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I'paBUTALMOHHBbIE ¥ MAarHUTHbIE AaHOMAJIUM, IIOPOKAaeMble CABUTOBbBIMU
CTPYKTYpaMM B BepXHei 4aCTU 3€MHOJ KOPbI

H.II. Cenunnal, A. E. AcockoB?

lCaukT-IleTepOyprckuit ropHbiit yausepcutet, CaukT-IleTepbypr; Senchina NP@pers.spmi.ru, arto221@mail.ru
2Bcepoccuitckmii HayuYHO-MCCIeI0BaTeNbCKIIT Te0TIOTUUECKMIT MHCTUTYT uMenu A. I1. Kapniuuckoro (BCETEN),
Caukr-ITeTepbypr

B pabote paccMoTpeHa 3afaya KOMMbOTEPHOrO MOLENMPOBAHMS reodU3nNYeCcKMX aHOMaNUIM OT CTPYKTYP, NOMYYEHHbIX NyTEM
aHanoroBoro GU3M4eckoro MoAENMPOBAHMS CABUIOBbIX AedopMaLmii. Ha ocHoBe pe3ynsTaToB GU3MYECcKOoro MOAENMPOBAHMS CABUIOB
(BbINOMHEHHOIO APYrMMM aBTOpPaMu) NocTpoeHa 0606LieHHas neTpodusmyeckas MOAENb, @ 3aTEM peLLEHbl NPAMbIE 33434M TPaBu-
“ MarHuTopaseenku. MpencraBneHbl 0COOEHHOCTH pe3ynbTUPYIOLLMX MONEN, KOTOPble MOTYT MOMOYb B MHTEPMpeTaLmMmu reodusnyecknx
[aHHbIX Ha[ CTPYKTYpaMu, rae pa3BuTbl CABWUIOBbIE HapYLUEHMS, — 3TO LeNOYKM Pa3HO3HAKOBbIX, BbITSHYTbIX BAO/b FEHEPabHOro
pa3noma aHomanui. MoaTeepxaeHa NPUMEHUMOCTb Pe3yabTaTOB IKCNEPUMEHTANIbHOM Fre0TEKTOHUKM AN LMDPOBOro MOAENNPOBaHMS
reou3nyecknx aHoManuii 1 onpoboBaH COOTBETCTBYHOLLMIA METOANYECKMIA NOAXOL.

KnioueBble c10Ba: 2eopu3uKka, mekmoHUKa, c08ue, 2pasupazeedkd, MazHUmMopasgeoka, Mo0enuposaHue.

Gravitational and magnetic anomalies generated by strike-slip structures in
the upper part of the earth's crust

N. P. Senchinal, A. E. Asoskov?2

ISt. Petersburg Mining University, Saint Petersburg,
2A. P. Karpinsky All-Russian Research Geological Institute (VSEGEI), St. Petersburg

The paper considers the geophysical anomalies computer modeling from the structures obtained by analog physical model-
ing of shear deformations. Based on the results of physical modeling of slip-strikes (performed by other authors), a generalized pet-
rophysical model was built, and then direct tasks of gravity and magnetic surveys were solved. The features of the resulting fields
are presented, which can help in the interpretation of geophysical data over structures where shear faults are developed — these
are chains of anomalies of different signs extended along the general fault. The applicability of experimental geotectonics results

for digital modeling of geophysical anomalies is confirmed and the corresponding methodological approach is tested.

Keywords: geophysics, tectonics, shear, gravity survey, magnetic survey, modeling.

BeeneHue

CoBuroBble HapyllleHUsT akTUBHO M3y4yaloTcst B Poccun
1 32 pybeskoM B CBSI3M C pellleHreM MHOYKeCTBa MPUKIIaI-
HbIX 3a7a4. Tak, CIBUTY MHTEePECHBI TP IMOUCKaX U pas-
BellKe MeCTOPOXXIeHMI yrineBogoponos (Tumypsues, 2013;
Hanwosa, 2020), Tak Kak GOPMUPYIOT, KpOMe MPOYEero,
GacceitHbl «mmy/uT-arnapT» (pull-apart) — Kak IpaBuUyIo0, pOM-
GOBUMIHbBIE BITaJMHBI pa3MepaMy OT MaJIbIX JIOXKOWH JI0 CO-
TeH KIoMeTpoB. CTpoeHMe PygHbIX TeJl MECTOPOKIeHUI
6/71arOPOIHBIX METAJIJIOB YaCTO KOHTPOIMPYETCST CABUTA-
mu (Janwmiosa, 2020; imaeBa u fip., 2021b), Tak Kak BO3-
HIMKAIOIIe CKOJIbI, TPEeIMHbI (DOPMMPYIOT ITyCTOTHOE IIPO-
CTPAHCTBO /IS PYAOOTIOKEHMSI B XOPOIIIO ITPOHMUIIAe MOt
dmroumamvu 30ue. Kpome TOro, CiBUrM HECOMHEHHO MH-
TepEeCHBI C MO3ULINIA 001l TeOTOTUM — TIPU YTOUHEHUU
CTPOEHMSI U IBOTIOLMM TeppuTopuii. [Ipu 5ToM pa3BuTue
CABUTOB MPUBOIUT K (GOPMMUPOBAHUIO U APYTUX PA3HO-
06pasHbIX CTPYKTYP, XPEOTOB «II0I-ar» (pop-up), Ky/uc-
HBIX CKJIaZ0K, CTPYKTYP TUIIA «KKOHCKUII XBOCT» U OPYTUX.
CTPYKTYpbI OTJINYAIOTCSI B 3aBUCUMOCTHU OT Pa3BUTOCTU

CIBUTa, 0COGEHHOCTE COCTaBa HAPYLIEHHBIX U IT€PEKPbI-
Baouux opof. Takoe pasHooOpasye yUIOKHSIEeT MHTEP-
MpeTaIuio IIPU UCTIOTb30BaHUM KaK reoPu3nuecKux, Tak
u reojiormveckux metogos (Mmaesa u ap., 2021a;
Koukouvelas, Aydin, 2002). Tem He MeHee UMeeTCs yCIIelll-
HBI OTIBIT BbIZIeJIEHNMSI CIBUTOBBIX HAPYIIIEHWI, B TOM UMC-
Jie 110 TTOTeHMAaIbHBIM TOSIM.

MeToa NoCTpoeHMsa CTapTOBOI MoAenu

Ha aHomanuy rpaBUTaLiMOHHOTO ¥ MarHUTHOTO I10-
Jieli KpoMe CTPYKTYP, BbI3BAHHBIX CABUTOBBIM Hapyle-
HMEM, BAMseT BelleCTBeHHbBIN COCTaB MOPOJ, IPUUEM ero
BJIMISTHME MOKET ObITh 60JIee 3HAUUTETbHBIM U OUEHb pa3-
HOOGpasHbIM. B TeKylleit 3aaue pacCMOTPUM (ZJ1sI BbI-
IeneHust uucToro a¢dexra capura) pasBuUTHe TaKOro Ha-
pylIeHus B MOPOAax IMOCTOSIHHOTO COCTaBa U, COOTBET-
CTBEHHO, IVIOTHOCTHBIX ¥ MarHUTHBIX CBOJCTB. Ho 1 mipu
5TOM BapMaHTOB CABUTOB OYE€Hb MHOI'O, OCTAaHOBMMCS Ha
006001IeHHO Mofeu, onmyd/JIMKOBaHHOM B 1985 rogy

Lna umtupoBaHua: CeHunHa H. M., Acockos A. E. [paBUTaLMOHHbIE M MarHUTHbIE aHOMauK, MOPOXAAEMbIE CABUrOBbIMU CTPYKTYPaMu B BEPXHEN 4acTu
3eMHoii Kopbl // BecTHuk reoHayk. 2023.2(338). C. 3—9.DO0I: 10.19110/geov.2023.2.1

For citation: Senchina N. P, Asoskov A. E. Gravitational and magnetic anomalies generated by strike-slip structures in the upper part of the earth's crust.
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Crpykrypa
«KOHCKHH XBOCT»

Bacceiin

«pull-aparty Xpeber «pop-up»

P
DenoHupoBaHHble
(Ky/HUCHBIE) CHCTEMBI CKITafI0K

(Christie-Blick, Biddle, 1985) ¢ HEKOTOpPbIMM IOTIOTHEHN -
SIMM; BUZ, MOZIeJIN B TIJIaHe MpeCcTaBIeH Ha PUCYHKe 1.
Tunanbie GOPMBI CTPYKTYP, 06pa3yoIIMXCs TP CABU-
rax, M3y4yeHbl MHOTOKPATHO C MOMOIIbIO (GU3UYECKOTO
MozenpoBaHus. Ha Tekyiem starie He OygeM yIUThbI-
BaTh M3MeHeHMe DU3NUECKNX CBOVICTB B 30HE Pa3BUTUS
coBura. Vcronmbp3yeM MpyMepPhI pe3yIbTaToB JIabopaTop-
HOTO TEKTOHO(MM3UUECKOTO MOAEIMPOBAHMS /IS TIOCTPO-
eHus eTpoduU3NUeCcKoi MOeT KaK MCTOUHMKA KoJTye-
CTBEHHBIX XapaKTePUCTUK aMIUTUTYAbI CTPYKTYPbI, IJIN-
HBI ¥ IIMPUHBL. Mofienb 6acceitHa «My/-anapT» 3aJaaum
ucxomns u3 paborsl Mussofan (2019). 3a ocHOBY Moen
xpebrTa «IIoI-am» BeibepeM paboty Schellart, Nieuwland
(2003). TanHble pabOThI OMMCHIBAIOT CABUT IPUMEPHO B
PaBHBIX MacIITabax, Co CXOXKUMU CMEIeHUSIMY Y MaTe-
puanamu. MaeanbHO 6bII0 GbI MCIIONMb30BATh GU3NUECKYIO
MOJIesTb, B KOTOPOit chopMMUpOBaHbI Bce MHTepeCHbIE 3Jie-
MEHTBI CABUTA, OJHAKO ITOMY MOCBSATUM CIIAYIOINIA Tl
UCCIeIOBaHMSI.

[MonyuyeHHas mpu GpU3UIECKOM MOJIETUPOBAHUNA
«CTPYKTYpHAas KapTa» MOBEPXHOCTU UCIIOIb30BaHa KaK
OCHOBaA /15 3aJaHysl TpaHuLIbI pa3jesna A GopMupo-
BaHMS TPEXMEPHO MIIOTHOCTHOV M MarHUTHOI MO-
neseit. dTa MOBEPXHOCTH ITOABEPTHYTA BO3/I€/ICTBUIO
CIIBUTOBOTO HAPYIIEHMs, B HEJ MPOSIBJIEHBI CTPYK-

Typa 1 I;ybuHa 6acceiiHa, popma 1 BbICOTa Xped-
Ta, HO B MaciTabe bu3nueckoi MoIeun; s
pacueTHOJi HM(POBOIL MOIeNN YKa3aHHbIe
rapaMeTpbl MTPOTIOPLIVIOHAIBHO YBeJnye-
HbI. O61Iast TPOTSKEHHOCTD CABUTA T10
uMdPOBOIT MOJIeIN COCTABJISIET 25 KM.
Ha pucyske 2 noka3aHa copMupoBaHHAs
«CTPYKTypHAas TIOBEPXHOCTb» B TPeXMep-
HOM BuJie. [lJaHHas TOBEPXHOCTH OyAeT sB-

0

Puc. 2. Mozenb OCHOBHOV CTPYKTYPHOI
MTOBEPXHOCTH, BUJL B 00beMe

Fig. 2. Primary structural surface model,

2000 4000 6000 8000M

Puc. 1. O600611eHHbIi BUI, MOO eI

U CTPYKTYpPBI-TIpOTOTHUITHI (TI0 Christie-

Blick u Biddle, 1985; Schellart et al.,
2003; Mussofan, 2019)

Fig. 1. A generalized view of the model

and prototype structure (according to

Christie-Blick and Biddle, 1985; Schellart
et al., 2003; Mussofan, 2019)

-

Yoy

JISIThCSI OCHOBOJA /1J1sI TIOCTPOEHMST TIeTPOPU3UUECKOI MO-
IleJl U pellieHusI TIPSIMOJL 3a[iauy TpaBu- U MarHUTOpas-
BeIKMU.

MeTpodusuyeckasa moaesnb u MeToanKa
KOMMbIOTEPHOro MoAeInpPoBaHUS

[Ipu pasBuTUM CABUTOBOrO HAPYIIEHWUS BEPOSTEH
cJTydait, KoTaa CIBUT 3aK/IabIBAeTCs B TOpPoAax GpyHaa-
MeHTa, GopMupyeTcs B IPEBHMX OCAJOUHBIX TIOPOHAX U
MepeKpbIT MOJOAbIMI, OTHOCUTEIbHO MeHee MJI0THbIMU
0CaZ0YHBIMU OTIOKEeHMSIMU. CMOmenupyemM 3To, IpPearo-
Jlarasi, YTO YpOBeHb CbeMKU HaxonuTcst Ha 300 MeTpoB
BbIIlIE M3MEHEHHOI TTOBEPXHOCTU. PacCMOTpUM MoOZenb
CO CBOJICTBaAMM:

e MePeKPhIBAIONINX OTIOKEHMI: TTIOTHOCTh 2400 Kr/M3,
marauTHasi BocripummunbocTb 0.001 en. CU;

e IIOPOJ, B KOTOPbIX PAa3BUT CABUT: MJIOTHOCTb
2670 kr/m3, MaruuTHas Bocupumumumboctb 0.021 ex. CH.

IIj1s1 MAarHUTHOTO 110151 ObLIM 3aHaHbl ckioHeHue (0°),
Hak/IoHeHMe (75°) BeKTOopa HaMarHM4YMBAOIIEro MoJis,
MOJY/Ib BEKTOpa MarHUTHOM MHAYKIyy — 51000 uTo; nH-
IYKTMBHAsi HAMarHM4eHHOCTb.

Perntenne nipsiMoii 3agaunt rpaBu- U MarHUTOpa3Be[ -
KM BBIIIOJIHEHO B ITporpaMMHoM obecrieuerny Oasis Montaj
(GM-SYS 3D). MogenupoBaHye mpeaIionaraeT co3iaHme

450 460 470 480 490 500 510 520 530 540 M |

3D view
q
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TUIIOTETUYECKOJ reoyIoTMYeCcKoii MOZIeNIN U pelleHue Ips-
MOJi 38[1auM C OLIEHKOI TapaMeTpOB PU3NUECKUX TTONIei.
J171s1 HaHHBIX TPaBUMETPUM pACUeTHBIM [IapaMeTPOM $IB-
JISIeTCSl BepTUKAAbHAs COCTaB/ISIONAsl HAIIPSKEHHOCTY
IPAaBUTAIMOHHOTO IMOJIs (YCKOPeHMSI CBOOOIHOTO Iajie-
HMS) B MWIINTAJIaX, a 4JIsI MalrHUTHOTO — IpUpalleHne
MOZY/ISI BEKTOpPa MarHUTHOM MHAYKUuM (AT) B HaHOTeC-
yax. PerieHrie 0CHOBaHO Ha OBICTPOM IIpeoOpa3oBaHm
dypbe 1 peann3yeTcss B KOPOTKME CPOKM JIaske IJisl 60JIb-
UIMX TPEXMEPHBIX MOJIeJIein.

Pe3ynbTaThl M 06CYyXKAEHME

B pesynbraTe nomy4eHbl aHOMaJjInM, IOKa3aHHbIE HA
pucyHKax 3 u 4. ITonoxkuTe/lbHble aHOMAaIVY MOAEeIbHO-
TO rPaBMUTALIMOHHOTO 110JIs1 JIOKA/IM30BaHbl HAall XpeOTOM,

OTpHUIaTeNbHbIEe — Haf, MporubaMu. AHOMaIUy MarHuT-
HOTO TI0JIsSI UMEIOT HEMHOTO 60J1ee CJIOKHYI0 KOHUrypa-
L0 BBMUIY OUIIOISIPHOCTY aHOMaJIVii aHOMajieo6pasylo-
VX TeJT. BUMONSIPHOCTh MAarHUTHBIX AaHOMAaJIUIA TIPEJIITO-
JlaraeT IBYXITOMIOCHOCTD VICTOUHMKA Y BO3MOYKHOCTb I10-
JIYyUeHUSI B PA3JIMUHBIX YCIOBUSX IOJOKUTEIbHOI,
OTPULIATETHHO 60 PACTIONOXKEHHBIX PSIOM TTOIOKM-
TEeJILHOM ¥ OTPULIATETbHOI aHOMAaJINIi 71T OGHOTO U TO-
ro ke 00beKTa. ITo pesynbraTaM MOAEIMPOBAHNMS BUIHO,
YTO MPY 3aJaHHBIX TapaMeTpax HaMarHM4YMBAIOIIEro Mo-
JISL OTPULIATE/IbHbIN TIOTIOC pacIioiaraeTcst CeBepHee st
BO3BBINIEHHOCTE B pebede MOBEPXHOCTU HIDKeIeXKa-
VX TIOPOI, U I0KHEe J1JIst TPOTUO0B.

PaccMOTpUM MOTydYeHHbIE CTPYKTYPhI B BEPTUKAIIb-
HBIX CeUeHMsIX uepes 6acceit u uepes xpeber (puc. 5, 6).
MopesnbHbIe CTPYKTYPBI B pa3pe3ax MpeicTaBIIsioT CO60ii

Ag
Ml an
0,1

0,75
0,50

] 0.25

-0,25

0,50

0 -0.75

0 2000 4000

6000 8000t

Puc. 3. MomenbHOe TpaBUTALIMOHHOE 1M0jie (BepTUKaIbHAs COCTABIISIONIAS HATIPSDKEHHOCTY TPABUTALIMOHHOTO OISt (YyCKope-
HMST CBOGOHOTO TaIeHNsT) B MUJIJTUTa/Iax)

Fig. 3. Model gravitational field (vertical component of the gravitational field strength (gravitational acceleration) in milligals)

AT
HIn

15

|
0 2000 4000

]
6000 8000n

Puc. 4. MogenbHOe MarHuTHOe 1o1e (IpupaieHre MOAY/IS BeKTopa MarHMTHOM nHayKunuu (AT) B HaHOTe1ax)

Fig. 4. Model magnetic field (increment of the modulus of the magnetic induction vector (AT) in nanoteslas)
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0.001

oo we o0 s

Puc. 5. Pa3pe3 cCMHTe3MPOBAHHOI MO CABUTa yepe3 b6ac-

CelH «ITyJJI-allapT» U IIPUMep peaJbHOM OTPULATeIbHOM!

CTPYKTYPBI TUITA <I[BETOK», 3a(VKCUPOBAHHOI Ha cejicMmue-
ckom paspese (Koukouvelas, Aydin, 2002)

Fig. 5. Section of the synthesized strike-slip model across the

«pool-apart» basin and an example of a real negative flower

structure recorded on the seismic section (Koukouvelas, Aydin,
2002)

YIIPOIeHHYI0 (OPMY OTPUITATETHHON U MTOTOKUTETbHOM
LIBETKOBBIX CTPYKTYP — PaCHIEIUISIONIMNXCS OT HUKHE
K BepxHeli yacTu pa3pesa pa3iomoB. Takue CTPyKTypbl
BBIJIEJISIIOTCSI ¥ B paspese GuU3MueCKUX MOZeseii CIBUTOB
(®pornosa, 2019), 1 B peayibHbIX re0PU3NIECKUX TAHHbIX,
B 4aCTHOCTU celicmmnueckux (Janmiosa, 2020). llupuHa
IIBETKOBOJ CTPYKTYPBI U ee KOHMUTYpaIMs 3aBUCST B BbI-
COKOJi CTEMEeHY OT ITyGMHBI pacIonokeHus GyHIaMeHTa
VTV TTyOMHBI 3aJI03KEHMST OCHOBHOTO 1ITBa (pasjioma), BIOJb
KOTOPOTO HAbGTIOMAIOTCSI CMENEHMST, UTO ITOKa3aHO MHO-
TOUYMCI€HHBIMM 3KCIIE€PMMEeHTaaAbHbIMU UCCAeN0BaHMSI -
mu (®pososa, KopbyTsk, 2019; Kapumosa, 2021). [llupuHa
TOJTYYEeHHBIX B TeKyIleii paboTe aHOMaJINi IpaBUTALIV-
OHHOT'O ¥ MAarHMTHOTO T1071eli He3HAUUTebHO ITpeBbIiia-
eT MOIepPeYyHbIii pa3Mep CTPYKTYP, BbI3BAHHBIX CIBUTO-
BOIi Jecdopmariueii.

[Tonmy4yeHHbIe pe3yabTaThl IO3BOSIOT OXKUIATH IIPO-
SIBJIEHMSI CABUTOBBIX ehOopMalnii Ha KapTax rpaBUTalM-
OHHOTO 1OJIsI B hopMe 1elToUeK aHOMasIMii pa3HbIX 3HA-
KOB M aMIUTUTYAbI KaK MPOSIBJI€HUS TYTIJIEKCOB CKATUSI
" pactspkeHus. Hanbosee BoIpaykeHHbIE aHOMAIVU Y aM-
TUTAUTYIHBIX 6AaCCeTHOB U Xpe6TOB; aHOMAaIMU CKJIAA0K
MeHee TPOSIBJIeHbI. [I/I1 MarHUTHOTO IO/ OTMEYaloTCs
Pa3HO3HAKOBbIe aHOMAa/IMM B (pOpMe TTap BBITSIHYTBIX
CUTMOBUIHBIX KpUBBIX (S). CKIaaKM aHOMAIUY TaKKe
MMEIOT MeHBIIYI0 aMITUTYY, YeM JJisl 6acceifHOB 1 Xpe6-
ToB. CpaBHeHMe KapT MoJjel APYT C JPYTOM FOBOPUT O JTy4-
11et MPOsIBIEHHOCTU OTe/IbHBIX CKIaJ0K B MAarHUTHOM

Kr/M3
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Puc. 6. Paspes cuHTe3MpOBaHHOV MOLENN COBUTA Yyepes Xpe-

6eT «IIoT-ar» U MPUMeP PeaabHO MOIOKUTETbHO CTPYK-

TYPBI TUTIA <IIBETOK», 3a(DMKCUPOBAHHO Ha CEIICMUYIECKOM
paspese (Le Guerroué, Cobbold, 2006)

Fig. 6. Section of the synthesized strike-slip model across the

«pop-up» ridge and an example of the real positive structure

of the «flower» type recorded on the seismic section
(Le Guerroué, Cobbold, 2006)

T0J1e, TOT/AA KaK B IPaBUTAL[MIOHHOM I10J1e aHOMaJIUU CKIIak -
KM CJIMBAIOTCS MPAKTUYECKM B eMHYIO0 CTPYKTYPY 6e3 3a-
MEeTHOTO IMHEeHOTO XapaKTepa aHoMasnii. ComocTaBieHue
KapThbl PaCY€THOTO MarHUTHOTO TIOJIS U TOJIOKeHUS 3a-
JlaHHBIX Pa3PbIBHBIX HAPYyIlIeHNI1 TOBOPUT O TOM, UTO Je-
JIaTh HATIPSIMYIO JIMHEAMEHTHbI aHaIN3 MOXKHO C 60JTb-
IOV OCTOPOKHOCTBIO U3-3a CYIIECTBEHHOI'O0 CMEIeHUS
oceli aHOMaJInii  TPafAieHTHBIX 30H.

