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Table 1 Major element composition and CIA of the samples

Fifeum  RESRS SiIOywt%  ALOywt%  MgO/wt%  CaO/wt%  Na,O/wt%  K,O/wt%  Fe,0ywt%  CIA
RS04 43.24 26.85 1.55 0.19 0.19 3.20 11.43 86.7

RS05-1 43.67 24.29 1.88 0.21 0.34 3.18 13.02 84.7

RS06 43.42 24.98 1.51 0.28 0.19 2.94 12.46 86.2

RS07 41.39 27.73 1.39 0.24 0.19 2.84 11.56 87.9

RSI1 38.92 23.02 2.28 0.78 0.24 2.12 16.88 84.8

RSI2 38.84 22.93 2.26 0.73 0.25 2.18 16.92 84.8

RS13 40.03 22.74 2.16 0.71 0.23 2.29 16.92 84.5

RS15 39.30 23.63 225 0.66 0.28 247 16.85 84.5

RS16 39.65 2323 242 0.58 0.27 2.66 17.30 84.1

=2 RS17 40.91 24.17 2.03 0.49 0.24 2.52 14.85 85.7
RS20 4431 2442 275 0.50 0.33 3.88 12.02 812

RS21 43.44 24.60 2.29 0.30 0.29 3.16 13.06 84.7

RS23 48.77 24.96 1.88 0.16 0.39 4.15 9.20 82.1

RS24 45.38 25.14 2.03 0.16 0.33 3.74 11.44 83.7

RS25 44.13 24.99 1.99 0.30 0.27 332 12.38 84.5

RS26 42.03 26.14 1.93 0.30 0.27 3.50 12.76 84.5

RS30 4534 24.56 2.04 0.29 0.37 3.54 11.79 83.1

RS32 42.56 25.94 1.94 0.21 0.29 343 12.45 85.0
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HFR1

AR/ um FEG RS SiOywt%  ALOy/wt%  MgO/wt%  CaO/wt%  Na,O/wt%  K,O/wt%  Fe,0O3/wt%  CIA

