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AEZEN . BT PRI T R ek i 2
TF 5% 3 B4R rh 4083 R i 1) 300 25 23 R ) o Vg S
1 DX RIS A 1A 1L DX (A 22 vk IR 2%, 19955 11K
FL5F, 2010; #EAESE, 20165 BB ZR4E , 20205 T FH 4%,
2023) , X Ey B 44 34 5 I A AR 9 7R 5 BLAE 40
WG A X AR FEAT R /0, (e AN R FEH 4 ODP 129
AT VR G TF R A 1A TR A PR A (Karl et al., 1992;
Karpoff et al.,1992), A HRGE R W, | DX I 58 A X v
590 ASCEETAEVE R 7R 1 B 91 4 AR B4R
I 28 S RIZ VIR AE &, AT oo R MR fh 2 e
fiE IR HSE i B R s R 3, B 7R i X TR
YIRS R DR AN A IR BRI SR S kL

1 5T XA

IRy O AN T 2550 T 5 B AN TR DL AR A2 47
P LR ARSI bR Ll DA A8 #4815 75 6 RO
T (1) o 2T YK R 2 6 000 m, 78 N HBJE A
PO 5 1= WY 3B el ' 7 R R 0 2 AR S VA B NS
FEMRBRA U, B T TR ey ik, Hodoe ot 2
(R BT, T 4 IS 1 2 20 b 9T ) 2 i 2
(Z== 3% 2019). ODP 129 iUk 7F 43 25 H W 4365 4
FRELY 802 FL4E 7R 1% X UL A2 JE 2 3K 500 m, T4
15 m ¥ R 55+ (Karl et al., 1992) ,802 fL4G % T
51 m A ZEAFARIE A DG 0 , FE A Ar AR A
#]114.6+3.2 Ma(Pringle, 1992) .

7R I HLAY 0 36 235 A VA Sk G 2 Y s B b ¥
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= A e polra -
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ARG FE AR AR . AR ER R Rk
15 VS BT 42 1 1) 74 ) KU BRIt , 76 i G2 R 4 ko
IO B 2R 38 A 2R8I (Hu et al., 2015) , Forpdb ok
EAE 10°~20° N H R [0 PE L2, 5829 2 000 km, J&
200 m, FiiH 2 0.5 m/s (T 5 %,2023).

H T X 1 Bty , AT VRV (O BELRRG , B 1 4B
55 55 1 40 O I L R TR LD URR AL, LA Rt it
WYy BELR i 4o, U5 B ST G i) IKUZR 4 Jo mT
FERAFR (PG ZE I 2 i S ) R A
ﬁﬁiﬁ%ﬁﬁﬂ‘(l’r%pero et al.,2002; Maher, 2011;
Wan and Sun,2020) , PRI 1208 X PTURRGE SRR (B4
S BGEE/NT 10 glem®ky(Duce et al.,1991) ) .

2 HEEAITTE

2020 4%, A SR GE IR AR )R 17 BHZT 06 i £ 7Y
HOV-PE AR I B 40 0 R T A s IORE 28 L F T R
AT RIS B R A U T AR D L i b AR
BRI 28 2 JZUTFRYI (0~10 em) (1) o BFZE XK
K HUIESF 30, 453 07 22 i R B3 S K TR A T
5 980~6 080 m, ¥4I o7 F-#y AP 4 800 m HYBR IR ER
AMETRIE (CCD) (FFPE34E ,2020) AR, 8256 5 LR
Y Fr 96 58 45 R R A TRl S TR A Ry St v
Fhit.

