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ABSTRACT  

Lavas from the 13°S to 23°S Southern East Pacific Rise (SEPR) exhibit significant 

compositional heterogeneity both near and on the ridge axis, as well as at the off-axis Rano Rahi 

Seamounts and the west-northwest trending Pukapuka Ridge. These variations have been linked 

to óplume-likeô materials or óentrained mantle heterogeneity.ô However, it remains unclear whether 

this heterogeneity was caused by recycled oceanic crust (ROC) or the presence of pyroxenite 

lithology beneath the SEPR. In this study, we examine textures and geochemical (major, minor, 

and trace element) compositions of olivine phenocrysts from lavas from representative SEPR 

regions, via integrated EPMA and LA-ICP-MS techniques. Our analyses reveal high and low-Ni 

(nickel) abundances versus forsterite contents (Fo (mol.%)) trends that correspond to end-member 

melts fractional crystallization (FC) under low pressures (~0.1 GPa and lower) and high pressures 

(up to 1.5 GPa) based on Petrolog3 FC modeling. Additionally, low Ca concentrations (~1500 

down to ~500 ppm), found exclusively in reversely zoned olivine cores are proposed to reflect 

deep-sourced, Ca-depleted melts derived from ROC-metasomatized mantle. These melts 

experienced high-pressure FC (up to 1.5 GPa), with high initial volatile content (up to ~1 wt.% 

H2O) under oxidized conditions (QFM+2). Multiple first row transition element ratios such as 

100*Mn/Fe (~1.4 to ~1.8), 10000*Zn/Fe (~5 to ~15) and Mn/Zn (>14) show restricted variations 

that preclude a Cpx-Garnet dominant pyroxenite lithology and supports a peridotite lithology. 

However, the apparent absence of pyroxenite despite evidence of ROC involvement poses a 

paradox. This inconsistency can be explained by a possible "pyroxenite destruction" process, 

wherein ROC and its derived pyroxenite lithology have been fully consumed (remelted), leaving 

behind elemental and isotopic signatures of ROC (or óplume-likeô materials) without retaining 

pyroxenite lithology. These results shed light on the complex dynamics of mantle-crust 

interactions beneath the SEPR and suggest that ROC can impact mantle composition without the 

permanent retention of pyroxenite. Further investigation is needed to explore scale and magnitude 

of ROC components and pyroxenite preservation or destruction beneath the SEPR (and other mid-

ocean ridge settings as well as mantle plume regions) as attempts to understand deep ROC role in 

affecting global-scale mantle chemical and lithologic heterogeneity.  
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1. Introduction  

 The 13°S to 23°S Southern East Pacific Rise (SEPR) is categorized by large degrees of 

compositional heterogeneities in the lavas erupted on or near the SEPR ridge-axis, the off-axis 

Rano Rahi Seamounts, and the west-northwest trending Pukapuka Ridge (e.g., Hall et al., 2006; 

Shimizu et al., 2023; Sinton et al., 1991, 2002) (Fig. 1). Despite the large number of geochemical 

analyses performed on SEPR basalt glasses in literature, mantle sources and mantle-related 

processes for the observed chemical and isotopic heterogeneities within mid-ocean ridge basalts 

(chemically distinguished as normal-, depleted-, and enriched- mid-ocean ridge basalts, hereafter 

referred to as N-MORBs, D-MORBs, and E-MORBs) originating from these regions are still not 

well constrained. The formation of MORBs with plume-like source characteristics (e.g., Mahoney 

et al., 1994; Niu et al., 1996) from the plume-absent SEPR region (e.g., Rano Rahi Seamounts) 

makes their source origins enigmatic. 

 Observations by Hall et al. (2006) indicate isotopic overlap (Nd-Pb-Sr) among the SEPR 

ridge-axis, Pukapuka Ridge, and Rano Rahi Seamount lavas from 15ï19°S, suggesting a two-

component mantle source: a normal Pacific Ocean-ridge-type mantle and a ñCò-like or ñcommonò 

Pukapuka Ridge end-member proposed by Hanan and Graham (1996). Kurz et al. (2005) reported 

3He/4He ratios from 8.0 to 11.0 times the atmospheric value (Ra) (4He/3He between 65,700 and 

90,300), with the least radiogenic samples near 16.75°S. This suggests a mantle with a significant 

contribution from a non-radiogenic, possibly deep, or recycled source, which is further supported 

by a low corrected 21Ne/22Ne value of 0.042 at 17°Sðlower than the adjacent segments' value of 

0.070ðthat aligns with helium isotope trends, suggesting a less degassed mantle source that may 

correlate with an óentrained heterogeneityô beneath the 17ÁS EPR (Kurz et al., 2005). These 

anomalies, unusual in the absence of known hotspots (Kurz et al., 2005), are interpreted by 
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Shimizu et al. (2023) as supporting evidence for a high CO2/Ba and C-enriched Pacific E-MORB 

mantle source, potentially stemming from recycled oceanic lithosphere or the foundering of 

metasomatized continental lithospheric mantle into the convecting mantle. A recent study by Guo 

et al. (2024) on the Pukapuka Ridge proposed a óheterogeneous mantle domainô containing low-

solidus, metasomatic materials embedded in ridgeward-flowing asthenosphere, potentially 

contributing to MORB heterogeneity. While previous studies propose different mechanisms or 

source heterogeneity models, they consistently support the presence of a heterogeneous domain 

responsible for the isotopic (Sr-Nd-Pb-Hf, He-Ne, and Fe) anomalies observed at the SEPR region. 

 Could recycled materials be contributing to the observed mantle heterogeneity? Is the 

mantle beneath the SEPR lithologically heterogeneousðspecifically, a mixture of peridotite and 

pyroxenite, in which this óheterogeneous mantle domainô may represent a pyroxenite lithology? In 

hotspot regions like Hawaiᾶi and the Canary Islands, recycled oceanic crust (ROC) and/or recycled 

oceanic lithosphere have been suggested to interact with peridotite mantle, forming pyroxenite 

(Sobolev et al., 2005, 2007; Day et al., 2009). If the model of recycled oceanic lithosphere 

proposed by Shimizu et al. (2023) is accurate, pyroxenite lithologies might indeed be present 

within the SEPR mantle. However, while Guo et al. (2024) briefly mentioned 'an enriched 

component consisting of metasomatic pyroxenitic lithologies' in their interpretation, they did not 

directly confirm the existence of such lithologies. Yang and Zhou (2013) proposed the FC3MS 

parameter (FeO/CaO-3*MgO/SiO2, calculated in wt.%) of basaltic compositions to identify 

pyroxenite lithology. This proxy has shown promise for distinguishing pyroxenite from peridotite 

sources, as demonstrated by Howarth and Harris (2017) in their study of continental flood basalts. 

However, Mallik et al. (2021) noted that FC3MS values cannot reliably differentiate between melts 

derived from peridotite and silica-deficient (SD) pyroxenite. Despite these challenges, data 
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compiled from previous glass and whole-rock analyses in the SEPR region reveal a significant 

proportion of samples with FC3MS values exceeding 0.65 (Fig. 2), suggesting a possible 

pyroxenite lithology source. Further investigation is therefore needed to clarify whether ROC 

components and/or pyroxenite lithologies are indeed present in the SEPR region. 

 Here, we use olivine as a ówindowô to gain insight into the mantle source lithology and 

mantle-related processes, as well as magmatic differentiation in the SEPR region. Olivine is often 

one of the first mineral phases to crystallize from mantle-derived melts (Foley et al., 2013), making 

it a valuable indicator of the complex early evolutionary history of the Earth (Brehm and Lange, 

2020). Its significance extends beyond this historical insight; olivine can also be utilized to trace 

mantle sources, degrees of melting, lithospheric recycling, metasomatism, and magmatic 

evolution. This is achieved through the analysis of its modal abundance of forsterite (Fo%) content, 

along with the abundance and ratios of minor and trace elements and crystal textures (e.g., de 

Maisonneuve et al., 2016; Jiang et al., 2022; Wang et al., 2021). In particular, combinations of 

first-row transition element (FRTE) ratios, including Mn/Fe, Zn/Fe, Mn/Zn, in basaltic lavas and 

olivine, have been proposed to constrain the nature of mantle lithologies (e.g., peridotite and 

pyroxenite) because these element ratios are sensitive to a clinopyroxene (Cpx)-dominant versus 

an olivine-dominant mantle lithology (e.g., Howarth and Harris, 2017; Lang and Lambart, 2022; 

Le Roux et al., 2011; Mallik et al., 2021). While the SEPR region has been extensively studied for 

glass major and trace elements and isotopes, research on olivine phenocrysts remain limited. 

Notably, a study by Bergmanis et al. (2007) on olivine samples from a single 17.5°S ridge-axis 

lava flow field did not include analysis of trace elements or FRTEs. Therefore, analyzing 

comprehensive minor and trace element concentrations, particularly FRTEs, in olivine from all 
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three SEPR regions is crucial for identifying potential pyroxenite signatures and unraveling 

recycling and mantle processes beneath SEPR. 

 In this study, we conducted detailed textural observations and integrated EPMA and LA-

ICP-MS geochemical analyses (major, minor, and trace elements) on selected olivine grains from 

the three SEPR regions. These grains span a wide range of calculated FC3MS values, with many 

<0.65 (of which the lowest value is at 0.07) and some >0.65 (of which the highest value is at 1.99) 

that may be potential ñpyroxenite candidatesò. Additionally, we conducted mineral-melt 

equilibrium FC modeling using Petrolog3 software (Danyushevsky and Plechov, 2011) to 

investigate FC effects on Ni variations with decreasing Fo (mol.%) contents. Utilizing these 

analysis methods and techniques, our goals are to: 1) constrain magmatic differentiation in the 

three SEPR regions, 2) investigate the presence of ROC and/or pyroxenite in the mantle beneath 

SEPR, and 3) gain insights into mantle-related processes and their broader implications through 

the study of olivine. 

2. Geological Background and Sample Information 
 

The SEPR is an ultra-fast spreading ridge categorized by large degrees of compositional 

heterogeneity along the ridge axis, the off-axis Rano Rahi Seamounts, as well as the west-

northwest trending Pukapuka Ridge (e.g., Hall et al., 2006; Shimizu et al., 2023; Sinton et al., 

1991, 2002) (Fig. 1), with an average spreading rate of 135 mm/yr (Karson et al., 2002). Samples 

were obtained during the 1987 R/V Moana Wave Cruise 8712, 1993 R/V NADIR cruise, and 1999 

R/V Atlantis cruise. The samples analyzed in this study, recovered from the SEPR, have been 

previously characterized for whole-rock and glass major element compositions, with some also 

analyzed for minor and trace elements, as well as isotopes including Sr, Nd, Pb, He, Ne, and Fe. 
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As K/Ti ratios are minimally affected by FC, [K2O/TiO2 Ĭ 100] (calculated in wt.%) was used to 

classify basalts by MORB type. [K2O/TiO2 Ĭ 100] <8 is classified as a D-MORB, 

[K2O/TiO2 Ĭ 100] ranging from 8 to 16 is classified as an N-MORB, and [K2O/TiO2 Ĭ 100] > 16 

is classified as an E-MORB) (Anderson et al., 2021).  

Near and on-axis samples reveal a less heterogeneous subset compared to those from the 

Rano Rahi Seamounts. To ensure a comprehensive analysis, we selected samples spanning a wide 

range of FC3MS values and compositions (D-MORB, N-MORB, and E-MORB) from a broad 

geographic area, including the ridge axis, off-axis Rano Rahi Seamounts, and Pukapuka Ridge 

(Figs. 1-2). Selection criteria focused on samples with olivine as a major or the only phenocryst, 

locations within the isotopically anomalous regions of 16ï17°S and 18.5ï19°S (Fig. 1), and 

FC3MS>0.65, following Yang and Zhou (2013), in order to identify potential pyroxenite 

signatures (Fig. 2). Although we prioritized samples with FC3MS > 0.65, many lacked sufficiently 

large olivine grains for analysis or did not have olivine at all, prompting the inclusion of a broader 

range of FC3MS values (Fig. 2). 

2.1 Near and on the ridge-axis 

The SEPR axis extends from 13°S to 23°S and is north of the Easter Microplate. It bends 

to the west into a well-defined transform zone at 23°03'S and continues for almost 1,100 km to the 

north until the Garrett Transform fault at 13°22'S (Sinton et al., 1991) (Fig. 1). Although there are 

no transform faults within this section of the ridge, the ridge itself features a major overlapping 

spreading center (OSC) at 20.7°S and numerous smaller ridge and non-transform offsets that create 

notable structural disruptions along its length. The majority of lavas from the ridge axis are 

chemically N-MORBs, as determined by the [K2O/TiO2 Ĭ 100] ratio (Arevalo and McDonough, 

2010; Sinton et al., 1991; Smith et al., 2001). [K2O/TiO2 Ĭ 100] values range from 2.81 to 47.41. 
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On and near-ridge-axis samples were collected during the R/V Moana Wave Cruise 8712 and the 

R/V Atlantis II Cruise. 

2.2 Rano Rahi Seamounts 

The Rano Rahi Seamounts are located between 15°S and 19°S and define a fan-shaped 

region that widens as it approaches the SEPR axis (Shimizu et al., 2023) (Fig. 1) and intersects it 

orthogonally. The intersected ridge-axis is a classic example of asymmetric spreading, as 

documented by Scheirer and Macdonald (1993), which drives the westward migration of the axis 

(Hall et al., 2006). Previous work by Detrick et al. (1993) and Scheirer and Macdonald (1993) 

indicates the presence of a broad and shallow magma chamber that volumetrically dominates 60% 

of the axis between 15°S and 19°S, supporting an abundant magma supply beneath this region 

(Fig. 1). An anomalous seismic low-velocity zone centered around 16°S illustrates that maximum 

melt production seems to occur to the west of the axis (Hall et al., 2006). Modeling performed by 

Hammond and Toomey (2003) suggests that this anomaly may have resulted from pressure-driven 

flow of the mantle or the addition of hotter mantle originating from the west, in combination with 

the westward migration of the axis. This is consistent with isotopic data collected from the axis 

and the Pukapuka Ridge. Additionally, mantle tomographic data suggests that material from the 

southwest Pacific may have been influencing chemical trends in this area for a prolonged period 

(Phipps Morgan et al., 1995). 

 These near-axis seamounts are thought to be the products of melting in an upwelling mantle 

beneath the ridge-axis that instead derive their melts from a smaller volume of the melt zone 

compared to ridge-axis basalts (Hall et al., 2006). Seamount magmas are typically more chemically 

heterogeneous than ridge-axis basalts because mixing processes are less effective in seamount 

magmas. This results from the relatively smaller volume of mantle that melts beneath seamounts, 
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which leads to the retention of more distinct melt compositions, as opposed to the more well-mixed 

magmas found along the ridge-axis (Batiza and Vanko, 1984; Graham et al., 1988; Niu et al., 1996, 

2002; Zindler et al., 1984). Niu et al. (1996) showed that seamounts near the ridge-axis (18.2°S to 

18.9°S) (Fig. 1) display a broader range of isotopic and incompatible element ratios than those 

from the ridge-axis itself. They documented a local decoupling between isotopic ratios and 

incompatible element ratios, which they proposed could be the result of prior partial melting (1% 

to 3%) of the upper mantle, followed by melt migration. 

 This process of partial melting and subsequent melt migration leads to enrichment of 

incompatible elements (such as K, Nb, Rb) in the mantle where melt extraction is more effective 

(Bodinier et al., 1990; McDonough and Frey, 1989; Takazawa et al., 1992). These elements, being 

less likely to partition into solid phases during partial melting, are concentrated in the liquid phase 

and remain in the mantle after melting, enriching the residual mantle material (Frey et al., 1978). 

Conversely, depletion of these same elements occurs in regions where partial melting is more 

advanced or where melt migration has removed the melt from the local area (Takazawa et al., 

1992). As melt moves away from the source, the regions left behind become depleted in these 

incompatible elements. The result is a localized enrichment of incompatible elements in the mantle 

and the depletion of these elements in the areas from which the melts have migrated (Bodinier et 

al., 1990; McDonough and Frey, 1989). 

 This decoupling between isotopic and incompatible element ratios is thought to be a 

regional phenomenon that extends along the SEPR from 13°S to 23°S. However, at larger scales, 

the decoupling is less pronounced, but a similar process likely occurs, contributing to the overall 

chemical heterogeneity observed in the region (Mahoney et al., 1994). The decoupling of isotopic 

ratios and incompatible element ratios is consistent with partial melting dynamics, as elements 
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such as K, Nb, and Rb (which are more incompatible) are more strongly affected by the melting 

process than mildly incompatible elements like Ti and Y, which are less sensitive to the degree of 

melting (Hall et al., 2004). The majority of lavas from the Rano Rahi Seamounts are chemically 

N-MORBs based on the work of Hall et al. (2006). FC3MS values range from 1.91 to 28.21. 

Seamount samples were dredged during Leg 8 of the GLORIA cruise of the R/V Melville (Hall et 

al., 2006, Shimizu et al., 2023). Samples selected for Ol analysis include GL08 70-2, GL08 71-1, 

GL08 72-7, GL08 73-4, GL08 78-2, GL08 81-2a, GL08 82-2, GL08 85-1, GL08 86-1, GL08 95-

1, GL08 101-1, GL08 101-7, GL08 106-1, GL08 107-1, GL08 108-4, GL08 113-1, GL08 114-1, 

GL08 123-2, and GL08 124-8. 

2.3 Pukapuka Ridge  

 The Pukapuka Ridge occupies a region that extends from 14ï17°S and 114ï142°W, 

running discontinuously from ~600 km west of the SEPR axis to a point between the Marquesas 

and Tuamotu islands, where, at its widest, is only ~70 km wide (Sandwell et al., 1995, Hall et al., 

2006) (Fig. 1). The ridge extends up to 2,600 km west of the ridge-axis and Rano Rahi Seamounts 

and are made up of a system of volcanic edifices that trend north of the central Tuamotu Plateau, 

ranging from 25 to 150 km long and ~500 to ~4,000 m high (Janney et al., 2000; Sandwell et al., 

1995; Shimizu et al., 2023). [K2O/TiO2 Ĭ 100] calculations from previously collected data show 

extreme enrichment in some Pukapuka Ridge samples at a scale that is not seen in near and ridge-

axis samples, and is rarely seen in Rano Rahi samples.  

 The Pukapuka Ridge shows a non-linear age progression, possibly supporting an origin 

that is related to lithospheric extension rather than a hotspot (Sandwell et al., 1995). Previous 

geophysical and geodynamical studies have also supported an origin for these features that is due 

to small-scale convection in the upper mantle (Ballmer et al., 2009, 2013; Harmon et al., 2011).  
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FC3MS values range from 5.57 to 179.13. Ridge samples were dredged during the GLORIA 04 

cruise of the R/V Melville. Samples selected for glass analysis include Pukapuka 2D-2 and 

Pukapuka 4D-4, and samples selected for olivine analysis include Pukapuka 2D-2, Pukapuka 3D-

1, Pukapuka 4D-4, and Pukapuka 7D-1 (Sandwell et al., 1995). Among these samples, 9D-2 and 

10D-1 have [K2O/TiO2 × 100] ratios of 35.05 and 179.17 respectively, but were not analyzed due 

to a lack of olivine.  

3. Analytical Methods 

3.1 Solution-based Inductively Coupled Plasma Mass Spectrometry (ICP-MS) 

The trace element abundances of the glass samples not reported by Shimizu et al. (2023) 

and samples with unpublished data from Dr. John Sinton were analyzed using solution-based 

quadrupole inductively coupled plasma mass spectrometry (ICP-MS) at Washington State 

University. Samples were ground using an agate mortar and pestle, and 0.2500 g of each sample 

was weighed into a Teflon beaker. An additional standard acid blank (0.1250 g of tetraborate) was 

prepared separately. To each beaker, 2 mL of concentrated HCl was added to initiate the reaction, 

followed by 2 mL of concentrated HNO , 2.0 mL of HClO , and 6.0 mL of HF. The beakers were 

then placed on a 120°C hotplate and allowed to evaporate to dryness overnight. 

The following day, the Teflon beakers were rinsed with nano-pure H O. 2.0 mL HClO  

was added and the samples were heated at 160°C for half a day. After removing the beakers from 

the hotplate, 10.0 mL of nano-pure H O and 3.0 mL of HNO  were added, followed by 350 ɛL of 

H O . The samples were gently heated for 15 minutes at 110ÁC, then 3 drops of HF were added to 

ensure the solution was clear and free of any flocculate or precipitate. An internal standard of In-

Re-Rh-Ru (1.0000 g) was added, and the solution was transferred to a vial. The Teflon beaker was 

rinsed twice with nano-pure H O, with both rinses added to the transfer vial. Nano-pure H O was 
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added to reach a final aliquot mass of 60.00 g. The vial was capped and shaken to ensure thorough 

mixing. Washington State University used BCR-1 and BHVO-2 as internal standards for quality 

control. 

3.2 Electron Probe Microanalysis (EPMA) 

 Petrographic analysis of thin sections prepared from SEPR basalt samples was conducted 

at the University of Hawaiᾶi at MǕnoa. Backscattered electron (BSE) images and BSE maps of the 

whole thin sections were captured using a JEOL JXA-8500F field-emission electron microprobe 

(Hyperprobe) at the University of Hawaiᾶi. The individual BSE images were processed and 

stitched using Fiji, a distribution of ImageJ, to create comprehensive maps of each thin section. 

Additionally, selected olivine samples were analyzed at the Electron Probe Microanalyzer 

(EPMA) Laboratory within the Department of Earth Sciences at the University of Hawaiᾶi. "Free 

shape" (polygon) X-ray mapping was conducted on five olivine-bearing samplesðincluding 

reversely-zoned olivine grains in samples GL08 107-1, GL08 73-4, and ND22-1, one normally-

zoned grain in GL08 71-1, and zoned spinel and plagioclase in GL08 107-1 and P171D. This 

mapping targeted Mg, Ni, Ca, and P to understand the distribution of major and minor elements 

within the grains. Analyses were performed with beam conditions of 350 nA at 15 kV, a pixel size 

of 1.5-2 ɛm, a beam size of 1 ɛm, and a dwell time of 60-80 ms per pixel. 

