
This is a repository copy of One tune, many tempos: faults trade off slip in time and space 
to accommodate relative plate motions.

White Rose Research Online URL for this paper:
https://eprints.whiterose.ac.uk/206408/

Version: Supplemental Material

Article:

Dolan, J.F., Van Dissen, R.J., Rhodes, E.J. orcid.org/0000-0002-0361-8637 et al. (5 more 
authors) (2024) One tune, many tempos: faults trade off slip in time and space to 
accommodate relative plate motions. Earth and Planetary Science Letters, 625. 118484. 
ISSN 0012-821X 

https://doi.org/10.1016/j.epsl.2023.118484

© 2023 The Authors. Except as otherwise noted, this author-accepted version of a journal 
article published in Earth and Planetary Science Letters is made available via the 
University of Sheffield Research Publications and Copyright Policy under the terms of the 
Creative Commons Attribution 4.0 International License (CC-BY 4.0), which permits 
unrestricted use, distribution and reproduction in any medium, provided the original work is
properly cited. To view a copy of this licence, visit 
http://creativecommons.org/licenses/by/4.0/

eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

Reuse 

Items deposited in White Rose Research Online are protected by copyright, with all rights reserved unless 
indicated otherwise. They may be downloaded and/or printed for private study, or other acts as permitted by 
national copyright laws. The publisher or other rights holders may allow further reproduction and re-use of 
the full text version. This is indicated by the licence information on the White Rose Research Online record 
for the item. 

Takedown 

If you consider content in White Rose Research Online to be in breach of UK law, please notify us by 
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request. 



Supplementary Information 1 – Statistical tests of the relative variability of the incremental slip rate records for each of the four main 
Marlborough system faults – The Overlap Test 
 

Below, we summarize the time and displacement intervals (both cumulative time and displacement, as well as the duration 
of each interval) for the dated markers along each fault in the MFS. 
 
We also test the similarity between the incremental displacement-time (d-t) histories for each of the four main MFS faults. 
To do this, we use the overlap test, which computes the area intersected by two or more probability density functions (PDFs) 

following the methodology of [Pastore & Calcagni, 2019]. This test allows us to quantify the common area shared by each pair of PDFs 

for consecutive incremental slip rate intervals (e.g., the overlap between the pdf for the most recent incremental rate on a fault 

relative to the preceding incremental rate), thus providing a measure of the similarity of dissimilarity of consecutive incremental slip 

rates. Mathematically, the overlap index 𝜂 is expressed as 

 𝜂(𝐴, 𝐵) = ∫ min[𝑓𝐴(𝑥), 𝑓𝐵(𝑥)] d𝑥 
ℝ  

 

Where fA and fB are two different PDFs that may or may not overlap, but which describe the same parameter (i.e., slip rate). The overlap 

index between these two PDFS thus quantifies how well the PDFs “match” each other, with 0.0 indicating no overlap, and 1.0 indicating 

complete overlap. 

 

As shown for each pair of consecutive incremental rates on the four main MFS in the final column in the tables below, in most instances 

the overlap between pairs is minimal. One pair of consecutive incremental rates – the oldest and second-oldest incremental rates we 

documented for the Wairau fault (11.1 to 11.9 ka and 10.1 to 11.1 ka) – exhibits an overlap between PDFs of 0.79. All other pairs of 

consecutive incremental rates exhibit values that are ≤0.40, and many exhibit no overlap at all (0% probability). These tests thus reveal 

pronounced variability in incremental slip rate values for all four of the main MFS faults.  

 

This concept and formula can also be generalized to quantify the overlap for more than two PDFs. The overlap index for all incremental 

slip rate PDFs 𝜂𝑡𝑜𝑡  along a fault is included for each fault, below the corresponding table. For all four faults, 𝜂𝑡𝑜𝑡 = 0.00, indicating 

that the incremental slip rates cannot be the same within a reasonable degree of statistical certainty. 

