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Abstr&tctonti ahi tcear bonatite, containing over 30 vol % carb
strontian,jties (Sd€®Oti fied in the Zhengjialiangzi ore segmen
western Sichuan Province, China. |t exhibits a unique min
barite, calcite and dol omite,- dinadgmn efgéurcosohcianagb ointa t fi rt e . ¢ dlrhwee
hows extri e€mene nEREIEnN =RIBE88®% ppm), with strop¢LaRERJIBREE fr a
119] and notably h-vghueonocenhtcati REEBLO{ eehgrehs Ryrr,e aNde,r Th,a
ocal doali oniated carbonatites. Trace el ement patterns indica
epleti &gn sitdl emiggth el ements ( HF SsHst;u eSrg.i, s oNtbo, § BE& io¥f Z rs, t rhbfn)t.
. 70®1Y®7305] indicate aniEeMirli)c.heXdr neannrtilceh nseonutr cies (aBMIr i but
nrichment and extensive fractional -roglktasdi mialtatoinon poWsi
he st #adrcthi acrairtbeonati te f or maddf MR&EM®©a chairgholnyate talcv enda,g m&ar t
hall ow structur al breccias, followed by r apliud dc oeovloilnnugt.i olnte
process that is characteristic of carbonatitic systems.
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CitavYiwomwnet al ., 2026. Di scovery and che tQaorgoeonneattiict eSiignnitfh e a
Deposit, Western Sichuan, Chinada0DO0OA&Y & 8GE®BI :0 gl CE&120F. 1Vi0ldEHH En g

1 I ntroduction wi t h celestite or stronti ani

minerals (Liu et al ., 2024) .
Carbonatitesdemaireed mainghebhs erxoicsktse nc er i oh sarbnnaant
domi nated by carbonate mi nBaocziss haaond REBEE e d B p 0 g iDbeecénm nkgehyi
research subjects for undéd mMMDt) a RRIEIEn gmedteadl pp ogamb @n bey dl, i r
and rare earth elements (REEs)YXominanal caabiooat é Wnmbheey
and Kjarsgaard, 20

08; Das guwptrao geamae sHisr, s amma arre,ll @ G0 XRIEIE
They ar e typically hi ghl yni reenrralcihzeadt i b nr iodr ctodregr adadintedtm@t ti
el ement s, such as REEs, Ndbgr | §r unBar,st Dlod. and Zr
(Chakhmouradi an, 2006 ; Ka meTnheet sMkDy meett adl oge20@ 1hel twiitih
strontium (Sr) usually ocausiigngfiacsanat ssooluirdc es @lf utRiECEN
calcite or barite, or forming ei nat . di Aadrkd&it) e npShaacslensp, & tesixt
cel est i)t eor( SsrtSCG p)t.i alnhietree (a®rteCG® ndel ta, such as the Maoniu
few scattered records of craebowméedt sorconhai ni nlgi gshitgniRE
Sr minerals worl dwi de, e. gas,sotcheatuwd éveitdhy sokagl cciatrebonat i
complex in Tajikistan (Fai(zXuevetetalal,. ,2010929,8 )2 0 1t0h;e Hohua | ¢
carbonatite compl ex in R0B88j a 20(1BU!l nlaiew, anld99Bq u, 20
Doroshkevich et al ., 2010)i,nvtehset i yoaktliio nc acfbomnlaée i Zdeoagmp
in NE Finland (Thair and ®Mullivozh@16)REEndepbsi tMul dthzha
REE Deposit in China (Liucatrbanhati 2é2&ps Hdweverfjetdhes
carbonatites generall y(eofhfaien dSormiassamt mié aohboocampome mte r ¢
wt %, Doroshkevich et al ., hadelmai Alhwi f edawmsdendDt atril ,  ar0dlidine
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Fig. 1. Tectonic setting and orebody distribution map of t
(a) Regional geolidgicttahgm®&EEomeMabhoigegi c belt, modi fiheedn ggfitadri abthoguwz i et
ore segment of Muluozhai deposi t, modi fied after Liu et al. (2024) .
depth studiersi om cdmrmonrndtaindgzemdse baeki 2.0 km i n | engi
Her e, we report a compr ehehnossitviengi nmes ei gahtainonl @f edetnaim
petrographic, mi ner al-wigti c adbg p ogse a csh e(m¥ wcead , etandl i n 1995;
i sotope analyses on the chthepags$itas,j angel uditmg ntth e ngitaent
carbonatite. Our resul ts oguetnetniec atlhleyi rl isplgadd Dt b e penantahgg
characteristics and resourwiet hsiingche i cathedk -ad ¥ab @ ma fp ioctsoem p
t he strdrcthi aocatkbonatites (0¥ u agn natt eal . fr d®95;n Xu et al
enriched mantl e source andZQJhEer)évlemtetexale.n,s|2\’/@09raZ(ﬂl@,n
crystallizati on, |l eadi ng t200 2e€2xt rZenmengertti ah ment20R2B) bot h
and REEs . -sThhadilro wu letmrpd ac e meTmhte iMuttawmof hal t REE deposit,
breccias resulted i n-grraaipniedeé gqeeric hofng t mend MDi rbetlatr ge sstar
texture, and hindered theiaoarfbuormelteart @eelv oREBE i odre.p oTlshid sit m
stronti@ami tcarbonatite is efsStimabedanesariygsns fotcanbeds |
for understanding the evolafti ®8n90Df wt &r f Hoat iette ama g ma2 (&0
carbomaltated REEs mineralitht een. or e Disaeoglnoeunsthsa n , Fangj
Zhengji al i atnwiztih (tFheg. Zhlebngj i a
2 Geological Setting segment host-gmadeda hmi rha rgehleiszat

