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Abstract 24 

 25 

Many lines of evidence from high P-T experiments, thermodynamic models, and natural 26 

observations suggest that slab-derived aqueous fluids, which flux mantle wedges contain variable 27 

amounts of dissolved CO2. However, constraints on the effects of H2O-CO2 fluids on mantle 28 

melting, particularly at mantle wedge P-T conditions, are limited. Here we present new piston 29 

cylinder experiments using Au75Pd25 capsules on fertile and depleted peridotite compositions 30 

with 3.5 wt.% H2O and XCO2 [= molar CO2 / (CO2 + H2O)] of 0.04-0.17. Experiments were 31 

performed at 2-3 GPa and 1350 °C to assess how temperature, peridotite fertility, and XCO2 of 32 

slab-derived fluid affects partial melting in mantle wedges. All experiments produce olivine + 33 

orthopyroxene + 7 to 41 wt.% partial melt. Our new data, along with previous lower temperature 34 

data, show that as mantle wedge temperature increases, primary melts become richer in SiO2, 35 

FeO* and MgO and poorer CaO, Al2O3 and alkalis when influenced by H2O-CO2 fluids. At 36 

constant P-T and bulk H2O content, the extent of melting in the mantle wedge is largely 37 

controlled by peridotite fertility and XCO2 of slab-fluid. High XCO2 depleted compositions 38 

generate ~ 7 wt.% melt whereas, at identical P-T, low XCO2 fertile compositions generate ~ 30-39 

40 wt.% melt. Additionally, peridotite fertility and XCO2 have significant effects on peridotite 40 

partial melt compositions. At a constant P-T-XCO2, fertile peridotites generate melts richer in 41 

CaO and Al2O3 and poorer in SiO2, MgO+FeO, and alkalis. Similar to previous experimental 42 

studies, at a constant P-T-fertility condition, as XCO2 increases, SiO2 and CaO of melts 43 

systematically decrease and increase, respectively. Such distinctive effects of oxidized form of 44 

dissolved carbon on peridotite partial melt compositions are not observed if the carbon-bearing 45 

fluid is reduced, such as CH4-bearing. Considering the large effect of XCO2 on melt SiO2 and 46 



CaO concentrations and the relatively oxidized nature of arc magmas, we compare the SiO2/CaO 47 

of our experimental melts and melts from previous peridotite + H2O ± CO2 studies to the 48 

SiO2/CaO systematics of primitive arc basalts and ultra-calcic, silica-undersaturated arc melt 49 

inclusions. From this comparison, we demonstrate that across most P-T-fertility conditions 50 

predicted for mantle wedges, partial melts from bulk compositions with XCO2 ≥ 0.11 have lower 51 

SiO2/CaO than all primitive arc melts found globally, even when correcting for olivine 52 

fractionation, whereas partial melts from bulk compositions with XCO2 = 0.04 overlap the lower 53 

end of the SiO2/CaO field defined by natural data. These results suggest that the upper XCO2 54 

limit of slab-fluids influencing primary arc magma formation is 0.04 < XCO2 < 0.11, and this 55 

upper limit is likely to apply globally. Lastly, we show that the anomalous SiO2/CaO and 56 

CaO/Al2O3 signatures observed in ultra-calcic arc melt inclusions can be reproduced by partial 57 

melting of either CO2-bearing hydrous fertile and depleted peridotites with 0 < XCO2 < 0.11 at 2-58 

3 GPa, or from nominally CO2-free hydrous fertile peridotites at P > 3 GPa. 59 

 60 
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INTRODUCTION 70 

 71 

It is well accepted that hydrous fluids released from subducting oceanic lithosphere at sub-arc 72 

depths (60-120 km) significantly decrease the peridotite solidus and trigger partial melting in the 73 

mantle wedge generating primary arc magmas (e.g., Yoder & Tilley, 1962; Mysen & Boettcher, 74 

1975; Ulmer, 2001; Grove et al., 2006; Spandler & Pirard, 2013). However, the physical and 75 

chemical conditions prevailing in mantle wedges during primary arc magma formation, i.e., slab-76 

derived fluid composition, ambient mantle wedge composition, temperature, and pressure, are all 77 

predicted to vary within the global range of subduction zones (Figure 1); each parameter having 78 

a significant effect on primary arc magma composition. Therefore, successful models of primary 79 

arc magma formation must evaluate how peridotite partial melt compositions are predicted to 80 

vary across the range of predicted thermochemical conditions of mantle wedges globally. In turn, 81 

comparing experimental melts produced under controlled conditions to natural primitive arc 82 

melts may further constrain the environment of the sub-arc mantle during primary arc magma 83 

formation.  84 

Slab-derived fluids fluxing mantle wedges are generally thought to be dominated by H2O 85 

due to the preferential breakdown of hydrous minerals relative to carbonates at sub arc depths 86 

(Kerrick & Connolly 1998, 2001a,b; Molina & Polli, 2000; Gormann et al., 2006). 87 

Consequently, most previous experimental studies have envisioned mantle wedge fluxing agents 88 

as a nominally CO2-free hydrous fluid or silicate melt (Ulmer, 2001; Till et al., 2012; Grove et 89 

al., 2012; Mitchell & Grove, 2015; Mallik et al., 2015, 2016; Grove & Till, 2019; Lara & 90 

Dasgupta, 2020). However, several studies demonstrate that variable amounts of carbonates 91 

and/or graphite may be dissolved by aqueous fluids or slab-derived melts that derive from the 92 



slab, thereby introducing CO2 at sub arc depths (Connolly, 2005; Gorman et al., 2006; Grassi & 93 

Schmidt, 2011; Tsuno & Dasgupta, 2012; Ague & Nicolescu, 2014; Kelemen & Manning, 2015; 94 

Duncan & Dasgupta, 2014, 2015, 2017; Tumiati et al., 2017, 2022; Martin & Hermann, 2018; 95 

Menzel et al., 2020; Farsang et al., 2021). The extent of carbon release from the slab also varies 96 

as a function of slab P-T paths (e.g., Dasgupta, 2013; Duncan & Dasgupta, 2017; Eguchi & 97 

Dasgupta, 2022), with hotter slabs causing greater carbon release. Indeed, natural slab-derived 98 

fluids undoubtedly contain variable amounts of dissolved carbonates as evidenced in fluid 99 

inclusion, melt inclusion, isotope, and arc xenolith studies (Wallace, 2005; Ducea et al., 2005; de 100 

Leeuw et al., 2007; Sapienza et al., 2009; Blundy et al., 2010; Frezzotti et al., 2011; Liu et al., 101 

2022). However, even among studies suggesting significant slab-CO2 liberation, debate remains 102 

on the depth of CO2 release, i.e., fore-arc versus sub-arc depths (e.g., Stewart & Ague, 2020), 103 

with some studies outlining possibility of carbonatitic melt release from subduction zone 104 

environment much deeper than typical sub-arc depths (e.g., Thomsen & Schmidt, 2008; Tsuno et 105 

al., 2012; Thomson et al., 2016). However, even if released, slab-derived CO2 may form 106 

metasomatic carbonates upon interaction with peridotite near the slab/wedge interface (Saha & 107 

Dasgupta, 2019; Sun & Dasgupta, 2019; Kelemen et al., 2022), preventing some CO2 from 108 

fluxing the core of the mantle wedge where partial melting commences. Hence, an independent 109 

measure of CO2 transfer from slab to arc melt source region is necessary. 110 

Experimental studies have demonstrated that both H2O and CO2 have significant yet 111 

contrasting effects on peridotite partial melt compositions (e.g., Hirose, 1997a,b; Gaetani & 112 

Grove, 1998; Dasgupta et al., 2007; Lara & Dasgupta, 2022). Most notably, the SiO2 and CaO 113 

concentrations of peridotite partial melts generated at 2-3 GPa depend strongly on the CO2 114 

concentration of slab-fluid added, hereafter written in terms of XCO2 [= molar CO2 / (CO2 + 115 



H2O)], and this dependence becomes amplified as the solidus is approached (Figure 2). In 116 

contrast, the SiO2 and CaO concentrations of dry peridotite partial melts at 1-3 GPa remain 117 

relatively constant from 0-45% melting (Figure 2). Thus, XCO2 of slab fluid that reaches the 118 

core of the mantle wedge is predicted to have greatest effect on primary arc melt compositions.  119 

Because most experimental studies in peridotite + H2O + CO2 systems with reported 120 

partial melt compositions are run at pressures ≥ 4 GPa (Brey et al., 2009; Foley et al., 2009; Dvir 121 

& Kessel, 2017), the effects of H2O-CO2 fluids on peridotite melting at shallower pressures (1-3 122 

GPa) relevant for mantle wedges is still largely unconstrained. A recent experimental melting 123 

study at 1200 °C and 2-4 GPa showed that depleted peridotite + H2O-CO2 fluids with XCO2 > 124 

0.10 produce melts, which are too SiO2 poor and CaO-rich to match primitive arc magmas found 125 

globally (Figure 2), thereby setting an upper XCO2 limit of fluids in primary arc melt source 126 

regions (Lara & Dasgupta 2022). However, for this limit to apply globally, further experimental 127 

investigation is needed over P-T-X space not considered in Lara & Dasgupta (2022) but known 128 

to prevail in mantle wedges. For example, minor element systematics in primitive arc basalts 129 

reflect large variations in mantle wedge thermal structures (Plank & Langmuir 1988; Turner & 130 

Langmuir 2015; Turner et al., 2016) while subduction zone thermal models predict a wide range 131 

of maximum mantle wedge temperatures, which far exceed 1200 °C (Syracuse et al., 2010; 132 

Perrin et al., 2018; Figure 1). Furthermore, primitive arc magmas display considerable variations 133 

in trace element and isotope ratios, which are largely independent of slab inputs (eg. La/Sm, 134 

Dy/Yb, 143Nd/144Nd, 176Hf/177Hf), leading several authors to conclude that heterogeneity in the 135 

mantle wedge is not only controlled by variable addition of a slab component, but also by 136 

variable melt depletion in the mantle wedge before the addition of slab components (Turner & 137 

