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1 Equations and numerical modelling

We solve the non-dimensional equations of conservation of mass, momentum, and energy using �nite element mantle
convection code Citcom (Moresi and Gurnis, 1996; Zhong et al., 2000). The extended Boussinesq approximation
(Christensen and Yuen, 1985) is used to account for shear heating, adiabatic heating, and the latent heat of melting.
Equations applied are:

∇ · u = 0 , (1)

∇
[
η(∇u +∇Tu)

]
−∇ · P = −RaT · êz −RbF · êz , and (2)

∂T

∂t
+ u · ∇T = ∇2T + L

(
∂F

∂t
+ u · ∇F

)
+
Di

Ra
ηε̇2 +Di(T + Ts)uz , (3)

where u is the velocity vector, η viscosity, P deviatoric pressure, Ra thermal Rayleigh number, T temperature,êz
vertical unit vector, Rb compositional (depletion) Rayleigh number, F depletion, t time, L latent heat of melt,
Di dissipation number, ε strain, and Ts the surface temperature. Used values of all the parameters are given in
Table 1. The advection of compositional �eld (depletion and water content) and heat is implemented using the
marker-in-cell method (e.g. Gerya and Yuen, 2003) with a second order Runge-Kutta scheme.
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Rayleigh numbers are de�ned as

Ra =
αT0ρ0gh

3

κη0
, (4)

Rb =
∆ρF gh

3

κη0
, (5)

where α is the thermal expansivity, T0 reference temperature, ρ0 reference density, g gravity acceleration, h model
height, κ thermal di�usivity, and η0 reference viscosity. ∆ρF is the density change due to depletion, which is given
by

d ln ρ

dF%
= −0.00020 (6)

from Schutt and Lesher (2006), where F% = 100F is the depletion in percentage, and ρ = ρ0 (reference density)
when F% = 0. The chosen value of -0.00020 is representative of asthenospheric conditions in our models (about 3
GPa).

The dissipation number is de�ned as

Di =
αgh

Cp
, (7)

where Cp is the constant pressure heat capacity of the mantle.

1.1 Viscosity parametrization and water weakening

Viscosity parametrization is linear with temperature dependency (Karato and Wu, 1993):

ηdry = A exp

(
E + PV

RTabs

)
, (8)

where A is the rheological pre-exponent, E activation energy, V activation volume, R universal gas constant, and
Tabs the absolute temperature. We use a low value of activation energy (E = 150 kJ/mol), in order to mimic
the e�ect of dislocation creep. This is in line with the results of Christensen (1984), who proposes that 50 to 70
percent smaller values of activation enthalpy should be used, and van Hunen et al. (2005) who found that value
E = 120 kJ/mol produces similar lithospheric erosion e�ect to nonlinear viscosity models.

The e�ective hydrous viscosity

ηhydrous = Wηdry (9)

with

W = 100
−XH2O
XH2O+a (10)

produces exponential viscosity decrease and maximum weakening of two orders of magnitude (compared to the dry
mantle), compatible with experimental results showing that for olivine aggregates the strain rate ε̇ ∝ frH2O

, that

is, the viscosity η ∝ f−r
H2O

, where r is constant, and fH2O is the water fugacity (Bai and Kohlstedt, 1992; Mei and
Kohlstedt, 2000; Hirth and Kohlstedt, 2003). The experimental results have, to some extent, constrained the values
of the exponent r (about 1.0± 0.2), the relationship between water content and water fugacity (nearly linear at low
olivine water contents), and the partitioning of bulk water content between mantle minerals. However, uncertainties
related to the e�ect of water on mantle rheology still remain, and by using a simpler relationship (eq. 10), we can
adjust the sensitivity of mantle rheology to the water content in our models to more easily perform parameter
studies. Additional advantage of our formulation is that, whereas in experimentally constrained relationships, two
rheologies are needed (one for dry, one for hydrous rheology, because in hydrous rheology law viscosity approaches
in�nity as water fugacity approaches zero), we can model both wet and dry or nearly dry cases using the same law.
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Symbol De�nition Value

L Latent heat of melt 560 kJ kg−1

α Coe�cient of thermal expansion 3.5 · 10−5 K−1

T0 Reference temperature 1350oC
ρ0 Reference density 3300 kg m−3

h Model height 660 km
κ Thermal di�usivity 10−6 m2s−1

η0 Reference viscosity 1022 Pa s
Cp Constant pressure heat capacity 1250 J kg−1 K−1

A Rheological pre-exponent 1.82 · 1014 Pa s
E Activation energy 150 kJ mol−1

V Activation volume 4 cm3 mol−1

a Viscosity's sensitivity to water 200�500 ppm
XH2O Mantle water content 200�600 ppm

Used model parameters and their dimensional values.

