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Abst rEpcitt:her mal deposits are-tempenmaat ereé zagdbyt hceorrmpale xa ll toewm

bet ween mineralization and superi mposed alteration are obs
wave infrared (SWIR) spectral s ¢ ad iamesn sfioorn ad | tneordaetliionng noifn etr
Ag polymetallic deposit, a newly discovered epithermal dep
mu s c ecvairthepryat ¢ e in the core (Zon-kadl}, mltceirahegrhatmu s(cohone e )
mu s ¢ ecvhil teeriiottd t e ( Zone ) at the peripher ywavieHengdrme whi wiet
(wWAl OH > 2207 nm) wi t h a high I'1'l'ite Cryst alelnmipreirtayt u¢ e C)
environment conducive to mineralization. Petrographic anal
that fluid boiling may be a pivotal mechanism for miner al
di mensi onal model ing of spectr al ctwavetergtht whsteewmeala, a
mi neralization zones. These findings indicate that SWI R s

guidance for future exploration efforts.

Key wempddsher mal alteration, fluid evolution, mi ner al expl o
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Anal ysiDs Mondde!3 ng of the Ul an Uzhur Ag Polymetallic Deposi
100(1MM8716PLOI: HBO281TYDOL255

1 I ntroduction this study i s a newly -disco
sul fidation (18S) epither mal C

Epither mal deposits, typimealally ogeni ai biednd ¢gwl dQi ngihlav e
l ead, and zZinc, form at W®hhi kewotdreegrt hespi(t<h el m&kim)degto s
moder at e pressures 1800 ACiempp erad tl yr efsou @00 n Triassic
(Hedenqui st et al ., 2000; rGokbett hi 00&posiTtheise ndoetpaobsli
are classified based on -thal red@@2d¢gactlTihdmss mmdstsiung uc h a
forming fluids and mineralwi ahi ar at h ® n Qd hrearna catgehr i sneit a$ |
highl fidati onkaPH$ni tad uiypencoanme n | glwobal | y. Most epith
sul fidati on tsyepreisci(tLeS,t yapdeud sagldeaa lad ¢ d v¥8 Ictanv el aanic r ocl
Berger and Henl ey, 1989) .etWidalh. ,i n2c0r0e0a;s i Sigl | g tt wko, & 5220dd 0 |
epither mal deposits-sulafitdygpascemsf airret errareati iavt el vy few (K¢
(rs), mi neralization condi2022). anfcdhechprap@zé ain utricccw p et
HS and IS, has been classafitedatiHedWengui shi £t siatle , p r2ou
Einaudi et al ., 2003) . Thadvamncicagt eur eluatdieoss minp i bgt
mineralization and e mppeerravhansdiewea e floorwmati on mechani s ms.
hydrot her mal alteration conAtsi nmiesertaol mmikes pehcet ienwge | tue ¢
and genetic me c h afnoirs)rmsngofvhweakdseegtohr ei nfrared spectrosc
subjects of extensive r esae av a&lhuapMangtoooet f at . i derOtlidf;y
Zameweaga et al . -Lo2pOelr8; eMo nalo.gaead2 )g. y utilized t o i
The Ulan Uzhur Ag polymetalltiecatdepnsitwitbhhe wabj euts oof
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2000; Han et al ., 2018; L aSnapmipnseonn , e t1 9a816.;, Kaltl1ls9a;0 uZnuios , e t2 (
2022), including porphyry t(efammoleagyalt.o t2r0a0nss;f oHam rnaud etni
al ., 2013; Cal der et al . ,t h2e0 2129 I, atMMSe (ctbenrtrenmat nsn ot da lIf .
2001; Laakso et al . 20159pecgkarln padaemeyg ercs lailke wWAQD D
Corr°a et al . 2024) , andsepltheumblert ppessntCGharbateed
2011; Si mpson, 2015; Wang hlelepts arlev,e a2l0 2tlhe Hiodd e aimptl rei
Zhang et al . (2020), OGwWhein shedgongethei dnagbeswaen var.i
Fe deposit, found that theelyighachbdos i tceo nPtorsoll aléionag( i>z2 #Atd
nm) and kandite Pos2170 p»r o2edsrD. nfh)e;r eher eweltlhi s st ud
