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Msyuenne wacTH JyHHOrO perondTta, JOCTABIEHHOrO HAa 3eMIO  BCEMH YCIIEIHO
3aBCPUIMBINHMUACS SKCICIHIHAME «ATIONJIOHOB)» M ABTOMATHYECKHMH CTAHIHAMY cepun «Jlynay
METOZ0M MHKPOpEHTreHO(nyopecienTHOro anamaza (WPDA) ¢ menoassoBanmem CHHXPOTPOHHOIO
usnysenns (CH) ma naxonurensusx konbuax BOII-3 u BIIM-4, nossommio MONYYATH JAHHKIE 110
pacnpeaencHuio peakux anemeHToB (Rb, Sr, Y, Nb, Ba, Ce u La) B pasmuussix tumax MOPCKHX H
MATCPUKOBRIX IYHHBIX MopoA. M3y4enne xapakTepa QpakuHOHHPOBAHKS 3THX 3IEMEHTOB YTOYHHIIO H
AOTIONHHNO  OOMENPHHATYI0  KIACCHPHKALMOHHYIO — CXeMy TYHHBIX TOPHBIX HOPOA IO
TICPOXHMHIHECKHM THIIAM, 2 TAKKE TO3BONMIO BEIACTHTh HOBRIA Tun (VLT-LT) mymmsix MOPCKHX
6asaibToB B rpyHTE, NOCTABICHHOM CTaHIHAMH JlyHa-16, Jlyna-20 u, Bo3amoxso, Jlyna-24.

Anamms pasHOOGpasHBIX GH-37IEMEHTHEIX AMAarpamMM  [OKA3EIBAET, YTO IETPOXHMHYECKH
OAHOTHITHBIE MOPOJBI PA3THYHBIX CTAHUMH MOryT 0Opa3oBBIBATh KOMIAKTHBIE HIIH NPOTSKEHHBIE
obmacra. Tlockombky B mpomecce SBOTIONHM MAMATHYECKOrO 09ara  OGAIMHO HPOHCXOAHUT
TOCICAOBATENLHAS KPHCTAMTH3ALMSA ONUBHHA, HPOKCEHA M IUIArHOK/A3a, TO, OYEBH/HO, TO YacTh
peaknx  (HEKOrCPEHTHBIX  MIIH HECOBMECTHMBIX)  3JIEMEHTOB, KOTOpBIE  HCXOAd M3
KPHCTAIOXMMHYCCKHX KPHTCDHCB HE MOTYT BXOJHTS B BHAE M30MOP(HEIX HpEMECeH B
nopoAooOpasyroIie MAHEPAIL!, GyAYT HAKAIUTABATHCS B OCTATOTHOM pacmnase. [Moaromy, yxke B
TIEPBOM MPHONHKEHHH CTeNeHb 0GOTanieHHs TOH MM HHOM MOPOABI HEKOrEPEHTHBIMH 3JEMEHTAMHE
OyAeT ABNATHCS KONHYECTBEHHBIM KPHTEPHEM CTETICHH ArbdepeHIHATE MATMATHYECKOrO PACTITABA.
Ha Gu-onemenTHbIX JHarpaMvax 4eTkO BHAHBI OPOZHI NETPOXHMHYECKH TPHHATEKANIHE OXHOM
TPYNE, HO C PasMYHOH CTENCHBIO NEOXHMHYECKOH AmbepeHmmaryn POJOHAYANBHEIX MarM.
Maxcumanesas crenens auddepeHnHanny, Kax 1o CICAYET U3 HAIUMX JAHHEIX, YCTAHOBIICHA IS
VHA-HA 6asanstoB Anonnosos 12, 14 u 15.

