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Felsic suite.  All U-Pb radio-isotopic work was carried out at the NERC Isotope Geosciences 

Laboratory (NIGL), British Geological Survey, UK. Zircons were separated from each sample 

using conventional mineral separation techniques. Euhedral, high aspect ratio inclusion-free 

zircons were handpicked from the high-density (> 3.27 g/cm3) diamagnetic fraction of each sample. 

Data are tabulated in Table S1 and shown graphically on Figure S1. 

All selected zircons were subjected to a modified version of the chemical abrasion procedure of 

Mattinson et al. (2005) to eliminate radiation-damaged crystal volumes susceptible to open system 

behaviour. Zircons were placed inside a muffle furnace in a quartz dish and annealed at 900˚C 

over a period of 60 hours. Selected zircons were loaded into individual FEP Teflon beakers and 

refluxed in 4 M HNO3 on a hotplate at 120˚C over several hours or overnight and then 

ultrasonically cleaned for 20 minutes. Single zircon crystals were rinsed in acetone and 4 M HNO3, 

loaded into 300 μl FEP Teflon microcapsules and leached in 29 M HF inside a self-sealing stainless 

steel jacket (Parr vessel) for 10-12 hours at 180˚C. Microcapsules containing leached zircons were 

rinsed with 6 M HCl, refluxed on a hotplate at 120˚C for 2-5 hours and rinsed with 4 M HNO3.  

Following chemical abrasion, all leached zircons and accompanying total procedural blanks were 

spiked with the mixed 205Pb-233U-235U (ET535) or EARTHTIME tracer solution (Condon et al. 

2015; McLean et al. 2015) and dissolved in c. 200 μl 29 M HF and trace HNO3 in a Parr vessel at 

220˚C for >60 hours.  Dissolved samples were dried overnight in Parr vessels as fluorides and re-

dissolved in 3M HCl at 180˚C. U and Pb were isolated using an HCl-based anion exchange 

procedure using Teflon columns and Bio-Rad AG-1 resin. The recombined U and Pb fractions 

were dried along with 10 μl of H3PO4 and loaded on a zone-refined Re filament in a silica gel 

matrix to enhance ionisation (Gerstenberger and Haase 1997). 

Isotope ratio measurements were made using a Thermo-Electron Triton thermal ionisation mass-

spectrometer. Pb was measured in dynamic mode on a MassCom SEM detector and corrected for 

mass bias using a fractionation factor of 0.14 ± 0.02 %/amu (1σ) for samples prepared using the 

ET535 tracer. Linearity and dead time corrections on the SEM were monitored using repeated 

analysis of the NBS 982, NBS 981 and U500 standards. U was run as an oxide (UO2) and corrected 

for isobaric interferences using an 18O/16O value of 0.00205 (IUPAC value, also determined 

through direct measurement at NIGL). U beams were measured in static mode on Faraday 

detectors equipped with 1012 Ω resistors. U mass fractionation was calculated in real-time based 

on the isotopic composition of the ET535 tracer.  

Data reduction was carried out using the Tripoli programme (Bowring et al. 2011) to filter raw U 

and Pb data. U-Pb_Redux was used to calculate dates and propagate random and systematic 



uncertainties based on the algorithms of McLean et al. (2011) using the U decay constants of Jaffey 

et al. (1971) and the 238U/235U ratio of Hiess et al. (2012). Individual analyses contained between 

0.3-2.5 pg common Pb, all of which was attributed to laboratory blank and subtracted based on a 

common Pb isotopic composition of 206Pb/204Pb=18.20 ±0.50%, 207Pb/204Pb=15.65 ±0.40% and 
208Pb/204Pb=38.02 ±0.75% (1σ uncertainties). 206Pb/238U dates were corrected for initial 230Th 

disequilibrium using a value of Th/U[magma]= 3.5 ±0.5 resulting in an increase of c. 100 kyr for 

individual dates. U blanks were assumed to be 0.1 ±0.01 pg (1σ). All U-Pb radio-isotopic data are 

archived using the EARTHCHEM/EARTHTIME Geochron database (Bowring et al. 2011).  

