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Abstract

High-precision potassium isotope measurement in marine carbonates allows using this novel geochemical
proxy to constrain seawater chemistry through geological time. However, these measurements are still
scarce due to the challenges of low-K contents in carbonates during K ion chromatography, such as
insufficient sample purification, non-quantitative yield, and high accumulative blank. Here we optimize a
dual-column K purification method that addresses these challenges, achieving a satisfactory K separation
using 100—150 mg carbonates for routine high-precision K isotope analysis on the Sapphire™ MC-ICP-
MS. We then report K isotope compositions in multiple certified reference materials, including limestone,
dolostone, coral, and basalt for future inter-laboratory comparisons. The optimized K purification method

provides great potential for future K isotope studies of marine carbonates.
1. Introduction

Seawater composition reflects chemical exchanges between the lithosphere, hydrosphere, atmosphere, and
biosphere.! Among all elements investigated, K and its stable isotopes (*’K and #'K) in seawater have been
given particular attention, not only due to K being an essential nutrient for life,> but also because K, a
major cation in both Earth’s crust (1.81%)” and seawater (~400 ug/g)?, actively involves in various fluid-
rock interactions between lithosphere and hydrosphere (e.g., silicate weathering®'3; reverse weathering'4-
17 hydrothermal alterations'®-??). Recent high-precision measurements of potassium isotopes (*’K and #'K)
by multi-collector inductively coupled plasma mass spectrometer (MC-ICP-MS) have revealed significant
4IK/3%K wvariations in terrestrial samples, and a significantly higher 8*'K value in seawater (~0.12 %o)>3-2*
relative to the bulk silicate earth (BSE) (~-0.43 %0)?>-%6. This could be explained by seawater K isotope mass
balance, where major K sources (riverine and hydrothermal inputs) and sinks (reverse weathering and
oceanic basalt alteration) in the ocean have a distinct magnitude of fluxes and isotopic signatures'!?427,
Therefore, records of the past K isotope composition in seawater should preserve information on how these

sources and sinks change, providing key constraints on global K cycling over geological history.

Marine carbonates are one of the most important archives for seawater chemistry with regard to both
elemental and isotopic compositions.?®3! However, to date, limited studies have been carried out to explore
the K isotope behavior in marine carbonates.’?3* A major obstacle to such studies is that the K isotope
analysis in carbonate materials requires an efficient and high-yield pretreatment step to separate K from
other matrix elements. Although a growing number of studies have developed cation-exchange
chromatographic protocols for quantitative K purification (Table 1), the application for marine carbonates
is challenging due to their low-K contents and high matrices (e.g., Ca and Mg)?"**. To obtain enough K

(e.g., 1 ug) for the high-precision isotopic analysis, more than 100 mg of carbonates are typically needed.
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For columns packed with resin volume less than 3 mL,3>3? this amount of loading exceeds their optimal
capacity (i.e., 10% of the total column capacity)***!, therefore resulting in potential K loss and
breakthroughs of matrix elements (e.g., Na, Mg, Ca) into K collections. Alternatively, using columns with
larger resin volume usually requires a larger volume of eluent (up to 300 mL),*? increasing total procedural
blanks. Furthermore, changes in both K amount and K/matrix ratio can shift elemental elution curves. For
example, Chen et al.*® reported a dual-column K purification method for K-rich materials (i.e., silicate rocks,
soils, and sediments) with high loading capacity and acceptable procedural blanks, however, their protocol
cannot efficiently exclude excessive Mg from carbonates. Repetition of their columns will nevertheless
increase the accumulative blank. As such, a robust K chromatography suitable for low-K marine carbonates

with low blank and high yield is needed.