Langmuir 2022b; Turner et al., 2017; Woodhead et al., 2012; Tollstrup 2010; Pearce et al., 138 



2007). This heterogeneity is also reflected in the major element systematics of sub-arc peridotite 139 

xenoliths, which follow a melt depletion trend ranging from fertile lherzolites to depleted 140 

harzburgites (Figure 1). 141 

Here, we present the melting phase relations of fertile and depleted peridotite 142 

compositions in the presence of H2O-CO2 fluids ranging in XCO2 from 0.04 to 0.17 at 2-3 GPa 143 

and 1350 °C. The goal was to expand the experimental conditions over which peridotite partial 144 

melt is generated in H2O-CO2 fluid-fluxed mantle wedge scenarios to account for the wide range 145 

of temperatures and peridotite fertility conditions predicted for mantle wedges globally. Given 146 

arc magmas are known to be relatively oxidized (e.g., Kelley & Cottrell, 2009), we chiefly tested 147 

the possible role of oxidized carbon-bearing fluids on arc magma genesis. However, we also 148 

compare oxidized peridotite partial melt compositions from this study and previous studies with 149 

those that are generated under the influence of reduced COH fluids. We compare our 150 

experimental melts, along with previous depleted and fertile peridotite + H2O ± CO2 studies at 151 

mantle wedge P-T conditions, to a global set of primitive arc magmas to constrain the XCO2 152 

limit of fluids that may impact arc magma generation. We also asses if melting of peridotite in 153 

the presence of low XCO2 fluids can reproduce major element trends observed in ultra-calcic, 154 

silica undersaturated arc melt inclusions (Schiano, 2000).  155 

 156 

METHODS 157 

 158 

Starting materials 159 

 160 



Three depleted peridotite compositions are modeled after peridotite xenolith (AVX-51) from the 161 

Kamchatka arc (Rapp et al., 1999) with 3.5 wt.% H2O added. CO2 was added in the proportion 162 

of 0.35, 1.05, and 1.75 wt.% to make the starting compositions DP.04, DP.11, and DP.17, 163 

achieving bulk XCO2 of 0.04, 0.11 and 0.17, respectively (Table 1). The starting materials were 164 

synthesized using reagent grade oxides (SiO2, Fe2O3, MnO, MgO), carbonates (CaCO3, Na2CO3, 165 

K2CO3), hydroxides (Al(OH)3, Mg(OH)2), and hydrated magnesium carbonate 166 

(Mg2(CO3)(OH)2.3H2O). Extensive details of the synthesis of DP.04, DP.11, and DP.17, are 167 

given in Lara & Dasgupta (2022).  168 

Two fertile peridotite compositions (FP.04, FP.17) are modeled after KLB-1 peridotite 169 

(Davis et al., 2009) with 3.5 wt.% H2O added. CO2 was added in the proportion of 0.35 and 1.75 170 

wt.% to make starting compositions FP.04 and FP.17, achieving bulk XCO2 of 0.04 and 0.17, 171 

respectively (Table 1). Fertile peridotite compositions were synthesized using natural KLB-1 172 

powder, reagent grade oxides (SiO2, FeO), hydroxides (Mg(OH)2, Al(OH)3), carbonates (CaCO3, 173 

Na2CO3) and hydrated magnesium carbonate (Mg2(CO3)(OH)2.3H2O). KLB-1, SiO2, FeO, and 174 

CaCO3 powders were mixed in the proportions of the calculated starting compositions and 175 

ground under ethanol for 1 h in an agate mortar. The mixtures were then fired in a Deltech CO-176 

CO2 gas mixing furnace at logfO2 ~ FMQ – 2 for 24 h to decarbonate CaCO3 and reduce any Fe3+ 177 

to Fe2+. After reduction, Mg(OH)2, Al(OH)3, Na2CO3, and (Mg2(CO3)(OH)2.3H2O) were added 178 

to yield the desired H2O, CO2, MgO, Al2O3, and Na2O contents of FP.04 and FP.17 (Table 1). 179 

This mixture was then ground under ethanol for 1 h in an agate mortar, collected in a glass vial 180 

and stored at a drying oven at 110 °C. 181 

 182 

Experimental procedure 183 



 184 

Experiments were performed at 2-3 GPa and 1350 °C using a half-inch piston cylinder apparatus 185 

in the Experimental Petrology Laboratory at Rice University. Starting mixes were packed into 3 186 

mm outer diameter Au75Pd25 capsules and experiments were performed using a half-inch 187 

BaCO3/MgO pressure media following calibration and procedure from Tsuno & Dasgupta 188 

(2011). The temperature of each experiment was controlled and monitored using a Type C 189 

thermocouple, accurate within ±10 °C accounting for the thermal gradient across the assembly. 190 

Similar calibration, assembly, and capsule alloy were employed in a number of previous hydrous 191 

experimental studies from this laboratory (e.g., Duncan & Dasgupta, 2015; Carter & Dasgupta, 192 

2018). 193 

Experiments were run for durations of 69-139 h and were terminated by cutting off power 194 

to the heater and the assemblies were decompressed slowly. The capsules were retrieved from 195 

the assembly, mounted in Petropoxy 154 and stored in a furnace at 100 °C for 1 h to harden. The 196 

mounted capsules was first ground on a 600 grit SiC paper to expose the synthesized samples. 197 

Once the capsules were opened, the samples were impregnated with a low viscosity Petropoxy 198 

154 under vacuum to prevent pluck outs and loss of material from the capsule upon further 199 

polishing. The impregnated samples were then polished on a nylon cloth with 3 and 1 micron 200 

diamond powder and without the use of any lubricant. To get rid of polishing debris and avoid 201 

contaminating the polishing pads for finer polishing, samples were repeatedly cleaned using 202 

compressed air.  203 

 204 

Analysis of experiments 205 

  206 



Polished samples were first carbon coated and then analyzed using a field emission gun electron 207 

microprobe (JEOL JXA-8530F Hyperprobe) at the Department of Earth, Environmental and 208 

Planetary Sciences at Rice University. Minerals and melts were identified using a combination of 209 

textural analyses using BSE images and energy dispersive X-ray spectroscopy (EDS) and 210 

analyzed for major elements using wavelength dispersive X-ray spectroscopy (WDS) at an 211 

accelerating voltage of 15 kV. Minerals were analyzed using fully focused, 20 nA electron beam. 212 

Melts were analyzed using a 10 nA defocused electron beam with beam sizes of 10-50 213 

µm. Analytical standards used for silicate minerals were jadeite (Na), chrome diopside (Si, Ca, 214 

Mg), biotite (K), olivine (Mg, Si, Fe), rutile (Ti), almandine (Si, Al), plagioclase (Si, Ca, Al), and 215 

rhodonite (Mn) whereas the melt phase was analyzed using a basaltic glass standard NMNH-216 

113716-1. Large defocused beam analyses were performed evenly across each melt pool to 217 

ensure that our analyses capture average melt compositions and were not biased by 218 

heterogeneously distributed melt quench products. 219 

 220 

RESULTS 221 

 222 

Phase assemblage and textures 223 

  224 

Phase assemblages and proportions are listed in Table 2, back-scattered electron images of 225 

experimental products are shown in Figure 3 and mineral compositions reported in Tables 3-4. 226 

All experiments in this study had a phase assemble of olivine + orthopyroxene + melt. Olivines 227 

are euhedral with diameters typically >100 µm and in all experiments appear adjacent to the melt 228 

pool (Figure 3). Orthopyroxenes are also euhedral but with diameters <50 µm and in all 229 



experiments appear on the opposite side of the capsule relative to the melt pool (Figure 3). 230 

Similar gradients in mineralogy are observed in many peridotite + H2O ± CO2 studies and are 231 

attributed to the thermal compaction effects facilitated by the presence of melt, a small thermal 232 

gradient, and long experimental run durations (e.g., Lesher & Walker, 1998; Grove et al., 2006; 233 

Till et al., 2012; Lara & Dasgupta, 2022). Two types of melt textures were observed in 234 

experimental run products. The melt phase in most experiments consists of an aggregate of 235 

metastable quench crystals, which form rapidly upon quenching volatile-rich melts (Green 1973, 236 

1976). This texture ranges from a nearly homogeneous distributions of quench products (Figure 237 

3B) to a more heterogeneous distribution where large quench products are surrounded by a 238 

matrix of finer grained material (Figure 3D). The second melt texture was observed in two fertile 239 

peridotite experiments, which produced smooth and glassy melt (Figure 3F). These experiments 240 

produced significantly higher melt fractions relative to depleted peridotite experiments (Table 5) 241 

and therefore, having lower melt volatile contents, likely facilitated the formation of silicate 242 

glass.  243 

 244 

Melt compositions 245 

  246 

Varying amounts of Fe transfer from our experimental product to the Au75Pd25 capsules occurred 247 

during each experiment resulting in Fe-loss ranging from 1.7 to 31 % (Table 2). A similar degree 248 

of Fe-loss is reported in previous hydrous peridotite studies (e.g., Gaetani and Grove, 1998; 249 

Mallik et al., 2015). We have corrected our analyzed melt compositions, excluding B534 and 250 

B513, which showed minimal Fe loss (Table 2), using methods of Mallik et al. (2015). The Fe-251 



corrected melt compositions along with the two uncorrected partial melt compositions are given 252 

in Table 5 and plotted in Figure 4. 253 

In the depleted peridotite experiments, SiO2 concentrations of melts decrease from 50 to 254 

44 wt.% at 2 and 3 GPa with increasing bulk XCO2 (Figure 4). Melt CaO concentrations also 255 

show strong positive correlations with bulk XCO2 where they increase from 8 to 13 wt.% at 2 256 

GPa and from 4 to 9 wt.% at 3 GPa. Al2O3 concentrations show much less variability with 257 

increasing bulk XCO2 as all depleted peridotite partial melts have ~ 4-5 wt.% Al2O3. MgO 258 

concentrations are nearly constant across the bulk XCO2 interval at a given pressure, where 2 259 

