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Introduction 
Partial melting in the asthenosphere occurs if the mantle potential temperature, Tp is such that an adiabatically ascending mantle intersects the solidus. The derived melt fraction depends on the temperature and lithostatic pressure. The lithostatic pressure is constrained from variations in the lithospheric thickness. Thin lithosphere exerts less of a mechanical barrier to adiabatic ascent (McKenzie & Bickle, 1988). Therefore partial melting in the asthenosphere is highly dependent on Tp and lithospheric thickness variations. The supporting information below includes (1) tests of the sensitivity of Tp in melt generation during lithospheric modulated convection (LMC; Figure S1) and (2) tests of the sensitivity of lithospheric thickness variations in melt generation during LMC (Figure S2). The data file litho.malawi.fishwick.txt contains the lithospheric structure beneath the Malawi Rift and surroundings derived from seismic studies by Fishwick (2010, updated). The data file can be accessed from the Hyrax server through the URL http://balto.opendap.org/opendap/lithosphere_thickness/.
Text S1.

Sensitivity Tests of Mantle Potential Temperature in Melt Generation During LMC

We use Tp to constrain the temperature at the base of the lithosphere. The Tp in the RVP ranges from ~1420-1450 °C (~1693 - 1723 K) based on geochemical observations in Rooney et al. (2011). We test a range of Tp (1693, 1703, 1713, 1723 K; Figure S1). During the early stage in our convection model, for Tp = 1693 K (blue lines, Figure S1), Tp = 1703 K (yellow lines, Figure S1), Tp = 1713 K (green lines, Figure S1), and Tp = 1723 K (red lines, Figure S1), the initial LMC is unstable and advects most of the heat to the lithosphere. Since the asthenosphere experiences a net heat loss during this early stage, the initial decompression melts (~1.5%, ~3.4%, ~5.8%, and 8.5%, respectively) generated from the initial temperature conditions (1693, 1703, 1713, 1723 K; Figure S1) decrease rapidly and cease before 2 Ma. 

However, for Tp = 1723 K (red lines, Figure S1), the initial geotherm is hot enough such that as the model evolves, LMC attains steady-state and asthenospheric upwelling convects hotter mantle materials from the lower part of the asthenosphere to shallower sublithospheric depths leading to the second stage of decompression melting that arises from LMC. The second phase of melt generation results in melt fractions that increase rapidly from 0 to < 1.5% between ~12-16 Ma and saturate to 1.5% melt above 17 Ma.  We therefore chose Tp = 1723 K to constrain the temperature at the base of the lithosphere.




Figure S1. Sensitivity tests of mantle potential temperature in melt generation. A plot of melt fraction versus time showing the evolution of melt in the model for different mantle potential temperatures (Tp = 1693, 1703, 1713, 1723 K).  

Text S2.
Sensitivity Test of Lithospheric Thickness Variations in Melt Generation During LMC

Lithospheric thickness variations are also an important factor that controls partial melting in the asthenosphere since a thick lithosphere serves as a mechanical barrier to adiabatic ascent of hot mantle materials. Using the mantle potential temperature that generates melts due to LMC based on our model of lithospheric structure derived from Fishwick (2010, update) (Tp = 1723 K), we test the sensitivity of lithospheric thickness variations in asthenospheric melt generation in our model.  First, we simulated convection for the preferred lithospheric thickness model (Fishwick, 2010 updated; red line; Figures S1 and S2) and obtained the results discussed above. Then we increased the lithospheric thickness by 10 km (green line, Figure S2), which causes an increase in the mechanical barrier to adiabatic ascent of hot mantle. Any initial melt generated from the initial temperature conditions quickly decrease and cease during the early stages of convection as the asthenosphere advects heat to the lithosphere. However, if we reduce the lithospheric thickness by 10 km compared to our preferred lithospheric structure model (blue line, Figure S2), there is a thinner mechanical barrier to adiabatic ascent of deep, hot mantle material such that, before the initial melt in the model completely fades, new melt is generated as upwelling from LMC begins to entrain deeper hot mantle materials to shallower depths.  The entrainment begins much earlier in the simulation (~ 7Ma) and the melt fraction is unreasonable (~12%) compared to our preferred model. This test suggests the lithospheric thickness model by Fishwick (2010, updated) is a reasonable approximation of lithospheric thickness beneath the RVP.


Figure S2. Sensitivity test of lithospheric thickness variation in melt generation for Tp = 1723 K. Red lines show evolution of melt for a normal lithospheric thickness (Fishwick, 2010 updated). Blue line shows melt evolution after reducing the lithospheric thickness by 10 km. Green line shows the melt evolution after increasing the lithospheric thickness by 10 km.  

Data Set S1. The data file litho.malawi.fishwick.txt is a georeferenced lithospheric thickness model that spans the Malawi Rift and surroundings derived from seismic studies by Fishwick (2010). In the data file, columns 1-3 are: longitude (radians), colatitude (radians) and depth (m). The litho.malawi.fishwick.txt data file is used as an input to the numerical model.
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