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Abstract Element doping has been proved to be a useful
method to correct for the mass bias fractionation when
analyzing iron isotope compositions. We present a sys-
tematic re-assessment on how the doped nickel may affect
the iron isotope analysis in this study by carrying out
several experiments. We find three important factors that
can affect the analytical results, including the Ni:Fe ratio in
the analyte solutions, the match of the Ni:Fe ratio between
the unknown sample and standard solutions, and the match
of the Fe concentration between the sample and standard
solutions. Thus, caution is required when adding Ni to the
analyte Fe solutions before analysis. Using our method, the
5°°Fe and & 'Fe values of the USGS standards W-2a,
BHVO-2, BCR-2, AGV-2 and GSP-2 are consistent with
the recommended literature values, and the long-term (one
year) external reproducibility is better than 0.03 and 0.05%o
(2SD) for 8°°Fe and &°'Fe, respectively. Therefore, the
analytical method established in our laboratory is a method
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of choice for high quantity Fe isotope data in geological
materials.
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1 Introduction

With the development of the multi-collector inductively
coupled plasma mass spectrometry (MC ICP-MS) and
improved analytical procedures, Fe isotope data of high
precision and accuracy on rock samples can be acquired
(Dauphas et al. 2017). These data allow studying possible
Fe isotopic fractionation during high-temperature geologi-
cal processes on Earth and other planets (e.g., Williams and
Bizimis 2014; Sossi et al. 2016), such as partial melting
(e.g., Weyer et al. 2005; Weyer and Ionov 2007), mantle
metasomatism (e.g., Zhao et al. 2010, 2012, 2015; Huang
et al. 2011; Poitrasson et al. 2013) and magma evolution
(e.g., Teng et al. 2008; Zambardi et al. 2014). However,
available iron isotope data still cannot yet be used effec-
tively to trace petrogenic processes until possible mecha-
nisms of iron isotope fractionation are fully understood.
The latter still requires more high-quality Fe isotope data
on various Earth materials, especially on rocks and min-
erals of known origin, to discover systematics towards
genuine understanding mechanisms of Fe isotope frac-
tionation in geological processes.

Nevertheless, there are analytical challenges in obtain-
ing high-quality Fe isotope data such as polyatomic ion
interferences and instrumental mass bias. The polyatomic
ion interferences can be overcome using the high mass
resolution on Nu Plasma 1700 or pseudo-high mass
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resolution on Nu Plasma II and Neptune Plus by effectively
separating the interfering ions from Fe ions and measuring
the left flat-top peak sections of Fe isotopes. This is
because the Fe isotopes have a lower mass relative to the
polyatomic interferences, so Fe isotopes enter the detector
first in a scan and form the left plateau. The center plateau
consists of polyatomic interferences and the Fe isotopes,
while the right plateau reflects the polyatomic interferences
only. The instrumental mass biases can be corrected by
using one of the three common methods, i.e., standard-
sample bracketing (SSB) (e.g., He et al. 2015; Liu et al.
2014; Weyer and Schwieters 2003), double spike (e.g.,
Finlayson et al. 2015; Millet et al. 2012), and element
doping (e.g., Arnold et al. 2004; Chen et al. 2017a; Dau-
phas et al. 2009; Sossi et al. 2015). The SSB method, the
most often used method, assumes that mass bias during
sample measurements is the same as bracketing standard
measurements. But this method requires a well-controlled
laboratory environment (e.g., temperature, humidity, air
exhausting rate), instrument stability as well as the highly
matched matrix. The isotopic double spike method (e.g.,
Malinovsky et al. 2003; Millet et al. 2012) is not sensitive
to laboratory conditions as is the SSB method because the
double-spike method can readily correct for instrument
mass fractionation. This method is also proved to be able to
produce the most precise Fe isotopic data to date (2SD =
0.02 %o; N = 51; Millet et al. 2012). However, the itera-
tive computation of this method is very complex. In this
case, internal elemental doping is the method of choice,
assuming that the isotopes of the doped element have
similar mass fractionation behavior to isotopes of the ele-
ment of interest.