GPa melts have on average ~ 24 wt.% MgO and 3 GPa melts have ~ 27 wt.% MgO. FeO* 260 

concentrations at 2 GPa remain constant ~ 11-12 wt.% while at 3 GPa, FeO* concentrations 261 

show a systematic increase from ~12 to 14 wt.% as bulk XCO2 increases.  262 

 In the fertile peridotite experiments, as XCO2 increases, SiO2 concentrations of partial 263 

melts decrease from 48 to 43 wt.% at 2 GPa and from 44 to 38 wt.% at 3 GPa. CaO 264 

concentrations increase from 8 to 16 wt.% at 2 GPa and from 11 to 14 wt.% at 3 GPa. Al2O3 265 

concentrations increase from 9 to 10 wt.% at 3 GPa and decrease from 10.5 to 9 wt.% at 3 GPa. 266 

MgO concentrations decrease from 22 to 19 wt.% at 2 GPa and  increase from 22 to 26 wt.% at 3 267 

GPa.  FeO* concentrations remain ~10 wt.% at 2 GPa and increase to 11-11.5 wt.% at 3 GPa. 268 

Lastly, Na2O + K2O remains relatively constant between 1.0 and 1.5 wt.% at 2 and 3 GPa. 269 

 270 

Approach to chemical equilibrium  271 

 272 

Reversal experiments were not performed; however, the following criteria are used to establish 273 

maintenance of a closed system and approach to equilibrium. (a) 𝐾𝐾DMelt
Ol  = 0.28 – 0.32 for all 274 



experiments (Table 5), in excellent agreement with this exchange coefficient at equilibrium 275 

(Roeder & Emslie, 1970; Toplis, 2005; Filiberto & Dasgupta, 2011). (b) Long experimental 276 

duration of 69-139 h, similar to previous peridotite + H2O ± CO2 melting studies demonstrating 277 

equilibrium at similar P-T conditions (e.g., Dvir & Kessel, 2017, Lara & Dasgupta, 2022). (c) 278 

Small compositional heterogeneity in mineral WDS analyses (Tables 3-4). (d) Low sum of 279 

squared residuals in all experiments as demonstrated in mass balance calculations on an FeO*-280 

free basis (Table 2).  281 

 282 

DISCUSION 283 

 284 

Effect of temperature on melting in a mantle wedge fluxed by H2O-CO2 fluids 285 

  286 

To evaluate the effect of the temperature on the partial melting in an H2O-CO2 fluid fluxed 287 

mantle wedge, we compare our depleted peridotite-derived partial melts produced at 1350 °C 288 

with those from Lara & Dasgupta (2022), which used identical bulk compositions at 1200 °C 289 

(Figures 5 and 6).  290 

 From this comparison, it is observed that increasing temperature in peridotite + H2O + 291 

CO2 systems has a large effect on all major oxide concentrations in partial melts. The general 292 

trend observed at 2 and 3 GPa is that increase in temperature produces larger melt fractions 293 

relatively enriched in SiO2 and FeO+MgO and depleted in CaO, Al2O3 and Na2O+K2O (Figures 294 

5 and 6). The observed melting systematics are readily explained by the known effects of H2O, 295 

CO2, and temperature on peridotite partial melt compositions. Volatile species are highly 296 

incompatible during partial melting, therefore the amount H2O and CO2 dissolved in silicate 297 



melts will decrease by increasing temperature and melt fraction. Additionally, many 298 

experimental studies on natural and simplified peridotite + CO2 systems have shown that melt 299 

CaO is positively correlated while melt SiO2 is negatively correlated with the amount of CO2 300 

dissolved in melt, irrespective of the nominal to moderate concentrations of H2O in the melt 301 

(Eggler, 1978; Gudfinnsson & Presnall, 2005; Dasgupta et al., 2007; Ghosh et al., 2014; Sun & 302 

Dasgupta, 2019; Dasgupta et al., 2022). While our starting compositions contain significant 303 

amounts H2O, it has been demonstrated that CO2 has a dominating effect on peridotite partial 304 

melt compositions in mixed H2O-CO2 systems, even at low XCO2 (Figure 1; Lara & Dasgupta 305 

2022). Thus, increasing temperature at a constant bulk composition or decreasing bulk XCO2 at a 306 

constant temperature should diminish the amount of CO2 dissolved in silicate melts, producing 307 

more SiO2-rich and CaO-poor melts. This is well exemplified in Figure 5 where the most SiO2-308 

poor, CaO-rich and lowest degree melts are produced at XCO2=0.17 and 1200 °C, while the 309 

most SiO2-rich, CaO-poor and highest degree melts are produced at XCO2=0.04 and 1350 °C 310 

(Figure 6).   311 

Na2O, K2O, and Al2O3 all behave incompatibly between 1200 and 1350 °C due to the 312 

lack of alkali-bearing or aluminous phases like spinel, cpx or garnet in equilibrium with the 313 

melts. These concentrations therefore decrease with increasing temperature. Partitioning of MgO 314 

between minerals and melt is highly temperature-dependent in dry, hydrous, and carbonated 315 

peridotite systems, resulting in higher MgO partial melts at higher temperatures (Kinzler & 316 

Grove, 1992; Hirose & Kushiro, 1993; Gaetani & Grove, 1998; Dasgupta et al., 2007; Mallik & 317 

Dasgupta, 2013, 2014). Melt FeO* concentrations show a similar temperature dependence in dry 318 

and hydrous systems; however, in carbonated peridotite systems, melt FeO* decreases with 319 

increasing temperature (Dasgupta et al., 2007). Partial melts derived from peridotites fluxed by 320 



low XCO2 fluids, as envisioned in this study and Lara & Dasgupta (2022), become richer in both 321 

MgO and FeO* as temperature increases (Figures 5 and 6), similar to dry and hydrous peridotite 322 

systems. Conversely, partial melts of peridotite fluxed by high XCO2 fluids show little 323 

correlation between FeO*, MgO, and temperature (Foley et al., 2009). 324 

  325 

Effect of peridotite fertility and XCO2 on extent of melting in mantle wedges  326 

   327 

The effect of peridotite fertility on mantle melting has predominantly been discussed in 328 

the context of MORB generation inferred from volatile-free peridotite melting experiments and 329 

thermodynamic models (Wasylenki et al., 2003; Schwab & Johnston, 2001; Hirschmann, 2000; 330 

Hirschmann et al., 1998). These studies demonstrate that, at a constant P-T, fertile peridotites 331 

generate higher melt fractions relative to depleted peridotites due a combination of lower solidi 332 

temperatures and higher isobaric melt productivities (IMP). A similar relationship between 333 

fertility and melt productivity is briefly noted in the 1.2 GPa hydrous peridotite melting study of 334 

Mitchell & Grove (2015), however; the effect of peridotite fertility deeper in the mantle wedge, 335 

particularly in the presence H2O and H2O-CO2 mixed fluids is less understood. A positive 336 

correlation between bulk H2O content and melt fraction in peridotite systems at a constant P-T is 337 

predicted by thermodynamic models (Hirschmann et al., 1999) and documented in several 338 

peridotite melting studies (Lara & Dasgupta, 2022,2020; Mallik et al., 2015, 2016; Mitchel & 339 

Grove 2015). Therefore, to isolate the effects of peridotite fertility and XCO2 on melt fraction 340 

produced in the mantle wedge, we first evaluate melt fractions solely from this study, which all 341 

have constant bulk H2O of 3.5 wt.%, in Figure 7a. In Figures 7b-d, we further compare these 342 



results to peridotite + H2O ± CO2 studies conducted on both fertile (CaO+Al2O3 > 5 wt.%, Mg# 343 

< 90) and depleted (CaO+Al2O3 < 5 wt.%, Mg# > 90) compositions (Table 1). 344 

At 1350 °C and 2-3 GPa, the extent of melting in peridotite + H2O + CO2 systems 345 

increases by increasing peridotite fertility or decreasing XCO2 of the slab-derived fluid (Figure 346 

7a). The effect of peridotite fertility on batch melt productivity can be explained by differences 347 

in mineral modes and stability between fertile and depleted peridotite throughout each respective 348 

melting interval. To demonstrate this, we compare the melting systematics from the hydrous 349 

peridotite experiments of Grove & Till (2019) and Lara & Dasgupta (2020), which were run at 350 

similar pressures (3-3.2 GPa), temperatures (1050-1250 °C) and bulk H2O contents (3.5-4.2 351 

wt.%) but used fertile (FP) and depleted peridotite (DP), respectively (Table 1, Figure 7b). At 352 

1050-1075 °C, FP is characterized by abundant cpx and garnet modes compared to DP (Figures 353 

7c & 7d). Furthermore, cpx and garnet contribute to the melting reactions in FP to at least 1150 354 

°C, whereas these phases are completely exhausted from DP at 1050 -1100 °C, after which 355 

olivine is the only mineral contributing to melting (Figure 7). Because garnet and cpx are more 356 

fusable minerals relative to olivine, FP displays higher melt productivities relative to DP in this 357 

melting interval (Figure 7B). Although the experiments from this study were run at 1350 °C, 358 

where cpx and garnet are completely exhausted in both FP and DP experiments (Table 2), higher 359 

melt fractions in FP experiments likely reflect larger contributions from cpx and garnet in the FP 360 

batch melting reactions relative to the DP. DP experiments at 1350 °C also display higher olivine 361 

modes relative to FP experiments (Supplementary Figure 1; Table 2), suggesting that enhanced 362 

stability of olivine in DP experiments at high temperatures further contributes to their relatively 363 

low melt productivities.  364 



The effect of XCO2 on extent of melting, as observed in Figure 7A, may be explained by 365 

a decrease is melt productivity as XCO2 increases, as demonstrated in Figure 7B. Additionally, 366 

lower melt fractions in H2O-CO2 bearing experiments could be due to differences in solidi 367 

locations between the H2O-fluid saturated peridotite solidus (HPS) and the H2O-CO2 fluid-368 

saturated solidi (HCPS) (Figure 8). At ~2 GPa, the HCPS is ~100 °C hotter than the HPS due to 369 

their positive and negative slopes from 1-2 GPa, respectively. Thus, ~2 GPa the solidi locations 370 

of our starting compositions are expected to increase with XCO2, potentially explaining the 371 

observations in Figure 7A. However, between 2-3 GPa, the HCPS slope becomes negative, and 372 

the solidus sharply decreases as CO2 becomes significantly more soluble in near solidus melts 373 

within this pressure interval (Dasgupta, 2018). At 3 GPa, the solidi location of the HPCS is 374 

comparable to the higher temperature HPS solidus of Green (1973) and ~200 °C hotter than the 375 