WXL o B IE R AT Z 48 AR 2 , 5T
2 SicRk H & &k, Ky 2 2 1 GB/T 14506.3—
2010, HoAxy T n 2ok L EFERR K iCAP6300 423
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Fl 1 W5 X B A
WFEER S Hu et al (201510, HITEJE IR [ ETOPO 2 ERHJEAS Y

Fig.1

Geographic location of the study area

ocean circulation modified from Hu et al.(2015), and bathymetric base map is derived from ETOPO global relief model
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B B AL SHETE (ICP-OES) IR, filci Mfs +
TCE T 2L FEFEBR K iCAP RQ HL BRI 4 45 B TR it
T A (ICP-MS) #E A7 i 3k, W 3k 3k 2 B GB/T
20260—2006 HAT, LA IRTE F AR 53 IR 2 — g7
F5E T PR TR 5 PR b R 1 5 S 6 2 I o 58
Bo A PRIEINEAE FE , SR FH GSD-9 B Fl H A2 A X6f
I3 St Jo e, 45 10 SRR S IR — NP AR AR
SRR S5 R 32 5T R A X 1R 254 0.07%~
3.68%, 3t M Fy 4 0 2 1 I AE X iR 25 4 0.03%~
4.97%.

3 4

31 EETFEAM
FRITRGRDAMY IR EER, RS H
WA R)ZDIRYMEF TR AR 1 PR, £
TCE & B KK Si0,>AL0,>Fe,0,>Na,0>Mg0>
K,0>Ca0>MnO>TiO,>P,0;, & it 5z i (1) 3 i o0 K J2
Si0,(48.24%~54.18% , - 34} 49.14%) , H:{k iy ALO,
(12.40%~16.68% , -3 4 15.85%) , A e 5 3
/NTF 10%, Hid MnO |\ TiO, PO, & & /N T 1%, XT
28 A YE Al o7, 2 8 o0 R o 8] 22 5N, BR MnO
PO, & 178 S R A (8 S5 R B =hr A 257 2418 Fil
KAMAFR 12.27% F111.01%) , HAE/NT 10%.
55 IR A PG KTV A SRR R0 | PR i —
Ly P A L A X T 2 R TR AR L, 251 X

TUBRY E oo H & KRB Y, R B A MR
FIPIRE. S58 4 ST BRI IX LR
AR Ca & i, BA SIS VETURRYI R E . 5
ot GEPEZ A ) MARIT AY i 2 AR B (Bl %
FORAME, & ERITTRE S E X, U
HAWEME Al .Ca.Fe i,
32 WEMBLITREAMR

7R I HL 9 T AU R i B £ T R
R 2 M3 Fin. TR P& Ba, T
18 770x10°, Ho vk A Cu, 254 289x10°, 4V,
Co . Ni.Zn Sr fll Zr S50 E & w51, 4 T 100x10°~
200%10°,Cr.Y ,Li.Pb.Sc .U Fl Th 55 0 &K & R AIK,
AT 10x10°~100x10°, Sfi +ICE &7 S REEN T
202x10°~308x10°, - ¥ 2 284x10°, H 5% i +
(LREE, La % Eu, AN Pm) -3 5 & 240x10°, HH 1+
(HREE, Gd 2 Lu) F-¥ & 11 45x10°, 58 + & 4
R, H R ST 3 MG R Ce Nd il La,
SEEIS3 R 102%10°,55.7x10° 1 52.8X10°,

5598 K- S8 10 0 X 3R 2 - DL it AT X
e, W5 X R Z VU S REE B3 Kk TIE i =
JZFE DR AR /N T2 PR 1L B R —
SO L e b XA R . ARG RE b T A B
+ . EHIFEAR L AP X R Z VIR S REE 6 /&, K
W TR W E N E 4. PR XHE LB Y REY
(REE+Y ) 3481 355%10°, /N T IR 5 7 L U FR Y
FUE (700x10°) (F22155,2021) .

