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Abstract 27 

The 2021 eruption of Fukutoku-Oka-no-Ba (FOB) in the northwest Pacific on 13 28 

August 2021 produced a large volume of pumice that drifted westward for ~1300 km to 29 

the Nansei Islands, Japan. Some pumice clasts were transported farther southwest to 30 

Taiwan and the Philippines or northeast to the Kanto district of Japan by the Kuroshio 31 

current. In February 2022, pumice with similar characteristics to the FOB pumice was 32 

deposited along the east coast of the Malay Peninsula, along the Gulf of Thailand. The 33 

pumice clasts deposited in Songkhla Province, Thailand, were <4 cm in length and 34 

more rounded than to those collected in the Nansei Islands. Most of the clasts consisted 35 

of clinopyroxene, plagioclase (andesine) and olivine phenocrysts in a vesiculated grey 36 

groundmass, with black-coloured spots, some of which exhibited signatures of a 37 

basaltic magma, including anorthite-rich plagioclase with basaltic melt inclusions. The 38 

whole-rock compositions of the pumice are trachytic, with SiO2 contents of 61 mass% 39 

and total alkali contents (Na2O + K2O) of 9 mass%, similar to those collected in Japan. 40 

The minerals in the pumice from Thailand have similar compositions to those in FOB 41 

pumice. These pumice in Thailand were from the 2021 FOB eruption, and drifted 42 



>2800 km south-westward across the South China Sea, partly affected by the monsoon 43 

and corresponding seasonal ocean circulation. Pumice from large oceanic eruptions can 44 

spread across borders; therefore, an international pumice monitoring network might be 45 

required for future eruptions. 46 
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Main Text 51 

Introduction 52 

Pumice rafting involves the dynamic interplay between volcanism, ocean currents, 53 

marine biology, and the human economy. The movement of geological rafts is thought 54 

to be a beneficial dispersal mechanism for shallow marine organisms (Bryan et al., 55 

2012). In contrast, a large amount of floating material is hazardous to humans and can 56 

reduce economic activity by damaging ships, for example, or discouraging tourism. 57 

Recent progress in satellite technology enables daily observation of large pumice rafts, 58 



and numerical models can provide precise forecasts of their drift that can help produce 59 

hazard maps (Jutzeler et al., 2020). However, it is difficult to track small rafts, and 60 

complex processes can move floating materials to unexpected places. 61 

Fukutoku-Oka-no-Ba (FOB) is a submarine volcano in the NW Pacific located at 24°62 

17.1′N/141°28.9′E, ~5 km northeast of Minami-Iōtō Island and ~1300 km south of 63 

mainland Japan (Fig. 1a). Several eruptions of the volcano and discoloration of the sea 64 

surface have been recorded in the literature, indicating that the volcano is highly active 65 

(Tsuya, 1937; Maeno et al., 2022). The 2021 eruption occurred on the early morning of 66 

13 August (Japan Standard Time) (Metz, 2022) and produced a large amount of pumice 67 

that formed rafts of ~0.1–0.3 km3 in size (Maeno et al., 2022). The pumice rafts were 68 

transported to the west by the Kuroshio Counter-current, and after 2-months of drifting, 69 

the clasts arrived at the Nansei Islands, Japan (Usami & Shinjo, 2022; Yoshida et al., 70 

2022). Although a large amount of pumice was deposited on the Nansei Islands, some 71 

of the floating pumice continued to drift eastward and arrived in eastern Japan in the 72 

middle of November. Some also drifted westward and arrived in Taiwan and the 73 

Philippines in late November (Fig. 1a; Yoshida et al., 2022).  74 



On 9 February, a considerable amount of pumice arrived on the beaches of Songkhla 75 

province in southern Thailand and subsequently at Chumphon and Rayong provinces in 76 

the north of the Gulf of Thailand (Fig. 1a, b). This pumice is similar to the 2021 FOB 77 

pumice collected in Japan, although there was initially confusion about its origin. 78 