KoHeuHO, cABUT NO/KEH TIPOSIBIISITHCS M B HapyIIe-
HUY KOPPEeJISIIY aHOMAaJINiA, CO3JaHHbIX 0COOEHHOCTSIMMU
BellleCTBEHHOTO COCTaBa M CBOMCTB MOPOJ, UCIBITABUINX
BO3/eliCTBMe COABUTOBOTO HapylieHus. BennunHa cmerlie-
HMSI ¥ XapakTep Mol UHAUBULyaIbHbI — OUeHb Pa3HSIT-
€SI B 3aBMCUMOCTH OT 0COGEHHOCTEN peasibHOV IeoyIorH-
YeCcKOJ cpelibl, HO IJIsl MpMMepa MTOKaXkeM OJVH U3 Baph-
aHTOB TaKOro BaAUsSHUS (puc. 7, 8).

ITycTh CTPYKTYPBI DyHAAMEHTA A0 PA3BUTHUS COBUTA
y>Ke ObLIV HEOTHOPOMHBI, MEIN JIMHEeHbIe aHOMaJIUY
CeBepo-BOCTOYHOTO ITpocTupanus. [Ipu pasBUTUM CIBU-
ra B 30He BAMSHMUS MTOCJIeTHErO MPOM30IILIIO M3MeHeHe
CBOICTB — ocabieHye IIOTHOCTHBIX M MAarHUTHBIX Xa-
PaKTepPUCTHUK, a TAKXKe CMellleHre OCM aHOMAaJIUiA [0 U T10-
cte caBura. B Takom ciyyae KOHGUIypaiust mojist CTaHO-
BUTCSI 60jIee CIOKHOI : HAK/IagbIBAIOTCS 9P PEeKThI OT COBM-
ra ¥ aHOMaJjiny, BbI3BaHHbIE PA3HOCTHIO CBOJCTB MTOPO,
Y COOTHOILIeHVE aHOMAaJNii Pa3AIMYHOTO MPOUCXOKIeHNS
MOXeT OBITh JIIOOBIM B 3aBUCUMOCTY OT XapaKTePUCTUKI
CBOJICTB TIOPOJ, ITyGMHBI pacIionoxkeHust GyHIaMeHTa,
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Puc. 7. BapmaHT MO MarHMTHOTO I10J14, TAe€ aHOMaJIM OT CTPYKTYD, O6pa3OBaHHI)IX COBUTOM, HaK/JIaAbIBAOTCA HA aHOMa-
JIVIA, BbI3BaHHbI€ PA3HOCTbHIO CBOJICTB mopon

Fig. 7. A variant of the magnetic field model where anomalies from strike-slip structures are superimposed on anomalies caused
by the difference in rock properties
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Puc. 8. BapmaHT MOAe/IM TPaBUTALIMOHHOTIO I10JId, I4€ aHOMaJIMM OT CTPYKTYDP, 06p830BaHHI)IX COBUI'OM, HAK/IaaAbIBAIOTCS HA
aHOMaJInu, BbI3BaHHbIE€ Pa3HOCTbIO CBOJICTB 1opon

Fig. 8. A variant of the gravitational field model where anomalies from superimposed structures are superimposed on anoma-
lies caused by the difference in rock properties

VMHTEHCUBHOCTHU Pa3BUTHSI OYTIJIEKCHBIX CTPYKTYP (Xpeo-
TOB ¥ 6ACCEeTHOB B 30HE CABNIIA), BEIMUYMHbBI CMEIeHSs
110 MarucTpaJibHOMY Pa3ioMy.

BbiBOAbI

[TpakTUYECKMM Pe3y/IbTaTOM ITPOBEEHHOTO «UMC-
JIEHHOTO 9KCIIePYMeHTa» CYMTaeM BO3MOKHOCTh HabIII0-
JaTh IPOSIBJIEHNE B TTOTEHIMATbHBIX TOJISIX aHOMAaJINIA,
CBSI3aHHBIX C AedhOopMalysIMy, BHI3BAHHBIMY CIBUTOBBI-
MU HapyiieHusMu. [lomydeHHbIe KapThl TO3BOJISIOT BbI-
IIeJTUTh B TPAaBUTALMOHHOM I10JIe LIeTI0OYKY pa3HO3HAaKO-
BbIX aHOMAJIMIi, B MATHUTHOM TI0J/Ie — CUTMOBMIHbIE 10
dhopme mapHbie («+» U «—») aHOMaINM. AMILIUTYIbI aHO-

MaJinii TOBOPSIT O BOSMOXKHOCTU UX U3YYEHMUSI C TOMOIIIBIO
COBPEMEHHOI1 anmnapaTypbl — B OCHOBHOM 3TO AECSITKU
MMKpPOTaJ B TPaBUTALMOHHOM T1071€, eI/ HUIbI HAaHOTeCe
B MarHuTHOM Tose. KoHeuHo, aHOManuu, 06yclI0BIeHHbIe
BJIMSIH/EM Bell[eCTBEHHOI0 COCTaBa BMeIaoIX MOPOo7,
OCJIOKHSIT UIEHTUDUKAIMIO TAKUX CTPYKTYP Ha MPaKTH-
Ke, HO T10 KpajiHeli Mepe Terepb ITOHSITHO, Kakyie MMeHHO
0COGEHHOCTY CIBUTOB MOTYT ITPOSIBJISITHCS B TAHHBIX I10-
TEHLIMAJIbHBIX MOSIX.

OCHOBHBIM MPUHIUITMATBHBIM PE3YIbTaTOM Pabo-
ThI CYMTaEM BBIBOJ, O IPUMEHMMOCTH pe3yabTaToB Gu-
314eCKOr0 MOJENIMPOBAaHUS Pa3BUTHS Fe0IOTUIeCKIX
CTPYKTYP [IJI1 KOMIIBIOTEPHOTO MOJIeMpOBaHus Teodu-
3MYeCcKuX rosneit. BeposiTHO, 3TO MOKeT CTaTh JOCTOBEP-

1
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HbIM MHCTPYMEHTOM J1Jis1 060CHOBaHUSI MHTePIIpeTal-
OHHBIX MOJeJieli TaKUX CJIOXKHBIX CTPYKTYP, KaK CIBUTO-
BbIe Aedopmaiuu. PaccMoTpeHHas B TeKylleii paboTe
MOJIeJb SIBJISIETCS] BeChbMa 0OIIei, OHAKO ITOKa3bIBaeT
aZeKBAaTHOCTh PEe3YAbTATOB, XOTS TTOKA U OCTATOUHO I'PY-
ObIX, HO y3Ke MOJIE3HbBIX, Ha B3I, aBTOPOB. 1) MHTEp-
TpeTauyy JaHHBIX PeaJibHO M3MepPEeHHbIX 01 [IJIs1 Tep-
PUTOPUIA, T1ie OKUIAETCSI HaJluuKe CIBUTOB, MOXKHO I0-
peKoOMeHA0BaTh KOMOMHAIMIO HU3MUECKOTO ¥ KOMITbIO-
TepHOTO MoJienupoBaHus. [IpennonaraeTcs, YTo MOZeIb
OyIeT OTpaskaTh IMIIOTETUUYECKYE TIPeICTaBIe s 00 13-
yJ4aeMoii reoyiornuecKkoii cpee (c yuetom gedopmarinii,
BeIeCTBEHHOTO COCTaBa, XapakKTePUCTUK HOPMATbHOTO
TI0JIST), @ Pe3y/IbTaThl MOAEIMPOBAHMS ITO3BOJISIT IO TBEP-
ITh, OTBEPTHYTb MJIM TIOTPe6OBATH YTOUHEHMIT TUIIOTE -
3bl O CTPOEHMM yYaCTKa Ha OCHOBE COIMOCTaBIEHUST MO-
IIeIbHOTO U HAOJTI0eHHOTO Tosteli. Takoii MoIXo 1, He TOMb-
KO MOXET MTO3BOJIUTD MTO06paTh ONTUMATbHYI0 MOJIE/Tb
CTPYKTYD IJ1s1 UHTepIIpeTaluy JAaHHBIX OTeHIMaTbHbIX
rioseit, HO ¥ TIOMOYb B BepuduKalyu pe3yJbTaTOB aHa-
JIOTOBOTO TEKTOHO(DU31MUECKOTO MOJIeTMPOBAHNS, Pe3YIlb-
TaThl KOTOPOTO HECYT COOCTBEHHYIO BBICOKYIO TTPUKJIA -
HYI0 LleHHOCTb (UepHeuxuii, ®ponosa, 2018; ®ponosa,
2019). IlepcrieKTUBHBIM HallpaBieHUEM BUIUTCS B3au-
MOZeiiCTBYE MEXIY Crel[MalMCTaMI Pa3HbIX reooruye-
CKUX HayK, BbITIOJIHEHVE KOMITJIEKCHBIX MEeXINCIUTIIN -
HapHBIX UCCIeA0BAHNI, B TOM UMCJIe Ha CThIKE IKCIIePU-
MEHTAIbHOV TEKTOHODU3UKN U Te0DUUKIA.
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Pacripenenenne pygooopasyoniux 3JieMEeHTOB M MUHEPAJIOB
B 00'beMe 30JI0TOPYAHBIX 00bEKTOB 3araJHOro Y30eKucrtaHa
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[MpoaHann3nMpoBaHbl MMHEPANOro-reoXMMMyeckme CBOMCTBA 30/10TOPYAHbBIX MECTOPOXAEHUIM 3anagHoro Y3bekncraHa,
XapaKTePU3YIOLLMXCS MHOTOCTAAMAHOCTbIO M HEOLHOPOAHbIM CTPOEHMEM MO pa3pesy. B kauecTBe KpUTEpPUEB OLLEHKM MECTOPOXKAEHMI
MCMONb30BaHbl CUCTEMbI 3HAUEHMUI KNApKoB KoHLeHTpauuu (KK) pynoobpasytowwmx snemeHToB. OnpesneneHsl 0CO6eHHOCTH pacnpeaeneHums
KK no rpapgaumnsm rybuH 1 Ha 3TOM OCHOBAHMM OLEHeHbl NePCMNeKTUBbI HA 30/10TO YOOKUX FOPU30HTOB MECTOPOXKAEHUNA.

KnioueBble cnoBa: Y36ekucmad, 30/70mopy0Hb/e MeCmOpO)KOE’HUH, ,DGCI’IPE’OE’HE’HUE‘, MUHEpPasioeo-eeoxuMuyvyeckasa xapakmepucmuka,
OUEHKa NpoMbIlWIIEHHbIX Nnepcnekmus.

Distribution of ore-forming elements and minerals
in gold objects of the Western Uzbekistan

V. D. Tsoy, S. S. Sayitov

Scientific Research Institute of Mineral Resources, Tashkent, Uzbekistan

We have analyzed the mineralogical and geochemical properties of gold ore deposits in the Western Uzbekistan, characterized
by multi-stage and heterogeneous structure along the section. The systems of clarke values for the concentration of ore-forming el-
ements were used as criteria for assessing deposits. The features of CC distribution by depth gradations are determined and, on this
basis, the prospects for gold in deep horizons of deposits are estimated.

Keywords: Uzbekistan, gold deposits, distribution, mineralogical and geochemical characteristics, assessment of industrial prospects.

BeeneHue

OueHKa pyAHBIX MeCTOPOXIAeHUI 3amagHOTo
V36eKucTaHa B 3HAUMUTEIbHO CTEIeHM 3aBUCUT OT OTIpe-
JleJIeHVs TTIePCIIEKTUB UX IITyOOKUX TOPU30HTOB. [IjIs1 9TO-
ro 10 MaTepuasaM OIIpOOOBaHMS KaHaB, TPAHIIIe 1 CKBa-
SKMH ObIJIO IPOaHaIM3MPOBAHO IIPOCTPAHCTBEHHOE pac-
npeneeHye pyrooopasyonyx MIHEPAIOB U 3JIEMEHTOB.
B craThe MpUBOASTCS PE3YIbTATHI M3YUEHMSI UEThIPEX 00b-
ekToB — [Ixkacayi, THru-/IaBoH, TamabiGynak u JIpeBHMIA,
JIOKAJIM30BaHHBIX B MAJI€030MCKMX TOJIIAX.

MeToabl nccnenoBaHus

B mnipoiiecce uccnemoBaHmuii IpOBOAUINCH JOKYMeH-
Tauusi PySOHOCHBIX 30H C 0T60POM P06 Ha pasanIHbIe
aHaIM3bI: onMcaHme nuMdoB, aHIIMGOB; aHATUTUYECKAsT
CKaHMPYIOILAs 37IeKTPOHHAsI MUKPOCKOTINS; PEHTTeHOB-
cKas I pakToOMeTpus; MUHeparpadueckuii aHaau3 st
ompefe/ieHNsI I0CIeJ0BaTeIbHOCTM ITUITOTeHHOTO MIHe-
paoobpa3oBaHMs; BbISIBJIEHE BEePTUKATbHOI 30HAIBHO-
CTMU; OTIpe[ie/IeH}e TTePCIIEKTUB 0ObEKTOB. [T BhISIBJIEHNST
BEPTUKATbHOM 30HAILHOCTY GblIa pa3paboTaHa Cremu-
anbHasl METOAMKA, KOTOPYIO Ha ITpuMepe yJyacTka [kacayin
MOKHO OXapaKTepu30BaTh CJIEAYIOMIMM 00pa30M.

1. Ha paccmaTpyuBaeMOM y4acTKe Tayie0307ckuit pyH-
JlaMeHT IepeKpPLIT YexXJIOM Me30-KailHO30JCKUX OTJIOKe-
Huii. TTo JaHHBIM OypeHMs TyOMHA MTOTPY>KeHUs T1ajeo-
30¥ICKO¥1 TOJIIV BapbupyeTcst oT 27 1o 6osee 280 M. B pe-
3yJIbTaTe U3yueHus Py, MMHEPAIM30BaHHbBIX U PyIOBMe-

IIAIONINX TTOPOJI, OTOOPAHHBIX 0 CKBasKMHAM, COCTABJIEHA
cTeyolast Tpagaiius orpo6oBaHHBIX IyouH: 27—80 M
(40 ipo6); 80— 130 m (78 11pob); 130—180 M (27 mpob);
180—230 M (24 po06); 230—280 M (29 m1pob); 6osee 280 M
(6 Ip0o0).

2. ComepskaHMsI OCHOBHbBIX U TOIMTYTHBIX KOMITOHEH-
TOB OTPee/ISUIICh CIIeKTPATbHBIM aHATMU30M C TTPOCHITI-
Kot B ja6oparopun I'V «<MMP» Tockomreonorun PYs. ITo
pesy/bTaTaM aHaIKu3a IJis KaXou rpafgaly [ryeyH Moy -
CUMTaHBI CPeHME COAeP>KaHUSI PYA,OT€HHbIX 3JIEMEHTOB,
KOTOpbIe 6bUTM HOPMMUPOBAHbI Ha MX KJIapK B 3€MHOI KO-
pe (1o A. I1. BuHorpazmoBy). Ha ocHOBe Ki1apKOB KOHIIEH-
tpaiuu (KK) 66111 BbIBEIEHBI TeOXMMIYecKye Tocieno-
BaTeJIbHOCTYM YOBIBAHMSI COMIEPSKAHMI MTPOAYKTUBHBIX 3J1e-
MEHTOB.

3. BoiBeieHHbIe reoXMMUYECKye IT0CIeS0BaTeIbHO-
CTU COIOCTABJISIMCD C TUIIOBOM CXeMOM 30HJIbHOCTU '~
IMOTeHHOTO MMHepas006pa30BaHMsI HA TEPPUTOPUUA
Y36eKkucTaHa.

4. Ha ocHOBaHMM JaHHBIX O XapaKTepe MPOCTpaH-
CTBEHHOTO pacIpeie/ieHN sl py000pas3yIolnx 3JIeMEHTOB
Y MMHEpAJIOB B 00beMe pa3BeyeMbIX 30JI0TOPYIHBIX 00b-
eKTOB IMPOBeJieHa OI[eHKA ITPOMBIIIJIEHHbIX MTePCIIeKTUB
DTy6OKNMX TOPU3OHTOB.

O6¢cy)XaeHMe pesysibTaToB

YuacTtok [I)kacaysl pacIiosiokeH B ropax benbray.
PynoHocHbIe 30HbI TPUYPOUYEHBI K MeCTaM MHTEeHCUBHOTO

Lns uutuposanus: Lloi B. ., Caimtos C. C. Pacnpenenenve pysoo6pasyolmx 31eMeHTOB U MUHEPANOB B 06beMe 30/10TOPYAHbIX 06beKToB 3anafHoro
Y3bekucraHa // BectHuk reoHayk. 2023.2(338). C. 10—25.DO0I: 10.19110/geov.2023.2.2

For citation: Tsoy V. D., Sayitov S. S. Distribution of ore-forming elements and minerals in gold objects of the Western Uzbekistan. Vestnik of Geosciences,

2023,2(338), pp. 10—25, doi: 10.19110/geov.2023.2.2
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@ — Work objects

1 - section Yukori-Saray ;
2 - section Dzhasaul;

3 - section Avliyo-Zargar;
4 - section Yangi-Kazgan;
5 - section Drevniy;

6 - Tamdybulak deposit;
7 - section Vostochny of the Yangi-Davon deposit.
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Fig. 1. General map of the location of research objects

IPOOIEHNS Y CMSITHST B OTVIOSKEHMSIX poxaTckoit (O;_, rh)
" MypyHCKO1 (Oz) CBUT, HAXOASILIMXCS [TOA, Me30KaiiHO-
30JICKMM YeXJIOM MOITHOCTHIO 55—70 M. ComepskaHue 30-
JioTa B HUX Kojie6nercs ot 1.1 mo 22.5 r/T, a cepebpa —
ot 0.9 mo 1225 1/T.

B ta6s. 1 npuBenens! 3HaueHust KK pymoo6pasyio-
IMX 57IEMEHTOB Ha Pa3nYHBIX TTyObMHaX. eoxumuueckme
PSIIbI, BIBEIEHHBIE 110 yobIBaHMIO 3HaueHmit KK, mokasa-
HbI B Ta6:1. 2, 3. OHM WJUTIOCTPUPYIOT 3aKOHOMEPHOCTH
pacmnpeneneHus 30J0TO-TUPUT-apPCeHONMUPUTOBOIA, 30710~
TOCepeOPSIHO, alTbOUT-IIIEETUTOBO ¥ raIeHUT-6JIEKIIO-
PYIOHOI IPOAYKTUBHBIX MUHepau3aluii. BbisiBleHHbIE U
OoXapaKTepu30BaHHble MMHEpaabHble TTapareHe3uchl Ha
M3yUeHHOM y4yacTKe BIIOJIHE COTIaCyloTCs C paHee MOoJy-
YeHHBIMMU pe3ybTaTaMM KOMIUJIEKCHBIX MUHepaiormye-
CKMX MCCIIeoBaHMit (AMMOB U 1ip., 2016a, 2016b; Koponépa
u np., 2018; Mypynray, 1998; oii, 1998; Loii u ap., 2011,
2014, 2016, 2018, 2021, 2022; Tsoy, 2016).

Yuactku [Ixkacayi, Suru-IaBoH, Tamabsioynak, IpeBHmit
OBV TI0 MMHEPAJIOTO-TeOXVMMUYECKMM CBOMCTBAM COIIO-
CTaBJIEHbI C ITAJIOHHBIMY 00bEKTaMM, CXOJHBIMM TI0 T€O-
JIOTO-ITPOMBIIIZIEHHOMY TUTTY: MypyHTay, AIKUOYTYT,
KapakytaH, [Tncranu, Taymas, BaananTay (tTa6i. 4). B co-
CTaBe VIaBHBIX PYIHBIX MUHEPAJIOB Ha BCEX MUCC/IeIOBAH-
HbIX HAMM YYaCTKax B 3HAUUTENIbHOI KOHLIEHTPALUM [IPU-
CYTCTBYIOT CAaMOPOLHOE 30JI0TO, IUPUT U apCEHOMUPUT,
06BbeAVHSIONINECS] B AVHYIO0 30JI0TO-TIMPUT-aPCEHOIN-
PUTOBYIO NTapareHeTUYECKyIo accouuanyio. [locieqHss
XapakTepHa JJis1 30JI0TOKBap11eBOTO T'e0I0TO-TTPOMBbIIII-
JIEHHOT'O TUIIA PYIHBIX MeCTOpOXIeHMit. VickmoueHem

M3 9TOTO Psi/ia SIBJISIETCS yU4aCTOK JIkacayi, Tme Kpome 30-
JIOTO-TIMPUT-aPCEHOIMPUTOBOVI MPUCYTCTBYET CY/Ib(O-
COJIbHO-cepebpsiHast MUHepaau3aiys. B 1iesiom sToT yua-
CTOK MOSKHO OTHECTMU K 30JI0TOCEPEOPSTHOMY 0ObEKTY.
Ha yuacTke [IpeBHMIT B OTJIeJIbHBIX ITPOOAX TaKKe OTMe-
YyaeTcsl cepebpsiHasi MUHepaau3aIus.

PaccMoTpuM BbISIBIIEHHBIE MUHEPATbHbIE acCcoIMa-
LMY U3YYEHHBIX YUYACTKOB, X TIOJIOXKEHVE B CXeME I'UITO0-
reHHOI'0 MMHepaja006pa30BaHus, pa3paboTaHHO IS 9Ta-
JIOHHBIX 06BEKTOB (Ta0I. 3, 4).

