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Ha npumepe bepesuroBoro MectopoxieHuss B AMYPCKO# 001acTH IOKa3aHO 3HAYEHHUE JIaH AP THO-T€OXH-
MHUYECKON MH(OpPMAIMU B CUCTEME FOPHO-IKOJIOIMYECKOT0 MOHUTOpHHTA. lcclienoBaH BelIeCTBEHHBIN CO-
CTaB '€0CUCTEMBI Ha TEPPUTOPUH MECTOPOXKIeHH. JlaHa XapaKTepHCTHKa MUTPAllMOHHBIX MTPOIIECCOB B CUC-
Teme ropHas roposa P Boxa P nousa P pactenue, nmo3sosisironiasi CHCTeMaTU3UpOBaTh JaHAMAPTHO-T€OXUMHU-
YeCKyI0 HH(POPMAIHIO U UCIIOJIb30BATh €€ B KOHTEKCTE TOPHO-3KOJIOIMYECKOT0 MOHUTOPHHTA.

Knrouegwie cnosa: ropHo-3K0JI0rH4eCKH i MOHUTOPHHT, 3JIeMEHTAPHBII reoOXUMUYecKHii Janmagt, reo-
cucTeMa, JaHamagTHO-reoXuMHuUYecKkasi HH(popManus, MUrpanust XHMHYECKHX dJIe-
MEHTOB, MUTPALMOHHBIEe KO3 (PHIHEeHTDI, 0MOreHHAS] MUTPalHs, BOAHAS MUTPALMS,
30JI0TONOJIMMETALINYECKOe MeCTOPOKIeHHe, AMypcKasi 00/1aCTh.

BBEJIEHUE

BakHoli rocynapcTBEHHOH 3aaueil COBPEMEHHOIO
Iepuoja ABJIAETCS YIy4IlIEHUE DKOJIOIMYECKOM CUTya-
UM B PETHOHAX C LIMPOKO PAa3BUTON TOPHOAOOBIBAIO-
el npoMsllIeHHOCTbI0. K Takum palionam ¢ noaHoH
YBEPEHHOCTHIO MOKHO OTHECTH AMYPCKYIO 00/1acTh, TE
3010TO100KIYA BeaeTcsa Oosee 130 met, 1 mo 3amacam
POCCBIITHOTO U PYIHOTO 30JI0Ta AMypcKast 00J1acTh 3aHU-
MaeT JIUAUPYIollee NOJ0KEHHUE B JJaIbHEBOCTOYHOM pe-
T'HOHE.

B ropHomoObIBaroOIUX pailoHax co3mgaeTcs BechMma
HanpsHKeHHAs SKOJIOTHYeckas 00CTaHOBKa, HHPOpMAaIus
0 KOTOPO# coOupaeTcst B paMKax TOPHO-3KOJIOTHIECKOTO
MOHUTOPUHTA, KOTOPBI OCYIIECTBISETCS MO MPUHATHIM
pykxoBoxctBaMm [1, 3, 7]. HopmupoBaHue TEXHOTE€HHBIX
BO3/I€MCTBUI NMPOBOAUTCS MO CAHUTAPHO-TUTHEHHUYEC-
KHMM I10Ka3aTelsiM, KOTOpbIE JIUIIb YACTUYHO OTBEYAIOT
CBOEMY Ha3HaueHuto, nockoibky IIJIK Teppuropuanbao
He nu(epeHINPOBaHbl, HE YUUTHIBAIOTCS THUIIBI I1OYB,
UX YCTOMYMBOCTB K 3arpsA3HEHUIO, & TAKXKE BUJbI 3eMIIe-
10J1b30BaHus. J{JIs IOYB MPOMBIIIIEHHBIX 30H U CEJIbC-
KOXO034MCTBEHHBIX yronuil B Poccum neicTByIOT OIHU U
te xe [1JIK. Kpome o0menprHATHIX MOIXO0M0B K OIICHKE
9KOJIOTUYECKOTO COCTOSHUA OKpPY Karolled cpelbl B II0-
cleJiHee BpeMs MOSIBIIIOTCA U HOBBIEC pa3paboTku [4].

OCOOEHHOCTBIO aHTPOTIOTEHHOTO MTPeoOpa3oBaHus
MIPUPOJHON Cpe/bl B TOPHOJOOBIBAIONINX paHOHAX SBIISI-
€TCsI TO, YTO 3/1€Ch MPOUCXOIUT HANOKEHUE TEXHOTCHHO-
TO 3arpsA3HCHUS Ha MPUPOIHBIC TCOXUMHUUECKHE aHOMa-
auu P BTOpUYHBIE OpPEONbl U TOTOKU PacCcesiHUs B MOY-
BaX, JIOHHBIX OTJIOKCHUAX, PACTCHUSX, TOJJ3EMHBIX H MO-
BEPXHOCTHBIX BOAax. Ilo4UBBI SBIAIOTCS OCHOBHBIM
00BEKTOM OKpY’KaIOLIeH Cpeasl, ACTMOHUPYIOMIUM pa3-
JIMYHBIC BUABI 3aTPSA3HEHUSI M BHIOTHSAIOUINM TIPH 3TOM
poib Oydepa u 1eTOKCHKaHTA.

Jl1s 0OBEKTUBHOM OIIEHKH COBPEMEHHOTO U IPOT-
HO3HOTO COCTOSIHUSI IPUPOTHON Cpeasl Ha TOPHO-MPO-
MBIIUICHHBIX 00BEKTaX B CHUCTEME TOPHO-3KOJIOTHYEC-
KOTO MOHHTOPHHTa HEOOXOIMMO IPUBIEKATH JAHJ-
ma(THO-TEOXUMUYECKUE METO/IBI UCCIEIOBAHNMN, KOTO-
pBie 00manaoT OONBIINMU BO3MOXHOCTIAMH (DPUKCUPO-
BaTh CTPYKTYPHO-(DyHKI[HOHAJIBHbBIE CBOIICTBA reOCHC-
TeM P oT yueta MOpGOoIOrHueCcKUX MIPU3HAKOB IPUPOA-
HBIX KOMIIOHEHTOB JI0 aHaJlN3a UX BEIIECTBEHHOIO CO-
CTaBa, YTO OCOOCHHO BAXKHO MPU M3YyUYCHUH JUHAMHUKHU
T€OCUCTEM.

B nacrosimeit pabote mocraBieHa 3a7ada Ha MpH-
Mepe bepe3uToBoro 3010TONOIMMETAIMYECKOTO MecC-
TOPOKACHUS I0Ka3aTh BO3MOXHOCTU HCIOIb30BAHUS
JaHAmapTHO-TEOXUMUYECKON HH(OPMAINN B CUCTEME
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TOPHO-3KOJIOTHUECKOTO MOHUTOpUHTra. OOBEKT HCCIIeNno-
BaHUs pacnoyiokeH B ThIHAMHCKOM pailoHe AMYpCKOH
obnactu B 140 kM K roro-zamany ot . TeiHaa (puc. 1), B
MeXAypeube JEBbIX IPUTOKOB p. Xalikra P pyusu -
myThl, bepesutoBeiit, TpyOHsIit 1 OporkaH, B mpeaenax
Bbepe3uroBoro pyqHoro ysia, KOTOPBIH BXOIUT B COCTaB
Vpyma-Onbaoiickoro 30JI0TOHOCHOTO paiioHa. Mecrto-
POXACHHUE OTHOCHUTCS K 30JI0TO-KBapL-CyIb(QHUIHOMI
dhopmanuu.

B xone »skcmiayaTanMu TOPHO-TIPOMBIIUIEHHBIX
npennpusatuil OOO Tbepe3uToBblil pyAHUKY IPOU30H-
JyT 3HaUNTENIbHBIC N3MEHEHHUs reocucteM. HeraTusHble
IIOCJIEACTBUS CTPOUTENBCTBA U IKCILTyaTallM MOLHOTO
Kapbepa U nepepabdarsiBaromeil padpuku ¢ XBocToxpa-
HIJTUILEM NIPOCIIEKHUBAIOTCS B COBPEMEHHON ManamadT-
HO-TCOXUMUYECKOH 0OCTaHOBKE, KOTOpas OMpeAeiseT
MyTH TPAHC(HOPMALIUH U NIEPEPACIPEACTICHUS IPOAYKTOB
TEXHOI'€He3a B reocucremax. IIporuos npeacrosimux us-
MEHEHMH B pUpogHOU cpene P aTo BakHelnas 3aznaua,
KOTOPYIO HEBO3MOXKHO pemaTs 0e3 JaH madTHO-TeOX -
MUYECKUX UCCIIEN0BAaHUN TeppuTopuu. Takoil MPOTHO3,
cornacHo B.B. Couage, P sTo TpaspaboTrka npencrasie-
HUH 0 IPUPOTHBIX TeorpaUIeCcKUX CUCTEMax OymyIue-
T0, a IMEHHO, 00 UX N3MEHEHUSX, MOTYIIUX BO3HUKHYThH
B IIPOLIECCE CIIOHTAHHOIO PAa3BUTHs, HO Yallle BCEro
BCIEJCTBUE JEATEIbHOCTH YEJIOBEKAa I10 OCBOEHUIO
MECTHOCTH, pa3pabOTKe MPUPOAHBIX PECYPCOB U B CBSI3U
C IpyI'MMH €I0 BO3AEHCTBUSAMU Ha OKPY’KaIOLIYIO cpenyyY
[8, c. 292].
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Puc. 1. O630pHas kapra AMypcKoii 00JacTH.

