INSTYTUT NAUK GEOLOGICZNYCH
POLSKIEJ AKADEMII NAUK

INSTITUTE OF GEOLOGICAL SCIENCES
POLISH ACADEMY OF SCIENCES

00-818 Warszawa, ul. Twarda 51/55 tel. (+48 22) 697-87-00; fax. (+48 22) 620-62-23; e-mail: ingpan@twarda. pan.pl; http://www.ing.pan.pl

Warsaw 20.03.2017

Review
from foreign scientific consultant
to the PhD thesis of Kembayev Maxat Kenzhebekuly on the topic: "Forms of occurrence
of rare earths in the weathering crusts of the deposits of Northern Kazakhstan and their three-
= dimensional models", submitted for earning PhD degree in specialty of 6D070600 - Geology and
‘ exploration of mineral deposits

The presented dissertation presents a high level systematic and complex study of the
deposit of rare earth elements of Northern Kazakhstan. Its relevance is connected with the
creation of a local base of mineral and raw materials of the Republic of Kazakhstan. The most
important aspect of the thesis is the use of new methods of data collection and processing in
order to expand an universal knowledge about the formation of REE deposits. Deposits of this
type are most wanted in the world at present. Therefore subject matter of the Kembayev’s
work fits in most hot scientific discussions led at the moment.

Therefore, the aim of the study is to establish forecasting criteria for rare-earth
deposits and forms of the occurrence of rare-earth elements in the weathering crusts of
hypergene rare-earth deposits of Kazakhstan using their three-dimensional models.

The thesis consists of an introduction, four chapters, and conclusions. Each chapter
deals with a complete concept and is consistent with others.

The first chapter includes the analysis of the current status of the mineral base of rare
earths in Kazakhstan. It is noted that the rare earths are found in all types of ore deposits in
Kazakhstan. There are ten precisely distinguished formations carrying REE. In particular, the
rare-earths with REE-bearing minerals appear in alkaline granites and yttrium-rare-earth-
enriched weathering crusts. In this regard, the Kundybay deposit and the Talayryk site are
selected successfully as most promising research objects. In both of them are found rare-
earths with REE-bearing minerals.

The second chapter reveals classical mineralogical research methods and innovative
methods of data processing e.g. three-dimensional computer simulations of mineral deposits.

The third and fourth chapters include the main results of the research. Namely, the
results of spectral and microprobe analyzes are used to determine the material composition of
ores, and the three-dimensional models of deposits with visualization of the forms of ore
bodies and the contents of rare-earth elements in them.

Special attention deserves creatively used visualization methods. Visualization of the

contents of rare-earth elements from exploration profiles reveals its distribution patterns
within the ore body. and lithological structure of the sites.




Kembayev M.K. worked with new samples from the Kundybay deposit taken by
drilling. Consequently, he provided current and more detailed material in term of composition
of ores and forms of occurrence of elements in weathering crusts.

As a logical conclusion of the thesis, he presented results and on their basis he created
the criteria for predicting/prospecting the deposit of rare-earth elements of hypergenic origin.

The candidate accomplished all the tasks, and his results correspond to modern
standards of scientific research.

Thesis by Kembayev M.K. provides significant value to the knowledge of the
formation of REE deposits. Such knowledge is crucial to the, development of the
contemporary civilization, as REE belong to critical elements. The new values in the thesis
are obtained through a new methodological approach to obtain data and new approach in
these data processing. It should be emphasized that the thesis of Kembayev M.K. on the topic
"Forms of occurrence of rare earths in the weathering crusts of the deposits of Northern
Kazakhstan and their three-dimensional models", has not only a high scientific level, but also
applied value. and meets all the requirements for the PhD thesis. Therefore. I recommended
allowing him to defense his thesis. because he deserves to be the Doctor of Philosophy (PhD)
in specialty of 6D070600 - Geology and exploration of mineral deposits.

(Ewa Staby)

Prof. Dr Hab. Ewa Staby

Director
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OT3bIB
3apy0eXKHOr0 HAyYHOro KOHCYyJbTAQHTa Ha JIMCCEPTalMOHHYIO paboty
Kembaesa Makcata Kenxebekynbl Ha Temy: «@POpMBI HaXOXACHHS PENKHUX
3eMeNb B KOpax BeIBETpUBaHuMs MecTopoxaeHuit CesepHoro Kasaxcrana u ux
3D Mojenm», TNpPEJICTaBIEHHYIO HAa COMCKaHME YYCHOH CTENEHH JOKTOpa
dunocopun (PhD) mo crnemmaneHoctd  6D070600 — I'eonorust W pasBenka
MEeCTOPOXK/ICHHUH TOJIe3HBIX HCKOTaeMbIX

