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Cooper, T-Y. Chen, & N. J. Rawlence, “Characterizing porous microaggregates and soil organic
matter sequestered in allophanic paleosols on Holocene tephras using synchrotron-based X-ray
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See also videos at https.//www.nature.com/articles/s41598-021-00109-9#additional-information.
- video view of 2D tomographic images of an allophane mciroaggregate
- video view of 3D reconstruction of an allophane microaggregate

1. Detailed information about study sites
1.1 Tapapa

This soil, exposed on a privately-owned farm-track cutting just off Tapapa Road near Tirau (Fig.
2 of original article), has developed mamnly by developmental upbuilding on a composite of distal
thin rhyolitic tephra-fall beds and tephric loess deposits laid down incrementally (location: 37°
59°41.017 S, 175° 52° 59.95” E, elevation 238 m above sea level [asl]). (Models of upbuilding
pedogenesis are described by Hewitt etal.,'.) The soil stratigraphy shown in Fig. 3 and Table 1 is
based on Pullar and Birrel?, Lowe?*, and Lowe et al.>-®; most ages are from Lowe et al.” with
Peti et al® providing the age for Okareka tephra. The soil is a Medial, thermic Typic Hapludand
(Soil Survey Staff’). Mean annual rainfall is ~1524 mm!?. Two soil samples were collected from
upper subsoils, namely the Bwl (20—30 cm depth) and Bw2 (30—40 cm depth) subhorizons. The
soil materials for these samples derive from a composite of weakly weathered tephras <ca 12,000
cal. yr BP in age that overlie Rotorua tephra (Fig. 3) and thus have relict properties (hence,
strictly, they represent a ‘relict’ rather than a ‘buried’ paleosol using the nomenclature of
Valentine and Dalrymple!!; Bronger and Catt!?. Current vegetation is pasture.

1.2 Lake Rotoaira

The soil occurs on State Highway 47 (Te Ponanga Saddle Road) near Lake Rotoaira (Fig. 2)
(location: 39° 01’ 07.08” S, 175° 41° 38.65” E, 580 m asl). The buried subsoil horizons of
mterest to us, depicted in Fig. 3, have formed mainly by developmental upbuilding pedogenesis
on a composite of thin andesitic tephra-fall beds that were deposited incrementally since the fall
of Mangamate tephra (the latter also known as Pahoka—Mangamate sequence: Nairn et al.!3. The
horizons we sampled are overlain by ca 0.8 m of non-welded rhyolitic Taupo ignimbrite'#, the
base of which provides the zero datum line for depth measurements, and (at the land surface)
younger andesitic fallout tephras ca 0.3 min thickness. These andesitic post-Taupo deposits thus
indicate that both retardant as well as developmental upbuilding pedogenesis have occurred at
this site. The soil stratigraphy and ages of tephras for the site follow Topping'®, Donoghue et
al.'®, Moebis et al.!7, and Hogg et al.'®1° (see also Nairn et al.!3; Voloschina et al2?). The soil
profile in its entirety — from the land surface —is classified as an Ashy/pumiceous, glassy, mesic
Typic Udivitrand®?!, with the buried soil horizons (as defined by Soil Survey Staf??) beneath the
Taupo ignimbrite we examined having a high allophane content (Table 1) and thus strong andic
(allophanic) soil properties?>. Mean annual rainfall is ~1944 mm!'?. We sampled the 3Ahb and
3ACD subhorizons (on Mangatawai tephra ca 1718 to ca 2800 cal. yr BP) and the 4Ahb, 4ABbI,
and 4ABb2 subhorizons (on Papakai tephra ca 2800 to 11,200 cal. yr BP) in the lower part of the
ca 4-m-high section using Taupo ignimbrite (ca 1718 cal. yr BP) as the upper datum and Poutu
Lapilli (ca 11,200 cal. yr BP) as the lower one (Fig. 3). The periods the soil horizons developed
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at the land surface were ca 1082 cal. years (3Ahb, 3ACD) and up to ca 8400 cal. years (4Ahb,
4ABb1, 4ABb2) (Table 1). Current vegetation is native podocarp-broadleaf forest.