1 P mecTtononoxkenue bepe3utoBoro MecTopokacHus (paiioH Hc-
CJICJIOBAHWUSI).
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JlanamagTHO-TeOXUMHUYECKHI ITPOTHO3 HAMIPABICH
Ha IpeACcKa3aHue INOTEHLUAIbHO BO3MOXKHBIX U3MEHE-
HUH (C yU4eTOM BO3ACHCTBHSI MPUPOIAHBIX U AHTPOIOT'CH-
HBIX (DAKTOPOB) KONMMUYECTBEHHBIX IOKa3aTeslel Bele-
cTBa B reocucreMax. Ilpu manamagTHO-reOXUMHUIECKOM
MPOTHO3UPOBAHUH NMPHUPOAHBIE 0COOCHHOCTU I'€0CUCTEM
paccMaTpuBaIOTCS Kak (POHOBBIC XapaKTepUCTHKH. Tex-
HOTCHHBIE (PAKTOPHI BBI3BIBAIOT U3MCHECHUE BEIIECTBEH-
HO-?HEPreTU4Yeckoro 0anaHca, HAKOIUIEHHE 3TUX H3Me-
HEHUN NPUBOAUT K BO3HUKHOBEHHMIO AHTPOIOTEHHBIX
Moaudukaruii reocucteM P aHTPONIOreHHBIX BapUAHTOB
CTPYKTYpPBI IPUPOJIHBIX T€OCUCTEM, HO IIPU 3TOM I'€0CH-
cTeMa IO-IIPEKHEMY OCTAETCsl aHTPOIIOIEHHO-IIPUPO-
HBIM 00pa30BaHHEM.

METO/JbI UCCJIEJOBAHUS

Jig XapakTepUCTUKM JaHAMA(PTHO-TEOXUMHUUEC-
KOW 0OCTaHOBKH Ha TEpPpUTOPHH bepe3uToBOoro mecro-
POXACHUS MPUMEHSIIUCH JTaH A THO-T€OXUMUIECKHE
METO/[bl UCCIIEIOBAHUS [2], BEAYIIUM W3 HUX SBISIETCS
conpsikeHHbIN ananu3. [log HUM nonumaetcs [9] cnenu-
(buyeckuil METO HCCIeIOBaHUS B TEOXUMHUH JIaHmad-
Ta, 3aKJII0YAIOIIMICS B OJHOBPEMEHHOM U3yYE€HUH XU-
MHYECKOTO COCTaBa BCEX KOMIIOHEHTOB JaHAmagTa
(TOpHBIX MOPOJ], KOPBI BHIBETPUBAHMS, TIOBEPXHOCTHBIX
U TIOJI36MHBIX BOJI, TOYB, PACTUTEIBHOCTH) U MOCIEIYIO-
LIEM CPAaBHEHMH IIOJYYEHHBIX PE3YJIBTaTOB MEXIY CO-
00if KaK B mpenenaax OAHOTO MEMEHTAPHOTO TCOXUMHU-
yeckoro naramadra (IIJI), Tak U cMexHbIX ¢ HUM. Co-
IPsDKEHHBIN aHalIU3 BBIABISAET XapakrepHsle aius OIJ1
XUMUYECKHE IEMEHTBI U IIO3BOJISIET MPOCIEIUTh HX
MUTPALUIO BHYTPH KOMILIEKCa (paauaibHyI0) U OT OHO-
ro KOMIUIEKCa K JIpyromy (JlaTepaibHYIO).

CosokynHocTbs OIJI, cMeHsAOmUX APYT Apyra ot
MECTHOTO BOZIOpa3/esia K MECTHOHI JAENPECCUM U CBA3aH-
HBIX JPYT C APYTOM MHIpanuel BEIIECTBA B TBEPIOM
WK KUJIKOM BHJE, 00pa3yeT JaHAmapTHO-TeOXUMUIeC-
KHE PSAbI, B KOTOPBIX IIPUHATO BBIJCNSATH aBTOHOMHBIE,
TpaH3uTHbIE U ogqunHeHHble DIJ1. B aBronoMHubIX D171,
PACTIOJIOKEHHBIX B BEPXHEH UacTH JIAaHAA(PTHO-TEOXHU-
MHUECKOTO MPOGHIIs, MOCTYIUICHHUE BEIIECTBA IPOUCXO-
JTUT TOJBKO M3 arMocdepsl, BEIHOC BemiecTBa P uepes
(mIBTpaIMIo B paJuaJbHOM HANpaBiICHUU U UCTIAPEHUE
B atmoc(epy. B TpansutHbIX DI K TeM ke mporeccam
Jo0aBJsieTcst TaTepalibHbIA BBIHOC P TpaH3UT MaTepuana
C TIOBEPXHOCTHBIM U BHYTPUIIOYBEHHBIM CTOKOM. B mon-
yiHEeHHBIX OIJ] ypoBeHb IPYHTOBBIX BOJ MPUOIIKEH K
MOBEPXHOCTH, U JAHAMA(PTHI MOTYUYAIOT JOTOJHUTENb-
Hbl€ BEIeCTBA B IPOLECCE KalUUIAPHOIO MOJAHATHUS
BJIarU.

Jnst XapaKTepHUCTHKU IPOLIECCOB MUTPAIIUU XU-
MUUYECKUX DJIEMEHTOB BBIIOJIHAIOCH TPU BUAA IIEepe-
CUYETOB:
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1. CpaBHEHHE XMMUYECKOTO COCTaBa TOPHOM Mopo-
JIBI C COCTABOM IOYBBI M BBIUMCIICHUE MIOBHAIBHO-AK-
KyMyJSTHBHBIX K03 duimentos (K ) u psnoB BbiHOCA 1
HAKOTJICHHUSL.

2. CpaBHEHME XMMHYECKOI'O COCTaBa I10YBBI C CO-
CTaBOM 30JIbI JIECHOH MOACTUNKU. Beruncienne koaddu-
[UEHTOB U PSAA0B OHonornyeckoro morsiomeHus. Koag-
(buUIHEeHT OMOIOTHYECKOTO MOTIOIICHUS, I OUOTIOTH-
ueckoit murpanuu (K;), P oTHOImIEHME conepkanus Xu-
MHUYECKOTO 3JEMEHTA B 30JI€ JIECHOM MOICTUIKH K CO-
JIEPKAHUI0 XUMHUECKOTO 3JIEMEHTA B MOUBE.

3. CpaBHEHHE XMMHUYECKOTO COCTaBA PEYHBIX BOJI C
XUMHYECKUM COCTaBOM JIPEHHPYEMBIX TOPHBIX MOPOI.
Brruncnenne MUTpaioHHON CIIOCOOHOCTH 3JIEMEHTOB B
BuJie ko3 dunreHToB BogHOM Murpanuu. Kosdpdumm-
et BoaHoi murpanuu (K ) P oTHomenue conepxanus
XMUMHYECKOTO 3JIEMEHTA B MIOBEPXHOCTHBIX BOAAX K CO-
JICpKaHUIO B TOPHBIX MOPOJAX.

ITpu pacdyere OTHOCUTENBHBIX KO PHUINEHTOB HC-
MOJIB30BAIMCh JAHHBIC AHAIM30B IOYB, 30JbI JECHOMN
IIOJCTHJIKH, BOJBI YETHIPEX MaJIbIX IPUTOKOB p. XaliKra
U TOPHBIX IOPOJ METOJAMU aTOMHO-3MUCCHOHHOW U
MacC-CIIEKTPOMETPHH C MHAYKTUBHO CBSI3aHHOW IIa3-
MOH. AHaJIUTHYECKUE HUCCIEAOBaHUS MPOBOJUIUCH B
ITAJI OAO TAmypreonorusay B I. biarosemenck. Arpo-
XUMUYECKUM aHallu3 MPOBOJUIICA B arpOXUMUUYECKOHN
nabopatopuu Kadeapsl 3eMie/ieNusi, TOYBOBEICHUS U
arpoXMMHHM MHCTUTYTa arpOXUMHUHU M dKoJoruu Jlanb-
I'AY (r. bnarosenieHck).