Because there were no apparent submarine volcanic eruptions nearby, the pumice clasts 79 

found in Thailand were first thought to have originated from the Hunga Tonga–Hunga 80 

Haʻapai eruption in Tonga on 15 January 2022; however, it was too early for the arrival 81 

of pumice from a source located >9500 km away. This paper describes the petrographic 82 

characteristics of the pumice collected in Thailand and discusses the >4000 km-long 83 

voyage of the pumice rafts from FOB. 84 

 85 

Methods 86 

Whole-rock compositions of representative pumice clasts were determined by X-ray 87 

fluorescence (XRF) spectrometry (Rigaku ZSX Primus II) at the Japan Agency for 88 

Marine-Earth Science and Technology (JAMSTEC), Yokosuka, Japan. Mineral and 89 

glass compositions were determined using a field emission gun electron microprobe 90 



(EMP) analyser with five wavelength-dispersive X-ray detectors (JEOL, JXA-8500F) at 91 

JAMSTEC. Details of the analytical procedure were presented by Sato et al. (2020) and 92 

Yoshida et al. (2022). 93 

 94 

Petrography and Mineralogy 95 

The pumice clasts investigated in this study were collected from Thung Yai and Samila 96 

beaches in Songkhla Province, Thailand, on 10 February 2022. The clasts are more 97 

rounded than those collected in the Nansei Islands and are <4 cm in length. According 98 

to Yoshida et al. (2022), most clasts are gray-type pumice, although one clast is a 99 

mixture of black and grey pumice (Fig. 1c). Goose barnacles of <2 cm are often found 100 

on the clasts (Fig. 1c). The whole-rock compositions of the representative grey pumice 101 

clasts from the two localities are listed in Table 1. The pumice clasts consist of 102 

plagioclase (Pl), clinopyroxene (Cpx), and olivine (Ol) phenocrysts in a vesiculated 103 

groundmass of volcanic glass, with a small amount of apatite and opaque minerals (Fig. 104 

2a). In addition, poorly vesiculated black enclaves were identified (Fig. 2b). 105 

Representative mineral and glass compositions are listed in Tables 1 and 2, respectively. 106 



The grey pumice clasts from Thung Yai beach and Samila beach yield whole-rock SiO2 107 

contents of 61.6 and 61.8 mass% and total alkali (K2O + Na2O) contents of 9.2 and 9.1 108 

mass%, respectively, on an anhydrous basis. These are almost identical to the FOB 109 

trachyte samples from the 2021 and earlier eruptions (Fig. 2c). EMP analyses of the 110 

vesiculated glass in the groundmass yield higher SiO2 (65-66 mass%) and total alkali 111 

(10-10.6 mass%), while the interstice of the type-1 black enclaves yield slightly lower 112 

SiO2 (~64 mass% ) and higher FeO* (~4.4 mass%). 113 

Plagioclase in the groundmass is andesine, with XAn (=Ca/[Ca+Na+K]) values of 0.41 114 

and 0.32 in the core and rim, respectively. Glass associated with or included as melt 115 

inclusions in coarse-grained plagioclase is brown and yields a similar composition to 116 

the colorless groundmass glass (Table 1). Clinopyroxene in the groundmass is augite, 117 

with Mg# (=Mg/[Mg+Fe] × 100) of 76. Olivine in the groundmass yields Mg# of 65. 118 

High-Mg (Mg# ~90) olivine crystals occur in the mixed black and grey pumice clast 119 