 In order to quickly discriminate between samples of interest (based on FC3MS and 

abundance of olivine grains), to prioritize samples for further trace element analysis, quick ñbatch 

analysisò was performed on olivine from 38 near and on the ridge-axis samples, and 19 Rano Rahi 

Seamount samples. Samples were analyzed for six major and minor elements (Mg, Fe, Si, Ni, Mn, 

and Ca). Quantification was performed utilizing a beam condition of 30-50nA at 20 kV with a 

5ɛm beam size to avoid beam damage. A list of primary standards and analytical parameters are 



15 

 

listed in Supplementary Table X1. Protocols were adjusted from Jiang et al. (2022). San Carlos 

Olivine (Fo90) USNM 111312/444 and Olivine USNM 2566 (Fo 83) Springwater standards were 

used as the primary calibration standard for Mg, Fe, and Si. Olivine reference material 

MongOlS11-2 (Batanova et al. 2019) was used as the secondary standard to monitor olivine major, 

minor, and trace element data quality and make necessary post-analysis corrections. 

 Trace element analyses were performed on olivine from 8 near and on the ridge-axis 

samples, 12 Rano Rahi Seamount samples, and 4 Pukapuka Ridge samples. Samples were 

analyzed for six major and minor elements (Mg, Fe, Si, Ni, Mn, and Ca) and five trace and FRTEs 

(Na, P, Al, Ti, Co, and Zn). Quantification was performed utilizing beam conditions of 300nA at 

20 kV, with a 5ɛm beam size to avoid beam damage. Overall data precision for analyzed minor 

and trace elements are 10s of ppm. For example, sample ND22-1 includes detection limits that 

range from 28 to 29 ppm for Ca, 40 to 42 ppm for P, 19 to 20 ppm for Ti, 21 to 23 ppm for Zn, 36 

to 38 ppm for Ni, 29 to 31 ppm for Mn, 14 ppm for Cr, 17 to 19 ppm for Co, 36 to 43 for Na, and 

21 to 22 ppm for Al. The calibration settings and standards are provided in Supplementary Table 

X1. San Carlos Olivine (Fo90) USNM 111312/444 standard was used as the primary calibration 

standard for Mg, Fe, and Si. Olivine reference material MongOlS11-2 (Batanova et al., 2019) was 

used as the primary standard to monitor olivine major, minor, and trace element data quality (Table 

2). Represented EPMA data for selected RZ olivines is presented in Table 1a, and a full EPMA 

dataset is presented in Supplementary Table X2. 

3.3 Laser Ablation Inductively Coupled Plasma Mass Spectrometry (LA-ICP-MS) 

Representative olivine samples pre-selected by EPMA were analyzed at the LA-ICP-MS 

Laboratory of the Department of Geology and Geological Engineering at the Colorado School of 

Mines using a RESOlution SE 193 nm ArF excimer laser ablation system equipped with an S155 



16 

 

sample chamber, and an Agilent 8900 triple quadrupole ICP-MS. A total of 16 major, minor, and 

trace elements (Li7, Na23, Al27, P31, Ca43, Sc45, Ti49, V51, Cr53, Mn55, Co59, Ni60, Cu65, Zn66, Fe57, 

and Mg24) were analyzed simultaneously. Laser spot analysis was carried out with an on-sample 

fluence of 2.7 J/cm2, a repetition rate of 5 pulses/sec (5 Hz), and a laser spot size of 50µm. The 

ablated material was carried by He gas, then mixed with Ar gas in a funnel sitting right above the 

sample cell, and subsequently introduced to the ICP-MS. Each laser spot was pre-ablated with one 

laser shot to eliminate possible surface contamination. That was followed by 15s of washing time 

for the aerosol to pass through the ICP-MS. A gas blank was collected for 20s, followed by 50s of 

sample signal collection. The primary external standard (reference materials, RMs) was 

MongOlSh11-2 Olivine (Batanova et al., 2019) for Mg, Fe, Si, and NIST 610 and 612 for all other 

elements. 29Si was used as an óinternal standardô for LA-ICP-MS data calibration. Averaged 

EPMA SiO2 abundances of 2-3 spots were used for each LA spot on the same area. When selecting 

an interval on the time-resolved signal (counts per second) plot of each laser spot for data 

reduction, melt inclusions and mineral inclusions (such as spinel) were avoided by checking the 

signal peaks of Al, Na, Cr to minimize contaminations. The average detection limits (in ppm) for 

each element are as follows: Li7= 0.22, Na23=1.43, Al27=0.30, P31=4.37, Ca43=58.86, Sc45=0.06, 

Ti49=0.17, V51=0.01, Cr53=0.28, Mn55=0.10, Co59=0.02, Ni60=0.07, Cu65=0.07, Zn66=0.06, 

Fe57=3.90, and Mg24=0.20.  A full LA -ICP-MS olivine data is reported in Table 1b. 

4. Results 

4.1 Olivine petrography 

Olivine phenocrysts from the SEPR generally comprise up to 15 vol% and are millimeter-

sized subhedral to euhedral crystals with spinel inclusions. Embayment tends to mostly be 

observed in seamount samples. The matrix is predominately glassy with some degrees of 
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devitrification, and glass compositions ranging from 6 to 10 wt.% MgO, with Pukapuka ridge glass 

compositions making up the lowest MgO range (6 to 7 wt.% MgO). Olivine grains predominately 

display cotectic growth (<10 vol%) with plagioclase (Plag) and Cpx, with some isolated olivine 

growth in the aphanitic-microcrystalline matrix. 

Over 300 thin sections of olivine-bearing MORB samples from the SEPR were observed, 

and 60 were ultimately analyzed for this study. Olivine (5-20 vol%) can occur as the only 

phenocryst phase in glass, or as a cotectic mineral phase with Plag, or as one of the coexisting 

phenocrysts among olivine, Plag, and Cpx. The olivine grains vary from microns to several 

millimeters in size. To ensure that the olivine composition preserves information for mantle and 

near-primary melt composition, samples with olivine as the only or the major phenocrysts enclosed 

in a glassy or aphanitic matrix were selected for the study (Fig. 3). 

Olivines in very depleted D-MORBs (such as GL08 73-4 with a [K2O/TiO2 Ĭ 100] value 

of 1.91 and enriched E-MORBs (such as Pukapuka 3D-1 with a [K2O/TiO2 Ĭ 100] value of 23.12) 

are generally found with subhedral to euhedral grains (Fig. 3) with less observable embayment, 

indicating that these grains may record (near-)primary melt information.   

In particular, seamount D-MORBs (GL08 73-4) commonly contain millimeter-scale 

olivine grains that show reverse zonation with a low-Fo core (~74 to ~87 Fo mol%) and a high-Fo 

rim (~85 to ~88 Fo mol%) (Fig. 3), while rarely containing normal zonation, which occurs in only 

three seamount samples (GL08 72-7, GL08 71-1, GL08 73-4) and one ridge-axis sample (MW110-

2). Normally zoned samples display a high-Fo core (~90 Fo mol%) and low-Fo rims (~80 to ~86 

Fo mol%) (Fig. S1). It is worth noting that in particular, sample ND22-1 shows extreme reverse 

zonation with a low-Fo core (73.9 Fo mol%) and high-Fo rim (86.9 Fo mol%), and extremely low-

Ca core (~690 to ~960 ppm) and high-Ca rim (~1830 to ~1890 ppm). Plag and spinel in some 
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samples (such as GL08 107-1) also show complicated zonation, as revealed by X-ray mapping 

(Fig. S1). 

Cpx is commonly found in most of the analyzed samples and in some cases, makes up a 

volumetrically significant portion of the thin section and rivals and/or exceeds olivine volume. 

Isolated grains of Cpx are not as common as isolated grains of olivine, and typically display 

cotectic growth with olivine and Plag (Fig. 4a, c, d, e, f). A larger [K2O/TiO2 Ĭ 100] value tends 

to yield larger subhedral-euhedral Cpx grains, although Cpx is abundant in samples with lower 

[K2O/TiO2 Ĭ 100] as well (Fig. 4a, c, d; [K2O/TiO2 Ĭ 100] = 8.08). Some samples displaying 

reverse-zonation contain Cpx grains that are often large, or larger and more abundant than olivine 

grains. Samples GL08 78-2, GL08 73-4, GL08 71-1, and GL08 107-1 contain reversely-zoned 

olivine grains with extremely small and rare Cpx, or are Cpx-absent. All samples mentioned above, 

however, contain reversely-zoned olivine grains with much lower Ca abundances than the Koᾶolau 

olivine from Sobolev et al. (2007).  

4.2 Olivine geochemistry 

4.2.1 Overall geochemical variations  

Both EPMA and LA-ICP-MS data are consistent with analyzed major, minor, and trace 

element abundances (Table 1a-b, Supplementary Table X2). X-ray mapping for GL08 71-1 reveals 

normal zonation, displaying a high-Fo (high-Mg), high-Ca, and high-Ni core (Fig. S1). X-ray 

mapping for grains in GL08 73-4 and ND22-1 reveal reverse core-rim zonation, displaying low-

Fo (low Mg), low-Ca, and low-Ni cores, and high-Fo (high Mg), high-Ca, and high-Ni rims (Fig. 

5). Overall, analyzed olivine samples are representative of a wide geochemical range, with Fo 

numbers ranging from 90.3 to 41.7. Lower Fo olivine grains (such as <85) are predominately from 

near and on the ridge-axis. Several samples are E-MORBs (MW 33-1, MW 43-2, GL08 101-1, 
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GL08 107-1, Pukapuka 3D-1, Pukapuka 9D-2, and Pukapuka 10D-1), while the majority of 

samples analyzed are D-MORBs or N-MORBs, as many E-MORB samples either do not contain 

olivine as the major phenocryst or microlites, only contain Cpx as the major phenocryst or 

microlites, or do not contain olivine at all. Despite the limited range of E-MORBs analyzed, a wide 

range of FC3MS values are still included. All EPMA and LA-ICP-MS major, minor, and trace 

data for the samples analyzed in this study are provided in Table 1a-b and Supplementary Table 

X2.  

4.2.2 Fo-Ni and Fo-Ca variation trends 

Nickel (Ni) displays a strong positive correlation with Fo values, with up to ~3460 ppm at 

Fo89.9 (GL08 71-1, containing both reversely-zoned and normally-zoned grains), and down to ~660 

ppm at Fo81.0 (MW 110-2, containing normally-zoned grains) (Fig. 6a-c). Data for olivine in Rano 

Rahi Seamount D-MORBs and Pukapuka ridge E-MORB show some compositional overlap with 

the lowest range of Koᾶolau olivine data (Sobolev et al., 2007). Samples in this lower range 

predominantly originate from the Rano Rahi Seamounts and the Pukapuka Ridge. Notably, several 

ridge-axis points from MW 55-8 with concentrations ranging from ~3050 ppm at Fo90.2 down to 

~2790 ppm at Fo89.9 make up the high-end of the Ni trend.  

The calcium (Ca) versus Fo plot illustrates Ca values that range from 300 ppm in sample 

MW 103-4 to ~4350 ppm in sample GL08 107-1, and shows two distinct trends: a slightly negative 

trend (increasing Ca abundances with decreasing Fo numbers) at high Ca contents at given Fo 

numbers, and a slightly positive and/or flat trend at lower concentrations than the Koᾶolau olivine 

data (Fig. 6d). All samples plotting at lower concentrations than the Koᾶolau olivine data consist 

of low-Ca reversely-zoned cores with the same range of Ca as mentioned above, from samples 

GL08 73-4, GL08 78-2, GL08 107-1, GL08 82-2, MW 103-4, and ND22-1. Several olivine 
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compositions overlap with Koᾶolau olivine and predominantly originate from the Rano Rahi 

Seamount and Pukapuka Ridge samples.       

4.2.3 FRTE and trace element variations 

First-row transition element (FRTE: Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Zn) ratios (100*Mn/Fe, 

10000*Zn/Fe, 100*Mn/Fe, Ni/Co, and Ni/Mn, all utilized by Lang and Lambart., 2022) were used 

to identify the mantle source composition and the presence of pyroxenitic components. Mn and Zn 

typically show a negative correlation with Fo (mol.%) content in olivine, with Mn decreasing from 

~2780 ppm at Fo74.9 to approximately 1030 ppm at Fo89.9. Zn concentrations vary by sample 

location, with higher values found in ridge-axis samples (~160 ppm) compared to Pukapuka Ridge 

samples (60ï100 ppm) (Fig. 7b). 

All samples (olivine compositions) have Mn/ZnÓ 14 ratios except for one outlier which 

falls within the pyroxenite source region (Fig. 8a). Ni/Mn vs. Ni/Co shows a positive trend with a 

few olivine grains (such as GL08 71-1 and GL08 108-4) in which Ni/Mn>20 and Ni/Co>2, falling 

within the mantle olivine region (Fig. S4). The 10000*Zn/Fe (~5 to ~15) vs. 100*Mn/Fe (~1.4 to 

~1.8) ratios are able to distinguish source origin (Fig. 8b). As shown in the plot, our samples 

predominately fall into the blue ñperidotiteò box (Fig. 8b). 100*Mn/Fe vs. Ni/(Mg/Fe)/1000 ratios 

are also able to distinguish source origin, with our samples predominantly plotting in the blue 

peridotite region (Fig. 8c). 

In the Li (ppm) vs. Zn (ppm) plot, LA-ICP-MS data for 20 olivine samples from SEPR 

(including reversely and normally zoned cores and rims) show a positive trend, with D-MORB 

samples clustering at lower Zn (60ï100 ppm) and Li (1ï2 ppm) concentrations. Normally zoned 

N-MORB samples plot at higher Zn (~130 ppm up to ~170 ppm) and Li (~2.1ï2.4 up to ~4 ppm) 

concentrations, in which ND22-1 has the highest Li and Zn abundances (Fig. 9a). Ca (ppm) vs. Ti 
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(ppm) ratios display a weak positive correlation for the high-Ca group (>1500 ppm) but present a 

group of olivine compositions with characterizing low-Ca abundances and highly variable Ti 

contents (from RZ olivine cores). All other samples plot in the igneous olivine region (Fig. 9b). 

Fo (mol.%) vs. Sc (ppm) show two trends: a high-Sc and low-Sc trend, which corelate to a high-

Ca and low-Ca olivines, respectively (Fig. 9c).  

5. Discussion 

5.1 End-member melt FC and mixing under low and high pressures 

 The variation trends of Fo (mol.%) versus Ni reveal two distinct patterns: one characterized 

by high Ni and the other by low Ni. Since Ni and Fo (mol.%) variations are sensitive to factors 

such as crystallization pressures, magma recharge and mixing, and initial melt composition 

(Herzberg et al., 2016), we explore the effect of FC on Ni variations with decreasing Fo (mol.%) 

using mineral-melt equilibrium FC modeling in Petrolog3 software (Danyushevsky and Plechov, 

2011). This modeling incorporates representative end-member samples with olivine (Ol) 

compositions at both the high and low Ni extremes. Detailed parameters used in our modeling are 

provided in the Supplementary Methodology section, and starting compositions are provided in 

Supplementary Table X3. For forward modeling, Ol +/- Plag +/- Cpx were incrementally removed 

from the starting glass compositions to simulate the olivine crystal line of descent (CLD). 

However, since some glass compositions are already evolved (with low MgO wt.%), the CLDs are 

short and restricted, making it difficult to match observed olivine composition variations that 

would have crystallized from a more primitive melt. To address this, we also performed reverse 

FC modeling by adding Ol +/- Plag +/- Cpx back incrementally to the melt under varying 

parameters to simulate óhypotheticalô more primitive melt compositions. Only when the reverse 
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and forward models align under the same parameters can the parameters and the óhypotheticalô 

primitive melt composition be accepted for further forward FC modeling. 

 To directly model the high-Ni end trend, we selected sample GL08 71-1 for FC, with Fo 

(mol.%) values ranging from ~80 to ~90 and Ni concentrations from ~1000 ppm to ~3500 ppm. 

This sample meets the criteria for a high-end, enriched Ni end-member, despite being 

geochemically classified as a D-MORB based on its [K2O/TiO2Ĭ 100] ratio. The glass 

composition of GL08 71-1, with major element data from electron microprobe and minor/trace 

element data from LA-ICP-MS (Shimizu et al., 2023), served as the starting composition for the 

model (Table 1). Notably, GL08 71-1 contains several ómantle olivineô crystals (residual mantle 

olivine entrained by ascending melts), indicated by its high Ni/Co (>20) and high Ni/Mn (>2) 

ratios (Wang et al., 2021; Fig. S4). Our models suggest that crystallization at 1.5 GPa and an 

oxidation state of QFM+2 yields a good match with mantle olivine compositions (thick orange 

line, Fig. 6b). The relatively oxidized condition can be supported by the V/Sc<3 ratios (Fig. S2) 

because under oxidized condition the multi-valent element V would turn into V5+, which is not 

favorably incorporated into olivine (Foley et al., 2013).  Additionally, adding 0.5 to 1.0 wt% water 

further refines the model to match non-mantle olivines (i.e., those crystallized from mantle partial 

melts) (blue and green dashed lines, Fig. 6b). FC modeling of the Pukapuka Ridge sample 3D-1 

also requires high pressures of 1 to 1.5 GPa (purple and red dashed lines, Fig. 6a) to achieve a 

good fit with the analyzed olivine compositions. In these high-pressure models, Cpx crystallized 

first at Fo = 83.48 to 81.98, followed by olivine crystallization.  

 FC modeling was also performed on the low Ni end-member sample GL08 114-1 (D-

MORB), with Ni concentrations ranging from ~780 ppm at Fo=85.48 to ~1190 ppm at Fo=86.23, 

fulfilling the criteria for a low-end and depleted end-member (Fig. 6c). Our model indicates that 
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at high crystallization pressures of 0.5-1.0 GPa, the CLDs do not align well with our analyzed 

olivine compositions for this sample (Fig. 6c). Our model at 0.1 GPa in an oxidized environment 

(QFM +2) with 0.05wt% H2O illustrates a strong fit at which olivine crystallized first at Fo=91, 

while Cpx crystallized after at Fo=85.04 (Fig. 6c).   

Based on our modeling, we conclude that there are two trends of FC (end-member melt 

FC) under low (0.1 GPa or lower) and high (up to 1.5 GPa) pressures in the SEPR region. Although 

a high pressure of 1.5 GPa, equivalent to ~50 km, may seem excessive in a MOR setting, the fact 

that samples exhibiting high-pressure FC are from the Pukapuka Ridge and off-axis Rano Rahi 

Seamounts makes it reasonable to correlate this with high-pressure melting (ómantle olivines,ô 

represented by sample GL08-71-1) in the asthenosphere and/or lithosphere at around 50 km depth. 

This is followed by FC at relatively high pressures (1 to 1.5 GPa, blue and green dashed lines, Fig. 

6b). Rano Rahi Seamount samples also represent the low-Ni end, while most ridge-axis samples 

and some Rano Rahi Seamount samples follow the óintermediateô Ni trend. It is proposed that 

some (but not all) ridge-axis and Rano Rahi Seamount samples may be the result of magma mixing 

between high-Ni and low-Ni parental melts. This hypothesis is supported by the observed 

embayment olivine texture and reverse zonation of olivine (Plag, Cpx, and spinel) in both Rano 

Rahi Seamount and ridge-axis samples (Figs. 3-5; Fig. S1). For samples showing no signs of 

magma mixing, i.e., isolated olivine growth without zonation, the parallel Fo-Ni trends in the 

óintermediateô range (moderate Ni compositions at given Fo values) suggest varying parental 

magmas with different degrees of Ni enrichment in the source and varying crystallization depths 

(pressures). 

5.2  Low-Ca in RZ olivines: Contribution of ROC component in melt sources 
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 In addition to Fo-Ni modeling, we also performed modeling on Fo-Ca variations. GL08 

71-1 Ca-Fo modeling indicates that crystallization at 1.5 GPa, QFM+2, and 0.5 wt% H2O 

illustrates a strong fit (Fig. 6d). Therefore, we can conclude that the GL08 71-1 Ca-Fo trend 

originates from olivines formed at high pressure (up to 1.5 GPa) in an oxidized environment (Fig. 

6b), matching the modeling results on Fo-Ni variations. However, we cannot successfully model 

those RZ olivines with low-Ca abundances from ~1500 ppm to ~500 ppm using currently available 

starting compositions, regardless of the pressure, water, oxidation states parameters being applied. 

 Low-Ca samples, plotting below the concentrations of Koᾶolau olivines, are exclusively 

derived from RZ olivine cores, including GL08 73-4, GL08 78-2, GL08 107-1, GL08 82-2, MW 

103-4, and ND22-1. These cores have Fo (mol.%) values ranging from ~75 to ~87, with Ca ranging 

from ~1500 ppm to ~500 ppm (Fig. 10b). Although RZ olivine cores can both have high and low 

Ca abundances, all low-Ca values are only found in some of the RZ olivine cores. Variations in 

Ca concentrations arise from several factors: (1) ROC contribution that lower Ca in olivine (e.g., 

Herzberg and Asimow, 2008; Holm et al., 2022; Sobolev et al., 2007); (2) FC of Cpx, as modeled 

by Herzberg et al. (2011, 2014); (3) high water content, which reduces the partition coefficient of 

Ca into olivine (Gavrilenko et al., 2016); (4) elevated pressures during FC (Rasmussen et al., 2020; 

Zhang et al., 2023); and (5) contributions from lower crustal origins (Garcia et al., 2024).  

At the outset, we can rule out a lower crustal origin for the low-Ca olivine, as the mid-

ocean ridge (MOR) crust is thin (6ï7 km, ~0.2 GPa; LaFemina, 2015), while many of the low-Ca 

olivine samples likely crystallized under much higher pressures (up to 1.5 GPa, ~50 km; Fig. 6d). 

Furthermore, FC of Cpx does not appear to be a significant factor in our samples, as many contain 

Cpx yet still show high Ca concentrations, such as MW 90-6, which has large, abundant Cpx (Fig. 