For iron isotope analysis, copper or nickel is usually
used as the internal standard element for mass bias cor-
rection. Because the mass dispersion on the instrument is
insufficient to simultaneously collect masses >*Fe to **Cu,
when Cu is used as an internal standard, the Cu and Fe
isotopes cannot be analyzed in one cycle (i.e., at one
magnet scan). In this case, the dynamic mode of the two-
sequence analysis must be used, which requires extended
analysis time and has the potential problem of the magnet
inability to achieve stable signals. Thus, nickel is consid-
ered as a more suitable internal standard element for mass
bias correction for Fe isotope analysis.

In this paper, we present new experimental results on
Ni-doping method of iron isotope analysis using pseudo-
high mass resolution on Nu Plasma II MC ICP-MS with
wet plasma condition. We analyze the effects of Ni/Fe
ratio, the match of Ni:Fe ratio between the sample and
standard solutions, and the match of Fe concentrations
between the sample and standard solutions. These former
two variables are crucial to the accuracy of the iron isotope
analysis, while the latter one is somewhat not that harsh,
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which is an obvious advantage compared with the SSB
method. Therefore, caution is necessary when using the
internal standard doping method. The analyzed Fe isotopic
compositions of the USGS reference materials using this
method are in good agreement with the recommended
values within error. On the basis of repeated analysis over
one year’s period, the precision and reproducibility of an
in-house standard Alfa Fe solution are £ 0.03 %o (2SD)
and £ 0.05 %o (2SD) for 8°°Fe and 5°’Fe, respectively.

2 Analytical methods
2.1 Sample digestion

The sample digestion method used in this study is modified
from Chen et al. (2017b). Briefly, sample powders
(5—10 mg) are weighted in a 10 mL PFA Teflon vial with a
successive addition of 1 mL of 3:1 acid mixture of con-
centrated HNO; +HCI and 0.5 mL of concentrated HF.
The Teflon vials are then sealed in a high-pressure bomb
for 15 h at 190 - C. The sample solutions are then evap-
orated to incipient dryness at 100 °C, refluxed with 2 mL
of concentrated HNO; before being heated again to
incipient dryness to remove all the residual HF. The sam-
ples are then re-dissolved in 3 N distilled HNO; for 2 h till
complete digestion/dissolution. Finally, the samples are
dried again and dissolved in 1 mL of 9 N HCI on a
hotplate.

2.2 Chromatography procedure

The method of elemental separation and purification fol-
lows Cheng et al. (2014) with modification. Polyethylene
columns with a length of 4.0 cm and an internal column
diameter of 0.8 cm are filled with 1.0 mL of Bio-Rad®
AG-MP-1 M resin (200400 mesh). The resin filled col-
umns are pre-cleaned by eluting 5 mL of Milli-Q water
(182 MQ), SmL of 1 N HCIl and 5 mL of 9 N HCI
through the columns, successively (Table 1), where the
9 N HCI both cleans and equilibrates the resin by con-
verting it into a chloride form. The HCI used in the whole
procedures is double purified using a Savillex DST-1000
sub-boiling distillation system. Sample solutions in 1 mL
of 9 N HCl are loaded into the columns, followed by 5 mL
of 9 N HCI and 5 mL of 6 N HCI to fully elute matrix
elements (e.g., Na, Mg, Al, Ca, Ti, Cr, Ni, Mn, Co)
(Fig. 1). 0.5 mL of 1 N HCI is then added into the col-
umns, during which ferric chlorides in solutions are visible
as a thin yellow ring on the resin migrating from the top to
the middle of the columns. Iron fraction was then com-
pletely eluted by the following 1.5 mL of 1 N HCI and
collected in Teflon beakers (Table 1 and Fig. 1). The yields
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Table 1 Column chromatography procedure for Fe purification