PynuHble MyHepaabHble acCOMAlM HAUMHAIOTCS
C paHHelt okudHotli cmaduu o6pa3oBaHMsI MarHETUT-TeMa-
TUTOBOJ acCoIMAIMM, KOTOPast TPOsiBJieHa Ha BCeX yJyacT-
KaxX M 3TAJIOHHBIX 30JIOTOPYIHBIX O6beKTax. [lanee uget
cmadus 80J1bhpamamos ¢ aibOUT-IIIeeINTOBON accolya-
1Met, KOTopast IPOSIBMJIACh Ha yJyacTke [IpeBHEM U 9Ta-
JIOHHBIX 30/I0TOPYAHBIX 06beKTax. [Towienyoas paHHe-

CybuoHan cmadus MpeCTaBIeHa KBapil-MOIMOIEHUTOBOIA,
XaJIbKOIIMPUT-TIMPPOTUHOBOIA, 30JI0TO- TUPUT-aPCEHOITN -
PUTOBOI 1 XaJbKOTIMPUT-BUCMYTOBOM aCCOLIMALIUSIMIA.
[TpM3HaKM KBapI-MOIMOIEeHUTOBON acCoMaI Ha UC-
CJIeOBAaHHBIX YYaCTKax He 0OHAPYKEHbI, XaJIbKOTTPUT-
MMMPPOTUHOBAS aCCOLIMAIMS BbISIBJIEHA TTOBCEMECTHO.
30/I0TO-TTUPUT-APCEHONTUPUTOBAST ACCOIMALINS SIBJISIETCST
Haubosee MPOAYKTUBHOI Ha BCEX YUACTKAX U STAJIOHHbBIX
06beKTaX. XaJIbKOMMPUT-BUCMYTOBasI aCCOIMAINST OTMe-
YaeTCsl TOMbKO Ha yuacTke JIpeBHMIT 1 STAIOHHOM MeCTO-
poskpeHun MypyHTay. ITonumemannuueckas cmadus, xa-
pakTepHasi /i1 BceX M3YYeHHbIX YUYACTKOB U 3TATOHHbIX
006BEeKTOB, MIpeAcTaBiieHa chasepuT-XaabKOMUPUT-

1
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Taﬁnuua 3. CBogHas cxema r'mIoreHHOro MI/IHepaIIOO6paSOBaHI/I$[ B PYAHBIX ME€CTOPOXIOEHUAX V36ekucTaHa

Table 3. Summary scheme of hypogene mineral formation in ore deposits of Uzbekistan

TunomopdHbIe MUHEPAJTBI

JTamnbl Craguu MwuHepanbHbIe acCOLMAN (TIPOIYKTMBHbBIE BBIAEIEHBI MIPUDTOM) OOGBEKTHI
Stages Phase Mineral associations Typomorphic minerals Objects
(productive ones are in bold)
Kap6oHaTtHo-
CWIMKATHAsI Kap6onar-kBapiieBast KBapii, KaJbInT 1—8
Carbonate- Carbonate-quartz Quartz, calcite
silicate
Kapb6oHaTHO- K
BapII-KaJbLINT-0apUT-
dbropuaHas Kasb1iuT, KBapii, 6aput, GaroopuT, LeTeCcTuH 1—8
Carbonate- 0 (bmo_opmopaﬂ . Calcite, quartz, barite, fluorite, celestite -
fluoride Quartz-calcite-barite-fluorite
KBapii, cTMGHMT, CypbMa CaMOPO/IHAS,
CypbMsiHast Kgapii-cTu6HUTOBas KaJIbIIT, KWNHOBAaPh 1.3.6.8
Antimony Quartz-stibnite Quartz, stibnite, native antimony, calcite, »
cinnabar
TaneHuT, 6apuT, LIENECTVH, XaIbKOTIUPUT,
CynbdatHas KBapii-6apur-rajeHuToBast KBapll, K&JIbIUT 1-5738
Sulfate Quartz-barite-galena Galena, barite, celestite, chalcopyrite, quartz, >
calcite
[Mo3mHeoKcUIHAS KBapii-rematutoBast KBapii, reMaTuT, KajblNT, XTOPUT 1—3
Late oxide Quartz-hematite Quartz, hematite, calcite, chlorite
CepebGpo caMopomHoe, MPaprupuT,
XJIOPAPTUPUT, IOAUOGA3UT, APTEHTUT,
CoOCcTBEHHO cepebpsHas MaHTaHKaJIbIIUT, XaJIbKOIIMPUT, 6JIeKIast pyaa 1.3 4 68
Proper silver Native silver, pyrargyrite, chlorargyrite, 1
polybasite, argentite, mangancalcite,
chalcopyrite, fahlore
30/10TO, GOPHUT, XaTBKO3UH, KIOCTEJTNT,
3onorocepebpsiHast XaJIbKOIMPUT, KBaPII, KAJTbIINT, JIEKTPYM
>§ — 301é0Tocepe— Gold-silver Gold, bornite, chalcosine, kustelite, 1,3,4,7,8
T g G lI(JfHSH . chalcopyrite, quartz, calcite, electrum
35 old-siive 30J10TO, TeCCUT, KAJIaBEPUT, ATTAUT,
ég 3omoToreccuToBast CWIbBAHUT, METIIAT 1 68
% 3 Gold-hessite Gold, hessite, calaverite, altaite, sylvanite, ’
= 5 petzite
= Terpagumu- TeTpaguMMT, TeJ16JIypOBucmyTMT,
TeITYPOBICMYTHTOBAST XaJIbKOTIMPHT, )KO3€UT, GyPHOHUT, IDKEMCOHUT 1
T A . .. | Tetradymite, tellurobismuthite, chalcopyrite,
etradymite-tellurobismuthite L o .
joseite, bournonite, jamsonite
Ta/eHUT-BIIeKIOpyHAs Tanenur, 6nekias pyaa, chanepur, KBapi,
Galena-fahlore KajIbu1T . 1,5-6,8
IMonumeTan- Galena, fahlore, sphalerite, quartz, calcite
Pg{;{/‘:sg:lil;l{ic CbanepyT-xabKompiT- Cdanepwr, XMBKOQ)?(}I)I/]IA'I; TaJIeHUT, KaJIbIINT,
| Fa/l€HITOBA Sphalerite, chalcopyrite, galena, calcite 1-8
Sphalerite-chalcopyrite-galena ’ N ’ ’
chlorite
XanbKOMUPUT, BUCMYTUH, BUTTUXEHUT,
SMIUIEKTUT, GOPHUT, BUCMYT CAMOPOSHBIIA,
XanbKOMMPUT-BUCMYTOBAST JIaANUT, OEHKAMUHUAT 138
chalcopyrite-bismuth Chalcopyrite, bismuthine, wittikhenite, »
emplectite, bornite, native bismuth, ironite,
benjaminite
KBap1i, tMpuT, apceHOMUPUT, 30/10TO,
oo | Soreremprr | ket s |
Early sulfide Gold-pyrite-arsenopyrite Juartz, letihgg?g?ﬁslllrigge{tgeo »CoPates
XabKOTIUPUT-TIUPPOTUHOBAST IMuppoTHH, XaTbKOIMUPUT, MAPKA3UT 1—8
Chalcopyrite-pyrrhotite Pyrrhotite, chalcopyrite, marcasite
KBapii, MOMMOGAEHMT, TTUPAT, [IIEETTAT,
KBapii-Monu6neHnToBast XaJTbKOTTAPUT HeT
Quartz-molybdenite Quartz, molybdenite, pyrite, scheelite, none
chalcopyrite

13
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Oxonyanue tabmuipl 3 / End of Table 3

TunomopdHbie MIHEPAITbI
JTaribl Crapgyu MuHepabHble acCcolMalum (MpOAYKTMBHBIE BbIie/IeHbl IPUDTOM) O6BeKTbI
Stages Phase Mineral associations Typomorphic minerals Objects
(productive ones are in bold)
BonbdhpamaToBast AnbOUT-11Ie€TTUTOBAS KBapii, aibOUT, 1IIeenT, MyCKOBUT, KaTbIIUT 1.4.6.7
N Tungsten Albite-scheelite Quartz, albite, scheelite, muscovite, calcite >
% = T'eMaTUT, MATHETUT, TUPUT, SITNIOT,
E £ | PanHeokcuzgHas MarHeTUT-reMaTUTOBas CepIIeHTUH 1—8
s Z Early oxide Magnetite-hematite Hematite, magnetite, pyrite, epidote,
as .
o9 serpentine
3= CUIMKaTHO-
5 T KapboHaTHasi | KapO6oHaT-KBapII-XJI0pUTOBast KBapii, XJIOpUT, reMaTUT, TUPUT 1—8
~ Silicate- Carbonate-quartz-chlorite Quiartz, chlorite, hematite, pyrite
carbonate
— Ks MYCKOBUT, KACCUTEPUT B
< KBapu-cepuuyrosas apti, MyCKOBIT, KacCITTEDILT, OZIOBO
= L camMmopopgHoe 1-8
= B Quartz-sericite . . ..
Z9 BonHbIX Quartz, muscovite, cassiterite, native tin
S Eg CUITMKATOB KBapu—TypmanMHpBaﬂ Ksapu, TypMasiH 1.2.4.5
E &5 |Hydrous silicates Quartz-tourmaline Quartz, tourmaline >
= i;? SrmaoT-amdubonoBast SIMIOT, aKTUHOIUT, TPEMOJIUT, OPTOK/IA3 1—7
& %.g Epidote-amphibole Epidote, actinolite, tremolite, orthoclase
= gf g be3BogHbIX BosmacTtoHUT-pOogOHMUTOBAS Bycramut, pogOHNUT, BOJUIACTOHUT 8
=3 CUIMKATOB Wollastonite-rhodonite Bustamite, rhodonite, wollastonite
é Anhydrous I'paHaT-nimpokceHoBas [InpokceH, rpaHaT, MarHeTUT 1.2.4.8
silicates Garnet-pyroxene Pyroxene, garnet, magnetite P

Tpumeuarue. MecTopokaeHus, yuacTku: 1 — MypyHray, 2 — Tamasi6ynak, 3 — Ixkacayi, 4 — AmRu6yryT, 5 — SIuru-/1aBoH,

6 — Kapakyrau (Tumns-rtar), 7 — JIpeBHuit, 8 — HykpakoH.

Note. Deposits, areas: 1 — Muruntau, 2 — Tamdybulak, 3 — Dzhasaul, 4 — Adzhibugut, 5 — Yangi-Davon, 6 — Karakutan

(Tilla-tag), 7 — Drevny, 8 — Nukrakon.

raJIEHUTOBOJ U TaJIEeHUT-0JIEKIIOPYIHOM acCOIMAIUSIMMU.
K 3010mocepebpsaHoii cmaduu OTHeCEHBI TETPAAVMUT-TEN-
JIyPOBUCMYTUTOBAS (Ha 3TalloOHHBIX MypyHTay, Kapakyran),
30JI0TOTECCUTOBAS (Ha yuacTke [IpeBHUIT), 30710TOCEPEGPSI-
Has (Ha yyacTtkax [Ixkacays, [ipeBHMIT) 1 COGCTBEHHO cepe-
6psiHast (Ha yuyacTKax [Ikacays, [lpeBHMIT) accoiualin.
ITo30Hs5 OKUCHAsA cmadusl ¢ KBapll-reMaTUTOBOI accolua-
M€t U cynbgamuas cmaousi ¢ KBapii-6apuT-raqeHuToBO’
accolmalyeil orMevueHa Ha Bcex yuactkax. CypsmMsHas cma-
dus ¢ KBapli-aHTMMOHMUTOBOI accolyallieii IIposiBjieHa Ha
yuacTtke [lxacays 1 3TaIOHHBIX MECTOPOXAeHNsIX MypyHTay
u KapakyTaH. Kap6oHamHo-@mopuodxas cmadust ¢ KBapli-
KaJIbIUT-6apUT-(QII0OPUTOBOIL accolMaliieli MposiBMIach
(bparmeHTapHO B BM/le 6apuTa HA M3YUEHHBIX YUACTKAX U
B Buze (roopuTa Ha MeCTOPOKIEeHUY AISKUOYTYT.
Ananns pacnpenenenus KK 3onmota yyacrka [xkacayin
TOoKa3aj HajuuMe IBYX MaKCMMyMOB (IIMKOB) Ha ITyOu-
He 280—330 n 80— 130 m. ITepBbIii MK CBSI3aH C MPOSIB-
JIeH/eM paHHel 30/10TO-TIUPUT-apPCEHONNPUTOBOI acco-
I[Malyy, BTOPO# MUK KOHIIEHTPALy 30710Ta 00yCIOBIEH
30/10TOCePe6PSIHOIE CTaiMelt ¢ 30JI0TOTeCCUTOBOIA, 3010~
TOCepeOPSIHOI 1 COOCTBEHHO CepeOpsIHOIL MapareHeTnye-
CKO¥1 MMHepabHOii accoumaiu (IIMA). st cepebpa Tak-
ke ycraHoB/eHbI 1Ba muka KK. Bosee c1abblit mepBbIii MUK
CBsI3aH C paHHMMM TTapareHeTUYeCKMMU MUHepaabHbIMU
acconyuanysiMu. BTopoii Kk cooTBETCTBYET GoJiee Mo3 -
Hell 30J10TOCepe6PSIHOVE 1 COGCTBEHHO CePeOPSIHON M-
HepaJbHbIM accolMaIusM, 06pa3soBaBIIMMCS Ha 30710TO-
cepebpsiHOIL cTagyn. [1o JaHHBIM MUHEPATOTMUECKIUX VC-
CJ1e0BaHMI YCTaHOBJIEHO HIMPOKOE pacIpoCcTpaHeHue
cynbhOoaHTMMOHUAOB cepebpa, peske aHTUMOHUTA. C Ty-
OVHOIT KITapK KOHI[EHTPAI[MM CypPbMbI PE3KO YMEHbIIAeT-

csl, TaK Kak CypbMa — XapaKTepHbIil 371leMeHT UMeHHO
BePXHUX PYAHBIX CPE30B.

KoppensiuyoHHbI aHa/IN3 COLEeP>KaHUI 371IeMEeHTOB
TaKKe MOoKa3aJl CUJIbHbIE B3aMMOCBSI3U MEXAY COIepsKa-
HUSIMU 30JI0Ta, BOJb(pama 1 MbITIbsIKA.

Bbicokue ronoskuTenbHbie KO3(hOUIIVEHTBI KOPPEIs-
LMY MeKIY COAepskaHMSIMU 30/10Ta 1 Bosib(pama o6bsic-
HSIIOTCSI CBSI3BIO 3TUX JIEMEHTOB ¢ 60/iee paHHUMM T1apa-
reHeTMYeCKMMU MUHepaJTbHbIMM acCOIMAIIUSIMU: 30JI0-
TO-MIMPUT-aPCEHOIIMPUTOBOJ U aIbOUT-IIeeTUTOBOIA.

Kitapky KOHIIeHTpaluii 30710Ta U cepedbpa B3auMo-
3aBMCUMBI APYT OT Apyra. Ho Ha ry6uHe Gosee 280 M 1mo-
Ka3aTesb KJlapka KOHIIeHTpaIuu cepebpa pe3ko yMeHb-
11aeTcs, a IJisl 307I0Ta OTMeYaeTCsl pe3Koe MOBBIIIeHe
KJIapKa KOHI[eHTpaluu. ITO 00bSICHSIETCSI TEM, UTO cepe-
Opo CBsSI3aHO C HoJiee MO3IHUMM 30JI0TOCEPEOPSTHOI 1 COb-
CTBEHHO CepeOPSTHOI accoumanysiMm, a 30J10T0 — C paH-
Hell NUPUT-apCeHOMMPUTOBOIA.

B meom Ha yuacTke [xkacayi pygoo6pasyromiye de-
MEHTbI TeOXMMUYECKOTO Psifia pacIionaratTcsl B COOTBET-
CTBUY CO CTAAUITHOCTDBIO TUTIOTEHHOTO MMHEPanIoo6paso-
BaHMSI, OCJIOXKHSISICh MeCTaMy MUHEPaIbHbIM Te/IeCKOTIN-
pOBaHMEM.

MecTtopoxaeHnue SIHru-laBoH U ero yyacTok
BocTO4HBIN PaCIiONOoKeHbl B 3Ma3TAMHCKOM PYIHOM I10-
Jie, KOTOPOe CJI0KeHO MeTamMopdu30BaHHbIMM 3D Py3UB-
HO-TEePPUTEHHBIMMU OT/IOKEHMSIMU KaTapMaiiCKOi CBUTHI.
B omniokeHMst mocyieqHeli BHEAPEHbI MeJIKME IITOKH, avi-
KM MarMaTu4ecKux MOpo., CpegHero ¥ KMCJIOTo CocTaBa.
HermnocpencTBeHHO Ha MecTOposkaeHuM STHTM-/]aBOH 3aKkap-
TUPOBAHBI OTJIOKEHUS TPeThell U UeTBepTOIi MOJICBUT.
b dy3uBHO-TeppUTEeHHBIE OTIOKEHVS TPEThEN MO CBUTbI
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MpeJiCTaBIEeHbI TPOCIOSIMU U IMH3aMM MPaMOPU30BaH-
HBIX JOTOMUTUCTBIX U3BECTHSIKOB, CMEHSIOUMMMUCST Ha
ry6MHY pacciaaHIloBaHHbIMM 3G dy31BaMy OCHOBHOTO
COCTaBa ¥ OKBAPI[OBAHHBIMY CJIAHIIAMMU C TTPOCTOSIMU 3b-
(y3uBOB. B cocTaB ueTBepTOI MOACBUTHI BXOAST MOHO-
TOHHbIE CJIIOAMCTO-TI0/IEBOILIAT-KBaPLEBbIE U CTIOAMCTO-
KBapl-I0I€BOIINATOBbIE CJIAHIIbI, COTJIACHO 3ajleramuyue
Ha OTJIOKEeHMSIX TPETheil MOACBUTHI.

B opynenenuu Ha yuactke SHru-IaBoH (TabJ1. 5) BbI-
SIBJIEHBI CJIEYIOIIMeE PSIIbI 110 yobIBaHMIo 3HaUeHMi KK 1o
rpagauusiM mIyouH (Tab. 6). 3mech IMPOKO MPOosIBJIeHa
30JI0TO-IMPUT-APCEHONTMPUTOBASI MUHEPAJIbHAS aCCOITM -
anyst. Ha Bcex my6uHax ot 0 1o 240 M KJIapK KOHIIEHTpa-
uuit (KK) MblIlibsika Ha OZHOM ypoBHe — oT 992.98 no
3882.35, HabmogaeTcst HapacraHue 3HaueHnit KK ¢ rmyomn-
HoJi. Ha BTOpOM MecTe B reOXMMMUUYECKOM PSITY CTOUT CypPb-
Ma, KOTopasi BUIMMO, CBsI3aHa ¢ cyabdoconsimu cepebpa
30JI0TO-CepebPSTHOV CTAAVM M KBapIl-aHTMMOHUTOBOI ac-
coumanmeii. B murepase ryouH ot 0 mo 240 m KK 30510-
Ta usMeHsietTcst ot 34.9 no 78.5. [Tuk KK Au Ha rirybuHe
120 M He UMeeT aHaJIOTOB, KpoMe Kak y As. OTciona ciie-
IyeT, YTO OCHOBHAS MPOAYKTUBHAS Ha 30JI0TO aCCOIMALIMS
Ha BCeX MIyOMHaX — 30/I0TO-IMPUT-apCEeHOTTMPUTOBASI.
TpeTbe MecTo B reOXMMMUYECKOM PSILy 3aHMMaeT cepebpo
M JIMIIb B OGHOM MHTepBasie (0o 120 M) — 30/10TO. 3HaYeHUST
KK cepeb6pa BappupyioT oT 36.3 mo 280. MakcuMaabHOe
3HaueHue OTMevaeTcs Ha rmybuHe 240 M, T. e. ¢ TYOMHOIA
poib cepebpa B pyJax pacTeT, Kak 1 3o010ta. Ha rimy6okmx
TOPU30HTAX, B MHTepBaiax a0 240 M OTMeUarTCs 3Have-
Hust KK Bonmbdpama ot 22.3 mo 43.8. Poct KK Bonbdpama
CBSI3aH Pa3BUTMEM aJIbOUT-1IIEEINTOBOI aCCOIMAIINN, KO-
TOpasi mpefiBapsieT MepBYI0 MPONYKTUBHYIO 30/I0TO-TIUPUT-
apCeHONMPUTOBYIO aCCOLMAIAIO.

IMossimennsie KK 30510Ta, cepebpa, MbIIIbSIKA, CYPhb-
MbI, CBMHIIA ¥ BOJIb()paMa TOCTUTAIOTCS K TTyouHe 240 M,
YTO YKa3bIBAET Ha [IJIMTEIBHOCTH MPOIlecca pyaooopaso-
BaHMsI, HAUaBIIErocsl ¢ 06pa3soBaHMS aTbOUT-IIIEeTUTO-
BOJ4, 30JI0TO-IIMPUT-aPCEHOMMPUTOBOI, FaJIEHUT-OIEKIIO-
PYIHO¥ acconManuii ¥ 3aKOHYMBIIIET0 06pa3oBaHueM
KBapli-aHTMMOHUTOBOJ accoluMaluum. BpisiBIeHHbIe MU-
HepaJbl yKa3aHbl B TA07. 4.

B 1resiom Ha yyactke STHr1-IaBOH pymoo6pasyrolye
97IeMEHTBI TeOXMMMUYECKOTO PSiZia PacIonararTcs B COOT-
BETCTBUU CO CTAAUITHOCTHIO TUIIOTEHHOTO MUHEPAaso-
00pa3oBaHMsI, MECTAMM OCJIOKHEHBI ITPOSIBJIEHMEM TeJIe-
CKOTIMPOBAHMSI.

MecTopoxxgeHue TaMabIOy/Iak pacioaoskeHO Ha
ceBepHOM ckyIoHe Top TamppITay. B reonornueckom cTpo-
€HUU MeCTOPOXIeHNs B OCHOBHOM MPMHUMAIOT yyacTue
IOPObI KOCOYIAKCKOJ CBUTDI, HM3bI KOTOPOJ CIOSKEHDI
rpaBenuTaMu, HeCYaHMKaMu, aIeBPOJINTAMU, CTIaHI[AMU,
a Bepxu — addysuBamu. [To pe3ymbraTaM XUMUIECKUX
QHAIN30B U TTeTporpadMueCcKuM OTIMCAHNUSIM BbIJIEJISTIOT-
cs1 6a3a/IbThI, aHEe310a3aJIbThI M aHIE3UThI. MEeHbIIUM
pasBUTHEM TIOB3YIOTCSI 06pa30BaHMST KOCKYITYKCKOM (KbIH-
TBIPCKOJT) CBUTBI M PEIUKTHI KAPOOHATHBIX TOPOJ, IeBOH-
Kap6oHOBOTO Bo3pacTa. Kocoynmakckast CBUTA SIBJISIETCS OC-
HOBHOI py[0OBMellainiei 15l 30JI0TOTO OPYLEeHEeHsI.
[Topozet CBUTHI TPOPBAHbI IAliKaMy JMOPUTOBBIX TOPGhU-
puTOB. JKuiabHas MUHepain3alus mpeacTaBjieHa KBap-
LIeBBIMU XMJIAMM, YaCTO C CYIbOUAAMYU U CAMOPOIHBIM
30JI0TOM.

st yaactka TaMapioynak momyyeHsl JaHHbIe 110 3Ha-
yeHmsiM KK pygHbIX 351eMeHTOB (Ta6s1. 7) ¥ BbIBEIEHBI I10-

CJIe0BaTeIbHOCTU UX CHVSKEHMS TIO IpalaliusiM TTyOuH
(puc. 8). Ha aTOM y4yacTKe MIMPOKO MPOSIBJIeHA 30JI0TO- M-
PUT-apCeHOMPUTOBAST MMHEpaJIbHas accouuanus (Tab. 3).
Ha Bcex rmy6uHax B auamnasoHe 0—180 m sHaueHust KK
MBIIIbsIKA BapbUPYIOT OT 136.8 mo 2213.2 ¢ mOBbILIEHNEM
1o 1839.3 Ha mry6uHe 60 M 1 fanee 10 Makcumyma. To eCTb
CTereHb MPOSIBIEHMS 30JI0TO-TUPUT-aPCEHONMMPUTOBOTO
opyAeHeHMs BO3pacTaeT ¢ y6MHOIA. DTO MOATBEePXKIAeT-
cs u pacnpenenenvem 3Hadenuii KK 3omora. B Hamnpasie-
HUM Ha Iy6MHY pacreT 3HaueHne KK cepebpa.

IMoBbimeHHble KK cypbMbl Ha BCeX IIy6MHaxX
TamMpIOyIaKa CBSI3bIBAIOTCS C aHTMMOHUTOM, CY/Tb(OCo-
JISIMY U GJIEKIION PyIoii, 00beIMHEHHBIMY B 30I0TOCEPE-
OPSTHYIO M CYpPbMSIHYIO cTaauu. He6GosbIlIoe MOBbIIIeHe
comepskaHust CypbMbl B MHTepBaje 120—180 M 00bsICHS -
eTcs TIposiBIeHMeM Cyibdocomnei cBUHIIA U cepebpa.
06 atoMm ske cBumetenbcTBYIOT KK cBuHIIA (35.94 Ha ypoB-
He 180 m). Kpome Toro, 31eCh BO3MOXKHO MPUCYTCTBME Ta-
nenuTta. [Tosbimenne KK kagmus 1o 11.4 B MHTepBasie Iiy-
6uH 0—60 M 06yCJIOBIIEHO, BEPOSITHEE BCETO, HATMUMEM
KagMMCTOTO TeTpasgputa (UBmnesa u gp., 1988). Poct KK
BoJb(hpaMa B MPUIMOBEPXHOCTHOM 06CTaHOBKE CBSI3aH
C TOSIBJIEHMEM ATbOUT-IIIEEIUTOBON accoumanmm (Tabi. 3)
Ha TeoXMMMIYeCcKoM 6apbepe KapbOHATHBIX TTOPO]I.

B 1jesiom yeTKO¥ BepTUKaJIbHOM 30HAIbHOCTY Ha
yuactke TaMabiOyIaK He Ha6/M0gaeTCsl. DJIeMeHThI FeOXM-
MMWYEeCKOTrO0 Psifia PacroiararTcsi B COOTBETCTBUM CO CTa-
JIUITHOCTBIO TUITOTEHHOTO MUHEPaoo6pa3oBaHysl, MeCcTa-
MU 3Ta KapTMHA OCIOXKHSIETCS TeIeCKOMMPOBAHUEM.

