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ABSTRACT

Routine generation of large Rb-Sr age datasets has been limited by the time-consuming requirement of
chromatographic isolation of Sr from Rb to avoid the isobaric interference of 8’Rb* on 87Srt*. Recently,
direct measurement of interference-free 87Sr/86Sr has become possible with the advent of tandem quadrupole
inductively coupled plasma mass spectrometry (ICP-MS/MS). Here, we describe a method that uses ICP-MS/MS
to measure 37Sr/86Sr combined with a standard addition calibration for precise determination of Rb/Sr, allowing
efficient generation of Rb-Sr ages. The method is demonstrated on a suite of ~50 to 90 Myrs (million years) old
celadonite samples that are dated with age uncertainties typically of +2 to 5 Myrs provided the sample Rb/Sr
is >2. A method to separate the phyllosilicate fraction from the bulk sample, because it commonly has a higher
Rb/Sr more suitable for dating, using differential settling is also described.

« Differential settling allows high Rb/Sr phyllosilicates to be separated from other phases
o ICP-MS/MS allows 87Sr/86Sr measurement without chromatographic isolation of Sr* from Rb*
o Single-spike standard addition ICP-MS was used for Rb/Sr measurement
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Specification table

Subject Area: Earth and Planetary Sciences

More specific subject area: Geochronology

Method name: Rb-Sr dating

Name and reference of original o Online separation of 8Sr* from 87Rb* through tandem ICP-MS/MS [2,3]
method: e Single-spike solution standard addition calibration ICP-MS [4]

Method details
Method overview

Detailed resolution of many geological processes depend on the generation of large geochronology
datasets. While high-throughput approaches have existed for some geochronometers for some time
(e.g., laser-ablation U-Pb dating of zircons), until recently, Rb-Sr dating has been limited by relatively
low throughput. This is due to the isobaric overlap of 87Rb* and 8’Srt on mass to charge ratio
(m/z) of 87 that requires chromatographic isolation of these elements prior to analysis (e.g. [5,6]).
Developments in tandem quadrupole inductively coupled mass spectrometry (ICP-MS/MS) have
recently made it possible to eliminate the chromatography step and directly measure 87Sr* with
online separation from 87Rb+ [2,3,10-12]].

Tandem quadrupole mass spectrometry is based on two quadrupole mass filters (Q1 and Q2)
bracketing a collision/reaction chamber [10,11]. The first quadrupole allows only a subset of species
with a specific m/z to enter the collision/reaction chamber. The collision/reaction cell can then be
used to either eliminate interferences or, as is the case here, to react with the species of interest
generating a molecule with a different mass (mass shifted). In this case the second quadrupole (Q2)
then focuses the mass-shifted species to the detector and, provided no other species allowed through
Q1 undergo the same mass shift, the signal is now interference free.

Here we describe an approach to high-throughput Rb-Sr geochronometry using ICP-
MS/MS for 87Sr/86Sr isotopic analysis in combination with high-precision Rb/Sr ICP-MS
analysis via standard addition. We use a dataset of 69 high Rb/Sr samples (celadonite,
[K(Fe2+ Mg2+)(Fe3+ AI3+)Siz019(OH)4]) from the lava section of the Troodos ophiolite discussed
in the co-submitted paper [1] as an example of this approach. An initial multi-element analysis was
used to pre-screen the samples for suitability for Rb-Sr dating (i.e., having a sufficiently high Rb/Sr). A
method for purification of a phyllosilicate fraction from bulk samples with low Rb/Sr, via differential
settling in 18.2 MQ-cm deionized water (DI), is also described.