Note

Totally digested sample

Visiblely, a yellow coloration on the resin
migrated from the top to the middle of the conlum
The ferric in chloride form, with yellow coloration

visiblely on the resin, were eluted down
and collected into beakers

No. Step Solvent
1 Cleaning 5 ml Milli-Q
2 Cleaning 5ml 1 N HCI
3 Cleaning/conditioning 5ml 9 N HCI
4 Sample loading 1 ml 9 N HCI
5 Eluting matrix 5 ml 9 N HCI
6 Eluting matrix 5ml 6 N HCI
7 Eluting matrix 0.5 ml 1 N HCI
8 Collecting Fe 1.5ml 1 N HCI
9 Cleaning 5ml 1N HCI
10 Cleaning 5 ml Milli-Q
Ca Ti Cr ——Ni oAl
—+—Na —Mg o Mn ——Co -@-Fe
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Fig. 1 Elution curves for USGS rock standard BCR-2 on a 1 mL
resin bed of AG-MP-1 M. The light green band stands for Fe
collection

of Fe are always > 99.5 %. Total procedural blank for Fe
were routinely measured and give a long-term average of
79 ng (N = 16), which is less than ~ 0.01 % of the pro-
cessed samples and thus are considered negligible.

2.3 Mass spectrometry

Iron isotope analysis is done in the Laboratory of Ocean
Lithosphere and Mantle Dynamics, Institute of Oceanol-
ogy, Chinese Academy of Sciences, using a Nu Plasma II
MC-ICP-MS equipped with 16 Faraday cups connected to
an array of 10" Q resistor amplifiers in static mode. The
introduction of Fe solution consists of a 100 uL/min
MicroMist nebulizer (Glass Expansion, Australia) con-
nected to a Scott double-pass quartz cyclonic spray

chamber, and pared skimmer cone + sampling cone made
from nickel. Such a setup of wet plasma facilitates greater
stability than using desolvation nebulizer of dry plasma
(Dauphas et al. 2009).

Iron isotopic ratios are measured in pseudo-high reso-
lution mode using the 50 pm width source slit and alpha
slits in order to correct for beam aberrations. The instru-
mental parameters are fully tuned to ensure mass resolution
better than 7500 for data acquisition. During the mea-
surement, Fe* peaks were resolved from interfering ArO™,
ArOH' and ArN" isobars as flat-topped plateaus on the
low mass shoulder of argide peaks (Weyer and Schwieters
2003). >*Fe, *°Fe, *'Fe, **(Fe, Ni), ®*Ni and ®'Ni isotopes
were simultaneously collected by Faraday cups at Low 6,
Low 3, Central, High 3, High 8 and High 9 positions,
respectively, on our Nu Plasma II instrument (see Table 2).
Sample solutions were “spiked” with GSB Ni (an ultrapure
single-elemental standard solution from the China Iron and
Steel Research Institute, SN: 18040213) for mass frac-
tionation correction. Before that, each sample solution is
scanned using Inductively Coupled Plasma Optical Emis-
sion Spectrometer (ICP-OES) prior to Fe isotopes analysis
to ensure no detectable Cr and Ni. This is because >*Cr
would interfere 3*Fe and Ni compositions of the doped
GSB Ni solution would be somewhat changed if any matrix
Cr and Ni remain in the purified solutions. In our experi-
ment, the Fe concentration of analyte solution is usu-
ally > 12 ppm, corresponding to a ~ 20 V total Fe signal,
which is necessary to obtain high-precision iron isotopic
results. Data acquisition was performed in one block of 30
measurements, and a total 570 s was required for one
analysis. Considering the possible slightly magnet drift,
peak centering (magnet centering at a given offset from the
bottom of the peak) were carried out before each block. To
obtain the high precision data, each sample was repeated at
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Table 2 Faraday cup configuration used for the iron isotope measurements by Nu Plasma II MC-ICP-MS

Nominal mass 54 56 57 58 60 61
Measured element Fe (5.80 %) Fe (91.72 %) Fe (2.20 %) Fe (0.28 %)

Mass bias correcting element Ni (68.08 %) Ni (26.22 %) Ni (1.14 %)
Faraday cup used L6 L3 Central H3 HS8 H9

least four times after a standard analysis, and the reported
isotopic compositions are the averages of repeated analy-
ses. More details of the instrumental working parameters
are listed in Table 3.

