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TITANIUM AND CHROMIUM IN MANTLE PHLOGOPITES: RESULTS OF
HIGH -PRESSUREEXPERIMENTS AND ATOMISTIC MODELING

Bendeliani A.A12 Eremin N.N.1, Bobrov A.V.123
'Geol Faculty, Moscow State Universityernadsky Institute of Geochemistry and analytical
Chemistry RAS, Moscownstitute of Experimental Mineralogy RAS, Chernogkio
a.bendeliani@outlook.com

Abstrad. Based on the experimental study of the perididtit€Osl H.O and basalt,COsi H.O
systems at 7 GPa and 9002 0 0 A C, as wel | as the r emsaidseresobsolidat om
solutions of Ti and Crbearing phlogopite, it was concluded that titanioearing phlogopite may
crystallized under the conditions of crusiantle interaction only. In such systems, the optimal ratio of
petrogenic elements is expedtfor phlogopite crystallization, and the crustal component will stimulate
accumulation of titanium in it to a greater extent than chromium, which is consistent with the data on the
composition of phlogopite syngenetic inclusions in diamond and suppertdga of N.V. Sobolev that the
findings of phlogopite inclusions in natural diamonds may be considered as indicators of diamond
assemblages.

Key words:phlogopite, mantle, experiment, atomistic modeling
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Butvina V.G.%, Safonov[ .G.2? Spivak ¢ .V.%, Limanov [ .V.}, Vorobey S.S.3,
BondarenkoG.V.},Vangs .V.1

linstituteof ExperimentaMineralogy RASChernogolovka
2l omonosowloscowStateUniversity, Moscow
3Vernadsky Institute of Geochemistry and Analytical Cheyniétthe Russian Academy of Sciences, Moscow
butvina@iem.ac.ru

Abstract. Paper presents the results of an experimental study on the crystallizatiorbeartg kBa-

titanates of the magnetoplumbite group (yimngnd hawthorneite) in the chromitetile/iimenite system

in the presence of #@-CO,-KCOy/BaCG; fluid at pressures of 3.5 and 5.0 GPa and a temperature of 1200
AcC, simulating the formation of these phessiThes dur
experiments were carried out using two types of the amitti-hole highpressure devices (IEM RAS), i.e.

NL-40 (3.5 GPa, 12043A Ch.&&ndGPlagr di2d®! ANIC). The ex
and hawthorneite were formed in th&iee studied pressure range. In a system with ilmenite, minerals of the
magnetoplumbite group are preferably crystallized in comparison to titanates of the hollandite group. Raman
spectra of yimengite and hawthorneite are presented. The structure iohémgiye is refined.

Keywords: modal mantle metasomatism, magnetopumbite group, hawthdynmategite solid solution
(HAYI), highpressure experiment, aqueeset fluid
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COUPLED REDOX REACTION SDURING INTERACTION BETWEEN PERIDOTITE
AND CARBONATED METASEDIMENT OR ECLOGITE: EXPERIMENTS IN  THE
SYSTEM CaO-MgO-Al203-SiO2-C-02

Girnis A.V.%, Bulatov V.K.2, Woodland A3, Brey G.P3, H° ffer H.

linstitute of Geology of Ore Deposits, Petrography, Mineralogy, and Geochemistry RAS, Moscow
2ernadsky Institutef Geochemistry and Analytical ChemisR$}S, Moscow’Goethe
Universit?at, Frankfurt am Main
e-mail: girnis@igem.ru v.bulatov@bk.ru

, Ge

Abstract. Calculations show thd, in C-bearing peridotiteés lower than tlat buffered by the minerals of
metasediments or eclogites. Hence, redox acteyn can occur between-l§@aring peridotite and
metasediment even mFefree system. Weeportexperiments on interaction of forster{fgeridotiteproxy)
with mixturessimulatingcarbonated metasediment and eclogite at 10 GPa anid11Z00 0TA @inimize
cationtransportthe mixtures were separated with graphite. The interaction resulted in decarbonation of the
metasediment(eclogite and diamondformation. Graphite dissolved in contact with forsterite, where
metasomatic zoning developed. Thasgsenations suggest that coupled redox reactions occur in the
peridotite and metasediment (eclogite) layerging to oxygen diffusion along intergranular channels.
Subsequentlymajor cationtransportproducedcarbonated lherzolite and diamehédaring eclogiteThus,
Fe Ni metal is not necessary for redox freezidr resultsprovide an explanation for the formation of
diamondrich eclogites and scarcity of diamonds in peridotite xenoliths.

Keywords: Mantle metasomatism, Experimental modeling, Redox reactidmnate, Diamond
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MELTING AND PHASE RELATIONS IN THE BASALT -FeSFeC SYSTEM AT (= 4
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Abstract.During partial melting of the graphisaturated HeSi C system with the addition of traeéements

at

t = 4 GPa, T=1400Au, the | i qiSi(Ms)aphFaG®Ec melts, e r ey

which give Fe sulfide matrix with inclusions of FE globules coexisting with relics of the original Re and
multiphase microcrystalline restite. Re is predominantly concentrated in the mc meltMGtMB~ 10. At

a Re concemnation ofMc > 11 wt.%, saturation of thdc melt of Re is observed with precipitation of the
Fe-Re phase containing up to 25 wt.% Re. The relics of the original rhenium Mdhmelt of FeRe
composition coexist with the Fe phase formed as a resuleakthuction of Fé Ms by rhenium during the
red-ox reaction according to the scheme: FEIS)(+ Re = Fe + Re9Js) or *?Fe (Ms) + 2e ®Fe (Mf), °Re

(I M7 2e =*?Re (Ms) Fractionation of Re relative to Os is observed when distributed betWeeéns
meltswith distribution coefficientd Re/Os Mc-Ms) ~ 9. This effect will lead to a shift in the Re/Os ratio
andthe R&Ds system of i s edecayof’Re lpad®©s in environmdénes wiMc-Ms
layering.

Key words:metal, sulfide, silicatdiquation, experimentdistribution of Re
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Ctotsdsgy dedrm dHJdEsdWdydtetse @de B dzegi3e " Ldg d K bs Gedzozty
M4 teff § dzls d dzO. [ iYL jtodetso 52 Y J digdieisd ¢ s gizis B) Is O telzpCdss L
fmMdzd M+ v, Mshisswh j2 OS] dqL ddeddz0, C0O0dz ydlko,
1 sfpdzy S jtedd3d dzls©O tsBtOL jy dMMmdzj Hise Odzd dzO
MIRA 3 LMU ( TESCAND Orsay Holding) , SBtStclzHtSo Odzdetsd3 M d MIBA B2
Energyo 4 %80 (Oxford InstrumentdNanoanalisyt t d A 31 ar [ & t &1 .

26


mailto:ezhimulev@igm.nsc.ru

AOLS9 " | tOQodetse jmdw fted or s
tryvf?2vduv3 R JasUrr[1RY[

]l BBKOLYY Gmdzy + SMfJjddd dzsO dzOB dz¥ H Odzs!
d Hdzi L O, tMtsB j dzdzs © o9 jtemndzj 2 Yyofmlsd tBtOL YO (t dH
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Lisdej SCBdelsOCIsO CdasBjtedzdlsO d yjdzjLdets?2 € Of
Jd dzd v dzts o sisEstg @3dase Mdede's @R ddgts 2 d IWWQj ) tdstairfds?@ d
hjamw o odHj GSttked 7 d BoOd df 7 ¢COf.
so jtcHisGts twOMlse Betd Atclf Gidzjj $ sH @& 06 YOjdeBjdzdjL OC3
did@cs j(Hdzd § L dzOyjdedd s 6 OdzOdzd L Odls O 3 i g dzuzct
FRlij54.582.5:Mg0i 1654 5. 5 ®&OM. %.

dzv w  yOfgls! ®BLOL YO fteoj HMMIsOo dzj dz0 o tshdatse oz
Jted2dz §j L sd CtodmMlsOdzdzso tdzdoddzO d f Jtets§
totf j dzd dL dB3jodgidafpivinls s fnls BB@E OL s Odzedv C O BEs ¢
toJ dgdzd L tS(dePfif - SEiddef ojd ddpmMmis©o ' ) d d3gj ¢ IsMg@zjj L dzO y «
46.647.0; FeOi 11.912 . 4 &OMm. %. mddBdujmMSd?2 MmMemlsOs  j
Msstetsdzz ko j dzd Wi dzd 'MgOdsCod.25R.6; dFeDdr 48 6 d 3O ). % (1d
ltodd3jtc LisdzOdz! desets CtodMmlsOdzdzO §f JqtetsSMmj dzO@ 4 toj H Mls
(yj deste Oz dzOW  WMP®B)is34.): Feisti3jAaQidls:Si0i 57 . 1  @&O)fp.j H Yej J
LdzOyj dedi 6517 CORKE] mj&GdRs.Azd zhvy d MisOdz MEslse j Is
26.1-28.8; FeOi 8.0-10.6;CaOi 11.616.2;Si0;1 48. 8 di30M. %. ] sBteOL Yy
dMmatHd j arHJmJqume&mwmmmmnmmmmegmw 8 &OfMm.
%Mmted Hdzj § L dz@Qilzdfef P s 6
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tdfMm. t j2L.zdz O oL OddBsHj2MisoadY tOMY &zOsO® yjdzjL O
ddz' a3 dzed s ©: ©) L SdzOdz! di' & dalClstdadj ity v distidef, f d&T: B &BHEH: 3
By sOdzdzd Yy MS sets ¥ j dzjiLdROCzj 1S stevy daq tisdsls, to Iseb)f d tg 1 fipls d@@zdz (
s5Ctekzy0sh j2  jets tj ORYJdsdatieMils U2 sz dfj dzdlsO M ¢t
Gzso StsBOL 59 Odzds - ki3] M OL @REAs: O dzlizd yj MS SE s g dizj dzjOdzdfits ; € t8
BOGdzj L dBW jtotedls.

sted Mmls Odzdzr d dz' d3j detbls O2ARWBD) L &3 F toticdg 1Pzt dzd@R? d3ts 2
Memlstswh j2 dL BOcdzjL B jtetcdlsO. v s @9 Uz, telj] O QY d
ZOR sHWIsMw OS] LOMIsrehdy COf dzd & IsOdzdzd yd M¢ s¢

1 sdzlz yg dzdz § tcjLEzdzw IsOIsT ModHjIs] dz® Mlseo ze Is &
MtsMisOo dzw ¢ h j 2 o C dodgsmifidsddiss® dIsj dz' dz" = bEfmdzsedw s Mlisc
NJddzjL O: ) tcjLEzdz sOIsj OoLOdABsHJ2MIsodw h ©OMmY &
(3Ocdzj L W HotdyolstsB SH dzr 2 kG dzj tetSH. Vedzj ctsH tOMmlso |
so jtcHtsets tcOfMmlso stc@ & Odeptdtmmad 2o WjSdhn)jdLHjeaPdzd Q@idndsts
® HOdzdz" » bkfdztieadwrn HtjHMSOo dzv j sy COC &d dzj tc © dz
+ dBsdelsd yj dzdzdls + ff jtesomMCdls + (oL d@tsy dets) ddz' dzj dz

RiMMdzj Hso Odzdw o ftsdzdzj dz@ L O Myjls wHePpddglsd -ntshdl
17-00082.
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INTERACTION OF KIMBERLITE WITH METALLIC IRON AT 4 GPa AND 1500 AC

Zhimulev E.l., ChepurovA.l., SoninV.M., ChepurovA.A.,
AcademicianPokhilenko N.P.
Sobolev Institute of Geology and Mineralogy, Siberian Branch, Novosibirs&iaRus
ezhimulev@igm.nsc.ru

Abstrad. In connection with the hypothesis of the origin of kimberlite magma in reduced mantle domains,
where diamonds and their companion minerals were present, phase formatidmbedite system under
conditions of metallic iron stability (FEeO buffer) is of interest.

The experiments were carried out on a hligbssure apparatus of the BARS type at a temperature of
1500 N 25Ad and a pressure of 4.0 N 0.2 GPa. As
pipe was used. The experiments were carried out imeemdapsule. After the experiment, the chemical
composition of the mineral phases was studied using a MIRA 3 LMU scanning electron microscope
(TESCAN Orsay Holding) equipped with an INCA Energy 450+Xmax80 microanalysis system (Oxford
Instruments Nanoanaljis Ltd.) at the Center for Collective Use of the IGM SB RAS.

Magnesioferrite, a solid solution of carbon in iron, and a carbide phase (FeC3) were diagnosed in the
experimental products. The silicadgide part of the system is represented by the minesatigion: olivine
+ pyroxene + garnet + monticellite + perovskite + (probably) ilmenite. The obtained results testify to the
instability of the carbonate component of kimberlite under reducing conditions of the stability of metallic
iron.

Keywords:kimbelite, iron melt, high pressures and highvtperatures, reducing conditions
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vt ¢l 1R #Jeuvfc1RC R Ut SfJrrRLUOfRY[HEBSR[ dl
AfORT1 B 8RYU[PJP-GO2-NaCl-CaCl2l { RP-TY ¢t ¢f Ut dm

gfrryrs R VRrL[B sft3

R9 Odfts.al .