*1 HREREXXEHEREETESESIT (%)

Table 1 Statistics of major element content in the study area and related samples (%)

TR DX Si0, ALO, Ca0 Fe,0, K,0 MgO MnO Na,0 P,0, Ti0,
i/ ME 48.24 12.40 0.99 6.40 242 3.20 0.40 4.09 0.19 0.68
R 54.18 16.68 1.72 9.08 2.95 3.67 1.02 6.23 0.36 0.95

AR L G 4
. FHIE 49.14 15.85 1.23 8.63 2.84 3.51 0.91 4.46 0.30 0.90
[RGRIES 1.06 0.77 0.12 0.49 0.09 0.09 0.11 0.40 0.03 0.05
55 B % 2.16 4.84 9.86 5.66 3.13 2.62 12.27 9.07 11.01 5.33
PRI/ AL+ (FETEAE, 2016) 51.00 15.90 2.17 9.19 1.56 477 0.33 3.22 0.16 0.76
ARARAE RIS 1+ (R4, 2010) 49.16 15.64 2.47 9.36 2.43 3.58 1.09 4.24 0.29 0.78
JUM—IA 55 A RT3 (T F %, 2023) — 13.80 1.52 7.99 2.16 4.11 1.14 5.81 0.26 0.64
I i — R w1 1L+ (IR 2RSS, 2020) 53.22 16.53 1.23 7.79 3.47 3.61 0.94 3.00 0.30 0.81
VT IL/F £ (Bi et al.,2021) 48.26 15.75 2.13 9.30 2.95 3.41 0.91 4.47 0.58 1.19
o 3 4 (S0 8, 1989) 54.66 11.45 7.87 6.74 1.96 3.44 — 1.70 — —
TN PR B /e 2 R GERG 55,2022) 44.85 13.43 10.25 14.55 0.67 9.74 0.16 2.31 0.35 3.11
_FHI5E (Taylor and McLennan, 1985) 65.89 15.17 4.19 9.98 3.39 2.20 0.07 3.89 0.20 0.50
WHEHEE L RS (Wedepohl , 1981) 49.30 31.20 11.80 20.10 0.40 8.30 0.15 4.80 0.23 1.20
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F2 MREEEXXEHEMBETEIESHIT(x10°)
Table 2 Trace element content in the study area and related samples (x10°)
TEIX /R Li Sc v Cr Co Ni  Cu Zn Hf Pb Th U Ba  Sr Zr Y Mo
/Mt 469 151 120 675 733 859 193 123 340 286 98 170 505 155 129 433 52
LI SN 69.0 209 192 934 117 186 408 158 485 446 138 245 1383 197 180 838 17.8
b2 SR 633 193 179 875 109 170 289 151 448 413 122 225 770 185 172 702 124
CRBIE) Frififi 22 42 1.1 134 49 79 182 315 61 026 28 07 015 210 73 92 80 238
BRE% 6.6 57 15 56 73 107 109 40 58 68 57 67 213 40 54 114 226
rpE (30 2, 1989) 38 125 99 476 21 39 25 79 6.05 30 122 315 510 164 230 — 0.59
TN IR S/ 2 R
GBI 2022) 445 261 351 344 64 286 109 113 384 113 143 039 187 518 152 226 « —
b5
(Taglor and McLennan, 1985) 20 136 107 85 17 44 25 71 58 20 107 28 550 350 190 22 1
A LR
(Wedepoh, 1981) 8.8 40 252 317 45 144 81 78 2 — 019 012 43 134 85 29 —
#3 MREEEEARFEHEMBLITEIESHIT(x10°)
Table 3 Rare earth element content of the study area and related samples(x107)
T X /R La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu SREE
F/ME 360 808 944 371 7.99 198 798 132 812 153 439 066 412 066 202
BRM 580 109 1550 625 13.60 343 1430 234 1410 276 789 1.6 733 121 308
RN+ ORRTFE) P 528 102 13.80 557 1210 3.03 1250 2.05 1250 238 6.83 1.03 644 1.05 284
PRl 43 48 120 5.1 110 029 130 021 130 026 072 0.10 067 011 202
LREH% 8.1 47 870 92 9.0 9.60 1040 1020 1040 1090 10.50 9.70 1040 10.50 7.1
VUARHE T2/ £ (RHIESE . 2016) 2640 5670 657 2590 549 144 507 089 550 106 308 048 308 050 142
I BE— it L/ 1+ (BB 255 ,2020)  56.30  115.00 14.50 5890 12.00 2.76 11.30 2.04 1190 244 647 114 749 1.12 303
ZVRIEL/A £ (Biet al.,2021) 65.08 8525 16.80 7349 1614 417 1721 277 1796 3.63 989 145 873 144 324
rPE A (CCRS A, 1989) 3400 6680 7.97 3730 620 1.18 443 083 453 1.7 261 052 269 043 171
TR R A 2 A GRS ,2022) 1510 34.10 448 2020 534 181 548 086 464 086 207 027 154 022 97
_[:H5% (Taylor and McLennan, 1985) 30.00 64.00 7.10 2600 450 088 3.80 064 350 080 230 033 220 032 146
ST Z A (Taylor et al., 1985) 370 1150 1.80 10.00 330 130 460 087 570 170 370 054 510 056 54

