Suppl ementary I nformation

| mpageetner ated magebtsoiel iasChaapgtenti al rec
dynamo

JinhWwWad Chaogt,? Zhemgldhemi nghYMaQZzhahgg a’nu gl an

Wantg? Wei we?i IJWalh Waeo’yg XohfaXruge chlaol iSthian Gu

Shi qgi ' ®redrydr,3liiawédsShLu hul?,QiCalfy Lith Ga'g Li
Yan ¢4 Raif al EBo Dkudiwmkiir ew P2 Y®RoDPpxiti® sPan

'Key Laboratory of Deep Petroleum Intelligent Exploration and Development, Institute of
Geology and Geophysics, Chinese Academy of Sciences, Beijing 100029, China

2College of Earttand Planetargciences, University of Chinese Academy of Sciences, Beijing
100049, China

5’Key Laboratory of Earthos abBdeGegphysics,tinstituie ofr , I n
Geology and Geophysics, Chinese Academy of Sciences, Beijing 100029, China

4Center for Lunar and Planetary Sciences, Institute of Geochemistry, Chinese Academy of
Sciences, Guiyan§50081 China

SState Key Laboratory of Lithospheric and Environmental Coevolutiwstitute of Geology
and Geophysics, Chinese Academy of Sciences, Bdippg29 China

®Beijing National Laboratory for Condensed Matter Physics, Institute of Physics, Chinese
Academy of Sciences, Beijiri)019Q China

’Ernst Ruske&Centre for Microscopy and Spectroscopy with ElectroRster Griinberg
Institute, Forschungszentrum Jilich, 52425 Jilich, Germany

8Canadian Light Source Inc., University of Saskatchewan, Sask&#®¢r2V3, Canada

State Key Laboratory for Mineral Deposits ResearBbhool of Earth Sciences and
Engineering, Nanjing University, Nanjirg10008 China

19ZEISS Microscopy Customer Center, Beijing 100088, China

11Beijing National Center for Electron Microscopy and Laboratory of Advanced Materials,
School of Materials Science and Engineering, Tsinghua University, Beijing 100084, China

Institute of High Energy Physics, Chinese Academy of Science, Beijing 100049, China

BResearch School of Earth Sciences, Australian National University, Canberra, ACT 2601,
Australia

Corresponding author: Jinhua IB-(mail: lijinhua@mail.iggcas.ac.gn



100 pym

X-ray fluorescence (normalized)

1.2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Energy (KeV)

Suppl em&ngdiSylnghet Mct¢ea aX fluores ccereard c @dOXR
charactertihk2&E6i swi 6f par t0iAlTwvedremantCEamap of t
(Ni y=l;l oMel we)l.l ow arNtHoevar amatgikept e chMi gr ain sel
for detail ed sbtmEdy mabn tddarbned i svido 4 BtMgc I(-eMgP 1 3 :
KO ¢Al -KAHSi -KUSgS KB)fCa KCwTi -KUDhMn (-MUN)iF e

( FRO)jK (KK)kCr -KWOINi -KWNa,ndP -KP)nNor mal i zed XRF s
acqufirrcemivhh aRele3 p arl taecdfhred u r -doi ncarion s i @rar i(c lead ,
Fe (blard)n,gdanpdnk), MNeg pe c tTihwee IR, fgiomxalheor i
ray &t utbaer get material, which serves as the e;




Sulfide

Suppl ement|8mhiyaedmgns Zoanya I miXxcr oXxRM)pgc dBDt r uct

[
anmi ner al s egpnaerntCbBcl)iz28n.B&BN d exrteedr nal mor phol o
par th-eViod urneend2bedRMages highilightingbindiuvi
silicate mat mexi { edysdppluaredaime@e ) es ainfdi de f (yel I ¢

Compo3Dviecew from approxi mat eldy ot hOeXiREamea por |
(Suppl ementary Fig. 1la), illustrating the sp



Intensity (a.u.)