Habmonaemsiit xapakrep ()pakuHORHPOBAHMS XHMHYECKHX 371EMEHTOB B JIYHHOM PErojiaTe
ABNIACTCA CNEACTBHEM NPOTEKAHHA PAJA PAa3NMYHEIX IIAHETAPHKIX TIPOLIECCOB, HMEBIIHX MECTO Ha
PasHBIX 3Tanax ssomouun Jlyssi, kak mnasersi. Hanpumep, s 6ommurcrea TIPOAHATH3HPOBAHHABIX
(pparmMeHTOB yCTAHOBIIEHO, YTO (PAKITMOHHPOBAHAE XHMHUECKIX 3/IEMEHTOB KOHTPOIHPOBATIOCHh HX
JIETYHECTHIO: HA (POHE OTHOCHTENBHO CabodPaKIHOHMPOBAHHBIX Mexay coboif cBepXTYrommaBKux
(Zr, Y), ymepenno ryronnaskax (La, Ce) u yMepenHo netyuynx (Ba, Nb) snemenros HaGmronaercs
CymecTserHoe obeanenne eme Gomee yMepeHHO nerydumu (Sr) u seryaumu (Rb) snementamy.
BeposTro npouece, orBercTBenHHbI 32 06eHCHNE MYHHBIX TIOPOX JIETYYHMH H YMEPEHHO JICTYUHMHA
aneMeHTamy, OBUT CBA3aH C akkpenmei Jlynel, mporekaBmeii B (TOpAYEM)» COCTOSHHH H, TAKHM
00pa3om, TONyYCHHEIE HAMH JaHHbIC, TIPOTHBOPEYAT MOAETH («XONOAHOM akkpemmm» Jlymwr,
IPE/TOXKEHHOH B paboTax HEKOTOPHIX NPEABIAYIHX MCCIeAoBateneii. TeM He MeHee PAA NYHHBIX
(pparmenToB OOHapyxHBaeT weTKyIO TIONOXKHTEBHYI0 AaHOMANMHIO St, He OOBACHUMYIO C MO3MIUM
MOJIETH «TOPAYEH» aKKpenuu. ITa aHOMANHs Sr sBngercs PE€3ynbTaTOM MPHCYTCTBHS MOBBIIEHHOrO
KOTHIECTBA MONEBOIINATOBOrO KOMIIOHEHTA B COCTABE AHATH3HPYEMBIX YACTHLI,

Taxum obpasom, Ha xapaxrep (DpaKUHORMPOBAHKS 31EMEHTOB B TYHHOM PETONATE HAJIOKHIT
CBOH OTHEYATOK HE TONBKO MPOLECC CETEKTHBHOIO HCIIADEHHA BEINECTBA BO BPEMA (TOPAUCI
AKKpEIHH, HO M TOCHCAYIONIHE IPOMECCH MATMATHYECKOH anddepeHupamun, a  TakKe
KPHCTALTOXHMHCCKAs CXOMECTh HOHOB HEKOTOPHIX PEAKHX SICMEHTOB M TJJABHBIX KATHOHOE B
cocTaBe MopoAoobpasyromuX MHHEPaIoB. PacronoXWMB 3MEMEHTH B TOPSAIKE YMEHBIIEHHS HX
creneHy HexorepeHTHOCTH (Rb, Ba, La, Ce, Sr, Zr, Y) u ucrioms30sas npr 3toM Cl-HopMmuposannsie
KOHUCHTPAUHH, CHEKTPH ()PaKLMOHHPOBAHHS 3NEMEHTOB MOXKHO COMOCTABHTH ¢ TAKOBBIMH ISt
OCTaTOYHBIX PaCIIaBOB, 06Pa30BABIMXCS NPH (PPAKITMOHHOH KPHCTALTH3AAN B Pa3HYHBIX MOJETAX
JYHHOro Marmarudeckoro okeana (LMO). IMoxo6moe conocrasneHme oOHapyXHBaeT ABHOE
(TIOPTPETHOE CXOACTEOY CHEKTPOB (PaKIHOHHPOBAHHSA JEMEHTOB B GO/IBIIMHCTEE JYHHBIX YACTHL,
H3MCPEHHBIX Hamu, W paccuuTanubX Ans LMO. OxHako npH aetansHOM cOMOCTaBISHAH CHIEKTPOB
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()PaKIMOHMPOBAHHAsS PEAKHX OSJEMEHTOB B JIYHHOM DETOMHTE H B MOJCHBHEIX NPEACTABJICHHAX
obpamaer Ha cefs BHHMAHHE CYLIECTBCHHOE PAa3NHYHC B IOBC/ACHHH pybmaus. BeposTho, moreps
neryaero pybmams npu axkperuu JIyHel Gbima CYIIECTBEHHO BBINE, HEM ITO MpeayCMaTPHBAIOT
mozema LMO.