In this study, we present an efficient dual-column K purification protocol for marine carbonates to achieve
high-precision K isotope measurements using a Sapphire™ MC-ICP-MS. The first column was modified
based on Chen et al.** through optimization of the K elution range under various amounts of carbonate
loading. The second column was developed using a synthetic solution, certified references, and carbonate
samples aiming for a better K separation. We tested the yield and procedural blank of the newly developed
K purification method, and we successfully applied this method to three well-studied carbonate references,

one dolostone sample, and one silicate standard.
2. Experimental methods
2.1 Chemicals and samples

Ultra-pure water with a resistivity of 18.2 MQ was produced using a Milli-Q purification system (Direct-
Q®3 UV, Merck Millipore™, Germany). Nitric acid (HNOj3), hydrochloric acid (HCIl), and hydrofluoric
acid (HF) were distilled twice from ACS Grade using a Savillex™ DST-1000 still. Double-distilled HNO;

and HCI were diluted with Milli-Q water to the required concentrations.

To optimize the K separation, we investigated three in-house carbonate samples: a limestone from Key
Largo, a dolostone from the South China Sea, and a bivalve mollusk Atrina rigid. The limestone and
dolostone samples consist of pure calcite and dolomite, respectively. Their sampling information and
elemental concentrations have been reported in the literature.*** The bivalve was collected by Prof. Joseph
G. Carter from Sanibel, Florida. About 62 g calcite shell was cleaned by ultra pure water (Milli-Q) before
being dried and then powdered by a Spex Certiprep® ball mill at the University of North Carolina at Chapel
Hill (UNC-CH). We also used three certified carbonate reference materials: a limestone standard (NIST
SRM 1d) was obtained from the National Institute of Standards and Technology (NIST), while a coral (JCp-
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1) and a dolostone standard (JDo-1) were obtained from the Geological Survey of Japan (GSJ). One basalt

standard (BHVO-2) was also included to monitor the accuracy of the K isotope analysis.

In addition, we mixed single-element ICP-MS standards (Inorganic Ventures™, USA) to prepare a
synthetic solution, containing 7460 ug/g Na, 4943 ug/g Mg, 4675 ug/g K, 4497 ug/g Ca, 1924 pg/g Ti, 96
ug/g V, 75 ug/g Cr, 1019 ug/g Fe, and 256 pg/g Rb in 2% (v/v) HNO;. The elemental composition was
determined by taking the maximum concentration of each element in the residues of the studied carbonates
after the first column. The mixed solution aims to emulate the matrix residue of carbonate samples after the

first column and to test the separation of the second column.
2.2 Sample preparation

To achieve total dissolution, ~50-250 mg of carbonate powder samples were pretreated with 30% H,0,
(Optima grade, Fisher) to remove organics before being digested through a three-step protocol: the samples
were first digested with an HF-HNO; (3:1, v/v) mixture on a hot plate at ~150 °C overnight. After the
samples were evaporated to dryness, the residues were then treated with agua regia on a hot plate at ~150 °C
to achieve total dissolution. Finally, the samples were dried down and redissolved in 2 mL 0.7 M HNO; for
chromatography. Apart from the carbonates, 1 mL synthetic solution was evaporated and redissolved by
acid before being loaded onto the second column. All sample preparation was performed using Savillex™
Teflon beakers in a class 100 laminar flow exhaust hood (AirClean® 600 PCR workstation) at the Plasma

Spectrometry (PMS) Laboratory at UNC-CH.

2.3 Cation exchange chromatography
A dual-column chromatography was optimized for the purification of K from carbonate matrices. The first
column was used to separate K from the major carbonate matrix, and the second smaller column was able

to further remove residual impurities from K.

We optimized the loading amount and calibrated the K elution range for the first column of Chen et al.*3
The columns were prepared using Bio-Rad™ Econo-Pac columns (1.5 cm ID, polypropylene) packed with
17 mL Bio-Rad™ precleaned AG50W-X8 (100-200 mesh) resin. Columns were first cleaned with 100 mL
6 M double-distilled HCI to remove impurities and conditioned with 60 mL 0.7 M HNOs;. Then various
amounts of the KL Calcite and SCS Dolomite covering a wide spectrum of marine carbonate matrices
(Table 2) were loaded onto the columns and eluted using 0.7 M HNOs. Each 5-10 mL eluent was collected
continuously. A total of 190 mL was collected for each sample. All elution cuts were evaporated and

