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(𝑥, 𝑦) ∈ [−𝑙/2; 𝑙/2] × [−𝑙/2; 𝑙/2]
l TG(x,y,t) 𝑥, 𝑦 =
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𝜕𝐻

𝜕𝑡
= ∇ ⋅ 𝑘∇𝑇, 𝐻(𝑇) = 𝜌(𝑐𝑇 + 𝐿𝛽(𝑇)) (S2) 
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𝑥 ∈ [−1; 4] km and 𝑧 ∈ [−8; −3]

1   clear;figure(1);clf;colormap jet 

2  % physics 

3  rho         = 2650; 

4  Cp          = 1350; 

5  L           = 3.5e5; 

6  lambda      = 1.5; 

7  Ly          = 4000; 

8  lam_rhoCp   = lambda/rho/Cp; 

9  dT          = 500; 

10  % scales 
11  tsc         = Ly^2/lam_rhoCp; 
12  % nondimensional 
13  Lx_Ly       = 0.25; 
14  L_Cp        = 260; 
15  Ta_dT       = 4/5; 
16  a_Ly        = 0.3375; 
17  b_Ly        = 0.0025; 
18  % dimensionally dependent 
19  Lx          = Lx_Ly*Ly; 
20  a           = a_Ly*Ly; 
21  b           = b_Ly*Ly; 



22  ttot        = 1e-3*tsc; 
23  Ta          = Ta_dT*dT; 
24  % numerics 
25  ny          = 800; 
26  nx          = ceil(Lx_Ly*ny); 
27  CFL         = 0.1; 
28  niter       = 100; 
29  eiter       = 1e-8; 
30  nout        = 100; 
31  n_lut       = 1001; 
32  % preprocessing 
33  dx          = Lx/(nx-1); 
34  dy          = Ly/(ny-1); 
35  xs          = -Lx/2:dx:Lx/2; 
36  ys          = -Ly/2:dy:Ly/2; 
37  [x,y]       = ndgrid(xs,ys); 
38  dt          = CFL*min(dx,dy)^2/lam_rhoCp; 
39  nt          = ceil(ttot/dt); 
40  dt          = ttot/nt; 
41  % hires numerics 
42  ny_hires    = 6400; 
43  nx_hires    = ceil(Lx_Ly*ny_hires); 
44  % hires preprocessing 
45  dx_hires    = Lx/(nx_hires-1); 
46  dy_hires    = Ly/(ny_hires-1); 
47  xs_hires    = -Lx/2:dx_hires:Lx/2; 
48  ys_hires    = -Ly/2:dy_hires:Ly/2; 
49  [x_hr,y_hr] = ndgrid(xs_hires,ys_hires); 
50  r           = (x_hr/b).^2+(y_hr/a).^2 
51  % init 
52  T0_hr       = Ta*ones(nx_hires,ny_hires); 
53  T0_hr(r<=1) = Ta + dT; 
54  T0          = T0_hr; 
55  for iconv = 1:log2(fix(ny_hires/ny)) 
56      T0 = 0.25*(T0(1:2:end,1:2:end)... 
57          +      T0(2:2:end,1:2:end)... 
58          +      T0(1:2:end,2:2:end)... 
59          +      T0(2:2:end,2:2:end)); 
60  end 
61  T_lut  = linspace(300,1000,n_lut); 
62  H_lut  = rho*Cp*T_lut + rho*L*beta_rhyolite(T_lut); 
63  T_itp  = griddedInterpolant(H_lut,T_lut); 
64  H_itp  = griddedInterpolant(T_lut,H_lut); 
65  H      = H_itp(T0); 
66  qx     = zeros(nx+1,ny); 
67  qy     = zeros(nx,ny+1); 
68  % action 
69  for it = 1:nt 
70      H_old = H; 
71      errs  = []; 
72      for iter = 1:niter 
73          H_err         = H; 
74          T             = T_itp(H); 
75          qx(2:end-1,:) = -lambda.*diff(T,1,1)/dx; 
76          qy(:,2:end-1) = -lambda.*diff(T,1,2)/dy; 
77          divQ          = diff(qx,1,1)/dx + diff(qy,1,2)/dy; 
78          H             = H_old - dt*divQ; 
79          H_err         = H_err - H; 
80          merr          = max(abs(H_err(:)))/max(abs(H(:))); 
81          if merr < eiter;break;end 
82      end 
83      if mod(it,nout) == 0 
84          pcolor(x,y,T);shading flat;axis image;colorbar;caxis([Ta Ta+dT]) 



85          title(sprintf('it = %d, iter = %d',it,iter)) 
86          drawnow; 
87      end 
88  end 
89  pcolor(x,y,T);shading flat;axis image;colorbar;caxis([Ta Ta+dT]) 
90  title(sprintf('it = %d, iter = %d',it,iter)) 
91  function bt=beta_rhyolite(T) 
92      T2 = T.*T; 
93      t7 = exp(0.961e3 - 0.359e1*T + 0.448e-2*T2 - 0.187e-5*T2.*T); 
94      bt = 0.1e1./(0.1e1 + t7); 
95  end 
96   






