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B pyae Mmectopoxkaennss Mako (CeneraJ)

Cabyxu . Hudpramues *  sabukhi@gmail.com 0000-0001-7887-3061
Wpuna B. Ky3ueropa ' Kuznetsovaiv@mail.ru 0000-0001-6666-6292
Bukrop M. Henaxos 2 nenakhov@geol.vsu.ru 0000-0003-1439-0970
Awmany JTnamio ¥ amadiallo91@gmail.com 0009-0007-4339-2744
Enena M. T'opoynoBa '  lobanova8686@gmail.com 0000-0002-3550-0115
Banepus P. 'ybanosa *  lerchonok.99@mail.ru 0009-0002-0350-504X

1 BopoHexxckuil rocy1apCcTBEeHHBII YHUBEPCUTET HHKCHEPHBIX TEXHOJIOIUH, p-T Peoutonuy, 19, r. Boponex, 394036, Poccus

2 BopoHeXCKUil roCyapCTBEHHBIM YHUBEPCUTET, Y HUBEPCUTETCKA Tuonans, 1 r. Boponex, 394018, Poccust

3 VBaHOBCKHI1 TOCYIApCTBEHHBIM XUMUKO-TEXHONOTHUECKUH yHUBepcuTeT, mp. llepemererckuii, 7, MBanoso, 153000, Poccust
AHHoTanus. CTaTbs TOCBAIIEHA NpobieMe onpeaereHHs 3070Ta U IIaTHHB B pyAe CeHeranbckoro MectopoxkaeHus. IIposeneno
HCCIIEIOBaHNE COAEPXKAHHMA 3070Ta W IUIATHHBI B pyAax MecropoxkaeHuss Mako (CeHeram) I OLEHKM IOTEHIHANa 3TOTO
MECTOPOIXKICHUS JUIsl JanbHeimeld 1o0sdn 1 nepepaboTku. B paboTe Mcnonp30BaIiCh METOIBI TEOXUMUYECKOTO aHAIN3a, BKIFOYast
TEOXHMHIO 00pa3IoB, PEHTTCHOBCKYIO MH(PAKIMIO M CHEKTPAILHBIM aHAIU3, a Takke reopusndeckre Meroasl. [Ipu HarpeBaHuu
pyast 1o 1250 °C 6611 06HApYXEH TONBKO oauH dHIoTepMudeckuii addexr (571,14-593,31 °C), conpoBoxnarouuiics HeGOMbIIONH
notepeit Macchl. I3MenbYéHHYI0 pYyay pa3aeuii Ha 5 Gpakiuil rpaBUTAIMOHHBIM METOIOM. B Tspxénoii hpakinu Obuti 0OHApyKEHBI
MarHUTHBIE ¥ HEMarHUTHBIE MaTepHaibl. [IpOMBIIUICHHBII IPOAYKT COJAEPIKUT TONBKO HEMarHUTHBIE MaTepuanbl. JI€rkas ¢paxmus
npezacraBnsier codoit rmHy. Kpemueszém Obl1 0OHapyxeH Bo ¢pakuuu ¢ pazmepoM vacturl 6onee 0,5 mm. ComepkaHne METaIoB
OIIPEeISUIOCH METOIOM aTOMHO-a0CcOpOIMOHHOM crekTpockonuy. [lepen n3MepeHneM colepKaHus METalIoOB B pacTBOpax ObLIH
MPOBE/ICHBI KOHTPOJIBHBIE H3MEPEHUSI COJIep)KaHMUs 30J10Ta B CTAaHIAPTHOM pacTBope. B kaxnoit ppakiun mccieryemMoii pyasl ObUIH
oOHapyXeHBI U 30JI0TO, U TaTuHa. Hanbonpinee KOIMuecTBO 30J10Ta U IUIATHHBI COACPKUTCA B MIMHUCTON Qpakuuu (0,5 u 25,7 r/T
COOTBETCTBEHHO). HanMeHnsbIee konnuectBo — B Erkoi ¢ppakumu (0,065 u 0,26 1/1). KonndecTBo maTHHEI IPEBHIIIAET CONepPIKaHUe
30JI0Ta B IPOAYKTaxX TIPaBHTALMOHHOro oboramieHus. CrenaHbl BBEIBOJIBI O NPHUCYTCTBHU 30JI0Ta B PyJAe B TOHKOJHCIIEPCHOM
COCTOSIHUM. TpaJWIHOHHBIA METOJ NHAHUIHOTO OOOTANIeHUs MPAaroleHHBIX METAUIOB HE TOAXOJUT I BBIACICHUS
TOHKOJHCIIEPCHOT0 30510Ta. HE00X0 MM ITOMCK HOBBIX AJIbTEPHATHBHBIX, THHOBAIIMOHHBIX METOI0B 000TallIeHHs CCHEeTaIbCKON PYIbl.