VuacTok /IpeBHMIT pacrionoxkeH Ha CeBEPHBIX CKIIO-
Hax 3amaJHoro okoHuYaHust Xxpe6Ta CeBepHbiit Hyparay,
B 3 KM I0T0-BOCTOYHee MecTopoxxaeHus [Tucrany u B 0.6 Km
Ha I0T0-BOCTOK OT yyacTka OntuH-Iuép. PaccmaTpuBaemMblit
Y4aCTOK XapaKTepu3yeTcsl aHaJIOTUYHBIMY B CpaBHEHUY
C 307I0TOPYOHBIMU MecTopoxkaeHvsivMu I[Tuctanu u OnTUH-
Ilvép reonoro-CTPyKTYPHO MO3ULIMEN U TEOXUMUYECKI-
MU IIpU3HAKaMM, B YaCTHOCTU Pa3BUTHEM MOIIHbBIX Ope-
0JIOB paccestHUs 30/10Ta. B reomornyeckom CTpoOeHUM paii-
OHa IIPMHMUMAIOT yuacTue MeTaMopdn30BaHHbIEe TEPPU-
reHHO-0CaJlouYHble MOPOAbl TaCKAa3TaHCKOW CBUTHI
BepxHero MpoTepo30sl, TpOpBaHHbIe UHTPY3USIMM KaTTa-
MYCKOTO (CpeIHMIi-BepXHII KapOOH) ¥ TaTYMHCKOTO (1031~
HMIT KapOOH — PaHHSIS TIePMb) MarMaTUYeCK1X KOMITIEK-
coB. Paccuntannbie KK 151 pasaMuHbIX rpagalnii youH
(Tabs. 9) 1 MocIem0BaTENbHOCTh CHYDKEH ST 3HaUeHnit KK
TIpMBeIeHbl COOTBETCTBEHHO B Tabi. 9 u 10.

Ha yvacTke JIpeBHMIT IMPOKO MPOSIBIIEHA 30/I0TO-TTN-
PUT-apCeHONMMPUTOBAS MapareHeTuveckas MyuHepaibHas
accoupaiys (Tabs. 3). Ha mryounax 0—1 1 120—180 m 3Ha-
yeHus1 KK MbllIbsika JOCTUTAIOT MaKCMMyMa — B pefe-
nax 258—499. Ha ry6oune 1—60 m 3HaueHus1 KK MbIIIbsi-
Ka cocraBisior 15.03, a Ha ry6mHe 60—120 m — 5.88.
Takoe pacripenenenye KK cBuzeTenbCTByeT O KOHLLEHTPU -
pOBaHUM TIEPBUUHOI 30I0TO-TTUPUT-aPCEHONMUPUTOBOI
MMHepaIn3alyuiu B IPUIIOBEPXHOCTHOM 06CTaHOBKe, Te
MIPOUCXOOUT OKMUCJIEHNe apCeHONMMPUTA 10 CKOPOAUTA.
Hioke mo 120 M HabmogaeTcs MOCTeIIeHHOe paccerBaHue
9TOJ MUHepann3alum, a 3aTeM elle oamH ckauok KK
Ha y6uHe 1o 180 M.

3uauenus KK cypbMbI 110 BceM rpajaluusmM rmyouH
HaxogsaTcs B nipeaenax 123—257. ITosiBieHye CypbMbI Mbl
CBSI3bIBaeM C KBapI-CTMOHMUTOBOI accolMaiyet ¢ Cyiab-
doconssmMu cepebpa (Tabi1. 3), UTO XapaKTEPHO JIJIST ITPOSIB-

JIEHUS TUIPOTEePMAbHOM CYPbMSIHOM CTaINUA.
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3Hauenus KK 30/0Ta BappUpyroOTCs B Y3KUX MIpene-
J1ax — 35—45, 06HapyKMBasi MaKCUMyM Ha rryounHe 0—1 m.
BoimepkaHHOCTD 9TUX 3HAaUeHui 10 m1y6uHbl 180 M yKa-
3bIBaeT Ha MePCHeKTUBbI 30JI0TOHOCHOCTY BO BCEM Aya-
Ma3oHe TPOaHAIN3MPOBAHHBIX ITyOMH. Bee aTo cornacy-
€TCsI C IPOSIBJIEH)EM Ha BCeX ITyOMHAX 30JI0TO-TIUPUT-ap-
CEHOMMPUTOBOI MMUHEPATBHON acCoOLMaI .

OTHOCHUTEeNBHO ToBbIIeHHbIe 3HaUeHMs1 KK (13—40)
OTMEYAarTCs AJI KaAMUS 110 BCeMY paspesy 0 TITyOMHbI
120 M, 4TO, BepOSITHO, 0OYCJIOBJIEHO €ro IIpuMechio B cda-
Jilepure.

Bonbdpam xapakTepu3syeTcsi OTHOCUTEIbHBIM ITOBbI-
uenuem 3HaueHuit KK B BepxHeit yactu pa3pesa (12.41),
YTO TaKKe 0ObSICHSIETCST HAIMUMEM 371eCh IIeeTuTa. 3Iech
sKe OTMEYaroTCsI TOBbINIeHHbIe 3HaueHust KK mys1 Mmonn6-
neHa (16—36). [Ipyrue sjieMeHTbl, HalIlpuMep CBUHEL U
LUMHK, XapakTepu3yoTcs Hu3kumu 3Hauenusimu KK u ro-
3TOMY He MPeJCTaB/ISIOT MPaKTUYeCKOro MHTepeca.

[yist cepe6Gpa BhISIBJIEHDI IBA MM1Ka 3HaueHuit KK —
ONVIH B IIPUITOBEPXHOCTHOI 30HEe, BTOPO Ha TIIyOMHE
120 M. 3T0, BEepOSITHO, O6YCIIOB/IEHO XapaKTePOM pacIpe-
IesieHMs TI0 pa3pesy cynbdoconei cepedbpa, 06pas3yrommmx-
Cs1 Ha 30JI0TOCEPEOPSIHO CcTaguy MUHepaau3anumu (Tab. 3).
AHanoruyHble NMKKU B TPUIIOBEPXHOCTHOI 30He OTMeyva-
JIXCB BBIIIIe JJ151 CYPbMBbI M UACTUYHO [ CBUHIIA.

l'eHepanbHas nocjienoBaTeNbHOCTb yMeHbIlleHMs1 KK
10 pa3pesy Ha yuyacTke JI[peBHMIT BIOTHE OOBSICHSIETCS
CTaIUITHOCTBIO TUIIOTEHHOTO MUHEPaI006pa3oBaHusl,
JIUILb MECTaMU OCIOKHEHHOW MUHEPaTbHBIM TeJIeCKOTIM -
pOBaHMEM.

Takue ke pabOTHI 10 M3YUEHUIO pacipeneneHus py-
I000Pa3yoIIMX 3JIeMeHTOB ¥ MUHEPAIOB B 00beMe pas-
Be/IyeMbIX 30JI0TOPYIHBIX OOBEKTOB ITPOBE/IEHbI HA yYaCT-
kax Sduru-Kasran, ABnué-3aprap n lOxkopu-Caparii.
Pe3ynbTaThl M0 3TUM 06bEKTaM B IMPUHIIUIIE COIACYIOT-
€Sl C IpUBEIEHHBIMU BbIIlIe MaTepUaJIaMu.

0O6cyxpeHue

Vi3ydeHue BelleCTBEHHOTO COCTaBa Py7, [0 pazpe3am
MCCIeIOBaHHBIX 30/I0TOPYAHBIX 06 BEKTOB B KOPPEJISIIN
CO CTaJMITHOCTBIO TUTTIOTEHHOTO MUHEPao06pa3oBaHus,
BBISIBJIEHME HA BEPXHEPYLHOM 3PO3MOHHOM Cpe3e MO3/I-
HUX Pyg006PasyoIIX MUHEPAIOB, TOATBEPKIEHHbBIX Ie0-
XUMUYECKMMMU TaHHBIMM U YKa3bIBAIOIIMX HA HE3HAUN-
TeIbHOCTb 9PO3MOHHOTO Cpe3a, — BCe 3TO MO3BOJISIET Olie-
HMBAaTh Ha MCC/IeJOBAHHBIX yUaCTKax MepCreKTUBBI IITy-
60KMX TOPU3OHTOB. Kpome TOTO, BBISIBJieHUE
BepTUKAIbHOM 30HAJIbHOCTY HA OCHOBE pacyéTa KJIapKoB
KOHIIEHTPAIMIi IS OTAETbHBIX IPafalyii [y6uH M03BO-
JIieT KOHKPeTU3UPOBaTh CTPOEHME PYLOHOCHBIX 30H. Bce
M3yUYeHHbIe YUaCTKM ObUTM COTIOCTABJIEHBI C STAIOHHBIMU
o6beKTaMu, GIM3IesKAIVMU WM GIM3KUMM T10 T€0JIOTO-
MPOMBIIIJIEHHOMY TUITY. B KauecTBe 3TaJIOHHBIX 00bEK-
TOB BbIOpaHbI MecTopoXkaeHus: MypyHTay, AISKUOYTYT,
KapakyraH, [lucranu, Tayian, banmnanTay. B cocrase rnas-
HBIX PYIHBIX MMHEPAJIOB Ha BCeX MCC/IeNOBAaHHBIX yUacT-
KaX, KaK ¥ Ha 9TaJIOHHBIX 00bEKTax, IIpeob/iagaloT MUHEe -
pasibl, 06yCJIOBIEHHbBIE TPEUMYIIECTBEHHBIM Pa3BUTUEM
30/I0TO-TIMPUT-aPCEHOTIMPUTOBON MMUHEPATbHOI acCOL-
alum, COOTBETCTBYIOIEN 30/I0TOKBAapIeBOMY I'e0I0ro-
MIPUMBILUIEHHOMY TUITY MeCTOPOXIeHuii. McknoueHnemM
SIBJISIETCST yUaCTOK [IKacayil, e KpoMe 30JI0TO-IIUPUT-ap-
CEeHOTIMPUTOBOJ MPOSIBUIIACH U cepeOpsiHast MUHEePaIN-

3anyd. ITo 5T0¥i puumHe yyacTok JIxkacays MOXKHO OTHe-
CTU K 30I0TOCEpeOPSHOMY TUITY MeCTOPOKaeHuit. Ha
yuactkax [IpeBuuii, ABnné, 3aprap, FOkapbi-Capaii Takke
OoTMeYaeTcst cepeGpsiHast MUHEePaIM3alysi, HO JIMIIb CITO-
pagnvecKu.

PaccMoTpuM BbISIBJIEHHbIE MMHEpPabHbIE acCOLMa-
LMY, YX TIOJIOKEHME B CXeMe TMIIOTeHHOTO MUHepaso-
06pa3oBaHMsI, paclpoCTPaHEHHOCTb Ha M3yYeHHbIX yYacT-
KaX ¥ COITOCTaBMM C 3TaJIOHHbBIMU 00beKTaMu (Ta0l. 4).

PynHble MyuHepasibHble acColMalluy HauMHAKOTCI
C paHHel OKMCHO CTafuM C MarHeTUT-reMaTuToBO [IMA.
OHa nposiB/ieHa Ha BCeX y4acTKax M 3TAJIOHHBIX 30J10TO-
PYOHBIX 06beKTax. [lajee uaeT cTaausl BOJbHpamMaToB
¢ anbbuT-meennToBoit [IMA, KoTopast oTMedaeTcsl Ha
yuacTtkax [IpeBHuii, ABniué, lOkapoi-Capaii 1 3TaJIOHHBIX
30/I0TOPYIHbIX 06bekTax. Cienyoiias paHHecyIbGuIHas
cTamusi — ¢ KBapIl-MOJMOIeHUTOBO, XaIbKOTTUPUT-TIUP-
POTUHOBO, IUPUT-aPCEHOITUPUTOBOM C 307I0TOM U XaJIb-
KOIIMPUT-BUCcMyTOBO [IMA. KBapii-Monm6aeHUTOBas
I[TMA Ha yyacTKax OTCYTCTByeT. XaJbKONUPUT-
nuppotuHoBas [IMA ycTaHOB/IeHa Ha BCEX yUaCTKax U 3Ta-
JIOHHBIX 00beKTax. [IMPUT-apCceHOMMPUTOBAS C 30JI0TOM
[TMA sBJisieTcs1 OCHOBHOV IPOAYKTUBHO Ha BCEX y4acT-
Kax " 3TAJIOHHBIX 06beKTaX. XaJbKOMMPUT-BUCMYTOBasI
I[TMA ormeuaeTcs Ha yyacTtkax [peBHuii, lOkapsi-Capaii
1 MypyHTay.

[MonumeTtayuMyeckast CTaaust peacTaBieHa chase-
PUT-XaJbKOMMUPUT-TATIEHUTOBO U TaJIEHUT-6GIEKIOPY/I-
Hoit [IMA. OHa xapakTepHa JJis BCeX U3yUeHHBIX U 3Ta-
JIOHHBIX YYaCTKOB.

B 3070TOCEpEOPSIHOIE CTaIMM BbIIeNeHbI TeTPAIMUT-
TeJUTyPOBUCMYTUTOBA (Ha yyacTkax FOkapsi-Capait, SIHT1-
Kasran u stanonneix MypyHTay, KapakyTan), 3o/otorec-
cuToBas (Ha yyacTkax JpeBHuit u SIHru-Kasran), 30/10TO-
cepebpsiHas (Ha yyacTkax JIxkacayi, [[peBHMiA, ABIUE, 3aprap,
FOkapbi-Capaii) 1 cOGCTBEHHO cepebpsiHast (Ha yyacTKax
I>xacayn, IpeBHuii, ABnué, 3aprap, FOkapsi-Capaii).

Cnenytouye Mo3HSST OKCUIHAS CTaAMS C KBApIl-TeMa-
TnTOBOI IIMA 1 cynmbdaTHas ¢ KBapll-6apuT-TajeHUTOBOM
[TMA miposiB/ieHbI Ha BCEX y4acTKax.

CypbpMsiHas ctagus C KBapli-aHTUMOHUTOBOV [IMA
MMposiBJieHa Ha yyacTkax JI>kacayin, 3aprap, Auru-Kasran
u 9TIOHHBbIX MypyHTay 1 KapakyraH.

Kap6oHaTHO-()TOpUAHAS CTAAMSI C KBAPIl-KaIbI[UT-
6apuT-duroopuToBoit [IMA mposiBuiach pparMmeHTapHO
B BUJe OapuTa Ha M3yUeHHBIX yUacTKax U B Buae Qoo-
puTa Ha AIKUOYTyTe.

3aKnr4veHue

[IpoaHanM3MpOBaH MUHEPATOT0-re0OXMMMUIeCKmuit
COCTaB Py MHOTOCTaAUIHBIX PYLOTPOSBIEHUI, BbISIB-
JIEH XapaKTep pacripeneieHus pygoobpasymoimux se-
MEHTOB [0 MX BePTUKaIbHBIM pa3pe3aM B COMOCTaBIIe-
HUU C STAJIOHHBIMU 30JI0TOPYIHBIMM MECTOPOKIEHMSI -
MM, YTO CO3/1aeT PeaquCTUUHbIe MPeIIOChIIKY JJIs1 CYXK-
IeHUI O MepCIeKTUBAX PYJOHOCHOCTY Ha IIyOUHY.
VccnemoBaHHbIe O6bEKTHI XapaKTePU3YIOTCS GOIbIINM
pasHoo6pasreM MUHEPAJIOB, OXBAThIBAIOIIVX BECD TMa-
Ma30H MPOAYKTUBHOIO PYL006pa30BaHms OT paHHECYTb-
buaHO (30/I0TONUPUT-aPCEHOTIUPUTOBOI) CTAAUN IO
MIPOMEKYTOUYHOM 30710TOCEpPeOPSIHOM U TTOC/IeIYIOLMX
cynbdaTHOI, CypbMSIHOI, KApOOHATHO-(PTOPUIHON U

Kap6OHAT-CUIUKATHOIA.
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Ha yuacrke [I>kacays KiapKyt KOHIJEHTpaLyy 30J10Ta
¥ BoJibppaMa C ITyOMHOI ITOBBIMIAIOTCS. DTO OOBSICHSIET-
CS1 CBSI3BIO 9TUX JIEMEHTOB C O0Jiee paHHMMU TTapareHe-
TUYECKMMU MMUHEPATbHBIMU aCCOLMALNSIMU: 30JI0TO-TTU -
PUT-apCEHOTIPUTOBOI U aTbOUT-1Ie€TUTOBOI. OCHOBHbBIE
MEePCIEKTUBBI HAa 30JI0TO CBSI3aHbI C TPOSIBJIEHMEM PaH-
HecyTbOUIHOI U 30/10TOCEPeOPSHOI (307I0TOreCCUTOBAS,
30710TOCepebpsiHasi M COOCTBEHHO cepebpsiHas accolma-
uun) cragusimu. Kpurepusimu nepcrekKTMBHOCTY 00bek-
Ta BBICTYTAIOT JJIUTETHHOCTH MCTOPUM MIHEPAT006paso-
BaHMS ¥ MaclITab pasBUTHS 10 BEPTUKATLHOMY Pa3pesy
MPOAYKTUBHBIX MUHEPAIbHBIX aCCOLMALINIA.

Ha yuactke SIHru-J1aBoH nosblilieHHble 3HaueHus KK
30J10Ta, cepedpa, MbIIIIbsIKa, CYpbMbI, CBMHIIA U BOJIb(pa-
Ma pacTyT Ha [TyOMHY, OCHOBHAS ITPOAYKTMBHAS 37€Ch 30-
JIOTO-NIMPUT-apceHonpuToBas. [IposBieHne cCypbMsIHOM
CTa[ M yKa3bIBaeT Ha BO3MOKHOCTh OOHAPYKeHWSI MIHe-
paJIOB MPeAIIECTBYOIIEH 30/I0TOCEPeOPSHON CTaAUN, UTO
3HAUNUTEIbHO IMOBBICUT MePCIIEKTUBLI yuacTka. Kpome To-
r0, HaJIMuyMe Ha SPO3MOHHOM cpe3e GapuT-1IeJIeCTUHOBO
MMHepaan3aluy CBUAETENbCTBYET O MPOMBIIIIEHHBIX
MepCIeKTUBaX TTy60KUX TOPU30HTOB.

Ha yyacTtke TamabI6y/ak 30I0TO-MYMPUT-apCEHOIN -
puUTOBas accouyaIys Takke IIPOsiBJieHa Ha BceX Iy6rHax
oT 0 1o 180 m, Ha uyTO yKa3biBalOT 3HaUeHNsT KK MbIiIbs-
Ka, Bapbupymwoiye oT 136 1o 2213. TIpy 3TOM MaKCUMyMbI
KK oTmeuvatoTcst Ha my6uHax 10 60 M (1839) u Ha 180 m
(2213). Ha aT0 e yka3biBaloT Bapuauuy 3HaueHui KK 30-
sora. [ToBpiieHHble 3HaueHns1 KK cyppmbl Ha BCex I1y-
OMHAaX CBSI3bIBAIOTCS C MTPOSIBJIEHUSIMY CTUOHUTA, CYTbHO-
coseii u 671eKII0¥ pyAbl, 06pa30BaIIMXCs Ha 30JI0TOCepe-
OPSIHOI ¥ CYpbMSIHOJ cTamuusx. Hamnune Ha 3pO3MOH-
HOM Cpe3e yJacTKa Mo3aHel 6apuToBO U 1eJIeCTUHOBO
MMHepaan3aluuy CBUAETeIbCTBYET O MPOMBILIIIEHHBIX
MepCIeKTUBaX ITy60KUX TOPU30HTOB.

Ha yuacTtke [IpeBHMI TaKKe IMMPOKO MPOSIBIEHA 30-
JIOTO-TIMPUT-aPCEHOMUPUTOBAS accouMaIus. SHaUeHUS
KK MpIIbsika AOCTUTAI0T MaKCMMYMOB Ha IJTyOMHaX 10
1 M u B unTepBasie 120—180 m, YTO CBUOETENBCTBYET O
MOoJ06HOM pacIpene/ieHUI MPOSYKTUBHO Ha 30710TO MMU-
Hepaau3aluuy U COOTBETCTBEHHO IIPOMBIIUIEHHOM Mep-
CIIEKTUBHOCTH TITyOOKUX TOPU3OHTOB.
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Electroacoustic properties of various types of quartz
in the finely dispersed state
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An electroacoustic echo method for studying the high-frequency (HF) electrical and elastic properties of piezoelectric materi-
als in a finely dispersed state is described. The characteristics and relaxation time of electroacoustic echo for natural and artificial
quartz powders are determined. Natural is represented by the following types: smoky quartz, citrine, amethyst, recrystallized, gran-
ular and columnar. It is shown that natural quartz (especially citrine), has a higher electromechanical coupling coefficient than ar-
tificial quartz. The amplitudes of HF electric field are determined, at which the saturation mode of the echo signals is observed.

Keywords: artificial and natural quartz, electroacoustic echo, relaxation time and echo parameters, powder.

JIeKTPOaKyCTMYECKMe CBOVICTBA Pa3/IMYHBIX TUIIOB KBapIa
B MEJIKOAMCIIEPCHOM COCTOSTHUU

JI. H. Koros!, M. II. Jlacékl, ®arun JJour?, Y>xau Beii2

1| ChIKTBIBKAPCKIMIL TOCYIaPCTBEHHBIN YHUBepcuTeT, ChIKThIBKAP, Poccus
210r0-3anafHblii YHUBEPCUTET HAYKU U TEXHOIOTMIT, MuaHbstHT, KuTaii

OnucaH MeToq, 31eKTPOaKyCTUYECKOTO 3Xa A5 UCCNe0BaHUS BbICOKOYACTOTHbIX (BY) anekTpmMyeckux u ynpyrux cBOMCTB
Mbe303N1eKTPUYECKMX MATEPUANOB, HAXOAALMXCSA B MENKOAMCNEPCHOM cOCTOSHMK. OnpeaeneHbl XapakTepucTMKM M BpeMs penakcaLmm
3NeKTPOaKyCTUYECKOr0 3Xa A% NOPOLUKOB M3 MPUPOAHOIO U UCKYCCTBEHHOIO KBapua. [pupoAaHbIv NpeacTaBneH cieayowmMm Tunamm:
[bIMYaTbIN KBapL, LUTPUH, aMETUCT, NepeKpUCTaNIN30BaHHbINA, TPaHYIMPOBAHHbIN M LIeCTOBaTbIN. [1oka3aHo, YTO NPUMPOLHbIV KBapL,
(0COBEHHO LMTPUH) UMEET 3HaueHUe KO3 ULMEHTA INeKTPOMEXaHNYECKOM CBA3M DonbLLee, YeM Y UCKYCCTBEHHOrO kBapLa. OnpeaeneHsi
amnauTyabl BY anekTpuyeckoro nons, npu KOTopbiX HAbNAAETCH PEXMM HAChILLEHUS CUTHANIOB 3Xa.

KnioueBble cnoBa: UckyccmeeHHbIli U NpUpoOHbILi KBAapu, 31eKmpoaxkycmuyeckoe 3xo, 8pemMs peakcayuu u napamempesi 3xd, NOPOLIOK.