Rd&zMisdlskls | jsdzcedd d | JGCrtdsizbggyzpeC j d3B tc
e-mail: m.vivanov@ipgg.ru

¢ dzdzts s Oy W sfdzetse | sz yj dedz" = tOdzj § [2tcOo.0xfQzGaLE dyts fls ts
H.O-CO,-Na C | (RO Odzs®, 1 kzh d&3d dg, 2019, 2021) 9r" 9 jHJjdts s
MotsBBHME2 {djteecdd | dBB MO [k tc Qodgizp@RD-NaGEdlk s W defiyls tousi lsie
Mstslse jIsMise zs h Ow  ydMmdzj dzdzOv s j etsH d dzOcd3d W S OW  dBiSH
BsHjdd MsefOHOjl M Mske jlsMlsekshd®kd § OLOB]IstOrd
NaCkCaCb ff ts dzz W j &M § tod d3j dzls Oz i & s dAf€ e 2. [ B dZOMls: 1§ tedd
HOo dzj W CB Otc d Isj BYCjHWSO Sl (wAStE s BBV /As  dBtsH j dzd f SHictS
WoLBots] Memistswddj d OCkde-@shtsd ofwd L dijjdnjddedd
Xnac/ (XnacrtXcaci) - v teditsly B8R Yo jHjddi MdMmisj d3r fps  fd3g h
LdzOudlsj dzr dzs?2 Mlsjfjded Bldduyojkmy ls fsejHjddw fMdMh
v sdv tetOdduj dzd2, o' ljCOshdn dL &jd' hjets ydmndo

sdzé yjor j fdtsalf: tlsipm@ow ols fsCtsj HOodzj dedj, Wz dH, 1
WOL e s tc OO NaCligaded J |

| ZzB ddedgH ¥ dgs dHT dJdceteOs s o @y djsActshss ditc i dp'lstots G | ¢
stcOdef stelsj ¢ dzlz B dodgdEsmcdissitolg .h j Inlsfg'O3® Y Ofmisty tootOHsdz
AdzstedHT h jdzsyder » ddzd MYy desydetsL j d3j dzt dz" 7 3§ Is O dzdz
uOfr]lsdzn‘EGn]Bq’u’th’dededzq’Jd:s Gz ddzdetsc s Wdz6 JHO € f s
fpzh j Mise j dedzts dL d3j dg¥ 5 Isw, ylsts -~fdeifoug Hithls] = ¢ - Qe @B§ ¢
: J Yyofmlsdesmis d, 9 tWjLbkd Oy fmdzdyJded™w H
Bse j dzgdztsgts Wdzs HO dz2O  dzj Mdsd M dsr § Wodze dHde” § W
BdUud MCdkd Mots2mbse ORd. 1 dOhMdn ftejH" jMmisolzs hd
ML HOMS judsiduidgis H d dzOBd uj MSEdj dsHjdzd Heolkzn s
BY Sdzj dals TBY IO, [B) dBosHjdzd MO ho@Es
0OCOJA HOoe dzj dzgdwrn s 1 HEts 20 GCBOt. NaSIH jrRdzd dzis' ¢zd

ddz, QaCR(k ) O, dsdudz, 2019) . [Bj Mbdd 6lsdtsfw
tctsMistc Odgy dadzr a3 M ts dglialpscHetR@OB) g 'y Ysdzsj s ds tots 2 dz' n
Mise j dgdzats?2 Msdz! & B dzs ftetsojHjdzts HJIlsOdz dzts
ud medn nOteOCIsjted MsdEOIsKRIE™ H @o dif AT Qo Ols j fifz] fr
tc O B3’ , OCIkdodesisd Ctsistf sdgj delstso , i dztsls dzets fls ¢
tetsH dz' »n iFedzdaffH =B Is ¢ dzj {tSlft:O Y ¢ figdh dzjoH st Ptdaflr 5 sy
JHMmise dj sts@ s, Yybsts ftodtetsHdg jdLW deswdzy j, §JOR
fsdzj delstseo. GClsts o dzOded hj2 Mmisjtjdd lsdsino
sstcOwW, COC ftoOoddts, ddhiidls Btsdzjj Mzsydgr 2 Mmsh
Msdj?2. 10dkdud) dimStsd Cdn mdj 2 dEEss of tdysotsHiy
Wdzs dH O, wlfkzlsmiseokshdn ddzd tlsdadyoshdramy s Mot
st jddd &' ftojHMmsOodvjd IsjtedtsHddOoBduj ez
HO-COx-NaCkCaCh, € tslststcOW W o dzv j Isfpw  j s j Mise j dzdz i iisQ dp d
H>0O-COx-NaCld H20-CO,-CaCb.

10h] ortOyjdedd Hd&W dLB'M stsydets? MmotsBtsH dzts?2 1
d Mis@tef M sdz LEjl 8§ 3j M&ZOEOjd j HdAY oL OdddBSH
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fsHAtH € fofbtesjdds | dstosf d2yst® Qoo Duse B
) 2h d&sddz, 2019 ddada0n. B dz! dz' - X B gzXE XS KRzl dzls ts €
Xs = Xcagyr XXt X +X, =11 Ists o Oy jddj ddjils odH

G™ = RT{(l' Xz) In(l' Xz) - [X1 + (1+83)X3 + (1+a4)x4] ln[xl + (1+83)X3 + (1+a4)x4] +
+X N % +X, I X, +(1+a5)X; In[(1+a;) %]+ (1+a,)x, In[(1+a,)x,]}
FWXi %o (X + %) 1V X +V,X,)

HWiX X3 WX X, + W, XX,
+ X X[ XoWos + XMW, ] /(X +X5) + X X, [ X WL, + X W, ] (X, +X,)
WX Xp X3 + W% Xp X,y

1 jdedylldere dzws shw  ydmdOodd Hefsdddlsjd d & yohsdy
Msslse j sMise 5 " GEOLAOEPE Widmd Vo0 Bsdzr dzr j tsBi vy dgr  yd fls
bedzj SdMzscts cOLO ftod L OHOdzdzeZ0 IspdBd | trQidmtgs (dl ) v
fjtejitsHdl o ktOs dzj dztfsO-CO-QaCh (ISR s o, midbfisditiBlz, 2 0
COrNaCl( R® Odzgso, 4 kh dsd dz, W0 Z1c)0.0 ddj Gad Gk 4G § o] H § & &zO
sls Isj BTk Ols@ch) dife dzj L OodMmwh ddsd s bels ehis dz PeEs B 3@
L OadMmd dssfisj W, f OBBEBEBEMise ¥ " dj udfdzj dedz’ § L dzOyY
OB BISOT. CIsd §OLOd)Istr, ftdkyjdd j Ydsdets Odd.
sjtedsHd OB Uj NS S22 BSHj dd u;tsrtey:gtsdgqtsdqummsm
tcOB sls j . ] sdzdzOW Mo tsB tSH dzOW HiO2PAHMNECQF@aCh,| d 8 515 B tc @ WizW O3
fsHjtey Ols! femkh jhsakshdj Wdsdundr j %oOL' d Isov
MdzOcOj 3" § o Wittddd kwOodzj dd¥w (1) d MmdPpdOF B!
Hdzw ydflsr 7 Mdj?2 (RoOdsse, J4khddd 2019, 2021).
( Hd dzMise j dzdz" d3 dztseo ™ 3 f Otc OB Istets 3 d31SHJdZd Y '
tj B' &z fdkkyjd o ftjHh Mok N B HEERORJ2 Wb i
oL OddBSH, 2 niNaG['CaGb® I5ls §wry . | xfdzzOfOgOo dzj dzdj (1) )
ksd' €65 | dgstesiddy j] M&zOCO] &' j (f§jteo’ Mesekol Mt
It Mky®j (1) GSOL' 90jlfY bitcOs dzjNadlyBaChsfls "
850 a3 Misg M MdzOc O &Y g toj Astf 1l )

(1)

w0 Iso vy toH 53 d UG HABISY IS t5 ztc Qo dgj dzd j
E5fdm’ o Ols! Is afy] i Gofthie § ®Aslsh dsd M
B Msdzy 2. CCMYf jteddsj delsOdz! deg' §j HO
2 o tss2  MdMkBie Oftedri stesh 5 dL o
£ 650 (Seltveit Flood 1958; Chartrand Pelton 2001).
w0 [dCedHibmy wehylysr WswdE, Isd{§cC
fdd Md 2, dzg sBtOL 28 M dn
590 fQISJHddZJ d2fle Ot daf Isj &3 FO@AEZte o
500 53 5 e oF 1 dzOh d ZtcOo dngdzlcﬁﬁo HQ@QHsl.ss tsB j MY J
XNaCl 5B r ydzlz W ts te 3z L dzlstetstf d2 dats 6 s

tdfl. [ dCodulzf) oNaORBAGHS g g dats? ! dgj oG dd H dRECl d) dsj fnc[
gﬁg;.}l‘jq‘zf}mjmddghdigedfﬁ Cad.. uvOCdd® GeLOLGBE, LwOs dzj
(Seltveit, Flood1958). qLoejMmisde &3 EtwOo dgj ded ™ o5  H dzv
mMtsdzy 2, ftod G tsH dzts H dzw st d i Odzd
NaClCaCb. C Ists tsBMmlstswisj dz' misets ff tsL o tsdzv j IsWaisdEGo j B fij dizi d5 §
1 e jted d3d dzlsOdzt dzr = 1 H@alzgdzn | dzts | ®@tc Goddl. dzd 4 dzdCodHkz
ZO" ddi3 ktcOo dzj ded j dVeaOPIE W ded¥ts ddf tod ) + S MY j tod d3j dals C
(Seltveit Flood 1958 .  IWeEil0.3C[ 3/ dssezbsj Clsdyj MS OW s5Ys O

lsj B j e BORAF xnaci=0.482  Ylsts #0ndsH dusuy dz Tstesh o5
Bdets ¢ sy d mdzj dgdz” 3 + € MY J te d(GhartEsd Eeltodz 200d). 1 s Gelzdz'j dpdzts |
OCdd ©BEOL Wap LIigaOuj 82 dzd d 1 (R s0@sky),ls ©OER i3djdz, 2 0

31



4BBtodzd ¢ MIsOIs j-2022 ( & C [ 1}

sBtOL EZjIs i tsdzdz" 2 dzOB s tc f OtcOd3j stetso J dz@h j 2
U4 Is" Y n € tshi3 sdzj d2B-ALds-NaChqd@pls j o3'
tdJLizdz IsOIst tQG)fr]uylslsa i dOh j2 dsHjdd yilkej
ftcj HMisOadls! o Wtsttddd, MabBHdAdE2 M Wtttdkts?2, B Ydzt
Mtsdz ¥ , Is ts c;fr]lsJ tc O f MEFDE OIS ‘o % Bustem Eidz&lsn{ -
Xsal= XNacrtXcace, § t6 WdeMmdtse OdZdZEth—TXNJSI/&mh BSde{‘g B3 MesmlsO9 j
sted WOLter' R HJdOGCtOdAIBES5 06 HR i Odats HYOG jHHdMs © 8.dzj dz'
sSteO2 dzd § stets?2 dz" j 2addinZe jfdis ¢ OdzO o Qedldn. Mmdztsy dzlz 8 WOL t
Msmistswh iz duL fwisd tGOLdzq’udzr: f sdzj 2 : 1. {tsd313c§
Wdze dHde" | W®L " ¥Wdz28dHde j WOLT, mMsmkh jmMlsezs h dj
g2 m lsaythC@z?wdzfﬂtq’@frJIzﬁfg%IsaIZJBtédq’Olsfﬁ? Is

smEzh j Mise s h

T T = 1% o
XNaCl/ Xsai=1 (b)
x(‘a(‘ll/xsallzo | L

\N\(l/\mlt 0. 5
XCaC12: /\sa]t 0. 5_ |

XNaC I/\sall 0
XcaCl2/Xsal™

(©
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M dz' g7 Na€land(c) i CaClh); 41 tc O ts dz,
mMemMih jmMsekze hd2 M oy cHB?2
1 dz0 u D&edsvd o tzis B I© dud da'dAD & tc i dz& O d&rd

fshizh j

XCo2 Xco2
{ d.i2. Cotsdzt Y Or saHdAO ¢ ePdBiBls jHAD-COMts dff to ff L d3j dztsdscfizfs N jxckanfx¥ar
Xsal=XNacrtXcaciz T= 5 0D RX5€ B Qtaf tc dzO W digfflafeves Odzed yO f sdzv He kR MMl
WOoL (Md skfm). [IsStrisr & Sty SOk w©BL dOY) d S
Lydzy dgOw d tttOdjoOw ddddd tBtL dOyOsls ¢ tabizd Gach
Mslse jIsfls e dadztic O BCIRdz 5B 5L ZOYOE s 5B &ZOMIsd (ifoumy e jt
Wzs qHiGHOY MMmizh jmsokzeh gj iWezy qides JrHdO ™ %087, M

M & df'L ¥5.dzd dztf de¢ chdd d3uiU B B¢ f5 2
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10 0.6

flse k¥ hidedts i GR,aRvdAs k|

sd ¥. | €eddiudegisiss ks

sted Mtshizh jMiselzs h dj

fsfssw disots OCIsdo dasmisj 2 (aGds@Y78, dad dah 18D, anae £0.252M Y 5 4

f tc Idalt— 1d a0 =0.424,acor = 0.779,acace = 0.343Y @ rsar

=0).A OL s OV H d C2b tc © d3d3(

H dzw dZ“dHO M tOo dz@ NYIClgCEMEzH gstb HsdzlstBdz! S5 HOa O W
1'(3) Tnac/Xai=0.002 | [ (b) Xnac%sai=0.1 | 3332‘3 gzgzg gBdZ&JBdGZ-Bd:s
Xeaci/Xa=0.998 Xeacin/ =09 d
08 {r | Msmikh jMmlselze h d A
wdzé dHdz m w oL .
=™ MtcOo dzj ded Bad g2t d ).
Rl f tsdzv , MtsH j oy C
soy tcH z¥, My L O
02 omdzy HMIseo d J B fS¢C
tcOMmlseo sted i MIs d
% 02 o4 06 08 10 0.2 0.4 0.6 08 1| Md3y h Odzdets G ts mtsmls (
Xco2 Xco2 ftc Oo dzj dzd ¥ fn jv -
[dfl’ﬁRLd:ﬁJdZJdZdJ WOLTSE.)r: HJ Oc tc OBk dEdy fI]ISfI]ISOSdZWth’df)q’ l
fpdzj h j dedets?2 . [ BSL2WOYJ dedWw Md3. tedfm. oL dzd ydw a3
Wdze JHOdRd M BHds2 yYydmlsts?2 mMdzj os?2 SCsdi3f sdzj dzlsts?
BtsdzjJ cdkzzB ¢ d d3d .
10 (3. s5C OOOdpE;, SBKOL A3 WOLtso OV HJO-EAQ-BABRO W
CaCh dL o3y dzv j sfpw  ftcd HESB Oo dzj dzd d Ndg@b dz' - ~tistsitelapdv2 W el

HJ OGCLOBBO { to] difffdswd iddg HaBep fats
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NaCl ¢ CaCh. 1 tseldj Istcj gz h jffdso 28 h d di3d W oL Odizd tcOHJd ¢
Fojdduyde 04 v, §f sdistsc @@pdigerr $OQ, Mtsmikzh jMlselzs h j
mMsdz 8, tjL ¢ ts) HBEBPIBOJzls MW o dzv j sfqw  tsB dzOMIss ¥  ff sk
o 15 Hahpo = 0.424C OC  dzPr. Stdsfsh . f jstelzij M JYS O Is i)W ansg. L sodEdlstzf{ov dgs(fm Is d
Bsckzls dqLdjdvils: qw o fYtsdz HokAWOLdMMsets Wdzr JHO. f
His O. dbCIsdodesisd Htkzedr SCtiftsdz dzstso 1SOC Y j da
Hiczets?2 Mlsstetsdz" , HBBOo dg) fzlf | dzd L BzBy g bs fs tizts dzts J) s szdzd
CteOdzd y' Y5z Edf sz 5 sts  j fMls! dz20 C sy dzbcOyd @ M
fsweodzjdedy WOLT soVy teHts2 Mtsdzd. r dzv  dL d3j dej dzd v
ffzh jMlse j dzdz" j dL &3 dzj ded ™ MtsBls ®M.H. Msdzd, SOC LIt
rhy ts H dzts L d&zOydlsj dz' dats,
e U ls" Y RSB tdzj dals dets 2 W dz¢ d H
Istets2 dz" A fnq’fnls;dz, Mo w L Odzts
Msmkh jmlsekzs h da W quder 7 W
055 fdmlsj d3j-c Cpesir ©  d L BdZCdeCfd O¢ ks
. Ci3f sdzj delstso Wy dzw 8 Isfyw ¢ tc
0.45 GBS G J dzdzts G 5 T dlzdz® dsd2d i d ted M
" mMedz ok d fJjted~tSHYIS o  tsdzj
Wdze dH SO, tsdch MsOdetso W lgfpw

