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[bookmark: _Toc42764819]Summary (Dutch)

In de afgelopen jaren is er steeds vaker gezocht naar nieuwe methodes om het klimaat van het verleden te kunnen reconstrueren. Voor temperatuur bepalen wordt er onderzocht of Mg isotoop ratio’s hier een indicator voor kunnen zijn. Het verschil tussen twee isotoop ratio’s wordt uitgedrukt in de delta (δ26Mg) en deze waarde is mogelijk te gebruiken voor de temperatuur reconstructie (Equation 1). Deze Mg isotoop ratio’s worden onderzocht in foraminifera, die hun cel opbouwen uit calciumcarbonaat. Foraminifera zijn grote eencellige schelpdieren. Tijdens het bouwen van de schelp worden er vervuilingen meegenomen, dit zijn andere elementen die ook voorkomen in zeewater, waaronder Na en Mg. 

Het doel van dit onderzoek was om een Cation Exchange Chromatography scheidingsmethode te ontwikkelen om het Mg van Na en Ca te kunnen scheiden, zodat de Mg isotopen gemeten kunnen worden op de Multicollector ICP-MS. Er was al een methode aanwezig, deze werd verbeterd en geoptimaliseerd. Om de toepasbaarheid van de methode aan te tonen was het mogelijk om samples van foraminifera te analyseren, deze foraminifera waren op het NIOZ gekweekt. 

Er moesten een aantal experimenten gedaan worden, welke tot de uiteindelijke scheidingsmethode leidde. Om tot een optimale recovery te komen werd de Mg stap in de scheidingsmethode aangepast. Er bleek bij het eerste experiment al dat Na en Ca volledig gescheiden waren van Mg. Na het aanpassen van de methode bleek deze een goede recovery te geven voor de standaard, maar niet voor de complete foraminifera matrix. Om voor de complete foraminifera matrix een goede recovery te krijgen werd de Mg stap verlengd. Na het aanpassen van die Mg stap werden nog niet de goede waarden gevonden voor δ26Mg. De δ26Mg van zeewater is vrij goed bekend, met de verbeterde methode werd het zeewater geanalyseerd. De resultaten van het zeewater waren vergelijkbaar met eerder gepubliceerde data. 

Uiteindelijk werd een goeie optimale scheidingsmethode gevonden, welke gebruikt kon worden voor de foraminifera. Er zal voor meer zekerheid wel nog meer gevalideerd moeten worden. Uit de sample metingen was gebleken dat het mogelijk is om met de ontwikkelde methode verschillen in δ26Mg te zien bij op verschillende temperatuur gekweekte foraminifera, er zal nog verder onderzoek ernaar gedaan moeten worden.
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[bookmark: _Toc42764820]List of abbreviations
	Abbreviation
	

	Mg
	Magnesium

	Na
	Sodium

	Ca 
	Calcium

	MC-ICP-MS
	Multicollector inductively coupled plasma mass spectrometer

	HR-ICP-MS
	High resolution inductively coupled plasma mass spectrometer

	HNO3
	Nitric Acid

	CV
	Column volumes

	DSM-3
	Dead sea magnesium

	RF
	Radio Frequency 

	ESA
	Electrostatic analyzer

	kV
	Kilo volt

	keV
	Kilo electron volt

	SSB
	Standard-Sample bracketing  

	FF
	Foraminifera faker

	NFHS-1
NFHS-1_E2 (etc)
	NIOZ Foraminifera House Standard 
NIOZ foraminifera House Standard _ experiment 2

	Fin leg vial 
	Conical interior 5 ml vial with fin legs 

	UP 
	Ultra-Pure water

	NASW
	North Atlantic Seawater

	CPS
	Counts per second 

	sd
	Standard deviation (sometimes 2sd; two times the standard deviation). 
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In studies of paleoclimatology, the climate of the past is reconstructed. Paleo temperature reconstruction is one of the studies performed in the paleoclimatology.  In the past years, many methods to reconstruct paleo temperatures have been developed. One of the ideas was to use the difference in the Magnesium (Mg) isotope ratios in foraminifera, because it is thought that the incorporation of Mg could be based on temperature[1] and foraminifera are well preserved in the sediments. Foraminiferas are large single-celled organisms, up to 1 mm in size and they live in or on the seafloor sediment. The cell of most species is protected by a shell that is divided into several chambers. Every time the cell grows, a new chamber is added. There are two main species of foraminifera, planktonic and benthic. The specie used in this research are A.lessonii, this is a benthic foraminifera. These foraminifera build their shells out of calcium carbonate (CaCO3) and this process is called biomineralization. The formation of CaCO3 shells plays a significant role in ocean biogeochemical cycles and, more importantly, the fossil remains in sediments of calcifying foraminifera are widely used to reconstruct past ocean chemistry and environmental conditions[2]. During biomineralization when CaCO3  is formed, impurities as Mg, sodium(Na) and trace metals are incorporated in the shell [3]. The incorporation of Mg isotopes depends on different factors. The most important factors are the temperature and the salinity of the seawater in which the foraminifera grew and lived [4]. Mg has three stable isotopes 24Mg, 25Mg and 26Mg, with a natural abundance of 78.99%, 10.00% and 11.01%[5]. It takes less energy to incorporate lighter isotopes, so when it gets colder it becomes increasingly more difficult to incorporate the heavier isotopes in the shell. The process of preferential incorporation of isotopes with a different mass is called isotopic fractionation and, for magnesium, is expressed in the isotope ratios 25Mg/24Mg and 26Mg/24Mg [4]. The isotopic ratios of Mg in the world oceans are stable and do not change significantly due this uptake, because of the very small amount that is incorporated in shells versus the relative high concentration in seawater (<1 ppm vs 1290 ppm). 

The aim of this research is to develop a cation exchange separation method for the separation of Mg from the foraminifera shell matrix. There was a not yet finished method available at NIOZ for the separation of Mg from Ca and Na and this needed to be improved, optimized and validated for the matrix of the foraminifera shell.

The cation exchange chromatography method must separate Mg from Ca and Na, because Ca and Na are the main interfering elements during the measurements of Mg isotopes with the MC-ICP-MS (multicollector inductively coupled plasma mass spectrometer). The MC-ICP-MS is used to measure isotopic ratios of stable isotopes. Since the interaction of the isotopes with the cation exchange resin strongly depends on acid concentration, it is important that the acid used for the elution has the optimal concentration to achieve the best separation possible[6]. Furthermore, since lighter isotopes elute earlier than the heavier isotopes it is important to collect between 98 and 100% of the samples, to prevent isotopic fractionation. Data for the calculation of the recovery was measured using a single quadrupole mass spectrometer with a collision cell, ICP-MS (Inductively coupled plasma mass spectrometer).  


The MC-ICP-MS is used for the measurements of Mg isotopic ratios measurements, because it can obtain high precise ratio measurements in small samples, like Mg in foraminiferal carbonates[7][8]. The separation of the isotopes in the MC-ICP-MS is based on mass/charge (m/z). Ca has an isotope with a mass of 48. In the plasma a doubly charged isotope can be created, doubly charged 48Ca2+, which interferes with the measurement of 24Mg. This is called an isobaric interference. Na can cause fractionation inside the MC-ICP-MS at a certain amount, during the measurements of Mg; this is called non-isobaric interference. Non-isobaric interference during the isotopic separation in the MC-ICP-MS can cause that smaller isotopes are pushed towards the outside of the ion beam and do not described the curve correctly, which causes loss of the isotopes. 

The measured isotope ratios are used to calculate a delta value(δ (‰)) (Equation 1).The δ is the relative difference between the isotope ratio of a sample and the isotope ratio of the standard. The commonly used zero δ standard ( of which per definition δ25Mg and δ26Mg are zero ‰ ) is DSM-3 (Dead sea magnesium) [9]. Since this standard is no longer commercially available, an inhouse standard was used as the zero δ standard (standard Mg solution Alpha Aeser for ICP measurements).  This relative difference between a standard and a sample will only change when the zero δ point changes and the offset from zero is known. To calibrate the inhouse standard against the DSM-3 standard, the inhouse standard was send to AWI (Alfred Wegener institute) in Bremerhaven to determine the relative difference against the DSM-3 standard. The inhouse standard was found to have a δ25Mg of -0.77‰ (±0.04‰, 2sd) and δ26Mg of -1.48‰ (±0.06‰, 2sd) (personal comment dr. I van Dijk). 


[bookmark: _Ref37168013][bookmark: _Toc42766511]Equation 1 The calculation of the δxMg, with δ25Mg as example. 
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[bookmark: _Toc42764823]2.1. Cation Exchange Chromatography
 
Cation exchange chromatography is a form of ion exchange chromatography, which is used to separate cations based on their surface charge. Ion exchange chromatography generally consists of two phases, the mobile phase and the stationary phase. The sample is dissolved in the mobile phase, which is then added to the stationary phase. The ions in the sample interact with the stationary phase and distribute themselves between the two phases according to their relative affinities toward each phase. This allows the separation of different ions of the sample solution[10]. 
When performing cation exchange chromatography, a negative charged ion exchange resin is used. The cations are separated based on their affinity with the negative charged ends in the resin. Also, an important factor is the concentration of the acid that is used for the elution of the cations. When the acid has a higher concentration, it is harder for the ions to stick longer to the negative ends of the resin. A Kd value describes the affinity of the cation with the resin based at a specific concentration of the elution acid.  Every element has their own distribution coefficient (Kd value). When the Kd value of an element is high, the affinity with the resin is large. When the affinity with the resin is large the time needed to elute this element becomes longer. For the separation of Mg from Ca and Na a chromatographic column was made using AG50W-X12 as resin.  The AG50W-X12 resin is a strong cation exchanger with a high cross linkage. Strelow et al[6] did research to determine the Kd values of different elements with nitric acid as an elution acid. The Kd values of Mg and Ca are very alike (Table 1 The Kd values of Mg, Ca and Na, when using HNO3 as an elution acid[6]). This can cause that the separation between these two elements is not optimal. Based on their Kd value, Na was expected to elute first, followed by Mg and Ca. When the acid concentration is too high, the Kd value of Ca becomes lower than the Kd value of Mg, which causes a change in the separation process. An example image of the separation process is shown in Figure 1. 
The amount of elution acid that is used is expressed in column volumes (CV). A column volume is the liquid equivalent of the amount of resin in the conditioned column.  