1.3 Brett Rd and Ashton Dairies Pit

The soil on Brett Rd near Mount Tarawera (location: 38° 17’ 53.53” S, 176° 28 52.83” E, elevation
452 masl) (Fig. 2) has developed by retardant upbuilding on five relatively thick rhyolitic tephra
beds (all fall beds except Taupo ignimbrite) as marked n Fig. 3. The soil stratigraphy is based on
Cole?*, Lowe et al.’, McDaniel et al.??, and Hartemink et al.>%; ages are from Lowe et al.”. Mean
annual rainfall is ~1464 mm!?. We sampled the 3ABb subhorizon (on Taupo tephra ca 1718 cal.
yr BP), the 4Bwb subhorizon (on Whakatane tephra ca 5500 cal. yr BP), and the SAhb
subhorizon (on Rotoma tephra ca 9400 cal. yr BP).

The soil at the Ashton Dairies Pit (on a privately-owned farm off Ash Pit Road, location: 38° 18’
09.82” S, 176° 32* 32.01” E, 444 m asl), with a mean annual rainfall ~1428 mm!'?, is very similar
stratigraphically and in origin (retardant upbuilding) to the nearby Brett Rd profile. At Ashton
Dairies, however, the Taupo tephra (comprising a basal fall bed overlain by non-welded
pumiceous ignimbrite) is overlain by a thicker deposit (ca 1.45 m) of Kaharoa tephra (its base
provides the zero datum line for depth measurements in Fig. 3) and (at the surface) ca 0.45 m of
Tarawera tephra. Further, several of the buried soil horizons on the Taupo and Whakatane
tephras at Ashton Dairies Pit (Fig. 3) show distinct morphological features associated with
podzolisation®, an acidic soil-leaching process manifested as pale, enleached E horizons (denoted
albic horizons) and as very dark brown to dark reddish-brown, humus- and/or sesquioxide-
enriched Bh or Bs horizons (denoted spodic horizons)?-23. For example, in Fig. 3, the profile at
Ashton Dairies Pit shows a distinct grey albic horizon (denoted 3Eb) above the spodic 3Bhb
horizon on Taupo tephra, and the uppermost horizon on the Whakatane tephra is also pale in
colour and qualifies as an E horizon (denoted 4Eb) (see also Hartemink et al.?%, p. 137).
Consequently, uppermost B horizons on these tephras, rather than E horizons, were sampled: the
3Bhb subhorizon (on Taupo tephra ca 1718 cal. yr BP), the spodic 4Bsb subhorizon (on
Whakatane tephra ca 5500 cal. yr BP), and the SAhb subhorizon (on Rotoma tephra ca 9400 cal
yr BP) (Table 1). At both sites, the amount of time the soil on Taupo tephra developed at the
land surface was ca 1082 years (1718 minus 636 years [or AD 1314 minus 232]), Whakatane ca
3808 cal. years (5526 minus 1718 years), and Rotoma ca 3897 cal. years (9423 minus 5526
years) (Table 1). Both soils at Brett Rd and Ashton Dairies Pit are Fine-loamy/medial,
mixed/glassy Typic Udivitrands®. Current vegetation at both sites is pasture.

1.4 Ages of soil horizons (paleosols)

The ages, or age ranges, for the paleosols at the four study sites were derived using
tephrochronology (see Figure 3, Table 1). The ages/age ranges reported in Table 1 represent the
amount of time the tephra materials at each site were at or near the land surface undergoing
weathering and pedogenesis (forming soil horizons by topdown soil processes) before their burial
by subsequent tephra deposition.
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Fig. SM1. C NEXAFS spectra for mdium foil (99.9975% purity) and samples attached to indum foil
that was analyzed at NSRRC Beamline 24Al. (A) Indium foil that was used as sample holder. (B)
Biochars that underwent pyrolysis at 400, 500, 600 and 700 °C. (C) Clay fractions extracted from
other non-allophanic soils from Taiwan, Portugal, and Austria. Spectral features identified by the
vertical lines in inset C correspond to carbon in (a) quinonic (284.3 eV), (b) aromatic (285 eV), (¢)
carboxylic/carbonyl (288.6 eV), and (e) carbonyl/carbonate (290.5 eV) functional groups. Note that
there were no cartographic shifts of spectra in graph B to observe the difference of intensity of X-ray

absorbance between samples, but spectra were slightly shifted in graph C to show those spectra
clearly.
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