4e) with ~3340 ppm Ca. High-pressure crystallization can reduce Ca in olivine, our Ca-Fo models 
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for GL08 71-1 show that 1.5 GPa and QFM+2 produce a consistent trend (Fig. 10b). However, 

high pressure only influences some reverse zonation (RZ) cores, as not all exhibit high-Ni trends 

(e.g., GL08 73-4 with 2,260 ppm Ca, 820 ppm Ni; GL08 107-1 with 2,010 ppm Ca, 2,250 ppm 

Ni; and ND22-1 with 1,940 ppm Ca, 960 ppm Ni; Fig. 10a). Even at pressures up to 1.5 GPa, we 

cannot fully account for the low-Ca concentrations in our samples. 

We propose that the low Ca abundances in RZ olivine cores originated from deep-sourced, 

Ca-depleted melts influenced by a ROC-enriched mantle, combined with crystallization under high 

pressure (up to 1.5 GPa), high volatiles (water content), oxidized conditions (QFM+2), and an 

extended period of FC, which formed low Fo cores (from ~87 down to ~75). As most RZ olivine 

cores are from D-MORBs, we attribute this to deep-sourced óenrichedô (based on [K2O/TiO2*100] 

ratios) melts mixing with ódepletedô melts at shallower levels. Our proposed ROC-influenced 

mantle hypothesis is supported by the following several lines of evidence. Firstly, Herzberg et al. 

(2014) noted that ROC-derived dacitic melts can react with peridotite and generate partial melts 

that crystallize low-Ca olivines, and that the proportion of ROC melts from 10% to 40% addition 

to the peridotite would generate a refertilized peridotite or an olivine-free pyroxenite lithology. As 

a refertilized peridotite would contain some amount of Cpx and garnet in the lithology, Ca 

abundance in the partial melts would be further depleted (Herzberg et al., 2014), which could help 

explain the low-Ca trend observed in RZ olivine cores (Fig. 10b).  Secondly, the Li versus Zn 

compositions of olivines present highly óenrichedô Zn (up to ~170 ppm) and elevated Li (up to 4 

ppm) that show characteristics of ROC (Fig. 9a) (Foley et al., 2013). In addition, the scandium 

(Sc) versus Fo variations show a high-Sc and a low-Sc trend, where the low-Sc trend corresponds 

to the low-Ca olivines (Fig. 9c). This low-Sc trend can be explained by an ROC-influenced mantle 

(a refertilized peridotite) that contains some amount of Cpx and garnet as residual mineral phases 
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during partial melting that can ódepleteô Sc element abundances in partial melts, considering that 

Sc is a compatible element in Cpx and a moderately incompatible element in olivine (e.g., Hill et 

al., 2011; Imai et al., 2012)  

 Furthermore, the low-Ca RZ olivine cores are exclusively found in the 18°S and 19°S EPR 

regions; specifically, in the Rano Rahi seamounts and the seamount-ridge intersection zone where 

isotopically anomalous plume-like materials have been identified (Niu et al., 1996) (Fig. 1). This 

suggests that these low-Ca cores likely originated from melts associated with mantle influenced 

by ROC, supporting the hypothesis proposed by Shimizu et al. (2023). Additionally, Anderson et 

al. (2024) analyzed nitrogen, noble gas abundances, isotopic ratios (Pb, Sr, Nd), and major and 

trace elements to identify SEPR mantle sources, finding that samples GL08 71-1 and GL08 73-4, 

containing reversely zoned olivine cores with moderate-low Ca, exhibit a ósubduction-influenced 

mantleô where subducted materials contributed to the heterogeneity. This hypothesis, in which an 

E-MORB mantle origin is proposed as ROC or ROC-modified mantle wedges, supports evidence 

for an ROC-influenced mantle. 

5.3 A genetic model: ROC entrainment and possible pyroxenite destruction 
 

 Glass isotopic and olivine textural and major, minor, and trace evidence has provided 

evidence ROC involvement in the SEPR region. As the reaction of ROC and peridotite mantle has 

been understood to generate a pyroxenitic lithology (Herzberg, 2011; Sobolev et al., 2005, 2007), 

it is of interest and significance to investigate whether the SEPR óentrained heterogeneityô is 

caused by the presence of pyroxenite. Guo et al. (2024) also mentioned "an enriched component 

of metasomatic pyroxenitic lithologies" in their model but did not specifically address pyroxenite 

existence discussion in the SEPR region. No other study has examined this issue, highlighting the 

need for a direct investigation. 
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      Olivine FRTE ratios, including Mn/Fe, Zn/Fe, and Mn/Zn are effective tools for 

distinguishing between peridotite and pyroxenite lithologies. In a peridotite lithology, where 

olivine and orthopyroxene (Opx) are the dominant mineral phases, Zn/Fe and Mn/Fe ratios are 

minimally affected during partial melting and fractional crystallization due to their close to 1 

partition coefficients (Le Roux et al., 2011). However, in a pyroxenite lithology, where Cpx and 

garnet are the dominant mineral phases, partial melting can significantly affect the Mn/Fe and 

Zn/Fe ratios because the Mn/Fe partition coefficients are 1.5-2 (ὑ Ⱦ
Ⱦ

 and ὑ Ⱦ
Ⱦ

~1.5-2) 

(Mallik et al., 2021) and Zn/Fe partition coefficients are <<1 (ὑ Ⱦ
Ⱦ

 and ὑ Ⱦ
Ⱦ

 <<1), 

resulting a lower Mn/Fe ratios and higher Zn/Fe ratios in partial melts compared to melts derived 

from peridotite (Sobolev et al., 2007; Le Roux et al., 2010, 2011; Mallik et al., 2021). Olivines 

that crystallize from peridotite and pyroxenite, therefore, can have notable differences in terms of 

Mn/Fe, Zn/Fe and Mn/Zn ratios, and have been successfully used to discriminate the mantle 

lithology in the study of Howarth and Harris (2017). Glass Mg# (mol.%) versus Fo (mol.%) shows 

that many of our samples plot within the equilibrium field (Fig. S3). All samples (olivine 

compositions) have Mn/ZnÓ 14 ratios except for one outlier suggest a peridotite lithology 

component beneath SEPR with no clear evidence for a pyroxenite lithology (Fig. 8a). Ratios such 

as 100Mn/Fe (1.55ï1.85; Sobolev et al., 2007) and 10000Zn/Fe (6ï11), as well as 100Mn/Fe 

(1.05ï1.35) and 10000Zn/Fe (>13), help discriminate between peridotitic and pyroxenitic 

lithologies. Using the 100Mn/Fe versus 10000Zn/Fe framework (Howarth and Harris, 2017), all 

analyzed SEPR olivine samples suggest derivation from a peridotitic mantle, with no clear 

evidence of a pyroxenitic source (Fig. 8b).  

 Sobolev et al. (2007) proposed 100*Mn/Fe versus Ni/(Mg/Fe)/1000, a ratio used to 

evaluate the contribution of pyroxenite and peridotite mantle sources to the compositions of 
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derived melts. SEPR MORBs from all three study regions largely overlap the peridotite source 

(Fig. 8c). However, near and ridge-axis samples plot more centrally in the peridotite region while 

Rano Rahi Seamount samples and Pukapuka ridge samples exhibit a larger range of compositions, 

with Ol from GL08 73-4, GL08 86-1, GL08 113-1, and GL08 71-1 overlapping with the very high-

end of compositions from the Koᾶolau Ol, and Pukapuka 2D-2 and Pukapuka 4D-1 plotting 

predominantly between the peridotite and pyroxenite regions, and Pukapuka and Pukapuka 7D-1 

plotting almost completely within the peridotite region (Sobolev et al., 2007, Fig. 8c). Intermediate 

compositions from the Rano Rahi Seamounts and the Pukapuka ridge that plot between the 

pyroxenite and peridotite regions may indicate that there is overlap between these two sources 

caused by interactions between a peridotite source and ROC metasomatism, generating a 

heightened composition (Ni enrichments) for the GL08 and Pukapuka samples noted above, with 

GL08 samples exhibiting more wide-ranging compositions, causing slight compositional overlap 

with the high-end of the Koᾶolau Ol (Fig. 8c).   

 Despite several lines of evidence of ROC-influenced mantle beneath SEPR, no pyroxenite 

lithology is identified based on olivine FRTE ratios. This apparent paradox can be explained by a 

órefertilized peridotiteô and a possible ñpyroxenite destructionò model proposed by Herzberg et al. 

(2014, 2016). ROC-derived dacitic melts can either react with the host peridotite mantle via 1) 

porous flow that generates a refertilized peridotite (i.e., Lherzolite, with increased amount of Cpx 

and maybe garnet) but not a Cpx-dominated pyroxenite lithology, and/or 2) channeled melt flow 

that forms pyroxenite (Herzberg et al., 2014). It is possible that a refertilized peridotite has been 

formed through the porous flow, but it is also likely that pyroxenite could have been produced 

initially (stage-II pyroxenite, Herzberg, 2011) but then destroyed vis subsequent partial or total 

melting the pyroxenite veins embedded in the host peridotite (i.e., ópyroxenite destructionô, 
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Herzberg et al., 2014). This process erases the physical identity of pyroxenite lithology while 

preserving its isotopic and geochemical signatures. The destruction of pyroxenite is driven by two 

possible scenarios. First, the relative scarcity of pyroxenite compared to the peridotite host 

increases its susceptibility to complete melting and assimilation. Second, older recycled crust (over 

1 billion years) is more prone to these processes due to prolonged physical and chemical changes 

(Gurenko et al., 2009).  

 While no physical pyroxenite lithology is present in the SEPR samples, its chemical 

markersðsuch as trace element distributions and isotopic signaturesðare retained in the 

refertilized peridotite. These "phantom-like properties" (Herzberg et al., 2014) help explain the 

enriched signatures we observed in SEPR samples. Furthermore, the lack of source-lithology-

sensitive FRTEs, which partition Zn, Fe, and Mn in Cpx and garnet pyroxenitic lithologies (Lang 

and Lambart, 2022), indicates that the mantle source is dominated by olivine and Opx rather than 

Cpx (Le Roux et al., 2011, 2010; Mallik et al., 2021). This absence of pyroxenite and the 

dominance of peridotitic components account for the variations observed in FRTE ratios, such as 

10000*Zn/Fe vs. 100*Mn/Fe, confirming a purely peridotitic source component (Fig. 8a-c).  

 Based on these observations, we propose two processes of ROC entrainment within the 

SEPR region: 1) upwelling (Rowley et al., 2016), and 2) ridgeward flow (Guo et al., 2024) of 

enriched material, of which both provide a means of ROC entrainment and migration (Rowley et 

al., 2016) and mantle re-fertilization, and a possible pyroxenite destruction process (Fig. 11). We 

suggest that as subducted slab broke off (Fig. 11a, scenario ), some ROC components were 

entrained into a section of asthenospheric ridgeward flow or travelled into a region of upwelling 

(Fig. 11a, scenario ). As time progressed, a heterogeneous mantle domain was generated in 

which ROC and its derived pyroxenite lithology were fully consumed/remelted (i.e., pyroxenite 
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destruction) (Fig. 11b, scenario ), and generated a refertilized peridotite mantle (Herzberg et 

al., 2014, 2016). A mixture of the refertilized mantle domain and ambient mantle travelled 

upwards, generating volcanic activity and creating the Pukapuka Ridge, and later in time, the Rano 

Rahi Seamounts (Fig. 11b).  

 It is important to note that if the ROC component were sufficiently large and not fully 

consumed, it could be preserved in the mantle as a pyroxenite lithology. Although no pyroxenite 

signatures were found in the selected samples, this does not exclude the presence of pyroxenite in 

the region. Further investigation with more comprehensive olivine minor and trace element 

analysis across a larger sample pool is needed to assess the extent of ROC involvement and its role 

in pyroxenite formation or destruction beneath the SEPR. This is particularly true for the samples 

from the west of Pukapuka Ridge (i.e., west of the Pukapuka Ridge 7D) which we have not 

analyzed for olivine compositions. If pyroxenite destruction is tested to be widespread, this could 

impact our understanding of mantle heterogeneity and material recycling processes. It would 

suggest that pyroxenite contributions to mantle chemistry and lithology, particularly in mid-ocean 

ridges and hot plume environments, may be more transient or variable than previously thought. 

This could also influence models of mantle dynamics, including the extent and nature of crust-

mantle interaction, and refresh current ideas about the role of ROC in modifying mantle 

compositions chemically and lithologically. 

6. Conclusions 
 

 This study investigates the textural and geochemical properties of olivine phenocrysts from 

SEPR MORBs to explore mantle heterogeneity. Our results provide evidence of ROC influence 

on the SEPR mantle, but no pyroxenite lithology was identified, supporting a possible "pyroxenite 
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destruction" model. This model suggests that while ROC isotopic and chemical signatures remain, 

the pyroxenite component could have been fully  destroyed. Our findings highlight the critical role 

of olivine texture and geochemistry in tracing mantle-related processes and the role of ROC in 

contributing to the chemical and lithological mantle heterogeneity in MOR and plume settings. 

 The FC3MS values probably work well for continental samples in terms of ópyroxenite 

signaturesô search, but may not work well for oceanic samples. Our FC models based on end-

member samples (Fig. S5) do reveal slightly FC3MS values increase, and suggests that different 

parental melt compositions would have initially low or high FC3MS values, but FC3MS values 

may be less sensitive to the pyroxenite vs. peridotite lithology in comparison to olivine FRTE 

ratios.  
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Figures and Figure Captions 

      

Fig. 1. Regional location map of the SEPR showing samples included in this analysis and previous analyses. 

Samples with reversely zoned olivine grains are indicated by red circles and fall mainly in the Rano Rahi 

seamount region. The gray area indicates the 16° to 19° S region, where low-Ca, reversely-zoned olivines 

have been identified in the Rano Rahi seamount and the seamount-ridge axis interaction zone, an area 

exhibiting plume-like isotopic signatures (e.g., Niu et al., 1996, JGR: Solid Earth) (Figure made with 

GeoMapApp (www.geomapapp.org) / CC BY / CC BY (Ryan et al., 2009). 
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Fig. 2: FC3MS plotted against MgO (wt.%) from whole rock analyses in previous literature (Sinton et al., 

1991, 1999, Bergmanis et al., 2007, and Shimizu et al., 2023). Samples analyzed in this study are 

highlighted and differentiated by MORB-type. Analyzed samples are highlighted by MORB type with 

background samples as gray circles. Samples above 0.65 indicate a pyroxenite signature (Yang et al., 2013, 

Scientific Reports).  
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Fig. 3. (a)-(i): BSE images of reversely-zoned (RZ) olivine grains and normally-zoned (NZ) olivine grain 

from analyzed samples supporting textural evidence of magmatic processes over short time scales. Note 

that SEPR samples predominantly contain RZ olivines, with a few exceptions (MW 110-2, MW 55-8, 

GL08 72-7, GL08 73-4 and GL08 71-1, which contain both RZ and NZ grains). (a) and (f) show textures 

for rapid grain growth, (b) and (d) show grain growth, (c) and (e) show dissolution texture, (g) and (h) 

show rapid grain growth that predates mixing, and (i) shows rapid grain growth after mixing, as there is 

steep zoning between the core and the margin. The NZ BSE image is from GL08 71-1, which contains 

both RZ and NZ grains. To preserve mantle and near-primary melt information, samples in which olivine 

was the only or major phenocryst in a glassy or aphanitic matrix were selected.  
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Fig. 4. Backscatter electron (BSE) images of analyzed olivine grains from the SEPR showcasing the 

diversity of conditions these grains formed at. (a) shows Cpx with sector zoning that is cotectic with Plag, 

(b) shows olivine grain growth, (c) shows resorption and regrowth textures in Cpx, (d) shows Plag zonation 

indicating magmatic mixing, and (f) shows cotectic olivine and Plag. 
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Fig. 5. BSE images for RZ Ol grains in GL08 73-4, GL08 107-1, and ND22-1, and their respective 

quantitative x-ray maps. The ND22-1 BSE image shows strong zoning with steep gradients, which 

correlates with the plumbing system of this edifice-type and how eruptions and recharge events are triggered 

in this system. Strong, high-gradient zoning is generally associated with magma mixing prior to an eruption, 

implying that timing is an important consideration for ND22-1 in unison with source heterogeneity. All 

grains show low-Mg, low-Ca, and high-Ni cores. 
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Fig. 6. Olivine Fo (mol.%) vs. Ni (ppm) and Ca (ppm) showing relative abundances for analyzed samples 

with overlaid high-Ni and low-Ni end-member trends based on FC modeling. (a) High-Ni trend (light blue 

line) for Pukapuka 3D-1 at 1.5 GPa, 0.5 wt.% H2O, and QFM. (b) High-Ni trend (orange line) GL08 71-1 

at 1.5 GPa, 0 wt.% H2O, and QFM+2. (c) Low-Ni trend GL08 114-1 (pink line) at 0.1 GPa, 0.05 wt.% H2O, 

and QFM+2. Gray dashed lines show models with no addition of water or QFM. (d) GL08 71-1 olivine Fo 

(mol.%) and Ca (ppm) (orange line) showing clear compositional overlap with SEPR and Hawaiᾶi ROC 

samples (Koᾶolau) from Sobolev et al. (2007). Samples below Hawaiᾶi ROC are all reversely-zoned grains 

with extremely low-Ca cores. GL08 114-1 was not modeled as this sample did not have any RZ olivines. 

A low-Ca trend cannot be accurately modeled as there is no primary melt data for a low-Fo, low-Ca core.  
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Fig. 7. (a) Mn (ppm) versus Fo% showing a strong negative correlation. EPMA data is reported. (b) Zn 

(ppm) versus Fo% showing a generally negative correlation. LA-ICP-MS data is reported, as Zn is more 

accurately measured via laser ablation analysis. 
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Fig. 8. Minor and trace element chemistry of SEPR olivines analyzed in this study by both 

EPMA and LA-ICP-MS. LA-ICP-MS data was used in lieu of EPMA, as Zn is more accurately measured 

by LA-ICP-MS. (a) Ni (ppm) versus Mn/Zn ratio for analyzed SEPR olivines. Olivine derived from a 

pyroxenite source typically exhibit low Mn/Zn ratios (<14), while those from peridotitic sources show 

higher ratios (>14) (Howarth and Harris, 2017). (b) 100*Mn/Fe vs. 10000*Zn/Fe diagram showing no 

direct evidence of a pyroxenite lithology (base figure from Howarth and Harris, 2017, EPSL). The 

presence of ROC signatures and the absence of pyroxenite in the region may suggest that pyroxenite has 

been destroyed (ROC has been fully consumed). (c) Ni/(Mg/Fe)/1000 vs. 100*Mn/Fe diagram showing 

distinct compositions between SEPR and Hawaiᾶi Koᾶolau olivines (base figure from Migdasova et al., 

2017).  
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Fig. 9. (a) Li -Zn trends illustrate the involvement of ROC in the formation of our analyzed olivine grains. 

The gray-shaded region represents olivines from ROC sources (Foley et al., 2013), with Li from 1-2 ppm 

and Zn up to 350 ppm. The gray dashed arrow indicates Li-enrichment (up to 50 ppm) caused by phlogopite-

bearing recycled continental crust (Foley et al., 2013). (b) Ca <700 ppm and Ti <70 ppm ratios show 

potential for discriminating mantle olivines from igneous olivines and tracing the chemistry of metasomatic 

melts (Foley et al., 2013). (c) Fo (mol.%) versus Sc (ppm) show a high (light gray) and low (dark gray) Sc-

trend which correlate with a high and low-Ca olivine trend, respectively. The low-Sc trend may be related 

to an ROC-influenced mantle. 
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Fig. 10. FC modeling trends for GL08 71-1 and GL08 114-1 plotted with olivine zonation information. (a) 

GL08 71-1 which represents a high-Ni versus Fo (mol.%) trend, matches the plotted trend of NZ GL08 71-

1 olivine grains. No zonation was observed in olivines from GL08 114-1, which represents a low-Ni versus 

Fo% trend, and plots in the ñnot zonedò region. (b) GL08 71-1 plots in the high-Ca trend, highlighted by 

the dark gray region. A proposed low-Ca trend is plotted as a dashed green line in the light gray region, as 

modeling cannot be accurately performed with zoned olivine grains. Low-Ca is related with mantle 

metasomatism and may be affected by water, or may come from a low-Ca primary melt related with ROC. 

Dashed lines coming off the ñproposed Ca-depleted sourceò line indicate possible Cpx FC or the 

involvement of water, but all with a common Ca-depleted source. 
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Fig. 11. A simplified genetic model illustrating the ROC entrainment and pyroxenite destruction beneath 

SEPR. (a) 1). ROC undergoes slab break-off within the mantle metasomatism in the mantle. 2). ROC 

becomes entrained in a region of asthenospheric ridgeward flow or upwelling. (b) 3). Over time, this process 

generates a heterogenous mantle domain, where ROC is fully consumed and pyroxenite is destroyed. 

Pyroxenite that escapes capture by ridgeward flow or upwelling may become preserved in the ambient 

mantle. A mixture of the heterogeneous mantle domain and ambient mantle rises, fueling volcanic activity 

that formed the Pukapuka Ridge, and later in time, the Rano Rahi seamounts. 
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Table 1a: Summarized EPMA data (wt.% for oxides and ppm for elements) for selected RZ olivine grains. 
 

