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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 a®fitdkis Rano Rahi
Seamounts and theestnorthwest trending Pukapuka Ridgéhese variations have been linked
to Opli kméd materials or oO0entrained mantl e het el
this heterogeneity was caused fiegycled oceanic crust (ROC) tre presence gbyroxenite
lithology beneath the SEPH this study, weexaminetexturesandgeochemical (major, minpr
and trace elementompositionsof olivine phenocrystgrom lavas fran representative SEPR
regions, via integrated EPMA and HEP-MS techniquesOur analyses reveal high and kN
(nickel) abundancegersus forsteriteontentgFo (mol.%)) trends that correspond éemdmember
meltsfractionalcrystallization (FC) under low pressures (~0.1 GPa and lower) and high pressures
(up to 1.5 GPapased orPetrolog3FC modeling Additionally, low Ca concentrations (~1500
down to ~500 ppm), found exclusively in reversely zoned olivine cores are proposaftect
deepsourced, Calepleted melts derived from RG@@etasomatizedmantle. These melts
experiencedigh-pressure FC (up to 1.5 GPa)ith high initial volatile content (up to +wt.%

H20) underoxidized conditions (QFM+2)Multiple first row transiton dement 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 precludea CpxGarnet dominant pyroxenite lithology and supports a peridotite lithology.
However, the apparent absencepgfoxenite despite evidence of RQ@volvementposes a
paradox. This inconsistencyambe explained by g@ossible"pyroxenite destruction” process,
wherein ROCand its derived pyroxenite litholodyave beetfully consumedremelted) leaving
behindelemenal andi s ot opi ¢ signatud ekedf mMROEr (aksPpwut
pyroxenite lithology. These results shed light on the complex dynamics of manikt
interactions beneath the SEPR and suggest that ROC can impact mantle compositiorthgithout
permanent retention of pyroxeniteurther investigation is needed to explore scale and magnitude
of ROC components and pyroxenite preservation or destruction béine&tPR (and other mid
ocean ridge settings as well as mantle plume regions) agp#dtéo understand de&OC rolein

affecting globaiscale mantlehemical and lithologibeterogeneity.



1. Introduction

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

compositional heterogeneiti@s the lavas erupted on or near the SEPR ridgis, the offaxis

Rano Rahi Seamouwstand the westorthwest trending PukapulRidge (e.g.Hall et al., 2006;
Shimizu et al., 2023Sinton et al., 1991, 2002) (Fig. Despitethe large number of geochemical
analyses performed on SEPR basalt glasses in literature, mantle sources andetatatle
processes for the observed chemical and isotogterogeneities within midcean ridge basalts
(chemically distinguished as normatlepleted, and enrichedmid-ocean ridge basalts, hereafter
referred to as NMORBs, DMORBSs, and EMORBS) originating from these regions are still not

well constrainedThe formation of MORBSs with plumkke source characteristics (e.g., Mahoney

et al., 1994; Niu et al., 1996) from the plualesent SEPR regn (e.9.,Rano Rahi Seamounts)

makes their source origins enigmatic.

Observations by Hall et al. (2006) indicasetopic overlap (NdPb-Sr) among the SEPR
ridge-axis, Pukapuka Ridge, and Rano R&amount lavas from 189°S, suggesting a two
component mantle source: a norakific Ocearridget y pe mantd e k@andra AT G dnm
Pukapuka Ridge enchember propogteby Hanan and Graham (1996). Kurz et al. (2005) reported
3He/*He ratios from 8.0 to 11.0 times the atmospheric value (R&P°He between 65,700 and
90,300), with the least radiogenic samples near 16.73fiS.suggests a mantle with a significant
contribution from a nomadiogenic, possibly deep, or recycled souvdeichis further supported
by a lowcorrected?'NeP?Ne value of 0.042 at 178lower than the adjacent segments' value of
0.07® thataligns wth helium isotope trends, suggesting a less degassed mantle source that may
correlate with an Odéentrained heterogeneityo6o |

anomalies, unusual in the absence of known hotspots (Kurz et al., 2005), are intéapreted



Shimizu et al. (2023) as supporting evidence for a higb/l0and Cenriched Pacific BMORB

mantle source, potentially stemming from recycled oceanic lithosphere or the foundering of
metasomatized continental lithospheric mantle into the convectingenA recent study by Guo

et al . (2024) on the Pukapuka Ridge proposed
solidus, metasomatic materials embedded in ridgeWawndng asthenosphere, potentially
contributing to MORB heterogeneity. While prevgstudies propose different mechanisms or
source heterogeneity models, they consistently support the presence of a heterogeneous domain

responsible for the isotopic (Bd-Pb-Hf, He-Ne, and Fe) anomalies obsenatthe SEPR region.

Could recycled mateals be contributing to the observed mantle heterogeneity? Is the
mantle beneath the SEPR lithologicdtigterogeneouds specifically, a mixture of peridotite and
pyroxenitejn whichths6 het er ogeneous ma ntdpgoxehibeittmlogg?dn may r
hotspot regions likelawaii andtheCanary Islandgecycled oceanic crusROC) and/or recycled
oceanic lithospherbavebeen suggested to interact with peridotite mantle, forming pyroxenite
(Sobolev et al., 2005, 200 Day et al., 200Q If the model of recycled oceanic lithosphere
proposed by Shimizu et al. (2023) is accurate, pyroxenite lithologies might indeed be present
within the SEPR mantleHowever, whileGuo et al. (2024) briefly mentioned 'an enriched
component consisting of nasomatic pyroxenitic lithologies' in their interpretation, they did not
directly confirm the existence of such lithologi&ang and Zhou (2013) proposed the FC3MS
parameter (FeO/Cal®*MgO/SiO,, calculatedin 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 cantiabig differentiate between melts

derived from peridotite and siliedeficient (SD) pyroxenite. Despite these challenges, data



compiled from previous glass and whotek analyses in the SEPR region reveal a significant
proportion of samples with FC3MS luas exceeding 0.65 (Fig. 2), suggesting a possible
pyroxenitelithology source. Further investigation ikereforeneeded to clarify whether ROC

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

Here, we use olivine as@wi ndowé to gain insight into t
mantlerelated processes, as well as magmatic differentiation in the SEPR region. Olivine is often
one of the first mineral phases to crystallize from mashtleved melts (Foley et al., 201&)aking
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, lithosphedcycling, metasomatism, and magmatic
evolution. This is achieved through the analysis of its modal abundance of forsterite (F0%) content,
along with the abundance and ratios of minor and trace elements and crystal textures (e.g., de
Maisonneuve et al., 261 Jiang et al., 2022; Wang et al., 202h) particular,combinations of
first-row transition element (FRTE) ratios, including Mn/Fe, Zn/Fe, MniZasaltic lavas and
olivine, have been proposed to constrain the nature of mantle lithologies (e.datifeerand
pyroxenite)because these element ratios are sensitivelio@yroxeng(Cpx)dominant versus
an olivinedominant mantle lithologye.g.,Howarth and Harris, 201T;ang and Lambart, 2022;

Le Roux et al., 2011; Mallik et al., 2021). Whilee SEPR region has been extensively studied for
glass major and tracelementsand isotopes, research aslivine phenocrystgemain limited.
Notably, a study byergmanis et al. (ZI¥) onolivine samples froma singlel7.5°S ridgeaxis
lava flow field did not include analysis of trace elements or FRTEs. Therefore, analyzing

comprehensive minor and trace element concentrations, particularly FRIdsjrne from all



three SEPR regions is crucial for identifyipgtential pyroxenite signatures and unravelin

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. Heegrains spanwide 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 i} at 1.99
t hat may be pot ent i aAdditibraly,r wex conductece mineraheltd i d at e
equilibrium FC modelingusing Petrolog3 software (Danyushevsky and Plechov, 2011) to
investigate FC effects on Ni variations with decreadtag(mol.%) contents. Utilizing these
analysis methods and techniques, our goals are to: 1) constrain magmatic differentiation in the
threeSEPR regions, 2) investigate the presend@@E€ and/or pyroxenite in the mantle beneath
SEPR, and 3) gain insights into mantitated processes and their broader implications through

the study of olivine

2. Geological Background and Sample Information

The SEPR is an ultreast spreading ridge categorized by large degrees of compositional
heterogeneity along the ridge axis, the-affs Rano Rahi Seamouwstas well as the west
northwest trendind?ukapuka Ridg€e.g.,Hall et al., 2006; Shimizu et al., 28; Sinton et al.,

1991, 2002 (Fig. 1), with an average spreading rate of 135 mm/yr (Karson et al., 2002). Samples
wereobtainedduring the 1987 R/V Moana Wave Cruise 8712, 1993 R/V NADIR cruise, and 1999
R/V Atlantis cruise.The samples analyzed in trstudy, recovered from the SEPR, have been
previously characterized for wheteck and glass major element compositions, with some also

analyzed for minor and trace elements, as wek@®pesncluding Sr, Nd, Pb, He, Nend Fe



As K/Ti ratios are minirally affected byFC, [K.O/TiO, 1 ] {c@lddlated in wt.%)vas used to
classify basalts by MORB type[K:O/TiO, | 1<®0i§ classified as a AMORB,
[K20/TiO2 T 1 0 0 ]from &tm XP iis wlassified as anMORB, and[K20/TiO, 1  # 060 ]

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

Near and n-axis sampleseveal a lesbeterogeneussubsetcompared to those from the
Rano Rahi Seamounts. To ensure a comprehensive analysis, we selected samples spanning a wide
range of FC3MS values and compositionsMODRB, N-MORB, and EMORB) from a broad
geographic area, including the ridge axiffraxis Raro Rahi Seamounts, and Pukapuka Ridge
(Figs. 22). Selection criteria focused on samples wiikiine as a majoor the onlyphenocryst,
locations within the isotopically anomalous regions of I6S and 181519°S (Fig. 1), and
FC3MS>0.65, following Yang ah Zhou (2013) in order to identify potential pyroxenite
signatures (Fig. 2). Although we prioritized samples with FC3MS > 0.65, many lacked sufficiently
largeolivine grains for analysis or did not hagkvine at all, prompting the inclusion of a broader

range of FC3MS valug$ig. 2).

2.1 Near and on the ridgexis
The SEPR axis extends from 13°S to 23°S and is north of the Easter Microplate. It bends
to the west into a welllefined transform zone at 23°03'S and continues for almb3d km to the
northuntil 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 ridges ridge itselffeatures a major overlapping
spreading center (OSC) at 20.7°S and numerous smalleandgeonrtransform offsets that create
notable structural disruptions along its length. The majority of lavas from the ridge axis are
chemically NMORBs, as determined by theJ&/TiO. T 100] ratio (Arevalo

2010; Sinton et al., 1991; Smitha., 2001)[K.0/TiO2 1T  Yalués]range from 2.81 to 47.41.



On and nearidge-axis samples were collected during the R/V Moana Wave Cruiseaidlthe

R/V Atlantis Il Cruise

2.2 Rano Rahi Seamounts

The Rano Rahi Seamounts are located between 15°S and 19°S and defisbapéah
region that widens as it approaches the SEPR axis (Shimizu et al., 2023) (Fig. 1) and intersects it
orthogonally The intersected ridgaxis is a classic example of asymmetspreading, 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 mabamalmer 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 lewelocity zone centered around 16°S illustrates that maximum
melt production seems to oadw the west of the axis (Hall et al., 2006). Modeling performed by
Hammond and Toomey (2003) suggests that this anomaly may have resulted from-pirégsure
flow of the mantle or the addition of hotter mantle originating from the west, in combination w
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 trientltés area for a prolonged period

(Phipps Morgan et al., 1985

These neaaxis seamounts are thought to be the products of melting in an upwelling mantle
beneath the ridgaxis that insteadlerive their melts from a smaller volume of the melt zone
compared to ridgaxis basalts (Hall et al., 2006). Seamount magmas are typically more chemically
heterogeneous than ridgeis basalts because mixing processes are less effective in seamount

magma. 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 monecact||
magmas found along the ridg&is (Batiza and Vanko, 198@rahamnet al., 1988Niu et al., 1996,

2002 Zindler et al., 1984). Niu et al. (1996) showed that seamounts near thexiddé8.2°S to
18.9°S) (Fig. 1) display a broader range of isotopic and incompatible element ratios than those
from the ridgeaxis 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 andbsequent 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 McDonoughandFrey, 1989 Takazawa et al., 1992These elements, being
less likely to pétition into solid phases during partial melting, are concentrated in the liquid phase
and remain in the mantle after melting, enriching the residual mantle méteelet al., 1978)
Conversely, depletion of these same elements occurs in regions péridaé melting is more
advanced or where melt migration has removed the melt from the loca[Talezawa et al.,

1992) As melt moves away from the source, the regions left behind become depleted in these
incompatible elements. The result is a localieedchment of incompatible elements in the mantle
and the depletion of these elements in the areas from which the melts have niRpdipier et

al., 1990;McDonoughandFrey, 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 occurspatingito 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 moreoimpatible) 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 thRano Rahi Seamouwntre chemically
N-MORBs based on the work of Hall et al. (2006)C3MS values range from 1.91 to 28.21.
Seamount samples were dredged during Leg 8 of the GLORIA cruise of the R/V Méluillet(

al., 2006,Shimizu et al., 20235amples selected f@l analysis includé&L08 762, GLO8 711,

GLO8 727, GLO8 734, GL0O8 782, GL0O8 812a, GL08 822, GL0O8 851, GLO8 861, GLO8 95

1, GLO8 1011, GLO8 1017, GLO8 1061, GLO8 1071, GLO8 1084, GL08 1131, GLO8 1141,

GLO08 1232, and GL08 1248.

2.3 Pukapuka Ridge

The PukapukaRidge occupes a region that extends from 1#47°S and 114142°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 el km wide Sandwell et al.1995,Hall et al.,
2006) (Fig. 1). The ridge extesdp to 2,600 km west of th@ge-axis andRano Rahi Seamoust
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 ~500~9000 m high Janney et al., 200@Bandwell et al.,
1995 Shimizu et al., 2023)K20/TiO; 1  talclidtions from previously collected data show
extreme enrichment in some Pukap&dge samples at a scale that is not seemar and ridge

axissamples, and is rarebeen in Rano Rahi samples.

The Pukapuka Ridge shows a Horear 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 hdse supported an origin for these features that is due

to smaltscale convection in the upper mantle (Ballmer et al., 22023 Harmon et al., 2011).
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FC3MS values range from 5.57 139.13 Ridge samples were dredged during the GLORIA 04
cruise of the R/V Melville. Samples selected for glass analysis include PukapuRaagd
Pukapuka 4B4, and samples selected @ivine analysis include Pukapuka 2I) Pukapuka 3D
1, Pukapuka 4B, and Plkapuka 7D1 (Sandwell et al., 1995Among these samples, 9Dand
10D-1 have[K20O/TiO2 x 10(Q ratios of 35.05 and 179.17 respectively, but weyeanalyzed due

to a lack ofolivine.

