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 29 
Abstract 30 
 31 
Framboidal pyrite is widespread in anoxic marine sediments, but the processes that control the 32 
redistribution and preservation of pyrite aggregates after their formation remain poorly constrained. 33 
Here, I examine the microfabric and spatial organization of framboidal pyrite in shallowly buried deep-34 
sea sediments from the Sagami Trough and the Sea of Japan using complementary freeze-dried and 35 
resin-embedded specimens. Framboidal pyrite occurs preferentially within the cavities of benthic and 36 
planktonic microfossils, where aggregates are concentrated along the lower sides of the cavities and 37 
form distinct geopetal fabrics. Loosely aggregated framboids composed of sub-spherical microcrystals 38 
occur together with densely packed framboids, indicating differences in aggregate packing and crystal 39 
development. Filamentous material less than 1 μm in thickness occurs around and between framboids 40 
within microfossil cavities, whereas isolated framboids in the surrounding sediment matrix generally 41 
lack comparable material. The preferential concentration of framboids along the lower sides of cavities 42 
is consistent with gravitational redistribution of mobile pyrite aggregates after their formation, 43 
followed by physical stabilization within confined pore spaces. The spatial association between 44 
filamentous material and pyrite further suggests that such material may have contributed to the 45 
retention of pyrite aggregates, although its composition and origin cannot be determined from the 46 
present observations. These observations indicate that the spatial organization of framboidal pyrite in 47 
marine sediments can record not only mineral formation but also subsequent physical redistribution 48 
and stabilization within sedimentary microenvironments. 49 
 50 
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1. Introduction 51 
 52 

Pyrite (FeS₂) is one of the most common sulfide minerals in sedimentary environments and 53 
forms during early diagenesis through reactions involving reactive iron and reduced sulfur (Berner, 54 
1984; Canfield, 1989). Framboidal pyrite is particularly widespread in modern sediments and ancient 55 
sedimentary rocks, where its size, morphology, and internal organization have been used to investigate 56 
the conditions of pyrite formation and early diagenetic environments (Wilkin et al., 1996; Ohfuji and 57 
Rickard, 2005). Framboids consist of aggregates of micrometer- to submicrometer-scale pyrite 58 
microcrystals, and their morphology reflects processes of nucleation, aggregation, crystal growth, and 59 
transformation of iron sulfide precursors (Wilkin et al., 1996; Wilkin and Barnes, 1997; Ohfuji and 60 
Rickard, 2005). 61 

Experimental studies have demonstrated that framboidal pyrite can form through inorganic 62 
pathways involving the transformation and aggregation of iron sulfide precursors (Schoonen and 63 
Barnes, 1991; Wilkin and Barnes, 1997; Butler and Rickard, 2000). Framboidal textures can therefore 64 
develop in the absence of molecular oxygen and biological intervention, and their morphology alone 65 
does not establish a biological origin (Butler and Rickard, 2000). Consequently, observations of 66 
framboidal pyrite provide information not only on mineral formation but also on the subsequent 67 
physical and chemical processes that modify the aggregates within sediments. 68 

Much less is known about what happens to pyrite aggregates after they form. In particular, 69 
their subsequent movement and eventual stabilization within sediment pores or microfossil cavities 70 
have received little attention. Previous studies have primarily focused on nucleation, growth, 71 
aggregation, and microarchitecture of framboidal pyrite (Wilkin et al., 1996; Wilkin and Barnes, 1997; 72 
Ohfuji and Rickard, 2005). It remains less clear how newly formed aggregates behave within confined 73 
sedimentary microenvironments and whether their subsequent spatial organization may record post-74 
formation physical processes. This distinction is important because the final distribution of pyrite in 75 
sediment may reflect not only the conditions of mineral precipitation but also processes operating after 76 
mineral formation. 77 

Microfossil cavities provide particularly useful three-dimensional microenvironments for 78 
examining such processes. Pyrite is known to occur within biogenic cavities and fossil tests, including 79 
foraminiferal chambers, and geopetal arrangements of pyrite have been documented in sedimentary 80 
rocks (Honjo et al., 1965; Hudson, 1982). These occurrences demonstrate that biogenic cavities can 81 
act as localized sites for authigenic pyrite accumulation and preservation. However, previous studies 82 
have generally emphasized pyrite occurrence, morphology, or fossilization rather than the possible 83 
redistribution of pre-existing pyrite aggregates within confined cavities. 84 

