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Silicon Isotope Measurement of Giant Diatoms Using MC-ICP-MS
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Abstract: Silicon (Si) is the second most abundant element in the crust and consists of three stable isotopes, *Si
(92.23%), Si (4.67%), and *Si (3.10%). Si isotopes are widely studied worldwide as a proxy for the biogeochemical
cycle of Si to reconstruct the paleoenvironment and paleoclimate. However, in Korea, there have been no studies on
biogenic silica using Si isotopes. In this study, we carried out Si isotope measurements of giant diatoms, summarizing the
previously reported alkali fusion methods and establishing the best Si separation method for biogenic silica. Samples were
completely digested using alkali fusion at high temperatures, effectively separating Si using an AG" 50W-X8 cation
exchange resin. To evaluate the precision and accuracy of our measurements, Si isotope standard material (NBS-28) and
USGS reference materials (AGV-2, GSP-2, BHVO-2) were analyzed. The results are in excellent agreement with the
reported values within the acceptable error. The Si isotope measurement method developed in this study is expected to
help in understanding the paleoclimate and paleoenvironment by tracing the Si cycle.
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Fig. 1. Microphotographs of Ethmodiscus rex fragments with less damage and relatively intact form at 46-47 cm interval of

core PC 03-01-02 pilot.
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Removal of organic and carbonate contaminants

1) 50 mL 10% H202, 60°C, 4 h
2) DIW rinse twice
3)25mL 1N HCI, 12 h
4) DIW rinse twice

If the sample amount
is large enough

[

Differential settling

1) Centrifugation, 1500 rpm, 4 min
2) Extraction cleaned upper parts
3) Drying, 45°C, 24 h

Wet sieving

Remaining only > 125 im materials

Drying, 45°C, 24 h

Heavy liquid separation

1) 13 mL 2.35 SPT
2) Centrifugation, 2500 rpm, 20 min
3) Drying, 45°C, 24 h

Chemical oxidation

1) 25 mL 30% H202, 65°C, 2 h
2) Drying, 45°C, 24 h

Fig. 2. Flow chart of the pre-cleaning method for giant diatom samples (Modified from Xiong et al., 2012; Xiong et al., 2015).

20mLE H7KsH & 22 FEE &4 2T
6. FE U] &850 BF &dllE & U=E =
3} 2R (ultrasonic  cleaner)S  ©]8-5}]
50°CollA 204 7+ RS 7Heh)
oju, USGS 9] ¥FAZ(AGV-2, GSP-2, BHVO-
20 A% HAE A3 T2 AR 237 Y8
SiO0] Fegoll wet MR TE AEFHAGV-2; 84
mg, GSP-2; 7.6 mg, BHVO-2; 10 mg; Raczek et al.,
2001y ARS-3FATE.

Si aEe|

AE W sfA2RE Stk EEsl] flsix dol
& W3R (Bio-rad AG® 50W-X8 Cation Exchange
Resin, analytical grade, 200-400 mesh, H+ form) 2
mLE ZHdl S8t ARt

A Mg Siwe 7 AES f8 IcP £
#F8(Sigma-Aldrich  Periodic table mix 1 for
ICP)E ol&sted Aleigich 23 A1d 34 3 €
22 42 Table 1o YERASITE E21¥ Sigl

Table 1. Si separation scheme for multi-ICP standard solution (Modified from George et al., 2006)

Sigma-Aldrich Periodic table mix 1 for ICP 1 mL (10 ppm)

Biorad AG® 50W-X8 Cation Exchange Resin 200-400 mesh 2 mL

Separation stage

Solution matrix

Volume (mL)

) 6N HCI 10
Pre-cleaning
6N HCI 10
Pre-rinse 10 (until pH is neutral, at least 4 times)
Sample loading Periodic table mix 1 for ICP 1
Si elution MQ 2 (Repeat 10 times)

Post-cleaning

6N HCl 10

6N HCl 10
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Fig. 3. Elution curves of major elements as well as Si. Si in the sample was all separated from other major elements within 2
mL of the elution section. Some Fe appears before the cleaning sections, but this is considered to be a background value of
ICP-OES.
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Fig. 4. Si separation results for each sample analyzed using ICP-OES. The results of all sample showed concentrations between
1.2 and 1.7 ppm, and Si was separated from the samples with ~100% recovery.
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Table 2. Instrument operating conditions for Si isotope
determination using Neptune MC-ICP-MS