3. Analytical M ethods

3.1Solution-based Inductively CoupleBlasma Mass SpectrometryGP-MS)

The trace element abundances of the glass samples not reported by Shimizu et al. (2023)
and samples withunpublished data from Dr. John Sinton were analyzed using schadsed
guadrupole inductively coupled plasma magectrometry (ICAMS) 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. Bach beaker, 2 mL of concentrated HCI| was added to initiate the reaction,
foll owed by 2 mL of concentrated HNO , 2.0 mL

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

The following day, the Teflon beakers were rinsed with panor e. 2H 00 mL HCI O
was added and the samples were heated at 160°C for half a day. After removing the beakers from
the hotplate, 100 mLofnaspur e H O and 3.0 mL of HNOof wer e
H O . The samples were gently heated for 15 m
ensure the solution was clear and free of any flocculate or precipitate. An internal standard of In
Re-RhRu (1.0000 g) was added, and the solution was wenesf to a vial. The Teflon beaker was

rinsed twicewithnanpur e H O, with both rinspsradHe® 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 StatUniversity used BCR and BHVQ2 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 Hawai i at MSBnmpsoft®acksc:
wholethin sections were captured using a JEOL B&OF fieldemission electron microprobe
(Hyperprobe) at t he Wdvidvak BS& imagegs weré prddessed and i . T
stitched using Fiji, a distribution of ImageJ, to create comprehensive mapshahaasection.
Additionally, selectedolivine samples were analyzed at the Electron Probe Microzealy
(EPMA) Laboratory within the Department of Ea
shape" (polygon) Xay mapping was conducted oivef olivine-bearing samplés including
reverselyzonedolivine grains in samples GL08 147 GL08 734, and ND221, one normally
zoned grain in GLO8 71, and zoned spinel and plagioclase in GL08-10ahd P171DThis
mapping targeted Mg, Ni, Ca, and P to underbtidwe distribution of major and minor elements
within the grains. Analyses were performed with beam conditions of 350 nA at 15 kV, a pixel size

of152 em, a beam size of -8dmsparpixeand a dwel | ti me

In order to quickly discriminate beeen samples of interest (based on FC3MS and
abundance ablivine grains),to prioritize samples for further trace elementanalysisqui c k @A b at
anal ysi so0 walvingfrent38rear end dn the ndegaxis samples, and Fano Rahi
Seamounsampls. Samples were analyzed for six major and minor elements (Mg, Fe, Si, Ni, Mn,
and Ca). Quantification was performed utilizing a beam condition &08@& at 20 kV with a

5em beam size to avoid beam damage. tArsdrda st of
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listed in Supplementary TablelXProtocols were adjusted from Jiang et al. (2022). San Carlos
Olivine (F090) USNM 111312/444 and Olivine USNM 2566 (Fo 83) Springwater standards were
used as the primary calibration standard for Mg, Fe, and Svin®lireference material
MongOIS112 (Batanova et al. 2019) was used ast#wndargtandard to monitaslivine major,

minor, and trace element data quality and make necessafginaigsis corrections.

Trace element analgs were performed onolivine from 8 near and on the ridegxis
samples, 12Rano Rahi Seamourgamples, and! PukapukaRidge samples. Samples were
analyzed for six major and minor elements (Mg, Fe, Si, Ni, Mn, and Ca) and five trace dgsl FRT
(Na, P,Al, Ti, Co, and Zn). Quantification was performed utilizing beam conditions of 300nA at
20 kV, with a 5e&gm beam size to avoid beam dan
and trace elements are 10s of ppm. For example, sample-NDRdes detection limithat
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 AlThe calibration settings and standaags provided irSupplementary Table
X1. San Carlos Olivine (F090) USNM 111312/444 standard was used as the primary calibration
standard for Mg, Fe, and Si. Olivine reference material MongG2SBhatanova et gl2019) was
used as the primary standardrtonitorolivine 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 Tale X

3.3 Laser Ablation Inductively Coupledlasma Mass SpectrometrizA-ICP-MS)
Representativelivine samples preselected by EPMA were analyzatthe LAICP-MS
Laboratory of the Department of Geology and Geological Engineering at the Colorado School of

Mines using a RESOIlution SE 193 nm ArF excimer laser ablation system equipped with an S155
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sample chamber, and an Agilent 8900 triple quadrul@ieMS. A total of 16 major, minor, and

trace elements (£ N&3, AlI%7, P2, Cd?, SE°, Ti*, VoL, CP3, Mn®°, Co*®, Nif%, CWP®, Zr®6, Fe”,

and Mg were analyzed simultaneously. Laser spot analysis was carried out witrsample
fluence of 2.7 J/cfy a repetition rate of 5 pulses/sec (5 Hz), and a laser spot size of 50um. 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 theMS? Each laser spot wasggablated with one

laser shot to eliminate possible surface contamination. That was followed by 15s of washing time
for the aerosol to pass through the {RIB. A gas blank was collected for 20s, followed by 50s of
sample signal collection. The primary esttal standard (reference materials, RM&s
MongOISh112 Olivine (Batanova et al., 2019) for Mg, Fe, Si, &&T 610 and 612 for all other
elements.?®S i was used as an oGlCPAMSdaatan alibratisnt Averdgad d 6
EPMA SiQ abundances &-3 spots were used for each LA spot on the same area. When selecting
an interval on the timeesolved signal (counts per second) plot of each laser spot for data
reduction, melt inclusions and mineral inclusions (such as spinel) were avoided by clieeking
signal peaks of Al, Na, Cr to minimize contaminatiofise average detection limifs ppm)for

each element are as follows:£i0.22, N&°*=1.43, AF’=0.30, P'=4.37, C4>=58.86, St>=0.06,
Ti*®=0.17, \#'=0.01, Cr*=0.28, Mr°=0.10, C§°=0.02, NF°=0.07, CG§°=0.07, Z1t®=0.06,

Fe’=3.90, and Mé&=0.20. A full LA -ICP-MS olivine data iseported in Tabléd.b.

4. Results

4.1 Olivine petrography
Olivine phenocrysts from the SEPR generally comprise uf tmP6 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 ramgfrom 6 to10 wt% MgO, withPukapuka ridge glass
compositions making up the lowest MgO range (6 to.%ovIgO). Olivine grains predominately
display cotectic growth (<1@0l%) with plagioclase (Plagand Cpx, with some isolatedlivine
growth in the aphanitimicrocrystalline matrix.

Over 300 thin sections afivine-bearing MORB samples from the SEPR were observed,
and 60 were ultimately analyzed for this stu@®fivine (5-20 vol%) can occur as the only
phenocryst phase in glass, or as a cotectic mineral phas®aghor as one of the coexisting
phenocrysts amonglivine, Plag and Cpx. The olivine grains vary from microns to several
millimeters in size. To ensure that thkvine composition preserves information for mantle and
nearprimary melt composition, samples wilivine as the only or the major phenociysnclosed
in a glassy or aphanitic matrix were selected for the study JFig.

Olivines in \ery depleted EMORBSs (such as GL08 78 with a[K2O/TiO2 T  valué ]
of 1.91 and enriched-EIORBs (such as Pukapuka 3Dwith a[K20/TiO2 T ] talu€of 23.12)
aregenerally foundvith subhedral to euhedral grai(isig. 3) with less observable embayment,
indicating that these grains may recémear)primary melt information.

In particular, seamount MORBs (GL08 7234) commonly contain millimetescale
olivine grains that show reverse zonation with a-leavcore (~74 to ~87 Fo mol%) and a high
rim (~85 to ~88 Fo mol%) (Fig), whilerarely containinghormal zonationwhichoccurs in only
three seamount samples (GL087,Z5L08 711, GL08 734) and one ridgaxis sample (MW110
2). Normally zoned samples display a higih core (~90 Fo mol%) and lefo rims (~80 to ~86
Fo mol%) Fig. S1). It is worth noting that in particular, sample ND2Zhows extreme reverse
zonation with a lowFo core (73 Fo mol%) and lgh-Fo rim (869 Fo mol%), and extremely low

Ca core {690 to ~960 ppm) and higi€a rim 1830 to ~1890 ppm). Plagand spinel in some
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samples (such as ®B 107-1) also show complicated zonation, as revealed WwgyXmaming
(Fig. S1).

Cpxis 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 exce@dse volume.
Isolated grains oCpx are not as common as isolated grain®lofine, and typically display
cotectic growth wittolivine andPlag(Fig. 43 c, d, e f). A larger[K2O/TiO; T ] valué tends
to yield larger subhedrauhedralCpx grains, althougl€px is abundant in samples with lower
[K:0/TiO2 T ] BhDwell (Fig.4a c, d;[K:0/TiO; T ]E®.08. Some amples displaying
reversezonationcontain Cpx grains that are often large, or larger and more abundaptivirae
grains. Samples GL08 78 GL08 734, GL08 711, and GL08 104 contain reverselgoned
olivine grains with extremely small and rare Cpx, or are-@pgent. All samples mentioned above,
however, contain reversegonedolivine grains withmuch lowerCaabundancethan theKodblau

olivine from Sobolev et al. (2007).

4.2 Olivine geochemistry

4.2.1 Oerall geochemical variations

Both EPMA and LAICP-MS data are consistent with analyzed major, minor, and trace
element abundancebdble 1ab, Supplementary Tabk2). X-ray mapping for GLO8 71 reveals
normal zonation, displaying a higfo (highMg), high-Ca, and higkNi core (Fig.S1). X-ray
mapping for grains in GLO8 #8 and ND221 reveal reverse com@m zonation, displaying low
Fo (low Mg), lowCa, and lowNi cores, and higiiro (high Mg), highCa, and higiNi rims (Fig.
5). Overall, analyzealivine samples are representative of a wide geochemical range, with Fo
numbers ranging from 90.3 to 41Ldwer Fo olivine grains (such as <85) are predominately from

near and on the ridegxis. Several samples areMORBs (MW 331, MW 432, GL08 1011,
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GLO08 1071, Pukapuka 3E, Pukapuka 9E2, and Pukapuka 10GD), while the majority of
samples analyzed areNMdJORBs or NMORBSs, as many M ORB samplegitherdo not contain
olivine as the major phenocrysir microlites only contain Cpx as the major phenocrgst
microlites or do not contaiolivine at all. Despite the limited range ofNMORBs analyzed, a wide
range of FC3MS values are still includedl EPMA and LA-ICP-MS major, minor, and trace
data for the samples analyzed in this study are providédbie 1ab andSupplementary Table

X2.

4.2.2 FoNi and FeCa variation trends

Nickel (Ni) displays a strong positive correlation with\rdues with up t0~3460 ppm at
Fos9.9(GLO8 7%1, containing both reverseikoned and normallgoned grains), and down 660
ppm at F@1.0(MW 110-2, containing normalhzoned grains) (Fig. 6@). Datafor olivine in Rano
Rahi SeamouriD-MORBs and Pukapuka ridgeMORB show some compositiahoverlap with
the lowest range oKodfblau olivine data (Sobolev et al., 2007). Samples in this lower range
predominantly originate from tHeano Rahi Seamounand the PukapulRidge. Notably, several
ridge-axis points from MW 58 with concentrations reging from~3050 ppm at Feo.> down to

~2790 ppm at Fas.o make up the higlend of the Ni trend.

The @lcium (Ca) versus Fo plot illustrates Ca values that range fr@p@@ in sample
MW 103-4 to~4350 ppm in sample GL08 10%, and shows two distinct trends: a slightly negative
trend (increasing Ca abundances with decreasing Fo nunabdrigh Ca contents at given Fo
numbersand a slightly positive and/or flat trend at lower concentrations thdt ¢hé& oolivane
data (Fig. @). All samples plotting at lower concentrations thanKhe & odlivaneidata consist
of low-Ca reverselhzoned cores with the same range of Ca as mentioned above, from samples

GLO08 734, GLO8 782, GLO8 1071, GLO8 822, MW 1(B-4, and ND221. Severalolivine
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compositions overlap withk o & odlivana and predominantly originate from the Rano Rabhi

Seamount and Pukapulidge samples.

4.2.3 FRTE and trace element variations

Firstrow transition element (FRTE: Sc, M, Cr, Mn, Fe, Co, Ni, Znjatios L00*Mn/Fe,
10000 Zn/Fe 100*Mn/Fe Ni/Co, andNi/Mn, all utilized by Langand Lambatrt 2022)were used
to identify the mantle source composition and the presence of pyroxenitic compbtreatsl Zn
typically show a negave correlation with Fgmol.%)content inolivine, with Mn decreasing from
~2780 ppm at Fa.oto approximately 1030 ppm at &@ Zn concentratioa vary by sample
location, with higher values found in ridgeis samples (~160 ppm) compare®tkapuka Ridge

samples (60100 ppm)(Fig. 7b).

Al | samples (olivine compositions) have Mn
falls within the pyroxenite source region (Fig. 8a). Ni/Mn vs. Ni/Co shows a positive trend with a
few olivine grains (suchs GL08 711 and GL08 108!) 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, odesamp
predominately fal/l into the blue fAperidotiteo
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 20olivine samples from SEPR
(including reversely and normally zoned cores and rims) show a positive trend, -MORB
samples clustering at lower Zn {&®0 ppm) and Li (12 ppm)concentrationsNormally zoned
N-MORB samples ploat higher Zn (~130 ppmap to ~170 pprhand Li (~2.12.4up to ~4ppm)

concentrationan whichND22-1 has the highest Li and Zn abundan@eg. 9a).Ca(ppm)vs.Ti
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(ppm)ratios display a weak positive correlatiimm the highCa group (>1500 ppm) but present
group of olivine compositions with characterizing @& abundances and highly variable Ti
contents (from Ralivine cores) All other samples plot in the igneoakvine region Eig. 9b).
Fo (mol.%) vs. Sc (pprmyhow two trends: a higBc and lowSc trend, which corelate to a high

Ca and lowCaolivines respectively (Fig. 9c).

5. Discussion

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

Thevariation 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, aat nmett composition
(Herzberg et al., 2016), we explore the effect of FC on Ni variations with decreasing Fo (mol.%)
using mineraimelt equilibrium FC modeling iRetrolog3software (Danyushevsky and Plechov,
2011). This modeling incorporates representative-reathber samples with olivine (Ol)
compositions at both the high and low Ni extremes. Detailed parameters used in our modeling are
provided in the Supplementary Methdalgy section and starting compositions are provided in
Supplementary Tabl3. For forward modeling, Ol +Plag +# Cpx were incrementally removed
from the starting glass compositions to simulate the olivine crystal line of descent (CLD).
However, sincsome 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 alsorpedaoeverse
FC modeling by adding Ol +/Plag +/ Cpx back incrementally to the melt under varying

parameters to simulate Ohypothetical 6 more pr
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and forward models align under the same parameters can thengat er s and t he 6 h

primitive melt composition be accepted for further forward FC modeling.

To directly model the higiNi end trend, we selected sample GLO817fbr FC, with Fo
(mol.%) values ranging from ~80 to ~90 and Ni concentrations #8090 ppm to ~3500 ppm.
This sample meets the criteria for a hmid, enriched Ni enthember, despite being
geochemically classified as a-MMORB based on its [FO/TiOzI 10 0] rati o. TF
composition of GL0O8 74, with major element data from electroncroprobe and minor/trace
element data from LACP-MS (Shimizu et al., 2023), served as the starting composition for the
model (Table 1). Notably, GLOB 7L cont ai ns sever al Omantl e ol i
olivine entrained by ascending mejtg)dicated 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. 61). The relatively oxidized condition can be supported by the ¥33atios (Fig. S2)
because under oxidized condition the mutdtient element V would turn into®/ which is not
favorably incorporated into olivine (Foley et al., 2018yditionally, addng 0.5 to 1.0 wt% water
further refines the model to match Rovantle olivines (i.e., those crystallized from mantle partial
melts) (blue and green dashed lines, Fig. 6b). FC modeling of the Pukapuka Ridge sathple 3D
also requires high pressures of 1 t6 GPa (purple and red dashed lines, Fig. 6a) to achieve a
good fit with the analyzed olivine compositions. In these fugdssure models, Cpx crystallized

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

FC modeling was also performezh the lowNi endmember sampl&L08 1141 (D-
MORB), with Ni concentrations ranging fron780 ppm at Fo=85.4%® ~1190 ppm aF0=86.23,

fulfilling the criteria for a lowend and depleted emdember (Fig. 6). Our modelndicates that
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at high crystallization pressuresf 0.51.0 GPa the CLDs do not align well with our analyzed
olivine compositions for this sample (Figc)60ur model a0.1 GPain an oxidized environment
(QFM +2)with 0.05wt% RO illustrates a strong fit at whiablivine crystllized first at Fo=91,

while Cpxcrystallized after at Fo=85.04 (Figc)6

Based on our modeling, we conclude that there are two trends of F@ngmnbder melt
FC) under low (0.1 GPa or lower) and high (up to 1.5 GPa) pressures in the SEPR regioghAlthou
a high pressure of 1.5 GPa, equivalent to ~50 km, may seem excessive in a MOR setting, the fact
that samples exhibiting higbressure FC are from the Pukapuka Ridge andyo$ff Rano Rahi
Seamounts makes it reasonable to correlate this withgregsue mel t i ng ( O6mant | e
represented by sample GL-G8-1) 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 saraplalso represent the leMi end, while most ridgaxis samples
and some Rano Rahi Seamount samples follow t1l
some (but not all) ridgaxis and Rano Rahi Seamount samples may be the result of magma mixing
betwesn highNi and lowNi 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 ridgeis samples (Figs.-8; Fig. S1). For samples showimg signs of
magma mixing, i.e., isolated olivine growth without zonation, the paralléNiRoends in the
6intermedi ated range (moderate Ni compositior
magmas with different degrees of Ni enrichment in thes®and varying crystallization depths

(pressures).