. Eneréy (keV)5

Suppl ement af$ahkRhngng 3el ect reonner gy c rdoi ssc@ogprys i v e
spectrolxzmopyt eri zatiijgeemtdfandhe et aGEPABI 48 1 n
Ccr essesc taiBareskc at t er escc aenlnag antgr cerl e B S B M nmiacgreo socfo p
t heN#Se mircergo on. Ymealrlko w Wieiense st @& Iatnred tl hmien wer e e x
by ocuisebnd a(nkFInBi)l | ing for subsequent transmiss
anallyjSiEsb aseender gy dirsape rsspievEDry§Bs| ceonpeyn t:laH e map s
(Fa)ds (B)dMi 00 i OTfiMgK ( MiggsK  USHAT K (INIO K O

KU)a,njdCa (C)Xk.REpr es &€DiX&t ishbeomrdzguions peéllioawer e
dashed cdeclagnsd RO 1 = silicate matri x, ROI
and ROI 4 = il menite. The spectra highlight

pentl andite assembl age aNod et:he hsu rcrao unodii n(gC):
from the embedding resin used to mount the s



Smap |50 um

Clmap [50 pm

Intensity (a.u.) =

T ————1 T T

50 pm Cr map ° 2 ’ Energ?/ (keV) ° e

Suppl ement |aMhy pRIrg.i cE®&XSEBuUurvey of CE5_023_P
FI' B polAfstkerhgacti on of sever al uiptematl mind i t e
assembl age, t-decteixpmpowadshhedY¥b¥I Bowmi | |l ing to
surface aB&B&mMgneagfe t he enti remPod shhe@Emecicn g or

EDXS el ememQ a(l0)aRaip sUSAA I K (IWeEMK ( NMgfCk ( @)a, K
gFe (PSS K(®B)iTK @UTjAgK ( Bl)kCK (UQINi K (INa,nikCr ( Cr
KU)n.Repr es eEMtXeé5t iswpgect egr at ed over t Agsifgull | Im
originatesicdauredmct ipvaeeiungeé dd véo bri-dgebtbapsam
enhanced charge di ssiNwoatei:on hdeurciamd oSEN Can asliy
embedding resin used to mount the sampl e.



ROI 1

ROL2 M"‘ 30.2 35.6 245 = 9.7 — ol
-

Intensity (a.u.)

3 4 5
Energy (keV)

Suppl ement|SEMEDXSy.chbar act ed il Zzreedatitroinx orhiidrrher e g i
t hGE® 2 3 _ &1 @Gsesc taiBGEGHS.EM magfe t he sel ectegbisznl ica
SENEDXS el emeb al0)aRa p sUSIA T K (IWeMgK ( MgfCk ( Ca
KUFe (PrRS K(W®B)a,KilNi (INjijRekpr es EDiIXSt spectra extr a
t htewo r egi ons onfarikretde riegis Npa(rd&eQlsshe car bon (C)
from the embeddi ng r eskiSamiqwsaerdt mtoa tmoawend e rntthrea ts
(wtéd)ement al concentrationsfor eaohi ROhg wi't
angentl(@mdite



= U1

|
Al | si|ca|Fe
1

340 — 21.0 247 203 — P

Intensity (a.u.)

311 6.7 1.2 258 129 123 Matrix

Suppl ement|l@EMEDENSy .chGar acr tselricat @ omabfiina mi C 1
imn hEGE®D 23 _ PldssesctdaBbSHSEM magfe t he anal ybgd micr
SEMEDXS el emeba al0)oRa p SUSAA | K (IWeMgK ( MgfCk ( Ca

KU)angFe (F)@REpr es &mMtXaSt isvpeect r a tehtewo actegdofis o
interesnarkrRdl sdeNpareel $ he carbon (C) singal |
resin used toisBoqutantimbaszamplc€wt éofatt basmaj o
el ements in each ROI together wi tphl atghigo cnioasste



S

Intensity (a.u.)