Sample info. Date Zonation Type FeO MgO SiO2 Ca P Ti  Ni Mn Cr  Na Al  Zn Co Oxides Total (wt.%) Fo number (mol%) 

GL08 107-1_01-1 25-Oct RZ Core 16.37 43.54 39.52 1929 23 61 2038 2182 257 24 289 58 170 100.49 82.29 

GL08 107-1_01-1 28-Jul RZ Core 16.46 43.86 39.25 1795 236 65 2002 2207 290  375 56 186 100.85 82.31 

GL08 107-1_01-2 28-Jul RZ Core 16.15 43.87 39.31 1682 37 64 2065 2087 272  313 63 169 100.37 82.59 

GL08 107-1_01-2 25-Oct RZ Core 15.82 44.65 40.24 1883 48 98 2157 2042 317  372 75 143 101.83 83.14 

GL08 107-1_01-3 25-Oct RZ Core 15.03 44.69 39.90 1922  82 2253 1967 289 47 294 56 161 100.68 83.85 

GL08 107-1_01-3 28-Jul RZ Core 15.90 44.25 39.72 1799 65 60 1820 2184 227  312 68 185 100.92 82.94 

GL08 107-1_01-4 25-Oct RZ Core 13.09 46.03 40.03 2184  128 2239 1637 301 60 339 52 154 100.24 85.99 

GL08 107-1_01-4 28-Jul RZ Core 15.48 44.51 39.56 1710  43 1950 2059 251  350 71 180 100.55 83.40 

GL08 107-1_01-5 25-Oct RZ Core 12.64 46.69 40.29 2074 2 88 2436 1589 328 65 338 53 152 100.71 86.58 

GL08 107-1_01-5 28-Jul RZ Rim 12.74 46.83 39.82 1844  66 2396 1565 310  233 57 159 100.37 86.53 

GL08 107-1_01-6 28-Jul RZ Rim 12.81 46.75 40.09 1863 22 61 2423 1543 331  346 78 164 100.70 86.44 

GL08 107-1_01-7 28-Jul RZ Rim 12.53 46.51 39.97 2013 24 88 2420 1506 314  1513 64 163 100.53 86.64 

GL08 107-1_02-1 28-Jul RZ Core 15.60 44.41 39.27 1845 56 48 2067 2066 269  339 73 186 100.38 83.25 

GL08 107-1_02-1 25-Oct RZ Core 15.43 44.29 39.68 1969 1 77 2082 1993 282 34 309 45 167 100.45 83.37 

GL08 107-1_02-2 25-Oct RZ Core 15.11 44.47 39.61 1973  76 2091 1966 268 21 309 35 152 100.22 83.72 

GL08 107-1_02-2 28-Jul RZ Core 15.61 44.45 39.24 1775  49 2045 2048 270  278 74 173 100.30 83.26 

GL08 107-1_02-3 28-Jul RZ Core 14.71 45.12 39.22 1812  55 2206 1851 331  284 98 175 100.08 84.27 

GL08 107-1_02-3 25-Oct RZ Core 15.33 44.33 39.65 2017 8 67 1970 2034 273 16 317 61 169 100.35 83.47 

GL08 107-1_02-4 25-Oct RZ Core 15.25 44.16 39.61 1987 19 69 2119 1948 287 35 315 53 162 100.09 83.49 

GL08 107-1_02-4 28-Jul RZ Core 13.90 46.02 39.93 1905 77 68 2106 1719 347  326 73 171 100.94 85.26 

GL08 107-1_02-5 25-Oct RZ Core 12.57 46.55 40.28 2239 15 128 2380 1561 331 37 324 52 148 100.51 86.61 

GL08 107-1_02-5 28-Jul RZ Rim 12.61 46.86 39.98 1977 39 92 2386 1593 335  462 62 161 100.59 86.65 

GL08 107-1_02-6 25-Oct RZ Core 12.53 46.53 40.23 2169  127 2332 1538 287 39 334 56 163 100.35 86.65 

GL08 107-1_02-6 28-Jul RZ Rim 12.75 46.58 39.89 2564 18 120 2391 1534 420  1233 51 153 100.73 86.45 

GL08 107-1_02-7 28-Jul RZ Rim 12.88 46.58 39.81 2034 13 73 2319 1539 341  342 58 185 100.34 86.33 

GL08 107-1_03-1 28-Jul RZ Core 15.75 44.97 39.57 614  81 1052 2093 137  134 64 188 100.92 83.29 

GL08 107-1_03-2 28-Jul RZ Core 15.86 44.68 39.31 582  83 1068 2127 150  149 49 190 100.49 83.10 

GL08 107-1_03-3 28-Jul RZ Core 16.01 44.46 39.46 533 32 75 1040 2123 111  158 59 196 100.57 82.90 

GL08 107-1_03-4 28-Jul RZ Core 15.84 44.47 39.41 704 88 50 1063 2074 116  138 55 185 100.43 83.06 

GL08 107-1_03-5 28-Jul RZ Rim 11.88 47.81 40.46 1983 6 45 1852 1450 269  141 64 182 101.03 87.54 

GL08 107-1_03-6 28-Jul RZ Rim 12.10 47.53 40.19 2091  61 1854 1454 299  234 63 176 100.75 87.28 

GL08 107-1_03-7 28-Jul RZ Rim 11.77 47.58 40.40 2133 7 38 1756 1461 282  179 66 166 100.65 87.59 

GL08 107-1_03-8 28-Jul RZ Rim 12.02 47.57 40.36 2010  75 1335 1475 208  219 53 191 100.79 87.36 

GL08 107-1_05-1 28-Jul RZ Core 16.15 44.26 39.20 843  69 1498 2081 120  154 54 185 100.32 82.71 

GL08 107-1_05-1 25-Oct RZ Rim 14.41 44.81 39.78 2109 391 149 1907 1785 348 12 469 69 172 100.47 84.45 

GL08 107-1_05-2 28-Jul RZ Core 15.83 44.58 39.12 1033  98 1644 2013 148  424 70 184 100.40 83.10 
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Sample info, Date Zonation Type FeO MgO SiO2 Ca P Ti  Ni Mn Cr  Na Al  Zn Co Oxides Total (wt.%) Fo number (mol%) 

GL08 107-1_05-2 25-Oct RZ Rim 14.94 44.39 39.61 2100 327 115 1838 1836 348 34 420 58 138 100.32 83.85 

GL08 107-1_05-3 28-Jul RZ Core 16.67 43.70 39.07 873  92 1335 2143 115  421 79 190 100.26 82.07 

GL08 107-1_05-3 25-Oct RZ Rim 14.94 44.27 39.58 2140 92 86 1853 1822 314 34 338 64 171 99.92 83.80 

GL08 107-1_05-4 28-Jul RZ Core 16.12 44.09 39.01 831 48 75 1536 2091 123  266 69 181 100.03 82.69 

GL08 107-1_05-4 25-Oct RZ Rim 14.85 44.51 39.66 1976 144 132 2020 1773 342 16 385 67 162 100.22 83.96 

GL08 107-1_05-5 25-Oct RZ Rim 12.78 46.04 40.04 2419  167 2341 1551 330 26 407 46 160 100.01 86.29 

GL08 107-1_05-5 28-Jul RZ Rim 12.83 46.84 39.75 1769  83 2378 1529 311  416 56 180 100.46 86.44 

GL08 107-1_05-6 25-Oct RZ Rim 12.79 46.07 39.99 2375 91 184 2358 1537 369 60 429 59 167 100.12 86.29 

GL08 107-1_05-6 28-Jul RZ Rim 12.67 46.81 39.76 1989 4 85 2422 1532 308  562 64 165 100.37 86.58 

GL08 107-1_05-7 28-Jul RZ Rim 12.48 46.96 40.53 1785 53 86 2351 1512 310  380 67 167 101.04 86.79 

GL08 107-1_06-1 25-Oct RZ Rim 16.12 43.50 39.32 544 32 118 1043 2189 100  147 66 188 99.60 82.49 

GL08 107-1_06-2 25-Oct RZ Rim 16.05 43.60 39.42 624 48 60 1039 2190 136  113 73 182 99.74 82.59 

GL08 107-1_06-3 25-Oct RZ Rim 15.64 43.96 39.50 642 32 123 1074 2105 125  147 65 172 99.77 83.07 

GL08 107-1_06-4 25-Oct RZ Rim 15.79 43.77 39.37 645 47 118 1058 2133 145  149 56 191 99.63 82.88 

GL08 107-1_06-5 25-Oct RZ Rim 11.58 47.32 40.29 2014  40 1636 1463 269 36 138 59 144 100.04 87.71 

GL08 107-1_06-6 25-Oct RZ Rim 12.16 46.48 40.11 2077 6 24 1804 1535 273 20 189 48 154 99.66 86.98 

GL08 107-1_06-7 25-Oct RZ Rim 12.17 46.55 40.01 2109 38 86 2291 1482 352 47 352 50 152 99.83 86.98 

GL08 107-1_06-8 25-Oct RZ Rim 12.17 46.60 40.03 2130 3 71 2371 1516 371 49 368 55 153 99.90 86.99 

GL08 123-3_04-1 22-May RZ Rim 15.43 44.37 39.66 2577   1543 2007      100.28 83.39 

GL08 70-2_01-1 22-May RZ Core 13.35 46.01 40.12 2720   1854 1575      100.30 85.75 

GL08 70-2_01-1 22-May RZ Rim 15.60 43.41 39.84 4131   1389 1830      99.83 82.94 

GL08 71-1_01-1 28-Jul RZ Core 14.50 45.51 39.68 1989 286 91 1696 1774 247  306 80 163 100.90 84.57 

GL08 71-1_01-2 28-Jul RZ Core 14.44 45.66 39.53 1941 492 107 1756 1747 266  306 75 161 101.04 84.66 

GL08 71-1_01-3 28-Jul RZ Core 13.99 46.05 39.82 1902 94 70 1890 1690 282  324 61 166 100.92 85.18 

GL08 71-1_01-4 28-Jul RZ Rim 12.76 46.89 39.96 2017  112 2265 1560 319  288 60 161 100.64 86.52 

GL08 71-1_01-5 28-Jul RZ Rim 13.32 46.65 40.11 1940 15 84 2097 1595 306  281 71 151 101.07 85.95 

GL08 71-1_01-6 28-Jul RZ Rim 12.71 47.00 40.06 1942  65 2304 1553 316  307 50 168 100.79 86.59 

GL08 71-1_02-1 28-Jul RZ Core 16.12 43.86 39.24 2232 51 124 1768 2060 254  318 64 175 100.31 82.61 

GL08 71-1_02-10 15-Jul RZ Rim 12.36 46.41 40.16 1848   2393 1545      99.70 86.76 

GL08 71-1_02-2 28-Jul RZ Core 15.49 44.53 39.32 2215 78 127 1863 1938 268  353 66 167 100.47 83.39 

GL08 71-1_02-3 28-Jul RZ Core 15.45 44.53 39.38 2115 74 123 1898 1908 272  348 56 179 100.48 83.42 

GL08 71-1_02-4 28-Jul RZ Rim 12.67 46.89 40.19 1893 43 88 2394 1509 357  347 58 170 100.83 86.60 

GL08 71-1_02-5 28-Jul RZ Rim 12.65 47.06 40.16 1855 23 82 2470 1475 343  343 67 163 100.92 86.66 

GL08 71-1_02-6 28-Jul RZ Rim 12.81 47.12 40.14 1886 177 94 2390 1539 352  342 73 148 101.27 86.53 

GL08 71-1_02-7 15-Jul RZ Rim 12.34 46.14 40.13 1907   2513 1518      99.39 86.73 

GL08 71-1_02-8 15-Jul RZ Rim 12.52 46.14 40.20 1940   2477 1628      99.66 86.56 

GL08 71-1_02-9 15-Jul RZ Rim 12.42 46.51 40.27 1864   2411 1490      99.95 86.74 
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Sample info, Date Zonation Type FeO MgO SiO2 Ca P Ti  Ni Mn  Cr  Na Al  Zn Co Oxides Total (wt.%) Fo number (mol%) 

GL08 71-1_03-1 15-Jul RZ Core 15.36 43.82 39.85 1636   1580 1898      99.70 83.28 

GL08 71-1_03-1 28-Jul RZ Core 15.41 44.57 39.35 1583 16 113 1536 2001 161  174 56 169 100.17 83.48 

GL08 71-1_03-2 15-Jul RZ Core 15.70 43.41 39.77 1574   1386 2078      99.55 82.85 

GL08 71-1_03-2 28-Jul RZ Core 15.95 44.31 39.24 1482 120 108 1439 2095 153  156 72 168 100.42 82.91 

GL08 71-1_03-3 15-Jul RZ Core 15.71 43.62 39.75 1494   1443 2172      99.75 82.91 

GL08 71-1_03-3 28-Jul RZ Core 15.69 44.35 39.30 1471 99 111 1510 2049 173  145 71 170 100.25 83.15 

GL08 71-1_03-4 15-Jul RZ Core 15.28 43.94 39.77 1556   1520 2147      99.69 83.40 

GL08 71-1_03-4 28-Jul RZ Rim 12.30 46.91 40.08 1868  55 2321 1468 384  314 57 163 100.30 86.95 

GL08 71-1_03-5 28-Jul RZ Rim 12.46 46.82 39.86 2062 28 71 2041 1476 377  217 59 184 100.14 86.78 

GL08 71-1_03-5 15-Jul RZ Rim 12.08 46.82 40.72 1848   2449 1530      100.39 87.13 

GL08 71-1_03-6 15-Jul RZ Rim 12.21 46.49 40.43 1963   2402 1430      99.89 86.93 

GL08 71-1_03-6 28-Jul RZ Rim 12.23 47.12 40.04 1811 37 69 2557 1470 382  346 58 182 100.47 87.06 

GL08 71-1_03-7 15-Jul RZ Rim 12.11 46.57 40.55 1881   2554 1509      100.01 87.04 

GL08 71-1_03-8 15-Jul RZ Rim 12.33 46.49 40.31 1985   2275 1560      99.90 86.81 

GL08 71-1_04-1 15-Jul RZ Core 14.52 44.75 39.96 1951   1561 1737      99.92 84.33 

GL08 71-1_04-1 28-Jul RZ Core 18.50 41.94 38.48 2304 199 156 1206 2441 206  451 87 186 100.19 79.83 

GL08 71-1_04-2 15-Jul RZ Core 13.66 44.79 40.41 1879   1485 1857      99.56 85.13 

GL08 71-1_04-2 28-Jul RZ Core 18.24 42.19 38.70 2203 83 160 1162 2412 164  259 84 180 100.19 80.16 

GL08 71-1_04-3 15-Jul RZ Core 13.68 44.75 40.53 1836   1552 1681      99.63 85.11 

GL08 71-1_04-3 28-Jul RZ Core 18.10 42.25 38.67 2347 39 221 1297 2396 216  549 80 171 100.19 80.30 

GL08 71-1_04-4 15-Jul RZ Core 13.57 44.84 40.69 1901   1444 1640      99.76 85.23 

GL08 71-1_04-4 28-Jul RZ Rim 12.51 46.47 39.72 1808  49 2497 1519 367  311 61 173 99.73 86.64 

GL08 71-1_04-5 15-Jul RZ Rim 12.51 46.30 40.39 1807   2548 1416      99.96 86.60 

GL08 71-1_04-5 28-Jul RZ Rim 12.59 46.58 39.91 1813 92 77 2394 1502 354  337 64 158 100.19 86.59 

GL08 71-1_04-6 15-Jul RZ Rim 12.60 46.15 40.35 1849   2469 1416      99.86 86.48 

GL08 71-1_04-6 28-Jul RZ Rim 12.53 46.82 39.92 1851 9 61 2453 1502 353  305 73 170 100.31 86.71 

GL08 71-1_04-7 15-Jul RZ Rim 12.70 46.11 40.25 2069   2293 1471      99.84 86.38 

GL08 71-1_04-8 15-Jul RZ Rim 12.67 45.97 40.18 1990   2231 1584      99.59 86.37 

GL08 72-7_04-1 28-Jul RZ Core 14.12 45.61 39.20 1796 420 49 1944 1689 239  415 60 172 100.30 84.94 

GL08 72-7_04-2 28-Jul RZ Core 13.57 45.81 39.13 1796 459 52 2087 1632 284  419 68 158 99.94 85.50 

GL08 72-7_04-3 28-Jul RZ Core 14.16 45.25 39.09 1847 269 61 1956 1716 230  359 52 161 99.70 84.81 

GL08 72-7_04-4 28-Jul RZ Core 13.50 45.66 39.27 1813 395 51 2144 1655 310  453 70 176 99.84 85.52 

GL08 72-7_04-5 28-Jul RZ Rim 13.22 45.64 39.12 1943 31 62 2249 1626 358  521 55 153 99.12 85.78 

GL08 72-7_04-6 28-Jul RZ Rim 13.01 46.74 39.23 1972  74 2209 1568 358  512 60 168 100.08 86.25 

GL08 72-7_04-7 28-Jul RZ Rim 13.11 45.72 39.00 1956 320 67 2203 1610 347  459 72 162 99.20 85.90 

GL08 72-7_05-1 28-Jun RZ Core 14.34 45.87 39.76 2200   2036 1708      100.75 84.82 

GL08 72-7_05-2 28-Jun RZ Core 13.50 46.67 40.14 1969   2322 1552      101.08 85.79 
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Sample info, Date Zonation Type FeO MgO SiO2 Ca P Ti  Ni Mn  Cr  Na Al  Zn Co Oxides Total (wt.%) Fo number (mol%) 

GL08 72-7_05-3 28-Jun RZ Core 14.22 45.72 39.70 2224   1969 1665      100.42 84.88 

GL08 72-7_05-4 28-Jun RZ Rim 15.19 44.28 39.31 3071   2000 1758      99.69 83.58 

GL08 72-7_05-5 28-Jun RZ Rim 13.93 46.21 40.04 2204   2179 1630      100.98 85.28 

GL08 72-7_05-6 28-Jun RZ Rim 13.82 46.27 40.05 2186   2113 1593      100.92 85.40 

GL08 73-4_01-1 15-Jul RZ Core 18.41 40.51 38.68 466   835 2423      98.08 79.35 

GL08 73-4_01-1 28-Jul RZ Core 19.09 41.66 38.47 637  204 897 2484 69  109 56 218 99.88 79.21 

GL08 73-4_01-10 15-Jul RZ Core 17.12 41.46 38.72 689   920 2304      97.81 80.88 

GL08 73-4_01-11 15-Jul RZ Rim 12.75 45.00 39.39 1708   1840 1614      97.83 86.05 

GL08 73-4_01-12 15-Jul RZ Rim 12.82 44.76 39.42 1702   1530 1666      97.64 85.91 

GL08 73-4_01-13 15-Jul RZ Rim 12.28 45.33 39.59 2038   2060 1477      97.93 86.57 

GL08 73-4_01-14 15-Jul RZ Rim 13.81 44.37 39.57 872   1431 1990      98.31 84.88 

GL08 73-4_01-15 15-Jul RZ Rim 12.40 45.72 39.82 1809   1903 1524      98.63 86.56 

GL08 73-4_01-16 15-Jul RZ Rim 12.47 45.30 39.41 2066   2154 1438      97.94 86.38 

GL08 73-4_01-17 15-Jul RZ Rim 12.30 45.50 39.43 1936   2231 1548      97.99 86.60 

GL08 73-4_01-18 15-Jul RZ Rim 12.36 45.50 39.31 1924   2085 1416      97.89 86.54 

GL08 73-4_01-19 15-Jul RZ Rim 12.30 45.52 39.36 2001   2221 1498      97.94 86.61 

GL08 73-4_01-2 15-Jul RZ Core 18.48 40.40 38.58 496   875 2480      97.96 79.25 

GL08 73-4_01-2 28-Jul RZ Core 18.67 41.92 38.45 552  123 970 2495 75  128 86 200 99.70 79.68 

GL08 73-4_01-3 15-Jul RZ Core 18.56 40.22 38.50 472   891 2526      97.79 79.10 

GL08 73-4_01-3 28-Jul RZ Core 17.85 42.67 38.58 743 41 125 977 2324 102  117 70 205 99.80 80.67 

GL08 73-4_01-4 15-Jul RZ Core 18.68 40.29 38.59 520   824 2485      98.05 79.02 

GL08 73-4_01-4 28-Jul RZ Rim 13.03 46.28 39.77 1817 41 71 2023 1591 254  345 51 178 100.08 86.12 

GL08 73-4_01-5 15-Jul RZ Core 18.16 40.57 38.58 508   891 2559      97.83 79.60 

GL08 73-4_01-5 28-Jul RZ Rim 13.58 45.70 39.24 1840  124 1438 1677 168  194 58 184 99.35 85.46 

GL08 73-4_01-6 15-Jul RZ Core 18.28 40.39 38.54 537   878 2430      97.71 79.42 

GL08 73-4_01-6 28-Jul RZ Rim 13.02 46.29 39.85 2094  76 2122 1574 240  321 59 186 100.16 86.13 

GL08 73-4_01-7 15-Jul RZ Core 18.17 40.54 38.61 537   930 2482      97.83 79.58 

GL08 73-4_01-8 15-Jul RZ Core 17.83 40.93 38.48 547   881 2611      97.76 80.04 

GL08 73-4_01-9 15-Jul RZ Core 17.55 41.12 38.51 633   862 2458      97.70 80.36 

GL08 73-4_02-1 28-Jul RZ Core 14.28 45.29 39.67 2032 18 83 1960 1773 220  355 63 181 100.27 84.71 

GL08 73-4_02-2 28-Jul RZ Core 14.01 45.34 39.36 2048 21 84 2037 1739 211  341 53 163 99.73 84.97 

GL08 73-4_02-3 28-Jul RZ Core 13.94 45.54 39.30 2083  75 1975 1683 218  302 57 178 99.77 85.08 

GL08 73-4_02-4 28-Jul RZ Rim 12.77 46.40 39.77 1979  74 2253 1516 264  275 67 154 99.92 86.38 

GL08 73-4_02-5 28-Jul RZ Rim 12.79 46.47 39.41 1952 4 84 2234 1544 272  333 75 165 99.68 86.39 

GL08 73-4_02-6 28-Jul RZ Rim 12.70 46.48 39.61 2025 26 72 2247 1515 271  330 56 170 99.82 86.47 

GL08 73-4_03-1 15-Jul RZ Core 13.81 44.04 39.08 2166   1989 1799      97.73 84.78 

GL08 73-4_03-1 28-Jul RZ Core 14.35 45.39 39.45 783 29 35 1545 1858 142  87 61 176 99.87 84.67 
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Sample info, Date Zonation Type FeO MgO SiO2 Ca P Ti  Ni Mn  Cr  Na Al  Zn Co Oxides Total (wt.%) Fo number (mol%) 

GL08 73-4_03-2 15-Jul RZ Core 13.43 44.26 39.17 2239   2037 1719      97.66 85.19 

GL08 73-4_03-2 28-Jul RZ Core 14.14 45.68 39.59 941 53 33 1665 1844 133  78 62 186 100.15 84.95 

