A paleoenvironmental record of the Southern Hemisphere Last Glacial Maximum from the Mt Cass loess section, North Canterbury, Aotearoa/New Zealand 
Supplementary Methods
Radiocarbon dating
At the NERC laboratory, shells were cleaned using deionised water and then dried. The outer 30% by weight of shell was removed by controlled hydrolysis with dilute HCl. The samples were then rinsed in deionised water, dried and homogenised. A known weight of the pretreated sample was hydrolysed to CO2 using 85% orthophosphoric acid at 25°C. The CO2 was converted to graphite by Fe/Zn reduction.  We also submitted a sample of ancient egg shell which was used as a blank for internal quality assurance. The egg shell was found in steeply dipping beds of the Pliocene-early Pleistocene Kowhai gravel, exposed in a fault scarp being eroded by Omihi Stream (Nicol et al., 1994). The sample showed negligible analytical background effect. At the Direct-AMS lab, the steps of sample preparation, hydrolysis and conversion of CO2 to graphite followed a similar workflow to that of the NERC lab. Conventional radiocarbon ages were converted to calendar ages using the most recent Intcal13 calibration curve (Reimer et al., 2013). Calibrated ages are reported as age ranges at the 2-sigma confidence level (95.4%).
Luminescence dating
The MAAD measurement, was performed on a polymineral fine fraction (4-11 m), and involved initially a test measurement of dose on which the range of applied doses was based. Next, six sets of five disks (30 disks in total) were β irradiated up to five times the test dose after having been tested for variations in sensitivity; the latter involved photon counting over a very short time IR stimulation. Disks were β-irradiated on the Daybreak 90Sr/Y β irradiator, calibrated against 60Co gamma source, SFU, Vancouver, Canada with about 3% uncertainty. Another three sets of disks (three disks per set) were α-irradiated up to three times the test dose. The α irradiation was carried out on a  241Am irradiator, supplied and calibrated by ELSEC Littlemore, UK. The next step was that these 39 disks together with nine non-irradiated disks (total of 48 disks) were stored for four weeks to relax the crystal lattice after irradiation. After storage, the 48 disks were preheated for five minutes at 230oC, then measured at room temperature on a Riso TL-DA-20 reader with infrared diodes emitting an 880 nm-wavelength stimulation beam for 100s. Blue luminescence centred about the 410 nm emission from feldspar was then detected by an EMI 9235QA photomultiplier fixed behind two filters consisting of a Schott BG-39 and Kopp 5-58.
[bookmark: _GoBack]The luminescence growth curve (β induced luminescence intensity versus added dose) was constructed by using the initial first few seconds of the shine down curves and subtracting the average of the last 20 seconds, along with the so called late light, which was thought to be a mixture of background and difficult-to-bleach components. The intercept of the growth curve with the dose axis established the equivalent dose De. A similar plot was generated for the alpha irradiated disks, which allowed for an estimate of α efficiency, or a-value, which quantifies sensitivity of luminescence to alpha irradiation versus beta or gamma irradiation. The a-value was used in the dose rate estimate, which together with the equivalent dose is sufficient for age calculation.
Age-depth modelling
Bacon (Blaauw and Christen, 2011) models the accumulation rates of many equally spaced depth sections based on an autoregressive process with gamma innovations. Inverse AR (sedimentation times expressed as year/cm) were estimated from 42 to 48 million Markov Chain Monte Carlo (MCMC) iterations, and these rates form the age-depth model. AR was constrained by prior parameter estimates: acc.shape=1.5 and acc. mean=10 and 20 for the beta distribution, a memory mean= 0.7 and memory strength=4 for beta distribution describing the autocorrelation of inverse AR. All input data were provided as 14C yr BP and the model used the SHCal 13 calibration curve (Hogg et al., 2013) to convert conventional radiocarbon ages to calendar ages expressed as cal. yr BP. Age modelling was run to achieve a 1-cm final resolution.
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