PE3VYJIBbBTATBI UCCJIEJOBAHUS

ITo umeromumMcst cperHEeMacIITaOHBIM MTOKOMIIO-
HEHTHBIM MaTepuanaM AJs BOCTOYHOH yacTu Ypya-
OnbJ0MCKOTO 30J0TOHOCHOTO y3ia Oblja COCTaBlieHa
0030pHas nanamadTHO-TeoOXUMHUYecKas kapta (puc. 2).
CornacHo 3ToM Kapte, bepe3nutroBoe MecTopoK/IeHUE Ha-
XOJUTCSI B TOPHO-TAECKHOM F€OXUMHUYCCKOM JaHAmadTe,
KOTOPBIM MMEET PacwICHEHHBIN penbed ¢ XapaKTepHBIM
npeoOrajaHueM TPaH3UTHBIX JaHamadToB. OH CI0XKeH
[1aJIE0301-ME3030MCKMMHY MarMaTu4eCKUMU I[OPOAAMHU
KHCJIOTO-CPETHETO COCTaBa M OTHOCUTCS K KMCIBIM M KHC-
so-rneebiM (H', H'-Fe?") mepanoThbM nanamadTam.

TepputopuanbHast OpraHu3aIs NIPUPOIHBIX KOMII-
JICKCOB MOCTPOEHA 10 CHCTEME HMEPAPXUUCCKU MOTIH-
HeHHbIX OIJI, o b.B. [HonbHoBy [6], A.M. I'mazoBckoi
[2], A.W. Tlepenbmany [5]. B3aumocBsi3u 1 B3aMO3aBU-
cuMocTu Mexay komrnoHeHtamu OIJI onpenensitores pa-
JUAIBHBIMU U JIaT€PalbHBIMU IIEPEHOCAMH BEIIECTBA U
9Hepruu. MUKpOKOMIIOHEHTHBIN COCTaB II0YB OLIPEIEIIsl-
eTCs CBOMCTBaMU MOYBOOOpasyromux nopos. Ha uccie-
JIOBAaHHOM TEPPUTOPHH JaHIIIAPTHO-TEOXUMUYECKHIA
PSII TIPEICTABIICH:

bopucosa
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Puc. 2. JlanamadrHo-reoXuMuUecKas KapTa-cxema Boc-
TouHOH yacTu Ypyma-ObJ0HCKOr0 30JI0TOHOCHOTO y3J1a

1P3 P Tumel, ceMeiicTBa M KJIaCChl TEOXUMHUYECKUX JaHIIad-
ToB. / Propuas Taiira: KMCIbIil U KHCIIO-IJI€EBbIM MEep3I10THBIH
knacc (H*, H"-Fe?") P qurensHo mpomep3arolue rpy6orymyc-
Hble OypoTae)XHbIe IMOUBbI; 2 P Mapu: KHCIBIH TIeeBbIil Mep3-
notublit knace (H™-Fe?") P Mep3noTHble 6010THBIE HOYBLL; 3 P
foKHas Taira: kucibii kiaace (HY) P Gyporaexusie mousst; 4P6 P
poxabl reoxuMudeckux JanamadTos: 4 P manmmadrer TpeTbero
pona (ropsl, conkn); 5 P manamadTe! BToporo poxaa (miaro); 6 P
naHamadTe MepBoro poxa (AaKKyMYJISTHBHO-ICHYIAIIMOHHAS
paBHuHA); 7PI] P BuaBI reoxuMuyeckux JaHamadpTos: 7 P Ha
ITIOBUII-IEITIOBUY NAJIC030i-Me30301CKNX MarMaTHIecKux (Tpa-
HUTHI, TPAaHOAUOPHUTHI, TabOpo, rabOpoanopuTHl, radbopoaHop-
TO3UTBI) IOPOJ KUCIOTO-CpeiHero cocrasa; § P Ha airoBuii-e-
JIIOBUH MAJIC0301-Me30301CKIX TEPPUTCHHBIX OTI0KEHUH (Tec-
YaHWKH, aJEeBPOJINTHI, KOHIJIOMEPATHl, IPaBEJIUTHI, INIHHUCTHIE
cnaHnpl); 9 P Ha DIFOBUN-ICTIOBUN TOKEMOPHICKUX U MAleO-
30MCKUX MarMaTn4eckux (TPaHuThI, TPAHOJHOPHTEI) TOPOJ KHC-
joro cocrasa; /0 P Ha Me3030ii-kailHO30McKOl KOpe BBIBETPHU-
BaHUS TEPPUTECHHBIX OTIOXKEHUH C OT/IEIbHBIMHU BBIXOAAMHU Mar-
MaTHYEeCKUX (IMOPUTHI, TPAHOIUOPHUTEI, TPAHUT-IOPHUPHI) TTO-
poxn; /I P Ha TIIMOLIEH-HI)KHEYETBEPTHYHBIX U BEPXHEMHUOLE-
HOBBIX 03€PHO-AIITIOBUATBHBIX OTIOKEHUX (TI€CKH, CYITHHKH,
[JIMHBI, TajgbKa); /2 P rpaHUIBl TEOXUMUYECKUX JaHAIIA()TOB.

1) aBTOHOMHBIMH (ANIOBHATBHBIMK) JaHAmadTa-
MU, IPUYPOUYECHHBIMU K BEPIIMHHBIM MOBEPXHOCTSIM U
3aHMMaromuMu MeHee 1 % Iulomaau TEPPUTOPUU HC-
CIICZIOBAHUS;

2) NOMYMHEHHBIMHU (TpaHCCyTIEpaKBaIbHBIMU) JTAHA-
madTaMy B JHUIIAX JOJTUH TOPHBIX PEK, OXBATHIBAIOIIH-
Mu npumepHo 20 % miomaay ucciae 0BaHHON TepPUTO-
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pHUH, OHU 3HAYUTEIHHO HAPYIICHBI POCCHIMHOI 30710TO-
JOOBIYEH;

3) TpaH3UTHBIMH (TPAHCINMIOBHAIBHBIMH, TPaHC-
9MIOBHATIBHO-aKKYMYJISITUBHBIMHU ) JTaHAIA(TaMH, 3aHH-
MAIOIUMH OCTaBIIYIOCS IUIONIAb U PACHIOIAraloIuMU-
Cs1 Ha CKJIOHOBBIX ITOBEPXHOCTSX.

Jlig uccnenoBaHHON TEPPUTOPUU XaPAKTEPEH Iop-
HO-JIOJMHHBIN THN conpsbkeHus. Ha nanamadrHo-reo-
XUMHUYECKOM Tpodune (puc. 3), 3aJ0KEHHOM OT Bep-
IMIMHHOM IMOBEPXHOCTU IO CKJIOHY MEXAYpEubsl pyd.
TpyOuslit u p. Oporxan k p. Xailkra, JaHAa(THO-TEO-
XUMHUYECKHUI P4 cIararoT OMOTreoneHO3bl, IPeaCTaBIs-
romue cneaytomue DIJI: amoBUaNbHBIN KeapoBOCTIA-
HUKOBO-JINCTBEHHUYHBIH C CE30HHO-Mep3JI0i rpydory-
MYCHOM OTIOJI30JIEHHOM OypOTaeKHOU MOYBOM Ha 3IIF0-
BUHU PAHHENIPOTEPO30HCKUX IPAHUTOHIOB, TPAHCINIOBU-
aJbHBIN OpyCHUYHO-0AryIbHUKOBO-POOACHIPOHOBBII
0epe30BO-THCTBEHHUIHBIH C CE30HHO-MEp3II0i rpy0ory-
MYCHOIl OypoTaexHONH MOYBOW Ha JENIOBHH paHHE-
IPOTEPO30MCKUX I'PAHUTOUIOB, TPAHCIIIOBUATIHHO-AK-
KyMYJISATUBHBIH OpyCHHYHO-0aryIpHUKOBBINH Oepe30Bo-
JUCTBEHHUYHBIH C CE30HHO-MEP3JIOH TPyOOTyMYyCHOM
rJeeBaToil OypoTaeKHOM MOYBOW Ha METIOBUH PaHHET-
POTEPO30HUCKUX TPAHUTOUJIOB, TPAHCAKKYMYISITHBHBIH
MapeBbIi ¢ MEP3JIOTHOI OONOTHOI MOYBOI Ha ANTIOBO-
JICTIOBUH, TPAHCAIIOBHAIBHO-aKKYMYJISITUBHBINA Oaryib-
HUKOBBIII O0€pe30BO-IIMCTBEHHUYHBIH C CE30HHO-MEpP3-
JI0 TpyOOTYMYCHOH ITieeBaToi OypoTaeKHOH OYBOM Ha
JICTIOBUU PAHHETIPOTEPO30UCKUX TPAHUTOUAOB, TPAHCH-
JTIOBHAJIBHBIN Ha CKANBbHBIX O0HAKCHUAX, TPAHCCYTIEPAK-
BaJIbHBIN Pa3HOTPABHBII €I0BO-TOMOIEBO-THCTBEHHIY-
HO-0epe30BbIil ¢ alTIOBHATBHON CIOUCTOM MOYBOM Ha
COBPEMEHHOM aJUIIOBUM U aKBaJbHbII PEUHOM.