KuroueBble cjioBa: 30510T0, UIATHHA, AaTOMHO-aJICOPOIIMOHHBIN aHAIN3, PYAa, TEPMUYCCKUIA aHATHU3, TPAaBUTAIIMOHHBIA METO].

Investigation of gold and platinum in ore from Mako deposit (Senegal)
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Abstract. A study of the gold and platinum content in the ores of the Mako deposit (Senegal) was conducted to assess the potential of
this deposit for further extraction and processing. The work used methods of geo-chemical analysis, including geochemistry of samples,
X-ray diffraction and spectral analysis, as well as geophysical methods. When the ore was heated to 1250 °C, only one endothermic
effect was found (571.14-593.31 °C), accompanied by a slight loss of mass. Ground ore was divid-ed into 5 fractions by the gravitational
method. Magnetic and non-magnetic materials found in the heavy fraction. The industrial product contains only non-magnetic
materials. The light fraction is clay. The silica was found in the fraction with a particle size of more than 0.5 mm. The metal content
was determined by atomic absorption method. Before measuring the metal content in solutions, control measurements of the gold
content in the standard solution were carried out. In each fraction of the studied ore, both gold and platinum were found. The largest
amount of gold and platinum is in the clay fraction (0.5 and 25.7 g / t, respectively). The smallest - in the light fraction (0.065 and 0.26
g/1). The amount of platinum exceeds the gold content in the products of gravity separation. Conclusions are drawn about the presence
of gold in the ore in a finely divided state. The traditional method of cyanide separation of precious metals is not suitable for the
isolation of finely divided gold. A search is needed for new alternative, innovative methods for the separation of Senegal ore.)
Keywords: vibrational spectra, molecular structure, electron diffraction analysis, quantum-chemical calculations.
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BBenenue

Samagnas Adprka obmamaeT OONBIINM 3ama-
COM TOJIC3HBIX MCKOMAEMBIX, TaKMX Kak (ocdarsl,
30JI0TO, IUPKOH, W3BECTHSIK, IIATUHA, JKeIe3Has
pyna. CoriacHo wuccienoBaHusAM aBTOpoB [1-7],
naHHble, coOpaHHbIe B 3amagHoil Adpuke, Moa-
YEepKUBAIOT Pa3HOOOPa3HYI0 MPUPOAY OPOTEHHBIX
MECTOPOXACHUM 30710Ta. JJaHHBIE THIIBI PYIHOIO
MECTOPOKICHHUS MOTYT OOPa30BBIBATHCS U3 Pa3iy-
HBIX HCTOYHHKOB (DITIOMIOB, KaK METaMOP()UUYECKHX,
TaK U MarMaTHYECKHX.

CabonmambCroe MECTOPOKACHHE 30J10Ta BOCTOU-
Hoit yacth CeHerana ObUIO OTKPBITO (DpaHITy3CKUM
WHCTHTYTOM T'€OJIOTHYECKIX Y TOPHBIX UCCIICIOBAHUI
(BRGM) B 1961 romy. DT0 MECTOPOXICHHE HaXO-
JuTcs Ha nosice Mako ['puHCTOYH, B 3an1aIHOM 4acTu
BuprMuaHckoi 30510To# nmpoBuHIKH [8].