dissolved in 2% (v/v) HNO; for ICP-MS analysis.
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A suite of experiments was carried out using a synthetic solution to optimize chromatographic parameters
for the second column, which is built on a customized polypropylene column (0.8 cm ID). Table 3 gives a
summary of column parameters tested, including resin type, column length (aspect ratio), acid type, and
acid molarity. In general, the column was pre-cleaned with 20 mL 6 M HCl and 20 mL Milli-Q water before
being conditioned with acid. After conditioning, 1 mL synthetic solution was loaded onto the column, and
eluents were collected per 5 mL for elemental analysis until K was eluted out completely. Acids used for
conditioning, loading, and elution were kept the same. A parallel study was also performed using the same
synthetic solution on the second column by Chen et al.*® for comparison. The K separation of the optimized
second column was further tested by certified references and natural carbonate samples (Table 4). We
selected ~30—100 mg high-K samples (i.e., NIST SRM 1d, BHVO-2) with K ranging from ~37 to 179 pg
to evaluate the influence of the amount of loaded K and other matrix cations on the separation of our method.
The rest low-K carbonates weighing within the optimal loading amount of the first column (100-150 mg)
were also investigated aiming to obtain enough K (> 1 pg) for isotopic analysis. These samples were passed
through the first column before being loaded onto the second column to obtain the calibration curves. K

recoveries were monitored throughout the procedure.

Finally, we applied the developed dual-column protocol (Table 5) to isolate K from four certified references
NIST SRM 1d, JCp-1, JDo-1, BHVO-2, and one in-house South China Sea dolostone sample. We also
tested the procedural blanks 4 times using four different columns following the same procedure as the
reference. The method is detailed as follows. After loading the sample on the first column, 75 mL of 0.7 M
HNO; was added to elute the matrix elements, followed by another 5 mL 0.7 M HNO; collected into a 7
mL Savillex™ beaker as the pre-cut. K was eluted by adding 80 mL 0.7 M HNO; and then 5 mL post-cut
was collected. The K collection was evaporated, redissolved in 0.4 M HNOs;, and then loaded onto the
second column. K fraction was collected between 60—100 mL. 5 mL pre-cut and post-cut were collected
before and after the K fraction, respectively. All pre-cuts and post-cuts from two steps of the column, as
well as the K fraction of each sample, were measured with a Q-ICP-MS (Agilent™ 7900) to monitor the
recovery. The recovered K was dried down and redissolved with 2% (v/v) HNO; for isotopic analysis using

a Sapphire™ MC-ICP-MS.
2.4 Instrumental analysis

To obtain elution curves for both first and second columns, the elution cuts were analyzed using an
Agilent™ 7900 quadrupole ICP-MS (Q-ICP-MS) at the PMS Lab, UNC-CH. Samples in 2% (v/v) HNO;
were calibrated using matrix-matched multi-element standards before being measured under helium cell
mode to reduce interferences. An internal standard solution containing 100 ng/g of Be, Ge, In, and Bi was

used to correct for the instrumental drift. A river water standard SLRS-6 obtained from the National
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Research Council of Canada was measured routinely, yielding a long-term accuracy of ~5% for major