Introduction

Piezoelectric materials are an integral part of elec-
tronics and electrical equipment used for domestic and
industrial purposes, such as ultrasonic piezoelectric trans-
ducers, resonators, sensors, drives, transformers (Shujun
Zhang et al., 2018; F. Li et al., 2018; Heywang et al., 2008;
S. Trolier-McKinstry et al., 2018; Park and Shrout, 1997).
The development and use of elements and devices of func-
tional electronics based on new piezo- and pyroelectric
materials is currently an important and rapidly develop-
ing area of HF and microwave technology (Iwazaki et al.,
2015; Hackenberger et al., 2019; Moreira et al, 2011).
Among many different types of piezoelectric materials,
quartz crystals are the most widely used traditional piezo-
electric materials in practice (Mohammadi, 2015; Kotov
et al., 2020). A distinctive feature of functional electron-
ics is the performance of operations on radio signals in
the absence of traditional discrete elements: capacitors,
resistors, transistors, etc. Radio signals are processed as
a result of the interaction of electromagnetic radiation
with the special physical properties of the solid medium
in which this radiation propagates. A special place among

these areas is occupied by functional acoustoelectronics,
which, due to its great technical capabilities, finds wide
practical application. Elements of acoustoelectronics are
widely used, for example, as resonators for surface acous-
tic waves in cell phones. Acoustoelectronics widely uses
the excitation of acoustic oscillations and waves when a
piezoelectric material is placed in an electromagnetic
field. The measurement of acoustic parameters, such as
piezoelectric constants and electromechanical coupling
coefficient, the quality factor of oscillations of piezoelec-
tric bodies, the amplitude of the signal saturation field,
have become the most sensitive, and sometimes the on-
ly possible methods for determining the nature of mate-
rials (Kotov et al., 2020). One of the most important prop-
erties of quartz crystals is an infinitely high-quality fac-
tor of vibrations and a wide band of operating frequen-
cies of the piezoelectric transducer. Therefore, the most
efficient devices of functional acoustoelectronics can be
built on a wide class of quartz with various impurities. A
wide variety of physical properties of crystals is created
by nature itself, which in natural conditions creates ma-
ny different piezoelectric crystals that cannot yet be cre-
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ated artificially (Kotova et al., 2018; Chen Mulan et al.,
2021). This article presents the results of our study of high-
frequency (HF) piezoelectric properties and quality factor
of electroelastic oscillations of different types of natural
quartz in comparison to similar properties of artificial
quartz. Here, we also consider possible mechanisms and
methods for enhancing the piezoelectric properties and
increasing the quality factor of electroelastic vibrations,
for example, by introducing impurities when growing quartz
crystals in artificial conditions.

Methodology and technique
of the experiment

A convenient method for studying the electrical and
elastic properties of piezoelectric materials can be the
electroacoustic echo (EAE) method (Kajimura, 1982;
Shutilov et al., 1985). The EAE method consists in the oc-
currence of an electrical response after excitation of an
ensemble of piezoparticles (powder) by radio pulses of an
electric field (Fig. 1). The EAE method allow studying

WI S

Fig. 1. Time sequence of radio pulses of the electric field
E;, E,, Ez and two- and three-pulse echo signals A,, Az

'“‘ Az t
I

Puc. 1. BpeMmeHHas Moc/1e,0BaTe/IbHOCTb PaMIOMMITY/IbCOB
anektpuydeckoro nons Eq, E,, Ez 1 curnanos aByx- 1 TpExum-
ITyJIbCHOTO 3Xa Ay, Az

the HF electrical and elastic properties of materials at
high amplitudes of electric fields and elastic deforma-
tions that are unattainable by other methods. With its
help, it is possible to study the nonlinear electrical and
elastic properties, the distribution of surface charges, de-
fects and their mobility in particles, which manifest them-
selves in large samples only in a weak form (Shutilov et
al., 1985). For effective excitation of elastic oscillations
of piezoparticles, it is necessary that the acoustic reso-
nance condition be satisfied, under which the particle siz-
es should be of the order of the elastic wave length in the
material under study. Two- and three-pulse electroacous-
tic echoes in piezoparticle powders are observed in the
time intervals during which the sound is attenuated in
the studied material. material. This time for solids does
not exceed a fraction of a second; therefore, the available
standard equipment for observing nuclear quadrupole
resonance (NQR) satisfies all the requirements imposed
on the duration, amplitude of radio frequency pulses, and
the amplitude of weak receiving electrical signals emit-
ted by piezoelectric powder.

In this work, studies of two- and three-pulse electro-
acoustic echoes in quartz powders were carried out with
pulsed panoramic spectrometer ISP-1. The main blocks of
the ISP-1 spectrometer are shown in Fig. 2. The ISP-1 spec-
trometer has the following parameters: operating frequen-
cy range f = 1+20 MHz, radio pulse duration 0.1+100 ps,
voltage applied to the parallel oscillatory circuit 0.1+3 kV.

e I[E:
CH M

944 H 8 q 7 <—6_|;U;!il-— 5

Fig. 2. Block diagram of the ISP-1 spectrometer for studying
two- and three-pulse electroacoustic echoes in piezoelectric
powders: synchronization unit (1), time interval unit (2), radio
pulse shaper-amplifier (3), sinusoidal signal generator (4),
matching device (5), a measuring device in the form of an
inductor with a capacitor (6), a receiver with a signal ampli-
fier (7), an attenuator (8), an oscilloscope for observing sig-
nals (9).

Puc. 2. Biiok-cxema criektrpomeTpa VCII-1 aJis uccienoBaHust
JIBYX- Y TPDEXMMITYJIbCHOTO 3JIEKTPOAaKyCTUYECKOTO 3Xa B Ibe-
309/IEKTPUYECKMX TIOPOIIKAX: 6JIOK cMHXpoHu3ayu (1), 670K
BpeMeHHbIX MHTePBAIOB (2), GopMIUpOBaATENb-YCUIUTETD
pagMoMMITy/IbCOB (3), FeHepaTOP CMHYCOUAATbHBIX CUTHAIOB
(4), cornacyroiiee ycTpoiicTBo (5), M3MepuTenbHOe YCTPOTi-
CTBO B B KaTyIIK/ MHIYKTUBHOCTY C KOHJeHCaToOpoM (6),
MIPUEMHMK C yCUITUTENIeM CUTHANIOB (7), aTTeH0aTop (8), ocuui-
siorpad a1st HabMoaeHMs CUTHAIOB (9)

As a rule, an oscillatory circuit consists of an inductor,
measuring and trimmer capacitors. To study the electro-
acoustic echo, the substance under study is placed between
the plates of the measuring capacitor. The time interval
from the end of the exciting radio pulses to the moment
of observation of echo signals, in which it is impossible to
observe electroacoustic responses, is 10—20 ps. In this
work, all studies of quartz powders were carried out at
room temperature T = 300 K. In experiments on the study
of electroacoustic echo in quartz, the frequency of the
electric field was f = 16.5 MHz, the duration of all radio
pulses of the electric field was At = 4 ps. The amplitude of
the electrical response of the two-pulse echo was deter-
mined depending on the voltage across the capacitor with
the sample at a constant interval between the first two ra-
dio pulses t = 30 us and between the second and third ra-
dio pulses Tp = 1 ms. From the obtained dependence of
the amplitude of the two-pulse echo on the interval be-
tween radio pulses t, the relaxation time of the two-pulse
echo T, was determined and from this the quality factor
of the electroelastic vibrations of quartz particles of the
powder Q = f-T, was found.

Sample preparation, characterization
and composition

All experiments on the study of different quartz were
performed on powder samples with particle sizes of 75—
125 pm. Powders with these particle sizes were obtained
using a set of measuring sieves with mesh sizes of 75 and
125 pym.

The selected sizes of powder particles corresponded
to half the length of the elastic half-wave in the materi-
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Table 1. Content of impurity elements, 104 wt. %

Ta6auita 1. Cogepskanue mpumeceii B kpapiie, 10-4 mac. %

Elements / DnemMeHTbI Al Ti K Mg Na Fe Li Cu Mn
o Smoky / IbiMuaThiii KBapI] 324 | 17.1 18.8 3.8 3.9 54 0.6 0.6 0.2
g § Citrin / Lntpus 222 | 131 | 75 | 1.7 | 25 | no | 192 | 05 | 0.1
g Amethist / AmeTuct 27.3 4.5 2.6 1.2 1.9 no 4.1 0.9 0.1
£ = | Recrystallized / TTepekpucTammM30BaHHbIi 51 16.3 | 4.5 4.7 9.9 no 4.5 0.5 0.2
S E Granular / I'paHyIMpOBaHHbIN 384 | 24.2 27 25 21.5 | 19.5 | 0.08 1.3 0.5
o Columnar / IllecToBaTbIit 79 | 21.8 | 231 | 85 | 30 | 58 | 02 | 04 | 0.2

al under study 1 = A/2 = V/2f , where 1, V, f — the length,
velocity, and frequency of the elastic longitudinal (or
transverse) wave (Shutilov et al., 1985). Taking into ac-
count the fact that in our experiments the frequency of
the electric field was equal to f =16.5 MHz, and the veloc-
ity of the transverse wave in quartz was V= 3.9158 m-s-1.
For this speed, the length of the elastic wave will be A =
237.3 ym. It is known that the fulfillment of the acoustic
resonance condition corresponds to the effective excita-
tion of electroelastic vibrations of particles and better ob-
servation of electroacoustic echo signals from powder
piezoparticles. The resulting powder with a volume of 0.2
cm3 was poured into an ampoule 3 cm long and with an
outer diameter of 0.6 cm. After that, the powder was sub-
jected to high-temperature heating at 600 K for an hour
with air being evacuated from the powder ampoules to a
pressure of 102 Pa. After this procedure, the powder am-
poules were sealed. Vacuumization of heated powders was
carried out in order to clean the surface of quartz parti-
cles from water molecules and OH hydroxyl groups. The
vacuum in the sealed ampoule with the powder also con-
tributed to a decrease in the damping of elastic vibrations
of powder particles by air molecules during the study.

All types of quartz that were used to study the elec-
troacoustic echo were selected in the Subpolar Urals
(Russia). Along with silicon oxide, they contain various
impurities to a large extent. In the Subpolar Urals (Russia),
a variety of vein quartz is widely developed, which is used
as a technical raw material. Table 1 shows the average con-
tent of impurities for various types of quartz, most of which
were taken from the hydrothermal quartz veins of the
Lyapino anticlinorium. Impurities of Al, Cu, Fe, Mg, Mn
atoms were determined by the spectral method at the
Institute of Geology of the Komi Scientific Center of the
Ural Branch of the Russian Academy of Sciences (Syktyvkar,
Russia), and impurities of Na, Ka, Li atoms were deter-
mined at St. Petersburg Mining University (St. Petersburg,
Russia) (Kotova et al., 2018).

Experimental results and discussion

Figure 3 shows the amplitude dependences of two-
(a) and three-pulse (b) electroacoustic echo in powders
obtained from different types of quartz. It can be seen
from Fig. 3 that the dependences of the two- and three-
pulse echo on the electric field strength A,(Eg,), Az(Eqz)
have linear and non-linear sections. For the linear sec-
tion at the electric field amplitude Ej < Egymaxs Eozmax
a linear increase in the amplitude of the two- and three-
pulse electroacoustic echo is observed depending on the
electric field strength. The second region at Ey > Eqqax
Egomax corresponds to the nonlinear region, in which it

is possible to distinguish areas of saturation and decay
of the amplitudes of the echo signals. The areas of satu-
ration of the echo amplitude can be associated with the
area of saturation of the permittivity of quartz crystals.
The observed segments of the decay of the amplitudes
of the A,, A; echo can be caused by the breakdown of the
elastic oscillations of quartz particles at high amplitudes
of the electric field (Kajimura, 1982) due to a change in
the natural frequency of the elastic oscillations. The de-
crease in the A, amplitude in the region of the two-pulse
echo decay is the least observed for artificial quartz, which
indicates small excited amplitudes of elastic oscillations
of powder particles compared to the amplitude of oscil-
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Fig. 3. Dependences of the amplitude of two- (a) and three-

pulse (b) echo on the amplitude of the HF field for different

types of quartz: artificial (1), smoky (2), citrine (3), amethyst
(4), recrystallized (5), granulated (6), columnar (7)

Puc. 3. 3aBuCcMMOCTY aMIVIMTYZAbI IBYX- () Y TPEXUMITYJIbC-

Horo (b) 5xa ot amrMTy/b! BU 10/ 17151 pa3HBIX TUIIOB KBaplia:

MCKYCCTBeHHOrO (1), apiMuaTtoro (2), uurpuHa (3), ameTucra

(4), mepekpuUCTa/UIM30BaHHOrO (5), TPaHYIMPOBAHHOTO (6),
nrectoBatoro (7)
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Table 2. Characteristics of electroacoustic echo of powders of different types of quartz

Ta6auiia 2. XapaKTepUCTUKM JIEKTPOAKyCTUUECKOTO 9Xa MTOPOIIKOB Pa3sHbIX TUITOB KBaplia

Characteristics / XapakTepucTUKu Q103 | Ty, ms r’:‘ﬁﬂ?ﬁ’t rﬁ‘fﬁ;’i’t ﬁ{’f/’g’l‘l’ ]lig;/f‘g;’r‘l’ reli’ni "
Artificial / VickyccTBeHHbII 3.64 0.22 35 45 2.0 1.0 1
o5 Citrin / LIutpuu 36.4 2.2 40 80 1.0 1.0 2.1
% § Smoky / IbiMuaThIit 32.2 1.95 130 125 0.95 0.9 1.3
N X Amethist/AmeTuct 9.8 0.59 35 95 1.3 2.0 1.4
§ £ | Recrystallized / [TepexpyucTanin3oBaHHbII 16.8 1.02 60 50 1.7 1.7 1.4
o= Granular / T'paHyIMpPOBaHHBI 14.0 0.85 60 65 0.9 1.0 1.31
Columnar / [llecToBaThIit 5.6 0.34 40 85 1.0 1.3 1.1
Conclusion

lations of particles from natural quartz. The highest val-
ues of the tangent of the slope of the A, .. (Egy) curves
in the linear section of 0.3—0.8 kV/cm are observed for
smoky and granular quartz (Table 2), which corresponds
to their large values of the electromechanical coupling
coefficient compared to other quartz. To observe a three-
pulse echo, the time of excitation of the powder by the
third radio pulse Tp must be less than the decay time of
the elastic oscillations of the particles or the two-pulse
echo T, the values of which are given in Table 2. In the
Table 2, the following designations were used A, and
Az nax — the maximum amplitude of the two- and three-
pulse echo in the linear section, Eyyaxs Egzmax — the am-
plitude of the electric field at which saturation of the am-
plitude of the two- and three-pulse echo signals begins,
tgo — the tangent of the slope of the A,(Eg,) curve in the
linear section 0.3—0.8 kV/cm. The maximum amplitude
of the three-pulse echo is observed for smoky quartz, and
then for citrine and recrystallized quartz, which indicates
their large decay times of elastic oscillations of particles.
A large value of the relaxation time of electroelastic vi-
brations of powder particles is typical for citrine and al-
most the same for smoky quartz, which is most likely due
to the highest uniformity of the surface of the powder
under study (Table 1), for example, the absence of min-
eral impurities and textural and structural features, which
leads to a decrease in sound attenuation o. In granular
quartz, the relaxation time is half that of citrine. Here it
is also possible to talk about the influence of texture-
structural impurities and the presence of mineral impu-
rities in the total volume of the sample, for example, mi-
ca. Granular quartz has a fine-grained structure, various
microstructural defects of grains are present: almost all
quartz grains are presented as subindividuals with char-
acteristic wavy or cloudy extinction, and there are also
various microdefects in the form of mineral impurities.
That is, we can conclude that the powders of granulated
and recrystallized quartz are the most “non-monomin-
eral”, which leads to a decrease in the relaxation time
compared to other natural quartz samples.

Table 2 shows the ratios of the electromechanical cou-
pling coefficients K for artificial quartz and other types of
quartz. When evaluating the ratio for the electromechan-
ical coupling coefficients K, it was taken into account that
the amplitude of the two-pulse electroacoustic echo A, at
the same parameters of the HF electric field depends on
the material parameters as follows A, ~ T, K;. Amethyst
quartz has the weakest high-frequency piezoelectric ef-
fect among all studied natural quartz.

The method of two- and three-pulse electroacoustic
echo for the study of piezoelectric materials, including va-
rieties of quartz, which are in a finely dispersed state, is
described. The values of relaxation times and parameters
of electroacoustic echo in quartz powders, consisting of
particles with sizes of 75—125 um, are obtained. Powders
obtained from artificial and natural quartz, including vein
quartz from the Lyapinsky anticlinorium (Subpolar Urals,
Russia), were studied. The relative values of the electro-
mechanical coupling coefficient for natural types of quartz
are obtained and the amplitudes of the HF electric field are
determined, at which the electroacoustic echo signal sat-
uration mode is observed. It is shown that most of the nat-
ural quartz has a value of the electromechanical coupling
coefficient greater than that of artificial quartz. Citrine is
characterized by the highest value of the coefficient of elec-
tromechanical coupling K, and columnar quartz has the
closest value of K to artificial quartz. It is shown that among
the studied quartz powders, granular and recrystallized are
characterized by the shortest relaxation time compared to
other natural quartz samples, which is primarily due to the
presence of mineral impurities in the quartz aggregate and,
accordingly, in the powder, as well as with textural and
structural features. The saturation region of the two- and
three-pulse echo amplitudes for most quartz is in the range
of 0.9—1.3 kV/cm, except for artificial and recrystallized
quartz, for which this value is 1.7—2 kV.

The authors are grateful to P. P. Yukhtanov for provid-
ing samples and discussion.
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W3 apxuBa npodeccopa . I1. 'puropseBa: nucbma E. B. Ilun3epauur

I0. J1. BoiiTexoBckmiil,2

1Poccuitckuit rocygapcTBeHHbINM Iegarornuyeckuii yuusepcuret um. A. W. Tepiiena, CaukT-Iletep6ypr
2Poccuiickoe MyUHepasornueckoe oomiectBo, CaHkT-IleTep6ypr
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B cTaTbe BnepBble NybAMKYHOTCS WeCTb NMceM U HOTO U3BECTHOrO POCCUICKOro KpucTannorpada U MUHepanora A. r-M. H.
E. B. LnH3epnunr (1887—1979) u3 nnyHoro apxuea npodeccopa . M. lpuropbesa (1909—-2003), oxsatbiBatowme nepuog, ¢ 28.10.1958
no 02.03.1964, a Takxe opuumManbHble NMcbMa M3 MockoBCKOro rocyHmsepcuteTa ot 15.12.58 ¢ aBTopedepaTtom ee guccepraumm u
Bcecot3Horo Hay4Ho-MCcCnenoBaTeNbCKOrO MHCTUTYTA Mbe300NTUYECKOr0 MUHepanbHOro cbipbs 0T 28.09.1962 1 03.01.1963 c npocbboit
0 peLeH3MpOoBaHMM U HAYYHOM PEeAAKTUPOBAHUM ee cTaTel. Bce JOKYMEHTbI OpUrMHaNbHble, pyKOMMCK PacluMdpoBaHbl U aTpUbyTMPOBaHbI
aBTOPOM. AKTYa/IbHOCTb CTaTbW COCTOMT B HEOBXOAMMOCTU OTCTaUBAHWUS MPUOPUTETOB OTEUECTBEHHOW HayKU U TEXHMKM. Llenb paboTbl —
MaKCMMasibHO MOMIHOE OCBELLEHME TBOPYECKOM XM3HU U NPpOdeCCUMOHANbHOW AeATeNbHOCTU 4. -M. H. E. B. LluH3epnuHr, HegoctatouHo
0XapaKTepW30BaHHbIX B UCTOPUYECKOM M HAY4YHO-NONYNAPHOM nuTepaType. [p1BefeHHbIe B CTaTbe MaTepuanbl CyLLECTBEHHO AOMOMHSIOT
U OXMBNSIOT ee Buorpaduto, HaNONHEHHY0 BCECTOPOHHUMM UCCNELOBAHUSMU NPUPOJHOTO U CUHTETUYECKOrO KBApL, CONOCTaBAEHHbIMU
C pe3y/nbTaTaMM MUPOBOIO YPOBHS, PeaM30BaHHbIMU B NPOMbILLNEHHbIX TeXHonornsx. ObpalieHo BHUMaHME Ha BaXKHOCTb JIMYHbIX
APXMBOB BbIAAIOLMXCS IMYHOCTEN B U3YyYEHUM UCTOPUM HAYKK. ApxuB npodeccopa [. M. [puropbesa B NncbMax U Apyrux AOKYMEHTaxX
(npoTokonax, NporpaMmax, CTeHorpaMMax KOHMEPEHLMI 1 ip.) OTPAXAET Liebli NNacT 40- M NOCIEBOEHHON UCTOPUM OTEYECTBEHHOM
MUHEpanoruu.

Kniouesbie cnosa: /. [1. [puzopses, E. B. LluH3epauHe, kpucmanno2pagus u MUuHepano2usi Keapyd, UCmopusi MUHepanozuu.

From Professor D. P. Grigoriev’s archive: E. V. Zinserling’s letters
Yu. L. Voytekhovsky

1A. 1. Herzen Russian State Pedagogical University, Saint Petersburg
2Russian Mineralogical Society, Saint Petersburg

The article for the first time publishes six letters and photos of the famous Russian crystallographer and mineralogist
Dr. Sci. (Geol. & Mineral.) E.V.Zinserling (1887—1979) from the personal archive of Prof. D. P. Grigoriev (1909—-2003), covering
the period from 28.10.1958 to 02.03.1964, and also official letters from the Moscow State University from 15.12.1958 with the
abstract of her dissertation and from the All-Union Scientific Research Institute of piezo-optical mineral raw materials from
28.09.1962 and 03.01.1963 with a request for reviewing and scientific editing of her articles. All documents are original, man-
uscripts are transcribed and attributed by the author. The article is relevant due to advocating priorities of domestic science
and technology. The work is aimed at the fullest possible coverage of the creative life and professional activity of Dr. Sci.
E. V. Zinserling, which is insufficiently characterized in historical and popular scientific literature. The materials presented in
this article substantially complete and enliven her biography, which is full of comprehensive studies of natural and synthetic
quartz, with world-class results implemented in industrial technology. Attention is drawn to the importance of personal ar-
chives of outstanding personalities in the study of the history of science. Professor D. P. Grigoriev’s archive in his letters and
other documents (protocols, programs, conference transcripts, etc.) reflects a whole layer of the pre- and post-war history of
Russian mineralogy.

Keywords: D. P Grigoriev, E. V. Zinzerling, crystallography and mineralogy of quartz, history of mineralogy.

BeeneHue

Hauano 1920-x o3HaMeHOBaHO MOSIBJIEHVEM 1IejI0i
TIIESITBI TBOPUECKY OJJapEHHBIX M 06pa30BaHHBIX JIEBY-
1IeK, OCTaBUBIINUX SIPKUIL CJIe[, B UCTOPUYM OTeUeCTBEHHOM
reoyIoTUM, B TOM YKC/Ie MUHEPAJIOTUM U KPUCTAJLJIOTpa-
ym. MHOTrME 13 HUX TPUKOCHYIMCH K STUM HayKaM Ha
Boicimmx skeHckmx (becTyskeBCKUX) Kypcax, IIPOC/IyIiaB
nekiuu A, E. ®epcmana. B kakue 6bI OpraHm3anyuy oTom
He pacrpeienuia ux cyap0a, TBOPUECKNi TOYepK yunTe-
i1 coxpanmics. ITocse ero yxoma (1945) MmHorue 136paiu

anpecarom [I. IT. TpuropseBa — OyayIIero co3aaTesis OH-
TOT€HUM MUHEPaJIOB. [Io-BUIMMOMY, CTOJIb CUTbHA ObIIa
Kaxkga ImpodeccruoHaqibHOro ob0IeHusI. BpoueM,
A. E. ®epcman 6bUT OGUIMATBHBIM ONIIOHEHTOM Ha 3a-
HIMUTe NOKTOPCKOI aucceprauumu camoro /1. IT. I'puropseBa
(1943). Tak UTO HMYErO CTPAHHOTO TYT HET. A eCTh He0O-
XOJAMMOe TIepeKIUeHNe UHTE/IIeKTyaIbHbIX KOHTaKTOB.
VicTropust HayKy yOeskAaeT, YTO 3/1eCh €CTh CBOY 3aKOHO-
MEepHOCTH, COXpaHsitoIye MHbopMalOHHbIe TIOTOKM, ec-
JIV OHM TOTO CTOSIT. B 9TOJ cTaThe MbI ITyOIMKYEM IIECTb
nceM 1 poTorpadum poccuiickoro Kpucramiorpada u Mu-

Linsa umtuposanus: Bolitexosckuit 0. J1. M3 apxuea npodeccopa [. 1. Tpuropbesa: nucema E. B. LlnH3epnaunr // BecTHuk reoHayk. 2023.2(338). C. 31—-36.
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HepaJsiora . I.-M. H. E. B. LIluH3ep/iuHr, HalijeHHbIe B JINY-
Howm apxuBe [I. I1. TpuropbeBa, xpaHsiuemcst B Poccuiickom
MMHepaJornueckom obinectse. Ee paboTsbI 110 KBapIly XO-
POIIIO M3BECTHBI CIIeLMAIMCTaM, HO K TBOPYECKOMY TTOp-
TPETY eCTh UTO JO6ABUTD.

