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Supplementary Table 1 Magnetic properties of analysed samples from ODP Site 1263

ODP Section  Interval Depth = Depth Bulk My  CFBBulk M;  Bulk  Bulk CFBHIRM  S-ratio CFB Biogenic | Biogenic | Biogenic
Hole (cm) (mbsf)  (mcd) (x107 (x107 B. Ber (x10™ IRM B, DP
Am?kg?) Am’kg™) (mT)  (mT) Am’kg?) (x10 Am?’kg™) (mT)
1263C  14H2A 8-9 283.98 @ 334.29 0.156 1.657 29.3 | 77.0 - - - - -
1263C  14H2A 30-31 284.20 33451 0.130 1.285 30.8 77.8 - - - - -
1263C  14H2A 50-51 284.40 334.71 0.537 3.631 254  70.9 1.613 0.832 0.260 66.1 0.180
1263C  14H2A 70-71 284.60 334091 2.111 8.688 20.3 493 1.784 0.896 0.937 55.6 0.195
1263C  14H2A 89-90 284.79 @ 335.10 4.092 10.204 20.0 @ 46.3 1.572 0.917 1.315 55.6 0.210
1263C 14H2A  99-100* 284.89 335.20 4.900 10.793 19.6 | 45.0 1.560 0.925 1.240 54.1 0.210
1263C  14H2A 110-111 @ 285.00 335.31 8.933 17.179 19.2  44.2 1.975 0.938 2.287 56.4 0.200
1263C  14H2A 120-121 @ 285.10 33541 15.150 27.849 185 | 41.8 2.514 0.960 4.453 53.5 0.216
1263C  14H2A 125-126 = 285.15 335.46 15.162 26.930 18.8 | 42.6 2.499 0.959 4.240 53.8 0.212
1263C 14H2A 130-131* 285.20 335.51 16.602 24.308 18.8 | 42.7 2.122 0.960 3.930 54.3 0.216
1263C  14H2A 134-135 = 285.24 335.55 14.637 24.559 19.2  43.2 2.136 0.958 4.170 55.1 0.215
1263C  14H2A 138-139 @ 285.28 335.59 15.142 23.623 195 415 2.068 0.959 4.047 53.5 0.220
1263C  14H2A 142-143 = 285.32 335.63 15.154 17.976 20.1 | 41.0 1.781 0.954 3.264 47.9 0.222
1263C 14H2A 146-147* 285.36 335.67 15.043 15.445 195 | 41.0 1.469 0.955 2.670 52.7 0.228
1263C  14HCC 7-8 285.47 | 335.78 0.138 1.104 174 | 39.7 - - - - -
1263C  14HCC 15-16 285.55 | 335.86 0.120 1.044 174 443 - - - - -
8  * Samples that were subjected to detailed transmission electron microscope (TEM) and scanning electron microscope (SEM) analyses,
9  and micromagnetic simulation
10 - Magnetically weak samples with noisy IRM curves
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Supplementary Figure1 =~ SEM observations on magnetic mineral extracts of samples
from ODP Site 1263. (a-f) SEM images and (g) energy-dispersive spectra (EDS) spot analyses
of magnetic extracts from (a, b) the peak PETM (1263C-14-2H-110-112 cm) and (c-f) the
PETM onset (1263C-14-2H-146-147 cm) at Site 1263. Scale bars in (a, ¢, d), (b) and (e, f) are
I wm, 2 um and 100 nm, respectively. SEM observations with EDS analysis reveals the
presence of detrital Fe-Ti oxides (a-d) in addition to magnetofossils. Features associated with
magnetic mineral dissolution' are evident in SEM observations (a), which is consistent with
decreased oxygenation during PETM warming. We did not observe dissolution features
associated with magnetofossils, such as magnetofossils with intact lattice fringes and dissolved
internal sections, as has been observed previously’. High-resolution SEM images (e, f) further
confirm the presence of magnetofossils within the PETM samples, which also reveal the three-
dimensional shapes of magnetofossil crystals. Low-resolution SEM images (a-d) were taken at
15 kV with a sample stage of ~10-11 mm. High-resolution SEM images (e, f) were taken at 2
kV with a sample stage of 3.4 mm.



26

27
28
29
30
31
32

Supplementary Figure 2  TEM images of needle-shaped giant magnetofossils from the
peak PETM at Site 1263 (1263C-14-2H-110-112 cm). Scale bars in (a), (b) and (c) are 500

nm, 200 nm, and 100 nm, respectively. TEM observations indicate the presence of giant
needle-like magnetofossils™” within the sample from the PETM peak. Magnetite needles were

not observed within samples from the PETM onset and rising.
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Supplementary Figure 3  Micromagnetic simulation of FORC diagrams for the PETM
peak sample. The magnetofossil size distribution in the initial model (left) was constructed
using TEM data from Figures 4f, i, l. Different magnetosome chain configurations (left), e.g.,
(a) randomly oriented, (b) 3 crystals and (c) 10 crystals in a chain, and different chain bending,
were modelled. Other modelling parameters: 100 FORCs with B,= 160 mT, B, = 60 mT, and
averaging of 100 identical FORC simulations. Simulated FORCs (middle) were processed
using FORCinel® with VARIFORC smoothing parameters7: {8c0, Scl, Sb0s Sbis Acs Ab} = {7, 7,2,
7,0.1,0.1}. Processed FORC diagrams are shown on the right. Modelling results indicate large
variations in magnetic properties when different magnetic mineral microstructures are

considered.
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