Sample preparation and digestion

Sample chips with <1 mm grain size were picked from crushed hand-samples and ground to a
powder using an agate mortar and pestle. These samples, along with standards and blanks were
dissolved following standard procedures for rock dissolution using Anachemia Environmental Grade
HF and HNO3 and DI. Around 50 mg of sample powder was weighed into a Teflon vial, then 2.5 mL
HF (49%, 29 M) and 0.25 mL of HNO3 (70%, 16 M) were added. Samples were sealed and placed
on a hotplate for at least 24 h at ~120 °C. Lids were removed and the acids evaporated off by
placing the vials on a hot plate at ~150 °C. When the samples reached a gel-like state, just before
complete dryness, 2 mL of 8 M HNO3; was added, the lids replaced, and the samples returned to the
hotplate at ~120 °C for ~24 h. This acid was again evaporated to near complete dryness then 2 mL
of 8 M HNO3 was added. After leaving this on the hotplate overnight at ~80 °C the samples were
transferred to clean HDPE bottles and diluted to produce a 0.32 M solution with a dilution factor
of ~1000 by weight. Along with the celadonite samples the high Rb/Sr mineral standards NBS SRM
607 (K-feldspar) and CRPG Mica-Mg (phlogopite) were included as data quality checks. The following
reference materials were included for major and trace element calibration, from the United States
Geological Survey (USGS): BIR-1a (basalt powder), DNC-1 (dolerite powder), BHVO-2 (basalt powder);
and from the Geological Survey of Japan (GS]): JB-2 (basalt powder) and JP-1 (peridotite powder).
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Fig. 1. The measured Rb/Sr from a routine multi-element analysis versus the final sample age uncertainty plotted on a
logarithmic scale. The data shows that for this sample suite the age uncertainty begins to increase significantly as the Rb/Sr
drops below ~5 and only samples with Rb/Sr > 2 are good targets for obtaining ages with uncertainties <5 Myrs (million
years). The details for other samples suites will depend on both the analytical precision and accuracy as well as the sample
ages.

Purification of a fine-grained phyllosilicate fraction

Low-temperature micas, and similar phyllosilicates, commonly have high Rb/Sr making them good
targets for Rb/Sr dating. They also tend to be intimately intergrown with other phases that have lower
Rb/Sr making separation by hand-picking challenging. Samples identified as impure celadonite (here
based on a Rb/Sr <2; Fig. 1) were purified by differential settling in DI and the higher purity separate
was re-digested. This process involved weighing 0.1 g of finely powdered sample into a metal-free
50 mL centrifuge tube. These tubes were then filled with 35 mL DI water, capped, shaken and left
standing for the higher settling velocity material to settle out. After ~18 h the high-density particles
were observed to have settled to the bottom of the tube while the phyllosilicate fraction was still
in suspension. The upper 30 mL of the cloudy solution containing suspended material was pipetted
into a second, metal-free 50 mL centrifuge tube and centrifuged for 10 min to separate the suspended
clay particles from the DI. After this the solution appeared clear with a small pellet of phyllosilicates
visible at the bottom of the vial. The clear supernatant was pipetted off; ~10 mL was retained for
analysis and the remainder discarded. The pellet of separated phyllosilicate particles was re-suspended
in ~3 mL of DI, transferred into a Teflon vial and dried on a hot plate at ~80 °C and then weighed.
The recovered dry weights of the samples ranged from 5 to 20 mg. These separated samples were
digested following the same procedure described above, but with the volume of reagents reduced.
The first digestion step used 1.5 mL of 29 M HF and 0.15 mL of 16 M HNO;5 and the second digestion
step used 1.2 mL 8 M HNOs. The final dilution factor of ~1000 by weight was the same for as the bulk
samples.

The 10 mL of supernatant DI retained from the settling experiments was acidified with 0.4 mL
of 16 M HNOs and analyzed by multi-element analysis (described below). These solutions contained
<0.06 ng Rb and <0.7 ng Sr, which is <0.02 and <0.3% respectively of the Rb and Sr contents of the
samples, indicating that leaching of Rb and Sr during settling did not substantially change the sample
composition. All of the separated clay samples had higher Rb/Sr than the corresponding bulk samples
and for 11 out of 14 samples the Rb/Sr increased to >2 allowing them to be dated (e.g., Fig. 2).
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Fig. 2. Isochrons, generated with IsoplotR, showing both, data for an initial analysis (low Rb/Sr datapoints near the origin)
and analysis of low settling velocity material that have much higher Rb/Sr for two samples CY2-117.8 (green) and 2017CL23
(red) with different ages. The 87Rb/36Sr was obtained from the measured Rb/Sr ratios by assuming an abundance of 87Rb of
27.83% and an abundance of 8Sr of 9.86% corresponding to the natural abundances of these isotopes [19]. The grey uncertainty
envelopes age uncertainties and error ellipses are all 95% confidence intervals. A fixed, initial 87Sr/%6Sr of 0.7074 + 0.0002 (10;
[16]) was assumed as discussed in the text. Purification by differential settling, as described in the text, increased the Rb/Sr
ratio of the analyte (indicated by the coloured arrows) leading to much more precise age determinations than could have been
achieved on the low Rb/Sr initial material. The red shaded area shows the region of samples with Rb/Sr<2 (and hence 87Rb/3¢Sr
<5.6) which produce low precision ages in our study [1] as shown in Fig. 1. (For interpretation of the references to color in
this figure legend, the reader is referred to the web version of this article.)

