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Figure 16  
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Figure 16.  Melt generation (dF) integrated over depth and plotted vs. X-position (m) in the 

modeling domain for Experiments 5 and 1 (reference experiment), which vary the distance 

between the plume and the transform boundary (Δxp).  The sum, or integral of dF, is plotted 

for three times during the period of 20 Myr, depicting conditions before the plume has 

reached the discontinuity, when the plume has arrived at it, and after the plume has crossed 

and continued onward.  A. Integrated dF for Δxp = 200 km at 0.9, 1.5, and 9.4 Myr.  Of the 

times depicted, the least melt is generated at the plume’s arrival at the transform boundary.  

The peak melt generation occurs after the plume has moved beyond the discontinuity at 200 

km, and occurs at a distance between 300 and 500 km.  The location of the highest melting 

activity moves further away from the plate boundary at 200 km as the plume makes its way 

to and across it.  B. Integrated dF for reference conditions, with Δxp = 400 km at 1.9, 3.9, and 

9.9 Myr.  See Figure 9B for a description.  The change of 200 km in Δxp between A and B is 

enough to alter when peak melting activity occurs relative to the lateral progression of the 

plume through the model domain. 
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Figure 17.  
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Figure 17. Snapshots of the temperature fields for Experiments 5 and 1 corresponding to the 

experiments and times shown in Figure 16.  Instantaneous melt generation (dF) is displayed 

as white contours.  A. Snapshots of the temperature fields for Experiment 5 with Δxp = 200 

km at 0.9, 1.5, and 9.4 Myr.  As shown in Figure 16A, the peak melt generation occurs after 

the plume has moved beyond the discontinuity at 200 km, at a distance between ~300 and 

~500 km.  The location of the highest melting activity moves further away from the plate 

boundary at 200 km as the plume makes its way across it.  B. Snapshots of the temperature 

fields for Experiment 1, depicting reference conditions, with Δxp = 400 km at 1.9, 3.9, and 

9.9 Myr.  See Figure 10B for description of Experiment 1. 
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Figure 18  
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Figure 18.  Maximum values of the integration of instantaneous melt generation (dF) vs. x-

position within the model domain (m) is shown for Experiments 5 and 1.  The colors reflect 

time in Myr, ranging from 0 Myr (blue) to 20 Myr (red).  A. Depiction of Experiment 5, with 

Δxp = 200 km.  The short distance between the plume and the discontinuity shortens the time 

it takes for the plume to reach and pass the plate boundary.  In Figures 16A and 17A, the 

peak integrated instantaneous melting occurred after the plume had passed the discontinuity; 

however, it is evident here that the highest maximum value of integrated dF occurs before the 

plume has even reached the discontinuity at 200 km.  B. Plot for the reference conditions 

(Exp. 1, Table 2) where Δxp = 400 km.  See Figure 11B for analysis.  In A, there is a wider 

range on the x-axis over which the maximum values of integrated dF occur than in B because, 

with Δxp = 200 km, the shorter distance decreases the time taken for the plume to cross the 

discontinuity.  This means that the plume encounters a younger plate than it does when it 

crosses the discontinuity in B.  Because the young plate is younger in A, the thermal 

boundary is thinner, and melting may occur more readily at shallower depths than in B. 
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Figure 19  
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Figure 19.  Melt generation (dF) integrated over depth and plotted vs. x-position (m) in the 

modeling domain for Experiments 6-7, which vary the distance between the plume and the 

transform boundary (Δxp).  The sum, or integral of dF is plotted for three times during the 

period of 20 Myr, depicting conditions: (1) before the plume has reached the discontinuity, 

(2) when the plume has arrived at it, and (3) after the plume has crossed and continued 

onward.  A. Integrated dF for Δxp = 600 km at 2.7, 6.7, and 11.4 Myr.  Of the times depicted, 

the least melting activity occurs at 6.7 Myr, which corresponds to the plume’s arrival at the 

transform boundary, and is limited to the area in the domain from ~650 km to ~775 km.  The 

peak melting activity occurs before the plume has moved beyond the discontinuity (600 km) 

at ~630 km and continues to ~900 km, although the melting activity is fairly uniform.  A 

curve is not shown for 11.4 Myr when the plume has crossed the discontinuity and continued 

onwards, because melting does not occur.  B. Integrated dF for Experiment 7, with Δxp = 800 

km at 4.1, 10.1, and 14.4 Myr.  Of the times chosen, melting only occurs before the plume 

has reached the discontinuity.  Melting starts at ~850 km as mantle material ahead of the 

plume is pushed to lower depths and pressures and undergoes decompression melting.  A and 

B show that with a distance of 600-800 km between the plume and the discontinuity, melting 

activity cannot persist for the full period of 20 Myr. 
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Figure 20  
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Figure 20.  Snapshots of the temperature fields for Experiments 6-7 corresponding to the 

experiments and times shown in Figure 19.  Instantaneous melt generation (dF) is displayed 

as white contours.  A. Snapshots of the temperature fields for Experiment 6 with Δxp = 600 

km at 2.7, 6.7, and 11.4 Myr.  As shown in Figure 19A, peak melt generation occurs before 

the plume has reached the discontinuity at 600 km.  Melting activity is diminished and less 

widespread once the plume has arrived at the transform boundary, and melting does not 

occur after it has crossed and continued through the domain.  B. Snapshots of the temperature 

fields for Experiment 7 with Δxp = 800 km at 4.1, 10.1, and 14.4 Myr.  Just as in Figure 19B, 

melting only occurs before the plume reaches the discontinuity at 800 km.  In both A and B, 

melting activity ceases before the time period of 20 Myr because the transform boundary is 

so far away from the plume.  The increased distance (compared to 200 km and 400 km in 

Experiments 5 and 1) makes the plume travel further beneath the thicker plate and increases 

the time it takes to reach the discontinuity.  By the time the plume does reach the 

discontinuity, the younger plate has aged such that it has developed a thicker thermal 

boundary, and melting is either diminished (as in A) or is unable to occur (as in B). 
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Figure 21  
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Figure 23.  ETOPO1 bathymetry of the northern Lau basin.  Along the Vitiaz lineament 

(orange line), regions with pronounced intervals of bathymetric highs are considered to have 

excess bathymetry, which can be used as a proxy for excess volcanism.  A. Bathymetric map 

of the northern Lau basin.  The black lines running east-west, parallel to the Vitiaz lineament, 

correspond to the graphs in B.  B. Graphs of depth vs. longitude along transects at 5 ‘, 10’, 

15’, and 30’ south of the lineament (solid black lines marked in A).  There is a noticeable 

increase in sea floor elevation, or excess bathymetry, between ~178° W and ~175° W, 

corresponding to several sea mounts parallel to the Vitiaz lineament (orange line).  This 

increase in elevation persists past 30’ south of the lineament.  The interval spanning from 

~178° W and ~175° W is proposed to indicate the point of entry for the Samoan-plume 

mantle. 