30JI0TOHOCHBIE pyAbl BOCTOYHOM YacTu
CeHeraya cOCTOST M3 U3BECTHSIKOB, MEPEKPHITHIX
OoJsiee MOJOABIMH OCaJ0YHBIMU MOPOAAMH, KOTO-
pBIe BKIIOYAIOT apCCHUT U ajeBpoiuT. OCHOBHAS
YacTh PyMHOTrO 3amaca pa3MellaeTcs B mpesenax
30HBI PACIPOCTPAHEHHS XPYNKOTO U MJIACTUYHOTO
pacTsDKeHHUST B MIONIEPEYHOM HAINpPABICHUH IIUPH-
Hoit or 10 mo 50 M, ompenenmsemoil Kak 30Ha
cnsura Camuona [8, 9].

MHoOTHE CTPYKTYPHBIC M TEXHOJIOTHYECKHUE
0COOCHHOCTH PYJl B HACTOSINEE BPEMsI SBISFOTCS
NpeJIMETOM WHTEHCUBHOrO  u3yueHwus [10-14].
B 065acTé TEXHOJIOTHH YYUTHIBAIOTCS KaK TPAJIH-
[HOHHBIE MoaX0/bl (1aHupoBanue [15]), Tak u
MEePCIICKTUBHBIC HHHOBAIIMOHHBIE CITOCOOBI H3BIIC-
YeHHUs 30J10Ta C MOMOIIBI0 OnotexHonoruu [16,17];
rugpoxiopuposanus [18]. Asropsr [19, 20] pac-
CMaTPHUBAIOT P METALTYPrUYECKUX TMPOIECCOB
T0 U3BJICYCHHIO [UIATHHOBBIX METAIIOB. OTMEUaeTcsl,
YTO TaKUE METOJIbI, KaK OOYKHT U BbIIIETaYHBaAHHIE
PYJIbI TTOJT TABICHUEM SIBJISIOTCS KAMTUTATIOEMKHUMH
Y 9KOJIOTUYECKU BPEJHBIMH. W MEXaHU3MBI KHC-
JIOTHO-TO  BBIIICIAYMBAHUS  BBIIICYTOMSHYTHIX
TUTATHHOCOICPIKAIIUX MUHEPAIOB BAPhUPYIOTCS U
MOTYT OBITh YIYUILICHBI MyTEM U3MEHEHHUS YCIOBUI
BBIIIIENAUMBAHNS VJIH PEABAPUTENHHON 0OpabOTKH
pyn/ KOHIEHTpaTOB (HAIpPHUMEP, MEXaHUUECKOM
akTHBaMMu). TeM He MeHee, MHHEpPAJIOTHs Kak-
JIOTO MECTOPOKACHUSI CTaBUT CBOU COOCTBEHHBIC
3a71a4i, CBSI3aHHbBIE C YHUKAIBHON CTPYKTYPOU PYIBL

OnHako moTeHIMaln J00bYM 30J0Ta U Oa-
TOPOJIHBIX METAJUIOB B OCHOBHOM HCIIOJIB3YETCS
HemocTato4yHo [15].

B CBsI3U € 3TUM aKTyalbHBIM SIBISICTCS HC-
ciefgoBaHue cocTtaBa pyasl CeHerana c LeENbIO
OTIpeJIeNICHHs COJICP)KaHHs B HEll OIaropojHbBIX
MeTawioB Au, Pt i BEIOOpa METO/a MX M3BJICUCHUSL.
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MaTepl/laJ'lbI U METOAbI

Pyna Obima mpeaBapuTeNbHO H3MENbUYCHA
Ha IEKOBOHM W BAJKOBOW JPOOMIIKE 30J10TOA00BI-
Baromero npexanpusitusi «Toro gold» Cenerana.
KoHeunsrii muaMeTp W3MeEIbUCHHUS YaCTHI] TIPOOHI
0,074 mm, koHeuHBIH Bec IpoObI 435 1.