anomal ousl y hi gh/ 1l ow Po0o-s2200 povhymestalolfi cwhdietpeosint caas a
mont morillonite (< 2202 nmalotrerat2i2d® mmhecad mappidd zad
effective vectors toward cocoamceellauki sdlladren ohebeepesat 0TD
et al (2019) , through-Adu haydtodlyerorhalt hel Wwiiguaandi t Ge
deposi t, al so found that whiiner ani caePos22G0 abBy-wla@ewaliu
ma y be effective and rapidfriar eddeampteicftyiang i adt eantdi 87
mi neral s and |l ocating h y dsrcoitehnetrinfail c cheanstiesr sf ofrorf ug Kk ahren
deposits. efforts in the region.
Within the SWIR &pectfummt i( dndl
groups s,0 ¢ hO\Hp, s-Offte  -OM), GO 2 Geol ogi cal Background
S@' ang chNHtained i n mi ner al s can produce
di stinct di agnostic absorptlTihen Ehsat Kuesumge@Qroage ridc bBel
vi brational modes of t hesendrutnhcetrinonpéar gr @wdpst h(eCl airlketedr
1990; Thompson et al ., 198@yvedahesighi falcant20@®&9g . o dlihcea
di fferaewne elseen effecthiydedox pbogadk rtea ibdyentthd yQai dam Basin
containi-agnt aiminnog, and s@amael theb®BBmaytae Bad terrane |
sul fate minerals in geol ogOrcoade nsiacmpB eelst (dleofnierse seti tasl .e as
Yang et al , 2012; Wang L BaghmlFaulk02a)onghevipdsitthieo nWe(
and depth (Dep) of these awestrp{ Dongf eatuals, ard 2dr,i tWa
characterizing the mineral $tzraud townr alnlvyi ,r otnhme nEKOB ide padis v
These spectral characteri stthrceseg fsaiwclht azo nseyss:t etmad i Mo rcthha
i n illite crystallinity (KChl wmdFawbwlstor o MKBh, pantd fost
(Pos) , serve not only as Tnhaerskeerdsi vofsi mmnsecankatad tfeo wart i ad
geochemi stry, and crystal ITiemirtayne ( H&8KTnan®o et h akunl unhO 0"
Laakso et al ., 2015; Zuo dé&nembhgen2022)y.,ankut(-BeAlyshon aka dd
indicators for | ocating hylerotamer maHBTc)e.nt adsdi toir o rzalnleys,
mi neralizati on (Yang et apar al2l0ell2i;n gWaamhieotl i ale. ,be2Q k7
Wa n g L et al ., 2021; Li Mu zttid@gdli njAxi2@R § g n PM® Inacn goea | (
component anal ysis (PCA) ,zomesant heipbgit ek g | tdd®dilanga (.
mul tivariate anal ysi s, i st he pQc &Xbl haynagonts e @ M®| a&rxgpd o ( X
i nherent relationships amon(g20s;et Pomwmdg eltenelnt,s 202a4) s (&
96° o __100°E
D g:)}/]aﬁ I}]Im Triassic Diorites
- I\A/[[:l:n;l;?(f’elﬁ e - Diabase-gabbro dikes “~ Thljus‘ féu.lt
I:l South Kunlun Triassic - Mafic-ultramafic rocks b )
4 Porphyry-skarn Cu (Pb, Zn, Ag) deposit
I:l North Kunlun Triassic - Early Mesozoic Ryt o (T, ) s
I:l North Qimantagh - Late Paleozoic Porphyry-skarn Mo (W, Pb, Zn) deposit 0
I:l South Qimantagh - Early Paleozoic = Epithermal Ag-Pb-Zn depoait
Fig. 1. Simplified geological map of the East Kunlun oroge
deposits in Supp. Table S1 (modified after Yu et al., 2020)
NKF: North Kunlun fault; MK F : Mi ddl e Kunlun fault; SKF: South Kunlun f:
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undergone a d emell e xs uprau Ipttoésmpteiroant uroéd hydr ot her mal al t e
structur al evolution, whimihni m@s areema.o weansietquew ttlhy , a f u
relatively complex tectonicristitdalnlgy ( Kew eetd eanlt. , 0 2 0 le5)h.:
The EKOB contains strata rfergamdiing hPryadtretdhzoimal t @ vohet
Triassic Fig. 1) . The NKTnmemdiamliys msxposes the basement
of -mi d gir gl e met amor phic rocks of t he

