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Text S1.

1. Analytical methods
Data, standards, secondary standards, and the accuracy and precision of all analyses

on Main Ethiopian Rift (MER) materials are provided in Dataset S1.

1.1. Raman spectroscopy

Olivines hosting melt inclusions were picked from scoria from the two Boku Volcanic
Complex localities shown in Figure 1 in the main text, and mounted onto glass slides using
CrystalBond”™ . Crystals hosting melt inclusions with shrinkage bubbles were ground
down until melt inclusions were within ~100 pm of the surface, and then polished to
1 pum grade using silicon carbide papers and diamond pastes. Transmitted light optical
microscopy was used to obtain high quality imagery of the melt inclusion and bubble.
The outline of the bubble and melt inclusion were traced and fitted with ellipses using
ImageJ to obtain dimensions for each (Schneider et al., 2012). Volumes of bubbles and
melt inclusions were calculated assuming that the non-measurable dimension (orthogonal
to the plane of polishing) was equal to the arithmetic mean of the two dimensions that
could be measured. This introduces a 1o error of +37/-47 % (Tucker et al., 2019), which
dwarfs other uncertainties from Raman spectroscopy.

COs densimetry of melt inclusion vapor bubbles was performed using the confocal
Horiba LabRAM 300 Raman spectrometer at the Department of Earth Sciences, Uni-
versity of Cambridge over five days in February 2020, using a 100 mW 532.05 nm Ventus
laser source focussed on the sample with an Olympus LMPLFLN 50x working distance

objective lens. Spectra were collected with a Peltier front-illuminated 1024x256 pixel
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CCD detector with a holographic grating of 1800 gr/mm, a confocal aperture of 300
mum, and a slit width of 100 mum. Our analyses were performed at room tempera-
ture, and only COs in the vapor bubble was considered in the Raman spectrum. The
instrument was calibrated at the start of every day using the Labspec 6 autocalibration
function, which assesses the linearity of the spectrum relative to the Si peak between 0
and 520.69 cm~!. Spectra were collected within a single spectral window centered on 1250
cm~!. Fermi diads obtained from Raman spectroscopy were fitted with Gaussian peaks
after correcting for a fourth-order polynomial-fitted background, and diad splitting (A, in
cm™!) was determined through the difference of the means of the peaks. The relationship
between diad splitting and CO, density (pCOs, in g cm™3) has been previously assessed
for this machine by Wieser et al. (2021) owing for the necessity of calibrating each indi-
vidual Raman machine (Lamadrid et al., 2017), and takes the form of the following linear

relation:

pCO, = 0.3217A — 32.9955 (1)

The density of COs in the bubble is converted into concentration through mass balance

(Hartley et al., 2014):

Vi
[CO,] = 10° x PCO, " "VB 2)
Pmelt - YMI

where Vy; and V)1 are the volume of the vapor bubble and the melt inclusion glass
respectively, and p . = 2.706 g cm ™ is the mean density of our melt inclusions deter-

mined using the software DensityX (Iacovino & Till, 2019). The total concentration of
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COy within the melt inclusion is then simply the sum of the CO, concentration in the
bubble and the COy concentration of the melt inclusion glass, which is assessed using
SIMS (Supplement Section 2).

Removal of artifacts in the Raman spectrum was accomplished through multiple ac-
cumulations (5x60 s). Where signal strength of the Fermi diad was weak, longer count
times were used at the expense of the number of accumulations (4x90 s). Each sample
was run three times to obtain a mean and standard deviation; clear anomalies were not
considered when computing the mean.

In addition to primary calibration performed every morning on a Si chip, secondary
standards were measured at regular intervals throughout the day to check for instrument
drift. The secondary standard used is a synthetic quartz-hosted fluid inclusion (label E)
calibrated using an optical cell. Figure S1 shows repeat measurements of the Raman
instrument over the course of a day, for five days. Precision in measuring bubble density
was 5.8 %, and the accuracy relative to the mean diad splitting of (Wieser et al., 2021)
was 0.9 %. Secondary standards were run with a shorter analysis time of 4x30 second
accumulations as CO, diad signals were typically stronger than those of the samples. As
with the samples, each secondary standard acquisition was measured three times to obtain
a mean and standard deviation of repeat analyses. Mean peak splitting of the secondary
standard appeared to be affected by instrument drift on some days (Figure S1); whether
this results from temperature effects remains uncertain and should be explored in future
studies using this Raman spectrometer. A linear correction was applied to data collected

during the days where this effect is most prominent (12/02/2020 and 14/02/2020).