TBopueckoe Havyano

Exatepuna BnagumupoBHa LIMH3epAMHT poauiach
B CaHkT-ITeTep6ypre B 1887 I. B KyIlieuecKkoii cemMmbe, IIpo-
ucxonusiiein ns liBeinapun. B 1906 r. 3akoHuYMIa
[Metpuryie, B 1907 r. mosmyunia AUIIOM YYUTeTbHUILBI
MJIaauMX KiaccoB. B aTo Bpems E. B. LlnH3epnuHr yBie-
KJIaCh TAaHLJaMU B MaHepe Alicefopbl JIlyHKaH 1 C BBIITYCK-
HUIIAMM TOJ ke TMMHa3uM opraHu3soBasna «lemraxop» —
«ceMepo TaHuywux» (gpeBHerpeyv). C 1918 r. rpynna
B coctase C. PynHeBoii (pyk.), E. lun3zepnnuur, H. DHmaH,
10. Tuxomuposoii, Y. u K. Tpeep u H. IleTbKOBOJ BbICTY-
nana B ropopax Poccuu, ¢ 1922 r. Kak yacTHOe Mpeamnpu-
stue. B 1920-x «Tentaxop» 6bUT O4EHb U3BECTEH, B 1927 T.
Jaxke Moayumns ctatyc [ocymapCTBEHHO CTYOUM MY3bI-
KaabHOTO ABMkeHus. Ho B 1928 r. mpekpaTu CyIiecTBo-
BaHue (puc. 1).

Ham u3BecTeH ele ofyH pumep, FOBOPALINIA O CKIIOH-
HOCTM MMHEePaJIoroB U Kpucrauiorpados K TaHily. B Boc-
nomuHanusx E. B. Xane30B0ii 0 xu3Hu Ha «TueTTte» un-
TaeM: «C HAaCTyIIEHVEM OCEHU BCE OTPSIAbI COOMPATNChH
Ha [opHOJI cTaHIMK, U Iepel, OTbe300M COTPYIHUKOB
B JIeHMHTpa/| yCTpanBasiach OTYETHAST KOH(MEPEHIIVS U TTPOo-
Ia/ibHbINM 6ai. TToka M 3acefaHus B X0je, Mbl, JeTH,
BBIXOIWIN M3 CBOEJ KOMHATbI Ha 6al0CTpay Ha LbITI0OY-
Kax ¥ OTIIPaBJISIIUCD I'yiiaTh. Ha Ipyrovi neHs ycrpansai-
cs1 6ast. Ilpurnamanuch n3 XubuHoropcka rosapa. Llenblii
IleHb U3 KyXHU TOHOCUJIMCh COOIa3HMUTEIIbHbBIE 3aTIaxy,
a K Beuepy B X0JIIe HAKPhIBAJICS GOJIBIIO CTOJ 11 HAUMHA-
JIOCh BeceJbe. <...> Oybra AHMCUMMOBHA Bopo6beBa 1 Most
mama, Mpuna ImutpreBHa bopHemaH-CTapblHKeBUY, 3a-
KITIOUMIIN TIapU, KTO OBICTpee collbeT cebe GabHOe IiTa-
The U3 [IBeTaCThIX I'OJIOBHBIX IUVIATKOB. MaMa omnepenuia
Onbry AHMCYMOBHY, HO 3aTO Y TO¥ TUIaThe ObUIO sIpUe 1 BbI-
rsgeno 6osee apdekTHO. [Ipemun nmonyumnmi obe — of-
Ha 3a CKOPOCTb UCIIOHEHUS, IpyTas 3a U3SILEeCTBO. A 110-

TOoM Onibra AHMCMMOBHA B 9TOM IIJIaThbe BUPTYO3HO UC-
TIOJIHWJIA TaHel] Ha CTOoJIe Cpeay PIOMOK, He YPOHUB HU O[I-
HOJi 13 HUX» (XanesoBa, 2020, c. 95—96).

YTo ¥ TOBOPUTD, CIyvali 3a6aBHbIi. HO BCITOMHUM
reimenb6eprckoro oruiebHMKa B. M. TonpammmuaTa,
CTPEMMBIIETOCS U3JIOKUTD B €IMHOM «3aKOHE KOMILIN-
Kaluu» My3bIKaJIbHYIO0 TApMOHMIO U TIOCTI€0BATENbHOCTD
ob6pa3oBaHus rpaHeii Ha KpucTamiax. COMHeBaIOIMXCS
OTChIJIaeM K 3amMeuaTenbHOI KHUre (Benos, lledTas,
1980), B KOTOpPOI1 ITOJ, OGHUM YIJIOM 3PEHMSI pacCMOTpe-
HbI BOIIPOCHI TEOPUU CUMMETPUU, ee TIPOSIBJIEHUS B MU -
HepaabHO U XKMBOI IPUPOZE, a TAKKE B ITO33UN, My3bI-
Ke U TaHIle.

U3 HayuHoM 6uorpadpumn

O Hay4yHOM ITyTM Hallleit TepOMHY HANMCAaHO MaJio
u BcKomb3b: «CriepBa A. B. llly6uukoB u I. I. JlemmieitH
TPYAWINCH BABOEM, 3aTeM IOSIBUJICST PSIA, COTPYIHUKOB
(cpeou Hux — E. B. LIMH3epaAMHT, BHOC/IEACTBMM 3aMeya-
TebHAS UCCTeoBaTebHMIIA KBapIa...)» (LLladpaHoBCKMiL,
1996, c. 24). KpaTKas, HO Ioc/iefoBaTeabHas MHGOpMaIus
nomereHa Ha caitte MHcTuTyTa Kpucrauiorpadbum PAH.

B 1909—1910 rr. E. B. LiIuH3epauHr obydasach
Ha BbICIINX SKEHCKMX Kypcax, IpudeM cpasy Ha pusuko-
MaTeMaTUUeCKOM ¥ MCTOPUKO-(PUIONIOrMUecKOM (haKyib-
TetaX. Pafiu 3aBepiieHs KJIacCMYeckoro 06pasoBaHust
ro6siBasa B IlIBeiapuu (1909) u Tpetnu (1914). IyThb
B KpUCTAIIOTpaduio M MUHEPATOTUIO ObIT HEITPOCTHIM.
C 1916 r. pabotrana na [TyTunoBckom 3aBoge, ¢ 1918 1. —
Hay4yHO-TexHuuyeckuii corpyguuk KEIIC, ¢ 1920 r. — co-
TPYAHUK MIHCTUTYTa UCTOPUM MaTepUaIbHOM KyAbTYypPhI.
C 1926 r. — B MuHepasornueckoM my3see. ITog pykoBoz -
ctBoM A. E. ®epcmaHa yuacTByeT B 9KCHeOUIIMSIX HA Ypas
¥ B XMOVHbI, OITMCHIBAET MUHEPAJIOTUYECKIE KOJUIEKIUN
(Luusepnuur, 1967). B 1930 1. A. B. [IlyGHMKOB Mpe/io-
SKUJT e 3aHSThes purypaMum ymapa Ha KBapiie, mpobiema
o6o3HaueHa uM eiie B 1926 roxy (Lly6H1KOB, 1926). MeTof,
OpMeHTAaIMM KBapIleBbIX rajiek Mo TpeuMHam ObllT OUueHb
HY’KeH PaJiyIoNPOMBbIIINIEHHOCTH. VIX cOBMeCTHBIe pabo-
Tbl 1930—1931 IT. cTa/iM KIaCCMYECKUMU U ITOPOAIIN TN -
pOKOe HayyHOe HarlpaBjieHe, B KOTOPOM U Pa3BUBAIOCh

Puc. 1. E. lIunuzepnuHr (B uieHTpe) u H. dumaH (cripaBa), 1920-e rr. (a). E. Lnusepmuur, 1926 1. (b) 13 apxuga [I. I1. I'puropbeBsa.

Fig. 1. E. Zinzerling (in the center) and N. Enman (on the right), 1920s (a). E. Zinzerling, 1926 (b). From D. P. Grigoriev's archive
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nanbHeiiiee HayuyHoe TBopuecTBo E. B. LlvusepnauHr. C Ha-
yaja 1930-x oHa paborasna B MMHEpajormyeckom MHCTY -
TyTe, IepeMeHOBaHHOM B 1932 . B IHCTUTYT reOXMMIH,
KpUCTA/UTOTpadGuy ¥ MyUHepaaoruy uMmenu M. B. JJoMoHO-
coBa (JIUTEM). B 1934 1. MHCTUTYT GbLJI IepeBeneH
n3 JlenuHrpaga B MockBy. B 1937 1. 3a cueT KpuCTaiio-
rpadmyeckoro otaena JIMTEM 6b11 opraHn3oBad MHCTUTYT
kpuctayutorpacdunu AH CCCP, B KOTOPOM J0 KOHIIA JKU3HU
u ripopabotana E. B. LIMH3ep/iuHT.

E. B. ImH3epauHT BIiepBble CBsI3ajia CTeIlIeHb ABO-
HMKOBAHMS KBapiia C OKPacKoii, T. e. C IpUMeCsIMU. ITO
TIPUBEJIO ee K CIIoco6y yIpaBiieHus siBjieHnemM. CTano Bo3-
MOSKHBIM ITOTY9aTh IBOMHNUKM OTIpeneeHHOV KOHDUTY-
panyu ¥ MOHOKPUCTAJJIBI U3 CABOMHMKOBAHHOTO KBaplia.
OTKpBITHME JIETJIO B OCHOBY T€XHOJIOTUM TTOJTyYeHUsI MOHO-
KPUCTA/UINYECKUX MJIaCTUH U3 IPUPOSHOTO MaTepuaia.
B 1941 1. eto HalimeH MeTO[l yIIpaBeHMs JBOMHMKOBAHM-
eM KBaplia mpy moauMopGHOM MpeBpalieHn f — o —>
— B. B 1950 r. o6HapyskeH «3¢bdeKT maMsTi» — BO3BpaT
IBOMHMKOBOT'O PUCYHKA HA MOHOKPUCTAIINYECKUX T1/1a-
ctuHax. B cepenyiae 1950-X BBINOTHEHBI SKCITEPUMEHTHI
10 BJIMSIHUIO HAa NBOTHUMKOBAHME 3JIEKTPUUECKUX TTOTIeit
u nedopMarnii KpydeHus.

Ho Hanbosee 1M3BeCTHBI Cpey MUHEPAIOTOB pabo-
TbI E. B. LIH3epauHr 0 craiHocTy KBapua. Exo mokasaHo,
YTO B HOPMAaJIbHBIX YUIOBUSIX ITPe06/IaiaeT CriaifHoOCTh 10
OTPUIIATEIBHOMY POMOG03IpyY. «3arajouyHas» MMHAKOU-
JabHAs CAfHOCTD MIPOSIBJISIETCS B JIEKTPUYECKOM M0-
ne” B 1959 r. 6oraThlii SKCIIepMMeHTaIbHbI MaTepual
060611IeH B JOKTOPCKOM AuccepTaiyn’™, omy6aMKOBaHHOM
B Buge MmoHorpaduu (Luusepnuur, 1961). Iuccepraums
u rocteyouye nyoaukauyy E. B. LIMH3epaMHT He MOT-
Jivt ripoyitu mumo /. I1. ['puropreBa, OGHOTO 13 BeOyIINX
poccuiicKux MuHepasioros. O6 3TOM B €ro JIMYHOM apXu-
Be COXPaHMINCh mucbma™™

Mockoeckuti opdeHa JleHuHa
20cy0apcmeeHHulli yHugepcumem
um. M. B. J/lomoHocosa
Teonozuueckuti paxynvmem
15.XI1.58

Yuenwiii coeem I'eonozuueckozo paxynsmema Mockos-
CK020 YHU8epcumema Hanpasasem Bam 0ns 03HakoMieHUs
asmopeepam dokmopckoti duccepmauuu Ex. Bn. IfuH3epauHe.
Bawuma duccepmauuu cocmoumcs 20 ¢espana 1959 a.

npog. Imumputo ITasnosuuy
I'puzopwesy

* BoT 3a6aBHBIN MCTOPUUYECKUIT SMKU304 O TOe3[aKe
H. 1. Kokmaposa B ITapmx B 1857 1. «/3BecTHbIN (PpaHITy3-
ckuit MuHepanor A. Jleknyaso npurnacui Kokiiaposa BMe-
CTe ¢ MOJIOABIM UTaIbIHCKUM yueHbIM K. Cemnoit mocmo-
TpeTh 60raToe MUHEPAIOrMYecKoe COGpaHKe KOMIeKIOHe-
pa Amapa. B 9Toit Ko/UTeKIUM XpaHWICs KPUCTALI TOPHOTO
XpyCTass, Ha KOTOpoM Gy To 6bI GbIa IPaHb MMHAKOUIA, KAK
MpaBUJIO, He BCTpevalrouerocsi Ha Kkeapue. OCMOTp KpucTa-
Jia TI0Ka3aJjl, OLHAKO, YTO OH He MPeLCTaB/IsT HUUero 0cobeH-
HOTO. I1710CKOCTD, MPMHMMAaBLIASICSI ALlIapOM 3a IpaHb MMM1HA-
KOMZa, 0Ka3aaach HePOBHOI MMOBEPXHOCTDIO, TIOMYyUMBIIEHCS
B pe3y/lbTaTe CPaCTaHMSI HECKOIbKUX KBapleBbIX KPUCTa-
noB» (IladbpaHoBckuit, 1964).

** Iuusepnuar E. B. Mopdonoruueckoe uccienopaHme
MCKYCCTBEHHOT'O BOMTHMKOBAHMSI KBaplia MoJ, BO3/1eiicTBreM
pas3nnyHbIX GakTOpoB. ABTOped. AMC. HA COMCKAHMe Y4. CT.
I. T.-M. H. — M.: H-T Kpuctaynorpadun AH CCCP, 1958. 35 c.

*#% TIpaBonucaHyue MpUBeLeHO K COBpeMeHHbIM HOp-
MaM.

Oma3b18 Ha asmopegepam Hanpasssiime no adpecy: Mockaa,
234, Jlenunckue 2oput, 'eonozuueckuti pakynvmem.

/ Yuenwlii cekpemaps (noonuco)

(HameuaTaHo Ha 6/1aHKe, haMyIMM M JaTa 3alUThl —
CUHUMU YePHWJIAMMU OT pyku. Ds nepes AOIKHOCTbIO
0603Havas «3a», HbIHe He cTaBUTCsT. — 10. B.)

Bcecoto3Hblli HayuHo-ucc1e008amensCckuli

UHCMUMYm nbe300NMuiecko20 MUHePanbHo20 Cblpbsl

28.1X.62, ucx. 2233

MHnozoysaxcaemotti Imumputi Ilasnoguu!

Bcecoto3Hblli HayuHO-UCCe008amenbCKuill uHCmumym
Nnbe300NMuUYECcK020 MUHEPANbHOZ0 Cblpbsi npocum Bac Hayu-
HO ompedakmupoeams u 0ame peueH3ur Ha (TIOTUepKHY-
TO B opuruHaine — 0. B.) cmamoiw E. B. Llun3epaune «BausHue
npumeceli Li, Na, Ge, Al Ha 080liHUK08aHUE UCKYCCMBEHHO-
20 Kkeapya». Cmamoto u peyeH3urw npoceba eepHyms Kk 20 0K-
msbps 1962 a.

/ 3am. dupexmopa BHHUHII no HayuHoti uacmu (nod-
nuce) H. MepKypuves.

(Ha 6maHKe, BIMCAHO CMHUMM YepHUIaMu. BBepxy —
npocTelM KapaHpamom pykoi [. II. 'puropbesa:
«ToporuMBo HamucaHo, He6pexkHast 6ubamorpadus». —
10.B.)

Bcecot3Hblll HayuHO-UCced08amensbCKull

UHCMUMmMym ne€300Nmu4ecKko2o

MUHEPANbHO20 CblPbsl (7.11.63, 28.11.63)

3.1.63, ucx. 15 . 2.-m. H., npogpeccopy 1. IT. Tpuzopwvesy

MHnoezoysaxcaemoiii Imumputi Ilasnoguu!

B nopmaenwv «Tpydos BHUHII» nocmynuna cmamus
0. 2.-M. H. E. B. IJuH3epaiuHe «/[80liHUKOBAHUE UCKYCCIMBEH-
HO020 Keapua, 8vipaujeHHo2o 6e3 006asox npumeceli». bonsuias
npocvba k Bam dams HayuHyio peyeH3uro Ha 3my cmamaoio.

Ipunoxcernue: cmamost m. Llunzepaume Ha 8 cmp. ¢ 7 puc.

3am. dupekxmopa BHUUII no HayuHoti uacmu

(nodnucw) H. Mepxypves

(Ha 6GraHKe, TOAIMCH CUHUMY Y€PHUIAMU OT PYKU. —

10.B))

5.1V.63

Yeaxcaemotii Imumputi Ilasnosuu!

Io npeodnoxceruio H. IT. Mepkypvesa oueHs npouty Bac
He omKkasams 6 1106e3H0CMU 0ams peyeH3uro Ha Cmamaoio
A. A. Illexonduna «Memamop@usm #UuipH020 Keapya u ze-
He3UC e2o pa3HosudHocmeli». ECu MOX#HO, Mo He no3ce
25 anpens.

H3euHume Hac 3a mo, umo Bam He onnaueHa paboma
no peyeH3uposaHuio u pedakmuposaruro cmamsu E. B.
Lunzepnunz «/I80liHUKOBAHUE UCKYCCMBEHHO20 K8APUQ, Bbl-
pawjeHHo20 6e3 000asox npumeceti», m. K. y MeHsi Hem Bauiezo
cuema, 8eposimHo, e20 3a0bLiu 8J10#UMb 8 KOHBepm. Bydvme
JIt00e3Hbl, 3anonHume 06a cuema u 8vluiiume co cmamoetl.

C ysaxcenuem k Bam, T. [opsuHosaa.

(HammcaHo cuHMMM 4YepHWIaMu oT pyku. — 0. B.)

(12.1V.63, 12.1V.63)

Mucbma

B mucpmax E. B. LInH3epauHT OTpa>keHbI TAIIbI €€
TBOpUEeCKoit 6uorpaduu. [IouepKk KPymHbIii, HO JOBOJIbHO
TPYOHbIN AJis1 pacumppoBKu. OfHa ML OYKBa «T» BCTpe-
4YaeTcs B TpeX BapuaHTaX, 3aMMCTBOBAHHbBIX U3 Pa3HBIX
SI3BIKOB U YIIOTPEOIISIeMbIX B 3aBMCUMOCTH OT CUTYalUMH,
BEPOSITHO, paJiy 6ersoCTy MUChbMa. A 3TO ysKe TOBOPUT
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o xapakTtepe. CripaBa BBepxy (masiee B ckookax) 1. IT. ['pu-
ropbeB OOBIYHO OTMeYasT JAThl TTOIyYeHUs ¥ OTBeTa Ha
mcbMo. OCTaeTcst CoXaneTb 06 OTCYTCTBUM OTBETOB, UTO
He MO03BOJISIET BBICTPOUTD IMAJIOT.

28.X.58 (16.X1.58, 5.XI1.58)

I'ny6okoysaxcaemulii [Imumpuii Ilasnosuu!

JKanw, umo mHe He yoanocs nobecedosams ¢ Bamu o cnati-
Hocmu keapuya 6 Baw nocnedHuti npue3d 8 Mockay.
HnmepecHo, umo K8apy Kosemcst 8 NPpUpooHbIX YCII08USIX
npeumyuwecmeenHo no /10—11/, a akcnepumeHmansHo nod
cocpedomoueHHOll Hazpy3Kotl IyuuLas «cnatiHocmo» 8 uey-
pax yoapa nposignsemcs ho /1-101/. Dmo 6vL10 dokazaHo
Hamu ¢ Anexkceem Bacunvesuuem (IIlyoHuxo8sim — FO. B.)
8 1933 200y /Tp. Jlom. uH-ma, 8vin. 3/ (CM. CTaTbu
(UnusepnuHr, lIlyoHuKoB, 1933; [Ily6HNKOB, LIMH3epINHT,
1933; Zinserling, Shubnikov, 1933) — 0. B.), 2de 0zo8ope-
Ha owubouHocms npuHsmoti nnockocmu /10-11/ é pabome
A. B. 1930 200a, yumupyemoti Bamu: Ha camom dene mpe-
WuHsl 8 pueypax yoapa napannenstst niaockocmu /1-101/;
OHU CIy#cam 0ns Kpucmannozpaguueckoli opueHmuposKku
keapya 8 npouzsodcmee. [MoxiHO 0bL710 Obl 2080pUMB ellje 0
Bnocce, @epbepte, yenyonssce do Manspa. Tepu chpaseonu-
80 ommeuaem, 4mo pasHole Yci08us OUKMywm pasHole nio-
ckocmu paspsiea. Ho mozda npuwiniocs 6st u nucame 00120,
U 4yumams CKy4Ho].

C uckpeHHuM npusemom (n0ONUCy)

(HameuaTaHo Ha MalllMHKe, KBaJpaTHbIe CKOOKM 1
noanuch «EK. LInH3epAMHr» B KOHIE — CMHUMM Ye€PHU -
Jlamu oT pyku. — 10. B.)

10. XI1.58

Iny6oxoysaxcaemuiti Imumpuii Ilagnosuu!

Kaxk Baute 30oposwe? Hadetocs, umo Kapnoswst Bapst nod-
kpenuiu Bawe 300posbe, a 6cmpeuu ¢ 4eXoca108ayKumMu yue-
HbLMU ObLIU UHMeEPeCHbIMU U npusmHsimu. TTocsinar Bam
ceoli asmopeepam, mxc. 6. Bam 6yoem uHmepecHo 03HaKo-
MUmMbucs ¢ Kpamxoti ceodkoti moux pabom. K koHyy 200a 51 Ha-
dercb 3aKoHUUMb MOHO2paguro; oHa 6ydem 6osee y0obouu-
maemoti, uem duccepmayusi, U s MEUMAr 0 3agepuleHuu He-
3AKOHUEHHbIX UCCNed08aHULI U OPOUWEHHBLX U3-3a HEBO3MOMH(-
HOCMU 00HO8PEMEHHO NUCAMb U IKCNePUMEHMUPO8AMb;
Modcem Oblmb, U OHU NONAJYM 8 MOHOZpapuio.

