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Annomayusn. Ctathsi CONCPKUT PE3YJILTATHI CTATUCTHUYCCKOW OOpPaOOTKM T'COXUMHUYCCKUX JTAHHBIX
JUTSL TIOPOJT MEeCTOpOKAcHUsT Boiib(hpama [lopoxorckoe (FOxkHbIM Ypail), MOMYYCHHBIX TPHU TUIAHOMEPHBIX
reoyioropa3BeouHbIXx padorax. CraTucTUYECKHE BHIOOPKU (HOPMHUPOBAIKCH JUIS PA3JIMYHBIX THIIOB BMEIIa-
IOIIMX TIOPOJ: aHJC3UTOB M WX Ty(OB, CIAHIICB, METACOMATUTOB (BKJIFOYAs CCPHUIMT-KBAPIICBBIC, SIHIOT
U XJIOPUT-COJIEPKAIINE) U CKAPHOB. YCTAHOBJIEHO, YTO JAJsi BceX MOopoJi [TopoXOBCKOro MeCTOpOKICHUS
XapaKTepHBI MOBBIINICHHBIC cofepkanust W, Mo u, B MeHbmiei crenenu, Be, Cu, Li u Zn. Bo Bcex Tumax
MOPOJI MPUCYTCTBYIOT YCTOWYHMBBIC TPYIIbI KOPPEIUPYIONIMX MEXKIY COOOW 3JIEMEHTOB, KaK CBS3aHHBIC
C MPOIIECCOM TIpei3eHMU3aIMK, TaK U TPYMIbI JJIEMEHTOB, YHACIEIOBAHHBIE OT MPOTOJIUTA. 30HAIBHOCTH
B paclipe/ieJICHUH 3JIEMEHTOB Mo oTHOIIeHUIo0 K FOro-KoHeBckoMy mMaccuBy JIEHKOTPaHUTOB, CUUTAIOLTIMCS
PYAOTEHEPUPYIOIIMM JJIsI MECTOPOKACHUS, OTCYTCTBYET. Y CTAHOBJIEHO OTCYTCTBHE KOPpENALUU Mexay W
n Mo Bo Bcex TMNax BMeIarmux nopoa. Ilpeanoxen KOMIUIEKC CTATUCTUUECKUX METOAOB ISl BBIICICHUS
MEePCIEKTUBHBIX TIOMIAJICH MPU HESIBHO BhIpaykeHHOM W-Mo MUHEepanu3au B mopojax.

Knroueswvie cnosa: Bonbdpam, METaCOMATUTHI, TPEH3CHU3AIIMS, CTATUCTHYCCKUI aHAIH3, MECTOPOXKIC-
Hue [Topoxosckoe, KOxHbIi Ypait.

Abstract. The article contains the results of statistical processing of geochemical data for rocks of the
Porokhovskoe tungsten deposit (South Urals) obtained during systematic geological exploration. Statistical
samplings were formed for various types of host rocks: andesites and their tuffs, shales, metasomatites (includ-
ing sericite-quartz, epidote and chlorite-bearing) and skarns. It is established that all rocks of the Porokhovskoe
deposit are characterized by increased contents of W and Mo and, to a lesser extent, Be, Cu, Li, and Zn and by
stable groups of correlated elements, both associated with greisenization process and those inherited from the
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protolith. No zoning is revealed in the distribution of elements in relation to the Yugo-Konevsky leucogranitic
pluton, which is considered the ore-generating for the deposit. No correlation between W and Mo was identi-
fied in all types of host rocks. A number of statistical methods is proposed for the identification of promising

areas with unclear W-Mo mineralization in rocks.

Keywords: tungsten, metasomatites, greisenization, statistical analysis, Porokhovskoe deposit, South

Urals.

BBenenue

Mecropoxaenus Boimbdpama Ha KOxHOM Ypane
n3BecTHBI ¢ kKoHIa X VIII Bexa, HO MX cucTeMarude-
CKas pa3Bemka M pa3paboTka Hadalrach TOMBKO B XX
Beke. Mecropoxaenue [1IopoxoBckoe, pacroinoKeHHOe
B Kacmuuckom paitone YensOumHckoi o0iacTH, pas-
pabarpIBaIOCh MOA3EMHBIM CITocoO0oM ¢ Hawanma 40-X
rT. lOro-KoneBckum pymaaukoMm (YipaBieHue IBET-
HOI METayulyprud U XMMUYECKOM MNPOMBILUICHHOCTH,
['maBBONMB(pamMpenmer), oqHako B 1957 . B ¢BsI3M C
aBapueit Ha [10 «Mask» moObrda OblTa TIpeKpareHa
U MECTOPOXKIEHHE OBLIO 3aKOHCEPBUPOBAaHO (3010¢B
u 1p., 2004). l'eoxumMudeckoe U3y4eHne MeCTOPOXKIe-
HUS IpOBOAUIIOCH B 1950-€ rozibl, 0THAKO MOJTyYEHHbIE
JTAaHHbIE OTJIMYAOTCS METOAMKON OIpeneseHUu U Ko-
JTIUYIECTBOM DJIEMEHTOB, YTO OCJIOXKHSIET KOMITIEKCHYIO
WHTEPIPETAINI0 TeOXMMHUECKOW WH(POpPMAIUN | ee
WCTIOJIh30BaHNE IS TTOMCKA M ONEHKH CXOIHBIX IIPO-
SIBJICHUH BOJTb(pama.

B 2021-2022 rr. Ha yuacTke MecTopoxaeHus [1o-
poxoBckoe AO «YpasibCkas reosioropasBefiouHas dKc-
neuuusn» (AO YI'D) (. ExarepunOypr) Obutn mpoBe-
JIEHBI TIONCKOBO-OIIEHOYHBIE PabOoTHI, B X0/Ie KOTOPBIX
MONTy4eHbl CHCTEMATHYECKNE TeOXMMHYECKHE JaHHBIE.
Lensio maHHOI PabOTHI SIBIISIETCS CTAaTHCTHYECKast 00-
paboTKa pe3yJabTaTOB TEOXMMHUYECKOTO aHAIHM3a Mpod
BMEIIAOLIUX [TOPOJ, NOJy4YeHHbIX B Xo1e I'PP nys BbI-
SBIICHUS] OCOOCHHOCTEH pacmpefeNieHus] YIIEMEHTOB B
00BeMe MECTOPOIKICHUS.

l'eosiornueckoe crpoeHue
IMopoxoBcKkoro MecTopoKIeHUS

[TopoxoBckoe Bomb(paMoBOE MECTOPOXKIICHHE
npuHaaexuT Kk KoHneBcko-KapacheBCkoMy pyaHOMY
Y31y, KOTOpbI BXOAUT B BOEBCKO-BUKTUMHPOBCKYIO
penkoMeTaibHy0 30HY. CTpOeHHE MECTOPOXKICHHS
onpenensiercs KogMHCKMM HaIBUTOM 3amaHOTO IIa-
JIEHUs] W JIOKAIIbHBIMU CyOMEpUIMOHATBHBIMH Hapy-
HMICHUSMH COPOCOBO-CIIBUTOBOTO XapakTepa. Bmerra-
FOIIMEe TIOPOJIBI TIPECTaBIIEHBl N3MEHEHHBIMH TITaTHO-
KJIQ30BBIMHU ¥ MIUPOKCEH-TNIATHOKIa30BBIMHU aHIE3UTO-
BBEIMH TIOPPUPUTAMH U UX TyPaMH MEKEBCKON TOJIIN
(Sim). AnzgesuTsl Mpeobpa3zoBaHbl MPOIECCAMH PETH-
OHAIIFHOTO MeTaMop(r3Ma B MEITKO3EPHHCTHIE CEpH-
[UT-aKTHHOIUT-3IUIOT-XJIOPUTOBEIE CJIAHIIBI, YacTO
C COXpaHEHHEeM TNEepPBUYHBIX TMOPPHUPOBBIX CTPYKTYD.
B ceBepHOi YacTM MECTOPOXKIEHUS CKBOKHUHAMU
BCKPBITHI MEITKO3EPHUCTHIE MPaMOpa, Ha KOHTAKTe KO-
TOPBIX C BMEIIAIOUINMH TOPOJAAMH Pa3BUTHI DITUIOT-
MTUPOKCEHOBBIE U SMUAO0T-XJIOPUTOBBIE CKapHBI U JIIH-
O3UTHI. [ TMHUCTas KOpa BHIBETPUBAHUS Pa3BUBACTCS
Ha 1younny 2—4 M, naoraa 1o 10 m (Poros u ap., 2023).