\ . ¢ sdzdzts H O3], Msj Hddew s b d3d
o L O 2]4 ud dzdwh ) Msd o ZMsd.
oo Msmkzh jmlsoks hda Wds Jude 2 WO
h NacrtXcacl |

S h ' e sl e o & s dda . [HRZO dLhshHEOD
L Bs G j dzdzts G 5 Wdzg dH O ) )

s
ts dzcpeleE®.64 e =5 0 0 R E5 kbar S
J o M wisdgds'O.0 Hiclz G ts2 WoL’T
ts
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Xnacy (XNac¥caci2)
o
o

t

L

! f
q G
q Mk BBOtedes o5 silsdatsh §| ff
XNaCl/(XNaCI+XCaCI2):0-5 (Flg 2b) fr] fr] IS O oS d3 G s 03ts G J- dzdzts G s W dzts q' H
fdted Md ud ded V. ] Y Isr ey n € tsdst
L dzd yd J BB ¥ HE 1 dzj tc cNRCIAJCaCh NG s sHFO2dhts g g 6 H dIs €
| eipte®j HJ dzj ded®s Msdzj 2 dBixHE Mshih jMisekzs h ddd W
MisOor mMemizh j Mise &z n Wdztg dHdz R W oL dzJ w g dzw
Misswdzdzer = OSCIsdoe dztsfmilsj 2 . Clsd dLtsdzddedd dzj W o dzwt
dzv s lsfw  f oW 3" didtc dadsfided WYd3dte § Lt OMY tej Hj dzj dzd W Mtsdzj o
f csimistsw dedets? OCIsd o dzts g 1 OSH st sHiPdeddg@z dae d i) . ey H Mis O
HdzZw Heokr Msmikzh jMse iz dr W datod=+0dztc § b @ us dzizt 8 dz'fn sdi
mdmisd &3 MssdasQ@Ipdisa fd dstsmisd 09 d3tp diz2W dztss?ts d3tsts gz
W dz¥ dmda> 0.5 1 sfdzj biets € 0OC dL tsdzd oseht 0. MDY tasjwip jdEWQ jlsldh
olststcOW Wdzt JHdZOY WOLO (L jdzv dzgOW CtedoOwW). ClsO WC
f oe20=06,H &2OC 5 Glsdatsh jdzdj @sdzr dgr = HBsdzj 2 Mtsdzj 2 o
lsalt ClsO olststcOW WaBLLOO tHfipUYclOh gzfad dzO y NAC) edz! dzlg ? s H dstisd
Wdztg dHJ ( Mmd dgv w dzd dzd v ) . ) ntSHJ fMdzj Hise Odaed W o |
sB d3j dzd @ O Isfyw M ts &zt A3t s dfj daldsrdgdd. i3d [ Sx&02Q.608 ¢ fiph tzs dzO W
Wdze JHdzOWY WOLO dmyjLojls, 9 Ists otjdk" COC olsstcO
Bsdz! dzf = HBdzj 2 Mdzj 2reac-BESGE j dzdzse 5 Wdzé dH O
ltesmMzdsdsdtelzj d3 MCIOL Odedzis j dzt® " 5 1j o Oy § dzdzSlg 5 wwdzSIR to
MotsBBHs?2 1 dzgjteecdd | dBBMO ktcOo dajHIEGO-NA®-BRElHS W dzd W
feddgjdssj tod Isj dsf0jOciOns 2 €D ws®o dzj dz@ B DRI B Ots
2.0 sdz2 P OW  yOMmls! ydmdzj dgdzr = f OtcOd3j Istetso tcOo dzj dzc
d fnfn dzp deds'd - CtcOj 9 HD-COMAR] Isqj epO-CO-CaCh; 3. 1 Otc Oz Istc H d
oL Od d3sH NCHIaGbd Wsdzlz yj dz dL 1 St jtod d3j dzls Odz! dzf = H Odzd
Msdzj 2.; vicOo dzj dzd J Msmilstsw dzd W Hj dzOj Is oL d3gtsy dzr d
Isj tedssH d dzOd3d yj MS d Az 7 @ tde@Cls. jo tdscfll Isizf ¢  HBts dz' dz’'55]1 H tsdzj
HOdzdzes?2 tcOBtsls] ftojHMIsOoadzj d&z0 Mjtedw WOLBSa"™ " HJOC
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slsdesmdismw ¢ W d¢Mmdtetse Odzdzts dsiNaCkdsGiaBbe j derff«m) Isdg tsizfz!. dz"AFO
Hd OC tc O 3" sOCtsets twsHP, sOCEdfHUY DS cDBEOdEE H dzw
fsLotdvels fteshdiyde Ols! dL d3j ddjOdaDn todz! Is jYftaagts HL Az d
MsMis©es O Mtsdzd . 1 OtewHiz M thtse | dzdzts i NAaCHIACE dL Oo d f
My dudwdud M¢ dBd H dzV dzOh j 2 RS H Jsdzch, 5 dzV g BS s fp 7 W
EdzH Od3j dagls Odz' dzgr j] teOL dzdydw dBwBiYHE btes?2der fted ygl
OHORBTEOC o btes2dr n, OS d o yYdbsrtey o C i sdzj
JHIJd& OCldedatsmisd otsH' o f tdzi MtshED]| M BFidado dzc
fsLotsdzwels Mkh jMsotso Odzdy WOLT IseoVy tgH 52
dodesmilsd eotsH™ o fdzj Mmikh jMisetseo OddwY Heoka
Ftoy nC 3 tsdzj delsdz" = Wdzs JHdzer 7 MdMisj BOR tiplzi H o Iz ¢
AWOLdcets Wdzs JHO o Yjlbs" oy nCtsli3f sdzgj dzlsdats?2 fipd Ml
H B | dziztiiay dzj YdIsr ey a S sd3f sdzj delsdetsets W dzs dH
Jfr]lsalz*th’J Wdze dHdgr § WOL'™, ddddd ftsmlstsw ddz
H® G Misis dzd dzd v B , ZO C(Blstster n MmMisOo s fr
j dzd d o H ts dz! 1Isdn dzd dzd 2 ftocsdmrtsHdls fJted
hjMmseakzs hddisd WOL Odzd.
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EQUATION OF STATE AND THERMODYNAMIC PROPERTIES OF THE FLUID
SYSTEM H20-CO2-NaCl-CaCl2 AT P-T PARAMETERS OF THE MIDDLE AND LOWER
CRUST
Ivanov M. V.
Institute of Precambrian Geology and Geoclolmgy (PGG) RAS, St. Petersburg
m.v.ivanov@ipgg.ru

Abstract.Based orthe earlier obtained equation of state for ternary systex@sd®D,-CaCbk and HO-CO;-

NaCl (lvanov, Bushmin, 2019, 2021), an equation of dtatéhe fourcomponent fluid system J-CO»-
NaCFCaCk is derived in terms of the Gibbs excess free energy. A corresponding numerical thermodynamic
model is build. The most of the numerical parameters of the model coincide with corresponding parameters
of the ternary systems. A parameter for N&aICb interaction is obtained from thexperimental liquidus

for the mixture of salts. The model is valid for pressures-afl k b ar and temperatur
1400AC. The model a | | stusyeofthe phase state andyactivities of veaterdresectiond e d
H,O-CO»-salt at variations of the ratitnac/(XnacrtXcac). Due to removal of restrictions resulting from a
smaller number of components in ternary systems, the thermodynamic behavior of sygtem mixed
composition of the salt is significantly differ from the behavior of those with a single salt component.

Keywords: high temperature, high pressure, fluid, foomponent system, phase splitting,.O@aCl, CaCl
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RMCtod dz® ¢ 1 b toiPdu thd d OC2 dslkL + ddd dzy Pledilstsdz o .
ANjHBI] &EIsBiIsso ddzMC d2 [ . &.

Y sMSsomSd?2 cmkznOtmlse jdedzr 2 kdedo jtemdlsjls ddsj d
HoCbkd jls, t EMMEBEMCo O,
Rdzisdlskzls 1+ ¢t jtoddsj dels Odz! dets?2 BB dzj eOdztsE  d o d3j dac
CY J toddidsots O, t smimdw
Rdzgmlsdlkls ¢jsndaidd d OdOddlsdujmMSs?2 ~dddd dds.
‘Rzlsdlsbls W dLdSqd ko jtHBEE IsjdkO t 61, 6. v
Ajdelste fjtojHisar n dhbsyddStse dJL dzzyj ddw, vddoe
R dziisdlskls W L@EEo dousd odS filstsj BOd d & kfjdss "
CedMsOdkzdzscOW dq, vddejthmdksjls 1 02652k0,

LS

T 00 0MSd2 | jsddiilsdlkl, vddojtefdlil 1 023

iskrina@iemac.ru

b dzdzts s Og df ¥ dzj dz wg dzw j Isfyw hdiesC s tedd Ml st QO @Gdzj dadas dzO |
MisOB ddz' detsfylsd tscteOdzed yj dz0O, dq dz© Btsdz "dr c¢dzzed dzOR t
fsmishfddzj dzj o7 § WOLT . AOL T s MtckzClskztcO®Rd WJjttedls
BOsCdlsO tOMMd3OIstcd o Ot Isfw 9 ¢ Oy titsde!j  tfsthfigdss'e fiaf dj df
ltedqtesHdz j HtsMmishfddgjdzjor j WOLT dzgj sHdestesHdy 5 M
Bsclzls o¢Cdz yOls! tOL d&dqyder § €0OIsdtsdz , ZOf tod A3 to, Cr,
Iso jtoHT j tcOfmlse tste’ . 1 sfish §f d@pjddjjdad vj sBirOCld e dgdE Escjtsds
oCdzs yjdzed?2 o OkzdzOL OR, o &BjlkjttedlsOrn d o doif OCIsde =
sftej HJ dzj dz Emdzsedw BtOL 50 Odad Vv, GteOdzd y” WOLBer A
fmishfddzj dzj e = W OL o ntcOnddilsyddsCn rod BY B d3 HJOY
Isj B j cOlskzts. J HOdzdets?2 tcOB Bl fMtstsBnN Ojlsmw 8 ftodtotst
fsmish fddzj dzj o = WOL ©WOLdZJyde = MstwekzCIskzte, dn o jtH'™ A
sdzg yjor J Mdzts e O: f smis) tf Jidg wixg®Y | L BdRO,) , dzdy dgv v BO
cBOtctsCdlstsor 2e COdOdz, WOLtso' j tsilsdatsh j dad W

z§ddgjidzh qietsC 5 twOMY tetsMistc Odzy dada’ 2 d3d dzj tc O dz, 9
sedyd MS d Rl tSsiB frpsOdasjoXfiplsso. d j 3 o MBS sets H O dzj ok
tcOL dzOc O Isfpwe h g & & tc OReid,dRiNgwood, 1969)dzd B ts dMmyr Isr o C
MstczCIsktedzr | WOUBOY)j Msptg] TEaOo.dzr = ftejlsjdeH j dzlstso
WOoL tOofmhdiote d o Gyds iiflstclz € Iskz tc O dEFH) ,$ OUD d'd B G deld B RO
B30 te ts C(Odsk®r Kasper 1957 Rogge et al., 1998 Giesberet al., 2001) | dzzlstcd 1 Istsc
Md B3d 2Mlso © twtsHMmlseo jdzdz" = 5 L c&BdP@EsHMIstEE ERK s
h j fils! ts €, IseO L HH jted@vdgdfls fy W MsteczC Iskzter Cmdm (Bhmnuzlsitc d fig s0 O
f tod d&3d Is d Bndza(REEEn), Pbcm(Pmah v y 4 2d¢. O o

Il dzOfmlstswh jj otcjddw fYtsMmishfddejdzjor j WOLr, dn
tGWH' IsojtH"™ n ©OMYs,e tsdeisk yJj d&& Mdky rOERHEIARIE yedds.5ls ] M
ftedtesHdz » d S jtoddsy dzlsOdz! dz" = tOL detso dH dztsylsWw
dr ke jtH' 7 tOMlseotstctse d B d&ZzZOMIsj2 MisOB ddz desfisd .
Il ftedtesH] fMmishfdd dzjorj WOL'™ BseckzlsOB'dg!
Oz dzdL S sGts HOo dzj dad v . 1 sfish fddgj dzj o7 j WOLT
ifmlsej oCdzs yjdzd?2 o Odkzd&zkOL On, 9o &BjlsjstedlsOr d
i na, 1teOL ddzdwy tfdmOdts d3dzts ¢ @arfinskiztetjal.,, @f5)zj tc © dz
HJtey O j i Octcj GOIs COteBdHO N4 dzj L O, BSGOIsr 2

SN ONO]
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Mg(Cr,Fe}Os sCMdH d ttsdss d ud 04 d 21 cS@vplfsilse] & a2011)8 © dzts

s dmMOdets dgj MSCsdz! S5 o MsCsBOWdz' 7 W OL: WOoLO Mt
Odzé BsMBHMEHIOOL O ( NAL)HsH Atey OMdiRtc sM R & difsj tetsch MC & Is ,
BtsSG OIlsr 2 Ti . ] B Isj stedIlsOnr d d s OCIsdIlsfs, BT Oz
shfddej dzj o' 2 f sdzd BI3steW  d&30O G dzj Rnmigds(Chienetsa|, @) Mts Ml
ddls 204 FetCiodtosHEas BB dyj MS d2 f sdzd dzts to W ~totsdid Is
Iy d s WGhentetcpls @008)  y J dzd3d dz®Of B dsd 2pt€0dz o " MsSSC BE 5 H
Z ¢ sz tcRmthg (K& et &l., 201); h Ok dzgj QELTIOF €& o' s 5B Ote dz'
d isstew kdz otsh i d dzj (e, Piakapelfd@BR)C Isztcts?2 CT