HPS solidus from Grove et al. (2006) and Till et al. (2012). Therefore, whether increasing XCO2 376 

at 3 GPa will increase solidus temperature will depend on the true location of the HPS.  377 

Given the effects of peridotite fertility and XCO2 on extent of melting discussed above 378 

and shown in Figure 7, it can be inferred that if temperature and bulk H2O of the mantle wedge 379 

have limited variations, fertile peridotites fluxed by low XCO2 fluids are expected to generate the 380 

highest melt fractions, while depleted peridotites fluxed by high XCO2 fluids are expected to 381 

generate the lowest melt fractions. 382 

 383 

Effects of peridotite fertility and XCO2 on partial melt compositions generated in mantle 384 

wedges 385 

   386 



The composition of peridotite partial melts is governed by the bulk composition of peridotite, melt 387 

fraction, and the relative compatibility of oxides throughout the melting interval. Peridotite fertility 388 

exerts an influence on both the initial composition and the melt fraction at a given P-T, creating 389 

challenges in predicting differences between FP and DP partial melts in mantle wedges. In 390 

addition, the introduction of H2O-CO2 fluids to mantle wedges significantly alters oxide 391 

compatibility throughout the partial melting interval (Figure 2). As a result, predicting the 392 

combined effects of peridotite fertility and XCO2 on partial melt compositions generated in mantle 393 

wedges requires careful consideration of these factors.  394 

To address this issue, in Figure 9, we plot the major element compositions of our DP and 395 

FP partial melts generated at 1350 °C as a function of extent of melting. Additionally, we compare 396 

our results to peridotite + H2O studies where FP and DP experiments were run at near identical P-397 

T conditions. Although DP + H2O experimental studies are scarce, we utilize the only known 398 

peridotite + H2O study where both DP and FP compositions were employed (Mitchell and Grove 399 

2015). Additionally, we incorporate peridotite + H2O experiments from Grove & Till (2019) and 400 

Lara & Dasgupta (2020), which simulate partial melting under comparable P-T-bulk H2O 401 

conditions but utilize FP and DP starting compositions, respectively (Table 1). 402 

Observations of experiments in both H2O and H2O-CO2 bearing systems reveal that SiO2 403 

concentrations of peridotite partial melts generated in mantle wedges can vary widely from 50-38 404 

wt%, depending on peridotite fertility of XCO2 of slab-derived fluid, and as high as 60 wt.% in 405 

CO2 free systems (Figure 9). The wide range of SiO2 concentrations in experimental melts is 406 

influenced by both fertility and XCO2, as FP tends to generate lower melt SiO2 concentrations than 407 

DP at a given P-T, while increasing XCO2 is associated with decreasing SiO2 concentrations. The 408 

effect of fertility on SiO2 concentrations may in part be explained by higher olivine modes and 409 



olivine/orthopyroxene ratios observed in DP residues relative to FP residues (Supplementary 410 

Figure 1; Table 2), while the effect of XCO2 on melt SiO2 concentrations, as discussed previously, 411 

is due to the well documented effect of dissolved CO3
2- on peridotite partial melt compositions, in 412 

addition to the role of dissolved carbonates in stabilizing more polymerized mineral phase such as 413 

opx over olivine (e.g., Kushiro, 1975; Hirose, 1997b; Dasgupta et al, 2007; Mallik & Dasgupta, 414 

2013; Sun & Dasgupta, 2019; Dasgupta et al., 2022). 415 

Our experiments display two distinct CaO trends for DP and FP, both decreasing with 416 

increasing melt fraction (Figure 9). The FP trend is offset to higher CaO concentrations relative to 417 

the DP trend due to the higher initial CaO concentrations in FP (Table 1) and the lack of 418 

clinopyroxene in both DP and FP residues (Table 2). In both FP and DP trends, higher XCO2 419 

experiments make up the lower degree and more CaO-rich melts, reflecting the effect of XCO2 on 420 

extent of melting as discussed in the previous section. In peridotite + H2O experiments, there is no 421 

clear trend relating peridotite fertility to melt CaO concentrations, however, there are distinct 422 

differences in the overall melting trend relative to peridotite + H2O. + CO2 experiments. This 423 

discrepancy is largely due to differences in the stability of clinopyroxene throughout the melting 424 

intervals of the two systems. In peridotite + H2O systems, clinopyroxene can be stable in the 425 

residue up to 25 wt % partial melting (Grove & Till, 2019), generating low degree melts poor in 426 

CaO which become more CaO-rich as melting degree increases (Figure 9). In contrast, 427 

clinopyroxene is exhausted early in the melting interval in our experiments, due to the strong 428 

affinity of Ca+2 cations with CO3
2- dissolved in melt (Brooker et al., 2001; Dasgupta et al., 2007). 429 

In our peridotite + H2O + CO2 experiments, FP partial melts are about 5 wt.% richer in 430 

Al2O3 relative to DP, but neither trend shows a strong correlation with extend of melting (Figure 431 

9). Conversely, in Peridotite + H2O systems, Al2O3 behaves incompatibly in both FP and DP 432 



experiments, resulting in low degree melts enriched in Al2O3 followed by a decrease in Al2O3 as 433 

melting degree increases. One significant difference between peridotite + H2O + CO2 and 434 

Peridotite + H2O systems is that in the former, low degree melts are extremely poor in Al2O3 435 

(<5wt.%) while in the later, low degree melts have Al2O3 >15 wt.%. This observation may further 436 

be explained by the effect of melt CO3
2- on the attraction of +2 cations (Ca, Mg, Fe) and 437 

consequently, the dilution of +3 cations (Al). In contrast, low degree melts from CO2-free 438 

experiments are polymerized and enriched in +3 and +4 cations (Al and Si) and diluted with respect 439 

to +2 cations Ca, Mg, and Fe (Figure 9).  440 

 441 

Effects of oxidized vs. reduced COH fluids on peridotite partial melt compositions 442 

 443 

Although the speciation of volatiles in our melts was not directly measured, CO3
2- is inferred as 444 

the dominant carbon species dissolved in our melts based the relationship between melt SiO2, CaO 445 

and XCO2 (Figures 4 and 8). Additionally, fO2 of un-buffered high-pressure hydrous peridotite 446 

experiments run in Au-Pd capsules typically range from QFM-1 to QFM+2 (Mandler & Grove, 447 

2016; Grove et al., 2006), and at these fO2 and pressure conditions, CO2 solubility models predict 448 

that CO3
2- is the dominant carbon species in basaltic melts (e.g., Holloway et al., 1992; Eguchi & 449 

Dasgupta, 2018a). To further explore the effect of carbon speciation on hydrous peridotite partial 450 

melt compositions, in Figure 10 we compare our FP partial melt compositions along with other FP 451 

melts generated under oxidizing conditions near the QFM buffer where the dissolved carbon 452 

species is predominantly CO3
2-

  (Pinter et al., 2023; Dvir and Kessel, 2017; Foley et al., 2009; 453 

Thibault et al., 1992; Wallace and Green, 1988) to partial melts produced under reducing 454 



conditions near the iron-wüstite buffer where CH4 is the dominant dissolved carbon species (Liu 455 

et al., 2023; Litasov et al., 2014; Jakobsson & Holloway, 2008). 456 

 The results of this comparison demonstrate that while the melting trends of peridotite + 457 

H2O + CO2 systems follow a distinct path, with low degree melts being SiO2- and Al2O3-poor and 458 

CaO-rich and becoming more SiO2- and Al2O3-rich and CaO-poor as melting progresses, this trend 459 

is not observed in reduced peridotite + H2O + CH4 systems (Figure 10). Rather, SiO2, Al2O3, CaO 460 

and MgO+FeO contents of reduced peridotite partial melts remain relatively constant throughout 461 

the melting interval at a given XCH4 (molar CH4/(CH4+H2O)), suggesting both a lack of CO3
2- 462 

complexes dissolved in reduced basaltic melts and a weak effect of CH4 on peridotite partial melt 463 

compositions. Low degree melts (<10 wt.%) in peridotite + H2O + CH4 systems are poorer in SiO2 464 

and Al2O3 and richer in CaO and MgO compared to carbon-free peridotite + H2O systems. This 465 

may be explained by the presence of CH4 decreasing the activity of H2O (aH2O) as high aH2O 466 

during peridotite partial melting, especially if the system is H2O-fluid saturated, produces near-467 

solidus melts which are rich in SiO2 and Al2O3 and poor in CaO and MgO+FeO (Gaetani & Grove, 468 

1998; Pirard & Hermann 2015; Grove & Till 2019; Lara & Dasgupta 2020). The suppression of 469 

aH2O is further illustrated by the relationship between XCH4 and partial melt compositions. 470 

Notably, the most carbon-poor, reduced system (Liu et al., 2023) produces melts that overlap with 471 

carbon-free peridotite + H2O systems, whereas at higher XCH4, partial melts deviate from the 472 

SiO2, CaO, Al2O3 and MgO+FeO melting trends defined by peridotite + H2O systems. However, 473 

these differences may also be attributed to lower experimental pressures in Liu et al. (2023) relative 474 

to Jakobsson & Holloway (2008) and Litasov et al. (2014) (Figure 10). In summary, partial melting 475 

of reduced peridotite in the presence of COH fluids at P <4 GPa is not expected to produce 476 

distinctive peridotite partial melt compositions (i.e. carbonatites, kimberlites, high Mg# andesites) 477 



as seen in oxidized peridotite systems (Dasgupta et al., 2007; Mitchell and Grove, 2015; Grove 478 

and Till, 2019; Sun & Dasgupta, 2019; Lara & Dasgupta, 2020, 2022).  479 

  480 

 481 

 482 

Limit of carbon’s involvement in primary arc magma formation 483 

  484 

In this section, we compare melt compositions from this study and previous peridotite + H2O ± 485 