Fme Gonee HArmagHyl KapTuHy (pakUMOHMPOBAHHS  PEAKMX  3/IEMCHTOB  DpH
Au(PEepPEHIMANAA MATMATHYCCKHX PACIUIABOB MOXHO MOMNYHHTh, MCHONB3Ys NPH HOPMHPOBAHHH
cocrap nyHHOM MaHTHA. [MomoOHBIH aHAamMM3 MOMYICHHEIX HAMH P®A-CH naBHBIX yKa3bIBaeT, 4YTO
Gombmmas €ACTh BBHICOKOATIOMHHHCTHIX JIYHHBIX 06asanbTOBEIX mHOpoA (0GOraiieHHBIX pEAKHMH
STIEMEHTAMH) TEHETHYECKH CBs3aHa ¢ AudepeHimanuesi MOpCkux G6asanbTOBEIX MarM, a HE C
JYHHBIM MarMaTHYeCKHM OKEAHOM, KaK CYHTAJOCh paHee. 3TOT BHIBOJ, KaK H BBIBOJ O BO3MOXXHOM
NpPOTeKAHHH PAfa IUIAHCTAPHBIX MPOLECCOB, CKA3ABINMXCA HA Xapakrepe dpaxupEoHApOBAHHS
37IEMEHTOB B JIYHHBIX MOPOZAAX, ABNAIOTCA OCHOBHBIMA JOCTHKCHHAMH B H3y4CHHH NyHHBIX HacTHI
smeroaoMm POA-CH.

Wccnenosanms Obimd  (DHHAHCOBO —TNOAAEPXKAHBI TIPOTPAMMOH Y HHBEPCHUTETHI Poccun -
dyHaaMEHTaBHBIC HCCTEAOBAHMM), TpoekT 5305, 1 PODH, rpant 99-05-64831.
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Micro (i) X-ray fluorescence (XRF) analysis using synchrotron radiation (SR) on the storage
rings VEEP-3 and VEPP-4 has been applied for determination of rare element (Rb, Sr, Y, Zr, Nb, Ba,
La, and Ce) distributions in large collection of different lunar mare and highland rocks returned to the
Earth by all successful missions of «Apollo» and «Luna». Investigations of fractionation trends of
these rare elements define more precisely and supplement of the generally accepted classification
scheme of lunar rocks. Moreover, it was discovery a new petrochemical type (VLT-LT) lunar mare
basalts in Luna-16, Luna-20, and, possible, in Luna-24 regoliths.

Most of bi-elemental diagrams show that petrochemical similar rocks from different regions of
the Moon formed the compact or stretch fields. Because the successive crystallization of olivine,
pyroxene, and plagioclase usually take place in magmatic evolution process, then some part of rare
(non-coherent) elements (these elements can not isomorphyc introduce in crystal structure of rock-
forming minerals) should be enriched in residual melts. Therefore, as a first approximation, assume
that the increase of degree of rocks by non-coherent elements should be a quantity criteria of degree of
magmatic differentiation of silicate melts. Bi-clemental diagrams clear show the rocks of similar
petrochemical types, but with different degree of geochemical differentiation of parent magmas. The
more differentiated lunar rocks are VHA-HA basalts from regolith of Apollo 12, 14, and 15.

The fractionation of chemical elements in lunar regolith is the result of several different
planetary processes which took place on different planetary evolution stages of the Moon as a planet.
For example, most investigated lunar fragments show that fractionation process(es) was controlled by
volatilities of elements: at relative low fractionation degrees of super refractory (Zr, Y), moderate
refractory (La, Ce), and moderate volatile (Ba, Nb) elements, there are decreasing of contents of other
moderate volatile (Sr) and volatile (Rb) elements. It is possible that process, which controlled of low
contents of moderate volatile and volatile elements in modern lunar rocks, was related with «hot»
Moon accretion. Our analytical data contradict to model of «cold» Moon accretion, which was
suggested in literature early. However, some lunar fragments show clear positive anomaly of Sr, that
can not be explained by model of «hot» accretion. These Sr-anomaly is a result of high contents of
feldspar component in some lunar fragments.
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fragments vs. degree of non-coherensity of rare elements show similarity with fractionation trends
calculated for crystallization events in different models of lunar magmatic ocean (LMO). However the
- detail analysis of analytical and theoretical data shows the difference in fractionation of Rb. It is
possible that loss of volatile Rb at «hot» Moon accretion was more essential process, than it was