February 12, 2023, 12:53am



X-6 WONG ET AL.: FOCUSED MAGMA INTRUSION IN ETHIOPIA

Dimensions of melt inclusions, their bubbles, and diad splitting are provided in Supple-
mentary Dataset S1. All melt inclusion shrinkage bubbles analyzed for COy returned a
Fermi diad. ~35 % of bubbles produce Fermi diads with splittings corresponding to densi-
ties >0.20 g cm 3. At room temperature, bubbles with densities greater than >~0.20-0.23
g cm ™3 (depending on the exact temperature of the room and any heating from the laser)
will consist of a vapor phase in the center with a density of 0.20-0.23 g cm =2 and a liquid
CO; phase on the walls with a density of ~0.7 g ecm™3. The fact that we measure some

3

densities above ~0.23 g cm™ could represent analytical error; repeated measurements

yielded standard deviations of ~0.04 cm~! in diad splitting corresponding to standard

3. warmer room temperatures and small amounts of

deviations in density of ~0.01 g cm™
laser heating are also expected. As our bubbles were not heated above the critical point
of CO5 where a single phase is measured, our Raman measurements which only measure
the interior vapor phase will underestimate the true density of the bubble (e.g., Moore
et al., 2018). We do not observe any liquid films or ‘bouncing bubbles’: where the liquid
phase is abundant enough Brownian motion causes the interior bubble to bounce. The
absence of this motion suggests that if a liquid film were present, it is likely thin, so our
measurements do not represent substantial underestimates.

~15 % of the shrinkage bubble Raman spectra contain a noticeable carbonate signature
(~1090 cm™!, see Figure S2; Moore et al., 2015; DeVitre et al., 2021). Only one bubble
had a strong Raman carbonate signal, whereas the majority of carbonate signals were

comparatively weak (Figure S2); we therefore believe that the presence of carbonate in

MER melt inclusion shrinkage bubbles is fairly uncommon, and concentrations of carbon-
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ate are low when present. Owing to the overlap in COs densities between bubbles that
do and do not return a carbonate signature, we believe that the effect of sequestration of

CO2 within carbonate is within uncertainty.

1.2. Secondary ion mass spectrometry (SIMS)

Crystals both with and without shrinkage bubbles were ground down to expose the
melt inclusions. By doing so, most shrinkage bubbles were ruptured. The crystals were
then mounted in epoxy blocks, and polished with progressively finer diamond pastes
(culminating in 0.25 pm grade paste). In between each step of polishing the epoxy blocks
were thoroughly cleaned through ultrasonication.

Volatile element and selected trace element concentrations were determined by sec-
ondary ion mass spectrometry (SIMS). The final stages of sample preparation and the
SIMS analyses themselves were performed by Dr. Cristina Talavera Rodriguez using the
Cameca IMS-7f-Geo at the NERC Ion Microprobe Facility, University of Edinburgh, ow-
ing to the COVID-19 pandemic. A gold coat was applied to the epoxy blocks, which
were subsequently placed in the sample chamber at vacuum for several hours to allow for
outgassing prior to the start of the analyses. SIMS was performed using a 5-6 nA 15 m
diameter oval beam of O~ ions with an acceleration voltage of 13 kV. Positive secondary
ions were accelerated to 5000 eV, with an offset of -50 eV for 2C and -75 eV for 'H and
trace elements.

W\[gt, 30SiT, 40Ca2t 85Rbt, 85yt 89Y+ 138Bat 39Lat and “°Ce* were counted for
2 seconds; "Lit was counted for 3 seconds; 'HT, 2*Mg?*+, SNb*, 41prt M3Nd*, 1°7Gd T,

139Th+ and $'Dy* were counted for 5 seconds; **Sm*, 1"'Yb*, and Lu* were counted
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for 8 seconds; 2CT and F* were counted for 10 seconds. Counts were then normalized to
30Si and converted into concentrations. For C, 15 scans were performed, but only the last
8 were used to avoid surface contamination at the beginning of each analysis and to allow
the C signal to stabilize. Similarly, 20 scans were performed for H from which the last 10
were used. As the ion yield of these two elements correlate with SiOs, calibration curves
were determined using a range of standards of variable SiOy (M40, N72, M36, M21, M5,
M10, M47; Figure S3; Hauri et al., 2002; Shishkina et al., 2010). A background correction
was applied by removing the number of counts for C and H5O recorded by the CO,- and
HyO-free standard N72 (Shishkina et al., 2010). General calibration was performed in
every session using MPI-DING glasses (GSD-1, NIST610, KL2-G, ML3B; Jochum et al.,

2006).

