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Abstract

Serpentinites play a vital role in subduction zone processes: as one of the dominant carriers of water in downgoing plates,

they are critical constituents in the global volatile cycle and add complexity to the bulk rheology and density of downgoing

and overlying plates, with strong implications for seismicity and mechanical mixing. These rocks can form in a number of

tectonic settings where water reacts with peridotite under certain conditions, including at or near mid-ocean ridges and in

mantle overlying dehydrating subducted plates. In the HP/LT terrane preserved on the island of New Caledonia, serpentinites

outcrop as meter-scale resistant blocks and as highly deformed “matrix” that hosts a range of metasedimentary, metamafic, and

meta-ultramafic lenses. The origin of these HP serpentinites has been debated, with competing hypotheses linking protolith

to nearby obducted ophiolite or to the subducted oceanic plate. We analyzed 30 serpentinites and associated hybrid rocks

from across the HP terrane to discern the tectonic origin of their protoliths and to better understand their reaction history

through subduction and exhumation. Whole rock major and trace element and stable isotope geochemistry reveal the existence

of at least two distinct types of serpentinites in the HP terrane. Serpentinites in the far NE exhibit elevated HREE’s, δ18O

values of 6-10major element concentrations. In the SE, a ˜1 km2 ultramafic massif contains serpentinites with relatively more

depleted REE, δ18O values of 5-7concentrations, with distinctly higher MgO and lower Al2O3 than samples from the NE.

We compare these data to a global geochemical compilation of serpentinites from various tectonic settings. Ongoing Raman

spectroscopy work will determine serpentine polymorph(s) and electron probe microanalysis will target isolated relict pyroxene

grains and oxide minerals to retrieve additional protolith information. The recognition of multiple types of serpentinites in this

HP/LT terrane adds important information to debate about the origin of the ultramafic material, and may speak to complex

interactions between the downgoing plate and overlying mantle or to systematic spatial differences in protolith composition or

degree of metamorphism or deformation.
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MO7I9A7ION

Fig. 1. SchemaWic diagram shoZing serpenWini]aWion enYironmenWs in a sXbdXcWion ]one conWe[W.

 

SerpenWiniWes are h\draWed and alWered manWle rocks, and are common in e[hXmed sXbdXcWion Werranes ZorldZide. These
rocks are one of Whe dominanW carriers of ZaWer in doZngoing oceanic slabs, and are criWicall\ imporWanW Wo a Zide arra\ of

sXbdXcWion-]one processes, inclXding flXid-mobile elemenW c\cling and sXbdXcWion ]one seismiciW\. The\ ma\ also proYide
bXo\anc\ forces WhaW aid in e[hXmaWion of sXbdXcWed maWerial. More recenWl\, Whe o[idaWion sWaWe of serpenWiniWes has been a focXs

of sWXd\, ZiWh releYance for Whe composiWion of arc magmas. 

SerpenWiniWes capWXred in e[hXmed sXbdXcWion comple[es ma\ originaWe from doZngoing oceanic liWhosphere or from manWle
oYerl\ing Whe slab. This proYenance is noW ofWen discernable WhroXgh field obserYaWions alone, and holds imporWanW clXes aboXW Whe

mechanics of fossil sXbdXcWion ]ones and possibl\ informaWion aboXW Whe former WecWonics of Whe original slab.
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GEOLOG< OF NE: CALEDONIA

FLg. 2. MaS Rf Whe VRXWhZeVW PacLfLc VhRZLQg Whe aUUa\ Rf cRQWLQeQWaO VOLceV (gUa\), PaUgLQaO baVLQV, aQd YROcaQLc aUcV.  NeZ CaOedRQLa LV VhRZQ LQ Whe QRUWheUQ SRUWLRQ Rf Whe

NRUfRON RLdge. AbbUeYLaWLRQV:CFZ, CRRN FUacWXUe ZRQe; NLB, NRUWh LR\aOW\ BaVLQ; VMFZ, VeQLQg-MeLQeV] FUacWXUe ZRQe (COX]eO eW aO. (2005)).