Ha MecTopoxieHUM IHPOKO Pa3BUTHI XJIO-
PUT-CEpPHUIINT-KBAPIIEBBIE METACOMATHTHI Tpei3eHo-
BoH (popmariu, hopMHUpPOBaHKE KOTOPHIX CBSI3aHO CO
CTAaHOBJICHMEM MAacCHBa ITOCTKOJUTU3NOHHBIX JIEHKO-
KpatoBbiXx TpaHuTOB HOro-KoHeBckoro KkomIuiekca,
PaCIONIOKEHHOTO Ha 5 KM ceBepo-3amangHee (30510eB
u np., 2004). B nipenenax MaccuBa pa3iHyaroTCs OMO-
TUTOBBIE TOP(UPOBHUIHBIE MEITKO3EPHUCTHIE agame-
JUTHI TIEpBOH (a3bl co cpemHuM comeprkanueM SiO,
69.5 mac. % u cpeaHe-KpyIHO3EPHUCTbIE JTEHKOKpPATO-
BBI€ TPAHUTHI BTOPOH a3kl ¢ comaepkanneM SiO, 73.6—
75.5 mac. % B obpamiieHun MaccuBa pacrpoCTpaHEeHbI
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Geochemical features of host rocks of the Porokhovskoe tungsten deposit (South Urals)

Puc. 1. Teorpapuueckas ro-
3unus MectopokaeHus [lopoxoBckoe
(a) 1 cxema reoIormIecKOro CTPOCHUS
MectopoxaeHus (Unctsakos, 1964, ¢
noromaerreM AO YI'D) (0).

1 — 1ydsr mopdupuroB; 2 — 24 8/

nopébe- 2 / ._‘.

MTHUPOKCEH-TTarHOKITa30BBIE 1 o — -
A/ A</ TIopoXoBgKOe!
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THHOJINTOBBIE TOPOZBL, 5 — CKapHBI;
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6 — KapcTOBBIC TIOJOCTH; 7 — BOIb-
(hpamMOHOCHBIE KBapIeBbIE M KBapIl-
MYCKOBHTOBBIE JKHJIBI, 8 — 30HBI 3ITH-
JOTH3aINM; 9 — TEKTOHMYIECKUE Hapy-
meHust; 10 — rpaHullbl y4acTKOB.

Fig. 1. Geographical position
of the Porokhovskoe deposit (a) and
scheme of geological structure of the
deposit (Chistyakov, 1964, modified
by UGE Company) (0).

1 — tuff of porphyrites; 2 —
pyroxene-plagioclase porphyrite; 3 —
marble; 4 — epidosite, epidote-chlorite,
epidote-actinolite rocks; 5 — skarn;
6 — karst cavities; 7 — W-bearing
quartz and quartz-muscovite veins;
8 — epidotization zones; 9 — faults;
10 — boundaries of areas.

MPOIYKTBl OPOTOBUKOBaHUSI — aMpUOONUTHI U OHO-
TUT-aMpurbosoBbIe cnanibl. C TpaHUTAMH CBSI3BIBAIOT
CKapHBl M TPEH3CHBI, MPOJAYKTHBHBIE HA BOJIb(paMo-
Boe U Bosb(paM-OepriutneBoe opyneHenne (Koposko
u ap., 2015).

[TopoxoBckoe MECTOPOXKIEHUE OTHOCUTCS K
BOJb()paM-KBapIIeBO-KHIBHON TI'pei3eHOBON py/IHON
(hopmarum, U B ero npeenax Byieisrorest LieHTpans-
Hbli 1 CeBepHBIN yuacTKH (puc. 1). [1aBHbIN TpoMBbIIII-
JICHHBIN THI OPYACHEHUS — )KUIIbI, KOTOphIe 00pa3yroT
JIBE CHCTEMBI: CEBEpO-3amajHyl0 (a3. MPOCTUPaHUS
310-330°) u cyOmmupoTHyo (a3. mpoctupanus 280—
290°). MoutHOCTh KU BapbUPYeT OT MEPBBIX CaHTH-
MeTpoB 10 0.5 M. JKHJTbl UMEIOT KBapI-MyCKOBUTOBBIH
COCTaB C BTOPOCTETIEHHBIMU KapOoHaTaMu (Tpeumy-
HIECTBEHHO, JIOJIOMUTOM M PEXe KalbIIUTOM), (IIro-
OpUTOM, pexe anbOuToM. PyrmHas MuHepamu3aims
Mpe/cTaBieHa BOJIb(paMUTOM (pHUC. 2a), IICEITUTOM,
nuputoM (puc. 20), XaJIbKOIMUPUTOM U 00JIee PEIKUMU
MOJHMOJICHUTOM M XaynbKoreHuaamu Bi. YKubl nHOTIa
OKpPY’>KE€HBI KailMaM{ OCBETJICHUS U CEPUIIUTHU3AINH.
CxapHOBBIE pPyIbl Pa3BUTHl JIOKATBHO M CBA3AHBI C
MpaMmopaMu. PynHas MuHepanu3anus B CKapHax Mpeji-

MUWHEPAJIOTVISI/MINERALOGY 9(4) 2023

CTaBJICHA IICCIUTOM, CylIb(puuaMu (ITMPUTOM, MEHEE
pacipoCTPpaHECHHBIMU MOJIMOJACHUTOM, C(aJICPUTOM,
XaJTBKOMTUPUTOM, TAJICHUTOM) (puc. 2B), U peako — Oe-
putom (Poros u np., 2023).