Sample Hydro-1 is a lapilli tuff near the base of the felsite interval c. 7 km west-southwest of the 

village of Kunzla near the southwest corner of Lake Tana (36.935504°E 11.848243°N).  The unit 

sampled consisted of rounded and angular, pebble to sand-sized, black, purplish, brown and white 

fine-grained volcaniclasts.  In thin section the rock fragments identified are brown and colourless 

perlite, cryptocrystalline basalt with or without plagioclase microphenocrysts, very-fine- to fine-

grained basalt with mm-scale plagioclase laths enclosed in sub-ophitic augite, flattened pumice, 

spherulitic obsidian and broken individual crystals of plagioclase and alkali feldspar. Four zircons 

were analysed and yielded a mean U-Pb CA-ID-TIMS age of 31.108 ±0.020 Ma. 

Sample Zege-1 is flow-banded stony rhyolite in the central part of the felsite interval exposed in 

an erosional window through the Quaternary basalt c. 7 km west of Bahir Dar (37.277548°E 

11.623316°N).  Banding is defined by pale pinkish grey to dark grey layers varying from several 

millimetres to several centimetres in thickness.  In thin section the former are a microcrystalline 

mosaic of equant, anhedral quartz and feldspar whereas the latter consists of elongate crystallites 

in an unresolvable grey crypto/microcrystalline material. Phenocrysts are irregularly distributed, 

stubby columns (0.5-2 mm) of multiply twinned plagioclase and simple twinned orthoclase, 

commonly aligned with banding; both feldspars vary from being fresh to altered partially to clay.  

Four zircons were analysed and yielded a mean CA-U-Pb ID-TIMS age of 31.033 ±0.018 Ma. 

Sample Yifag-2 is flow-banded feldspar-phyric rhyolite from the upper part of the felsite interval, 

c. 1.5 km west of Yifag near the northeast margin of Lake Tana (37.66466°E 12.111469°N).  

Banding is picked out by slight colour differences and varies in thickness from a few centimetres 

to a few millimetres.  In thin section the rock is 35-40% plagioclase (An10) phenocrysts in solitary, 

columnar crystals and clots from 0.5 to 5 mm long; most are fresh.  Solitary, equant 

microphenocrysts of former amphibole up to 0.8 mm across are replaced by smectite, opaques and 

chlorite. The groundmass is dark and cryptocrystalline with scarce sub-mm feldspar laths.  Five 

zircons were analysed and yielded a mean U-Pb CA-ID-TIMS zircon age of 30.858 ±0.024 Ma. 

Sample Aby-1 is flow-banded feldspar-phyric rhyolite near the top of the same felsite interval as 

sample Yifag-2 but c. 50 m higher in stratigraphy and from an outcrop 1 km farther west 

(37.656462°E 12.111935°N).  Bands are dark pink or dark purplish brown, variably 0.1 to 6 cm 

thick and show a uniform distribution of phenocrysts.  In thin section the latter are euhedral, stubby 

columns and clusters of plagioclase variably replaced by clay, calcite and colourless zeolite but 

relic portions show Carlsbad and multiple twinning.  The groundmass contains fresh untwined 

feldspars surrounded by microcrystalline (rhyolitic) matrix; about half of the phenocrysts display 

elongation parallel to banding.  Five zircons were analysed and yielded a mean U-Pb CA-ID-TIMS 

age of 30.844 ±0.027 Ma. 

 

Mafic suite.  Three samples were taken for constraining the youngest age of the flood basalt, three 

for constraining the oldest age of the shield-volcano-related basalts, and one from the youngest 



basalt at the mouth of the Blue Nile River. Summary data are tabulated in Table S2 and shown 

graphically on Figure S2. 