TIpencrasnenHas aucceprauonHas pabora Kembaesa Makcarta nocssileHa
CHCTEeMaTHYECKOMY H KOMILJIEKCHOMY N3yUEHHUIO MECTOPOKIAEHHH
penkosemenbHbiXx dMeMenToB CesepHoro Kasaxcrana, akmyanbHOCHIb KOTOPOH
CBS3aHa CO3MaHHEM COOCTBEHHOM MHHEpaIbHO-ChIpbeBOil 0aspl PecmyOanku
Kazaxcran. CambIM Ba)KHBIM AacCleKTOM JAaHHOW JHUCCepTaluM  sABJISCTCA
HCIIOIb30BaHHe HOBOrO MeToza cOopa U 00pabOoTKH JaHHbIX, C LEeNbl0 pacllMpUTh
BceoOIIMe 3HAHMS 00 00pa3oBaHMM MECTOPOXKJIEHHH  PEIKHMX  3eMelb.
CrieioBaTelIbHO, TIpeMeT uccneoBanus paboTel KembaeBa COOTBETCTBYET YacTO
06Cy K I1aeMbIM TEMaM COBPEMEHHBIX Hay4YHBIX AUCKYCCHH.

[ToSTOMY Ueabl0 WCCIeIOBaHHWsA SBISIETCS YCTAHOBIECHME KPHTCPHEB
[IPOTHO3MPOBAHUS  PEIKO3eMEeNbHBIX MECTOPOXICHHH C TIOMOLIBIO TPEXMEPHbIX
ux Mmomeneii M (GOpM  HaXOXKAeHHs PENKO3eMEeJbHBIX JJIEMEHTOB B KOpax
BHIBETPUBAHHS THIIEPreHHBIX PeKOo3eMeNbHBIX MecTopoxaeHuH Kasaxcrana.

JluccepraunoHHass paboTta COCTOMT W3 BBEICHHHA, YETBIpeX IJIaB,
sakmouenns. Kaxaas riaBa uMeeT 3aKOHUEHHBIH BHJ M B3aUMOCBS3b C OIPYTHMH
riiaBaMH.

ITepean 2naéa TOCBALICHA K aHalu3y COBPEMEHHOI0 COCTOSHUSA
MHHEpaJIbHO - ChipbeBOH 0a3bl peakux semenb B Kazaxcrawe. OrMedeHo, uTO B
KazaxcTaHe pe/IKHe 3eMIM BCTPEYAIOTCS BO BCEX THIAX PYIHBIX MECTOPOKICHUH.
BhIe/IeHbl JIeCATh OCHOBHBIX PeKO3eMeNbHbIX GopMaluii, W3 HUX COOCTBEHHO-
PEIKO3EMENBHBIMU SIBIAIOTCS  — PEIKOMETA/IBHO-PE/IKO3EMENBHBIE MISTIOYHBIC
rpaHMTBl M HTTpHii-pe/KO3eMeNbHble KOpbl BhIBETpHBaHHA. B 3TOH CBS3H
JIMCCEPTAHTOM YJAa4HO BHIOpPaHBI OOBEKTHI HCCIEJOBAHHUA — MECTOPOXK/CHHE
Kynnei6ait u  ydacrok  Tamalpelk, KOTOpBIE  SBJISIOTCA COOCTBEHHO-
peaKO3eMeIBHBIMU 00BEKTaMH.

Bmopasa 2haea  pacKpeIBaeT KJIACCHYECKME METOJbl HCCIe/0BaHHA H
MHHOBAI[MOHHBIE METOJbl 00pa0OTKH NaHHBIX, T.€. TPEXMEPHOE KOMIIbIOTEPHOE
moenupoBane MITH.

Tpembsa u uemeepmas 21agbl BKIIOYAIOT B CeOs OCHOBHBIC PE3YIBTATEHI
MccleoBaHuA. A HMEHHO, TIPHBEICHBl pe3yJibTaThl  CIEKTPAIbHOIo U
MHKDPO30HIOBOTO @HAJIU30B IO ONpEJIENEHHI0 BEIIECTBEHHOro cocTaBa pya H




TPEXMEPHBIX MOJEJIeH MECTOPOXKAEHMH ¢ BH3yanusaluueidl popM pyIHBIX Tel W
COJIepiKaHHH PeIKO3eMeIIbHBIX 3JIEMEHTOB B HUX.

Crout yzenuts ocofoe BHHMaHHMe KpeaTHBHOMY METOJly BU3yaJIM3allHH.
Busyanusauus conepikaHui peKO3EMENBHBIX 3JIEMEHTOB 110 pa3BelOYHbIM
MPOQHISM PACKPBIBAET 3aKOHOMEPHOCTH HX PacIpeesieHus BHYTPU DPYJIHOIO
TeJIa, H TUTONIOTHYECKOe CTPOCHHE YYACTKOB.

