Practi cal: @nposi i onand Thermal Sriwctuwe of the Li thospheri ¢ Mintl e
Preli m nary I nfornmat on:

Q TResoucesrecentyd scoveredanewfieldofk nerli © p pes(Tre TmmanF eld)i n
cerral Arali a(A gune 1a). Ei gtk rberli € p peshave leend scoveredsi nce 2center
D21 (H gue 1b. The pi pes occu beneathapproxi mtely D-Bnetersof Aoli an
sed neraryrocks(Eocere age). @ochronologyvasdone onore represenat ve ki nerli €
pi pe (M a)b determi ne te age of enplacenenterypti on. The pi pe retmuneda UPb
perovski € age of 27+ 5M. To eval at te poeni al for te Tmunanki nkerli € F eldb
lostdi anond-teari ngki nterli ©s, Q TRRsoucescondagedhliksanplesfor tree of te
pi pes(Wnson, BichandFakh enne). Buksanplesof te pi pesrecoveredaporoxi naely 3
nant e xenoli tsofvari osrockypes(lteroli s, hardug €s, andwehli £set.).
Adi i onally, o roghocttedral di anonds (0.3lct andQ.12ct)were recoveredfromte
Fah enne ki nterli © p pe. &di 1 onally, one roghfancyyellowd anond (0 5Bct)wvas
collecedfromastreamsed nentsanple approxi nat ly 10knso thrwe stof te Vi ncent
ki nerli €p pe.Toi mrove te mdersandi ngofte d anondpoeni al oftereg on QT
Resoucestave provi dedte mh rneralog cal andcomosi f onal dabforte mante xernoli ts.
Tre daaprovi dedi ncldes(a)te nodal propori onsofall nh neralsw ti nte nant e
xenoli ts,and(hte average chem cal conposi 1 ons(deernh nedgi ngEMofoli vi ne,
cli noproxene, ortopyroxene, andgarnet w ti neachofte marte xenoli ts. Bohsesof
dabare provi dedi nspreadsteetSEET1. Tre oxi de concentat onsare reporedoncolon
Hto XThe cat onconcentrat onsper forndlaumi tare reporttedoncolumBA R

TBKT: Wsi ngte nodal propori onsofte mh neralsi neachnante xenoli th(columCob G
i NnSHEET 1), constetaternarydi agramb deternh ne watrockypesteytelongo (i .e.,
lleroli &,vehli €,hardng €,0rdn & et.)(see H gne Xoranexanple). Rneneri ng
fromte PRI 1lectne tatte li tology(rockype)of nante xenoli tsprovi desi nportant
clesi no te natne of te mderlyi ngli tospleri cnante. Tre Brnarydi agram stkasedon
te nodal proport onsofoli vi ne, ortopyroxene andcli nopyroxene, terefore yo unst
normali 2 tese tree nh neralsagai nstone anoter. Tre normali 2dbtalsfor te tree
nh neral s nstsuro 100. Hotte normali 2dnodal propori ons(andcorrespondi ngsanpl e
nanes)i no te ELLOWpace i nSHEET2 The ternary di agranmw Ll plotyouw nh neral
proport onsi nte apropri ae fieldstasedonte normali 2dnodal propori ons(i .e.,
lleroli €, tardng €, vehli € et.) @Wloucode te mnte xenoli tsfroneachp pe so tat
youcan determ ne whatrock types occu for eachlocati on.

Q Witare te conrmonrocktypesfor te nanl e xenoli tsateachki nierli & pi pe. Pe
tere anymajor tendsi nte rockiypesofmante xenoli tsforte d fferentki nerli € p pes
wi thi nthe Thunman Ki nberli te F eld? O scwss as growp bri efly.



TBKAW W Ll nowse geoternobaronetryto calcliat te equi li krat onpressue (P,
kiar)and € nperatue (T; °C)of te nante xenoli tswi ngte cai onconcentrai onsof te
m neralsi NnSHEET 1. Gl clat te & nperatwme si ngte Taylor (1B w0 -pyroxe ne so lvis
geoternoneter (TB. TH sgeoternoneteri ssu ade for nant e rocktype s tatcontai n
bothcli noproxere andortoproxene. Th scali brat oni sw delysgedlynante petolog sk
i neresedi nsudyi ngte ternal stewme of te li tospleri cnante. The eqgat onfor te
goternomeeri skasedonte cat onconcentat onsi nortopyrroxene andcli nopyroxenre,