CO2 studies run at 2-3.5 GPa and with 2.5-4.2 wt.% bulk H2O (Tenner et al., 2013; Grove & Till, 486 

2019; Lara & Dasgupta, 2020, 2022) to the global dataset of primitive arc melts (PAM) from 487 

Schmidt & Jagoutz (2017) and to ultra-calcic, silica undersaturated melt inclusions (UCMI) 488 

sampled from Mt. Etna and the Luzon, Sunda and Vanuatu arcs (Kamenetsky and Clocchiatii, 489 

1996; Schiano 2000; Kamenestsky et al., 2007; Elburg et al., 2007; Sorbadere et al., 2011). 490 

Because primitive arc magmas tend to be more oxidized than mid-ocean ridge and ocean island 491 

basalts, and even for the latter two the fO2 conditions favor oxidized form of carbon (e.g., Stagno 492 

et al., 2013; Eguchi and Dasgupta, 2018b; Dasgupta et al., 2022), we restrict our comparison 493 

with natural magmas for oxidized experimental partial melts only.  494 

To aptly compare high pressure experimental melts to PAMs and UCMIs sampled at the 495 

surface, we have subtracted olivine from experimental melts (Mg# ~ 0.79) until they reached 496 

Mg# = 0.69; in agreement with the average Mg# observed in PAMs and UCMIs (Schmidt & 497 

Jagoutz, 2017). Given the strong effects of temperature and XCO2 on melt SiO2 and CaO 498 

compositions (Figures 4, 5, 6, and 9), we utilize the SiO2/CaO systematics of PAMs to constrain 499 

XCO2 of fluids in PAM source regions up to 1350 °C, near the thermal maximum predicted for 500 



mantle wedges (Figure 1). In addition, we assess if melting of peridotite in the presence of low 501 

XCO2 fluids can reproduce the distinctive major element features of UCMIs.  502 

 503 

A globally applicable upper XCO2 limit of mantle wedge fluids 504 

 505 

In a recent experimental study, Lara & Dasgupta (2022) investigated the effects of H2O-CO2 506 

fluids on mantle wedge melting using the depleted peridotite starting compositions at 1200 °C. It 507 

was demonstrated that partial melting of depleted peridotite in the presence of H2O-CO2 with 508 

XCO2 > 0.10 produce melts which, when corrected for olivine fractionation, are distinctly poorer 509 

in SiO2 and richer in CaO than all PAMs; thereby setting an upper XCO2 limit of fluids inducing 510 

melting in PAM source regions at 1200 °C. However, considering that maximum mantle wedge 511 

temperatures are predicted to far exceed 1200 °C (Figure 1) and that increasing temperature in 512 

peridotite + H2O + CO2 systems increases melt SiO2 and decreases melt CaO (Figures 4&5), the 513 

global applicability of the XCO2 limit derived from Lara & Dasgupta (2022) must further be 514 

evaluated at higher temperatures. In Figure 11, we demonstrate that, up to 1350 °C, partial melts 515 

derived from fertile and depleted peridotites with bulk XCO2 ≥ 0.11 have significantly lower 516 

SiO2/CaO than all PAMs found globally. Furthermore, melts produced from peridotites with 517 

XCO2 = 0.04 have SiO2/CaO, which marginally intersect the bottom of the PAM data, 518 

suggesting an upper XCO2 limit closer to 0.04 for PAM genesis. As XCO2 decreases, SiO2/CaO 519 

of experimental melts increase at any given MgO concentration, eventually matching the 520 

majority of PAMs at XCO2 < 0.04. If temperatures are >1350 °C, then SiO2/CaO of experimental 521 

melts is expected to increase (Figures 5 and 6) and may eventually overlap the SiO2/CaO of 522 

PAMs. However, melt MgO concentrations at such high temperatures, even after correcting for 523 



olivine fractionation, will likely be too high to match PAMs (Figure 11). Thus, the upper XCO2 524 

limit of fluids influencing PAM genesis in the mantle wedge is 0.04 < XCO2 < 0.11 and is likely 525 

to hold across all P-T-fertility conditions prevailing in mantle wedges globally. 526 

 We noted before that for subduction zones globally, oxidized form of carbon is more 527 

likely in arc basalt source regions. The discussions in the previous section demonstrate that under 528 

such conditions, mantle-derived melt compositions are strongly sensitive to compositions of 529 

mixed H2O-CO2 fluids, allowing us to place a strong constraint on the carbon content of the fluid 530 

in the mantle source regions. However, such limit is not easily placed if carbon in the fluid is 531 

present as methane rather than carbon dioxide. This is owing to the fact that for a wider range of 532 

XCH4 in the fluid, the melt major element oxide concentrations remain relatively unmodified 533 

(Fig. 10). Therefore, arc magma chemistry may not be inconsistent with local presence of 534 

reduced COH fluids in different parts of subduction factory (e.g., Song et al., 2009; Li, 2017; 535 

Wang et al., 2022; Zhang et al., 2023). In fact, even if supplied as a CH4-rich fluid from the slab, 536 

oxidation of such fluid is possible in the wedge environment, leading to precipitation of 537 

graphite/diamond and generation of H2O, following the reaction -  538 

CH4 (fluid) + O2 = C (graphite/diamond) + 2H2O (fluid)    (1) 539 

The reaction above further suggests that reduced carbon-bearing fluid, if supplied as a 540 

hydrogenated species, is unlikely to generate melt compositional signals that are discernible from 541 

H2O-only partial melting processes. 542 

 543 

Genesis of ultra-calcic, silica undersaturated arc melt inclusions 544 

 545 



While most primitive arc melts have SiO2 >45 wt.% and CaO <12 wt.% (Schmidt and Jagoutz, 546 

2017), a small subset of primitive, often olivine-hosted, melt inclusions are silica undersaturated 547 

with high CaO (>14 wt.%) and CaO/Al2O3 (>1) contents (Sorbadere et al., 2013). Although 548 

volumetrically insignificant, ultra-calcic melt inclusions (UCMI), after Kogiso & Hirschmann 549 

(2001), have a widespread occurrence and have been extensively discussed. UCMIs have been 550 

shown to deviate from experimental melts of dry mantle lherzolite at pressures <4 GPa and 551 

hydrous mantle lherzolite <2 GPa (Schiano et al., 2000; Medard et al., 2006). The origin of 552 

UCMIs has thus been attributed to high degree partial melting of amphibole and cpx-rich 553 

cumulates in the lower crust and upper mantle within arc environments, which agrees well with 554 

the major and minor element characteristics of UCMIs (Schiano et al., 2000; Medard et al., 555 

2006; Sorbadere et al., 2011). An alternative hypothesis to their origin is partial melting of 556 

peridotite sources in the presence of CO2-rich fluids (Della-Pasqua & Varne, 1997), which are 557 

known to produce CaO-rich and SiO2-poor melts (e.g., Hirsoe, 1997; Dasgupta et al., 2007; 558 

Dasgupta, 2018). Other studies have demonstrated that peridotite + CO2 experiments produce 559 

melts too SiO2-Al2O3-poor and CaO-MgO-rich to explain UCMIs (Schiano et al., 2000; 560 

Sorbadere et al., 2013). However, these studies did not consider partial melting of peridotite in 561 

the presence of low XCO2 hydrous fluids, which are demonstrated in this study and Lara & 562 

Dasgupta (2022) to generate CaO-rich and SiO2-poor melts passing through the SiO2/CaO field 563 

of UCMIs at XCO2 = 0.04 in Figure 11. Similar to previous studies (Schiano et al., 2000; 564 

Medard et al., 2006), 2 GPa melts from nominally CO2-free hydrous peridotites cannot 565 

reproduce the low SiO2/CaO of UCMIs; however, high pressure (≥ 3 GPa) hydrous fertile 566 

peridotite melts from Grove & Till (2019) and Tenner et al. (2013), which have yet to be 567 

considered in the context of UCMI genesis, are shown to have relatively low SiO2/CaO (Figure 568 



11). Thus, high pressure (≥ 3GPa) melting of hydrous fertile peridotite in the absence of CO2 569 

may also produce low SiO2/CaO melts akin to UCMIs.  570 

To further evaluate if melting of peridotite in the presence of H2O and H2O-CO2 mixed 571 

fluids can produce UCMIs, in Figure 12, we compare the CaO/Al2O3 systematics of PAMs and 572 

UCMIs, with experimental melts plotted in Figure 11. As XCO2 increases, CaO/Al2O3 of 573 

experimental melts increases at any given MgO content (Figure 12). Nominally CO2 free, 574 

hydrous fertile peridotite experiments at ≥ 3 GPa generate partial melts with relatively high 575 

CaO/Al2O3 of ~1, i.e., near the lower end of ultra-calcic melt inclusions, which may be attributed 576 

to enhanced stability of garnet in the residue producing melts with high CaO/Al2O3 (Tenner et 577 

al., 2013). Conversely, 3 GPa melts produced from CO2 free hydrous depleted peridotites from 578 

Lara & Dasgupta (2020) have lower CaO/Al2O3 ratios overlapping the PAM field, but lower than 579 

UCMI, likely related to the lack of garnet in the residues of these experiments. Thus, in the 580 

absence of CO2, UCMI formation is restricted to high pressure (> 3 GPa) hydrous melting of 581 

fertile, garnet-bearing peridotites. With XCO2 increasing from 0.0 to 0.04, CaO/Al2O3 of 582 

experimental melts at 2 and 3 GPa overlap the CaO/Al2O3 of UCMIs (0.8-1.5), and with further 583 

increase in XCO2 from 0.4 to 0.11, CaO/Al2O3 of experimental melts at 2 and 3 GPa exceeds that 584 

of UCMIs (Figure 11). Therefore, if UCMIs are formed by peridotite fluxed by slab-derived fluid 585 

at low pressures (<3 GPa), then their formation requires CO2-bearing hydrous fluids with 0 < 586 