 

The SW Pacific region consisWs of a comple[ seW of sXbmerged conWinenWal slices, Yolcanic arcs and marginal basins formed
dXring and afWer Whe rifWing and breakXp of Whe easWern margin of GondZana (Fig. 2). The island of NeZ Caledonia preserYes a
dense assorWmenW of geologic Werranes. AmognsW Whese are Whe Zorld¶s second largesW aeriall\-e[posed ophioliWe and one of Whe
largesW high-pressXre, loZ-WemperaWXre (HP-LT) meWamorphic Werranes in Whe Zorld (Fig. 3). ThXs, Whis island hold imporWanW
informaWion aboXW ophioliWe obdXcWion processes and sXbdXcWion meWamorphism.

 



FLg. 3. SLPSOLfLed geRORgLc PaS Rf NeZ CaOedRQLa ZLWh VaPSOe ORcaOLWLeV fRU WhLV VWXd\ (cRORUed cLUcOeV). LRcaWLRQ QaPeV fRU e[LVWLQg OLWeUaWXUe daWa UefeUeQced LQ WhLV VWXd\ aUe

OabeOed. AfWeU COX]eO eW aO. (2020).

 

UlWramafic rocks occXr in seYeral disWincW WecWonic XniWs on Whe island. VolXmeWricall\ mosW abXndanW, peridoWiWes and serpenWiniWes
compose Whe Massif dX SXd and oWher oYerl\ing peridoWiWe nappes. SerpenWiniWes can also be foXnd in basemenW Werranes WhaW
comprise maWerial originall\ accreWed Wo Whe easWern margin of GondZana. Finall\, serpenWiniWes are foXnd WhroXghoXW Whe high-
pressXre, loZ-WemperaWXre meWamorphic belW in Whe norWheasWern porWion of Whe island.

 

The WecWonic origin of Whe serpenWiniWes in Whe meWamorphic belW has been sWXdied preYioXsl\ b\ FiW]herberW eW al. (2004) and
Spandler eW al. (2008). We appl\ neZ meWhods ZiWh increased spaWial coYerage Wo fXrWher discern deWails aboXW Whe magmaWic and
flXid hisWories recorded b\ Whese rocks.



KE< IN6IGH76 AND RE68L76

MeWhodV
We emplo\ peWrograph\, sWable isoWopes, major and Wrace elemenW geochemisWr\ Wo reWrieYe Whe magmaWic and flXid alWeraWion

hisWories of serpenWiniWes in Whe HP/LT Werrane of NeZ Caledonia.

 

Fig. 4. Whole rock Wrace (lefW) and REE (righW) daWa. Trace elemenWs are normali]ed Wo primiWiYe manWle and REE are normali]ed
Wo C1 chondriWe (McDonoXgh and SXn, 1995).

 

E[WensiYe compilaWion and anal\sis of geochemical daWa from drilled, dredged, obdXcWed, and e[hXmed serpenWiniWes has
demonsWraWed WhaW Wrace elemenW conWenWs can serYe as "fingerprinWs" for Wheir proWoliWh origin and composiWion (e.g., Deschamps
eW al. (2013), ScambellXri eW al. (2019)). This W\pe of proYenancing can be enhanced ZiWh anal\sis of major elemenW and sWable
isoWope (O, H) geochemisWr\, Zhich can reYeal informaWion aboXW Whe flXid inWeracWion hisWor\ of Whe serpenWiniWe (Figs. 5, 6).

 

Fig. 5. į O and įD composiWions of serpenWiniWes on NeZ Caledonia. Samples from Whis sWXd\ are ploWWed in colored circles and
inclXde daWa from Whe NE and SE (Poadja) HP Werrane, Whe CenWral Chain basemenW Werrane, Whe meWamorphic sole, and Kalaa
Gomen, a ZesW-coasW ophioliWe massif, for comparison. AddiWional daWa for Whe NeZ Caledonia ophioliWe are shoZn in crosses.
DaWa from ClX]el eW al. (2020) and Ulrich eW al. (2020). Upper manWle YalXe is compiled from Eiler (2001), K\ser and O'Neil
(1984), MaWWe\ eW al. (1994).
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Fig. 6. Whole rock major elemenW raWios of MgO/SiO2 YersXs Al2O3/SiO2. Dashed-oXWlinepol\gons noWe deformed samples.
DashedZhiWe line is Whe ³WerresWrial arra\´ (e.g., JagoXW] eW al., 1979) in Zhich parWial melW e[WracWion \ields melW residXes ZiWh
higher MgO/SiO2 and loZer Al2O3/SiO2 raWios Whan Whe melW. DepleWed manWle YalXe is from McDonoXgh and SXn (1995).
SerpenWiniWeAYerage composiWions for Walc, li]ardiWe, and anWigoriWe are ploWWed as haWched pol\gons



