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Fig. 1 Changjiang River Estuary sediments sampling stations
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Tab.1 Grain size parameters of the Changjiang River Estuary surface sediments

CJG3 CIT2 CJT3 cln2 CIN1 CIN2 CIN3 CIN4 CJCc4
TFHRAE (D) 4.85 6.20 2.67 6.25 5.95 4.62 3.14 4.86 5.13
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(LES 0.42 -0.28 0.61 -0.13 0.37 0.29 0.57 0.21 0.35
WA 0.90 1.58 0.95 1.17 1.15 1.37 1.49 1.64 1.07




92

M2 4148

SR YEOR A 4> L, o A YA AN [
G B 43 A AR AR T (&L 2), T Ak JBE 45 5% il 28 IR
VRS- BPRLAR A, X Eb o BT AS R 40 TR 0 vh S 4
A K i 5 TR

H P 2 A UL, ] — A b A DR G 43R v S 4
FAMKAR, HEAGTRBAHE MBS, =
FEGAERUR G VN T 3.00) & e, H 2= AE T 100%,
FELKBAHNE, BAHKRZ, A& RE D,
BARNT 40 = BERUDFR L IR INATGRTE S A
Bz BE e, AN A N
&, YO B A, i N A S R IRAL, KF 30 Mg
B, 1E3.50~4.50 Z A H 3 T 50% L ., H
b ) F 28 AN A1 1 L RRUE BT R AE KT 3.50 i
L 2 U /N 2H 38 2 R e R T R v LA A X )
fo. VA A AT LGRS A 3, B A (R T
A)FERT 40 K s B e 2K Wb A & &
e, RO AR T4 . 80, KA, A Masa
AT A R AR B 2R KT 4.50 hig 3, S Pkik
BT S AL A T A BRI RS A R B Y
S, BRIRERET YL LRERE T, FEA R
HERA A A, JUHAE CINT . CII2 P RE 5y i HLRL S &
46, BRERD R RERR D BT o & AR &, ARk
D HJE = FHZAERT 40 R LR B, NE 2
B, 30~40 WA R K R AE G0 W) i X B, £
PUIN AT 100 32, 45 A1 R 2 BRI 2, T 4k o 4
J& YRR R S R

NSRRI AE TR =Z 18] 5 [R), 18] 2 P it il
FLENANAR O HE T o CIT3 BE i b 4 4 50k 3 UL RR
Yy, Hom B SR MR E R0 . B4 w4
TR 2B L HABRE S AR BT 10 AR ZIX ], AL 5504
SIHTRLG TR BT 4 B 2R ) & i, S INA TR
FrEAY, A s BET Y. FERAERT 40 [
FE S (B CIN3 Fil CIT3 AN HATRE ) = B R AE A%
GUEERR(3O~40) ¥ N —E & E, Hkah =
B 2 BT B AN TR P BiYs o 53 Ah, 7E CINT,
CII2 PHAE ity B HEURL 3 w8 B A 1 R0 BROIR i 46 200
5 HARE A TR TR . (H AT K, AR R S R E
Yo A AR A AT — 5 A, R BN T 2.50 I
KT 4.50 WU RL . 240 W05, 72 AR K s, 17 90 Fh
Kb, B W) & s BEE R, YR AL
B, teEKREEERE AT, 3.50~4.50 2
e EH YRR L, 0N B R X B . FERELRE
Ko keh, BT PA AN A INA, FIED Y248
BR FEANRL e R, T AL A AR IN A AR

