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Abstract: Planktonic foraminifera is one of the important materials that can provide the information of the physico-chemical environments. The
development of in-situ microscopic analysis technology provides a new opportunity to carry out the detailed and intuitive understanding of the
distribution and variation of trace elements in biological shells. At the same time, it also promotes the rapid development of paleoenvironmental
inversion related research by using the element contents and ratios of the foraminifera shells microregion. In this paper, we used electron
microprobe analysis (EPMA), laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS) and scanning electron microscopy
(SEM) to conduct in-situ geochemical analysis of Mg/Ca in the four planktonic foraminifera shells of Globigerinoides ruber, Neogloboquadrina
dutertrei, Pulleniatina obliquiloculata and Globorotalia inflata in the surface sediments of the northeastern slope of the South China Sea. The

results of electron microprobe mapping showed that G.ruber had periodic bands with high Mg contents, which might be associated with
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symbionts. However, N.dutertrei, P.obliquiloculata and G.inflata had thicker calcite crusts with low Mg contents. The results of LA-ICP-MS

also showed that there were obvious low Mg/Ca calcite crusts with of N.dutertrei, P.obliquiloculata and G.inflata, while multiple sets of Mg/Ca

ratios can be seen in the shells of G. ruber, which were consistent with the results of electron microprobe mapping. The distribution of Mg/Ca

ratios in shells were affected by the biomineralization process of foraminifera, and the presence of contaminants also led to higher Mg/Ca ratios.

Therefore, we conclude that the large variations of Mg/Ca ratios in foraminifera shells are not only affected by the surrounding seawater

temperature, but also constrained by other factors. In addition, we found that reliable Mg/Ca ratios can be obtained by the LA-ICP-MS test. The

application of this method can avoid the complex pretreatment process, and provide a technical basis for efficient, fast, high spatial resolution

and low sample volume testing in the future.

Key words: LA-ICP-MS; electron microprobe analysis; Mg/Ca ratios; temperature

5 JOT A L HR 5 AR A [R] A7 25 ORI O 3R S T
VR PR R AR 1 T BRI AR
RSO = e e S M St NS =R i K VA S
0 (810 F1 8°C) filg S W g - 1 A2 Ak . A2 Ay K
R = N = SN St A G o1 = I L N
8'%0 {H F1 Mg/Ca Lt BE VR 5 W 555 DU 22 DA >k 1) 3 )22 i
JK i BE (SST) A Eh BE (SSS) 70 i Jig A A7 fL e i1y
Mn/Ca [ Fil B/Ca L R % X6F i )23 1 7K 1) 1 27 BR 355 A
R RE,

T AR, I I R R BN W e, H AR
B (EPMA) | OGRS 5 55 25 71K B35 (LA-
ICP-MS) . B F #4 (Nano SIMS) 45 Ji A7 il 1 £ AR
CATE M ST, Hopm U0 J a0y S0 S5 R
ARG LA BRIz BN . AR TR S
VW HL A % A Ak B AR O, TS BT T VR AN R
g A VAR TBT BRL A i Ak B R AT AR v S ) 43
PR AR AE Y AR 7otk BRI E 1Y T
RO EN R R, S0 AR W AR TR A A K
W B b ] 6 B 5 1 A8 Ak, GG Sy — SR B A (4
AR B LB T 1

A AL B G IRAETE BURT, WK T Mg 25 5 7 ik
WY Ca & A B4, 2 BB WG R, Bt SE AR rh
1Y) Mg/Ca Lt fE B5JR% M S e 1 7K A I B2 AR AR,
JE T AT IE R s A AL HSE AR B Mg/Ca 5 LA [ 1
K B 8 HO G, I HA A il B e 45 i A L R e
& Mg/Ca Lt i E ZEHLHI 7, (H A L HL A f X
eI DU B Rl w2 W I N R S P o
I FAEAE M 7 A R B U KR R A e ] D i
TR 14 91 F U520, G 2 25 SRR 1] T Mg/Ca o8 FB 1Y
S R 2R AT RE AN HOR R B . — S fL e RE |
1776 = Mg/Ca bt 457, W G.sacculifer. G.ruber il
O.universa 5 , X $6 55717 AL AL A & — % 1 TE B ) 1]
B B AILE, AH 2 X T 55 A — L& Fh 40 N.dutertrei
&, Mg/Ca 4347 W AH XS LA 3 57, H 52 300 i 1 5%
Wi A R, AT R T AR AR T A — 2 e AR Y
AMA, T2 Mg/Ca HE Y B AR DN 45 51 B I i 125 550 M