RS04 58.34 18.75 1.51 0.74 0.47 3.13 7.57 77.3

RS05-1 63.66 15.95 1.68 0.48 0.90 2.79 6.74 74.8

RS06 61.55 16.11 1.55 1.04 0.55 2.85 7.55 732

RS07 66.61 15.10 1.29 0.52 0.47 2.89 5.84 75.7

RS11 54.75 15.69 2.64 1.81 1.08 222 11.79 67.7

RSI12 57.47 15.11 2.37 1.56 1.14 2.37 10.50 67.5

RS13 55.15 15.23 2.54 1.63 0.96 2.33 11.69 68.3

RS15 57.34 14.61 2.50 1.83 1.05 2.40 10.28 65.6

RS16 57.13 14.69 2.37 1.55 1.07 2.54 11.04 66.7

=6 RS17 65.00 13.91 1.69 1.16 1.18 2.50 7.47 67.3

RS20 63.51 15.75 1.90 0.80 1.15 2.82 6.91 71.1

RS21 61.19 15.87 1.86 0.82 0.85 2.70 8.34 732

RS23 67.57 14.24 1.53 0.55 0.81 2.72 6.08 72.9

RS24 68.83 13.57 1.52 0.50 0.76 2.41 5.85 74.0

RS25 62.72 16.47 1.72 0.78 0.84 2.76 7.42 74.0

RS26 62.32 16.44 1.66 0.76 0.79 2.83 7.24 74.1

RS30 62.41 16.26 1.69 0.69 0.88 2.79 7.34 73.9

RS32 61.58 16.77 1.73 0.70 0.79 2.81 7.29 74.9

R5937 72.02 10.94 1.67 2.08 1.49 3.00 5.05 57.3

R5938 76.34 9.15 1.39 2.07 1.33 2.64 3.47 55.8

R5939 77.82 8.85 1.36 1.62 1.04 2.24 3.47 60.2

R5940 84.72 6.28 0.72 0.67 0.71 1.91 2.51 58.7

R5941 84.06 6.85 0.74 0.54 0.74 2.10 2.58 60.5

M5942 84.80 6.82 0.77 0.50 0.76 1.89 2.52 61.9

D5943 87.51 5.61 0.68 0.49 0.69 1.72 222 59.0

L5944 77.63 10.29 0.84 0.98 0.95 3.62 2.88 59.3

L5945 82.39 7.96 0.72 0.76 0.73 2.73 2.72 59.7

6372000 L5946 79.96 8.86 0.80 0.79 0.81 2.78 3.19 60.9

L5947 79.51 9.10 0.72 0.66 0.88 2.68 3.01 62.1

VN05060701 85.48 6.90 0.87 0.60 0.49 1.81 3.18 65.9

VN05060702 80.54 8.03 1.48 2.61 1.02 2.15 3.65 58.5

VN05060710 72.59 10.75 1.83 3.39 1.32 245 5.92 60.6

VN05060801 71.93 12.01 1.91 337 1.20 2.66 5.98 63.7

VN05060805 66.94 12.76 2.07 2.79 0.92 3.44 9.82 65.4

VN05060806 86.29 6.89 0.30 0.42 0.61 2.78 1.65 59.0

VN05060807 79.86 10.00 0.87 1.32 0.45 2.71 3.71 69.3
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Table 2 Environmental parameters of the upstream catchment
i/ PG T g ey T it e T e
RS04 PIL 19.2 1590 892 3.4 32 75.0 33 1.9 19.9
RS05 AR 18.7 1342 1251 4.8 8.9 71.5 6.5 5.0 10.9
RS06 VAL 19.2 1588 909 3.4 3.1 753 2.6 1.9 20.1
RS07 L 19.8 1715 781 3.8 0.6 46.0 13.9 24 37.7
<2 <63 RS11. 12,13 FaRT) 17.5 1158 1533 5 3.7 68.3 3.4 6.1 222
RS15. 16,17 2130] 17.7 1202 1464 5 4.0 68.2 5.7 5.6 20.4
RS20, 21 2130] 18 1227 1388 4.8 4.3 67.6 7.7 52 19.6
RS23. 24 T 194 1451 1124 4.9 4.5 87.0 5.4 4.9 2.8
RS30. 32 EARC] 19.6 1454 976 3.9 14.5 79.6 4.8 3.9 11.7
L5946, 5947 VL 19.2 1590 892 3.4 32 75.0 33 1.9 19.9
R3937, 5938, ARG 18 1227 1388 4.8 43 67.6 7.7 52 19.6
VN05060702

D5943, VN05060701 ZVT 19.4 1451 1124 4.9 45 87.0 5.4 49 2.8
M5942 AR 19.6 1454 976 39 14.5 79.6 4.8 39 11.7
R5939 AR 18.9 1407 1157 4.5 12.0 76.8 5.7 4.2 133
63~2 000 L5944 PT 185 1581 1060 3.1 1.1 69.2 0.0 37 21.1
L5945 VL 18.9 1558 955 3.4 2.5 70.2 0.2 1.8 144
'VN05060710 AR 17.5 1158 1533 5 3.7 68.3 34 6.1 222
'VN05060801 EART] 17.2 1100 1597 5 3.4 70.7 0.9 4.9 235
VNO05060805 il 18.5 1694 1067 4.6 0.4 61.3 2.5 3.5 32.7
'VN05060806 #L 19.8 1715 781 3.8 0.6 46.0 13.9 24 37.7
'VN05060807 YL 19.2 1588 909 3.4 3.1 75.3 2.6 1.9 20.1
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Fig.2 The correlation of Al,0;/SiO, with major elements in the Red River sediments
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Fig.4 The correlation between environmental parameters and
CIA of sediments with different grain sizes



10 Marine Geology Frontiers ML T

4 e

4.1 ARERZTIRMB LT RILEHEE S

DU W E 8 4153 B H BR T 27 21 B AL 18 32 TR
YR AT ) S AR S 2 AR R
7 SR A GRE S ) FE R OC R AN 22 R
R Y 10, SRR (>66%), H 25T L
s A (E 2a), OB T AR & 4R, XS
T Nay0 5 ALOy/SiO, A IEA M. i <2 um
FEM Y Na,O 5 AL03/Si0, & A 2 i T4k
AL R Na Btk i S8k, Ca RIBES L SC itk g,
I, B AR CaO B 5 3, (HHLR 9L CaO
P AR IR, W] RE S 32 WL S B R 7 1) 5% 1
(F 2¢) o HUREGEE S K0 A9 4346 FLE AT Na,O
2L, Bl ALOy/SiO, L IE #H &, T T 41 JEM
BRI . (H KO FEAIRL G R i v 8 45 2 0 32 32 ey
BE ST AR Bt AR B B e o FEXUAB 30, KL
PR ME, EEEEAFEF AT BEE XN
i, K FFaibkok, Rl A sid A . Mg ek
KA 55 451, (0 H B B R RE 2s 32 BB IR Eh A 1 5
Wi, JF A A WAL . Fe,0; EEEHETHA
A AU R A A T, B 5 R i
KL, 5 ALO,/SIiO, 2 RIFHYIEAHIC(R=0.9, K] 2f)
B2, HURLZRE B 0 E T R R AE 2 K 3h 14
PESEL, BV B rT B A A A IR A TR
2T, 4RGeS REAR BAL 2= XA TP i e &R
1528, XUCRR HEA TR BE o S RE A% A 5kt S K 8h )
A R AP JRE kR P AT R 4 AN
B+ 4 B 5 A SR AR S R AR AT L
Tk KA | LB RO e P [l 3 e o o e AR X
VORI R AL 2 4L s OMLRLIRE 4 A
FAAT T A0 E L, AR BT L
<2 pm BRI 3 B2 Ak KRR (R 5)