1.3. Electron probe microanalysis (EPMA)

Following SIMS analyses the gold coat was removed by polishing each epoxy block with
0.25 pm grade diamond paste for 2 minutes, and a carbon coat was applied for electron
probe microanalysis (EPMA). Analyses to determine major element concentrations were
performed on melt inclusions, matrix glasses, and host olivines using the JEOL JXA8230
at Leeds Electron Microscopy and Spectroscopy Centre (LEMAS), University of Leeds.
Olivine analyses were performed using a 40 nA beam with 20 kV acceleration voltage;
glass analyses, including both melt inclusions and carrier glasses, were performed using a
defocused 5 pm beam with 15 kV acceleration voltage, with beam currents of 6 nA for Na
and K and 15 nA for all other major elements. Spectrometer configurations, count times,

calibration materials, and estimates of precision and accuracy from secondary standard
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analyses (olivine: San Carlos Olivine NMNH 111312-44; Jarosewich (2002); basaltic glass:
ML3-B and KL2-G; Jochum et al. (2006)) are included in Supplementary Dataset S1. Data

reduction is performed using the ProbeForEPMA software (Donovan, 2021).

1.4. Post-entrapment crystallization corrections

Melt inclusion post-entrapment crystallization and Fe-loss was corrected using Petrolog3
(Danyushevsky & Plechov, 2011). Initial FeO, was set at 12.69 wt%, which is the mean
FeO; of carrier glasses from the Boku Volcanic Complex (see Supplementary Dataset
S1). The olivine-melt model selected was (Danyushevsky, 2001), and the QFM buffer
was chosen for the oxidation state (Gleeson et al., 2017). Changing the initial FeO, by
1.5 wt% affects MagmaSat pressures by a mean of 8+4 %, which does not significantly

influence the results of this study.

1.5. X-ray fluorescence

A subset of scoria samples from cones in the Boku Volcanic Complex were powdered
using an agate ball mill at the University of Leeds to 150 pym grade. X-ray fluorescence
was performed using the Rigaku ZSX Primus WDXREF at the University of Leeds by
Lesley Neve. Prior to analyses all samples were dried at 105 °C to remove remaining
moisture. Loss on ignition was assessed at 1025 °C for at least one hour. A 1:10 ratio
of sample:flux (comprising 66 % Li;B4O7 and 34 % LiBO,) supplemented with 3 drops
of Lil was used to create fused beads. Sample-flux mixtures were cast at 1150 oC for 20
minutes in platinum crucibles to allow for the sample to dissolve. Once molten, the beads
were allowed to cool to room temperature and cleaned with 25 % HCI. The standards

USGS BCR-1 and STSD-4 were run at the start of the session and at regular intervals
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throughout. Detection limits were 0.03 wt% for MgO and Na20, and 0.01 wt% for all

other elements.

1.6. Solution ICP-MS

The samples powdered for XRF were digested in strong ultrapure acids (Romil UpA).
Solution ICP-MS was performed using the Agilent 8800 QQQ at the Open University.
To correct for plasma fractionation and drift, samples were run with internal standards
(Be, Rh, In, Tm and Bi) bled in at the same time. Calibration standards were run at the
start of the analytical period, followed by the samples. BHVO-2, JP-1, and WSE were
analyzed as secondary standards. Monitors were analyzed every 5 unknowns to check for

instrument drift. Detection limits were at most 0.012 ug g .

2. Raman spectroscopy results

76 melt inclusion shrinkage bubbles analyzed by Raman spectroscopy returned a Fermi
diad (Supplementary Dataset S1). Bubble CO, densities range from 0.12 to 0.27 g cm ™3,
with a mean density of 0.19 g cm ™3 (Figure S3), in excess of the expected detection limit
for the Raman machine used (0.02 g cm™2 Wieser et al., 2021). Vapor bubbles constitute
0.09 to 2.85 vol% of the melt inclusion, and are similar in vol% to bubbles from Iceland
(Hartley et al., 2014).