fIRE20, 3k S A L L 5e A T Y 0T K 4 A MR AR
B, AL GE I JC vk R AT B W, PX I A A
FL M 23 (8] 43 B8 R A I3 s, 6F 0F 5 R i R
Mg/Ca LU A5 e PR 3R | ok A o A T K 0L B A 12 25 A

FEVE RN TG R PR RIS, A5 FE N
TURA I oK R DA S 5 pR i DR 3R, 2y T v 24 AT
FE Y FE S I, 5 DA e TR A 9T 2 3 B K R A v
14 Fufi 48 K Feli 33 IX DT AR AR ity 2R A7 DU 0 7, i 32 7K
REI/NT 2 000 m, {37 Tk R £ %5 BR 1A (CCD) Z I,
A L ST A B H R A A AR B IR AR B R S8 AT
R T RS R K AR A AL e A Y b Bk Ak 2
FEARAZ AL, A B 5 18 B R T 2R AL AR TR K X A T AR
FE S AT IS B o AE OB WS L A L B IR R
(SEM) % %:5th |, 8 i+ EPMA Fil LA-ICP-MS J5 %,
Xof AN [a] Ja i i A L AL B O EEH | Se R T R A A
DL R E i R & s A AN S HEAT 43 A, [ 5
M 5E 44 Mg/Ca HUAE R4 1Y I R SEATHRT, B4 J5 m
T 2R b i 4B X0 TR 7K B B A i 178 D A At 4f
FEA

1 MRS A

IR WFFE A R DZ5 2 < ] FHZL 187 T 2020 4
7 [ R 1 2R G B B 4 X (20°23.5' N 119°30.1' E)
ST B 1 EE AR, BUREZK TR 3 071 mo A IRA
FEHTA R A R A LR A A S T 0~ 1 em AYER
JZUCRM . i DA AR TE 19 em AR Y AMS™C
AELER N 1162 a, NI AW 5T Br 18 Y 32 )2 R
J& T AT R (G 1) .

TR LI Goruber AR, Hac ik G, &
T A B B, Iz AR A T B R Al K R, 3
BAIGTERZ KT, Pobliquiloculata M1 N.dutertrei
FBEAWEREZ, Ginflata >R TR 1 R 2 FH A 1L
W . 4N, Pobliguiloculata, N.dutertrei. G.inflata
W E B A B E N E AL Mg 7 A AR, TR



425 5 6

SR B, AR B I AR IS I 3 DX B A L T A Y SR X Mig/Ca 2 BT 45

R 1 DZ5 ENFEIKEER 19 em AL HI AMS"C & BHEFIKS IE e
Table I AMS"C dating data and corrected age of the gravity core sample of DZ5 at 19 cm

R /em T AMS"“CH:#4/aBP H Ji4E 4 /cal.aBP 2070 [#/cal.aBP
19 G.ruber 3345+35 1162 950~1383

FL 3 7E A= i JE AN [R) B B 7 722 Ak, X 30 28 b 3R Ak 2
i b T 4 o ) TR AR X AR RE L it
AR FE B SR FEXS Goruber. N.dutertrei, P.obliquilo-
culata M1 G.inflata 4 A8 FL R BEFTIK, £ AR 3G
Az R R A K 25 A TR ZR 0O TR K R A AL R e AR
Mg/Ca H B2 .

