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JlioaMuJibl AJIeKCAaHIPOBHBI M0 TeMe
«/IluHamMudeckas KPUCTALIOXHMHSA MUHEPAJIOB TPy MOJIEBOT0 IMATA U TaJ0JTUHUTAY

Ha nactosimuii MOMeHT HaOdroJeHus IN Situ 3a mpoueccamMu, MPOUCXOISIIIMMU BHYTPU 3e€MITH, HE
MIPEJCTABISIIOTCS BO3MOXKHBIMU. OCHOBHBIE JJAHHBIE O CTPOSHUHM 3eMJIM U TPOIEecCaX, MPOUCXOISIINX B ee
BHYTPEHHHX OOOJIOYKaxX, IIOJy4eHbl Onaromaps CEeHCMHUYECKHMM HAONMIOAEHWSIM B COYETAaHWU C
1a00paTOpHBIMU HCCIICAOBAHUSAMH MHUHEPATOB NPH SKCTPEMAIbHBIX YCIOBUSX (BBICOKMX TEMIIEpaTypax H
JABJICHUSX ). PEHTreHOCTPYKTYpHBIE HCCIeIOBaHMs IMEIOT 0CO00€ 3HaYCHHE MTPH paboTe ¢ IKCTPeMaTbHBIMU
YCIIOBUSIMH, TIOCKOJNIBKY TIO3BOJISIFOT TMONYYWTh MpsIMBblE MaHHBIE 00 W3MEHEHHAX, MPOUCXOAAIINX B
CTPYKTypaX MHHEpAJIOB, BbI3BAHHBIX W3MEHEHWEM MAaBJIICHHUS, TEMIIEPAaTyphl M XUMHYECKOTO COCTaBa.
HecmoTps Ha cTpeMuTenbHOE pa3BUTHE JaHHOW 00JacTH B NOCIEAHEE ACCATHICTHE, BBICOKAS TPYAOEMKOCTD
Takux paboT, TPEOYIOIUX TOPOTOCTOSIIEro OOOPYIOBAaHHUA W CHHXPOTPOHHOTO H3JIYYEHHUs, HE MO3BOJIIET
C/IeNaTh TH UCCIEIOBAHUSI PYTHHHBIMU. TakuM 00pa3oM, IMOBeIeHHE JIMIIb HEOOIBIIOro Yicia MUHEPAIoB
UCCIIeIOBAaHO OTHOBPEMEHHO NPH M3MEHEHUHU TeMIIepaTyphl, AaBJICHUS U XUMUUECKOTO COCTAaBa.

[IpencraBnseMblii Ha KOHKYpPC UK paOOT BKIIOYAET B cedst 9 cTareid, MOCBAIIEHHBIX TUHAMHYECKON
KPUCTAJUIOXHMHH (TO €CTh TEPMHUCCKUM, OAPUICCKAM W KOMIIO3WIIMOHHBIM (XHMHYECKHM) Te(OopMaIIisam)
MHUHEpAJOB TIpyNIl [OJEBOro INmara W TrajoiduHuTa. [loNeBble IUMATHl  SBJSIOTCS — CaMbIMU
pacmnpocTpaHeHHBIMA MUHEpaiaMu 3eMHON KOPBI, U XOTS MHHEPAJbI TPYMIBl TaIOJMHATA SBISFOTCS MEHEe
pacmpoCcTpaHeHHBIMHA, OHH OOPa3yIOTCS B PA3NWYHBIX T'EOJOTHYECKHX OOCTaHOBKAaX, YTO OO0YCIaBIMBaeT
BBICOKYIO I'€OJIOTHUECKYIO 3HAYMMOCTh MCCIICIOBaHUH dTHX TPy MuHepaioB. O0e rpymisl MUHEpaioB (Kak
KapKacHbIC TIOJICBBIC INIATHI, TaK M CJIOUCTBIE TAJOJIMHUTHI) JCMOHCTPUPYIOT IMUPOKUE BapUalluu
XUMHYECKOTO COCTaBa IIPH HEW3MEHHOW CTpyKType. OTH 1Ba (¢dakTopa TO3BOJMIN HCCIEAOBAThH
3aKOHOMEPHOCTH TUHAMHYECKOW KPHCTAJUIOXMMHH, YTO HMMEET 3HaueHHWe He TOJBKO IS IMOHMMAaHUS
NPOLIECCOB, MPOUCXOAAINX BHYTPH 3e€MITH, HO TaKXKe U JJIs1 HEOPTraHUYEeCKOro MaTepraIoBeAeHUs. 3HaHUS O
mpeaenax uX YCTOWYMBOCTH M OOHAapy>KEHHE HOBBIX MOJMMOP(GHBIX MOIU(PUKAIUN C HETPAAWIIMOHHBIMHU
KOOPAMHAIMOHHBIMH TIONHAPaMH MOKET OBITh WCIOJB30BAHO JUIA CO3JAHUS HOBBIX (DYHKIIMOHAITBHBIX
MaTepHaJIoB.