MeTtoauka uccjaenoBaHuin

B pabore ncrnonb30BaHbl TaHHBIC XUMHYECKOTO
coctasa 2050 kepHOBBIX TIPoO MecTopokaeHus [Topo-
X0BcKoe, ronyderHasie Merogom MCIT-MC B maboparo-
pun AO «CXC Bocrok Jlumureny (1. Uuta). Ananus
npoBezeH s nerporennsix (K, Ca, Mg, Fe, Ti, Al, Si,
P) u peaxux (Be, Mo, W, Sr, Li, Ba, Mn, Cr, Cu, Ni,
Co, Zn, V, Cd, Pb, Sb, Sc, Sn, As, La, Y) aneMeHTOB.
Conepxanust Cd, Pb, Sb, Sn u As B mpo6ax okazajiuch
HIDKE TIpesieia OOHapyKeHHs M B CTarbe HE paccMma-
TpuBarotTcs. I onpeeseHns FreOXUMHYECKOH Crieny-
aM3aluy OIICHEH XapaKTep pachpe/ieieHus] U Paccuu-
TaHbI KJIAPKH KOHIICHTPAIIMA XMUMHUYCCKUX SJIEMEHTOB
(Tabm. 1), xjapkoBble coOJepX aHHWS B 3eMHON Kope
B3sTHI U3 (BomoukoBud u ap., 1999). Pactipenencuue
OCHOBHBIX DJIEMEHTOB B 00BEME MECTOPOXKICHUS BU-
3yalli3uPOBaHO MPHU MOMOIIH rporpammbl Rock Works.
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Puc. 2. OCHOBHBIC THITBI PYIHBIX KIWI: 8 — KPYITHOKPHCTAJUIMIECKUI TIOOHEPUT B MYCKOBUT-KBapIIeBOH xuie (00p.
2041A/130.1); 6 — oborameHHBIH cynbhunamMu kKapOoHAT-(ITF0OPUT-KBAPIIEBEIA MPOXUIOK (00p. 2051/49.6); B — dumoopur-
MTUPUTOBAS JKUIIa B Mpamope (00p. 2013/129.6).

Fig. 2. Main types of ore veins: a — coarse-crystalline hiibnerite in muscovite-quartz vein (sample 2041A/130.1); 6 —
sulfide-enriched carbonate-fluorite-quartz vein (sample 2051/49.6); B — fluorite-pyrite vein in marble (sample 2013/129.6).

Tabnuya 1
Cpennnii XMMHYeCKHI COCTaB BMELIAIOIIUX IOPoJ MecToposkaeHns [lopoxosckoe
Table 1
Average chemical composition of host rocks of the Porokhovskoe deposit
AI|Fe|Ti|K Ca|Li|Sr|Be|W|Mo

mac. % I/t

AHIE3UTHI U UX
Tyds! (n = 1600)
Coannipl (n = 83) 7.53 4.53 0.30 2.96 3.10 238.67 | 171.20 | 27.62 | 480.36 | 11.27
MertacoMaTuthl
(n = 155)
Ckapusbl (n = 98) 4.38 3.34 0.22 1.18 21.45 139.55 | 311.96 | 54.98 | 605.18 | 1091.16

8.32 5.67 0.40 3.07 4.70 242.18 | 268.65 | 34.02 | 618.64 | 23.97

8.51 5.78 0.37 3.66 491 312.19 | 221.42 | 43.87 | 993.68 | 40.61

Ba | Mn | o | T | v [ za | Ni [ cCo| La]| ¥

r/T

AHIE3UTH 1 UX TY(QBI
(n=1600)
Cuannst (n = 83) 384.10 | 1550.00 | 224.70 | 3000.00 | 99.16 | 211.20 | 38.07 | 18.43 | 17.11 | 27.70
MetacoMaTuTsl (n =
155)
Ckapssl (n = 98) 416.25 | 1674.94 | 288.39 | 3400.00 | 110.98 | 364.11 | 96.96 | 31.25 | 14.82 | 13.73

Ipumeuanue. 30eco u 6 maobn. 2, n — KOIMUECTBO MPOO.
Note. Here and in Table 2, n — sample number.

367.40 | 1665.13 | 176.77 | 4000.00 | 201.12 | 324.69 | 40.33 | 30.31 | 13.61 | 18.83

341.61 | 1808.00 | 162.84 | 3700.00 | 194.06 | 245.48 | 28.32 | 31.77 | 12.71 | 16.43
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KoppensinonHslii aHanu3 MOpoBeAeH ISl To-
MOTEHHBIX BBIOOPOK IO OTAEIHHBIM THIIAM BMEIIAI0-
MIUX TIOPOJ, BKIFOYAsl aHIE3UThl U UX TY(bI, CIaHIIBI,
METacOMaTUThI, CKapHbl. THIBI BMEMIAIONUX ITOPOIT
BBIZICIICHBI Ha ocHOBe omucanus AO YI'D. YposeHnb
3HAYMMOCTH KOPPEJSIMOHHBIX CBs3el MpUHAT 95 %.
CraruCTUYECKUI aHaJIM3 BBIMOJHEH B Mporpamme
STATISTICA. KoppensuuoHHBIE MaTPHUIlBI TPHUBEIE-
HBI B DJIEKTPOHHOM TPUJIOKEHUH.

s paxropHOTO aHANMM3a YpOBEHH 3HAYMMOCTH
npuHAT 5 %, aHOMaJbHBIE 3HAYCHHS, MTPEBBIIIABIINE
TPH CTaHJIAPTHBIX OTKIIOHEHHSI, 3aMEHEHBI Ha MPeJIeh-
HO JOIMyCTUMBbIE 3HadeHHWs. B pesymprare mpoBepku
3aKOHa pacTpeieNeHus] YCTaHOBIEHO, YTO TOJBKO TIe-
peMeHHBIe BBHIOOPOK «cIaHIe (83 mpoObl) U «MeTa-
comatuthbl» (155 mpob) oTBeHAroT HOPMAJIHLHOMY HIIH
JIOTHOPMAaJILHOMY pactpeiesiennto. B BeiOopke «cnan-
I[bI» HOPMAJIGHOE paclipe/ielieHne XapaKTepHu3yeT CO-
nepxxaans K, Al, Ti, Si, Sr, Be, Li, Ba u Yu moruaop-
MansHOe — Mg, Ca, Fe, P, Cu, Sc, V, Mn, Zn, Cr u W.
B BBIOOpKE «METacOMATUTBD» HOPMAJIHHOMY OTBEYAIOT
pacupenenenns cogepxannii K, Al, Ti, Fe, Ca, Mg, Si,
Sc, Ba, V u Sr u nornopmansaomy — Be, W, Cr, Mn,
Zn, Cu, Li mn Y. /I epedrciieHHbIX JIEMEHTOB ITPO-
BeieH (akTopHbli ananus (bemorun u ap., 1982). Jlns
CJTAaHIIEB BBIJIENICHBI JIBa 3HAYUMBIX (haKTOpa, KOTOpHIE
B COBOKYIHOCTH ONUCHIBaIOT 60 % H3MEHUYMBOCTH UX
XUMHYECKOTO cocTaBa: BKiaj dakropa 1 — 43 %, dak-
topa 2 — 17 %. [lng mMeTacoMaTuToB BBIJIEIECHBI TPH
3HaYUMBIX (haKTOpa, KOTOPHIE B COBOKYITHOCTH OITHCHI-
BatoT 56 % m3meHunBOCTH. BRian daxropa 1 — 28 %,
¢axropa 2 — 18 %, daxropa 3 — 11 %.

Pesynbrarel padot

Teoxumuueckan cneyuanuzayus nopoo. Cpej-
HUM XUMUYECKUN COCTaB BMELIAIOLIUX MTOPOA MECTO-
poxnenust [lopoxoBckoe mpuBeneH B Tadn. 1, Bapua-
LU COAEP)KAHUN XMMUYECKUX DJIEMEHTOB Ha puc. 3.