[IpocTpaHcTBEeHHAs CTPYKTypa 3IEMEHTAPHBIX Te0-
XUMHYECKHX JIaHAMA(TOB MPECTaBIeHa HA JaH magT-
HO-TEOXUMHUYECKOH Kapte (puc. 4).

g uccnenoBaHHON TEPPUTOPUU XapaKTEPEH BOJ-
HBII  [TOYBEHHO-KOHXXEIU(DITIOKITHOHHO-E (PIIOKIIHOH-
HBIH THIT MUTPAIUH BEIIECTBA, KOTA IBIKCHHUE BOIHBIX
PacTBOPOB MPOUCXOIUT MPEUMYIIECTBEHHO IO MOBEPX-
HOCTH MOYB WJIN BHYTPH IOYBEHHOH TOJIIM 1O MEp3JI0-
My cioto. [ToaToMy co3gaeTcst MOUBEHHO-TIOBEPXHOCT-
HOE comnpsikeHue aBTOHOMHBIX DIJI ¢ mogYMHEHHBIMH.
CBS3yIOIINMH 3BEHBSIMH MEXy HUMHU CIIy>KaT TPaH3HUT-
Heie OIJI, koTopsie 3anuMaroT noutu 80 % uccienoBan-
HoMl TeppuTopun. Hapsnay ¢ aTuMm HaOmrogaeTcst moBce-
MECTHOE TepeMEIleHHE M0 CKJIOHAM BCEH MOYBEHHOU
TOJIIIH.

B narepanpHOil nuddepeHnHanMM XUMHUYECKUX
3JIEMEHTOB B conpsibkeHHOM psiny OIJ1 mabmonaercs Ha-
pacTaHue BHH3 IO CKJIOHY COJCPXKAHMS TaKUX HIIEMCH-
TOB, Kak 1upkoHui (B 70 paz), urrepouii (B 12 pa3z),
ctponimii (B 60 pas), kanwmii (B 3.5 paza), hocdop (B 3.5
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Puc. 3. JlJannmadrHO-reoxumuueckuit npoduias bepesu-
TOBOT'O MECTOPOXK/ICHHUS.

1 P io3iHecTaHOBOM KOMILJIEKC HEPACUJICHEHHBIN: TPaHOIUOPH-
Thl, TPAHOCUEHUTHI M KBapPIIEBbIE CUEHUTHI CPEIHE3EPHUCTHIC
Mop(pUPOBUIHBIC, CYOIIECTIOUYHBIC TPAHUTHI, TPAHUTHI U TPAHO-
JIIUOPUTHI THEHCOBUAHBIC; 2 P anmoBuaibHble BaJdyHHO-Tajley-
HbI€ U [€CYaHO-TPaBUITHbIE OTIOXKEHHUs; 3 P 4yexoa CKIIOHOBBIX
0TIOXeHUH (11e0eHb, IpecBa, CYIIMHOK, CYIECh, PEIKO MIBIOb).

ConpsikeHHBIH PsIA 3JIeMeHTAPHBIX T€OXHMHYEeCKHX JAaHA-
madToB: | P amroBuansuelii (D) KeIpOBOCTIAHUKOBO-JINCTBEH-
HHUYHBIA C CE30HHO-MEp3JI0¥ rpy0OoryMyCHOU OMO30JICHHOM
OypoTaeXHOH MOYBOW Ha JIIOBUU PaHHENPOTEPO30HCKUX Tpa-
wutounoB; 11 P TpancamoBuansHeiii (TD) 0arynsHUKOBO-0pycC-
HUYHO-POJIOJICHAPOHOBEIH 0€pe30BO-TUCTBEHHUYHBIN C CE30H-
HO-Mep3JI0i rpyOOTryMYCHOM OypOTaeKHOU MOYBOW HA ICTIOBHH
paHHenpoTepo3oiickux rpanuTous1oB; 111 P TpancantoBuansHo-
akkymynsiTuBHBI (TDA) OpycHHYHO-0aryIEHUKOBBI Oepe30Bo-
JMCTBEHHUYHBIN C CE30HHO-Mep3JI0i rpy0oryMyCHOIl IiieeBaToi
OypoTaeKHOH MOYBOH Ha JIEIIOBUH PAHHENPOTEPO30HCKUX Tpa-
Hutou oB; IV P rpancakkymynsatuBHblil (TA) MapeBblil ¢ Mep3-
JIOTHOM OOJIOTHO¥ TOYBO# Ha ayuTtoBO-AeaoBUU; V P TpaHca-
JTIOBUATBHO-aKKyMyJISITHBHBIH (TDA) GarynsHUKOBEII Gepes3o-
BO-JINCTBEHHUYHBIH C CE30HHO-MEP3JI0i IpyOOryMyCHOH IieeBa-
TOH OypoTae)KHOIl IMOYBOH Ha JETIOBHH PAaHHENPOTEPO30HCKHUX
rpanutonnioB; VI P tpancanroBuanerbiil (T3D) Ha BRIXOIE KOPCH-
HeIx opox; VII P rpanccynepaksanbhblit (TCA) MapeBslii ¢ Mep-
3JI0THOW OOJIOTHOI 1MOYBOW Ha coBpeMeHHOM ammoBuw; VIII P
TpaHccynepakBaabHbIil (TCA) pasHOTpaBHBIN €I0BO-TOIOJIEBO-
JHCTBEHHNYHO-0ePe30BhIi ¢ aJUTIOBHAIBHON CIIOMCTON OYBOH Ha
coBpeMeHHOM ayutioBuH; X P akBanmbHbIi (A) peuHOH.

pasa), Harpuii (B 3 pasa), kene3o (B 2 pa3a), allOMUHUI
(B 1.5 paza). 1 Ha0O60pOT, CHIIKEHUE COIEPIKAHUS Map-
ranna (B 55 pas), 6opa (B 17 pas), Banagus (B 14 paz),
Hukens (B 12 pa3), meau (B 6 pa3), nuHka (B 3 pasza),
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123°
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Kanelus (B 2.5 pasa), maraus (B 2 pa3a) u Tutana (B 2
pasa) BHU3 IO CKJIOHY.

BermecTBeHHbIH cocTaB aHamadTa onpeaesercs,
pexxJe Bcero, nuronorueil. Ha nccnenosanHoi teppu-
TOPUM OCHOBHYIO IUIONIA/Ib 3aHUMAIOT PaHHEIPOTEPO-
301CKHEe I'PaHUTOMJIBI MTO3HECTAHOBOTO KOMIUIEKCA, B
COCTaBC KOTOPBIX MPUHUMAIOT Yy4aCTUEC 6I/IOTI/IT—pOFOBO—
00MaHKOBBIE TPAHOIUOPHUTHI, TPAHOCUEHUTHI U KBaplie-
BbIE€ CHEHUTHI, OOBIYHO MOP(UPOBUIHBIE, THEHCOBHUI-
HBIE€ TPAHUTHI U TPAHOAUOPUTEI, OMOTUT-POrOBOOOMAH-
KOBBIE, POTOBOOOMAHKOBO-OMOTUTOBBIE, OOBIYHO OP(U-
POBHJIHBIE CYOIIENIOUHbIE TPAHUTHL. [eoxuMHuecKue
0COOEHHOCTH paccMaTpuBaeMbIX Nopoja P mocrosHHO
BBICOKME KOHIICHTpAalU MHEPTHLIX 3JICMCHTOB P Huke-
7151, KoOanbTa, 4acTo XpoMa.

3HAYUTEIIHLHO MCHBIIYIO IJIoMaAb 3aHUMAIOT KCH-
rypakckue merarabopo. MerarabOopoubl coaepxar mo-

« 07 30
30 Wl [

Puc. 4. JlannmadTHO-reoXxuMuUecKas KapTa TeppUTO-
puu bepe3nToBOro MECTOPOKIECHUSA U €ro OKPECTHOC-
TeH.