Cpenn mpencTaBlIeHHBIX pPa0OT, 2 TMOCBAIIEHBl HCCICIOBAHUIO MUHEPAIOB MpPH HW3MEHEHUH
TeMIrepaTypbl. MeTOOM TOpPOIIKOBOM M MOHOKPHUCTAIHHOW PEHTTCHOBCKOW MHQPAKITMH HCCIICIOBAHbI
cioucThle MUHepanbl Tpymnmbl ragonuauta: (1) maronut CaBSiO4(OH) u HemaBHO TUCKpETUTHPOBAHHBIM
«baxeput» CasBsSiz015(OH)s (Krzhizhanovskaya et al., 2018) npu noBsimenHsix Temiepatypax (xo 1000
°C); (2) xunranut-(Y) YBeSiO4(OH) (Gorelova et al., 2020) npu noHWKEHHBIX Temreparypax (ot —173 mo
+7 ©°C). OCHOBHBIMH pe3yJbTaTaMH TIEPEUNCICHHBIX HWCCICAOBaHUNM SBISIOTCS: (1) BBIYMCIICHHBIE
ko3 dummenTsl  TepMuueckoro  pacmmpenus; (2) oOHapyKeHHEe HOBOHW  BBICOKOTEMIIEpATypHOU
nonuMopdHor Momupukanuu cioucroro CaBSi,O; (Krzhizhanovskaya et al., 2018). [pyrue 7 pabor,
MIPeICTaBIIEHHBIE Ha KOHKYPC, TIOCBSIICHBI NCCIIE0BaHNIO0 MHUHEPAJIOB TIPH TOBBIIEHHBIX AaBleHUIX (1o 90
['Tla). Bce mnpexacraBiieHHBIE HCCIICAOBAHHS BBHIMONHEHB METOJOM MOHOKPHCTAIBHOW PEHTIEHOBCKOM
JUQGPAKIMY B SYCHKAX C aJIMa3HBIMYM HaKOBaJIbHIMH C UCTIOJIh30BAHHEM CUHXPOTPOHHOTO M3ITyueHUs. Takum
00pa3oM, HccIeIOBaHO TIOBEEHIE MTPH U3MEHEHHUH JaBIICHUS BOCBMH MHHEPAIIOB TPYIIIBI TOJIEBOTO IIIaTa
(maunOypura CaB,Si,05 (Pakhomova et al., 2017), nekoBura SrB,Si,05 u maneesura BaB,Si,05 (Gorelova et
al., 2020), mapanens3uana BaAl,Si,0Og (Gorelova et al., 2019), xepnbaruta CaBe,P,Og (Pakhomova et al.,
2019), anoptura CaSi,Al,Og, anpouta NaAlSi;Og n MukpoxnuHa KAISi;Og (Pakhomova et al., 2020)), u
IBYX CIIONCTBIX MuHepanaoB rpymmbl Tamonuauta (matommra CaBSiO4(OH) (Gorelova et al.,, 2018) u
xuHranuta-(Y) YBeSiO4(OH) (Gorelova et al., 2020)). Bo Bcex H3yueHHBIX MHHEpajax HPOUCXOISAT
($a3oBble TMEPEXOAbl CO CTYNEHYAaThIM YBEIMYCHHWEM KOOPAMHAIMOHHOTO YHCJIAa KapKacooOpa3yroIINX
katnoHOB (Si, Al, Be, P) ot 4 o 5 u 6. IIpu aToM BIcOKOOaprdeckas Moaudukanus nanoyputa (Pakhomova
et al., 2017) sBaseTcs TEpBHIM NPUMEPOM HEOPTAaHUYECKOTO COCIMHCHHUS, COICpIKAIIero KpEeMHUU B
UCKJIIOYHUTENBHO MATEPHON KOOpAMHAIMHM, a BbIcOKoOapuieckne moandukanuu xepndarura (Pakhomova et
al., 2019) — saBnsAOTCA IEPBBIM MPUMEPOM COSAMHEHUH, COJEPKAIUX TOIHIIPEI OSPUILIHS ¢ KOOpAHHAITUEH
Oopie 4.