Kembae M.K. paGoran ¢ HOBBIMH 06pa3siiaMH MecTOpOXK1eHHUS Kynnapi6aii,
nojy4yeHHbIMH Oypennem. [losToMy, oH obGecneunn HOBbie W Gojee MeTATbHBIE
PE3Y/IETaTBl 10  BEIUECTBGHHOMY COCTaBy pyd H (GOpPM  HaxXOXIEHHS
PeIKO3EMENBHBIX 3JIEMEHTOB.

Jdozuueckum  3aeepuwienuem  UCCEPTAUMOHHON  paGOTBHI  SBJSIOTCH
IpS/IOCTAaBICHHE  pe3yJbTaTOB M BBITEKAIONIHE HMX  HHUX  KPUTEPHUH
POTHO3MPOBAHHA MECTOPOKIEHHH PEIKO3EMENIbHBIX 3JIEMEHTOB THIIEPreHHOTOo
IIPOUCXOKICHUS.

JIOKTOpaHT pemms Bce MOCTAaBIEHHBIE Tepel HHUM 3a1adH, U pe3ynbTaThl
COOTBETCTBYIOT COBPEMEHHBIM CTaHJapTaM Hay4HBIX UCCIIEOBAHMIA.

Huccepranuonnas paGora KemGaera M.K. obecreunpaer 3HAYUTEIBHYIO
LEHHOCTh 3HAHMAM 00 00pa3oBaHMM MECTOPOXKIEHMH pemKux 3emenb. Takue
3HaHUA MMCIOT KIIFOYEBOE 3HaYeHHWe Ui Pa3sBUTHA COBPEMEHHOM LIMBUITH3AIINH,
nockonbKy P33 npumannexaT K KpuTHueckuM sneMeHTam. HoBble naHHBIE B
AMCCEPTALMH TOJIYYEHBI C TOMOIILI0 HOBOTO METOMOJIOTMYECKOr0 MOAXOona K
NIOJyH€HHIO JaHHBIX M HOBOIO moaxona B 00paboTke [JaHHBIX. Cnenyer
MOAYEPKHY TR, 4YTO IHCCEpTalMOHHas pabota Kembaesa M.K. Ha Temy «®opmsl
HAXOX/CHHS PEIKHX 3eMelb B KOpax BBIBeTPHUBAHUSN MECTOPOXKIEHHI
Ceseproro Kasaxcrana i ux 3D Mozenn» HMeeT He TOIbKO BBICOKMI] Hay4HbIN
YPOBEHb, HO W TMpHKIAJHOE 3HAa4€HWe, M OTBEYaeT BCEM TpeGOBaHHAM
NPEABABIACMBIM K ccepTauusM. [TosTomy pekoMeHIyeTcs K 3aluTe, a ee aBTop
3aCIy’KHBAaeT UCKOMOH cTeneHu aoktopa ¢uinocoduu (PhD) no crenmansHOCTH
6D070600 — I'eosniorust ¥ passesKa MECTOPOK/ICHHIA MOJE3HBIX HCKOMAEMBIX.

IIpogeccop , lokrop Hayk Ewa Slaby

Aupexrop Hucruryra leostornuecknx Hayk Iloabckoii Akagemun Hayxk
IIpeacenarens Komurera Munepasornueckux Hayk Tloabckoii Axanemun Hayk
EMU —Buue—npeameI;T
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Peciybinka Kasaxeran, ropojt Aivars
JlBa/uars e TBEPTOC arpens JABE ThICAYH CEMHATIATOTO ro/1a

[lepeBost TeKeTa JIOKYMEHTA ¢ aHIJIMHACKOIO A3blka Ha PYCCKHH S3bIK BBITIOIHEH NEPEBOATHKOM
Muprussosoit Canam AHBapoBHO# B roposie Anmatsl, Pecriybika KaszaxcraH.
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5. Opmabewonsa ayxap byaerenosna. nHotapuyc 1. Ainvarel. JICHCTBYIONIMI Ha OCHOBaHWH
rocytapersennoii miensun No 14013776 or 18 cenrsOps 2014 roaa, seltannoi Komurerom
PErHCTPALMOHHOI ¢i1yk0bl M OKasaHMsi 1paBoBoil noMol MunucTepersa rocThin Pecnybiukn
KasaxcTad, CBH/CTEIBCTBYIO MOMUTHHHOCTL TOIMHCH, CHENaHHOH nepeBoaurkom MupriusizoBoi
Canam  AnBapoBHOI. JIMYHOCTH MEPEBOIUYNKA YCTAHOBICHA, JICECTIOCOOHOCTE M TIOJHOMOYHS

IPOBEPEHBI.
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