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S1 Analytical methods

For the soil samples, the LC-MS analysis of the lignin oxidation products was performed as described in ? using a 50 mm

pentafluorophenyl (PFP) column (Hypersil GOLD PFP, 50 mm × 2.1 mm with 1.9 µm particle size by Thermo Fisher Scien-

tific). For the dripwater and flowstone samples, a 100 mm PFP column (Aquity UPLC CSH Fluoro-Phenyl, 100 mm × 2.1 mm

with 1.7 µm particle size by Waters) was used for the separation of the LOPs. The gradient for this column started with 5%5

eluent B (98% acetonitrile, 2% H2O) and 95% eluent A (98% H2O, 2% acetonitrile and 0.4 µL ·L−1 formic acid). Eluent B

increased to 10% until 0.5 min, was held at this stage until 5.0 min, increased to 15% until 6.0 min and to 50% until 7.5 min.

Then, a cleaning step at 99% B was run from 7.5 to 9.5 min, and finally, the initial eluent mixture with 5% B was reequilibrated

from 9.5 to 11.0 min. The flow was set to 500 µL ·min−1 and the column oven was heated to 40 °C.

The electrospray ionisation source (ESI) was operated in negative mode, so that deprotonated molecular ions [M-H]− were10

formed. The spray voltage was -3.5 kV, the ESI probe was heated to 150 °C to improve the evaporation of the aqueous solvent,

the capillary temperature was 320 °C, the sheath gas pressure was 60 psi and the auxiliary gas pressure was 20 psi.

The mass spectrometer(Q Exactive Orbitrap high-resolution mass spectrometer by Thermo Fisher Scientific) was operated

in full scan mode with a resolution of 70 000 and a scan range of m/z 80–500. At the respective retention time windows, the

full scan mode was alternated with a targeted MS2-mode with a resolution of 17 500 to identify the LOPs by their specific15

daughter ions (?). For the MS2-mode (i.e., parallel reaction monitoring mode in the software XCalibur, provided by Thermo

Fisher Scientific), higher-energy collisional dissociation (HCD) was used with 35% normalized collision energy (NCE) for all

analytes.
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S2 Description of the cave sites

Soils have been described to the most appropriate soil order following the New Zealand Soil Classification (NZSC, ?). A brief

description of the vegetation and soils of the four different cave sites is given in the following paragraphs.

Waipuna Cave, Waitomo (Fig. S1), is covered by a lush podocarp forest with a dense undergrowth of shrubs, ferns and tree-

ferns. Soils in the locality are deep (> 1m) typic orthic allophanic (LO) being developed on extensive North Island rhyolitic5

volcanic ash deposits. These soils are exceptionally well drained and water typically reaches the cave on the timescale of days

to a few weeks following rainfall events (?).

Figure S1. Vegetation (a) and soils (b) of Waipuna Cave, Waitomo, North Island.

Hodges Creek Cave, Mt Arthur Tablelands, (Fig. S2) is developed within an Oligocene limestone remnant that has been

heavily weathered and incised by deep grykes within which extensive litter organic (LO) soils have accumulated, which in

places transition to orthic gley (GO) due to water logging leading to iron reduction, with characteristic iron mottles and10

concretions being found at depth (right hand picture). On the more gentle slopes, mature beech forest and well-drained orthic

podzol (ZO) soils are typical with a deep brown O horizon and a weak sub-soil composed of bleached clays and weathered

limestone.

The steep beech-covered slopes of Mt Arthur have only a thin orthic podzol (ZO) soil (Fig. S3). Typically they are well-

drained with a weak, bleached sub-soil due to the abundant, acidic leaf litter.15
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Figure S2. Vegetation (a) and soils (b) and (c) of Hodges Creek Cave, Mt Arthur Tablelands, Kahurangi National Park, South Island.

Figure S3. Vegetation (a) and soils (b) of Nettlebed Cave, Mt Arthur, Kahurangi National Park, South Island.
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The Mt Luxmore caves (Fig. S4) reside above the tree line under a thick ground cover of tussock and other native alpine

plants. Cold and wet conditions promote water-logging and peaty organic rich soils have developed. Soils were found to have

light brown A horizons beginning at around 20 cm with characteristic iron staining indicating iron reduction and oxidation

within the soil profile.

Figure S4. Vegetation (a) and soils (b) of Dave’s Cave, Mt Luxmore, Fiordland National Park, South Island.
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S3 Photographs of the flowstone samples

In Figure S5, photographs of the flowstone cores from WP, HC, NB and DC are shown. The samples analyzed in this study are

marked in red.

Figure S5. Photographs of the flowstone cores from (a) Waipuna Cave (WP), (b) Hodges Creek Cave (HC), (c) Nettlebed Cave (NB), and

(d) Daves Cave (DC). The samples analyzed in this study are marked in red.
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Figure S6. Age-depth model of WP15-1.
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Figure S7. Age-depth model of flowstone HC15.

S4 230Th/U-dating of flowstone cores

All relevant data concerning the 230Th/U-dating of the flowstone cores are shown in Table S1. Age-depth models of the four

flowstone cores are shown in Figures S6 to S9.
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Figure S8. Age-depth model of flowstone NB15.
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Figure S9. Age-depth model of flowstone DC15.
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