J 1S jtod dizj dzlsOdz? dz" = dMMmdzj Hse OdegdW R B tcj HJ
Lsearn fijtejratsHtse d dLd3jdzjdedd WdLdudmMédes Mot
gidui M¢dr MdMmlsj ZOR o hdesCtsdd HJ O OL tsdzj dzs O9 dzj
SHt©COL Hj dzd Is ¢ dz0  ¢AFelpOuts BICE 10, ¢*WBIB Y d ¢**Mn>*204, GHJ
sL d¥qe Oded B3O8 Is tOL dzd ydzg' § C8& Kds HetsMial Zn, CozP §f st df3j s O C
"Hy &Yy cwrkffO M BEDdEH M IYEEL dipjEPdsjo?
sL JafdRlsc zls tcOMnfaZizOa(©ig? e dz@B22d MM dz9.d o dzj 2

s OS¢ Y J LSy Jtedd3j dzlsOdz! dets B'"™ dzd dL zZyd daf dzd € 5
smish §f ddzj ddghlnCGi - MSiO.: (Kojitani et al., 2007) MgAl.0s-CaAlLOs (Akaogi et
l., 199); NaAISiOs - MgAl204 (Onoetal., 2009) Mg2SiOsi MgCr204 (Bindi etal., 2018)

v jtoH™ 2 MNpAidsbMgsSIsB "™ dz L EZyj d HB HOBdd@PE -~ 2
(Kojitani et al., 2007) J HdOf OL tsdz32 3H Qolde) digt@ i Hd ERINLOL YOS W osdRVGjHI
MtsH | tYMOAlD4f tcj 8T h OjIs ~23 dBsdz%, o MmMdMmisj g Gfted H(
dzd h ¢ CRu®Jj tH" 2 MQAHEEaaM, " dz dLEkzyjdz Hts HO9 dzj dzd
T=120®kaogietal.,1999) 1 tcd HOodzj dgdW R CAIVH jtc ntsH Pls ¥ ©OL BC
MstckzS skztos? C OQE y &t Jdapideb@n stc OdzmW stcdzd tolz j Is ypw )
MstckSCktes?2 CAdBrdy-dBE J@OEOOSHJIsMw o OMMsydoOoydd
Odzéddizd 4 o 52 HekB).ot®2j toH " 2 Nall$ i@ oMyillo-OsB" dz L zyj dz HES H
~30 | T=OL 6 Opoetal, 2009)) tcd HOodzj dzedw = o' NgAlSLOdJd |1 O
tcOL dzOG Oj IsMmw dfn WEHaBIOO:thasO diflsjtcz2 € sztets?2 CRdz' Wdst jWiela
MisOB ddzt dzO@ o ff dztsls! HEts CtO2dedr L EZyJdedzr = 9 H Odzdzts
ftod BMIpE sd3tf sdzj dzls © A3 0 ff telgjsalz. ® 1 tcd BBBAdZ h jd3 o R
Mistclz C MalAIBI@y, C tcs @IV OLsBLOL EZjIsMw sOC Y] ¢ $ MOG dzOdz
HexP.l tc O BBm@i et al( , 2018) ftoed HOoadzjdzedd 20 11O d I
Mg2SiOsiMgCrOs f tets® J Hj dz Mddalsj L ~tesdi3MtsH j to) O p@)s  fig d dzc
sB O j dzdzs? MbstckzC s@ues?2 . L @ H O MEBEE s Wstod3d ok
BsHdW dS OYydBio,( MgOHRBRROIsted o0 O ©OINM gL g | Razts B i Jo s AIE
Mistcz € I€F, tc SRts dzlz Y J dzdztSRotkinaetalOB sB P 1 8) o " dtesCtsdy HJC
(13118 11 0) 9o ntHj &€& M) &d dgdedzls O d3sdz joSE MECHO0s M d Mis J
vOCxj o ©LOMMBOds Of dBts2 MdMis jCiy " df toiff ts dalOw jdrip dad af
tc © M Is & Mg{¢Cr,Mg)(Si,Mg)]O4, Cslsster 2 dgdsd J Is dm¢ Ao dzdzlz 8
f esmlis tc OdzMmls o jQimd2dABindictialz FOL5y

1 0asHSd (¢Mmishfdde dzj o' A W oL Mted H 9 ¢ dzt yJj o
5B dzOtelzy J dzdd o MwOMIsOdedd M Htekzec ddsd dOdzs d 2 dz" d3d
sSBteOL 59 Oded W 9 OdkzdizOL stsBtcOL z¥ h dn syoOce On d f¢td
zdqttsS d?2 Hd Of OL sez0, dn i tcipfsdipsrCnisted tets o O dzdz" 2 1 G
dmMmdzj His9 Odad W d&3( , ECOLroa0Ojls dzO Ists, Yylsts wsded iBts
hj dztsyj? d v HfGe d dgjdff ja2j dzlsftied o " MtsS d n Is4 a3 § 6O
mMsslse jIsMisolzs hdan fJjted - BHdzs2  (Iriudej anddRingisgod ddpIB; d30 d:
Kesson et al., 1994; Perrillat et al., 2006)
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POSTSPINEL PHASESAT THE CONDITIONS OF THE EARTHG S TRANSI TI1 ON
AND LOWER MANTLE

Iskrina A.V.12 Bobrov A.V.123 Spivak A.V.2, Kuzmin A.V.4, Chariton S°, Fedotenko T¢,
Dubrovinsky L.S.’
L omonosov Masow State University, Moscow
2D.S. Korzhinskii Institute of Experimentdineralogy RAS, Chernogolovka
3Vernadsky Institute of Geochemistry and tieal Chemistry RAS, Moscow
4Institute of Solid State Physics RAS, Chernogolovka
Center forAdvanced Radiations Sources, University of Chicago, Chicago
®Material Physics and Technology at Extreme Conditions, Laboratory of Crystallography,
Uni versit&dmaByayr eut h,
'Bayerische&eoinstitut, Bayreuth, Germany
iskrina@iem.ac.ru

Abstract Spinel is a widespread mineral, however, the area of its stability is limited, and at great depths
there is a transfmation into the saalled postpinel phases. Phases with structures of calcium ferrite (CF),
calcium titanate (CT) and méddte are considekas the main candidates for the role o$spinel phases.

Natural posipinel phasetave a complexomposition. Structures with anarokité' channel can include

various cationse.g.Cr, Al, Mg, Fe, Ca, Ti, Fe, Na, while forming solid solutions. Higbssure postspinel

phases have been found as inclusions in diamonds, meteorites, and impact craters. Experimental studies have
determined the conditions of formation, the boundaries of phase transitions and chatmgeghgsical
properties of pospinel plases in various chemical systems over a wide range of pressures and temperatures.

In this study we report on natural anéxperimental pospinel phases of various structures, their solid
solutions and stability regions.

Keywords posspinel phases, trait®on zone, lower mantle, structurenarokite' channel, phase relations
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MORPHOL OGICAL FEATURES OF DIAMOND GROWN ON SEEDS OF IMPACT
DIAMONDS OF THE POPIGAI ASTROBLEM IN THE FE -NI-C SYSTEM
Karpovich Z. A.
Sobolev Institute of Geology and Mineralogy, Siberian Branch, Novosibirsk, Russia
zkarpovwch@yandex.ru

Abstract. The Popigai astrobleme contains diamonds with unusual properties, which are of great scientific
and practical interest. In order to study the features of diamond growth on lonscamitiming impact
diamonds, an experimentaludy was carried out in the Fé-C system (nickel 36 wt.%) at 5.5 GPa and

1 450 AsAaCresult of the experiments, it was established that the growing crystals are represented by
diamond (cubic phase), lonsdaleite was preserved in the seed crybwlgorphology of newly formed
diamond crystals is represented by octahedrons with secondary faces of the hexahedron, rhombic
dodecahedron, trigontrioctahedron. MilBaded growth was recorded, as a result of which druse aggregates
were formed, consisting ofapallel or misoriented intergrowths of diamond subindividuals. Probably, the
initial misorientation of the nuclei in the centers of nucleation led to the multiheaded growth of crystals on
the seed impact paracrystal.The following successive zones of diagnowth on the seed crystal were
identified: pitlayered texture of the initial seed (zone A2) seed surface with signs of partial dissolution

(A2) > thinlayered texture of growing diamond with faceting elements i(B)aggregate of finely
crystalline subindividuals of the newly formed cubic a few micired diamonds (C)> intergrowth of

large subindividuals (D).

Key words: impact diamonds, lonsdaleite, high pressure and temperature, experiment.
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EXPERIMENTAL STUDY OF MELTING AND PHASE COMPOSITION IN THE
BASALT-FeSFeC SYSTEM AT (=4GPa, uv=1400Au

Kostyuk A.V., Gorbachev N.S., Gorbachev P.N., Nekrasov A.N., Sultanov D.M.
Korzhinii Institute of Experimental Mineralogy RAS
nastya@iem.ac.rgor@iem.ac.ry

Abstract An experimental study of the bas&kSFeC system with the parameters of the upper tedstof

interest in connection with the problems of early differentiation of cosmic bodies, the chemical composition
of meteorites and magmatic sulfide deposits. The experiments were carried out at the IEM RAS or an anvil
andhole type apparatus (N40). The hardened sample consisted of ore and silicate parts. The silicate part is
composed of products of partial melting of basalt, including restite of eclogiti€@rtomposition with a

small amount (<1%) of intergranular silicate glass of ferrobasalfposition (L1). The main volume of
silicate glass is confined to the ore part of the sample as a result of the injection of basaltic melt (L2), where
it forms extensive areas, mainly in its sulfide part. Like intergranular melts, injection melts areectzamehct

by anomalously high FeO contents (~30 wt %). The properties eC@«trestite, the value of thesided

contact angle between the crystals corresponded to the conditions of an open system, which contributed to
the migration of the main volume ofehmelt through the intergranular space and its intrusion into the

weakened zones of the ore part. During migration and intrusion, the melt captured individual portions of
layered sulfide melts.

Key wordssilicate, sulfide, metaliquation, experiment
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INFLUENCE OF SUPERCRITICAL C -O-H-FLUID ON HYPERBASIC -BASIC
EVOLUTION OF MAGMATIC AND DIAMOND -FORMING
SYSTEMS OF THE UPPER MANTLE

Kuzyura A.V., Litvin Yu.A., Spivak A.V.
Institute of Experimental Minelagy Russian Academy of Sciences
shushkanova@iem.ac.ru

Abstract The key mechanism of ultrabadiasic evolution of magmatic and diamefodming melts of the

upper mantle is the peritectic reaction of olivimal gadeitecontaining melt with the formation of a garnet
containing association.

The influence of increased-G-H-fluid contents on the possibility of the peritectic olivine reaction, its
temperature, the compositions of reaction phases, and the staotinign mantle silicatdéluid magmatic
olivine-jadeitd diopsidei (5 wt. % GO-H) and diamondorming silicate- (Mg-Fe-Ca-Na-carbonate} (7.5

wt. % GO-N) systems was experimentally studied at 6.0 GPa and 70® 0 A C . | Aluidspseem,s i | i c
the olidus and liquidus temperatures decrease, respectively, by 120 as®l0-60A C compar ed |
silicate system. The olivine peritectic is shifted by ~10 wt. % towards olivine.

In the silicatecarbonatdluid diamondforming system, the olivine peritéctis still occurred at its
temperature decreases by 280 AC, the solidluds tem
system. The C@component carbonatizes silicates. Thi®Homponent is released into the flagdd phase

on the solidus, eating a supercritical hydrothermal system that coexists with solid silicates and/or
carbonates.

Key words C-O-H-fluid, ultrabasicbasic evolution, silicatearbonatefluid system, peritectic reactions,
mantle metasomatizm, supercritical hydrothersyaltem

51


mailto:shushkanova@iem.ac.ru

4BBtodzd ¢ MIsOIs j-2022 ( & C [ 1}

v $52.13

Y

CsaltRrRIiCVUG[ P21 (T r¢sARRRth¢R¢¢¢1R

Y 1
1t rR13 O

(VRL
R 1000A

[ dBBOdEyg 1 klslo.ddzOW sdzetsg J Oz sl.tSltesB j 2 d. o.

Rdzmisdlskzls + S jtod 3] dzls Odz! dets? B3 dzj cOdztsec dd d o,
limanovev@iemac.ru

O dzdzsls OLYMES ] Misjfjdd sHOM dsets &GOdsd2 dses  dj s
fMlsOBddz degsets o N s sd Jdls jKeodddsj oijsif p disdd g & B iz @) ol
©j OC yEhF Di + B/2K0 +1/2Na0 + H:0] = K-Rct+ 2Fo, S slssteOW B' 20 dL kyj dzO
o ftodmizisinls oKdQD:N&@D- L0 § tod Isj dsf jteOlsztej 1000Aw d H
COL deNalK MEslsdsh j dedNaK =) 60/ 50 PEW0s/SBdD ¥ steddel ] Isf
(K:CO+NaCOs)/(H:0+CO,) = 30/ 70. s tshssd OSCkdso dsfmisd hj ds
COL dztsy j dzgd j S zd dzts qetsS i dzO, O IsOS NEK F) 5 0 /j 5z j K- iis l s ©
tdRlsjtdlsO,NalO= 07 OzE QOg fyls € tc OO dakz® s BaK =] 319d IO dis™ o dz
OBY B0 5§ OL Odzsfy!  dzj KEEOANBELO (HFO+GOS dz! € t52 O /.80 (d 30/
fedmizismised) fttd Bdij ddLsdi d of MsSdn MSHJ B
fsf ] dj ddr &5 o dzdw ded j o5 j @ Iy dzd Bats G sy stz tzls o 20 Mls O
Vil Odzs o dzj dzts, yhstsq "eBjiles® Odadg d Mdls dzj bod' ¢t &l h
fslsdtsh j dzdw MOBdR hjdsyd' 7 Sk sdy destso .

sdzé yj o jEONEEKRAZ 2 &jlsOMsdOlssL, W dvKded D Is jSfls ©d d3j dals

[ BHOdz dzr 2 @ dBOdelsd?2 dlzf Bsgj DMt d3@ylp dzy ded v B3O dzls d 2 d
A~nSHY dr o9LOddisHj2MIsodw M Wdzr dHOBBd tOL dzd ydztsa ts
Colststetsets fosdmMAatsHdls ¢jdej eOydw d3ddzj eOdztse dgj R C
f OtOCij@zj LIFEOSC R C0OC Whsetsydls, O®YJssd, OdsRidsi ddidys
& Griffin, 2013) . lrmMsCdy Mbifidd dBJIsOMtsBBUcEL-G |G Os
dZdL S scdzd detsL Y B Mistsédts OBW dBtsdZzO, MlsOBJdz! detsgts o F
(MTrBna@B82). (6t c¢jdzgj cOydw H8EMHMF dRKOAs+1/2Na@ sH | to
HO] = K-Ret + 2Fg i ted EyOfgledzd ¢ ¢ figdedasts W dzse JH O d Mmsdzj
dststslsdetsh jdedj hjdzsyder 7 Stk tsdzj delstse o OdiW dB tsdzj
(Zimmermanretal.,, 19937 d weo dzvw j sfyw W (Kop€eti&Ulmder, 1090 dzj dzd W
[BtcOL sK-©dZ 5 jtcdlsO Br dzs fMmdzj Hiso Odets ff the] oz fydzts
10) ftod N desizsj dedd. 1 osHECIsr  dJuUPdzdtg o Adzd
fnlsJIdg@f:Fl-KrBrdzlq?dy,'qudzf Matydd LOCtdtdR] tedsMmisd. 1 t
c1tr;>|(3dz,q’w hjdzsydzr = St sdzj dzlstse ots Wdze dHj o f
Cj detso t df B)zd o fe2@0 I 5o Otzd fip ) O tHVI@BLSAEES fi{+ o 5L 3l
+ Ko CO3/HO0+CO,=30/70. 65 G jdzj eOydw MmMsfteso sy HOJIsMmw
CYd wOLsyjddjdB Sdaddsf dtesSthj O o f dtsis! HtS
o odHj oCdsyiddw o HEkzedms WOL OAR. RL d3j dz
j dzd W J dzd § &3 N | dzstH U@ MG ded i dz® ff ez OH Iz ¢ PKY Je:O L drts ) T giAd Ig
dsf JiesS M) 20 ftedosHdls € oMk $Od ydw o Gk
tehstdaf - s ;8 d HOMIKI P dz' yd jotsMmis! wsedn (dfesIQ)dsts
Is©o OlW d B tsdzOts dgidsj zOI§ tsth¢d . fMRsEAS)ER?  (