AHIE3UTHI ¥ UX TY(BI, COCTABIAIONINE OOJIBIITYIO
yacTh mmromaan [1opoxoBCckoro MecTopoXIeHus, UMe-
0T TEOXMMHUYECKYIO CIleruanu3aniio Ha W, B MEHb-
e crenenu — Mo, Be, Li, Zn u Cu. B noBbIIIeHHBIX
KOHILIEHTpauusax npucyTcTBytoT V, Mn, Cr, Co. Coznep-
kauus Ni, La, Y, Ba u Ti — Hmke KI1apkoBbIX (puc. 4).
Pacripenenienne meTpOreHHBIX 3JIEMEHTOB paBHOMEP-
Hoe, 3a uckimoyenuem Ca nu Mg. Pacnpenenenue pen-
KHX 2JIEMEHTOB HepaBHOMepHOe, a Mo, W, Ni, Cou Zn
— KpaiiHe HepaBHOMepHOe (Taolr. 2).

MUWHEPAJIOTVISI/MINERALOGY 9(4) 2023

I'eoxmmudeckas crenuanu3anys CIaHLEB CXOM-
Ha CO CTennaIn3alyei anae3uToB u ux Typos: W, Be,
Mo, Li u Zn. OHako B CiIaHIIaX MMOBBIIICHBI COIEPIKa-
Hus Cr, a conepkanus Cu, Co u V CpaBHUTEIBHO HUXKE
U OTBEYaroT KJIapKOBbIM. Huke KiIapkoBBIX comepiKa-
Hus Ni, Ti, La, Y, Ba u Sr (puc. 4). Pacripenenenune
HNETPOTCHHBIX JIEMEHTOB PaBHOMEPHOE, 3a MCKIIOUe-
HueM Ca u Mg. PacnipeniesieHue peikux 3J€MEHTOB He-
paBHOMepHOE; W 1 Zn — kpaiiHe HepaBHOMepHoe. Pac-
NpEeAEICHNE PEAKUX 3JIEMEHTOB B CIAHIAxX, B 1IEJIOM,
0osiee paBHOMEpHOE, YeM B aHAe3uTax (Tadm. 2).

B meracomarutax HaOMIO#AIOTCS CaMble BBICO-
KHe KOHUEHTpauuu W U, B MEHbIIEH cTerneHu, Mo u
Li. Beime kmapkoBbIx KoHIeHTpamuu Zn, Cu, Mn u
Co, mmxe xmapkoBbix — Ni, Ti, La, Y, Ba u Sr (puc. 4).
Pacnipenenenue Ti, V u Y paBHOMepHOe. OcTaiabHbIe
peIKue AIEMEHTHI paclpeesieHbl HepaBHOMEPHO, a W,
Cu u Zn — kpaiiHe HepaBHOMEPHO (TabI. 2).

st ckapHOB I10pOXOBCKOTO MECTOPOXKACHUS Xa-
pakTepHbl BeIcokHe conepxxkanus Mo u W. Taxxe B mo-
BBIIIEHHBIX KOHIEHTpaImsax otMedensl Be, Cu, Zn, Li
u Cr. Conepxanus V, Ti, Ba, Sr, La u Y 3HaunTenpHO
HIDKE KJIapKoBBIX (puc. 4). B ckapHax Bce 3JIeMEHTHI
pacnpeneneHsl HepaBHOMEpHO, a Mo, Cu u W — kpaii-
HEe HEpaBHOMEPHO, P 3ToM Mo HMeeT caMblil BBICO-
ku# k03 durrenT Bapuanun paBHbii 409 % (Tadm. 2).

Pacnipenenenne W, Mo, Be u Cu B o0beme Mme-
CTOPOXK/ICHUSI KOPPEIUpPYeT C TUIOM BMEILAOIINX
HOpOJ, MPHU 3TOM KOH(GUTYpanus 30H IOBBIIICHHBIX
KOLICHTpaLUH CcOIllacHa ¢ MPOCTHPaHuEM 1opox (puc.
1, 5, 6). Haubomnee Bricokue conepxkanust W u Be Ha0-
JIOJAIOTCS B aHjae3uTax M Tydax, Hanbosee moasep-
JKEHHBIX TIPOLIECCaM Ipei3eHn3anuu ¢ 00pa3oBaHuEM
pyaHbIX xui. Beicokue copepxanus Mo u Cu xapak-
TEpPHBI 111 Y4acTKOB CKapHUPOBaHUSI MpamopoB. OT-
YEeTINBasl 30HAJILHOCTD PACHPEIEICHUS HJIEMEHTOB I10
otHouleHuto k FOro-Konesckomy rpaHutHoMy maccu-
By He OOHapy»XeHa.

Koppenayuonnwiii ananus. B pesynsrare Kop-
PEISILMOHHOIO aHalIM3a AJsl aHIE3UTOB U Ty(oB Me-
CTOPOXKACHUSI CHIIbHBIE (KOA(OHULUNEHT KOppesuuu
r >0/6) MONOXUTENbHBIC CBSI3H BBISIBICHBI B CIEAYIO-
MIUX TPYIIax XUMUYECKUX dmeMeHToB: W-Mn, Li-K,
Co-V-Ni, Mg-Fe-Ca, P-Ti. CunpHBIE OTpHUTIATETHHBIE
cBsi3M HaOmomaroTcs Mexnay Si m rpynmoit Fe-Ca-
Mg-V, a takxe Mg u Y. O6ocabnuBatorcs Tpyrmisl Li-
K-Be u Cu-Zn, xoTOpBIe UMEIOT cIaldble WiIN He3HAYH-
MBI€ CBSI3U C APYTMMH 3jieMeHTamu. Boiabsdpam u Mn
UMEIOT TTOJIOKHUTENbHYI0 cBs3b ¢ Ca. MonmubaeH n Be
HE MMEIOT 3HaUUMBIX CBSI3€H C OPYTHMMH 3JIeMEHTaMH
(anexkTpoHHOE mpuiioxkeHue 1). Beinenenusie rpymniisl
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Puc. 3. Bapnanuu copepaHuii XUMUYECKHX 3JIEMEHTOB BO BMEIIAIOIIMX MOpoaax MectopoxaeHus [lopoxosckoe: a —
AHJIE3UTOB U UX Ty(OB; O — CIIAHIEB; B — METACOMATHUTOB; I — CKApHOB.

I'pannnamu OOKCOB City’KaT IIEPBBIA U TPETHUI KBAPTWIIH, KYChD» ITIOKA3bIBAIOT MOJHBIA pa3Max coAepKaHHM.

Fig. 3. Variations in contents of chemical elements in host rocks of the Porokhovskoe deposit: a — andesite and andesitic

tuff; 6 — shale; B — metasomatite; r — skarns.

The boundaries of boxes are the first and third quartiles and the whiskers show a range of contents.

U TIPENNONIOKUTEIbHbIE MUHEpalbl U MHHEpPaJbHbIE
accolManuy, X 00ycIaBIMBAIOLINE, NPUBEIACHBI Ha
puc. 7a.

B cnanuax BbIABIISICTCS CHJIbHAS MOJOXKUTEIIb-
Has cBs3b B rpymnmnax Mg-Co-Fe-Ti-V-Ca, pu atom Fe
u Ti csansl ¢ P, Mg — ¢ Li-K, Zn, Cr-Ni, Si-Y-La.
CuiibHBIE OTpULIATENIbHBIE CBSA3U HAOIIOAAIOTCS MEXK LY
rpymmamu Si-Y-La u Mg-Co-Fe-Ti-V-Ca-Li-Co. O60-
coOieH Zn, KOTOpBIi HE MMEET 3HAUYMMBIX CBS3EH C
IpyruMu anemenTamu. Bonbdpam u Mn uMeror cBsizb
¢ rpymmoii Li-K-Be u Mg-Co-Fe-Ti-V-Ca (puc. 76).