OpTosmoBHaIbHbIe JaHAMAPTH TACKHOTO CPEIHETOPhS Ha
HEPACUJICHCHHOM MO3HECTaHOBOM KOMILIEKCE (CyOIeIouHbIe
JICHKOTPAHUTBI, JICHKOTPAHHUTHI, CYOIlEIOUHbIC TPAHUTHI, TPpa-
HUTBI, TPAHOJIMOPUTHI, KBAPIIECBbIC JHOPUTHI, KBAPIICBBIC CHC-
HHTBI, TPAaHO CHEHHTHI), Ha KEHI'ypaKCKHX MeTarabopo, Merarad-
OpOAHOPTO3UTAX M HA JICCOBCKOM PUOIHT-TPAXUPUOIUTOBOM
KoMIuTekce: / P OpyCHUYHO-0aryIbHUKOBBIC H POIOJCHIPOHO-
BbIC INCTBCHHUYHUKHU U TPOU3BOTHBIC JTUCTBEHHUYHO-0en00e-
pe30BBIC Jicca Ha TpyOOTYMYCHBIX OypOTaexkHbIX mouBax; 2 P
NepeyBIaKHCHHBIC JINCTBCHHUYHBIC PEIKOICChs Ha TOP(SIHUC-
TO-TJICEBATHIX OypOTackKHBIX MouBax; 3 P 3aeceHHbIe KYypyMbI
¢ (hparMeHTapHBIMU IPUMHUTUBHBIMU OPraHO-ICOHUCTHIMU O~
yBaMH; 4 P KOJJOHUM HAKUITHBIX JTUIIAWHUKOB U MXOB; 5 P u-
CTBCHHHYHBIC MOXOBO-KYCTApHUKOBBIC MapH ¢ MEP3IOTHBIMHU
MEPEXOTHBIMH OOJIOTHBIMHU MTOYBaMU; 6 P ckabHas pacTUTEIb-
HOCTb.

I'mppomopduble TaHAmAGTH TOIHH PEK U PYUbEB ¢ OIM3KUM
3aJIeTaHuEeM K IOBEPXHOCTH U BBIXOJIOM Ha TOBEPXHOCTb BOJ:
5 P incTBEeHHUYHBIE MOXOBO-KYCTApHUKOBBIE MAapU C MEP3IIOT-
HBIMH TIEPEXOIHBIMU OOJIOTHEIMHU IouBaMu; 7 P pasHoTpas-
HBIE JINCTBEHHUYHO-0epe30BbIe jieca ¢ y4acTHEM €JIH, J03e-
HUU U TOINOJIA C aJUIFOBUAIBHBIMHU CIOUCTBIMU IouBamu; § P
pa3HOTpaBHEIE 6eI00epe30BbIe Jieca ¢ AJTIOBHAILHBIMHE CJI0-
UCTBIMH IJIeeBaThIMU 1TouBamMHu; 9 P BeiiHnKOBO-0cOKOBOE 6O-
JIOTO C MEP3JIOTHBIMU HU3UHHBIMU O0JIOTHBIMH 1ToyBamu; /0 P
IIPUPYCII0Bask paCTUTEIBHOCTD Ha BalyHaxX U rajieuHukax; // P
MUOHEepHasl paCTUTENBLHOCTE ¢ AMOpuo3emamu; /2 P ropao-
POMBINUIEHHBIE 00BbeKTHI bepesnToBoro pyanuka (iudps! Ha
kapre): 1 P xapeep, 2 P oTBasibl BCKpHIIHBIX TOpox, 3 P ckirazn
UCXOAHOU pyasl, 4 P mpomiuiomanku, 5 P xBoctoxpanuiuiie,
6 P BaxToBbIl ocenok, 7 P npyxn, 8 P asponpom.

BBIIIICHHBIE KOHIIEHTPALIMH XKeje3a, TuTaHa, Meau, Goc-
¢dopa u BaHanus. PaHHETpHACOBBIN TECOBCKHUM pPHOTHUT-
TPAXUPHUOIHUTOBBIN KOMIUICKC MPEACTaBICH HEOOIbIITH-
mu miomaaamu. C naikaMu JeCOBCKOI0 KOMILJIEKCa Ha
BepesnuToBoM pymnHOM ToJIe CBA3aHA pacCessHHAs 30710Tas
U cepeOpsiHast MHHEpaIU3aIHs, a ¢ CyOByJIKaHUYECKHUMHU
Tenamu P mposiBieHus 3010ta, MoiaubaeHa, Boibdpama,
MOBBIIICHHBIE KOHIIEHTPAIIUU HUKEIN, XpoMa, TUTaHa,
LUPKOHMSI, CKAHJIUS, UTTPHSI B Oapus.

[TouBennsi (hoH 0Opa3yIOT TOpHBIE TPYOOTYMYC-
HbIe OypOTaeKHbIE MOYBHI, B PA3HON CTEIIEHHU OTJICCHHBIC
Y OMOJ30JIEHHBIe. MUTpallisi XUMHUYECKUX DIIEMEHTOB B
MOYBax MPOUCXOJUT B YCIOBUAX KHUCIOH U KUCIIO-TIIee-
Batoil cpenpl. McenenoBanHble TOUBBI UMEIOT MTPOMBIB-
HOM pPEeXUM YBJIQXKHEHHUS, B YCIOBUAX KOTOPOTO MPOUC-
XOJAT KHCIIOE, KHUCIIO-IJIECBOC BhIlIcIaunBanue. Hema-
JIOBXHYIO POJIb UTPAET JAJTUTEIBHO (MHOT/A 10 Cepeau-
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HBI HIOJIS1) COXpaHSIoNIascs B o4Bax Mepsnota. [Ipomo-
paXHBaHUE MMOYB MPUBOJUT K JETHIPATALUU U COPOIIH
TYMYCOBBIX M OpTaHOMHHEpAJIbHBIX coequHeHui. [Ipu-
0OpeTeHHbIE MU CBOIMCTBA OKa3bIBAIOTCA JIOBOJIBHO YyC-
TOWYUBBIMH.

[TouBeHHBIH TPOGUIB TOPHBIX OyPOTAEKHBIX TPY-
OOryMyCHBIX TTOYB MaJOMOIIHBIN (10 50 cM) U xapak-
TepusyeTcst BEICOKOH (10 60 %) KaMeHHCTOCThIO, B HEM
MPOCIIEKUBAETCS OT 2 /10 4 MOYBEHHBIX TOPU30HTOB.
Jlecnas mopctmiika (cna®o pas3loKUBIIMNCA PACTH-
TENbHBIA OMaj) phiXJjas, UMeeT MOIIHOCTh 10 18 cwMm,
9MI0BHANBHBIN (A) TOpu30HT P oT 4 10 8 cMm, mimoBu-
anpHbIN ropusoHT (B) P o 25 cm. ['panynomerpuuec-
KHI COCTaB MOYBEHHBIX TOPU30HTOB MPEUMYIIIECTBEH-
HO JIETKOCYINIMHUCTBIM. CTpyKTypa IIOUBbI KOMKOBaTasl,
phIXJasi.

[TouBsl umeroT cuibHO KUcayto (pH = 3.5) no cna-
00 xucioii (pH=5,5) peakuuto cpepl, MpuIeM KHCIOT-
HOCTh CHMJKAeTCsl BHU3 IO MOYBEHHOMY MPOQUIIO: B
ropusoHTe A P cuiabHO Kucas peakuus cpelibl; B TOpu-
3oHTe B P cna6o kucnas. Conepkanue rymyca B dJ0-
BHaIbHOM (A) ropusonTte kosnebnercs or 1.86 % mo
5.58 % u pe3ko yMeHbIaeTcs B WutroBUaibHoM (B) ro-
puzonte 1o 1,19 %. Bennunna rugpouTHUYECKON KUC-
JIOTHOCTH HU3MEHSETCS B IIUPOKUX mpenenax P ot 3.48
Mr-3kB/100 T 1o 77.6 mr-okB/100 1, yamie Bcero HaOIIO-
JIaeTCA €€ Pe3Koe CHWKEHUE BHU3 10 MOYBEHHOMY TPO-
¢umro. Cymma 0OMEHHBIX OCHOBaHUW COCTaBIISIET OT
0.45 no 10.8 mr-oxB/100 r mouBsl. EMKOCTH KaTHOHHO-
ro oomena P or 6.78 o 78.16 mr-okB/100 r. Haceien-
HOCTh OCHOBaHUAMHU P or cpemneid (56 %) mo odyeHb
Hu3ko# (0.6 %). OdeHb BBICOKOE COEpKaHHE 0OMEH-
HOTO (ocdopa MPEeUMYIIECTBEHHO B WIITIOBHAIBHOM
(B) ropuzonte P 10 334 Mr/Kr, 3HAYUTENbHO HIDKE B
amoBUanbHOM Topu3oHTe (A) P S0P70 mr/kr. B Heko-
TOPBIX ClIydasx cojaepskaHue oOMeHHOTo (ocdopa Kak
BbICOKOE (268 Mr/kr), Tak u HH3KOE (29 mr/kr). Conep-
JKaHHEe OOMEHHOTO KaJus CTaOUIIBbHO BBICOKOE B JJIIO-
BUaNbHOM ropu3oHTe (153P344 Mr/kr) u cymecTBeHHO
YMEHbBIIIACTCA B WTIOBHAIBHOM ropu3oHTe (28P116
Mr/kr). CpeaHsis BeJIMYMHA OKUCIUTEIHHO-BOCCTAHO-
BHUTeNIbHOrO ToTeHana P 284 mB (A) u 270 mB (B).