[bookmark: _Ref38456957][bookmark: _Toc42766497]Table 1 The Kd values of Mg, Ca and Na, when using HNO3 as an elution acid[6]. 
	Ion
	Kd value 1.0N HNO3
	Kd value 2.0N HNO3
	Kd value 3.0N HNO3
	Kd value 4.0N HNO3

	Mg
	22.9
	9.1
	5.8
	4.1

	Ca
	35.3
	9.7
	4.3
	1.8

	Na
	6.3
	3.4
	2.0
	1.3


[image: ]
[bookmark: _Ref37239012][bookmark: _Toc42766478]Figure 1 Example of Cation Exchange Chromatography. Image is self-made.
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During this study a Thermo Finnigan Neptune HR-MC-ICP-MS was used. The MC-ICP-MS is a double focusing, high resolution mass spectrometer for high precision isotope ratio measurement using a reversed Nier-Johnson geometry.  The MC-ICP-MS consist of three modules. The ICP module, the ESA (Electrostatic analyzer) module and the multi collector module. The ICP Module consist of the inlet system, plasma generation and the ion generation.  The ESA module covers the focusing and accelerating of the ions. The multi collector module consist of a magnet, zoom optics and a detector array (the multi collector). The layout of the MC-ICP-MS is shown in Figure 2. 

[image: Gerelateerde afbeelding]












[bookmark: _Ref31030997][bookmark: _Toc31030844][bookmark: _Toc42766479]Figure 2 A Layout of the Neptune plus MC-ICP-MS


The MC-ICP-MS is equipped with a continuous inlet system for more stable measurements. The sample is fed into the nebulizer, where an argon/sample aerosol is generated. After the nebulizer the sample is guided into the spray chamber. The purpose of the spray chamber is to remove large droplets produced by the nebulizer, which reduces the formation of oxides. The spray chamber connected to the MC-ICP-MS is a double pass cyclonic spray chamber which increases efficiency, precision and washout. Next, the argon/sample aerosol is directed into the injector of the plasma torch. In the plasma the argon/sample aerosol is heated and ionized. The plasma is generated by a very intense RF field (~27.12 MHz, Radio Frequency), the plasma temperature in the center is about 10,000 K.  
After ionization in the plasma the ions pass the first cone, the sample cone. The main gas stream goes into the interface pump while the ions pass through the second cone, the skimmer cone. A differential pumping system is used to pump down the atmospheric pressure at the sample cone, this causes fewer collision with the argon gas, so the possibility to form double charged cations is smaller and the sensitivity is greatly increased. The ions then emerge from the skimmer cone, where they are directed through the ion optics. In Figure 3 there is a schematic image of the sample and skimmer cones, also called the interface.  To reduce the effects of the high-temperature plasma on the cones, the interface 
housing is water-cooled.
[image: ][bookmark: _Ref37325617][bookmark: _Toc42766480]Figure 3 The Interface, the sample and simmer cone.

In the MC-ICP-MS two different sample cones and two different skimmer cones can be used. Several studies have investigated the effects of different combinations of sample and skimmer cones on the extraction efficiency of plasma ions and mass discrimination behavior using MC-ICP-MS. The two sample cones are the standard cone and the Jet cone. The two skimmer cones are the H and X skimmer cone. The cones can be used in different combinations. The difference of the cones is shown in Figure 4. The effects of the cone combination on the accuracy and precise of Mg-isotopic measurements is described by Gou et al [11]. It was shown that none of the combinations affected peak shape. The sensitivity of the cone combination Jet + X was the best (factor of 1.9 compared to the worst combination Standard +H), but the most stable measurements were obtained by the cone combination Jet + H (sensitivity factor of 1.4). The best cone combination for accurate and precise Mg isotopic measurements is Jet + H[11].  
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[bookmark: _Ref37325999][bookmark: _Toc42766481]Figure 4  the differences between the cones, taken  from Gou et al. [10]

After the cones the ions are fed into the Ion optics. In the ion optics the ions are extracted from the gas stream by the extraction lens and let into the transfer lens system. Inside the transfer lens system, the ion beam is accelerated to 5 keV (kilo electron volt) kinetic ion energy and shaped by the entrance slit by various lenses. The entrance slit can be set in low, medium or high resolution in order to let the correct ions based on their mass into the ESA. Resolution is normally defined as the width of a peak at 10% of its height. This is why low resolution is sufficient for Mg isotopes. After the entrance slit the ion beam enters the electrostatic analyzer (ESA). The ESA focuses ions emerging through the entrance slit with diverging angels into a cross over, to make sure all ions with different charges and size are presented to the multi collector module at the same time, this is one of the reasons the MC-ICP-MS is used for isotopic ratios.  After the ESA there is an acceleration lens, where the ions are accelerated to an ion beam energy of 10 keV. In appendix A.1 is a more detailed layout of the ESA module.

In the multi collector module mass selection and detection of the ions takes place. In a magnetic field generated by a large electromagnet, the ions are traveling along a curve which is determined by their mass and charge. In the curve the heaviest ions are on the outside and the lighter ions are on the inside, because the heaviest ion describe a larger curve. The curve is based on the charge over mass (Equation 2). The ions of a certain m/z value will have a unique curve which can be determined if both magnetic field magnitude B, and voltage difference V for region of acceleration are held constant.


[bookmark: _Ref38460986][bookmark: _Toc42766512]Equation 2 The equation that describes the curve the ions make in the magnetic field.

The detector is equipped with eight movable detector platforms and one fixed center platform. The platforms are motor-driven and can be precisely positioned. Each detector platform carries a Faraday cup. A faraday cup is designed to collect charged particles. Each Faraday cup is connected to a current amplifier. There are different amplifiers that could be used, but in this research, amplifiers containing 1011 Ω resistors were used. For high precision and stability, the amplifiers are mounted in a doubly shielded, evacuated and temperature-controlled housing. The output signal of the amplifier is high linear voltage.  In appendix A.2 there is a diagram of the multi collector module. For isotope ratio measurements the signal (voltage (V)) is required to be stable for accurate and precise measurements. To have accurate and precise measurements each measurement it is better to have symmetrical and flat top peaks. An example of a peak of 25Mg is shown in Figure 5. 

To monitor drift and correct the data for instrumental mass fractionation, the standard-sample bracketing (SSB) technique was used. SSB corrects for the instrumental mass bias, where the isotopic composition of the sample is referenced to the values obtained for the bracketing standard.  Mass-dependent isotope fractionation occurs during the measurements. Various methods have been applied to evaluate the nature of isotopic fractionation in the MC-ICP-MS, the one used in this research is called a three-isotope plot. This method relies on visualizing the concurrent changes of two isotopes of an element[12].  


[bookmark: _Ref36476119][bookmark: _Toc42766482]Figure 5 The Peak of 25Mg in voltage.


















[bookmark: _Toc42764825]3. Experimental 
 
All labware used in this study was cleaned before use, to prevent contamination. With either two times distilled nitric acid or  three times distilled hydrochloric acid. The PFA vials were cleaned with 7N two times distilled nitric acid. After every experiment the PFA vials were rinsed with ultra-pure water three times and then filled with the 7N nitric acid. The PFA vials filled with the nitric acid were put on a hotplate (130°C) for over the weekend, before use they were rinsed three times with ultra-pure water. The other labware that was used was rinsed with 7N hydrochloric acid, and before use with ultra-pure water. 

[bookmark: _Toc42764826]3.1 Standard and foraminifera preparation. 

[bookmark: _Toc42764827]3.1.1 Standards 
The standard that was used for the optimization of the column chemistry was made of a solution of 1000 ppm Mg in 5% HNO3(the inhouse standard). For the measurements it was diluted to a concentration of about 0.15 ppm, by diluting 4.5 µL in 30 ml 2% HNO3. 
The elution acid (HNO3) for the cation exchange chromatography was titrated with NaOH and the acid strength was adjusted so the final concentration was 2.0N HNO3.  
For the development and optimization of the cation exchange chromatography a solution imitating the elemental composition of a typical foraminifera was prepared. From here on that is called Foraminifera Faker (FF) and contained the Mg Inhouse-Standard. The FF consisted of 3.33 ppm Mg, 8.33 ppm Na and 2500 ppm Ca. 
In order to test the procedure on real foraminiferal material, the NIOZ foraminifera house standard (NFHS-1, Mezger et al 2016 [13]) was used. NFHS-1 is a mix of foraminifera fossils collected from sediments near Walvis ridge in the southern Atlantic Ocean. The details of the chemicals that were used are in Appendix B.1. 