elements, compared with certified values and the GEOREM database.*

All K isotopic analyses in this study were conducted following the method by Chen et al.*” using a Nu
Instruments Sapphire™ MC-ICP-MS (SP004) in the Novel Isotopes in Climate, Environment, and Rocks
(NICER) Laboratory at the Lamont-Doherty Earth Observatory, Columbia University. Potassium isotope
ratios (YK /3K) were determined using the standard-sample bracketing method. Samples and standard NIST
SRM 3141a were diluted to 150 + 1.5 ppb K solutions in 2% (v/v) HNO; for analysis. K solutions were
introduced into a “dry plasma” through the Apex Omega desolvating nebulizer (ESI™), and °K and 'K
signals were measured by Faraday cups equipped with 10° Q and 10'' Q resistors, respectively. The
Sapphire™ MC-ICP-MS is equipped with a collision cell where He and H, work as collision gas and
reaction gas respectively, to minimize the isobaric interferences of Ar* and ArH", so that potassium isotope
signals can be directly measured on the peak center with a 1300 W RF power in low resolution mode. Prior
to each analysis, a 20 s on-peak acid blank was measured and subtracted from the analyte signal, and a
typical signal for 150 ppb 3°K could reach as high as ~165 V. Mass 40 was constantly monitored for Ca
level as 9°CaH" directly interferes with 4'K*. Each analysis consisted of 45 cycles of 4 s integrations and
took ~100 ng K. Analyses were repeated at least four times for all samples in this study. Their K isotope

data are reported in 8*'K relative to the standard NIST SRM 3141a:

K
=)
sample

8K (%0) = . 1| x 1000

39
SRM3141a

The long-term external reproducibility of better than 0.07%. (2SD) was obtained based on the replicate

analyses of a seawater sample.*’
3. Results and discussion
3.1 Optimization of the first column

The first column is designed to separate K from major elements (e.g., Na, Al, Mg, Ca) in carbonate samples.
Its original protocol by Chen et al.** has been extensively applied to extract K from ~10-100 mg silicates
for isotopic analysis.!>!3:17:2048 However, it is not suitable for low-K carbonates due to remarkably high Ca
and/or Mg in the matrix. Such matrices will cause significant elemental peak shifts, leading to unsatisfactory

K separation.
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Elution profiles of Na, Mg, K, and Ca obtained for the first column calibrated with a KL calcite and a SCS
dolostone are listed in Table 2, and shown in Fig. 1. We note here that elution profiles are shown by the
bubbles instead of the elution curves in percentage since they can provide more accurate elemental elution
ranges (see discussion in Section 3.2). For all the samples tested, increasing the column load shifts K elution
peaks leftwards and increase the K elution width. K is consistently eluted from 80 to 160 mL when the
column is loaded with dolomite less than 150 mg, whereas a small amount of K can be observed in the cuts
prior to 80 mL with a larger loading amount. A similar K elution pattern is also observed in 200 mg calcite,

where K is collected in elution cuts before 80 mL and after 160 mL.

High Mg concentrations in carbonates especially in dolostones make it difficult to separate K from Mg.
Calibration results show that higher loading cation quantity leads to more Mg breakthroughs into K
fractions (Fig. 1), and satisfactory K separation can only be achieved with less than 150 mg carbonate.
Overlaps between Mg and K observed for 200 mg and 250 mg dolomite yield Mg/K ratios of 646 (ng/ng)
and 7283 (ng/ng), respectively, in K fractions. Such an amount of Mg necessitates repeated columns, which,
however, may introduce non-trivial contamination from the eluent given the low K abundance in carbonate.
The presence of excessive Mg may also cause a matrix effect that results in inaccurate K concentration

measurements on Q-ICP-MS.

Calcium can be completely separated from K using the first column, regardless of the loading amount and
mineralogy. This is important because K isotope measurement can be significantly shifted by CaH".4’ In
contrast, breakthroughs of Na into K fractions are unavoidable during the first column procedure. Similar

distribution coefficients of Na and K decrease the separation effectiveness of the first column.*

In summary, 100-150 mg carbonates are preferred for the first column for their consistent K elution range
and effective separation from most matrices. K recoveries after the column optimization were nearly 100%
ensuring no on-column isotopic fractionation. Nevertheless, the application of the first column cannot
achieve complete K isolation in observance of the small amount of residual Na and Mg, as well as trace
elements including Rb, V, and Ti collected in the K fraction. Hence, an additional second column is needed

for further purification. All samples used for the subsequent column development were kept under 150 mg.
3.2 Development of the second column