During the analysis process, the instrumental mass bias
is corrected using simultaneously determined >*Ni and *°Ni
in the sample solution doped with a GSB Ni solution,
combined with an exponential law as below:

PFe]  [*Fe y 56Mass(Fe)] " 1)
54Fe T_ Fe|,, [*Mass(Fe)

ONi| NI [PMass(ND P2
8Ni|, [®Ni],,” [3*Mass(Ni)
where f5;, f, represent the mass bias fractionation factors
for Fe and Ni isotopes, and 7, M denote true and measured
isotope ratios, respectively. In our correction, we use the
60Mass(Ni)} _
ssMass(Ni) |7
0.385199 (Gramlich et al. 1989) and assume f§; = 5. Note
that the *®Ni here is >*Fe corrected, i.e.,

(2)

natural Ni isotopic abundance ratios {

¥Ni = Total —>® Fe = Total —® Fe x 0.003074  (3)

Table 3 Detailed information of the instrumental working
parameters

Coolant gas 13.0 L/min

Auxiliary gas 0.9 L/min

Ar Nebulizer gas 35-36 psi

RF power 1300 W

Amplifier 10" Q

Spray chamber Scott double-pass quartz cyclonical
Ni orifice, 325-294

Ni orifice, 319-497

Sampling cone
Skimmer cone

Solution uptake 100 uL/min
Washing time 240 s
Transfer time 60 s

Integration time 240 s (30 x 8 s)
ESA deflection 30 s

~ 1.7 V/ppm (total Fe)

Background analysis
Sensitivity
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given *®Fe/**Fe = 0.003074 following Taylor et al. (1992).
For comparison, we also conduct the mass bias fractiona-
tion correction using INi and ®°Ni (see below).

The Fe isotopic data are reported in standard & notion in
per mil relative to the standard reference material IRMM-
014; Taylor et al. 1992):

dseFCIRMM,OM = |:(56FC/S4F6) /(56FC/S4FC) ]
sample IRMM-014
x 1000
s57 _ 57 54 57 54
0 FelRMM?OM_ |:( Fe/ Fe)sample/( Fe/ Fe)[RMM*Ol4:| x 1000

Because of the lack of IRMM-014 in our laboratory, we
used GSB Fe solution (from He et al. 2015) as the
replacement in this study, with transformation of
556FCGSB = (SSGFGIRMM,OM —0.729 and 557FeGSB =
O Ferrmm_o14 — 1.073 within error of 0.03%o (2SD).

3 Results and Discussion

3.1 The feasibility of Ni-doping method for mass
bias corrections

Before we evaluate the feasibility of Ni-doping method to
correct the instrument mass bias fractionation, we need to
choose which two of the Ni isotopes’ ratio is more reliable
to calculate the fractionation factor. As reported previ-
ously, both ®*Ni/**Ni (Chen et al. 2017a) and ®'Ni/*Ni
(Poitrasson & Freydier 2005) have been adopted and both
methods can produce data with good precision and accu-
racy. In our case, we prefer “Ni/>*Ni than °'Ni/*Ni.
Figure 2 compares the long-term (Jan. to Apr. 2019)
measured mass bias fractionation factors for Fe and Ni
isotopic ratios obtained through the analyses of the Alfa Fe
solution and the GSB Fe standard solution (He et al. 2015).
Obviously, the correlation coefficients between [rese.54
and Pniso-sg are much better than that of the fPg.s6.54 and
Presi.so In both Aalfa Fe and GSB Fe solutions, which
implies using Pniso-sg is more reliable to correct the Fe
isotopes’ mass bias fractionation. In Fig. 2, the Alfa Fe
data define a linear trend with a slope of 1.0126 4+ 0.0887
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Fig. 2 Plot of measured mass fractionation factors for Fe and Ni isotopic ratios obtained through analyses of the GSB Fe-CUGB and the Alfa Fe
over the period of four months. Theoretical slope (TS) = In (MassSGFe/Mas554Fe)/ln (MasséONi/MassssNi) =1.073