5.2 LowCa in RZ olivines:Contribution of ROC component in melt sources
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In addition to FeNi modeling, we also performed modeling Fo-Ca variations. GL0O8
71-1 CaFo modeling indicates thatrystallization at 5 GPg QFM+2, and 05 wt% HO
illustrates a strong fit (Fig.d. Therefore, we can conclude that the GL0817CaFo trend
originates from olivines formed atgh pressure (up to3.GP3g in an oxidized environmerFEig.
6b), matching the modeling resutis FoNi variations. However, we cannot successfully model
those RZ olivines with lowCaabundances from ~1500 ppm to ~500 ppm using clyrawailable

starting compositionsegardless of the pressure, waterdaxion states parameters being applied.

Low-Ca sampl es, plotting below the concentr s
derived from RZ olivine cores, including GL08-43GL08 782, GL08 1071, GL08 822, MW
1034, and ND221. These cores ha¥® (mol.%)values ranging from75to ~87, with Ca ranging
from ~1500 ppm to ~500 pp(Fig. 10b). Although RZ olivine cores caothhavehigh and low
Ca abundances, all le@a values arenly found in some of the Rdlivine cores. Variations in
Ca concemtitions arise from several factors: (1) ROC contribution that lower Ca in olivine (e.g.,
Herzberg and Asimow, 2008; Holm et al., 2p32bolev et al., 2007); (2) FC Gfpx, as modeled
by Herzberg et al. (2011, 2014); (3) high water content, which reduegmttition coefficient of
Cainto olivine (Gavrilenko et al., 2016); (4) elevated pressures during&sInussen et al., 2020

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

At the outset, we can rule outl@ver crustal origin for the lowCa olivine, as the mid
ocean ridge (MOR) crust is thini(d km, ~0.2 GPa; LaFemina, 2015), while many of the @av
olivine samples likely crystallized under much higher pressures (up to 1.5 GPa, ~50 km; Fig. 6d).
Furthermaoe, 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 MV8,98hich has large, abundant qiig.

4e) with~3340 ppm CaHigh-pressure crystallization can reduce Caliviee, our CaFo models
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for GLO8 711 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 exhibii tnegids

(e.g., GLO8 734 with 2,260 ppm Ca, 820 pphi; GL0O8 1071 with 2,010 ppm Ca, 2,250 ppm

Ni; and ND221 with 1,940 ppm Ca, 960 ppm Ni; Fig. 10a). Even at pressures up to 1.5 GPa, we

cannot fully account for the lo\€a concentrations in our samples.

We propose that the low Ca abundances iroRRane cores originated from deeurced,
Cadepleted melts influenced by a Re@@riched 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 FQyhich formed low Fo cores (from ~87 down to ~75). As most RZ olivine
cores are from EMORBS, we attribute thistodeepo ur c e d (basead oni [KONI©4160]
ratios) melts mixing withdaepleted melts at shallower levels. Our proposed Ridfluenced
mantle hypothesis is supporteg the followingseveral lines of evidercFirstly, Herzberg et al.
(2014) noted thaROGC-derived dacitic meltsan react with peridotite and generate partial melts
that crystallize lowCa olivines, and that the proportiohROC melts from 10% to 40% addition
to the peridotite would generate a refertilized peridotite or an oliveéeepyroxenite lithology. As
a refertilized peridotite would contain some amount of Cpx and garnet in the lithology, Ca
abundance in the partiadelts would be further depleted (Herzberg et al., 2014), which could help
explain the lowCa trend observed in RZ olivine cores (Fig. 10Becondly, lhe Li versus Zn
compositions of olivines present highpgtyd 6enri
ppm) that show characteristics of ROC (Fig. 9a) (Foley et al., 2013ddition, he scandium
(Sc) versus Fo variations show a higb and a lowSc trend, where the loBc trend corresponds
to the lowCaolivines(Fig. 9¢) This lowSc trend caibe explained ban ROCinfluenced mantle

(a refertilized peridotite) that contains some amount of Cpx and garnet as residual mineral phases
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during partial mel ting that can O0depl etebd Sc
Sc is a compatible element in Card a moderately incompatible element in olivine (e.g., Hill et

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

Furthermore,tie 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 seannioigetintersection zone where
isotopically anomalous plurdé&e materials have been identified (Niu et al., 1996) (Fig. 1). This
suggests that these le@a cores likely originatefrom melts associated with mantle influenced
by ROC, supporting the hypothesi®posed by Shimizu et al. (2023). Additionalynderson et
al. (2024) analyzed nitrogen, noble gas abundances, isotopic ratios (Pb, Sr, Ndgj@ndnd
trace elements to identify SEPR mantle sources, finding that samples G108ndGL08 734,
contahing reversely zoned olivine cores with modetlate Ca, exhibita 6 s u b-idfluended o n
mantl e6 where subducted mat eThis hypothesisinommichean but e d
E-MORB mantle origirnis proposedsROC or ROCG-modified mantle wedgesupports evidence

for an ROGinfluenced mantle

5.3 A genetic model: ROC entrainment argbssiblepyroxenite destruction

Glass isotopic analivine textural and major, minor, and trace evidence has provided
evidenceROC involvement in the SEPR region. As the reaction of ROC and peridotite mantle has
been understoo generate a pyroxenitic lithologidérzberg, 2011Sobolev et al., 2005, 20Q7)
it i's of i nterest and signifiadcareade hteda erongeste
caused by the presence of pyroxen@eio et al. (20243lsomentioned "an enriched component
of metasomatic pyroxenitic lithologies" in their model but did not specifically address pyroxenite
existence discussidn the SEPR regiorNo other study has examined this issue, highlightieg
need fora direct nvestigation.
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Olivine FRTE ratios, including Mn/FeZn/Fe, and Mn/Zn are effective tools for
distinguishing between peridotite and pyroxenite lithologlasa peridotite khology, where
olivine and orthopyroxene (Opx) are the domnmheineral phasesZn/Fe and Mn/Fe ratios are
minimally affected during partial meltingnd fractional crystallization due to their close to 1
partition coefficients (Le Roux et al., 2011). Howevin 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 ar& (b 77 and v 77 ~1.52)

(Mallik et al., 2021)and Zn/Fe partition coefficients are <<t ( ﬁ, and U 77 <<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 pyroxte, therefore, can have notable differences in terms of
Mn/Fe Zn/Fe and Mn/Znratiog and have been successfully used to discriminate the mantle
lithology in the study of Howarth and Harris (201@)ass Mg# (mol.%) versus Fo (mol.%) shows
that many ofour samples plot within the equilibrium field (Fig. S3ll samples (olivine
compositions) have Mn/ ZnO sudgestraaperidatise litmbogy e p t
component beneath SEPR with no clear evidence for a pyroxenite litHéliggya).Ratios such

as 100Mn/Fe (1.59.85; Sobolev et al., 2007) and 10000Zn/FEL(g, as well as 100Mn/Fe
(1.051.35) and 10000Zn/Fe (>13), help discriminate between peridotitic and pyroxenitic
lithologies. Using the 100Mn/Fe versus 10000Zn/Fe framework (Howadkldarris, 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 conbution 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 ridegexis samples plot more centrally in the peridotite region while
Rano Rahi Seamousamples and Pukapuka ridge samples exhibit a larger range of compositions,
with Ol from GL08 734, GL08 861, GL08 1131, and GL08 741 overlappingvith the very high

end of compositions from thKodolau Ol, and Pukapuka 22 and Pukapuka 4 plotting
predominantly between the peridotite and pyroxenite regions, and Pukapuka and Pukafiuka 7D
plotting almost completely within the peridotite reg{@obolev et al., 2007, Fi@c). Intermediate
compositions from thékano Rahi Seamouwntand 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 peridotite source and ROC metasomatism, generating a
heightened compositiofNi enrichments¥or the GLO8 and Pukapuka samples noted above, with
GLO08 samples exhibiting more wigtanging compositions, causing slight compositional overlap

with the highend of theKotolau Ol (Fig. 8c).

Despiteseveral lines oévidence of RO@nfluenced mantle beneath SEPR, no pyroxenite
lithology is identified based on olivine FRTE ratid$is apparent paradox can be explained by
o6refertilized pdmpiydotxiethne @ eamae sd rpuacd s iomldoe mod e |
(2014, 2016)ROC-derived dacitic melts can either react with the host peridotite mantle via 1)
porous flow that generates a refertilized peridotite, (Leerzolite with increased amount of Cpx
and maybe garnet) but not a Cgaminated pyroxenite lithologgndbr 2) channeled melt flow
that forms pyroxenite (Herzberg et al., 2014). It is possible that a refertilized peridotite has been
formed throughthe porous flow, but it is also likely that pyroxenite cobll’e beerproduced
initially (stagell pyroxenite, Herzberg, 2011) but then destroyed vis subsequent partial or total

mel ting the pyroxenite veins embteddeési nudthie
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Herzberg et al., 2014)his process erases the physical identity of pyroxdititelogy while
preserving its isotopic and geochemical signaturile.destruction of pyroxenite is driven toyo

possible scenariog-irst, the relative sceity 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

(Gurerko et al., 2009).

While no physical pyroxenite lithology is present in the SEPR samples, its chemical
marker$® such as trace element distributions and isotopic signétwes retained in the
refertilized peridotite. These "phantedike properties" (Herzlrg et al., 2014) help explain the
enriched signatures we observed in SEPR samples. Furthermore, the lack olitbhmliogsy-
sensitive FRTESs, which partition Zn, Fe, and MiCpx and garnet pyroxenitic lithologies (Lang
and Lambart, 2022), indicates thlé mantle source is dominatedddivine 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. 106Mn/Fe, confirming a purely peridotitic source compon&id. 8aC).

Based on these observations, we propose two processes oéR@Dmentwithin the
SEPR region: 1) upwellingRowley et al., 206), and 2) ridgeward flon(Guo et al., 2024) of
enriched materialof which both provide a means BOC entrainment andhigration (Rowley et
al., 2016)andmantlere-fertilization, and a possiblpyroxenite destructioprocesqFig. 11) We
suggest that asubducted slabroke off (Fig. 11a,scenario ), some ROC componenigere
entrained into a section of asthenospheric ridgeward flow or keaveto a region of upwelling
(Fig. 11a scenario ). As time progressk a heterogeneous mantle domaias generatedn

which ROCand its derived pyroxenite lithologyerefully consumedemelted(i.e., pyroxenite

29



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

RahiSeamountgFig. 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 exclpdestrece of pyroxenite in
the region. Further investigation with more comprehensivgne 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 destructitreneath the SEPRNhis 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.pyroxenite destruction igested to bevidespread, this could
impact arr understanding of mantle heterogeneity and material recycling processes. It would
suggest that pyroxenite contributions to mantle chemistry and lithology, particularly-ocead
ridges and hot plume environments, may be more transient or variablprévaously thought.

This could also influence models of mantle dynamics, including the extent and natwostof
mantle interaction and refresh current ideas about the role &OC in modifying mantle

compositions chemically and lithologically

6. Conclusions

This study investigates the textural and geochemical properidigiok phenocrysts from
SEPR MORBSs to explore mantle heterogeneity. Our results provide evidence of ROC influence

on the SEPR mantle, but no pyroxenite lithology wlasitified, supporting possible'pyroxenite
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destruction” model. This model suggests that while ROC isotopic and chemical signatures remain,
the pyroxenite componenbuld have beefully destroyedOur findings highlight the critical role
of olivine texture and geochemistry in tracing mantiatedprocesses and thele of ROCin

contributing to the chemical and lithological mantle heterogeneMOiR and plume settings

The FC3MS values probably work welltefor cc
signatureso search, but may not work wel!l for
member samples (Fig. S5) do reveal slightly FC3MS values increase, and suggests that different
parental melt compositions would have initially low or high FC3Mbies, 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

@ On and Near-Ridge
Bl STOWA (On-Ridge)
A Rano Rahi Seamounts
Y NAUDUR (On-Ridge)
@ Pukapuka Ridge

® Previous analyses
@) Sample with zoned

olivine grains

126°W  125°W  124°W  123°W 122°W  121°W 120

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 circléallamainly in the Rano Rahi
seamount region. The gray area indicates the 16° to 19° S region, wheta,logverselzoned olivines

have been identified in the Rano Rahi seamount and the seartgengxis interaction zone, an area
exhibiting plumelike 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 MORigpe. Analyzed samples are highlighted by MORB type with
background samples as gray circles. Samples above 0.65 iralpatexenite signature (Yang et al., 2013,
Scientific Reports).

38



i cLos 107-1] AR R ¥ Glos 782

108pm

G

Fig. 3.(a)-(i): BSE images ofaverselyzoned (RZ)livine grains and normaklyoned (NZ) olivine grain
from analyzed samplesupporting textural evidence of magmatic proceeses short time scaleslote
that SEPR samples predominantly contain RZ olivines, with a few exceptions (M2 M\ 558,
GL08 727, GL08 734 and GL08 741, which contain both RZ and NZ grain&) and (f) show textures
for rapid grain growth(b) and(d) show grain growth(c) and(e) show dissolution texturgg) and(h)
showrapid grain growth that predates mixing, ghdhows rapid grain growth after mixing, as there is
steep zoningpetween the core and the margin. N#BSE images from GL08 711, which contains
both RZ and NZ grains. To preserve mantle and-pearary melt information, samples in which olivine
was the only or major phenocryst in a glassy or aphanitic matrixsetzeted.
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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(a).showsCpx with sector zoninghat is cotectic with Plag

(b) shows olivine grain growtl{c) shows resorption and regrowth textures in GgxshowsPlag zonation
indicating magmatienixing, and(f) shows otecticolivine andPlag
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GL08 734

Fig. 5. BSE images for RZ Ol grains in GL08 -43 GL08 1071, and ND221, and tlir respective
guantitative xray maps The ND221 BSE image shows strong zoning with steep gradiemisch
correlatewvith the plumbing system ofithedificetype and how eruptions and recharge events are triggered
in this systemStrong, highgradient zoning is generally associated with magma mixing prior to an eruption,
implying that timing is an important consideration for NBR# unison with source heterogeneigl
grains show lowMg, low-Ca, and higkNi cores.
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Fig. 6. Olivine Fo(mol.%) vs. Ni (ppm)and Ca (ppm¥howing relative abundances for analyzed samples
with overlaidhigh-Ni and lowNi endmember trends based on FC model{@ayHigh-Ni trend (light blue

line) for Pukapuka 3E1 at 1.5 GPa, 0.5 wt.%-B, and QFM(b) High-Ni trend (orange line) GL08 71

at 1.5 GPa, 0 wt.% 4@, and QFM+2. (c) LowNi trend GL08 1141 (pink line) at 0.1 GPa, 0.05 wt.% H20,
and QFM+2 Gray dashed lineshow models with no addition of water or QHd) GL08 711 olivine Fo
(mol.%) and Ca (ppmjorange lineshowing clear compositional overlap with SEPR and Haw®DC
samples (Kéolau) from Sobolev et al. (2007). Samples below H&WADC are all reversgizoned grains
with extremely lowCa cores. GL08 114 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 fadf@ low-Ca core.
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Fig. 8. Minor and trace element chemistry of SEPR olivines analyzed in this study by both

EPMA and LAICP-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. @éwlerived from a

pyroxenite source typically exhibit low Mn/Zn ratios (<14), while those from peridotitic sources show
higher ratios (>14) (Howarth and Harris, 201(B). L00*Mn/Fe vs. 10000*Zn/Fe diagram showing no

direct evidence of a pyroxenite lithglp (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 consumepNi/(Mg/Fe)/1000 vs. 100*Mn/Fe diagram showing

distinct compositions between SEPR &falvaiti Kodolauolivines (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 grayshaded region represents olivines from ROC sources (Foley et al., 2013), with LiZq@pni

and Zn up to 350 ppm. The gray dashed arrow indicateardithment (up to 50 ppm) caused by phlogepite
bearing recycled continental crust (Foley et al., 20(18).Ca <700 ppm and Tk70 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 l@aolivine trend, respectively. The lo®c trend may be related

to an ROGinfluenced mantle.
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GLO8 711 which represents a higti versus Fqmol.%) trend, matches the plotted trend of NZ GL08 71

