
                          Schlaphorst, D., Kendall, J. M., Collier, J. S., Verdon, J. P., Blundy, J.,
Baptie, B., Latchman, J. L., Massin, F., & Bouin, M. P. (2016). Water,
oceanic fracture zones and the lubrication of subducting plate
boundaries-insights from seismicity. Geophysical Journal
International, 204(3), 1405-1420. https://doi.org/10.1093/gji/ggv509

Publisher's PDF, also known as Version of record
License (if available):
Unspecified
Link to published version (if available):
10.1093/gji/ggv509

Link to publication record in Explore Bristol Research
PDF-document

University of Bristol - Explore Bristol Research
General rights

This document is made available in accordance with publisher policies. Please cite only the
published version using the reference above. Full terms of use are available:
http://www.bristol.ac.uk/red/research-policy/pure/user-guides/ebr-terms/

https://doi.org/10.1093/gji/ggv509
https://doi.org/10.1093/gji/ggv509
https://research-information.bris.ac.uk/en/publications/62f05272-0f63-4a57-ad6a-0575304c321d
https://research-information.bris.ac.uk/en/publications/62f05272-0f63-4a57-ad6a-0575304c321d


 1 

Supplementary material for: 

Water, oceanic fracture zones and the lubrication of subducting 

plate boundaries – insights from seismicity 

 

 

Supplementary Figure 1: Vertical gravity gradient in the North-Atlantic with (B) 

showing the interpretation of Mid-Atlantic Ridge, transform faults and fracture 

zones in white. See Fig.1 in the main paper for details. The fracture zones have 

been identified using both the gravity data and shipboard magnetic data. Only 

first-order ridge discontinuities have been mapped, which are assumed to be 
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symmetrical on either side of the ridge. Previous workers have suggested that 

the NAm-SAm-Af triple junction migrated northwards during the time period 

shown, today residing close to the Fifteen-Twenty FZ, with small-scale 

compression across the SAm-NAm plate boundary (Pichot et al., 2012).  Such 

details are not important at the scale of our study. 
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Supplementary Figure 2: Individual plots of earthquake-magnitude distribution 

using the SRC2008 catalog. The top panel shows a cell with a high b-value, the 

bottom panel shows a cell with a low b-value. The blue data points indicate those 

used in the b-value calculation, with the red solid line being the best-fit straight 

line and the dashed lines the uncertainties to 5% significance. 
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Supplementary Figure 3: Graphical summary of the techniques used to estimate 

b-values and a key to how they are applied in each figure. The legend is shown in 

A. The shape (square or circle) is used to indicate the calculation method (see 

text for detail). A combination of color, texture and boundary style is used to 

indicate, respectively, the seismicity catalog, the cell geometry and the cell size. 

The approach used in each figure, is indicated in B; for example, Figure 4A uses 

the SRC2008 catalog, the cells are circular on a grid search and the cell size is 

constant (referred to as Case 1 in the text). 
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Supplementary Figure 4: Results for the grid-search observation for SRC2008 

using the KS-test with the maximum-likelihood approach. (A) Calculations using 

a fixed cell size. (B) Using a fixed number of events per cell. Left column: 

Calculated b-values. Right column: Uncertainty of b. Note that since we do not 

have symmetrical uncertainties, we use the lower uncertainty boundary for 

results above the median b-value, whereas for b-values below the median we use 

the upper uncertainty boundary. 
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Supplementary Figure 5: Results for the grid-search observation for OVS2008. 

The calculations were done using a KS-test with the maximum-likelihood 

approach. See Suppl. Fig. 4 for further explanations. 
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Supplementary Figure 6: Results for the grid-search observation for OVS1996. 

The calculations were done using a KS-test with the maximum-likelihood 

approach. See Suppl. Fig. 4 for further explanations. The disrupted appearance of 

the uncertainty map for the fixed cell size calculation (top right) is not a result of 

any unstable calculation method but rather of the low uncertainties of the b-

values.
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Supplementary Figure 7: Results for the grid-search observation using OVS1996. 