GL08 73-4_03-3 15-Jul RZ Core 14.02 43.82 39.03 2268   1999 1718      97.66 84.52 

GL08 73-4_03-3 28-Jul RZ Core 13.99 45.77 39.67 880 66 44 1584 1782 146  85 61 193 100.15 85.11 

GL08 73-4_03-4 15-Jul RZ Core 13.82 43.95 38.92 2148   2023 1727      97.47 84.75 

GL08 73-4_03-4 28-Jul RZ Rim 12.74 46.73 40.04 1523 45 30 2063 1552 190  116 69 161 100.36 86.50 

GL08 73-4_03-5 15-Jul RZ Rim 12.54 45.05 39.34 2227   2245 1531      97.72 86.25 

GL08 73-4_03-5 28-Jul RZ Rim 12.71 46.64 39.33 1772 25 50 2226 1526 238  291 61 177 99.65 86.50 

GL08 73-4_03-6 15-Jul RZ Rim 12.47 45.05 39.22 2201   2178 1496      97.53 86.32 

GL08 73-4_03-6 28-Jul RZ Rim 12.86 46.48 39.70 2030 23 86 2221 1555 260  370 65 171 100.08 86.32 

GL08 73-4_03-7 15-Jul RZ Rim 12.40 45.01 39.16 2197   2188 1531      97.36 86.37 

GL08 73-4_03-8 15-Jul RZ Rim 12.51 44.83 39.34 2272   2174 1527      97.47 86.22 

GL08 73-4_04-1 15-Jul RZ Core 13.81 44.15 38.99 814   1485 1829      97.49 84.82 

GL08 73-4_04-2 15-Jul RZ Core 13.77 44.22 38.95 842   1492 1874      97.49 84.86 

GL08 73-4_04-3 15-Jul RZ Core 13.52 44.33 39.21 1032   1545 1848      97.64 85.14 

GL08 73-4_04-4 15-Jul RZ Core 13.61 44.33 39.05 936   1532 1847      97.55 85.05 

GL08 73-4_04-5 15-Jul RZ Rim 12.36 45.30 39.46 1914   2169 1358      97.83 86.49 

GL08 73-4_04-6 15-Jul RZ Rim 12.40 45.32 39.41 1932   2158 1530      97.87 86.45 

GL08 73-4_04-7 15-Jul RZ Rim 12.24 45.53 39.71 1841   2170 1475      98.20 86.66 

GL08 73-4_04-8 15-Jul RZ Rim 12.32 45.26 39.21 2170   2241 1496      97.57 86.51 

GL08 78-2_01-1 28-Jun RZ Core 15.85 44.20 39.64 804   1691 2106      100.29 82.96 

GL08 78-2_01-1 28-Jul RZ Core 16.08 44.60 39.60 748 4 45 1602 2083 99  127 53.3281 178 100.98 82.89 

GL08 78-2_01-2 28-Jun RZ Core 15.52 44.62 39.78 836   1742 1977      100.52 83.39 

GL08 78-2_01-2 28-Jul RZ Core 15.81 44.69 39.81 896 3 64 1596 2025 109  135 50 173 101.03 83.16 

GL08 78-2_01-3 28-Jul RZ Core 15.42 45.15 39.92 1091  47 1724 1923 110  148 47 190 101.22 83.65 

GL08 78-2_01-3 28-Jun RZ Rim 12.66 47.02 40.31 1790   2309 1507      100.73 86.64 

GL08 78-2_01-4 28-Jul RZ Core 15.74 44.56 39.78 736 25 58 1661 2084 119  133 68 178 100.80 83.18 

GL08 78-2_01-4 28-Jun RZ Rim 13.57 46.01 40.14 1782   1916 1589      100.42 85.55 

GL08 78-2_01-5 28-Jul RZ Rim 12.95 46.88 39.86 1746 3 41 2220 1618 204  307 49 183 100.64 86.34 

GL08 78-2_01-6 28-Jul RZ Rim 12.91 47.06 40.07 1939  59 2230 1537 262  375 67 188 101.06 86.42 

GL08 78-2_01-7 28-Jul RZ Rim 12.76 47.16 40.01 1756  76 2306 1617 269  444 51 171 100.96 86.59 

GL08 78-2_06-1 28-Jul RZ Core 14.42 46.06 39.89 910 83 82 1970 1959 191  179 65 156 101.24 84.80 

GL08 78-2_06-2 28-Jul RZ Core 14.49 46.06 39.84 932 140 90 1959 2016 198  189 55 199 101.33 84.73 

GL08 78-2_06-3 28-Jul RZ Core 14.47 46.11 39.65 1163  72 2023 1922 207  150 63 181 101.05 84.76 

GL08 78-2_06-4 28-Jul RZ Core 14.25 46.05 39.76 981 100 62 2012 1871 224  227 63 163 100.97 84.95 

GL08 78-2_06-5 28-Jul RZ Rim 13.17 47.15 40.10 1865  80 2129 1602 307  442 49 155 101.46 86.22 

GL08 78-2_06-6 28-Jul RZ Rim 12.92 46.97 39.96 1939 3070 85 2127 1576 316  445 55 172 103.71 86.39 
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Sample info, Date Zonation Type FeO MgO SiO2 Ca P Ti  Ni Mn  Cr  Na Al  Zn Co Oxides Total (wt.%) Fo number (mol%) 

GL08 78-2_06-7 28-Jul RZ Rim 13.30 46.79 39.65 1903  75 2114 1545 278  390 45 157 100.74 86.00 

GL08 82-2_02-1 28-Jul RZ Core 12.49 47.43 39.99 444 24 103 1093 1576 126  137 63 172 100.48 86.90 

GL08 82-2_02-2 28-Jul RZ Core 12.53 47.45 39.76 508  93 1102 1597 118  110 76 167 100.28 86.87 

GL08 82-2_02-3 28-Jul RZ Core 12.40 47.65 39.91 578 35 88 1081 1516 110  114 66 164 100.52 87.04 

GL08 82-2_02-4 28-Jul RZ Core 12.51 47.37 39.83 598  96 1068 1563 116  109 69 145 100.25 86.87 

GL08 82-2_02-5 28-Jul RZ Rim 11.31 48.32 40.37 1753  36 2184 1396 227  176 55 145 100.86 88.18 

GL08 82-2_02-6 28-Jul RZ Rim 11.44 47.87 40.22 1768  26 1976 1424 221  156 67 143 100.37 87.96 

GL08 82-2_02-7 28-Jul RZ Rim 11.44 47.98 40.52 2064 40 61 2314 1413 301  343 60 155 100.99 87.99 

GL08 82-2_04-1 28-Jul RZ Core 11.88 47.74 40.54 1084 29 82 2203 1473 154  128 45 169 100.95 87.52 

GL08 82-2_04-2 28-Jul RZ Core 12.02 47.72 40.31 1019 88 69 2251 1529 182  154 52 155 100.91 87.40 

GL08 82-2_04-3 28-Jul RZ Core 12.51 47.39 40.44 873 35 76 2136 1534 126  135 46 148 101.09 86.86 

GL08 82-2_04-4 28-Jul RZ Core 12.56 47.30 39.99 872 37 89 2121 1565 111  189 68 165 100.62 86.80 

GL08 82-2_04-5 28-Jul RZ Rim 11.37 48.21 40.35 1950 65 53 2405 1402 328  391 43 158 101.03 88.10 

GL08 82-2_04-6 28-Jul RZ Rim 11.37 48.30 40.49 1980  60 2412 1390 340  421 52 148 101.22 88.12 

GL08 82-2_04-7 28-Jul RZ Rim 11.43 48.08 40.40 1949 41 53 2341 1440 305  374 57 164 100.96 88.02 

GL08 85-1_01-1 22-May RZ Core 12.45 46.56 40.17 2470   2003 1380      99.95 86.72 

GL08 85-1_01-2 22-May RZ Core 12.06 46.69 40.35 2604   2054 1375      99.90 87.12 

MW 103-4_02-1 30-Nov RZ Core 14.25 45.02 39.70 789   1586 1759 150  79 98 183 99.61 84.66 

MW 103-4_02-1 28-Jul RZ Core 15.62 44.18 39.14 695 11 251 1448 2059 173  2068 49 197 100.40 83.16 

MW 103-4_02-2 30-Nov RZ Core 15.18 44.36 39.46 387 4  1349 1842 79  95 123 189 99.57 83.61 

MW 103-4_02-2 28-Jul RZ Core 15.77 44.15 39.04 746 5 219 1453 2023 80  1366 51 198 100.12 83.02 

MW 103-4_02-3 30-Nov RZ Core 14.88 44.61 39.58 455   1392 1847 77  48 103 165 99.63 83.97 

MW 103-4_02-3 28-Jul RZ Core 15.39 44.74 39.34 804  102 1401 2030 66  166 53 182 100.15 83.54 

MW 103-4_02-4 30-Nov RZ Core 12.60 46.12 39.89 985   1830 1537 134  67 48 157 99.27 86.47 

MW 103-4_02-4 28-Jul RZ Core 15.07 44.59 39.46 822  174 1557 2033 166  325 58 174 99.92 83.79 

MW 103-4_02-5 30-Nov RZ Rim 12.46 46.53 39.87 2080 1  2356 1487 385  403 117 188 99.94 86.71 

MW 103-4_02-5 28-Jul RZ Rim 12.50 46.75 39.84 2349  101 2392 1484 788  940 60 176 100.55 86.72 

MW 103-4_02-6 30-Nov RZ Rim 13.20 45.98 39.74 1365   2012 1563 160  64 104 173 99.68 85.88 

MW 103-4_02-6 28-Jul RZ Rim 12.07 47.20 40.39 2032 3 52 2469 1505 396  454 60 158 100.78 87.23 

MW 103-4_02-7 30-Nov RZ Rim 12.27 46.61 40.02 2045 0  2425 1485 407  456 115 150 100.01 86.90 

MW 103-4_02-7 28-Jul RZ Rim 12.39 47.27 40.25 1779  80 2473 1656 371  440 53 179 101.00 86.96 

MW 103-4_05-1 28-Jul RZ Core 15.46 44.97 40.10 305  150 1403 1890 87  145 52 183 101.13 83.56 

MW 103-4_05-2 28-Jul RZ Core 15.03 45.22 39.64 412  76 1453 1823 75  113 53 176 100.47 84.01 

MW 103-4_05-3 28-Jul RZ Core 15.28 45.39 39.97 372  95 1382 1891 108  147 68 172 101.25 83.84 

MW 103-4_05-4 28-Jul RZ Core 15.05 45.16 39.85 425  91 1447 1876 105  127 66 169 100.67 83.97 

MW 103-4_05-5 28-Jul RZ Rim 12.50 47.65 40.01 1870  54 2493 1490 393  294 63 138 101.19 86.94 

MW 103-4_05-6 28-Jul RZ Rim 12.22 47.61 40.01 1842 15 63 2522 1478 461  316 59 137 100.91 87.19 
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Sample info, Date Zonation Type FeO MgO SiO2 Ca P Ti  Ni Mn  Cr  Na Al  Zn Co Oxides Total (wt.%) Fo number (mol%)  

MW 103-4_05-7 28-Jul RZ Rim 13.01 46.97 39.89 1981 53 98 2359 1529 367  325 65 141 100.97 86.31 

MW 103-4_06-1 30-Nov RZ Core 15.38 44.12 38.39 771 53  1573 2058 330 12  124 166 98.65 83.36 

MW 103-4_06-10 30-Nov RZ Rim 12.18 46.57 39.70 1547   2304 1511 281  106 93 174 99.31 86.97 

MW 103-4_06-2 30-Nov RZ Core 14.43 44.70 39.08 996 21  1533 1884 56  84 93 178 98.88 84.40 

MW 103-4_06-3 30-Nov RZ Core 14.80 44.52 39.26 878   1485 1960 82  78 90 196 99.24 84.01 

MW 103-4_06-4 30-Nov RZ Core 14.65 44.60 39.39 822 14  1477 1913 63  51 108 210 99.28 84.17 

MW 103-4_06-5 30-Nov RZ Core 15.21 44.14 39.19 800   1532 2060 86  47 142 195 99.21 83.52 

MW 103-4_06-6 30-Nov RZ Core 13.71 45.28 39.41 949 39  1839 1774 162  62 84 176 99.14 85.22 

MW 103-4_06-7 30-Nov RZ Rim 12.00 46.40 39.49 1438   2438 1516 480  246 102 176 98.86 87.10 

MW 103-4_06-8 30-Nov RZ Rim 12.38 46.33 39.42 2002   2438 1547 376  337 107 162 99.20 86.73 

MW 103-4_06-9 30-Nov RZ Rim 12.00 46.71 39.62 1521   2354 1501 248  89 110 165 99.17 87.18 

MW 55-6_04-1 28-Jun RZ Core 14.77 44.51 41.30 2016   1639 1960      101.32 84.04 

MW 55-6_04-2 28-Jun RZ Core 13.81 45.50 41.79 2213   1687 1765      101.85 85.20 

MW 55-6_04-3 28-Jun RZ Rim 12.35 46.53 41.98 2171   2280 1623      101.66 86.81 

MW 55-6_04-4 28-Jun RZ Rim 12.22 46.64 42.12 2100   2306 1692      101.79 86.95 

MW 55-8_03-1 28-Jun RZ Core 11.36 47.45 40.13 1957   2367 1473      99.71 87.94 

MW 55-8_03-1 28-Jul RZ Core 13.61 45.59 39.84 2472 35 67 1695 1755 306  318 41 193 100.11 85.40 

MW 55-8_03-2 28-Jun RZ Core 11.48 47.38 40.08 2069   2212 1458      99.70 87.81 

MW 55-8_03-2 28-Jul RZ Core 13.69 45.47 39.40 2467 74 111 1789 1717 378  503 48 194 99.77 85.30 

MW 55-8_03-3 28-Jul RZ Core 13.49 45.89 39.69 2469  79 1799 1698 304  333 53 162 100.12 85.59 

MW 55-8_03-3 28-Jun RZ Rim 11.23 47.49 40.17 2125   1886 1407      99.62 88.07 

MW 55-8_03-4 28-Jul RZ Core 13.08 45.79 39.37 2510 173 109 1840 1673 365  575 58 173 99.57 85.94 

MW 55-8_03-4 28-Jun RZ Rim 11.25 47.53 40.16 2077   1969 1337      99.66 88.06 

MW 55-8_03-5 28-Jul RZ Rim 11.05 47.56 39.65 1933  57 2535 1341 424  356 58 162 99.32 88.26 

MW 55-8_03-6 28-Jul RZ Rim 10.80 47.79 40.05 1988  62 2536 1355 434  405 64 160 99.74 88.54 

MW 55-8_03-7 28-Jul RZ Rim 11.09 48.16 40.28 2065  71 2406 1370 384  403 61 158 100.61 88.35 

MW 55-8_04-1 28-Jun RZ Core 11.75 47.03 39.90 1987   2218 1391      99.42 87.49 

MW 55-8_04-2 28-Jun RZ Core 11.75 47.21 40.19 1969   2171 1488      99.89 87.53 

MW 55-8_04-3 28-Jun RZ Core 11.55 47.44 40.21 1941   2154 1452      99.93 87.76 

MW 55-8_04-4 28-Jun RZ Core 11.73 47.29 39.94 2151   2085 1491      99.71 87.56 

MW 55-8_04-5 28-Jun RZ Rim 11.33 47.40 39.96 2221   2180 1377      99.45 87.96 

MW 55-8_04-6 28-Jun RZ Rim 12.78 44.38 39.65 3281   1697 1638      97.70 85.84 

MW 55-8_04-7 28-Jun RZ Rim 11.30 47.48 40.15 2204   1845 1412      99.65 88.01 

MW 55-8_04-8 28-Jun RZ Rim 11.41 47.62 40.06 2185   2149 1418      99.85 87.94 

MW 55-8_05-1 28-Jun RZ Core 13.27 45.45 39.38 2294   1720 1734      98.86 85.67 

MW 55-8_05-1 28-Jul RZ Core 13.00 46.41 39.99 2178  96 2018 1674 374  432 68 162 100.50 86.18 

MW 55-8_05-10 28-Jun RZ Rim 11.08 47.33 40.09 2306   2074 1359      99.26 88.18 
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Sample info, Date Zonation Type FeO MgO SiO2 Ca P Ti  Ni Mn  Cr  Na Al  Zn Co Oxides Total (wt.%) Fo number (mol%) 

MW 55-8_05-11 28-Jun RZ Rim 11.41 47.29 39.92 2114   2075 1536      99.37 87.87 

MW 55-8_05-2 28-Jun RZ Core 13.33 45.67 39.68 2295   1837 1928      99.47 85.68 

MW 55-8_05-2 28-Jul RZ Core 13.19 46.66 39.72 2153 9 99 2018 1648 389  450 58 165 100.68 86.07 

MW 55-8_05-3 28-Jun RZ Core 13.08 45.74 39.62 2338   1764 1790      99.23 85.93 

MW 55-8_05-3 28-Jul RZ Core 13.13 46.70 39.88 2165  101 2011 1689 366  455 46 178 100.81 86.14 

MW 55-8_05-4 28-Jun RZ Core 13.51 45.37 39.61 2457   1730 1889      99.30 85.43 

MW 55-8_05-4 28-Jul RZ Core 13.09 46.75 39.90 2209 23 101 1990 1667 379  462 61 171 100.87 86.19 

MW 55-8_05-5 28-Jun RZ Core 12.84 46.22 39.68 2357   1634 1808      99.51 86.28 

MW 55-8_05-5 28-Jul RZ Rim 11.48 47.95 40.52 2037  92 2147 1402 337  242 64 181 100.92 87.95 

MW 55-8_05-6 28-Jun RZ Core 13.12 45.90 39.64 2303   1727 1796      99.44 85.93 

MW 55-8_05-6 28-Jul RZ Rim 11.46 47.40 40.47 2215 5 101 2136 1435 321  271 64 157 100.34 87.84 

MW 55-8_05-7 28-Jun RZ Rim 11.56 47.26 39.96 2124   2168 1514      99.54 87.72 

MW 55-8_05-7 28-Jul RZ Rim 11.48 47.92 40.38 2007 17 63 2214 1395 345  245 73 151 100.77 87.93 

MW 55-8_05-8 28-Jun RZ Rim 11.60 47.14 40.05 2070   2003 1428      99.52 87.65 

MW 55-8_05-9 28-Jun RZ Rim 11.14 47.65 40.15 2128   2090 1372      99.68 88.19 

MW 55-8_06-1 28-Jun RZ Core 12.93 45.87 39.58 2501   1953 1635      99.19 86.10 

MW 55-8_06-10 28-Jun RZ Rim 10.75 47.73 40.00 2073   2510 1320      99.26 88.58 

MW 55-8_06-11 28-Jun RZ Rim 11.33 47.18 40.12 2302   2244 1385      99.42 87.91 

MW 55-8_06-12 28-Jun RZ Rim 10.63 47.76 40.15 2085   2491 1460      99.34 88.70 

MW 55-8_06-2 28-Jun RZ Core 13.13 45.54 39.56 2549   1858 1705      99.05 85.83 

MW 55-8_06-3 28-Jun RZ Core 13.76 45.33 39.52 2427   1843 1689      99.40 85.19 

MW 55-8_06-4 28-Jun RZ Core 13.77 45.38 39.74 2583   1646 1581      99.66 85.20 

MW 55-8_06-5 28-Jun RZ Core 13.63 45.70 39.81 2575   1720 1776      99.94 85.42 

MW 55-8_06-6 28-Jun RZ Core 13.43 45.62 39.64 2537   1753 1658      99.48 85.57 

MW 55-8_06-7 28-Jun RZ Rim 10.66 47.90 40.19 2068   2639 1345      99.55 88.70 

MW 55-8_06-8 28-Jun RZ Rim 10.86 47.89 40.09 2081   2489 1352      99.62 88.51 

MW 55-8_06-9 28-Jun RZ Rim 10.82 47.61 40.17 2057   2659 1253      99.39 88.48 

MW 61-1_07-1 22-May  41.94 23.92 34.34 3717   50 5290      101.41 49.90 

MW 61-1_07-2 22-May  44.68 21.29 34.02 4623   129 5737      101.39 45.42 

MW 90-6_01-1 16-Jan RZ Core 17.43 41.73 38.89     2228      98.34 80.70 

MW 90-6_01-2 16-Jan RZ Core 17.54 41.54 38.75     2295      98.13 80.54 

MW 90-6_01-3 16-Jan RZ Core 17.88 42.07 39.04     2445      99.30 80.43 

MW 90-6_01-4 16-Jan RZ Rim 18.17 41.29 39.12     2291      98.88 79.87 

MW 90-6_01-5 16-Jan RZ Rim 18.38 40.91 39.13     2316      98.72 79.54 

ND22-1_01-1 15-Jul RZ Core 22.50 37.80 37.52 672   869 2736      98.39 74.58 

ND22-1_01-1 28-Jul RZ Core 22.87 38.86 37.67 680  112 817 2742 41  82 90 205 100.05 74.80 

ND22-1_01-10 15-Jul RZ Core 21.57 38.51 37.65 544   780 2597      98.25 75.72 



59 

 

Sample info, Date Zonation Type FeO MgO SiO2 Ca P Ti  Ni Mn  Cr  Na Al  Zn Co Oxides Total (wt.%) Fo number (mol%) 

ND22-1_01-10 28-Jul RZ Core 13.44 46.73 40.17 1696  115 2068 1658 332  324 44 162 101.33 85.86 

ND22-1_01-11 15-Jul RZ Core 21.56 38.46 37.45 636   803 2611      97.99 75.70 

ND22-1_01-11 28-Jul RZ Rim 12.04 47.97 40.59 1902  67 2547 1506 385  392 27 141 101.68 87.43 

ND22-1_01-12 15-Jul RZ Core 22.19 37.94 37.51 605   855 2759      98.19 74.91 

ND22-1_01-12 28-Jul RZ Rim 12.93 46.78 39.49 1768  73 1830 1639 273  204 61 158 100.09 86.34 