Femap |5 pm

Mg map |5 pm

151 — —

266 57 07

— — 392 457 Iim

275 137 — 259 Px

299 29 177 265 177 — 53 Glass

-Ti Ka.

3
Lo S ’:\ < H <
: (‘:g,_ E "_ ROI 1 E L?:
L S ARSI T
L) \J! N\ ROIB A
= - I e A il Ml i
. Ene?gy (keV)5 . ! 8

Suppl ement|8EMDISg.ch7ar act engigazuattiinoant eo fmiacnn or e
t hGE® 23 @1l ésesc taB&# EM maagfe

EDXS
gF e

(@, n T |

t he
el emema a(l0)aiaip sUSMA | K (LWeMK ( Ngf CKa
UTliRekr es €MXSt ispectr a

vesicmmSﬁMd
(), K
extracted

interesnarkkRAl shhh.pSaemedant maatcovrecentrations

ROI
singal

wi t h

i nferlrmalniml eangpry a lo ¢ ppimNecstees::

comes from

t

he

embeddi

ng

resin

tihe

f

(

agagl

r

car bec

used

t



Silicate

Intensity (a.u.) ="

05 1.0 15 2.0 25 3.0
Energy (keV)

Suppl ement S FMEPDPX&. c8aract erllzaamdpolnaoof t B1 B i n
thi nnildyg t( FriaBBPENM magfe t he c.rb@$SEMDXSt iedrement a
mapasc uri edb@t( ®)cke/: (PeNiL (INeMg. ( MigfsK  @USi, K
anglS (®B)hRepr es €EDiX®Bt ispe dthnmraeeg i on oRODisnmaerrkeesd |
in pdreaglwi th inferred mineanghapbambROd) glent | &
troil,itRD|( Permdt | (B NRIOI) e3






Silicate

Intensity (a.u.)

d 15
Energy (keV)

Suppl ement aS¥E MHIXgS. clhCar a otfFelrr-B zlad meInl & i pal or
thinoOmgt HhiaBISBBSEM magf thsectbi€erres p@lSEMI ng
EDXS el emeanctqauli rneadpGa { O%ckleV:(UHeNiL (UNeMg. ( Mg
KU)AIAIKU)gS ( iXU)a,nldS(SKU)iRepr es EDiXHSt spectra extr a
four regions ofarkedeiadtpahprRiOtists) i nferred mir
pentl andr okl (nmReg)n(eMeigt)eand silicate.



Intensity (a.u.)
----CuKa

Energy (keV) HONi @

Suppl ement pOhye nFHicga.l lalnadh ar a awtceriir padtnittdrra rod ii tt e
assembl ageluiln rtantehi(FH IBOOcnimbbmagk) fHi@ahgo e
annul af i edadr k scanni ng eHAADFDBMome c.v b-&& wo py
Corres BAEMDXE el ememI a(l®)ofep s(Fa,ndNi (INe. K
Repr es &DitXé&t isspbtaraed (red) hpeeamd |l @medana ke k e d

in paanebnfi FAanMdNiScke mpositi ondNoteesfgaet iCue ls)
iginates from the copper ,coampdnteme swodk t @ ¢
tributed by unfddrolmiecsnagl wtiil-8 it BN A AsphEoges engy
coherent tmdodierfacee( bppevreeheft.) [ANOd |Jpent
ite structur al model i BI0PpEemdr iamap d e & tc
on t hgegF a-Bobwettrir eem FHdTp ent o ér tirhel At wietc ke

ed hEFTepatf bppehret | an diintdee xweidt hTe bl ectir om $ i
pentl andite.

X — —



CROI 5

< RO

=

ROI 1: Olivine
ROI 2: Pyroxene

Emm— O Ko
S=Fellp, |,
> - Fe Ko

-Ni La
r--FeKp

) ROI 3:Pentlandite, magnetite
\ , ROI 4: Pyroxene

' Nt : ROI 5: Plagioclase

ROI 6: Pentlandite

ROI 7: Troilite

*--Mg Ko

I --Al Ka

== -Si Ka.
S Ka.