(R2 =0.9977, n = 281), and the data by GSB Fe-CUGB
defines a linear trend with a slope of 1.0151 4 0.0991
(R* = 0.9978, n = 231). This suggests that the mass bias
fractionation factors are slightly different for iron and
nickel in our instrument. However, both the above frac-
tionation factors are identical to the theoretical slope within
error (TS = 1.073, calculated assuming a natural mass
weight of Fe and Ni). Furthermore, such a difference in
mass bias factors would result in a maximum ~ 0.03 %o
inaccuracy for 8°°Fe as discussed in Poitrasson and Frey-
dier (2005), which is comparable to our long-term preci-
sion (£ 0.03 %o, see below). Therefore, we assume that Ni
and Fe have the same fractionation factor during the Fe
isotope analysis in our case. In general, the experiment
above justifies that the Ni-doping method is effective to
correct for instrumental mass fractionation during the Fe
isotope analysis.

3.2 The Ni:Fe ratio effect

In order to evaluate the effect of the Ni:Fe ratio in the
sample solution on the Fe isotope analysis result, 14 ppm
Alfa Fe solution was mixed with GSB Ni with Ni:Fe ratios
ranging from ~ 0.1to ~ 3.0.In the experiment, the Ni:Fe
ratios in the Alfa Fe solution and in the standard GSB Fe-
CUGB were highly matched. The experimental results
show that the 8°°Fe values of the Alfa Fe solution increase
with decreasing Ni:Fe ratios (Fig. 3), being consistent with
the results in Chen et al. (2017a). According to our
experimental results, the Alfa Fe solutions with Ni:Fe
ratios ranging from 0.8 to 2.1 can yield accurate 5 °Fe
values. The Alfa Fe solutions with Ni/Fe ratio < 0.5 yield
8°°Fe values abnormally higher than reference values

1.9

’

656Fe IRMM-014
o
[
T

0.8
)
_o.sz+o4oo%.§ ®e @ a § ° +
0'4 L JE | Il - L L I Il L L - L Il I L - T L .
0.0 0.5 1.0 1.5 2.0 2.5 3.0
Ni/Fe

Fig. 3 Effect of varying Fe/Ni ratio on Fe isotopic analyses. Error
bars represent 2¢ uncertainties, and the light blue band denotes the
recommended Fe isotopic values within 2c uncertainties, i.e.,
0.52 £ 0.06 %o

(0.52 £ 0.03 %o). The possible reason might be that low Ni
intensity would increase the effect of **Fe on **Ni, which
affect the mass bias fractionation factor in return and result
in abnormally high 8°°Fe as well. On the other hand, the
data show that both the accuracy and precision when
Ni:Fe > 3.0 are not as good as that when Ni:Fe = 1.0-2.0,
an explanation is that the high concentration of the Ni
would suppress the Fe ionization at the touch position. In
our laboratory, to achieve the best results, the Ni:Fe ratio in
solutions is usually fixed at ~ 1.4-1.5.
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Fig. 4 Effect of varying Fe/Ni ratio between sample and standard. Error bars represent 2c uncertainties. The light blue band denotes the
recommended Fe isotopic values within 2c uncertainties, i.e., 0.52 £ 0.06 %o, and the light red area denotes the accepted relative difference in

Ni:Fe ratios between samples and standard in our lab

3.3 The match of Ni:Fe ratios between samples
and standard solutions

The match of Ni:Fe ratios between samples and standards
is also an important variable that affects the data. This is
because the mismatch of the Ni:Fe ratio between samples
and standards solutions would result in different mass bias
in the instrument. To explore the effect of the Ni:Fe ratio
match between samples and standard, we fixed the Ni:Fe
ratio in the standard (GSB Fe-CUGB) at 1.58 with 12 ppm
Fe concentration. At a given Fe concentration of 12 ppm in
Alfa Fe solutions, the Ni:Fe ratios vary from 0.1 to 3.5. The
data show that the 8°°Fe values of the Alfa Fe solution
increase with the Ni:Fegandara/Ni:Fegamples increasing
(Fig. 4). That is, the mismatch of the Ni:Fe ratios between

2.0
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the samples and the standard would greatly affect the
analyzed results. For the purpose of accuracy in our labo-
ratory, the recommended difference of Ni:Fe ratios
between samples and standards (e.g., Ni:Fegungara —
Ni:Fegumpies) s less than 20 % in percentage.

