-
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(Gd/Yb)yce S 1 ICE HAEAE R X 3[Rl AR
VIR AR bR, © BB S R A 5 30 25 T
(Xu et al., 2009; Li et al., 2013), &5 2 (%6 0
KBS, ASCLH T W o R R AFse ot
H i TR HUAE ) B (B 4), M Bk i s W 2.
X3t T TR RRAE DX B ) R AR SR AR F R e . b
FIRE R R Bk BF, KILHAMuE R,
H Eu-Gd. Nd-Sm. Sm-Eu, La/Yb-La/Sm ) —4EH{
R (# 4c, d, e, DA FBBERAVELEE P IX LLAE,
TE R T W1 VL i A AR X 8, DA TT 5 HA =
R XA IR DU 43 A fa 35 5 KIS E
L AN TR AN U ESTR7 : PAR S B < T ¢
Eu-Gd. Nd-Sm HK TS i B AR, JeiT
FIE 0] 55 1o A R S X B S, P R B
L E A 534 7 I HA G ER B = e B R RER
SRR S, BA EIH AR . B
A% Eu-Gd. Nd-Sm. Sm-Eu. La/Yb-La/Sm i
JCE A EIRIE L T B AR VIR AR Xk, AR T
AL i A Pyl 1, PR IHGX SO0 2 XA KT B
e 5 AR I ) SRR TR .

10000

10000

4.2 REE %#1E

i 10 2 B T A LAY 1k 27 o0 R AL SRR e
() Ak 2 1 0k ) vz i R DR g s L A
P A A A5 T T B W ST (1 S, 2007, iR AR AR,
2010), AT AMFZEE B REE B & & EEZ VY
e WAL 7 AL B 52 e, Hrh s 1 W o 2
DT R AR 1 o0 R A R A R K (Yang
et al., 2002; Munksgaard et al., 2003; {i] 45 #i 4%,
2011, MAN, AATERAL LT B R L ocER WAl LA
Bl he R R L kAR 4R TR W R AT HIL A SR I B (Taylor
and Mclennann, 1985; Sholkovitz, 1994), M La %I
Lu, M Lo RGN B w, Kawiet
AH IS, AT AE B AR B I #8 RE U7 A AH D
58 . HH HREE JCER B 45 5 75 W P E il 0 B R
ARG LS G AL e it #8, LREE W] — i 4% %6
BTy R W B, DT i B LREE AH X & 4
HREE %5 #ii, A hliAE XL EE A ins®, LREE &5
HREE ¥ %&£/ %, YLREE/SHREE {845 5 n
(5K R L, 20125 B3004, 20125 2 5uhi SE,
2016).
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Fig. 4 Correlation plots of trace elements for the river sediments of apatite from the main stream of the Yangtze River,

Hanjiang River, Yuanjiang River, and Xiangjiang River
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XiF 4 Z] TR R 0 R B HEA TERORL PR
AR EAL AL B T LIS BRI SREE. LREE
K HREE, ZrHrf35 4 WA AR 2 LREE & 4
M HREE ke, HpRKITTFR . DOUTEA R EE
LREE &% HREE #&, Mytil. WL
LREE & %1 HREE 2% (& 41). MPIE I o34, &
AR DL EE LREE &4, ULBUTR
Ynl e R VR TN 2 E % LREE WAL A,
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