I " sK®lg slsdesh j dzd §  BI-Krifdidplsajtigidls S oL dBsy datsfyls
WdBtsdzO ExJd fHtod dBddedBOdzr dgr = MtsHjtey Odzdwv rn Mts
dZBhJNmp@ﬁ'ch@/HzO+COz— 20 d 30, d ftdmkzEss d
sdodesfilsd M jdzsyj?2 dBsyjls tBEMdzOs dzd e Ols! Mw f st .
j dzsydz' 7 C iR tsdzj dzlstse dzO tsBtOL 5o Odzgdj OMW dB tsdzO.

ama»—
7]

C

&
o8

©]

—_

OO0 ISEIPVNOZHITIW
5"[7511"‘— T r

%nw& Fogoo

a1
N



AOLS9 " | tOQodetse jmdw fted or s

MdMmisj &) fedmklsimsokysls desdSd " jdsydsd.L T ddss@d
Alsdodesfmls! osHT MsOBlidecdBrjBdl. MMBEHBPY OSCIkd
ZOf eslsde MlsOBdddL diekzjls Bsdj | dOktss' | OdOdksd(d

s OB dzdY@tsHEZSIsr " lstse, ftotso jHY ddzgr = fted 3 11 O

NaCOsz+K,COs/ 10 20 30 40 50 60
H.O+CO
B9
Na/K
50/50 Ol ol ol Ol Ol Ol
( MsfirkriPoe - - Amp Amp Amp Amp
Di Di Di Di Di * 9 -
Opx | Opx Opx Opx Opx Opx
70/30 - Ol ol Ol Ol ol
Mshis-Brp | - - Amp Amp Amp Amp
Di Di Di Di Di Di * 9
Opx | Opx Opx Opx Opx Opx
30/70 Ol ol ol Ol Ol ol
(N ts ) 18l &p) Amp - - Amp Amp Amp
Di Di Di Di Di Di
Opx | Opx Opx Opx Opx Opx

) o) yOh®i © ®» odHj o6 d® uj dzq v .

p £ W4

N

‘ Al 'y : 2
_ g s '%ﬂ‘;‘ :gt 4 AP
Il - 20, 3 'Ma, 1000°C 100pm Il -40, 3 NMa

t M RLISBteOY jdedWw BteOL Ytse o Bfigipg®y o Gada] 'L tsd ifiyj Sdsis B C
o MdMmisj i, cH] OBRYIBBECHkEZY] d' z &&dghis Dzt OB J
Hdzd dzz) o Sty jddd SttdmsOddazte Heokna § dttsiC i dats
stelssf JtesC M dz, MdY dxdixizF § o € = fyij dizd v

1 0d B tsdzj § B dzOG 51 to uwdydz js B e dst® eOcfizd W ORY d B t5dz
MtsHj ey Odzd j d3 & Odzd W f totsH j d3ts dzfyls tc f/tdas B dR @ dztshiy dj frgtisdj j ok
{ Mdztsy doy dzdzts § KstBdeDls Jstelstaef jo + S MY Jteddsj delsg € tsfpo j dad

53



4BBtodzd ¢ MIsOIs j-2022 ( & C [ 1}

ofmMiste] Yyoj d3sMmis! o YtodtosHdz = 5B COH d@OR Y J dsilag Y@ Udda
hhj dzsydas Bl sdzj dzlstseo, o HW@EgHddY o fHtesyj MMOR dsHC
BjlsOMEEO L O jitg Todijnas sdf@deled d .

1.2 1.6
@ w ®
1.0 ’
Eog - 8 g .
o ¢ & 10
@ DO m Amp
< 0.6 Crobonmbiii Di 5 0% | ge o5pasyercs
= OTCYTCTBYET ’
= 04 : : ; 0.6 8 g §
v 04 i
02 02 K
0.0 0.0
10 20 30 40 50 60 10 20 30 40 50 60
Na,CO;+K,CO;/ CO, + H,0 mo/1.% N2,CO;+K,C0O,/ CO, + H,O mo1.%

tdMm. 0)2.OWdC L Oodmddssilsd d Caij dgj daq o 1§ tsad] tist] Of e
hj dzsydesfisd W gzegl-KrOs )o dmddfjlsdzj dzd jK diNa i j 53 Oded 'O B d B t
LOadMddssMisd Bl MeMEER O W d* dHO o MmdMlsj dj

gl Ru[fJSRU[TOUULL 3
1. Konzett J., Ulmer P. The stability of hydrous potassic phases in |herzolitic margte
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v. 40, -~ 4:6521999. P. 629

22.06Rei Il 'y S. Y., & Griffin W L. Met asomAdti sm
Springer: BerlinHeidelberg2013. P471-533.

3. Tr Bnneslity rdhgeGand d8doraposition of potassic richterite and phlogopite end
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4. Zimmermann R., Gottschalk M., Heinrich W., Franz G. Experimentakastribution between
amphibolesand aqueous chloride solutions, and a mixing model along the rici{enthterite
join. [/ Contributions to Minerabdogy and Petr

EXPERIMENTAL STUDY OF THE REACTION OF K -RICHTERITE FORMATION AT 3
GPA AND 1000AC

Limanov E.V., Butvina V.G., Safonov O.G., Van K.V., Vorobei S.S.
D.S. Korzhinskii Institute of Experimental Mineralogy Russian academy of science
limanov.ev@iem.ac.ru

Abstract High degrees of modal mantle metasomatism lead to the formatiosriclfit€iite, which is stable

over a wide range of temperatures and pressures. Its appearance is due to the reaction 8En + 0 + [1/2K
+1/2Na0 + H:0] = K-Rct + 2Fo, which was studied experimentally in the presence of fiGOKNaCOs-

CO,-H,0 at atemperature f 000 AC and a pressure of 3 GPa, at di
70/30, amphibole is formed at {8O;+NaCOs3)/(H.O0+CQ,) = 30/70. With an increase in the activity of
alkaline components, decomposition of clinopyroxene occurs, as well astanstiie composition of
amphibole in the case of Na/K = 50/50 towardsdterite, and in the case of Na/K = 70/30 towards sodium
analogues. In the Na/K = 30/70 system, the appearance of amphibole turned out to be impossible only at
(K2COs+N&C03)/(H.0+COy) = 20/80 and 30/70. Its presence at lower and higher alkali contents may be
due to the alternating effect of the activity of water and alkaline components on the stability of amphibole. It
has been established that the formation -efckterite dependsat only on the alkalinity of the fluid, but also

on the ratio of the alkaline components themselves.

Key words:mantle metasomatism, fluid, experiment, amphibolecliterite
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SODIUM-RI CH PHASES I N THE EARTHGO0S MANTLE
EXPERIMENTS IN THE Na 20-MgO-SiO2-TiO2N ADs SYSTEM AT 10i 24 GpaAND 1000
1300iC).

Matrosova E.A.L, Bobrov A.V.12 Bindi L.3, Irifune T.4
vernadsky institute of Geochemistry and Analitycal Chemistry RAS, Moscow, Russia,
2Geological Faculty, Moscow State University, Moscow, Russia,
DipartimentodiS@ nze dell a Terra, Universit™ di
4Geodynamics Research Center, Ehime University, Matsuyama, Japan
ekaterina.a.sirotkina@gmail.com

Abstrafif. The new results of experimental study of the@gO-SiO-TiON ADs systemat 10i 24 GPa
and D0GI130 0 AC ar e di s c As19 6Rba singlephase ifiedd ofaaT ppyroxene is formed.
An association of Nanajorite, Cf andstishovitewas ob&ined atl6 GPa.The highest sodium content
recorded in bridgmanite synthesized at 24 GPa &4 C3.8(wt % NaO) significantly exceeds its
concentration in the composition of pyrolite (0.4 wiN#O). Incorporation of Na irbridgmaniteresults in
an ircrease in the cell parameterrelation to that of pure MgjOs; bridgmanite

Keywords:bridgmanite E a r tmlaniles high PT experiments, phase relations.
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Eidzseo v tSBOLEo Oz StdasteOmisdy 7 fdediRC Y @ dzisezO dayly
Cd3f dzj S MO (&P ) =EMsEPedy | (sesH' , (Sdkscdltse j Bl
pdi3jhOshdaisd o5 SOBSMOHBYdS i3 ksdh Ok SBEOL S0 Odzd f)! o
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Bisdzj J §YBsSLHdAz?2 tjctej Mind Qs Hipls®n d f tedfj lf OEFEMEE] dsucBA S Iss -
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CdzOEZS W OddzOdzyj o sds S tsdzf dzj S Mg f j-frflsitalrd?ls siytsfHls Ooff
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sBtcOL tso Odzed v dZj CtBttem," hoO jldss 5o tcj g C OC 1 C 2Bk dIstso T
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1415 CBOtc ( ¢ldts cCHBA taH) s 91 7cked@dsjiztdd0BdE0 Is j 3 j

lticdydder SCStdalstcOMmisdes » EMdzsea d2 & sOB@steW dL B3O 1 € c
dn Csf dzj $ MO fstesH FsCO HB CtdyO dzj o wfndzd
gkzh jMmlsokzsls Hoj stsySd Ltejdedw Hdzw tsBI WMdzaj ded W
Wiesdzdtetseo Oded v M dzt€Y-txts A jf idatkds €zBl., 2010,Liu et al. , 2001) d
Isj Slstsded yd M¢ tscTH-d3ty jzkirdzr @t al. 2014) . [ dzv  ¢lsB O dc
COkC W OdMdzOdzyj o 565 Sl dzj MO, ©WOMMBOISLdo OF IS
mis iz s dzts sfls O Ismw f{ tstc diTd3duchet s2818)s @ ,IstsHL 9 8 9
B dzj cOdzsedyj M2 IsjtcdzsB Otetsdzj stedd fsLotsdzvsls s
sBtcOL o Odedd Mtsmkzh jMlseakzs hdr Sdf dzj S Mtse € tsdzalstc O
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ORIGIN OF CONTRAST SERIES OF ROCKS
IN THE CRUST ECLOGITE -BLUE SCHIST COMPLEXES
Fedkin V.V.
Korzhinskydéds Institute of Experimental )\
vfedkin@iem.ac.ru

Abstract. The method of mineralogical thermobarometry was used to carry out a detailgsisaofathe
P-T conditions for the formation of rock series contrasting in the degree of metamorphism of the Atbashi
eclogiteblueschist complex (Southern Tien Shan). Higlssure rocks, eclogitic boudins, and bodies in
contact with host metasedimentatyata were formed in the process of tectonic melange at an early stage of
the development of the complexhe tectonic melange model (FModel). The enclosing gneissic matrix
with the participation of Gf€Cpx gneisses, GEpx-Gln, micaceous and chloritechists, diaphtorites,
guartzites and quartzite schists were formed as a result of their joint coherent development at a later
regressive stage of metamorphisrthe model of coherent formation of layered strata {@lddel). As a
result, for the Atbashiamplex, there is a trend of clockwise change in tied®nditions of metamorphism,
which is characteristic of intracontinental sutures. A low geothermal gradient (~ 10 deg/km) was recorded at
the initial stage of development of the complex with maximurarpaters uptot=65000 AC and P
15 kbar (for GHCpx rocks and eclogites). The minimum parameters in the form of a regresBiteit
show the level of conditions of the blueschist facies in the temperature range fré80®@&050065 50 AC
and pessures from-2 to 810 kbar.

Key words: HPUHP metamorphic rockdprmation conditions of contrasting series of rocks, Atbashi
eclogiteblueschist o mpl ex, tectonic m®l ange, coherent devel
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EXPERIMENTAL INVESTIGATION OF THE ILMENITE  -OLIVINE -H20 SYSTEM AND
CONDITIONS FOR INCLUSIONS CAPTURING UPON DIAMOND GROWTH IN THE
UPPER MANTLE
Chertkova N.V.%, Burova A.l.12 Spivak A.V.1, Zakharchenko E.S%, Litvin Yu.A. 1,
Safonov OG.'? Bobrov A.V.123
1D.S. Korzhinskilnstitute of Experimeat Mineralogy RAS, Chernogolovka
2L omonosov Masw State University, Moscow
3Vernadsky Institute of Geochemistry and ltieal Chemistry RAS, Moscow
nvchertkova@gmail.com

Abstract.Primary inclusions in diamonds serve as a unique source of information about mantle minerals and

fluids. In this work, we apply a set of experimental techniques, which comhisés methods for studying
samples ina diamond anvil apparatus and methods of 4pigdssure synthesis in a Bridgentgipe
apparatus, to investigate mineral associations and fluid phases that are stable in teégeSiQ-H.O
system in the pressure range from 4 to 8 GPa and in the tempesat r ange from 500AC

t

experimental data can be used to model the thermobaric regime of capturing of ilmenite and olivine

inclusions in the presence of hydrous fluid during diamond growth in the lithosphere.

Keywords: ilmenite, olivinece VII, inclusions, diamond, phase relations, upper mantle, experiment, high
pressures.
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PHASE RELATIONS IN THE Fe-Ni-S SYSTEM UNDER THE PARAMETERS OF
DIAMOND FORMATION
Sharapova N.Yul, Bobrov A.V.12 Spivak A.V2
Lomonosov Moscow State University (Moscai®M RAS(Chernogolovka)
sharapovaninel@gmail.com

Abstract The Fe-Ni-S model system at high pressures and temperatures describes the composition of a
monosulfide solid solution, which isommon for inclusions in diamonds and mantle xenoliths. The
diamondforming efficiency of sulfide melts with dissolvedarbon has been demonstrated some
experimentakeries of paperslo determinephase relationshipa series of experiments was carried out at
P=7.0 GPaand T=900 6 0 0 AC o-typeanviltagparatusitlEM RAS As a resultT-X phase diagram

in FeSNIS systemwas ceaed. According to thdindings a continuous series of solid solutions of sulfide
minerals is formed in the studied range of compositibemperatureelated golution of monosulfide solid
solution and sulfide melt composition under thaditions of diamond depth facies is traced.