As shown in Figure S4 there are no clear correlations between bubble CO, density
and melt inclusion volume (Figure S4A), bubble volume (Figure S4B), or bubble volume
proportion of the melt inclusion (Figure S4C). Furthermore, in the samples where SIMS
and subsequent EPMA has been performed, there is no correlation between bubble volume

proportion and PEC as observed in melt inclusions from Hawaii (Wieser et al., 2021). No

February 12, 2023, 12:53am



WONG ET AL.: FOCUSED MAGMA INTRUSION IN ETHIOPIA X-11

difference in bubble densities or melt inclusion and bubble dimensions were observed

between the two cones sampled in our study.

2.1. Corrections for empty bubbles

Although 76 melt inclusion shrinkage bubbles were analyzed by Raman spectroscopy,
a significant number could not be analyzed by SIMS owing to their small size. The melt
inclusions considered in the main text of this study are therefore a mixture of samples
that have been analyzed by Raman and others which were not, but were selected owing to
their size. Several melt inclusions therefore have shrinkage bubbles that were not analyzed
by Raman prior to SIMS.

We consider pressures from total CO, from these melt inclusions, assuming that their
bubbles have CO, densities of 0.21 g cm™2. This density falls near the mean of all melt
inclusion vapor bubbles (0.18 ¢ cm™2), and could correspond to the maximum possible
COs vapor density below the critical point (DeVitre et al., 2022). We apply this maximum
density with post-rupture measurements of the bubble to estimate total melt inclusion
COs.

Nine melt inclusions are corrected in this manner, and seven are shown in Figure 2
of the main text as green diamonds with a trail leading to the pressure corresponding to
the maximum vapor bubble CO4 density. These seven inclusions have maximum pressures
within the range 8-18 km, in agreement with our proposed focused intrusion zone of 10-15
km.

The remaining two melt inclusions, already recording the highest CO5 in the dataset

from glass analyses only, return maximum possible pressures nearing 10 kbar if bubble
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CO, is estimated, i.e., under the MER crust and within the lithospheric mantle. For
these two melt inclusions the bubble constitutes 6.5 vol% of the overall melt inclusion
volume and make up more than twice the volume percentage of all other melt inclusion
shrinkage bubbles (Figure S5). These samples may have significantly degassed, and may
have been derived from deepest parts of the sub-rift magmatic system; these inclusions
may also have co-entrapped magmatic bubbles and may not be suitable for estimating
saturation pressures (e.g., Tucker et al., 2019). Tucker et al. (2019) note that one cannot
differentiate between ensnared magmatic vapor bubbles and shrinkage bubbles that form
after inclusion formation; in this study we err on the side of caution and do not estimate
the pressures of these bubbles and inclusions in Figure 2 of the main text owing to their

anomalous size relative to the other bubbles.

3. Volatile solubility modelling

The open-source Python 3 library VESIcal was used to determine volatile saturation
pressures (lacovino et al., 2021; Wieser et al., 2022), using the MagmaSat volatile satura-
tion model (Ghiorso & Gualda, 2015). VESIcal models were run at a temperature of 1200
oC (Gleeson et al., 2017; Iddon et al., 2019; Wong et al., 2022) for all PEC-corrected melt
inclusions in this study and for melt inclusions in Iddon and Edmonds (2020), assuming
that PEC correction for this dataset was not necessary owing to the low reported PEC
(<5 %). Uncertainties for volatile saturation pressure were determined using minimum
and maximum COs expected from 1o melt inclusion volume uncertainty, which is the
most significant uncertainty in our analyses. As shown in Figure S6, the primary control

on determining saturation pressures for our melt inclusions using MagmaSat is CO4 con-
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centration. H,O in our basaltic melt inclusions remains constant at 1.140.2 wt% up to
~2 kbar (Figure S6).

Other saturation models have been calibrated for the composition and pressure ranges
which our basaltic samples occupy. Figure S7 shows a comparison of MagmaSat compared
to other basalt saturation models which are calibrated for our melt inclusion compositional
range (Dixon, 1997; Shishkina et al., 2010; Tacono-Marziano et al., 2012; Allison et al.,
2019). Both the Etna and Sunset Crater models of Allison et al. (2019) are selected
owing to the broad calibration range of the former and the similarity in composition to
our samples of the latter. For the majority of our melt inclusions the difference between
a selected model and MagmaSat is typically less than 500 bars (~2 km; see Figure S7).
Kolmogotov-Smirnov statistics and p-values are presented in Table S1.