Modern marine sediments provide an opportunity to examine these processes in relatively 85 
unconsolidated sedimentary systems. Although the formation and preservation of pyrite begin during 86 
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early diagenesis, the physical arrangement of pyrite aggregates may continue to evolve as the 87 
aggregates interact with pore spaces, biogenic structures, and surrounding sediment. Observations 88 
from shallowly buried sediments can therefore provide information on processes that may not be 89 
readily distinguished in lithified sedimentary rocks. 90 

In this study, I investigate the microfabric and spatial organization of framboidal pyrite in 91 
shallowly buried deep-sea sediments from the Sagami Trough and the Sea of Japan. Using 92 
complementary freeze-drying and resin-embedding techniques, I examine (1) the morphology and 93 
aggregation state of pyrite microcrystals, (2) the spatial distribution of framboids within microfossil 94 
cavities, and (3) the occurrence and distribution of filamentous material associated with framboidal 95 
pyrite. These observations are used to evaluate the processes responsible for the formation, 96 
redistribution, and stabilization of pyrite aggregates. Particular attention is given to whether the 97 
geopetal arrangement of pyrite within microfossil cavities can be explained by post-formation 98 
gravitational redistribution. 99 
 100 
2 Materials 101 
 102 

Two core samples were analyzed in this study (Fig. S1). The first was collected from site 103 
2K#942C-003 using the manned submersible Shinkai 2000 during the NT97-10 cruise in the West 104 
Sagami Trough. This site is located at 34°59.55' N, 139°13.50' E, at a depth of 1100 m, along the West 105 
Sagami Bay Fault, approximately 500 m from an active methane seep site colonized by 106 
chemosynthetic communities (Fig. S1; Ogawa et al., 1997). It lies at the converging boundary between 107 
the Philippine Sea and North American plates. The core consists of dark gray hemipelagic clay 108 
containing about 10% framboidal pyrite by volume. The core was split in half, with one half tightly 109 
wrapped and transported to the laboratory for analysis. The sample, approximately 6 cm long and 5 110 
cm in diameter, consists of hemipelagic clayey sediments (Fig. S2). 111 

The second core, GC1261, with a total length of 317 cm, was collected using a gravity corer 112 
at 39°57.94' N, 138°28.96' E, at a water depth of 2509 m, during the GH99 cruise (Fig. S1; Geological 113 
Survey of Japan, 2000). This core also consists of dark gray hemipelagic clayey sediments, 114 
characterized by alternating thin laminations of dark gray, dark olive, and black, each a few millimeters 115 
thick (Fig. S2). These laminations were likely formed under fluctuating anoxic and oxic conditions 116 
during the Glacial Epoch (Tada, 1999). Notably, the black laminations contain more than 50% 117 
framboidal pyrite by volume. The core was divided into two halves onboard, and one half was used 118 
for study after being tightly wrapped and transported to the laboratory. 119 

These two cores were selected because both contain abundant authigenic framboidal pyrite 120 
in shallowly buried fine-grained sediments, while representing contrasting deep-sea depositional 121 
settings. The Sagami Trough sample was collected near an active methane seep, whereas the Sea of 122 
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Japan sample was obtained from finely laminated sediments deposited under fluctuating redox 123 
conditions. This combination allows us to evaluate whether the observed microfabric relationships 124 
occur across different depositional settings. Both samples examined for detailed pyrite microfabric 125 
occur within the upper tens of centimeters below the seafloor. 126 
 127 
3 Preparation of specimens 128 
 129 

Both samples were analyzed approximately one week after collection. Until preparation, 130 
they were stored at ~4°C. Two methods were used for sample preparation: freeze-drying for scanning 131 
electron microscope (SEM) observation, and embedding for thin-section analysis (Inoue and Osatake, 132 
1988; Kawamura and Ogawa, 2002; Kushida et al., 1988; Takizawa et al., 1995). Special care was 133 
taken to prevent oxidation and minimize disturbance of the sediment fabric caused by surface tension 134 
during drying. 135 

 136 
Freeze-Drying Method: 137 

First, the pore water in the sediment was replaced with ethanol, followed by t-butyl alcohol 138 
over several months. The t-butyl alcohol was then rapidly frozen using liquid nitrogen, and the sample 139 
was sublimated in a vacuum desiccator. This method preserved the original microfabric, ensuring 140 
minimal disturbance, making the sample suitable for SEM observation. The sample was coated with 141 
Au-Pd for SEM imaging, conducted at 15 to 20 kV and ~80 µA. 142 