B nouBax NOBBIILIEHHBIN IPUPOAHBIIA FE€OXUMUYEC-
Kuid (hOH co3aeTcs 3a CYeT TAKMX XMMHUYECKHUX DIIEMEH-
TOB, KaK CBHHEII, OJIOBO, M€/lb, INHK, HUKEIb, BAHAHH,
Mapraser, 00p, KaJMHi, xene30 u Marauii. CroKuB-
IIMICS TTOYBEHHO-TEOXUMHUYECKUN (HOH ompesenseTcs
BEIIIECTBCHHBIM COJICPKAHUEM TOPHBIX MOPOJ, HO TPH
9TOM MPOUCXOJUT BHIOOPOYHOE HAKOIJICHUE XUMHYEC-
KHX 2JIEMEHTOB PACTHTEIHHOCTHIO U B TIOYBY TOCTYTAIOT
XUMHUYECKHE JIEMEHTBI U3 Pasiararoierocsi pacTUTEIb-
HOTO OTaja.
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MurpanroHHBIE IPOLECCH BEIIECTBA B JaHImIagd-
TE TAK)XKe 3aBUCAT OT IUPKYJISAILUH U BEIIECTBEHHOTO CO-
CTaBa MOBEPXHOCTHBIX U MOA3EMHBIX BoOA. [ XapakTe-
PUCTHKH 3THUX IPOLECCOB OBUIM COOpaHBI MCXOAHBIC
JaHHBIC 10 OacceifHaM MalbIX TaeKHBIX PEK U Py4YbeB
uccienoBanHol Tepputopuu. Pyusu MumyTel, bepesu-
TOBbIH, TpyOHBIH, peka OporkaH SBISIOTCS MaJIbIMU Jie-
BBIMH MPUTOKaMU p. XaiKTa, 00pa3yloT CpaBHUTEIHHO
Hebonbime BogocOopsr: Uaiytsr P 6.5 kMm%, bepesuro-
BBl P 2.6 km?, TpyOusrit P 1.5 km?, Oporkan P 25.3 km?.
IMupuna 3tX BOonoToKoB P 1P3 M.

Ucxomnas nanmmadTHO-reoXxuMHudecKas nHhopma-
st (tabn. 1), TpaHcopMUpOBaHHAS B OTHOCHTEIIEHBIC
nokasarenu (Tadi. 2), xapakTepu3yeT KOHKpEeTHbIE MUTpa-
IIHOHHBIC MPOIIECChl. PacyeT OTHOCUTENBHBIX TIOKa3aTe-
aeii 0azupyeTcs Ha MOJOKEHUH O B3aMMOCBSI35IX OCHOB-
HBIX KOMIIOHEHTOB JaHamadra (pacturensHoctu P mous-
nopof P Box) uepe3 NOTOKM XUMHUYECKHUX JIEMEHTOB.

VICTOUHMKOM XUMHUYECKUX 3JEMEHTOB B JIaHAIIA]-
TE SBJISIOTCS TOPHBIE MOPoAsl. VX pacmpeneneHue B CH-
cTeMe noponaProuBa xapakTepu3yeTcs MI0BHATBHO-AK-
KyMy/IATHBHBIM KOdGduumentom (K ) (tadn. 2). I'eoxu-
Mu4eckas (GopMyla HCCIEIOBAHHOTO JaHAmAadTa 1o
610Ky noponaProusa crnexyromas:

NiCdZnVCuMnSn YbPbY CoMo W CrBaBP As
Ti AlMg Li Nb K La Na Ca Be Sr Zr

Fe Si

CTaOunbHBIMHM 3JIEMEHTAMU SBIISIOTCS KENe30 H
KpEMHUH, UX KOJIMYECTBO B MOPOJIC U MTOYBE MPUMEPHO
OJIMHaKoBOe. HakanmmBaroTcs Te 9eMeHThI, KOTOpbIe Ha-
xonsatcs B unciurene apodu (K >1.1) B mopsiake yobisa-
Hust. Beiocsres te snementst (K <0.9), kotopeie Haxo-
JIITCsl B 3HAMEHATEIEe IPOOH TakkKe B MOPSAKE yObIBAaHHS.

Kospdpuuuenter Boxnoii murpanuu (K ) xapakre-
PHU3YIOT TpoIecC BBINIEIAYUBaHUS, T.€. BEIHOCA Belle-
cTBa u3 nanamadTa (tadn. 2). [eoxumuyeckas Gpopmyna
nanamadTa, cocTaBieHHas 1Mo kod(uireHTaM BOJIHOM
MHTPALUH, CIIeTyIomast:

CdZnS Se NiMo Ca Pb AgCuB SrCo Na As
Mg BaMn W SiFe V Li Rb KAlBe Cs Zr Ti Nb Cr

DnemMeHThI, cabo BBIHOCAIIUECS M3 JaHamadTa
(K,<0,9), naxonarcs B 3HaMeHaTeNe APOOH, CHILHO BbI-
Hocsmuecs (K >1,1) P B uncautene apodwu.

OauH M3 DIaBHBIX MPUPOAHBIX IpoueccoB P
OMOrecoXUMUYECKU KpyroBopoT P muxnuueckuit mpo-
1ecc 0OMEHa BEIIECTBOM U SHEPTUEH, MPeACTaBIMIOMNI
CYTb (DYHKIIHOHUPOBAHMS T€OCUCTEMBI. JlJIs ero xapak-
TEPUCTHUKH B UCCIIEIOBAHHOM JIaHAIIA(TE pacCUUTHIBAII-
¢ kodpuuuent Guonornyeckoro mornomenus (Ky),
WM OMoJorudeckoi Murpanuu (tadmn. 2). McxonHol uH-
(hopmarmeii B pacuetax kodhduimeHTa GHOIOrHYECKOTO
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MOMIOIICHUSI CITY)KWJIN TAHHBIC CIIEKTPAJIbHOrO aHAIN3a
30JIbI JIECHOHM MOJACTUIIKU M MOuBbI (Tabm. 1). [eoxumu-
yeckast popmyna nanamadra B cucteme nousaPpacrtu-
TEJNBHOCTH CIIEAYIOIIAs:

Mn Pb Ba P Zn Ca Sr Cu B Mg Mo
AlSiCoYbSn NaFeZrLiCrLaVNbY W CdTi Be

DneMeHThI, B OJJUHAKOBOM KOJUYECTBE COjepiKa-
1yecs B 04Be U pacturensHocty, umetoT K.=0.9P1.1 u
HaxXoJsATCs nepel IpoObio. B 3HaMeHatene qpobu Haxo-
JIATCS XUMUYECKUE JIEMEHTHI, KOTOPhIE MaJIO HAKAIlIH-
Batorcs B pacturenbHocTH (K <0.9). Hakonnenne xumu-

Ni K

bopucosa

YECKHX JJIEMEHTOB B PACTUTEIBHOCTH 110 OTHOLICHHUIO K
1ouBe 00yCJIOBJIEHO BOBJICYEHHEM UX B OMOT€HHBIN Kpy-
roBopot (K, >1.1 P uncnurens npodu). OcobeHHO spKo
BBIPAXKECHO HAKOIUICHME MapraHIla BCICACTBHE €TO aK-
THBHOIO y4actusi B Kpyrosopore semects (K .=51.3).
MeHee BbIpaXEHHOMY HAKOIUICHHIO CBHHIA, Oapws,
docdopa, NMHKA, KaIbIUs, CTPOHIIUS COOTBETCTBYET MX
MOJIOKEHHE B TPYIIE DIIEMEHTOB, BOBJICKaeMbIX B
OMOTeOXMMUYECKUH KPyTOBOPOT CO CpeaHEH MHTCHCHUB-
nocteio (K or 11.3 10 4.3). Dnements (Menb, 60p, Mar-
HUW, MONHOJIEH) C HU3KUMH TOKA3aTEISIMU y4acTHs B
ouokpyrosopore (K, or 2.7 no 1.3) uMerT B J€CHOM

Taﬁ.m/ma 1. Cpem-lee CoAepKaHuEe XUHMHNYIECKHUX 3JIEMEHTOB B IPUPOAHBIX KOMIIOHEHTAaX TOPHO-TA€KHBIX JIaH)JlIIa(l)TOB

Ha TeppuTopun Bepe3sntoBoro mecropoxaenus (n-10%).