Kewords phase relations, sulfides, inclusiomsdiamond, high pressure and temperature
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f stcsHBsSBiOL 28 M d the to d3( Bz BOHAORE O d e ¥ NgzdER(C yj o ¢
fsmissw dzdzs o Mistej YBY Isdgy dBOcdzj Isd Is

stesdzgj btsets, Bf dzd dMmMmdzi Hise Odzr yYOMmlsdydzts tOMS ted
MW¥WJjdad (BBt. 9774) d h{ dldzjlszgsldEOkickd o dde o B s MY
Misj CzBo IC dzs yj ded?2 dL HdtesCMmjdtse ij dzddzdlsdlsO (
g tsMisOor ftedojHj dzr ¢ 100 fttsyj dlsodz s Mmizddi

sLwddzO0 (o hfddeidzd 85 [tetdiz, 9 IsdlsOdedlsy (s
tsdzlz yJ dedz" J Msfpls@or , ) B Eslstste &3 Hf kM jddj &5
OroOyj dzdetsy ojhjiMmlsets ttOMf dzO9o O, mMzh jmMlsoseo Oa h j
Cdzs yjded?2 ftodotsHdlsmw o v GpdnlslQse 's Gfd do doetsdzttc O Ldzdls
ftej Hj ZOR Hdats?2 fstesH! . { B tdadapds Mt isite'sildzd s !

fjtcodydesets tcOM-AJaHBNMsO@OSHOBELZOEDAEZdL O d L OR 9o Ols
Bddzj cOZzO "LWYWddO. w4 Eyjlbtsd O dr d ddlsj tcOlskztc

(<o i e |

Ctolkztf tc O dzOo 59, sB dzZOtclzy § dzdz” j dz¢ yg dzd v ABO
*ulsjCdzO o' MECBHBOCHd L dOd d' j d ddLCsCOd ydjor j
q hj detsyyj 2, 5B &zOtelzy j dzdz’ j ) wCky dtcOd

* [ sdesdlisy dz' dets dzd L, 3 dgP ¢ dzjl10d Codg' figlxd % M ®IG Pz MBH | t6°
h j dzsgjd2d L € d B S WGk PB zdydise Odzdz’ 3 teOL dztse d H d
5B dzOtely jdeder | o d2sdkdkOr (RMOSESOO d HiE., 2015

v OB dzd WA MIs.09 wWOMtsdzGoOdzdz” d3 OdzZOdzdL © B S tetso ¢ dz6 yYgJ o
ledzd dZhS sets f dzklstsdz® (o j f). %)
No. | SiOz | TiO2 | Al203 | FeO | MnO | MgO | CaO | K20 | Na:0
1 € dzs yj Bptiigj Woj dzd dzse sets f S ted
18 |48.20] 3.36| 5.99 | 2.31 | 0.14 | 17.00] 17.88] 1.09] 1.64
22 |46.09] 4.06| 8.10 | 0.07 | 0.07 | 17.72| 16.85] 1.17| 2.50
21 |45.49] 6.19| 8.97 | 0.00 | 0.00 | 19.38| 13.13] 2.60| 2.52
20 |44.25| 4.04] 11.39] 0.00 | 0.00 | 21.39| 10.35| 2.46]| 3.54
19 |42.14| 7.49| 10.97] 0.00 | 0.00 | 22.52| 8.31 | 2.93] 3.43
17 |56.97| 0.43| 1.10 | 0.09 | 0.09 | 22.31| 7.03 | 1.94]| 5.86

15 |57.64| 0.33| 0.72 | 0.07 | 0.07 | 22.88| 6.96 | 2.00| 5.87
16 |57.07| 0.43| 1.05 | 0.00 | 0.00 | 22.62| 7.00 | 1.83| 5.98

1€ dzs yj odeliRj diad dzd 16%3kd Is ©
39 |27.60] 433 19.25] 5.91 | 0.08 | 0.40 | 42.42[ 0.00| 0.04
21 | 36.05| 0.01 12.12| 0.34 | 18.06] 33.36 0.01| 8.62
40 |54.40] 0.23| 0.82 | 0.23 | 0.10 | 0.10 | 35.47| 0.04| 6.45
1 Cdzs yj dedf{js Odflad s© L 9B kY d tsO
11 [56.87] 0.31] 153 | 1.94 | 0.00 | 24.98] 7.20 | 0.72] 7.53
1 |55.43| 1.21| 2.15 | 7.47 | 0.15 | 22.22| 3.78 | 0.06| 0.00

HsfMisOe ff sStotsH Isdtf dud dz H dzw dz2 stcOBMmdzts o dz' n
ftoj HMIsOo dzj dz dzPxOls(lciNe)g s dzZOdzf SSysstesdz stsyscd MsmisOo t
dzstc 3OIs d 0 dets BEIPW (| e I BF Ok Oz SOCyj btsytd mMtsMmMisOo t
gL tcOB Bls ([ otse®dsd C1DA DI BH ) MC d H O dzdzO W HdOG t
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fieddydf Od dz j theej ddshlsd StdhsoOddedL Oydd wSk
hj dztsydz” a3 3 dz! Isj 2 edfgfilsis ols' j dRqit3 ffcfs tstddpdf ataPde © dsd  dzO YO dz’ d

stsf sMisQoadzjdedj M BjLOoBHMS?2 MdMmisj ¢kss?2 Htod dadlL
dL d3j dzj ded W ff sdztsy j ded-§ d €usUsfy jCds,d ¢ tc Osfgrdcpteljdzlzd §  f tsdzv
sdzdo d dzO0. | d&Obtte &2 0f9dfM)Is jodddf OLAL @il sy o -dL d&3j d
Nph GldshjddY (HdY dj¥jdddo ©ofkjls) d L d&oydls
sOCdd BBLOLBE, dqL MsfshlkOs dj ddv OHGpECEdDidEds doSdH ¢
sBte. 9769 fsoisHddkO o Mkows? jdgdHspdai' §slsd
bz dz' " Oj sy d IsyS O dzj) BYf Ef @H Off dsh Isde@Bz ¢ HElds|ftOFCidiz
B dz bEAK JIsdzd o d detso ' 5o B AL QA o - 6 & 2O M dats oS
CtslsjClsdCd, Mmdsjhjdedes? S Ekcedzz dzj W j dzcpdzO frdsty I€ jdEOIs
BICtesoCdzs yjded?2 Rjdz sjledlstses fsfOHOs I Eyj o B,
NphCpx Mg d Mdmlsj O &l 0],ls s MEed hCjz0e offsis2 )
fsdzsy jdedd byjs dd B" dzd BT HisfMis Ols 5 ydztzO .H O¢lzj ¢
dzj W jdzddz © fstetsHj WwWodWwjlsmw tSHddd L twOdaded 7 d&Bd dz

SOC odROdslstsd Hodddsd fkisd osfsdd ojtswIisds
MsflsOs © t©OMY &zOs 5o ) BOC BOIsd yj MS 52 COkjte] .
BICtetso Cdzs yjdzd?2 o d3d dzj tc Ofi®E ts v L) v PR HazE 8 & P dzze B
ftoj HY Sdztsy j dzd § .

Diopside

DIOPSIDE

\va 1115°C
Nepheline 20 40 60 Egrgoc 80 Sanidine

(Weight percent)

{dMADL G0 O HJODBOHRE® Negmzishiso dgidal, 2GEGH6) (Gup t

stsyc oOodsdq MtsMisOCo3® YisOMmJOFteP@BEP o Mkzrdr bLkMdse
(Platt & Edgar 1972).

[ j &) des@ite. 97060z 1s2) 2 ¢ dlst  d ftsdzd o §ideeSolz 4 i) ddes dfslsi’ 2, &
i MsMisOor ©OMY &zOoder & oG dz¥ yjdedd ¢ ROISES e Isj 2 ¢k
GG W j dzddzsor j6if LG diBOdEdls SBEK. 9774

1l jtescteOW dyud MSdJ dmfdzj Hise Oded v ftsL o sdzd dzd ¢
wWCEPdEdIls modzO0d dzj sffLs OF  Ciglflss® sz tor so jtcHSW OL s9 5CG
fsLodzv jIs ftojHYf sdzOG Ols! Hdzd Is§ dz! dglfriy tajinlCEs@d &y d§d
Emdzse d2 o fhdfmlQeded. 1 ftcdoe jHjd IlinsWgt B gzsk Pk d3ts dg Olf)
(Lepage2 003) , j CSHEBEBL T 908 Is HMISOlssydes h dqesSd?2 d dzl
6007 00 Hdzv VwWCEZY LODABG dHisd i IBdBHId@®. dztsffrsz e Off OH ©
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fswodddd dOwwHE f Ctekzf d" i3g 0z Wk &Y gdZDE drh 5P dajzis
By 2 dr  dZOBidg Plsjo o3OS 3  2ZIsC ORF  d3d Y HiEz ¥ ldstE d&3d
ECOLro90jls O dOdzduydj Hokm 1 IsOfse o wWOLoadlsdd o3

AiTHea R MIsOH d 2 bl tc Oy BitcOMmMy OH o dBtsdets$ dzd
t dMulsRizClskzter ttOMf OHO o d&d dzj W@~ ufjLiFtrsjz § d tc O dze

o J IsTMtj(b)s dzd dzts ff  ithfdyjodeets § M tetsd Jsdzy M Wl ddd
COMY OHO dgj L o jMisdes? 5 MsMsOslz WOL' .

v OB dd Q) d&.d Isj i jweOlkte (Aw) d Wkedlsdedsimisd ¢
NNO. Im-Mgt & tsls j & dsts d3j Is to

1 3B B tc. 9774 660

1 Ot - OdzOdzdL B9 24| 34|21 14 |54|34
Powell & Powell 1977 (T) 616 |616 |831 | 581 | 774 |648
Anderson& Lindsly 1985 (T) 653 | 653 1002| 702 |981 | 819
Spersor & Lindsly 1982 (T) 630 | 630 1038| 685 | 969 | 791
Spersor & Lindsly 1982 (NNO -logfO») -18 | -18 -18 -22 |-18 |-21
Andersen & Lindsley 198BNNO -logfO,) -20 | -20 -33 -27 |-33 |-35
Sauerzapét al.,2008 (T) 723.0{ 643.0 | 963 | 703 | 963 | 963
Sauerzapf et al., 2008 (NNdgfO2) -5.1 |-58 |-52 | -6 -5.6 | -6

4o jlsdzr j, sted j dzlsd tctso Odedzr J o MABRBW A, tctf i dzd &

o ¢ dz¢ yj ddfdestctsC M j dzj tejHjdvs sy d&zOBd SO fdte
HjlsOdi'fndd® d dz 200 2RRtc.0, 1 IstsdgO lizp B B@REEY OH.O Iso jtoH™ 7 tol
Bs dzts € dzd dzdzts &5 ff d to ts Cijj =i d HOwAGR s B g dz®dzd § 16 jj s (L dz' A
Souza2017; de Souzaetal., 2018) d dzj H Q9 dad j-dzddigAadsy o daf &5 naf @)
(bbtcta2007; 1 Odez WELO2D;, 1 Odzzh Cddz® 2022) ¢ ¢ 0O
fpdmisj &30, ftod o MsAPM HedjjdxA@lslzEcdr, Jadgdmnt
cflse stod B3 Misd ¢ (o dets olssAEEdgdedsflifds O j  dots$ i dzO.
lsj B jo@ls MO dejodgds 0 St dedz’ 2 LB ssyds 2 Odzs dzq dzd 2
ko jtcHisEts tOMlsotste® Y j tc B3PS s 51 A stBsf @ (€ BakA 1524 idaBa
odHaBsts ftetsdMAtsHdl &0 MOBsH twOdadzj &3 SO j o ff dz
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ROl jtoddemMC dr 5 tslsdetd’C dedteOde dflfstizo 53 2 gtsdd. 1 €
BsHj dZzdtcso Oded s W istcdzdtctseo Odedw IsOC dr  IskughioH 963; tc Ol
1 Odzgz" gdee®@.;) ROd&j dgdW H sdzy dzg2-48Y.G5 ‘v o jdrsls j, to oL Gdajj +
fsdzv flsOBddz detsfplsd  dzOc dtsC dzOL O -hoff dlzi@jdes' d.d 1dzGs t&z toyts
or MsC sy MHjty O0dedd M jdzsyi?2, COdz ydw d Odzs d3d dzc
fpdHdto et MsmMisOo O BOdzlsd (. l jteswisdzr ds dMmists:
fdesCmjddlstsor 2 &30 dzls@fdixzr (dd dd®te B fflsd@Dddq7dt d )H .o, y
tojLizdz sOIsj  dzOo dzj dedw € tsls &5 dzbs y de'tsjtc 34 to kzos rIsfifyC s ' G
Oy zOo " Oda® dztesfiis@do r RdegleV bz dzf 5 OEG7 60 d € tqdAQY 3
tcOMmY dzOo T ZzOSC Of dzd © O dzd M 9 ftosdijyklstsyde » dBOG BC
Yyoflsj 2 dzd sts MW j to dats 2 zOdzls d d , d dzOyd dzOdzO ! ¢ tc
dLBM Issydzr 3 + M sdztso 'Cd3 ffdeds@dny dizlz G terAnlssgj d3 d dzv dzmw
Hody jddj f sCpkNplsf EsdBgtsHddzts fted Mdadyjdedd HOo:
ftocdotsHddzts o tsBNpBRAgECPX (1volsBjifidPd)Ctefinls™ o Odzad d HYAOGBOIs d
Isj i3 j cOlskztsr f OH Odzd , O fMtH jdoty 1OWEAH fj s BWakzts PHs dztst@ O iy
FCOL" 90jls dzO HdzdIsj dz dz" 2 ddzlsjteo Odz Cted Mis Odzdzd L O
Au . J L 5dzOdz! dzf 7 CtedMmlsOdzdzOr fdesCj dzO CtOjor
Isj B j O EZtIOMP daOO5HE Mtse . I O3tz PIs 20Oz dz" = i
StedMmis Odztzq te Py godzj" 'z § d tondpq dlasfis jd | KB dzddzdlsdlsj Isg

v OB dzd YOMIY s Isjsdfs] b @ledd i JHis] @t Sshis) ) dBdiiE@als 2015) (

9a774( W S Y dits ©0 660 Ne-d 4 dzd Is) 9796 (daj W J dzd dz
] tsdzts y ] s dzts ] s dzts
} ssy¢d v, d i} stsy¢ v, d } Stsy¢| v, d
0O dz0O dzd O dzO dz O dz0 dzg
5 yj dzlstd 1314 13 \j dzls] 1130 | 24 69 CteO2 979
2 yJ dzlstg 1246 12 yd dzls|] 984 25 yd dzls| 941
11 yj dzlstd 1228 8 yj dzls| 866 14 |yj dzlsts| 798
1 yJ dzlst¢ 1193 10 CtcO2 540 22 CtcO2| 795
Yyd dzlstg 1145 20 yd dzls| 779
12 CtcO2 944 17 CtcO?2 750
3 Ctc0O? 832 30 yd dzls| 716
9 Ceo? 675 21 yj dzls| 607
14 CtcO2 523 15 CtcO2 597
27 CtcO2| 565
16 CteO®2] 565
16 |y4j dzlsts| 533

sOC odHdzts, dzO 1 Istsd3 Hdzd dzopt ag Ot Iz Is f dz@ ) tegzilz’ ezfs
MsMlsOo O tOMYf ZOotses o EOEHOISdYjMEB2 SCO&jtej. 1 ON
o dBddzj tOXzOr dL dMmMMmdzj Hso Odzdz" = § sStetsH (v OB dz. 3)

10detsdzj §j MatsHd i3 M &3jdz' Isj2cdls@gdz" ¢ Is fgzd ez ok
BOGdzj L Odz' dz' j oS dzs uj dzd W MO)s § &5 dzi d & 8 %) §f dz@3 dzg 3 ts ezq |
BOMMde © (RMOCSOO d Hts. , 2015) . RL EZyJ dedz" j§ dz0O d3
BOGdzi L dOdz! dz j MgOH tsd 2 Bz 19§ 1S @odz! yd J edz' ji (A3 Hfim.z3 ) dzO N}
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MsMsOa ORd d MMisOoa ORBd RMOCtSots?2 1 Ists ttOMYf zOe"r o
Stej dzH dL o3 dzj dzd 2 § ts5 tsfdzso dz" d3zMEOE d3tfidsdRidetslo @ ds iy Is  {f 2620
dHjdzsdyder &3 oO0Odzseatsdizk MtsMisOoalkz Vv ¢ Kfletic Odzd K 5 © O 197t
mMsmMisOer wWelkf JicOdzG dIstso ~nOtcOCIsjtedL 28 Isfiyw a3 dz' "
ftosdEj yzlssydetsy f§odzsy jdzdj dwEjyHE d2Ohdds WS¢ dtcOda
| sostew 5 dzdlsj tOkztcd » MMisOo Or Wik JqoO®e dlatso ,
oCdzt yided?2 o d2tdzdlsy BCOLOdZdM! ydde BdZdqLSd €
MemisOo 59 Htezedd3dd OoelststeOdRRd (it dMm. 3) , By dets o "+
sB dzOtclzy j dzdz" § © § Jjteo dydes O BOISdud MEda o ¢ dzs yg dac
1. ulbjSdzO0 o' MsS tBROE zfsC Parezydzj ' §f, dzdes ) o MsCdd3 fts
h j dzts, 5 p 20 tedz joj d2 S 2 JtcOdze s O7 .