ND22-1_01-13 15-Jul RZ Rim 11.91 46.28 39.47 1870   2594 1421      98.44 87.16 

ND22-1_01-13 28-Jul RZ Rim 11.84 47.51 39.69 1854  80 2464 1450 378  453 60 150 100.12 87.52 

ND22-1_01-14 15-Jul RZ Rim 11.79 46.32 39.49 1937   2521 1495      98.39 87.28 

ND22-1_01-14 28-Jul RZ Rim 11.77 47.78 39.89 1895  81 2590 1472 417  473 54 140 100.56 87.64 

ND22-1_01-15 15-Jul RZ Rim 11.93 46.24 39.51 1932   2531 1372      98.44 87.13 

ND22-1_01-16 15-Jul RZ Rim 12.08 45.94 39.16 1812   2440 1461      97.92 86.92 

ND22-1_01-17 15-Jul RZ Rim 14.02 44.48 38.95 1223   1558 1806      98.05 84.71 

ND22-1_01-18 15-Jul RZ Rim 11.55 46.42 39.43 1704   2596 1463      98.16 87.53 

ND22-1_01-19 15-Jul RZ Rim 11.80 46.34 39.12 1806   2528 1344      98.00 87.27 

ND22-1_01-2 15-Jul RZ Core 22.48 37.78 37.51 646   803 2747      98.32 74.59 

ND22-1_01-2 28-Jul RZ Core 22.78 38.86 37.84 668  139 844 2798 41  87 101 205 100.15 74.87 

ND22-1_01-20 15-Jul RZ Rim 11.58 46.28 39.20 1884   2556 1403      97.83 87.47 

ND22-1_01-3 15-Jul RZ Core 22.39 37.98 37.48 633   804 2667      98.38 74.76 

ND22-1_01-3 28-Jul RZ Core 22.87 38.87 37.89 677  178 814 2749 41  104 102 195 100.30 74.80 

ND22-1_01-4 15-Jul RZ Core 22.34 37.85 37.45 650   843 2615      98.18 74.74 

ND22-1_01-4 28-Jul RZ Core 22.71 39.13 37.79 680  133 846 2727 47  95 102 184 100.30 75.06 

ND22-1_01-5 15-Jul RZ Core 22.35 38.04 37.55 610   769 2661      98.46 74.83 

ND22-1_01-5 28-Jul RZ Core 22.35 39.42 37.79 657  157 838 2740 60  118 91 198 100.25 75.49 

ND22-1_01-6 15-Jul RZ Core 22.35 37.95 37.37 649   816 2638      98.20 74.78 

ND22-1_01-6 28-Jul RZ Core 21.54 40.00 38.28 723  149 879 2715 80  105 85 194 100.51 76.43 

ND22-1_01-7 15-Jul RZ Core 22.48 37.72 37.58 588   813 2713      98.31 74.56 

ND22-1_01-7 28-Jul RZ Core 21.37 40.34 38.32 713  121 926 2672 89  103 100 189 100.73 76.72 

ND22-1_01-8 15-Jul RZ Core 22.14 38.14 37.65 604   966 2635      98.48 75.06 

ND22-1_01-8 28-Jul RZ Core 19.18 41.88 38.73 819  147 1107 2505 133  93 81 184 100.49 79.23 

ND22-1_01-9 15-Jul RZ Core 21.90 38.25 37.67 596   817 2743      98.36 75.31 

ND22-1_01-9 28-Jul RZ Core 16.64 44.06 39.12 1134  100 1497 2135 182  134 63 176 100.60 82.22 

STOWA AL3351-10_02-1 28-Jun RZ Core 14.69 43.74 39.47 2163   1323 1783      98.60 83.87 

STOWA AL3351-10_02-10 28-Jun RZ Rim 13.62 45.46 40.23 2765   1503 1730      100.11 85.36 

STOWA AL3351-10_02-2 28-Jun RZ Core 14.62 43.67 39.39 2175   1236 1827      98.38 83.92 

STOWA AL3351-10_02-3 28-Jun RZ Core 14.68 43.53 39.42 2082   1233 1870      98.31 83.82 

STOWA AL3351-10_02-4 28-Jun RZ Core 14.56 43.71 39.48 2178   1311 1771      98.46 83.98 

STOWA AL3351-10_02-5 28-Jun RZ Core 14.49 43.64 39.49 2248   1186 1897      98.34 84.02 
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Sample info, Date Zonation Type FeO MgO SiO2 Ca P Ti  Ni Mn  Cr  Na Al  Zn Co Oxides Total (wt.%) Fo number (mol%)  

STOWA AL3351-10_02-6 28-Jun RZ Core 14.62 43.44 39.49 2149   1318 1880      98.27 83.84 

STOWA AL3351-10_02-7 28-Jun RZ Rim 13.49 45.93 40.12 2483   1546 1748      100.31 85.61 

STOWA AL3351-10_02-8 28-Jun RZ Rim 14.51 43.38 39.67 2299   1283 1851      98.29 83.92 

STOWA AL3351-10_02-9 28-Jun RZ Rim 13.34 44.83 39.77 2395   1355 1717      98.67 85.45 

STOWA AL3351-10_03-1 28-Jun RZ Core 15.37 43.89 39.50 2169   1262 1834      99.45 83.29 

STOWA AL3351-10_03-2 28-Jun RZ Core 15.35 44.11 39.54 2109   1251 1967      99.71 83.38 

STOWA AL3351-10_03-3 28-Jun RZ Rim 14.11 45.00 39.39 2331   1409 1860      99.25 84.78 

STOWA AL3351-10_03-4 28-Jun RZ Rim 14.26 44.66 39.41 2261   1370 1724      99.04 84.54 

STOWA AL3353-4_04-1 28-Jun RZ Core 19.35 40.58 38.23 2212   827 2526      98.90 78.55 

STOWA AL3353-4_04-2 28-Jun RZ Core 19.22 40.79 38.66 2223   869 2511      99.41 78.75 

STOWA AL3353-4_04-3 28-Jun RZ Core 19.29 39.92 37.79 2239   838 2465      97.73 78.33 

STOWA AL3353-4_04-4 28-Jun RZ Rim 17.31 42.00 38.41 2357   1114 2314      98.48 80.91 

STOWA AL3353-4_04-5 28-Jun RZ Rim 16.57 43.37 38.93 2425   872 2119      99.59 82.06 

STOWA AL3353-4_04-6 28-Jun RZ Rim 17.44 42.76 39.30 2668   1102 2223      100.30 81.07 

STOWA AL3365-8_01-1 22-May RZ Core 14.87 45.00 39.74 2497   1185 1914      100.36 84.09 

STOWA AL3365-8_01-2 22-May RZ Core 15.21 44.71 39.83 2575   1155 2027      100.52 83.70 

STOWA AL3365-8_01-3 22-May RZ Rim 37.93 15.54 42.72 14812   51 4629      98.87 41.71 

STOWA AL3365-8_03-1 22-May RZ Core 15.59 44.39 39.71 2590   1070 2023      100.46 83.25 

STOWA AL3365-8_03-2 22-May RZ Core 15.19 44.81 39.81 2645   1078 2057      100.58 83.75 

STOWA AL3365-8_03-3 22-May RZ Rim 28.51 35.43 38.21 4698   530 3529      103.33 68.45 

STOWA AL3365-8_03-4 22-May RZ Rim 32.38 14.08 41.00 19544   62 3932      90.71 43.17 
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Table 1b: LA-ICP-MS data (wt.% for oxides and ppm for trace elements) for olivine.  
 

Sample info. Zonation type FeO MgO Li  Na Al  P Ca Sc Ti  V Cr  Mn Co Ni Cu Zn 
Fo number (mol%) 

GL08-101-7-A1 - 1 Not Zoned 12.81 40.72 1.6 48 261 107 1760 7.58 83 7.63 194 1670 145 1877 1.89 96 84.74 

GL08-101-7-A1 - 2 Not Zoned 12.83 40.65 1.6 52 254 68 1680 7.42 83 7.48 191 1671 144 1857 1.86 97 84.69 

GL08-101-7-A2 - 1 Not Zoned 12.67 40.77 1.5 45 235 34 1662 6.96 85 6.95 181 1648 143 1919 1.98 95 84.89 

GL08-101-7-A2 - 2 Not Zoned 12.68 40.65 1.9 60 226 279 1705 7.28 79 6.97 165 1649 142 1914 2.04 97 84.84 

GL08-101-7-A3 - 1 Not Zoned 13.06 41.59 1.5 49 249 46 1829 7.64 80 7.37 183 1702 144 1822 2.02 91 84.76 

GL08-101-7-A3 - 2 Not Zoned 13.00 41.66 1.8 54 261 135 1877 7.51 92 7.81 200 1701 144 1833 2.03 93 84.84 

GL08-101-7-A4 - 1 Not Zoned 12.72 41.09 2.1 59 287 387 1701 8.14 89 8.26 206 1665 143 1876 2.09 94 84.94 

GL08-101-7-A4 - 2 Not Zoned 12.57 40.84 1.7 58 256 103 1679 7.25 79 7.36 188 1652 144 1906 2.19 98 85.02 

GL08-101-7-A5 - 1 Not Zoned 12.84 40.95 1.7 49 247 62 1702 7.30 85 7.22 186 1696 146 1858 1.83 100 84.77 

GL08-101-7-A5 - 2 Not Zoned 12.83 40.60 1.6 48 239 45 1710 7.21 83 7.27 183 1701 147 1883 1.91 103 84.68 

GL08-101-7-A6 - 1 Not Zoned 12.80 41.01 1.6 53 289 150 1711 7.69 90 8.21 209 1707 147 1938 2.06 99 84.84 

GL08-101-7-A6 - 2 Not Zoned 12.86 40.91 1.7 55 304 129 1722 7.86 95 8.48 214 1709 148 1946 2.00 101 84.74 

GL08-107-1-A1 - 1 RZ Core 15.13 38.74 1.6 49 302 65 1864 7.95 48 9.52 243 2062 167 2002 4.23 94 81.73 

GL08-107-1-A1 - 2 RZ Core 15.04 38.96 1.7 60 328 141 1883 8.33 49 10.80 277 2007 166 2030 4.31 96 81.90 

GL08-107-1-A1 - 3 RZ Core 14.30 39.22 1.4 56 314 33 1887 8.04 44 9.38 241 1936 167 1996 3.91 89 82.72 

GL08-107-1-A1 - 4 RZ Rim 11.94 41.08 1.1 66 310 14 1890 7.15 46 7.41 284 1514 161 2381 4.13 76 85.73 

GL08-107-1-A1 - 5 RZ Rim 11.75 41.92 1.1 58 320 15 1949 7.12 48 7.70 285 1473 160 2340 3.66 77 86.17 

GL08-107-1-A1 - 6 RZ Rim 11.65 41.22 1.2 74 271 49 2006 6.61 62 6.73 265 1464 160 2367 4.05 78 86.07 

GL08-107-1-A2 - 1 RZ Core 14.08 39.32 1.5 45 300 11 1939 8.04 43 9.48 250 1907 167 2014 4.10 92 82.98 

GL08-107-1-A2 - 2 RZ Core 13.76 39.86 2.0 52 310 64 1869 8.41 46 8.21 293 1778 161 2177 3.21 100 83.50 

GL08-107-1-A2 - 3 RZ Core 14.13 39.12 1.5 59 307 26 1894 8.02 42 9.17 244 1914 169 2075 3.91 88 82.87 

GL08-107-1-A2 - 4 RZ Rim 12.29 40.88 1.1 52 323 48 1930 7.74 55 8.04 271 1589 165 2279 4.09 81 85.31 

GL08-107-1-A2 - 5 RZ Rim 12.22 41.14 1.2 47 321 27 2036 7.80 48 7.85 285 1558 164 2276 3.78 83 85.46 

GL08-107-1-A2 - 6 RZ Rim 12.47 41.13 1.4 68 307 27 2022 7.87 45 7.76 284 1600 165 2236 4.02 83 85.21 

GL08-107-1-A3 - 1 RZ Core 14.59 39.63 1.6 40 160 43 720 5.94 84 4.17 136 2039 189 1083 5.30 73 82.59 

GL08-107-1-A3 - 2 RZ Core 15.22 39.09 1.5 40 152 39 596 5.82 75 4.01 116 2111 193 1062 5.44 76 81.77 

GL08-107-1-A3 - 3 RZ Core 15.09 39.38 1.7 47 116 36 632 5.40 40 3.71 97 2087 192 1053 5.67 75 82.00 

GL08-107-1-A3 - 4 RZ Rim 12.03 41.75 1.1 56 127 38 1629 5.23 24 3.58 150 1603 180 1173 4.94 70 85.84 

GL08-107-1-A3 - 5 RZ Rim 11.65 41.98 1.1 88 197 22 2077 5.75 38 4.66 236 1452 167 1565 4.30 74 86.29 

GL08-107-1-A3 - 6 RZ Rim 11.43 42.21 1.1 66 199 18 1937 5.82 42 4.76 247 1434 165 1560 4.23 73 86.57 

GL08-107-1-A4 - 1 Not Zoned 11.04 41.60 1.1 63 334 28 1616 5.88 56 6.30 290 1321 158 2706 4.17 78 86.80 

GL08-107-1-A4 - 2 Not Zoned 11.18 41.92 1.1 54 252 40 1767 6.00 34 6.22 292 1327 155 2704 3.93 78 86.75 

GL08-107-1-A5 - 1 RZ Core 15.32 39.01 1.5 37 161 19 893 4.54 58 3.46 106 1986 184 1360 4.34 92 81.64 

GL08-107-1-A5 - 2 RZ Core 14.83 38.53 1.6 40 178 24 1066 4.87 63 4.08 136 1897 179 1607 4.28 91 81.94 

GL08-107-1-A5 - 3 RZ Core 14.85 38.37 1.5 51 192 22 895 4.51 61 3.63 123 1928 181 1543 4.52 92 81.86 
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Sample info. Zonation Type FeO MgO Li  Na Al  P Ca Sc Ti  V Cr  Mn Co Ni Cu Zn Fo number (mol%) 

GL08-107-1-A5 - 4 RZ Rim 12.05 40.88 1.1 58 284 15 1677 6.44 47 6.52 268 1467 165 2413 3.92 83 85.56 

GL08-107-1-A5 - 5 RZ Rim 11.67 41.24 1.0 73 404 47 2016 6.11 42 6.58 327 1405 161 2499 3.78 81 86.06 

GL08-108-4-A1 - 1 Not Zoned 9.21 43.45 0.8 44 419 13 2004 6.99 44 6.96 306 1198 144 2524 3.37 63 89.18 

GL08-108-4-A1 - 2 Not Zoned 9.22 43.35 0.9 45 414 12 1982 6.91 41 7.05 304 1200 144 2517 3.24 63 89.14 

GL08-108-4-A2 - 1 Not Zoned 9.02 43.56 0.9 48 413 19 1995 6.57 40 6.85 338 1167 142 2686 3.43 63 89.40 

GL08-108-4-A2 - 2 Not Zoned 8.89 43.36 1.0 54 422 21 1925 6.53 39 6.94 346 1150 142 2705 3.09 62 89.49 

GL08-108-4-A3 - 1 Not Zoned 9.29 43.27 0.8 45 431 28 2081 7.21 45 7.33 291 1216 147 2481 3.19 64 89.05 

GL08-108-4-A3 - 2 Not Zoned 9.30 43.17 0.8 46 435 21 1999 7.31 45 7.49 297 1220 147 2496 3.05 64 89.02 

GL08-108-4-A4 - 1 Not Zoned 8.74 43.57 0.9 51 462 25 1957 6.58 43 7.35 381 1136 141 2767 3.45 61 89.69 

GL08-108-4-A4 - 2 Not Zoned 8.68 43.57 0.9 60 463 27 1957 6.71 44 7.34 384 1124 140 2777 3.32 61 89.76 

GL08-108-4-A5 - 1 Not Zoned 9.17 43.36 1.1 53 145 11 1571 4.44 8 3.89 181 1189 143 2309 3.69 59 89.20 

GL08-108-4-A5 - 2 Not Zoned 9.17 43.07 1.1 62 151 9 1769 4.51 9 3.89 171 1188 143 2341 3.58 59 89.14 

GL08-108-4-A6 - 1 Not Zoned 9.12 43.40 1.0 60 310 28 1962 5.81 28 5.54 242 1180 143 2389 3.69 59 89.26 

GL08-108-4-A6 - 2 Not Zoned 9.07 43.25 1.0 71 291 20 1972 5.04 21 4.84 211 1180 142 2385 3.47 58 89.28 

GL08--78-2-A1 - 1 RZ Core 14.61 39.61 1.6 38 135 28 804 5.42 41 5.09 124 1965 168 1590 4.16 80 82.56 

GL08--78-2-A1 - 2 RZ Core 14.46 39.41 1.5 41 133 30 882 5.32 42 5.20 111 1922 169 1521 4.13 79 82.64 

GL08--78-2-A1 - 3 RZ Core 14.78 39.16 1.6 39 128 27 815 5.43 39 4.99 118 1978 170 1604 4.31 81 82.23 

GL08--78-2-A1 - 4 RZ Core 14.27 39.52 1.5 41 146 23 1133 5.53 42 5.34 118 1839 168 1646 4.12 81 82.86 

GL08--78-2-A1 - 5 RZ Rim 12.08 41.00 1.1 78 317 24 1792 7.13 40 7.49 238 1511 160 2171 3.53 73 85.56 

GL08--78-2-A1 - 6 RZ Rim 12.27 40.75 1.2 61 187 28 1584 5.77 23 5.61 184 1551 161 2093 4.03 75 85.29 

GL08--78-2-A2 - 1 Not Zoned 11.91 41.01 1.1 48 446 38 1930 8.09 51 9.83 303 1436 160 2308 3.29 74 85.75 

GL08--78-2-A2 - 2 Not Zoned 11.86 41.10 1.0 51 471 58 1877 8.25 49 10.18 321 1432 159 2344 3.31 74 85.82 

GL08--78-2-A3 - 1 Not Zoned 11.81 40.81 0.9 46 379 34 1926 7.92 45 8.75 268 1443 159 2239 3.19 73 85.79 

GL08--78-2-A3 - 2 Not Zoned 11.91 41.64 0.9 45 396 40 1944 8.07 48 8.90 274 1459 157 2169 3.14 69 85.93 

GL08--78-2-A4 - 1 Not Zoned 11.88 41.24 1.0 48 369 35 1908 7.67 45 8.75 266 1448 160 2243 3.35 73 85.84 

GL08--78-2-A4 - 2 Not Zoned 11.90 41.26 0.9 47 413 27 1934 8.16 49 9.33 284 1457 161 2256 3.27 74 85.83 

GL08--78-2-A5 - 1 Not Zoned 11.68 41.29 0.9 57 471 73 1865 8.32 48 10.07 339 1417 157 2375 3.17 74 86.06 

GL08--78-2-A5 - 2 Not Zoned 11.72 41.55 1.1 58 464 67 1864 8.26 47 9.87 347 1419 158 2442 3.34 74 86.09 

GL08--78-2-A5 - 3 Not Zoned 11.71 41.52 0.9 53 447 29 1873 8.13 47 9.94 328 1412 158 2389 3.28 74 86.10 

GL08--78-2-A5 - 4 Not Zoned 11.59 41.46 0.9 59 467 46 1893 8.18 47 10.13 352 1398 157 2465 3.32 74 86.20 

GL08--78-2-A5 - 5 Not Zoned 11.46 41.59 0.9 62 456 52 1920 7.85 46 10.06 352 1368 157 2498 3.29 75 86.37 

GL08--78-2-A6 - 1 RZ Core 13.51 40.39 1.5 54 194 115 994 6.54 63 5.88 181 1864 165 1994 3.88 77 83.93 

GL08--78-2-A6 - 2 RZ Core 13.36 40.18 1.4 53 189 71 918 6.28 66 5.63 176 1841 165 1968 3.70 77 84.00 

GL08--78-2-A6 - 3 RZ Core 13.36 39.87 1.4 57 192 156 1012 6.50 63 5.79 178 1837 165 1972 3.86 78 83.91 

GL08--78-2-A6 - 4 RZ Rim 12.02 41.09 0.9 45 353 32 2022 7.96 46 8.08 248 1487 160 2183 2.92 73 85.65 

GL08--78-2-A6 - 5 RZ Rim 11.97 40.73 1.0 48 392 57 1935 8.18 49 8.59 264 1477 158 2208 4.75 74 85.59 

GL08--81-2a-A1 - 1 Not Zoned 11.94 42.31 1.2 57 205 18 1566 5.56 22 5.29 204 1408 165 2362 3.83 79 86.09 



63 

 

Sample info. Zonation Type FeO MgO Li  Na Al  P Ca Sc Ti  V Cr  Mn  Co Ni Cu Zn Fo number (mol%) 

GL08--81-2a-A1 - 2 Not Zoned 11.86 42.17 1.1 52 167 22 1608 5.43 18 5.24 196 1407 164 2379 3.58 80 86.13 

GL08--81-2a-A2 - 1 Not Zoned 11.82 42.04 0.9 47 399 81 1860 7.81 46 8.63 284 1391 163 2425 3.08 77 86.13 

GL08--81-2a-A2 - 2 Not Zoned 11.77 42.40 1.0 46 445 52 1918 7.87 50 9.35 332 1387 163 2457 2.87 77 86.29 

GL08--81-2a-A3 - 1 Not Zoned 12.97 41.41 0.8 47 402 39 1880 9.14 46 8.29 263 1597 167 2202 2.96 82 84.79 

GL08--81-2a-A3 - 2 Not Zoned 12.77 41.68 1.0 46 397 40 1905 8.64 47 7.80 262 1555 166 2225 2.85 83 85.08 

GL08--81-2a-A3 - 3 Not Zoned 12.95 41.52 1.0 46 389 25 1862 8.69 45 7.84 262 1572 167 2288 3.13 84 84.84 

GL08--81-2a-A4 - 1 Not Zoned 11.53 42.17 1.0 52 424 23 1823 7.51 43 8.89 336 1349 161 2601 2.96 78 86.47 

GL08--81-2a-A4 - 2 Not Zoned 11.62 42.32 1.0 52 442 29 1788 7.80 44 9.15 345 1362 162 2574 3.00 77 86.41 

