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Fig. 1 Location of the study area and sampling stations
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Fig. 2 The ternary map of grain size classification (a) and spatial distribution of sedimentary categories (b)
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Table 1 Contents of major elements in surface sediments( %)

DU 5% =3 %y Si0, ALO; | Fe,04 MgO Ca0 Na,0 K,0 CIA | FHPRifE (Mz)
S 63.82 13.53 4.59 1.81 1.78 2.16 2.88 58.50 | 5.85+0.04®
5PN 75.30 17.59 7.82 2.75 4.24 5.59 3.78 68.75 7.34
b AT SR e/ MA 53.93 10.04 1.93 0.61 0.76 1.22 2.43 36.61 3.44
bR 25 3.35 1.25 1.11 0.36 0.49 0.65 0.17 5.38 0.60
BT 0.05 0.09 0.24 0.20 0.28 0.30 0.06 0.09 10.20£0.35®
LKisE(uce) A 66.00 15.20 5.00 2.20 4.20 3.90 3.40 47.92 \
A 62.13 12.56 4.06 1.67 1.82 2.98 3.07 50.17 5.22+0.140
—— ISON: | 66.99 12.51 5.36 1.70 1.87 3.06 3.05 66.72 7.37
He/IMA 36.11 8.20 1.49 0.54 0.80 1.18 2.14 19.27 2.33
Bt i 22 8.47 1.37 1.38 0.49 0.32 0.63 0.19 8.93 1.36
5 R 0.14 0.11 0.34 0.29 0.18 0.21 0.06 0.18 26.13+1®0
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Fig. 3 Distribution of major elements in the surface sediments
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Table 2 Correlation coefficients of grain size

and main elements

X Y Jr e R? P

Mz | SiO, y = —3.6766x + 83.842 | 0.4927 |2.2x107'¢
Mz | ALO, y = 0.9019x + 8.1023 | 0.4058 |2.2x107'¢
Mz | Fe,O, y = 0.9637x — 0.9314 | 0.6348 | 2.2x1071¢
Mz | MgO y = 0.3187x — 0.0048 | 0.6155 |2.2x107'°
Mz | CaO y = —0.0257x + 1.9337 | 0.0033 | 0.293
Mz | Na,O | y = -0.1742x + 3.3757 | 0.0562 | 1.2x107°
Mz | K,0 | y=-0.0754x + 3.3567 | 0.1505 | 1.8x10™ "

33 UERUKREE GRSP X &

B W o B 7 W 2R 1, — 5 T, SR 4 HoT
RIS S5 1 2 A R, BT DR AS R 4T KAk
SR 5 — 7T, W — AL, AR TR R A BE 4%
T DUk TR KA AR B A1
BRAIX R, P, AR 5T = M R R ORR S |
AFAEB SR DURR Y 5 1 T R Bk 12 XAk
FEEE 5 RO T s o R S A Y R L
FE.

CIA $5BURE A b 38 7R K A KAk BOKS -84
(AN ) FREE , ANFETE Ca Mg S5 R IR IS
TERURE LT, BEAR 4 i S ST AR A B I 1) 1k 27
AR FE (X %8 55,2011 55K B, 2013) , Na/K (4



LERE !

3 10 4 - AT = A Y 22 DU B KA R AR B HOGE AR A T 7 T S 47

TFIEEIR LL ) S A A P ARH o R B 1) 2 4
Fr(BRIRAE, 2001 ) , [ARE AT LU F R AF HE B 19 1k
FRACRRE . RHCA TP E LUK A s 2 G
A PRAEMAEEEE K, B TRHA LA A KL
e, R Na/K 85 XU BE R L, Na/K L {E
AL S CIA Z 805 AR SO 22 A6 R A (TR TR 4
2013),