XCO2 < 0.11. 587 

 588 

CONCLUSION 589 

  590 



We performed high P-T experiments at 2-3 GPa and 1350 °C to constrain the effects of H2O-591 

CO2 fluids, peridotite fertility and temperature on partial melting in the mantle wedge. Partial 592 

melts derived from depleted peridotite + H2O + CO2 systems at 2-3 GPa are shown to increase in 593 

SiO2, MgO, and FeO* and decrease in CaO, Al2O3, and alkalis as temperature increases. 594 

Additionally, peridotite fertility and XCO2 of slab-derived fluid are shown to have large effects 595 

on both the extent of melting and melt compositions generated in mantle wedges. We 596 

demonstrate that carbon dissolved as CO3
2- in oxidized hydrous peridotite systems significantly 597 

affects partial melt compositions, while its effect is comparatively low in reduced peridotite 598 

systems where carbon dissolved as CH4. Comparing the compositions of olivine fractionation 599 

corrected experimental melts from this study and others to primitive arc melts, we demonstrate 600 

that melts derived from depleted and fertile peridotite with bulk XCO2 > 0.04 at 2-3 GPa and up 601 

to 1350 °C have lower SiO2/CaO and higher CaO/Al2O3 than the global range of primitive arc 602 

melts and ultra-calcic melt inclusions. These findings suggest that slab-derived fluids, which 603 

influence primary arc basalt formation, have an upper XCO2 limit falling within the range of 0.04 604 

< XCO2 < 0.11.  605 
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Figure 1. (A) CaO and Al2O3 compositions of peridotite xenoliths from convergent margins 951 
(Andean, High Cascades, Honshu, Kamchatka, Kurlile, Mariana, Sikhote-Alin-Sakhalin, 952 
Sulawesi) downloaded from georoc (February 27, 2022). Decreasing CaO and Al2O3 coupled 953 
with increasing Mg# reflect the varying extents of melt depletion in mantle wedge peridotites. 954 
The orange square and purple diamond are the fertile and depleted peridotite compositions used 955 
in this study, respectively. (B) Gray field is the pressure-temperature domain of melt generation 956 
in mantle wedges bounded by the C-O-H fluid saturated solidus (Falloon & Green, 1990; Dvir & 957 
Kessel, 2017) and the global range of maximum mantle wedge temperatures (small black dots) 958 
from Syracuse et al. (2010). Blue squares are the experimental P-T conditions from Lara & 959 
Dasgupta (2022). Red squares are the P-T conditions explored in this study.  960 

Figure 2. SiO2 and CaO concentrations of experimental partial melts generated at 1.0-3.5 GPa 961 
plotted on a volatile free basis using dry peridotite (Hirose & Kushiro, 1993, Laporte et al., 962 
2004), peridotite + CO2 (Dasgupta et al., 2007) peridotite + H2O (Tenner et al., 2012; Pirard & 963 
Hermann, 2015; Mallik et al., 2015, 2016; Grove & Till, 2019; Lara & Dasgupta, 2020) and 964 
peridotite + H2O + CO2 compositions (Lara & Dasgupta, 2022) plotted against the extent of 965 
melting of each experiment. Each data point for volatile-bearing experiments is filled according 966 
to the colorbar, which represents the XCO2 of the bulk compositions in each experiment. Light 967 
grey bands are the spread of SiO2 and CaO concentrations observed in primitive arc magmas 968 
from Schmidt & Jagoutz (2017). Note that the SiO2 and CaO compositions of partial melts from 969 
peridotite + H2O vs. peridotite + CO2 systems diverge as the solidus is approached, while the 970 
SiO2 and CaO concentrations of dry peridotite partial melts remain relatively constant throughout 971 
the entire melting interval.  972 
 973 
Figure 3. Typical BSE images of experiments performed in this study at 2-3 GPa and 1350 °C. 974 
All experiments consisted of olivine + opx + melt. (A) Full capsule BSE image of experiment 975 



B516 performed using the depleted peridotite composition at 2 GPa with XCO2 = 0.04. (B) 976 
Magnified BSE image of quenched melt texture consisting of a homogeneous distribution of 977 
metastable quench crystals corresponding to the red box in Figure 3A. (C) Full capsule BSE 978 
image of experiment B505 performed using the depleted peridotite composition at 2 GPa with 979 
XCO2 = 0.11. (D) Magnified BSE image of quenched melt texture consisting of a more 980 
heterogeneous distribution of metastable quench crystals corresponding to the red box in Figure 981 
3C. (E) Full capsule BSE image of experiment B515 performed using the fertile peridotite 982 
composition at 3 GPa with XCO2 = 0.17. (F) Magnified BSE image of quenched melt texture 983 
consisting of glassy patches corresponding to the red box in Figure 3E. 984 
 985 
Figure 4. Major element compositions of Fe-corrected experimental partial melts produced in 986 
this study plotted on a volatile-free basis and as a function of bulk XCO2 [= molar 987 
CO2/(CO2+H2O)]. All melts were generated at a constant temperature of 1350 °C and ±1σ error 988 
bars are based on replicate electron microprobe analyses. Note that even at a constant P-T, XCO2 989 
and peridotite fertility have large effects on nearly all major oxides of experimental partial melts.  990 
 991 
Figure 5. 2 GPa melt compositions from depleted peridotite experiments at 1350 °C in this study 992 
(red circles) compared to identical depleted peridotite experiments from Lara & Dasgupta (2022) 993 
-LD22 at 1200°C (blue circles) plotted as a function of the nominal XCO2 of bulk composition. 994 
All melts are plotted on a volatile-free basis. Vertical error bars on data are ±1σ uncertainties 995 
based on replicate microprobe analyses, as given in Table 5 and reported in Lara & Dasgupta 996 
(2022).  997 
 998 
Figure 6. 3 GPa melt compositions from depleted peridotite experiments at 1350 °C in this study 999 
(red squares) compared to identical depleted peridotite experiments from Lara & Dasgupta 1000 
(2022)-LD22 at 1200°C (blue squares) plotted as a function of the nominal XCO2 of bulk 1001 
composition. All melts are plotted on a volatile-free basis. Vertical error bars on data are ±1σ 1002 
uncertainties based on replicate microprobe analyses, as given in Table 5 and reported in Lara & 1003 
Dasgupta (2022).  1004 
 1005 
Figure 7. (A) The extent of melting in experiments from this study calculated by mass balance 1006 
and plotted as a function of nominal XCO2 of bulk composition. Error in extent of melting is 1007 
smaller than the data points. Note that the extent of melting increases at a constant temperature 1008 
as XCO2 decreases and peridotite fertility increases. (B) The extent of melting plotted as a 1009 
function of temperature from this study, the depleted peridotite + H2O + CO2 study of Lara & 1010 
Dasgupta (2022), and the depleted and fertile peridotite + H2O studies of Lara & Dasgupta 1011 
(2020) and Grove & Till (2019), respectively. Data points are filled according to the legend 1012 
which illustrates the XCO2 of the experiment plotted with black data points representing 1013 
nominally CO2-free, hydrous peridotite experiments. Note that isobaric melt productivities 1014 
typically increase as XCO2 decreases and fertility increases. (C) Mineral and melt modes in 1015 
depleted peridotite + H2O experiments at 3 GPa from 1050 °C to 1250 °C from the experiments 1016 
of Lara & Dasgupta (2020) in 7B. (D) Mineral and melt modes in fertile peridotite + H2O 1017 
experiments at 3.2 GPa from 1075 °C to 1150 °C from the experiments of Grove & Till (2019) in 1018 
7B. Ol – olivine, Opx – orthopyroxene, CPX – clinopyroxene, Gnt – garnet.  1019 
 1020 



Figure 8. Solidi locations of H2O-fluid saturated peridotite from Grove et al. (2006)-G06, Till et 1021 
al. (2012)-T12 and Green (1973)-G73, H2O-CO2 fluid-saturated peridotite from Falloon & Green 1022 
(1990)-FG90 and Wallace & Green (1988)-WG88, carbonated peridotite from Falloon & Green 1023 
(1989)-FG89 and dry peridotite from Hirschmann (2000)-H00. Note that near 2 GPa, the solidus 1024 
temperature of peridotite increases as bulk XCO2 increases. 1025 
 1026 
Figure 9. Major element compositions of experimental partial melts plotted on a volatile-free 1027 
basis from this study (right panel), the high pressure depleted and fertile peridotite + H2O studies 1028 
of Lara & Dasgupta (2020), Grove & Till (2019) and Mitchell & Grove (2015) (left panel) all 1029 
plotted as a function of extent of melting. Each data point is filled according to the XCO2 of the 1030 
starting compositions with black data points representing CO2-free hydrous peridotite 1031 
experiments. Black lines connect fertile and depleted peridotite experiments run at near identical 1032 
P-T. Vertical error bars on data are ±1σ uncertainties based on replicate microprobe analyses, as 1033 
given in Table 5. 1034 
 1035 
Figure 10. Major element compositions of fertile peridotite experimental partial melts plotted on 1036 
volatile free bases as a function of extent of melting. The data are separated into partial melts 1037 
derived from oxidized peridotite + H2O + CO2 experiments and reduced peridotite + H2O + CH4 1038 
experiments as indicated by the color bars, which represent the XCO2 or XCH4 of the starting 1039 
compositions from which the partial melts are derived. The gray field represents the 1040 
compositional space of partial melts from fertile peridotite + H2O experiments compiled from the 1041 
studies by Grove & Till (2019), Tenner et al., (2012), Mitchell & Grove (2015), and Pirard & 1042 
Hermann (2015). Vertical error bars on data are ±1σ uncertainties based on replicate microprobe 1043 
analyses, as given in Table 5. 1044 
 1045 
Figure 11. SiO2/CaO weight ratios vs MgO of fractionation corrected experimental partial melts 1046 
from this study, the depleted peridotite + H2O + CO2 study of Lara & Dasgupta (2022), the 1047 
depleted peridotite + H2O study of Lara & Dasgupta (2020) and the fertile peridotite + H2O 1048 
studies of Tenner et al. (2013) and Grove & Till (2019). All experimental melts are plotted on a 1049 
volatile-free basis and compared to primitive arc melts from Schmidt & Jagoutz (2017) and ultra-1050 
calcic melt inclusions (Kamenetsky & Clocchiatii, 1996; Schiano, 2000; Kamenestsky et al., 1051 
2007; Elburg et al., 2007; Sorbadere et al., 2011). Data points are filled according to the legend 1052 
which illustrates the XCO2 of the experiment plotted. Vertical error bars on experimental melts 1053 
from this study are ±1σ uncertainties based on replicate microprobe analyses, as given in Table 1054 
5. Note that all bulk compositions with XCO2 > 0.04 from 1200 – 1350 °C produce melts with 1055 
lower SiO2/CaO than all primitive arc melts.  1056 
 1057 
Figure 12. CaO/Al2O3 ratios of fractionation corrected experimental melts as shown in Figure 10 1058 
plotted as a function of MgO content. All experimental melts are plotted on a volatile-free basis 1059 
and compared to ultra-calcic melt inclusions (Kamenetsky & Clocchiatii, 1996; Schiano, 2000; 1060 
Kamenestsky et al., 2007; Elburg et al., 2007; Sorbadere et al., 2011). Grey field is the 1061 
CaO/Al2O3 – MgO space covered by the global range of primitive arc melts (PAM) from 1062 
Schmidt & Jagoutz (2017). Data points are filled according to the legend which illustrates the 1063 
XCO2 of the experiment plotted.  Vertical error bars on data are ±1σ uncertainties based on 1064 
replicate microprobe analyses, as given in Table 5.  1065 
 1066 



