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Introduction: In geophysical studies of seafloor spreading

processes it is rare to have good quantitative data with which to 

ground-truth numerical models. An exception is the Atlantis Massif, at 

30 °N just west of the mid-Atlantic Ridge (Fig. 1). A 1415 m deep 

borehole (IODP Hole 1309D) was drilled into gabbroic  rocks in 

20051, and a temperature profile was measured in 20122 (Blackman 

et al., 2014). The temperature profile in the borehole indicates nearly 

conductive heatflow with a slow downward advection of seawater in 

the upper 750 m. 5 km to the south the hydrological regime and 

hence permeability structure is very different, with the long-lived3 Lost 

City Hydrothermal Field venting fluids at 40-90 °C. 

Computational Methods: To calculate the model we

coupled heat transfer in porous media equations with Darcy Flow, 

using the Heat Transfer and Subsurface Flow Modules in COMSOL 

Multiphysics®. 

Results: Results of 2-D modelling (Fig. 6) show upflow

at the crest of the Massif and at the small hill north of the 

borehole, with downflow at the location of the borehole. The 

borehole gradient can be best matched (Fig. 7) with a basal 

heatflow of 0.22 W/m2 and a permeability in the upper layer 

of 3e-14 m2. Addition of a deep zone of high permeability 

(Fig.5) allows the  vent temperature of the LCHF to be 

matched.  

3-D modelling (Fig. 8) with the same boundary conditions 

gives a less stable flow pattern in the upper layer, with a 

series of convective rolls forming parallel to the slope with 

point source vents migrating up the rolls to the  highest 

topography. Flow is normally downwards in the  vicinity of the 

borehole, and the gradient is best matched (Fig. 9, 10) by a 

basal heatflow of 0.26 W/m2 and a permeability in the range 

of 3∙10-14 to 5∙10-14 m2 

Conclusions: Our results show that the general features

of circulation can be matched in both 2-D and 3-D, but significant 

differences in basal heatflow and permeability of the upper layer 

are need to match the present-day borehole thermal profile in 3-

D. This suggests that in detail the 2-D model is inadequate. 

Further work is in progress to model circulation in a permeable 

slot to mimic active faulting beneath the LCHF. 
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Figure 5. 2-D model B, with permeable layer 

and deep higher permeability zone under the 

Lost City Hydrothermal Field (LCHF)  

Figure 6. Model B, circulation pattern 
Figure 7. Model A, borehole 

temperature profile (red) 

and best fit model (green) 

Figure 9. 3-D model, 3e-14 m2

layer. Modelled temperature at the 

maximum value of the downflow. 

Red line is measured profile 

Figure 1. Atlantis massif with borehole and  LCHF, and 2-D profile 

Excerpt from the Proceedings of the 2014 COMSOL Conference in Cambridge 

Figure 10.  3-D model, 5∙10-14 m2  layer. 

Green line shows the match for the 

maximum downflow.  Blue line shows 

the best match. Red line is measured 

temperature. 

We used temperature dependent water and porous material 

properties (Fig. 2, 3). We used a constant temperature boundary 

condition on the seafloor and constant heat flux on the bottom, and 

various permeability distributions (Fig. 4, 5). A steady state solution of 

the conductive heat transfer problem was used for the initial 

conditions .  

Both 2D and 3D models have a higher permeability layer on the top of 

the domain. We varied the value of permeability to match the gradient 

in the bore hole. 

Figure 2. Water properties Figure 3. Porous material properties 

Figure 4. 2-D model A, with 

permeable layer on the top  

Figure 8. 3-D model in map view. 
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