AL = P BR X CIA P 35918 58. 50, =
T EREFE R ME 47,92, Horp 0 T R H/)N
T B 3 DX Ry B R R X AR T R, A
DL7/B YK = ) || P I s Sy ER W I PR B e ik 7
IRTURIIAL T FEAR S22 AL RYARZS ) I CIA 53
AT (B 5) Al Y e L DT | FE A 0 A 2% T
N RR A AR B 55 5 1B = A P B X KAk
B BR 9% % % B A ( glomalin-related soil protein,
GRSP) & 1 i 1 DX, A2 WUAR SR P A, SRy it IX.
BT HERAEFERE, CIA 5 GRSP 4341 #£ 25 ] I Y
Wi 3 ] k20 18] 8 743, CIA 5 GRSP 4y
T BEMHE(KE 7,p=2.249x107") , BRELH XL
DA PR LT A 1 — M JROCIRAME 2 1, 1 2T
WA TPz B 1 o B B 5 M RAE R A 7 ) 2
1 35 IEAH K (Treseder and Turner, 2007 ), GRSP &%
AT, R X S A R RS AR AR &R
R PR R B G S A AR KRS UTRR TR K
Na S50 W70 3R MK S8 CIA /Y THe 3 A2
A, o FH I AR P 1 A A AT I 3 b o ) ke 3k 2 T
() RA TR B, DA T EAOUR b 35k 2 1T 1 T b A5, 7 BRIV 156
T & — M E SR 5 1, A, GRSP AR N 4
A RIE S B 2 5 & HT Be 2l i 3 in 1
38 A SRR 1% 80 B 5 1 iR i A AR T ORL 2 ] 1Y
AW AR S AE T E— 2 A A XA (CRKCE,
2014) , VIGEHL CIA SFII{E 50. 17, R IALE K
POREBERAR , SARAL T A 32 AL 5 90 25 AL 1) 3t i
WrBe(&l5) , FE 5 EYAE ] Rte e sh g 26 A1 K
T DX TR 2 00047 ) T S B VR T eV 2 i, AL
UKL Y T IO, T A0 OB 5 | TRl 84 = 27
TE T ANBURLTTAR Y b, 0 Z ) s R ARy Jo e
13 XA AR L IX 555 (&L S)
34 ERUEBSH

HRAETC R TG S T |, Nesbitt 55 (1980 ) K fh2F
WAL RIS AR Na  Ca, HH3 25 K 005 109 A
Si 4% 3 ANHr B, E 7a BoR, WEEEORE  DF5EIX
DI RAEH L BEAR 5 A—CN P47, H4EiR
AH A — 30, X U B 5T IXUE AT 32 14k 27 KA AR

75

70
e L .

65 — ° l.o

60 . ... :.0;;..;..”0.

< ey
O 55wy pitie
L] .. . [ ] ="
50 S @
¢ . y=1.5532x+55.138
451 o °® R’=0.222
P=2.249x10"*
40
35 T T T T T T T 14
0 1 2 3 4 5 6 7 8
GRSP(mg/g)

K 8 AL WAL iR %S GRSP L&
Fig. 8 Correlation coefficients of chemical

weathering indexes and GRSP

PSS AURHE A 7 T B9 Ca AT Na 19X
it A, M A L B840 54k T2 AR I
WIRY B, B WARAE BRI AT, Ca A1 Na 383714
W, AL TR AR E S (HEARIEAR K BB, I A
BTN Sm—IL 3% 48 50T () 3, R B Xk o A
DAL AR B P 348 5 2 58 JBd A RN PR A A5 - P iy
TR, AE AR 2 LA 04 A1 A= KA A 2RI B

A—CN—K i ] LS Wi 45 Jm A AL 9%
AL LAHEDN 28 7 () Ak 2 WAL R B R RE S B Fe |
Mg S50 R MBI, FrDL AR TR
HERMEN T A—CNK—FM =K, Bl I3 R
WIS A ) WAL I B Fe Mg S H B
4B ICE XA FFAE ( Nesbitt et al., 1982), &
7b AT UL Fe Mg 43 SR BEAN f, FE B i AE K A
BT, P G T T DUHE RS S 4 B LA KA o 32, I
FURE S SR AR L 2k, IR AR Ak TR AR
e AR RS VIR L b = AU S b o 4
I CNK TS, %A B Ca Na Ml K 4 & @ n )
MR Z PR UA Y KA SRR Z, B
b T DA A R 32 0 B B 5 i b = A DR
MR HL AT FM TS RS A (BRI A RN
AR AR SR 2L, vl KAk =9 b 2
P S m SR E ) & i 2t KRR
IRBESR AR B, AT R T OC R B0 & E S it
AR R Syl