Proterozoic, egw eardlea inme t baymotr3pdDidgoowsa d k sGeol ogy

and volcanic rocks of the early Paleozoic (He et al ., |
Chen J et al ., 2020; Meng 3etl &Géol o@w2@f) ,t hmd | Uloafn whzihcuhr
unconformably <covered by tThhee JdvaoniUzrnhuMadigi pohgmet al |
Formation (Zhang et al ., 200 )souCdamwesniefrar ccudsg et @ f Mit cheel
Triassic marine rocks is @amaht aghvMdd wmpteai ni ni nt teh eSKT.r
Li mestone, clastic sedi menaraeray irso cygkar,t amf@ rtehodr ¢ @abli ezdoomai c:
were deposited from the Cahéomiafar csus at o gt AphiPer mhans

The Triassic strata are mBahégprcotmproszedi cof Jecoshuinkot a

vol canic rocks intercal ateal lwivihalpyrdeplosdttisc r dlé&s J(i Qse
al ., 2024). segmented into the Baishahe F
The magmatic rocks in theF&KmBtiaore, mai ndyged mposend bot
of granite. The magmati sm Eamméti adn viaderp ri ndtews f dpwrag lshdtya g
Precambri an, earl vy Pabhebmeit amorlpati & Padleozobi ke met am
Mesozoic andiCeabeoMes ¢MMoi eatndal ampRIOB®IN)i t e, wher eas t h

The early Pal eozoic vol canoincsi at si wirteyd o mnnatnhtel y Miodfd | @ u

Kunl un and South Kunl un t esceroingsc (bFeilgt.s 2waa s bc)o n(cXeun t r2a0tled
in the LatileatCGr dSivAi ctiyame . g drhiet ersegi on' s fault structur
were generally developed iinmmftlhuee nlcaetde Dy v b h-&la mGa(lrBdnogm @ r
et al . 2018; Xin et al ., 127@Db&) ni BAme ecnoenrtg ennecnad rad fy e nmgd ra
deposition mar ked-Té¢thly se narPaogeedndyrhien apnrtol tyo, t he fault st
(Zhang et al ., 2010) . The gMeou@zsai ¢weantl c@esetn da crigdb v 6 b pip w
concentrated iTirni askkéc Pé¢ Donrgenver ¢ fadimetsst, tmroerntdh wiegs tn or m:
2018) . near liweetastensile transl ati or
The Qinghai Qi mantagh ardapricmaty at & yWweasntda t wessnsdshimoghsyt o |
positioned in the EKOB, i st orrescioognn irzeevde rasse d afud tt mmé d 5 0 wixtt
skarn type polymetallic depboabte i nheriithanc(eFetntgatetdiall
2010; Fang et al ., 2018; stZrhatniggretphiat . di s201li8)u.t i bh wis
tectonically and chronol ogiMaagnhayt isceparcat edtiyntiont htehiMo
Qi mantagh and South Qi mantcehgahr,acwleird lz edrc ey e cneodnimyuemams il tyi
clipped by the Adatan f aulitntirnustihvee eaacstti vantdy B asi gcaantheug ofr
in the west (Fi gr.ellat-e(dYup,e 02a0t1ed ) Or 8 ai-Bi-qa@ai medi ugnei ssi
| ecadnc deposits are main pgrroasnpietcet i O i g ar gledtBar il 2 X hedv aline
(Zhong et al ., 2018) ( Sup mediFfaibgieea i S1le)d. Lomr ptlewmpiotnidé n dli y
silver deposits predominanmddi-fuirpesai eedi ns ytehnei teul g-nanar &
t he eastern section of tthel dEKW@B JrFami.t el Fi cRecEm)t. T
exploration in this regionngful Qiendg hai throvianece had rluesd
t he di scovery of severalsi zéd veemnpaolt gmetlal Ilhacs apwén
i ndependent silver deposi gsanistuec hanads nome oglaanhizha Wgr
polymetallic deposith,ar lagedgggeasggnaekr esvuipeonment foll
deposits and Gemal ong s maldolAg sdieopno saeft iy s € hOPseea ndbewiotsh t |
are primarily hydrothermaledge naft utbe ©Qupidaal IBYy oe ki, t wehr
with only a few classifi ewas age nsekraartnadocri moarsigndraec &k Mmap
(Zhang et al ., 2019; CheneXviDr oentmealt. ,r e20020;d FRamt ey b daul
2021) . Ocean (Han et al., 2021).