(SM-01) and are associated with brown glass (Table 2). 120 

The black enclaves consist of clinopyroxene and plagioclase phenocrysts in a poorly 121 

vesiculated groundmass with abundant clinopyroxene, plagioclase, and magnetite 122 



microlites of <100 μm in length (Fig. 2b). Olivine microlites are possibly also present, 123 

although individual analyses could not be carried out due to their small size. Plagioclase 124 

phenocrysts in the black enclave are mostly anorthite with XAn values of 0.95, and 125 

contain basaltic melt inclusions with SiO2 contents of 47 mass%. Clinopyroxene 126 

phenocrysts in the black enclave have diopside cores with Mg# of 89 and Al-rich augite 127 

rim (Al = 0.38 on the basis of 6 oxygen) with Mg# of 83 (Fig. 2b). Clinopyroxene 128 

microlites yield Al-rich augite compositions similar to those of phenocryst rims. In 129 

contrast, plagioclase microlites are andesine (XAn = 0.46) similar to the core of the 130 

plagioclase phenocrysts in the vesicular groundmass. The interstitial glass in the black 131 

enclave yields low SiO2 and high FeO contents (Table 1). These compositions are the 132 

same as those of the type-1 black enclave found in the grey FOB pumice (Yoshida et 133 

al., 2022) 134 

 135 

Discussion and Implications 136 

The petrographic and geochemical characteristics of the pumice clasts in the raft that 137 

arrived in Thailand are similar to those of the FOB pumice observed on the coast of 138 



Japan (Yoshida et al., 2022). In particular, the poorly vesiculated black enclaves in the 139 

pumice from Thailand are similar to the type-1 black enclaves reported in the FOB 140 

pumice by Yoshida et al. (2022). The diopsidic Cpx and anorthite-rich Pl compositions 141 

indicate that the originated in a basaltic magma, were the distinguishing characteristics 142 

of the FOB pumice (Yoshida et al., 2022). These observations suggest that the pumice 143 

raft from the 2021 FOB eruption drifted ~2800 km from Taiwan and the Philippines to 144 

the Gulf of Thailand in ~ 80 days (Fig. 1a). The pumice clasts that arrived in Thailand 145 

are smaller than those observed in Japan, possibly due to abrasion during the long 146 

voyage. In addition, black pumice was rare in the pumice raft after the long journey to 147 

Thailand. Yoshida et al. (2022) reported contrasting microtextures in the grey and black 148 

pumice, despite the similar porosity: the grey pumice has small, elongated vesicles and 149 

the black pumice has large, spherical vesicles. Mitchell et al. (2021) suggested that 150 

pumice with higher vesicle numbers is more likely to continue floating, which might 151 

explain why more of the grey pumice with small vesicles, and thus high vesicle 152 

numbers, survived the long voyage to Thailand. 153 

The South China Sea (SCS) lies in the monsoon regime, and strong northeast winds 154 



prevail over the region during winter (~9 m/s on average; Hu et al., 2000). The pumice 155 

raft that drifted to the Philippines and Taiwan could have been transported into the SCS 156 

from the Luzon Strait by an intrusion of the Kuroshio current. These intrusions are 157 

unlikely to occur during the late spring to summer, due to the north-eastward current in 158 

the northern SCS (Hu et al., 2000).  159 

The average speed of the pumice as it drifted from the Philippines to Thailand was ~40 160 

cm/s, similar to the south-westward current in the northern SCS during winter (30-45 161 

cm/s; Hu et al., 2000). After the 1986 FOB eruption, a possible pumice raft from FOB 162 

was observed ~200 km off the coast of Vietnam (16°28.2′N, 110°66.7′E) on 28 163 

August 1986 by the crew of the Dutch ship MV Nedlloyd Colombo (Smithsonian 164 

Institution, 1986; Bryan et al., 2012). The 1986 FOB pumice raft arrived in the western 165 

Okinawa in late May (Kato, 1988). Given the distance between Okinawa and Vietnam 166 

(~1800 km) and the difference of ~3 months in arrival time, the pumice raft drifted at 167 

~23 cm/s, which is 2/3 the speed of the 2021 pumice raft. This difference is possibly 168 

due to the north-eastward circulation in the SCS during summer. 169 

Pumice was observed not only at the entrance of the Gulf of Thailand (Songkhla 170 



