[bookmark: _GoBack]A1. Supplementary data
We assess local data to establish a best fit solution for TWT and velocity with depth for northern Zealandia sediments. We assess the depth uncertainties that result from assuming a singular model, by considering rebound-corrected velocities from northern Zealandian DSDP cores. Although boreholes are sparse in northern Zealandia, the neighbouring Taranaki Basin has been extensively explored for hydrocarbons (main paper, Figure 1). As this is the closest high-density dataset available, we use check shot data from 13 wells, in the Taranaki Basin to calculate TWT with depth values (Figure 1a). Lithological information is available in these wells and the check shot data can be correlated against changes in lithology, giving several depth-time constraints per well. Two hundred data points are established from these wells between 140 and 4600 mbsf (Figure 1a). 
	The solution for Taranaki Basin is provided by fitting a second order polynomial regression (red line in Figure 1) to check shot data points (Figure 1a) and is given by: 
z = 0.000151t2 + 0.9238t						                                       (1)
and from interval velocities, the velocity-depth relationship is: 
Vp = 0.0006z+1.8649									             (2) 
where Vp is p-wave speed, t is TWT in seconds and z is depth in mbsf. 
In addition, TWT and depth information from multichannel and sonobuoy data from the northern Lord Howe Rise (main paper, Figure 1) were analysed. Velocities were measured by a seismic survey in the Faust and Capel basins on the Lord Howe Rise, where sonobuoys were deployed around a multichannel seismic array to record wide-angle velocity information, and a long (8 km) streamer was used (Petkovic 2010). Two sonobuoys were deployed in close proximity to DSDP 208 (main paper, Figure 1 inset). 
Seismic velocity with depth relationships beneath the array were obtained by forward modelling (ray tracing) of sonobuoy receiver gather first arrivals as well as from multichannel stacking velocities and used to establish empirical solutions for velocity and TWT  (Petkovic 2010). However, the velocity constraint with depth within the model is coarse and does not resolve the subtle change in Vp between calcareous ooze and chalk at ~310 mbsf; instead over this depth range the sonobuoy data show one layer of Vp = 1.6–1.7 km s-1 and at 470 mbsf, a ~1.0 km s-1 increase in Vp to 2.6 km s-1 (main paper, Figure 6) (Petkovic 2010). This step increase in Vp is ~100 m shallower than that inferred from the lithology change in DSDP 208 at ~570 mbsf, which is associated with the opal-A to opal-CT transition and the appearance of chert in the core. This discrepancy is attributed to the hidden layer problem (Sheriff & Geldart 1995), whereby the wide-angle refraction data do not “see” the low Vp zone associated with Eocene siliceous sediments between 490 and 570 mbsf, and hence the interface is modelled to be shallower than its true depth position. The TWT for the 470 mbsf interface in the wide-angle sonobuoy model is the same as the TWT to the 570 mbsf opal transition layer calculated from synthetic modelling (main paper, Figure 3a). Likewise, the coarse sampling of the stacking velocities underestimates the velocity of the Eocene siliceous layer (main paper, Figure 6). 
One dimensional profiles through the Lord Howe Rise sonobuoy velocity models were used to establish an empirical solution for TWT and velocity with depth for all sediments beneath the array (Petkovic 2010) given by: 
z = 250t2 + 869t 			(3)
and a linear regression for velocity with depth is given by:
Vp = 0.0007z + 1.8  			(4)
The solution is applicable for sediments to 3-4 km bsf (Figure 1a). For shallow sediments (<1 km bsf) the Taranaki Basin and Lord Howe Rise solutions are similar (Equations 2 and 4, Figure 1a). 
To estimate uncertainties inherent in using Equation 1 for shallow burial of northern Zealandian sediments, the corrected velocity data from DSDP cores (Figure 1b) are used to calculate TWT with depth (white shapes, Figure 1b). Check shot information is not available from DSDP wells, which were drilled in late 1971 to early 1972 (Burns et al. 1973a; Burns et al. 1973c; Burns et al. 1973b) and in 1982 (Kennett et al. 1986). Site-specific trends within the data are highlighted by subtracting the empirical estimate for TWT (Equation 2) from the rebound corrected TWT’s calculated at DSDP drill sites (Figure 1b). The DSDP data show that the Taranaki solution overestimates northern Zealandian sediment thickness by up to 35 m at ~400 mbsf in the New Caledonia Trough (DSDP 206), but the misfit is reduced (20 m at DSDP 208) on the Lord Howe Rise, where lithification and chalk in this depth range increase Vp (Figure 6b). The Taranaki solution is less well constrained in the upper 300 mbsf and overestimates shallow velocities, but lithification of the predominantly calcareous sediments (Burns et al. 1973b; Kennett et al. 1986) increases velocity, and the rebound-corrected DSDP data converge towards the more terrigenous Taranaki solution at depths >300-400 mbsf (Figure 1b). At <300 mbsf, velocities are less than the Taranaki values and depths are over-estimated by the Taranaki solution. 

Figures:
Figure 1. a.) Depth as a function of two-way time (TWT) shown to depths of 800 mbsf. Inset shows data points and functions to 5000 mbsf. Black stars are the two-way time – depth relationship for horizons interpreted from DSDP drill holes 207, 206 and 208. White shapes are corrected TWTs calculated from the drill core velocity measurements.  Empirical solutions calculated for Taranaki sediments (red line) and Lord Howe Rise sediments (black line) [Burns et al., 1973a](Petkovic 2010). b.) Depth uncertainty calculated by subtracting the Taranaki solution for TWT with depth from the corrected TWT with depth data of the DSDP drill sites (white shapes, a). Figure shows greatest difference is between Lord Howe Rise sites (DSDP 208, 207, 592) and the New Caledonia Trough site (DSDP 206). Note the three Lord Howe Rise sites converge towards zero at around 400-500 ms, whereas the New Caledonia site converges at 600-700 ms. Taranaki wells are: (Tangaroa-1, Wainui-1, Tua Tua-1, Taranga-1, Tane-1, Taimana-1, Pukeko-1, Mangaa-1, Kora-4, Kiwi-1, Kahawai-1, Ariki-1, and Wakanui-1) (Hematite Petroleum NZ Ltd 1970; Shell BP & Todd Oil Services Ltd 1976, 1981; Shell BP Todd Oil Services Ltd 1982; Diamond Shamrock Exploration Oil Co (NZ) 1984; Shell Bp & Todd Oil Services Ltd 1984; ARCO Petroleum NZ Inc. 1988; Rankin 1988; NZ Oil & Gas Ltd 1990; Shell BP & Todd Oil Services Ltd 1992; New Zealand Overseas Petroleum Ltd 2004; Uruski & Stagpoole 2004; New Zealand Overseas Petroleum Ltd 2010).
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