Four of those seven samples were determined suitable for dating and 500 mg of groundmass (free 

from phenocrystic contamination) was handpicked from each for 40Ar/39Ar analyses at the NERC 

Argon Isotope Facility, East Kilbride, UK, using the methods outlined in Mark et al. (2010).  

Samples were loaded into Al pans along with mineral standard Fish Canyon sanidine (FCs-EK; 

Morgan et al. 2013) and GA1550 biotite.  Samples were irradiated at the McMaster Reactor in the 

Cd-lined CLICIT Facility for 14.22 hours.  All unknown ages are referenced to FCs-EK (i.e. J 

parameters were calculated relative).  Samples were incrementally heated in a furnace (system 

described in Mark et al. 2011a) for 300 seconds prior to 300 seconds of cleanup. Extracted gases 

were cleaned using 2 GP50 SAES getters (one operated at 450°C and one at room temperature).  

The extraction, clean up and data collection processes were entirely automated.  Average 

backgrounds ± standard deviations from all blank runs (collected pre- and post-set heating) were 

used to correct isotope abundances.  Air calibrations were collected pre- and post-step heating 

experiments (n=80) to monitor mass discrimination.  An 40Ar/36Ar value of 300.08 ± 0.19 was used 

to correct the data for mass discrimination.  A power law function was used for the mass 

discrimination correction.  Berkeley Geochronology Centre software ‘MassSpec’ was used to 

regress and reduce age data.  The isotope data were corrected for blank, radioactive decay, mass 

discrimination and interfering reactions.  All data are reported according to the recommendations 

of Renne et al. (2009) and at the 1σ confidence level as age ± analytical uncertainty relative to the 

decay constants of Steiger & Jager (1977) and a FCs age of 28.02 Ma (Renne et al. 1998).  The 

atmospheric 40Ar/36Ar of Lee et al. (2006), verified independently by Mark et al. (2011b), was 

used for data correction. 

Sample BNG1 is olivine-phyric basalt that was collected from near the top of the flood basalt in 

the Blue Nile Gorge approximately 0.5 km southeast of the Blue Nile Falls (37.593885E 

11.486946N).  The flows are dense, grey-green to black, fine-grained and 2 to 5 m thick; mm-scale 

vesicles, some filled with Cu, are common.  In thin section mostly fresh plagioclase laths from 

0.3-2 mm long are seen in random orientations with granular augites (0.2-0.8 mm) and patches of 

intersertal smectite assumed to have replaced former glass.  Traces of brown smectite are seen in 

a minority of the plagioclase.  This sample did not yield either a plateau age due to a younging 

trend, or define an inverse isochron age.  A total fusion 40Ar/39Ar age of 33.72 ± 0.27 Ma is 

interpreted as the approximate age of this sample. 

Sample WD1 is plagioclase-phyric, amygdale-rich fine-grained basalt in the sedimentary-basalt 

association (Chilga beds of previous workers; e.g. Yemane et al. 1987; Feseha 2002) c. 3.5 km 

west of the village of Chilga along the Sudan road (36.99824E 12.50748N). In thin section, fresh 

plagioclase phenocrysts and clots reside in a fine-grained intergranular matrix of plagioclase laths 

and augite granules with scarce, variably smectised olivine granules and patches of smectite.  This 

sample yielded an 40Ar/39Ar plateau age of 28.62 ± 0.06 Ma. 

Sample KNZ1 is dense, black olivine- and plagioclase-phyric basalt near the base of the shield-

volcano-related basalt c. 3 km south of the village of Kunzla (37.003339E 11.862251N).  In thin 

section, some olivines are fresh others are variably replaced by smectite whereas plagioclase is 

fresh and the phenocrysts are multiply and complexly zoned.  Augite is fresh and confined to the 

groundmass as granules between strongly aligned groundmass plagioclases.  This sample yielded 

an 40Ar/39Ar plateau age of 23.52 ± 0.01 Ma, which is, within error, indistinguishable from an 
40Ar/39Ar age of 27.36 ±0.11 reported by Feseha et al. (2002) on a nearby tuff. 