Province), but also in the inner part of the gulf (Rayong Province; Fig. 1a). The 171 

northeast monsoon occurs during winter, when a surface current along the western coast 172 

of the Gulf of Thailand is likely to develop (Sojisuporn et al., 2010). Pumice drifting 173 

from south to north in the gulf could have been driven by this seasonal circulation. 174 

Estimating the total amount of floating pumice in a particular area is difficult, as small 175 

pumice rafts are difficult to observe in satellite images. Although seasonal circulation in 176 

the Gulf of Thailand and the SCS would not tend to bring a large amount of pumice, the 177 

behaviour of pumice rafts can vary depending on short-term and small-scale 178 

heterogeneities in wind and current behaviour. 179 

The 2021 FOB eruption produced a large amount of floating pumice, some of which 180 

remained around the Nansei Islands, where the raft first arrived, while some continued 181 

drifting eastward and westward. FOB pumice clasts were easily identified. The dispersal 182 

records of the material with well-defined release location and time can help 183 

understanding the drifting process due to the complicated system of ocean currents and 184 

winds (Tada et al., 2021). Deposited pumice clasts can start drifting again due to high 185 

tides, and thus the amount of deposited pumice should decrease with time. These cycles 186 



of pumice deposition and removal are similar to those of other light material, including 187 

plastic waste, and the deposited pumice often accompanies such material (Fig. 1b). 188 

Storms are important events that control the deposition and removal of light material 189 

along coasts (Nakajima et al., 2022). Recent progress in satellite technologies has 190 

provided powerful tools for tracking pumice rafts, if weather permits (Jutzeler et al., 191 

2020). A combination of observations and simulations of pumice rafts enables the 192 

production and updating of hazard maps. Confirmation of the origin of the pumice and 193 

the extent of pumice dispersal would provide a better understanding of pumice rafting 194 

from FOB and would help prepare for coming eruption. FOB is one of the most active 195 

volcanoes in Japan and has produced multiple pumice rafts over the last 100 years 196 

(Kato, 1988; Bryan et al., 2012; Yoshida et al., 2022). Records of the locations and 197 

arrival times of pumice rafts are crucial for disaster prevention in the Circum-Pacific 198 

belt. An international pumice monitoring network might be required for future large 199 

eruptions. 200 

 201 

Declarations 202 



Ethics approval and consent to participate 203 

Not applicable. 204 

Consent for publication 205 

Not applicable. 206 

List of abbreviations  207 

FOB, Fukutoku-Oka-no-Ba; XRF, X-ray fluorescence; JAMSTEC, Japan 208 

Agency for Marine-Earth Science and Technology; EMP, electron 209 

microprobe; Pl, plagioclase; Cpx, clinopyroxene; Ol, olivine; SCS, South 210 

China Sea 211 

Availability of data and materials 212 

Contact the corresponding author to access the digital data for the EMP 213 

analyses. 214 

Competing interests 215 

The authors declare that they have no competing interests regarding this 216 

study. 217 

Funding 218 



This research was partly supported by JSPS KAKENHI (grant nos. 219 

JP19K14825 and JP19H01999 to K.Y. and JP21H01195 to Y.T.) and 220 

NOZOMI Farm. 221 

Authors' contributions 222 

KY: Conceptualization, Data curation, Investigation, Funding 223 

acquisition, Writing–original draft 224 

YT: Funding acquisition, Project administration, Writing–review & 225 

editing 226 

TS: Methodology, Investigation, Writing–review & editing 227 

CS: Investigation, Resources 228 

RP: Investigation, Resources 229 

SO: Project administration, Writing–review & editing 230 

Acknowledgements 231 

The many social networking services users who posted about the FOB 232 

pumice are also thanked. 233 

Authors' information 234 



Not applicable. 235 

 236 

References 237 

Bryan, S.E., Cook, A.G., Evans, J.P., Hebden, K., Hurrey, L., Colls, P., Jell, J.S., 238 