Analytical

All analyses were performed using an Agilent 8800 #100 ICP-MS/MS (also called a “Triple
Quadrupole” ICP-MS) at the University of Victoria (Canada). This instrument was fitted with a
concentric glass nebulizer, peltier cooled (2 °C) Scott type double pass spray chamber, and nickel
cones. The ICP-MS was tuned for optimal performance prior to each analytical session.

Major- and trace-element analysis

Prior to Sr isotope and Rb/Sr analysis, a routine multi-element analysis was performed on all
samples. Tuning followed standard procedure for ICP-MS analysis of digested rock solutions (no
reaction cell gas, single quadrupole mode). This general analysis allows acquisition of a broad suite
of trace element data and importantly gives an initial estimate of the Rb and Sr concentrations,
to evaluate which samples are good targets for Rb-Sr dating, and which ones will require further
purification. The samples were analyzed in blocks of 10 separated by a nitric acid blank (0.32 M) and
a drift monitor solution made of a well-homogenized mixture of 10 randomly selected samples. Data
processing followed the protocol described in [13], using Re as the internal standard. Secondary drift
was approximated by a fourth-degree polynomial function for all analytes using data from the drift
monitor solution. Calibration used the standards JP-1, BIR-1a, DNC-1, JB-2, W2a and BHVO-2 which
were dissolved with the unknowns.

Strontium Isotopic analysis by ICP-MS/MS

The basis of the ICP-MS/MS method for Sr-isotopic analysis is that the isobaric interference
of 87Rb* on 87Srt is removed by reaction of 87Sr*, but not 87Rb*, with a gas injected into the
collision/reaction cell leading to the formation of Sr-molecules with an interference free mass (“mass-
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Table 1
Acquisition parameters used for the Sr-isotope and standard addition analyses.

Sr isotope Run (ICP-MS/MS)  Standard addition run

Analyte (Q1 -> Q2) Dwell times [s] Dwell times [s]
BKr+ (83>83) 0.001 - -
102KrF+ (83—102) 0.001

84SrF+ (84 —103) 0.3

85Rb* (85 —85) 0.2 0.032

104RpF+ (85—104) 0.001

1055rF+ (86— 105) 03

106SrF+ (87— 106) 03

88SrF+ (88—88) 0.01 0.032

1075rF+ (88— 107) 0.3

#Replicates 10 10

#Sweeps per replicate 100 25

Total acquisition time (s) 1443 18

shifted”) which can then be measured [2,3,6,8,14|. In our study the ICP-MS/MS setup, tuning and
analysis followed that described in [3].

The reaction cell gas (10% CH3F |/ 90% He, ultra-high purity, Praxair) was introduced to the reaction
cell via the 4th cell gas channel set to 100% (~1 mL/min) and was allowed to equilibrate with the
cell for ~ 24 h prior to tuning and analysis. The ICP-MS was run in MS/MS mode with the first
quadrupole (Q1, before the cell) set to m/z = 87 letting both 87Sr* and 87Rb* enter the cell. Within
the cell Srt reacts with CH3F generating '96SrF+, a mass-shifted molecule, but Rb* does not. The
second quadrupole (Q2, after the cell), set to m/z=106, allows an interference-free measurement of
1065rF+ as a proxy for 87Sr. The same approach was used for 86Sr and 88Sr to measure all Sr-isotopes
as mass-shifted species. Acquisition details are given in Table 1. Importantly, there is no interference
from Pd*, Ag* or Cd* as they are rejected at Q1. Confirmation that significant amounts of RbF* did
not form was achieved by measuring the count rate for 194RbF+ which was always <15 counts per
second (compared to >4500 counts per second for 196SrF+). Given the lower abundance of 87Rb than
85Rb this suggests <6 counts per second for 196RbF+ which is considered negligible. Interference from
Krt was monitored using 33Kr+ (m/z = 83; <30 counts per second) and 92KrF+ (m/z = 102; <1
count per second) and is also considered negligible.

The detector dead time was determined as part of each isotope run based on the measurement of
the mass-shifted 88Sr/86Sr (107SrF+/1055rF+) count ratio from solutions containing 3, 10 and 30 ppb Sr.
The measured dead time was found to match the manufacturer set dead time of 28 + 0.23 ns.