HURE TR ) CIA 4388 #AIK HL 53 A7 T B 2.
FIEE, RO Ut Ia) LR ] A P A 2 TR e m T
AEAEAE IR 22 5 (AN T AN 2RI T AR 0 3] T RE )
AT e T 2 R UURUIE [l S 25, IEASRE S s b
AR o A 7K 7R 46 (1) 36 J2 4R U 4 mT AT
AR B Y, Hfehz B e 4 mii s, Wik
A PAR/RRFE S Z LR fb2 M . HiE <63 pm
BOAE S 20 R S Y CIA WY RE G in, nT e
5527 3] DAL 3R T ST B R U = A U A 3 R R
SN ESA K ST YT RS RIL S

202544 H
20
] @
s
= R
d 15 e
§ oy H
% 10- ISR
; 5
8 A @ ' n.\g sal
L] At oBg T o
< \ =
~ W .
0 ! -
30 40 50 60 70 80 90 100
Si0,/wt%
20
(b)
‘f\:
> -
£ 151 -
5 At
:2. 104 _’_,—" E e \\
+ - \
% b DD. OQ%»\\JXLHC A
=4 3 P
5‘ 54 tﬂ/%’l" fe2) .\\ AN
2 &8 3
Vd
0 T T T T \ T
0 5 10 15 20 25 30
ALOYWt%
Bz =i BT &

A<2pm  O<63um [ 63~2 000 um T¥ UCC
etk 208 HE 45

5 RERLMAREEMNLMNRMESTENHME
Fig.5 The influence of grain size, weathering, and quartz
enrichment on major elements of sediment in the Red River

Ja, LRI CIA FHE 2 74.2, T =451
{(73.9). DUAN %" SEFL00 13T Sr-Nd
[l 37 2 3 LR TRV B s 22 AT B 3 2R Tl I X 219 =
FH NV TD DTIR R SO 45, R BT 1 X <63 pm
BRE ST LRI B 3 A k. = A
FERL Y CIA AHXRRUE, AT RESE i T B A SR &1
FaE AR . <2 pm FESY CIA 22
SO, YT RFTLIURY CIA Bim, ZEITTAIK,
LT T e i A7 S B S A T R AR Ak, X n]
B T A UTRRIRE i 1 G 0 W AL AR L, 35 280
PRI R L i A R e 2 AR

4.2 IDAREMRESHXARIRY CIA BIS/0T

421 AMERE B A

i S ) L A I TR 2 MR TRT R DR CIA Y
TR FE 22—, TR I A PR A R k2 K
A E = T A o T G 7R R [ I s
RUBE FS5IRIFAR 3. ABFSEh, 20 kiR
YR <63 pm ALY CIA 518 B A7 By TEAH 56
PE(R=0.84), 17 <2 pm FHFF b AT S s B A DG



541 5 4 4 ) FRA, G LR RUR TR 7R 1 A RAIE B A TR R 11

Mo FEERZS ) RJE I, A S i A 250 ) FEART, UM 2E 1~2 °C, <2 um FEM ) CIA 25
(VA SR B AR I CIARY, Hop AMAT = AR B/, (R Ik, CIA 1538 3 3% 45 I 2 4 06 1k
ACIA/1.02, 7S SC 45 BE fil SR BE w1 U A0 381 34 7R ([ 6a) ., 1H<63 um F1<<2 pm EE5 Y CIA 5%

