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OmnpeaeieHbl COCTaB U 3aKOHOMEPHOCTH MPOCTPAHCTBEHHOTO PaCIPOCTPAHEHWSI MUKPO3JEMEHTOB B
JMIOHHBIX OTJIOXKEHUSIX PEYHO ceTU pa3HbIX paitoHoB KaMuaTku. BriepBble ycTaHOBJIEHO, YTO Hanuboiee
OGeqHBI XUMUYECKUI COCTAB OTJIOXEHU I, KOTOPBIN TECHO KOPPEIUPYET C COCTABOM IMOYB U MOJIOABIX
BYJIKAaHMUECKHUX TIEIJI0B, XapaKTePeH JIJIsk pailoHOB aKTUBHON ByJIKAHUYECKO aesiTeibHOCTU. CBUIE-
TEJIbCTBOM CBSI3U JJOHHBIX OTJIOXEHM A pailoHa ¢ MOJIOABIM BYJIKAHU3MOM SIBJISICTCSI BXOXKICHHE B YUCIIO
MpPUOPUTETHHIX 3JieMeHTOB Ca 1 Mg u 11 penko3eMenbHbIX 3JieMeHTOB: Yb, Lu, Tm, Er, Dy, Ho, Gd, Y,
Sm, Eu, Pr. B LlentpansHoii Kamuartke, rue pacrnpocTpaHeHbl 30J10TOCepeOpsIHbIe pyIHbIE 00BEKTHI,
YCTaHOBJIEH OTHOCUTEJILHO O0Jiee OoraThiii COCTaB IOHHBIX OTJIOXEHU 1, BEAYIIe MECTa B TPUOPUTETHOM
reOXMMUUECKOM PSIY 3[€Ch 3aHUMAIOT 2JIEMEHThI-CITyTHUKHM opyieHeHust: Sb, As, Bi, Pb. Ha 3anagHom
rnobepexbe MoJyocTpoBa, rae pa3suta KaMmuaTckas HUKeJIeHOCHAs MIPOBUHIIMSI B COCTAB IPUOPUTET-
HBIX 2JIEMEHTOB JUJISI JOHHBIX OTJI0XEeHU BXoAUT Ni (IpeBbIlIeHWE HAl CPEAHUM COACPXAHHUEM 10
Kamuatke B 1.8 pas), a takxxe P39: La, Ce, Pr, Nd, Sm, Eu, Gd, conyTcTByole MeIHO-HUKEICBOMY

opyneHeHHMI0 KamyaTku.

Karuesvie crosa: doHHble OMAONCEeHUA, KaM‘iamKa, 6YJAKAHU3M.

BBEJIEHUE

JloHHBIE OTJOXEHMSI BOIOTOKOB, Ojlaromaps
CBOUM JIEMMOHMUPYIOIIMM CBOWCTBaM, SIBJISIOTCS
MoKa3aTeJbHBIM MHAMKATOPOM KayecTBa TpaHC-
MOPTUPYIOLIMX UX BOI, KPOME TOTO OHU OTpaxkarmoT
COCTaB APYTrMX KOMIOHEHTOB MPUPOIHON Cpelbl
(1Mo4yB, NPOAYKTOB pa3pyllIeHUs TOPHBIX MOPOI)
OOILIMPHBIX BogoCcOOpHBIX miomaaeii. Ha repputo-
puu noyoctpoBa KamyaTka B yCJIOBUSIX aKTUBHOTO
BYJIKAHM3Ma B COCTaB JOHHBIX OCAIKOB IOTIOJI-
HUTEJNbHO BXOIST TaKXKe BYJKAHUYECKHUE TETLIHI,
3aJjieraloime B MOYBEHHO-MUPOKJIACTUUECKOM
yexJie peruoHa. 3HaHue 3HaHHUe 3aKOHOMEPHOCTe M
(bopMHUpOBaHUS TOHHBIX OTIOXEHHIT HeMaso-
BaXkHO, KaK MPU MPOBEACHUHM MOUCKOB PYIHBIX
MECTOPOXIAEHMM, TaK U MPU BBHITMOJHEHUU TIPU-
KJIQIHBIX 9KOJIOTO-T€OXUMUYECKMX UCCIICTIOBAHM,
HampaBJIeHHBIX Ha yCTAHOBJIIEHUE MHTEHCUBHOCTHU
¥ MaciuTaba TeXHOTeHHOT0 3aTPSI3BHEHU SI.