1 olivine grains. No zonation was observed in olivines I8 1141, which represents a lelNi versus

Fo% trend, and pl ot sb)GLO8 Athpbots in the highCa tremds kighlighted byi o n .

the dark gray region. A proposed l&@a trends plotted as a dashed green line in the light gray regn,

modeling cannot be accurately performed with zoned olivine grains-Qaws related with mantle
metasomatism and may be affected by water, or may come from@dgsimary melt related with ROC.
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mantle.A mixture of the heterogeneous mantle domain and ambient misetie fuelingvolcanic activity

that formed thé?ukapuka Ridgeand later in time, the Rano Rat@amounts.
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Table 1a Summarized EPMA daft@vt.% for oxides and ppror elementsjor 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%)
GLO08 1071_0%1 25-Oct RZ Core 16.37 4354 39.52 1929 23 61 2038 2182 257 24 289 58 170 100.49 82.29
GLO08 1071_0%1 28-Jul RZ Core 16.46 43.86 39.25 1795 236 65 2002 2207 290 375 56 186 100.85 82.31
GLO08 1071_0%2 28-Jul RZ Core 16.15 43.87 39.31 1682 37 64 2065 2087 272 313 63 169 100.37 82.59
GLO08 1071_0%2 25-Oct RZ Core 15.82 44.65 40.24 1883 48 98 2157 2042 317 372 75 143 101.83 83.14
GLO08 1071_013 25-Oct RZ Core 15.03 44.69 39.90 1922 82 2253 1967 289 47 294 56 161 100.68 83.85
GLO08 1071_013 28-Jul RZ Core 1590 4425 39.72 1799 65 60 1820 2184 227 312 68 185 100.92 82.94
GLO08 1071_0%4 25-Oct RZ Core 13.09 46.03 40.03 2184 128 2239 1637 301 60 339 52 154 100.24 85.99
GLO08 1071_01-4 28-Jul RZ Core 15.48 4451 39.56 1710 43 1950 2059 251 350 71 180 100.55 83.40
GLO08 1071_015 25-Oct RZ Core 12.64 46.69 40.29 2074 2 88 2436 1589 328 65 338 53 152 100.71 86.58
GLO08 1071_015 28-Jul RZ Rim 12.74 46.83 39.82 1844 66 2396 1565 310 233 57 159 100.37 86.53
GLO08 1071_016 28-Jul RZ Rim 12.81 46.75 40.09 1863 22 61 2423 1543 331 346 78 164 100.70 86.44
GLO08 1071_0%7 28-Jul RZ Rim 1253 46,51 39.97 2013 24 88 2420 1506 314 1513 64 163 100.53 86.64
GLO08 1071_021 28-Jul RZ Core 1560 44.41 39.27 1845 56 48 2067 2066 269 339 73 186 100.38 83.25
GLO08 1071_021 25-Oct RZ Core 1543 4429 39.68 1969 1 77 2082 1993 282 34 309 45 167 100.45 83.37
GLO08 1071_022 25-Oct RZ Core 15.11 44.47 39.61 1973 76 2091 1966 268 21 309 35 152 100.22 83.72
GLO08 1071_022 28-Jul RZ Core 15.61 44.45 39.24 1775 49 2045 2048 270 278 74 173 100.30 83.26
GLO08 1071_023 28-Jul RZ Core 1471 4512 39.22 1812 55 2206 1851 331 284 98 175 100.08 84.27
GLO08 1071_023 25-0ct RZ Core 15.33 44.33 39.65 2017 8 67 1970 2034 273 16 317 61 169 100.35 83.47
GLO08 1071_024 25-0ct RZ Core 15.25 44.16 39.61 1987 19 69 2119 1948 287 35 315 53 162 100.09 83.49
GLO08 1071_024 28-Jul RZ Core 13.90 46.02 39.93 1905 77 68 2106 1719 347 326 73 171 100.94 85.26
GLO08 1071_025 25-0ct RZ Core 12.57 46.55 40.28 2239 15 128 2380 1561 331 37 324 52 148 100.51 86.61
GLO08 1071_025 28-Jul RZ Rim 12.61 46.86 39.98 1977 39 92 2386 1593 335 462 62 161 100.59 86.65
GLO08 1071_026 25-0ct RZ Core 12.53 46.53 40.23 2169 127 2332 1538 287 39 334 56 163 100.35 86.65
GLO08 1071_026 28-Jul RZ Rim 12.75 46.58 39.89 2564 18 120 2391 1534 420 1233 51 153 100.73 86.45
GLO08 1071_027 28-Jul RZ Rim 12.88 46.58 39.81 2034 13 73 2319 1539 341 342 58 185 100.34 86.33
GLO08 1071_031 28-Jul RZ Core 15.75 4497 39.57 614 81 1052 2093 137 134 64 188 100.92 83.29
GLO08 1071_032 28-Jul RZ Core 15.86 44.68 39.31 582 83 1068 2127 150 149 49 190 100.49 83.10
GLO08 1071_033 28-Jul RZ Core 16.01 44.46 39.46 533 32 75 1040 2123 111 158 59 196 100.57 82.90
GLO08 1071_034 28-Jul RZ Core 15.84 44.47 39.41 704 88 50 1063 2074 116 138 55 185 100.43 83.06
GLO08 1071_035 28-Jul RZ Rim 11.88 47.81 40.46 1983 6 45 1852 1450 269 141 64 182 101.03 87.54
GLO08 1071_036 28-Jul RZ Rim 12.10 47.53 40.19 2091 61 1854 1454 299 234 63 176 100.75 87.28
GLO08 1071_037 28-Jul RZ Rim 11.77 4758 40.40 2133 7 38 1756 1461 282 179 66 166 100.65 87.59
GLO08 1071_038 28-Jul RZ Rim 12.02 4757 40.36 2010 75 1335 1475 208 219 53 191 100.79 87.36
GLO08 1071_051 28-Jul RZ Core 16.15 44.26 39.20 843 69 1498 2081 120 154 54 185 100.32 82.71
GLO08 1071_051 25-Oct RZ Rim 14.41 44.81 39.78 2109 391 149 1907 1785 348 12 469 69 172 100.47 84.45
GLO8 1071_052 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%)
GLO08 1071_052 25-Oct RZ Rim 1494 4439 39.61 2100 327 115 1838 1836 348 34 420 58 138 100.32 83.85
GLO08 1071_053 28-Jul RZ Core 16.67 43.70 39.07 873 92 1335 2143 115 421 79 190 100.26 82.07
GLO08 1071_053 25-Oct RZ Rim 1494 4427 3958 2140 92 86 1853 1822 314 34 338 64 171 99.92 83.80
GLO08 1071_054 28-Jul RZ Core 16.12 44.09 39.01 831 48 75 1536 2091 123 266 69 181 100.03 82.69
GLO08 1071_054 25-Oct RZ Rim 1485 4451 39.66 1976 144 132 2020 1773 342 16 385 67 162 100.22 83.96
GLO08 1071_055 25-Oct RZ Rim 12.78 46.04 40.04 2419 167 2341 1551 330 26 407 46 160 100.01 86.29
GLO08 1071_055 28-Jul RZ Rim 12.83 46.84 39.75 1769 83 2378 1529 311 416 56 180 100.46 86.44
GLO08 1071_056 25-Oct RZ Rim 12.79 46.07 39.99 2375 91 184 2358 1537 369 60 429 59 167 100.12 86.29
GLO08 1071_056 28-Jul RZ Rim 12.67 46.81 39.76 1989 4 85 2422 1532 308 562 64 165 100.37 86.58
GLO08 1071_057 28-Jul RZ Rim 12.48 46.96 4053 1785 53 86 2351 1512 310 380 67 167 101.04 86.79
GLO08 1071_061 25-Oct RZ Rim 16.12 4350 39.32 544 32 118 1043 2189 100 147 66 188 99.60 82.49
GLO08 1071_062 25-Oct RZ Rim 16.05 43.60 39.42 624 48 60 1039 2190 136 113 73 182 99.74 82.59
GLO08 1071_063 25-Oct RZ Rim 1564 43.96 39.50 642 32 123 1074 2105 125 147 65 172 99.77 83.07
GLO8 1071_064 250ct RZ Rim 15.79 43.77 39.37 645 47 118 1058 2133 145 149 56 191 99.63 82.88
GLO08 1071_065 25-Oct RZ Rim 1158 47.32 40.29 2014 40 1636 1463 269 36 138 59 144 100.04 87.71
GLO08 1071_066 25-Oct RZ Rim 12.16 46.48 40.11 2077 6 24 1804 1535 273 20 189 48 154 99.66 86.98
GLO08 1071_067 25-Oct RZ Rim 12.17 46,55 40.01 2109 38 86 2291 1482 352 47 352 50 152 99.83 86.98
GLO08 1071_068 25-Oct RZ Rim 12.17 46.60 40.03 2130 3 71 2371 1516 371 49 368 55 153 99.90 86.99
GLO08 1233 041 22-May RZ Rim 15.43 4437 39.66 2577 1543 2007 100.28 83.39