B wMeracomaruTax CHJIbHBIE IOJOKUTEIbHBIE
cBs3u HaOmonatorcst B rpynmax Li-K, Mn-W-Zn, Fe-
Co-Cu, V-Mg. CunbHble OTpULATENIbHBIC CBSI3U Ha-
omonatorcst mexay Siu 'V, K u Sr. Monmubnen nmeer
ci1abble MM HE3HAUYUMBbIE CBS3H C APYTHMMHU 3JIEMEHTa-
Mmu. [pyrnma Mn-W-Zn nonoxurensHo cBs3ana ¢ Li-K
u Fe-Co-Cu (puc. 78).

B ckapHax HaOmromaeTcsi CHIIBHBIN aHTarOHU3M
mexny Ca u rpynmnoit Al-Si-Fe-K-Li-Ba-V-Y. Bounb-
(dpam nMeeT CHIIbHYIO MOJIOKUTENbHYIO cBs3b ¢ Cu u
Oonee cimabyto — ¢ rpymmoit Fe-Co-Zn. bepumnmii mo-
JIOKUTENBHO CBsI3aH ¢ rpynnoil Mn-Sr-P u He nmeer,

MUHEPAJIOTUS/MINERALOGY 9(4) 2023



Teoxumuueckue 0COOEHHOCIU BMEWAIOUWUX NOPOO Mecmopodicoerus sonbgpama Ilopoxosckoe (FOxchwiii Ypan)

43

Geochemical features of host rocks of the Porokhovskoe tungsten deposit (South Urals)

1 000

o 4

10

Knaps KOHUEHTpAIHH

Be W Mo Li Sr Ba Mn

s A HIEILITEI T X TY(5T
CnaHUEB!
m— W] ETACOMATIITET

CKRapHBI

€ Ti VvV L Zn NI Co L& X

Puc. 4. Cnaﬁz[ep-zlnarpaMMa KIIAPKOB KOHHCHTPAIUU XUMHUYCCKUX 3JICMCHTOB BO BMCIIAIOMIUX TOPOAAX MECTOPOKAC-

HHUA HOpOXOBCI(OG.

Fig. 4. Spider-diagram of global mean contents of chemical elements in host rocks of the Porkhovskoe deposit.

Tabnuya 2
PacnipenesieHne XMMHUYeCKHX 3JIEMEHTOB B Oopoaax MecTopoxaeHus [lopoxosckoe
Table 2
Distribution of chemical elements in rocks of the Porokhovskoe deposit
Xapakrep pacrpenenenus o (Kpeiitep, 1969)
Tun nopoa u B Koah
KOMIHAECTEO PaBHOMEpHEIi HepasromeprIii HepaBIigi:é;HHﬁ HepaBII-:gf/IzleDHHf/i
aHaJIM30 _
HATHEOB (20-40) (40-100) (100-150) (>150)
AHJIE3UTHI K X V (78), La (71), Cr (65), Ni (643), W (430),
Ty (b Ti (33) Li (59), Mn (50), Ba (49), Cu (144) Zn (331), Co (323),
(n=1600) Y (43) Mo (175)
CrnaHmer . Co (75), Li (61), Cr (58), Ni (114),
(n = 83) TiG6) Y8 | i (48), Ba(45), La (41) | V (104), cu(101) | W G12):Zn(155)
Meracomarutsl (n | V (39),Y (35), Co (92), La (74), Cr (56), Ni (136) W (332), Zn (183),
=155) Ti (31) Li (53), Mn (47), Ba (48) Cu (150)
Ni (95), Li (80), Ba (76),
&Kip;*g)‘ Zn (68), Cr (39), Ti (52), V | Be (135), co (112) | M° (433 )(’1(738)(369)’
(49), Y (44), Mn (40)

Ipumeuanue. B ckobkax ykazaHbl KO PHUIIHEHTH BApHAIIHN.
Note. The variation coefficients are indicated in parentheses.

Tak ke Kak Mo, 3HaYMMBbIX CBA3€H C IPYTUMH dJIE€MEH-
Tamu (puc. 71).

Dakmopuslil ananu3 TO3BOJMI BBICTUTH He-
CKOJIBKO (PaKTOPOB, OMHCHIBAIOIINX pacIpeeeHrne
XUMHYECKHX 3JIEMEHTOB B ITOPOJIaX MECTOPOKICHUSI.

Jna cnanmeB BeigeneHo /Ba (paxkTopa, 3HAYNMO
OTIMCHIBAIOIINX HW3MEHYMBOCTH pacCIpeelIeHus dJie-
MeHTOB (R =0.21) (Tab6m. 3). Ha dakrop 1 Hanbonbmiee
TTOJIOKUTEITFHOE BIUSHUE OKa3bIBAIOT Si M Y, OTpHUIIa-
temsHOe — Mg, V, Fe, Ca, Ti u P. He3naunmo BiustoT
K, Cr, Znu W. Ha (aktop 2 HanbobIIee moIoKuTehb-
HOE BIIMSTHUE OKa3bIBaeT St, oTpuiareiabHoe — W u K.

MUWHEPAJIOTVISI/MINERALOGY 9(4) 2023

[To dakropy 1 HabmOmaeTCs pa3aeeHne CIaHIeB
Ha TaKOBBIC C OOTaTON KWJIBHOU PYTHOW MHUHEpaATH3a-
el B 00IacTH OTpHUIATeILHBIX 3HAUYCHUH (pakTopa U
CITaHIIBI, OETHBIC )KUJIAMH, B 00IaCTH TTOJIOKUTEIBHBIX
3HaueHuH (haktopa. [lo 3HageHUsIM (hakTopa 2 CIaHITbI
SBHO HE pa3ielsioTcs. B o6racTh MOJI0KHTETHHBIX
3HaueHuH (hakTopa 1 HaXOAATCS CIAHIIBI, HE comeprka-
IITUE PYIHBIX KBapIEeBBIX KW (puc. 8). [o 3HadeHMIM
(hakTopa 2 CIIaHIBI C TOTEHITHAIFHO PYAHBIMHE KHJIAMHI
Y TIyCTHIE HE OTIMYAIOTCS.
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ﬁmAS

Puc. 5. Cxembl pacnpesieieHui CpEeAHUX COACpIKaHUi
W, Be, Mo u Cu (1/1).

Yposens cpesa +30 M.

1 — aHne3uThr; 2 — TY(BI aHAC3UTOB; 3 — CIIAHIBI; 4 —
METaCOMATHTBI; 5 — CKapHBI.

Fig. 5. Distribution of average W, Be, Mo and Cu
contents (ppm).

The level of section is +30 m.

1 — andesite; 2 — andesitic tuff; 3 — shale; 4 —
metasomatite; 5 — skarn.