MudpopMauusg o TMAPOJIOTUM MHOTOUYMUC-
JIEHHBIX OOJBIIMUX U MadbiXx peK KamuaTku,
BJAUSIOIIMX HA POpMUPOBAHME TOHHBIX OCAIKOB,

nprBeAeHa HAa OCHOBAHMU HAyYHO-TIPOU3BOJI-
CTBEHHOro otuyeta KamMuyaTckoro permoHajabHOTO
LIEHTpa MOHUTOpPUHTA cocTossHUS Henp'. [To Tep-
putopuun KaMyaTcKoro rnojayocTpoBa MpoTeKaeT
0Kk0J10 55500 60abIINX ¥ MaNBIX peK'. CpeAUHHBII,
BocTouHblii u KOXXHBIN TOPHO-BYJKaHUYECKUE
XpeOThl AesIT UX Ha ABa OacceilHa: 3amagHbIA
— OacceitH OXOTCKOro MOpSI U BOCTOUHBIN —
OacceiiH Tuxoro okeaHa u yacTuuHo bepuHrosa
mops. OO XUMUYECKUN COCTAB PEYHBIX BOJI,
peruoHa 10BOJIbHO OJHOOOpa3eH. B cooTBeTCTBUU
¢ KJlaccu(pukaluueil MOHHOTO cocTaBa BOJA IO
O.A. Anexkuny (1970) peunnie Boabl KamyaTku
OTHOCSITCS K IEPBOMY TUITY YJIbTPAITPECHBIX U ITPe-
CHBIX MSITKMX BOJ, K KJIaCCy NMPEUMYIIECTBEHHO
TMAPOKaApOOHATHBIX CO CMEILIAHHBIM KaJblIUEBO-
MarHueBbIM COCTABOM KaTHUOHOB.

U Kuaun H U, «OlieHKa COCTOSIHUS TOI3EMHBIX
BOJA TeppuTOpuM n-oBa KamuaTka u co3gaHue TUApO-
reojornyeckoii kaptel Macmraba 1:500000». Kuura 1.
KamuaTrckuii permoHaJbHbINA LEHTP MOHUTOPUHIA CO-
crossaus Heap (KPLUMCH) IO «Kamuarreonorusi»,
r. Enuzono, 2009. C. 34-38.
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3AXAPUXUHA, TUTBUHEHKO

OOLIUpHBIE CBEIEHUSI O F€OXMMUUYECKOM
COCTaB€ JOHHBIX OTJIOXKEHUM pernoHa ObLIY Moay-
YeHbl MPOU3BOACTBEHHO-T€0JOTMYECKUM 00b-
eaMHeHueM «KamMyaTreosorvs» npu NpoBeIeHUUN
JJUTOXUMUUYECKUX CHEMOK MPU MOUCKOBO-ChHE-
MOYHBKIX paboTrax macirada 1:200000 u xpymHee,
HayMHas C CEMUJAECIThIX TOJOB MPOILJIOTO CTOJETUS
10 HACTOSI1IEE BPEMS.

B 2004 r. mo mporpamme «['eoxuMumueckast Kapra
Poccun» KamMuyaTckKum TeppuTOpHaIbHBIM I'€0JI0-
TMYECKUM yIIpaBjeHeM cCOBMeCTHO ¢ MHCTUTYyTOM
MUWHEPAJOTUU, TEOXUMUU U KPUCTATJIOXUMUU
peakux snemeHToB (MMI'PD) Oblna BhIMOMHEHA
obobualolass padoTa Mo OLEHKE T€OXMMUYECKUX
aHOMAaJIMI pa3HbIX TPUPOAHBIX CPEll, B TOM YHUCIE
TOHKOI (ppakuuu (-1 MM) TOHHBIX OCagKOB BOJIO-
TOKOB?. B paboTe UCIoJIb30BaH paHee MOJIyYSHHBII,
B OCHOBHOM PETPOCIEKTUBHBIN, aHAJIUTUYECCKUA
MaTepual, 3a nepuoa 1975-2003 rT. u pe3yabTaThl
MNPOBENEHHBIX TOMOJHUTEIbHBIX UCCIEIOBAHUMA.
OCHOBHO LIeJIbI0 U3YUCHUS JOHHBIX OTIOXCHUM
SBJISIJIOCH BbISIBJIEHUE HA TEPPUTOPUHU TTOJTYOCTPOBA
aHOMAaJIbHBIX TreoxumMuueckux mnouaeir (AI'Il) u
aHaJM3 UX KAa4YeCTBEHHOro cocTaBa. B pe3ynbrare
aHajMn3a reoXMMUUYECKOro COCTaBa JOHHBIX OCall-
KoB BbigesieHo 37 AT'TI, coOTBETCTBYIOUIUX PAHTY
pyaHbIX paitoHoB 1 y310B. AI'TI xapakTepusyloTcs
pa3HbIMU acCOLMAllMIMU 3JIEMEHTOB B TOHHBIX
OTJIOXKEHMSIX, HanboJiee 4yacTo BCTpeYaeMble U3 HUX:
Au-Hg-As-Sb-(Ag) accoumnanus, yKasplBalolas Ha
pa3BUTUE HA TUIOLIAAU 30JI0TO-CYPbMSIHO-PTYTHOM
U 30JI0TO-CcepebdpsiHol pyaHbIX popmannii; Ni-Co,
M0 KOTOPOW MPOTrHO3UPYETCS KOOATBT-HUKEIEBOE
opyaeHenue, 1 Cu-Mo-Zn, oTBeyamwlass MeaHO-
nop¢upoBoil hopMannu.