eS8 % ORI - DR AF 58 S B TR R
T 500 mL BEARH, AIAGE BB 10 % B HyO0, 3
T FS TE TR 30 min ZEAE i FE 0 0 B, FEIR AR
24 h AR AR . Z 5 M 240 H (FLEE
0.063 mm) A~ 55 94 i 76 68 46K T vl e ke i, B o B8
Hh A HDRL 2 23 B AV R T RO 3R T T .
80 H (FL4% 0.200 mm) A~ 55 H9 5 % 4 = (B4 b 2t
Tk o f5 5 7E ML 0 B0 T Pk ik i — e R 1Y
TR A L H Te 25 o ke i S ORAIE F 1B A A ol 52
TR 5E H HR/N— B, se R w4 o W] i is
PLEE N — 28 0 il i

1.1 FHEBENRE

TSR A b UL S DR AE RN 32 T YR
B, DL AT J& FloA fL R i e R B2, & e rE
b2 B 7 8 Py 5T 55 20 55 i A5 S0 00 3 00 A o 4
T TES ., BB R EE 4~6 BE 5T
A, I R e [ AE iy b, 25 AR AR AN R
FPOC A 1~2 MOGEIR R R R iF . iRk )5, 7€ Tescan
Mira 3 LMH L #Ff7 5%,

1.2 BFERsL

EHY G.ruber. P.obliquiloculata. N.dutertrei. G.inf-
lata 4 > J&FP AT FL R 7245 4~ 8 BOTHil/E 34 A i
A EE v LR 2R R R 28 TR A S =
17, 5256 {X %% 4 JOEL JXA-8530F plus, %51™J@ fik
B2 AN TR SR ARSI TFT s 038, H - Sk
B M 10 KV, 3 N 10 nA, R/ BE 42N 5
10 pm, 3 & B R i 7E 50 BE JRE B O [R] i 1 B 14T
A DLRIETR 2R W] 52 )2 i ekt 2215 B, A
FL AR S B R 10~15 1. Z 5 XA fL du i
17 Mg, Ca, Mn. Sr & & (Y i F 4, S0k /& v i
T-HUIN A 15 kV, B CH 20 nA, BTG
B 8] 24 30 ms,

1.3 LA-ICP-MS illizt

J T ARAFAS R A AL @ Rl L ) FhoAS [ i 2 A
BAR FEAARRE b R TR & A IE o, 7
H ] VAR VR 2 W IR 2 5 I B R 3 i
ByZ=XF G.ruber ., P.obliquiloculata. N.dutertrei. G.inflata
PUAS @ FhEAT T LA-ICP-MS UK . o8 T 56 E S0 56
S5, E A LR S o S PR A, — B A FE
ARGV, F3 — 43 &0 BEEAT TS Uk AE B
T B RE ST 10 % (1) HyO, ¥ Wi 5 30 min, 4%
Je 25 B P K U 3 UK, TN 43 AT 4l 9 Y A TR
FEIEAT IR AR S AL B, 2 FE R 3 R H AR K
FEEF ] <5's, 2385 7K Uk 4 5 ¥ HE L AE 40 °C
TFHE 24 ho TR HSFIN AE ETE VE R A T PR R A3 1 AR
it DA EG AN (] A 3 7 3 6 000 3 285 SR s )
I, FEREA T AR AN R I % LA B 1~ 3 N i
B, IF TR S B W 1a) WA T HOERI . BT A
AL 7 R B, O AR RN R BE AR KK B il e R
PR, PR b 0 3 e 3 BRI B o R Ol 4 J/em?, O
WBE LA 32 pm, R (U 2R 4~7 Hz, ] plUg i a]
H 105 s, Hoh #2514 25 s, ot Rt ] 40 s,
FEF it 5 Fe B I G R A B, SR T
AR S BRR % 0 R AT R o DUt 7,
LT PREFRAR 9 Ca & A o AR, BEICE [ E R
PRUEHARAFSE B 1Y NIST 610 3L B 4E K Shbx, 459647
— A ALEAEI B Z )5, BE A B A4S NIST 610
PRIEFATAL GE o