3.4 The match of Fe concentration between samples
and standards solutions

As we have demonstrated above, both the Ni:Fe ratio in
analyte solutions and match of Ni:Fe ratio between samples
and standards solutions are important to ensure good
results. However, concentration effects, which refer to the
changes in the instrumental mass bias (fractionation factor)
with the concentrations of elements in the samples or
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Fig. 5 Effect of varying Fe concentration between sample and standard. Error bars represent 26 uncertainties. The light blue band denotes the
recommended Fe isotopic values within 2 ¢ uncertainties, i.e., 0.52 & 0.06%o, and the light red band denotes the accepted Fe concentration

between samples and standard in our lab
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Fig. 6 Long-term stability of 1.2
Fe isotopic compositions of the
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standard during analysis, is also a key to obtain high-  standards is extremely important (Zhu et al. 2002). A
quality data (Zhu et al. 2002; Chen et al. 2017a). For the = previous study shows that the concentrations of the samples
SSB method, the concentration match between samples and  and the standards differ by more than 15 % would result in
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Table 4 Fe isotopic composition of USGS rock materials and geostandards reported in this study

Sample Session 33Fe 2SD 8>"Fe 2SD N

BHVO-2 1 0.11 0.03 0.16 0.07
2 0.14 0.04 0.23 0.04
3 0.14 0.06 0.22 0.11
4 0.13 0.07 0.21 0.10 12
5 0.11 0.02 0.16 0.04 8
6 0.08 0.05 0.12 0.11 17
7 0.11 0.03 0.13 0.14
8 0.11 0.02 0.17 0.06
9 0.08 0.01 0.12 0.03
10 0.11 0.04 0.17 0.07 10
11 0.09 0.04 0.15 0.09 4
Averaged value 0.11 0.04 0.17 0.08
Craddock and Dauphas (2010) 0.11 0.01 0.17 0.02
He et al. (2015) 0.11 0.03 0.16 0.06
Chen et al. (2017a) 0.10 0.03 0.15 0.06

BCR-2 1 0.09 0.03 0.19 0.05 15
2 0.08 0.04 0.15 0.04 5
3 0.12 0.05 0.18 0.14 19
4 0.06 0.03 0.09 0.02
5 0.13 0.02 0.18 0.05
6 0.06 0.04 0.07 0.09
7 0.07 0.04 0.09 0.07 21
8 0.08 0.02 0.12 0.04 12
9 0.07 0.04 0.12 0.04 9
10 0.07 0.04 0.09 0.07 5
11 0.07 0.04 0.11 0.04 5
12 0.10 0.03 0.10 0.11 5
13 0.08 0.03 0.10 0.11 4
Averaged value 0.08 0.04 0.12 0.08
Craddock and Dauphas (2010) 0.09 0.01 0.13 0.02
He et al. (2015) 0.08 0.03 0.13 0.05
Chen et al. (2017a) 0.09 0.02 0.13 0.04

AGV-2 1 0.08 0.02 0.09 0.03 5
2 0.09 0.06 0.15 0.04 5
3 0.09 0.05 0.14 0.09 15
4 0.10 0.02 0.15 0.04 4
5 0.09 0.06 0.14 0.09 10
6 0.08 0.05 0.11 0.08 6
7 0.09 0.04 0.19 0.05 5
8 0.08 0.05 0.13 0.10 5
9 0.09 0.05 0.11 0.08 5
Averaged value 0.09 0.01 0.14 0.06
Craddock and Dauphas (2010) 0.11 0.08 0.17 0.03
He et al. (2015) 0.10 0.01 0.15 0.02
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Table 4 continued

