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PETROGRAPHY

Forearc basalt and dolerite

FAB lavas, including rare vitrophyres, were recovered from Holes U1440A, B and
Ul441A (Figure 1b). Dolerites were recovered from U1440B where they comprise a probable
sheeted dyke complex. The FAB are typically aphyric to sparsely augite-phyric, plagioclase-phyric
or plagioclase-augite-phyric (Figure 3a, b). Plagioclase, augite and mesostasis constitute
approximately 38%, 20%, and 15% of the mode, respectively (Table 1). The groundmass exhibits
subophitic to insertal microcrystalline textures with ~0.2 mm subhedral plagioclase laths and < 1.2
mm subhedral, blocky augite crystals set in a mesostasis of quench crystals * glass (Table 2).
Whereas in most cases the groundmass is completely altered and composed of oxidized
cryptocrystalline, dark reddish-brown palagonite, plagioclase and clinopyroxene have largely
escaped alteration. Secondary processes are also evident as veinlets filled with carbonates and
zeolites which occupy up to 20% of some samples. Most FAB are not vesicular, but in some cases
up to 10-15 modal % of subrounded and amorphous, unfilled vesicles are present (Table 1).

The vitrophyres are sparsely plagioclase- or plagioclase-augite-phyric and microphyric.
Microphenocrysts occupy <1% of the mode and are tabular, euhedral and < 0.8 mm. The
groundmass of the vitrophyres constitutes > 99% of the mode and consists of glass or devitrified
glass with no vesicles.

The dolerites exhibit predominately subophitic but also intergranular, intersertal, and
hypidiomorphic granular textures and are fine to medium grained (0.3-2.0 mm). Plagioclase
occupies 45-50% of the mode and forms subhedral tabular grains with rare sieve texture. Augite

encompasses approximately 30-40% of the mode and is manifest as subhedral, blocky to prismatic
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grains which are commonly poikilitic (augite enclosing radiating laths of plagioclase set in a matrix
of altered glass). Fe-Ti oxides comprise 1-2% of the mode and form small (0.1-0.3 mm) equant,
interstitial grains. Small equant grains of (apparent) quartz and chloritic alteration products are

found within the mesostasis of intersertal patches.

Andesite

The lone andesite is a sparsely augite-plagioclase-phyric, microcrystalline lava (Figures 3c,
d) with ~2% augite and 1% plagioclase phenocrysts (Table 1). Augite phenocrysts are ~0.6 mm
euhedral, prismatic crystals while plagioclase phenocrysts are ~0.4 mm subhedral, tabular laths
with infrequent albite rims. The groundmass comprises ~40% microcrystalline, < 0.2 mm tabular

plagioclase and 57% mesostasis with about 3% vesicles.

High-Mg andesites

The high-Mg lavas are aphyric to sparsely or moderate augite-orthopyroxene-phyric,
plagioclase-augite-phyric, olivine-augite-orthopyroxene phyric or olivine-plagioclase-augite-
phyric (Figures 3e, f). Almost all lavas are fine-grained to microcrystalline and exhibit intersertal
to intergranular textures; one sample is a vitrophyre. Apart from the vitrophyre, all lavas have a
fine to microcrystalline groundmass dominated by plagioclase microlites and comprising
plagioclase (25-55%), augite (8-25%), orthopyroxene (0-10%), and mesostasis (19-59%) (Table

1). All phenocrysts range from <0.5-4 mm with an average size of about 0.8 mm (Table 2).

Boninites

Basaltic and low silica boninites
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The lone basaltic boninite is moderately olivine-augite-phyric whereas the low-Si boninites
(Figures 3g, h) are highly to moderately olivine- to olivine-orthopyroxene or olivine-
clinopyroxene-phyric. In the basaltic boninite and low-Si boninite, olivine typically occupies 0-
20% and rarely up to 25-30% of the mode and in the low-Si boninite, orthopyroxene commonly
comprises 1-2% of the mode but many samples are devoid of orthopyroxene phenocrysts (Table
1). Similarly, clinopyroxene which typically comprises 1-6% modally of the low-Si boninite, is
commonly absent as a phenocryst phase. In the low-Si boninite, both pyroxenes range in size from
~0.2 to 0.8 mm in long dimension (~0.5 mm on average) and are typically euhedral and prismatic
to blocky (Table 2). Groundmass of the low-Si boninite is either glass dominated (35-55% modal
glass), mesostasis dominated (60-90% mesostasis) or crystalline with ~14% plagioclase, 20%
clinopyroxene, 1% orthopyroxene, 2-3% opaque oxides and 15-50% mesostasis. The grain size of
the low-Si boninite groundmass constituents is typically 0.1-0.4 mm and the grain size in the
mesostasis is typically <<0.1 mm. Vesicles are absent in the lone basaltic boninite sample but
average about 10% and range up to 40% in some mesostasis dominated low-Si boninite samples.
Vesicles are rare to absent in most crystalline or glassy low-Si bonnites but vitrophyres have ~30%

vesicles.

High-Si boninites

The high-Si boninites are highly to sparsely olivine-orthopyroxene-phyric (Figures 31, j).
Olivine typically comprises <1% of the mode but can compose up to 5-10% of samples.
Orthopyroxene usually occupies about 0.5-4% of the mode but ranges up to 8-15% in highly phyric
samples (Table 1). Olivine and orthopyroxene are ~0.1-1.6 mm long and are typically euhedral

and prismatic to blocky (Table 2). Lavas with more crystalline groundmasses commonly have thin
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rims of clinopyroxene overgrowths on orthopyroxene phenocrysts. The more crystalline
groundmasses consists of acicular needles of orthopyroxene and clinopyroxene with typically ~
46 % pale tan glass. Other lavas are essentially vitrophyres with 50-65% pale tan glass containing
4-20% phenocrysts and 25-40% microcrystalline pyroxene. The more crystalline lavas typically
have up to ~15% vesicles while the vitrophyric lavas have about 2-6% vesicles. Though most
samples have vesicles, some do not. Clasts of high-Si boninite have also been recovered in
pyroclastic deposits. These clasts are identical to high-Si boninite lavas but typically have more

vesicles.

PETDB MORB AND VAB SAMPLE SELECTION, PROCEDURES AND DATA

MANIPULATION

PetDB MORB and VAB clinopyroxene sample collation

The following steps were taken at the Petrological Database website (PetDB,

(http://www.earthchem.org/petdb) in order to build our dataset of PetDB MORB and VAB

clinopyroxenes: Step 1: From the PetDB main menu we clicked PetDB Search from which we
subsequently chose samples on the basis of Tectonic Setting from which we chose Spreading
Center (Tectonic Setting = MORB was not an option) which returned 30701 samples. Step 2: We
then chose Sample Type and limited our criteria to Rock Type = igneous: volcanic: mafic and
selected basalt and tholeiite which returned 26338 samples. Step 3: We then continued to Data
Selection where we chose Mineral Analyses, Mineral Type = clinopyroxene and of the variables,
selected Major Oxides (only) which returned 1370 (clinopyroxene) analyses; we subsequently
downloaded the dataset. Step 4: From the downloaded excel spreadsheet we then filtered samples
such that only samples in which Rock (name) was either BASALT, igneous: volcanic: mafic or

THOLEIITE, igneous: volcanic: mafic. Samples which were either left unnamed or contained a


http://www.earthchem.org/petdb
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name other than the above (e.g., GABBRO, PERIDOTITE) were removed as were samples which
did not have oxide totals between 95-103 wt. %. This resulted in a dataset of 1173 MORB
clinopyroxene analyses. Step 5: Total Fe as FeO cation proportion calculations were then
performed whereby cation proportions were based on six oxygens for clinopyroxene. We followed
identical procedures for VAB clinopyroxene analyses collation but with Tectonic Setting =
Volcanic Arc which resulted in n =229 clinopyroxene analyses and n = 204 clinopyroxene analyses

subsequent to filtering as described above.

PetDB MORB samples chosen P-T estimates calculation: Dataset collation and data
manipulation

As PetDB does not allow for a combined search of MORB whole-rock chemistry plus
clinopyroxene mineral chemistry, we first obtained whole rock data for MORB but limited samples
returned to those only with (complimentary) clinopyroxene mineral analyses available; we then
performed a search for MORB clinopyroxene compositions (only) and matched samples from each
dataset to construct a combined dataset of MORB samples with complimentary whole-rock and
clinopyroxene compositions. Details of MORB sample selection and collation from PetDB are as
follows: For whole-rock MORB sample selection: Step 1: We chose samples on the basis of
Tectonic Setting from which we chose Spreading Center. Step 2: For Rock Type we chose igneous:
volcanic: mafic and selected basalt and tholeiite which returned 1232 samples. Step 3: We then
filtered Sample Selection via Data Availability = (only) those (whole-rock analyses) with
(complimentary) clinopyroxene analyses. Step 4: For Rock Analyses we chose one row per sample,
major elements only. For Spreading Center clinopyroxene analyses: Steps 1-3 were performed as

above for whole-rock MORB selection. Step 4: On a second spreadsheet, we kept only the first
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clinopyroxene composition listed for each sample. To combine the above MORB whole rock and
MORB clinopyroxene datasets we: 1. On a separate spreadsheet in the clinopyroxene compositions
spreadsheet, appended the list of clinopyroxene compositions by keeping the first analysis only
and deleting the remainder. 2. On a separate sheet in the whole-rock compositions spreadsheet, we
appended the list of whole-rock compositions such that when there were two duplicate analyses,
presented - one of glass and one of whole-rock- only the first one listed (which was usually glass)
was kept. 3. When clinopyroxene compositions were presented which did not provide a
complimentary whole-rock composition in the whole-rock spreadsheet, these cpx compositions
were deleted on the ‘Data with one clinopyroxene listed per sample sheet’. 4. Similar to 3
immediately above, when whole-rock compositions were presented which did not provide a
complimentary clinopyroxene composition in the clinopyroxene spreadsheet, these whole-rock
compositions were deleted. 5. When the two aforementioned datasets were merged into one dataset
with whole-rock and complimentary clinopyroxene compositions, data was culled such that only
whole-rock compositions with SiO2 = 45-52 wt. % and oxide totals = 98-102 wt. % were kept.
Whole rock Mg was calculated assuming Fe**/FeT = 0.17 (Brounce et al., 2015) whereby FeT =
Fe?"+Fe**. Whole rock compositions were then normalized on a volatile-free basis. Finally, only
clinopyroxene core or ‘probable core’ compositions were used in the calculation of P-T estimates
(i.e., clinopyroxene rim compositions were ignored).

The original dataset of PetDB samples of MORB with complimentary clinopyroxene that
we compiled consists of 181 samples; of these, 91 samples were ones in which clinopyroxene was
deemed to be equilibrium with the liquid (whole rock) on the basis of the Mg# clinopyroxene vs.
Mg# whole-rock relations (i.e., Rhodes diagram), see main text for further details). Of these

remaining 91 samples we filtered data such that samples which yielded (a) clinopyroxene
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compositions with missing oxides such that the predicted DiHd clinopyoxene component could
not be calculated (i.e., predicted DiHd = 0) and (b) pressure estimates (of Neave and Putirka, 2017)
less than or equal to -2 kbar were discarded. These filters left 75 remaining samples all of which

fell within £0.1 error of their observed/predicted compositions (Supplementary Figure S2).

Captions for Supplementary Figures and Tables

Supplementary Figure S1 Test for equilibrium plot using predicted vs. observed clinopyroxene
components for (a) Expedition 352 FAB, (b) Expedition 352 anomalous andesite TS 93 and
basaltic boninite, and (c) PetDB MORB. Note that in (c), one PetDB sample plots off the top of

the plot with a predicted EnFs of ~1.2.

Supplementary Table S1 Correlation of informal thin section numbers (used in text) with [ODP-

assigned sample numbers.

Supplementary Table S2 Chemical compositions of clinopyroxene of low-Si and high-Si boninites,

andesite, high-Mg andesites and FAB of Holes U1439C, U1442A, U1440B and U1441A.

Supplementary Table S3 Representative chemical compositions of orthopyroxene of low-Si and

high-Si boninites and high-Mg andesites of Holes U1439C and U1442A.