90 90 s
| @ A | ® R=0.68° N
g6 - R=0.38 A 26
| AA A | AA 2
82 A A . A
<78 <78
@] @]
74 74 -
70 70
66 | 66 - . : . : . :
17 1100 1300 1500 1700
[ H /(mm/yr)
90 © 90 m
C
i A R=10.69"
86 86
| ] A A
82 82 AA
=78 578+
S S |@ R=0.68"
® ®
74 74 4 P o
i . o
70 70
i . (@)
e ——] =
600 800 1000 1200 1400 1600 3.5 4.0 4.5 5.0
T /m ERE/(°)
90 o
(S
i A R=—0.74"
" _N
| A T A 1
82
<78+ <78
SE(©) ) @
] O
ZRI ) I
70 R=-0.02
R=-0.72"
T (@) 1 Q
66 © 66 ©
——— — 1
2 3 4 5 6 0 10 20 30 40
R K % AR JE %

- o3 [ ]t - wi [ #
A<2 um O <63 pm |:|63~2 000 um ﬁuec

*Kwp<0.05

B 6 ZHHRITRYE CIA FMINESHAHECE

Fig.6 The correlation between environmental parameters and CIA of the fine-grained sediments in the Red River



12 Marine Geology Frontiers ML T

202544 A

I R IEADCHE:, R 435120 0.8 1 0.68, B T
W T 2 KA 0 S A T e AR T Rl £ X
A A I PR B8 DA T A B s Ty 4l I
WL X A5 Sh T4, T TR A B = e U R R 7 il 97
FU CIA BB S o, V5T %
H S RS VT B R T R S T A, HATAR
LI B CIAKE 6b) . Rz, L0 N4
VIR 22 85/, DRI, WA TR 1 2 SR LR CIA
AL S Ei T
422 WHRE AR A

AHFGE A GRE S 1 CIA 594k A A B
HE SRS (] 6c. d) o 200 1SRk, oI
B0, PR R, R 15 0.2 mm/a”
VORI TE KL 1 T B 6 ), 4 LA 38 43 KUk,
CIA 86, U 42 S 1) = 10 PN J5, G 1438
J2 AR CIA 713k 907, LA 754 K
1k, CIA B8 Wb, 00 F 3 Rz Al VT Ay i
CIA B AR FT AR R (] 3) . BT A 43T Bt
37 Ty s 355 B 19 25 1L X, SP-45599K > 1 000 m, F-
PR 2N 50, R (R h BOR AR s, A U R
2.4 F1 2.1 kg/m’ T YE TR R4 AR AL T 1L -
SRR o Y, SF IR <1000 m, SR L N
30, WyB{SihEs, Sy RACH 0.52 kg/m™”, B AR
THITIH . M2, . WS I 2 Sl 2 s ik
LB CIA 22509 3 B K 2 —, By
TR AR B R 5055 0y 2 i B o, i LA
J BT E], SR KGRI
423 ABmiksE®

TR X B 1 AL T R 2 X R
PR TN R A R R B 2
Bz AR T, ARG R )RR (1
CIA % HC X o7 37 38 P S [R) 4 ) 1 58 T AL o5 L A
THECHES T . S50, BB TR CIA 54
HHER TOAR S, APRIGITRI I CIA 5 rh
RS AR T 0 ) R T AR O He R G A AR e
([ 6e. £). TUBUAMRZTTE 1 REZ KN “RUL-
WAz U - T RUAL 1 T [ 3 2, XA 34 e
7 A B LR S R SE TR [ 9 KRR G ok, 2 4% T
[ (g AR =4, AT 8 B0 v 1 XA B (g
Bl CIA) ™Y BbAh, AR TR T
(o R IR T ARSI UR A R R L
CIA FH AT W AR, FLIUR A A B I 241
VLI CIA A, 43 i fe /0 1 35 VT BT CIA f

Bho ATRIDURRPIEY CIA 15 i —RR 1k JO A T AR
Fb 52 A DG (B 6e) , (H KR 7 45 T 3843 A 45 /0
(<7%), ANKATREXTUTERI A CIA 725 B 5
HR—R M KO 2 A AE R 1 T BR X, 12 X 3R
TV A RRTRANG, VBRI A v, L, B80T A
T AR FERTTCARA) CIA A A DG o A8 I Tl AR
7 FE AT <2 pm BES CIA B IE A = BARH T 75
VIR S A BT, DR R 77 YT 3048 o v A e B
AL R (8] 6f, 22 2) . BUASK R, BES%
I CIA BIARSENE AT R B A0 DR SR, 1 2
TR A 78 5 A3 25 18] 1A S b IE (4 25 57 o s
JZW CIA £ 57,
5 45k

(D) ARSCX L T 00 e H S AN R S TR )
() 3 T R FRE I A CIA, S5 R R0, MR
ORI 32 R0 A0 A 3 B2 2 6 R 200 R A
BRI, AR AR ) 32 2 e Ak =2 KAk . 21
W FUTERYI CIA VTR, EE 52T Ay
TG A PR, Horp, Z20IVIU R CIA #5
1%, W SR AL CIA 85 .