[bookmark: _Toc42764828]3.1.2 The foraminiferas 
The foraminifera were collected from the reef aquarium of Royal’s Burgers Zoo (Arnhem), by scuba diving. The reef aquarium has constant living conditions. At the NIOZ the foraminifera were separated by species, then cultured and grown at three different temperatures, 18, 21 and 26°C and constant salinity (34 g/kg) until reproduction occurred.  Salinity is the sum of all the dissolved salts in water. The species used in this research was A.lessonii (figure 6). Only the offspring, which had grown its entire shell in the controlled conditions of the experiment, was used for measurements. [image: ]
[bookmark: _Ref39155557][bookmark: _Toc42766483]figure 6 The Benthic foraminifera, A.lessonii. http://www.foraminifera.eu/singlerw.php?no=1013532&aktion=suche

The cultured foraminifera were divided into groups of ten and then cleaned by rinsing six times in 300 µL methanol (99%) and three times in 300 µL ultra-pure water. After every step the foraminifera were put into an ultra-sonification bath (Frequency 80, Power 50%, room temperature, one minute). After the cleaning procedure the foraminifera were prepared for the column separation. Triplicate samples were prepared for each cultured temperature, each containing about 60 µg of foraminifera. Each sample was dissolved in 300 µL 1% HNO3 (in Eppendorf tubes of 500 µL), the acid was added in small steps of 50 µL to prevent the loss of foraminifera, when CO2(g) is formed in the tube (Equation 3). 

CO32- + 2 H+  H2O(l) + CO2 (g). 
[bookmark: _Ref38465275][bookmark: _Toc42766513]Equation 3 the formation of CO2

To ensure that the foraminifera were completely dissolved the vials were put in an ultra-sonification bath for 5 minutes (Frequency 80, Power 50%, room temperature) and centrifuged (10,000 rpm for 5 minutes). After centrifuging the samples, 280 µL of  the supernatant was transferred to a separate 5 ml conical interior vial with fin legs made of PFA. After this the 280 µL was evaporated on a hotplate from Analab (130°C), until total dryness. After the evaporation, the samples were redissolved in 150 µL 2.0N HNO3 and ready to be loaded on a column.[14]



























[bookmark: _Toc42764829]3.2 Cation Exchange Chromatography 

[bookmark: _Toc42764830]3.2.1 The column chemistry
The Mg in the samples was purified through a cation exchange column containing AG-50W X12 resin. The fifteen columns that were used had an aspect ratio of 14,2; diameter 4mm, length 56mm and were made in a modified PE Pasteur pipet containing a PE frit (1,5 mm thick, ~40-60 mm pore size). The CV of the AG-50W X12 resin was 900 µL and the elution acid used was 2.0N HNO3.  Before every experiment the resin was cleaned by eluting 4 CV 7N HNO3 and 4 CV Ultra-pure water. After every column experiment the resin was cleaned by eluting 2 CV 7N HNO3 and 2 CV Ultra-pure water. The eluted fractions were collected in 5 ml PFA fin legged vials. Before the final method (Table 3) was completed several experiments were conducted to optimize the original method.

The original method elution scheme consisted of 1 CV 2.0N HNO3 for the conditioning. 4 CV 2.0N HNO3 were eluted before the collection of Mg (pre-fraction). After this 3,5 CV 2.0N HNO3 were eluted for the collection of Mg. To optimize this method several experiments needed to be conducted; 
1) The separation was tested by splitting the fourth, seventh and eight column volume in fractions of 150 µL. For this experiment three out of the fifteen columns were used. This resulted in a new separation method which consisted of 1 CV 2.0N HNO3 for the conditioning. 3.5 CV 2.0N HNO3 were eluted before the collection of Mg (pre-fraction).After this 3 CV 2.0N HNO3 were eluted for the collection of Mg. The new set up was tested for the recovery with the FF by performing the column chemistry on five columns.  After this all fifteen columns were tested. Three of them were used for the blank test. Six of them were used to check the recovery for the FF and six were used for the recovery of the NFHS-1. It was also tested for consistency with the NFHS-1. The consistency was tested by repeating the separation on a different day. 
2) The next experiment that was performed was to extend the Mg fraction from 3 CV to 3.5 CV.  The extended version of the separation method was tested for consistency in of δ25Mg and δ26Mg. 
3) The last experiment that changed the separation method was to extend the conditioning step to 2 CV 2.0N HNO3. The extended conditioning step was tested for consistency and precision with δ25Mg and δ26Mg. The NFHS-1 was used to test for consistency. The NFHS-1 separation was performed on three different days. 
4) The concentration of the sample or standard that were going to be loaded on to the columns was optimized by loading different concentrations of Mg. The loading concentration used for this test are listed in Table 2.  
5) NASW(North Atlantic Seawater) was used to test if the separation method gave the same results as the literature.  

[bookmark: _Ref39739759][bookmark: _Toc42766498]Table 2 The FF solutions that were used to test for the optimal and maximum concentration of the sample and standards
	solution
	Mg 
(ng in 30µL)
	Na 
(ng in 30µL)
	Ca 
(ng in 30µL)

	1
	660
	1500
	450000

	2
	330
	750
	225000

	3
	110
	250
	112500

	4
	55
	125
	56250




After each column experiment the solvent in the collected fractions was evaporated overnight using a hotplate (130°C), until the samples were completely dry. The samples were then redissolved in 700 µL 2% HNO3 shortly before the measurements giving a concentration of about 150 ppb. For the ICP-MS measurements they were diluted ten times, by diluting 200 µL in 2 ml 2% HNO3 resulting in a final Mg concentration of 15 ppb. [1][7]

[bookmark: _Ref37836264][bookmark: _Toc42766499]Table 3 The final elution protocol of the Cation exchange chromatography method.
	Day One
	(1 CV is 900 µL)
	Time (minutes)

	     Cleaning
	4 CV 7N HNO3
	~120 

	
	4 CV Ultrapure water
	~120

	Day Two
	
	

	      Cleaning
	1 CV 7N HNO3
	~30

	
	1 CV Ultrapure water
	~30

	      Conditioning
	2 CV 2.0N HNO3
	~60

	      Sample
	30 µL (110 ng Mg, 250 ng Na and 112500 ng Ca)
	

	      Procedure 
	3.5 CV 2.0N HNO3 pre-fraction (the last 0.5 CV was captured, for the recovery check)
	~105

	
	3.5 CV 2.0N HNO3 Mg-fraction
	~105

	
	0.5 CV 2.0N HNO3 After fraction (was captured for the recovery check) 
	~15

	      Cleaning
	2 CV 7N HNO3
	~60

	
	2 CV Ultrapure water. 
	~60




[bookmark: _Toc42764831]3.2.2 ICP-MS analyses for the recovery calculations. 
For the optimization of the separation, the ICAP Q ICP-MS from thermo scientific was used. In these measurements the content of Na, Ca and the recovery of Mg from the column chemistry were determined. The recovery was monitored by measuring the FF without passing it through the column and by measuring the Mg content from the same sample after the column chemistry. The recovery was calculated by using the counts per second (CPS). The standard-sample bracketing technique was used for measurements with the ICP-MS. 













[bookmark: _Toc42764832]3.3 Analysis of the isotope ratios using MC-ICP-MS

The operating conditions and sample measurement parameters are listed in Table 4. A blank correction was performed by subtracting the average of the two blanks surrounding the samples and standards [15]. To keep track of the influence of the Na and Ca on the measurement, an additional measurement with a different method designed to quickly monitor Ca and Na signal intensities was included in the measurements. After it was proven that the Mg was fully separated from the Na and Ca and the blank of the Na and Ca stayed low, the Na and Ca content measurements were left out.

[bookmark: _Ref31005596][bookmark: _Toc42766500]Table 4 Instrumental operating conditions. *optimized on a daily basis for the sensitivity, but for Mg it is fairly constant.   
	rf Power 
	1220 Watt

	Acceleration Voltage
	10 kV

	Sample gas
	Argon 

	Sample Gas Flow rate (L/min)* 
	0.950

	Auxiliary gas flow rate (L/min)*
	0.95

	Coolant gas flow rate (L/min)
	15.00

	Fore vacuum pressure (mbar)
	< 6E-4

	High Vacuum pressure (mbar)
	< 1E-7

	Analyzer pressure (mbar)
	< 8E-9

	Sample uptake rate
	~60 µL/min

	Typical 24Mg sensitivity 
	~73 V/ppm

	Blank signal
	0.006V for 2% HNO3

	Sampling time
	45 repetitions of 4s

	Baseline
	30 times 1.05s 

	Background time 
	One repetition of 30s.
(defocused: Baseline + Background)

	Cone combination
	Jet + H

	Multi collector
	Low mass side (L1): 24 Mg
Center cup (C): 25 Mg
High mass side (H1): 26 Mg










[bookmark: _Toc42764833]3.3.1 The optimization of the MC-ICP-MS measurements
The first test was to optimize the measurements for the lowest acceptable precision given the amount of sample available. In order to evaluate if results were more stable using less cycles, analysis consisting of 90 cycles of 4 seconds integrating time per sample compared with measurements 45 cycles of 4 seconds integrating time per sample. 
Second, to evaluate the influence of Na and Ca on δ25Mg and δ26Mg measurements, small amounts of Na were added to standards. Also, Ca was added to the Mg inhouse-standard. Five standards were used. In Two of the standard Na was added, one of 10 ppb Na and one of 40 ppb Na and another two were used to add Ca. The Ca was also added in amounts of 10 ppb and 40 ppb. 
Third, the effects of small variations of the acid concentration (aimed at being 2% HNO3) between samples an standards were investigated. The inhouse standard was  dissolved in 1%, 3% and 4% HNO3 and measured as a sample against the same standard dissolved in 2% HNO3. 
Last, for the evaluation in the long term precision of the Mg analysis a single solution of SRM980 was used. SRM980 is a Mg standard, for the stability a 2sd is preferred below 0.1‰. To mimic the repeatability of real foraminifera samples that cannot be measured multiple times, NASW was processed over 15 columns and the Mg fractions were combined to enable reuse of the same sample in consecutive analytical runs. 




