Bio-Rad™ AGS50W-X8 resin (100-200 mesh) with an 8% crosslink is commonly used in existing K
chromatographic procedures (Table 1). AG50W-X12 (200—400 mesh) resin is expected to have a larger
loading capacity and better separation resolution due to its larger crosslink rate (12%) and total surface
area.>® Therefore, both resins were loaded in an identical column (0.8 cm ID), and calibrated using the same

synthetic solution (Table 3). Calibration results present two advantages of X8 resin over X12 resin (Fig. 2,
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3). First, the column packed with X8 resin has a shorter elution duration of K separation using the same
acid. For example, a 60 mL K peak gap is found between X8 (25-65 mL, Fig. 2f) and X12 resin (85-135
mL, Fig. 3b) using 0.7 M HNO; as the eluent. A similar gap can also be found for 1 M HCI, where X8 and
X12 resins have K peaks ranging from 15 to 50 mL and 50 to 90 mL (Table 3), respectively. Second, the
application of X12 resin is limited by V and Ti overlapping with K (Fig. 3). Although X12 resin eluted by
0.5 M HNO; seems to sufficiently isolate K (Fig. 3a), the K retention time is more than 12 h.

Elution profiles of the mixed solution were obtained for X8 resin with HNO; and HCI (Fig. 2). For both
acids, less concentrated acid can spread out the elemental peaks, thereby co-elution matrix can be
effectively eliminated. Among all the elution acids, 0.4 M HNO; is preferred due to the following reasons:
1) No Na, V, Ti, Mg, and Ca were collected in the K fraction; and 2) K elution range is 60—100 mL, the
separation work can be finished in about 8 h at the elution rate of 0.2 mL/min. A previous study suggested
using a larger aspect ratio column to improve the separation efficiency.’! However, such improvement is
negligible in the long column (17 cm) tested in this study (Fig. 2¢, €) and a significantly longer retention

time is present.

We also loaded 1 mL mixed solution onto the second column by Chen et al.** for comparison. The results
are shown by both “bubbles” and elution curves (Fig. 4). We have found that the overlap between elements
in the bubble figure is sometimes unidentifiable in the elution curves, because the small tails at both ends
of the elution curves could be shaded by the major peak. Here we note that although elution curves can
provide the elution order and the curve tailing, they cannot provide the accurate elution range and the
separation effectiveness, especially for columns loaded with heavy matrix materials. The elution curves of
our second column are consistent with the bubble figure that no Na was collected in the K fraction (Fig.
4a). However, Na breakthrough into the K fraction can be observed in the second column by Chen et al.*,
even though elution curves show no overlap (Fig. 4b). Compared with Na, Rb cannot be completely
removed using both columns. Yet Rb is not problematic for our column due to its low content in natural

carbonates (see discussion below).

Potassium was chromatographically isolated from certified references and natural carbonate samples
(Table 4). First, the samples were passed through the first column, during which no K loss was found. The
K cuts were then loaded onto the second column to get the calibration results (Fig. 5). With loaded K*
ranging from 1.7 to 179.1 pg, K peaks constantly fall into 60—100 mL, consistent with the elution range
obtained using the synthetic solution. In addition, a 5-20 mL elution gap between Na and K ensures the
total K recovery without any Na. And for all the samples tested, Rb/K was always less than 0.3% after the
columns (Table 4). Such impurities will not compromise the accuracy of K isotope measurement,*’ so we

do not need to repeat this column. Furthermore, our newly developed dual-column method yields
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satisfactory K recovery of nearly 100% (Table 4) without any isotopic fractionation during the column

chemistry.