GL08--81-2a-A4 - 3 Not Zoned 11.89 42.32 0.8 46 410 20 1923 7.82 44 8.76 312 1415 164 2469 3.07 79 86.15 

GL08--81-2a-A5 - 1 Not Zoned 12.00 42.28 0.9 43 388 29 1950 7.75 48 8.41 284 1441 166 2363 3.00 78 86.02 

GL08--81-2a-A5 - 2 Not Zoned 11.86 41.93 0.9 46 372 20 1907 7.69 45 8.26 278 1428 162 2298 3.13 77 86.06 

GL08--81-2a-A6 - 1 Not Zoned 11.57 42.03 0.9 47 384 33 1872 7.20 43 8.52 306 1380 160 2385 3.11 74 86.38 

GL08--81-2a-A6 - 2 Not Zoned 11.59 42.02 0.9 46 401 49 1896 7.49 48 8.58 310 1380 159 2382 3.14 75 86.36 

MW-103-4-A1 - 1 Not Zoned 11.11 41.18 1.0 46 386 14 1994 7.02 30 8.91 362 1387 149 2581 3.47 72 86.62 

MW-103-4-A1 - 2 Not Zoned 11.10 41.18 1.0 45 408 23 1964 7.08 32 9.14 363 1377 148 2549 3.48 69 86.63 

MW-103-4-A2 - 1 RZ Rim 12.24 41.06 1.2 43 308 9 1581 6.03 57 8.02 261 1566 156 2241 3.44 74 85.42 

MW-103-4-A2 - 2 RZ Rim 12.74 41.91 1.6 37 201 12 1323 4.89 45 6.31 167 1653 161 1905 3.61 70 85.18 

MW-103-4-A2 - 3 RZ Core 14.38 40.29 1.8 52 1348 13 823 5.44 97 9.07 149 1926 167 1605 2.79 72 83.03 

MW-103-4-A2 - 4 RZ Core 14.56 38.99 1.5 349 423 17 742 5.98 99 10.29 87 1972 169 1495 11.34 80 82.39 

MW-103-4-A2 - 5 RZ Core 14.21 39.96 1.3 34 200 7 855 5.91 80 7.48 94 1912 165 1491 3.92 72 83.08 

MW-103-4-A2 - 6 RZ Core 12.88 41.15 1.6 34 172 BelowLOD 980 5.06 85 6.31 174 1679 157 1818 3.82 66 84.80 

MW-103-4-A2 - 7 RZ Rim 11.16 41.24 1.4 48 206 8 1666 4.91 17 5.76 272 1397 150 2443 3.97 73 86.59 

MW-103-4-A3 - 1 Not Zoned 10.82 42.20 1.1 49 449 24 1926 7.08 35 9.70 441 1346 146 2837 3.24 70 87.19 

MW-103-4-A3 - 2 Not Zoned 11.05 42.16 1.0 48 465 25 2080 7.34 36 9.82 450 1371 147 2761 3.64 70 86.95 

MW-103-4-A4 - 1 RZ Core 14.60 40.90 2.1 37 158 7 375 4.39 86 5.89 87 1863 166 1370 4.10 75 83.03 

MW-103-4-A4 - 2 RZ Core 13.95 39.99 2.1 44 155 6 508 4.25 97 5.66 88 1781 164 1445 5.10 78 83.35 

MW-103-4-A4 - 3 RZ Core 13.53 40.86 2.1 58 127 7 726 4.24 69 5.07 112 1685 160 1621 3.58 76 84.06 

MW-103-4-A4 - 4 RZ Rim 11.39 41.35 1.0 45 411 25 2021 7.18 34 9.31 366 1418 153 2599 3.44 72 86.37 

MW-103-4-A4 - 5 RZ Rim 11.78 42.00 1.1 44 399 32 2062 7.39 36 9.38 346 1470 152 2435 4.34 70 86.16 

MW-103-4-A5 - 1 Not Zoned 11.34 41.63 1.1 50 407 8 1954 7.07 31 9.10 385 1396 155 2696 3.48 73 86.51 

MW-103-4-A5 - 2 Not Zoned 10.95 42.80 1.3 62 252 18 2055 5.43 16 7.02 362 1355 148 2850 3.99 72 87.22 

ND22-1-A1 - 1 Not Zoned 11.23 41.26 1.2 50 392 49 1882 8.29 46.34 8.83 339 1423 150 2277 2.93 74 86.52 

ND22-1-A1 - 2 Not Zoned 11.20 41.15 1.2 54 390 126 1854 8.36 50.98 8.76 337 1422 151 2239 2.76 75 86.51 

ND22-1-A2 - 1 Not Zoned 10.58 42.19 1.1 51 400 30 1901 7.77 43.26 8.90 367 1320 144 2669 2.81 72 87.45 

ND22-1-A2 - 2 Not Zoned 10.74 42.71 1.1 52 398 26 1819 8.02 41.15 8.87 366 1347 145 2635 2.64 71 87.41 

ND22-1-A3 - 1 Not Zoned 10.69 42.21 1.0 53 415 35 1868 8.07 43.55 9.03 377 1337 146 2674 2.82 72 87.33 

ND22-1-A3 - 2 Not Zoned 10.83 42.15 1.1 53 382 26 1833 7.73 40.13 8.56 358 1358 146 2618 2.84 73 87.17 
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Sample info. Zonation Type FeO MgO Li  Na Al  P Ca Sc Ti  V Cr  Mn  Co Ni Cu Zn Fo number (mol%) 

ND22-1-A4 - 1 Not Zoned 10.55 42.06 1.1 52 419 38 1818 7.96 45.05 8.90 368 1325 144 2639 2.98 72 87.44 

ND22-1-A4 - 2 Not Zoned 10.52 41.99 1.1 53 415 40 1789 8.00 45.76 8.98 373 1334 143 2690 2.82 70 87.46 

ND22-1-A5 - 1 RZ Core 19.71 34.19 3.6 26 135 34 745 5.80 72.80 5.72 68 2529 182 829 3.24 135 75.18 

ND22-1-A5 - 2 RZ Core 20.69 33.96 3.8 29 162 48 839 5.54 70.73 5.66 47 2589 183 827 2.77 159 74.14 

ND22-1-A5 - 3 RZ Core 20.79 33.68 4.0 24 133 100 693 5.86 71.96 6.37 42 2612 182 824 2.70 165 73.88 

ND22-1-A5 - 4 RZ Core 20.79 33.76 3.9 26 136 48 701 5.82 77.25 6.32 46 2630 183 827 2.61 165 73.94 

ND22-1-A5 - 5 RZ Core 20.42 34.61 3.9 26 140 26 708 5.83 80.48 6.07 67 2630 183 846 2.71 150 74.75 

ND22-1-A5 - 6 RZ Core 16.25 36.68 2.8 37 152 45 960 5.67 60.73 5.65 140 2196 168 1209 3.27 107 79.76 

ND22-1-A5 - 7 RZ Rim 10.89 42.18 1.2 51 404 30 1845 7.98 47.25 9.11 368 1403 147 2573 3.84 78 87.12 

ND22-1-A5 - 8 RZ Rim 11.48 42.16 1.1 50 384 19 1833 7.95 42.06 8.69 355 1478 151 2544 2.80 76 86.51 

ND22-1-A5 - 9 RZ Rim 11.14 42.13 1.0 51 406 33 1897 8.03 49.94 9.20 368 1436 151 2594 3.43 76 86.85 

MW-110-2-A1 - 1 Not Zoned 17.05 37.02 2.4 44 178 104 1959 8.34 59.43 11.40 133 2212 179 864 2.47 138 79.14 

MW-110-2-A1 - 2 Not Zoned 16.78 36.79 2.3 44 183 89 2020 8.16 56.62 11.21 148 2163 176 901 2.52 138 79.30 

MW-110-2-A2 - 1 NZ Core 15.63 37.68 2.2 43 182 49 1959 7.28 53.01 10.32 197 1991 171 1001 2.53 129 80.80 

MW-110-2-A2 - 2 NZ Core 15.67 37.24 2.1 44 179 72 1952 7.45 52.13 10.27 186 1933 172 990 2.35 130 80.58 

MW-110-2-A2 - 3 NZ Rim 16.59 37.08 2.4 43 164 18 2029 7.43 53.43 9.96 152 2096 177 930 2.53 135 79.61 

MW-110-2-A3 - 1 Not Zoned 16.55 36.51 3.5 58 238 593 1984 10.79 77.54 13.95 216 2084 174 977 2.93 134 79.39 

MW-110-2-A4 - 1 Not Zoned 17.04 37.11 2.7 47 192 193 2079 9.10 73.34 12.09 145 2166 181 876 2.59 136 79.19 

MW-110-2-A4 - 2 Not Zoned 16.95 36.95 2.7 47 186 135 2048 8.62 69.93 11.48 155 2159 180 888 2.51 137 79.20 

GL08-82-2-A1 - 1 Not Zoned 10.28 41.67 1.2 60 494 132 1858 8.25 52.80 9.41 337 1258 150 2460 3.47 73 87.62 

GL08-82-2-A1 - 2 Not Zoned 10.40 41.42 1.0 53 456 60 1898 7.86 47.93 9.03 327 1291 151 2446 2.83 72 87.43 

GL08-82-2-A2 - 1 Not Zoned 10.73 42.24 1.1 45 378 22 2001 7.70 40.39 7.90 286 1342 152 2264 2.75 71 87.30 

GL08-82-2-A2 - 2 Not Zoned 10.60 42.34 1.3 46 281 28 2271 5.85 18.18 6.27 321 1321 151 2241 3.22 69 87.46 

GL08-82-2-A3 - 1 RZ Core 11.57 41.17 1.6 13 151 29 426 5.00 98.74 5.25 112 1523 162 1067 3.34 71 86.14 

GL08-82-2-A3 - 2 RZ Core 11.57 41.31 1.9 15 136 5 480 4.59 79.06 4.80 118 1526 161 1098 3.41 71 86.18 

GL08-82-2-A3 - 3 RZ Core 11.45 41.18 1.8 21 162 18 574 4.93 95.10 5.10 108 1502 161 1078 3.91 72 86.27 

GL08-82-2-A3 - 4 RZ Rim 10.61 42.42 1.0 45 340 7 1964 6.83 50.29 7.42 262 1349 152 2170 3.03 69 87.47 

GL08-82-2-A3 - 5 RZ Rim 10.72 42.30 1.1 46 351 14 2050 7.06 41.90 7.57 263 1369 153 2303 3.21 71 87.33 

GL08-82-2-A4 - 1 RZ Core 11.71 41.52 1.7 41 165 81 889 5.28 85.59 5.80 117 1499 154 2127 3.24 74 86.10 

GL08-82-2-A4 - 2 RZ Core 11.71 41.51 1.7 41 166 71 877 5.11 83.45 5.84 121 1501 155 2138 3.37 75 86.10 

GL08-82-2-A4 - 3 RZ Core 11.46 41.72 1.5 44 170 66 933 5.13 77.05 5.68 141 1477 154 2197 3.54 75 86.40 

GL08-82-2-A4 - 4 RZ Rim 10.96 42.42 1.0 47 376 23 2023 7.44 48.84 8.07 271 1398 155 2305 2.99 72 87.12 

GL08-82-2-A4 - 5 RZ Rim 10.93 42.25 1.1 45 417 16 1925 7.89 54.89 8.61 289 1391 155 2332 2.78 73 87.10 

GL08-82-2-A4 - 6 RZ Rim 10.96 42.42 1.1 49 397 59 2057 7.79 47.82 8.34 278 1393 156 2314 3.11 72 87.11 

GL08-72-7-A1 - 1 Not Zoned 11.34 41.52 0.9 55 455 24 1800 8.53 44.35 10.37 370 1344 154 2640 3.06 72 86.48 

GL08-72-7-A1 - 2 Not Zoned 11.03 41.53 1.0 58 429 29 1869 7.87 43.03 10.07 367 1310 153 2756 3.17 71 86.80 

GL08-72-7-A2 - 1 Not Zoned 10.99 41.19 1.0 55 471 64 1782 8.27 46.05 10.72 381 1307 150 2668 3.03 68 86.74 
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Sample info. Zonation Type FeO MgO Li  Na Al  P Ca Sc Ti  V Cr  Mn  Co Ni Cu Zn Fo number (mol%) 

GL08-72-7-A2 - 2 Not Zoned 11.13 41.01 0.9 52 452 22 1862 8.26 44.06 10.12 374 1318 153 2586 3.21 70 86.55 

GL08-72-7-A3 - 1 NZ Core 12.57 39.82 1.3 46 404 155 1882 9.44 51.32 9.84 271 1510 163 2087 3.22 76 84.69 

GL08-72-7-A3 - 2 NZ Core 12.80 39.47 1.0 46 378 114 1869 9.47 47.98 9.57 239 1542 164 1998 3.18 79 84.34 

GL08-72-7-A3 - 3 RZ Core 13.33 39.27 1.3 52 366 168 1891 10.03 50.38 9.83 194 1613 168 1847 3.55 80 83.73 

GL08-72-7-A3 - 4 RZ Core 13.31 39.13 1.2 50 362 163 1867 9.84 49.64 9.95 199 1609 168 1850 3.21 80 83.70 

GL08-72-7-A3 - 5 RZ Rim 12.47 39.79 1.0 53 444 47 1922 9.76 60.15 10.33 285 1518 162 2081 2.92 75 84.79 

GL08-72-7-A3 - 6 RZ Rim 12.56 39.71 1.1 49 388 128 1947 9.55 52.08 9.75 265 1538 163 2064 3.27 77 84.66 

GL08-72-7-A4 - 1 Not Zoned 11.04 41.35 0.9 55 486 27 1819 8.47 46.42 10.70 392 1320 151 2644 3.07 70 86.74 

GL08-72-7-A4 - 2 Not Zoned 10.80 41.49 1.1 65 477 158 1781 7.99 43.25 10.84 378 1293 149 2712 3.48 69 87.03 

GL08-72-7-A5 - 1 NZ Core 10.92 41.08 1.0 57 440 22 1845 7.79 41.89 10.45 370 1318 149 2670 3.23 69 86.79 

GL08-72-7-A5 - 2 NZ Core 10.92 41.46 1.0 58 453 31 1790 7.97 42.80 10.52 381 1314 149 2659 3.22 69 86.90 

GL08-72-7-A5 - 3 NZ Core 10.91 41.23 1.2 66 475 88 1841 8.06 44.39 11.02 385 1318 151 2665 3.17 70 86.84 

GL08-72-7-A5 - 4 NZ Rim 8.92 28.17 1.6 13858 10500 69 14476 9.94 627.83 25.13 236 1133 112 1542 14.55 54 84.65 

GL08-72-7-A5 - 5 NZ Rim 12.04 40.70 1.2 48 399 41 1931 8.70 45.06 9.40 300 1495 161 2291 3.33 73 85.51 

GL08-71-1-A1 - 1 RZ Core 13.40 39.24 1.5 55 338 106 1858 8.74 61.50 9.64 235 1675 166 1717 3.13 93 83.64 

GL08-71-1-A1 - 2 RZ Core 13.50 39.16 1.4 56 352 116 1961 8.88 63.55 9.73 244 1682 166 1716 2.95 94 83.52 

GL08-71-1-A1 - 3 RZ Core 13.04 39.49 1.3 53 334 54 1904 8.20 55.84 9.12 251 1623 163 1921 3.04 92 84.10 

GL08-71-1-A1 - 4 RZ Rim 11.83 41.03 1.5 59 410 44 1843 7.77 55.53 9.65 352 1432 156 2482 3.46 87 85.83 

GL08-71-1-A1 - 5 RZ Rim 11.88 40.34 1.2 54 344 39 1872 7.59 53.87 8.34 287 1481 160 2273 2.98 83 85.57 

GL08-71-1-A1 - 6 RZ Rim 11.86 40.48 1.2 54 346 37 1909 7.51 51.84 8.46 294 1476 160 2353 2.76 84 85.64 

GL08-71-1-A2 - 1 RZ Core 14.93 37.79 1.2 80 382 59 2206 10.48 105.45 12.44 231 1954 172 1738 3.02 90 81.55 

GL08-71-1-A2 - 2 RZ Core 14.62 38.05 1.2 82 387 77 2276 10.36 120.55 11.87 241 1941 171 1784 2.91 89 81.97 

GL08-71-1-A2 - 3 RZ Core 13.83 38.54 1.5 84 416 162 2138 9.74 91.92 11.76 248 1771 167 1926 3.12 88 82.96 

GL08-71-1-A2 - 4 RZ Rim 11.71 40.67 1.3 57 377 47 1871 7.54 54.50 8.78 333 1446 158 2483 3.04 81 85.85 

GL08-71-1-A2 - 5 RZ Rim 11.76 40.70 1.3 57 360 48 1819 7.45 50.53 8.63 314 1447 159 2440 2.86 82 85.81 

GL08-71-1-A2 - 6 RZ Rim 11.92 41.17 1.3 52 365 68 1854 7.72 58.25 8.84 313 1475 159 2335 2.74 82 85.78 

GL08-71-1-A3 - 1 RZ Core 14.26 38.96 1.6 58 207 54 1552 7.06 103.47 7.74 160 1894 164 1523 3.53 84 82.67 

GL08-71-1-A3 - 2 RZ Core 14.54 38.35 1.6 61 198 80 1477 7.24 108.14 7.58 158 1959 165 1458 3.54 87 82.17 

GL08-71-1-A3 - 3 RZ Core 14.31 38.58 1.5 63 199 92 1551 7.21 100.67 7.43 172 1945 163 1497 3.56 89 82.48 

GL08-71-1-A3 - 4 RZ Rim 11.45 40.73 1.2 67 357 36 1930 7.36 47.45 8.34 319 1416 154 2435 2.69 79 86.13 

GL08-71-1-A3 - 5 RZ Rim 11.61 40.83 1.2 55 385 32 1913 7.86 50.01 8.92 343 1437 153 2419 2.89 79 86.00 

GL08-71-1-A4 - 1 RZ Core 16.61 36.11 1.2 89 352 33 2197 9.21 140.61 11.37 145 2228 178 1108 3.08 96 79.16 

GL08-71-1-A4 - 2 RZ Core 17.54 36.86 1.6 97 377 120 2355 9.87 145.65 11.02 182 2388 178 1141 3.47 96 78.59 

GL08-71-1-A4 - 3 RZ Core 17.11 36.10 1.8 106 326 249 2234 9.55 140.67 11.62 172 2305 181 1149 9.62 172 78.66 

GL08-71-1-A4 - 4 RZ Rim 11.70 40.24 1.2 60 353 16 1831 7.21 48.19 8.39 324 1432 155 2478 3.05 82 85.73 

GL08-71-1-A4 - 5 RZ Rim 11.53 40.37 1.3 55 358 29 1828 7.21 49.98 8.58 320 1416 155 2457 3.03 82 85.95 

GL08-71-1-A5 - 1 NZ Core 8.81 42.40 1.3 57 221 27 1654 4.86 28.51 5.98 320 1050 139 3177 3.23 64 89.37 
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Sample info. Zonation Type FeO MgO Li  Na Al  P Ca Sc Ti  V Cr  Mn  Co Ni Cu Zn Fo number (mol%) 

GL08-71-1-A5 - 2 NZ Core 8.63 42.69 1.4 56 219 23 1658 4.80 27.89 5.92 326 1026 136 3178 3.42 64 89.62 

GL08-71-1-A5 - 3 NZ Core 9.00 42.35 1.4 64 228 69 1896 4.99 12.32 6.43 345 1019 136 3272 3.31 69 89.15 

GL08-71-1-A5 - 4 NZ Core 9.75 41.75 1.3 65 226 25 1819 5.07 14.62 6.41 317 1127 141 3125 3.29 73 88.21 

GL08-71-1-A5 - 5 NZ Rim 11.09 40.59 1.0 56 382 28 1796 7.24 47.50 8.75 341 1359 151 2493 3.18 77 86.48 

GL08-71-1-A5 - 6 NZ Rim 11.39 40.41 1.1 55 369 32 1862 7.27 48.91 8.75 327 1400 153 2456 3.02 79 86.10 

GL08-71-1-A6 - 1 Not Zoned 10.83 41.15 1.1 69 461 63 1846 7.08 49.09 10.33 368 1299 150 2736 3.23 76 86.90 

GL08-73-4-A1 - 1 Not Zoned 11.31 40.52 1.4 87 290 102 1992 5.75 15.73 5.98 225 1375 155 2520 3.45 76 86.22 

GL08-73-4-A1 - 2 Not Zoned 11.30 40.55 1.4 80 287 135 1992 5.94 19.57 6.23 233 1380 157 2533 3.77 76 86.24 

GL08-73-4-A2 - 1 NZ Core 10.92 42.49 1.1 67 511 64 1938 7.88 57.61 10.48 394 1320 150 2757 3.30 71 87.17 

GL08-73-4-A2 - 2 NZ Core 11.20 42.05 1.1 67 505 64 1812 8.13 58.53 10.37 383 1361 153 2675 3.52 73 86.76 

GL08-73-4-A3 - 1 RZ Core 17.62 36.52 2.2 22 125 13 542 5.37 96.82 5.09 74 2440 186 887 3.51 98 78.35 

GL08-73-4-A3 - 2 RZ Core 17.92 36.39 2.2 25 136 13 579 5.56 140.94 5.54 69 2466 189 900 4.15 101 78.01 

GL08-73-4-A3 - 3 RZ Core 17.81 36.17 2.2 26 156 17 552 5.88 114.22 5.49 77 2427 186 952 3.78 103 78.00 

GL08-73-4-A3 - 4 RZ Rim 11.99 40.78 1.2 48 336 23 1957 7.81 47.32 7.99 245 1507 161 2110 3.41 75 85.59 

GL08-73-4-A3 - 5 RZ Rim 12.10 40.44 1.1 48 334 12 1909 7.79 50.41 7.94 241 1545 161 2132 3.48 75 85.37 

GL08-73-4-A3 - 6 RZ Rim 11.86 40.70 1.2 50 370 27 1980 8.15 53.05 8.58 255 1480 160 2227 3.15 76 85.70 