Supplementary Table S4 Representative chemical compositions of olivine of low-Si and high-Si

boninites of Holes U1439C and U1442A.
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Supplementary Table S5 Representative chemical compositions of spinel of low-Si and high-Si

boninites of Holes U1439C and U1442A.

Supplementary Table S6 Representative chemical compositions of magnetite of forearc basalts of

Hole U1440B.

Supplementary Table S7 Representative chemical compositions of plagioclase of low silica

boninites, andesite (TS 93), forearc basalts and forearc dolerites of Holes U1439C, U1442A,

U1440A, U1440B and U1441.

Supplementary Table S8 P-T calculations based on clinopyroxene thermobarometry.

Supplementary Table S9 P-T calculations based on orthopyroxene thermobarometry.

Supplementary Table S10 T calculations based on olivine thermometry.

Supplementary Table S11 PetDB MORB samples in equilibrium and their P & T estimates on the

basis of clinopyroxene thermobarometry.

Supplementary Table S12 Fugacity calculation for Expedition 352 boninites.

10
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Supplementary Table S13 Boninite crystallization pressure and temperature estimates from the

literature.
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Supplementary Table S1 Correlation of informal thin section nos. (used in text) with IODP-assigned sample numbers

Rock Type Our informal TS no. Formal IODP no.
FAB TS_25 352-U1440B-11R-1-W 12/15-TSB-TS_25
FAB TS_35 352-U1440B-17R-1-W 14/15-TSB-TS_35
FAB TS_45 352-U14408B-23R-1-W 29/32-TSB-TS_45
FAB TS_50 352-U1440B-26R-1-W 64/67-TSB-TS_50
FAB TS_70 352-U1440B-34R-1-W 132/134-TSB-TS_70
FAB TS_72 352-U1440B-35R-1-W 32/35-TSB-TS_72
FAB TS_73 352-U1440B-36R-1-W 4/7-TSB-TS_73
FAB TS_164 352-U1441A-10R-1-W 29/31-TSB-TS_164
FAB TS_176 352-U1441A-18R-1-W 33/37-TSB-TS_176
FAB TS_180 352-U1441A-20R-1-W 39/41-TSB-TS_180
FAB TS_178 352-U1441A-21R-1-W 34/37-TSB-TS_178
FAB TS_172 352-U1441A-22R-1-W 8/11-TSB-TS_172
AND TS_93 352-U1439C-8R-2-W 105/107-TSB-TS_93
HMA TS_90 352-U1439C-7R-2-W 59/61-TSB-TS_90
HMA TS_157 352-U1439C-42R-1-W 60/62-TSB-TS_157
HMA TS 208 352-U1442A-34R-1-W 62/65-TSB-TS_208
HMA TS_209 352-U1442A-35R-1-W 51/54-TSB-TS_209
BB TS_102 352-U1439C-13R-2-W 22/25-TSB-TS_102
LSB TS_105 352-U1439C-15R-1-W 130/133-TSB-TS_105
LSB TS_110 352-U1439C-18R-2-W 105/108-TSB-TS_110
LSB TS_111 352-U1439C-19R-3-W 55/58-TSB-TS_111
LSB TS_119 352-U1439C-23R-2-W 22/24-TSB-TS_119
LSB TS_137 352-U1439C-32R-1-W 98/101-TSB-TS_137
LSB TS_151 352-U1439C-40R-1-W 36/38-TSB-TS_151
LSB TS_191 352-U1442A-23R-1-W 103/105-TSB-TS_191
LSB TS_203 352-U1442A-30R-2-W 27/30-TSB-TS_203
HSB TS_80 352-U1439C-2R-3-W 38/41-TSB-TS_80
HSB TS_88 352-U1439C-5R-1-W 92/95-TSB-TS_88
HSB TS_89 352-U1439C-6R-1-W 30/31-TSB-TS_89
HSB TS_182 352-U1442A-11R-1-W 75/77-TSB-TS_182
HSB TS_183 352-U1442A-13R-1-W 6/9-TSB-TS_183
HSB TS 185 352-U1442A-15R-1-W 72/74-TSB-TS_185
HSB TS_ 188 352-U1442A-20R-1-W 104/106-TSB-TS_188
HSB TS_196 352-U1442A-25R-1-W 80/83-TSB-TS_196

Abbreviations:FAB, forearc basalt; AND, andesite; HMA, high-Mg andesite; BB, basaltic boninite;
LSB, low-Si boninite; HSB, high-Si boninite