FIELD OB6ER9A7ION6

Fig. 7. Field phoWos dispal\ing Whe range of serpenWiniWe oXWcropp sW\les. A) A sheared serpenWiniWe ]one in direcW conWacW ZiWh
meWamorphosed sedimenWs (Yisible in Xpper righW); B) Highl\-deformed serpenWiniWe maWri[ encloses a recr\sWalli]ed blXeschisW
pod; C) Highl\ ZeaWhered oXWcrop aW Poadja localiW\, ZiWh relicW p\ro[ene magmaWic foliaWion Yisible in some areas. Poadja is
characWeri]ed b\ disWincW o[idi]ed ZeaWhered soils and sXrfaces, similar Wo obdXcWed ophioliWe massifs in Whe soXWhern porWion of
Whe island; D) ResisWanW serpenWiniWe blocks in Whe NE; E) Fresh serpenWiniWe sXrface aW Poadja. Dark green alWeraWion rim is Yisible
in Xpper porWion of sample.

 

SerpenWiniWes in Whe norWhernmosW porWion of Whe high-pressXre Werrane oXWcrop as highl\ sheared and deformed lenses and as more
refracWor\, ZeaWhered boXlders on hillslopes. In highl\ sheared areas, Whe serpenWiniWes acW as a maWri[ hosW for more refracWor\,
roXnded boXlders of meWa-mafic, meWa-sedimenWar\, and XlWramafic rocks.



68MMAR<

SXmmaU\

SeUSeQWiQiWeV iQ Whe HP/LT TeUUaQe Rf NeZ CaOedRQia caQ be gURXS iQWR WZR diVWiQcW gURXSV baVed RQ
geRchePiVWU\

SaPSOeV iQ Whe faU NE e[hibiW diVWiQcWO\ heaYieU į O YaOXeV aQd gUeaWeU VcaWWeU iQ PaMRU eOePeQW cRQWeQWV
WhaQ WhRVe fURP Whe SE (PRadMa), SRVVibO\ dXe WR gUeaWeU degUee Rf iQWeUacWiRQ ZiWh PeWaPRUShic fOXidV aQd
iQcUeaVed degUeeV Rf PeWaPRUShiVP, UeVSecWiYeO\

TUace eOePeQW YaOXeV aUe UeOaWiYeO\ hRPRgeQRXV aPRQgVW aOO aQaO\]ed VaPROeV, WhRXgh VeYeUaO VaPSOeV
fURP Whe faU NE VhRZ eQUiched HREE

AcURVV Whe WeUUaQe, įD YaOXeV dR QRW aSSeaU WR VhRZ Whe iQfOXeQce Rf RU "UeVeWWiQg" b\ PeWeRUic ZaWeU; WhiV
iV iQ VWUiNiQg cRQWUaVW ZiWh e[iVWiQg daWa fRU Whe SeUidRWiWe QaSSe, ZheUe OighW įD YaOXeV (-80 WR -100 SeU
PiOOe) haYe beeQ iQWeUSUeWed WR UeVXOW fURP aOWeUaWiRQ b\ ZeaWheUiQg
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DI6CL2685E6
We are graWefXl Wo MessieXrs GXiarW and Heiec, Wribal chiefs of Yambp and DiahoXp, respecWiYel\, for Wheir aXWhori]aWion in
accessing Whe Poadja Massif, and Mssr HerYp and famil\ for Wheir inWeresW in oXr Zork and assisWance in commXnicaWing oXr
presence and pXrpose Wo Whe sXrroXnding commXniW\. N. Raia is graWefXl Wo P. MaXri]oW and B. RobineaX (DIMENC) for Wheir
Zarm Zelcome, WhoXghWfXl discXssions, and generosiW\ in Xse of DIMENC rock processing faciliWies. S. Lesimple (DIMENC) is
addiWional Whanked for spending seYeral da\s in Whe field assisWing in accessing differenW parWs of Whe Werrane. The UT-AXsWin High-
TemperaWXre SWable IsoWope lab is Whanked for assisWance ZiWh anal\ses, parWicXlarl\ J. Barnes and J. CXllen. We Whank A. Yon der
HandW for assisWance ZiWh EPMA anal\ses, B. LXo for assisWance ZiWh Raman anal\ses, A. SWeiner and C. Knaack (WSU) and S.
and K. MerW]man (Franklin & Marshall) are Whanked for Wheir assisWance in acqXiring Zhole rock anal\ses.