the Maonitpgpiped @wnei Dalosdeadad) (|
The MD REE metall ogenic bOeposiitss,si NMwlau ezadhsa la dbdeegpooshi & o nl
western mar gin of t he Yangt zesiCamd oaan dt hh &t c pdaalacriétt ey z
merged with the extendingstTricrettiaanni Rleatasaswe mbluageg, tdies

| ndAsai an collision belt ( Hoal-cked mean at,e d2 Oclabr,b on2 3 ,t e30 D5)
(Fig. la). As the youngestoddimal ayanMipkdlied)Pec aniylron a¥Xa
related REE bel't i-lnarChd sntam@&bin et he aslecoatde s and Upper
resource base after the B&yamaOponfdldgtrod i thasaheés MDrieél
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) St arcthi amirtbeonatti tiengéeéwahlhlbbdosent aining abundant exehopiedhsn- (b atwe
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otracted magmati c hi stamy mdrn@ane, etas awel, | 2a0606wWi.t hi
gmati sm at Zhengji al i angbzriecocrieass eogfmetnite i ma rnbatced.e dT hbayy
e empl acement o f-d i aal bkaasl ei nzko rkdeyses i ist ev,i tmettde host rocks
d mi nor monzogranite pwoart pbohcykr y f r a g de magbjsai saél meatmag zmia r b | e
ebody mainly occurs i Rn tfhreont oOn.t5acam ztome3 bemwierens imee a
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interl ayer fracture zmenea.s o REEisSsmMi nesr abkpaebend i d
i nated by bastn&site. fTeme t maani ogna nlgaileo, miwe rl sl si n
l ude fluorite, strontioocke, acel cfitaegmeddleadmi &aed b
dspar, and quart z. Mi n oxre naonhoi ut nhtss woi ft hp hnl ot ghoep i ct aer, b ornuat t
netite, and associ at edansaulyfsiidse sc o nfairremss Itshoat pif @eqne nti
ogopite frometahesng ot edmtyimanidiscen@awmbi aegini nehese fra
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kFAr pl ateau age of 27.1 N eO.i5d3 nMa d( Jiina nhga,n d2 Oslp8e)eciotheonm , by
rim surrodndbagemegtaol iths (F

3 Field Observations and Salmpl éhabascsp@dcii merrsi c ht he a rsbtornc
shows a-wlgirtaggi sb pale purple
sawmat eat iwenrse rebl eecird the 1 el