Sample Session 33Fe 2SD 5>"Fe 2SD N

GSP-2 1 0.13 0.05 0.19 0.10 14
2 0.18 0.03 0.29 0.03 5
3 0.14 0.03 0.20 0.08 5
4 0.16 0.04 0.26 0.09 6
5 0.13 0.04 0.24 0.08 5
6 0.14 0.03 0.19 0.04 5
Averaged value 0.15 0.04 0.23 0.08
Craddock and Dauphas (2010) 0.16 0.01 0.23 0.02
Chen et al. 2017a 0.16 0.03 0.25 0.04

W-2a 1 0.08 0.03 0.10 0.02
2 0.05 0.04 0.06 0.06
3 0.04 0.03 0.06 0.10 12
4 0.05 0.03 0.07 0.05 8
5 0.04 0.06 0.07 0.09 11
6 0.04 0.06 0.09 0.08 14
7 0.02 0.06 0.03 0.07 5
Averaged value 0.05 0.03 0.07 0.04
He et al. (2015) 0.05 0.03 0.05 0.08

Alfa Fe Long-term precision in our lab 0.52 0.03 0.76 0.05 63

Note: All the above analyte were digested and purified using the same procedure in our laboratory

a significant deviation between the measured and true
values (Chen et al. 2017a). In our experiment, the Ni:Fe
ratios in both samples and standard were fixed at 1.5. Given
that the Fe concentration of the standard (GSB Fe) fixed at
12 ppm, we change the Fe concentration of Alfa Fe from
1 ppm to 27 ppm. The result shows that the 5°°Fe values of
Alfa Fe solution increase with (Cgangara — Csampie)/Csample
(Fig. 5), where Cggangara Stands for the concentration of the
standard GSB Fe and Cgyppe Stands for the concentration
of the sample (Alfa Fe in our experiment). This suggests
that the mismatch of Fe concentrations between samples
and standards can also result in the measurement inaccu-
racy. In this case, we recommend that the Fe concentration
difference by 40% between samples and standard is
acceptable in our lab.

4 Geological standards accuracy and precision
check

To evaluate the accuracy and precision of Ni-doping
method established in our laboratory, the Fe isotope com-
position of various samples have been measured and delta
values were calculated relative to IRMM-014. One year
analysis of an in-house standard Alfa Fe solution gives a
long-term 2SD = 0.03 %o for 5%°Fe, and 2SD = 0.05 %o for
37’Fe (Fig. 6). Figure 7 shows that the data form a linear
trend between 8°Fe and &°’'Fe with a slope of

1.490 & 0.015 (SE) (R* =0.9665, N =332), which is
indistinguishable from theoretical predictions of mass-de-
pendent isotope fractionation.

We analyzed USGS geological reference materials,
including diabase (W-2a), basalt (BCR-2, BHVO-2),
andesite (AGV-2) and granodiorite (GSP-2), during which
the Fe concentration of these geological reference materials
and standard (GSB Fe) solutions are ~ 12-14 ppm, with
the Ni:Fe ratios well matched (i.e., Ni:Fe = ~ 1.4-1.6 in
all analyte solutions). The results are reported in Table 4.
The iron isotopic data obtained in this study are well
consistent with the literature values within error (Craddock
and Dauphas 2010 and references therein; Liu et al. 2014;
He et al. 2015; Chen et al. 2017a; Li et al. 2019).

5 Conclusion

To obtain high-quality Fe isotope data in laboratories, Ni-
doping is the method of choice to effectively correct for the
instrumental mass fractionation. However, caution is nec-
essary when using this method. The Ni:Fe ratio should
match well between samples and standards, while the Fe
concentration match between samples and standards is not
that rigorous. The Fe isotopic compositions of USGS rock
materials determined using above Ni doping method are in
good agreement with the literature data within 2SD
uncertainties, and the precision and reproducibility of this
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method are better than = 0.03 %o (2SD, N = 63) for 8°°Fe
and better than £ 0.05 %o (2SD, N =63) for & Fe,
respectively.
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