The initiation of t he second round of nati onal

prospecting breakthrough 8t RPaRAggpol yawettiaolnlsi c has n dgrualtihz
highlighted the Qi mantagh @dheanpewleynwddngcadwerdeidscWwlvenr i@
such as the Mohexiala anddé&pasi Uziha rsawA dgi ino eeltrymmeedti aaltliet ¢ e
deposits (Xu et al ., 2014 ;t hwa nQ@i,maz2nt 2a0g)h. niehtea | fl mogesn i @f bte
study, the Ul an Uzhur Ag pgdleyneltaan | Uzhudrepadeipiosits ocacatr
in granitoids, unl i ke ot hemondemaoaintid ei. n Tthlee er eagrieonl1l 8 h a
hosted in Triassic vol canidcelamde ag edi menn ttahrey orroec kdse p(oVga nt
et al , 2024) . Despite thbgeNWdamahcemanlkt g, EWhlei nsecaire nstti
understanding remains mi nliavade | eansglb3e xtem®d arai nndg o wsht Ir 1u
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I:l Quatnary
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monzogranite

I:l Porphyric
monzogranite

- Gneissic biotite
granite
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\ I:l Quaternary Syenogranite vein i{t;\;‘c;ug);l;;at;(;: ﬁ’ndey
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Fig. 2. Regional geological setting of the Ulan Uzhur Ag d
(a) Detailed |l ocation map of the Ulan Uzhur distri(chf)kevi thigedohegibec omad
of the Ulan Uzhur Ag deposit, modified after Ma et al. (2024).
teration zoné&d¥Znhowsrte mudd(iiFppdge a B ) .
e |ithol ogi else arfi ntgh easlet etrﬁarlh@eomcertzaalnleisc minerals in the
e mainly porphyritic monaznodgramaltle amduhbhetst orfi cg ablreencac,
a et al ., 2024) . These arsebopyrist eh,aveyrar hloetnigtteh, aclhor
rike of 140 to 2048 m, wi)t.h Sai [ dveeprt hmionfe r8a0l st oa r4e2 2a rng ea

average thickness of 1d ils7t rtid uBe 82 amo u nTdh-wh ydt dett aai,il teddp
atures of the alterati onsuzcmreads adnd Dhies-dboaduoesse nacsep a tp ia
able 1 and Figure 4. suggests a possible symbiotioc
ores in the deposit cminnédrealds,vi deud fiindteo omx in@&ir aé¢ & ¢
ry ores accordi (i tjo Bleedeagirer oni nemdatdasitlifom gmi n®e
e f orrmed dggrae ghartoewn( maisnl y Igiumonizt e)muscovite (i
by primary ore undaedglbamiga,ddigptea [le@kio goexd 5déma v e ns t
g, and is | ocated &uwhesteriaféacoemnoo pthé copgranulsdaml |
ce locations (Fig. r®&e)i.duRsi marsy wel¢ls kag ethinomeit bg
d in the form of mevtealshokmea,t i i sad e-deirsesdé eridoncaktse d naf ha b
formed when the surr d&dwendifng rMheksmanaami ndrealorceom)
ergo intense muscoviteraankls ccloanysi mit serod! gaht ez at maan
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Fig. 3 Photographs of representative structure and sampl e
(a) A chlorite belt filling the space between a fradhatlurcedti @me aamnd sgu
tural deformation; (b) a chlorite belt distributetd tanoorz® ge @amji u gatfe ojmo
surface that has undergone sericitization and chlmnhttetsmafhor @wuthndib
arranged in a directional pattern records the defor(diatpiromahiystoory; f r (©d
deep drilling (Zk488R)fidg)vemo&kyi graysperasedMni camboeasds faclkshfr onmsT
sive ore from Tc 03 (i) a carbonation film on thepynirtfeaceCalf: oc &l ¢int €

Fig. 4. Typical section of Ulan Uzhur Ag deposit (modified
(a)-b@rmeing tectonic al theraatiingn tzeanenficr a$h-kbgatbjpqdteeoated hioac zBIDE1f o¢c B

by small amo unt-fselodfs pkairo t(iFgegr. @ a5dai ,\Keb )Jc.ar bonati on and chl
And the alteration of its sBagsedindnnighe opasagboeasi @ seo
degree of zoning, white mitchae aUlt &m atUizdmr r udnesp otshirtou@ha fel
alteration zone. The centpr oodssmicnaenr adda zdiit v iodetdiag enshai
il litization, beresitizat iThre agmydrittzer somati &t i ogn,i ssph
out war d into narrow and fuai t 2d v&kiarod | n-gdairnee da,t @ wie & ¢hr