Whattam et al. (2020)
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Page 2 0of 4 Page30of4 Page 4 of 4
Drill hole 1439C 1442A u14408B U1441A
Rock type BB BB LSB LSB LSB LSB LSB LSB HSB HSB HSB HSB HSB HMA HMA HMA HMA HMA HMA AND AND AND LSB LSB LSB LSB HSB HSB HSB HSB HSB HSB HSB HSB HSB HSB HMA HMA HMA FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAD FAD FAD FAD FAD FAD FAD FAD FAD FAD FAD FAD FAD FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB
Analysis  102-1 [R] 102-2 151-1  #103-5[R] #103-6[R] 111-4cp[R] 111-7[C] 137-6 #80-6 [R] #80-3 [R] #88-7[R] #88-8[C] #88-14[C] #90-3[C] #90-5[C] #90-7[C] 157-1 157-2 157-8 #93-1[R] #93-2[C] #93-6 #203-1 #203-5 191-2[C] 191-4[C] 182-7 182-12[R] 183-2[C] 182-3[C] 185-5 185-8 185-11 188-3 188-6 188-7 #208-1 #208-2 #208-6 [C] #25-area3-9t25-area3-1!'25-area3-1f25-area3-1#35-areal-2}5-areal-3 [}5-areal-3 [>-areal-4sni5-area2-1 [}5-area2-2 [>-area2-3sn>-area3-3sn!7-areal-5 [ 7-areal-6 [!7-areal-8 [}9-areal-1 [}9-areal-2 [}9-areal-3 [#45-areal-7t5-areal-9 [i0-areal-1 [;0-areal-2 [i0-areal-3 [;0-areal-4 [0-area2-4 [;0-area2-5 [0-area2-6 ['0-areal-1 ['0-areal-2 ['0-areal-3 ['0-areal-4 [#70-area2-1"0-area2-2 [#70-area3-5'0-area3-6 [}7-areal-2 [}7-areal-3 [}7-areal-4 [}7-area2-9 [7-area2-10 |7-area2-12 ['2-areal-1 ['2-areal-2 [#72-area2-7'2-area2-8 ['2-area3-9 ['2-area3-9 ['3-areal-1 ['3-areal-2 ['3-areal-3 ['3-areal-4 ['3-area2-9 [3-area2-10 |'73-area3-1  164-2 164-4 164-5 164-7 168-1 168-2 168-3 sm 168-8 172-1 [C] 172-2 172-6[C] 172-7[C] 176-1 176-2 176-3 176-9 178-1 178-2 178-3 178-8 [C] 178-9[C] 180-1 180-2 180-7 180-8
Si02 52.54 48.01 51.97 50.99 51.22 51.35 52.00 51.23 4480 45.95 50.01 49.38 50.08 51.39 50.32 53.58 53.49 51.80 53.20 53.03 53.07 5223 53.61 53.44 54.68 53.79 50.05 54.70 51.78 50.32 50.71 48.33 50.70 50.81 51.44 51.47 53.84 54.00 53.81 49.57 50.20 49.46 49.37 51.95 50.18 48.10 49.48 52.92 51.05 50.58 48.70 51.91 51.80 51.56 47.82 49.06 50.44 50.15 48.81 52.22 50.80 51.78 5235 51.74 50.04 51.98 53.94 50.34 53.92 52.21 53.09 51.83 51.77 50.03 50.16 51.22 51.33 51.37 51.16 51.54 52.23 50.57 53.27 52.36 52.77 52.58 53.09 52.95 51.98 53.73 53.22 52.64 52.96 52.16 52.52 51.12 5048 51.79 52.88 50.69 51.79 52.89 52.55 51.26 5240 52.31 52.36 51.12 52.49 5143 49.91 50.60 52.09 51.59 52.83 51.95 52.03 52.64
TiO2 0.13 0.59 0.22 0.47 0.48 0.25 0.31 0.30 0.38 0.39 0.30 0.40 0.32 0.27 0.22 0.14 0.18 0.34 0.17 0.23 0.19 0.24 0.21 0.28 0.08 0.09 0.26 0.05 0.28 0.28 0.23 0.32 0.29 0.30 0.24 0.27 0.15 0.15 0.14 0.82 0.79 0.71 0.80 0.28 0.78 0.86 0.85 0.31 0.50 0.72 0.80 0.39 0.37 0.40 1.13 1.10 1.14 0.79 0.90 0.48 0.58 0.51 0.47 0.47 0.71 0.57 0.26 0.60 0.29 043 0.25 0.33 043 0.68 0.69 0.52 0.55 0.51 0.54 0.47 0.34 0.63 0.23 0.39 0.27 0.26 0.23 0.29 0.36 0.25 0.20 0.24 0.27 0.30 0.32 0.46 0.62 0.39 0.28 0.51 0.33 0.24 0.46 0.61 0.32 0.32 0.27 0.47 0.32 0.62 0.70 0.62 0.40 0.58 0.44 0.49 0.25 0.37
Al203 232 7.68 3.25 5.69 5.08 3.84 3.72 5.70 11.71 10.00 5.38 6.16 543 3.83 4.62 2.06 1.58 3.50 1.97 2.75 1.45 255 3.18 3.87 2.1 2.72 10.10 0.99 5.18 9.90 6.04 8.97 6.39 7.37 6.67 5.62 2.24 2.59 249 5.74 5.88 3.96 5.97 2.12 340 3.73 3.47 2.01 3.21 2.82 3.46 4.85 345 4.85 7.14 7.09 7.69 5.55 5.38 3.88 3.30 3.88 3.54 3.77 3.02 3.03 2.01 2.31 2.01 2.09 1.94 1.86 3.1 2.21 272 1.86 1.69 2.75 3.04 2.58 1.39 2.24 1.93 1.49 2.12 2.20 2.04 2.18 2.99 1.63 1.97 240 2.37 3.34 3.23 4.02 4.53 4.02 297 5.36 3.80 292 3.87 4.53 3.61 3.25 3.29 4.08 3.39 3.95 5.05 419 343 4.55 342 3.62 2.74 3.27
FeO 6.67 8.13 5.26 8.55 8.58 6.47 7.59 6.83 12.04 11.61 11.51 10.58 9.81 10.59 9.48 8.85 7.94 744 8.10 6.11 7.70 6.06 5.83 6.92 5.97 5.81 11.40 6.40 10.63 10.77 8.56 9.43 7.29 9.33 9.61 10.25 5.52 6.11 5.17 11.45 11.71 18.51 11.74 9.61 14.98 17.55 16.08 10.05 10.64 16.16 16.24 5.82 9.53 5.96 16.99 16.21 18.08 10.53 10.24 8.08 9.93 8.08 8.50 8.02 13.32 12.12 6.70 13.73 6.54 9.60 6.43 13.19 7.33 14.80 14.16 18.77 19.58 9.18 10.50 11.10 10.86 17.09 6.41 13.37 6.62 6.60 6.36 7.83 6.45 7.53 6.33 6.87 6.48 6.01 6.59 6.86 10.22 7.65 6.18 7.80 7.15 7.04 8.67 9.15 7.73 7.07 6.84 6.85 6.52 1043 8.67 10.84 7.59 9.13 7.06 8.22 6.98 6.72
Cr203 0.20 0.04 0.24 0.06 0.05 0.05 0.09 0.08 0.04 0.01 0.01 0.03 0.03 0.01 0.03 0.06 0.12 0.09 0.13 0.10 0.01 0.06 0.53 0.37 0.18 0.71 b.d. 0.38 0.02 b.d. 0.09 0.06 0.11 0.02 0.04 0.02 0.47 0.33 0.56 0.06 0.07 0.02 0.06 0.25 0.05 0.02 0.04 0.24 0.15 0.04 0.01 0.59 0.03 0.57 0.01 0.02 0.02 0.13 0.08 0.75 0.05 0.47 0.19 0.49 0.03 0.05 0.29 0.04 0.30 0.04 0.26 0.01 0.21 0.02 0.01 0.03 0.02 0.15 0.04 0.07 0.03 0.01 0.26 0.00 0.36 0.36 0.45 0.37 0.48 0.19 0.38 0.51 0.47 0.16 0.21 0.05 0.04 0.15 0.17 0.06 0.11 0.64 0.34 0.27 0.53 0.50 0.60 0.41 0.46 0.05 0.18 0.11 0.60 0.21 0.53 0.37 0.56 0.53
MnO 0.18 0.21 0.17 0.19 0.22 0.16 0.20 0.19 0.19 0.20 0.24 0.23 0.25 0.29 0.22 0.23 0.24 0.19 0.22 0.14 0.21 0.15 0.14 0.18 0.17 0.18 0.19 0.20 0.25 0.23 0.21 0.14 0.17 0.23 0.23 0.26 0.18 0.15 0.17 0.29 0.30 0.37 0.29 0.25 0.36 0.40 0.34 0.24 0.23 0.36 0.31 0.17 0.28 0.17 0.36 0.38 0.37 0.25 0.22 0.18 0.20 0.24 0.20 0.27 0.29 0.31 0.20 0.28 0.19 0.23 0.18 0.34 0.16 0.30 0.27 0.44 0.45 0.17 0.24 0.29 0.25 0.35 0.17 0.32 0.19 0.16 0.13 0.22 0.14 0.19 0.16 0.18 0.17 0.16 0.18 0.16 0.25 0.19 0.21 0.20 0.20 0.17 0.24 0.26 0.25 0.18 0.16 0.18 0.19 0.26 0.19 0.23 0.19 0.21 0.21 0.26 0.19 0.18
NiO b.d. b.d. 0.07 b.d. 0.01 0.05 0.02 0.02 0.00 0.01 0.03 0.04 0.04 0.04 0.05 0.04 b.d. 0.01 0.02 0.05 0.02 b.d. 0.01 b.d. 0.03 0.06 0.03 0.04 0.02 0.03 0.06 0.02 0.06 0.05 0.03 0.04 0.03 0.01 0.03 b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. 0.06 0.04 0.04 0.04 0.03 0.06 0.03 0.01 b.d. b.d. b.d. b.d. 0.06 0.05 0.06 0.01 0.02 0.03 0.03 0.02 0.04 0.02 0.03 0.02 b.d. b.d. 0.02 0.02 0.02 0.02 0.06 0.03 0.03 0.05 0.02 0.06 0.04 0.03 0.03 0.04 0.05 0.06 b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. 0.05 0.05 0.06 0.06 0.04 0.02 0.04 0.05 0.02 0.04 0.03 0.04 0.06 0.03 0.04 0.03 0.05
MgO 19.31 15.07 17.46 15.06 16.22 16.69 18.27 16.82 9.31 11.04 14.52 12.94 14.24 16.44 14.63 17.96 16.78 15.97 17.21 16.47 16.57 16.12 16.87 17.43 18.49 18.53 11.26 18.34 14.78 12.25 15.95 12.63 15.23 14.19 15.92 19.05 18.57 19.37 17.88 15.70 15.51 12.58 16.02 17.55 16.89 13.13 15.56 17.92 16.36 16.16 13.26 17.48 16.60 17.12 10.92 10.34 9.08 15.22 13.54 18.36 15.26 17.79 17.85 17.84 14.75 17.55 17.14 13.53 17.66 16.03 17.45 17.86 17.19 12.94 13.08 15.06 13.51 16.73 15.54 16.51 17.32 14.68 17.67 16.99 17.66 17.62 17.98 18.53 17.23 18.16 17.74 18.22 17.75 17.12 18.15 16.84 15.89 19.30 18.29 17.67 18.12 19.84 20.50 18.26 18.90 17.74 17.87 16.40 17.62 17.74 15.04 14.88 18.20 17.85 17.49 17.68 18.53 17.27
Cao 17.06 18.99 20.05 19.11 18.49 2042 16.80 17.63  20.41 19.66 16.76 19.38 18.42 16.27 18.93 16.56 19.78 20.37 18.74 20.72 19.40 21.18 20.02 18.07 19.01 17.97 15.04 18.03 17.88 14.99 18.22 20.65 19.99 16.68 15.53 12.89 19.39 17.48 20.31 15.73 15.55 14.89 15.31 16.96 13.10 14.68 13.59 16.15 17.25 12.65 15.58 18.69 17.41 18.68 14.30 14.30 13.55 17.40 19.14 16.35 18.84 17.20 16.93 16.90 16.37 14.50 20.01 17.60 19.67 18.90 19.65 13.64 18.60 17.77 17.78 11.95 13.01 17.79 17.74 16.27 16.97 14.50 20.25 15.24 19.75 19.42 19.61 18.11 19.42 18.58 19.76 18.63 19.90 19.80 18.34 18.93 16.93 15.38 18.19 16.50 17.72 15.00 13.00 14.55 15.11 17.94 17.71 19.09 18.61 15.00 18.95 17.94 16.88 15.06 18.78 16.52 17.18 18.75
Na20 0.12 0.18 0.1 0.25 0.20 0.15 0.13 0.19 0.20 0.15 0.17 0.23 0.16 0.14 0.15 0.14 0.16 0.17 0.14 0.24 0.29 0.19 0.13 0.17 0.11 0.11 0.33 0.14 0.15 0.30 0.12 0.14 0.13 0.31 0.18 0.11 0.17 0.17 0.16 0.23 0.24 0.23 0.19 0.19 0.15 0.25 0.19 0.18 0.20 0.16 0.23 0.16 0.17 0.16 0.32 0.35 0.46 0.22 0.23 0.19 0.17 0.21 0.17 0.21 0.20 0.18 0.16 0.23 0.19 0.18 0.14 0.17 0.17 0.27 0.27 0.16 0.17 0.22 0.21 0.18 0.17 0.19 0.16 0.17 0.16 0.15 0.17 0.19 0.20 0.19 0.16 0.19 0.17 0.14 0.16 0.17 0.18 0.18 0.13 0.17 0.19 0.13 0.11 0.16 0.19 0.15 0.16 0.18 0.19 0.19 0.24 0.20 0.18 0.15 0.18 0.18 0.18 0.18
K20 0.01 0.01 b.d. 0.01 b.d. b.d. b.d. b.d. 0.01 0.01 b.d. b.d. 0.01 b.d. 0.02 b.d. 0.01 0.01 b.d. 0.01 0.03 b.d. 0.01 b.d. b.d. b.d. 0.11 b.d. 0.01 0.11 b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. 0.02 0.03 0.01 b.d. b.d. b.d. b.d. b.d. b.d. 0.01 0.01 0.01 b.d. b.d. 0.01 0.02 0.02 0.02 0.01 0.02 b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. 0.01 b.d. b.d. 0.01 b.d. b.d. b.d. b.d. 0.01 b.d. b.d. b.d. 0.01 0.01 0.02 b.d. 0.01 b.d. b.d. 0.01 0.01 b.d. b.d. b.d. 0.01 0.05 0.01 b.d. b.d. 0.01 0.02 b.d. b.d.
Total 98.54 98.91 98.80 100.38 100.55 99.43 99.13 98.99 99.09 99.03 98.93 99.37 98.79 99.27 98.67 99.62 100.28 99.89 99.90 99.85 98.94 98.78 100.54 100.73 100.83 99.97 98.77 99.27 100.98 99.18 100.19 100.69 100.36 99.29 99.89 99.98 100.56 100.36 100.72 99.61 100.28 100.74 99.75 99.16 99.89 98.72 99.60 100.02 99.60 99.66 98.60 100.12 99.68 99.52 99.05 98.90 100.91 100.28 98.57 100.49 99.13 100.16 100.20 99.77 98.78 100.35 100.72 98.68 100.80 99.74 99.41 99.27 98.99 99.05 99.16 100.01 100.31 98.89 99.03 99.03 99.58 100.32 100.38 100.36 99.95 99.38 100.12 100.71 99.29 100.48 99.96 99.93 100.60 99.20 99.70 98.61 99.14 99.06 99.31 98.98 99.41 98.93 99.79 99.11 99.11 99.51 99.28 98.82 99.84 99.70 99.02 99.65 99.60 99.39 100.98 99.35 98.67 99.96
Number of cations on the basis of 6(0)
Si 1.936 1.783 1.916 1.874 1.874 1.889 1.913 1.889 1.702 1.738 1.881 1.854 1.881 1.913 1.890 1.974 1.964 1.908 1.957 1.946 1.972 1.939 1.953 1.941 1.976 1.960 1.897 2013 1.905 1.891 1.861 1.783 1.857 1.892 1.897 1.879 1.948 1.953 1.948 1.844 1.857 1.873 1.832 1.928 1.873 1.851 1.865 1.948 1.896 1.904 1.870 1.890 1.916 1.891 1.841 1.894 1.925 1.854 1.845 1.900 1.901 1.893 1.914 1.898 1.897 1.916 1.965 1.922 1.958 1.938 1.954 1.934 1.916 1.912 1.910 1.943 1.957 1.914 1.917 1.928 1.938 1.906 1.941 1.942 1.931 1.935 1.937 1.922 1.915 1.957 1.946 1.923 1.925 1.921 1.920 1.896 1.883 1.899 1.939 1.869 1.899 1.941 1.912 1.893 1.927 1.922 1.927 1.897 1.921 1.897 1.862 1.888 1.911 1.903 1.916 1.916 1.922 1.928