 
  



 
 
Wairau fault 
 

Time interval (ka) Time span 
(ky) 

Cumulative disp 
(m) 

Disp 
interval (m) 

Slip rate 
(mm/yr) 

PDF 
overlap 

0.0 to 2.0±0.1 2.0±0.1 0 to 5±0.8 ** 5±0.8 --  

2.0±0.1 to 3.0±0.2 0.9±0.3 5±1 to 15±1.5 10±1.4 9.7+2.8/-1.2 0.00 

3.0±0.2 to 4.3±0.3 2.3±0.5 15±1.5 to 25±2 10±2.0 4.7+5.2/-1.6 0.00 

4.3±0.3 to 8.6±0.5 3.4+0.7/-0.6 25±2 to 26+1.5/-0.8 1.2+2.1/-1.1 0.45+0.2/-0.3* 0.00 

8.6±0.5 to 9.0+0.6/-0.5 0.4+0.8/-0.4 26+1.5/-0.8 to 38±2 12.2±2.1 15.2+23.1/-6.2 0.00 

9.0+0.6/-0.5 to 9.6+0.6/-0.5 0.6+0.8/-0.5 38±2.0 to 37.5±1.5 0+2.5/-0.0 0.55+1.8/-0.5* 
 

0.07 

9.6+0.6/-0.5 to 10.1+0.8/-0.6 0.6+0.9/-0.5 37.5±1.5 to 51+2.6/-1.9 13.2+3.0/-2.8 13.5+17.1/-5.4 0.08 

10.1+0.8/-0.6 to 11.1+0.7 0.9+1.0/-0.8 51+2.6/-1.9 m to 54±2 3.0±2.6 2.6+2.8/-1.7 0.15 

11.1+0.7 to 11.9+1.0/-0.8 0.8+1.2/-0.8 54±2 to 58.5±2.0 4.4+2.7/-2.5 3.4+4.0/-1.8 0.79 

 

*slip rate likely 0 mm/yr during these intervals 

**Smallest slip increment (5±1 m) is assumed to have occurred during ca. 2.0 ka most recent earthquake (Nicol et al., 2011; Nicol & 
Van Dissen, 2018; Zinke et al., 2021) 
 

Time and displacement measurements are reported with 95% confidence limits. 
Slip rate values are reported with 68% confidence limits. 
 

The overlap index of all incremental slip rates along the Wairau fault 𝜂𝑡𝑜𝑡𝑊𝑎𝑖𝑟𝑎𝑢 = 0.00 



  

Incremental slip rates of the Wairau fault. Shaded areas delimit 68% confidence limits based on highest posterior density.  



 
Awatere fault 
 

Time interval (ka) Time span 
(ky) 

Cumulative disp 
(m) 

Disp 
interval 
(m) 

Slip rate 
(mm/yr) 

PDF 
overlap 

0 to 0.17* 0.17±0 0 to 2.5±1.0 2.5±0.8 --  

0.17* to 1.8±0.3 1.7+0.3/-0.4 2.5±1.0 to 9.5±1.0 7.0±1.2 4.2+0.6/-0.5 0.00 

1.8±0.3 to 4.3+0.3/-0.4 2.4±0.5 9.5±1.0 to 12.5+3.0/-1.5 3.1+2.5/-1.6 1.4+0.5/-0.4 0.01 

4.3+0.3/-0.4 to 5.2±0.5 1.3+1.2/-0.8 12.5+3.0/-1.5 to 
33.5+2.5/-3.5 

20.4+2.8/-3.4 15.2+9.6/-4.6 0.00 

5.2±0.5 to 7.6+0.7/-0.8 2.0+1.1/-1.4 33.5+2.5/-3.5 to 45±3.0 11.8+3.6/-3.5 6.2+3.4/-1.7 0.25 

7.6+0.7/-0.8 to 8.1±0.9 0.5+1.2/-0.5 45±3.0 to 56+3.0/-2.0 11.4+3.3/-3.2 16.8+28.2/-7.6 0.34 