postulated in LMO models.
The more clear fractionation trends of rare elements at differentiation of magmatic melts may be

obtained by using lunar mantle composition as normalized value. Consideration of all analytical data,
obtained by pXFA-SR methods shows that the most of HA and VHA basalts are results of partial
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Merozom PCHTTCHOAM(PAKIHOHHOTO KHHO Ha KaHATe CTaBUMH HakommTens BIII1-3
Cubupckoro  umemrtpa CH HCC/CAOBAHCE  MPOCTPAHCTBEHHO-BPEMEHHEIC HEOAHOPOAHOCTH
NIaCTHYeCKOH  aedopmanin TIOTHKPHCTANIAYECKOH MEIH B mpomecce pactskenns. IMonywens:
KOTHYCCTBCHHBIC XaPAKTEPHCTHKHA TOKATHIAIHH AeopManHa ~ KOMIOHEHTEH! TEH30pa JHCTOPCHH
exx. OKasanock, 4ro Ax cpeanue 3pavcHus XOPOLIO COrNacyioTcs ¢ HIMEPEHHBIMH METOAOM CIIEKI-
HHTep(i)CpOMETpHH Alld  AaHAJIOTHYHOrQ MaTepHana, OJHAKO HX MaKCHMAJIbHBIE 3HAYCHHS BBILIEC
AHATIOTHYHBIX BE/THYHH, PACCYMTAHHBIX U3 CTICKT-HHTEP(EPOMETPHH Ha HOPALOK.

Ilpu Gamskom x 50 mxm CpenHem pasmepe sepra (d), obpasusr umenu PA3IHIHYIO TONMHHY
(h=0.05-1 mm). Tpamenena TCOMETPHS CHEMKH GIH3Kas K CKOMB3fImei, Gnaromaps wemy yriosoe
TEPCMEIICHAC PEHTTCHOBCKAX ITHKOB  OIPEAENSAIOCH NPCHMYIIECTBEHHO MaKPOCKOMHYECKAM
CMCIIEHACM OTPaXKAIOIWAX 3EPEH B HATIPABICHHH ABIDKYLIETOCS 3aXBaTa,

Ioxasarmo, wro B 061acTu OTHOCHTEIBHON jedopMammu no 3% HAOMIOAAIOTCS CHITBHBIE
KoNeOaHHs HHTEHCHBHOCTH PCHTICHOBCKHX PEQIIEKCOB - OT HECKOMBKHX JAECATKOB pas ana obpasnos
¢ Wd>>1 no meckompxux TeicsY paz ama Wd~1. Merannorpagus NoKasam, 410 B 3TOM obnactu
Aeopmanuii POHCXo AT MostEeHHE H, 3aTCM, PA3MHOKEHHE THHHH CKOJIbIKEHHS TIPEAMYIECTBEHHO
OAHOH chcTemBl. [ledopmanms Gonee 2-3% npuBOAMT K BO3HMKHOBEHHIO NOJIOC CKONMBKEHAS
HCCKOIBKHX CHCTeM M janee K HHTCHCHBHOMY Da3BHTHIO penbeda Ha nosepxuHoctd. KoneGanmus
HHTCHCHBHOCTH pedieKkcoB Ha 3To¥ craun CYLIECTBCHHO YMEHBIIAKOTCS,

Hemonoronmocts  mamenenns HHTCHCHBHOCTH pe()ICKCOB CBA3aHa C nepeopHenTALHEH
OTPKAIOIMHX KPHCTATHTOB H HX E€CTECTBEHHON CMCHOH B mponecce pacTskeHHs obpasua.
Iepeopuenranus moxer Bosmukats 6o 3a CYET KpHCTaIorpadHyeckoro MOBOPOTA NPH HATHYHH
TPCHMYIICCTBEHHOMA CHCTEMBI CKOMBXEHAS, THGO HATHHA HEHYJCBOTO KOMIIOHEHTA MOBOPOTHORH
MOZBL  @,(x,t) TeH3opa TIACTHYECKOH  MHCTOPCHH. Mexanusm,  garougmit HEMOHOTOHHOCTS