/H XuMHCCKHH Jlecnas nopctuika T'opnas byporaexas I'opnas nopozna Peunas Bona
3JIEMEHT oYyBa

1 Li 8.4 14 329 7.8

2 Be 0.09 0,3 17.1 0.7

3 B 53 26 12.1 35

4 P 6000 1200 900 -

5 S - - 371.4 57500
6 Ti 1092 2731 3337.9 62.5
7 A% 420 840 52.6 5.1

8 Cr 20.1 33,5 75 1.8
9 Mn 382698 7460 1000 625
10 Co 6.2 7,7 2.6 4.0
11 Ni 190.8 212 0.7 9.3
12 Cu 907.2 336 354 102.5
13 Zn 2959.6 604 35 8522.5
14 As - <30 1.6 2.5
15 Se - - 0.05 0.8
16 Rb - - 155.7 14.8
17 Sr 21.5 5,0 340 575
18 Zr 0.66 1,1 84.3 2.0
19 Nb 3.55 7,1 20 0.2
20 Mo 3.25 2,5 0.9 6.0
21 Ag 2.5 - 0.06 0.2
22 Cd 2.0 5.0 0.1 50.2
23 Sn 12.8 18,3 2.6 -
24 Cs - - 39 0.1
25 Ba 2394 420 206.6 122.5
26 W 1.36 34 14 0.4
27 Hg - - 0.08 -
28 Pb 1910 169 48.1 180.5
29 La 9.0 15 50.4 -
30 Y 4.65 9,3 29 -
31 Yb 6.51 9,3 23 -
32 Fe 24600 41000 43743 5000
33 Ca 24940 5800 30486 132000
34 Na 3900 6500 25329 31500
35 Mg 15000 10000 16857 14250
36 Si 204000 255000 299286 45250
37 Al 43200 54000 80029 4500
38 K 8800 8000 26229 15000
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TaﬁJmua 2. MHFpalII/IOHHBIe MmoKa3aTeJId TOPHO-TAEKHOI'0 J]aHZ[lHa(l)Ta Ha TEPPUTOPUHA Eepe3nTOBor0 MECTOPOKACHUA.

XuMu4yecKku TOBHAITLHO- N Kosdummenr Koaddunment BoaHoi
/H AOMCHT AKKyMYJISTHBHBINA OMOJIOrMYECKOTO MOTIIOIEHHUS wurparn (K,)
ko> rmenT (K,y) (Ks) ’
1 Li 0.4 0.6 0.2
2 Be 0.02 0.3 0.04
3 B 2.1 2.0 2.9
4 P 1.3 5.0 -
5 S - - 154.8
6 Ti 0.8 04 0.02
7 A% 16 0.5 0.1
8 Cr 2.2 0.6 0.01
9 Mn 7.5 51.3 0.6
10 Co 3 0.8 1.5
11 Ni 302 0.9 13.2
12 Cu 9.5 2.7 29
13 Zn 17.3 4.9 243.5
14 As <18.7 - 1.5
15 Se - - 16
16 Rb - - 0.09
17 Sr 0.01 43 1.7
18 Zr 0.01 0.6 0.02
19 Nb 0.3 0.5 0.01
20 Mo 2.8 1.3 6.7
21 Ag - - 33
22 Cd 50 0.4 502
23 Sn 7 0.7 -
24 Cs - - 0.03
25 Ba 2.03 5.7 0.6
26 W 2.4 0.4 0.3
27 Hg - - -
28 Pb 3.5 11.3 3.8
29 La 0.3 0.6 -
30 Y 3.2 0.5 -
31 Yb 4 0.7 -
32 Fe 0.9 0.6 0.1
33 Ca 0.2 43 43
34 Na 0.3 0.6 1.2
35 Mg 0.6 1.5 0.8
36 Si 0.9 0.8 0.2
37 Al 0.7 0.8 0.05
38 K 0.3 1.1 0.06

MOACTHUIIKE HC3HAYUTCIIbHBIC HAKOIIJICHUA. HeCMOTpH Ha
OYCHb BBICOKHC KOHUCHTpAIIUN B IIOYBE OJIOBA, HUKCJIA U
BaHaus, B JIECHOM NOACTUIIKEC OHU HC HaKaIlJIMBarKOTCA.

OBCYXKIEHUE

st tepputopun bepe3uToBoro MecTtopokaeHuUs,
pacioiI0KEHHOTO Ha TOPHBIX CKJIOHAX 3araJHON HKCIO3H-
LMW B JJOJIMHE p. XalKTa, CI0KEHHBIX MarMarunie CKUMHU
TOPHBIMH MOpPOJIaMHu (TPaHUTOU/IBI) U MOKPBITHIX KOPEH-
HBIMH JIMCTBEHHHUYHBIMHU OpPYCHHYHO-0aryIbHUKOBBIMU U
POIOACHAPOHOBBIMH JIECAaMH, BTOPUYHBIMHU JIICTBEHHUY-
HO-0e100epe30BbIMHU JIECaMH ¢ TOPHBIMHU TPyOOTyMYCHBI-

MH OypOTaeKHBIMHU TOUBaMH, ObLJIA TTOJTyYCHA UCXOAHAS
JaHAmaQTHO-TeOXUMHUYecKas HHPOpMAaIHsS U COCTaBIIe-
HbI CXeMbI MUI'PALIHOHHBIX TOTOKOB XUMHUUYECKUX JIEMEH-
ToB. IloBeZieHNE XUMHUECKUX 3JIEMEHTOB B IPUPOIHBIX
61okax (ropHas nopoaaPmnousa, peunas BongaPropHas mo-
poza, mouBaPpacTUTENbHOCTE) T€OCUCTEM CYIIECTBCHHO
pasznuuaercsa. M3 38 paccMOTPEHHBIX XMMHUYECKHX dJle-
MEHTOB B [I0YBE YJCP>KUBAIOTCA 18 31EMEHTOB, T.€. X CO-
JiepKaHue TIPEBBIMIACT COJACPXKAHNWE B TOPHOH MOpOJE.
JIeBSITH 37IEMEHTOB aKTUBHO MHUTPUPYIOT B BOJHOM Cpere.
Bbnarogapst OMOreoXuMHUECKOMY KPYrOBOPOTY BEIIECTB B
nanamadTe yaepxkusatorcs 11 snemenToB u3 38.
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Taoauna 3. YuyacTue XHMHYECKHX 3JIEMEHTOB B BOJAHOM U
OMOreHHOI MUTpalMy BelecTBA B TOPHO-TAEKHOM JAH/I-
madTte Teppurtopun bepesntoBoro MmectTopo:xaeHus.

Koa¢ppuunents ouorennoi (Kg)
MUTpanuu <1 1-5 5-10 >10
Li Be | Mg P Ba | Mn
Ti V |K
Cr
Rb
Nb
<1 Sn Cs
W
= La Y
= Yb
’§ Fe Si
5 Al
a As B Co Pb
Na Cu
1PS Sr
Ag
Ca
5P10 Mo
S Ni|Zn
710 | se ca

[TpuHATBIE TOCTPOCHUSI TCOXUMUYECKUX (POpPMYI
[0 PAJaM MUTPAIIMOHHBIX KO3((HUIIMEHTOB HE OTpaxka-
10T B3aHMOCBSI3H MEKAY MPOUCXOASIIIMMHU MIPOIECCAMH.
Hx cooTHOUIEHHE MEXKIY cO00I MOKHO NMPEACTaBUTH B
Matpu4Hoit gopme (tadn. 3). M3 Tabna. 3 BugHO, 4TO
Maprasell Ha UCCIICOBAaHHON TEPPUTOPHH BBICTYIACT B
KaueCTBE CJ1a00r0 BOJHOTO U CAMOTO aKTMBHOTO OMOTeH-
HOTO MHUTpaHTa. CBHUHEI TaKXKe aKTUBHO aKKyMYJIHPYyeT-
Csl PaCTUTENBHOCTBIO, HO 00JIee HHTEHCUBHO, Ye€M Map-
raHel] BBIHOCUTCS U3 reocucTeMbl. Cepa, HUKEIb, CEJICH,
kagMuii P ciaOple OMOTEHHBIC M aKTUBHBIC BOAHBIE MUT-
panThl. [IluHK aKTUBHO MUI'PUPYET B BOJHOH cpese, HO
IIPY 3TOM y4acTBYeT B OMOT€HHOM KPYTOBOPOTE CO CPe-
Hell HHTEHCUBHOCTHIO. Monmnben P 1ocTaTouHO aKTHB-
HBI BOAHBII MUTPAHT U MEHEE aKTUBHO yYacTBYET B
OHOKpyroBopoTe. XOpOIIO BUIHBI Pa3IUYMs 0 MTOKa3a-
TEJII0 BOJHOW MHUTPAIUU MEXJTYy TaKUMU OMOTCHHBIMH
aneMeHTaMu, kak pocdop u cepa. bop, kobanbT, Menb,
CTPOHIIHNH, cepebpo, kanpuuil P mpumepHo B paBHOMH
Mepe OMOTCHHBIC U BOJHBIC MUTPAHTEL.