Tepmuueckuii aHamm3 oOpasiia ObUT MPOBEICH
npu HarpeBannu A0 1250 °C B aTlOMHHHEBBIX
THTJSIX  co ckopocThio 10 K/mMmH. B atMocdepe
a3oTa Ha MpuOOpe CHHXPOHHOTO TEPMHUYECKOTO
ananu3a Netzsch STA 449 F1 Jupiter.

N3menpuennyto pyay pa3nenmm Ha S (ppakimii
TPaBUTAIIMOHHBIM METO/IOM Ha KOHIICHTPAIMOHHOM
crouie (pucyHok 1).
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Pucynoxk 1. Konnenrpanuonnsri cron "'JDKEMEHU"
Figure 1. Concentration table "JAMENI"

KoHnenTpanioHHeld  cTON MIpeaHa3HavYeH
JUIE MOKPOTO ~ I'PaBUTALMOHHOTO  OOorameHus
Y UMEET JIBOMHYIO 3€pKAIbHO OTOOpayKEHHYIO MO-
BEPXHOCTH [l cenapaniy. C 0fJHOTO KOHIIA [TOAeTCst
MOJIOTasi pyJa, OHa ABIKETCS IO HAIIPaBJIICHUIO
K Pa3rpy304HOMY Kparo JIEKH C IOMOILBIO BO3BPATHO-
MOCTYNaTeIbHBIX JBM)KEHUH, CO3/1aBaeMbIX IpH-
BOJIOM. Ha ka) 701 I0JIOBUHE JIEKU Pa3rpyKaroTcs
4 (pakuuu: CynepKOHLEHTpAT, KOHLEHTPAT, IPOM-
MPOIYKT U XBOCTHI. boJIbIIias yacTs BOJIBI pa3rpyska-
ercsi Bo ()paknuio ¢ XxBoctamu. Ha exe nmerotcs
JKEJIOOKH, B KOTOPBIX 3aJep)KUBAIOTCS YaCTHIIBI
30JI0Ta ¥ HANPABJISIIOTCS B IPHJIETAIOIINE KOHIICH-
TpaTHBIE KETOOKH, JIeKAIIHE BIOITb KaXKIOH ITOJI0-
BUHBI JekH. KaHanmbel pacnojoeHbl Ha KOHIAX
KaXIOr0 KOHLIEHTPATHOTO >KEI00Ka, W pasrpys3ka
OCYIIECTBIISIETCS B TPOYKTOBBIE KOPOOKH.

MuHepaJloTHYeCKU  cOCTaB  MPOIYKTOB
oOorameHus ONpeaeNsjii METOJOM ONTHYECKON
muKkpockoruu (Mukpockor «Olympusy).

Conepxanne MeTauia B KaXJIOW (paxiuu
OTIpeNeNsIIOCh AaTOMHO-a0COPOIIMOHHBIM METOJIOM
C TIOMOIIIBIO aTOMHO-a0COPOIIMOHHOTO CIIEKTPOMETPa
«KBAHT-Z.OTA-1.

[lomumo cTaHAApTHBIX KaTHOPOBOYHBIX
MpoLEeAyp Nepea U3MEPEHNEM COIEpIKaHUI 30510Ta
B pacTBOpax OBUIM TPOBEAEHBI KOHTPOJIbHBIC



Hugpmanues C.I. u op.Becmuux BTYHIIL, 2025, IIT. 87, Ne. 2, C. 165-170

M3MEPEHUs COICPIKaHMI 30JI0Ta B PACTBOPE TAJIOHA.
OTajoHHBIE 00pPAa3Ibl TOTOBHWIIM PAaCTBOPCHHEM
30JI0Ta WM IDIATHHBI B HAPCKON BOJKE JUIS TOITY-
YEeHHUs! paCTBOPOB € KOHIEHTpanuei 51-55 Mkr/m.
3amepsl Ha 9TaJOHE ITOKA3aJIH BEICOKYIO BO IIPOH3-
BOJMMOCTh PE3YyNIbTaTOB, HM3KHH IIOKa3aTellb
cpenHero kBaapartuuHoro otkionenus (CKO)
Mmeree 2,0 u ero Manyro omubky (OCKO 3,5%),
YTO YKa3bIBAaeT HA BHICOKYIO HAJIKHOCTh H3MEPEHHIA.
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PesyabTaTel u 00cyxIeHHe