Boina 6v1 Bam 6eckoHeuHo npusHamenwvHa, 2ayooKo-
yeaxcaembiii [mumputi ITagnosuu, eciu 6s1 Bol Hanucaiu
HeCKONbKO CMPOK — 0M3bl6 0 peHmMabesibHoCmu U HeKomo-
POM 3HAUEeHUU Moux ucciedosaHuii 011 MUHepanozos.
Yyecmayto cebs Kak 8 nycmoiHe — Ak CMpautHo — 6Ce epyH-
moaeedbl, 2e0(pU3UKU U JI0Mble 2€0/102U YUCMOLL 80061, KO-
MOopbIM CO8CEM HEUHMepPeCHd MOsl memamuka; a oHu 8edsb
00JIHCHBI MEHSL NPUOOWUMD K JIUKY «2€0J1020-MUHEepanozu-
yeckux Hayk»! Kax oHu 6ydym omxkpsieams cou «epama
yapcmeusl» He3HaKoMoMy npemeHOeHmy, eciu He npedcma-
8s1m ezo0 um uszeecmmole yueHolie? (Hamek Ha MpeACTOSIYIO
TPYOHYIO 3aIIUTY B T€OJIOTrMYECKOM IMCCePTAIMOHHOM
coBete. — 0. B.)

Ipumume mou nyuuiue noxcenarus, 0o6pozo Bam 300-
posbs! I[Ipuxouty Bam 3aparee 8010 UCKPeHHIOH0 Oiazodap-
HOCMb 8 Hadexcde moezo, umo Bul He omKaxeme MHe 8 Moeli
npocwv0e, 8bIMONBTIEHHOLI HECMOMPS HA Bawty 601blyio 3a-
2PYHEHHOCMb...

C npusemom (noonucso)

(HameuaTaHo Ha MalllMHKE, TIOATINCH — CUHUMM Yep-
Huaamu ot pyku. — 10. B.)

9.X1.61

I'nybokoysaxcaemoiti Imumputi ITasrosuu!

But, KoHeuHo, 6ydeme y Hac 8 uH-me 22.XI1? HenpemeHHO
6ydeme! Baui 60-nemuuti opye 6bL1 Obl OneuaneH — He 8U0s
Bac cpedu ceoux mHozonemuux dpy3seti. Munwiii Imumputi
Ilagnosuu, nomozume Ham Bawium cnosom, Bawumu gocno-
MmuHanusmu o T'eopeuu Inebosuue (Jlemmieitne — 10. B.)
8 cell 3HameHamenvHblli deHb. Ckaxceme cnoso? la! bBydem
Bac xdams".

C uckpenHum npusemom (nodnuce)

(HammmcaHo cuHMMM YepHMIaMu oT pyku — 1O. B.)

(15.X1.61)

30.1.62

Zopoezoii [Imumputi Ilasnosuu!

Topsauo 6nazodapio Bac 3a Bawy upe3ebiuatiHo uHme-
pecHyto kHuzy. C y0ogoibcmeuem ee npocmampuearo, moJis-
KO UMOo 8epHY8UUCH U3 OMNYCKA U NO3MOMY MOIbKO YUMo ee
nonyyuswias. Kax epycmuo, umo cmons docmotiHoe codep-
HaHue u CMoJib UyMumebHo nodoOpamHole, YeHHble, X0po-
wiue pomozpaguu max naoxo uddaHel... Bei, kak asmop,
Oonblle 8cex 0zopuaemecs, HO HUMamenu Cymerm ucmuH-
HO OUyeHUmM® 6Clo npenecms U Ho8u3Hy Bauleti kHuzu. (Peub
unet 06 «OHTOoreHUM MuHepasnios» (Ipuropbes, 1961 —
10.B.)

Om Jdywu senato Bam 8 1962 2. He monbKo 300p06ws,
621azononyuus, padocmHozo HACMPOEeHUs. — CMOJb CNOCO0-
cmeyioujezo na000meopHoOCMuU Me8opPUECKOLi MbICU, HO U pe-
anvHoe ee BONIOWeHUe 8 NPeKPACHYIo Gopmy, dadvl Mbl 6ce
Moenu npuobuwjumocs K Bauiemy 60z2amomy HympeHHeMY
Mupy Bawux (oguepkHyTo aBTopom — 0. B.) HayuHbix
udeti. A Bol 6edb kK momy ewje u 601b6UI0L XYOOHHUK, NOHU-
Marowjuii yeHy acmemuueckozo omoopa!

C uckpennum npusemom! (Iloonucw).

(HammmcaHo cuHMMM YepHMIaMu oT pyku — [O. B.)

(8.11.62)

6.1X.62

Zopozoii [Imumputi Ilasnosuu!

Cepdeuno mpoHyma Bawium eHUMAHUeMm U 20ps4o 071a-
200ap 3a npucIaHHyro Bauty HOBUHKY. Bbl HenpecmaHHo dsu-
JHcemecs 8nepedu nepedosozo GiaHea 8 HayuHbsIX U3bICKAHU-
x! Omo evi3v18aem 80 MHe 271y00K0e yeaxeHue K Bam — u ece
2mo npu Bauteti moHKoli u Xxpynkoti cmpykmype; He noopbl-
satime cgoezo 300posws, Imumpuii ITasnosuu! Kaxoii Hege-
posimubtli mpyod Bul enoxcunu 6 amy Bauiy Ho8Yi0 — HeoueHu-
Mo noJe3nyro (noduepkHymo asmopom — FO. B.) — kuuzy! OHa
0MKpoem 21a3a MHO2UM 2€071020-MUHEPANI02aM 8 UX N00X0-
Oe K MuHepanam. Bce mak uemxko, SiCHO U HA2IIOHO U3J10Hce-
HO U Kpacuso nodaro. ITozdpasasio. (Peub uaet 06 «OcHOBax
KOHCTUTYLIMM MyHepaios» (Ipuropses, 1962 — 10. B.)

I'. I. (JTemmneiin — 0. B.) yexan c I1. E¢pp. na Kasxa3 —
«nozpemscsi». OH — GedHbili — onssms maxk mpyoHo 6osie,

(22.1X.62)

* TeKCT 3TOro MUChbMa CTPaHHbI. Hauano 6ynro 6wl
HaMmeKkaeT Ha wo6ueii I. I. JlemMiieiiHa, HO 60 JIeT MCIIOJI-
HwIoCh emy 23.08.1961 r. [lanee — Kak GyATO peyb uaeT 06
yMepiieM uyesnoBeke: «...Ilomorute Ham Bammm ciaoBow,
Bammmyu BocromuHaHusMu o leoprum [ne6osuue...». Ho
OH yMpeT poBHO uepe3 rof 15.11.1962 r. O6 sTOM cOXpaHU-
nack Tesnerpamma: «MockBbl 333/06 19 16 0950 JleHuHrpap
B. O. 15 nuuus 34 k8. 15 I'puropweBy M. II. Iuem 15 HOsI-
6pst ckoHvasicst Feopruii Ine6oBuy JIeMMITEIiH COTPYIHUKMU».
MoskeT 6bITh, Ha 22.11.1961 I. 6bIT HAMEUEH ero OT/IOKEeH-
HbIlt 100MTeii? B mociemHee BpeMsi OH CMJIBHO G0Jen 1 oce-
HbIO Bble3kaa Ha KaBKa3 «morpeTbcsi», CM. 06 9TOM MUCbMO
o1 06.1X.1962 1.
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U ONsiMy €20 8bIMSAHYJIA U3 31020 HEOHUOAHHO20 NPOPbIBA
Ionuna E¢ppemosra 6nazodaps ceoeli npocaeuieHHOCMU
8 MeduyuHe u npeKpacHomy yxody.

Haw u-mym cmoum Ha mecme 8 3mo 2J1yxoe 8pems om-
nyckoe, xomsi u 3anyujeH Ha ckopocmuoe spaujeHue 60Kpyz
ypa-npoonem.

MHne ydanoce uckynume Hawiu excedHegHbsle 00x#0U CO-
3epyanuem OpesHepyccKoll apxumekmypul u ppeckosoti iu-
8onucu no «cesimolm mecmam» [Bnadumup, Cyzoans, Pocmos,
Bozonwboso, FOpwves IMonwvckuti, Bonozda, Kupusnos,
@epanoHmoso, SIpocnasnv]; ckakana Ha asmobycax no yxa-
6am, Muanace Ha noe3dax, Mmaxkcu, Mep3aa Ha napoxode...
U mem He MeHee NONYUUId 02POMHOE HAC/IAXOe e 0m Imo-
20 OpegHezo 300uecmaa, 0m Kpacom 3mux pasdpocaHHsvix no
Pycu «epados Kumedxceti».

Bydvme 30oposel, xeenaio Bam u Bauieli cembe 8¢s1K020
6nazononyuus! C uckpenuum npuseemom. (IToonucw).

(HamrcaHno cvuHMMM YyepHMUIaMu oT pyku — 1O. B.)

2.I11. 64 (6.111.64, 12.111.64)

Iny6okoysaxcaemblii [Imumpuii Ilasnosuu!

He dymatime, umo s 3abvina o Baweli npocvbe — Hem,
51 8ce 8pemMst Myuanacs 3adepikoti pomoepagpuii: ux Hado
Obi710 docmamo u3 nod cnydd, nepecHsimo, yCmaHos8umso da-
my, pacno3Hamse yuacmuukos, nepecHsims emopuuHo. (1. 1.
I'puropnes cobupan pororpadmy MUHEPAIOTrOB, BHECIINX
3aMeTHbIN BKJIaJ] B HAYKY U MMPAKTHKY, HE CTECHSISICh IPO-
SIBJISITh HACTOMUMBOCTD. — 0. B.)

Zasno He sudena C. B. [pym (C. B. Tpym-I'pskumaiino —
0. B.), ona mose npocuna meHs nepedams Bam ceou u3su-
HeHus no amomy xe nosody. Ee xopoutyio pomozpagpuro s
Bam He nocelnaio, 8eposimHo, OHA NPUJIOHCUA YHEe Cama ee.

Bydveme 300poeui! (IToonucs)

(OTreyaTaHo Ha MalIVHKE, TIOATIVCh CUHUMY YePHU-
Jlamu ot pyku. — 0. B.)

3aKar4veHue

E. B. LIuH3epauHr — 3aMevaTe/bHbIN IpumMep 1eJb-
HOVi TBOPUECKO¥ IMYHOCTY, OPTaHNYHO COUeTaBlIeli B ce-
6e ecTecTBEHHO-HAyYHOe ¥ TyMaHUTapHOe 06pa3oBaHue ¢
BBICOKOJ MHTEJJTUTEHTHOCTBIO. [IJ1s1 Hee ObIIIO eCTeCTBeH-
HO MePexXOnUTh OT KU3HU K IPUPOJE, OT HAYKU K UCKYC-
CTBY, OPMEHTHUPYSICh Ha BHICOKME (IpeBHETrpeveckye?) 06-
pasiibl. OTO yOeaUTeNbHO CIENYeT U3 ee HayUHbIX TPYIOB,
BOCIIOMMHaHWMI 1 IM4YHOI niepenicku ¢ 1. I1. 'puropbeBbiM.
[IpuBeeHHbIe B CTaTbe MaTepyasbl CyLIeCTBEHHO IO0TI0N-
HSIIOT ¥ OXKMBJISIIOT ee 61orpadiio, HaroTHEHHYIO BCECTO-
POHHUMU UCC/IeN0BaHNUSIMU IIPUPOSHOTO ¥ CUHTETUYECKO-
O KBaplia ¢ pe3yJapTaTaMy MUPOBOTO YPOBHS, peann30BaH-
HBIMU B ITPOMBIIIIEHHBIX TeEXHONOIMSIX. OHA CKOHYA/IaCh B
1979 r. B MOCKBe 1 ITOXOpPOHEHA PsIIOM C MaTepbio 1 ce-
CTpoit Ha 4 yuacTke HoBomeBMUbero Kiamouia.

JIyuHbIe apXMBbI BbIJAOIIMXCS YU€HbIX — LIEHHBIN 1C-
TOYHMK MHPOPMAIUU O COOBITUSIX, TIOASIX, UX XapaKTepax,
HaKJIOHHOCTSIX, CUMIIATUSX ¥ aHTUIIATUSX. .. [10 TIOpbI 1n4-
Hast KOPPECIIOH/IEHITVST He TIOAJIEXKUT ITyOIKaLym, HO CO
BpeMEHEM CTaHOBUTCS AOKYMEHTOM, BCKPBIBAIOLIMM Ha
OIpenereHHOM UCTOPUUYECKOM Cpe3e MOABOAHYIO YacTh
OTPOMHOTO ¥ CJIOSKHO YCTPOEHHOTO COLMAIbHOTO ajic6ep-
ra, KOpOTKO Ha3bIBaeMOro «HayKa». ApxuB mmpodeccopa
I. I1. 'puropbeBa B 1MCbMax OT KOJJIET M3 pasHbIX Opra-
HM3aL M (TeoNornyecKux apTuil, yHUBepCUTETOB, HAayu-
HO-UCC/IeIOBaTeIbCKUX MHCTUTYTOB, Akagemun HayK CCCP

U COIO3HBIX PECITYO/IVK, 3apYOESKHBIX MUHEPATIOTMYECKUX
0OIIIeCTB ¥ OTHENIbHbIX YUEHBIX, U T. [I.) U IPYTUX JOKYMEH-
Tax (IIPOTOKOJIAX, IPOrpaMMax, CTeHorpaMMax KoHpepeH-
LM U IP.) OTpaykaeT 11eJIblli MJIacT J0- U ITOC/IeBOeHHOM
MCTOPUM OTeUeCTBEHHOI MUHEPaJIOrMu U KpUCTaiorpa-
un. Tema ncceqoBanmit IPUPOTHOTO M CMHTETUUECKO-
r'0 KBapiia 6yzeT MpOoJo/KeHa B MOATOTOBIEHHbIX K My-
GnIMKaLUY NUcbMax A. I.-M. H. I. T. JlemmIeiiHa, HeomgHO-
KpaTHo yriomuHaemoro E. B. LIvH3epnauHr.

Asmop 61azodapum peueH3eHmos 3d noJie3Hovle 3ame-
UAHUSL U YMOUHEHUSL.
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Ton6aunHckue anmassl (TTH-50, KamuaTka):
HOBOe€ [J0Ka3aTe/JIbCTBO MX BYJIKAHOTe€HHOV NPUPOabI

B. 1. Cunaesl, JI. I1. Auukun?, I. A. Kapnos2, A. ®. Xa3sos!

IucruryT reonorum OULL Komu HIT VpO PAH, CeikThIBKAp; silaev@geo.komisc.ru, akhazov@geo.komisc.ru
2WHCTUTYT ByaKaHomoruu u ceiicmonoruu [IBO PAH, ITleTpomnasioBck-KamuaTckiuit
alp@kscnet.ru, karpovga@kscnet.ru

Ha noBepxHOCTM ABYX aMa30B, M3BE€YEHHbIX U3 NPOAYKTOB TpelwmHHoro TonbaunHckoro nssepxxenns 2012—2013 rr. (TTU-50),
0OHapyXeHbl NpMMa3kn 6e3ycNOBHO BY/IKAHOTEHHbIX (a3 U MMKPOMUHEPANOB — CUAIMKATHBIX, CYNbMaTHbIX, TMAPOKCUXNOPULHBIX,
OKCUAHbIX U CyNbOUAHbBIX C AICHbIMW OHTOrEHUYECKUMM NPU3HAKAMM €CTECTBEHHOTO HAPACTaHMA HA CKYNbMNTUPOBAHHYIO aNMasHYio
NMOBEPXHOCTb. ITOT GaAKT SABASETCA OYEBUIHBIM NOATBEPXKAEHUEM ECTECTBEHHOMO BY/IKAHOTEHHOTO NMPOUCXOXAEHUS TONOAUUHCKMX
anMa3os.

KnioueBble cnoBa: Kamyamka, TPE’IUUHHOE’ Tonba4uHckoe u3ssepxeHue, asmasel, 8YyJIKAHOZEHHOE npoucxomOeHue.

Tolbachik diamonds (TFE-50, Kamchatka):
new evidence of volcanogenic nature

V. L. Silaevl, L. P. Anikin2, G. A. KarpovZ, A. F. Khazov!

1 Institute of geology Komi SC UB RAS, Syktyvkar
2Institute of Volcanology and Seismology, FEB RAS, Petropavlovsk-Kamchatsky

We found deposits of undoubtedly volcanic phases and microminerals — silicate, sulfate, hydroxychloride, oxide, and sulfide —
with clear ontogenic signs of natural growth on the sculpted surface of two diamonds extracted from the products of the Tolbachik

Fissure Eruption 2012—-2013 (TFE-50). This fact obviously confirms the natural volcanic origin of Tolbachik diamonds.
Keywords: Kamchatka, Tolbachik Fissure Eruption, diamonds, volcanogenic origin.

BBepneHue

[TepBble aMasbl B MPOIYKTaX MTOGOUHOTO U3BEPKE-
Hust Ton6aunka (TTU-50) 6bl1M 0GHAPYKEHbBI B IeKabpe
2012 1., elie 1,0 3aTyXaHus €ro aKTUBHOCTY (AHMKMH U Ip.,
2013; Tanmumos u gp., 2016; T'opmees u np., 2014; T'opnees
u 1p., 2019). [TpakTuuecku cpasy Iocjie 3Toro 0ObIBUINCDH
CKeTITUKY, BBIIBUHYBIIIME BEPCHIO 06 MCKYCCTBEHHOM ITPO-
MUCXOXAEHUNM 3TUX aIMa30B, 0Ka3aBIIMXCST B TTPOJIYKTaX
U3BEPKEHNSI B Pe3y/IbTaTe JIMO0 TEXHOTEHHOTO a3P030JTh-
HOTO 3arpsi3HeHus (Hampumep, BUIEICTBME BO3OYIIHOTO
nepeHoca 13 Kuras, roe B30pBajiCs 3aBOJ, IO BbIpall[Ba-
HIIO aIMa30B — akageMuk H. JI. [lo6peroB), mmbo co3Ha-
TeJIbHOTO UX nombpaceiBanus ([ToxmieHko u ap., 2019;
Litasov et al., 2019). B geiicTBUTEIbHOCTY K€ TOJI0AUMH -
CKJe aJIMasbl, KaK I10 MeCTy, BpeMeHM U CII0co0y 06Hapy-
SKeHMSI, TaK U 10 CBOMM CBOICTBAM SIBJISIIOTCSI BIIOJIHE TIPU-
POIHBIMMU, XOTSI U TeHEeTUeCKy ocobeHHbIMu. Ha mocen-
Hee yKa3bIBalOT MHOTMe ux cBolicTBa (lopaees u ap., 2014;
Cuaes u ap., 2015, 2019): mmockorpaHHO-KyO0OKTadIpu -
YyeCcKuii rabuTyc C akIeCCOPHBIMM IPAHSIMM POMOOIOE-
kaszpa {110}, rerparonTpuoxrasgpa {131}, TpUroHTpUOK-
Tasgpa {332}; 30HanbHasA aHATOMMS C OKTas3gpUYEeCcKUM 3a-
POIBIIIEM B LIEHTPE M KYDOOKTa3IpMueCcKoii 000I0UKOIi;

MPUCYTCTBYE HA I'PaHSIX ajiMa3a MMPaMUIATbHbIX SMOK
C MHOYKIVOHHBIMY TOBEPXHOCTSIMY COBMECTHOTO POCTA
ayiMasa " KCeHOMMHEePaIbHbIX BKIIOUEHNI; TPUMa3Ku
¥ MUKPOIJIEHKM Ha TTOBEPXHOCTM aJIMa30B, CJIO)KEHHbIE
CUIMKATaMM, Cy/IbhaTaMy, META/UTMYECKVMM CIIaBaMMU
9KCIIO3MBHOTO IIPOMCXOKIEHWS ; TUITMYHAS] UMEHHO JIJIsST
MIPUPOIHBIX aJIMa30B acCOLMAIINS MUKPOITIEMEHTOB; TO-
YeYHbIi1, aGCOIIOTHO HearperMpoBaHHbINM XapaKTep a30T-
HBIX CTPYKTYPHBIX e(heKTOB; ITyOMHHO-METaHOBbII 130~
TOIIHBII COCTAB YIJIEPOa C M30TOTTHBIM KO3 UIIIEHTOM
B ripezenax 813Cppp = -28...-22 %o (-25.2 * 1.4 %o), Ipax-
TUYECKV COBMAAAIONINI C MU30TOITHBIM COCTABOM YIJIEPO-
[la B TapareHeTMYHbIX aJIMa3y YIJIepOAHbIX (azax (rpadu-
Te, IUYIepoie, IMYHIUTOIIOA00HOM VB, opraHouax), Kap-
0MIax 1 B OVUCIIEPCHO-PACCESTHHOM HEIIOCPeICTBEHHO B BYJI-
KaHUTax yIJepogHoM BelecTBe. O6001IeHE PE3YIbTATOB
KOMIUIEKCHBIX VICCTIEJOBAHVI TTPUBEJIO HAC K BBIBOIY O TOM,
YTO TOJIGAUMHCKIME aIMa3bl IPEACTABIISIIOT CO60 paHee
HEU3BECTHBI reHeTUYECKMIi TUTT BHEMAaHTUITHbBIX BYJIKa-
HOATMOJJIEKTPOTEHHBIX aJIMa30B, 00pa30BaBIINXCS HEITO-
Cpe[ICTBEHHO B BYJIKAHMYECKOM ITeIJIOra30BOM ObJiaKe
3a CUeT TyOMHHOTO MeTaHa B pe3y/ibTaTe aTMOC(hEepHbIX
IIEKTPUUYECKUX Pa3PSIIOB.

Lns umtuposanus: Cunaes B. U, Auunkun J1.T1., Kapnos In A., Xasos A. ®. TonbaunHckume anmasbl (TTU-50, KamuaTka): HOBOe [0Ka3aTeNbCTBO MX
BY/IKaHOreHHo npupoabl // BecTHuk reoHayk. 2023. 2(338). C. 37—41.DOI: 10.19110/geov.2023.2.5

For citation: Silaev V. ., Anikin L. P, Karpov G. A., Khazov A. F. Tolbachik diamonds (TFE-50, Kamchatka): new evidence of volcanogenic nature. Vestnik

of Geosciences, 2023, 2(338), pp. 37—41, doi: 10.19110/geov.2023.2.5
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HoBbIM noATBepKAeHMeM TPUPOAHOTO IIPOUCXOXKIe-
HMSI TOJIGAUMHCKMX JIMa30B CY>KUT HeJABHSIS HAX0Ka
Ha UX TTOBEPXHOCTY aTaKaMUTOITOIOOHbIX THUIPOKCHUXIIO-
PUIIOB MeIu U IPYTUX MUKPOMMUHEPAIOB, BeCbMa TUTIO-
MOP(MHBIX UMEHHO [IJIsT TPOAYKTOB COBPEMEHHOTO KOHTH-
HEeHTAaJIbHOI'0 1 OKeaHN4eCKoro ByJkaHmn3ma (Kapmnos u op.,
2016; lobpenosa u ap., 2022; Cunaes u ap., 2021). dtn an-
Ma3bl GBIV M3BJI€UEHbI 3 BE3UKYJI TOPUCTOTO Tpaxmba-
3aJIbTa, 0TOOPAHHOTO U3 JIaBbl, M3/MBILeics yepes «IIpopbiB
Haboxko». MecTo oT6opa 06pasiia HaxXoguIoCh BOIM3
(poHTa JIaBOBOTIO IIOTOKA MPUOIM3UTENBHO B 9 KM OT IIPO-
pbiBa. Ha MOBEPXHOCTYM 3aCThIBIIEN CBEKEN JIaBbI OBIIO
MHOTO TPEIVH C MHTEHCUBHBIMM BbIXOJAMU Ia30B C TEM-
nepatypoit 300—500 °C, B cocTaB KOTOPBIX BXOAMUIN Ny,
CO,, CO, Ar, H,, CO,, H,S, CH, 1 Ipyrue yrieBogOpOLbI.
B mopax, kaBepHax 1 TpelllMHaxX aHe316a3aabTOB MPK-
CYTCTBOBA/IM MPUCHITIKM MUHEpPaJbHOTO BelllecTBa 3eje-
HOT0, YepHOTO0, 6eJI0T0, CMHEro 1 KeJITOBaToro 11BeTa. B a-
60paTOPHBIX YCJIOBUSIX BEIIECTBO IPUCHITTOK O6bITO BbIe-
JIEHO U3 JIaBbI TTOCPEJICTBOM BbITPSIXMBAHMS (METOZ, «TyK-
TYK»). IMEHHO B TIONTyYeHHO TaKUM 06pa30M ITOPOIIKO-
BaTOI Macce M 6bLTY 0OHAPYKEHBI aJTMA3bI C MPUMAa3KaMM
Ha [MOBEPXHOCTY BeCbMa XapaKTePHBIX [IJisl ByJIKaHMUUe-
CKMX 9KCIUI03Ui a3 u MyUHepaios.