AHEEE, FRIET ) 8 A .
43 FEETYESERHEGEERERENESH

ki

it AN 2% (R b AN [RDRE G 1) 2 B T ) R 26
T, SR 5 TR R RS R
ERRRZ M) TR R OVURY h EEEY YRk
FE]RLG b Ea, ARG AE LT3 A DT o i 4 X
Tk, PRI S PR G R i e 2 R ) . AR
W CRL R B R 2R, DA I 30~ 4 # FH % 5 hr
G & Y& REAEXT LG, ST AEAS DRI X B
B PRI & S S KA, [H
i g =7 N [ i N ER TR 7/ L SR (T = S D O o /2 N I A
JEG T ET R E LR, RET Y/
FE 041 (SM/UM) 1 LR AT LI R KA R 154 7
I, REIEAT X PR 5 TR R BE (0 $8 b 2 — 520,
EHYPEEANA, HEA, BB KBRE, &
H3E A RO R TR R AR E, 52
FEAE2E WA, JB T AR ST % (UM); A Y
FEAME R S HiAb 2 KA B PERE SR, H N A HE T A
WA KA. BAA . BAMESLASERETETY
R Y (SM), SM/UM Y {H = 3 m KUAL 1R
i, KB AR, Iz, W3R WAL FE AR, AN Fa e
WS LARAE . AN, ZTRIEBONE A . S . &
21 T OB Ay A 2R, AR R E T
JEPOI ZTR $850AK, 0 i BUAEH B &, R4
ORI T LA 7R DUER 0 0 02 8 RN Y8 1

KA RZ VORI b RIS 15k 58.97%~
99.86%, It hi 4 & HE N 28.52%~53.25%, 1M I KE
R AEA B AR (CII2 BE SN 1.62%), BB
Y& AR RKIL O UL Y h 25 S5 W W (5% 2), 785 H AL
K (30~40) PG Y& REATE 0.30%~36.58% Z
], 763k 9% rh AR A AE 0.25%~5.40% 2 [a], 16 KL
RAALTE 0.33%~7.92% Z 8] . TP & m R Pk
SRS [, 768 B9 (30 ~4@) 1 CIT3., CIN3
PIRE L ER o 4 JB 280 W) & B i A ) & i
PR {H, 439K 36.58% F1 15.54%; 1fii CIC4 £ i K 3
WX, s ERmERET Yy EE LG8 T
0.30%, 7EJ R b A AR R IR . — i 7, F
PR RE Bk EL A 3 A 30~ 4D BEE S IkE CIG3 .,
CIN2 T & s A X, 72T R g 4333 ok 3.24%
F14.55%, CIT2., CJI2 BAMHE i R ZER KA, F A
W& R, e AR AR TR R4 /)N, T8 T U8 B A
AR PIRRY), T ) & /D& A SRRRE .

KT O RZ DO & w8 E 9 30 & FF, 78
iR e = T RN A v &8 S WU ER Y/ B o T



1 EREAE RIUL O RZ TR O™ YA RS b 9 204 5 B8 3

93

R 435 8%

R 435 5%

R E S A%

LR S8R %
s 8888

=3

100 [ Bt CIN3
% 5 : :
0 + . PR
100 Lot
50 [ ' Act
M 1223
60 o8
S B 50[
U§ 40 |28
0
$ ﬁloo
i 50 )
;320 = 0[ :
= =00 :
0 :
50 [ :
oL -
2 3M. 4 5 6
iz (@)
100 < . CIG3
50 [ ) '
108 | | AR
50 [ fpsi=g Tr
hl’ﬂﬁiﬁ
0 108 1
N 2 !
< < 50 ! 7z
grre 0[ ; ——
& [&100 ' p
oo Him 50[ ! : -
) R H Grt ‘Ap Zm ~~~ . FSC
2 |2 VA R A e LY,
0 100 \ o Sen:
50[ : U Imi Mgt
oL dm R PR IR 1
1 2 3 6
100 cic4
50 [
o Z A
100
ol o
2}
. jg < of :
= = 50 !
Zﬂ@;m g'ﬂ 0[ - kiiga) 3
X & 100 H -t
P b o ; Fsc
ForE S, : : Bk
0 100 ' : .
50 [ H H Il{n Mglé Hm
ol . : i .ﬁﬁﬁfﬁﬂ’%%
2 3 4 sM. 6 7
iz (@)
100 [ H ] CINI
50 : .
L HB
0 M =ik
100 \Bt 'Act
50 [ 1 d TIr
et 75
00 108 ' :
S 50[ : ' RN
&rra . — s g
& | x100 ! : i FsC
T HZ 50[ ' ' :
g 0E, ; L] e
= 100 ' Gt Spn :
0 [ H :
50 i : Mg
Im Mg :
0 j N TR
. J ] . {
2 4
100
50 [
0
100
50 [
60
R _10d .
= S '
@ 40 [ 50[ H
€ 1E o -
XK xR 100 '
T tZ H
) R 50 '
= = '
0 1
ol 100 t .
50 [ ! Lm Im Mgt Hn  :
0 : HIRGRT %
1 2 3 5 6 M-