whi chchange asaresutof tenperatue. Thi sequati oni sli stedbelow

Adi i onally, detern ne te pressues (kkar)of te nante xenoli tssi ngte N ckel and
Geen(1BHA-i ngarnetgeokaroneter (N&). TH sgeokaroneteri ssiu ade for nant e
rockypestatconai ngarnetandortopyroxene. Tre geolaromeeri stasedonte cai on
concenrati onsi ngarnetandortopyroxene, wi chvaryasafuci onof pressue. Tre
eqgat oni sli sedkelowBUnote tatsone of te i n-pavari adesfor te eqgat onhave
alreadybeencalclatdib save sone i ne (dV, Cand LnKd). Bothte T@geoternoneter
and NlBgeolaroneter eqal onsreqii re i ®rai velysolvi ngpressue andt npe ratune
si_ niane o gly. Gl cliake te presswe andenperate for all nante xenoli tssi ngte o
egat onsprovi dedandmake sue tatte final est mae foreachsample i si erat velysolved
Rotte pressuesandemperaesono ascaker pot(pressue ony-axi si ndecreasi ngorder
anderperatme onx-axi si ni ncreasi ngorder)andcoloucode te xenoli tsfroneachof te
ki nberli te pi pes.

Equti on for calcu at ng te nperatwe (°C):
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P is pressure in kbar

NOTE: X°?*refers to the cation concentration of element X in orthopyroxene.

Equti on for calcuat ng pressue (kbar):

P (kbar) = dV - (c + (T +273.15) - (—1.9872 - InKd + 52.1 - Ca&L: - Cr&T — 3.23))



Inkd = In ((1 - Caff3)® - AI} " /(opx}it - op}i2 - D)
opxpp = 1 — opx3? — CroP* — TjioP*

opxiad = Na®PX — CroPX — 2 - TjoPX

opxmp = 1 — Ca®® — Na* — Mn°

ALy = AIF/(C5" + A

Cal; = Ca®"/(Ca®™ + Fe?™t + Mg8" + MnS")

Cré = Cré/(Cré™ + AIE™)

Variables dV, C and D are provided already in the spreadsheet
Tis temperature is °C

NOTE: X¢" refers to the cation concentration of element X in garnet.

Q Viti ste pressue andrange of te mante xenoli tsfronmeachki nerli € p pe?W ch
ki nberli € pi pe(sjconai nte nante xenoli tsw hte h ge stpre sswe s and & npe ratne s?
Viti sapossi he expanat onfor te lackofh gipressue nante xenoli tsfronte Wnson
ki nberli te pi pe?

Q Wi ngte rockypesdeterm nedfromite previ osgesi on, are tere anynmajor rends
i nteli tology(rockiype)ofmante xenoli tsasafuct onoftei rpressue and/orlocat on?

TBKB: Adte graphi t-di anondphase tansi 1 ononb youploti norder b detern ne
weter anyofte nant e xenoli tscane fromli tospleri cdeptswere di ano ndvwas
sade. Lalorabryexperi nenshave deternh nedte approxi nake prase tansi i onfrom
grapi & (lover pressue) di anond(h ger pressue) (A gue 3. ke te i nfornmait onon
F gne 3 deri ve anapgroxi make Lli ne forte gaph € -d anondtansi £ onTh sw Ll redu re
8i ngdattpoi nsonte H gune 3b fitastrai gili ne onb you plottatstows te graph &-
di ano nd phase transi ti on.



QD anyofte nante xenoli tsrecordequ li krai onpressuesand® nperatue s tatfal |
w ti nte d anondsab li yfield?lfso,wi chki nerli € p pe(s)conai nedte nostmante
xenoli tsfromte di anondsth li yfield?VWre do tese ki nerli €soccuw ti nte
Thunman Ki nberli te F eld.

Q Witdo te resltstell wabodpossi He vari at onsi nli tospreri csree trogot
te Tumank nterli € F eld?Ifyowere responsi he forevalai ngte d anondpoeni al
ofaddi 1 onal ki nkerli € p pesw ti nTumank nterli € H eld, wi chp pesw ldyou
sigge st?

Q Basedontese reslitsdo youti nktatte roghfancy yellowdi anond (0. Bct) tat
vasfomdnearte Vi ncentki nerli € vasfront sareaof te ThunankKi nberli € A eld?