O6beKT U pe3ynbraTbl uccnepoBaHui

O6BEKTOM UCCIeOBAHMI TIOCTYKUIN IBA YIIOBATHIX
anma3sa. [lepBbiii anmas pasmepom 182 x 127 MKM
(puc. 1, a—06) MMeeT Ha TOBEPXHOCTY MUKPOTHE3I0BOE

MMOJIMMUHEPAIIbHOE BbIJeJIeHME pasMepom 27 x 22 MKM,
CJIOKEHHOE arperaTom CpoCIIMXCSl MUHePaTbHO-()a30BbIX
YacTHUIL, CyOMMKPOHHOTO pasmepa (1.65 £ 0.87 mxm). Ha mo-
BEPXHOCTU BTOPOrO ajiMasa pasmepoM 190 x 142 Mkm
(puc. 1, B—r) HaGTIOAAKOTCS 1BA yUaCTKa C MOMMUHEPAJTb-
HBIMM ITPMMa3KaMy: OTHOCUTENTbHO KPYTHBINA (60 x 10 MKM),
BBITSIHYTBIii BILOJIb MUKPOCKYJIBIITYPHOTO YCTYTIA, U 6osee
mesikmii (10 x 8 MM) cy6u30MeTPUUHBII C pa3MePOM MU-
HepaibHO-(a30BbIx vactuil (1.59 + 1) mxm. B xome aHa-
JM3a MUHepanabHO-Gha30Bbie YACTULIBI B TPMMAa3KaX OKa-
3aJ11Ch MeJibue 1oJieli peHTTeHOCIIeKTPaTbHOTO MUKPO-
30HIMPOBAHMNS, IOITOMY Pe3yJIbTaThl [IOTYYMUINUCh CMe-
NIaHHO-MMHepaIbHbIMMU (TabI. 1).

O60011IeHIEe TOMTYUEHHBIX JAHHBIX TIPUBOIUT K CJIEMTY-
I011eMy BbIBOAY. MUKPOMMHEpaIbHBINM COCTaB MIPUMa30K,
0GHapy>keHHBIX Ha TTIOBEPXHOCTU TOMOAUMHCKUX aTMa30B,
0Ka3aJicsi IOBOJIbHO OJJHOOOPAa3HbIM, BKITIOUAs BYJIKAHO-
reHHYI0 cTeKI0(dasy; MarHe3uaabHbIi OJIMBUH COCTaBa
(Mg 82— 1.86F€0.14—0.18)2[S104], Wy B MyHaIBHOI POpME —
Fog 91—0.93; XanmpKokuanut (Cup ge—1Zng_0,02Ca0—0.09
Fey_0,01K0—0.01)0.99[SO4]; TeHOpUT CuO, GyH3ernT (Nig 830,85
Cug_q.13Mng 04—0.11F€0—0.04)O ¥ IpenNONOKUTENBHO Kac-
cuteput SnO,; mapaaTakaMut coctasa (Cuy 9919521 05—0.08)2
Cly 03—1.24BT0—0.05SO04l0.03—0.13(0H)1 782 84; CybdaAT
Ni[SO,]; Bunnamauuuut CuS,. IIpakTivecku Bce 31 da-
3bl I MMHEPaJIbl BIIOJTHE COOTBETCTBYIOT MMEHHO 3KCIIO-
3MBHOMY MMUHEPaJIbHOMY MapareHe3ucy, BbISIBIEHHOMY
Ha Ton6aunMHCKOM ¥ OPYTUX KAMYATCKUX Y KYPUIbCKUX
BynkaHax (Kapmos u nip., 2014, 2017; CwtaeB u fip., 2019b,
2021).

Cnextp 5

Cnextp 9
Cnexrp 7
.

Puc. 1. COM-u306paskeHst TONOaYMHCKMX aIMa30B C PUMAa3KaMy ByJIKAHOTEHHbIX MUKPOMMHEPATIOB Ha TOBEPXHOCTH (CBET-
noe). Ha 6, T moKasaHbl yY4acTKY PEHTTEHOCTIEKTPATIbHOIO MUKPO30OHAMPOBAHMSE

Fig. 1. SEM images of Tolbachik diamonds with traces of volcanogenic microminerals on the surface (light). Figures b, d show
sections of X-ray spectral microprobe
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Taﬁm/lua 1. XuMmueckuii cocraB MMKPOMMHEPAJTIbHBIX IIPMMAa30K Ha ITOBEPXHOCTU TONOAYMHCKUX aJiMa3oB, Mac. %

Table 1. Chemical composition of micromineral deposits on the surface of Tolbachik diamonds, wt. %

Ne /| SiO, | SnO, | TiO, [Al,O; | FeO | MnO | NiO | CuO [ ZnO | MgO [ CaO | K,0 | so; | cI Br

He He He He He He He

1| 61.62| oo | ogn | 638 | 328 [ 1235 | 834 | 445 | 2 | (o | 143 | | 217 | S| 2

2 | 565 | « « | 484|632 | B¢ | H& 1406 | « [4241] 073 | 078 | 1.46 | « «

06H. | 06H.

56.93 « « 7.69 | 5.82 « « 3.93 « 20.66 | 1.56 | 1.69 1.1 « «

4 [1552] « « 0 4.7 « « | 5748 1.52 O‘g‘f{ 342 | 0.82 | 0.87 | 14.28 | 1.39

5 17.78 « « 1.2 0.66 « « 57.3 1.52 « 4.06 « 3.76 | 13.72 oléi

6 2029 « « HE 1431 | « « 1533701202 « |377 115 B [1509]| «
06H. 06H.

7 | 222 ] « | 1.62] 348 | 222 | « « 5097|186 | « | 3.59 0‘;‘; 2.14 | 11.92 | «

8 [3255] « HE | HE 1246 | « « |3785| 1.4 « | 424 | 132 H¢ |19.18]| «
06H. | O6H. 06H.

9 (2028 « » « | 432 | « « |5338] 202 | « | 377|115 | « [1508| «

10 [22.19| « | 1.63 | 346 | 2.22 | « « 15097 1.86 | « | 361 | « | 215 [11.91] «

11 | 156 | « HE 1 HE 404 | « « 57771153 | « | 344|083 | 0.87 |14.33]| 1.39

06H. | O6H.

12 1758 | « « | 2371058 « « |5666]| 1.5 « | 402 | B¢ 1372|1357 | H€

006H. 06H.

13 | He « « |meo6n « « |75.11 285 | « He « HE 10004 | «
06H. 06H. 06H.

14 | 143 | « « 0 0.4 « « |4298] 114 | « | 3.16 | 034 |50.55 O%f{ «

15 | 1.81 | « « | 644 | 1.41 | 3.04 | 75.56 | 5.12 | H€ « He | HE 1580 | « «

06H. 00H. | O6H.
16 | 1334|207 | « | 552|294 | 68 |62.64 OI({;-I « | 401 ] 176 | « ]092]| « «
17 |1063| H¢ « [11.38] H€ | 266 |61.05] 955 | « He | He « | 473 ] « «
00H. 00H. 00H. | OGH.

He 06H. — not found.
Amnupuueckue popmynst/Empirical formulas:

1 —0.74 creknodasa (glass phase) + 0.23 (Mng 5,Ni 53Cuq 16Feg 13)0 + 0.03 Ni[SO,];

2 —0.21 crexnodasa (glass phase) +0.73 (Mg; geFeq.14)2[Si04] + 0.02 Cu[SO,4] + 0.04 CuO;
3 — 0.49 crexnodasa (glass phase) +0.47 (Mg; g Feq 18)2[Si04] + 0.02 Cu[SO,4] + 0.02 CuO;
4 — 0.2 crexnodasa (glass phase) + 0.8 (Cuy 95Zny 95),Cl; 1Brg o5 [SO4lo.03(OH)2 795

5 — 0.2 crexnodasa (glass phase) + 0.8 (Cuy.95Zng 5)2Cl1 06[SO4l0.13(OH)7 685

6 — 0.3 crexnodasa (glass phase) + 0.7 (Cuy 95Zng g7)2 Cl; 24(OH)3 765

7—0.35 creknodasa (glass phase) + 0.65 (Cu; 9520 97)2Cly 02[SO4)o.08 (OH)2 825

8 — 0.29 crexnodasa (glass phase) + 0.71 (Cu; 93Zng 97)5Cly 59(OH); 755

9 — 0.3 crexnodasa (glass phase) + 0.7 (Cuy 932N og)2 Cli 94(OH), 74;

10 — 0.26 crexnodasa (glass phase) + 0.74 (Cuy 93210 7)2Cl1 02[SO4]0.08(OH)1 525

11 — 0.25 crexnodasa (glass phase) + 0.75 (Cuy 95Zng 05)2Cly 1[S04l 03(0H) 545

12 —0.26 crexnodasa (glass phase) + 0.74 (Cuy 95Zng 05)2Cl1.06[SO4l0.13 (OH)2 685

13 — (Cuy 93Zng 07)5Cl; 28(OH)7 73

14 — 0.02 crexmodasa (glass phase) + 0.98 (Cug g¢Zng 0,Cag,09F€0.01K0.01)0.99 [SO4];

15 —0.11 crexnodasa (glass phase) + 0.11 Ni[SO4] + 0.78 (Nij_ggCug gsMng g4F€0.02)O;

16 — 0.32 crexnodasa (glass phase) + 0.02 Ni[SO,] + 0.65 (Niy ggMng ;Feg g4)O + 0.01 SnO,;
17 — 0.28 crexnodasa (glass phase) + 0.08 Ni[SO,] + 0.64 (Nij gzCug 13Mng ¢4)O

3aKnr4veHue

[TpoBemeHHbIE MCC/IeI0BaHMs IIPUBEIN K OOHapYyKe-
HMIO Ha MOBEPXHOCTU IBYX aJIMa30B, NU3BJI€UEHHBIX U3
MPOoAYKTOB TpelyHHOro Ton6aunMHCKOTO M3BEPSKEHNS
(TTU-50), mpuMasok 6e3yCIOBHO BYJIKAHOTE€HHBIX (a3
Y MMKPOMWHEPAJIOB — CYJIMKATHBIX, CYTb(PaTHBIX, TUIPOK-
CUXJIOPUTHBIX, OKCUIHBIX U CYTbMUIHBIX C SICHBIMU OH-
TOT€HMYeCKMMMU MMPU3HAKaMM eCTeCTBeHHOTO HapacTa-
HUS Ha CKYJbITUMPOBAHHYIO aIMa3HYIO [TIOBEPXHOCTb.

BhISIBIIeHHBIN (QaKT SIBJISIETCSI OUEBUIHBIM IO TBEpsKIe-
HJEeM eCTeCTBeHHOTO BYJIKAHOT€HHOTO ITPOMCXOKEHMS
TOJI6AUYMHCKIX aJIMa30B.
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XpoHuka, cobbiTusi, haktbl. Uctopus Haykm ¢ Chronicle, events, facts. History of Science

«IlepcnekTuBbl ocBoeHus1 Tumano-Ileuopckoii HedTerazoBoy MPOBUMHIIVN

U IIJIaHBbI ITIOCTAHOBKUM PErMOHA/JIbHBIX I'€0/JIOTropa3BE€ad0UYHbIX pa60T»

13 anpens B UHcTUTyTe reonoruu O Komu HLI YpO PAH cocTouTcsi ouepeqHOe HayuyHO-TIPOMU3BOACTBEHHOE CO-
BenjaHue. OHO OPraHM30BaHO COBMECTHO ¢ JlermapTaMeHTOM I10 HeJIporoib3oBaHMio 1o CeBepo-3anafHomy denepanb-
HOMY OKPYTY Ha KOHTMHEHTaJIbHOM Iesibde 1 B MupoBoM okeaHe (CeB3arHeapa) 1 KoMuTeToM 1O MPUPOAHBIM PeCyp-
caM, IpUPOIOTIOIb30BaHNIO U 3Komoruy [ocymapcTBeHHOTO coBeTa Pecrry6mmky Komu. ByayT pacCMOTpeHbI UTOTH Teo-
JIOrOpa3BelOYHbIX paboT HA HedThb 1 ra3 B 2022 1. 1 o6¢cykaeHbI TuiaHbl Ha 2023 T. B MeponpusiTuy NpuMyT ydacTie ¢
IOKJIaZaMM MpeCTaBUTeNM KOMIIaHMIT OCHOBHBIX HeZporoib3oBaTtesneii Pecrryonvku Komu, yueHsie, IpeicTaBUTENN
MPOMWIbHBIX YUPEKAEHMI ¥ MUHUCTEPCTB.

«Prospects for the development of the Timan-Pechora petroliferous
province and plans for set up of regional geological exploration»

On April 13, a meeting on regional exploration works will be held at the Institute of geology FRC Komi SC UB RAS.
The meeting was organised jointly with the Department of Subsoil Use for the North-West Federal District on the Continental
Shelf and the World Ocean (Sevzapnedra) and the Committee for Natural Resources, Environmental Management and
Ecology of the State Council of the Komi Republic. The results of geological exploration for oil and gas in 2022 will be con-
sidered, and plans for 2023 will be discussed. Representatives of the companies of the main subsoil users of the Komi
Republic, researchers, representatives of relevant agencies and ministries will take part in the event with their reports.

HoBbie nsgauust « New publications

VIK 5+549 (470.1)
CrpyKTypa, BeuiectBo, ucropus autochepsl TumaHo-CeBepoypabCKOro CerMeH-
Ta: MaTepuasbi 31-it HayuHol KoH(pepenuym. CoiktbiBKap: VI' Komu HIT YpO PAH, 2022. 152 c.

- = —\!l_ B cb6opHMKe mpencTaBieHbl MaTepuanbl 31-it HayuyHo# KoHbepeHuun «CTpyKTypa, Be-
& % e 11ecTBO, ucTopust mnTocdhepsl TumaHo-CeBepoypasbcKoro cermeHTar. O6CYKIalTcs BOIIPO-
CIPYKTYPA, BELIEETRD, CbI YETBEPTUYHOI T€OJIOTUH, NU30TOITHO re0XPOHOIOTUM, MTHKEHEPHO T'e0IOTUM, JIUTOJIO-
/ ?::::::nmmmckurn IU U CeIVIMeHTONOI MM, TTeTporpaduu, crpaturpaduu, reonorny HedTy 1 ra3a, FreoXuMmum,
o CEIMENTA reo®u3NKH, MaJI€OHTOIOT VY, MUHEPAJIOTUY Y PETVIOHAIbHOI TEOIOTN.
L s Ia—— 3 ﬁ Structure, substance, history of the lithosphere of the Timan-Northern Ural segment:
Proceedings of the 31st scientific conference. Syktyvkar: IG Komi SC UB RAS, 2022. 152 p.

The collection presents proceedings of the 31st scientific conference “Structure, sub-
stance, history of the lithosphere of the Timan-Northern Ural segment”. Quaternary geolo-
gy, isotope geochronology, engineering geology, lithology and sedimentology, petrography,
stratigraphy, oil and gas geology, geochemistry, geophysics, paleontology, mineralogy and regional geology are discussed.

CTtpomaToriopouaeu cuiypa cesepa 3anagHoro Ypana u IIpuypanbs. Ekatepun6ypr:
E. B. AuTponosa VpO PAH, 2022. 134 c.

ISBN 978-5-7691-2552-2

Crpomaronopouaeu

: cunypa cesepa B pa60Te M3/1araloTCda pe3yabTaTbl UBYUEHUS CI/IHyp]/II‘/JICKI/IX CTpOMaTO-l’[OpOI/I,Z[ef/'I Ha ce-
anaaHoro Ypana

u Mpuypanba

Bepe 3arnagHoro Ypasna u IIpuypaibs. IlpuBemeHo MoHorpadguueckoe omnucaHue 52 BuaoB
CTPOMATOINOpOUIEN, MpMHaLIeXaux K 19 pogam.

OcBemnaroTcsl BOIPOCHI paCIPOCTPaHeHs] CUITYPUICKUX CTPOMATOIIOPOM el Ha 3anaz-
HOM CcKJIoHe [IpunonsipHoro Ypaina, CeBepHom Ypaie, mogHATuM YepHOBa, Tpsifie UepHbBIILIEBA.
OnuchIBaOTCSI KOMILJIEKCHI CTPOMATOINIOPOMI eI, XapaKTepHble IJ1s1 OTIpe/ieIeHHbIX CTPaTH-
rpaduueckux noxpasaeneHuii. [IpMBoOASITCS pe3yabTaThl MCCIeAOBAHNSI CTPOMATONOPOU e
C MaJIe03KOOTMYECKMX TTO3UIINIT ¥ OTIUCHIBAIOTCS UX TahOHOMIUYECKMEe 0COOEHHOCTH.

Silurian stromatoporoids in the north of the Western Urals and Cis-Urals. Yekaterinburg:
UB RAS, 2022. 134 p.

The paper presents results of the study of Silurian stromatoporoids in the north of the Western Urals and the Cis-
Urals. A monographic description of 52 species of stromatoporoids belonging to 19 genera is given.

The questions of the distribution of Silurian stromatoporoids on the western slope of the Subpolar Urals, the Northern
Urals, the Chernov Uplift, the Chernyshev Ridge are covered. The stromatoporoid assemblages characteristic of certain
stratigraphic units are described. The results of the study of stromatoporoids from paleoecological positions are pre-
sented, and their taphonomic features are described.
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ICAM

International Council for
Applied Mineralogy

15" International Congres
for Applied Mineralogy

First Circular
www.icam2023.swust.edu.cn
CALL FOR ABSTRACTS AND PAPERS

ABOUT ICAM2023 CONGRESS

The Local Organizing Committee of 15th ICAM has great
pleasure to invite for you attending the 15th International
Congress for Applied Mineralogy (ICAM) on August 20-23
2023 in Chengdu, Sichuan, China. We look forward to the
opportunity of welcoming delegates and providing you with
an intellectually stimulating and socially memorable
Congress.

Since its establishment in 1981, ICAM congress was con-
stantly conducted for fourteen times in Asia, Europe, America,
Australia, and Africa. This is the second time that China has
been granted the opportunity to hold such important in-
ternational conference related to applied mineralogy after
the successful 11th ICAM 2013 in Mianyang. We believe that
the congress will be a great success with the full support
from the Chinese scientists and associations in communi-
ties of mineralogy.

The congress will be held at Sichuan Tianfu New Area
Innovation Research Institute of SWUST in Chengdu, Sichuan
Province. Chengdu has always enjoyed the reputation of
being a "Heavenly Land of Plenty” since ancient times.
Through an exciting range of pre and post Congress field
trips, you can experience Chineze innovations and natural
wonders.

The 15th ICAM congress is aimed at further strengthen-
ing worldwide academic exchange and cooperation in Applied
Mineralogy, and offer a such platform for scientists and en-
gineers to discuss recent research progress with a focus on
future trends on applied mineralogy and promote interdis-
ciplinary cooperation, furthermore, the congress provides a
supporting program to encourage young delegates to attend.

CONGRESS THEMES

"Applied Mineralogy and future" is the theme of 15"
ICAM, Contents as follows:

T1 Environmental and medical mineralogy

T2 Technological mineralogy, industrial minerals, min-
eral processing, and mining

T3 Advanced mineral materials with improved character-
istics, including technical ceramics and glass

T4 Solid Waste Treatment and Recycling, including com-
prehensive utilization of non-metallic mineral resources

T5 Nature-like materials based on mineral basis, biomin-
eralogy

T6 Advanced mineral analytical methods and techniques

T7 Cultural heritage, artifacts, and their preservation

T8 Travertine Sedimentary Evolution and Ecological
Conservation

T9 Applied Clay Mineralogy and Applications

TENTATIVE CONGRESS PROGRAM

Thursday Friday Saturday Sunday August
: 24-26
August 20 August 21 August 22 August 23
09:00 Opening Address
Parallel sessions
09:20
10:05 Coffee break Coffee break Coffee break
]
10:20 8
Parallel sessions &
7z 11:05 Closing Address %
ag. o
% 11:50 Lunch Lunch Lunch i
g [
=] 13:30 =
=
14:15 Parallel sessions Parallel sessions ;
a
15:30 Coffee break Coffee break ,“:’
ot
15:45 parallel sessions parallel sessions é.
=3
17:00 | Poster Section1 | Poster Section 1 ’
7 Di
Pre-Congres 18:30 inner
s workshops 20:00

PUBLICATIONS

Interested participants are encouraged to submit ab-
stracts and papers for oral and poster presentations de-
scribing original and unpublished research work in areas
of applied mineralogy within the themes of the ICAM2023.
Submitted abstracts and full papers will be considered
through peer reviewing process by scientific committee of
15th 1CJIM. All accepted abstracts and papers will be pub-
lished in the conference proceedings. Selected papers from
the conference will be published in a special issue of jour-
nals.

ICAM2023 KEY DATES
30 November 2022 First Circular

15 May 2023 Abstract submission deadline
30 May 2023 Notification of acceptance of ab-
stracts
and Second circular
15 June 2023 Early bird registration deadline

31 July 2023 Final circular
20-23 August 2023 15thICAM2023
15 December 2023 Submission deadline for full papers
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ICAM

Intermtions | Council for
Applied Mineralogy

ELEMENTS OF ICAM2023

All Oral and Poster Sessions for our conference,
- Keynote Speeches

-Invited Presentations

-Oral Presentations

-Poster Presentations

-Workshops

REGISTRATION

General registration fee On-Site Registration, USD450
Early-Bird Registration, USD350
(Before 15 June 2023)

Student registration fee Early Bird Registration, USD300
(Before 15 June 2023)

WORKSHOP AND FIELD-TRIPS

A scries of professional workshops related to applied min-
eralogy will be held in Chengdu at the congress venue be-
fore the 15th ICAM.

The 2 to 3 days field-trips will be organized after the last
day of conference to introduce facilities and cultural heri-
tage related to applied mineralogy to the local and over-
seas participants.

CALL FOR EXHIBITION
A professional Exhibition will be held in conjunction with

this event. The Exhibition will provide an excellent oppor-
tunity for companies to display their products and servic-
es to the delegation. We welcome companies display their
state-of-the-art products. We also welcome financial sup-
port to the 15th ICAM.

VISA INFORMATION

Participants from overseas may need applying visa to at-
tend conference, according to the policies of Bureau of Exit
and Entry Administration of the Ministry of Public Security
of China. We can provide necessary documents and help for
participants applying visa.

CONFERENCE SECRETARIAT

The conference secretary office for organizing the 15th
ICAM is available to assist you within all congress processes,

E-mail: 2023icam@163.com

Tel:+86-816-6089436

Postal address: School of environmental and resource,
Southwest University of Science and Technology, 59 Qinglong
Road, Fucheng,Mianyang, Sichuan, PR. China, 621010

TRAVEL TO CHENGDU

Chengdu has a domestic airport named Shuangliu Airport
and an international airport named Tianfu Airport. You may
easily take (flights and high-speed train to Chengdu.
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