2. [ldzsfydlsj dz dzts dzd L S t5 d30ec jcEiMol Gecz! figlas G  ofefj dAjtgH jLtdy O dzd W
BazdL S ddid 5 MsmsOek ¢ HIWWjtej dyd tetosGdddd tadp j § @z dzts o
d2tsdzdlsOnR .

3. & Byjd¢ o B3 SO Ns{dpg Lif GO ¢ 42{%) M MisOCs " dL  d3j
l Oy dets GIsd3jIsdls , Yylss 1 Isd etsmtse dzj dzdzr §  dzO
Bseclzls BT Is!  Mtsj HAJLddjjddz] dis(tef) dEHtETEEO od@  dzj W J dzd dzts o tsS Gt
9769) d MteMmlse j dzdzs 9 Odztseo ™ d3 MsMisOotsdz §f StetsH WGk

14 dzj sdyd MEOw ddzsjteftejlsOydwy of Hjdzj dzdz’ = st
I sdzlz yj dzdzOW 9 dsfHjtet©OGls Ktadf detsf d e s € MJ dzO (HLBOIMEAA) d te O d
BdzdL €O ¢ Is jzcdk pO@AABEZY EFlcdlsj SIsd ¢ O) , tcOL H J dzw & |
fdqesC My dztso " § tc OMY dp@dc'ts ¢ frisjlsdzthcatz fdl). ff dzdf @ oz' dzts 9 Oy dzts
LOadMmMddisMmisd s EmMdased?2 d §jttedydtsets MsMmlisOo O
tcOL dz" &3 dzOYf tc @ o difjloiotiglzlzy B tsdzy g j o' A f s XAz jfig ' 7
o sdzdizOMistsdzd Issdd, d d dizf dzef dzdnlstsdgtsdzglz  o5j dzj J F j dzsydzr =
fsdzj osh f Osso ™ @3 ¢ s5dzyOded j 3.

40
, Ca0 : ;

x GX3 *
L
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Q

t
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o

0 10 20 30

t dMm.) s3kzsy jdzdj MMmMlsOoatse twOMf zOoatse dL &S teso ¢ dzs
dzd dzd ) dzO pHEDBS s O RO cift AUOZCaO ( IMsMIs O © d&3d ¢ teso ¢ dz¥
o 0dzsor n MtsMmis @ GEDIWR] Bicdgd € tctid € dgj dzd dzd Is g Llagisd € Iz.
wWCekYf dteOdicSplsdid ¢ tcdse C dzd Cted s jif QT BRIs 0 @EE D 2; 6MitsMisOo
B dz sj@@detso r 2 ( igOfiple(@aso toj H. 19 8§86 & tf Fits@dpczfsisi'o D 1 )
MtsmMidz@ds j tc Ols z to dz' ji d FntisdeRiHI® ctsf & GO Yts eH@B15); 9-W C 2 e Odze d
97749 Odztse " 2. MtsMmMisOo
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HsMisOor Ctolzd {fr Ho O disekzls BT Is! tcOMmBssIstcj der
tcOMYf dzOo @8 h PpjsLazditsH ] Wistodsdtotseo Odzed W | +izf dizts - B ptd &
dgRtsddls. I tLd@sydts, drn ®&syds ddksjttftjlsdtose Ols:
BOGC BOIsdyYi MEBS2 COWBI oy .

] SHO SHW dlstsc 9" f sdzdzgj dzdz &3 dMMmdzj Hise Odzed W d3 ¢
otsL dzd € detfo p sz ydd hJjdzsyder = t©OMYf dzOe s | 2 dzd dz €
fMdzj Hizs v dj sfdetso dz" 56 te Oded Y4 ded v 2O Gjdzgj eOyds
tcOMYf dzOo ts9 :

1) lted Wsttdddtetseo Odzdd f Jjtodydes?2 BOcdyr MmMkh jMmlse s9 OdzO
Hs 1 Olsd. 1 Ols{de'tsdizy jsBioWfipdzj dzd j O3 Vo dzv jIsfqw  JBHI Yy d&3 M
ZdlssmMW j tcdes?2 BOdzZlsdd Hts ftso jten desMmis(d;

2)) 1 OBzt HOJ Isfqw  fMd3d dzGc Ol if P s ots IsW deF wfrHis M s dzOMr h | dedets 6 s
Motk ftd GsH' j B ©OMfkOe0O. | 0O0detdij o HEHseOd o
BOdzlsd 2 dets G - iflcEsifliig Qs G so " 2 ddzd { Cdzsedlstsor 2, f dedL € &
3.) Il dzOodzj dzdjy ftesdmMrntsHdl ftod teOodatse jmdd ) d&3Odzls
Eyomlsdidd hfddaj dzd, uybt foLodvjls o ds'difsdd@mOC QF QHdis frits]
RLB'M Ists¢ Odzs d3d dzd W d St dzded W SlsdesmdlIsj dz' dzts detste 3O Az
fMisH j oy Odzd | hj dzsygd 2 onBBHdIs ) o dHJ dLB" ssydztsG s

CedMmMsOdzdzd L 28 h jeatsw dzO@ dzOyOdz' dz' =  IsOf Or ;

4) v jdBfjtOblzteds 2 to] ) d BE Ry BP6 dESHYd MO G&' dzs  d3j dzv J
ftesdmMratsHdls ftod ldtshdlsj d' s HazB s&Z0 0§ Ad s GY JtOdsly s
cOfmMf zOe j ©WOMIjls, d WKLOCydoddteso Odedj S dzddetsf JqtetsS M o
l1tod tsfgls’™ o9 Odzd d  dei§) etk O ldsdfj gt iy CtatsRUs Cta@® fdzetso O fded y O Isfiyw .

RfMssYdzed S d W J daOsam] jictisyp @iz wls j 3OS C 52 ¢ tsfL OH Odzd 2

gl Re[s [RU[TOOUULTL 3

1.1 Odzzh Cddg@ 02.2)).. AOL s’ j oLOddBlsdesh jdedw d Mtse j dz
sB dzOMiIsd Mtsfls O sSHMgO-APPHIR di3F ( CGIAS ) 2O shmdese j 1 ¢y
dMmMmdzj Hise Oded v M UQ diad Y d jHed@M Mdftedz] § iz iz©tc LS @O H d ] &
¢.dg. RdzMisdlkzls RdzMisdlslzls ¢ jtsdsedd d d&ddzj eOdzsecdd d
¢. | to PRt n2)2.Mis ts.

2.1 Odzkz b Cud. d2@ ] Otelsady 5. 1., | 5d4d047).dz® € 1. jate d o3 wids ©UAS
dimmdzj Hso Odzedy  dzOo dzj dzdw o W steMmls jimdd2ddste GQIs doo dAt® W Lu
Mkh jmMsotso Odzad j &5 " { € dzths d ¢ Iy 8 dz t6laOts ts BBt di e \Odety dz 1 ¢ d 2
2017,N.11-3( 65) . -180. 173

3.1 0dzzh € ddz®@ & . 1 ., b Iz 6 ¢ 5(8019). .[IMm.ts,B | padatzdis 'd dz@ dzP o Az dzd W
Hd s MY@dzr ydj o Ow dsdzj SzdzO 1+ MC s5dzO 9 - 2d0dzlss] stef IO piAj Is dadoXe
10BO2COd MEtsets esfmMkzH OBOGE R, M#E€61E Lddo j tefdlsilsO.

4.1 Odgzh €ddz0 w. )., vkt @620)¢s dzd dzts fvdjtdftdlidisjodztsgp." Ri. Iso j toH
Mmd wd daed d CalWlgobabDsi 206 f to-g-f OderOfigsy AsdeIn ot fyls d W RicC &z
ctsfmMizH OtefMmise j dzdesc s kded o j to MA0s2j0s,0 . wrdcAd,W :C 1 PEZECd & | J d

5.1 scOldSse [ .(1983). ( @ca3Oldcdiwj S dj cSbteder §j f§tstetsHT . s dzO
fijstcsctkcOF VLI OR8O. vy. 1, 370fists.

6. ctstotse (1991).&¢ R 2 tsdfdUste B s dzOIsdIstso ' 2 f dzlz Is 5 dzd L -g3ts I RGN € & ¢f
CodBf dzj CMO 1 sdzf etetsB e dsdt8d)4, [ j1dadOdic, tc @H6 O fjlsHtde ©

7.RMOCEO 0O, &. u., 1} OdeddzO,(2015).s Ris B, s d&O Isid s Gste i § o @O M O
OfOldlstSo et StokzH j daj dad W / gz 1S czis &2 ey ) U 8 gt P ozlb p@7@ej , P . ¢
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NEW PETROLOGICAL CONSTRAINTS ON THE MODEL OF THE GENESIS OF
THE ALKALINE NEPHELINE -PYROXENE INTRUSIVE PHASE FROM THE
GULI PLUTON.

Asavin A.M. Senin V.G.
Vernadsky institute Geochemistry and Analytical Chemistry RAS. Moscow, Russia.
aalex06@inbox.ru

Abstract Models for the formation of the melteigifgcupirangiteijolite alkaline phase of the Guli pluton
(differentiation, partial melting of the eclogitic mantle, etc.) are considered. Data on the composition of
minerals in jacupangite, composition of melt magmatic micro inclusions in the minerals were used to
assess the physahemical conditions of the evolution of this magma. An assessment of temperatures and
pressures during the crystallization of the main minerals from tioeke has been made. Comparison with

the experimental phase diagrams of alkaline melts (systemDMNfim, NphDi-Ksl, etc.) at elevated
pressure, with the participation of water and with dry systems with nature condition made it possible to
introduce certiaa limitations into the petrological models of the genesis of nephplinexene rocks series.

78



JBtcOL S Odedy d HAWW J te] dz

The main conclusions of our work. The genesis model should take into account: 1) a long history of
magma evolution in an intrusive chamber with periodic pressumages (from at least 4 GPa to 1 atm.) as
one rises from the level of the subcontinental lithospheric mantle to the surface; 2) changeméltiuid
regimes from watesaturated to dry; 3) melting occurs at equilibrium with the mantle-rfiesral
assoation with the participation of spinel, which makes it possible to achieve high contents of titanium and
aluminum in melts. The high contents of alkaline, and excess of aluminum and silica in primary melts in
contrast to normal mantle melts a suggest ammite or eclogitic initial composition of the mantle
substrate and a low proportion of orthopyroxene and olivine. 4.) The temperature regime must also change.
Primary melting occurs at relatively low temperatuedout 1000 degrees C, and then the tyadpire in
the melt rises, and clinopyroxene fractionation occurs at temperatures above 1200. After that the cooling in
magmatic camera again decreases temperature.

Keywords: alkaline intrusion; phase diagram; Guli plutonelteigite jacupirangite ijolitemelt micro
inclusion
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2FS* = (F&*) + (Ti* (1)

RELO OdzOdzdIlsdyd M¢ s2 Mmdztsy dets s d syd dzs d fMtsH
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CaTiAl206 #NaFe**Si206 = NaTiAlSiO6 + CaFe**AlSiO6 (2)

TiChr + Akm = NaTiEs + CaEs
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HIGH PRESSURE, REACTIONS BETWEEN DIFFERENT GENERATION
CLINOPYROXENE FROM ALKALINE JACUPIRANGITE OF GULI PLUTON.

Asavin A.M., Shubin I.1., Serova L.D.
Vernadsky Institute of Geochemistry and analytical cheynB&S
aalex06@inbox.ru

Abstract. The evolution clinopyroxene composition was studied by a number of authors. It is shown that the
alkaline series of rocks is characterized by a long evolution and wide ranges of compositions. While we
studying cores fromwells of the alkaline complex of the central part of the Guli massif, we discovered a
fresh sample of jacupipyrangite (nephelmgoxene rock) containing a previously unknown unusual
generation of clinopyroxene.

There are 4 temporary generations of Opxhie sample. The first and second generations have reactionary
relationships. As whole there is an alkaline trend of evolution clinopyroxenes composition on triangle En
Wo-Fs. There is EDi ratio closure to constant value, and Fs component with Ac inrcpeases.

The earlier first generation Cixis typically represent by central parts of large grains, while the second
generation Cp2 grows around Cp4 core and forms large areas of regular shape in the edges. There is the
phenomenon, that the thig&neration Cpx3 generate decay structures as lamellaes inte2me observe.

That is the first location in an alkaline intrusive rock, where was found clinopyroxene with such solid
solution decay structure was found.

Until now, such structures found imture only in ultrehigh-pressure associations of metamorphic rocks and
mantle xenoliths. Solid decay includes Spl lamellae into Cpx (Savel'eva et al., 2016; Gao et al., 2019; Rajesh
et al., 1998). Estimates of pressure and temperature in these samjigs, bysthe OpxCpx
geothermometers, indicate a pressure o248 GPa (moreover, it is interesting that the composition of the
Cpx edge zones indicates an increase in pressure) and temperatu®@® &f01200C. The phenomenon

Cpx lamellae in Cpx graithere is one of the pioneer observation in the nature.

Chemical composition pairs Cpx2 generations formed conode projection on the planddHuohinals.
Composition of lamellae Cp& include high Ti (up 6% TiO2), Al (up 2% AI203), high Fe (up 20% FeO)
andlow Si (35% SiO2). There are high abundance minal§sthermak CaTiAl206 or CaTiFe3+06 can
explain this composition of clinopyroxene.