The average of the four total procedure blanks for the entire K purification process is 29.5 + 4.4 ng (2SD;
n=4), which is about 9 times lower than that of Chen et al.** (0.26 £+ 0.15 pg, 2SD, n=7). In our study, KL
calcite has a minimum K of 1.73 ug, yielding a sample/blank ratio of 59. Assuming the blank has the §*'K
value of -1.31%o,* the blank will introduce an error of ~0.02 %o, which is below the analytical uncertainty
of K isotope measurement. Therefore, the blank is negligible for all samples tested in this study. The whole
experimental process generally takes 2 days, including all the column and evaporation steps. Although our
method does not significantly reduce the experimental time, our method is more efficient than existing dual-
column protocols because their protocols need repeated separation for low-K carbonates either to eliminate

matrices or to obtain enough K (i.e., 1 pg) for isotopic analysis using MC-ICP-MS.?’
3.3 The K isotope composition of reference materials

We report potassium isotope compositions of the following materials: BHVO-2 (basalt), NIST SRM 1d
(limestone), JCp-1 (coral), JDo-1 (dolostone), and SCS dolostone to evaluate the reproducibility of our
newly developed chromatographic method and to facilitate inter-laboratory comparison (Table 6). Basalt
BHVO-2 is one of the most extensively used geologic standards. Therefore a BHVO-2 sample was
processed and analyzed using our method, its K isotope value (-0.41 + 0.03%o, n=6) is in good agreement
with previous studies. This validates the analytical accuracy of this study, and also implies the potential of
our method in dealing with other low-K samples beyond carbonate (e.g., ultramafic rocks). The K isotope
compositions of two NIST SRM 1d are -0.60 + 0.02%0 (2SD, n= 6) and -0.57 + 0.04%o (2SD, n=4),
respectively. The results are consistent with previously published data (-0.65 = 0.09%o, 95% C.I., n=8; Li
et al.3). The 6*'K value of the coral aragonite standard JCp-1 (-0.31 + 0.02, 2SD, n=6) is lower than the
previous values reported by Li et al.3233 (Table 6). The varied 6*'K values might reflect the heterogeneity
of the reference material, which has been reported for lithium®>> and thorium isotopes®*. The *'K values
of JDo-1 are reported for the first time. Two individual JDo-1 standards yield the same 3*'K value of -1.00
+0.01%o (2SD, n=6) within our analytical precision. We also report the $*'K value of an in-house carbonate
sample, South China Sea dolostone. Three individual experiments on one dolostone sample yield
indistinguishable K isotope values, proving the robustness of our method in applications on natural

carbonate samples.
Conclusion

We present the results of a series of experiments that optimize the dual-column chromatography to purify

K for high-precision isotope analysis in carbonate materials using MC-ICP-MS. Our method can isolate K
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from 100-150 mg chemically diverse carbonate samples with satisfactory yield (~100%) and negligible
total blank (29.5 + 4.4 ng). Finally, we report K isotope compositions in carbonate reference materials NIST
SRM 1d (limestone), JCp-1 (coral), JDo-1 (dolostone), and an in-house dolostone sample, in addition to a
common silicate reference BHVO-2 for inter-laboratory comparison. Both NIST SRM 1d and BHVO-2
04K results agree well with published data, whereas a lower JCp-1 3*'K value may be caused by the
heterogeneity of this reference material. Here we first report the 6*'K value of -1.00%o in a dolomite
standard, JDo-1. The developed K purification method facilitates the application of K isotopes in marine

carbonates for future geochemical and paleoceanographic research.
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Figure captions

Fig. 1. Elution profiles for ~100-250 mg KL Cal and SCS Dol via the first column of Chen et a/.*
Elution profiles are shown by conceptual bubbles. Two ends of a bubble indicate the elution fraction

range.

Fig. 2. Elution curves for the synthetic solution with different eluents on AG50X8 resin (100-200 mesh).

L indicates a longer column (17 cm).

Fig. 3. Elution curves for the synthetic solution with different eluents on AG50X12 resin (200-400

mesh). L indicates a longer column (17 cm).

Fig. 4. Elution profiles of the synthetic solution using (a) the second column developed in this study and
(b) the second column of Chen et al.** are shown by elution curves (upper panel) and conceptual bubbles

(lower panel). Two ends of the bubble indicate the accurate elution range of the cation.