~-rCa Ka
Ni Ko
--3-CuKa

& __ROI7

Intensity (a.u.)

\__ROI2 N
11\ . )W _Roi1 ! : LA
0j5 110 115 2f0 215 3i0 3f5 6A.0 6j5 7i0 7i5 810 8.5
Energy (keV)
Suppl ement SIMEMOXS nmi2cr o ma g lh gosd asreiorff g gd wn's i n
thel-B ultrathiarHAABETEMaer view of thkei analy
Corres BadE®MDXE el ememQ a(lO)aka p(45)d Ki USeCaK ( Ca
KU)fAI (LWHMK ( NighFke (We,nidi (INjJ CoKkmp oRRG B erfraep

=bu,) eNi cyan, O = red) hi gkhR e pgrhet si darigtXept hisvsee ¢ th ro a
from seven mrteegri@sntsd (oR@Qlt eedvi it hh pardelrred miner al
( ROI 1), pyroxenena(@hR@lti 2, apsrembadmadiet § ROI 3

pl agiocl ase (FOI 5), pent |ITéhred idtaet a( Bloevd )t thead |
occurs either within pantlandite grains or
association bet whehe:ithé&hd wGu pbhageral origin
components of the TEM sample hol der



Intensity (a.u.)
“Fe Ka
~ “Fe KB
= -Ni Ka

i

~
o1y -2

3
N
@0
|

]

!

!

I

I

1

I

I

I

; 24 24
N Energy (keV)

311220

!

[112]* of magnetite

5 nm [110]* of magnetite

Suppl ementladBfgh ebfig.al and struct urnal e nclhaarrgaecdt
magnebteiatrei ngarmiachfoh-B ul t r at mam ke8op mbement ary
Fi gaaHRADSFTEM ionfagtehe sel ected area hosting m
( PbeCorres BTEMMDXE el e mebt g 10)aka g 8B)dKe (Fe, K

anaNi (INfCokmp oRGB e e rolf abyd )ufe cNipn( and QG n{prheads)i z i n
the spatial rel ationshi p.gRegtrveeseHDiXe&d gsvyes d tt rea
acquired frreagmoodxSi mtne rneasgtn ewiitthei n( r ed) and pe
confir mi+Og atniNaSFrec Feemi st r i eNoO,t er e STfheec tCiuv esliyg.n a |
from the copper components of the TEM sampl ¢
by surroudning or hnAlteormmigsabusti-BMENARDREDases
t hmea g n @taintt d iamtde 1t feasehedasviceor r esponding FFT patte




Suppl ementéaf@heliig.al 1l andchataotevarhbhteindrmar géd
magnepteintel amaoi it ¢ e assembl agétriaat htime sFICB i on
Suppl ementaAMAADETEbMvV2er i gWwl i ghting the spat
amomggnetite (Mag), pent |Ib@8mdigthe | dPATBM dmager
same.cdCemr es BSAEMDXE el e meabt g B)dKe p §PHeO K( O
KUO)anfdNi (INg-iAK o miecs ol ut i-8@ EMAAWMIRIghe correspondi
fogtroviewed §MOoOng ztohngee ralxaarsdointpellf hzone iaxi s,
magnat om0t hea xi s .



Suppl ement &r At drAsigcadt €Lu ett thre mageatil hen dil §t € t e
assemblnalg € aSuepdp | ierme n t4daaa-y AtFa mgiecs dl ut | ST EMAADF
i mageguired at slightly different positions
zone askrowiiheagdgpat hbman tt leg nadnatgen,etande. Dashed
i banamarsktdr easf oekBEEdan afiyRB i patotrartmge e ht Eandi t e
parditm:o( Tiepent | (ammd)idinddei r cohegi&ER{T patoreeé ace.
pent |l-magn etaigpent | bmagn € tMiatggatmllent er f ace bet we
t wo phases.