The range of a used in the models is determined by two factors: The lower boundary is chosen so that ambient mantle
water contents (outside subduction modi�ed regions) would not cause too high viscosity weakening, thus limiting
the lower boundary to values clearly larger than 120 ppm (approximate MORB source region water contents). The
upper boundary is chosen such that results with higher values do not signi�cantly di�er from the highest value
used. This indi�erence of results to parameter a happens because as a grows, the form of W approaches linearity,
and the greatest variation in the form of W is seen when values of a are in the range from zero to about 500 ppm.

1.2 Benchmarking

The code used has been succesfully benchmarked against the results of Blankenbach et al. (1989) (Boussinesq
approximation) and King et al. (2010) (Extended Boussinesq approximation).

1.3 Model domain, boundary conditions

Our cartesian model domain is 660 km in height and 2640 km in width (aspect ratio 1:4). All the boundaries are
closed with free-slip boundary conditions. Heat �ow is zero at the horizontal boundaries, and T = 0 (0oC) at the
surface and T = 1.25254 (1690oC) at the bottom. Initial temperature �eld is provided by running one of the models
(XH2O = 200 ppm, a = 200 ppm) for > 300 Ma model time to a statistical steady state, with melting disabled,
resulting in a more or less �at, approximately 100 km thick high viscosity lithosphere, and restarting this model
with new values of XH2O and a and with melting enabled. The initial temperature �eld has a mantle potential
temperature of about 1300oC.

Model domain has been discretized in to 256 elements in x-direction and 128 elements in z-direction.

1.4 Processing of numerical results

The melt generation within the mantle has been recorded, excluding the proximity of horizontal boundaries, where
closed boundaries tend to produce anomalously strong upwelling in some models, leading to high decompressional
melting rate.

We analyze the resulting crust production array (rate of melting plotted against time on x-axis and location on
y-axis) using multivariate (2D) Fast Fourier Transformation (FFT). For this we use the fft routine of the statistical
computing software R (R Core Team, 2013; Singleton, 1979). Except for very low crust production models, the FFTs
show clear maxima between 0.2 to 0.0 1/Ma (5 to In�nite Ma) and between 0.007 and 0.002 1/km (140 km to 500
km) (e.g. Figure S1). The point of maximum amplitude vary slightly among models but with no clear systematics.
All models with enough crust production (more than about 50 m average overall crustal production after 40 Myrs)
to do the FFT analysis, show a maximum at 0.005 1/km (200 km spatial wavelength), and the location of this
maximum on the x-axis (time) vary between 0.05 1/Ma and 0.2 1/Ma (5 to 20 Ma temporal wavelength).
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Figure S1: 2D FFT of the crust production array for the model XH2O = 550 ppm, a = 400 ppm.
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2 Volcanism of the Turkish-Iranian plateau

2.1 Numeric ages and their sources

Figure S2: Ages of the volcanic centres shown in Figure 1 in the main text.
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Figure S3: References of the volcanic centre ages shown in Figure S2 and Figure 1 in the main text.
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Sources for the ages / references in Figure S2/S3:

1 � Lebedev et al (2006) 26 � Zahedi and Hajian (1985)

2 � Lebedev et al (2006) 27 � Boccaletti et al (1976)

3 � Lebedev et al (2011) 28 � Richards et al (2006)

4 � Lebedev et al (2013) 29 � Guest et al (2007)

5 � Lebedev et al (2009) 30 � Axen et al (2001)

6 � Lebedev et al (2012) 31 � Davidson et al (2004)

7 � Lebedev et al (2007) 32 � Alai-Mahabadi and Khalatbari-Jafari (2003)

8 � Chernyshev et al (2006) 33 � Emami (1981)

9 � Lebedev et al (2008a) 34 � Kouhestani et al (2012)
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13 � Mitchell and Westaway (1999) 38 � Saadat and Stern (2012)

14 � Karapetian et al (2001) 39 � Pang et al (2012)

15 � Arutyunyan et al (2007) 40 � Walker et al (2009)

16 � Pearce et al (1990) 41 � Milton (1977)

17 � Allen et al (2011) 42 � Saadat and Stern (2011)

18 � Lebedev et al (2010) 43 � Richards et al (2012)

19 � Innocenti et al (1976) 44 � Temizel et al (2012)

20 � Keskin et al (2012) 45 � Parlak et al (2001)

21 � Dabiri et al (2011) 46 � Kurum et al (2008)

22 � Pang et al (2013) 47 � Karsli et al (2008)

23 � Chiu et al (2013) 48 � Aydin et al (2008)

24 � Eftekharnezhad (1973) 49 � Arger et al (2000)

25 � Hassanzadeh et al (2008)
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