Fig. 5. Elution curves of natural carbonates and reference materials via the second column separation after
the first column purification. The K elution range (bracketed by the grey dashed line) is 60—100 mL. Na is
absent in K fractions, Rb/K is less than 0.3%.
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Table 1. Potassium ion-exchange separation procedure comparison (modified after Wang et al.?’).

Humayun and

Wang and

55 i 56 57 38 4 i 35 47 39
Strelow et al. Clayton® Jacobson2s Liet al. Morgan et al. Hu et al. Chen et al. Liet al. Chen et al. Huang et al.
Number = 1 1 2 1 2 1 1 1
of columns
if;?gpﬁf ~lg ~lg ~10-50 mg 10-50 mg ~20 mg ~10-100 mg ~50 mg <20 mg 10-20 mg
Bio-Rad Bio-Rad Bio-Rad Bio-Rad Dionex CS-16  Bio-Rad Bio-Rad Bio-Rad Bio-Rad Bio-Rad
Resin AG50W-X8 AG50W-X8 AG50W-X8 AG50W-X12  cation AG50W-X8 AG50W-X8 AG50W-X8  AGS0W-X8 AG50W-X8
(200400 (100-200 mesh) (100200 (100-200 exchange (200400 (100200 mesh) (200400 (200400 (200400
mesh) mesh) mesh) column mesh) mesh) mesh) mesh)
Bio-Rad Pol Bio-Rad Bio-Rad Pol
. - Yy Poly-Prep Savillex PFA - ¥y
Column Borosilicate Prep . Prep
Pyrex or quartz Quartz Quartz Econo-Pac micro- Quartz
type glass polyethylene polyethylene
polyethylene column
column column
column
Diameter  2.5cm 2.2cm 1cm 0.4 cm 0.8 cm 1.5cm 4 mm 7 mm
Resin =g . 90 mL 13 mL 1 mL 2mL 17 mL 23mL 2mL 2.7mL
volume
6 M HCI1 +
Cleaning 3 M HNO; 4 M HNO; or 6 4 M HCI 4.5 M HNO; water + 1 M 6 M HC1 6 M HCI + 6 M HC1 6 M HCI +
M HCI water water
HNO;
Max
capacity* 153 153 22.1 2.1 34 28.9 3.9 34 4.6
(mEq)
Eluting 0.5 M HNO; 0.5 M HNO; 0.5 M HNO; 1.5 M HNO; 0.2% HNO; 0.5 M HNO; 0.7 M HNO; 3 11\/[1\?%1; 0.45 M HCI 0.5 M HNO;
Potassium
fraction 600-850 mL 700-1000 mL 180-340 mL 5-17mL 14-36 mL 88—-195 mL 12-22 mL 2045 mL 25-49 mL
Recovery >99.8 >99% 99.4+2.1% >99% 99.5+0.6%  >99%
Blank 0.5-1 pg 0.2% 0.82 g 3-8 ng 0.06-1.06% 0.26+0.15 ug <10 ng 0.13 ug 10 ng

*Bio-Rad AG50W-X8 and X12 resins have ion exchange capacity of 1.7 and 2.1 mEg/mL, respectively.
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Table 2. Experimental design for the optimization of the first column.