Weatherly, D., and Firn, J. (2012) Rapid, long-distance dispersal by pumice rafting. 239 

(2012) Plos one, 7, e40583. 240 

Hu, J., Kawamura, H., Hong, H., Qi, Y. (2000) A review on the currents in the South 241 

China Sea: Seasonal circulation, South China Sea warm current and Kuroshio 242 

Intrusion. Journal of Oceanography, 56, 607-624. 243 

Jutzeler, M., Marsh, R., van Sebille, E., Mittal, T., Carey, R. J., Fauria, K. E., Manga, 244 

M., McPhie, J. (2020). Ongoing dispersal of the 7 August 2019 pumice raft from the 245 

Tonga arc in the southwestern Pacific Ocean. Geophysical Research Letters, 47, 246 

e1701121. 247 

Kato, Y. (1988) Gray pumice drifted from Fukutoku-oka-no-ba to Ryukyu Islands. 248 

Bulletin of the Volcanological Society of Japan Series 2, 33, 21-30 (in Japanese). 249 

Maeno, F., Kaneko, T., Ichihara, M., Suzuki, Y., Yasuda, A., Nishida, K., Ohminato, T. 250 



(2022) First timeseries record of a large-scale silicic shallow-sea phreatomagmatic 251 

eruption. doi: 10.21203/rs.3.rs-1272855/v1 252 

Metz, D. (2022) Analysis of International Monitoring System hydrophone triplet data: 253 

Identifying the August 2021 eruption at Fukutoku-Okanoba, 24.3°N Bonin Arc. 254 

Acoustical Science and Technology, 43, 125-128. 255 

Mitchell, S.J., Fauria, K., Houghton, B.F., & Carey, R.J. (2021) Sink or float; 256 

microtextural controls on the fate of pumice deposition during the 2012 submarine 257 

Harve eruption. Bulletin of Volcanology, 83, 80. 258 

Nakajima, R., Miyama, T., Kitahashi, T., Isobe, N., Nagano, Y., Ikuta, T., Oguri, K., 259 

Tsuchiya, M., Yoshida, T., Aoki, K., Maeda, Y., Kawamura, K., Suzukawa, M., 260 

Yamauchi, T., Ritchie, H., Fujikura, K., Yabuki, A. (2022) Plastic after an extreme 261 

storm: The typhoon-induced response of micro- and mesoplastics in coastal waters. 262 

Frontiers in Marine Science, 8:806952. doi: 10.3389/fmars.2021.806952 263 

Nakano, S. & Kawanabe, Y. (1992) Pumices drifted to Iriomote Island in 1991. Bulletin 264 

of the Volcanological Society of Japan, 37, 95-98 (in Japanese). 265 

Sato, T., Miyazaki, T., Tamura, Y., Gill, J.B., Jutzeler, M., Senda, R., & Kimura, J.-I. 266 



(2020) The earliest stage of Izu rear-arc volcanism revealed by drilling at Site U1437, 267 

International Ocean Discovery Program Expedition 350. Island Arc, e12340 268 

Smithsonian Institution (1986) Pumice from unknown source clogs ship's intakes. 269 

Scientific Event Alert Network (SEAN) Bulletin 11:12. 270 

Sojisuporn, P., Morimoto, A., Yanagi, T. (2010) Seasonal variation of sea surface 271 

current in the Gulf of Thailand. Coastal Marine Science, 34, 91-102. 272 

Tada, N., Nishikawa, H., Ichihara, H., Watanabe Kayama, H., Kuwatani, T. (2021) Drift 273 

of an ocean bottom electromagnetometer from the Bonin to Ryukyu Islands: 274 

estimation of the path and travel time by numerical tracking experiments. Earth, 275 

Planets and Space, 73, 224. 276 

Tsuya, H. (1937) On the volcanics of the Huzi Volcanic zone, with special reference to 277 

the geology and petrology of the Idu and Southern Islands. Bulletin of Earthquake 278 

