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Abstract: [Objective] The spatial distribution of the composition and contents of major element oxides in

sediments along the Three Gorges reservoir was investigated in order to provide a scientific basis for sediment
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management in mountainous river-type reservoirs. [ Methods] Taking sediments from the Three Gorges reservoir
as the research object, riverbed and suspended sediment samples were collected, and their grain-size composition
and contents of major element oxides were measured. The chemical index of alteration (CIA) , Na/K ratio
(Ry,x), Si/Alratio (Rg,,) , dealkalization coefficient ( W), and residual coefficient (I;) were calculated to analyze
the spatial distribution of sediment geochemical indicators along the reservoir. [Results] O The sediments were
dominated by fine particles, with average contents of silt, clay, and sand of 87.04%, 6.91%, and 6.05%,
respectively. Overall, the sediments showed poor sorting, with skewness ranging from fine-skewed to
symmetrical, and kurtosis mostly showing mesokurtic characteristics. From upstream to downstream, sediment
grain size gradually became finer, and particle sorting became more evident. @ Major element oxides in the
sediments were dominated by the nonmetallic oxide SiO,, followed by the metallic oxides Al,O,, Fe,O,, and
CaO, while K,O, MgO, and Na,O were relatively low in content. In suspended sediments, CaO and MgO
contents were slightly higher than those of Fe,O; and K,O. In terms of spatial distribution, SiO, and Na,O contents
showed decreasing trends along the reservoir, while Al,O,, Fe,O,, K;O, and MgO gradually increased, and CaO
showed no obvious spatial pattern. Compared with the upper continental crust (UCC) , the sediments were
depleted in Si0,, K,0, and Na,O but enriched in Al,O;, Fe,0;, CaO, and MgO. @ The sediments of the Three
Gorges reservoir were in a moderate stage of chemical weathering under a warm and humid climate. The mean
values of CIA, Ru,x» Rsyn» W, and Ix were 73.26, 0.39, 5.25, 0.78, and 1.07 for riverbed sediments and 70.79,
0.68, 5.68, 0.94, and 0.85 for suspended sediments, respectively. @ Except for CaO, the contents of major
oxides in sediments were significantly correlated with grain-size composition (p<C0.05). [Conclusion] The
contents of major element oxides in sediments of the Three Gorges reservoir show distinct spatial differentiation
along the reservoir, mainly influenced by factors such as the relative contributions of potential source materials and
grain-size effects caused by hydrodynamic sorting.

Keywords: sediment; oxides; geochemical characteristics; spatial distribution; Three Gorges reservoir

= 8 U R AR G Y RGT A R A5 T
G A O B R, AR A T R AL SR T OB A
e A XA SR B DU EE S5 F Y. W TR
i e LA AL B 998 A7 AR U8 U UKL R,
ANALEC e T8 0 Wy IR XA B 2 R R Al e KA B
JE g sk 1 DU BR85S AL BROR 3 K S5O B
RERR PR, WA L DXV A K R AR e v 4R AL
Wy 2 8 B G 25 T 3 A1 R AIE 2 TR LA 7K 2 8 1D D0 AR
Ao R B M A 75 R B 0 B R Al AT LA R R R K
JE Ye VDA B (R 2 M Al

K LR U B A AR ) S B R Z (8] g3 A 32 )
R oK Bl oy e DR ER B AR AL ke WAL SE £
R LR ML A KA AE 3k
Yy TG B0 G B L ER L 22 1 A XU R IE M S AR
HADEE W . Ao AL R, o0 &R B Bk 1k =
P J5 3 B A 0 3R 0 2 S S, XA A IR U T 3R
L e 22 L RS R T B A XU AL B EE A
i < Je B L 3 0 B L T AL Fe 25 AN K
L2 2w A X0 8 VD Y S AR W M BR A S AR
SRR R e A R T, Nesbitt 45
e T 0 ER I S W AR IR Al e KA i A

oy 3B B, 0l R ] Ca, Na B9k %, o 40 K i
I R 0Y STRIRE R o AR YD v 32 E T ) Y
AL oy, W U R A A I L A A S Bk
WAL 8 A6 B89 B B A5 12 5, 3 TR 221 5 e ORE 2 T L o
PETT R W B PERE T ORI U b Bk L BR EA E
Wy 2 T of S B AR R B CAN L L B4 D 1 TR R e T
iR B IR AR T XOf 2 — 2B R K B SRR
ERAT 5 A EC R R Ly DX B K e R
DURRIE VD 1) Wy IR 2 R 2 2%, BT K B i i B 0
A DX S 3 T A D, 3 A K R SRR kT D X
L6 e v By XA g B Bl R IR A AN TR T AE AR 22 S b
A, i3 Y K B K 2l 1 e T R 23 6l T AR 98 T Y
ALY R W W R A )4 S 8 VD URE 2R i
14 BN % | G 2 i AR K BE AT R R L AT I A A
RS Ak, T A Y 4 R PR T AR E B AR IR
WA RS GIBATY 0 e R ad A Y K b S Y
Wy Jore 52 e e A o IR R A T RO 8] 8 o0 A AR 2 E
XK AR E SRR A S R G