I1pu BBINIOJIHEHU Y LHUTUPYEMOI pabOTHI B Kaye-
CTBe (pOHA XUMMYECKUX JIEMEHTOB UCIOJIb30BAJIUCh
YCPEMHEHHbIE €AMHBIE TApaMETPBbI 1151 BCETO PErMOHA.
He yutenbl: reorpadusi 3aieraHusi pa3HbIX I10 IIETPO-
XUMHUUYECKOMY COCTaBY BYJKAHUYECKUX TMETJIOB IO
TeppuTopur KaMyaTku U CUJIbHO pasjinyaroiiiecs
MOIIIHOCTU MOYBEHHO-IMPOKJIACTUYECKOTO YexJa,
BJIMSIOLIME HA COCTaB IOHHBIX 0caakoB. Kpome Toro,
Bcs MH(pOpMalus, IojydeHHas mmpu oueHke AI'TI,
OCHOBbBIBaJlaCh Ha UCCJIEIOBAHUSX C TPUMEHEHUEM
MOJYKOJMYECTBEHHOI' O CIIEKTPaJIbHOro MeTona. YyB-
CTBUTEJBHOCTb €r0 HEJIb3s MPU3HATh JOCTATOYHOMU
TS TTOTyYeH U 1 POHOBBIX ITOKa3aTesIei 1151 00IbIIH-
CTBa XMMHUYECKUX BJIEMEHTOB. OTCYTCTBYIOT TaKKe
JAHHBIE O CoepKaHU X OOJIBILIOTO CIIEKTPA JIEMEH-
TOB, HE OMPEIEISIEMbIX CIIEKTPAJIbHBIM aHAJTU30M.

2 Kpunouxuwn JI.A., Huxonaee F0.H., Taranraii M.A.
OTueT Mo 00beKTY «MHOTrOI1E/IeBbIe TPOTHO3HO-TE€0-
xuMuueckue padborsl macuitaba 1:1 000000 Ha nucrax
L-52,-53; M-49; M-53; N-48; N-49; N-50; 0-40; Q-35,-
36; K-37,-38,-39; N-56,-57,-58, M-57 u co3mnaHue reo-
xuMuuyeckux ocHoB [ocreonkaptei-1000/3 Ha nucTax
N-39; M-46,-47; O-47, N-47; P-58» (B 20 Tomax), 2004 1.

OCHOBHO 11€J1bI0 paOOTHI SIBJISIETCSI YCTAHOB-
JIeHHe ocoOeHHOoCcTell popMUpOBaHUS TCOXUMU-
YEeCKMUX CBOMCTB MOHHBIX OTJIOXeHUI KamuaTku
Ha ypoBHe (poHa (BHE SIBHBIX I€OXMMUYECKUX
aHoManii). PaboTa sIB/IsI€TCS YaCThIO TPOBOAUMBIX
aBTOpPaMM KOMIJIEKCHBIX TEOXUMUYECKUX UCCIIENI0-
BaHUU NpUpOAHBIX cpen KaMmyaTKu — COBpeMEH-
HbIX BYJIKAHUYECKUX TEIJ0B, MOYB, pAaCTEHUH,
MPUPOJIHBIX BOI, IJI€ JOHHbIE OTJIOXEHU S IBIASIOTCS
KOHEYHBIM 3BEHOM MUTPALIMOHHOM LIETIU 3JIEMEHTOB
B JaHAIIA(MTHBIX CONPSAXEHUSAX BYJIKaHUYECKUX
5KOCHUCTEM IOJIYyOCTPOBA.