GL08-73-4-A4 - 1 NZ Core 11.06 40.79 1.1 59 402 20 1904 7.30 47.32 8.70 321 1369 156 2546 3.46 72 86.56 

GL08-73-4-A4 - 2 NZ Core 11.06 40.73 1.1 58 421 21 1843 7.52 51.15 8.99 332 1365 156 2547 3.53 73 86.54 

GL08-73-4-A5 - 1 RZ Core 13.15 39.36 1.6 43 136 60 822 5.18 29.87 5.10 134 1782 177 1597 4.06 78 83.94 

GL08-73-4-A5 - 2 RZ Core 12.99 39.46 1.7 48 128 56 930 5.10 23.84 5.02 135 1753 175 1693 4.14 77 84.14 

GL08-73-4-A5 - 3 RZ Core 12.78 39.61 1.7 51 129 47 864 5.05 34.93 4.83 140 1740 173 1653 3.69 78 84.41 

GL08-73-4-A5 - 4 RZ Rim 11.80 40.42 1.1 52 307 26 1765 7.48 40.60 7.54 231 1482 163 2276 3.39 75 85.68 

GL08-73-4-A5 - 5 RZ Rim 11.79 40.38 1.0 52 367 31 1907 8.07 49.57 8.59 255 1474 162 2302 3.21 77 85.68 

GL08-73-4-A6 - 1 RZ Core 13.16 39.30 1.2 57 368 52 1948 8.92 66.42 9.94 206 1685 170 1947 3.47 80 83.92 

GL08-73-4-A6 - 2 RZ Core 13.28 39.14 1.3 56 364 42 1971 9.04 62.83 9.81 202 1711 170 1961 3.36 81 83.74 

GL08-73-4-A6 - 3 RZ Core 13.12 39.22 1.2 55 360 16 1959 8.77 56.19 9.48 206 1678 169 2035 3.24 79 83.93 

GL08-73-4-A6 - 4 RZ Rim 11.73 40.17 1.1 55 363 39 1926 8.02 50.94 8.32 248 1466 161 2255 3.22 76 85.68 

GL08-73-4-A6 - 5 RZ Rim 11.74 40.23 1.2 51 342 18 1946 7.64 48.56 7.91 241 1473 160 2249 3.27 76 85.68 

GL08 124-8-A1 - 1 Not Zoned 9.97 39.64 1.0 44 322 32 1987 6.31 37.85 7.00 282 1243 142 1663 3.02 71 87.41 

GL08 124-8-A1 - 2 Not Zoned 10.02 39.93 1.1 42 322 34 1948 6.20 37.38 7.08 284 1249 142 1674 3.04 71 87.44 

GL08 124-8-A2 - 1 Not Zoned 8.88 40.75 1.0 39 372 29 1939 5.69 34.35 6.77 257 1088 137 2098 2.95 63 88.90 

GL08 124-8-A2 - 2 Not Zoned 8.92 40.92 0.9 40 373 28 1882 5.61 34.22 6.85 255 1095 138 2107 3.04 63 88.90 

GL08 124-8-A3 - 1 Not Zoned 10.13 41.33 1.1 43 312 22 2094 6.17 35.97 6.87 283 1264 145 1684 3.07 69 87.69 

GL08 124-8-A3 - 2 Not Zoned 10.16 41.58 1.3 43 328 52 1980 6.50 38.43 7.32 292 1278 146 1703 3.18 70 87.72 

GL08 124-8-A4 - 1 Not Zoned 9.43 41.82 1.1 45 318 40 1988 5.59 30.14 6.68 255 1168 141 2107 3.07 66 88.57 

GL08 124-8-A4 - 2 Not Zoned 9.53 42.22 1.0 45 338 43 2004 5.76 31.80 6.95 263 1180 143 2136 2.98 67 88.55 

GL08 124-8-A5 - 1 Not Zoned 9.15 42.29 0.9 43 356 27 1986 5.55 31.61 6.84 259 1136 143 2199 3.00 65 88.97 
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Sample info. Zonation Type FeO MgO Li  Na Al  P Ca Sc Ti  V Cr  Mn  Co Ni Cu Zn Fo number (mol%) 

GL08 124-8-A5 - 2 Not Zoned 9.12 42.46 1.0 44 354 26 1952 5.45 30.58 6.84 258 1136 143 2205 2.99 65 89.04 

GL08-106-1-A1 - 1 Not Zoned 10.85 41.03 1.3 40 271 9 2110 6.91 34.15 7.12 298 1379 149 1458 3.49 73 86.85 

GL08-106-1-A1 - 2 Not Zoned 10.63 40.26 1.2 40 257 13 2126 6.70 33.26 6.70 287 1349 147 1425 3.22 73 86.87 

GL08-106-1-A2 - 1 Not Zoned 10.18 40.35 1.1 39 323 58 2107 7.16 38.97 7.59 313 1282 144 1549 3.28 69 87.38 

GL08-106-1-A2 - 2 Not Zoned 10.20 40.32 1.2 40 314 44 2064 7.01 38.60 7.36 303 1288 144 1545 3.44 70 87.35 

GL08-106-1-A3 - 1 Not Zoned 10.69 39.87 1.4 42 263 77 2170 7.11 34.87 6.87 293 1363 146 1311 3.61 72 86.70 

GL08-106-1-A3 - 2 Not Zoned 10.70 40.07 1.3 41 242 26 2143 6.57 32.18 6.42 281 1368 146 1303 3.31 72 86.74 

MW 55-8-A1 - 1 Not Zoned 10.57 41.50 1.5 58 357 116 1836 7.16 53.80 8.65 376 1356 142 2412 2.90 78 87.27 

MW 55-8-A1 - 2 Not Zoned 10.64 41.27 1.3 55 321 44 1830 6.72 50.49 7.97 341 1365 145 2358 2.71 77 87.13 

MW 55-8-A2 - 1 NZ Core 8.94 43.19 1.2 72 487 128 1880 6.31 47.03 8.40 516 1115 139 2831 3.41 64 89.41 

MW 55-8-A2 - 2 NZ Core 9.07 43.16 1.2 67 461 43 1874 6.14 45.29 8.18 489 1135 141 2842 3.24 67 89.26 

MW 55-8-A3 - 1 RZ Core 11.91 39.95 0.9 58 407 76 2415 8.88 66.14 9.32 280 1500 158 1898 3.51 70 85.42 

MW 55-8-A3 - 2 RZ Core 11.56 40.04 1.0 56 314 12 2358 7.80 41.87 7.96 258 1465 155 1929 3.46 70 85.82 

MW 55-8-A3 - 3 RZ Core 12.80 39.75 1.1 66 354 26 2543 9.23 94.56 8.93 284 1635 162 1690 3.81 71 84.43 

MW 55-8-A3 - 4 RZ Rim 9.87 41.41 1.2 57 380 65 1923 7.02 52.19 7.85 366 1246 141 2503 4.47 71 87.99 

MW 55-8-A3 - 5 RZ Rim 9.84 42.32 1.3 55 395 66 2027 7.06 52.01 8.00 394 1238 139 2530 2.74 69 88.25 

MW 55-8-A4 - 1 RZ Core 10.90 41.05 1.6 60 383 102 1895 7.70 51.70 9.24 358 1368 145 2373 3.03 80 86.80 

MW 55-8-A4 - 2 RZ Core 10.75 40.47 1.6 65 381 142 1877 7.37 47.80 9.25 377 1340 143 2511 2.93 81 86.80 

MW 55-8-A5 - 1 RZ Core 11.96 39.76 1.6 60 385 16 2174 10.61 78.79 10.68 326 1525 149 2043 2.76 82 85.31 

MW 55-8-A5 - 2 RZ Core 11.64 39.26 1.6 61 399 32 2122 10.63 85.49 10.64 330 1504 147 1969 2.76 81 85.49 

MW 55-8-A5 - 3 RZ Core 11.77 38.69 1.8 71 374 28 2156 10.04 78.51 10.48 316 1514 150 2064 5.95 86 85.16 

MW 55-8-A5 - 4 RZ Rim 10.34 40.87 1.3 51 337 28 2004 7.17 47.64 7.44 316 1305 145 2288 2.76 72 87.35 

MW 55-8-A5 - 5 RZ Rim 10.39 40.95 1.3 48 329 66 1977 7.19 48.77 7.44 297 1327 146 2174 2.87 73 87.31 

MW 55-8-A5 - 6 RZ Rim 10.29 40.42 1.3 49 338 41 1969 7.29 49.73 7.64 306 1310 145 2200 2.83 72 87.27 

MW 56-2-A2 - 1 Not Zoned 11.05 40.47 1.6 47 205 37 2100 5.84 35.44 6.16 232 1432 143 1998 2.50 84 86.48 

MW 56-2-A2 - 2 Not Zoned 10.97 40.45 1.6 47 274 51 1876 6.56 58.79 7.33 266 1418 143 2033 2.43 85 86.55 

MW 56-2-A3 - 1 Not Zoned 10.71 41.29 1.4 51 296 77 1781 6.50 62.00 7.61 312 1383 141 2322 2.31 84 87.07 

MW 56-2-A3 - 2 Not Zoned 10.69 41.31 1.7 54 302 129 1830 6.59 62.35 7.74 321 1383 142 2345 2.38 83 87.09 

MW 56-2-A4 - 1 Not Zoned 11.38 41.51 1.5 49 290 67 1925 6.85 66.97 7.69 274 1484 148 2083 2.56 87 86.43 

MW 56-2-A4 - 2 Not Zoned 11.42 41.84 1.6 48 272 49 1828 6.55 60.86 7.47 273 1491 148 2139 2.47 87 86.49 

Pukapuka 2D-2-A1 - 1 Not Zoned 13.07 40.11 2.0 66 323 221 1609 6.74 101.62 8.05 254 1600 157 2424 2.30 103 84.28 

Pukapuka 2D-2-A2 - 1 Not Zoned 13.22 39.02 2.0 62 292 188 1555 6.72 93.50 7.65 212 1631 157 2213 2.09 105 83.76 

Pukapuka 2D-2-A3 - 1 Not Zoned 12.73 38.84 1.7 61 281 112 1593 6.08 90.95 7.31 216 1560 157 2347 2.15 99 84.20 

Pukapuka 2D-2-A4 - 1 Not Zoned 12.98 38.80 1.9 60 284 142 1566 6.28 85.02 7.59 220 1587 156 2286 2.08 104 83.92 

Pukapuka 2D-2-A4 - 2 Not Zoned 13.24 39.25 1.8 58 287 121 1548 6.59 87.10 7.74 211 1618 157 2199 2.18 104 83.81 

Pukapuka 2D-2-A5 - 1 Not Zoned 13.17 39.59 1.9 61 294 211 1554 6.81 90.07 7.75 216 1645 158 2266 2.25 104 84.00 

Pukapuka 2D-2-A6 - 1 Not Zoned 12.88 39.48 1.8 61 296 130 1518 6.23 87.33 7.74 230 1594 157 2333 2.22 99 84.26 
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Sample info. Zonation Type FeO MgO Li  Na Al  P Ca Sc Ti  V Cr  Mn  Co Ni Cu Zn Fo number (mol%) 

Pukapuka 2D-2-A6 - 2 Not Zoned 12.86 39.57 1.9 62 293 136 1567 6.18 89.39 7.67 224 1589 157 2308 2.16 99 84.31 

Pukapuka 2D-2-A7 - 1 Not Zoned 13.17 40.70 1.8 65 313 149 1580 6.31 92.10 7.99 232 1627 162 2417 2.45 104 84.36 

Pukapuka 3D-1-A1 - 1 Not Zoned 12.86 39.35 1.9 56 267 112 1528 6.58 92.64 7.72 203 1649 152 2178 1.98 111 84.24 

Pukapuka 3D-1-A1 - 2 Not Zoned 12.85 39.60 1.9 58 272 119 1545 6.35 91.28 7.88 210 1631 152 2282 1.86 113 84.33 

Pukapuka 3D-1-A2 - 1 Not Zoned 13.51 38.66 1.7 52 277 127 1633 7.01 93.72 7.91 201 1676 153 2150 1.98 117 83.32 

Pukapuka 3D-1-A2 - 2 Not Zoned 13.52 38.78 1.9 53 281 132 1640 7.15 93.70 8.11 202 1675 153 2144 2.01 114 83.36 

Pukapuka 3D-1-A2 - 3 Not Zoned 13.48 38.79 2.1 58 305 232 1668 7.31 100.00 8.41 223 1669 152 2229 1.98 113 83.40 

Pukapuka 3D-1-A3 - 1 Not Zoned 12.64 38.90 1.9 61 281 127 1538 6.19 91.45 7.76 217 1535 147 2367 1.95 109 84.32 

Pukapuka 3D-1-A3 - 2 Not Zoned 12.50 38.85 2.0 61 298 156 1516 6.28 97.50 7.90 224 1520 146 2380 2.03 108 84.44 

Pukapuka 3D-1-A4 - 1 Not Zoned 12.77 39.28 2.5 44 79 99 1001 4.07 11.07 3.90 129 1569 152 1798 2.25 108 84.31 

Pukapuka 3D-1-A4 - 2 Not Zoned 12.68 39.28 2.9 34 76 116 716 3.81 11.33 3.62 125 1565 154 1573 2.22 107 84.41 

Pukapuka 3D-1-A4 - 3 Not Zoned 12.75 39.09 2.4 53 81 19 1237 4.19 11.43 4.08 131 1575 152 1907 2.12 109 84.26 

Pukapuka 4D-1-A1 - 1 Not Zoned 11.26 41.06 1.1 49 375 50 1767 7.15 59.85 8.02 266 1377 158 2278 2.78 84 86.44 

Pukapuka 4D-1-A1 - 2 Not Zoned 10.93 41.20 1.0 47 362 40 1768 7.00 57.36 7.67 252 1362 154 2202 2.69 81 86.82 

Pukapuka 4D-1-A2 - 1 Not Zoned 11.09 41.78 1.2 48 391 144 1861 7.62 72.72 8.32 259 1385 152 2084 2.87 80 86.81 

Pukapuka 4D-1-A3 - 1 Not Zoned 11.07 41.93 1.1 49 363 49 1811 7.01 62.74 7.92 254 1388 158 2225 2.80 83 86.86 

Pukapuka 4D-1-A3 - 2 Not Zoned 11.14 42.23 1.2 51 359 54 1782 6.95 60.10 7.99 256 1402 158 2266 2.78 84 86.87 

Pukapuka 4D-1-A4 - 1 Not Zoned 11.25 42.19 1.1 50 323 56 1867 6.73 57.80 7.24 235 1417 161 2226 2.85 85 86.75 

Pukapuka 4D-1-A5 - 1 Not Zoned 11.24 42.70 1.1 50 371 54 1846 7.09 66.27 8.22 262 1419 160 2257 2.85 83 86.90 

Pukapuka 4D-1-A6 - 1 Not Zoned 11.41 42.23 1.2 49 324 45 1886 6.94 59.02 7.41 233 1437 163 2182 3.00 84 86.60 

Pukapuka 4D-1-A7 - 1 Not Zoned 11.28 42.67 1.2 53 393 101 1818 7.35 62.27 8.43 277 1425 162 2298 2.97 85 86.85 

Pukapuka 7D-1-A1 - 1 Not Zoned 11.62 42.51 1.4 70 427 129 1746 7.75 61.82 9.80 310 1465 163 2412 3.70 77 86.46 

Pukapuka 7D-1-A1 - 2 Not Zoned 11.42 42.33 1.4 67 403 92 1783 7.54 60.22 9.64 303 1438 162 2395 3.32 76 86.62 

Pukapuka 7D-1-A2 - 1 Not Zoned 11.14 42.80 1.4 68 421 133 1826 7.54 59.15 9.36 330 1407 160 2525 3.51 74 87.03 

Pukapuka 7D-1-A3 - 1 Not Zoned 10.92 43.24 1.2 75 425 74 1770 7.15 56.03 9.78 341 1368 159 2685 3.18 75 87.37 

Pukapuka 7D-1-A3 - 2 Not Zoned 10.95 43.05 1.3 74 431 82 1804 7.27 58.03 9.88 344 1373 159 2656 3.28 74 87.28 

Pukapuka 7D-1-A4 - 1 Not Zoned 11.28 42.30 1.3 66 402 94 1808 7.53 57.39 9.04 310 1424 161 2503 3.16 78 86.75 

Pukapuka 7D-1-A5 - 1 Not Zoned 11.35 42.61 1.5 64 411 115 1763 7.92 59.81 9.19 307 1434 159 2399 3.20 76 86.77 

Pukapuka 7D-1-A5 - 2 Not Zoned 11.23 42.09 1.2 61 383 47 1799 7.34 54.80 8.74 303 1417 159 2441 3.07 75 86.75 

Pukapuka 7D-1-A6 - 1 Not Zoned 11.04 42.24 1.1 68 429 53 1704 7.67 54.63 9.66 314 1361 158 2535 2.90 75 86.98 

Pukapuka 7D-1-A7 - 1 Not Zoned 10.90 41.73 1.4 75 446 195 1741 7.56 59.86 9.62 342 1346 156 2563 3.27 73 86.99 
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Table 2: Petrolog3 modeling starting compositions for samples GL08 71-1, and Pukapuka 3D-1 from 

ICP-MS data from Shimizu et al. (2023). 

 

Note: GL08 114-1 glass was analyzed by ICP-MS during this study. For full modeling protocols, 

see Supplementary Materials Section 1.
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Supplementary Materials 

Supplementary Table X1: EPMA analysis calibration and standards. 

 

Supplementary Table X2: Full EPMA olivine data. 

Supplementary Methodology: Fractional crystallization modeling parameters 

 Fractional crystallization modeling was done using the Petrolog3 software developed by 

Danyushevsky and Plechov (2011). GL08 114-1 was selected as the depleted end-member, 

whereas GL08 71-1 and Pukapuka 3D-1 were selected for the enriched end-member. Note that 

both GL08 71-1 and Pukapuka 3D-1 were previously analyzed for glass composition by Shimizu 

et al. (2023), of which was utilized as the starting composition for modeling. GL08 114-1 was 

analyzed for glass by ICP-MS during this study. Olivines in all three samples were analyzed 

during this study by EPMA, and models were fit to grains with no zonation. 

Detailed modeling parameters are listed below: 

¶ Starting compositions: see Table X3. 

https://acrobat.adobe.com/id/urn:aaid:sc:VA6C2:c345ba07-5ad7-4526-a262-f85006355d74
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¶ Pressures: 0.1-1.5 GPa as initial pressures (pressure was set as constant). 

¶ Water contents: 0-1 wt% water content (note that some EMORB has measured 3-4wt% 

¶ water. The initial 1wt% water in the melt could generate 3-4 wt% when Fo reaches ~75). 

¶ Minera l-melt models and Ni partition coefficient models: 

o Olivine-melt crystallization and Ni partition models are based on Herzberg and 

Oôhara (2002). The correction for the effect of H2O on olivine liquidus 

temperature was based on Falloon and Danyushevsky (2000). 

o Clinopyroxene-melt and plagioclase-melt crystallization models are based on 

Danyushevsky (2001). Ni partitioning into clinopyroxene was set at a constant 

value of Kd = 3 based on the findings of Le Roux et al. (2011). Ni partitioning 

into plagioclase is not assumed. 

¶ Melt oxidation state model is based on Borisov and Shapkin (1990) quartz-fayalite- 

¶ magnetite (QFM) buffer. 

¶ Melt density is calculated following the model of Lange and Carmichael (1987). 

¶ Melt viscosity is calculated following the model of (Bottinga and Weill (1972). 

¶ Calculation step: 0.01%. 

¶ Conditions to stop calculations: For reverse crystallization, the calculations stop at Fo = 

¶ 95. For forward FC modeling: calculations stop at Fo = 75. 

Supplementary Table X3: Starting composition (initial melt composition) for Petrolog3 

forward FC modeling. 



72 

 

 

Note: To obtain more primitive melt composition that formed GL08 71-1, a few reverse crystallization 

models (REV run 1 (0.1 GPa), REV run 2 (0.5 GPa), REV run 3 (1 GPa), and REV run 4 (1.5 GPa)) were 

done by Petrolog3, using the same partition coefficients mentioned above. All REV runs only added Plag 

and Ol back into the melt because adding Cpx back would generate an erroneous model that does not fit 

the original glass-derived FC trend. All reverse crystallization calculations stopped when Fo reached 95 

based on the observed olivine maximum Fo number in our Ol samples. The forward FC modeling on 

GL08 71-1 applied the same initial melt composition for different pressures, i.e., 0.1 GPa (FRAC run 79), 

0.5 GPa (FRAC run 80), 1 GPa (FRAC run 81), and 1.5 GPa (FRAC run 82) (without or with added H2O 

contents). For 1.5 GPa forward FC modeling, the REV run 4 composition was used as initial melt 

composition. 
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Supplementary Figures and Figure Captions 

 

Fig. S1: NZ olivine grain from sample GL08 71-1, zoned spinel from sample GL08 107-1, and 

plagioclase grain from sample P171D, with corresponding x-ray quantification maps.
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Fig. S2: The V/Sc vs. Fo (mol.%) diagram illustrating the oxidized condition of the melts and 

mantle. V/Sc <3 suggests an oxidized, metasomatized condition (Foley et al., 2013). 
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Fig. S3: Glass Mg# versus Fo (mol.%) shows that reversely-zoned olivine grains predominantly 

from the Rano Rahi seamounts fall into the equilibrium field. 
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Fig. S4: Ni/Co versus Ni/Mn with literature data from Sobolev et al. (2007) for comparison. 

SEPR olivines fall in the gray region, which indicates that olivine in analyzed SEPR samples 

come from an igneous source. In contrast, Sobolev et al. (2007) data plots above in the the 

mantle olivine region at Ni/Co > 20, indicating that these olivines are residual from the mantle. 
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Fig. S5: FC3MS values from modeling trends for samples Pukapuka 3D-1 (light blue), GL08 71-

1 (orange), and GL08 114-1 (pink), overlying overall FC3MS trends for historical data (grey) 

and samples utilized in this study, by MORB type. Based on trends observed by Yang and Zhou 

et al. (2013), modeling trends are indicative of olivine +/- Plag +/-Cpx fractionation.   