FieldZork Zas parWiall\ sXpporWed b\ WZo GSA GradXaWe SWXdenW Research GranWs Wo N. Raia. FXnding for Whe elecWron
microprobe faciliW\ Xsed in Whis research Zas proYided b\ NSF granW EAR-1625422. The  CharacWeri]aWion FaciliW\ of Whe College
of Science and Engineering, UniYersiW\ of MinnesoWa, Zhich receiYes parWial sXpporW from NSF WhroXgh Whe MRSEC program.



AB675AC7
SerpenWiniWes pla\ a YiWal role in sXbdXcWion ]one processes: as one of Whe dominanW carriers of ZaWer in doZngoing plaWes, Whe\
are criWical consWiWXenWs in Whe global YolaWile c\cle and add comple[iW\ Wo Whe bXlk rheolog\ and densiW\ of doZngoing and
oYerl\ing plaWes, ZiWh sWrong implicaWions for seismiciW\ and mechanical mi[ing. These rocks can form in a nXmber of WecWonic
seWWings Zhere ZaWer reacWs ZiWh peridoWiWe Xnder cerWain condiWions, inclXding aW or near mid-ocean ridges and in manWle
oYerl\ing deh\draWing sXbdXcWed plaWes. In Whe HP/LT Werrane preserYed on Whe island of NeZ Caledonia, serpenWiniWes oXWcrop as
meWer-scale resisWanW blocks and as highl\ deformed ³maWri[´ WhaW hosWs a range of meWasedimenWar\, meWamafic, and meWa-
XlWramafic lenses. The origin of Whese HP serpenWiniWes has been debaWed, ZiWh compeWing h\poWheses linking proWoliWh Wo nearb\
obdXcWed ophioliWe or Wo Whe sXbdXcWed oceanic plaWe. We anal\]ed 30 serpenWiniWes and associaWed h\brid rocks from across Whe
HP Werrane Wo discern Whe WecWonic origin of Wheir proWoliWhs and Wo beWWer XndersWand Wheir reacWion hisWor\ WhroXgh sXbdXcWion and
e[hXmaWion. Whole rock major and Wrace elemenW and sWable isoWope geochemisWr\ reYeal Whe e[isWence of aW leasW WZo disWincW
W\pes of serpenWiniWes in Whe HP Werrane. SerpenWiniWes in Whe far NE e[hibiW eleYaWed HREE¶s, į O YalXes of 6-10Å, and scaWWer
in major elemenW concenWraWions. In Whe SE, a a1 km  XlWramafic massif conWains serpenWiniWes ZiWh relaWiYel\ more depleWed REE,
į O YalXes of 5-7Å, and a more resWricWed range of major elemenW concenWraWions, ZiWh disWincWl\ higher MgO and loZer Al O
Whan samples from Whe NE. We compare Whese daWa Wo a global geochemical compilaWion of serpenWiniWes from YarioXs WecWonic
seWWings. Ongoing Raman specWroscop\ Zork Zill deWermine serpenWine pol\morph(s) and elecWron probe microanal\sis Zill WargeW
isolaWed relicW p\ro[ene grains and o[ide minerals Wo reWrieYe addiWional proWoliWh informaWion. The recogniWion of mXlWiple W\pes
of serpenWiniWes in Whis HP/LT Werrane adds imporWanW informaWion Wo debaWe aboXW Whe origin of Whe XlWramafic maWerial, and ma\
speak Wo comple[ inWeracWions beWZeen Whe doZngoing plaWe and oYerl\ing manWle or Wo s\sWemaWic spaWial differences in proWoliWh
composiWion or degree of meWamorphism or deformaWion.
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