Stron-tiahitcearbonatite

from the Zhengjialiangzi crae beagmenmi wér alhse. Muwou otzehxati u
REE deposit (Fig. 1b) . TheépeA cnairchrooncartyistteasl | D o e uinatarsi x
irregul arnl dimkes, wdDdih, i n@% udviong sdfr uathwer at oc k, compr
breccias along fault =zonessublohredidniaktees acrae cmaienl y Slt o oalt|
within the contact zdnaebadmaetwesnopiecani laynw imediast i ngui sh
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A porphyritic texture (Fi dgt. 52 8haodkd egveed cohpeendi sitrmr yt he cent
portions of thicker dikes, Mag oc haeglacnmentisz ed odnp ¢ & iu hvieedrnes
subhedr al fluor il e mphemocaernyasleysze h9bf | Xorescence (XRF)
embedded wi t hin t he car banaPtAeNamgt r c al Axhieo sf IMUAOGXr istpee c
crystals commonly display Resear czchonCemgt €rr oinode &poanabl
(core) to pale violet (rifm)s e dsi@giehsutki n(gl: pBbysiactoohemib
condition fluctuating duriihmg prodtaé¢ |l hamogemeous gl ass.
better than N1% (relative) f
4 Analytical Met hods el ement s, including REEs, W ¢
Nex| ON 3 evMsQ floCH owHRg dHYOst i o
4.1 Micrographic and SEM/ EO&I i bration i s utilized, usin
Fresh, unweat hei et str cdGilSRa nit eé¢ er ence materi al s, wi
samples from the ZhengjialN®a%gzRSDh)r.e segment, Mul uozhai
REE deposit, were prepaemed as polished rock slices (30
thickness) for compr ehensdi.vees il tmi cSro girapthda e anal ysi s.
I nitial mi ner al identificatisanauu afhrd 1extopal oabnsaelryvsaits
wer e conducted using p o lcaornidzuecdt e AMICth BFMSL Wa tc r dNsaong @ yn g F
(Ol ympus BX53, University Tefch8oi egge Caond LTtedc hnAl otgryal i
Beijing, bbSTaB )t.erRalc kel ect r BB S QIBWStEIYD miSnmaRhisSag i on system c
and ethies ggrrsawesXectroscopNu (IBIDE@RS wwearse combi ned for th
perfor med using a Z2HH S | WEHBP RMAD 5Ar Fiexdi mer | aser was
scanning el ect rSEM) micooruops cecdmewitéhiteda i ti on rate of. 2Eatzh
Ther mo Scientific Nor an Saynsatleyns i 6 (EMDCcSI udletde Qt0ors o fn bac
USTB. by 40 s of ablation signal
applied as carrier gas to eff
4. 2 XRD the ablation cell, and was mi
X-ray polycrystalline diffviacbthaoerct({XRDbebhornéyxind ewasg
determined using a Bruker dDBulDiyscovaergedati o

hei NBaKéyg
e

Laboratory of Met all ogeny[ E§ndYbMiioeord,| ['Bbswes s menta,l uat

I nstitute of Mi ner al Re s ocuorrcreesc,t e @ h ibrye sneo f i cb8Ed &(my zio et e |
Geol ogi cal Sciences ( CAGS)3.. 5) Ah™alh\dt m/ical = c &r6d i5t)i;onSeco
included: 40.0 kV drodrncoejeqi MW0AmMAe camra ERIE p DRrect was obrr
70A, step size of 0.02A, asdngomatiung@RttPiRde t=0 Ri. & I2&Ht2isd I
Data were processed using SMDIi sJAAtDEp i8c 6r avbf bowarwerwi tihnt
the -#DF022 database for phraaetiiodeanttiiofni (E¥%rm or mdldilaiong
guanti ficati on exponenti-lmdbusleawstrilonnti anit e 1
treated as quality control

4.3 AMICS
Aut omated mineral ogi cal mapRe syl was performed using
Aut omat ed Mi ner al Il denti fication and Characterization
System ( AMI CS) at t he | mstli tMiather aolffogMaati pamposieti on
Utilization of Mi ner al Re solue cersi,ne CAGS.conpe s 5 frsib@m o f
integrates BSE i maging andc arDbSo nsapteictter,ala sd arteav etad eqlu eryt iX
mi ner al abundances, mi ner afl | comiptoes,i t Bobnoandadi séy i wat ico
particle si ze and di stribution, and mi ner al symbi ot
relationships. Table 1 The Xray polycrystalline diffraction (XRD)
4 4 EPMA results (wt%) of strontianite-rich carbonatite
Mi ner al c omposi tions wer e Phase composition ZJLZ1031 ZJLZ1032 (ey
Laboratory of ‘Metallogeny [ o — =6a  ams o
Institute of Mineral Resou , Calcite 11.9(0.4) e J XA
8230HIHPAROO0F El ectron Protl 4 Bastniite 9.0(0.2) 6.1(0.3)
( EPMA) equi pped wit-oi §pairrg s Barite 8.0(0.2) 13.6(0.3)
spectrometers. The samples 6§ Quartz 3.3(0.2) 3.2(0.2) th a
20 nm thin conductive car ; FFI’h"’gOp't.e 0-9(0.1) 23(0.3) ysis.