[bookmark: _Toc42764834]4. Results and discussion 

[bookmark: _Toc42764835]4.1 The Cation Exchange Chromatography 

At first the recovery was tested for the original method. The recovery of Mg of the original method was proved to be not optimal, the recovery for 25Mg was 89.0% (±2.0%, 2sd)(Figure 7). The results shown that a small amount of Mg is eluted before and after the Mg fraction.  In the original method it was clear that the Mg was completely separated from Na and Ca. After this a small blank test of the columns was performed, to test if the cleaning procedure is sufficient. The results showed that the blank of the columns is as low as the acid blank, so the cleaning procedure is sufficient.  Based on the bad recovery results the separation was tested. 


[bookmark: _Ref32827210][bookmark: _Toc42766484]Figure 7 The recovery’s of 25Mg  from the original method, ICP-MS measurements. The labels are percentage (%). (the percentage are presented with a comma instead of a point mark). 







  
1)
The separation was tested by splitting the fourth, seventh and eight column volume (CV) in fractions of 150 µL. The results of the separation test show that the separation of Mg from Na and Ca was clearly visible (Figure 8).  It appeared that most of the Mg elutes at CV 5 and CV 6, if these two are combined the recovery of 25Mg  has an average of 97.2% (± 0.5%, 2sd, n=3), which is still not optimal. The start of the Mg-fraction in the original method was at CV 5,  but the elution of Mg starts slightly earlier.  To improve the method, 0.5 CV before and after CV five and six were added to the Mg fraction. The new method consisted of 3.5 CV for the pre-fraction containing Na and 3 CV for the Mg-fraction. 


[bookmark: _Ref39752869][bookmark: _Toc42766485]Figure 8 The separation test of Mg from Na and Ca. The Na signal measured in the blank seems to be high but compared to the total signal it is lower than 10%.
Using this new method the recovery was tested, with FF (Foraminifera faker) as a sample. The recovery appeared to be improved compared to the previous experiment. The average recovery of the new method was 98% (±1.7%, 2sd, n=5). The average was proven to be optimal, but when using the total matrix of foraminifera this could be different, because of the matrix affect. To investigate what the recovery would do, the NFHS-1 (NIOZ Foraminifera House Standard) was performed with this method. The foraminifera standard NFHS-1 was used to test for the matrix effect. 
In this experiment the recovery of NFHS-1 and the recovery of the FF had been investigated. This resulted for FF in a good recovery of 99.6% (±1.5%, sd, n=6) and for the NFHS-1 96.8% (±1.9%, sd, n=3), this was not optimal and this needs to be improved. The cause for the lower recovery can be the effect of the matrix of NFHS-1. The matrix effect can slow down the elution of Mg, because it contains more elements which interact with the resin. The FF consists of Na, Ca and Mg only, while the NFHS-1 consist of all the elements a foraminifera contains. So, for the total matrix of a foraminifera the Mg-fraction in the separation must be extended. These samples were also measured on the MC-ICP-MS. 

These samples were also measured on the MC-ICP-MS. Within these measurements the bracketing standard showed a δ25Mg of -0.0003‰ (±0.03‰, 2sd) and for δ26 Mg -0.001‰ (±0.04‰, 2sd). This shows that the measurements of the MC-ICP-MS are stable and that the changes in mass fraction over time is low. The FF samples are shown in Figure 9 and the average is shown in Table 5. The optimal δ25Mg and δ26Mg for the FF is zero and it must fluctuate around zero. The FF gave a  δ25Mg and δ26Mg of below zero. The reason for them to not have an optimal δ25Mg and δ26Mg, is that the recovery of the Mg was apparently not good enough. The NFHS-1 average are shown in Table 5. The measurements for the NFHS-1 that were performed had a good precision, but as there is no theoretical value for NFHS-1 δ25Mg and δ26Mg. The separation method was tested in duplo to check for the consistency of the resin with the total matrix. 

[bookmark: _Ref30488491][bookmark: _Toc42766486]Figure 9 δ25Mg and δ26Mg from the FF samples. 

The NFHS-1 average results for δ25Mg and δ26Mg of both experiments (NFHS-1_E(experiment)2 and NFHS-1_E3) are shown in Table 5. The averages seem to be different based om comparing them with the standard deviation. To make sure the right conclusion can be drawn an unpaired-samples t-test was executed. The calculations of the T-test are shown in appendix C.2. The unpaired-samples t-test showed that the NFHS-1_E2 and NFHS-1_E3 are significantly different. The 3 CV Mg fraction might not be enough for the total elution of Mg, because it seems to give inconsistent results for the total matrix of the foraminifera and δ25Mg and δ26Mg did not have an optimal value of zero for the FF. The next step was to extend the Mg Fraction to 3.5 CV, to see if this resulted in δ25Mg and δ26Mg of zero for the FF and consistent results for the NFHS-1 (<0.15‰, 2sd). 

[bookmark: _Ref42506908][bookmark: _Toc42766501]Table 5 The averages  from the MC-ICP-MS measurements of the first new method
	The New Method
	δ25Mg (‰)
	2sd
	δ26Mg (‰)
	2sd

	FF (n=6)
	-0.02
	0.03
	-0.04
	0.03

	NFHS-1 (n=3)
	-1.17
	0.06
	-2.27
	0.06

	NFHS-1_E2  (n=5)
	-1.22
	0.02
	-2.37
	0.04

	NFHS-1_E3 (n=5)
	-1.16
	0.03
	-2.25
	0.04










2)
To test if the change in the size of  Mg-fraction makes any improvements, the FF was used to see if δ25Mg and δ26Mg are zero and fluctuated around zero. The column procedure using all 15 columns was performed in duplo. Results from this experiment are listed in Figure 10. The average δ25Mg and δ26Mg of the duplo measurements are listed in Table 6. The results show clearly better overlap between two series, but the average δ25Mg and δ26Mg are offset from zero. A possible cause for the occurrence of this mas bias effect could be that 1 CV of 2.0N HNO3 is not sufficient to condition the column after eluting UP-water.  A new experiment using an extended conditioning step of 2CV 2.0N HNO3 was performed using FF to test the hypothesis. 

[bookmark: _Ref42507784][bookmark: _Toc42766502]Table 6 The results of the foraminifera faker (FF), when the elution of Mg was extended.
	Extension of the Mg fraction to 3.5 CV
	δ25Mg (‰)
	2sd
	δ26Mg (‰)
	2sd

	FF
	
	
	
	

	First series
	-0.06
	0.03
	-0.11
	0.04

	Second series
	-0.05
	0.03
	-0.09
	0.04










[bookmark: _Ref40782128][bookmark: _Toc42766487]Figure 10 The results from FF, after changing the Mg fraction form 3 CV to 3.5 CV










3)
The results from the test with the extended conditioning step to two CV are listed in Figure 11. The average δ25Mg and δ26Mg is shown in Table 7. Despite the fact that the standard deviation had increased slightly from 0.04 to 0.06, the results are better with averages values at or close to zero for the FF. 
[bookmark: _Ref39762291][bookmark: _Toc42766488]Figure 11 The results of the FF after changing the conditioning step to 2 CV.

In addition to the previous results the NFHS-1 was tested again for consistency of the column chemistry. The NFHS-1 separation was performed three times, on different days (NFHS-1_E4,E5 and E6). The results are shown in Figure 12 and Figure 13. The average and standard deviation of the replicates are in good agreement with each other (Table 7) and the 2sd when comparing all three results is below 0.15‰.

[bookmark: _Ref42509097][bookmark: _Toc42766503]Table 7 The results of the NFHS-1 and FF after the extension of the Mg elution.
	The extension of the conditioning step.
	
	
	
	

	FF
	-0.003
	0.04
	-0.011
	0.06

	NFHS-1_4
	-1.20
	0.04
	-2.30
	0.04

	NFHS-1_5
	-1.21
	0.03
	-2.32
	0.04

	NFHS-1_6
	-1.21
	0.04
	-2.32
	0.05












[bookmark: _Ref36822168][bookmark: _Toc42766489]Figure 12 NFHS-1 results for  δ25Mg to check if they gave a good consistent result.

[bookmark: _Ref36822173][bookmark: _Toc42766490]Figure 13 NFHS-1 results δ26Mg, for checking if they have a good constant result. 
















4)
The results show clearly that the matrix affect has a big influence on the column separation, this was proven by the difference between the FF and NFHS-1 separation. There for it is important to know what the optimal loading amount of the columns is, δ25Mg and δ26Mg are a good indicators for this. The FF is made of the Inhouse standard that is used as the bracketing standard, so δ25Mg and δ26Mg must be zero. The results are shown in figure 14. δ25Mg and δ26Mg gave the most optimal results with 110ng Mg, 250 ng Na and 1250 ng Ca as loading amount. This does not mean this is the maximum loading concentration, but that is the most optimal for the developed elution protocol. The range that is expected to work for the CaCO3 and seawater samples is between 50 and 200 ng Mg. 

[bookmark: _Toc38801959]

[bookmark: _Ref39237971][bookmark: _Toc42766491]figure 14 The graph showing  the optimal loading concentration. 
5)
Six columns were used to test NASW for consistency of published data by others[7][16]. When the averages (Table 8) are corrected for the DSM3 standard, the deltas and standard deviations are very similar to the published data (Table 8). This means that this final separation procedure delivers the same quality of separation as other groups that have reported Mg isotope ratios for NASW. For the robustness of the column chemistry separation the loading amount for the column was tested before the samples were purified with the column chemistry.  