4
Ktz (@)

a4 %

S

p- ki

x

g _FsC

= RS

Grt Sbn
“Ilm Mgt Hm
- m— TR %

T YE A%

B PE 5 %
D)

9
3
—F T T T T T

50
0
100 :
30 e H; 1l
0 M e B
2 3 4 5 6 M- 7
it (@)
&1 451
[ HB KBZ A W re a5
[ O ap s
O Ms A5 | P o
O™ #AG W Tur wn
O Act FHEA B spo 7
W G s
B HOl AT B o e
7o vt W g i
O czo st B i Gk
O gwsm [ PR

Kl 2 RILRZBUIRYARES R OAM S ZREY WA FR R TS
Fig. 2 Grain-size content and major heavy minerals content in the multiple grains of the Changjiang River Estuary surface sediments
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FSC is particle size frequency distribution curve, CIN3 et al are the sample numbers, the short dotted lines correspond @ values for the average particle size

(M), the long dotted line represents the traditional mineral analysis grain size (30—4®), the percentage of mineral is the volume content of major heavy miner-

als, the percentage of grain size is the weight percentage of different grain size
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Tab.2 Major heavy minerals contents and mineral indexes of typical grain sizes sediments in the Changjiang River Estuary

g B (D) ﬁéb;/ﬁ% ﬁiﬁ)‘iﬁﬁ% Eg}é Zﬁ' l‘/\ﬁﬁ% mf/ﬁ% E/T/‘ﬁ% gﬁﬂ?}jﬁﬁ %%ﬁ}/‘%% SMUM  ZTR
CIT3 I HiZE(1.5~5.0) 90.44 473 23 77.94 9.52 3.59 4.17 1.93 0.01 0.03
HRL(2.0~2.5) 5222 3.45 12 86.25 438 5.00 1.88 0.63 0.01 0.00
AR (<2.0) 22.99 0.73 9 49.85 2.48 41.18 5.57 0.00 0.00 0.00
W FRG(3.0~4.0) 2.62 36.58 19 63.93 17.56 0.00 10.56 5.06 0.04 2.10
CIN3 " Hi44(2.0~6.0) 99.86 7.92 27 69.68 9.55 2.72 10.19 4.51 0.04 0.33
R (2.5~3.0) 5325 3.04 15 70.90 4.90 18.38 3.22 1.07 0.01 0.00
WAL (3.5~4.0)  21.15 18.84 19 66.12 11.59 0.76 11.59 579 0.09 0.50
WHRL(3.0~40) 4204 15.54 21 70.52 10.46 0.75 9.73 4.74 0.06 0.44
CIN2 I Hi42(2.0~6.0) 89.26 4.55 25 56.29 15.12 2.95 15.12 4.98 0.11 1.33
ki (3.5~4.0)  32.28 5.40 20 71.09 8.79 4.47 7.60 2.53 0.03 0.15
WARF(4.0~4.5)  18.72 7.48 18 51.29 19.48 1.43 16.91 4.58 0.09 0.29
WK (3.0~4.0) 3427 5.62 20 68.14 10.34 3.99 9.44 2.79 0.03 0.20
CJG3 I HiZE(1.5~6.0) 81.42 3.24 24 62.42 14.43 5.97 6.38 6.29 0.10 0.65
RHhIZ%(3.5~4.0) 2852 3.82 21 76.18 10.67 521 2.98 2.23 0.03 0.25
WK (4.0~4.5) 1618 5.41 20 57.54 19.10 126 7.29 9.05 0.15 0.75
WK (3.0~4.0) 4098 2.59 20 74.46 9.68 8.23 2.93 2.02 0.02 0.27
CIN4 I HiZ4(2.5~6.0) 91.52 2.00 26 59.74 18.39 5.10 7.52 4.13 0.13 0.71
R (4.5~5.0)  40.76 3.47 25 52.89 22.99 1.69 9.03 8.60 0.16 0.85
ALK (4.0~45) 2241 0.95 16 63.54 14.36 3.59 7.73 3.87 0.06 0.00
H IR (3.0~4.0) 9.60 1.36 15 57.15 452 28.86 5.15 1.19 0.01 0.00
CIC4 I Ki42(2.0~6.0) 97.80 0.33 24 41.67 21.62 3.86 13.86 11.72 0.23 1.18
E#kigh (4.0~4.5)  42.33 0.25 22 46.22 22.14 5.27 9.14 8.79 0.18 1.05
WAEKZ%(5.0~6.0) 2501 0.15 22 32.18 22.61 1.06 21.54 14.63 0.45 2.19
W RS (3.0~4.0) 6.13 0.30 20 62.37 13.79 7.66 7.89 3.00 0.03 0.12
CIN1 I Kig:(2.5~6.0) 58.97 1.40 24 48.93 19.86 3.42 13.92 8.43 0.20 0.91
ARG (5.0~6.0)  28.84 0.38 17 26.94 22.60 0.00 28.32 15.30 0.57 2.74
WALKZ(4.5~5.0) 2244 4.29 21 55.45 18.28 3.30 10.06 8.22 0.05 0.00