GL08 762_01-1 22-May RZ Core 13.35 46.01 40.12 2720 1854 1575 100.30 85.75
GL08 762_01-1 22-May RZ Rim 15.60 43.41 39.84 4131 1389 1830 99.83 82.94
GL08 7:1_0%1 28-Jul RZ Core 1450 4551 39.68 1989 286 91 1696 1774 247 306 80 163 100.90 84.57
GLO8 7:1_01-2 28-Jul RZ Core 14.44 4566 39.53 1941 492 107 1756 1747 266 306 75 161 101.04 84.66
GL0871-1_013 28-Jul RZ Core 13.99 46.05 39.82 1902 94 70 1890 1690 282 324 61 166 100.92 85.18
GLO8 7:1_01-4 28-Jul RZ Rim 12.76 46.89 39.96 2017 112 2265 1560 319 288 60 161 100.64 86.52
GLO08 7:1_015 28-Jul RZ Rim 13.32 46.65 40.11 1940 15 84 2097 1595 306 281 71 151 101.07 85.95
GLO8 7t1_01-6 28-Jul RZ Rim 12.71 47.00 40.06 1942 65 2304 1553 316 307 50 168 100.79 86.59
GLO08 7:1_021 28-Jul RZ Core 16.12 43.86 39.24 2232 51 124 1768 2060 254 318 64 175 100.31 82.61
GL0871-1_0210 15-Jul RZ Rim 12.36 46.41 40.16 1848 2393 1545 99.70 86.76
GLO8 7:1_022 28-Jul RZ Core 15.49 4453 39.32 2215 78 127 1863 1938 268 353 66 167 100.47 83.39
GL08 7:1_023 28-Jul RZ Core 1545 4453 39.38 2115 74 123 1898 1908 272 348 56 179 100.48 83.42
GLO8 7:1_024 28-Jul RZ Rim 12.67 46.89 40.19 1893 43 88 2394 1509 357 347 58 170 100.83 86.60
GLO08 7:1_025 28-Jul RZ Rim 12.65 47.06 40.16 1855 23 82 2470 1475 343 343 67 163 100.92 86.66
GLO08 7:1_026 28-Jul RZ Rim 12.81 47.12 40.14 1886 177 94 2390 1539 352 342 73 148 101.27 86.53
GLO08 7:1_027 15-Jul RZ Rim 12.34 46.14 40.13 1907 2513 1518 99.39 86.73
GLO08 7:1_028 15-Jul RZ Rim 12.52 46.14 40.20 1940 2477 1628 99.66 86.56
GL0871-1_029 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%)
GLO08 7:1_031 15-Jul RZ Core 1536 43.82 39.85 1636 1580 1898 99.70 83.28
GLO8 7:1_031 28-Jul RZ Core 15.41 4457 39.35 1583 16 113 1536 2001 161 174 56 169 100.17 83.48
GLO08 7:1_032 15-Jul RZ Core 15.70 43.41 39.77 1574 1386 2078 99.55 82.85
GLO08 7:1_032 28-Jul RZ Core 1595 4431 39.24 1482 120 108 1439 2095 153 156 72 168 100.42 82.91
GLO8 7:1_033 15-Jul RZ Core 15.71 43.62 39.75 1494 1443 2172 99.75 82.91
GLO8 7:1_033 28-Jul RZ Core 15.69 4435 39.30 1471 99 111 1510 2049 173 145 71 170 100.25 83.15
GL0871-1_034 15-Jul RZ Core 15.28 43.94 39.77 1556 1520 2147 99.69 83.40
GLO08 7t1_034 28-Jul RZ Rim 12.30 46.91 40.08 1868 55 2321 1468 384 314 57 163 100.30 86.95
GL08 7t1_035 28-Jul RZ Rim 12.46 46.82 39.86 2062 28 71 2041 1476 377 217 59 184 100.14 86.78
GL08 7t1_035 15-Jul RZ Rim 12.08 46.82 40.72 1848 2449 1530 100.39 87.13
GL08 7t1_036 15-Jul RZ Rim 12.21 46.49 40.43 1963 2402 1430 99.89 86.93
GL08 7t1_036 28-Jul RZ Rim 12.23 47.12 40.04 1811 37 69 2557 1470 382 346 58 182 100.47 87.06
GL08 7:1_037 15-Jul RZ Rim 12.11 46.57 40.55 1881 2554 1509 100.01 87.04
GL08 7:1_038 15-Jul RZ Rim 12.33 46.49 4031 1985 2275 1560 99.90 86.81
GLO08 7:1_041 15-Jul RZ Core 1452 4475 39.96 1951 1561 1737 99.92 84.33
GLO08 7:1_041 28-Jul RZ Core 18.50 4194 38.48 2304 199 156 1206 2441 206 451 87 186 100.19 79.83
GL08 7:1_042 15-Jul RZ Core 13.66 44.79 40.41 1879 1485 1857 99.56 85.13
GLO08 7:1_042 28-Jul RZ Core 18.24 42.19 38.70 2203 83 160 1162 2412 164 259 84 180 100.19 80.16
GL08 7:1_043 15-Jul RZ Core 13.68 44.75 40.53 1836 1552 1681 99.63 85.11
GL08 7:1_043 28-Jul RZ Core 18.10 42.25 38.67 2347 39 221 1297 2396 216 549 80 171 100.19 80.30
GL0871-1_044 15-Jul RZ Core 13.57 44.84 40.69 1901 1444 1640 99.76 85.23
GL08 7:1_044 28-Jul RZ Rim 12.51 46.47 39.72 1808 49 2497 1519 367 311 61 173 99.73 86.64
GL08 7:1_045 15-Jul RZ Rim 12.51 46.30 40.39 1807 2548 1416 99.96 86.60
GL08 7:1_045 28-Jul RZ Rim 1259 46.58 39.91 1813 92 77 2394 1502 354 337 64 158 100.19 86.59
GLO8 7:1_046 15-Jul RZ Rim 12.60 46.15 40.35 1849 2469 1416 99.86 86.48
GLO8 7:1_046 28-Jul RZ Rim 12.53 46.82 39.92 1851 9 61 2453 1502 353 305 73 170 100.31 86.71
GLO08 7:1_047 15-Jul RZ Rim 12.70 46.11 40.25 2069 2293 1471 99.84 86.38
GLO8 7:1_048 15-Jul RZ Rim 12.67 4597 40.18 1990 2231 1584 99.59 86.37
GL08 727_041 28-Jul RZ Core 14.12 4561 39.20 1796 420 49 1944 1689 239 415 60 172 100.30 84.94
GL08 727_042 28-Jul RZ Core 13.57 4581 39.13 1796 459 52 2087 1632 284 419 68 158 99.94 85.50
GLO08 727_043 28-Jul RZ Core 14.16 45.25 39.09 1847 269 61 1956 1716 230 359 52 161 99.70 84.81
GL0872-7_044 28-Jul RZ Core 1350 45.66 39.27 1813 395 51 2144 1655 310 453 70 176 99.84 85.52
GLO08 727_045 28-Jul RZ Rim 13.22 4564 39.12 1943 31 62 2249 1626 358 521 55 153 99.12 85.78
GLO08 727_046 28-Jul RZ Rim 13.01 46.74 39.23 1972 74 2209 1568 358 512 60 168 100.08 86.25
GLO08 727_047 28-Jul RZ Rim 13.11 45.72 39.00 1956 320 67 2203 1610 347 459 72 162 99.20 85.90
GLO08 727_051 28Jun RZ Core 14.34 45.87 39.76 2200 2036 1708 100.75 84.82
GL08 727_052 28Jun 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 727_053 28-Jun RZ Core 1422 4572 39.70 2224 1969 1665 100.42 84.88
GL08 727_054 28-Jun RZ Rim 15.19 4428 39.31 3071 2000 1758 99.69 83.58
GL08 727_055 28-Jun RZ Rim 13.93 46.21 40.04 2204 2179 1630 100.98 85.28
GL08 727_056 28-Jun RZ Rim 13.82  46.27 40.05 2186 2113 1593 100.92 85.40
GL08734_0%1 15-Jul RZ Core 18.41 4051 38.68 466 835 2423 98.08 79.35
GL08 734_0%1 28-Jul RZ Core 19.09 4166 38.47 637 204 897 2484 69 109 56 218 99.88 79.21
GLO08 734_0%10 15-Jul RZ Core 17.12 4146 38.72 689 920 2304 97.81 80.88
GLO08 734_01-11 15-Jul RZ Rim 12.75 45.00 39.39 1708 1840 1614 97.83 86.05
GLO08 734_0%12 15-Jul RZ Rim 12.82 4476 39.42 1702 1530 1666 97.64 85.91
GLO08 734_0%13 15-Jul RZ Rim 12.28 4533 39.59 2038 2060 1477 97.93 86.57
GLO08 734_0114 15-Jul RZ Rim 13.81 44.37 39.57 872 1431 1990 98.31 84.88
GLO08 734_0%15 15-Jul RZ Rim 12.40 4572 39.82 1809 1903 1524 98.63 86.56
GLO08 734_0116 15-Jul RZ Rim 12.47 4530 39.41 2066 2154 1438 97.94 86.38
GL08734_0%117 15-Jul RZ Rim 12.30 4550 39.43 1936 2231 1548 97.99 86.60
GLO08 734_0118 15-Jul RZ Rim 12.36 4550 39.31 1924 2085 1416 97.89 86.54
GLO08 734_0119 15-Jul RZ Rim 12.30 4552 39.36 2001 2221 1498 97.94 86.61
GL08734_012 15-Jul RZ Core 18.48 40.40 38,58 496 875 2480 97.96 79.25
GL08 734_012 28-Jul RZ Core 18.67 4192 3845 552 123 970 2495 75 128 86 200 99.70 79.68
GL08 734_013 15-Jul RZ Core 18.56 40.22 3850 472 891 2526 97.79 79.10
GL08 734_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 734_01-4 15-Jul RZ Core 18.68 40.29 38.59 520 824 2485 98.05 79.02
GL08 734_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 734_015 15-Jul RZ Core 18.16 40.57 38.58 508 891 2559 97.83 79.60
GL08 734_015 28-Jul RZ Rim 13.58 45.70 39.24 1840 124 1438 1677 168 194 58 184 99.35 85.46
GL08 734_016 15-Jul RZ Core 18.28 40.39 38.54 537 878 2430 97.71 79.42
GL08 734_016 28-Jul RZ Rim 13.02 46.29 39.85 2094 76 2122 1574 240 321 59 186 100.16 86.13
GL08 734_017 15-Jul RZ Core 18.17 40.54 38.61 537 930 2482 97.83 79.58
GL08 734_018 15-Jul RZ Core 17.83 40.93 38.48 547 881 2611 97.76 80.04
GL08 734_019 15-Jul RZ Core 1755 41.12 38.51 633 862 2458 97.70 80.36
GL08 734_021 28-Jul RZ Core 14.28 4529 39.67 2032 18 83 1960 1773 220 355 63 181 100.27 84.71
GLO08 734_022 28-Jul RZ Core 14.01 45.34 39.36 2048 21 84 2037 1739 211 341 53 163 99.73 84.97
GLO08 734_023 28-Jul RZ Core 13.94 4554 39.30 2083 75 1975 1683 218 302 57 178 99.77 85.08
GLO08 734_024 28-Jul RZ Rim 12.77 46.40 39.77 1979 74 2253 1516 264 275 67 154 99.92 86.38
GLO08 734_025 28-Jul RZ Rim 12.79 46.47 39.41 1952 4 84 2234 1544 272 333 75 165 99.68 86.39
GLO08 734_026 28-Jul RZ Rim 12.70 46.48 39.61 2025 26 72 2247 1515 271 330 56 170 99.82 86.47
GLO08 734_031 15-Jul RZ Core 13.81 44.04 39.08 2166 1989 1799 97.73 84.78
GL08 734 031 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%)
GL08734_032 15-Jul RZ Core 13.43 4426 39.17 2239 2037 1719 97.66 85.19
GL08 734_032 28-Jul RZ Core 14.14 4568 39.59 941 53 33 1665 1844 133 78 62 186 100.15 84.95
GL08 734_033 15-Jul RZ Core 14.02 43.82 39.03 2268 1999 1718 97.66 84.52
GL08 734_033 28-Jul RZ Core 13.99 4577 39.67 880 66 44 1584 1782 146 85 61 193 100.15 85.11
GL08 734_034 15-Jul RZ Core 13.82 4395 3892 2148 2023 1727 97.47 84.75
GL08 734_034 28-Jul RZ Rim 12.74 46.73 40.04 1523 45 30 2063 1552 190 116 69 161 100.36 86.50
GL08 734_035 15-Jul RZ Rim 12.54 45.05 39.34 2227 2245 1531 97.72 86.25
GL08 734_035 28-Jul RZ Rim 12.71 46.64 39.33 1772 25 50 2226 1526 238 291 61 177 99.65 86.50
GL08 734_036 15-Jul RZ Rim 12.47 4505 39.22 2201 2178 1496 97.53 86.32
GL08 734_036 28-Jul RZ Rim 12.86 46.48 39.70 2030 23 86 2221 1555 260 370 65 171 100.08 86.32
GL08 734_037 15-Jul RZ Rim 12.40 4501 39.16 2197 2188 1531 97.36 86.37
GL08 734_038 15-Jul RZ Rim 1251 44.83 39.34 2272 2174 1527 97.47 86.22
GL08 734_041 15-Jul RZ Core 13.81 44.15 38.99 814 1485 1829 97.49 84.82
GL08 734_042 15-Jul RZ Core 13.77 4422 3895 842 1492 1874 97.49 84.86
GL08 734_043 15-Jul RZ Core 13.52 44.33 39.21 1032 1545 1848 97.64 85.14
GL08 734_044 15-Jul RZ Core 13.61 44.33 39.05 936 1532 1847 97.55 85.05
GL08 734_045 15-Jul RZ Rim 12.36 4530 39.46 1914 2169 1358 97.83 86.49
GL08 734_046 15-Jul RZ Rim 12.40 4532 39.41 1932 2158 1530 97.87 86.45
GL08 734_047 15-Jul RZ Rim 12.24 4553 39.71 1841 2170 1475 98.20 86.66
GL08 734_048 15-Jul RZ Rim 12.32 45.26 39.21 2170 2241 1496 97.57 86.51
GL08 782_01-1 28-Jun RZ Core 15.85 44.20 39.64 804 1691 2106 100.29 82.96
GL08 782_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 782_01-2 28-Jun RZ Core 15.52 44.62 39.78 836 1742 1977 100.52 83.39
GL08 782_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 782_01-3 28-Jul RZ Core 15.42 4515 39.92 1091 47 1724 1923 110 148 47 190 101.22 83.65
GL08 782_01-3 28-Jun RZ Rim 12.66 47.02 40.31 1790 2309 1507 100.73 86.64
GL08 782_01-4 28-Jul RZ Core 15.74 4456 39.78 736 25 58 1661 2084 119 133 68 178 100.80 83.18
GL08 782_01-4 28-Jun RZ Rim 13.57 46.01 40.14 1782 1916 1589 100.42 85.55
GL08 782_015 28-Jul RZ Rim 1295 46.88 39.86 1746 3 41 2220 1618 204 307 49 183 100.64 86.34
GL08 782_016 28-Jul RZ Rim 1291 47.06 40.07 1939 59 2230 1537 262 375 67 188 101.06 86.42
GLO08 782_017 28-Jul RZ Rim 12.76 47.16 40.01 1756 76 2306 1617 269 444 51 171 100.96 86.59
GLO08 782_061 28-Jul RZ Core 14.42 46.06 39.89 910 83 82 1970 1959 191 179 65 156 101.24 84.80
GLO08 782_062 28-Jul RZ Core 14.49 46.06 39.84 932 140 90 1959 2016 198 189 55 199 101.33 84.73
GLO08 782_063 28-Jul RZ Core 14.47 46.11 39.65 1163 72 2023 1922 207 150 63 181 101.05 84.76
GLO08 782_064 28-Jul RZ Core 14.25 46.05 39.76 981 100 62 2012 1871 224 227 63 163 100.97 84.95
GLO08 782_065 28-Jul RZ Rim 13.17 47.15 40.10 1865 80 2129 1602 307 442 49 155 101.46 86.22
GLO08 782_066 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 782_067 28-Jul RZ Rim 13.30 46.79 39.65 1903 75 2114 1545 278 390 45 157 100.74 86.00
GLO08 822_021 28-Jul RZ Core 1249 4743 39.99 444 24 103 1093 1576 126 137 63 172 100.48 86.90
GL08 822_022 28-Jul RZ Core 1253 47.45 39.76 508 93 1102 1597 118 110 76 167 100.28 86.87
GL08 822_023 28-Jul RZ Core 1240 47.65 39.91 578 35 88 1081 1516 110 114 66 164 100.52 87.04
GL08 822_024 28-Jul RZ Core 1251 47.37 39.83 598 96 1068 1563 116 109 69 145 100.25 86.87
GL08 822_025 28-Jul RZ Rim 11.31 4832 40.37 1753 36 2184 1396 227 176 55 145 100.86 88.18
GL08 822_026 28-Jul RZ Rim 11.44 47.87 4022 1768 26 1976 1424 221 156 67 143 100.37 87.96
GL08 822_027 28-Jul RZ Rim 11.44 47.98 4052 2064 40 61 2314 1413 301 343 60 155 100.99 87.99
GL08 822_041 28-Jul RZ Core 11.88 47.74 4054 1084 29 82 2203 1473 154 128 45 169 100.95 87.52
GL08 822_042 28-Jul RZ Core 1202 47.72 4031 1019 88 69 2251 1529 182 154 52 155 100.91 87.40
GL08 822_043 28-Jul RZ Core 1251 47.39 4044 873 35 76 2136 1534 126 135 46 148 101.09 86.86
GL08 822_044 28-Jul RZ Core 1256 47.30 39.99 872 37 89 2121 1565 111 189 68 165 100.62 86.80
GL08 822_045 28-Jul RZ Rim 11.37 4821 4035 1950 65 53 2405 1402 328 391 43 158 101.03 88.10
GL08 822_046 28-Jul RZ Rim 11.37 4830 40.49 1980 60 2412 1390 340 421 52 148 101.22 88.12
GL08 822_047 28-Jul RZ Rim 11.43 48.08 4040 1949 41 53 2341 1440 305 374 57 164 100.96 88.02
GLO08 851_0%1 22-May RZ Core 12.45 46.56 40.17 2470 2003 1380 99.95 86.72
GLO8 851_01-2 22-May RZ Core 12.06  46.69 40.35 2604 2054 1375 99.90 87.12
MW 103-4_021 30-Nov RZ Core 1425 4502 39.70 789 1586 1759 150 79 98 183 99.61 84.66
MW 1034_021 28-Jul RZ Core 15.62 4418 39.14 695 11 251 1448 2059 173 2068 49 197 100.40 83.16
MW 103-4_022 30-Nov RZ Core 15.18 44.36 39.46 387 1349 1842 79 95 123 189 99.57 83.61
MW 103-4_02-2 28-Jul RZ Core 15.77 4415 39.04 746 219 1453 2023 80 1366 51 198 100.12 83.02
MW 103-4_023 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_024 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 4459 3946 822 174 1557 2033 166 325 58 174 99.92 83.79
MW 1034_025 30-Nov RZ Rim 12.46 4653 39.87 2080 1 2356 1487 385 403 117 188 99.94 86.71
MW 1034_02-5 28-Jul RZ Rim 1250 46.75 39.84 2349 101 2392 1484 788 940 60 176 100.55 86.72
MW 103-4_026 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 52 2469 1505 396 454 60 158 100.78 87.23
MW 1034_027 30-Nov RZ Rim 1227 46.61 40.02 2045 2425 1485 407 456 115 150 100.01 86.90
MW 1034_02-7 28-Jul RZ Rim 12.39 47.27 4025 1779 80 2473 1656 371 440 53 179 101.00 86.96
MW 1034_051 28-Jul RZ Core 15.46 44.97 40.10 305 150 1403 1890 87 145 52 183 101.13 83.56
MW 1034_052 28-Jul RZ Core 15.03 4522 39.64 412 76 1453 1823 75 113 53 176 100.47 84.01
MW 1034_053 28-Jul RZ Core 15.28 4539 39.97 372 95 1382 1891 108 147 68 172 101.25 83.84
MW 1034_054 28-Jul RZ Core 15.05 4516 39.85 425 91 1447 1876 105 127 66 169 100.67 83.97
MW 1034_055 28-Jul RZ Rim 1250 47.65 40.01 1870 54 2493 1490 393 294 63 138 101.19 86.94
MW 1034 _056 28-Jul RZ Rim 1222 4761 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_057 28-Jul RZ Rim 13.01 46.97 39.89 1981 53 98 2359 1529 367 325 65 141 100.97 86.31
MW 1034 061 30-Nov RZ Core 15.38 44.12 3839 771 53 1573 2058 330 12 124 166 98.65 83.36
MW 1034 _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 4470 39.08 996 21 1533 1884 56 84 93 178 98.88 84.40
MW 1034 _06-3 30-Nov RZ Core 14.80 4452 39.26 878 1485 1960 82 78 90 196 99.24 84.01
MW 103-4_064 30-Nov RZ Core 14.65 44.60 39.39 822 14 1477 1913 63 51 108 210 99.28 84.17
MW 1034 065 30-Nov RZ Core 1521 44.14 3919 800 1532 2060 86 47 142 195 99.21 83.52
MW 103-4_06-6 30-Nov RZ Core 13.71 4528 3941 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_068 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_041 28Jun RZ Core 1477 4451 41.30 2016 1639 1960 101.32 84.04
MW 55-6_042 28Jun RZ Core 13.81 4550 41.79 2213 1687 1765 101.85 85.20
MW 55-6_043 28Jun RZ Rim 12.35 46.53 41.98 2171 2280 1623 101.66 86.81
MW 55-6_044 28Jun RZ Rim 1222 46.64 42.12 2100 2306 1692 101.79 86.95
MW 55-8_031 28Jun RZ Core 11.36  47.45 40.13 1957 2367 1473 99.71 87.94
MW 55-8_031 28-Jul RZ Core 1361 4559 39.84 2472 35 67 1695 1755 306 318 41 193 100.11 85.40
MW 55-8_032 28-Jun RZ Core 11.48 47.38 40.08 2069 2212 1458 99.70 87.81
MW 55-8_032 28-Jul RZ Core 1369 4547 3940 2467 74 111 1789 1717 378 503 48 194 99.77 85.30
MW 55-8_033 28-Jul RZ Core 13.49 4589 39.69 2469 79 1799 1698 304 333 53 162 100.12 85.59
MW 55-8_033 28-Jun RZ Rim 11.23 4749 4017 2125 1886 1407 99.62 88.07
MW 55-8_034 28-Jul RZ Core 13.08 4579 39.37 2510 173 109 1840 1673 365 575 58 173 99.57 85.94
MW 55-8_034 28-Jun RZ Rim 11.25 4753 40.16 2077 1969 1337 99.66 88.06
MW 55-8_035 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_036 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_037 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_041 28-Jun RZ Core 11.75 47.03 39.90 1987 2218 1391 99.42 87.49
MW 55-8_042 28-Jun RZ Core 11.75 47.21 4019 1969 2171 1488 99.89 87.53
MW 55-8_043 28-Jun RZ Core 1155 47.44 4021 1941 2154 1452 99.93 87.76
MW 55-8_044 28-Jun RZ Core 11.73 4729 39.94 2151 2085 1491 99.71 87.56
MW 55-8_045 28-Jun RZ Rim 11.33 4740 39.96 2221 2180 1377 99.45 87.96
MW 55-8_046 28-Jun RZ Rim 12.78 44.38 39.65 3281 1697 1638 97.70 85.84
MW 55-8_047 28-Jun RZ Rim 11.30 47.48 40.15 2204 1845 1412 99.65 88.01
MW 55-8_048 28-Jun RZ Rim 11.41 47.62 40.06 2185 2149 1418 99.85 87.94
MW 55-8_051 28-Jun RZ Core 1327 4545 39.38 2294 1720 1734 98.86 85.67
MW 55-8_051 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_0510 28Jun 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_0511 28-Jun RZ Rim 11.41 47.29 39.92 2114 2075 1536 99.37 87.87
MW 55-8_052 28-Jun RZ Core 13.33 4567 39.68 2295 1837 1928 99.47 85.68
MW 55-8_052 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_053 28-Jun RZ Core 13.08 4574 39.62 2338 1764 1790 99.23 85.93
MW 55-8_053 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_054 28-Jun RZ Core 13.51 45.37 39.61 2457 1730 1889 99.30 85.43
MW 55-8_054 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_055 28-Jun RZ Core 12.84 46.22 39.68 2357 1634 1808 99.51 86.28
MW 55-8_055 28-Jul RZ Rim 11.48 4795 40.52 2037 92 2147 1402 337 242 64 181 100.92 87.95
MW 55-8_056 28-Jun RZ Core 13.12 4590 39.64 2303 1727 1796 99.44 85.93
MW 55-8_056 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_057 28-Jun RZ Rim 11.56 47.26 39.96 2124 2168 1514 99.54 87.72
MW 55-8_057 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_058 28-Jun RZ Rim 11.60 47.14 40.05 2070 2003 1428 99.52 87.65
MW 55-8_059 28-Jun RZ Rim 11.14 4765 40.15 2128 2090 1372 99.68 88.19
MW 55-8_061 28-Jun RZ Core 12.93 4587 39.58 2501 1953 1635 99.19 86.10
MW 55-8_0610 28-Jun RZ Rim 10.75 47.73 40.00 2073 2510 1320 99.26 88.58
MW 55-8_0611 28-Jun RZ Rim 11.33 47.18 40.12 2302 2244 1385 99.42 87.91
MW 55-8_0612 28-Jun RZ Rim 10.63 47.76 40.15 2085 2491 1460 99.34 88.70
MW 55-8_062 28-Jun RZ Core 13.13 4554 39.56 2549 1858 1705 99.05 85.83
MW 55-8_063 28-Jun RZ Core 13.76 45.33 39.52 2427 1843 1689 99.40 85.19
MW 55-8_064 28-Jun RZ Core 13.77 45.38 39.74 2583 1646 1581 99.66 85.20
MW 55-8_065 28-Jun RZ Core 13.63 45.70 39.81 2575 1720 1776 99.94 85.42
MW 55-8_066 28-Jun RZ Core 13.43 4562 39.64 2537 1753 1658 99.48 85.57
MW 55-8_067 28-Jun RZ Rim 10.66 47.90 40.19 2068 2639 1345 99.55 88.70
MW 55-8_0638 28-Jun RZ Rim 10.86 47.89 40.09 2081 2489 1352 99.62 88.51
MW 55-8 069 28-Jun RZ Rim 10.82 47.61 40.17 2057 2659 1253 99.39 88.48
MW 61-1_071 22-May 41.94 23.92 3434 3717 50 5290 101.41 49.90
MW 61-1_072 22-May 44.68 21.29 34.02 4623 129 5737 101.39 45.42
MW 90-6_0%1 16-Jan RZ Core 17.43 41.73 38.89 2228 98.34 80.70
MW 90-6_012 16-Jan RZ Core 17.54 4154 38.75 2295 98.13 80.54
MW 90-6_013 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_015 16-Jan RZ Rim 18.38  40.91 39.13 2316 98.72 79.54