[IpoBeneHHbIE HCCIIEAOBAaHMS MO3BOMIM BBISIBUTH HE TOJIBKO HOBBIE MOJMMOPQHBIE MOTUPHUKALINT
MUHEPAJIOB TPYMITHI TIOJEBOTO IIIATa U TaJ0JIHHNATA, HO TAK)Xe OOHAPYKUTh HOBBIE MEXaHU3MEI iehopMaruit
KpUCTaUTMIeCKO# pemeTkn. OKa3anoch, YTO CUUTABIIHECS kecTKuMH TeTpadapsl 10, (T = Al, Si, Be, P) mpu
napnennd Bhime 10 [Tla moaBepraioTcsi CHIBHBIM HCKQKEHHUSIM, YTO TPHUBOAMT K 0Opa3oBaHHIO
HETPAJUIIMOHHBIX JUIS KJIACCHYECKOH kpuctaioxumun nonudapoB 10s (Pakhomova et al., 2017; Gorelova
et al., 2018; Gorelova et al., 2019; Pakhomova et al., 2019; Pakhomova et al., 2020; Gorelova et al., 2020).



Kpome »stOro, mokazaHo, 4To HM3MEHEHHUE XMMHYECKOIO COCTaBa IPU HEU3MEHHON KpUCTAIITUYECKOU
CTPYKTypE BIMSCT HE TOJNBKO Ha JaBliCHHE, IPH KOTOPOM HPOUCXOMAAT TOIMMOPQHEBIE MpEeBpalleHus, HO
TaKkKe W Ha MyTH TpaHchopMmaruu MuHepanoB. [loydeHHBbIC NaHHBIE MOTYT OBITh HWCIOJB30BAHBI IS
WHTEPIPETANN CEHCMHYECKUX NaHHBIX, a TaKXKe U MpeACKa3aHus MOBEISHUS MUHEpPAIOB B TITyOWHHBIX
obooukax 3eMiu.
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Liudmila Gorelova
“Dynamical crystal chemistry of the feldspar and gadolinite groups of minerals”

At the moment, in Situ observations of the processes occurring in the Earth’s interior are not possible.
The major knowledge of the Earth’s structure has originated from seismological observations coupled with
complementary laboratory studies of minerals under extreme (high-temperature and high-pressure)
conditions. Single-crystal X-ray diffraction (SCXRD) is of particular importance in the research under
extreme conditions, since it allows direct access to the changes of minerals, induced by pressure, temperature
and chemical composition. Despite the rapid development of this field in the last decade, the high complexity
of such work, which requires expensive equipment and synchrotron radiation, does not allow making these
studies routine. As a consequence, at that moment there are not a lot of minerals, which behavior has been
studied under changing of pressure, temperature and chemical composition simultaneously.