4 e

4.1 TTREAEHFE

DI e 2R 4 A0 DA BT 2 2Z 1))
WAEEE R o X 28 ANFE A 1AL F T 2 G TF I £ o
BT, & Kaiser brifE Ak 1) 1 8 e , PR Rk (R T 1
R, a5 R BoR 4 A AT LR RS T 21
92.56% (% 4).

KT 11 5TRk N 69.72% , %f 7T % 40 i B A vk 5
PESZ I, MRt R FE M LT R (CeBRAM) (PO,
TiO, 4, ¥4 W IE B fr . i - IC RAFEH R ITTR Y
& R— AR A T R A A, HAE AR A%
PIeA: MR R A PO, E AR BRI X (B I A7
MR A B ) A I R RIER L e R s

R SHRERYTA O, K i ou R & FEW
WAL W) R R KA (A 271L5E,2021) 0 TiO, B2
G2 B AE 8 S A Sl s A By
SR L I (TEXCNEE,2018) . AL, 71
TLRABHER IO E LR EY,

Rl -2 TRk oM 12.37% , TER 4L A EEALTE Fe,0,
MnO % F 50 & M Cu.Cr.Co . Ni.Ba % {8 42 J& JC
2, IIIuE R M ERAE 258 (P Ak s & Ak
Y ME S EIT R, YW HE Ok A K (Hein et al.,
2013) . HFK T Mn® | Fe S8 AL TE 8L 1 a5 A 4R
APy e AR SR 38 3 A R R O K R
Cu™ .Cr* \Co"FE LB T, FHE BT RN E (%
W45, 2021) o WEVEDTE Ba 2 ZRUE TRt 5 Ak
FRTRER AR IR S A, R T I 2 T R B R A7
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x4 PARXARYITREFHETER

Table 4 Factor loading matrix of sediment elements

in the study area

AT 1 H¥2 53 [H¥-4

Ho 0.953 0.208 0.203 0.064
T 0.946 0.233 0211 0.066
Er 0.945 0219 0.220 0.046
Y 0.941 0.291 0.084 0.116
Dy 0.936 0.237 0.238 0.067
Gd 0.936 0.226 0.223 0.112
Eu 0.936 0.240 0.229 0.097
Tm 0.932 0.256 0.237 0.035
Ybh 0.932 0.252 0.248 0.020
Lu 0.924 0.281 0.238 -0.013
Sm 0.923 0.205 0.287 0.131
Nd 0.923 0.252 0.253 0.105
P,0, 0912 0.284 0.058 0.165
Pr 0.909 0.294 0.258 0.099
La 0.871 0.363 0.287 0.066
TiO, 0.671 0.499 0.505 0.071
Se 0.118 0.904 0.137 0.180
Cr 0.113 0.896 0.252 0.199
Co 0.292 0.893 0.232 0.184
v 0310 0.880 0329 -0.023
MnO 0451 0.767 0.428 -0.051
Fe,0, 0.397 0.754 0.502 -0.079
Ni 0.243 0.744 0.396 0.372
Zn 0.453 0.740 0.158 0.364
Zr 0.363 0.716 0.547 0.020
Cu 0272 0.699 0.107 0.032
Na,0 -0.536 -0.688 -0337 0.030
Ba -0.572 -0.654 0.026 0.258
Ph 0379 0.653 0.610 -0.007
K,0 0.383 0.643 0.545 0.257
U 0.474 0.260 0.777 -0215
MgO 0.048 0.286 0.773 0.159
Hf 0.433 0.424 0.759 -0.068
Th 0362 0.105 0.744 0.417
Cs 0.159 0.656 0.683 0.062
ALO, 0330 0.608 0.676 -0.052
Ce 0.451 0.509 0.644 0.219
Si0, -0.486 -0.491 -0.506 -0.349
Sr 0.463 0.421 0.496 0.459
cd 0.045 0.290 0.144 0.859
Ca0 0.273 0.090 0.059 0.783
Mo 0.503 0.460 0.364 -0.580