()LD Y) CIA 5 %Sz B
A% HE B S B0 A A3 B 3 B AELRE T
I CIA 50 B S804 ToM G, X T BEUL
FFDHLRL G AR A7) 1) b 3R ke 2 200 e L 7 s e
WAL2A R AE B . AR TR CIA 555
HJE , R B R R B A R ) A G, D BH
BV | Hb I I U B 3 SR A R A Ak XA s T
CIA 5 A MES B SCME T BE I R T A T AR X
WAL 2L, A IR R L0 A i BT AR
Y CIA 257 HEZENE,

SE

[1] BERNER R A, LASAGA A C, GARRELS R M. The carbonate-
silicate geochemical cycle and its effect on atmospheric carbon-
dioxide over the past 100 million years[J]. American Journal of
Science, 1983, 283(7): 641-683.

[2] WALKER J C G, HAYS P B, KASTING J F. A negative feed-
back mechanism for the long-term stabilization of earths surface-
temperature[J]. Journal of Geophysical Research-Oceans, 1981,
86(10): 9776-9782.

[3] MCLENNAN S M. Weathering and global denudation[J].
Journal of Geology, 1993, 101(2): 295-303.

[4] NESBITT H W, YOUNG G M. Early Proterozoic climates and

plate motions inferred from major element chemistry of


https://doi.org/10.2475/ajs.283.7.641
https://doi.org/10.2475/ajs.283.7.641
https://doi.org/10.1086/648222

541 5 4 4 )

FRH, G LU R [RUR TR B 7R 1) AR AE B B ] PR R 13

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

(13]

[14]

[15]

[16]

[17]

(18]

lutites[J]. Nature, 1982, 299(5885): 715-717.

PARKER A F W. An index of weathering for silicate rocks[J].
Geological Magazine, 1970, 107: 501-504.

HARNOIS L. The CIW index: a new chemical index of weath-
ering[J]. Sedimentary Geology, 1988, 55(3): 319-322.
GAILLARDET J, DUPRE B, ALLEGRE C J. Geochemistry of
large river suspended sediments: silicate weathering or recyc-
ling tracer?[J]. Geochimica et Cosmochimica Acta, 1999, 63(23):
4037-4051.

GARZANTI E, PADOAN M, SETTI M, et al. Weathering geo-
chemistry and Sr-Nd fingerprints of equatorial upper Nile and
Congo muds[J]. Geochemistry, Geophysics, Geosystems, 2013,
14(2): 292-316.

CHETELAT B, LIU C Q, WANG Q, et al. Assessing the influ-
ence of lithology on weathering indices of Changjiang River
sediments[J]. Chemical Geology, 2013, 359: 108-115.

SHAO J Q, YANG S Y, LI C. Chemical indices (CIA and WIP)
as proxies for integrated chemical weathering in China: infer-
ences from analysis of fluvial sediments[J]. Sedimentary Geo-
logy, 2012, 265/266: 110-120.

BORGES J B, HUH Y, MOON 8§, et al. Provenance and weath-
ering control on river bed sediments of the eastern Tibetan Plat-
eau and the Russian Far East[J]. Chemical Geology, 2008,
254(1/2): 52-72.

LIU Z F,ZHAO Y L, COLIN C, et al. Source-to-sink transport
processes of fluvial sediments in the South China Sea[J]. Earth-
Science Reviews, 2016, 153: 238-273.

VITAL H, STATTEGGER K. Major and trace elements of
stream sediments from the lowermost Amazon River[J]. Chem-
ical Geology, 2000, 168(1): 151-168.

TRIPATHI J K, GHAZANFARI P, RAJAMANI V, et al. Geo-
chemistry of sediments of the Ganges alluvial plains: evidence
of large-scale sediment recycling[J]. Quaternary International,
2007, 159(1): 119-130.

T, BN, INEKC, S5 WS ARV I C R B S JORE il T
P X 3R A3 T B IR S (). T R T 5 DU 2 T,
2019, 39(3): 72-83.

FANG H C, HUANG P, SUN J W, et al. Provenance and con-
trolling factors of major elements in graded components of sedi-
ments from the Yalu River[J]. Marine Geology & Quaternary
Geology, 2019, 39(3): 72-83.

IR, HEF, SR, AF. R LI 1 R AR R R TR
i e R AL S PR [0]. M B S5 5 DU 42 T, 2018,
38(1): 150-159.