4 45ig

(1) 3L = AN B DT 2 0 LIRS TR D (sZ)
RO RS (Z) M 3, 20 59 3 DU 8 B 1Y 47, 299% Fi
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35.90% , b =S YNF J 0 1 K 2 TR 1 S Bk
F2(Mz) R 5.85+0. 04 @, i 74 U 5 b 8 - 35 k7 45
(Mz) 4 5.22£0. 14 @, ki BORL, = 25200 N 2 02
TRV DX I S TRV A

(2) VIR TR h CaO \Na, O 1 K,0 1Y
i LT JER X

(3) RZVIBYIAIR T E 50 Z B AE7E AR
(L BE S0, S ¥R AR S Sio, e R A OE, 5
AL O, Fe,0, MgO & & R IEMK, 5 Na,0,Ca0 F
K,O &6 B 2 A OGP

(4) 103 b =AM R IX CIA 8 37 ~ 69, F-3)
{0 58. 45,5 T LG5 A~ F-24{E 47. 92, Ca Na Fll
K GE¥A 5/, H CIA {55 GRSP {H 2 W& K IE
ISR, R R Z TR KARAE =4 T
B MR HLIX. CIA {HAE 19~58,FHI{H N
50. 31 R HL Ca Na W™, & &K /D, i K
HARTC T, A AR BE A, R IR M U
() AL TR B 55 52 30 97 30 S 1 o ok 5 30t TR YR R4
KB IVERRIZUR AR N R BURL DU 25 5
TURR, PRI v IX TTORR A okt a4 /0 3R Ry 355
IR
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Weathering Characteristics of the Surface Sediments and Their Indications
for Biological Process in the Liaohe Delta Wetlands

LI Tongtong ¥ | YE Siyuan®® , HAN Zongzhu" , YUAN Hongming>* , PEI Lixin®**
1) College of Marine Geosciences, Ocean University of China, Qingdao, Shandong, 266100;
2) Key Laboratory of Coastal Wetland Biogeosciences, China Geologic Survey, Qingdao, Shandong, 266071
3) Qingdao Institute of Marine Geology, Qingdao, Shandong, 266071 ;
4) School of Earth Sciences ,China University of Geosciences( Wuhan) , Wuhan, 430074

Objectives: In order to reveal the relationship among the particle size, major elements, glomalin-related soil
protein ( GRSP) distributions, and to explore weathering characteristics and the control mechanism in Liache river
Delta.

Methods : 373 surface sediments across the upper delta plain wetlands ( UDPW ) and shallow-sea wetlands
(SSW) were collected from study area.The particle size were tested by Master sizer 2000 laser particle size
analyzer, and major elements of surface sediments were tested by Axios PW4400 X- ray fluorescence spectrometer,
GRSP analyses used Coomassie plus ( Bradford) assay method.

Results: The averaged mean grain size (Mz) of sediment in the SSW was 5.22 + 0.14 @, significantly larger
than that in the UDPW.Six types were identified for the SSW and river channel, less concentrated than UDPW,
where presenting mainly sandy silt and silt, and indicating less sorting degree.The contents of SiO, and Al,O, were
the highest in the study area, and the average contents of other elements were generally less than 5%. With the
exception of CaO, other constant elements were significant correlated with sediment particle size (p<0.01) ;
Notably, the mean value of chemical index of alteration ( CIA=58.50) of the vegetated UDPW were significantly
higher than that of the SSW (CIA=50.17, p<0.05) and the flooding area, where is near bedrock mountains ( CIA
=52.00, p<0.05) .Moreover, the CIA values were significant correlated with GRSP content (r=0.47, p<0.01).

Conclusions; The surface sediments of the UDPW are mainly sand silt and silt, while, the surface sediments
of the SSW are mainly silty sand and sandy silt due to the influence of tide and wave actions.The contents of CaO
Na,O and K,O in the UDPW were higher than SSW.There were the high correlations between chemical element and
grain size.The Na/K ratio and CIA index analyses showed that the sediments in the LHD wetlands were experienced
three weathering stages, namely, unweathering, primary and moderate weathering. Moreover, the correlations
between CIA values and GRSP content revealed that the important significant role of biological processes in the
mineral weathering, and presumably the AMF have made an significant contribution to the nutrient retains in this
region.

Keywords : glomalin-related soil protein;major elements;weathering; Liaohe delta
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