Al 0.100 0.336 0.142 0.246 0.218 0.166 0.162 0.248 0.524 0.446 0.238 0.272 0.241 0.168 0.204 0.089 0.068 0.151 0.085 0.119 0.063 0.111 0.136 0.166 0.090 0.117 0.451 0.043 0.225 0.438 0.261 0.390 0.276 0.324 0.289 0.242 0.096 0.110 0.106 0.251 0.257 0.176 0.261 0.092 0.150 0.169 0.154 0.087 0.141 0.125 0.157 0.209 0.150 0.210 0.324 0.323 0.345 0.242 0.240 0.167 0.145 0.167 0.153 0.163 0.135 0.132 0.086 0.104 0.086 0.091 0.085 0.082 0.135 0.099 0.122 0.083 0.076 0.120 0.134 0.114 0.061 0.100 0.082 0.065 0.092 0.095 0.087 0.093 0.130 0.070 0.085 0.104 0.101 0.145 0.139 0.176 0.199 0.173 0.128 0.232 0.164 0.126 0.166 0.197 0.156 0.141 0.142 0.179 0.146 0.172 0.222 0.185 0.149 0.197 0.146 0.158 0.119 0.142
Ti 0.004 0.016 0.006 0.013 0.013 0.007 0.009 0.008 0.011 0.011 0.008 0.011 0.009 0.008 0.006 0.004 0.005 0.009 0.005 0.006 0.005 0.007 0.006 0.008 0.002 0.002 0.007 0.001 0.008 0.008 0.006 0.009 0.008 0.008 0.007 0.007 0.004 0.004 0.004 0.023 0.022 0.020 0.022 0.008 0.022 0.025 0.024 0.009 0.014 0.020 0.023 0.011 0.010 0.011 0.033 0.032 0.033 0.022 0.026 0.013 0.016 0.014 0.013 0.013 0.020 0.016 0.007 0.017 0.008 0.012 0.007 0.009 0.012 0.020 0.020 0.015 0.016 0.014 0.015 0.013 0.009 0.018 0.006 0.011 0.007 0.007 0.006 0.008 0.010 0.007 0.006 0.007 0.007 0.008 0.009 0.013 0.017 0.011 0.008 0.014 0.009 0.007 0.013 0.017 0.009 0.009 0.007 0.013 0.009 0.017 0.020 0.017 0.011 0.016 0.012 0.014 0.007 0.010
Fe3 0.024 0.075 0.014 0.000 0.020 0.051 0.001 0.000 0.063 0.066 0.000 0.012 0.000 0.000 0.014 0.000 0.002 0.024 0.000 0.000 0.004 0.009 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.009 0.034 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.030 0.001 0.053 0.041 0.043 0.069 0.097 0.079 0.006 0.049 0.037 0.073 0.000 0.008 0.000 0.000 0.000 0.000 0.018 0.034 0.000 0.031 0.020 0.000 0.014 0.043 0.016 0.000 0.033 0.000 0.020 0.000 0.043 0.014 0.057 0.038 0.012 0.000 0.035 0.015 0.014 0.054 0.066 0.027 0.042 0.032 0.021 0.025 0.049 0.021 0.010 0.012 0.035 0.032 0.003 0.008 0.016 0.012 0.016 0.000 0.012 0.031 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.012 0.029 0.015 0.002 0.000 0.000 0.000 0.019 0.000
Fe2 0.182 0.177 0.148 0.263 0.243 0.148 0.233 0.211 0.320 0.301 0.362 0.320 0.308 0.329 0.283 0.273 0.242 0.206 0.250 0.188 0.236 0.179 0.178 0.210 0.180 0.177 0.362 0.197 0.327 0.338 0.254 0.257 0.223 0.291 0.296 0.313 0.167 0.185 0.157 0.326 0.362 0.533 0.324 0.255 0.399 0.467 0.428 0.303 0.281 0.472 0.448 0.177 0.287 0.183 0.547 0.524 0.577 0.308 0.290 0.246 0.280 0.227 0.260 0.232 0.379 0.358 0.205 0.406 0.199 0.277 0.198 0.368 0.212 0417 0413 0.582 0.624 0.251 0.314 0.333 0.282 0.473 0.168 0.372 0.171 0.182 0.169 0.189 0.178 0.219 0.182 0.175 0.165 0.183 0.193 0.197 0.307 0.219 0.190 0.228 0.189 0.216 0.264 0.283 0.238 0.217 0.210 0.212 0.200 0.310 0.242 0.323 0.231 0.282 0.214 0.254 0.196 0.206
Mg 1.061 0.834 0.960 0.825 0.885 0.915 1.003 0.925 0.527 0.623 0.814 0.724 0.798 0.913 0.819 0.986 0.918 0.877 0.944 0.901 0.918 0.892 0.916 0.944 0.996 1.007 0.636 1.006 0.811 0.686 0.873 0.695 0.832 0.788 0.875 1.037 1.002 1.044 0.964 0.871 0.856 0.710 0.887 0.971 0.940 0.753 0.875 0.984 0.906 0.907 0.759 0.949 0.916 0.936 0.627 0.595 0.517 0.839 0.763 0.997 0.851 0.970 0.973 0.976 0.834 0.965 0.931 0.770 0.956 0.887 0.957 0.993 0.948 0.737 0.742 0.852 0.768 0.929 0.868 0.921 0.958 0.825 0.960 0.939 0.963 0.967 0.978 1.003 0.947 0.986 0.968 0.992 0.962 0.940 0.989 0.931 0.883 1.055 1.000 0.971 0.991 1.085 1.112 1.005 1.036 0.972 0.980 0.907 0.962 0.975 0.836 0.828 0.996 0.982 0.945 0.973 1.020 0.943
Cr 0.006 0.001 0.007 0.002 0.001 0.001 0.003 0.002  0.001 0.000 0.000 0.001 0.001 0.000 0.001 0.002 0.003 0.003 0.004 0.003 0.000 0.002 0.015 0.011 0.005 0.020 0.000 0.011 0.001 0.000 0.003 0.002 0.003 0.001 0.001 0.001 0.013 0.009 0.016 0.002 0.002 0.001 0.002 0.007 0.001 0.001 0.001 0.007 0.004 0.001 0.000 0.017 0.001 0.017 0.000 0.001 0.001 0.004 0.002 0.022 0.001 0.014 0.005 0.014 0.001 0.001 0.008 0.001 0.009 0.001 0.008 0.000 0.006 0.001 0.000 0.001 0.001 0.004 0.001 0.002 0.001 0.000 0.007 0.000 0.010 0.010 0.013 0.011 0.014 0.005 0.011 0.015 0.013 0.005 0.006 0.001 0.001 0.004 0.005 0.002 0.003 0.019 0.010 0.008 0.015 0.015 0.017 0.012 0.013 0.001 0.005 0.003 0.017 0.006 0.015 0.011 0.016 0.015
Ni 0.000 0.000 0.002 0.000 0.000 0.001 0.001 0.001 0.000 0.000 0.001 0.001 0.001 0.001 0.002 0.001 0.000 0.000 0.001 0.001 0.001 0.000 0.000 0.000 0.001 0.002 0.001 0.001 0.001 0.001 0.002 0.001 0.002 0.001 0.001 0.001 0.001 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.001 0.001 0.001 0.001 0.002 0.001 0.000 0.000 0.000 0.000 0.000 0.002 0.002 0.002 0.000 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.000 0.000 0.001 0.001 0.001 0.001 0.002 0.001 0.001 0.001 0.001 0.002 0.001 0.001 0.001 0.001 0.001 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.002 0.002 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.002 0.001 0.001 0.001 0.001
Mn 0.006 0.007 0.005 0.006 0.007 0.005 0.006 0.006  0.006 0.006 0.008 0.007 0.008 0.009 0.007 0.007 0.007 0.006 0.007 0.004 0.007 0.005 0.004 0.006 0.005 0.006 0.006 0.006 0.008 0.007 0.007 0.004 0.005 0.007 0.007 0.008 0.006 0.005 0.005 0.009 0.009 0.012 0.009 0.008 0.011 0.013 0.011 0.007 0.007 0.011 0.010 0.005 0.009 0.005 0.012 0.012 0.012 0.008 0.007 0.006 0.006 0.007 0.006 0.008 0.009 0.010 0.006 0.009 0.006 0.007 0.006 0.011 0.005 0.010 0.009 0.014 0.015 0.005 0.008 0.009 0.008 0.011 0.005 0.010 0.006 0.005 0.004 0.007 0.004 0.006 0.005 0.006 0.005 0.005 0.006 0.005 0.008 0.006 0.007 0.006 0.006 0.005 0.007 0.008 0.008 0.006 0.005 0.006 0.006 0.008 0.006 0.007 0.006 0.007 0.006 0.008 0.006 0.006
Ca 0.673 0.756 0.792 0.753 0.725 0.805 0.662 0.697 0.831 0.797 0.675 0.780 0.741 0.649 0.762 0.654 0.778 0.804 0.739 0.815 0.772 0.842 0.781 0.703 0.736 0.702 0.611 0.711 0.705 0.603 0.716 0.816 0.785 0.666 0.614 0.504 0.752 0.677 0.788 0.627 0.616 0.604 0.609 0.674 0.524 0.605 0.549 0.637 0.686 0.510 0.641 0.729 0.690 0.734 0.590 0.592 0.554 0.689 0.775 0.638 0.755 0.674 0.663 0.664 0.665 0.573 0.781 0.720 0.765 0.752 0.775 0.545 0.737 0.728 0.725 0.486 0.531 0.710 0.712 0.652 0.675 0.586 0.790 0.605 0.774 0.766 0.767 0.704 0.767 0.725 0.774 0.729 0.775 0.781 0.718 0.752 0.677 0.604 0.715 0.652 0.696 0.590 0.507 0.576 0.595 0.706 0.698 0.759 0.730 0.593 0.757 0.717 0.664 0.595 0.730 0.653 0.680 0.736
Na 0.009 0.013 0.008 0.018 0.014 0.011 0.009 0.014 0.015 0.011 0.012 0.017 0.012 0.010 0.011 0.010 0.011 0.012 0.010 0.017 0.021 0.014 0.009 0.012 0.008 0.008 0.024 0.010 0.011 0.022 0.009 0.010 0.009 0.022 0.013 0.008 0.012 0.012 0.011 0.017 0.017 0.017 0.014 0.014 0.011 0.019 0.014 0.013 0.014 0.012 0.017 0.011 0.012 0.011 0.024 0.026 0.034 0.016 0.017 0.013 0.012 0.015 0.012 0.015 0.015 0.013 0.011 0.017 0.013 0.013 0.010 0.012 0.012 0.020 0.020 0.012 0.013 0.016 0.015 0.013 0.012 0.014 0.011 0.012 0.011 0.011 0.012 0.013 0.014 0.013 0.011 0.013 0.012 0.010 0.011 0.012 0.013 0.013 0.009 0.012 0.014 0.009 0.008 0.011 0.014 0.011 0.011 0.013 0.013 0.014 0.017 0.014 0.013 0.011 0.013 0.013 0.013 0.013
K 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.005 0.000 0.000 0.005 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.001 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.001 0.000 0.000
Cations 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 3.999 4.000 4.000 4.000 4.000 4.000 3.999 4.000 4.000 4.000 4.000 4.000 3.995 4.000 4.000 3.995 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 3.999 3.999 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 3.999 3.999 3.999 4.000 3.999 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 3.999 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 4.000 3.998 4.000 4.000 4.000 4.000 3.999 4.000 4.000
Wo 34.6 40.9 41.3 40.8 38.6 41.8 34.8 37.9 47.6 44.4 36.3 42.3 40.0 34.2 40.4 34.0 39.9 42.0 38.1 42.7 39.9 43.7 41.6 37.8 384 37.1 37.8 37.02 38.09 36.9 38.6 45.2 42.5 38.0 34.2 27.1 39.0 354 41.1 33.7 334 31.6 32.6 34.6 27.0 31.3 28.3 32.9 35.6 26.3 33.2 39.2 36.1 39.5 29.9 37.6 24.9 37.2 33.8 33.2 34.3 334 33.2 38.2 37.0 40.3 41.5 33.8 39.3 355 34.9 35.1 34.4 29.8 37.2 39.7 38.7 40.0 27.8 374 34.1 29.9 40.5 30.7 39.8 39.5 39.5 36.1 40.0 37.3 39.9 37.6 40.0 40.9 375 39.6 35.9 31.8 374 34.9 36.4 31.1 26.8 30.8 31.7 37.2 36.9 40.3 38.5 31.2 40.5 37.9 35.0 31.9 38.5 34.6 354 38.9
En 54.5 45.1 50.0 44.7 47.1 47.6 52.6 50.3 30.2 34.7 43.8 39.3 43.0 48.0 43.4 514 47.2 45.8 48.7 47.2 47.4 46.3 48.7 50.7 51.9 53.2 39.4 52.40 43.81 42.0 47.0 38.5 45.1 45.0 48.8 55.7 52.0 54.6 504 46.7 46.4 37.1 47.4 49.8 48.4 38.9 45.0 50.8 46.9 46.8 39.3 51.0 48.0 504 40.2 38.5 43.7 45.3 47.7 35.3 34.6 31.1 49.6 44.7 45.1 214 40.8 52.8 44.3 51.1 51.1 51.5 43.2 502 39.7 49.6 45.6 49.5 50.7 37.9 48.4 42.1 49.2 47.7 49.5 49.8 50.3 514 494 50.7 49.9 51.2 49.6 49.2 51.7 49.0 46.8 555 52.3 51.9 51.8 57.2 58.8 53.7 55.2 51.1 51.8 48.1 50.7 514 44.7 43.8 525 52.6 49.9 51.5 53.1 49.9
Fs 10.9 14.0 8.7 14.6 14.3 10.6 12.6 11.8 22.3 20.8 19.9 18.4 17.0 17.8 16.2 14.6 12.9 12.3 13.2 10.1 12.7 10.0 9.7 11.6 9.7 9.7 22.8 10.58 18.10 21.1 14.5 16.4 12.4 17.0 16.9 17.2 9.0 9.9 8.4 19.6 20.2 31.3 20.0 15.7 24.7 29.8 26.7 16.4 17.5 26.9 27.5 9.8 15.9 10.1 29.9 23.8 31.3 17.6 18.5 31.5 31.1 355 17.3 17.1 17.9 384 17.7 13.3 16.5 13.4 14.0 13.4 224 20.0 23.1 10.6 15.7 10.5 21.5 24.8 17.4 28.1 10.3 21.6 10.7 10.7 10.2 12.5 10.6 12.1 10.2 11.1 104 9.9 10.8 11.5 17.3 12.7 10.3 13.2 11.8 11.7 14.4 15.5 13.1 11.7 11.4 11.6 10.8 174 14.8 18.3 12.6 15.5 11.6 13.9 11.5 11.2
Mg# 0.85 0.82 0.87 0.76 0.78 0.86 0.81 0.81 0.62 0.67 0.69 0.69 0.72 0.74 0.74 0.78 0.79 0.81 0.79 0.83 0.80 0.83 0.84 0.82 0.85 0.85 0.64 0.84 0.71 0.67 0.77 0.73 0.79 0.73 0.75 0.77 0.86 0.85 0.86 0.73 0.70 0.57 0.73 0.79 0.70 0.62 0.67 0.76 0.76 0.66 0.63 0.84 0.76 0.84 0.53 0.53 0.47 0.73 0.72 0.80 0.75 0.81 0.79 0.81 0.69 0.73 0.82 0.65 0.83 0.76 0.83 0.73 0.82 0.64 0.64 0.59 0.55 0.79 0.73 0.73 0.77 0.64 0.85 0.72 0.85 0.84 0.85 0.84 0.84 0.82 0.84 0.85 0.85 0.84 0.84 0.83 0.74 0.83 0.84 0.81 0.84 0.83 0.81 0.78 0.81 0.82 0.82 0.81 0.83 0.76 0.78 0.72 0.81 0.78 0.82 0.79 0.84 0.82