ND22-1_0%1 15-Jul RZ Core 2250 37.80 37.52 672 869 2736 98.39 74.58

ND22-1_0%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_0110 15-Jul RZ Core 2157 38,51 37.65 544 780 2597 98.25 75.72
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Sample info, Date Zonation Type  FeO  MgO  SiO2 Ca Ti Ni Mn Cr Na Al Zn Co Oxides Total (Wt.%)  Fo number (mol%)
ND22-1_0%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_0%11 15-Jul RZ Core 2156 38.46 37.45 636 803 2611 97.99 75.70
ND22-1_0%11 28-Jul RZ Rim 12.04 4797 40.59 1902 67 2547 1506 385 392 27 141 101.68 87.43
ND22-1_0%12 15-Jul RZ Core 2219 37.94 3751 605 855 2759 98.19 74.91
ND22-1_0%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_0%13 15-Jul RZ Rim 11.91 46.28 39.47 1870 2594 1421 98.44 87.16
ND22-1_0%13 28-Jul RZ Rim 11.84 4751 39.69 1854 80 2464 1450 378 453 60 150 100.12 87.52
ND22-1_0114 15-Jul RZ Rim 11.79 46.32 39.49 1937 2521 1495 98.39 87.28
ND22-1_0114 28-Jul RZ Rim 11.77 47.78 39.89 1895 81 2590 1472 417 473 54 140 100.56 87.64
ND22-1_0%15 15-Jul RZ Rim 11.93 46.24 39.51 1932 2531 1372 98.44 87.13
ND22-1_0%116 15-Jul RZ Rim 12.08 4594 39.16 1812 2440 1461 97.92 86.92
ND22-1_0%17 15-Jul RZ Rim 14.02 44.48 38.95 1223 1558 1806 98.05 84.71
ND22-1_0118 15-Jul RZ Rim 11.55 46.42 39.43 1704 2596 1463 98.16 87.53
ND22-1_0%19 15-Jul RZ Rim 11.80 46.34 39.12 1806 2528 1344 98.00 87.27
ND22-1_0%2 15-Jul RZ Core 2248 37.78 3751 646 803 2747 98.32 74.59
ND22-1_0%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_0%20 15-Jul RZ Rim 1158 46.28 39.20 1884 2556 1403 97.83 87.47
ND22-1_0%3 15-Jul RZ Core 2239 37.98 37.48 633 804 2667 98.38 74.76
ND22-1_0%3 28-Jul RZ Core 2287 38.87 3789 677 178 814 2749 41 104 102 195 100.30 74.80
ND22-1_014 15-Jul RZ Core 22.34 37.85 37.45 650 843 2615 98.18 74.74
ND22-1_014 28-Jul RZ Core 22.71 39.13 37.79 680 133 846 2727 47 95 102 184 100.30 75.06
ND22-1_015 15-Jul RZ Core 22.35 38.04 37.55 610 769 2661 98.46 74.83
ND22-1_015 28-Jul RZ Core 2235 39.42 37.79 657 157 838 2740 60 118 91 198 100.25 75.49
ND22-1_016 15-Jul RZ Core 2235 37.95 37.37 649 816 2638 98.20 74.78
ND22-1_016 28-Jul RZ Core 21.54 40.00 38.28 723 149 879 2715 80 105 85 194 100.51 76.43
ND22-1_017 15-Jul RZ Core 2248 37.72 37.58 588 813 2713 98.31 74.56
ND22-1_017 28-Jul RZ Core 21.37 40.34 38.32 713 121 926 2672 89 103 100 189 100.73 76.72
ND22-1_018 15-Jul RZ Core 22.14 38.14 37.65 604 966 2635 98.48 75.06
ND22-1_018 28-Jul RZ Core 19.18 41.88 38.73 819 147 1107 2505 133 93 81 184 100.49 79.23
ND22-1_019 15-Jul RZ Core 21.90 38.25 37.67 596 817 2743 98.36 75.31
ND22-1_019 28-Jul RZ Core 16.64 44.06 39.12 1134 100 1497 2135 182 134 63 176 100.60 82.22
STOWA AL335%10_021 28Jun RZ Core 14.69 43.74 39.47 2163 1323 1783 98.60 83.87
STOWA AL335%:10_0210  28Jun RZ Rim 13.62 45.46 40.23 2765 1503 1730 100.11 85.36
STOWA AL335110_022 28Jun RZ Core 14.62 43.67 39.39 2175 1236 1827 98.38 83.92
STOWA AL335%10_023 28Jun RZ Core 14.68 43.53 39.42 2082 1233 1870 98.31 83.82
STOWA AL335110_024 28Jun RZ Core 1456 43.71 39.48 2178 1311 1771 98.46 83.98
STOWA AL335110_025 28Jun 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 Ti Ni Mn Cr Na Al Zn Co Oxides Total (Wt.%)  Fo number (mol%)
STOWA AL335%10_026 28-Jun RZ Core 14.62 43.44 39.49 2149 1318 1880 98.27 83.84
STOWA AL335110_027 28-Jun RZ Rim 13.49 4593 40.12 2483 1546 1748 100.31 85.61
STOWA AL335%10_028 28-Jun RZ Rim 1451 43.38 39.67 2299 1283 1851 98.29 83.92
STOWA AL335110_029 28-Jun RZ Rim 13.34 44.83 39.77 2395 1355 1717 98.67 85.45
STOWA AL335%10_031 28-Jun RZ Core 1537 43.89 3950 2169 1262 1834 99.45 83.29
STOWA AL335110_032 28-Jun RZ Core 15.35 44.11 39.54 2109 1251 1967 99.71 83.38
STOWA AL335%10_033 28-Jun RZ Rim 14.11 4500 39.39 2331 1409 1860 99.25 84.78
STOWA AL335110_034 28-Jun RZ Rim 14.26  44.66 39.41 2261 1370 1724 99.04 84.54
STOWA AL33534_041 28-Jun RZ Core 19.35 4058 38.23 2212 827 2526 98.90 78.55
STOWA AL33534_042 28-Jun RZ Core 19.22 40.79 38.66 2223 869 2511 99.41 78.75
STOWA AL33534_043 28-Jun RZ Core 19.29 39.92 37.79 2239 838 2465 97.73 78.33
STOWAAL3353-4_044 28-Jun RZ Rim 17.31 42.00 38.41 2357 1114 2314 98.48 80.91
STOWA AL33534_045 28-Jun RZ Rim 16.57 43.37 38.93 2425 872 2119 99.59 82.06
STOWA AL33534_046 28-Jun RZ Rim 17.44 4276 39.30 2668 1102 2223 100.30 81.07
STOWA AL33658 011 22-May RZ Core 14.87 45.00 39.74 2497 1185 1914 100.36 84.09
STOWA AL33658_ 012 22-May RZ Core 15.21 44.71 39.83 2575 1155 2027 100.52 83.70
STOWA AL33658 013 22-May RZ Rim 37.93 1554 42.72 14812 51 4629 98.87 41.71
STOWA AL33658_031 22-May RZ Core 1559 4439 39.71 2590 1070 2023 100.46 83.25
STOWA AL33658_032 22-May RZ Core 15.19 4481 39.81 2645 1078 2057 100.58 83.75
STOWA AL33658_033 22-May RZ Rim 2851 3543 3821 4698 530 3529 103.33 68.45
STOWA AL33658 034 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 elemeriits olivine.