Entrapment pressures for melt inclusions calculated using MagmaSat and the models
of Shishkina et al. (2010), Iacono-Marziano et al. (2012) and the Sunset Crater model of
Allison et al. (2019) are statistically indistinguishable using Kolmogotov-Smirnov statis-
tics at p=0.05 (Table S1). Owing to the compositional difference between our samples
and the Etna basalt, the Allison et al. (2019) Etna model substantially underestimates
pressures relative to other models (p <0.05 for all models except for Dixon, 1997, Table
S1). Our samples fall on the North Arch Glasses regression line used to calibrate Dixon
(1997) (and by extension the VolatileCalc model implemented in VESIcal; Newman &
Lowenstern, 2002), and are therefore compositionally suitable for this solubility model.
However, it has previously been suggested that this model is appropriate only for low

H,0 and CO, contents and therefore low pressures (<1000 bar; lacono-Marziano et al.,
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2012). As the majority of our melt inclusions are likely to be entrapped at mid-crustal
depths, the model of Dixon (1997) is deemed inappropriate for this work. The differences
between MagmaSat and the other empirical models of volatile saturation are statistically
insignificant and our samples are expected to have fractionated within their calibrated
temperature and pressure ranges (Figure S7). These other models typically fall within
the uncertainty envelope of melt inclusion and bubble volumes. We therefore favor the

fully thermodynamic parameterisation of MagmaSat over the other empirical models.

4. Fractionation models

Liquid lines of descent for major elements were predicted using Rhyolite MELTS v1.2.0
(Gualda et al., 2012), using the three most primitive melt inclusion compositions as start-
ing compositions. Models were run at an oxygen fugacity range of QFM-2 to QFM+1,
which is characteristic of MER basalts (e.g., Gleeson et al., 2017). Pressures of fraction-
ation of 2—4 kbars were selected based on the pressures obtained from VESIcal for melt
inclusions for which total CO4 was determined (see above). Model differences arising from
starting oxygen fugacity and pressure were minor and are therefore not considered further.

Trace element partitioning was modeled using the Rayleigh fractionation equation:

C=Cy- FPY (3)

Where () is the original concentration of an element, F' is the melt fraction, and D
is the bulk mineral-melt distribution coefficient. Melt fraction and mass proportions
of olivine, clinopyroxene and plagioclase feldspar were determined from Rhyolite MELTS

outputs; other mineral fractions were typically <5 wt% and hence were not considered.
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Mineral-melt distribution coefficients were collated from Neave, Fabbro, Herd, Petrone,
and Edmonds (2012) and Iddon and Edmonds (2020), and, other than Ba and Sr in
plagioclase, were assumed to be constant. Distribution coefficients for Ba and Sr in
plagioclase were calculated using the temperature-dependent partitioning of Blundy and

Wood (1991).

5. CO; flux estimates

To estimate CO; fluxes resulting from the degassing of our melt inclusions, we estimate
the quantity of melts supplied to the MER. The length of the MER is ~1000 km, and
the full spreading rate is ~5.0 mm yr~! (Saria et al., 2014). Assuming a melt density of
2700 kg m™3 (calculated as our mean melt inclusion density using DensityX; Tacovino &
Till, 2019), and that the CO, degassed at mid-crustal pressures is 2.0£0.6 wt% (assuming
same COy/Ba as MORB; Le Voyer et al., 2018), we consider three possible estimates of
intruded melt thickness per unit of rift length:

e Firstly, we can assume that all new rifting crust is igneous; this is a suitable estimate
as most present-day extension in the MER is predominantly magma-assisted (e.g., Kendall
et al., 2005; Bastow et al., 2010). Using a crustal thickness of 28 km (Lavayssiere et al.,
2018), we estimate melt volume flux as 0.14 km? yr~!, and a CO, flux of 7.64+2.7 Mt CO,
yr L,

e Secondly, we can assume that 50% of extension in the MER is accommodated by
magmatic intrusion (Daniels et al., 2014). If this is the case, melt volume flux and CO,

flux are simply half that of the previous case: 0.07 km?® yr=! and 3.8£1.1 Mt COy yr—!