8.1±0.9 to 12.9+1.2/-1.0 4.8+1.5/-1.4 56+3.0/-2.0 to 72.5±7.5 16.0+3.5/-6.2 3.4+1.0/-0.8 0.03 

 

* ~2.5 m of displacement occurred at this site during the 1848 Canterbury earthquake (Mason et al., 2004; Zinke et al., 2017) 
 

Time and displacement measurements are reported with 95% confidence limits. 
Slip rate values are reported with 68% confidence limits. 
 

The overlap index of all incremental slip rates along the Awatere fault 𝜂𝑡𝑜𝑡𝐴𝑤𝑎𝑡𝑒𝑟𝑒 = 0.00 

 



 
Incremental slip rates for the Awatere fault. Shaded areas delimit 68% confidence limits based on highest posterior density. 



 
Clarence fault 
 

Time interval (ka) Time span 
(ky) 

Cumulative disp 
(m) 

Disp 
interval 
(m) 

Slip rate 
(mm/yr) 

PDF 
overlap 

0 to 4.5+0.8/-0.7 4.5+0.8/-0.7 0 to 9.0±1.0 9.0±0.8 2.0±0.1  

4.5+0.8/-0.7 to 8.1+0.8/-0.7 3.6+1.0/-1.1 19.5±2.5 to 9.0±1.0 10.5±2.4 2.9±0.5 0.23 

8.1+0.8/-0.7 to 9.0+1.0/-0.9 0.8+1.1/-0.7 21.5±2.0 to 19.5±2.5 2.0+3.0/-1.8 1.3+2.2/-1.2** 0.40 

9.0+1.0/-0.9 to 11.2±1.3 2.4±1.5 47.0±3.0 to 21.5±2.0 25.5±2.9 9.6+5.0/-2.5 0.19 

 

* displacement possibly 0 mm during this interval 
**slip rate possibly 0 mm/yr during this interval 
 

Time and displacement measurements are reported with 95% confidence limits. 
Slip rate values are reported with 68% confidence limits. 
 

The overlap index of all incremental slip rates along the Clarence fault 𝜂𝑡𝑜𝑡𝐶𝑙𝑎𝑟𝑒𝑛𝑐𝑒 = 0.00 
 



 

Incremental slip rates of the Clarence fault. Shaded areas delimit 68% confidence limits based on highest posterior density. 



Hope fault 
 

Time interval (ka) Time span 
(ky) 

Cumulative disp 
(m) 

Disp 
interval 
(m) 

Slip rate 
(mm/yr) 

PDF 
overlap 
with 
previous 
rate 

0.0 to 1.4±0.4 1.5+0.2/-0.4 0 to 12.0±2.0 12.0±2.0 8.2+2.7/-1.5  

1.4±0.4 to 1.6±0.1 0.2+0.4/-0.2 12.0±2.0 to 29±1.5 17.5±2.4 32.7+125/-10.1 0.00 

1.6±0.1 to 5.4±0.1 3.7±0.1 29.0±1.5 to 101±3 71.5±3.0 19.1±0.8 0.00 

5.4±0.1 to 9.4±0.1 4.0±0.1 101±3 to 149±3 48.0+4.0/-3.0 12.0±0.9 0.00 

9.4±0.1 to 13.7±1.6 4.4±0.8 149±3 to 210±15 61.0±12 13.7+4.0/-3.4 0.34 

 

Time and displacement measurements are reported with 95% confidence limits. 
Slip rate values are reported with 68% confidence limits. 
 
 

The overlap index of all incremental slip rates along the Hope fault 𝜂𝑡𝑜𝑡𝐻𝑜𝑝𝑒 = 0.00 
 
 
 
 



 

Incremental slip rates of the Hope fault. Shaded areas delimit 68% confidence limits based on highest posterior density. 