[bookmark: _Toc42764836]4.2 the optimization of the MC-ICP-MS analysis 

When comparing measurements performed using 45 cycles with an integration time of 4s to 90 cycles with an integration time of 4s, there is no significant increase in the scatter of the data. The two standard deviation of 45 cycles is with 0.02‰ only slightly larger than with 90 cycles (0.01‰) and well within the required precision of 0.05‰. The advantage of less cycles is less sample consumption allowing higher Mg concentrations per measurements which would in turn improve the precision. 
The influence of Ca and Na on the measurements was tested by adding small amounts of Ca and Na to the Inhouse standard (Figure 15).  From this graph it is clear that even small amounts of Ca and Na (<10 ppb) in the measurements solution hamper the results. When more amount of Ca ions is added, δ25Mg decreases even further, because more isobaric interference appears (more Ca2+ is formed). Na is a non-isobaric interference altering the mass bias of the instrument. 


[bookmark: _Ref40089978][bookmark: _Toc42766492]Figure 15 The results of adding Ca and Na to the inhouse standard. N=3 for the Ca and Na solutions.











The effects of small variations of the acid concentration (aimed at being 2% HNO3) between samples an standards that was investigated are shown in figure 16. The results show that the standard dissolved in 2% acid concentration gave δ25Mg and δ26Mg of zero. When the acid concentration becomes lower there is no change in δ25Mg and δ26Mg When the concentration becomes lower,  δ25Mg and δ26Mg changes slightly and when it the, but when the concentrations get higher δ25Mg and δ26Mg get lower and below zero. In order to eliminate differences between solutions, it is important to have all the measurement solutions of an analytical run in the same acid concentration. 

[bookmark: _Ref39227772][bookmark: _Toc42766493]figure 16 The acid concentration comparing test.
SRM980 (a standard and the NASW have been measured along on the MC-ICP-MS for the consistency of the MC-ICP-MS. Long-term data are well within the precision reported by other groups [7][9][1]. The results for the SRM980 and NASW are shown in Figure 17. The low standard deviations for SRM980 and NASW over two months are very promising (2sd <0.1). The results show consistent and precise measurements over two months. It is important to continue building on a long-term data set to monitor the performance of the developed method. 

 
[bookmark: _Ref40091797][bookmark: _Toc42766494]figure 17 The consistency and precision test of the MC-ICP-MS with SRM980 and NASW.  From the end of January until the Half of May 2020. 
In isotope research commonly used method to test whether the method can be used for further research is the three isotope plot[12]. The results of the measurements that have been performed with the latest column chemistry are plotted in a three isotope plot, this plot is shown in Figure 19. This plot should result in a theoretical slope of about 0.52, which was reported by Young and Galy (2004)[16] and Pogge et al. (2008) [7]. The slope of the measurement performed in this study resulted in 0.51 and had an R2 of 0.9997. This means that the results measured on the MC-ICP-MS are theoretical correct and very consistent. To verify the consistency, the data of incubation samples (foraminifera) was included in the three isotope plot and fitted well with the data gathered from the standard measurements (Figure 19).  

[bookmark: _Ref38027346][bookmark: _Toc42766495]Figure 19 All the results of the measurements performed with the optimized  cation exchange chromatography protocol.     Slope= 0.51109, R2= 0.9996










[bookmark: _Ref39763466][bookmark: _Toc42766504]Table 8 The delta averages for all the experiments, including the foraminifera samples. In this table it is clearly seen that after every change, δ25Mg and δ26Mg become more stable and have a good precision. 
	The New Method
	δ25Mg (‰)
	2sd
	δ26Mg (‰)
	2sd

	FF (n=6)
	-0.02
	0.03
	-0.04
	0.03

	NFHS-1 (n=3)
	-1.17
	0.06
	-2.27
	0.06

	NFHS-1_2  (n=5)
	-1.22
	0.02
	-2.37
	0.04

	NFHS-1_3 (n=5)
	-1.16
	0.03
	-2.25
	0.04

	Extension of the Mg fraction to 3.5 CV
	
	
	
	

	FF
	
	
	
	

	First series
	-0.06
	0.03
	-0.11
	0.04

	Second series
	-0.05
	0.03
	-0.09
	0.04

	The extension of the conditioning step.
	
	
	
	

	FF
	-0.003
	0.04
	-0.011
	0.06

	NFHS-1_4
	-1.20
	0.04
	-2.30
	0.04

	NFHS-1_5
	-1.21
	0.03
	-2.32
	0.04

	NFHS-1_6
	-1.21
	0.04
	-2.32
	0.05

	NASW (n=6)
	0.33
	0.02
	0.63
	0.04

	NASW corrected for DSM3
	-0.44
	0.02
	-0.85
	0.04

	NASW published by pogge et al [7]. (n=11)
	-0.44
	0.08
	-0.83
	0.09

	NASW published bij young and galy [16] (n=6)
	-0.42
	0.08
	-0.82
	0.04

	Sample measurements
(not corrected for DMS3)
	
	
	
	

	A.lessonii (18°C) (n=2)
	-0.39
	0.03
	-0.73
	0.01

	A.lessonii (21°C) (n=3)
	-0.43
	0.07
	-0.84
	0.02

	A.lessonii (26°C) (n=3)
	-0.50
	0.01
	-1.01
	0.08





























[bookmark: _Toc42764837]4.3 Sample measurements

The foraminifera samples that were cultured at three different temperatures (18,21 and 26°C) at NIOZ were measured with the MC-ICP-MS. These measurements are shown in figure 18. The results show a clear connection between the temperature in which the foraminifera grew in and δ26Mg. The species of foraminifera used in this research were benthic foraminifera and have not been used for temperature experiments before. What has been tested is δ26Mg differences in planktonic foraminifera originating from sediment cores. Results published by Pogge et al (2008)[7] shown that there is no difference in δ26Mg based on the seawater temperature in which the planktonic foraminifera grew. Planktonic foraminifera incorporate less magnesium than benthic foraminifera[2], maybe this is one of the reasons that the temperature difference can be seen in this species of benthic foraminifera and not in the planktonic foraminifera. Another reason can be that the foraminifera used in this research have grown their entire shell in a controlled environment and only lived in seawater, while the sediment core foraminifera also lived in the sediment. 

The samples were measured a second time the day after. These measurements gave a significant different δ26Mg as the same samples. The reason for significant different results could be due the evaporation of the acid during the night. Due external factors, this hypotheses could not be tested.


[bookmark: _Ref38802645][bookmark: _Toc42766496]figure 18 The results of the incubation sample measurements.







[bookmark: _Toc42764838]5. Conclusion (and recommendations)

The aim of this research was to develop a cation exchange separation method for the separation of Mg from the foraminifera shell matrix. After several changes to the column chemistry separation the eventual method gave consistent and good results. The standard deviations of the measurements from the NFHS-1 purified for Mg on different days was lower than 0.15‰. The eventual method needs to be tested for repeatability over several months. This needs to be done because than it is clear if the method can be used long-term and δ25Mg and δ26Mg  do not change over several months in between the separations due to the column separation. All the measured data after completing the optimization of the column chemistry was plotted in one graph, with a slope of 0.51. The slope of 0.51 indicates that the measurements were correct, the theoretical value of the slope is 0.52. When the foraminifera samples were measured an included in the graph the slope changed slightly but was still similar to the theoretical value. The cation exchange method was developed to measure the Mg isotopic ratios in foraminifera to reconstruct paleo climate temperature. Can the delta of Mg be used as a proxy for paleo temperature reconstruction? The results show a clear linear graph of the sample, a higher temperature resulted in a lower δ26Mg, but it should be tested if the benthic species used in this research (A. lessonii), also describes a δ26Mg change when it is not cultured in a lab but taken from sediments cores with known temperatures. 
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[bookmark: _Toc42764844]Appendix B

[bookmark: _Toc42764845]B.1 List of Chemicals

	Chemical
	Cas number
	Purity
	Supplier

	Nitric Acid
	7697-37-2
	68%
	VWR

	Foram Faker (FF)
	-
	-
	Self-made

	Ca, (CaCO3)
	7440-70-2
	10,000 µg/ml (5% HNO3)
	Alpha Aesar

	Na
	7440-23-5
	1000 µg/ml (5% HNO3)
	Alpha Aesar

	Mg
	7439-95-4
	1000 µg/ml (5% HNO3)
	Alpha Aesar

	NIST® SRM® 980, isotopic standard (Mg)
	
	100%
	Sigma Aldrich

	Methanol 
	67-56-1
	99%
	VWR

	Hydrochloric acid (was used for pre- cleaning of bottles)
	7647-01-0
	37%
	VWR

	Column chemistry resin:
AG50W-X12
	
	analytical grade cation exchange resin, hydrogen form, 12% crosslink-age, 100–200 dry mesh size, 106–250 µm wet bead size, ~400 MW limit
	Bio-Rad





























[bookmark: _Toc42764846]Appendix C: The example calculations

[bookmark: _Toc42764847]C.1 The calculation of the Delta

This calculation is from one of the columns. For the Isotopic ratio of the standard an average is taken from the two surrounding standards. 



[bookmark: _Toc42764848]C.2 Calculations for the t-test between NFHS-1_E2 and NFHS-1_E3

To confirm that NFHS_2 and NFHS_3 are not the same an unpaired-samples t-test had been performed. For the calculation of this, the t value has to be compared to the critical value (k). In this calculation X stands for average. Sp is the combined standard deviation. In the calculation for de Sp, v is the number of measurements minus one and s is the standard deviation. The calculations were performed for the delta 26. The critical value is calculated by an excel function; F.INV.RECHTS (0.05;2;5) = 5.79. The NFHS_2 and NFHS_3 are not the same, the T value is higher than the critical value. 