 143 
Embedding Method for Thin Sections: 144 

In this method, the pore water was replaced with ethanol, followed by propylene oxide over 145 
several months. The propylene oxide was then replaced with Quetol 651 resin (Nisshin EM Co. Ltd.), 146 
and the sediment was cured at 60°C for 24 hours to produce thin sections. Framboidal pyrites were 147 
analyzed using energy-dispersive spectrometry (EDS) at 15 kV and ~1.2 µA, while elemental mapping 148 
was performed using wave-dispersive spectrometry (WDS) at 15 kV and ~5.0 µA. 149 
 150 
4 Results 151 
 152 

Some of the specimens examined in this study were previously documented by Kawamura 153 
et al. (1999), but their spatial organization within microfossil cavities is re-examined here in the 154 
context of post-formation redistribution and stabilization.  155 

Small opaque particles were observed in two sediment samples: at 3 cm below the seafloor 156 
(cm-bsf) in core 2K#942C-003 and at 30 cm-bsf in core GC1261 (Figs. 1A–I, S3). These particles 157 
were identified as pyrite, exhibiting a bright yellowish color in reflected light microscopy (Figs. 1B, 158 
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S6), high reflectivity in backscattered electron images (indicative of heavy elements; Figs. 1J–K, 2G–159 
H, S4, S7–S9), and Fe and S as the major elements in energy dispersive spectroscopy (EDS) analyses 160 
(Figs. 1J–K, S3, S8, S9; Table S1). Pyrite in both 2K#942C-003 and GC1261 occurred as both 161 
framboidal aggregates and isolated submicrometer crystallites in microspaces and within microfossils 162 
(Figs. 2B,K, S6–S9). In GC1261, they were aligned along parallel laminations (Figs. 1H–I, S3). 163 

Based on resin thin section observations, the majority of the pyrite grains were framboids 164 
with diameters ranging from 5 to 10 µm (Figs. 1, S4–S9). A smaller portion consisted of crystallites 165 
less than 1 µm in size (Figs. 2, S4–S9). 166 

In GC1261, spherical cores smaller than 1 µm were observed scattered around the 167 
framboidal pyrite. Some of these cores formed loosely packed framboids, approximately 5 µm in 168 
diameter (Figs. 2D, 2H, S4–S5). The loose framboids consisted of subangular or subspherical cores, 169 
contrasting with the typical angular (euhedral) crystallites in fully formed framboidal pyrite. The 170 
subspherical cores were flattened only at contact surfaces between triangular, rectangular, or 171 
hexagonal grains, while retaining spherical shapes at free surfaces (Figs. 2D, S5). 172 

Framboidal pyrite was densely packed within the cavities of benthic and planktonic 173 
microfossils and preferentially accumulated along the lower parts of the cavities, parallel to the 174 
bedding plane (Figs. 1A–J, 2A–C, S6). This arrangement constitutes a geopetal fabric, with framboidal 175 
pyrite preferentially concentrated along the lower sides of the microfossil cavities. This arrangement 176 
was observed repeatedly in the examined microfossil cavities (Figs. 1, 2).  177 

The framboidal pyrite within microfossils was covered by filamentous material (Figs. 2A–178 
C, 2E–F), while isolated framboidal pyrite in the sediment matrix was not (Figs. 2D, S5). This 179 
filamentous material, less than 1 µm thick, connected adjacent framboidal pyrite grains, forming a 180 
network (Figs. 2A–C). In some cases, the filamentous material completely enveloped the framboidal 181 
pyrite grains (Figs. 2E–F). 182 
 183 
5. Discussion 184 
 185 
5.1. Formation and aggregation of framboidal pyrite 186 
 187 

The coexistence of loosely aggregated and densely packed framboids provides constraints 188 
on the development of pyrite aggregates in the studied sediments. Loosely aggregated framboids 189 
consist of sub-spherical or subangular microcrystals, whereas more densely packed aggregates contain 190 
crystals with more developed and locally euhedral morphologies. Experimental studies have 191 
demonstrated that framboidal pyrite can develop through the nucleation and transformation of iron 192 
sulfide precursors followed by aggregation and subsequent conversion to pyrite (Schoonen and Barnes, 193 
1991; Wilkin and Barnes, 1997; Butler and Rickard, 2000). The difference between the two types of 194 



7 
 

framboids suggests different degrees of aggregation and crystal development. The textures alone, 195 
however, do not allow us to determine whether one formed before the other. 196 