VT 90 U S T A KPR O3 A R )T Y X
Sz — 3 B I A T Il A A () B Y Y VD AR
FR , O¢ T 3 28 3 38 R K 28 D0 AL U0 i F 9 3 2 4R



174 b IS EEE

46 %

HRFE R YD i B R AR R AR A e S Yl vk
B EEME " m . SR, B H T R A
b BR AL 27 55 A 00 W 5847 A0 X A8 D 3OS R R AR
fiff ] T8 AU K B IR VD U AR S IR RN . (R IE, AR
SC LA =R OK U U S W ST B W 5 X R VD R
G B ALY A i O L (E Y HE AR 28 8] A A
FRAE , iy Ly DX T8 R K PR ) V0 78 B AR AR 22 AR A
1 e 507
1.1 HREMHER

7 QL R 2711 VA S O 28 - S W\ B
v E MR E BUKCR b T 5 R AT X, T
i 4K 2 660 km, 2 B IA) 3 ALK B L koK % BT
o 4 R VL U O R P [ ) AR U X, 2 AR
SE VP R 29 3.51 < 10° 1, PR, =k K % SR
CEH HEE Y s AT R A, DA A AR A T (5—
9 AR AR (145 mDIB AT, LAME %5 By it i 25 £ 88
HETK I8 ve B v KPR HE 1) IR i . Al TR
(10 H 2 WAE 4 A DO MR A & K238 47 (175 m) , LA
JEE K KR TS (R . BRI, K R
W MEE KIBITE 20244 12 A, RS EA N
213X 10° t, AW 24 9.90 X 107 t, F-H R 1
PR R 76.78 %0 o MR b, =W K R H AR T K X CRE
Bz 28 U B (4 U VD DU RRRE X A R i, SR TR A
29 1.90 < 10° m?, 3 & Jg ¥ 32 22 U0 B 43 BT 3
I T 4% L S U T I AE 2 g DX B, T RRUER B R K AT A
60 m. =g K A Y AR B[R] K XU 2 95 B B I LA

a WARR W REE»H

R & RAAERE
1244 42,53 3 9:EE R(CQ)~
& B (BN). ¥ 7§ #1(PXB). F=
#R(FD). M B(ZX) RFE(WL)s
FiMW2Z). ZFHYY) BFH] O
(BDC). & LLI(WS). L &R (BD)~
#IH(ZG). T

— KiL

fik:108

* =k
o BWRHM

L1 = EXHA

":2977

PR 3 RUA D R B A A 0 e D ORI i
AR S RK X B3R 294 0.70 <X 10° m*
12 HRmRESHT4E

TR T SR R I ] Sy 2022 4E 8 H B K 7 15 47
Wil CREESREERIT TR, A LR 40 R E
ROCQ) B/ (BN FFPTHI(PXB) \FAB(FD) L H
(ZX) i B (WL) T M (WZ) = BH YY) | 3 3k
(BDC) A 1 (WS) (B AR (BD) B IH (Z2G) 36 12 4k
(D) o AR FE R WG R A 5 2, 6 52 Mo 1 45 1
(18 5 T A 25 DX, SR TS 2008 V0 SR R 25 E AT R
KA E R 30 em A2 AT o T RER R A R VD DT AR X )
K 22 8 SDIZA A 4 7= 19 VibeCore-D100 % 5 47 7%
Bl BORE L LR AR DUBLIR S, SR FE A B R B A 300 em,
AW R 0—50 cm J2 PR Y, 5 0—25 cm Al
25—50 e W 2 . B AL BT VPSRRI ]S 2019 4F 6 A
£ 20204F 6 H , Py if — A58 B K SCAE W LRI 5 R
TR K e 35 7K 5 Uit A OGS o B . R MR ARUA IR TE
K v B 1 34 R T 5 K YT A I AL B A, 3 A 4 A
ML A R R U PR R R R 38 3 100 m, DLk AR
T SRAERE R B AT O 0B, B A I
KL PR TR T IORE R I B B R R E L
BT o B U HBURE 58 UG R PR AT K B I A LAk
BT —B B RES o ABFRCR 2019426 H 15 H |
2019 4E 11 H 15 H 2020 4F 3 A 15 H #1 2020 4F 6 A
15 H Y BB e Vb AR Sl e R ALl & & /. B
A Ve Vb FE S S0 50 = 4 A AR KT IR I & 4
i FLAE S 2 mm B I, T2 AR SRR