JlannmadTHO-Teoxumuueckast (GopMyna HHTET-
pPaJbHOTO BBIPAXKEHHUs OMOTE€HHOW U BOJHOW MUTPAIUH
BEILECTBA B MCCIIEJOBAHHOI T€OCUCTEME CIIEAYIOIAs:

2% Li,Be, Ti, V,Cr, Rb,Nb, Sn, Cs, W, La, Y,

Mn, P, Ba, Pb
S,Ni,Se,Cd, Zn

M H -Fe

Yb, Fe,Si, Al,Mg, K, As,Na, B, Co, Cu, Sr, Ag,Ca

bopucosa

B uucnurene snements co 3Hauenusmu K >5 npu
K <5, B 3namenarene P snements ¢ K >5 npu K <5, ps-
JIOM ¢ 1po0bto P ameMeHTsI ¢ K, u K >5. [lepsbimu 3amnu-
CBHIBAIOTCS 3HAYEHUS ¢ HAaWOONBIIUMHU 3HAYCHHUSIMHU KO-
s uIeHToB u ganee mo mMepe ux yowsBanus. Ilepen
dbopMyIolt yka3sIBaeTCs KiIacc BOJHON MUTpaIMu. DTy
(dhopmyITy MOKHO pacCMaTpHUBATh KaK MOJIENb €CTeCTBEH-
HOTO XOJa T€OXMMHYECKUX IMPOIECCOB B MCCIEAOBAH-
HOM JlaHmadgre.

s MOHHUTOpPHMHTA OKpYXaromel cpeasl 0col0yro
BaXXHOCTh MPEACTABISIIOT XHUMHYECKHE 3JIEMEHTHI TI0
KJlaccaM omacHOCTH. Tak, cpeau 3JeMeHTOB | Kiacca
OTIAaCHOCTH B HCCIEIOBAHHOM JaHImadTe aKTHBHO
YACPKUBACTCA PACTUTEIBHOCTEIO (hochop, U K ToMy XKe
OH o0najaer cnaboi BOAHON MUTPAIIMOHHON CITOCOOHO-
CTBI0, OEpUIUINI SBISIETCS CIa0bIM BOJHBIM U OMOJOTH-
4ecKUM MUTpaHToM. Cpeau 3IeMeHTOB 2 Kilacca ormac-
HOCTH oOpaiaer Ha cebs BHUMaHue cBuHel. OH uMeeT
BBICOKMN KOA((PHUIMEHT OMOTOTHYECKOTO MOTIOIICHHUS.
Jpyrue 31eMeHTs! (aTIOMUHUH, XpOM, Melb, CTPOHIIUH,
0op) cnabo HAKAIMBAKOTCS B T€OCHCTEME U HE MHTCH-
CHUBHO BbIHOCATCS U3 Hee. Cpeau 37eMeHTOB 3 Kjacca
OTIACHOCTH JJI HMCCIICIOBAHHON TEPPUTOPUU CIIEAYyEeT
BBIJIEINTH LIUHK, BaHa/AUH, OJOBO, MapraHel, CKaHIuNl 1
rajunid. Cpean HUX O4E€Hb aKTHUBHO YJEPKUBAETCs pac-
TUTEIBHOCTBIO MapraHell, a IUHK SBJSETCS aKTHBHBIM
BOAHBIM MHUTpaHTOM. K XuMHuueckum siemeHTam 4-ro
KJlacca OMACHOCTH OTHOCSTCS HATPHM, Kalui, Oapuid,
KaJIbIIMH, TAaHTaH, UTTPHUH, UTTEPOUI, MarHuii, UPKO-
HUH, XKeye30 U KpeMHuil. Cpeau HUX pacTUTEIbHOCTD
MHTEHCHBHO aKKyMYIUpyeT Oapuii, MeHee HHTCHCUBHO P
Kanbluil. OcTalbHbIE 3JIEMEHTHI UMEIOT HEBBICOKHE KO-
3¢ UIMEHTHI BOJHON U OMOTCHHON MUTpAIlHH.

BBIBO/IbI

HCHHOCTI) MpEeACTABJICHHBIX CXEM MUTI'PAIITMOHHBIX
dbopMys B TOM, YTO OHH 00JIAJAIOT KOJIUYECCTBEHHBIMU
ImokKasaTeJisiMu. HpI/I HX pacyeTe UCIOJIB3YCTCS BCS UC-
xofHas naHamadTHo-reoxumudeckas nHpopmanus. 1o
3TUM (hopMylaM MOKHO OLEHUTH JIOT0 YYaCTHSI XHUMH-
YECKHUX JJIEMCHTOB B IIpOIL€CCaX MUIpALUU. Bricokas
HAMPSHKCHHOCTh OHOTE€OXMMUYECKOI0 KPYyroBOpoTa B
MIPOAaHAIN3UPOBAHHON TeocHucTeme Habmomaercs y 4
aneMeHTOB (Mapranen, Gocdop, Oapuii, cBUHeI), cpean
HUX 2 3JIeMEeHTa OTHOCSTCS K mepBomy kiaccy ((ocdop)
1 BTOpOMY (CBHHEII) KJlaccy OMacHOCTH. BeiHOCY Bele-
CTBa B BOJJOCOOPHBIX OacceifHax MPOTUBOCTOUT OHOTEO-
XUMUYECKUN KPYTOBOPOT. DTO CIYKUT MPU3HAKOM yJIEp-
JKaHHUs B T€OCUCTEMC 3arpsA3HAIOMNINX BCIICCTB. MoskHO
0XHUAaTb, YTO B NPOHECCE TEXHOI'CHHOTO 3arpsA3HCHUA
JIOCTaTOYHO OBICTPO OYJET MPOUCXOAUTH CAMOOYUIIICHHE
reoCUCTEMBI OT XUMHUYCCKUX DJICMCHTOB, KOTOPLIC aK-
TUBHO YYaCTBYIOT B BOI[HOI71 MuUrpanuu, 1 O4€Hb J0JIr0
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OyZeT mpoTeKaTh MPOIECC CAMOOUHUIIEHUS TEOCUCTEMBI
OT XUMHYECKUX JJIEMEHTOB C BHICOKUMHU KOd(PHUIIHCH-
TaMH OMOJOTHMYECKOTO MOMIOIIEHUS MOCe MpeKparie-
HUSI aHTPOIIOTEHHOTO BO3/EHCTBUSI.

[To n3MeHEHUsIM B TCOXUMHYECKUX (OpMyIIax ps-
JIOB MUTPALMOHHBIX K03()(OUIIEHTOB MOXXHO CIETUTD 32
XO/I0M U3MEHEHHSI MUTPAI[HOHHBIX CBOICTB JIEMEHTOB
BO BPEMCHHOM MHTEpBaJIe HApPAIIUBAHUS TEXHOTCHHOMN
Harpy3KH Ha JaHAma(T. AHaTUTHYIECKast KOJTUYCCTBECH-
Hasl CIIEKTPOMETpHUUECKas 0a3a Hallel CTPaHbI TO3BOJIS-
€T TMOIy4aTh MAacCOBYIO JIAHAMA()THO-TEOXUMHUECKYIO
uH(pOpMaIi0. MOXHO ¢ YBEpEHHOCTHIO TOBOPHUTD O BO3-
MOXHOCTSIX IIUPOKOTO BHEJPEHUS B MPAKTUKY Mperia-
raeMbIX MUTPAIMOHHBEIX (hopMyn. B ncciaeqoBanusax mo
IporpaMMe TOpPHO-3KOJIOTMYECKOTO MOHUTOPUHTA OHU
HOCITYXaT YHU(DUITMPOBAHHBIM HHTEIPATbHBIM BBIpAXKe-
HHEM KOMILIEKCA HAOIIOAEHUH 3a COCTOSHUEM OHOTEO-
XHUMHYECKOH 00CTaHOBKH B JaHmadTe.
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Pexomenoosana x newamu b.A. Boponoswvim

1.G. Borisova

The role of landscape-geochemical researches in the system of mountain and ecological
monitoring (exemplified from the Berezitovy mineral deposit, Amur Region)

The importance of landscape-geochemical information for mountain and ecological monitoring is exemplified
from the Berezitovy deposit, the Amur Region. Material composition of geosystems was investigated in the
deposit territory. The migration processes in the rock P water P soil P plant system are characterized, which
allow systematizing landscape-geochemical information and using it in the context of mountain and ecological

monitoring.

Key words: mountain and ecological monitoring, elementary geochemical landscape, geosystem, landscape
and geochemical evidence, migration of chemical elements, migration coefficients, biogenic

migration, water migration, Amur Region.