Research Institute, 15, 215-357. 279 

Usami, K., Shinjo, R. (2022) Drifted pumice stones at Okinawa Prefecture derived from 280 

the 2021 August eruption at Fukutokuokanoba submarine volcano. Bulletin of the 281 

Museum, Okinawa Prefectural Museum and Art Museum, 15, 1-16 (in Japanese). 282 



Yoshida, K., Tamura, Y., Sato, T., Hanyu, T., Usui, Y., Chang, Q., & Ono, S. (2022) 283 

Variety of the drift pumice clasts from the 2021 Fukutoku-Oka-no-Ba eruption, 284 

Japan. Island Arc, 31, e12441. 285 

Yoshida, T., Fujiwara, S., & Aoki, K. (1987) Geochemistry of Fukutoku-oka-no-ba 286 

submarine volcano, Izu-Ogasawara arc. Research Report of Laboratory of Nuclear 287 

Science, Tohoku University, 20, 202-215 (in Japanese). 288 

 289 

Figure legends 290 

Figure 1 (a) Summary of the arrival dates of drifting pumice modified after Yoshida et 291 

al. (2022). (b) Dark grey pumice deposit along the high tide line at Thung Yai beach in 292 

Songkhla Province, Thailand, on 10 February 2022. Plastic waste was also observed. (c) 293 

Gray pumice clasts collected on Samila beach in Songkhla Province, Thailand, with 294 

black spots and often with attached goose barnacles. One clast contained a black band. 295 

 296 

Figure 2 (a) Photomicrograph of a pumice clast collected from Thung Yai beach 297 

(sample TY-1) in Songkhla Province. Plagioclase (Pl), clinopyroxene (Cpx), and olivine 298 



(Ol) phenocrysts were observed. The glass adhering to, and as melt inclusions in, Pl 299 

phenocrysts is brown, whereas the groundmass glass is colourless. “Vac” indicates a 300 

vesicle. (b) Backscattered electron image of the black enclave in TY-1. Anorthite-rich 301 

Pl and diopsidic Cpx with an augitic rim occur in the poorly vesiculated groundmass of 302 

the black enclave that contained ubiquitous magnetite. (c) Total alkali (Na2O + K2O) 303 

versus SiO2 diagram for the classification of volcanic rocks, showing the whole-rock 304 

and glass compositions of pumice clasts from Thailand. Previously reported data for 305 

pumice rafts from the 2021 (Yoshida et al., 2022) and 1986 eruptions of FOB are also 306 

shown. Y87: Yoshida et al. (1987), K88: Kato (1988), NK92: Nakano & Kawanabe 307 

(1992). 308 

 309 

Table 1. Whole rock and groundmass glass compositions of the pumice. 310 

Footnote: FeO*, total iron as FeO. n.a., not analysed. 311 

 312 

Table 2. Representative mineral compositions. 313 

Footnote: FeO*, total iron as FeO. Fe3+/Fe2+ was determined as follows: total cation =4 314 