Sample info. Zonation type FeO MgO Li Na Al P Ca Sc Ti \% 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
GL08101-7-A2 -1 Not Zoned 12.67 40.77 15 45 235 34 1662  6.96 85 6.95 181 1648 143 1919 198 95 84.89
GL08101-7-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
GL08101-7-A3 -1 Not Zoned 13.06 4159 15 49 249 46 1829  7.64 80 7.37 183 1702 144 1822 2.02 91 84.76
GL08101-7-A3 - 2 Not Zoned 13.00 4166 1.8 54 261 135 1877  7.51 92 7.81 200 1701 144 1833 2.03 93 84.84
GL08101-7-A4 -1 Not Zoned 1272 4109 21 59 287 387 1701  8.14 89 826 206 1665 143 1876 2.09 94 84.94
GL08101-7-A4 - 2 Not Zoned 1257 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 4095 1.7 49 247 62 1702 7.30 85 7.22 186 1696 146 1858 1.83 100 84.77
GL08101-7-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
GL08101-7-A6 - 1 Not Zoned 12.80 41.01 1.6 53 289 150 1711 7.69 90 821 209 1707 147 1938 2.06 99 84.84
GL08-101-7-A6 - 2 Not Zoned 12.86 4091 1.7 55 304 129 1722 7.86 95 8.48 214 1709 148 1946 2.00 101 84.74
GL081071-Al1 -1 RZ Core 1513 38.74 1.6 49 302 65 1864  7.95 48 952 243 2062 167 2002 4.23 94 81.73
GL08107-1-Al - 2 RZ Core 15.04 3896 1.7 60 328 141 1883  8.33 49 10.80 277 2007 166 2030 4.31 96 81.90
GL081071-Al - 3 RZ Core 1430 39.22 14 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 1194 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 4192 1.1 58 320 15 1949 7.12 48 7.70 285 1473 160 2340 3.66 7 86.17
GL08107-1-Al -6 RZ Rim 11.65 4122 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 1413 39.12 15 59 307 26 1894 8.02 42 9.17 244 1914 169 2075 391 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 4114 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 4113 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 1459 39.63 1.6 40 160 43 720 5.94 84 417 136 2039 189 1083 5.30 73 82.59
GLO08-107-1-A3 - 2 RZ Core 15.22 39.09 1.5 40 152 39 596 5.82 75 401 116 2111 193 1062 5.44 76 81.77
GLO08-107-1-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 4175 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 4198 1.1 88 197 22 2077 5.75 38 466 236 1452 167 1565 4.30 74 86.29
GL08-107-1-A3 -6 RZ Rim 1143 4221 11 66 199 18 1937 5.82 42 476 247 1434 165 1560 4.23 73 86.57
GL08-107-1-A4 -1 Not Zoned 11.04 4160 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 4192 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 15 37 161 19 893 4.54 58 346 106 1986 184 1360 4.34 92 81.64
GL08-107-1-A5 -2 RZ Core 14.83 3853 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 15 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 \% 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 4124 1.0 73 404 47 2016 6.11 42 6.58 327 1405 161 2499 3.78 81 86.06
GL081084-A1 -1 Not Zoned 9.21 4345 0.8 44 419 13 2004  6.99 44 6.96 306 1198 144 2524 337 63 89.18
GL081084-Al - 2 Not Zoned 9.22 4335 0.9 45 414 12 1982  6.91 41 7.05 304 1200 144 2517 3.24 63 89.14
GL081084-A2 - 1 Not Zoned 9.02 4356 0.9 48 413 19 1995  6.57 40 6.85 338 1167 142 2686 3.43 63 89.40
GL081084-A2 - 2 Not Zoned 8.89 4336 1.0 54 422 21 1925  6.53 39 6.94 346 1150 142 2705 3.09 62 89.49
GL081084-A3 - 1 Not Zoned 9.29 4327 08 45 431 28 2081 7.21 45 7.33 291 1216 147 2481 319 64 89.05
GL081084-A3 - 2 Not Zoned 9.30 4317 0.8 46 435 21 1999  7.31 45 7.49 297 1220 147 2496 3.05 64 89.02
GL08-1084-A4 -1 Not Zoned 8.74 4357 0.9 51 462 25 1957 6.58 43 7.35 381 1136 141 2767 3.45 61 89.69
GL08-1084-A4 - 2 Not Zoned 8.68 4357 0.9 60 463 27 1957  6.71 44 7.34 384 1124 140 2777 332 61 89.76
GLO08-1084-A5 - 1 Not Zoned 9.17 4336 11 53 145 11 1571 4.44 8 3.89 181 1189 143 2309 3.69 59 89.20
GL08-1084-A5 - 2 Not Zoned 9.17 43.07 11 62 151 9 1769 451 9 3.89 171 1188 143 2341 3.58 59 89.14
GL08-1084-A6 - 1 Not Zoned 9.12 4340 1.0 60 310 28 1962  5.81 28 554 242 1180 143 2389 3.69 59 89.26
GL08-1084-A6 - 2 Not Zoned 9.07 4325 1.0 71 291 20 1972 5.04 21 484 211 1180 142 2385 3.47 58 89.28
GL08-78-2-Al1 -1 RZ Core 1461 3961 1.6 38 135 28 804 5.42 41 509 124 1965 168 1590 4.16 80 82.56
GL08-78-2-Al1 -2 RZ Core 1446 39.41 15 41 133 30 882 5.32 42 520 111 1922 169 1521 413 79 82.64
GL08-78-2-A1 -3 RZ Core 1478 39.16 1.6 39 128 27 815 5.43 39 499 118 1978 170 1604 431 81 82.23
GL08--78-2-A1-4 RZ Core 14.27 39.52 1.5 41 146 23 1133 5.53 42 534 118 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 23 561 184 1551 161 2093 4.03 75 85.29
GL08--78-2-A2 -1 Not Zoned 1191 41.01 11 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 331 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 1191 4164 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 1190 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 4155 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 4152 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 4146 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 4159 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 4039 15 54 194 115 994 6.54 63 588 181 1864 165 1994 3.88 77 83.93
GL08--78-2-A6 - 2 RZ Core 13.36 40.18 14 53 189 71 918 6.28 66 563 176 1841 165 1968 3.70 77 84.00
GL08--78-2-A6 - 3 RZ Core 13.36 39.87 14 57 192 156 1012 6.50 63 579 178 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 49 859 264 1477 158 2208 4.75 74 85.59
GL08-81-2aAl1-1 Not Zoned 11.94 4231 1.2 57 205 18 1566 5.56 22 529 204 1408 165 2362 3.83 79 86.09
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Sample info. Zonation Type FeO  MgO Li Na Al P Ca Sc Ti \% Cr Mn Co Ni Cu Zn Fo number (mol%)
GL08-81-2aAl1-2 Not Zoned 11.86 42.17 1.1 52 167 22 1608 5.43 18 524 196 1407 164 2379 3.58 80 86.13
GL08-81-2aA2 -1 Not Zoned 11.82 42.04 09 47 399 81 1860 7.81 46 8.63 284 1391 163 2425 3.08 77 86.13
GL08-81-2aA2 -2 Not Zoned 11.77 4240 1.0 46 445 52 1918 7.87 50 935 332 1387 163 2457 2.87 77 86.29
GL08-81-2aA3 -1 Not Zoned 12.97 4141 0.8 47 402 39 1880 9.14 46 8.29 263 1597 167 2202 2.96 82 84.79
GL08-81-2aA3 -2 Not Zoned 12.77 4168 1.0 46 397 40 1905 8.64 47 780 262 1555 166 2225 2.85 83 85.08
GL08-81-2aA3 -3 Not Zoned 12.95 4152 1.0 46 389 25 1862 8.69 45 784 262 1572 167 2288 3.13 84 84.84
GL08-81-2aA4 -1 Not Zoned 11.53 4217 1.0 52 424 23 1823 7.51 43 889 336 1349 161 2601 2.96 78 86.47
GL08--81-2aA4 - 2 Not Zoned 11.62 4232 1.0 52 442 29 1788 7.80 44 9.15 345 1362 162 2574 3.00 77 86.41
GL08-81-2aA4 - 3 Not Zoned 11.89 4232 0.8 46 410 20 1923 7.82 44 8.76 312 1415 164 2469 3.07 79 86.15
GL08--81-2aA5 - 1 Not Zoned 12.00 42.28 0.9 43 388 29 1950 7.75 48 841 284 1441 166 2363 3.00 78 86.02
GL08--81-2&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 7 86.06
GL08--81-2aA6 - 1 Not Zoned 11.57 42.03 0.9 47 384 33 1872  7.20 43 852 306 1380 160 2385 311 74 86.38
GL08--81-2aA6 - 2 Not Zoned 11.59 42.02 0.9 46 401 49 1896  7.49 48 858 310 1380 159 2382 314 75 86.36

MW-1034-Al1 -1 Not Zoned 11.11 4118 1.0 46 386 14 1994 7.02 30 8.91 362 1387 149 2581 3.47 72 86.62
MW-1034-A1 - 2 Not Zoned 11.10 4118 1.0 45 408 23 1964  7.08 32 9.14 363 1377 148 2549 348 69 86.63
MW-1034-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-1034-A2 - 2 RZ Rim 12.74 4191 1.6 37 201 12 1323 4.89 45 6.31 167 1653 161 1905 3.61 70 85.18
MW-1034-A2 - 3 RZ Core 1438 4029 1.8 52 1348 13 823 5.44 97 9.07 149 1926 167 1605 279 72 83.03
MW-1034-A2 - 4 RZ Core 1456 3899 15 349 423 17 742 5.98 99 10.29 87 1972 169 1495 11.34 80 82.39
MW-1034-A2 - 5 RZ Core 1421 39.96 1.3 34 200 7 855 5.91 80 7.48 94 1912 165 1491 3.92 72 83.08
MW-1034-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-1034-A2 - 7 RZ Rim 11.16 41.24 1.4 48 206 8 1666 491 17 5.76 272 1397 150 2443 3.97 73 86.59
MW-1034-A3 - 1 Not Zoned 10.82 4220 1.1 49 449 24 1926 7.08 35 9.70 441 1346 146 2837 3.24 70 87.19
MW-1034-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-1034-A4 - 1 RZ Core 14.60 4090 2.1 37 158 7 375 4.39 86 5.89 87 1863 166 1370 4.10 75 83.03
MW-1034-A4 - 2 RZ Core 1395 39.99 21 44 155 6 508 4.25 97 5.66 88 1781 164 1445 5.10 78 83.35
MW-1034-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-1034-A4 - 4 RZ Rim 11.39 4135 1.0 45 411 25 2021 7.18 34 9.31 366 1418 153 2599 3.44 72 86.37
MW-1034-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-1034-A5 - 1 Not Zoned 11.34 4163 1.1 50 407 8 1954 7.07 31 9.10 385 1396 155 2696 3.48 73 86.51
MW-1034-A5 - 2 Not Zoned 10.95 4280 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 4126 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 4219 1.1 51 400 30 1901 7.77 43.26 890 367 1320 144 2669 2.81 72 87.45

ND22-1-A2 - 2 Not Zoned 10.74 4271 1.1 52 398 26 1819 8.02 41.15 887 366 1347 145 2635 2.64 71 87.41

ND22-1-A3 -1 Not Zoned 10.69 4221 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 40.13 856 358 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 \% 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 45.05 890 368 1325 144 2639 2.98 72 87.44
ND22-1-A4 - 2 Not Zoned 10.52 4199 1.1 53 415 40 1789 8.00 45.76 898 373 1334 143 2690 2.82 70 87.46
ND22-1-A5 -1 RZ Core 19.71 3419 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 3396 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 182 824 270 165 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 183 827 261 165 73.94
ND22-1-A5 - 5 RZ Core 20.42 3461 3.9 26 140 26 708 5.83 80.48 6.07 67 2630 183 846 271 150 74.75
ND22-1-A5 - 6 RZ Core 16.25 36.68 2.8 37 152 45 960 5.67 60.73 565 140 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 4216 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 4213 1.0 51 406 33 1897 8.03 49.94 9.20 368 1436 151 2594 3.43 76 86.85

MW-1102-A1-1 Not Zoned 17.05 37.02 2.4 44 178 104 1959 8.34 59.43 11.40 133 2212 179 864 247 138 79.14
MW-1102-A1 - 2 Not Zoned 16.78 36.79 2.3 44 183 89 2020 8.16 56.62 11.21 148 2163 176 901 252 138 79.30
MW-1102-A2 - 1 NZ Core 1563 37.68 2.2 43 182 49 1959 7.28 53.01 10.32 197 1991 171 1001 253 129 80.80
MW-1102-A2 - 2 NZ Core 15.67 37.24 21 44 179 72 1952 7.45 52.13 10.27 186 1933 172 990 235 130 80.58
MW-1102-A2 - 3 NZ Rim 16.59 37.08 24 43 164 18 2029 743 5343 996 152 2096 177 930 253 135 79.61
MW-1102-A3 - 1 Not Zoned 16.55 36.51 3.5 58 238 593 1984 10.79 7754 1395 216 2084 174 977 293 134 79.39
MW-1102-A4 - 1 Not Zoned 17.04 37.11 27 47 192 193 2079 9.10 73.34 12.09 145 2166 181 876 259 136 79.19
MW-1102-A4 - 2 Not Zoned 1695 36.95 2.7 47 186 135 2048 862 69.93 1148 155 2159 180 888 251 137 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-Al - 2 Not Zoned 1040 4142 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 4224 1.1 45 378 22 2001 7.70 40.39 790 286 1342 152 2264 2.75 71 87.30
GL08-82-2-A2 - 2 Not Zoned 10.60 4234 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 1157 4131 19 15 136 5 480 4.59 79.06 480 118 1526 161 1098 3.41 71 86.18
GL08-82-2-A3 - 3 RZ Core 1145 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 4242 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 4230 1.1 46 351 14 2050 7.06 41.90 757 263 1369 153 2303 3.21 71 87.33
GL08-82-2-A4 - 1 RZ Core 11.71 4152 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 4151 1.7 41 166 71 877 5.11 83.45 584 121 1501 155 2138 3.37 75 86.10
GL08-82-2-A4 - 3 RZ Core 11.46 4172 15 44 170 66 933 5.13 77.05 568 141 1477 154 2197 3.54 75 86.40
GL08-82-2-A4 - 4 RZ Rim 10.96 4242 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 4225 1.1 45 417 16 1925 7.89 54.89 861 289 1391 155 2332 2.78 73 87.10
GL08-82-2-A4 - 6 RZ Rim 10.96 4242 1.1 49 397 59 2057 7.79 47.82 834 278 1393 156 2314 3.11 72 87.11
GL08-72-7-A1-1 Not Zoned 11.34 4152 09 55 455 24 1800 8.53 4435 10.37 370 1344 154 2640 3.06 72 86.48
GLO08-72-7-Al1 -2 Not Zoned 11.03 4153 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 4119 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 \% 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 4406 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 47.98 957 239 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 49.64 995 199 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 1256 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 4135 09 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 4149 1.1 65 477 158 1781 7.99 4325 10.84 378 1293 149 2712 348 69 87.03
GL08-72-7-A5 - 1 NZ Core 10.92 41.08 1.0 57 440 22 1845 7.79 41.89 1045 370 1318 149 2670 3.23 69 86.79
GL08-72-7-A5 - 2 NZ Core 10.92 4146 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 1091 4123 1.2 66 475 88 1841 8.06 4439 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 1455 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 1340 39.24 15 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 1350 39.16 14 56 352 116 1961 8.88 6355 9.73 244 1682 166 1716 295 94 83.52
GL08-71-1-A1 - 3 RZ Core 13.04 3949 13 53 334 54 1904 820 5584 9.12 251 1623 163 1921 3.04 92 84.10
GL08-71-1-A1-4 RZ Rim 11.83 41.03 15 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 1493 37.79 1.2 80 382 59 2206 10.48 105.45 1244 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 291 89 81.97
GL08-71-1-A2 - 3 RZ Core 13.83 3854 15 84 416 162 2138 9.74 9192 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 4117 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 10347 7.74 160 1894 164 1523 3.53 84 82.67
GL08-71-1-A3 - 2 RZ Core 1454 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 1431 3858 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 1145 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 14565 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 4024 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 49.98 858 320 1416 155 2457 3.03 82 85.95
GL08-71-1-A5-1 NZ Core 881 4240 1.3 57 221 27 1654 4.86 28.51 598 320 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 \% Cr Mn Co Ni Cu Zn Fo number (mol%)
GLO08-71-1-A5 - 2 NZ Core 863 4269 14 56 219 23 1658 4.80 27.89 592 326 1026 136 3178 3.42 64 89.62
GL08-71-1-A5 - 3 NZ Core 9.00 4235 14 64 228 69 1896 4.99 12.32 6.43 345 1019 136 3272 331 69 89.15
GL08-71-1-A5 - 4 NZ Core 9.75 4175 13 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 4059 1.0 56 382 28 1796 7.24 47.50 875 341 1359 151 2493 3.18 77 86.48
GLO08-71-1-A5 - 6 NZ Rim 11.39 4041 11 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
GL08-734-A1-1 Not Zoned 11.31 4052 1.4 87 290 102 1992 5.75 15.73 598 225 1375 155 2520 3.45 76 86.22
GL08-73-4-A1 - 2 Not Zoned 11.30 4055 14 80 287 135 1992 594 1957 6.23 233 1380 157 2533 3.77 76 86.24
GL08-73-4-A2 - 1 NZ Core 1092 4249 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 5853 10.37 383 1361 153 2675 352 73 86.76
GL08-73-4-A3 -1 RZ Core 17.62 3652 2.2 22 125 13 542 537 96.82 509 74 2440 186 887 351 98 78.35
GL08-73-4-A3 - 2 RZ Core 1792 36.39 2.2 25 136 13 579 556 14094 554 69 2466 189 900 4.15 101 78.01
GL08-73-4-A3 - 3 RZ Core 17.81 36.17 2.2 26 156 17 552 588 11422 549 77 2427 186 952 3.78 103 78.00
GL08-73-4-A3 - 4 RZ Rim 1199 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 4044 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 53.05 858 255 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 4732 870 321 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 60 822 518 29.87 510 134 1782 177 1597 4.06 78 83.94
GL08-73-4-A5 - 2 RZ Core 1299 3946 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 34.93 483 140 1740 173 1653 3.69 78 84.41
GL08-73-4-A5 - 4 RZ Rim 11.80 4042 1.1 52 307 26 1765 7.48 40.60 754 231 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 1248-A1 -1 Not Zoned 9.97 39.64 10 44 322 32 1987 6.31 37.85 7.00 282 1243 142 1663 3.02 71 87.41
GL08 1248-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
GLO8 1248-A2 -1 Not Zoned 888 40.75 1.0 39 372 29 1939 5.69 34.35 6.77 257 1088 137 2098 2.95 63 88.90
GLO8 1248-A2 -2 Not Zoned 892 4092 0.9 40 373 28 1882 5.61 34.22 6.85 255 1095 138 2107 3.04 63 88.90
GLO8 1248-A3 -1 Not Zoned 10.13 4133 1.1 43 312 22 2094 6.17 35.97 6.87 283 1264 145 1684 3.07 69 87.69
GLO8 1248-A3 - 2 Not Zoned 10.16 4158 1.3 43 328 52 1980 6.50 38.43 732 292 1278 146 1703 3.18 70 87.72
GLO8 1248-A4 -1 Not Zoned 943 4182 1.1 45 318 40 1988 5.59 30.14 6.68 255 1168 141 2107 3.07 66 88.57
GLO8 1248-A4 -2 Not Zoned 953 4222 1.0 45 338 43 2004 5.76 31.80 6.95 263 1180 143 2136 2.98 67 88.55
GLO8 1248-A5-1 Not Zoned 9.15 4229 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 \% Cr Mn Co Ni Cu Zn Fo number (mol%)
GLO08 1248-A5 - 2 Not Zoned 9.12 4246 1.0 44 354 26 1952 5.45 30.58 6.84 258 1136 143 2205 2.99 65 89.04
GL08-1061-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
GL08106-1-Al - 2 Not Zoned 10.63 40.26 1.2 40 257 13 2126 6.70 33.26 6.70 287 1349 147 1425 322 73 86.87
GL081061-A2 - 1 Not Zoned 10.18 4035 1.1 39 323 58 2107 7.16 3897 759 313 1282 144 1549 328 69 87.38
GL08106-1-A2 - 2 Not Zoned 10.20 4032 1.2 40 314 44 2064 7.01 3860 7.36 303 1288 144 1545 344 70 87.35
GL081061-A3 -1 Not Zoned 10.69 39.87 14 42 263 77 2170 7.11 3487 6.87 293 1363 146 1311 361 72 86.70
GL08106-1-A3 - 2 Not Zoned 10.70 40.07 1.3 41 242 26 2143 657 3218 6.42 281 1368 146 1303 331 72 86.74