 


C echo	24.954999999999998	24.956	24.957000000000001	24.957999999999998	24.959	24.96	24.960999999999999	24.962	24.963000000000001	24.963999999999999	24.965	24.966000000000001	24.966999999999999	24.968	24.969000000000001	24.97	24.971	24.972000000000001	24.972999999999999	24.974	24.975000000000001	24.975999999999999	24.977	24.978000000000002	24.978999999999999	24.98	24.981000000000002	24.981999999999999	24.983000000000001	24.984000000000002	24.984999999999999	24.986000000000001	24.986999999999998	24.988	24.989000000000001	24.99	24.991	24.992000000000001	24.992999999999999	24.994	24.995000000000001	24.995999999999999	24.997	24.998000000000101	24.999000000000098	25.000000000000099	25.001000000000101	25.002000000000098	25.0030000000001	25.004000000000101	25.005000000000098	25.0060000000001	25.007000000000101	25.008000000000099	25.0090000000001	25.010000000000101	25.011000000000099	25.0120000000001	25.013000000000101	25.014000000000099	25.0150000000001	25.016000000000101	25.017000000000099	25.0180000000001	25.019000000000101	25.020000000000099	1.5175E-3	3.7812499999999999E-3	1.0355E-2	2.0914285714285712E-2	3.7749999999999999E-2	6.4587499999999992E-2	9.4357142857142848E-2	0.13312499999999999	0.18937500000000002	0.23628571428571427	0.29950000000000004	0.37637500000000002	0.44871428571428568	0.51687499999999997	0.59749999999999992	0.66642857142857148	0.72424999999999995	0.78900000000000003	0.84875	0.8928571428571429	0.92774999999999996	0.95837499999999998	0.98128571428571421	0.98899999999999999	0.998	1.0057142857142856	1.0087499999999998	1.01	1.01	1.01	1.01	1.01	1.01	1.01	1.01	1.01	1.0062499999999999	1.01	1.01	1.0137499999999999	1.0128571428571427	1.0046249999999999	0.99312500000000004	0.97787499999999994	0.9494999999999999	0.91037500000000005	0.87012499999999993	0.82100000000000006	0.75812499999999994	0.69324999999999992	0.61587499999999995	0.53325	0.46037500000000003	0.38375000000000004	0.31100000000000005	0.24012500000000001	0.18087499999999998	0.135125	9.3362500000000001E-2	6.6174999999999998E-2	3.6750000000000005E-2	1.9887500000000002E-2	1.0330000000000001E-2	4.8462499999999999E-3	2.2899999999999999E-3	2.2125000000000001E-3	Mass (u)


Signal (V)



25Mg	[CELLREF]
2,21	[CELLREF]
89,00	[CELLREF]
4,15	[CELLREF]
100	
Pre Fraction	Mg fraction	After Fraction	2.2075080159462721	89.001605375303214	4.1537363559360951	23Na	[CELLREF]
0,67	[CELLREF]
1,31	[CELLREF]
0,54	[CELLREF]
100	
Pre Fraction	Mg fraction	After Fraction	0.66663944487026849	1.3108820930715726	0.54364096263920081	43Ca	[CELLREF]
0,03	[CELLREF]
0,13	[CELLREF]
0,21	[CELLREF]
100	
Pre Fraction	Mg fraction	After Fraction	2.8967272575042648E-2	0.12738752208330434	0.20736524524059657	
Percentage (%)




25Mg	3	3.1666666666666665	3.3333333333333335	3.5	3.6666666666666665	4	5	6	6.166666666666667	6.333333333333333	6.5	6.666666666666667	6.833333333333333	7	7.166666666666667	7.333333333333333	7.5	7.666666666666667	7.833333333333333	8	9	2031.0950008521249	2355.5268236899296	2779.7199099092395	3720.9411175085052	3257.9918060337895	6621.2521183511299	86512.560724285839	91161.391027211284	1558.5113651619995	200.07583919427475	-156.02451402408019	-99.356737544445195	469.47316301102478	534.68995772762992	76.044951155904982	-438.77383371621499	-172.71096081819519	46.042359011534927	-274.61048902950506	750.88935246815481	392.7675562644099	23Na	3	3.1666666666666665	3.3333333333333335	3.5	3.6666666666666665	4	5	6	6.166666666666667	6.333333333333333	6.5	6.666666666666667	6.833333333333333	7	7.166666666666667	7.333333333333333	7.5	7.666666666666667	7.833333333333333	8	9	50635.03151659001	82536.925994388497	7925.1460895740001	7217.5947807875	6290.4326909829997	3676.6167084174999	3784.6611033170002	6059.9802812500138	3870.8972665589999	3689.0942598904498	4118.5539983609997	4430.5712924674999	3566.6021650695002	3069.8378038799501	5734.408079588	3453.9808188114498	1093.001171999482	2065.6174483039999	2909.1001594684503	1611.1608582404001	43Ca	3	3.1666666666666665	3.3333333333333335	3.5	3.6666666666666665	4	5	6	6.166666666666667	6.333333333333333	6.5	6.666666666666667	6.833333333333333	7	7.166666666666667	7.333333333333333	7.5	7.666666666666667	7.833333333333333	8	9	1138.9480069313299	490.7725191489501	146.693070262535	209.37394210346019	338.07230796684007	72.012534878125052	-45.342182866154872	-32.672568957354997	-102.01840021847988	-264.71373732419988	-390.73706613542993	-290.05443759989498	-273.38528784657001	181.37048058512505	303.41008680765003	-294.05559503446511	918.24161547483004	802.18501221700012	3627.2420514887403	7495.0825445907349	23Na (100%)	9000	4439068.3334868196	25Mg (100%)	9000	182218.35862662559	43Ca(100%)	9000	2645843.1109452802	CV (column volumn)


cps




delta25 FF	3.162990109473067E-2	3.162990109473067E-2	1	3	5	7	9	11	-2.1085852284663531E-2	-4.6196424051236917E-2	-3.6169617294579126E-2	-1.3338392456985204E-2	-4.4169217618961198E-3	-1.304779E-2	delta26 FF	2.7952063004151772E-2	2.7952063004151772E-2	1	3	5	7	9	11	-5.4082114719800067E-2	-4.2025573311677E-2	-5.4180173972073753E-2	-3.3228973820853547E-2	-2.3072949981273183E-2	-2.4015669999999999E-2	Delta 26 NFHS	1	3	5	average	2sd	-2.2445873545663408	-2.3084766140428759	-2.2696644250174147	-2.274242797875544	6.4379515146855346E-2	Delta 25 NFHS	1	3	5	average	2sd	-1.20195705657411	-1.1406234687895145	-1.1605409664938726	-1.167707163952499	6.2576929843024071E-2	Average delta25	7	-2.2375832974893484E-2	Average Delta26	7	-3.8434242634279588E-2	Number of 
samples


δXMg (‰)




FF_Serie1_Delta25	1.4240093526276672E-2	1.4240093526276672E-2	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	-3.9929591125753561E-2	-7.9101031541184419E-2	-7.2498950005384089E-2	-5.686370885638059E-2	-4.9904782059351227E-2	-6.7881231137656428E-2	-6.7893187692846801E-2	-7.180008351259648E-2	-2.7930492196848178E-2	-5.7448005011062619E-2	-4.1996057837057066E-2	-6.2418190478141788E-2	-7.3302977873446196E-2	-5.773139521081383E-2	-5.6692880926911826E-2	FF_serie1_Delta26	2.1731020152443561E-2	2.1731020152443561E-2	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	-7.0391643159806172E-2	-0.13212722495714591	-8.5492479057758253E-2	-0.11539623361800366	-0.12080010894044424	-0.11913096315341321	-0.10522794058120954	-0.10103562844487879	-8.0522480389477735E-2	-8.0033170745341664E-2	-9.9058010028851839E-2	-0.10284528504556079	-0.14247398002997791	-9.1665666993923089E-2	-0.13469423170520134	FF_Serie2_Delta25	1.4039624973647045E-2	1.4039624973647045E-2	16	17	18	19	20	21	22	23	24	25	26	-4.8480532729988646E-2	-6.9033121264161501E-2	-7.9356966137811291E-2	-3.690951071622095E-2	-5.4646176446682126E-2	-5.4987462813405052E-2	-3.9897529256816E-2	-3.3623402083682308E-2	-6.489854735169942E-2	-5.2196049823316493E-2	-6.0488810886494271E-2	FF_Serie2_Delta26	3.2260996751684493E-2	3.2260996751684493E-2	16	17	18	19	20	21	22	23	24	25	-9.3950811987153493E-2	-0.10280866819678547	-0.15039633061775248	-3.1353394584376915E-2	-0.11600952306300982	-7.8885408096085463E-2	-9.1385859979253858E-2	-4.8537644236845701E-2	-8.1134482743161485E-2	-0.10450720894106258	-0.10897487466332567	Number of 
samples



δXMg (‰)