Notes: b.d. = below detection limits;, C, R (in square brackets) = cores, rims; Mg# = Mg/(Mg+Fe2+).
Abbreviations: AND, andesite; BB, basaltic boninite; FAB, forearc basalt; FAD, forearc dolerite; HMA, high magnesium andesite; HSB, high silica boninite; LSB, low silica boninite.

Whattam et al. (2020)



Supplementary Table S3 Chemical compositions of orthopyroxene

American Mineralogist: October 2020 Deposit AM-20-106640

Sample
Drill hole U1439C U1442A
Rock type LSB LSB HSB HSB HSB HSB HSB HSB HSB HSB HSB HSB HSB HSB HSB HSB HSB HMA HMA HMA LSB LSB LSB LSB HSB HSB HSB HSB HSB HSB HSB HSB HSB HSB HSB HSB
Analysis 111-3-op 111-6 #80-2 [C] #80-1[C] #80-4 [R] #80-5[C] #88-3 #88-4 #88-5 #88-6 #88-9  #88-12 #88-10 #88-11 #89-3 #89-4 #89-9 #90-1[C] #90-2[R] #90-6[C] #203-3 #203-4 191-1 191-5 182-2[C] 182-4[C] 182-5[R] 182-6[R] 182-8[C] 182-9[R] 182-10[R] 183-1[C] 185-4 185-9 188-1 188-2
Si02 55.65 55.54 57.21 57.48 57.03 57.74 56.51 57.19 57.22 56.55 56.18 57.22 54.37 56.48 56.25 56.40 56.70 57.01 55.69 55.36 55.22 58.14 57.74 57.45 56.86 56.76 55.66 56.98 56.96 56.36 56.80 57.48 57.48 57.60 57.99 57.19
TiO2 0.05 0.06 0.03 0.02 0.04 0.04 0.05 0.02 0.03 0.05 0.01 0.03 0.06 0.03 0.04 0.02 0.04 0.03 0.05 0.08 0.11 0.05 0.03 0.03 0.06 0.05 0.05 0.04 0.04 0.04 0.04 0.02 0.04 0.03 0.04 0.06
Al203 0.73 137 0.99 0.89 1.11 1.06 1.19 0.56 0.84 0.99 0.26 0.73 0.56 0.68 0.95 1.24 1.14 0.92 1.28 1.90 145 0.72 0.84 1.08 1.07 0.97 1.06 1.32 1.05 0.96 1.09 0.86 0.86 1.04 0.89 0.44
FeO 8.26 7.99 7.52 7.09 791 7.57 10.07 8.55 8.03 9.74 14.38 791 16.92 835 9.18 9.36 7.80 8.84 9.68 10.98 13.11 7.66 7.47 7.39 8.47 9.06 12.41 8.25 7.76 11.30 7.78 7.24 7.69 734 6.71 10.28
Cr203 0.35 0.70 0.55 0.53 0.52 0.50 0.23 0.46 0.62 0.29 0.12 0.57 0.05 0.39 0.45 0.36 0.90 0.46 0.40 0.22 0.07 0.55 0.44 0.58 0.37 0.55 0.23 0.48 0.70 0.31 0.63 0.63 0.39 0.56 0.61 0.12
MnO 0.26 0.19 0.20 0.17 0.15 0.16 0.21 0.23 0.17 0.24 0.39 0.19 0.40 0.20 0.22 0.21 0.19 0.18 0.26 0.20 0.23 0.21 0.20 0.18 0.24 0.20 0.25 0.18 0.20 0.28 0.18 0.21 0.18 0.14 0.15 0.32
NiO 0.05 0.04 0.12 0.09 0.10 0.09 0.09 0.04 0.07 0.06 0.08 0.09 0.04 0.09 0.05 0.05 0.08 0.08 0.06 0.06 0.05 0.03 0.07 0.08 0.09 0.04 0.03 0.06 0.09 0.05 0.09 0.07 0.12 0.09 0.06 0.05
MgO 31.10 3050 3195 3230 3165 3224 29.71 3029 3145 2957 2830 3198 2537 31.24 30.59 30.21 31.12 31.26 29.97 28.35 27.36 31.26 32.72 32.64 31.20 31.01 28.78 31.83 32.34 29.59 32.48 32.86 32.30 32.58 33.85 29.90
CaO 2.90 2.78 1.49 1.33 1.62 1.51 2.07 2.80 1.46 2.28 0.31 1.45 0.97 1.56 1.52 1.84 1.65 1.60 1.85 274 1.76 2.21 1.40 1.42 1.96 2.04 1.56 1.54 1.35 1.81 1.40 1.11 1.60 142 043 2.26
Na20 0.02 0.01 0.01 0.02 0.02 0.02 b.d. 0.04 0.03 0.01 0.02 0.03 b.d. 0.02 0.03 b.d. 0.04 0.03 0.03 0.04 0.02 0.02 0.01 0.02 0.05 0.02 0.00 0.01 0.01 b.d. 0.01 b.d. 0.02 b.d. 0.03 0.02
K20 b.d. b.d. 0.01 0.01 0.01 0.01 b.d. b.d. 0.01 0.01 b.d. b.d. b.d. b.d. 0.01 0.01 b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. 0.01 0.01 b.d. b.d. 0.01 b.d. b.d. b.d. b.d. b.d.
Total 99.37 99.18 100.08 9993 100.16 10094 100.13 100.18 9993 99.79 100.05 100.20 98.74 99.04 99.29 99.70 99.66 100.41 99.27 99.93 99.38 100.85 100.92 100.87 100.37 100.70 100.04 100.70 100.50 100.70 100.51 100.48 100.68 100.80 100.76 100.64
Number of cations on the basis of 6(0)
Si 1961 1964 1996 2.004 1.991 1996 1995 2010 2005 2003 2014 199 2005 1.997 1.992 1.992 1.993 1.992 1.978 1.968 1.990 2.021 1.993 1.984 1.986 1.981 1.982 1.979 1.978 1.985 1.971 1.991 1.992 1.991 1.994 2.010
Al 0.030 0.057 0.041 0.037 0046 0044 0049 0023 0.035 0.041 0.011 0.030 0.024 0.029 0.039 0.052 0.048 0.038 0.053 0.080 0.062 0.029 0.034 0.044 0.044 0.040 0.044 0.054 0.043 0.040 0.044 0.035 0.035 0.043 0.036 0.018
Ti 0.001 0.002 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001  0.000 0.001 0.002 0.001 0.001 0.001 0.001 0.001 0.001 0.002 0.003 0.001 0.001 0.001 0.002 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.002
Fe3 0.036 0000 0000 0000 0.000 0.000 0.000 0.000 0000 0000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Fe2 0207 0236 0219 0.207 0.231 0219 0.297 0.251 0235 0.288 0.431 0.231 0.522 0.247 0.272 0.277 0.229 0.258 0.287 0.326 0.395 0.223 0.216 0.213 0.247 0.264 0.370 0.240 0.225 0.333 0.226 0.210 0.223 0.212 0.193 0.302
Mg 1.634 1.608 1.662 1.679 1.647 1.662 1.563 1.586 1.642 1.562 1.513 1.662 1.394 1.647 1.614 1.591 1.631 1.628 1.586 1.502 1.470 1.620 1.684 1.680 1.625 1.613 1.528 1.648 1.674 1.554 1.680 1.697 1.669 1.679 1.736 1.566
Cr 0.010 0020 0.015 0015 0.014 0.014 0.006 0013 0.017 0008 0.003 0.016 0.001 0.011 0.013 0.010 0.025 0.013 0.011 0.006 0.002 0.015 0.012 0.016 0.010 0.015 0.006 0.013 0.019 0.009 0.017 0.017 0.011 0.015 0.017 0.003
Ni  0.001 0.001 0.003 0.003 0.003 0.003 0.003 0.001 0.002 0.002 0.002 0.003 0.001 0.003 0.001 0.001 0.002 0.002 0.002 0.002 0.001 0.001 0.002 0.002 0.003 0.001 0.001 0.002 0.003 0.001 0.003 0.002 0.003 0.003 0.002 0.001
Mn 0.008 0006 0006 0005 0.004 0.005 0.006 0.007 0005 0007 0.012 0.006 0.012 0.006 0.007 0.006 0.006 0.005 0.008 0.006 0.007 0.006 0.006 0.005 0.007 0.006 0.008 0.005 0.006 0.008 0.005 0.006 0.005 0.004 0.004 0.010
Ca 0110 0.105 0.056 0.050 0.061 0.056 0.078 0.105 0.055 0.087 0.012 0.054 0.038 0.059 0.058 0.070 0.062 0.060 0.070 0.104 0.068 0.082 0.052 0.053 0.073 0.076 0.060 0.057 0.050 0.068 0.052 0.041 0.059 0.053 0.016 0.085
Na 0.001 0.001 0.001 0.001 0.001 0.001 0.000 0.003 0.002 0.001 0.001 0.002  0.000 0.001 0.002 0.000 0.003 0.002 0.002 0.003 0.001 0.001 0.001 0.001 0.003 0.001 0.000 0.001 0.001 0.000 0.001 0.000 0.001 0.000 0.002 0.001
K 0.000 0.000 0.000 0.000 0000 0000 0000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Cations 4.000 4.000 4.000 4.000 4.000 4.000 4000 4.000 4.000 4000 4.000 4.000 4.000 4,000 4,000 4,000 4,000 4,000 4,000 4,000 4.000 4,000 4,000 4,000 4,000 4,000 4,000 4,000 4,000 4,000 4,000 4,000 4.000 4.000 4,000 4,000
Mg# 0.89 0.87 0.88 0.89 0.88 0.88 0.84 0.86 0.87 0.84 0.78 0.88 0.73 0.87 0.86 0.85 0.88 0.86 0.85 0.82 0.79 0.88 0.89 0.89 0.87 0.86 0.81 0.87 0.88 0.82 0.88 0.89 0.88 0.89 0.90 0.84

Notes: C, R (in square brackets) = cores, rims.
Abbreviations: HMA, high magnesium andesite; HSB, high silica boninite; LSB, low silica boninite.