H1 F A7 FL B Ca & 82 43 AR A X 35, BRI
JER IR B, FE A S B AT AR B Ca 55
Bro) B, Y 0% 5 E P9 RERT, 0O ) d ]
Calf {5 T MHSRARW A, I HiE v BE & fEbE &
ALFI Mn {55 89 LA (B 1) . Bk, RAEE S H
AR AR O, FRATT 32 B BT S8 4 000 w4 T B s
LN

2 44

21 PMBENE
A 4148 L B2 (SEMD) BE % W WL 42 21 47 £L IR



46 YRR M J5 5 56 D0 20 b TR 20224 12 A

?k = 3 30
' II_ fl
1 Sy WS
] F " Cafii S S
10" E oo :
10° _:, ‘ _
a ]
=2 ]
= 10¢
s
1 g T T T 2 J ! :
T & 60 RO) 104
i /s

1 A FLH R LA-ICP-MS WX T =5 5 B
Fig.1 Element signal diagram of foraminifera samples tested by LA-ICP-MS
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K2 ALdr SEM KB
a, b. G.ruber W MNMEFIREIE A, c. G.sacculier (IFLER, d. P.obliquiloculata &R INTE, e, f. N.dutertrei 1A 76 A MURE 1 2 16, g, h. G.inflata 31
BT RIFLBR K2R A K L5, i G.oruncatulinoide (2R A2 4 254, 7T LA R A S8 7 A1 )2 o
Fig.2 SEM images of foraminifera
a, b. The individual of G.ruber and its outer surface morphology, c. pores of G.sacculier, d. porcelain like crust of P.obliquiloculata, e, f. the individual of
N.dutertrei and its rough surface of crusts, g, h. covered pores on the surface and the layered growth structure of G.inflata, i. layered growth structure of

G.truncatulinoide with thicker outer calcite crusts.
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Fig.3 Electron microprobe elemental mappings of G.ruber

The yellow arrow marks the junction between old and new chambers.
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Fig.4 Electron microprobe elemental mappings of G.inflata, P.obliquiloculata and N.dutertrei

al, a2, d. G.inflata, b1, b2, e. P.obliquiloculata, c1, c2. N.dutertrei. The yellow arrow marks the junction between old and new chambers.
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T2 ZBEMAREIEER Mn/Ca. AICa FIE

Table 2 Average Mn/Ca and Al/Ca values in different chambers of each species

M Ji & Mn/Ca/(mmol-mol ™) Al/Ca/(mmol-mol™) AMA fr s Mn/Ca/(mmol-mol ™) Al/Ca/(mmol-mol™)
GRy, F 0.17 1.62 ND . F 0.26 3.29
- F1 0.24 3.25 - F1 0.13 2.19
- F2 0.40 7.50 - F2 0.08 111
FHME - 0.27 4.12 - F3 0.08 1.73
GRo» F 0.11 1.04 - F4 0.11 4.17
- Fl 0.14 1.99 A - 0.13 2.50
- F2 0.16 2.07 NDg F 0.10 0.35
FEIE - 0.14 1.70 - Fl 0.06 0.06
GRa F 0.11 0.09 - F2 0.05 0.06
- F1 0.09 0.07 - F3 0.06 0.06
- F2 0.12 0.12 - F4 0.08 0.26
FHEME - 0.11 0.09 A - 0.07 0.15
PO F 0.17 0.27 Gly F 0.08 2.52
- F1 0.22 0.36 - F1 0.13 0.58
- F2 0.16 0.10 - F2 0.06 0.23
- F3 0.13 0.21 - F3 0.08 0.52
FHEME - 0.17 0.23 A - 0.09 0.96
POy F 0.16 0.04 Glg F 0.21 0.14
- F1 0.11 0.05 - F1 0.11 0.05
- F2 0.10 0.04 - F2 0.11 0.08
- F3 0.09 0.20 S - 0.14 0.09
FHE - 0.12 0.08
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temperature range from 0 to 50 m at this study station.
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