Sample BHD1 is olivine-phyric basalt taken from a flow adjacent to the bridge over the Blue Nile 

River in Bahir Dar (37.407433E 11.604038N); these are the youngest rocks in the map area and 

are associated with the cinder-cone field that extends from south of Lake Tana to the Blue Nile 

Falls and from there west towards the village of Kunzla.  It has vesicles and dictytaxitic cavities 

as much as 4 mm in diameter, some containing zeolite needles.  In thin section microphenocrysts 

and phenocrysts of marginally zoned olivine are mostly fresh and only tinged in places with 

smectite.  Plagioclase and augite crystals in the groundmass are mostly fresh, although in places 

plagioclase exhibits small patches of cloudiness. This sample yielded an 40Ar/39Ar plateau age of 

0.033 ±0.005 Ma. 

The 40Ar/39Ar method is a relative dating technique with all ages referenced back to a standard of 

known age. Renne et al. (2010, 2011) published an optimisation model that used constraints from 
40K activity, K-Ar isotopic data and pairs of 238U-206Pb and 40Ar/39Ar data as inputs for estimating 

partial decay constants of 40K and 40Ar*/40K ratio of FCs.  This calibration reduced systematic 

uncertainties (i.e. improved accuracy) and has yielded an40Ar/39Ar age for FCs that is 

indistinguishable (at 2σ) from the astronomically tuned FCs age of Kuiper et al. (2008).  Thus, to 

present an accurate 40Ar/39Ar age for the Lake Tana samples and allow for direct comparison 

between the U-Pb and 40Ar/39Ar data, we have recalculated our age relative to the optimisation 

model of Renne et al. (2010, 2011) using the approach outlined by Ellis et al. (2012).  Note that 

due to the correlated uncertainties associated with the Renne et al. (2010, 2011) optimisation 

model, one cannot simply plug revised standard ages and decay constants and their uncertainties 

into routine age equations with employment of linear uncertainty propagation, Monte Carlo 

modelling is required (as discussed by Renne et al. 2011).   Data are presented at the 2σ confidence 

level as age ± analytical precision/full uncertainty.  Recalculation of the data are summarised in 

Table S2.  It is these ages (WD1 28.90 ± 0.12/0.14 Ma; KNZ1 23.75 ± 0.02/0.04 Ma; BNG1 34.05 

± 0.54/0.56 Ma; BHD1 0.033 ± 0.005/0.005 Ma) that are used and discussed in the paper.   
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Figure S1. U-Pb concordia showing results of CA-ID-TIMS analyses on zircons recovered from 

four felsite samples. 

 

 
 



Table S1. U-Pb geochronological data summary. 
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Figure S2.  40Ar/39Ar step-heating age spectra and isotope correlation plots for all dated samples. 

A-B. Sample WD1. C-D. Sample KNZ1. E-F. Sample BNG1. G-I. Sample BHD1. Note that 

samples with statistically significant plateaux also defined an inverse isochron when data were 

cast on an isotope correlation plot. All inverse isochron ages overlap with the plateau ages, and 

all samples with plateaux defined initial trapped components that overlap (within 2σ uncertainty) 

of modern day atmosphere. 

  



Table S2. 40Ar/39Ar age summary data.  Unshaded columns are the ages calculated relative to the 

decay constants of Steiger & Jaeger (1977) and a Fish Canyon sanidine age of 28.02 Ma (Renne 

et al. 1998).  Shaded column gives the ages recalculated relative to the optimisation model of 

Renne et al. (2010, 2011); these are the ages utilised and discussed in the text. The atmospheric 
40Ar/36Ar values of Lee et al. (2006) were employed for data correction. 

 

 
 