b &R R RAEE

B1 RERSTH

Fig.1 Distribution of sampling sites

1.3 H&RMK5aHAE

TURR U V0 UKL 2H R 9 [ Malvern 24 w) 42 7
i) Mastersizer 2000 % 3 R0 B 43 A7 AT 22 o FF il
i 4b B 5 1 W Li Jinlin 510 5E 0 ALK R B

ASFE S B B 3 WIF O BEAE e &85 5.
R8BS, R 28 B Al 5 R i 43 9 b o, BRIV &)
43 A B kL (<20.002 mm) 3 4 (0.002~0.05 mm) Al
kL (=>0.05 mm) .



43

JEI A - =K R DURR YRV ik 0 A A A e T AR O A AR 175

A Folk & Ward 19 24 =0 E X, 1 GRADIS-
TAT RLEE 5 BT 3 AT T 8R4 (M) ik R
Co) i BE (SO B (K S 4 MR EE SRR D ik
95 T 26 K e VD FE R R K R vk i FE {8 Bruker

75 w) 1) S8 TIGER #Y i 1 fE % 8 i AU X 5 48 %8 Ot
EIEAL AT T R ML M1 . ARG, R H TR U
B o RN, ALY B L LA BR Ak 2 2 R
T3 DL AR 53 F B SR BCR JE A

F1 JLAEEETIRYHAE S (Folk & Ward 1957) 14 2%

Table 1 Classification of sediment grain-size parameters based on geometric graphical method of Folk and Ward (1957)

IrE R EL FE PR IR AR it B FE PR IR AR U FE PR IR AR
<1.27 S B AT —1.0~—0.3 2 248 i <<0.67 4 56~
1.27~1.41 53 14 —0.3~—0.1 il it 0.67~0.90 5 F
1.41~1.62 I3 BT —0.1~0.1 Xt FR 0.90~1.11 4
1.62~2.00 gy ik AR 0.1~0.3 A A 1.11~1.50 92 i
2.00~4.00 SR E 0.3~1.0 L 1.50~3.00 W JR L
4.00~16.00 oy ik 22 =>3.00 e TEN
>16.00 Gy e 2

14 TEMBKREZESH . AL O;+ Fe, O, (5)

A 58 2R AR AR W LA o R AE T8 T 1Y Ak 27 K
B B AR A AR 48 H (CTAD B HE (R0 i
B (R a) BT R B (WO AR R E(ToO . HEA
L

ALO,
ALO;+ CaO" + K,O + Na,O
K CIA /R K A 1 3 0 W) 55 A 10 B2 % 1% (E
L YD Ak KA VE B . CaO" 3R RE R 3R
CaO & f , K35 Bock 251 ) Jr vk E A7 M1 G 3. 2
CaO<<Na,O Bt ,Ca0O"=Ca0; Ca0O>Na,O i ,CaO"'=
Na,O. JURLJR > ) CTA 3 7E W7 U8 v0 AL B e
Ab S AR B T B bR L 24 CTA<T65 I, N FE% T4 4%
PR AR A I Ak 2 KB R B2 5 Y 65<<CTA <85 i, Ky ik
B 1 i 2% R AR Ik 2E IR AR B 5 2 CTA 85 1,
R 4 BN S A T SR Z0 Y Al KRR
Na,O
O Ry FAE B A A X T4 K XA .
R (HEE /N 26 B0 22 KU B i
SiO,
~ALO,
A Ry F8m Je U0 ik s IR 00 o B % <R 0 T+
FRARAE B s, e v ks 4 R, Ry, . 18 R
% 2 T
Na,O + CaO

W= 4
ALO, “

Arp s WHR R e b % i 7 vh 5 % 1 J0 % (Ca, Na)
AR I R T R . WELBR AR, Zs KU A TR , <
TR HZ 12

CIA = X100 (1)

R.\Ja/K: (2)

(3)