TBK3 Ww Ll futerexplore te li tospreri cstrete ke neathte TunankKi nerli &
F eldlypoti ngasi npli fiedpaleogeoternb te pressue andenperame datof nant e
xenoli tsfronmeachki nerli € p pe. A rst v nstadd te pre ssue and € npe ratne range
of te nant e adi atatfor aclosennarnte potent al € nperame (Tp). Tpi s te & nperatme
te nanl e wo Ld have atte suface, i fi tascendedalonganadi akatw todudergoi ng
nelti ng(F gue 4. The adi abatcanbke vsed® conpare te tenperatme of te nantl e
lketeend fferentlocal ons. Tre pressue and e nperae tatapaleogeotermgradi ent
i nersecste nant e adi akatprovi desanest nate of were te nart e has changedfrom
condei ve heattransfer o convect ve heattransfer, andts constrai nste li tospere-—
astenosprere o udary (LB). To you F gue, addananl e adi atatw thanant e Tpof 1®
C To add the adi abat, consi der the si nple relati onsh p:

T=110EP+1®, Wwere Ti ste enperatue (Qof te adi akat, and pressue i si nkkar.
e i seqai on calclake te £nperatne of te adi akatsi ngarange of pre ssues. Ad
te pressuesandtenperatne i naseparat setof columsandaddte li ne b youw curent
Fi gue.

Foternore, fitali near gradi entb te nante xenoli thpressue ande nperatne esi naes
foreachk nerli € p pe. Rayaroudw tte forecastopi onsforteli nebi ncreasei s
project onandb see Wwere i ti nercepste mnte adi alat Wsi ngali nearrelat onsh pfor
pressue andenperame for te paleogeoterni sli kelyo ke reasonalde aporoxi mat on,
altoghnore advancedprograns canprodee areli ade setof paleogeoterns, sehas
A TAHLOT (Mter etal. D11). For ti sexerci se asi mple li nearfiti nexcel w LL stfi ce.



QWdti ste pressue (anddephi nki lonetes)of te li tosprere-astenosprere o udary
leneaheachofte ki nerli € p pesfortei ne oferpgi on?@nvertpre ssue (kar or @A)
bk lonetesbyassmn ngl1kkar =3km ndeph Howdoeste li tosprere Hi ckness atte
i ne of erpti onvary between the ki nberli te pi pes?

Q Wdti ste approxi nate change i nli tosphere ti ckne ss ke e e ntte Wnsto nand Bich
ki nerli €& pi pes, andwatdoesti sdi fference ell satmdte change i nli tosperi ¢
strictwue across the Ki nberli te A eld.

TBK4 Arment onedi nte Preliminaryinformation, te e npl acene ntof ki nerli ®© pi pes
atte ThunanK nterli # A eldoccuredat4Z+ 5M. The paleogeoternsreporedalove
have provi dedsw thi nsi gisi nb te i cknessandternal stgwe of te nante fort s
peri odonly, hiltowdo tey conpare w thte pre sentday ternal stewme andli tospreri ¢
ti ckessoftereg on?Cre vayofdeerm ni ngte presentdayti ckressofte li tosperi ¢
nmMei sfromsei smh conograpty nodelswi chest nate te LB de phkase d onsuface
vavesandte relai onsh pleteendeph VsandT(°C)ofte li tospere (see Ri esteyet
al. D2 EPSL). | nSHEET 3te L at tde (LA, longi tde (LON and LB de pth(LB) (km are
reported. These vales are akenfromareg onal nodel fromHoggardetal . (D).

Tre lai tde andlong tde for te AH enne andWnsonki nierli € pi pesare reporedi n
Tadhe 1. The Tade contai nsanenply columfor youxenoli hlBesi naes. Adi i onally,
LBesi mesandlat tde (LA, long e (LONare provi dedforanaddi 1 onal tree p pes,
wi chhave leentakenfronprevi ossdi esonte xenoli ts. Tre formatfor all lai e and
long e poi nsare te sane (deci ml degees)lovever, te daai NnSFEET3 sonlyb one
deci mal place. F ndte presentday LB de phfromte SHEET 3datefile for te appropri ae
lai tde andlong tde of ki nerli © p pesi nTade 1andconpare te pre sentday LBw th
the xenoli th based LB esti nmate.

Q Howdoeste depthof te LBatte i ne of erpi on(xenoli thlLB)conpare w thte
presentday LBtakendetrm nedfromsei sm c netods, and o wdo tese resultsvary
between the vari o pi pes?