SU N, BI L, GUO Y L, et al. Rare earth element compositions
and provenance implications: a case from sediments of the Mu-
lanxi River Estuary and surrounding sea area[J]. Marine Geo-
logy & Quaternary Geology, 2018, 38(1): 150-159.

DINIS P, GARZANTI E, VERMEESCH P, et al. Climatic zona-
tion and weathering control on sediment
(Angola)[J]. Chemical Geology, 2017, 467: 110-121.

WEST A, GALY A, BICKLE M. Tectonic and climatic con-

composition

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

[31]

[32]

trols on silicate weathering[J]. Earth and Planetary Science Let-
ters, 2005, 235(1/2): 211-228.

EGLI M, MIRABELLA A, SARTORI G. The role of climate
and vegetation in weathering and clay mineral formation in Late
Quaternary soils of the Swiss and Italian Alps[J]. Geomorpho-
logy, 2008, 102(3): 307-324.

JU M, WAN S, CLIFT P D, et al. History of human activity in
South China since 7 cal ka BP: evidence from a sediment record
in the South China Sea[J]. Quaternary Science Reviews, 2024,
333: 108683.

RAYMO M E, RUDDIMAN W F. Tectonic forcing of Late
Cenozoic climate[J]. Nature, 1992, 359(6391): 117-122.

BIL, YANG S Y, LI C, et al. Geochemistry of river-borne clays
entering the East China Sea indicates two contrasting types of
weathering and sediment transport processes[J]. Geochemistry,
Geophysics, Geosystems, 2015, 16(9): 3034-3052.

YANG J H, CAWOOD P A, DU Y S, et al. Reconstructing
Early Permian tropical climates from chemical weathering in-
dices[J]. Geological Society of America Bulletin, 2016, 128(5/6):
739-751.

DENG K, YANG S Y, GUO Y L. A global temperature control
of silicate weathering intensity[J]. Nature Communications,
2022, 13(1): 1781.

LI C, YANG S Y. Is chemical index of alteration (CIA) a reli-
able proxy for chemical weathering in global drainage
basins?[J]. American Journal of Science, 2010, 310(2): 111-127.
LIU Z F, COLIN C, HUANG W, et al. Climatic and tectonic
controls on weathering in South China and Indochina Peninsula:
clay mineralogical and geochemical investigations from the
Pearl, Red, and Mekong drainage basins[J]. Geochemistry, Geo-
physics, Geosystems, 2007, 8(5): Q05005.

CLARK M K, SCHOENBOHM L M, ROYDEN L H, et al. Sur-
face uplift, tectonics, and erosion of eastern Tibet from large-
scale drainage patterns[J]. Tectonics, 2004, 23(1): 601-620.
CLIFT P D, LONG H V, HINTON R, et al. Evolving East Asi-
an river systems reconstructed by trace element and Pb and Nd
isotope variations in modern and ancient Red River-Song Hong
sediments[J]. Geochemistry, Geophysics, Geosystems, 2008,
9(4): Q04039.

LI Z, SAITO Y, MATSUMOTO E, et al. Climate change and
human impact on the Song Hong (Red River) Delta, Vietnam,
during the Holocene[J]. Quaternary International, 2006, 144(1):
4-28.

LE T P Q, GARNIER J, GILLES B, et al. The changing flow re-
gime and sediment load of the Red River, Viet Nam[J]. Journal
of Hydrology, 2007, 334(1): 199-214.

LANCY, CHUNG S L, SHEN JJ S, et al. Geochemical and Sr-
Nd isotopic characteristics of granitic rocks from northern Viet-
nam[J]. Journal of Asian Earth Sciences, 2000, 18(3): 267-280.
LELOUP P H, ARNAUD N, LACASSIN R, et al. New con-
straints on the structure, thermochronology, and timing of the

Ailao Shan-Red River shear zone, SE Asia[J]. Journal of Geo-


https://doi.org/10.1038/299715a0
https://doi.org/10.1017/S0016756800058581
https://doi.org/10.1016/j.chemgeo.2013.09.018
https://doi.org/10.1016/j.sedgeo.2012.03.020
https://doi.org/10.1016/j.sedgeo.2012.03.020
https://doi.org/10.1016/j.sedgeo.2012.03.020
https://doi.org/10.1016/j.earscirev.2015.08.005
https://doi.org/10.1016/j.earscirev.2015.08.005
https://doi.org/10.1016/j.earscirev.2015.08.005
https://doi.org/10.1016/j.quaint.2006.08.016
https://doi.org/10.1016/j.chemgeo.2017.07.030
https://doi.org/10.1016/j.quascirev.2024.108683
https://doi.org/10.1038/359117a0
https://doi.org/10.1038/s41467-022-29415-0
https://doi.org/10.2475/02.2010.03
https://doi.org/10.1016/j.quaint.2005.05.008
https://doi.org/10.1016/S1367-9120(99)00063-2
https://doi.org/10.1029/2000JB900322
https://doi.org/10.1029/2000JB900322