All Sr-isotopic analyses were performed using solutions containing 7 ppb Sr prepared in a class
1000 clean lab. This optimal concentration was selected after testing the precision of analytical runs
at 1, 3, 7 and 10 ppb Sr. Precision is significantly degraded for solution concentrations <3 ppb Sr
(Fig. 3) but some samples have low Sr contents and running these solutions at Sr concentrations
higher than 7 ppb would lead to high matrix loads, potentially leading to decreased accuracy and
precision. Samples were bracketed by analyses of the Sr-carbonate standard NIST SRM 987 also diluted
to 7 ppb Sr in 0.32 M nitric acid.

Following the approach in [3], the dead time corrected count rate ratios for 106SrF+/105SrF+
(R106/105) and 107SrF/105SrF (R107/105) were corrected for instrumental mass bias using a Russell law
correction Eqgs. (1) and ((2)). The Russell law is based on an exponential fractionation factor f (Eq.
(1)), and was calculated using an 88Sr/86Sr ratio of 8.375 [19]:

8.375 M(®8sr)
f= ln[R107/105]/m[M(865r)] (1)

where M(88Sr) and M(86Sr) are the molar weights of 8Sr and 86Sr. The value of f for each analysis is
then used to correct R106/195 for mass bias by the Russell-Law (Rgysserr; EQ. (2))

f
M(®7Sr)
RRussell = R106/105 5 ( (2)

M (86Sr)
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Fig. 3. Comparison of the percentage relative standard deviation (RSD%) of a Sr-isotope measurement with the Sr content of
the analyte. This test was performed on four different solutions (two samples and two standards) and using four different
solution Sr contents (1, 3, 7 and 10 ppb). The precision of the measured 87Sr/6Sr ratio degrades at lower Sr concentrations. In
the associated study [1], samples were measured at a Sr concentration of ~7 ppb.

After Russell law correction, sample-standard bracketing was applied to correct for drift and to
calibrate the Rgyge against the reference 87Sr/86Sr ratio (0.71034; [15]) of the bracketing standard
solution NIST SRM 987 (R ref):

RRussell
R — usse:! R .
SSB ((Rstl FRyy1) x 0.5 X Rst, ref (3)

The ratios Rg.; and Ry,; are measured Russell law corrected 196SrF+/105SrF+ ratios of the
bracketing standard measurement before (subscript st-1) and after (subscript st+1) the sample. The
875r/86Sr values obtained from Eq. 3 (Rgsg) are the final sample 87Sr/86Sr.

Sr and Rb measurement by standard addition calibration ICP-MS

Age determinations from Rb-Sr isochrons are just as sensitive to the precision and accuracy of the
Rb/Sr concentration ratio as they are to the Sr-isotope ratio and a standard addition approach was
used to determine this as follows. The samples were diluted in 0.32 M HNO; to a dilution factor of
~30,000 and a spike, containing sufficient Rb and Sr to increase the total Rb and Sr in the sample by
at least a factor of three over the unspiked solution, was added to a split of each sample. The Rb and
Sr concentrations measured during the initial multi-element analysis were used to guide the dilution
factors and the amount and concentration of spike added. Because of the high dilution factors and
hence low solution Rb and Sr concentrations (Rb 2.0 to 8.2 ppb and Sr 0.5 to 2.4 ppb) all sample
handling as part of the dilution procedure was undertaken in a class 1000 clean lab.

For the Rb/Sr standard addition analytical run, the instrument was tuned to ensure maximum
signal stability while keeping the sensitivity low enough that the detector remained in pulse counting
mode. Analytes were measured “on mass” (Table 1). The Rb content of the standards NBS 607 K-
feldspar and CRPG Mica-Mg were too high for both unspiked and spiked samples to be measured in
pulse mode. Thus, in order to cross-check the data from pulse counting and analogue modes, we also
analyzed the low Rb, high Sr, standards W2-a and BHVO-2 by standard addition (Table 2).