The formation of framboidal pyrite has been attributed to both inorganic and biologically 197 
mediated processes (Sweeney and Kaplan, 1973; Wilkin and Barnes, 1997; Ohfuji and Rickard, 2005). 198 
Experimental studies have shown that framboidal textures can form in the absence of biological 199 
intervention, demonstrating that morphology alone cannot be used to infer a biological origin (Butler 200 
and Rickard, 2000). The present observations likewise do not require a biological mechanism for the 201 
formation of the framboids. Instead, they indicate that pyrite aggregates can occur in different states 202 
of packing and crystal development within shallowly buried marine sediments. The subsequent spatial 203 
organization of these aggregates therefore provides an additional record of processes operating after 204 
their initial formation. 205 
 206 
5.2. Gravitational redistribution of pyrite aggregates within microfossil cavities 207 
 208 

The preferential concentration of framboidal pyrite along the lower sides of microfossil 209 
cavities suggests post-formation redistribution of pyrite aggregates. Geopetal arrangements of pyrite 210 
have previously been documented in sedimentary rocks, demonstrating that the spatial orientation of 211 
pyrite within cavities can preserve information on the relative position of the host cavity during or 212 
after mineral formation (Honjo et al., 1965). However, the observations in the present study provide 213 
an opportunity to consider a different process: the redistribution of pre-existing pyrite aggregates 214 
within confined cavities. 215 

Framboids were not distributed uniformly within the cavities. Instead, they were 216 
concentrated on the lower side, whereas the upper part of the cavities was commonly free of framboids. 217 
This pattern was observed in several cavities. If the framboids had formed entirely in place, it would 218 
be difficult to account for this repeated asymmetry. A more straightforward interpretation is that at 219 
least some aggregates were mobile after formation and moved toward the lower part of the cavity. The 220 
observed fabric is therefore not necessarily a primary precipitation fabric. Rather, it may record 221 
movement of already formed aggregates within the cavity. 222 

The occurrence of loosely aggregated framboids elsewhere in the sediment is consistent with 223 
the presence of relatively mobile pyrite aggregates. Once such aggregates entered a confined 224 
microfossil cavity, their movement would have been restricted by the cavity geometry, while gravity 225 
would favor accumulation along the lower cavity wall. The resulting arrangement would produce the 226 
observed geopetal fabric. I interpret the geopetal fabrics as being consistent with a sequence involving 227 
initial pyrite aggregate formation, subsequent gravitational redistribution, and eventual stabilization 228 
within confined pore spaces. 229 

This interpretation does not exclude alternative processes, including local mineral 230 
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precipitation or pore-fluid movement. Nevertheless, the repeated concentration of aggregates along 231 
the lower sides of multiple cavities is consistent with gravitational redistribution of mobile aggregates 232 
and is difficult to explain by random in situ precipitation alone. The observations therefore suggest 233 
that post-formation physical redistribution should be considered when interpreting the spatial 234 
organization of framboidal pyrite in sedimentary microenvironments. 235 
 236 
5.3. Stabilization of framboidal pyrite by filamentous material 237 
 238 

A distinctive feature of the studied samples is the occurrence of filamentous material around 239 
and between framboidal pyrite aggregates within microfossil cavities. The material is less than 1 μm 240 
in thickness and locally forms a network that surrounds individual framboids. In contrast, isolated 241 
framboids in the surrounding sediment matrix generally lack comparable filamentous structures. The 242 
spatial association is consistent with a possible physical coupling between pyrite aggregations and 243 
surrounding filamentous material during very early sedimentary processes. 244 

Pyrite–organic matter associations have been documented in natural geological 245 
environments, indicating that organic materials can occur in close spatial association with pyrite during 246 
mineral formation and preservation (Raiswell and Canfield, 1991; Lindgren et al., 2011). Such 247 
associations, however, do not by themselves establish a biological origin for either the pyrite or the 248 
associated material. 249 

The composition and origin of the filamentous material cannot be determined from the 250 
present observations. Its morphology alone is insufficient to identify it as microbial. It may represent 251 
organic-rich material, microbial-derived material, or another filamentous phase that formed or 252 
persisted within the sediment. Regardless of its origin, its repeated occurrence around framboids 253 
within the cavities, and its absence around isolated framboids in the surrounding matrix, suggests that 254 
it may have contributed to the retention of the aggregates. 255 
 256 
5.4. Implications for Fe–S mineral–organic interfaces and early Earth chemistry 257 
 258 