Mo naHHBIM TEPMHYECKOTO aHajn3a B WHTEp-
Basie Temmeparyp 571.14-593.31 °C npucytcTByeT
HeOOJIBITION HToTepMITdeckuii addekt (q = 1,409 Jhx/r)
¢ Masioit morepert Maccel 0,06%, coOTBETCTBYIOIIMI
npoleccy pasiokeHus MarepuanoB (ymaieHue
OCTaTOYHOM BJIard, OPraHUKH H Jp.). bonbIe Hika-
kux 3¢ dexToB nmpu HarpeBaHuu pyasl 1o 1250 °C
He 00HapYKeHO (PUCYHOK 2).
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Pucynok 2. Tepmuueckuii aHamu3 pyabl
Figure 2. Thermal analysis of ore

B pesynbrare pazneneHust pyabl IpaBUTAILOH-
HBIM METOJIOM TONYYWIIM TATh (PPaKIUii: TSHKEITYIo
(paxmuro yepHoro 1eera ® = 1.825%; npommpo-
IyKT KopudHeBoro mpera o = 11.485%; merkyro
(paxmuro Oenoro nera ® = 32.388%; rimmHUCTYIO
o = 17.629%; dpakimrio ¢ pazMepoM 4acTuIl OOJIbIIe
0.5 MM o = 36.673%.

ITo pe3ynbTaTamM ONTHYECKONH MUKPOCKOITUH
B COCTaB PYyIbl BXOJAT CIEIYIOIINE MHHEpAbI:

590 600 610

mupkoH ZrSiOs; amatut Cas(POs)3(OH, Cl, F);
pytun TiO.; amomocuiukar Aly Siz Os; MarHeTHT
Fes Oa; sxenesoconepskanme mMunepanbl FeTiOs;
Cr[FeAl]20s; FeAls[SiO4]202(0OH), (tabmura 1).

Jlis  ompeneneHus COACPKAHHs 30J0Ta
W MJIATHHBI  aTOMHO-3JICOPOIIMOHHBIM ~ METOJIOM
KXy (QpaKIUo pacTBOPUIIM B IAPCKOH BOJIKE.
Pe3ynpTaThl aHanM3a Ha CONEPXKAHUE METAIIOB
MIpeJICTaBJICHbI B TA0IUIE 2.

Tabmuna 1.

MuHepanbHBIi COCTaB MPOAYKTOB 00OTaleHns Ha KOHIeHTpannonHoM croue "JAMENI"

Table 1.

Mineral composition of enrichment products on the concentration table "JAMENI"

DpaKIHOHHBIN COCTAB PYAbI
Fractional composition of ore

MuHepanoruueckuii CocTaB pyibl
Mineralogical composition of the ore

Tsoxenas pakius | Heavy fraction

CuipHo MarauTHbI MuHepain FesOq | Strongly magnetic mineral FesOs
Hemarrurasiemunepanst TiOz, ZrSiOs, Cas(PO4)3(OH, Cl, F)
Non-magnetic minerals TiOz, ZrSiOs, Cas(RO4)3(OH, Cl, F)
OnexkrpomarautHeie MuHepainsl FeTiOs, Cr[FeAl]2 O

Electromagnetic minerals FeTiOs, Cr[FeAl]2 O4

[Mpommpoaykrsr | Industrial products

Hemarrurasle MuHepansl SiOz; ZrSiOs; Cas(PO4)3(OH, CI, F)
Non-magnetic minerals SiOz; ZrSiOs; Cas(R0O4)3(OH, Cl, F)