The submitted cycle of works includes 9 articles devoted to the dynamical crystal chemistry (i.e.
thermal, pressure and compositional (chemical) deformations) of feldspar- and gadolinite groups of minerals.
Feldspars are the most common minerals of the Earth’s crust. Though gadolinite-related minerals are not so
widespread, they are formed under different geological conditions. These facts cause the high importance of
studies of these minerals for geology. Both groups of minerals (as framework feldspars, as well layered
gadolinites) demonstrate the wide variety of chemical composition without structural changes. These two
facts allow studying of the dynamic crystal chemistry rules, that are important not only for the understanding
of the processes in the Earth’s interior, but also for inorganic material science. The knowledge about stability
ranges and discovering of new polymorphs with unusual coordination polyhedra could be used for the
creation of new functional materials.

Among the presented works, 2 are devoted to the high-temperature behavior of minerals. The
gadolinite-group layered minerals have been studied using powder and single-crystal X-ray diffraction: (1)
datolite CaBSiO4(OH) and recently discredited “bakerite” CasBsSi;0,5(OH)s (Krzhizhanovskaya et al., 2018)
up to 1000 °C; (2) hingganite-(Y) YBeSiO4(OH) (Gorelova et al., 2020) at low temperatures (from —173 to
+7 °C). The main results of these studies are: (1) the thermal expansion coefficients of studied minerals; (2)
the discovering of new polymorphic modification of layered CaBSi,O; (Krzhizhanovskaya et al., 2018).
Other 7 submitted articles are devoted to the high-pressure studies (up to 90 GPa). All these SCXRD studies
were performed using diamond anvil cells and synchrotron radiation. Eight feldspar minerals (danburite
CaB,Si,04 (Pakhomova et al., 2017), pekovite SrB,Si,Og and maleevite BaB,Si,Og (Gorelova et al., 2020),
paracelsian BaAl,Si,0Og (Gorelova et al., 2019), hurlbutite CaBe,P,0g (Pakhomova et al., 2019), anorthite
CaSiAl,0s, albite NaAlSi3;Og and microcline KAISi;0g (Pakhomova et al., 2020)), and two layered minerals
of gadolinite group (datolite CaBSiO4(OH) (Gorelova et al., 2018) and hingganite-(Y) YBeSiO,(OH)
(Gorelova et al., 2020) have been studied under high pressure conditions. All studied minerals demonstrate
phase transitions with the stepwise increasing coordination number of the framework-forming cations (Si, Al,
Be, P) from 4 to 5 and 6. Herein the high-pressure modification of danburite (Pakhomova et al., 2017) is the
first example of the inorganic crystal structure, containing silicon in exclusively fivefold coordination,
whereas high-pressure modifications of hurlbutite (Pakhomova et al., 2019) are the first examples of the
compounds, containing beryllium with the coordination number higher than 4.

As a result, these studies allowed to identifying not only the new modifications of the feldspar- and
gadolinite-groups of minerals, but also discovering the new crystal structure deformation mechanisms. It
turned out that the TO, (T = Al, Si, Be, P) tetrahedra, previously considered as a quite rigid units, distorte at
the pressure above 10 GPa, that leads to the formation of unusual for classical crystal chemistry TOs
polyhedra (Pakhomova et al., 2017; Gorelova et al., 2018; Gorelova et al., 2019; Pakhomova et al., 2019;
Pakhomova et al., 2020; Gorelova et al., 2020). It was also shown that the changes in the chemical
composition influence not only on the pressure of the phase transformations, but also on the transformation
pathway. The obtained data could be used for the interpretation of the seismic data and the prediction of the
minerals behavior in the Earth’s interior.