The observations described above also have implications for the preservation of spatial 259 
associations between Fe–S minerals and surrounding materials in marine sediments. The concentration 260 
of framboidal pyrite within confined microfossil cavities, together with the occurrence of filamentous 261 
material around and between the aggregates, indicates that mineral aggregates can become physically 262 
associated with materials present within sedimentary microenvironments. Although the composition 263 
and origin of the filamentous material cannot be determined from the present observations, its 264 
distribution is consistent with a possible role in restricting aggregate mobility and promoting their 265 
retention within the cavities. 266 
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More broadly, the results indicate that the preservation of pyrite microfabric may reflect a 267 
combination of mineral formation and subsequent physical processes. The observed sequence of 268 
aggregation, gravitational redistribution, and stabilization provides a mechanism by which Fe–S 269 
mineral aggregates can become spatially concentrated and preserved within marine sediments. This 270 
physical component should be considered alongside chemical and biological processes when 271 
interpreting the microfabric and spatial distribution of authigenic pyrite in the sedimentary record. 272 
 273 
6. Conclusions 274 
 275 
(1) Framboidal pyrite in shallowly buried deep-sea sediments occurs as both loosely aggregated and 276 
densely packed aggregates, consistent with differences in the degree of pyrite microcrystal aggregation 277 
and development. 278 
(2) Framboidal pyrite is preferentially concentrated along the lower sides of microfossil cavities, 279 
producing distinct geopetal fabrics. This spatial organization is consistent with gravitational 280 
redistribution of mobile pyrite aggregates after their initial formation. 281 
(3) Filamentous material less than 1 μm in thickness occurs preferentially around and between 282 
framboidal pyrite aggregates within microfossil cavities. Although its composition and origin remain 283 
unresolved, its spatial association with pyrite is consistent with a possible role in the physical retention 284 
and stabilization of the aggregates. 285 
(4) The observations support a model involving pyrite aggregate formation, subsequent redistribution 286 
within confined pore spaces, and physical stabilization. The results demonstrate that the spatial 287 
organization of framboidal pyrite in shallowly buried marine sediments can reflect post-formation 288 
physical processes in addition to the conditions of mineral formation. 289 
(5) These observations provide microfabric-based constraints on the early diagenetic modification and 290 
preservation of authigenic pyrite. In particular, gravitational redistribution and subsequent stabilization 291 
within sedimentary microenvironments should be considered when interpreting geopetal and other 292 
spatially organized pyrite fabrics in the sedimentary record. 293 
 294 
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FIGURE CAPTIONS 379 