Whattam et al. (2020)
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Supplementary Table S4 Chemical compositions of olivine

Drill hole U1439C U1442A
Rock type LSB LSB LSB LSB LSB HSB HSB HSB HSB HSB HSB HSB HSB
Analysis  #103-1[C] 111-1[C] 111-2[R] 111-5[C] 137-1 [C] #88-1[C] #88-2 [R] #89-1[C] #89-2 [R] 185-1[C] 185-2[R] 185-6 196-2 [R]
Sio, 41.41 4043 39.73 40.87 40.00 41.31 4148 4134 4134 41.62 41.17 40.48 41.47
Tio, b.d. 0.02 0.02 0.01 0.01 b.d. 0.01 b.d. b.d. b.d. b.d. b.d. 0.01
Al,O, 0.03 0.01 0.04 0.02 0.01 0.02 b.d. 0.02 0.02 b.d. b.d. b.d. 0.05
FeO 10.26 7.99 11.20 8.62 8.89 9.87 8.25 9.06 9.19 8.23 11.04 12.44 9.45
MnO 0.20 0.10 0.18 0.14 0.15 0.16 0.15 0.18 0.15 0.11 0.18 0.19 0.14
MgO 48.34 50.35 4792 4934 49.17 47.88 49.22 48,52  48.67 50.16 47.61 46.90 49.07
Ca0o 0.15 0.15 0.21 0.16 0.17 0.13 0.12 0.13 0.12 0.13 0.12 0.18 0.16
Na,O 0.01 b.d. b.d. b.d. 0.01 0.01 b.d. b.d. b.d. b.d. b.d. 0.01 b.d.
K,O b.d. b.d. b.d. b.d. 0.01 b.d. 0.01 b.d. b.d. b.d. b.d. b.d. b.d.
NiO 0.25 0.31 0.15 0.32 0.23 0.35 0.39 0.23 0.24 0.32 0.28 0.25 0.22
Total 100.65 99.36 9945 9948 98.65 99.73 99.63 9948 99.73 100.57 100.40 100.45 100.57
Number of cations on the basis of 4(0)
Si 1.010 0991 0988 1.002 0.992 1.015 1.013 1.014 1.012 1.007 1.010 1.000 1.008
Al 0.001 0.000 0.001 0.001 0.000  0.001 0.000 0.001 0.001 0.000 0.000 0.000 0.001
Ti 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Fe’ 0.209 0.164 0.233 0.177 0.184 0.203 0.168 0.186 0.188 0.166 0.226 0.257 0.192
Mn 0.004 0.002 0.004 0.003 0.003 0.003 0.003 0.004 0.003 0.002 0.004 0.004 0.003
Mg 1.757 1.840 1.776 1.804 1.818 1.753 1.792 1.774 1.776 1.809 1.741 1.728 1.778
Ca 0.004 0.004 0.006 0.004 0.005 0.003 0.003 0.003 0.003 0.003 0.003 0.005 0.004
Na 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
K 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ni 0.005 0.006 0.003 0.006 0.005 0.007 0.008 0.005 0.005 0.006 0.006 0.005 0.004
Cations 2.990 3.007 3.011 2997 3.007 2985 2987 2987 2988 2.993 2.990 2.999 2.990
Mg# 0.89 0.92 0.88 0.91 0.91 0.90 0.91 0.91 0.90 0.92 0.89 0.87 0.90

Notes: b.d. = below detection limits, Mg# = Mg/(l\/lg+Fe2+), C, R (in square brackets) = cores, rims.
Abbreviations: HSB, high silica boninite; LSB, low silica boninite.

Whattam et al. (2020)
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Supplementary Table S5 Chemical compositions of spinel

Drill hole  U1440B U1439C U1442A
Rock type FAB LSB LSB HSB LSB LSB HSB HSB HSB HSB HSB
Analysis 37-2-13 #103-8 111-9 #89-7 191-3 191-6 185-3 185-7 196-3 196-4 #196-6
Si0, 0.24 0.39 0.17 0.23 0.18 0.16 0.54 0.15 0.19 0.18 0.07
TiO, 17.11 0.20 0.20 0.07 0.11 0.11 0.06 0.13 0.16 0.19 0.18
Al,0; 2.75 9.42 8.32 6.90 9.45 9.82 8.78 9.49 9.36 1032 9.77
Cr,03 0.12 55.73 58.88 60.26 55.99 56.19 59.24 55.79 57.41 56.22 57.97
MnO 0.37 0.21 0.21 0.21 0.19 0.22 0.17 0.23 0.24 0.16 0.19
MgO 0.69 10.74 1115 10.19 11.12 11.12 12,55 10.72 1194 12.00 12.09
NiO 0.02 0.09 0.10 0.10 0.10 0.11 0.12 0.09 0.09 0.09 0.09
FeO 69.49 16.37 15.65 16.59 15.82 16.14 13.48 16.69 14.62 14.60 15.22
Fe,04 5.48 3.97 3.51 5.80 5.81 4.07 6.27 4.89 4.55 5.39
Total 90.96 98.63 98.65 98.06 98.76  99.70 99.01 99.56 9891 98.31 100.97

Number of cations on the basis of 4(0)

Cr 1479 1561 1.628 1.477 1468 1.552 1465 1.504 1.474 1.486

Ti 0.005 0.005 0.002 0.003 0.003 0.001 0.003 0.004 0.005 0.004

Al 0.373 0329 0.278 0.372 0.382 0.343 0.372 0.366 0.403 0.374
Fe’ 0.138 0.100 0.090 0.146 0.145 0.102 0.157 0.122 0.114 0.132
Fe’ 0.459 0439 0474 0.441 0.446 0374 0.464 0405 0.405 0.413
Mn 0.006 0.006 0.006 0.006 0.006 0.005 0.006 0.007 0.005 0.005
Mg 0.537 0.557 0.519 0.553 0.548 0.620 0.531 0.590 0.593 0.584
Ni 0.002 0.003 0.003 0.003 0.003 0.003 0.002 0.003 0.002 0.002
Cations 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000
Mg# 0.54 0.56 0.52 0.56 0.55 0.62 0.53 0.59 0.59 0.59
Cr# 0.80 0.83 0.85 0.80 0.79 0.82 0.80 0.80 0.79 0.80

Note: Mg# = Mg/(Mg+Fe®"), Cr#=Cr/(Cr+Al).
Abbreviations: FAB, forearc basalt; HSB, high silica boninite; LSB, low silica boninite.

Whattam et al. (2020)
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Supplementary Table S6 Chemical compositions of plagioclase Page 3 0of 3
Drill hole U1439C U1442A 1441A
Rock type LSB HMA HMA HMA TS93(A) LSB LSB HMA FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAD FAD FAD FAD FAD FAD FAD FAD FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB FAB
Analysis 151-3 157-3 157-4 157-5 93-5 191-8 [C] 191-9 [C] #208-5 [C]#10-area2-5t14-areal-419-area2-7#25-areal-"#25-areal-2 #25-areal1-8t35-areal-t#35-areal-7435-area3-435-area3-435-area3-6#27-areal-2427-areal-St45-areal-#45-areal-2 [Ri45-areal-3 [C#45-areal-4 [R] #50-areal-54#50-areal-€t50-areal-:50-area2-1 [F#50-area2-3#70-areal-7 [C}t70-areal-7 [Rt70-area2-3 [Ct70-area2-3 [R70-area3-3-1 [(t70-area3-3-2 [Rt72-areal-:72-areal-4 [R73-areal-5 [(t73-areal-6 [R#73-area2-7#73-area2-873-area3-1.73-area3-1. 164-1 164-6 164-6 168-6 168-7 172-4 172-5 172-8 172-9 176-4 176-5 176-6 176-7 176-8 178-5 178-6 178-6 178-7 180-5 180-6
SiO, 54.68 50.16 51.99 50.60 53.49 50.79 51.26 51.10 50.00 51.82 53.31 50.88 51.43 50.07 55.06 53.38 54.12 55.98 55.69 46.20 51.34 48.75 49.29 48.44 48.21 52.28 55.79 51.41 53.05 54.49 49.60 50.32 52.19 52.17 50.19 55.48 47.81 48.58 50.21 50.14 50.72 50.41 51.27 50.99 50.08 49.76 51.11 5146  51.95 53.21 52.28 52.36 5192 52.89 5233 53.05 54.93 52.34 52.41 51.23 5221 53.26 51.09 51.57
TiO, b.d. b.d. b.d. b.d. b.d. 0.00 0.00 0.00 b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. b.d. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al,O; 28.25 31.44 29.75 30.46 29.01 30.69 30.49 30.68 31.65 29.93 29.14 31.28 30.82 30.88 27.54 28.22 28.02 26.50 27.09 34.60 30.44 32.71 32.25 32.33 33.20 29.91 27.24 30.16 29.18 28.20 31.58 31.33 29.39 29.98 30.88 27.86 33.11 32.31 31.46 30.29 31.12 31.35 30.90 30.68 30.87 30.95 3049 3040 29.87 29.12 29.46 29.48 29.61 29.17  29.09 29.16 27.34 28.05 29.64 29.46  29.68 28.46 30.65 30.72
FeO 0.99 0.75 0.98 0.85 0.75 0.87 0.91 0.83 0.82 1.02 1.26 0.71 0.70 0.70 1.59 1.16 1.49 1.20 1.20 0.36 1.03 0.53 0.60 0.55 0.68 0.94 1.18 0.88 1.33 1.51 0.72 0.74 0.98 0.97 0.75 0.88 0.61 0.73 0.77 0.94 0.73 0.73 0.88 0.92 0.79 0.67 0.95 0.92 1.11 1.35 1.19 1.15 1.05 1.17 1.41 1.1 1.79 2.38 1.00 0.92 1.22 1.51 0.74 0.75
Cao 12.74 15.81 13.69 15.13 12.58 15.36 15.24 15.50 15.23 14.27 12.94 15.12 14.79 14.99 11.49 12.42 11.98 10.00 10.87 18.71 15.03 16.72 16.17 16.18 16.75 14.08 10.94 14.22 13.43 12.15 15.46 15.30 13.07 13.31 14.51 10.98 16.70 15.90 14.82 14.33 14.90 14.94 14.21 14.41 15.00 14.90 14.15 1393 13.89 12.55 13.47 13.08 13.14  13.72 13.91 13.84 11.96 13.48 14.04 14.22 14.06 13.00 14.92 14.38
Na20 4.22 2.71 3.88 2.98 4.19 2.69 2.72 2.69 2.79 3.40 4.23 2.96 3.05 2.95 497 3.84 4.68 5.37 5.24 1.02 2.87 1.85 2.21 2.04 1.78 3.54 5.12 3.35 3.87 4.50 2.64 2.95 4.08 3.84 3.10 5.34 2.07 243 3.18 3.19 3.00 3.17 3.53 3.39 2.97 2.70 3.26 3.17 3.23 3.97 3.62 3.60 3.43 3.53 3.37 3.64 4.58 3.61 3.43 3.34 3.49 4.02 3.04 3.06
K20 0.09 0.03 0.04 0.03 0.11 0.07 0.07 0.05 0.03 0.01 0.01 0.00 0.01 0.01 0.03 0.72 0.03 0.06 0.04 0.01 0.01 0.02 0.04 0.01 0.02 0.01 0.04 0.08 0.02 0.01 0.02 0.00 0.02 0.01 0.02 0.03 0.00 0.01 0.01 0.01 0.09 0.02 0.02 0.01 0.06 0.01 0.02 0.05 0.11 0.03 0.06 0.03 0.01 0.04 0.05 0.02 0.06 0.12 0.02 0.03 0.07 0.06 0.00 0.14
Total 100.97 100.90 100.33 100.05 100.13 100.47 100.69 100.85 100.52 100.45 100.89 100.95 100.80 99.60 100.68 99.74 100.32 99.11 100.13 100.90 100.72 100.58 100.56 99.55 100.64 100.76 100.31 100.10 100.88 100.86 100.02 100.64 99.73 100.28 99.45 100.57 100.30 99.96 100.45 98.90 100.56 100.62 100.81 100.40 99.77 98.99 99.98 99.93 100.16 100.23 100.08 99.70 99.16 100.52 100.16 100.82 100.66  99.98 100.54 99.20 100.73 100.31 100.44 100.62
Number of cations on the basis of 8(0)
Si 2.458 2.278 2.365 2.315 2.424 2.313 2.327 2.318 2.277 2.355 2.407 2.303 2.328 2.299 2.485 2.439 2.454 2.548 2.517 2.113 2.330 2.222 2.246 2.230 2.199 2.366 2.515 2.345 2.398 2.456 2.270 2.289 2.384 2.369 2.305 2.495 2.191 2.230 2.287 2.318 2.305 2.292 2.323 2.321 2.297 2.296 2333 2346 2365 2414 2.382 2.389 2.381 2398  2.386 2.398 2.483 2.403 2.376 2358  2.368 2.421 2.323 2.337
Al 1.496 1.682 1.594 1.641 1.548 1.646 1.630 1.639 1.697 1.602 1.550 1.668 1.643 1.670 1.464 1.518 1.496 1.420 1.442 1.864 1.627 1.756 1.730 1.752 1.784 1.594 1.446 1.620 1.554 1.497 1.702 1.678 1.581 1.604 1.670 1.475 1.787 1.747 1.687 1.649 1.666 1.679 1.649 1.645 1.668 1.682 1.639 1.632 1.602 1.556 1.580 1.584 1.599 1.557 1.562 1.553 1.455 1.516 1.583 1.597 1.585 1.524 1.641 1.639
Ti 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  0.000 0.000 0.000 0.000
Fe2 0.037 0.029 0.037 0.033 0.029 0.033 0.035 0.032 0.031 0.039 0.048 0.027 0.027 0.027 0.060 0.044 0.057 0.046 0.045 0.014 0.039 0.020 0.023 0.021 0.026 0.036 0.045 0.034 0.050 0.057 0.028 0.028 0.038 0.037 0.029 0.033 0.024 0.028 0.029 0.036 0.028 0.028 0.033 0.035 0.030 0.026 0.036 0.035 0.042 0.051 0.045 0.044 0.040 0.044 0.054 0.042 0.068 0.091 0.038 0.036 0.046  0.058 0.028 0.029
Ca 0.614 0.770 0.667 0.742 0.611 0.750 0.741 0.753 0.743 0.695 0.626 0.733 0.717 0.737 0.556 0.608 0.582 0.488 0.526 0.917 0.731 0.817 0.789 0.798 0.819 0.683 0.529 0.695 0.651 0.587 0.758 0.746 0.640 0.648 0.714 0.529 0.820 0.782 0.723 0.710 0.726 0.728 0.690 0.703 0.737 0.737 0.692  0.681 0.678 0.610 0.658 0.640 0646 0.666 0.680 0.670 0.579 0.663 0.682 0.701 0.683 0.633 0.727 0.698
Na 0.368 0.239 0.342 0.264 0.368 0.238 0.240 0.237 0.246 0.300 0.370 0.260 0.268 0.263 0.435 0.340 0.412 0.474 0.459 0.091 0.253 0.164 0.195 0.182 0.158 0.311 0.448 0.296 0.339 0.393 0.234 0.260 0.361 0.338 0.276 0.466 0.184 0.216 0.281 0.286 0.265 0.280 0.310 0.299 0.264 0.242 0.289 0.280 0.285 0.349 0.320 0.319 0.305 0.310 0.298 0.319 0.402 0.321 0.302 0.298  0.307 0.354 0.268 0.269
K  0.005 0.002 0.002 0.002 0.006 0.004 0.004 0.003 0.002 0.001 0.001 0.000 0.001 0.001 0.002 0.042 0.002 0.004 0.002 0.001 0.001 0.001 0.002 0.001 0.001 0.001 0.002 0.005 0.001 0.001 0.001 0.000 0.001 0.001 0.001 0.002 0.000 0.001 0.001 0.001 0.005 0.001 0.001 0.001 0.004 0.001 0.001 0.003  0.007 0.002 0.004 0.002 0.001 0.002  0.003 0.001 0.004 0.007 0.001 0.002 0.004 0.004 0.000 0.008
Cations  4.978 4.999 5.008 4.995 4.986 4.983 4.977 4.981 4.996 4.991 5.001 4.991 4.983 4.996 5.000 4.991 5.002 4.979 4.991 4.998 4.980 4.980 4.985 4.983 4.986 4.990 4984 4.994 4.993 4.990 4.994 5.001 5.005 4.996 4.996 4.999 5.005 5.003 5.008 4.999 4.994 5.007 5.006 5.004 5.000 4.982 4990 4977 4978  4.982 4.988 4.977 4.971 4978  4.982 4.983 4.990 5.001 4982  4.991 4.993 4.994 4.988 4.980
Ab 37.3 23.6 33.8 26.2 374 24.0 24.3 23.8 24.8 30.1 37.1 26.2 27.2 26.2 43.8 34.4 41.3 49.1 46.5 9.0 25.7 16.7 19.8 18.6 16.1 31.3 45.7 29.8 34.2 40.1 23.6 25.9 36.0 34.3 27.8 46.7 18.3 21.7 27.9 28.7 26.6 27.7 31.0 29.9 26.3 24.7 29.4 29.1 29.4 36.3 32.6 33.2 32.1 31.7 304 32.2 40.8 324 30.6 29.8 30.9 35.7 26.9 27.6
An 62.2 76.2 66.0 73.6 62.0 75.6 75.3 75.9 75.0 69.8 62.8 73.8 72.8 73.7 56.0 61.4 58.5 50.5 53.3 91.0 74.3 83.2 80.0 81.4 83.8 68.7 54.0 69.8 65.6 59.8 76.3 74.1 63.8 65.7 72.0 53.1 81.7 78.3 72.0 71.2 72.9 72.2 68.9 70.1 73.4 75.3 70.5 70.6 69.9 63.5 67.0 66.6 67.9 68.1 69.3 67.7 58.9 66.9 69.3 70.1 68.7 63.9 73.1 71.6
Or 0.5 0.2 0.2 0.2 0.6 0.4 04 0.3 0.2 0.1 0.1 0.0 0.1 0.0 0.2 4.2 0.2 0.4 0.2 0.0 0.1 0.1 0.2 0.1 0.1 0.1 0.2 0.5 0.1 0.1 0.1 0.0 0.1 0.1 0.1 0.2 0.0 0.1 0.0 0.1 0.5 0.1 0.1 0.0 0.3 0.1 0.1 0.3 0.7 0.2 0.4 0.2 0.1 0.2 0.3 0.1 0.4 0.7 0.1 0.2 0.4 0.4 0.0 0.8