Delta 25	2.0609819265793198E-2	2.0609819265793198E-2	1	2	3	4	5	6	7	8	9	10	11	12	13	4.1392739219769936E-2	9.8937794885678443E-3	1.5225123535582301E-2	3.117087145954045E-3	-1.5928786832541952E-2	3.3176935759993142E-2	-6.7066882458721722E-4	-3.2546580366998867E-2	3.0695872158537098E-3	-3.0418427150458202E-3	-1.49983049509189E-2	1.4377050482481399E-2	-1.6770683364031314E-2	Delta 26	3.1746084324191674E-2	3.1746084324191674E-2	1	2	3	4	5	6	7	8	9	10	11	12	13	4.7026506510490299E-2	5.8055560965275532E-3	2.2247034198619176E-2	6.5510369694710101E-3	9.7018531588499712E-3	3.97669301848547E-2	2.8509157066425317E-2	-2.3268426432188072E-2	3.9602284583661884E-2	-4.1062346180620324E-2	-8.5938352823999864E-3	4.883789458198784E-2	-4.3574275794378003E-2	Number of 
samples



δXMg (‰)




NFHS-1_4_Delta 25	1.8246401646153543E-2	1.8246401646153543E-2	1	2	3	4	5	6	7	8	9	10	11	12	-1.20720110697801	-1.2014169355269799	-1.2157851141387599	-1.19275870192295	-1.1649000258582101	-1.19832027421927	-1.21505565474887	-1.1968281885604599	-1.20607667237203	-1.2142091695286099	-1.1639159960775201	-1.1784698853554001	NFHS-1_5_Delta 25	1.2567997656236991E-2	1.2567997656236991E-2	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	-1.198709361546757	-1.1851130570381674	-1.1987219036235786	-1.20428779351946	-1.21976993607728	-1.1961100068797299	-1.2082051349170397	-1.2182392690187616	-1.2208520902708964	-1.2249469329317364	-1.2007396030981801	-1.22624907064254	-1.1997057203044299	-1.2098552292596201	-1.22283004811809	NFHS-1_6_Delta 25	1.9597598909776043E-2	1.9597598909776043E-2	28	29	30	31	32	33	-1.2233315833012348	-1.1973607948233544	-1.1849626970823479	-1.1826311673119871	-1.2138835543444859	-1.2283493943785	NFHS-1_4_Delta 26	1	2	3	4	5	6	7	8	9	10	11	12	-2.3232814547468061	-2.273547534767606	-2.3241498573455255	-2.3148620786502816	-2.2793713645069098	-2.3002187207256108	-2.326288441617641	-2.2930400778877758	-2.2969799430104798	-2.3096885534645839	-2.2744508148592191	-2.2688614419713593	NFHS-1_5_Delta 26	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	-2.3072222371876006	-2.3189840459560962	-2.296254878440096	-2.32024058722866	-2.33748123246122	-2.3435761358245601	-2.30730835528469	-2.3267963397433	-2.3071304490131999	-2.3053537813260898	-2.2987586990321902	-2.3207407847845198	-2.2825405285684801	-2.3277540694368399	-2.3407061455149099	NFHS-1_6_Delta 26	28	29	30	31	32	33	-2.3390750362163315	-2.3237462263919761	-2.291216759148007	-2.2920614643696657	-2.3323675687085599	-2.3441299850559298	Number of samples


δ25Mg (‰)




NFHS-1_4_Delta 26	2.1142206216946267E-2	2.1142206216946267E-2	1	2	3	4	5	6	7	8	9	10	11	12	-2.3232814547468061	-2.273547534767606	-2.3241498573455255	-2.3148620786502816	-2.2793713645069098	-2.3002187207256108	-2.326288441617641	-2.2930400778877758	-2.2969799430104798	-2.3096885534645839	-2.2744508148592191	-2.2688614419713593	NFHS-1_5_Delta 26	1.7500177037718695E-2	1.7500177037718695E-2	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	-2.3072222371876006	-2.3189840459560962	-2.296254878440096	-2.32024058722866	-2.33748123246122	-2.3435761358245601	-2.30730835528469	-2.3267963397433	-2.3071304490131999	-2.3053537813260898	-2.2987586990321902	-2.3207407847845198	-2.2825405285684801	-2.3277540694368399	-2.3407061455149099	NFHS-1_6_Delta 26	2.3328166570938041E-2	2.3328166570938041E-2	28	29	30	31	32	33	-2.3390750362163315	-2.3237462263919761	-2.291216759148007	-2.2920614643696657	-2.3323675687085599	-2.3441299850559298	NFHS-1_4_Delta 25	1.8246401646153543E-2	1.8246401646153543E-2	1	2	3	4	5	6	7	8	9	10	11	12	-1.20720110697801	-1.2014169355269799	-1.2157851141387599	-1.19275870192295	-1.1649000258582101	-1.19832027421927	-1.21505565474887	-1.1968281885604599	-1.20607667237203	-1.2142091695286099	-1.1639159960775201	-1.1784698853554001	NFHS-1_5_Delta 25	1.2567997656236991E-2	1.2567997656236991E-2	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	-1.198709361546757	-1.1851130570381674	-1.1987219036235786	-1.20428779351946	-1.21976993607728	-1.1961100068797299	-1.2082051349170397	-1.2182392690187616	-1.2208520902708964	-1.2249469329317364	-1.2007396030981801	-1.22624907064254	-1.1997057203044299	-1.2098552292596201	-1.22283004811809	NFHS-1_6_Delta 25	1.9597598909776043E-2	1.9597598909776043E-2	28	29	30	31	32	33	-1.2233315833012348	-1.1973607948233544	-1.1849626970823479	-1.1826311673119871	-1.2138835543444859	-1.2283493943785	Number of samples


δ26Mg (‰)




Delta 25_55ng	4	4	8.2718858116725968E-2	6.4449031257129974E-2	Delta 26_55ng	6.5809210292335548E-3	6.5809210292335548E-3	4	4	0.18965111058211193	0.19895793835456033	Delta 25_110ng	2.0998103086395794E-2	2.0998103086395794E-2	3	3	3	2.9173180705832601E-3	-3.6007153022543648E-2	-2.8911574710965837E-3	Delta 26_110ng	4.1433470143471145E-2	4.1433470143471145E-2	3	3	3	-3.1681381756909501E-3	-8.2015003461943792E-2	Delat 25_330ng	1.0305935843345028E-2	1.0305935843345028E-2	2	2	-3.591082806753132E-2	-2.1336033824925771E-2	Delta 26_330ng	3.1463065994412252E-2	3.1463065994412252E-2	2	2	-9.2333491521046085E-2	-4.7837996877908573E-2	Delta 25_660ng	1.0998693877799828E-2	1.0998693877799828E-2	1	1	-4.8129620792147776E-2	-6.3684122842522228E-2	Delta 26_660ng	1.9648364073700884E-2	1.9648364073700884E-2	1	1	-7.8958853276689389E-2	-0.10674583622816147	Number of
 samples


δXMg (‰)




Delta 25, Ca	1.8194339362018024E-2	1.8194339362018024E-2	0	10	40	1.6923066180041246E-3	-3.5690304753921431E-2	-9.3868297451060734E-2	Delta 25, Na	1.8194339362018024E-2	1.8194339362018024E-2	0	10	40	1.6923066180041246E-3	-3.8014394470375912E-2	-4.1075499774945179E-2	Amount of 
ion added (ppb)


δ25Mg (‰)




1% HNO3	1	1	1	-3.45227756834732E-2	2.5541000000000001E-2	3.8973590927859902E-2	2% HNO3	2	2	2	5.5426050030060701E-3	-5.57923206396804E-3	4.9152540352304002E-3	3%HNO3	3	3	3	-0.14312496100676864	-0.13038208256932499	-0.16228503031401301	4%HNO3	4	4	4	-0.15010972382756282	-0.172197460490293	-0.179571960348508	Concentration 
HN03 (%)


δ26Mg (‰)




Delta 25_SRM980_sd:0.03	3.287975701387845E-2	3.287975701387845E-2	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	0.8524207797411254	0.86626911704867915	0.85275771844894876	0.85073921292688759	0.84563850105801031	0.84065510516229125	0.84024861197495859	0.83109475052722814	0.85639468058040791	0.82752895818449801	0.82158009669708321	0.84426513180679841	0.87005849516996747	0.84654523375671253	0.90165953727905368	0.88586350282771065	0.89395435216310659	0.88935296971315303	0.91177601784320217	0.90281186200136254	0.91327647474059859	0.95484745399065929	0.91340491496305631	0.90639766511624309	0.88547048151532692	0.85475650129485103	0.87013212665643103	Delta 26_SRM980_sd:0.05	5.2093917881269054E-2	5.2093917881269054E-2	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	1.7625653922070939	1.7367747081211693	1.706879785690063	1.6652762998004	1.7360428818828932	1.6988203292584991	1.6535514620716896	1.6921509671368185	1.7017582375975504	1.7017582375975504	1.6663733851298712	1.7155833141015986	1.7207060792401307	1.7360864993505309	1.7730438941361282	1.8296150481666995	1.7981275512068962	1.8159362484724273	1.7782056967927673	1.7825158811521913	1.7931884678403787	1.7654954496202357	1.8175282694592454	1.8107626090642093	1.786907674324878	1.8189118017957195	1.7426728486713561	Delta 25_NASW_sd:0.01	2.7342075802264342E-2	2.7342075802264342E-2	1	2	3	4	5	6	7	8	9	10	11	0.32810317746490014	0.30636995018973323	0.33583021063265939	0.32497915446927372	0.33945726530015818	0.3347257635430978	0.30765548220723637	0.30816007725698036	0.30553186731996362	0.3108160930231918	0.32453928745002081	Delta 26_NASW_sd:0.03	1.3809623110999463E-2	1.3809623110999463E-2	1	2	3	4	5	6	7	8	9	10	11	0.66059749976243864	0.67392585333791999	0.68252195303686314	0.60976123866240961	0.63750861056921515	0.63756672997028474	0.6929876729211415	0.65559230130274315	0.66470074454771932	0.68045355353341108	0.66118438771312071	Number of samples


