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Supplementary file 1 – 40Ar/39Ar analytical data
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The bulk tuff samples were crushed or disintegrated and wet sieved over a set of sieves between 63 and 1000 μm. The largest appropriate 
mineral fraction (125-250 μm or 250-500 μm) was further separated using methylene iodide with densities of 2.54 g/cm 3 and 2.59 g/cm3. 
Samples were subjected to standard magnetic separation techniques (non-magnetic fraction was used), leached with 3% HNO 3 in an ultrasonic 
bath for 5 min. and finally handpicked under a microscope. We were not able to obtain sanidine from these tuffs (too low K/Ca ratio), but dated a 
volcanic glass fraction instead. We can exclude plagioclase (density >2.61 g/cm3) or other minerals which have larger densities. There was no 
alteration on the glass fragments observed. Glass fragments looked very clear, transparent without any sign of alteration.

For the mineral separations approximately 2 kg of each sample was used. Most of the samples had very little material in the range 63 – 250 μm, 
most of it was <63 μm. There was just enough material to get 10 – 20 mg after the separation for irradiation. We did not focus on the accessory 
mineral fraction, because it does not contain the minerals intended to date with 40Ar/39Ar  method. Nevertheless attempt of heavy mineral 
analysis was done on this material. From the 2kg of starting material only one slide with heavy mineral was obtained per sample. Those slides 
did not contain 300 transparent heavy mineral grains for standard modal analysis so this limited data was not used.
Among available materials for dating we chose volcanic glass. Plagioclase has low K and can be compromised by excess argon. Also for 
plagioclase we should have been dating >10 grains per fusion to obtain sufficient beam sizes on the mass spectrometer and in these type of 
settings where reworking can be an issue it is preferred to have the amount of grains fused at once as low as possible. So plagioclase wouldn’t 
be our first choice. Unaltered biotite could have been dated, if present, but generally has some recoil issues, making biotite slightly too old. We 
had biotite in our samples but not in sufficient quantity in samples from Nježić and Laz. With biotite from Jovac and Čučerje we did an extra 
heavy liquid step. If biotite is lighter than 3.0 g/cm3 this is often an indication of minor alteration e.g. to chlorite. That was the case with biotite 
from Jovac so we have not attempted to date biotite from that sample. Sample from Čučerje had suitable biotite but also had transparent grains 
of volcanic glass so we chose volcanic glass.
The resulting mineral separates and the standard (Fish Canyon tuff sanidine, FCs, KUIPER et al., 2008) were wrapped in aluminum foil and 
sent for irradiation (12 hours) at the Oregon State CLICIT facility. Sample and standards were loaded in 185 hole trays in 2mm pits,  placed in 
an ultra-high vacuum system and baked in two steps: during 1 day at 250°C in a vacuum system at <10-5 mbar, followed by a 1 day bake out in 
the extraction line at ~125°C. Samples were fused using a Synrad 48-5 CO2 laser and custom made beam delivery system. The released gas 
was purified in an in-house designed sample clean up line (St172, NP10 and Ti getters) and analyzed on a Helix MC noble gas mass 
spectrometer.
For part of the samples (labbooks 20141223_185_06a and 20141223_185_06b) the five argon isotopes were measured simultaneously with
40Ar and 39Ar on the H2 and H1-Faraday positions with 1012 resistor amplifiers, 38Ar on the AX-CDD, 37Ar on the L1-CDD and 36Ar on the L2-
CDD in the first jump and 39Ar on the H2-Faraday in jump 2. Gain factors for different labbooks reported with 1 standard deviation can be found
in supplementary material – file 1. 

Part of the samples (labbook 20150122_T0002) are measured with the five argon isotopes simultaneously with 40Ar on the H2-Faraday position
with a 1012 resistor amplifier, 39Ar on the H1-CDD,  38Ar on the AX-CDD, 37Ar on the L1-CDD and 36Ar on the L2-CDD. 

All samples, blanks, standards and pipettes are measured during 33s integration time for 15 cycles per analysis. Apart from blanks all analyses
started with a peak centering routine on L2 (labbooks 20141223_185_06a and 20141223_185_06b) or H2 (labbooks 20150122_T0002). Blanks
use the peak positions of the preceding measurements.
We used the regular software controlled gain procedure for the 1012 Ohm amplifiers, using a stable reference current to determine the gain
calibration factor between the H2 and H1 amplifiers. This approach is not applicable to the CDDs and we therefore developed a different
approach.

Gain calibration for the CDDs was done by peak jumping a CO2 reference beam (mass 43.989829) on all detectors (5 jumps). CO2 is present in
as background in the mass spectrometer and is measured in dynamic mode yielding an intensity of ~2-4 fA of CO2. Baseline correction is done
by subtracting the off peak data for each collector. Ratios of [CO2]H2/[CO2]L2, [CO2]H1/[CO2]L2, [CO2]AX/[CO2]L2, [CO2]L1/[CO2]L2 are calculated for
each cycle and repeated in blocks of 15 cycles. After each block of 15 cycles, a new block starts with a peak centering routine. Uncertainty for
Faraday gain corrections is relatively large (~1%) due to the noise of the Faraday cups compared to the baseline.

For data reduction we used the ArArCalc software (KOPPERS, 2002), although it is not fully compatible with the demand of multi-collection–set-
up. For unknowns and standards we performed our initial data reduction in ArArCalc. We exported the uncorrected intercept values for blanks, 
unknowns and standards to an Excel spreadsheet. Gain correction was done in Excel and intercepts values of corrected blanks, unknowns and 
standards were copied back in the corrected ArArCalc.age file. As a next step the mass discrimination factor based on simultaneous 
measurement of 40Ar on the H2 Faraday and 36Ar on the L2 CDD is applied. Also these intensities are corrected for gain based on CO 2 

measurements. In our calculations we used FCs of 28.201 Ma (KUIPER et al., 2008), MIN et al. (2000) decay constants and the atmospheric air 
value of LEE et al. (2006).

7.1.
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