Sample Sample weight  Cation load* Mg?* mass load  Ca’ massload  K*mass load
name (mg) (mEq) (mg) (mg) (ng)
106.6 2.31 10.97 21.44 2669
150.9 3.27 15.53 30.35 3779
SCS Dol 203.1 441 20.90 40.85 5086
253.5 5.50 26.09 50.99 6348
106.6 2.13 0.25 43.06 1604
KL Cal 207.0 4.14 0.49 83.63 3115
*Cation load has been calculated assuming all samples are pure carbonates.
Table 3. Parameters of the second columns and K elution ranges.
Resin Column length (cm)  Elution acid K fraction (mL)
13 0.3 M HNO; 80-140
13 0.4 M HNO; 60-100
17 0.4 M HNO; 65-105
AG50W-X8 13 0.5 M HNO; 45-85
(100200 mesh) 17 0.5 M HNO; 50-95
13 0.7 M HNO; 25-65
13 1.0 M HNO; 15-45
13 0.5 M HCl1 40-90
13 1.0 M HCI 15-50
13 0.5 M HNO; 125—%*
AGS0W-X12 13 0.7 M HNO; 85-135
(200-400 mesh) 13 1.0 M HNO; 50-85
13 0.5 M HCI 125—%*
13 1.0 M HCI 50-90
*Potassium was not totally washed out when the experiment stopped.
Table 4. Experimental design and results for the second column.
Sample Sample name Sample weight K concentration = K* mass load K elutionrange K recovery Rb/K
type P (mg) (ng/g) (g (mL) (%) (%)
NIST SRM 1d (1) 31.6 37.1 65-100 100.0 0.10
NIST SRM 1d (2) 40.9 1174.5 48.0 60-100 100.0 0.18
Limestone NIST SRM 1d (3) 47.9 ’ 56.3 60-100 100.0 0.29
NIST SRM 1d (4) 105.6 124.0 60-100 100.0 0.27
KL Cal 115.0 15.1 1.7 65-100 99.7 0.20
In-house Bivalve 122.7 100.4 12.3 60-90 100.0 0.03
Aragonite JCp-1 107.9 188.7 20.4 65-95 100.0 0.07
Dolostone SCS Dol 108.6 25.1 2.7 65-95 100.0 0.09
JDo-1 109.1 20.9 2.3 65-90 100.0 0.24
Basalt BHVO-2 39.4 4545.3 179.1 60—-100 100.0 0.05

Page 16 of 21



Page 17 of 21

oNOYTULT D WN =

Journal of Analytical Atomic Spectrometry

Table 5. Overview of the developed K isotope chromatographic procedure.

First column

17 mL Bio-Rad AG50W-X8 (100-200 mesh)

purification in Bio-Rad Econo-Pac column (1.5 cm ID)
Step Solution Volume (mL)
Cleaning 6 M HCl 100
Conditioning 60
Loading sample 2
Matrix elution 75
Pre-cut 1 0.7 M HNO; 5
K Collection 80
Post-cut 1 5

Second column
purification step

6.5 mL Bio-Rad AG50W-X8 (100-200 mesh)
in customized polypropylene column (0.8 cm ID)

Step Solution Volume (mL)
Cleaning 6 M HCI 20
Milli-Q water 20
Conditioning 10
Loading sample 1
Matrix elution 0.4 M HNO; 55
Pre-cut 2 5
K Collection 40
Post-cut 2 5
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Table 6. K isotope compositions in certified reference materials.

Sample name Sample MK 2SD N Data source
type
BHVO-2 Basalt -0.50 0.19 4 Li et al.?’
-0.43 0.06 5 Hu et al.3®
-0.46 0.04 (2SE) 13 Chen et al.#
-0.47 0.03 (2SE) 79 Chen et al.'?
-0.40 0.04 6 Li et al.
-0.48 0.04 7 Lietal.'”
-0.47 0.03 26 Chen et al.¥’
-0.434 0.04 11 Moynier et al.>
-0.41 0.03 6 This study
NIST SRM 1c¢ Limestone -0.58 0.03 (95% C.I.) 14 Chen et al.¥
NIST SRM 1d Limestone -0.65 0.09 (95% C.I.) 8 Li et al.?3
-0.60 0.02 6 This study
-0.57 0.04 4 This study
JCp-1 Aragonite -0.20 0.07 (95% C.I.) - Li et al.3?
-0.10 0.10 (95% C.I) 8 Li et al.
-0.31 0.02 6 This study
JDo-1 Dolostone -1.00 0.01 6 This study
-1.00 0.01 6 This study
SCS Dol Dolostone -0.49 0.02 4 This study
-0.48 0.03 4 This study
-0.50 0.01 6 This study
Fig. 1
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Fig. 2
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Fig. 4
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Fig. 5
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