TE ARSI A o TR - BT Kaiser b3 i AL A 1E 52

ek

TR A A (AR5E 45, 2011) , 58 Ba 7 i
I T AR TR R R R S & Ba
o AR AR, 2 T BRER S B 5 4 25 4% (Dymond et
al.,1992) NEN i e A TC R, BaTEARLL &
Sy, A AR SR R .
Wi, AT 21 Ao R S A s S A LA ¢,
FLAEBI oY X SR R R s % (11 2)

K- 3 BTk A 5.98% , ILFE I FE AU FE ALO, MgO
Si0, % FHICE M U HE  Th ., Ce 250 Fs HooZ, 1
W Si0, kg fy , oAy M IE Bk far . ALZE R LIRSS T
R, Ry Y (B L) TER S —,—
MR R R BRI AR (B85, 2007 5 SR 274,
2010) , Mg 2 RESRRRE W i H WLoC R (87 1755,
2007 ; A1 277555, 1995) , TR H B ek AR R £k LA Rl 5
HERY R 3 (M 4, 2021) . Si7EIRIFITA A 3258
DUA e S REAS BRER A ) A AR MR R (AN RE 8
5 25 BB RAFAE (Li et al.,2022) 485 F WEETTAR
YA TR A A A, T Si 5 Al RZH0LER
SR (&2) , HE BT Si 328 LA S5 8 T AR
Th Hf F1F £ 70 2 (41 Ce) 2578 K A b 75 i BEARAIG
FEUURR P iis TP e o 78 b A LR AR, 7T
F MR RS B (T 5 45,2023) , WPETP R Ut £ %
K A BT, H 2 9% -0 4 (X 224855, 1996) .
M LAl AT R A SRR B X R &Y.

K F 4 14 5Tk A 4.49% , {445 Cd . CaO F Mo,
HEWHZIOTRE A A AR K. Cal ZAAAETHS
AR FEAA 3 H NS T AR R, (R IX KR
Wik 3 T CCD LATF , ik R $h FEAS VS A, 4D Ca W
DLA iR £ Cnfa 28 ) I A A, &5 0 R oK X
SFFERAT S (XRD ) B8t 5k /5 B 385 ik A7 76 24 10% 1Y
BEIKA (RER) . CdIe—FiERHTR A
FEBIEAR Ca B 7 HE AZE D5k (XCPIFT 42, 2018) .
Mo 84 288 32 £ 17 & (Howarth and Cole, 1985) , 7
TCRALE TR, A=A T A Rt — 2P 5T .
42 TTEMEETR

Vi PE DT R IR AL FE Bl U5 K L A TR A
A SRR TR, W BOR R T R A6 kA8 /R P ik
7 (Cho et al., 1999; Yang et al.,2003) . FATLTES
AVERE T R U TR AL LU, v BR TR h
W) R0 B AR Ak X o0 R i A 5% 0 (Adamo et al. ,
2005 ) , I AT LA 70 28 76 1 7 PR 5E v i 4 I ok D
FEEAL o BEER VERAR FUAE R RN OB 9 R A A5 2L
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SPATATE AR NEE S TR e 2