. . uorapatite / 9.7(0.3)
During the analysi s, an ac g Dolomite / 2.5(0.6) L5 kV,
beam current of 20 nA and 10 Pyrite / 1.0(0.2) sed t
analyze mineral s. Natur al Total 99.9 100.2 oXxi de
were used as standarldisne DuastNém gwdeaed belog deectiore ligit mingbers an ( represen
a modi fied ZAF (at omi c U”‘iﬁi“ta'”ﬁ‘f‘bXBDrprPV'des agepugangtglive, apalysigy ferefore, t

. mass fractign data should be considered indicative.

fluorescence) correction proceaure.
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Fig. 3. Automated mineral identificraité¢clncambochtairaeteri zat
subordinate dol omi t e, guamitzr, ocplylsd @d i toec,cumnds pvyeriintse
AMI CS anal ysi s (Fi g. 3) coaatodbd r ot eenttihainsi t s s eSmhrloang @ ,a
identifying fluorite, strothd isamrmiedr alcatcyseal bawdnnhsi h
and parisite as the major (pFiagde s4 bEwhhiecdlr atl o goert haerrg ucloanrs td
97.39 wt% of the rock. Addideonnaflgd AMI QS det,ecgled Tha
amount s off ebidetpiare, alati tfeor mgalaerca,l cghahebn of stront
rutil e, muscovite, pl agi ocTlhaese avemgget imael eczuilracron.,f onimao
il menite, titanite, olivinéegregmyrddxene and amphibole (Fi
Fl uor i5t0e v(o30%) , caysanl leiaz ¢Whep hd e mi, fhbeeratr i REE mi ner al i s
forms clusygemansnetl Copr se 1vodn),, emhhedr awlcctudas as euhedr
subhedr al crystals (Figs. pd@8rtidd,e Bgnz ¢ STihges.et 8c mr2ydset, @ lIfls)i.r
pervasively -$tageqrmraidnneedl afflelacrtiutrees are commonly filled
(1@®0OM) is intergrown with(FKiag.boha)te MmMhemecahsaandbound
fills interstitial spaces imdtiwedan nigheaemird iRREHEN elr arl ger ¢c
grains (Figs. mg@tLksttihg)e, cs ygdadctuirrgdi ccnar | i er than <carbon
of fluorite. |Apyataiyt et-pealybbkbs i-greai nfFrednepari site partic|
col pFisgs. 3, 4 a)conAnahiend rnaglt hgrneeamd onat es matrix (Fig. 3
i ncl u(sAiogn.s 4 a) i ndi cate r apBadritdbreyw@3da%) i eatupns. asSrakel e
sizes rangm tfoomOOW & h di fdiuster igbruatiend al ong the edges o
boundaries and dll amendaeboonadi oatwinghthat the formati on
mineral s. Euhedr(aFli ghe xdaag o ncatly oanpiiEihse nt{etae.n sul fi des are p
200m) display stepped growgh!| eaads(.<1Quwaolk %) ,0c awthri hasocc
euhedr al crystals (Fi gs. SBt,r ohk,i ad)t e wot h wpappedl @ ns i
exceedieang 20X al di ssol ut isomoupidt e ot hemipnreordauc tSiolfi cfaitnea
i nclusions can be seen i mi mewraaltsz , suicrhdiasat pilgd gtshpaattr e ja
crystallization is relativeplgsematrl yn the rock (Fig. 3)
The matri x, composed mairrelpy aodd sbtyr onadaili aomate amidner a
calcite, fills inter-gtaitmdéadeé]| dssppaacresoviee gwe®evh h £ o@anm skei ot i
fluorite particles and <c¢crystallized after fluorite. I
contains fluorbeaer,i ndgolnoim et bea P sREeEba@ah & mnie¢ a | results
et c. The carbonat e mi Nn6eOr al TShearmajappr otxriamag,el andBO0r ar e
vol %. Both strontianite anrdescualltcsi tfeo ra litehteo bsst erbomet d tainti & ea
and intercrystalline of Tfalbu er i3t. e (Fi g. 3) . Calcite