 
 

Figure 1. (A) CaO and Al2O3 compositions of peridotite xenoliths from convergent margins 
(Andean, High Cascades, Honshu, Kamchatka, Kurlile, Mariana, Sikhote-Alin-Sakhalin, 
Sulawesi) downloaded from georoc (February 27, 2022). Decreasing CaO and Al2O3 coupled 
with increasing Mg# reflect the varying extents of melt depletion in mantle wedge peridotites. 
The orange square and purple diamond are the fertile and depleted peridotite compositions used 
in this study, respectively. (B) Gray field is the pressure-temperature domain of melt generation 
in mantle wedges bounded by the C-O-H fluid saturated solidus (Falloon and Green, 1990; Dvir 
and Kessel, 2017) and the global range of maximum mantle wedge temperatures (small black 
dots) from Syracuse et al. (2010). Blue squares are the experimental P-T conditions from Lara 
and Dasgupta (2022). Red squares are the P-T conditions explored in this study.  

 



 
Figure 2. SiO2 and CaO concentrations of experimental partial melts generated at 1.0-3.5 GPa 
plotted on a volatile free basis using dry peridotite (Hirose and Kushiro, 1993, Laporte et al., 
2004), peridotite + CO2 (Dasgupta et al., 2007) peridotite + H2O (Tenner et al., 2012; Pirard and 
Hermann, 2015; Mallik et al., 2015, 2016; Grove and Till, 2019; Lara and Dasgupta, 2020) and 
peridotite + H2O + CO2 compositions (Lara and Dasgupta, 2022) plotted against the extent of 
melting of each experiment. Each data point for volatile-bearing experiments is filled according 
to the colorbar, which represents the XCO2 of the bulk compositions in each experiment. Light 
grey bands are the spread of SiO2 and CaO concentrations observed in primitive arc magmas 
from Schmidt and Jagoutz (2017). Note that the SiO2 and CaO compositions of partial melts 
from peridotite + H2O vs. peridotite + CO2 systems diverge as the solidus is approached, while 
the SiO2 and CaO concentrations of dry peridotite partial melts remain relatively constant 
throughout the entire melting interval.  
 



 
 
Figure 3. Typical BSE images of experiments performed in this study at 2-3 GPa and 1350 °C. 
All experiments consisted of olivine + opx + melt. (A) Full capsule BSE image of experiment 
B516 performed using the depleted peridotite composition at 2 GPa with XCO2 = 0.04. (B) 
Magnified BSE image of quenched melt texture consisting of a homogeneous distribution of 
metastable quench crystals corresponding to the red box in Figure 3A. (C) Full capsule BSE 
image of experiment B505 performed using the depleted peridotite composition at 2 GPa with 
XCO2 = 0.11. (D) Magnified BSE image of quenched melt texture consisting of a more 
heterogeneous distribution of metastable quench crystals corresponding to the red box in Figure 
3C. (E) Full capsule BSE image of experiment B515 performed using the fertile peridotite 
composition at 3 GPa with XCO2 = 0.17. (F) Magnified BSE image of quenched melt texture 
consisting of glassy patches corresponding to the red box in Figure 3E. 
 



 
Figure 4. Major element compositions of Fe-corrected experimental partial melts produced in 
this study plotted on a volatile-free basis and as a function of bulk XCO2 [= molar 
CO2/(CO2+H2O)]. All melts were generated at a constant temperature of 1350 °C and ±1σ error 
bars are based on replicate electron microprobe analyses. Note that even at a constant P-T, XCO2 
and peridotite fertility have large effects on nearly all major oxides of experimental partial melts.  
 



 
Figure 5. 2 GPa melt compositions from depleted peridotite experiments at 1350 °C in this study 
(red circles) compared to identical depleted peridotite experiments from Lara and Dasgupta 
(2022) at 1200 °C (blue circles) plotted as a function of the nominal XCO2 of bulk composition. 
All melts are plotted on a volatile-free basis. Vertical error bars on data are ±1σ uncertainties 
based on replicate microprobe analyses, as given in Table 3 and reported in Lara and Dasgupta 
(2022).  



 
Figure 6. 3 GPa melt compositions from depleted peridotite experiments at 1350 °C in this study 
(red squares) compared to identical depleted peridotite experiments from Lara and Dasgupta 
(2022)-LD20 at 1200 °C (blue squares) plotted as a function of the nominal XCO2 of bulk 
composition. All melts are plotted on a volatile-free basis. Vertical error bars on data are ±1σ 
uncertainties based on replicate microprobe analyses, as given in Table 3 and reported in Lara 
and Dasgupta (2022).  
 



 
Figure 7. (A) The extent of melting in experiments from this study calculated by mass balance 
and plotted as a function of nominal XCO2 of bulk composition. Error in extent of melting is 
smaller than the data points. Note that the extent of melting increases at a constant temperature 
as XCO2 decreases and peridotite fertility increases. (B) The extent of melting plotted as a 
function of temperature from this study, the depleted peridotite + H2O + CO2 study of Lara and 
Dasgupta (2022), and the depleted and fertile peridotite + H2O studies of Lara & Dasgupta 
(2020) and Grove & Till (2019), respectively. Each data point is filled according to the color bar 
with black data points representing nominally CO2-free, hydrous peridotite experiments. Note 
that isobaric melt productivities typically increase as XCO2 decreases and fertility increases. (C) 
Mineral and melt modes in depleted peridotite + H2O experiments at 3 GPa from 1050 °C to 
1250 °C from the experiments of Lara and Dasgupta (2020) in 7B. (D) Mineral and melt modes 
in fertile peridotite + H2O experiments at 3.2 GPa from 1075 °C to 1150 °C from the 
experiments of Grove and Till (2019) in 7B. 
 



 
 
Figure 8. Solidi locations of H2O-fluid saturated peridotite from Grove et al. (2006)-G06, Till et 
al. (2012)-T12 and Green (1973)-G73, H2O-CO2 fluid-saturated peridotite from Falloon and 
Green (1990)-FG90 and Wallace and Green (1988)-WG88, carbonated peridotite from Falloon 
and Green (1989)-FG89 and dry peridotite from Hirschmann (2000)-H00. Note that near 2 GPa, 
the solidus temperature of peridotite increases as bulk XCO2 increases. 

 



 
Figure 9. Major element compositions of experimental partial melts plotted on a volatile-free 
basis from this study (right panel), the high pressure depleted and fertile peridotite + H2O studies 
of Lara & Dasgupta (2020), Grove & Till (2019) and Mitchell & Grove (2015) (left panel) all 
plotted as a function of extent of melting. Each data point is filled according to the XCO2 of the 
starting compositions with black data points representing CO2-free hydrous peridotite 
experiments. Black lines connect fertile and depleted peridotite experiments run at near identical 
P-T. Vertical error bars on data are ±1σ uncertainties based on replicate microprobe analyses, as 
given in Table 3. 



 
 
Figure 10. Major element compositions of fertile peridotite experimental partial melts plotted on 
volatile free bases as a function of extent of melting. The data are separated into partial melts 
derived from oxidized peridotite + H2O + CO2 experiments and reduced peridotite + H2O + CH4 
experiments as indicated by the color bars, which represent the XCO2 or XCH4 of the starting 
compositions from which the partial melts are derived. The gray field represents the 
compositional space of partial melts from fertile peridotite + H2O experiments compiled from the 
studies by Grove and Till (2019), Tenner et al., (2012), Mitchell and Grove (2015), and Pirard 
and Hermann (2015). Vertical error bars on data are ±1σ uncertainties based on replicate 
microprobe analyses, as given in Table 3. 

 



 
 
Figure 11. SiO2/CaO weight ratios vs MgO of fractionation corrected experimental partial melts 
from this study, the depleted peridotite + H2O + CO2 study of Lara and Dasgupta (2022), the 
depleted peridotite + H2O study of Lara and Dasgupta (2020) and the fertile peridotite + H2O 
studies of Tenner et al. (2013) and Grove and Till (2019). All experimental melts are plotted on a 
volatile-free basis and compared to primitive arc melts from Schmidt and Jagoutz (2017) and 
ultra-calcic melt inclusions (Kamenetsky and Clocchiatii 1996; Schiano 2000; Kamenestsky et 
al., 2007; Elburg et al. 2007; Sorbadere et al. 2011). Data points are filled according to the color 
bar and dotted bounding boxes around the numbers next to the color bar represent the XCO2 of 
experiments plotted. Vertical error bars on experimental melts from this study are ±1σ 
uncertainties based on replicate microprobe analyses, as given in Table 3. Note that all bulk 



compositions with XCO2 > 0.04 from 1200 – 1350 °C produce melts with lower SiO2/CaO than 
all primitive arc melts.  