Instrumental setting

Instrumental resolution High

Cup configuration *Si(L4)-Si(C)-"Si(H4)
Cool gas 16 L/min
Auxiliary gas 0.8 L/min
Sample gas 1.125 L/min

RF forward power 1250 W
Extraction lens 2.0 kV

Focus lens -700.0 kV
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Si 5992 FFEEA NBS-289  §”Sinpsa?t
8 Sinps2stbS ZHE 0.04£0.01%0 (20, n=3), 0.07+
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Fig. 5. The 8 Sinusos and & Sissas values of three geochemical reference materials (AGV-2, BHVO-2, GSP-2). Symbol and
colored area represent measured values in this study and the average of reported values, respectively.
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Table 3. The 6”Sixpsas and & Singsas values of E. rex and standard materials
Sample 87si 2sd 8si 2sd n Reference
(%o)
Si isotope standard
NBS-28 0.04 0.01 0.07 0.09 3 This study
Andesite
A-2 (AGV-2) 0.05 0.01 -0.12 0.06 2 This study
AGV-2 —-0.11 0.09 -0.23 0.18 13 Zhang et al. (2020)
AGV-2 -0.10 0.05 -0.21 0.05 8 Sikdar and Rai (2017)
AGV-2 —0.10 0.03 -0.21 0.07 11 Savage et al. (2011)
AGV-2 —0.07 0.05 -0.15 0.06 Zambardi & Poitrasson (2011)
Granodiorite
G-2 (GSP-2) 0.03 0.06 -0.11 0.09 3 This study
GSP-2 -0.11 0.10 -0.17 0.18 18 Zhang et al. (2020)
GSP-2 —0.14 0.06 -0.23 0.07 14 Sikdar and Rai (2017)
GSP-2 —0.10 0.07 -0.20 0.11 44 Savage et al. (2012)
GSP-2 -0.11 0.03 -0.19 0.10 11 Savage et al. (2011)
Basalt
BHVO-2 —0.10 0.06 -0.22 0.00 2 This study
BHVO-2 -0.15 0.06 -0.28 0.08 79 Sikdar and Rai (2017)
BHVO-2 -0.13 0.04 -0.26 0.05 9 Dauphas et al. (2015)
BHVO-2 —0.15 0.08 -0.28 0.14 223 Armytage et al. (2011)
BHVO-2 —0.15 0.08 -0.29 0.09 188 Savage et al. (2011)
BHVO-2 —0.17 0.04 -0.29 0.11 8 Abraham et al. (2008)
Giant diatom (E. rex)
PC030102 Depth (cm) This study
4-5 -0.60 -1.17 1
6-7 —0.49 —-1.08 1
12-13 —0.32 -0.71 1
13-14.5 —0.41 -1.06 1
17.5-18.5 —0.46 —1.00 1
19.5-20.5 —0.48 —0.88 1
22.5-23.5 -0.48 -1.05 1
25.5-27" —0.38 —0.96 1
25527 —0.49 -1.02 1
28-29 —0.40 -0.92 1
33-34 -0.23 -0.56 1
39-40 —0.56 -1.02 1
45-46 —0.41 -1.03 1
E. rex -1.04 0.23 19 Xiong et al. (2015)
sd: standard deviation; n: number of measurements, : ST-2, : SP-10
Ch(Abraham et al., 2008; Armytage et al, 2011; w82 -0.96£0.33%0 (206, n=13)Z, USGS ¥4 ¥=

Savage et al. 2011; Dauphas et al., 2015; Sikdar
and Rai, 2017). T3+ 3¢ 2] PC 03-01-02 pilot
o] tiE FRFE. rex) NES] A5 B 5" Sings.

A& Diatomited] 3l ETH §SingsositS!
0.28%o (206, n=27; van der Boorn et al., 2006)z=
A zF]UAIEt Xiong et al. (2015)014 B3 <)

1.34+
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