14

Marine Geology Frontiers

TR LTI T

202544 A

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

physical Research: Solid Earth, 2001, 106(B4): 6683-6732.
BORGES J, HUH Y. Petrography and chemistry of the bed sedi-
ments of the Red River in China and Vietnam: provenance and
chemical weathering[J]. Sedimentary Geology, 2007, 194(3/4):
155-168.

TRAN H, POLYAKOV G V, TRAN A T, et al. Intraplate Mag-
matism and Metallogeny of North Vietnam[M]. Cham: Springer
International Publishing, 2015.

HE J, GARZANTI E, JIANG T, et al. Mineralogy and geochem-
istry of modern Red River sediments (North Vietnam): proven-
ance and weathering implications[J]. Journal of Sedimentary
Research, 2022, 92: 1169-1185.

LEHNER B, GRILL G. Global river hydrography and network
routing: baseline data and new approaches to study the world's
large river systems[J]. Hydrological Processes, 2013, 27(15):
2171-2186.

FICK S E, HIJIMANS R J. World Clim 2: new 1-km spatial res-
olution climate surfaces for global land areas[J]. International
Journal of Climatology, 2017, 37(12): 4302-4315.

BOUCHEZ J, GAILLARDET J, FRANCELANORD C, et al.
Grain size control of river suspended sediment geochemistry:
clues from Amazon River depth profiles[J]. Geochemistry, Geo-
physics, Geosystems, 2011, 12(3): Q03008.

LIFL, YANG SY, BREECKER D O, et al. Responses of silic-
ate weathering intensity to the Pliocene-Quaternary cooling in
East and Southeast Asia[J]. Earth and Planetary Science Letters,
2022, 578: 117301.

GARZANTI E, ANDO S, FRANCE-LANORD C, et al. Miner-
alogical and chemical variability of fluvial sediments: 2. suspen-
ded-load silt (Ganga—Brahmaputra, Bangladesh)[J]. Earth and
Planetary Science Letters, 2011, 302(1): 107-120.

GARZANTI E, ANDO S, FRANCE-LANORD C, et al. Miner-
alogical and chemical variability of fluvial sediments: 1. bed-
load sand (Ganga—Brahmaputra, Bangladesh)[J]. Earth and
Planetary Science Letters, 2010, 299(3): 368-381.

LUPKER M, FRANCE-LANORD C, GALY V, et al. Predom-
inant floodplain over mountain weathering of Himalayan sedi-
ments (Ganga Basin)[J]. Geochimica et Cosmochimica Acta,
2012, 84: 410-432.

T, TR, ARAEE, 45 AL R R R U B KA R
E X IRFE R [3]. MBI R, 2020, 36(10): 12-21.

NING Z, ZHANG Y, LIN X H, et al. Weathering characterist-

ics and provenance of the surface sediments in the offshore of

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

northern Fujian[J]. Marine Geology Frontiers, 2020, 36(10): 12-
21.

HATANO N, YOSHIDA K, SASAO E. Effects of grain size on
the chemical weathering index: a case study of Neogene fluvial
sediments in southwest Japan[J]. Sedimentary Geology, 2019,
386: 1-8.

EYNATTEN H V, TOLOSANA-DELGADO R, KARIUS V.
Sediment generation in modern glacial settings: grain-size and
source-rock control on sediment composition[J]. Sedimentary
Geology, 2012, 280: 80-92.

GARZANTI E, VERMEESCH P, VEZZOLI G, et al. Congo
River sand and the equatorial quartz factory[J]. Earth-Science
Reviews, 2019, 197: 102918.

DUAN Z F, LI C, GUO Y L, et al. Sr-Nd isotopic fingerprints
of Red River sediments and its implication for provenance dis-
crimination in the South China Sea[J]. Marine Geology, 2023,
457:106997.

PANG H L, PAN B T, GARZANTI E, et al. Mineralogy and
geochemistry of modern Yellow River sediments: implications
for weathering and provenance[J]. Chemical Geology, 2018,
488: 76-86.