The samples were run in duplicate, with the spiked sample analysed twice bracketed with three
analyses of the unspiked sample (i.e., a sequence of unspiked, spiked, unspiked, spiked, unspiked)
following [4]. This approach allows drift to be monitored and accounted for [4]. The sample
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Table 2

Measured (m) and reference (ref) values Rb and Sr concentrations and 87Sr/86Sr ratio of rock and mineral standards used in this
study. Ages of the NBS607 K-feldspar and CRPG Mica-Mg were determined here from two-point isochrons as described in the
text with initial Sr-isotope ratios noted in the footnotes in . Reference values are the recommended from the GeoReM database
[15] and compiled references therein except if indicated otherwise. Uncertainties are +20 on concentrations and ratios and 95%
confidence intervals on the ages in million years (Myrs).

BHVO-2 W2-a NBS 607 K-feldspar CRPG Mica-Mg
m ref m ref m ref m ref
Age [Myrs] 1400 +22P 1418 £7.8 [20]  528+9.37¢ 519.4 +6.5 [8]
Rb [ppm] 9.00 £0.02 9.26+0.09 19.6 +£0.05 20.16+1.57 522.0 +4.4 523.9 +£0.3 1320 £33 1300 +114
Sr [ppm] 4013 +£171 3941 £1.7 186.8 4.5 19544160 64.6 +£0.2 65.0 +1 269 +1 2747
875r/86sr 1.2013+ 0.0009 1.2004:£0.0002% 1.8628 +0.0049 1.8525+0.0024"

2 certified value by NIST;
b two-point isochron age with initial 87Sr/%¢Sr = 0.71 (no uncertainty assumed) from [20,21];
¢ two-point isochron age with initial 87Sr/86Sr= 0.72607 +0.00070 from [8].

concentration was then calculated as follows:

CSample _ Cspike X_Iunspiked « DF (4)
([spike - Iunspiked)

Where Cgp is the known concentration (ppm) of either Rb or Sr that was added to the spiked
sample solution, I, is the measured blank-corrected counts per second of the spiked unknown
and Tunspiked the average, blank-corrected counts per second of the two unspiked brackets in counts
per second. The calculated concentration in the unspiked sample solution was then multiplied by the
total dilution factor (DF) to obtain the sample concentrations of Rb and Sr. The two determinations of
the sample Rb and Sr concentrations were averaged to produce the final data.

Method validation

Data quality

Raw count data for each individual Sr-isotopic analysis was collected as 10 “blocks” each made
up of the average of 100 sweeps through the mass range (Table 1). The average count rate data
is taken as the average of these 10 blocks and the standard error of these was used to calculate
an analytical precision on the measured Sr-isotope ratio. The precision calculated this way for the
87Sr/86Sr measured in [1] (N = 69; Supplementary Table S1 of that study) ranges from +0.012 to
0.145% relative standard error (%RSE). Total procedural duplicates (i.e., starting from different splits of
the same sample power and including separate digestions) agree within +0.11%RSE suggesting that
the samples are reasonably homogeneous. The measured 37Sr/36Sr are all within uncertainty of the
reference values (Table 2) except the measured 87Sr/86Sr of CRPG Mica-Mg, which differs from the
reference value from [8] by 0.6%, which may reflect heterogeneity in this standard.

The standard error of the count rates Iyspiked and Ipikeq in Eq. (4) was obtained from analysis
blocks composed of 10 consecutive replicate measurements with 25 mass sweeps (Table 1). These
count rate uncertainties were then propagated through Eq. (4) and taking the average of two
determinations (Cgympie) Of the Rb and Sr concentrations measured for each sample to obtain the
precision of the final Rb and Sr concentrations measurements of a sample. The precision of the Rb and
Sr concentration measurements were between +0.13 and 1.70 and +0.03 to 2.63% RSE, respectively.
The resulting Rb/Sr have precisions of +0.13 to 2.81% RSE. Uncertainties due to weighing during spike
preparation and sample spiking are estimated to be roughly +£0.0001 g and thus contribute <0.02% to
the total uncertainty of the measured Rb/Sr ratio; i.e., this is a negligible source of uncertainty. Based
on seven replicate analyses of a single solution of a celadonite sample (Rb/Sr = 35.33 + 1.66) the
repeatability was +0.6 and 1.2% RSE for Rb and Sr respectively, and +0.3% RSE for Rb/Sr. This is within
the analytical uncertainty estimated from counting statistics demonstrating the appropriateness of
using counting statistic to estimate the uncertainties in this case. Total procedural duplicates, that
include digestion of different aliquots of the same sample powder, had a relative difference in Rb/Sr
of less than +1.2% which reflects both sample he heterogeneity and analytical uncertainty.
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Fig. 4. Example of an isochron, produced with IsoplotR [17], based on two aliquots of the same sample (2017CL11). The initial
87Sr/86Sr ratio is fixed at 0.7074 + 0.0004 [16]. The 87Rb/36Sr was obtained from the measured Rb/Sr ratios by assuming an
abundance of 87Rb of 27.83% and an abundance of 8Sr of 9.86% corresponding to the natural abundances of these isotopes
[19]. Uncertainties are 95% confidence limits (ellipses and age uncertainty). The isochron plot demonstrates that heterogeneities
between different aliquots of the same sample in Rb/Sr and 87Sr/%6Sr are not due to analytical uncertainties but natural
compositional variation.