δxMg (‰)




Slope	-1.20720110697801	-1.2014169355269799	-1.2157851141387599	-1.19275870192295	-1.1649000258582101	-1.19832027421927	-1.21505565474887	-1.1968281885604599	-1.20607667237203	-1.2142091695286099	-1.1639159960775201	-1.1784698853554001	-1.198709361546757	-1.1851130570381674	-1.1987219036235786	-1.20428779351946	-1.21976993607728	-1.1961100068797299	-1.2082051349170397	-1.2182392690187616	-1.2208520902708964	-1.2249469329317364	-1.2007396030981801	-1.22624907064254	-1.1997057203044299	-1.2098552292596201	-1.22283004811809	-1.2233315833012348	-1.1973607948233544	-1.1849626970823479	-1.1826311673119871	-1.2138835543444859	-1.2283493943785	4.1392739219769936E-2	9.8937794885678443E-3	1.9225123535582256E-2	3.117087145954045E-3	-1.5928786832541952E-2	3.3176935759993142E-2	-6.7066882458721722E-4	-3.2546580366998867E-2	3.0695872158537085E-2	-3.0418427150458172E-2	-1.9998304950918921E-2	3.4377050482481408E-2	-1.6770683364031314E-2	0.8524207797411254	0.86626911704867915	0.85275771844894876	0.85073921292688759	0.84563850105801031	0.84065510516229125	0.84024861197495859	0.83109475052722814	0.85639468058040791	0.82752895818449801	0.82158009669708321	0.84426513180679841	0.87005849516996747	0.84654523375671253	0.90165953727905368	0.88586350282771065	0.89395435216310659	0.88935296971315303	0.91177601784320217	0.90281186200136254	0.91327647474059859	0.92584745399065904	0.91340491496305631	0.90639766511624309	0.88547048151532692	0.85475650129485103	0.87013212665643103	0.32810317746490014	0.30636995018973323	0.33583021063265939	0.32497915446927372	0.33945726530015818	0.3347257635430978	0.30765548220723637	0.30816007725698036	0.30553186731996362	0.3108160930231918	0.32453928745002081	-0.37655411896109214	-0.39761701535512284	-0.45531230030571024	-0.39517836818669938	-0.43506358928546707	-0.50556598183715273	-0.50072215388119456	-0.50476033666047027	-2.3232814547468061	-2.273547534767606	-2.3241498573455255	-2.3148620786502816	-2.2793713645069098	-2.3002187207256108	-2.326288441617641	-2.2930400778877758	-2.2969799430104798	-2.3096885534645839	-2.2744508148592191	-2.2688614419713593	-2.3072222371876006	-2.3189840459560962	-2.296254878440096	-2.32024058722866	-2.33748123246122	-2.3435761358245601	-2.30730835528469	-2.3267963397433	-2.3071304490131999	-2.3053537813260898	-2.2987586990321902	-2.3207407847845198	-2.2825405285684801	-2.3277540694368399	-2.3407061455149099	-2.3390750362163315	-2.3237462263919761	-2.291216759148007	-2.2920614643696657	-2.3323675687085599	-2.3441299850559298	8.7026506510490265E-2	5.8055560965275532E-3	2.2247034198619176E-2	6.5510369694710135E-2	9.7018531588499712E-3	7.9766930184854701E-2	2.8509157066425317E-2	-2.3268426432188072E-2	3.9602284583661884E-2	-4.1062346180620324E-2	-8.5938352823999864E-3	4.883789458198784E-2	-4.3574275794378003E-2	1.7625653922070939	1.7367747081211693	1.706879785690063	1.6652762998004	1.7360428818828932	1.6988203292584991	1.7035514620716901	1.6921509671368185	1.7017582375975504	1.7017582375975504	1.6963733851298699	1.7155833141015986	1.7207060792401307	1.7360864993505309	1.7730438941361299	1.8096150481666999	1.7981275512068962	1.80593624847243	1.7782056967927673	1.7825158811521913	1.7931884678403787	1.7654954496202357	1.8175282694592454	1.7907626090642099	1.786907674324878	1.7789118017957199	1.7426728486713561	0.66059749976243864	0.67392585333791999	0.68252195303686314	0.60976123866240961	0.63750861056921515	0.63756672997028474	0.6929876729211415	0.65559230130274315	0.66470074454771932	0.68045355353341108	0.66118438771312071	-0.72426268079206491	-0.73333136222031303	-0.85296363903730743	-0.83144236921439685	-0.84159607268730063	-1.0531838832353868	-0.99726089906682081	-0.97147948660758487	Incubation samples	-0.37655411896109214	-0.39761701535512284	-0.45531230030571024	-0.39517836818669938	-0.43506358928546707	-0.50556598183715273	-0.50072215388119456	-0.50476033666047027	-0.72426268079206491	-0.73333136222031303	-0.85296363903730743	-0.83144236921439685	-0.84159607268730063	-1.0531838832353868	-0.99726089906682081	-0.97147948660758487	NFHS-1	-1.20720110697801	-1.2014169355269799	-1.2157851141387599	-1.19275870192295	-1.1649000258582101	-1.19832027421927	-1.21505565474887	-1.1968281885604599	-1.20607667237203	-1.2142091695286099	-1.1639159960775201	-1.1784698853554001	-1.198709361546757	-1.1851130570381674	-1.1987219036235786	-1.20428779351946	-1.21976993607728	-1.1961100068797299	-1.2082051349170397	-1.2182392690187616	-1.2208520902708964	-1.2249469329317364	-1.2007396030981801	-1.22624907064254	-1.1997057203044299	-1.2098552292596201	-1.22283004811809	-1.2233315833012348	-1.1973607948233544	-1.1849626970823479	-1.1826311673119871	-1.2138835543444859	-1.2283493943785	-2.3232814547468061	-2.273547534767606	-2.3241498573455255	-2.3148620786502816	-2.2793713645069098	-2.3002187207256108	-2.326288441617641	-2.2930400778877758	-2.2969799430104798	-2.3096885534645839	-2.2744508148592191	-2.2688614419713593	-2.3072222371876006	-2.3189840459560962	-2.296254878440096	-2.32024058722866	-2.33748123246122	-2.3435761358245601	-2.30730835528469	-2.3267963397433	-2.3071304490131999	-2.3053537813260898	-2.2987586990321902	-2.3207407847845198	-2.2825405285684801	-2.3277540694368399	-2.3407061455149099	-2.3390750362163315	-2.3237462263919761	-2.291216759148007	-2.2920614643696657	-2.3323675687085599	The inhouse standard	4.1392739219769936E-2	9.8937794885678443E-3	1.9225123535582256E-2	3.117087145954045E-3	-1.5928786832541952E-2	3.3176935759993142E-2	-6.7066882458721722E-4	-3.2546580366998867E-2	3.0695872158537085E-2	-3.0418427150458172E-2	-1.9998304950918921E-2	3.4377050482481408E-2	-1.6770683364031314E-2	8.7026506510490265E-2	5.8055560965275532E-3	2.2247034198619176E-2	6.5510369694710135E-2	9.7018531588499712E-3	7.9766930184854701E-2	2.8509157066425317E-2	-2.3268426432188072E-2	3.9602284583661884E-2	-4.1062346180620324E-2	-8.5938352823999864E-3	4.883789458198784E-2	-4.3574275794378003E-2	SRM980	0.8524207797411254	0.86626911704867915	0.85275771844894876	0.85073921292688759	0.84563850105801031	0.84065510516229125	0.84024861197495859	0.83109475052722814	0.85639468058040791	0.82752895818449801	0.82158009669708321	0.84426513180679841	0.87005849516996747	0.84654523375671253	0.90165953727905368	0.88586350282771065	0.89395435216310659	0.88935296971315303	0.91177601784320217	0.90281186200136254	0.91327647474059859	0.92584745399065904	0.91340491496305631	0.90639766511624309	0.88547048151532692	0.85475650129485103	0.87013212665643103	1.7625653922070939	1.7367747081211693	1.706879785690063	1.6652762998004	1.7360428818828932	1.6988203292584991	1.7035514620716901	1.6921509671368185	1.7017582375975504	1.7017582375975504	1.6963733851298699	1.7155833141015986	1.7207060792401307	1.7360864993505309	1.7730438941361299	1.8096150481666999	1.7981275512068962	1.80593624847243	1.7782056967927673	1.7825158811521913	1.7931884678403787	1.7654954496202357	1.8175282694592454	1.7907626090642099	1.786907674324878	1.7789118017957199	1.7426728486713561	NASW	0.32810317746490014	0.30636995018973323	0.33583021063265939	0.32497915446927372	0.33945726530015818	0.3347257635430978	0.30765548220723637	0.30816007725698036	0.30553186731996362	0.3108160930231918	0.32453928745002081	0.66059749976243864	0.67392585333791999	0.68252195303686314	0.60976123866240961	0.63750861056921515	0.63756672997028474	0.6929876729211415	0.65559230130274315	0.66470074454771932	0.68045355353341108	0.66118438771312071	δ26Mg (‰)


δ25Mg (‰)




Delta 26_T1_18	6.4125261343347551E-3	6.4125261343347551E-3	18	18	-0.72426268079206491	-0.73333136222031303	Delta 26_T2_21	1.0766338852553259E-2	1.0766338852553259E-2	21	21	21	-0.85296363903730743	-0.83144236921439685	-0.84159607268730063	Delta 26_T3_26	4.1768548404718955E-2	4.1768548404718955E-2	26	26	26	-1.0531838832353868	-0.99726089906682081	-0.97147948660758487	Temperature (°C)


δ26Mg (‰)
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