RASHID S A, GANAI J A, MASOODI A, et al. Major and
trace element geochemistry of lake sediments, India: implica-
tions for weathering and climate control[J]. Arabian Journal of
Geosciences, 2015, 8(8): 5677-5684.

MAHER K. The role of fluid residence time and topographic
scales in determining chemical fluxes from landscapes[J]. Earth
and Planetary Science Letters, 2011, 312(1): 48-58.
SCHOENBOHM, MARIE L. Cenozoic tectonic and geomorph-
ic evolution of the Red River region, Yunnan Province,
China[D]. Cambridge: Massachusetts Institute of Technology,
2004.

MEYBECK M. Global chemical weathering of surficial rocks
estimated from river dissolved loads[J]. American Journal of
Science, 1987, 287(5): 401-428.

CHETELAT B, LIU C Q, ZHAO Z Q, et al. Geochemistry of
the dissolved load of the Changjiang Basin rivers: anthropogen-
ic impacts and chemical Geochimica et
Cosmochimica Acta, 2008, 72(17): 4254-4277.

GUO YL, YANG S Y, SU N, et al. Revisiting the effects of hy-

weathering[J].

drodynamic sorting and sedimentary recycling on chemical
weathering indices[J]. Geochimica et Cosmochimica Acta, 2018,

227: 48-63.


https://doi.org/10.1029/2000JB900322
https://doi.org/10.1029/2000JB900322
https://doi.org/10.1029/2000JB900322
https://doi.org/10.2110/jsr.2022.045
https://doi.org/10.2110/jsr.2022.045
https://doi.org/10.1002/hyp.9740
https://doi.org/10.1002/joc.5086
https://doi.org/10.1002/joc.5086
https://doi.org/10.1016/j.epsl.2021.117301
https://doi.org/10.1016/j.gca.2012.02.001
https://doi.org/10.1016/j.sedgeo.2019.03.017
https://doi.org/10.1016/j.sedgeo.2012.03.008
https://doi.org/10.1016/j.sedgeo.2012.03.008
https://doi.org/10.1016/j.earscirev.2019.102918
https://doi.org/10.1016/j.earscirev.2019.102918
https://doi.org/10.1016/j.earscirev.2019.102918
https://doi.org/10.1016/j.earscirev.2019.102918
https://doi.org/10.1016/j.margeo.2023.106997
https://doi.org/10.1016/j.chemgeo.2018.04.010
https://doi.org/10.1007/s12517-014-1639-9
https://doi.org/10.1007/s12517-014-1639-9
https://doi.org/10.2475/ajs.287.5.401
https://doi.org/10.2475/ajs.287.5.401
https://doi.org/10.1016/j.gca.2008.06.013
https://doi.org/10.1016/j.gca.2008.06.013
https://doi.org/10.1016/j.gca.2018.02.015

a4 FRH, G LU R [RUR TR B 7R 1) AR AE B B ] PR R 15

Weathering characteristics in the Red River catchment and controlling factors
revealed by sediments with different grain sizes

WANG Shijun’, LI Chao', DUAN Zhifei', GUO Yulong', DUAN Xiaoyong’, YIN Ping’, YANG Shouye'

(1 State Key Laboratory of Marine Geology, Tongji University, Shanghai 200092, China;
2 Qingdao Institute of Marine Geology, China Geological Survey, Qingdao 266237, China)

Abstract: Historically, the Red River served as the outlet to the sea for major rivers in the eastern edge of the
Tibetan Plateau and is currently one of the main sources of sediment to the northern South China Sea. It is an ideal
region for studying the source-sink processes and tectonic-climate-weathering relationships in the South China Sea
since the uplift of the Tibetan Plateau. To understand the main controlling factors of silicate weathering in the
catchment, we compared the major element characteristics and CIA (chemical index of alteration) of sediments
with different grain sizes in the Red River and its tributaries, and analyzed the correlation between CIA and envir-
onmental parameters regarding climate, topography, and lithology. Results indicate that coarse-grained sediments
are a mixture of quartz and feldspar, and their major element content is significantly influenced by grain size ef-
fects and quartz dilution effects, showing no correlation with any environmental parameters. Hence, their CIA
may not accurately reflect chemical weathering. In contrast, fine-grained sediments can represent the average com-
position of the upstream catchment, and their CIA primarily reflects the degree of chemical weathering in the
catchment. Through the correlation analysis between the CIA of fine-grained sediments and environmental para-
meters, we found that rainfall and slope are the main controlling factors on weathering in the Red River catch-
ment.

Key words: chemical weathering; Red River; sediments; CIA; grain-size effect
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