The Rb and Sr concentrations measured for the standards were within uncertainty of the reference
values (Table 2) with the exception of the Rb content of BHVO-2 (measured = 9.00 + 0.02
ppm; reference = 9.26 + 0.09 ppm) and the Sr content of W2 (measured = 186.8 + 4.5 ppm,
reference = 195.4 + 1.6 ppm). As discussed above, the spike for Sr was too small for accurate analyses
of this Sr-rich standard. This shows the importance of using a large enough spike to obtain precise
measurements by standard addition [4]. Including a series of multiple spikes for these standard
additions, that covered a larger concentration range, could potentially improve the accuracy of the Rb
and Sr concentration measurement. However, this would also lead to longer analysis times decreasing
sample throughput and increasing the likelihood of instrumental drift, potentially degrading the
precision of the measured Sr and Rb concentrations [4].

Rb-Sr ages

Sample ages were determined using two-point Rb-Sr isochrons using the measured Rb/Sr and
87Sr/86Sr ratios and an estimate of the initial 87Sr/86Sr. The latter comes from the average 87Sr/86Sr of
cogenetic calcite [16] that are found alongside the celadonite samples. Calcite has a very low Rb/Sr and
thus its 87Sr/86Sr is almost identical to the initial ratio justifying its use to define the initial 87Sr/36Sr,
Isochron age uncertainties were calculated using maximum likelihood regressions [22] implemented
in the online version of IsoplotR ([17]; https://www.ucl.ac.uk/~ucfbpve/isoplotr/home/index.html). The
age uncertainties including propagation of the uncertainty of the decay constant Ag, (1.3972 +
0.0045; [18]). The Rb/Sr are high enough that the contribution of the uncertainty of the initial
875r/86Sr on the age is negligible. For the age range of the dataset, from 43 to 92 Myrs, an average
age uncertainty of around +5 Myrs (million years, 90% confidence limit) is obtained.

To test both sample age homogeneity, and the analytical approach, for some samples multiple
celadonite aliquots were picked. These plot on a common isochron despite having variable Rb/Sr and
87Sr/86Sr (Fig. 4). This variability in composition is not unexpected for such hydrothermal minerals,
especially given that perfectly pure materials could not be separated, and suggests that individual
samples grew over a relatively short time period. In addition, two-point isochron ages calculated for
the NBS SRM607 K-feldspar and CRPG Mica-Mg agree with published Rb-Sr ages (Table 2). Hence,
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two-point Rb-Sr isochron ages seem to give reliable estimates of crystallization ages. Although the
Rb-Sr age uncertainties measured here are larger than those achievable using more expensive, and
more time consuming, higher-precision methods (e.g., TIMS or MC-ICP-MS; e.g., [20]), the method
presented here is faster, allowing the generation of large age datasets.

Conclusions

We outlined a method to date phyllosilicates efficiently by combining direct measurement of
87Sr/86Sr ratios from ICP-MS/MS with standard addition calibration ICP-MS for Rb/Sr ratios. The
method eliminates the need for chromatographic isolation of 87Sr and thus increases significantly the
sample throughput helping facilitate the production of large geochronological datasets. Ages and Rb/Sr
ratios of internationally recognized standards were reproduced with Rb-Sr age uncertainties typically
between +2 and 5 Myr (90% confidence). Low Rb/Sr ratios limit the accuracy and precision of this
method. Physical separation of high Rb/Sr phyllosilicates via differential settling in DI was used to
increase the number of samples with high Rb/Sr. An alternative strategy for analysis of just high Rb/Sr
material is laser ablation ICP-MS/MS [2,7-9]. The ages obtained reflect real geological ages as multiple
picked aliquots of the same sample plot on a common isochron.
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