respectively.
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e Finally, we can calculate the proportion of igneous crust in rifting crust by comparing
crustal thicknesses expected from stretching factors to present-day MER crustal thickness
(Armitage et al., 2015; Wong et al., 2022). Using an intruded melt thickness of 3-6
km calculated from an estimated MER stretch factor of 1.2-1.5 (Wong et al., 2022),
performing the calculations as above provides melt volume flux estimates of 0.02-0.03
km? y=!, and corresponding CO, flux estimates of 0.84:0.2 Mt CO, yr~! (assuming 3
km), 1.240.4 Mt CO, yr~! (assuming 4.5 km), and 1.64+0.5 Mt CO, yr~! (assuming 6
km).

Our melt volume flux estimates, ranging from 0.02 to 0.14 km? yr~!, are similar to the
range estimated by Iddon and Edmonds (2020). Similarly, our CO, flux estimates, which
range from 0.8 to 7.6 Mt CO, yr~!, are of a similar magnitude to total CO, emissions
of 0.52-4.36 Mt COy yr—! recorded by Hunt, Zafu, Mather, Pyle, and Barry (2017). We
conclude therefore that the degassing of mid-crustal sill complexes can supply sufficient

COs to match the quantity degassed at geothermal centers in the MER.
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Table S1. Kolmogorov-Smirnov statistics and p-values (in brackets) for different
solubility models applied to our melt inclusions (see also Figure S7). Abbreviations are as
follows: I.-M.: Tacono-Marziano et al. (2012); Allison-E: Allison et al. (2019) Etna model;

Allison-S: Allison et al. (2019) Sunset Crater model.

K-S stat. (p) MagmaSat Dixon I.-M. Shishkina  Allison-E

Dixon 0.33 (0.03) - ; ; ]

Tacono-Marziano 0.15 (0.77)  0.25 (0.16) - - -

Shishkina 0.18 (0.58) 0.40 (3-1073) 0.23 (0.27) - -
Allison-E 0.40 (3-1073) 0.23 (0.27) 0.38 (6:1073) 0.55 (7-10~°) -
Allison-S 0.08 (1.00)  0.33 (0.03)  0.18 (0.58)  0.15 (0.77) 0.40 (3-1073)
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Figure S1. Secondary standard measurements on a synthetic quartz-hosted fluid

inclusion used by (Wieser et al., 2021). Regression lines are fitted to analysis means.
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Figure S2. A. Raman spectra from this study with and without a carbonate peak at
~1090 em~!. The region of the olivine peaks and Fermi diad are shown as the dashed

and dotted regions respectively. B. Zoom inset on black rectangle in Subfigure A.
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Figure S3. Calibration lines for basaltic standards used to convert measured counts
of A) C and B) HyO into concentrations. The subplot in subfigure B illustrates the
position of the glass standard M21, which is shown as a red marker and was not used
to determine the calibration line as its H20 concentration significantly exceeded those

within our samples.
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Figure S5. Olivine post-entrapment crystallization of analyzed melt inclusions plotted

against A. bubble volume, and B. bubble volume as a proportion of the melt inclusion.
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Figure S6. A) CO, and B) Hy0O concentrations of MER melt inclusions plotted against

volatile saturation pressures calculated using MagmaSat (Ghiorso & Gualda, 2015).
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Figure S7. Cumulative distribution functions of entrapment pressures from different
solubility models. The shaded region shows the error on MagmaSat entrapment pressures
resulting from uncertainty in estimating bubble proportions from 2D images (Tucker et

al., 2019).
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Figure S8. Melt inclusion major element geochemistry before post-entrapment crys-
tallisation corrections. Carrier glass compositions are shown as the faded squares. Mg#
is calculated as Mg/(Mg+Fe*"), assuming 90 % of Fe is Fe?*. Fo is calculated as in the

caption to Figure 3 in the main text.
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Figure S9. Earthquakes selected for earthquake histogram of Figure 4C in the main
text. Areal limits are selected to encompass only earthquakes within the MER, and to
avoid earthquakes that may be attributed to rift border fault seismicity. Earthquake data

is from the EAGLE project (Keir et al., 2006; Daly et al., 2008).
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