Fig.2 Fe-Mn micronodules under microscope

bR, iz T RO IR E . B AT
ST RPN, MR LR Si/AL AN 2,87, AE R U
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Table 5 Ratio of characteristic elements of the study area and related samples
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La/Yh 8.22 752 8.57 12.64 9.810 13.64 0.730 0
Zu/Hf 38.27 26.12 — 38.00 39.460 3276 32.000 0
Th/Se 0.63 0.83 — 0.97 0.055 0.97 0.005 8
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Fig.3 La-Th-Sc triangle diagram (a) and La/Th-Hf bivariate diagram (b) (base map is modified from Bhatia and Crook ,
1986 ; Floyd and Leveridge , 1987)
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Geochemical Characteristics of Elements in Surface Sediments of the
East Mariana Basin and Their Indicative Implications
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Abstract : [Objective] The East Mariana Basin of the West Pacific Ocean, which is located east of the Mariana
Trench, south of the Magellan Seamounts, and north of the Caroline Seamounts, is an ideal area for the study of
Asian aeolian dust deposits, but the sediment research of the East Mariana Basin is still weak. To reveal the sediment
geochemical characteristics and provide background data for further sediment provenance, seabed mineral resource
evaluation and climate-environment evolution research, the element geochemistry of surface sediments in the East
Mariana Basin was studied.[ Methods ] Based on 28 pelagic clay surface sediment (0-10 cm) samples collected in the
eastern section of the East Mariana Basin using the box and gravity samplers, contents of major, trace, and rare earth
elements of the sediments were analyzed using inductively coupled plasma optical emission and mass spectroscopy
methods. Then, elements geochemical characteristics were analyzed, and their influencing factors and indicative

significance were discussed.[ Results ] The results show that the contents of major elements in the pelagic clay sedi-
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ments in the study area are roughly the same as those in the neighboring sea areas of the West Pacific Ocean. The dis-
tribution pattern of major elements (oxides) in sediments follows SiO,> ALO, > Fe,0 ;> Na,0 > MgO > K,0 > CaO >
MnO > TiO, > P,0,. SiO, has the highest content of all major elements, with an average of 49.14%, followed by
ALO,, with an average of 15.85%. The trace element with the highest content was Ba, with an average of 770x10°,
followed by Cu, with an average of 289x10°. The average of total rare earth elements (> REE) is 284x10°, which is
light rare earth-rich type, with the highest Ce, Nd, and La contents. Principal component analysis of elements shows
that the composition of chemical elements can be divided into four categories: The first type is closely related to rare
earth elements, including most rare earth elements (except Ce), P,0,, and Ti0,, the second type is related to Fe-Mn
micronodules, including Fe,0,, MnO, Cr, Co, Ni, Cu, and Ba, the third type is related to terrigenous debris, in-
cluding Al,0,, MgO, SiO,, U, Hf, Th, and Ce, and the fourth type is related to biological sources, including Cd,
Ca0, and Mo.[Conclusions ] The element combination indices (Si/Al, Fe/Al, La/Th, Th/Sc, etc.) and projection
diagrams (La-Th-Sc triangle diagram and La/Th-Hf bivariate diagram) further revealed that the sediments sources
were dominated by terrigenous materials, particular terrestrial aeolian dust materials. Furthermore, the Chemical
Index of Alteration (CIA) indicates that the parent rocks in the sediment source area are in low-medium chemical
weathering conditions. The redox sensitive elemental (Cr, Ni, V, U, Th, etc.) combination reveals that the bottom
sedimentary environment in the study area was oxidation-weak oxidation environment. This study has reference signifi-
cance for understanding the influence of the Asian aeolian dust on the sediment provenance of the East Mariana
Basin, revealing the sedimentary environment characteristics of the basin and the distribution of seabed mineral
resources.
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