Jlist MeTacoMaTHTOB H3MEHYMBOCTh pacipeerie-
HUSI XUMUYECKHX DJIEMEHTOB OITUCHIBAIOT TPH (pakTopa
(R =10.16) (tabn. 4). Ha dakrop 1 Haubosbiee mojo-
JKHUTEJILHOE BIMSHUE OKa3bIBAIOT Si M Y, OTpHUIIATEIh-
Hoe — Mg, V u Sc. Hesnaunmo Brusttor K, Ba, Cr u W.
Ha ¢akrop 2 Hanbosbliee MOJIOKUTEILHOE BIMSHHUE
okasbiBatoT K u Li, orpunarensnoe — Sr. Ha dakrop
3 HamOoublee MOJOKUTEIHFHOE BIHMSHUE OKAa3bIBACT

W u Ca, orpunarensnoe — Ba, Al u Ti. Ha rpadu-
Ke 3HaueHui ¢axropa 1 u pakropa 2 ¢puryparuBHbie
TOYKH YaCTHBIX TPOO pa3AeisioTcsi 10 MUHEPaIbHO-
My COCTaBy: B OONacTb MOJIOKUTEIBHBIX 3HAYCHHUN
(akTopa 1 momagaroT CepUIMTOBLIE METACOMATHUTEHI, &
B 00JIaCTh OTPHLATEIBHBIX 3HAYCHUI — XJIOPUT-ITIH-
JOTOBBIE METaCOMaTUTHI. B monoxurensHoi odnactu
(akTopa 2 Ha aUarpaMMme HaXOAATCS TOYKH METaco-
MaTUTOB C MHPHUT-MYCKOBUT-(IIIOOPUT-KBAPLIEBBIMU
MIPOKUIIKAMHU, & B OTPULATEILHON — XJIOPUT-3MUI0TO-
BBIX ITOpoJ] O0e3 MyckoBuTa (puc. 9).

HNHTepnperanus pe3yabTaToB

Ilo nureparypabiM aaHHbIM (3070€B H Jp.,
2004) dopmupoBanue Bcex MoOIHOAEH-BOIBPPaMO-
BBIX MecTopoxaeHuii Konercko-KapackeBckoro pya-
HOTO y371a CBsi3aHO co cTaHoBieHueM KOro-Konescko-
r0 TPaHUTHOTO MACCHUBA, BHICTYIAIOIIETO HCTOUHUKOM
MOCTMarMaTU4eCcKuX TUAPOTEPMATIbHBIX PACTBOPOB.
Panee mnpenmonaranoch, YTO MHHEpPAJOTUYECKUE
OCOOCHHOCTH PYIHBIX JXWJI OIPEIEISIOTCS YIaicH-
HOCTBIO OT MAaTEPUHCKON HHTPY3HUH, BMEILAIOIIUMU
MIOPOJIaMU U JIOKaJTbHBIMHU Pa3pPBIBHBIMU CTPYKTYpaMH
(3omoeB u ap., 2004).

Bwmermaromue noponst Mectopoxaenust [lopoxos-
CKOE 0 XUMHYECKOMY COCTaBY YCJIOBHO MOKHO pasfie-
JIUTH Ha TIOPOJIBL, MPOTOJIUT KOTOPBIX OTBEYAI CPEIHEMY
COCTaBY — aHJIC3UThl U MX TY(bl, CIAHIIbI, CEPUIIUTCO-
JICprKaIlie METaCOMATHThI, a TAKKe M3BECTHSIKH M 00-
pa3oBaHHBIC IO HUM CKapHBL. Vcxoas u3 3Toro, MOXHO
OXHJATh HAIMYME CBSI3EU MEXKITYy XUMHUYECKHMH dJie-
MEHTaMU, IPUCYLIUX KaK UCXOAHOMY HPOTONUTY, TaK U
BO3HMKAIOIIHUX B MPOLIECCE €T0 U3MEHEHMUSI.

W3 ananusa kIapKoB KOHIICHTPALMNA U XapaKTe-
pa pacrupeeneHus 3JIeMEHTOB BO BCEX THIIaX BMeIIa-
FOIUX MOPOJIaX MOXKHO CJIIENaTh BHIBOA 00 MX Ou3-
KOM TreOXMMHYECKOH creruanu3zanud Ha W 1 Mo u,
B MeHbIel crerenn, Ha Be, Cu, Li u Zn. [lns Bcex
opoJ1 XapakTepHel coxepxkanus Ti, V, Sr, Ba, Ni, La
u Y HIDKE KIapKOBHIX. [1OBBIICHHBIE KOHIICHTPALIUU
W xapakTepHBbI 1151 METacOMaTUTOB, a Be u Mo — ans
cKkapHOB. Takue reoXuMHYECKUE YepThl XapaKTEPHbI
IUIST MECTOPOXKIICHUN CBSI3aHHBIX C JIEHKOKPATOBBI-
MU TpaHUTaMU, CIEIUATU3UPOBaHHbIX Ha Be-W-Mo
(MetacomaTusm..., 1998).

HepaBHomepnoe u kpaiiHe HepaBHOMEPHOE pac-
MpeesieHuEe OCHOBHBIX JIEMEHTOB, MPEACTABIISIOIIIX
skoHoMHueckuit nutepec (W, Mo) oTpaxaet npoxui-
KOBBIU XapakTep opyacHenus. Hanboee BpICOKHIA KO-

MUHEPAJIOTUSI/MINERALOGY 9(4) 2023



Teoxumuueckue 0COOEHHOCMU BMEWAIOUUX NOPOO Mecmopodicoerust sonbghpama ITopoxoeckoe (FOxcnwiii Ypan) 45
Geochemical features of host rocks of the Porokhovskoe tungsten deposit (South Urals)

MNpochune AB

g

a¢duueHT pacnpeneicHus Mo CBsS3aH ¢ THE3I0BBIM
XapaKkTepoM BBIJICJICHHI MOJMOJCHNTA — €JINHCTBEH-
HOTO KOHIIeHTpaTopa Mo Ha MecTopoxaenuu (Poros u
np., 2023). OTcyTCcTBHE 30HATBHOCTH PACIIPEACIICHUS
3JIeMEHTOB 1o oTHomeHuio kK FOro-KoneBckomy mac-
CUBY YKa3bIBaeT Ha OMPEAEIISAIONIYIO POJIb JIOKAIBHBIX
TEKTOHWYECKUX CTPYKTYpP M THUIA BMEIIAIOUIUX TOPOJ
KaK pyJIOKOHTPOJIHPYIOMIUX (HaKTOPOB.

HabOmromaemble KOppessIIMOHHBIE CBSI3H BO BCEX
TUTIAX MOPOJ] MPEATIONIOKUTENEHO OMPEAEIISIOTCS MH-
HepajaMH — OCHOBHBIMH KOHIIEHTPAaTOpaMH JAaHHBIX
XUMHUYECKUX 3ieMeHTOB. CuibHasg TOJOKUTENbHAs
Koppessiius cofepxkanuii W 1 Mn o0si3aHa Tro0HepH-
Ty, W-Ca — meenury, Y-La — ¢moopury. Ycroitunsast
JUTSL CUJTMKATHBIX 1opoA Koppensiius Li-K moxeT ObITh
00BsICHEHA BXOXK/IEHHEM ITHX 3JIEMEHTOB B CIIONbL. B
3Ty K€ TPYIIy MOXKET Takke BXOAUTh Be. B nenom,
B3auMocBsizanHbie Tpyrnmbl (W-Mn + Zn) u (K-Li-Be)
XapakTepusyloT IMpolecc TrpenseHnzauuu. llonoxu-
TenbHas koppessinus Sic Y u La B cnannax u ckap-
HaX MOXeT ObITh OOBSICHEHA MPUCYTCTBHEM B 3THX
nopozax KBapi-(pIroopuTOBBIX Wi OTpHUlaTenbHAs
koppensinonHas cBsizb Ca ¢ rpynmoit (Al-Si-Fe-K-