Jlerkas ¢paxmus |Light fraction

I'nuua | Clay

Opakuust > 0,5 MM | Fraction > 0.5 mm

Kpucramist SiOz | SiOz crystals
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Tabnuna 2.
PesynpTathl aHanmm3a Ha cofiepKaHKe 30J10Ta U IUIATHHBI B IPOYKTaX 00OTaIleHHs
Table 2.
The results of the analysis for the content of gold and platinum in the products of enrichment
PpaKimONHbIii COCTaB Py bl Macca semectsa, r 06:(e)i[dxiach:§(|)$0]ﬁ¥: o Au, Mxr/n | Pt,mxr/n | Au, /T | Pt /T
Fractional composition of ore Weight of substance, g of tsar's vodka solution, ml
Tsoxemas dbpaxis | Heavy fraction 3.00 15 39.900 | 225.000 | 0.200 | 1.120
IIpoMnpoayKT 0.94 5 29.900 55.700 | 0.160 | 0.300
Jlerkasi dpaxrmst 0.60 3 104.210 | 514.100 | 0.520 | 25.700
IMpommpoaykrsl | Industrial products 1.00 3 92.311 514.100 | 0.270 | 15.420

HauGosblee KOIMMYECTBO 30710Ta U IUIATHHBI
obnapyskeno B jerkoit dpakiuu (0.52 u 25.7 r/1),
HanMeHblnee — B npommpoaykrax (0.16 u 0.30 /).
[InatnHa TpUCYTCTBYET B KXKOOW (paKIuH WC-
CIIelyeMOH pyibl B KOJIMUECTBAX, MPEBBIIIAOIINX
coJiep>KaHue 30JI0Ta. 3aMETHOE KOJUYECTBO 4Ya-
CTHUI] METaJUIa MPEICTABICHO B TOHKOAUCIIEPCHOM
COCTOSTHUM, TaK KaK HAXOJUTCS B JIETKOH (pakimn
B OOJNBIIMX KOJMYECTBAX, YeM B THKENOH (hpakuum
Y TIPOMIIPOTYKTAX.

W3BecTHO, YTO BBICOKAsT YyJENbHAs TOBEPX-
HOCTP TJIMH (KAOJIMHOB), BXOJSIINX B COCTAB JICTKOM
(pakiuy, CrocoOCTBYeT COPOIMH MEJIKOUCIICPC-
HOTO 30JI0Ta C (POPMOIi YaCTHI MPEOIOKHTEIBHO
B BUJIC TOHKUX IJIACTHH. JTOT (aKT CYIIECTBEHHO

YCIIOKHSAET BO3MOKHOCTh W3BJIEUEHHS 30JI0Ta
TPaIUIMOHHOM TeXHOIOrnel uanuposanus [10].
JIy1s1 BBIZIETIEHHST 30J10Ta M IUTATHHBI 13 Py isl CeHerana
HEOOXOIMMO TOHKOE M3MeJIbUEHHE MaTepraia i Ipu-
MEHEHHE HOBBIX TEXHOJIOTHIA [IEpepabOTKU PY/IbI.

3akiIouyeHue

INpoBeneH QU3NKO-XUMHIECKUI aHAIN3 PY/AbI
Mmectopokaennss Mako (Ceneran). OmpeneneH
MHHEPAJIOTHUECKUI 1 (PPaKIOHHBIN cocTaB. Jlerkas
TJIMHUCTAsT (PPaKIUS CONEPIKUT HANOOIbIIee KOJIHye-
CTBO 30JI0T@ M IUIATHHBI 10 CPABHEHHUIO C TSDKENOM
¢dpakmueir u npoMmnpoaykrom. [is n3BnedeHus
JParolieHHbIX METAJUIOB U3 PyIbl HEOOXOIUMO HC-
TIOJIB30BaHNE HOBBIX HMHHOBAILITMOHHBIX TEXHOJIOTHH.
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