Q A tere anynotad e changesi npresentday LB de phacrosste ThunankKi nerli &
F eld?Rovi de apossi e exdanat onforanyclangesi nte li tospgeri cti ckessovert m.
BAso, Bke i nb consi derat ontatpaleogeoternsandsei sm clLBnodelsli kelyhave



mcerdi ni esi nte order of 10-Dkml fte li tospere rasnotchangedsi nce te erpwi on
of the ki nberli tes, howm ghtthi s be explai ned?

Qlfte li tosperi cti cknesstaddecreasedby Dknsi nce te erwi on, watnh ghtte a
possi He expanat onforti s?@nversely, watnay ke anexpl anai onfor si nh Lar (+Dkm
anmbo ints of thi ckeni ng of the Li thosphere?

TBKS The est matesfor pressue andenperatme of te nant e xenoli tscanke wedi n
conuct onw thte neasuedconcentai onsofd fferentelenensb see owte cltem sty
ofte nanl e vari esketweend fferentpi pesand, w thi ncreasi ngdeph Th scante
parf clarlyi nporantfori deni fyi ngreg onsofanomloggeoctem cal erri chrent wi ch
nay be responsi He foranonmalos feamesolservedi ngeophysi cal dasets (i .e.,
mgebbellu cs sei sth conagapy, recei verfuct ons). Trace elenantconcentat ons
(i npomparsperm LLi onforcli noproxenesare reporedi nSEET4for te same xenoli ts
reporedi nSHEET1. @pyover te pressue andte nperatne daw fronmSHEET1i nio SHEET
4(keep ngte sane order). Explore rowte ctem cal conposi f onsofcli nopyroxenesvary
w hi ncreasi ngpressue andemperae, andleteente di fferentki nerli € p pes. Rport
arysysemt cchangesornothe tendsi nte ctem cal composi 1 onsofte cli noproxeres.
We aperi od chide b fam li ari 2 youselfw tte elemansreporedi nSEET4 Ageri od ¢
Bde w hd fferentelementproperi es(densi §, abnh cradi i , buknodlus, bondlengh
val e nce state etc.) can be acce ssed from
(https: //vww.we be l e ne nts.comperi odi ci ty/contents/).

Q Howdo te concentai onsof race elenerisi ncli nopyroxene varyw thpre ssue and
e nperatne ke neatheachof te tree ki nterli & pi pes?Rportanddi scgsany notad e
tre nds.

Q Howm ghtve assesste degree of neltdeplet onteneahte tree p pes? ke te major
andnmh nor oxi de concenrat ons, andarysil Blie tace elenensb evalae Wi chsect ons
of the mantle are nore geochem cally depleted.
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R guwe 1a. (previ ospage)(a)Topograph cnapof te Btrali anand, (te locat onof te
recentyd scoveredThumank nterli € B eld ¥llowsyntols(ci rcles)are te locat onsof
ki neerli ® p pesfronmte Thmnanki nterli € A eld. (A gne aMd fiedafer Sdlolzand

Zang et al. (22).

© Samuele Papeschi,
Geology is the Way
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A gune 2 Ternarydi agranstow ngte di fferentnante rockypesfor peri dot & and
proxen € lasedond fferenmdal poport orsofoli vi ne,ci moproxere andortoproxere.
Eachaxi si s the nodal proporti onof the m neral (as percentage).
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A gne 3 (previ ospage). S npli fiedd agramstow ngte presswe andenperatme of te
graphi te-di anond transi t on.
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A gned S npli fieddi agranstow ngapaleogeotermigeotermte nant e adi atat and
nale potent al enperatme. bt tatte paleogeoterm ntersect te nantl e adi akat

atte ternal LB. Aer Hoggardetal. (pers. @ nms). The nant e adi abatprojects down
fromthe potent al tenperatue atthe suface.



Tab e 1. Lat tde andlong tde (deci nal degree)for ki nierli tsfromte Thunan
K neerli € F eld Xnoli hLBforte A enne andWnsbnp pesare © ke Bkenfronyou
paleogeotermnodels. The noli thLBfor M a, Z2dandVi ncentpi pescone from
previ oslyplli sredest nakes. eterm ne te presentday LBatte correctlat tde and
long tde foreachofte pi peshbygi ngte sei sm clLBest nmtkesreporedi nSHEET 3

Pi pe nane | Lat tde Lo ngi tde Xnoli thLBR | Present Day LR
WV nsto n -5.8 140.0
Fabi e nne -A4.4 1383
M a -A.7 135 18
Ze d -24.9 1381 13
Vi nce nt -5.1 138 170