W RS (3.0~4.0) 2.32 1.86 19 60.50 7.68 9.54 17.88 2.55 0.05 0.00
T2 JRiZ(1.5~6.0) 64.06 0.97 24 43.47 14.18 10.22 17.83 7.88 0.16 1.41
HFHHH(5.0~6.0)  51.61 0.99 24 30.70 16.45 8.42 25.65 10.75 0.29 2.48
IRk (4.0~4.5) 3.73 4.02 23 55.10 16.33 224 12.86 6.73 0.12 2.04
W RS (3.0~4.0) 4.56 4.56 20 67.67 8.87 10.88 6.09 3.10 0.04 0.58
cin JRiZ(1.5~6.0) 63.43 0.73 23 37.31 24.54 5.09 18.08 9.87 0.16 0.40
ARG (5.0~6.0)  48.82 1.14 22 33.61 26.11 3.89 19.72 10.83 0.29 0.56
IRk (4.0~4.5) 7.61 1.58 21 53.26 23.37 2.72 10.87 7.34 0.24 1.18
RS (3.0~4.0) 1.62 1.77 18 43.88 3.81 38.83 10.34 137 0.01 0.14
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Fig. 3 Trends of triad minerals at different particle sizes
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Changjiang River; the circle size represents the particle size
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Abstract: On the basis of particle size analysis, heavy mineral analysis was carried out in different size fractions
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with a spacing of 0.5® of the Changjiang River Estuary surface sediment. Heavy mineral similarity value calcu-
lated between the each grain group and wide window grain size group (1.5® to 6®). The results show that the sur-
face sediments of the Changjiang River Estuary have a large grain size span, ranging from coarse sand to mud, and
the silt content is high. Intrasample variability of heavy mineral contents, species and compositions is ubiquitous,
intersample variability has certain regularity. There are about 30 kinds of heavy minerals in the Changjiang River
Estuary, about ten kinds of minerals in the coarse-grained fractions, the number of heavy minerals in fine-grained
fractions has increased to more than twenty. 3.5® to 4.5® is a fraction with numerous and complex heavy minerals.
Mica is rich in the coarse-grained grade (<3®), and the heavy mineral combination is mica+hornblende, but almost
absent in fine grains of >4®. The amphibole group almost exist all range of grain sizes and the content is high in
grain of 3® to 5®. Epidote group, stable minerals, and especially Fe-metallic minerals increase at fine grain of
>3.5®. The heavy minerals combination is hornblende+epidote+limonite in the Changjiang River Estuary, sphene is
the characteristic mineral. Similarity analysis shows that the main grain size and the wide grain size of the sedi-
ment have similarities in the characteristics of heavy minerals, which is the most suitable size for replacing the
heavy minerals of the whole sediment. The heavy mineral characteristics are deeply affected by the particle size dis-
tribution in the Changjiang River Estuary. Mineral type, mineral combination and indice, and the hydrodynamic and

provenance implications must be combined with the grain size analysis.

Key words: heavy minerals; wide window strategy; grain size analysis; similarity; Changjiang River Estuary