 380 
Figure 1. Pyrite microtextures of embedded samples, vertical view. Arrows show the upward direction. 381 
A–F: Geopetal fabric of framboidal pyrite in benthic foraminifers in 3 cm-bsf, 2K#942C-003, the 382 
Sagami Trough, thin section, open nicol (previously published by Kawamura et al., 1999; reinterpreted 383 
in this study). B: Reflected light image of A (Kawamura et al., 1999). H and I: Framboidal pyrites 384 
along parallel laminations at 53.76 cm-bsf, GC1261, the Sea of Japan. J and K: Pyrite microtextures 385 
in back-scattering image (BSI) and element mapping image (Si, Fe, S, Ca and P) on polished section 386 
of embedded samples at 3 cm-bsf, 2K#942C-003, the Sagami Trough. J and K were measured at Figs. 387 
1G and S6A using WDS and EDS, respectively. The analyzed numbers in J correspond to the number 388 
shown in Table S1. 389 
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Figure 2. Pyrite microtextures, vertical view. Arrows show the upward direction. A, B and C: Geopetal 391 
fabric in diatoms filled by framboidal pyrite at 30 cm-bsf, GC1261, the Sea of Japan, secondary 392 
electron image, freeze-dried samples. D: Loose framboids with spherical microcrystals at 30 cm-bsf, 393 
GC1261, the Sea of Japan, secondary electron image, freeze-dried samples. E and F: Framboidal 394 
pyrites in a diatom at 3 cm-bsf, 2K#942C-003, the Sagami Trough, secondary electron image, freeze-395 
dried samples. G: Pyrite microtextures in back-scattering image (BSI) on polished section of 396 
embedded samples at 3 cm-bsf, 2K#942C-003, the Sagami Trough, vertical view. H: Pyrite 397 
microtextures in back-scattering image (BSI) on polished section of embedded samples at 30 cm-bsf, 398 
GC1261, the Sea of Japan, vertical view. The pyrite microcrystals in H are loosely aggregated. 399 
Filamentous material occurs around framboidal pyrite within microfossils in A–C and E–F. 400 
  401 
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 402 
 403 
 404 
Figure S1 Coring sites of the studied specimens. A: Locality of the coring sites of GC1261 405 
(B) and 2K#942C-003 (C). B: Coring site of GC1261, located on a spur. C: Coring site of 406 
2K#942C-003, located on the West Sagami Bay Fault, which forms the western boundary 407 
of the Sagami Trough. 408 
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 409 
 410 
 411 
Figure S2 Sedimentological columns of the studied specimens GC1261 and 2K#942C-412 
003. The column of GC1261 is modified from Geological Survey of Japan (2000). 413 
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Figure S3 Detailed sedimentary structures (A) and element-mapping images (Fe in B 417 
and S in C) at 30 cm in GC1261, vertical view. Arrows show the upward direction. Pyrite, 418 
identified by the co-occurrence of Fe and S, is concentrated along parallel laminations. 419 
The element mapping was conducted by energy dispersive X-ray spectroscopy at a 420 
setting of 15 kV and approximately 1 µA.  421 
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 423 
Figure S4 Pyrite microtextures in back-scattering image (BSI) on polished section of 424 
embedded samples at 30 cm-bsf, GC1261, the Sea of Japan, vertical view. Arrows show 425 
the upward direction. The pyrite microcrystals are loosely aggregated. Some pyrite 426 
microcrystals form thread-like arrangements (C), and most of them are arranged 427 
horizontally along the laminations (B, I, and J). Images were acquired at 20 kV to 428 
enhance the surface relief of pyrite microcrystals within the resin. 429 

  430 
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 432 
 433 
Figure S5 Pyrite microtextures in secondary electron image, freeze-dried samples at 30 434 
cm-bsf, GC1261, the Sea of Japan, vertical view. Arrows show the upward direction. The 435 
pyrite microcrystals are loosely aggregated and show spherical to angular morphologies. 436 
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 437 
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Figure S6 Pyrite microtextures in optical and reflected images. Arrows show the upward 439 
direction. A–F: Reflected light images in 3 cm-bsf, 2K#942C-003, the Sagami Trough, 440 
thin section, open nicol (Reproduced from Kawamura et al., 1999). G: Geopetal fabric of 441 
framboidal pyrite in planktic foraminifers in 3 cm-bsf, 2K#942C-003, the Sagami Trough, 442 
thin section, open nicol (Reproduced from Kawamura et al., 1999). 443 
 444 
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 448 
 449 
Figure S7 Pyrite microtextures in back-scattering image (BSI) and element mapping 450 
images on polished section of embedded samples at 30 cm-bsf, GC1261 (A) and 3 cm-bsf, 451 
2K#942C-003, the Sagami Trough (B-D), vertical view. Arrows show the upward 452 
direction. Elemental mapping and compositional analyses in A were conducted using 453 
WDS, whereas those in B–D were conducted using EDS. The analyzed numbers in A 454 
correspond to the number shown in Table S1. Scale bars are 50 µm. 455 
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 458 
Figure S8 Pyrite microtextures in back-scattering images (BSI) on polished section of 459 
embedded samples at 30 cm-bsf, GC1261, the Sea of Japan (A) and at 3 cm-bsf, 2K#942C-460 
003, the Sagami Trough (B–D), vertical view. Arrows show the upward direction. 461 
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Figure S9 Pyrite microtextures in back-scattering image (BSI) on polished section of 463 
embedded samples with measurement points at 3 cm-bsf, 2K#942C-003, the Sagami 464 
Trough (A–K) and at 30 cm-bsf, GC1261, the Sea of Japan (L–O), vertical view. Arrows 465 
show the upward direction. The elemental analyses were conducted using WDS. The 466 
analyzed numbers correspond to the number shown in Table S1. 467 
 468 
 469 
 470 

  471 
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Table S1. Results of WDS analyses of pyrite microcrystals and framboids. Numbers 472 
indicate the measurement points shown in Fig. 1J, Fig. S7A, and Fig. S9. Samples from 473 
3 cm-bsf in 2K#942C-003 and 30 cm-bsf in GC1261 correspond to measurement points 474 
8–41 and 42–60, respectively. 475 

 476 
 477 