Notes: b.d. = below detection limits; A (in brackets) = anomalous; C, R (in square brackets) = cores, rims.

Abbreviations: FAB, Forearc basalt; FAD, Forearc dolerite; HMA, high magnesium andesite; LSB, low silica boninite. Note that TS 93 is an andesite.

Whattam et al. (2020)
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Table S7 P-T calculations based on clinopyroxene thermobarometry.

Sample-spot Rock Type Mineral  Ky(Fe-Mg)®™"™ P (kbar) + T(°C) + Ref.
#35-area2-1 FAB cpx 0.26 0.8 1135 1
0.9 1173 2
1.0 1149 3
- 1144 4
0.9 0.1 1150 8
#35-areal-2 FAB cpx 0.27 1.2 1135 1
1.1 1170 2
1.2 1148 3
- 1148 4
1.2 0.0 1150 6
#73-areal-1 FAB (o0 0.28 2.7 1203 1
4.1 1211 2
- 1110 3
- 1146 4
3.4 0.7 1167 29
#73-areal-3core FAB cpx 0.27 4.1 1214 1
5.2 1222 2
- 1122 3
- 1158 4
4.6 0.5 1179 28
#73-area2-9 FAB cpx 0.28 2.2 1199 1
3.8 1207 2
- 1104 3
- 1141 4
3.0 0.8 1163 29
#73-area3-11 FAB cpx 0.28 2.6 1203 1
4.1 1211 2
- 1108 3
- 1145 4
3.4 0.7 1167 18
164-2 FAB cpx 0.27 0.3 1154 1
0.5 1172 2
0.7 1114 3
- 1128 4
0.5 0.2 1142 13
164-4 FAB cpx 0.27 1.4 1165 1
14 1186 2
1.8 1135 3
- 1137 4
1.5 0.2 1156 14
164-5 FAB cpx 0.27 1.9 1168 1
1.7 1186 2
2.2 1135 3
- 1142 4
2.0 0.2 1158 13
180-7 FAB cpx 0.28 3.3 1198 1
3.9 1225 2
3.6 1166 3
- 1173 4
3.6 0.1 1190 13
172-1 FAB cpx 0.27 0.8 1185 1
2.4 1224 2
1.9 1149 3
- 1143 4
1.7 0.6 1175 21

Notes: *KD(Fe-Mg)CpX'qu calculated from Eqn. 35, Putirka et al. (2008). Kp(Fe-Mg)™ @™t = 9 23 + 0.05
(Toplis and Carroll, 1995). Abbreviations: AND, Andesite; BB, basaltic boninite; FAB, forearc basalt.

Reference key: 1, Eqns. P1, T1 (P, T), Putirka et al. (1996); 2, Putirka et al. (2003); 3, Eqns. 30, 33 (P, T),

Putirka (2008); 4, Egn. 34 (T), Putirka (2008). Bold numbers represent the mean and STDEV of the3or4Por T
listed above. The mean P and T of all means obtained on discrete sample-spots (in bold) for the FAB are:

2.4+ 0.4 kbar & 1164 + 7°C (FAB). See also Table 3.

Model uncertanties associated with estimated P and T are + 1 kbar and % 30°C, respectively.

Whattam et al. (2020)
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Table S8 P-T calculations based on orthopyroxene thermobarometry.

Sample-spot Rock Type Mineral Ky(Fe-Mg)®™"  P(kbar) + Ref. T(°C) + Ref.

#90-1 HMA opx 0.28 0.1 1 1228 4
0.4 2 1195 5
0.1 3 1155 6

0.2 0.05 1193 26
191-1 LSB opX 0.37 0.7 1 1304 4
0.8 2 1296 5
0.5 3 1298 6

0.7 0.1 1299 3
191-5 LSB opXx 0.36 0.8 1 1304 4
0.8 2 1296 5
0.5 3 1298 6

0.7 0.2 1299 3
#203-4 LSB opX 0.31 0.4 1 1216 4
0.5 2 1227 5
0.1 3 1198 6

03 0.1 1214 9
#88-4 HSB opx 0.36 0.4 1 1268 4
0.5 2 1233 5
0.3 3 1206 6

04 0.1 1236 31
88-5 [C] HSB opx 0.32 0.3 1 1268 4
0.6 2 1235 5
0.1 3 1206 6

03 0.1 1236 31
#88-11 HSB opx 0.34 0.2 1 1268 4
0.5 2 1230 5
0.1 3 1206 6

0.2 0.1 1235 31
#89-3 HSB opx 0.39 0.3 1 1268 4
0.6 2 1219 5
0.1 3 1207 6

04 0.1 1231 30
#89-9 HSB opXx 0.32 0.3 1 1268 4
0.4 2 1237 5
0.0 3 1207 6

0.3 0.1 1237 30
182-2 [C] HSB opXx 0.37 0.5 1 1291 4
0.8 2 1252 5
0.4 3 1225 6

0.6 0.1 1256 33
182-4[C] HSB opx 0.39 0.3 1 1291 4
0.4 2 1258 5
0.2 3 1225 6

03 0.1 1258 33
182-8 HSB opx 0.32 0.2 1 1291 4
- 2 1258 5
0.2 3 1225 6

0.2 0.005 1258 33
183-1[C] HSB opx 0.30 - 1 1293 4
0.5 2 1265 5
0.2 3 1228 6

03 0.2 1262 32
188-1[C] HSB opx 0.30 0.4 1 1297 4
0.6 2 1261 5
0.1 3 1234 6

04 0.2 1264 32

Notes:

*Kp(Fe-Mg)°PxPasalicmelt _ g 99 + 0.06 (see Putirka, 2008).

Bold text demarcates the mean and STDEV of the above listed P & T.

Abbreviations: Eqn., Equation; HMA, high magnesium andesite; HSB, high silica boninite; LSB, low silica boninite
Reference key: 1, 2, 3, Eqns. 29a, 29b, 29c, respectively of Putrika (2008); 4, Beattie (1993);

5, 6, Eqns. 28a, 28D, respectively, of Putirka (2008). Note the sample numbers in italics are ones which

yield KD(Fe-Mg) outside of the bounds of error and so are not used in the calculation of mean T and P estimates.
The mean P & T of all means obtained on discrete spots for the LSB and HSB are 0.3 + 0.1 kbar, 1214 + 9 °C and
0.3+0.1kbar, 1248 + 7 °C, respectively.

