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Estuary in July 2016
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a. SEM Photo (ventral vision), b. SEM Photo (back vision), c. microscopic photograph dyed by Rose Bengal (optical micro-

scope at 400X, Using transmission light source to illuminate). F, F—1, F—2 respectively represent final chamber,second to

final chamber and third to final chamber

A LR Y B s S I ) S s U AR TR Y CRI
W) D % e I W R B3 %8 B Jr B 10 BRSO T L i
PN AT AL U 2R 5 5 0 B A7 T 46 22 28 BodiE
AT L, SOR) T B e 4 T R /45 W E S A B R 2
KA . (RS K B AT L HUR R P 5 3 BE R
I e A A B B R L 3 T AT R M T
2 ¢ s B FHECIR A FLHOR B 8 BOH AL B 2 5% 5

SED 10.0kVWD19mmP.C.50 HV _ x500 50pm

HIE 3 dnl LW A IR b5 F RS2 BEJR 2 1.5
pms FEECEE A= (FL ) I REE 3 pm H 1L
T, X SEGIEE X R WA FLHOR b7 % — il £ 2%
BCHEAT A IO ) T R v o A R IR s e i T
Dy A WE S 20K R W D R BF 58 2 B Evans
S R Al S I X I e ORI R B (BB 2
P AT

F-2
Ry
F-1

X
\'

SED 10.0kVWD19mmP.C.50 HV _ x400

P e——

B3 MHAEH FEER F—1 BEHIIFIESE S RSE R s i A
Fig.3 SEM photo of Florilus decors , which F, F—1 chambers were half removed after Lazer ablation
aJEME L b AEWE . BN XECN F RaseE S F—1 b E i bR

a. Ventral vision,b. back vision. The region within red rings is the wall of the F chamber and the wall between F and F—1

24 TERILEITE

o T L HUSE AR B4 R CaCO, , AT 3 B
Ca-43 fEH W bR oG K L i il NIST SRM610 15 ot %
585 W EN S B EEBCRIIE . 224 ICP—MS 45 i
B 70 2 M WA CRLASE « eps) AR XTI B[] CRLASZ 2 s)
F1h iy 2 P15 375 T 1 2 00 S0 5 sf S ] B 220 o 5

TCER BRSO . RIS 1 (R 20 s 28R B AR
ARG (30~40 HHEIE TN 4 fros. B TA
FLIRZE MR N b ST 2 A AT BE I QL R RE TR SR 67 1, Al
27 B LR AT RIAE TS QAR AR o A AR IE RO B
TR B 25 R S (L, 8 HOA AROBE I ()
AFT 10 s, Hi T Al BYIEEIX



10 #1 a4 I A LR (Florilus decors) e e 2 /85 HLME I LA—ICP— MS JEAS i3 X 4387 5 vk B ot 161

= WO
1054 BRI
1053
§_ ]
@ 1044
3 b
E <4
103—E
102
0 20 40 60 80 100
IR [H)/s
K4 AFLHEES LA—ICP—MS 53 ol 20T 1
TLERESHE

Fig.4 Elemental signal diagrams of foraminifera samples

in LA—ICP—MS spot ablation model
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Tab.1 Relative standard deviation of elements/Ca ratio in NIST

SRM610 reference material (n=14)
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Tab.2 LA—ICP—MS settings for experiment No.1 of

foraminifera shell elemental analysis

WP E AR 5 AE It % R
/pm /mL ¢ min~! /Hz /Jecem 2
test 1 18 850 2 2
test 2 18 350 3 5
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Fig.5 Ca-43 response signal of experiment No.1 of

foraminifera shell elemental analysis
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Tab.3 LA—ICP—MS settings for experiment No.2 of foraminifera shell elemental analysis

WRBEE A/ pm AR E/mL + min ! F ik R/ He RERAE /] + cm 2
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Fig.6 Ca-43 response signal of experiment No.2 of

foraminifera shell elemental analysis

Tab.4 Optimum setting of spot ablation for element analysis

of foraminifera shell by 193nmArF laser
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PRI B g5 S b A Bty g 25 BE 1 40 1] B R EREE L B8 Mg/CaMn/Ca 1 Sr/Ca H A - 3418 23 91 4 (5.88 &
WHTBLR) e A gl 4 e RS WA RME. ¥ 3.10) mmol/mol.(0.10140.184) mmol/mol F1(1.27
YA 22 1 BHE A & T 8008 A G R N sE iR T £0.11) mmol/mol, HH Sr/Ca F1 Mg/Ca & HUFE J&
i 7 Bl KR SCER A B Bl MO R R A L B/ Mn/Ca BEHURR EEREK
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Tab.5  Elements/Ca ratio of F—1,F—2 chamber on Flerilus decors shell at A3-8 station off the Changjiang Estuary in summer 2016