(clinopyroxene), (Fe2+ + Mg + Mn) = 1 (magnetite). 315 

 316 
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Table 1

XRF whole rock analysis EMP spot analysis

Sample No. TH-01 TH-02 TY-01 SM-01

locality
Samila

beach

Thung Yai

beach

Thung Yai

beach

Samila

beach

Gray pumice
Black

pumice

occurrence groundmass

melt

inclusion in

andesine

interstice in

black

enclaves

melt

inclusion in

anorthite

brown

glass

n= 10 10 10 2 8

SiO2 60.748 60.497 65.07 64.94 64.29 46.95 65.35

TiO2 0.567 0.584 0.51 0.48 0.42 0.86 0.48

Al2O3 15.971 16.031 16.22 16.16 16.37 11.33 16.17

Cr2O3 n.a. n.a. 0.00 0.01 0.03 0.01 0.03

FeO* 5.447 5.589 3.95 3.41 4.41 13.29 3.71

MnO 0.17 0.171 0.17 0.12 0.14 0.22 0.11

MgO 2.51 2.516 1.08 0.75 0.99 8.52 0.82

CaO 4.189 4.094 1.79 1.69 1.70 10.97 1.91

Na2O 4.53 4.602 5.02 5.15 5.23 2.23 5.29

K2O 4.42 4.435 5.22 5.24 5.42 1.35 5.31

P2O5 0.23 0.232 0.16 0.16 0.24 0.16 0.19

F n.a. n.a. 0.12 0.12 0.12 0.27 0.09

Cl n.a. n.a. 0.29 0.32 0.36 0.12 0.32

total 98.782 98.751 99.60 98.56 99.72 96.27 99.79

LOI 0.64 0.64

Black enclave in gray

pumice



Table 2

Sample TY-01 SM-01

occurrenceGray pumice, phenocryst Black enclave, phenocryst Black enclave, microlite
with brown

glass

Pl, core Pl, rim Cpx Ol Mag Pl Cpx, core Cpx, rim Pl Cpx Mag Ol

SiO2 57.88 59.88 53.13 37.56 0.12 44.40 50.35 46.268 56.851 44.774 0.268 41.05

TiO2 0.02 0.03 0.29 0.00 10.47 0.00 0.38 0.888 0.139 0.977 7.527 0.01

Al2O3 25.86 24.16 1.55 0.02 2.98 34.40 4.46 8.605 26.035 10.234 3.673 0.02

Cr2O3 0.00 0.04 0.05 0.00 0.01 0.02 0.00 0 0.01 0.02 0.069 0.04

FeO* 0.57 0.47 9.32 30.84 77.97 0.92 6.38 9.272 0.948 10.653 77.843 9.87

MnO 0.03 0.08 0.75 1.87 1.07 0.03 0.20 0.095 0.012 0.146 0.539 0.19

MgO 0.00 0.05 15.26 31.91 2.94 0.10 15.22 12.578 0.121 12.017 2.805 49.10

CaO 8.67 6.72 19.85 0.41 0.06 19.13 22.92 22.064 9.437 20.917 0.115 0.26

Na2O 6.36 7.13 0.40 0.03 0.00 0.57 0.14 0.207 5.602 0.263 0 0.00

K2O 0.79 1.10 0.02 0.00 0.02 0.04 0.01 0.017 0.88 0.042 0.08 0.01

total 100.19 99.66 100.63 102.64 95.62 99.62 100.06 99.99 100.04 100.04 92.92 100.53

O= 8 8 6 4 3 8 6 6 8 6 3 4

Si 2.60 2.69 1.96 1.00 0.00 2.07 1.85 1.72 2.57 1.66 0.01 1.00

Ti 0.00 0.00 0.01 0.00 0.22 0.00 0.01 0.02 0.00 0.03 0.16 0.00

Al 1.37 1.28 0.07 0.00 0.10 1.89 0.19 0.38 1.39 0.45 0.12 0.00

Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Fe3+ 0.03 0.94 0.10 0.14 0.20 0.98

Fe2+ 0.02 0.02 0.26 0.69 0.85 0.04 0.10 0.14 0.04 0.13 0.87 0.20

Mn 0.00 0.00 0.02 0.04 0.02 0.00 0.01 0.00 0.00 0.00 0.01 0.00

Mg 0.00 0.00 0.84 1.26 0.12 0.01 0.83 0.70 0.01 0.67 0.12 1.78

Ca 0.42 0.32 0.78 0.01 0.00 0.95 0.90 0.88 0.46 0.83 0.00 0.01

Na 0.55 0.62 0.03 0.00 0.00 0.05 0.01 0.01 0.49 0.02 0.00 0.00

K 0.05 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00

XAn 0.41 0.32 0.95 0.46

XAb 0.54 0.62 0.05 0.49

Xor 0.04 0.06 0.00 0.05

Mg# 76 65 89 83 83