Whattam et al. (2020)



Table S9 Temperature calculations based on olivine thermometry.

Drill core Sample-spot Rock Type Mineral  Core/rim T (°C) + Ref.
n.a. #103-1 LSB olivine C 1119 1
111-calc 1 LSB olivine C 1185 1
137-calcl LSB olivine C 1158 1
88 calc 1 HSB olivine C 1142 1
#89-1 HSB olivine C 1158 1
185-1 HSB olivine C 1190 1
196-1 HSB olivine C 1141 1
U1439A 21X-CC 22/25 Olivine 1 HSB olivine core 1125 1
HSB olivine core 1124 1
HSB olivine core 1125 1
HSB olivine core 1125 1
HSB olivine core 1125 1
HSB olivine core 1125 1
HSB 1125 0.2
HSB olivine rim 1127 1
HSB olivine rim 1130 1
HSB 1128 2
Olivine 2 HSB olivine core 1129 1
HSB olivine core 1124 1
HSB olivine core 1124 1
HSB 1126 3
U1442A 17R-1 61/65 Olivine 1 HSB olivine core 1136 1
HSB olivine core 1136 1
HSB olivine core 1136 1
HSB olivine core 1138 1
HSB olivine core 1139 1
HSB olivine core 1139 1
HSB olivine core 1140 1
HSB olivine core 1140 1
HSB olivine core 1140 1
HSB olivine core 1140 1
HSB olivine core 1140 1
HSB olivine core 1140 1
HSB olivine core 1140 1
HSB 1139 2
Olivine 1 HSB olivine rim 1140 1
HSB olivine rim 1145 1
HSB 1143 3
U1442A 21R-21/4 Olivine 1 HSB olivine core 1188 1
HSB olivine core 1189 1
HSB olivine core 1188 1
HSB olivine core 1188 1
HSB olivine core 1188 1
HSB olivine core 1188 1
HSB olivine core 1188 1
HSB olivine core 1188 1
HSB olivine core 1188 1
HSB olivine core 1188 1
HSB olivine core 1188 1
HSB olivine core 1188 1
HSB olivine core 1187 1
HSB olivine core 1187 1
HSB 1188 0.4
U1442A 26R-1 54/58 Olivine 1 HSB olivine core 1160 1
HSB olivine core 1161 1
HSB olivine core 1161 1
HSB olivine core 1161 1
HSB olivine core 1161 1
HSB olivine core 1161 1
HSB olivine core 1163 1
HSB olivine core 1161 1
HSB olivine core 1161 1
HSB olivine core 1160 1
HSB olivine core 1161 1
HSB 1161 0.7
U1439C 19R-4 84/87 Olivine 2 LSB olivine core 1181 1
LSB olivine core 1181 1
LSB olivine core 1182 1
LSB 1181 0.3
Olivine 3 LSB olivine core 1181 1
LSB olivine core 1182 1
LSB olivine core 1182 1
LSB 1182 0.2
Olivine 4 LSB olivine core 1182 1
LSB olivine core 1181 1
LSB olivine core 1182 1
LSB olivine core 1181 1
LSB 1182 0.4
Olivine 1 LSB olivine core 1201 1
LSB olivine core 1202 1
LSB olivine core 1202 1
LSB olivine core 1203 1
LSB olivine core 1204 1
LSB 1202 1
U1439C 29R-4 113/117  Olivine 2 LSB olivine core 1150 1
LSB olivine core 1152 1
LSB 1151 1
Olivine 1 LSB olivine core 1161 1
LSB
U1439C 30R-1 4/5 Olivine 1 LSB olivine core 1160 1
LSB olivine core 1160 1
LSB olivine core 1159 1
LSB 1160 1
U1439C 33R-1114/120  Olivine 1 LSB olivine core 1191 1
LSB olivine core 1190 1
LSB olivine core 1191 1
LSB olivine core 1190 1
LSB olivine core 1190 1
LSB olivine core 1192 1
LSB 1190 1
Olivine 2 LSB olivine core 1187 1
LSB olivine core 1187 1
LSB 1187 0.2

Notes: *KD(Fe-Mg)olivine-basaltic melt = 0.30 + 0.03 (Roeder and Emslie, 1970; Putirka, 2016).

Bold text demarcates mean and standard deviation of the five temperatures listed above.
Abbreviations: HSB, high silica boninite; LSB, low silica boninite. All temperatures were calculated
using adjusted whole rock compositions (see text) using Eqn. 22 of Putirka (2008, Ref. 1).

The mean temperatures of the LSB and HSB are 1172+23°C and 1152+24.°C

Whattam et al. (2020)
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Supplementary Table S10 PetDB MORB samples in in equilibrium and their P & T estimates on the basis of clinopyroxene thermobarometry

Sample Material Mg#-WR  Mg#-cpx KD(Fe-Mg) Temperature (°C) Pressure (kbar)
AGU0032-005-001 GL 60 83 0.28 1180 -0.3
AGU0032-005-002 GL 61 85 0.28 1183 0.6
AII0032-3-011-046 WR 63 84 0.28 1192 3.7
AI10032-3-011-102 WR 61 83 0.28 1181 3.3
AII0032-3-012-006 GL 65 85 0.28 1196 3.1
AII0073-1-013-001C GL 65 85 0.29 1197 0.6
AII0107-6-033-027 GL 51 79 0.27 1152 1.6
ALV0830-005 GL 64 88 0.29 1220 4.5
ALV0912-R006 GL 62 85 0.28 1188 0.9
ALV0919-R001 GL 62 83 0.29 1197 3.6
ALV1550-004 GL 66 89 0.29 1188 0.9
ALV1555-001 GL 63 84 0.29 1200 2.0
ALV2697-005 GL 60 85 0.28 1172 -1.5
ALV4084-1847 WR 62 83 0.29 1189 1.9
ARP1973-010-002 GL 54 79 0.28 1169 0.4
ATNO0011-23-020705-1146 WR 60 82 0.28 1198 0.4
CHNO115-4-005-001 GL 45 75 0.27 1133 34
CHR0031-003-356 GL 68 89 0.28 1179 -1.1
CHRSR01-002-102 GL 59 85 0.28 1186 2.2
CHRSRO01-002-201 GL 59 82 0.28 1194 2.1
CHRSRO01-006-101 WR 57 81 0.28 1200 2.0
CON2802-014-001 GL 61 85 0.28 1190 0.4
CON2802-015-002 GL 60 86 0.28 1193 1.3
CON2802-015-004 GL 59 85 0.28 1183 -0.3
CON2802-016-002 GL 62 85 0.29 1212 34
CON2802-022-004 WR 63 84 0.29 1204 2.4
CYA1978-002-001 GL 59 83 0.28 1180 1.6
CYA1978-004-007 GL 63 86 0.29 1201 2.6
CYA1978-004-007A GL 62 85 0.29 1223 1.9
CYA1978-009-015 GL 62 86 0.29 1196 2.1
CYA1978-019-069 WR 61 85 0.29 1197 1.9
CYA1978-019-070 GL 62 87 0.28 1181 1.5
CYA1984-030-006 GL 61 85 0.29 1196 2.4
DSDP065-0485A-012-001/076-082 WR 55 79 0.28 1165 0.5
ENVCSM3-CSM3 GL 62 84 0.28 1174 0.1
GIL0103-035-022 GL 62 83 0.29 1221 4.8
GIL0104-002-004 GL 60 84 0.29 1205 1.8
GIL0104-007-001A GL 56 82 0.28 1189 3.8
GIL1979-007-001 GL 58 81 0.28 1197 2.3
GLJ-010 GL 55 82 0.28 1164 0.0
LEE81WF-11-008-002 WR 62 85 0.28 1188 1.2
MELPROT-5-037-001 WR 67 87 0.27 1188 8.3
MELPROT-5-037-003 WR 69 89 0.28 1204 5.1
MET41/2-166-001 GL 51 79 0.28 1155 1.6
MET41/2-173-001 GL 51 81 0.27 1145 -0.2
MET41/2-190-001 GL 46 78 0.27 1143 -0.3
ODP0309-1256D-075R-001/076-080 WR 54 82 0.28 1175 0.6
ODP0309-1256D-077R-001/069-073 WR 55 83 0.28 1159 -0.2
ODP0309-1256D-088R-001/001-005 WR 57 85 0.28 1168 0.9
ODP0309-1256D-099R-002/005-009 WR 59 85 0.28 1172 -0.6
ODP0309-1256D-101R-001/116-120 WR 60 85 0.28 1166 -1.3
ODP0309-1256D-106R-001/077-080 WR 61 85 0.29 1203 1.3
ODP0309-1256D-121R-001/002-005 WR 59 84 0.28 1168 0.2
ODP0309-1256D-143R-002/050-053 WR 58 86 0.28 1163 -0.9
ODP0309-1256D-161R-001/000-004 WR 56 84 0.29 1180 1.1
PS4CSM4-1504-002 GL 59 85 0.28 1154 -0.5
PS4CSM4-1505-001 GL 59 85 0.28 1138 -1.3
SON0012-033-D001 GL 47 79 0.28 1175 1.6
SON0012-130-001 GL 47 74 0.29 1169 0.0
SON0012-190-001 GL 53 78 0.28 1144 -1.8
SON0012-193-001 GL 57 83 0.28 1191 1.9
SON0012-207-001 GL 58 82 0.28 1184 1.7
SON0012-228-D002 GL 55 79 0.28 1190 1.5
SONO0157-017-001 GL 53 82 0.28 1158 0.7
SONO0157-017-003 GL 54 82 0.28 1163 1.1
TRI0119-007-010 GL 69 90 0.29 1212 1.8
TRI0139-006-002 GL 52 78 0.30 1240 54
TRI0139-007-001 GL 58 85 0.29 1191 1.7
TRI0139-015-001 GL 56 82 0.29 1174 0.6
TRI0139-021-001 GL 43 75 0.30 1168 0.7
TRI0139-023-001 GL 56 81 0.31 1223 3.2
TRI0154-021-003 GL 63 86 0.28 1142 0.5
TRI0164-016-001 GL 55 81 0.28 1158 -0.4
TRI10164-024-003 GL 53 79 0.28 1170 1.3
WASCENT-001 GL 53 82 0.28 1151 0.0
mean 1182 + 15 1.4+0.2
min 0.27 1133 -1.8
max 0.31 1240 8.3

Notes: P and T calculated on the basis of the barometer of Neave and Putirka (2017) and the thermometer of Putirka (2008, Eqn. 33), respectively.
Abbreviations: GL, glass; WR, whole-rock

Notes: *KD(Fe-Mg)olivine-basaltic melt = 0.30 £ 0.03 (Roeder and Emslie, 1970).

Whattam et al. (2020)
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Supplementary Table S11 Fugacity calculations for Expedition 352 boninites.

Sample  boninite type Alog fO, FMQ
103 low-Si 0.88
111 low-Si 0.80
137 low-Si 0.17
89 high-Si 0.05
185 high-Si 0.38
196 high-Si 0.56
191 high-Si 1.04

Notes: Si, silica.

Whattam et al. (2020)
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Supplementary Table S12 Boninite crystallization pressure and temperature estimates from the literature

Study T(°C) P (kbar) Temperature determination method
Umino (1986) 1150-1215 - uncertain

Crawford et al. (1989) 1150-1200 - uncertain

Umino and Kushiro (1989) 1130-1315 0.8:1.6 melting experiments

van der Laan et al. (1989) up to 1268 - experimentally studied phase relations
van der Laan et al. (1992) <1100-1260 1.0-2.5 phase diagram determination
Sobolev and Danyushevsky (1994) 1150-1390 0.15-1.7* melt inclusion analysis

Acland (1996) 1100-1230 ? thermometry
Danyushevsky and Sobolev (1996) <1300 - uncertain

Dobson et al. (2006) 1080-1287 - thermometry

* These pressures are to be interpreted with caution as melt inclusions not effective in estimating P relative cpx saturation;
for this reason, these pressure estimates are not considered in the main text.

Whattam et al. (2020)
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