MUWHEPAJIOTVISI/MINERALOGY 9(4) 2023

[ ] AL

rT Puc. 6. Pacipenenenne conepkaHui
e W, Mo, Beu Cumo npoduro AB (/7).
oo 1 —xopa BeIBeTpHBaHusl; 2 — Ty (bl aH-
jrivd JIE3UTOB; 3 — aHIE3UTHI; 4 — CKapHBL

o Fig. 6. Distribution of W, Mo, Be and

200 Cu contents along the profile AB (ppm).
1 — weathering crust; 2 — andesitic
tuff; 3 — andesite; 4 — skarn.
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Li-Ba-V-Y) B ckapHax, MpeArnonoKUTEILHO, CBS3aHa C
nepepacnpeneienneM Ca MeXIy KaldbIIUTOM CKapHOB
U (pIHOOPUTOM KBAPIICBBIX kM. B OOJIBIIMHCTBE TH-
noB nopoz Beiaensercs rpynna Cu-Zn unu Cu-Fe-Co,
o0ycJIoBIeHHAs CyabQUIHON MuHepanu3zanue. [Tpu-
MEYareabHO OTCYTCTBUE CBA3U Mo kak ¢ W, Tak u ¢
3JIeMEHTaMHU-UHANKaTOpaMHu TIpoliecca Trpeii3eHnsa-
MU, AHAJIOTHYHOE pa3ielieHue B pocTpancTBe W u
Mo panee ObLJ10 JOKa3aHO Ha puMepe KokiiaHoBckoro
BOJb(paM-MOJIHOIEHOBOTO MECTOPOXKACHUS B 3aypa-
nwe (HoBocenos u ap., 2022).

Ecnu npeanonarark, 4To ocTanbHbIe HaOmonae-
MBbIE€ aCCOIMALNK XUMHYECKHUX 3JIEMEHTOB OTPaKaroT
MUHEpaJbHBIN COCTAaB MPOTOIUTA (TTMPOKCEH, TIaruo-
KJ1a3, XJIOPUT U T. /1.), TO IEPEUYNCICHHBIE BBIIIE IPYTIITHI
3JIEMEHTOB YKa3bIBAIOT Ha BIUSHHE MOCTMarmMarude-
CKUX TPaHUTHBIX PACTBOPOB, O0OTAICHHBIX PYIHBIMH
3JIeMEHTaMH, Ha Bce THIbl mopoA. Mcrounukom pac-
TBOPOB MOXeT cIy>kuTh FOro-KoHeBckuil rpaHUTHBIN
MacCHB, BHEIPEHHE KOTOPOTO, MPEANONOKUTENBHO,
COIPOBOXKIAIOCH (DOPMHUPOBAHHEM TPEHIMHOBATOCTH
OOKOBBIX IMOPOJ M WX Tpei3eHM3alueld, CKapHUpOBa-
HUUEM KapOOHATHBIX TOPO/I.
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Puc. 7. CxeMbI KOPPEIISIIMOHHBIX CBSI3eH MEXTy JIEMEHTaMU JUIsl pa3HbIX THIIOB BMEINAIONINX MOPO: a — aHJIE3UTOB U
nx TyQoB: 1 — cynbdunsl, 2 — durooput + kBapii, 3 — MOIMOAEHHT, 4 — BOIB(PAMUT, 5 — IITarHoKiIa3, 6 — MMPOKCEH (aBruT), 7 —
MYCKOBUT; 0 — CITaHIIEB: | — XJIOPHUT, 2 — BOIb(MPAMUT, 3 — MyCKOBUT, 4 — TUPHT, 5 — chayiepuT, 6 — MOIMOICHHUT, 7 — IUTaTHOKIIa3,
8 — imoopuT + KBapIy; B — METaCOMaTUTOB: | — MOJIMOIEHUT, 2 — anatut, 3 — KBapi, 4 — BoIb(ppaMur, 5 — cynbQus, 6 — akTH-
HOJIUT, 7 — MyCKOBHT, 8 — [IIEJIOYHOH TTOJIEBOH IITIAT; T — CKAPHOB: | — MOJINOAEHHUT, 2 — CyAb(UIIBI, 3 — KAIBIUT, 4 — BOIIL(QPAMHUT,
5 — MYCKOBHT, 6 — MUPOKCEH, 7 — (IIIOOPHT + KBapII.

[pencraBnens cBsizu ¢ kKoddpumenTom xkoppessinu (r) >0.3, >KUpHBIM BbLIENEeHB! CHIbHBIE CBsi3U ¢ 1 >0.6. Lndpamn
Ha cxeme 0003Ha4YeHbl MUHEPaJIbl 1 MUHEPAJIbHbBIE aCCOIMAIINH, IPE/ITOIOKHUTEIBHO, OTBETCTBEHHBIE 32 BBIJIEJICHHbIE IPYIIIIBL.

Fig. 7. Correlations between elements for different types of host rocks: a — andesite and andesitic tuff: 1 — sulfides, 2 —
fluorite + quartz, 3 — molybdenite, 4 — wolframite, 5 — plagioclase, 6 — pyroxene (augite), 7 — muscovite; 0 — shale: 1 — chlorite,
2 —wolframite, 3 — muscovite, 4 — pyrite, 5 — sphalerite, 6 — molybdenite, 7 — plagioclase, 8 — fluorite + quartz; B — metasomatite:
1 — molybdenite, 2 — apatite, 3 — quartz, 4 — wolframite, 5 — sulfides, 6 — actinolite, 7 — muscovite, 8 — alkali feldspar; r — skarn:

1 — molybdenite, 2 — sulfides, 3 — calcite, 4 — wolframite, 5 — muscovite, 6 — pyroxene, 7 — fluorite + quartz.
The figure shows the correlations r >0.3 and strong correlations with r >0.6 are highlighted in bold. The numbers indicate
minerals and mineral assemblages probably responsible for the distinguished groups.

@DaKTOpHBIN aHaIU3, BHIOJHEHHBIN JJIs CiaH-
[IEB W CEPHUIUT-COAEPIKANUX METACOMAaTHTOB, TIO3BO-
JuuT ©oJiee YeTKO BBILACTUTH MPOIECCH, BIUSIONINE Ha
XHMHUYECKHUM cocTaB nopoa. Pakrop 1, onuckiBarommn
M3MEHYMBOCTh XUMHUYECKOTO COCTaBa CIAHIIEB U METa-
COMAaTHTOB, B HAUOOIIBIIIEH CTETIEHN OTIPENeNSIeTCS TI0-
BenmeHueM Si u Y, T. €. 2JIeMEHTOB, COOTBETCTBYIOIIHNX
MUHEpajaM MMHKOBOTO dTara TPeH3eHn3any — KBapIry
u Quroopurty. OTpHIaTeTbHOE BIUSHUE HA ATOT (ak-
TOp OKa3bIBAIOT AJIEMEHTHI, KOTOPBIE MOTYT OBITH CBSI-

3aHBI C MIPOTOIUTOM. JIJIsi CEpUIIMTCOACPIKAIINX METa-
COMATUTOB BIMSIHAE TPEH3EHHU3AINU TAKXKe OTPaKEHO
B (bakTOpe 2, KOTOPHIA ompenenseTcs moBeaeHneMm K,
Li, Be u Zn. Brigenenusie GpakTOpbl MOXKHO TIPEATIO-
JIO)KUATENTFHO HHTEPIPETHPOBATH KaK OTpaXKarolIue Jie-
ATENLHOCTh THIPOTEPMABHBIX PACTBOPOB HA Pa3iivy-
HBIX 3Tarax UX SBOJIOIHUU B COOTBETCTBHH CO CXCMOM
9BOJIIONIMU KUCIOTHOCTH M TEMIIEPaTyphbl MOCTMAarMa-
THYECKHUX PACTBOPOB BO BpeMeHu (Meracomarusm...,
1998). B pamkax atoii cxemsl (aktop 1 oTpaxkaer