MW 55-8-Al1 - 1 Not Zoned 10.57 4150 1.5 58 357 116 1836 7.16 53.80 8.65 376 1356 142 2412 2.90 78 87.27
MW 55-8-Al - 2 Not Zoned 10.64 4127 1.3 55 321 44 1830 6.72 50.49 797 341 1365 145 2358 2.71 77 87.13
MW 55-8-A2 - 1 NZ Core 894 4319 12 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 4316 12 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 1191 3995 0.9 58 407 76 2415 888 66.14 9.32 280 1500 158 1898 351 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 923 9456 893 284 1635 162 1690 3.81 71 84.43
MW 55-8-A3 - 4 RZ Rim 9.87 4141 12 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 4232 13 55 395 66 2027 7.06 52,01 8.00 394 1238 139 2530 274 69 88.25
MW 55-8-A4 - 1 RZ Core 1090 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 1196 39.76 1.6 60 385 16 2174 1061 78.79 10.68 326 1525 149 2043 276 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 1048 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 4095 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 4042 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 4047 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 4045 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 4129 1.4 51 296 77 1781 6.50 62.00 7.61 312 1383 141 2322 231 84 87.07
MW 56-2-A3 - 2 Not Zoned 10.69 4131 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 4151 15 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 1142 4184 1.6 48 272 49 1828 6.55 60.86 7.47 273 1491 148 2139 247 87 86.49
Pukapuka 2ER-Al - 1 Not Zoned 13.07 40.11 2.0 66 323 221 1609 6.74 101.62 8.05 254 1600 157 2424 230 103 84.28
Pukapuka 2ER-A2 - 1 Not Zoned 13.22 39.02 2.0 62 292 188 1555 6.72 93.50 765 212 1631 157 2213 2.09 105 83.76
Pukapuka 2ER-A3 - 1 Not Zoned 12.73 38.84 1.7 61 281 112 1593 6.08 90.95 731 216 1560 157 2347 2.15 99 84.20
Pukapuka 2ER-A4 - 1 Not Zoned 12.98 38.80 1.9 60 284 142 1566 6.28 85.02 759 220 1587 156 2286 2.08 104 83.92
Pukapuka 2ER-A4 - 2 Not Zoned 13.24 3925 1.8 58 287 121 1548 6.59 87.10 7.74 211 1618 157 2199 2.18 104 83.81
Pukapuka 2ER-A5 - 1 Not Zoned 13.17 3959 19 61 294 211 1554 6.81 90.07 7.75 216 1645 158 2266 2.25 104 84.00
Pukapuka 2ER-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 \% Cr Mn Co Ni Cu Zn Fo number (mol%)
Pukapuka 2ER-A6 - 2 Not Zoned 12.86 39.57 19 62 293 136 1567 6.18 89.39 7.67 224 1589 157 2308 2.16 99 84.31
Pukapuka 2ER-A7 - 1 Not Zoned 13.17 40.70 1.8 65 313 149 1580 6.31 92.10 799 232 1627 162 2417 245 104 84.36
Pukapuka 3B1-A1 - 1 Not Zoned 12.86 39.35 1.9 56 267 112 1528 6.58 9264 7.72 203 1649 152 2178 198 111 84.24
Pukapuka 3B1-A1 - 2 Not Zoned 12.85 39.60 1.9 58 272 119 1545 6.35 91.28 7.88 210 1631 152 2282 186 113 84.33
Pukapuka 3B1-A2 - 1 Not Zoned 1351 38.66 1.7 52 277 127 1633 7.01 9372 791 201 1676 153 2150 198 117 83.32
Pukapuka 3B1-A2 - 2 Not Zoned 1352 38.78 1.9 53 281 132 1640 7.15 93.70 811 202 1675 153 2144 201 114 83.36
Pukapuka 3B1-A2 - 3 Not Zoned 13.48 3879 2.1 58 305 232 1668 7.31 100.00 8.41 223 1669 152 2229 198 113 83.40
Pukapuka 3B1-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 3B1-A3 - 2 Not Zoned 1250 38.85 2.0 61 298 156 1516 6.28 9750 7.90 224 1520 146 2380 2.03 108 84.44
Pukapuka 3B1-A4 - 1 Not Zoned 12.77 39.28 25 44 79 99 1001 407 11.07 3.90 129 1569 152 1798 2.25 108 84.31
Pukapuka 3B1-A4 - 2 Not Zoned 12.68 39.28 2.9 34 76 116 716 381 11.33 3.62 125 1565 154 1573 222 107 84.41
Pukapuka 3B1-A4 - 3 Not Zoned 12.75 39.09 2.4 53 81 19 1237 4.19 11.43 408 131 1575 152 1907 2.12 109 84.26
Pukapuka 4B1-Al - 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 4B1-A1 - 2 Not Zoned 1093 4120 1.0 47 362 40 1768 7.00 57.36 7.67 252 1362 154 2202 269 81 86.82
Pukapuka 4B1-A2 - 1 Not Zoned 11.09 4178 1.2 48 391 144 1861 7.62 7272 832 259 1385 152 2084 287 80 86.81
Pukapuka 4B1-A3 - 1 Not Zoned 11.07 4193 1.1 49 363 49 1811  7.01 6274 7.92 254 1388 158 2225 280 83 86.86
Pukapuka 4B1-A3 - 2 Not Zoned 11.14 4223 1.2 51 359 54 1782 6.95 60.10 7.99 256 1402 158 2266 2.78 84 86.87
Pukapuka 4B1-A4 - 1 Not Zoned 11.25 4219 1.1 50 323 56 1867 6.73 57.80 7.24 235 1417 161 2226 2.85 85 86.75
Pukapuka 4B1-A5 - 1 Not Zoned 11.24 4270 1.1 50 371 54 1846  7.09 66.27 822 262 1419 160 2257 285 83 86.90
Pukapuka 4B1-A6 - 1 Not Zoned 1141 4223 1.2 49 324 45 1886 6.94 59.02 7.41 233 1437 163 2182 3.00 84 86.60
Pukapuka 4B1-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 7B1-A1 - 1 Not Zoned 11.62 4251 1.4 70 427 129 1746 7.75 61.82 9.80 310 1465 163 2412 3.70 77 86.46
Pukapuka 7B1-Al - 2 Not Zoned 1142 4233 1.4 67 403 92 1783 7.54 60.22 9.64 303 1438 162 2395 3.32 76 86.62
Pukapuka 7B1-A2 - 1 Not Zoned 11.14 4280 1.4 68 421 133 1826 7.54 59.15 9.36 330 1407 160 2525 3.51 74 87.03
Pukapuka 7B1-A3 - 1 Not Zoned 1092 4324 1.2 75 425 74 1770 7.15 56.03 9.78 341 1368 159 2685 3.18 75 87.37
Pukapuka 7B1-A3 - 2 Not Zoned 1095 43.05 1.3 74 431 82 1804 7.27 58.03 9.88 344 1373 159 2656 3.28 74 87.28
Pukapuka 7B1-A4 - 1 Not Zoned 11.28 4230 1.3 66 402 94 1808 7.53 57.39 9.04 310 1424 161 2503 3.16 78 86.75
Pukapuka 7B1-A5 - 1 Not Zoned 11.35 4261 1.5 64 411 115 1763 7.92 59.81 9.19 307 1434 159 2399 3.20 76 86.77
Pukapuka 7B1-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 7B1-A6 - 1 Not Zoned 11.04 4224 1.1 68 429 53 1704 7.67 54.63 9.66 314 1361 158 2535 2.90 75 86.98
Pukapuka 7B1-A7 - 1 Not Zoned 10.90 41.73 14 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 GLO8, ahd Pukapuka 3D from
ICP-MS data from Shimizu et al. (2023).

Petrolog3 Glass Starting Composition for GLO8 114-1

Weight % ppm
Sio2 Tio2 Al203 FeO* MnO MgOo Ca0O Na20 K20 P205 Cr203 Co Ni
51.36 1.69 15.77 9.77 0.18 6.59 10.95 6.07 0.5 0.21 0.09 - 105

Petrolog3 Glass Starting Composition for GLO8 71-1 (Shimizu et al., 2023)

Weight % ppm
Sio2 Tio2 Al203 FeO* MnO MgOo Ca0 Na20 K20 P205 Cr203 Co Ni
47.7 14 16.8 10.1 0.19 9.2 10.9 3.2 0.06 0.1 - 47.47 184.36

Petrolog3 Glass Starting Composition for Pukapuka 3D-1 (Shimizu et al., 2023)

Weight % ppm
Sio2 Tio2 Al203 FeO* MnO MgOo Ca0 Na20 K20 P205 Cr203 Co Ni
47.6 2.6 16.7 9.8 0.18 6.4 9.7 4.1 0.59 0.45 - 35.15 81.61

Note: GL0O8 1141 glass was analyzed by IE\PS during this study. For futhodeling protocols,
see Supplementary Materials Section 1
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Supplementary Materials

Supplementary Table X1: EPMA analysis calibration and standards.

Batch Analysis

Beam Current Background Regression Peak Count Detection Limits
Element standard Crystal Voltage (kv) (nA) Methods times (s) {ppm)
Mg Olivine San Carlos / Springwater TAPH 20 30 Linear 30 109
Fe Olivine San Carlos / Springwater LiFH 20 30 Linear 30 97
si Olivine San Carlos / Springwater TAP 20 30 Linear 30 73
Ca Augite PETJ 20 30 Linear 60 43
Ni Nickel LiF 20 30 Linear 60 107
Mn Garnet LiFH 20 30 Exponential 30 94
Trace Analysis
Beam Current Background Regression Peak Count Detection Limits

Element standard Crystal Voltage (kv) (na) Methods times (s) {ppm)
Mg Olivine 5an Carlos TAPH 20 200 Linear 30 109
Fe Olivine San Carlos LiF 20 200 Linear 30 136
Si Olivine San Carlos TAP 20 200 Linear 30 109
Ca Diopside PETJ 20 200 Linear 30 69
P Apatite PETJ 20 200 Linear 30 128
Ti Sphene Glass PETJ 20 200 Exponential 30 107
Ni Nickel LiFH 20 200 Linear 30 114
Mn Garnet LiFH 20 200 Exponential 30 92
Cr Chromite LiFH 20 200 Linear 30 86
Na Albite TAPH 20 200 Linear 60 97
Al Albite TAPH 20 200 Exponential 30 158
Zn Zn0 LiF 20 200 Exponential 30 217
Co Cobalt LiFH 20 200 Linear 30 113

Supplementary Table X2: Full EPMA olivine data.

Supplementary Methodology:Fractional crystallization modeling parameters

Fractional crystallization modeling was done usingRe&olog3software developed by
Danyushevsky and Plechov (2016).08 1141 was selected as the depleted-emeimbe,
whereassL08 711 andPukapuka 3EL wereselected for thenriched endnember. Note that
both GLO8 711 and Pukapuka 302 were previously analyzedrfglass composition by Shimizu
et al. (2023, of which was utilized as the starting compositienmodeling. GLO8 114 was
analyzed for glass by IGMS during this study. Olivines in all three samples were analyzed

during this study by EPMA, and model®re fit to grains with no zonation.

Detailed modeling parameters are listed below:

9 Starting compositions see TableX3.
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1 Pressures0.1-1.5 GPaas initial pressures (pressure was set as constant).

1 Water contents 0-1 wt% water content (note that solERIORB has measuredfvt%

1 water. The initial 1wt% water in the melt could generatev% when Fo reaches ~75).

1 Mineral-melt models and Ni partition coefficient models

o Olivine-melt crystallization and Ni partition models are based on Herzberg and
O 06 h &0803a). The correction for the effect of®i on olivine liquidus

temperature was based on Falloon and Danyushevsky (2000).

o Clinopyroxenemelt and plagioclasmelt crystallization models are based on
Danyushevsky (20Q1Ni partitioning into clinopyroxene was set at a constant
value of Kd= 3 based on the findings of Le Roux et al. (20N partitioning

into plagioclase is not assumed.

1 Melt oxidation state modelis based on Borisov and Shapkin (1990) qutayalite-

1 magnetite (QFM) buffer.

1 Melt density is calculated following the model of Lange and Carmichael (1987).

1 Melt viscosity is calculated following the model of (Bottinga and Weill (1972).

1 Calculation step 0.01%.

1 Conditions to stop calculations Forreverse crystallization, the calculations stop at Fo =

1 95. For forward FC modeling: calculations stop at Fo = 75.

Supplementary Table X3: Starting composition (initial melt composition) for Petrolog3
forward FC modeling.
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5“”',"? sio2 Tio2 | AI203 | FeO* MnO MgOo Ca0 Na20 K20 P205 Cr203 Co (ppm) | Ni(ppm)
composition
Pyroxenite
(Sobolev et al., 52.56 1.07 13.71 8.24 0.117 | 13.32 8.72 1.79 0.1 830
2007)
Peridotite
(Rasmussen et al., | 46.91 0.64 12.46 8.86 0.17 18.22 10.86 0.82 0.34 642
2020)
GLOS 114-1 51.36 1.69 15.77 9.77 0.18 6.59 10.95 6.07 0.5 0.21 0.09 -- 105
GLO8 71-1 47.7 1.4 16.8 10.1 0.19 9.2 10.9 3.2 0.06 0.1 47.47 184.36
Pukapuka 3D-1 47.6 2.6 16.7 9.8 0.18 6.4 9.7 4.1 0.59 0.45 35.15 81.61

Note: To obtain more primitive melt composition that forr@e@8 711, a few reverse crystallization

modelgREV runl (0.1 GP3, REV run2 (0.5 GP3, REV run3 (1 GPa), and REV run 4 (5 GPa)) were

done by Petrolog3, using the same patrtition coefficients mentioned &dloRE&EV runs only added Plag

and Ol backnto the melt because adding Cpx back would generate an erroneous model that does not fit

the originalglassderived FC trend. All resrse crystallization calculations stoppetien Fo reache@5

based on the observed olivine maximum Fo nurimbeur Ol samplesThe forward FC modeling on

GLO8 711 applied the same initial melt composition for different pressuresQileGPa(FRAC un79),
0.5 GPa(FRAC uun80), 1 GPa(FRAC run 81), and.b GPa(FRAC run 82)without or with added kD

content}. For 1.5 GPaforward FC modeling, the R/ run 4composition was used as initial melt

composition.
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Supplementary Figures and FigureCaptions
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Fig. SI NZ olivine grain from sample GL08 71, zoned spinel from sample GL08 1D,/and
plagioclase grain from sample P171D, with correspondirgy»quantification maps
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Fig. : The V/Scvs. Fo (mol.%) diagramillustrating theoxidized condition of the melts and
mantle. V/Sc<3 suggests an oxidized, metasomatized condition (Folaly, 013).
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Fig. S3 Glass Mg# versus Honol.%) shows that reverselgoned olivine grains predominantly
from the Rano Rahi seamounts fall into the equilibrium field.
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Fig. S4 Ni/Co versus Ni/Mnwith literature data from Sobolev et al. (2007) for comparison.
SEPR olivines fall in the graygion, whid indicates that olivine in analyzed SEPR samples
come from an igneous source.dontrast, Sobolev et al. (2007) data plots above in the the
mantle olivine region at Ni/Co > 2{hdicating that these olivines are residual from the mantle.
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Fig. S5 FC3MS values from modeling trends for samples Pukapuka @ight blue), GL08 74
1 (orange), and GLO8 114 (pink), overlying overall FC3MS trends for historical data (grey)
and samples utilized in this study, by MORB type. Based on trends observeddggncihou
et al. (2013), modeling trends are indicative of olivitePlag +£Cpx fractionation.
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