Compilation the change positions of the conodes on that projection with topology of the experimental phase
systems, whih include Cpx decay solid solution take us possibility estima&®ecdndition of the genesis of
jacupipyrangite. According to available estimates, these associations formed at a pressure of about 4.7 GPa
and relatively low temperatures, near borderGypl

Keywords: Clinopyroxene solid solution decay, alkaline rock, high pressure minerals
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THE PROBLEM OF EQUILIBRIUM OF QUENCHING EXPERIMENTS IN SYSTEMS
MELT - SOLID PHASES AND APPROACHES TO ITS SOLUTION

Bychkov D.A., KoptewDvornikov E.V.
Faculty of Geology, Moscow State University
dmibychkov@gmail.com

Abstract. The problem of evaluating the applicability of the experimental tedol the derivation of
compositometers describing the mineralt equilibrium is fundamental. Several criteria for assessing the
guality of published experimental results are proposed. If all the phases formed in the experiment are
analyzed and the il composition of the system is known, it is possible to check the mass balance in the
system with a simultaneous assessment of the mass fractions of each phase. For each analyzed mineral, it is
possible to recalculate its composition into minals and ewenthe results of the reverse recalculation with
chemical analysis. After performing the recalculations, experiments that go beyond three standard deviations
are discarded. These two methods make it possible to assess the quality of the analyzestlpubdioen

any information about the equilibrium of the experiment.

Exchange coefficients are often used to test for equilibrium (eg Putirka, 2008). The exchange coefficients
(Mgi Fe) are well tested for olivine and pyroxenes. For plagioclase, there isnsensus on whether it
makes sense to use exchange coefficients to assess its equilibrium.

The application of the proposed approach for rejecting experiments allows one to increase the reliability of
the coefficients in the equations of compositometers.

Key words:equilibrium,quencingexperiments, mass balance, exchange coefficients
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EQUATION (COMPOSITOMETER) FOR MELT i OLIVINE EQUILIBRIUM
CALCULATI ON I N THE RANGE FROBSATORARED®YSTEMSWAT ER

Bychkov D.A., Romanova E.S., Kopgv-Dvornikov E.V.
Faculty of Geology, Moscow State University
dmibychkov@gmail.com

Abstrad Existing equations describe the effect of water on the liquidus temperature of olivine, and each of
these equationsisal i d for a narrow range of melt compositi
2008). The influence of water on the composition of coexisting phases is not considered. The purpose of our
work was to check the possibility of using compositomedérdhe type we have previously developed for

dry systems to simulate the equilibrium of olivinmelt in watercontaining systems.

The successful development of a compositometer fosample of watercontaining experiments
demonstrated the productivity aéing equations of this kind. In order to avoid discontinuities in modeling

the equilibrium of olivine with melt in objects with an evolving water content, a single compositometer was
developed for the totadampleof anhydrous and wat@&ontaining expements. The equation we have
derived makes it possible to calculate the |liquid
and the composition of coexisting olivine and melt in a wide range of melt composition, temperature,
pressure, and ogen fugacity.

This result opens up the possibility of deriving similar compositometers for other phases of basic systems.

Key words: liquidus compositometer, equilibrium, olivine, hydrous melt
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EXPERIMENTAL STUDY OF SILICATE MELTS OF BASALT COMPOSITION AND
SiO2-MgO-FeO-C MODEL SYSTEM IN EQUILIBRIUM WITH A LIQUID IRON ALLOY

Rusak A.A., Lukanin O.A.
Vernadsky Institute of Geochemistry and Al Chemistry RAS
aleks7975@yandex.rlukanin@geokhi.ru

Abstract. The processes of formation in systems of ultrabalisite composition of the meiallphase of

iron, which under natural conditions are reafizn some basalt magmas (for example, basalts of the Disco
island), and can also occur during melting of the restored mantle of the Earth and other planetary bodies,
were modeledThe formation of liquid metal globules, mainly of -Bi) composition, wasobserved in
experiments conducted with basite meltsteahperaturel 4 0 0  a n d pressbirel® Al 4 GPa and
oxygen volatiles at 1.41.9 and 0.5 2.9 log. units below the HeeO buffer in the presence of graphite. In
addition, experiments were carriedt in the Sig-MgO-FeO-C system at 15001 6 0 0 A C -3aGPaon2a . 5
high-pressure installation with a toroidal seal of the "anvil with a hole" type. According to the results of the
study of quenching samples, no iron droplets were found in the expetirpendaicts. Attemperature

16 0 0 A @resaung2i5 and 3 GPa, the products of the experiments were glass of the basic composition,
quartz crystals and pyroxen®t t emper at ur e 3 GRAWMIASS with graphite IncdusichsIwas
formed. The volality of oxygen in the experiments was controlled by a graphite buffer GCOree
component fusibility diagram is constructed for the Su@O-FeO system, which outlines the area of
possible separation of metallic iron droplets under -utthuicing condions.

Keywords: silicate melt, metallic phase of iron, melting, crystallization, reduced mantle, high pressures,
oxygen volatility, CCO buffer, ultreeducing conditions.
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CRYSTALLIZATION OF ROCK -FORMING MINERALS AND RARE ELEMENTS
PHASES IN THE FLUORINE ENRICHED MODEL GRANITE SYSTEM AT A
TEMPERATURE REDUCTION AT A PRESSURE OF 1 KBAR

Shchekina T.11, Zinovieva N.G1, Rusak A.A 2, Khvostikov ¢ .A.3, Kotelnikov A.R.4,
Alferyeva Ya.O.!, Gramenitskiy E.N.!

Lomonosov Moscow State University, Departhud Geology, MoscowYernadsky Institute of
Geochemistry and Analitical Chemistry RAIBstitute ofMicroelectronics Technology and
Ultrahigh-Purity Materials, RAS, ChernogolovK&orzhinskiyinstitute of Experimental
Mineralogy RAS, Chernogolovka

t-shchekina@mail.rupzinov@mail.ryaleks7975@yandex.ru

Abstract. The process of phases crystallization in the model granite systé&hiN&-K-Li-F-O-H has a

number of featur® with decreasing temperature. The main difference from granite systems without fluorine
and lithium is the appearance of a salt phase in the liquidus part of the system, which is in equilibrium with
the silicate mel t, s t a rCrystalligatioh of alkalin@alumiaofiypredesaftka r e o f
cryolite composition begins at 7507 00 AC from t he sal't me | t in the
continues up to 500AC. Starting from 60 ®Adndedquar t
grains together with ¥Na aluminofluoridesThey are often found inside quartz crystals, which indicates

their simultaneous cryst al | i-zie tpalybtmonite jain thetn)formim, al |
wide rims at the contact of sglobules and silicate melt. Rare earth elements are concentrated mainly in the
salt melt and are in the residual salt phases upt&60® AC. When cool ed, they for

Keywords:crystallization,aluminosilicate and aluminofluoride melts, fluaginlithium, partition,residual
salt meltsrare earth elements, temperatyjtect
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INTERACTION OF CALCITE AND FLUORINE -CONTAINING GRANITE MELT AT
700AC AND 1 Kbar

Alferyeva Ya.O., Gramentsky E.N., Shchekina T.I.
Faculty of Geology, Moscow State University
YanaAlf@bk.ru

Abstract The experi ments performed that at 700¢e 4, 1 k
intensive interaction of cal@tand fluorinecontaining quartnormative silicate melt occurs. As a result, the
chemical and mineral composition of the source materials changes significantly.

Fluorine, silicon, and a small amount of aluminum are removed from the silicate part tobineata part.

Such a change in the composition of the silicate part leads to an increase in the liquidus temperature of the
melt and crystallization of the neaontact region. Quartz, wollastonite, cuspidin, and garnet are formed in
different parts of th@apocarbonate region; calcite is partially preserved.

In the apocarbonate part of the sample, a phase of variable composition was found with approximately the
same content of fluorine, silicon, and calcium. Presumably, this phase was a liquid undeetheesxal
parameters.

Key words: interaction of calcite and silicate melt
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f smdzj ®Gdj IEEHTPNSJAAS.t jLEZd SO fristse ftoj HilsOo dz

10 thmdtseOdzdd tjLizdz sOlstss + CMYf jted d&3j dzlstse  dzt
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fodmMizbMiKefigd 16j i3 j 6WIsdAs] i35 820 j sy . [HdOC fted
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3.5 &BOM. %

31ted t=1 CBOtt o frlson 80 (ks gEHEDIOB
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sJ B3 j tOIskztejd HB5dMAJd 1 d 5 ¢8BOts.

T tsf|rRMAatsHdz(t OMis{T pH |pH |1 tsHizZCIs™ | NbY | TaV
dz0o j MC ¢ H/ 14/ fmls .| Mmls.

P=1C¢ B Otc

Px-1 Pchl + Q2 IMKF |550 |7.3 |8.2|Pchl+Qz - -

Px-2 Pchl + Qz 1AM NaF | 550 |6.7 | 7.5 | Pchl+ Qz - -

Px-3 Pchl IMKF [550 |7.3 |- |Pchl - -

Px-4 Pchl + Qz IMKF [650 |7.4 |6.9|Pchl+ Qz+gl 8.2 |-

Px-5 Pchl + Qz IMKF [850 |7.3 |1.9]Pchl+gl+Rip - -

Px-6 Pchl+Qz€ tc ( IMKF [850 |7.3 |6.0 | Pchl+gl 6.0 |-
P=5¢CBOts

t -~ 2-7 | Pchl IMKF [650 |7.3 |7.5]Pchl+Rip - -

t m 2-Z | Pchl+Qz IMKF |650 |7.3 |8.2|Pchl+Qz+Rip+gl | 3.3 |-

t » B-¥ | Pchl IMKF |750 |7.3 |7.5]|Pchl -

t » B-Z | Pchl+Qz IMKF |750 |7.3 |6.6|Pchl+Qz+Rip+gl | 7.4 |-

t » 87| Pchl IMKF [850 |7.3 |10 | Pchl

t A 82| Pchl+Qz IMKF [850 |7.3 |79 |Pchl+gll+gl2 |83 |-

3.6

1)1 MG HJ 6 NB@E(T%0s) 0 Misj C dzj ( BOM. %)
2)iddzH j S d3d A ke OBkt § o s RQEi%o ORI, Edf § dls.

Wdze JHB.s Glyjlsdzdets dzOBdzs HOjIsMw fted HO8 dzj dzd d
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4. uwtHjtyO0dzdd dedtsBdw o Mmddzd ¢ Olsdzr Nb@a)ls.j € ldADG
t =5B O Ctdzyj destceOydw dzd 5B d W( tsds3 Hijls .3 83§y NBE®B) jfirlzd u d o
fsorhjddjd sidifjteOistedOs@ HOf BEHYME&seRls dz0( { d M.

5. A0L 0 twdHNbSpGY (tced 1 =1¢BOtc Bc®L W jslefh j dath g
HOo dzj ded v A &6 dOfglisf BOftc] Is O s lofmistcy QPJ § tasdOC wf =36 550B o OL T
tod f dgfsls) des MydlsOls! ddzH S Olsstetsdy fsor h j dzgdetséts HOo d
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HO9 dzj dzgd 2 dzOh dr GYf" Istse . lted t =1 YO8 Offteld o6 59 ' 19O F
ftosHEZCISOR " Isse o Mmistcgig tztizOM g tzt) B OIs tety flzts ) Hzj & eztizis
AOL O tdkNESH®B)O flted [ =1¢B Ot BBKOLEjIsMW Isd! S5 o
sBteOLEZjIMw WOlL®Od {H@sdiztzg®. 5 CBOtc docdtctf s OdAd e
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dzOB dz¥ HOj Isfyw .

2t dffodlssf r sOR f IsOdEsOdzd Issdz, MtsHjteydls + dzOyd
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3 lted 75019 CE@®HEZC BOE Mt InF &eSIE)] J cOIsdlIls (
4 . stdzyj dzsteOydw dedssdv o Mmlsj ¢ dzOr, i tsdziz yJ dadz -
Tnt+QzNe te O dgcpls f tod Mz IsHiFsthtddf HPo dzj dzgdd 1 €CB Ot fmdedy OJ
Isj B j cOlsizter Nbis (850 2 RAFOPNELs (650 ). & n tsH dzOW L O d fd
tcOMmlse stcd ddsMmisd dzdtsBdw o Mddzd S Olsdetsdz tc Omfidefhp.i 2030
Ctsdzyd delstcOydvw dzd sB dw fiNtdzggs860) s MM tst5 B NBGs (DM H3@M . %

s OB dZdWOL Bor | (slsddds ddzdi-GNaP) o  tefifldndzdsd d tslsmizlisfmise
(t{t PE B OtG) .

T s |RMAatsHA[ Ofis{T pH |pH |1 tesHizZC Is' | NbY | Ta,
dzO0o j ME H/ 14/ 1 Mmis. Mmlis.
P=1C B Ots
KT104-1 | Tnt IMKF |550 |73 |10.5|Tnt - -
KT104-2 | Tnt + Qz IMKF |[550 |7.3 |85 |[Tnt+Qz - -
KT1051 | Tnt IMNaF | 550 |6.3 |- Tnt - -
KT1052 | Tnt + Qz 1M NaF | 550 |6.3 |- Tnt+ Qz - -
KT109-1 | Tnt IMKF [650 |7.3 |10.3| Tnt - -
KT109-2 | Tnt + Qz IMKF |650 |7.3 |7.0 | Tnt+Pchl+gl+Rip |1.3 | 4.7
KT111-1 | Tnt IMNaF 650 |6.3 |85 |Tnt - -
KT111-2 | Tnt+ Qz 1M NaF | 650 |6.3 |7.0 | Tnt+Pchl+gl - -
2632 Tnt+Qz IMKF |[750 [7.3 |6.0 | Tnt+Qz+gll+gl2+|2.6 |5.8
cdJ ts
2651 Tnt IMNaF | 750 |6.3 |- Tnt - -
2652 Tnt+Qz 1M NaF | 750 Tnt+ Qz + gl - -
KT107-1 | Tnt IMKF [850 |73 |70 |[Tnt - -
KT1082 | Tnt+Qz+ tc  IMKF | 850 |7.3 |5.5 | Tnt+Mcl+gl 3.2 |64
P=5¢CBOts

KT114-1 | Tnt IMKF |[550 |- - Tnt+Pchl+Cry+gl | 0.3 [ 1.2
KT1142 | Tnt+Qz IMKF |[550 |- - Tnt + Rip + gl 03 |14
KT1131 | Tnt IMKF |650 |7.3 |9.5 | Tnt+Pchl - -
KT1132 | Tnt+Qz IMKF |650 [7.3 |8.0 | Tnt+ Rip + gl 1.0 |15
KT112-1 | Tnt IMKF [750 |7.3 |9.5 [ Tnt+ Pchl - -
KT112-2 | Tnt+Qz IMKF |[750 |7.3 |6.0 | Tnt+Rip+glli+gl2 |1.0 | 5.3
KT1151 | Tnt IMKF |850 |- - Tnt+Pchl+gl+Cry | 8.6 | 5.7
KT1152 | Tnt+Qz IMKF |[850 |- Tnt+gl1+gl2 3.4 104

1) MbH NeDQde0os( BOM. %) o lzr]ddzq’COlsdzf: Misj ¢ &On
2)iddzH j M 3G iCacafdasgpisls | Mdtts dsd S to SREYINY,d & 5 QS (6
C o ORIpji,tsd § (Tt s Odzls O dzgies f | & @ 5 Gl & Oclad B dz
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