MUHEPAJIOTUS/MINERALOGY 9(4) 2023
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Tabruya 3
dakTopHbIE HATPY3KHU JIEMEHTOB JUIsI ClIaHIeB MecTopo:kaenusi [lopoxoBckoe
Table 3
Factor loads of elements for shales of the Porokhovskoe deposit
[TonoxurensHoO OTpHLaTenbHO
®axrop CuibHO Cpenne Cna6o Cpenne Cna6o
C >0.7
(>0.7) (0.4-0.7) (0.21-0.4) niHo (>0.7) (0.4-0.7) (0.21-0.4)
Mg (-0.96
g (0.96) Mn (-0.63)
Vv (£0.93) Li (-0.62)
) Fe (-0.91) e Be (-0.38)
1 . Y (0. -0.
Si (0.95) (0.68) Ca (0.89) Sr (-0.60) Ba (0.25)
. Al (-0.57)
Ti (-0.80) Cu (L0.45)
P (-0.72) -
Be (-0.65)
Al(0.38) W (-0.72) Zn (-0.63)
2 . . Mn (-0.
Sr(0.59) Ti (0.23) K (0.72) Cr (-0.60) n(-0.39)
Li (-0.57)
4,00
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Puc. 8. ®akropHast quarpamma Jyist CJIaHIICB.

Fig. 8. Factor diagram for shale.

3aBEpIIAIOIIMKM ATal mpolecca rpeid3eHu3aluu, 4YTo
BEIIIECTBEHHO BBIPA3WJIOCH B 0Opa30BaHUM KBapIl-
¢roopuToBBIX K. DakTOp 2, 3HAYUMO OTPEIEIISAIO-
M TIOBEZICHWE DJIEMEHTOB B METAcOMAaTHTax, BEPO-
STHO, CBsA3aH C HAYaJIbHBIMH DTallaMH Fp@ﬁSCHHE}&HHH,
KOT/1a MOOMITU3YIOTCST HAaOO0JIee TIOBMIKHBIEC B KUCITBIX
pactBopax menognsie saemenTsl (K, Na, Li). ®axrop
3, BBISIBJIEHHBIA B MeTacoMaTuTax, BEPOATHO CBA3aH C
3aBCpIIAOIIUMHU dTallaMu FHHpOTCpMaHLHOﬁ ACATCIIb-
HOCTH, IPOSABJICHHBIMHU B 3aMCIICHUU BOJ'IB(bpaMI/ITa
[IeeTUTOM 1 HakoruieHueM B cucteme Cu, Zn, Mn u Be
(Meracomarmsm..., 1998).
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BriBoabI

Taxum 006pa3oM, ¢ y4eToM pa3IngHOTO POTOIH-
Ta BCE TUITHI BMEMIAIONIUX MOPOJ HA MECTOPOXKICHUH
ITopoxosckoe (FOxHBIN Ypail), IMEIOT OIM3KYIO Teo-
XuMudeckyro cnenuanuzanus Ha W 1 Mo u, B MeHb-
mei crenenn, Ha Be, Cu, Li u Zn, xotopast cpopmu-
pOBaHa TPH YYaCTHUHU IBOJIOIMOHUPYIONINX MOCTMAr-
MaTHYECKUX PAaCTBOPOB, CBA3aHHBIX CO CTAHOBJICHUEM
Oro-Konesckoro rpanutHoro wmaccuBa. Jlesrens-
HOCTh PacTBOPOB OTPa3Wjach B MPUCYTCTBYIOIIUX BO
BCEX TUTIAX MOPOJT YCTOMUNBBIX TEOXUMHUIECKHIX aCCO-
[IUAIHASIX, CBSI3aHHBIX C MYCKOBHT-(IIFOOPHUT-KBapIIe-
BbIME kniiamu (Si-Y-La, K-Li-Al) u cynedumaont Mu-
Hepanu3aueit B Hux (Cu-Zn, Cu-Fe-Co). Bonmsdpam
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Tabnuya 4
daKTopHbIE HATPY3KH 2JIEMEHTOB JIsI METACOMATUTOB MecTopos:kaenusi [lopoxosckoe
Table 4
Factor loads of elements for metasomatites of the Porokhovskoe deposit
[Ton0XUTEIBHO OTtpHLAaTEIbHO
CuiipHO Cpenne Cna6o (0.16- CwipHO Cpenre
(>0.7) (0.4-0.7) 0.4) (>0.7) (0.4-0.7) Cnabo (0.16-04)
Ca (-0.62)
Fe (-0.60) Sr (-0.34)
. V091 Al (-0.53) Be (-0.33)
®axrop 1 Si (0.81) Y (0.35) Sc (-0.89)
Mg (0.53) Zn (-0.53) Cu (-0.20)
g Ti (~0.50) Li (-0.19)
Mn (-0.49)
Liosy | BEO3D | Mn(037) C\f((f)o'zil))
dakrop 2 K (0 .86) Ba (0.41) W (0.28) Sr (-0.81) Mg (_(') 22)
Zn (0.40) Al1(0.21) Si (L0.16)
Cr (0.39)
Be (0.37)
Paxron 3 W (0.62). Mn (0.36) Q; ((:822 K (-0.28)
p Ca (0.40) Zn (0.24) Ti (L0 '42) Y (-0.18)
Si(0.21) ’
Cu (0.16)
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@ cepHIHTOTHT

O RaIEUHT-XI0PHT-CEPHUKRT-KEAPLEEBIS METACOMATHTEL

Puc. 9. [lnarpamma 3uHauenuii paxkropa 1 u hakropa 2 It METACOMATUTOB.
Fig. 9. Diagram of Factor 1 and Factor 2 values for metasomatite.

XapaKkTepu3yeTcs MOJIOKUTEILHON Koppessiuen ¢ Mn,
00yCJIOBJICHHOH €ro MpenMyIeCTBEHHON KOHIIEHTpa-
nuel B rrooHepute. Takke W CBSA3aH C TEOXHUMHYECKOH
accolualueil XajabKo(QUIbHBIX 3JIEMEHTOB, UYTO OTpa-
JKaeT MHUHEPaJbHYIO aCCOLUAINIO BOIb(pamMuTa u 1ire-

enura ¢ cyinbpunamu. Moaub/ieH He UIMEET 3HAYUMBbIX
cBszeilt ¢ W u Apyrumu sneMeHTaMu BO BMELIAIOIINX
Mopo/ax, 4To OOBSICHSIETCS KpailHEe HEPaBHOMEPHBIM
XapaKkTepoM pacIipe/ieIeHus] MOIUOIEHUTa ¢ ero mpe-
HMMYILECTBEHHON KOHUEHTpallMel B CKapHaXx.
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Pe3ynbTarhl MPOBENEHHOTO aHaW3a ¢ MpUMe-
HEHHEM KOMIUIEKCA CTATHCTHYECKUX METOIOB IMpE/-
JaraeTcst MPUMEHSTD JUTS BBIZCTICHUS MEPCICKTUBHBIX
MJI0IIa/Ie TpU HEIBHO BbIpaxkeHHOHM W-Mo MuHepa-
JIU3AIMU B TOPOJIAX.

Asmopubt bnazooapusl pykosoocmey AO YID 3a
npedocmasiennvle mamepuanvi. Paboma evinonnena 6
pamkax eocyoapcmeennoco 3aoanus FOY OHI] Mul’
YpO PAH, mema Ne 22031600292-6.
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