(Mg/Ca)/mmol » mol ! (Mn/Ca)/mmol * mol ! (Sr/Ca)/mmol * mol !
F—11 6.19+1.11 0.100 +0.034 1.35+0.24
F—12 7.8144.27 0.0310.024 1.25+0.30
F—13 2.4040.80 0.0890.058 1.2840.45
F—14 5.7641.14 0.0480.018 1.260.22
F—15 3.2541.04 0.01740.017 1.200.54
F—16 3.7740.73 0.018-£0.010 1.180.14
F—17 7.28+21.1 0.0297+0.017 1.17+0.14
F—138 6.5144.25 0.028-+0.018 1.31+0.36
F—19 1.62+0.31 0.006=0.006 1.36+0.23
F—110 11.1+3.56 0.23170.049 1.2740.35
F—111 6.1741.64 0.07370.160 1.30+0.56
F—112 3.3041.70 0.02970.114 1.344+0.31
F—113 14.2+5.52 0.0180.109 1.640.56
F—1 FHE 6.10+3.53 0.05540.060 1.30+0.12
F—21 9.16+1.97 0.057-0.035 1.18+0.35
F—22 3.45+1.50 0.078=+0.012 1.2340.12
F—23 3.4741.47 0.080=+0.008 1.4140.20
F—24 4.32412.3 0.025+0.057 1.2240.23
F—25 3.1140.50 0.0120.007 1.14+0.24
F—26 6.36+1.62 0.24740.035 1.2140.11
F—27 3.9140.71 0.047-0.017 1.2340.21
F—238 6.6340.38 0.0810.013 1.14+0.14
F—29 9.7540.72 0.875-+0.017 1.260.13
F—2 FHE 5.57+2.39 0.16740.274 1.224+0.08

F—1&-2 ¢l 5.8843.10 0.1014-0.184 1.2720.11
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Tab.6 Partial results of foraminiferal elements / Ca ratios obtained by in situ microanalysis
3t Fl / mmol » mol ! fih 4 W3y 25 51A
Mg/Ca 1.62~14.15 Florilus decors LA—ICP—MS EN
3.50~8.00 Globigerinoides ruber LA—ICP—MS [2]
1.23~5.31 Hoeglundina elegans LA—ICP—MS [27]
129~158 Operculina ammonoides LA—ICP—MS [23,25]
Mn/Ca 0.006~0.875 Florilus decors LA—ICP—MS KAFFE
0.001~0.011 Hoeglundina elegans LA—ICP—MS [27]
0.002~0.017 Bolivina spissa SIMS [28]
0.002~0.166 Operculina ammonoides LA—ICP—MS [23,25]
Sr/Ca 1.14~1.64 Florilus decors LA—ICP—MS VN
1.62~2.72 Operculina ammonoides LA—ICP—MS [23.25]
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H /NI Kk Sr/Ca Mg/ Ca fil Mn/Ca. AitiglHl—It
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In situ microanalysis of elements/Ca ratio in benthic foraminifera
shells ( Florilus decors) and its application
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Abstract: The analytical techniques for trace elements and isotopic ratios in foraminifera shells from deep-sea sedi-
ments have been well developed. However, few papers have reported the in situ elemental analysis from estuaries
and coastal sediments. In this study, an in situ microanalytical method of elements/Ca for foraminifera (Florilus
decors) shells from sediment off the Changjiang River Estuary via using Laser Ablation Inductively Coupled Plasma
Mass Spectrometry (LA—ICP—MS) was explored. We tested a series of laser ablation conditions (e.g., carrier
flow, fluence, laser spot size, repetition rate) to optimizing the analytical procedure. F. decors shells, collected
from the sediment off Changjiang River Estuary in July 2016, were analyzed based on the procedure. We found
Mg/Ca and Sr/Ca ratios on the foraminifera shells had no significant difference in different positions, but Mn/Ca
had relative discrete trends, which might be caused by the foram living aquatic environment.

Key words: in situ microscopic analysis; LA—ICP—MS; foraminifera; Changjiang River Estuary