 

 
 

Figure 12. CaO/Al2O3 ratios of fractionation corrected experimental melts as shown in Figure 10 
plotted as a function of MgO content. All experimental melts are plotted on a volatile-free basis 
and compared to ultra-calcic melt inclusions (UCMIs; green squares, from Kamenetsky and 
Clocchiatii 1996; Schiano 2000; Kamenestsky et al., 2007; Elburg et al. 2007; Sorbadere et al. 
2011). Grey field is the CaO/Al2O3 – MgO space covered by the global range of primitive arc 
melts (PAM) from Schmidt and Jagoutz (2017). Data points are filled according to the color bar 
and dotted bounding boxes around the numbers against the color bar represent the XCO2 of 
experiments plotted.  Vertical error bars on data are ±1σ uncertainties based on replicate 
microprobe analyses, as given in Table 3.  

 
 
 
 
 
 
 
 
 



 
 



 
 

Table 1: Compositions of starting materials in this study and previous peridotite + H2O ± CO2 melting studies 
 

Study Kepezhinskas 
et al. (1995) Davis et 

al. (2009) This Study     This Study 

Lara and 
Dasgupta 

(2020) 
Grove and 
Till (2019) 

Tenner et 
al. (2013) 

Mitchell 
and Grove 

(2015) 

Mitchell 
and Grove 

(2015) 

Mix AVX-51A KLB-1 
DP.04, DP.10, 

DP.17 
FP.04, 
FP.17 

DP + 10% 
MM 

Wet H&Z + 
SM Batch 2 F C 

Fertility Depleted Fertile Depleted Fertile Depleted Fertile Fertile Depleted Fertile 
SiO2 45.47 44.84 45.47 44.84 47.55 46.3 44.92 44.06 46.31 
TiO2 0 0.11 0 0.11 0.06 0.18 0.16 0.08 0.18 
Al2O3 0.71 3.51 0.71 3.51 1.37 4.21 3.92 2.17 4.21 
Cr2O3 0 0.32 0 0.32 0 0.4 0.28 0.45 0.4 
FeO* 7.59 8.20 7.59 8.20 7.25 7.48 8.09 8.04 7.48 
MnO 0.12 0.12 0.12 0.12 0.11 0.1 0.12 0.12 0.1 
MgO 44.82 39.52 44.82 39.52 41.93 37.18 38.76 42.1 37.18 
CaO 0.93 3.07 0.93 3.07 0.97 3.2 3.79 1.99 3.2 
Na2O 0.32 0.30 0.32 0.30 0.72 0.59 0.25 0.59 0.59 
K2O 0.04 0.02 0.04 0.02 0.04 0.15 0.03 0.13 0.15 
Sum 100 100 100 100 100 99.79 100.32 99.73 99.8 
CO2 0 0.00 0.35, 1.05, 1.75 0.35, 1.75 0 0 0 0 0 
H2O 0 0.00 3.5 3.50 3.5 4.21 2.5 ? 3.19 

XCO2 - - 0.04, 0.11, 0.17 0.04, 0.17 0 0 0 0 0 
CaO+Al2O3 1.64 6.58 1.64 6.58 2.34 7.41 7.71 4.16 7.41 

Mg# 91.32 89.57 91.32 89.57 91.16 89.86 89.52 90.32 89.86 
 
Fertile compositions are defined by CaO+Al2O3 > 5 wt.%, Mg# < 90 
 



Depleted compositions are defined by CaO+Al2O3 < 5 wt.%, Mg# > 90 
 
FeO* Total ferric and ferrous iron content 
 
? H2O content of starting mix not reported 
 

 
 

Table 2: Experimental conditions, phase assemblages, and available phase proportions of peridotite + H2O + CO2 partial melting at 
1350 °C. 

 
 
 

Experiments are arranged, first for depleted peridotite experiments and second for fertile peridotite experiments. For a given set, 
experiments are arranged in the order of increasing pressure and at each pressure in order of increasing XCO2 of the starting 
compositions. All experiments are conducted using Au75Pd25 capsule and at 1350 °C. Numbers in parentheses are the ±1σ determined 
by propagating errors in each oxide by Monte Carlo simulations (n = 10). For example, 74 (1) should be read as 74 ± 1 wt.% and 64.8 
(7) as 64.8 ± 0.7 wt.%. Ol-olivine, Opx = orthopyroxene. ∑r2 is the sum of squared residuals and provide assessments for the quality 
of mass balance calculations.  
 

Exp. No P (GPa) XCO2 Duration 
(h) Ol Opx Melt ∑r^2 %Fe loss 

Depleted Peridotite        
B516 2 0.04 91 64.8 (7) 23 (1) 12.0 (6) 0.11 (3) 16.46 
B505 2 0.1 95 74 (1) 19 (1) 7.1 (2) 0.22 (3) 27.25 
B512 2 0.17 139 64.0 (7) 28.9 (6) 7.1 (2) 0.30 (4) 17.48 
B534 3 0.04 70 64 (2) 14 (1) 22 (1) 0.09 (4) 1.89 
B517 3 0.1 73 60 (2) 28 (2) 12 (1) 0.11 (7) 18.69 
B536 3 0.17 71 64 (2) 26 (1) 10.3 (5) 0.09 (3) 19.36 
Fertile Peridotite        
B545 2 0.04 70 54.5 (6) 4 (1) 41 (1) 0.13 (9) 6.2 
B513 2 0.17 93 52 (1) 29 (2) 19.2 (5) 0.15 (6) 0.7 
B530 3 0.04 69 53 (2) 19 (1) 28.8 (4) 0.03 (1) 11.3 
B515 3 0.17 92 42 (1) 34 (1) 24.1 (6) 0.17 (6) 10.8 



Table 3: Partial Melt Compositions 
Experiment B516 B505 B512 B534 B517 B536 B545 B513 B530 B515 

P 2 2 2 3 3 3 2 2 3 3 
T 1350 1350 1350 1350 1350 1350 1350 1350 1350 1350 

XCO2 0.04 0.11 0.17 0.04 0.11 0.17 0.04 0.17 0.04 0.17 
% Fe Loss 16.46 27.25 17.48 2.5 18.69 19.36 6.2 0.7 11 10.8 

Method Fe CorrA Fe Corr Fe Corr MeasuredB Fe Corr Fe Corr Fe Corr Measured Fe Corr Fe Corr 
nC  24 14 19 12 12 16 17 20 26 18 

Melt % 12.0 (6) 7.1 (2) 7.1 (2) 22 (1) 12 (1) 10.3 (5) 41 (1) 19.2 (5) 28.8 (4) 24.1 (6) 
SiO2 50 (2) 47 (1) 44 (1) 50 (2) 44 (2) 44 (2) 49 (1) 42.8 (3) 44.0 (8) 38 (1) 
TiO2 - - - - - - 0.23 (5) 0.50 (5) 0.30 (5) 0.37 (5) 
Al2O3 4.4 (6) 4.9 (4) 4.1 (4) 4.0 (8) 5 (1) 4.2 (8) 9 (1) 10.3 (5) 10.4 (3) 8.6 (2) 
Cr2O3 - - - - - - 0.39 (5) 0.16 (4) 0.34 (5) 0.25 (6) 
FeO* 11.8 (5) 11.2 (7) 12.0 (4) 12.2 (8) 13 (1) 14.3 (5) 10.4 (5) 10.0 (2) 10.8 (4) 11.6 (3) 
MnO 0.23 (3) 0.3 (4) 0.15 (3) 0.25 (4) 0.39 (5) 0.18 (4) 0.15 (2) 0.17 (3) 0.16 (4) 0.20 (4) 
MgO 24 (3) 20 (3) 23 (2) 28 (4) 27 (5) 26 (4) 22 (3) 18 (1) 21.6 (4) 26.0 (9) 
CaO 8 (1) 13 (2) 13 (1) 4 (1) 10 (2) 9 (2) 8 (1) 16.4 (7) 11.1 (6) 14.2 (9) 
Na2O 1.0 (2) 1.9 (3) 1.7 (6) 1.2 (3) 1.5 (5) 1.8 (7) 0.8 (3) 1.28 (8) 1.1 (3) 0.9 (2) 
K2O 0.5 (1) 0.5 (2) 0.6 (1) 0.7 (2) 0.5 (2) 0.7 (2) 0.2 (1) 0.03 (2) 0.2 (1) 0.06 (5) 
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 
Mg#D 0.79 0.77 0.78 0.80 0.79 0.76 0.79 0.77 0.78 0.80 
KdE 0.29 0.29 0.30 0.28 0.31 0.28 0.28 0.31 0.31 0.32 
 
Melt compositions are reported on a volatile-free basis. ±1σ error in parentheses, based on replicate electron microprobe analyses, are 
reported as least digits cited. For example, 50 (2) should be read as 50 ± 2 wt.% and 4.4 (6) as 4.4 ± 0.6 wt.%. 
A Fe-Corr columns report melt compositions corrected for Fe loss to metal capsules. 
B Measured melt compositions. 
C n = number of EPMA spot analyses averaged to obtain the reported melt composition. 
D Mg# = [molar MgO/(molar MgO + molar FeO*)]×100 



E 𝐾𝐾𝐾𝐾𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑜𝑜𝑜𝑜 =  𝑋𝑋𝐹𝐹𝐹𝐹𝐹𝐹
𝑜𝑜𝑜𝑜

𝑋𝑋𝐹𝐹𝐹𝐹𝐹𝐹
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀  ×  

𝑋𝑋𝑀𝑀𝑀𝑀𝑀𝑀
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀

𝑋𝑋𝑀𝑀𝑀𝑀𝑀𝑀
𝑂𝑂𝑂𝑂  Using measured melt and olivine compositions. 

FeO* Total ferric and ferrous iron content 
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