Si/Al

"~ CaO + MgO + Na,O
K L BIE TR B R IE . L AE T+ = Ul 2 i #5on
% (Ca, Mg, Na) & 4 55 Uk &, i fa a2 oo K (A,
Fe) AHXT & 4, DT 48 75 Bk 1 4k 2 KA AR H -
1.5 TR FER

AR 58 R Hl A-CN-K il A-CNK-FM = i & fi#
G ATIE VD Ak 27 KA i 3 e I 3ok 72 vp S BT R
YA AL R AR A-CN-K B i b, 24 ke 5 XL #
PR A Can S WA DR A A i 2R, Ui I
AL R B 5 B 3 RH A RN B K A i R, R W
RHE AT AR 58 4 KA 5 HP 17 A-CN L, R FE
vt T80 B Y R A UL B P AT A-K L, 35
W XA 1 — 20 35, S 8P e A A, O ) e 1A
SRV WAL, A-CNK-FM E 2SR 5% 80
LB CNK-FM % Ze i), fe ek 8 o 9 7 U4k
R AR s YA T B R NS R (R A
5 FM i 40) F & ff i 2 5, Ud B Ak 2 A #5055 5 |l 2
W) 78 KAL 1 i
1.6 HEH W

ABE 5T, R 5 B Y ) D R B OR Ay BT AR
Microsoft Office 2019 4 1 5€ A ; 2K F Spearman
FHOE R BT BT e Vb % it oe ALY & i S LU Y
R 25 18] A0 A FLEE | 12 FH Pearson A 3¢ & B0R1 2 45 R
£ 5 (Mantel test) i 5% R B R i % OC 3 &% 2 =5 [8] 43
A A% Ja1 B 52 Ho o Spearman 1 Pearson #H ¢ 4 43
FrfE IBM SPSS 26.0 8458 i, 2 F¢ RIS 78 R 16 &
(version 4.4.1) iy linkET 3 " 58 J& , 4 & 2 il 78
Origin 2024 F1 R i#% 7 (version 4.4.1) By ggplot2 £

M.



176 pi s U E SR

46 %

2 #R50br

2.1 TUARR D BB E HRAE

ROk A, = WK PEVTRRIE Y IR R 1
ik 87.04 %0 s HR R FRL ¥ & 5 6.91 00 5 1Y
B/ S 6.05% . 3k L BTERYE Vb LA
Ridl b (2>, ARG KE DIV 5
TR A N 1ol N2 A BT T K S O <k SN = R N
KE L LFCQ, BN FE A, e Vb iy b & it AH XT 45
L R 16.33% A1 14.25% , T 4E R #lF A9 BD, ZG £
SRR SR IR E 0.86% M1 1.71% . A, T
FEUUE V0 0 ZORE FURY L 2 4 DN i 2T Ui o T B
AR /I AR KA 43 50 B A CQBE AT

IiF 9 ZG ,BDC M 51 (R 2) o ULARUE VD 191 Y i 42 Fifi
R BE A B ORI AE 25 5, 40 AT AE 14.52 pm B
28.08 pm [i] , Z H W 7E 20 pm £ 47 ik R R
3.14~4.04 B R 5 I 73 1R 4K 25 2 43 % 25 AR AE , 3R W
DURRYR VD RL AR 43 0 T B2 IR, L A% 2 U g A HI .
o 28 B R0 e EE B 0 — 0.232~—0.027, BV 48 fis 2 X Bk
Gy A U BHREEE 43 A i 2R ) A0k R R AL . W
4 0.902~1.036, 15t I I J32 73 A7 X 1) 22 S 8/0N , e V0 ki
JESE T BE AL T SR . NS B E A C MR E L
Bk A 5 45 ok R 8 M W IR A6 (p<<0.0D) , F 1y
A2 F0 3 35 22 B0 O B8 1) S A I 3 A A DG (p<<0.01)
P 2), Ut BH Y8 70 S B0k A B 41, 4 o 1 sl b g, BV O
TR A A A3 A U v

F2  ZROKEETUAR R DKL AT 4H AR g i A ik

Table 2 Statistical description of grain-size composition of sediments in Three Gorges reservoir
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Table 3 Statistical description of contents of major element oxides in sediments of Three Gorges reservoir
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Fig.3 UCC-normalized curves of major element oxides in sediments of Three Gorges reservoir
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Fig.4 A-CN-K and A-CNK-FM ternary diagrams of sediments in Three
Gorges reservoir (arrows indicate weathering trends)
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Fig.5 Correlations among physicochemical property indicators of sediments in Three Gorges reservoir
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