The calculations were done using a KS-test with explicit line fitting in log space. 

See Suppl. Fig. 4 for further explanations. The instability of the explicit line fitting 

technique shows in the disrupted appearance of the b-value maps (left). 
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Supplementary Figure 8: Results for the grid-search observation using OVS1996. 

The calculations were done using a LB-algorithm with maximum-likelihood 

method. See Suppl. Fig. 4 for further explanations. 
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Supplementary Figure 9: Results for the grid-search observation using OVS1996. 

The calculations were done using a LB-algorithm with explicit line fitting in log-

space. See Suppl. Fig. 4 for further explanations. 
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Supplementary Figure 10: Results for the along-arc observation using fixed cell 

sizes. This figure extends Figure 8 of the main paper by including OVS2008 (B). 

OVS2008 is a subset of OVS1996 (A) decimated to match the temporal range of 

SRC2008 (C). Tests on this dataset were made to ensure the b-value results were 

not biased by the earthquake catalog used. Figure details as main paper Figure 8, 

with the horizontal areas in grey representing the areas around the subducted 

fracture zones including the core complexes. Column 1 (sub image on the left): 

Positions of volcanoes (red triangles) and islands (black rectangles) along the 

arc. Column 2: Calculated b-values for one cell width with its uncertainties. The 

average b-values in areas which subducted fracture zones are calculated using all 

results in the grey shaded areas ("frac") with the remaining areas the white gaps 

("nofrac"). Column 3: Results without uncertainties for a range of different cell 

widths. Column 4: Number of events per cell. The dashed black line shows the 

minimum required number for the b-value calculation (50).  
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Supplementary Figure 11: Results for the along-arc observation using fixed 

numbers of events per cell. This figure extends Figure 9 of the main paper by 

including OVS2008 (B) All other details as the previous Figure. Here, column 3 

shows the required size of the cell to reach the defined number of events. The 

dashed black line shows the maximum allowed width for the b-value calculation 

(100 km). Both catalogs show a significantly higher b-value around the island of 

Dominica. For OVS1996 further significantly higher b-values can be identified 

around the island of Montserrat and the South of Martinique. 
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Supplementary Figure 12: Results for the along-arc observation for OVS1996 

using different methods. The upper row (A-D) uses a fixed cell size of 100 km; 

the lower row (E-H) uses a fixed number of 300 events. The left column shows 

the positions of volcanoes (red triangles) and islands (black rectangles) along the 

arc. The methods are Kolmogorov-Smirnov (KS) test with a maximum-likelihood 

method (A, E); KS-test with explicit line fitting (elf) in log-space (B, F); Lynden-

Bell (LB) algorithm with ml-method (C, G); LB-algorithm with elf (D, H). Even 

though the average b-value and the strength of the bulls eyes regions of elevated 

b-values change with the calculation methods they can be observed in all cases 

and are significant in most of them. 
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Supplementary Figure 13: Results for the calculations using a fixed cell size with 

OVS1996. Relation of b-values and their uncertainties to the cell size for the 

along-arc calculation (left column) and the distance to the nearest fracture zone 

of the grid-search (right column). In the right column the density of the results is 

shown with grey shading, the lines mark the average b-values and their 

uncertainties which were calculated in 10 km steps. The calculation methods are: 

KS-test with ml-method (A, E); KS-test with elf (B, F); LB-algorithm with ml-

method (C, G); LB-algorithm with elf (D, H). The consistency of the results 

obtained by the different methods gives confidence to the results. 
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Supplementary Figure 14: Results for the calculations using a fixed number of 

events with OVS1996. Relation of b-values and their uncertainties to the cell size 

for the along-arc calculation (left column) and the distance to the nearest 

fracture zone of the grid-search (right column). In the right column the density of 

the results is shown with grey shading, the average b-values and their 

uncertainties were calculated in 10 km steps. The calculation methods are: KS-

test with ml-method (A, E); KS-test with elf (B, F); LB-algorithm with ml-method 

(C, G); LB-algorithm with elf (D, H). 
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