s pellieHus MOCTaBJEHHOM 3a]auu YCTaHOB-
JIEHBbl TEOXMUMUYECKUE CBOMCTBA JOHHBIX OTJIOXE-
HUI peyHOI CeTU pa3IMYHbIX pailoHOB KaMyaTku
Ha ypoBHE (hOHa, BbISIBJIEHA CTENEHb 3aBUCUMOCTH
3JIEMEHTHOI'O COCTaBa JOHHBIX OCAJKOB OT TMIpOTe-
OXUMMUU BOJ, TEOXMMUUYECKOTO COCTaBa COBPEMEH-
HBIX MEIJOB W MOYB, Pa3BUTBHIX Ha BOJTOCOOPHBIX
MJIoIansX.

OBBEKTbI U METO1bl UCCIENJOBAHUN

I'eoxumus Bcex mpupoaHbix cpen KamyaTtku, B
TOM YMCJIe KOMITOHEHTOB, OIPEAeIsIONINX COCTaB
JOHHBIX 0CaaKOB (PEYHBIX BOJ, BYJKAHUYECKUX
MeIlJIOB U MOYB Ha HUX OOpa3oBaHHBIX), B 3Ha-
YUTEJbHOM CTEIEHU 3aBUCUT OT YCJOBUI ByJKa-
HHU3Ma TEPPUTOPUI UX Pa3BUTHUS. YUUTHIBAS BTO,
U3yUYeHUE TEOXUMUIECKMX OCOOEHHOCTE ! JOHHBIX
0CaJKOB pervoHa, BHIMOJHEHO B paMKax Mpel-
JIO)KEHHOTO HaMM paifoHupoBaHU. B mpemenax
noayoctpoBa KaMyaTka u3y4yeHbl TePPUTOPUM,
MMEIOIIMe CXOMHOE CTPOEHUE TMMOYBEHHBIX MPO-
(uneit ¢ UIGHTUYHBIMU MO COCTABY M BO3PacTy
MEeMJOBBIMU FOPU30OHTAMM, OTJIOXMUBIIUMHUCS B
pe3yJibTaTe U3BECTHBIX KPYMHBIX M3BEPXKEHUN
ByJakaHoB KamuaTtku B rojoueHe (JIMTBUHEHKO,
3axapuxuHa, 2008). Bergenensl: CeBepHasi TOYBEH-
Has MPOBUHIIMS, pa3faeieHHas Ha BocTouHbIi U
3anagHblii paitoHbl, 1 KOXHasg mouyBeHHAas MPoO-
BUHIIM S, B COCTaB KOTOPOU BXoAAT LleHTpalbHbINM,
3anagHblit u Oro-BocTouHbIM paiioHbI (PUCYHOK).

M3yuyeHus 1 onpoOoBaHUS JOHHBIX OCAIKOB,
TaK e, KaK 1 peYHBbIX BOJ, IIPOBEACHBI 110 TOYKAM
HabnwoaeHus (pucyHok). McciaenoBaluch OTIO-
>KEHMSI BOOOTOKOB, OTHOCSIIIUXCSA K PEeYHOI CeTu
KpynHBIX pek. s 3anagHoro paitona CeBepHOit
npoBUHLMU 3TO peku: JIeB. O3epHas, [Topoxucras
u EnoBka. B BoctouHOM paiioHe 3TOi IPOBUHIIUU
(okpectHocTu ByakaHoB llluBenyd, Tonbauuk,
besbiMaHHBIN, KiTIoueBcKas corka) ucciieIoBaHbl
nputoku p. KamuaTtka u p. beicTpas, nomnagaroniue
B apeaJibl BEIaACHMSI TIETJIOB Ha3BaHHBIX BYJIKAHOB
KotoueBckoii rpynisl (pyd. CTyneHbli, beTbunHOK,
Kabeky) u, Haxonmsmuecs 3a npeaejaMyu aKTHUB-
HBIX MEIIoNnaaoB (pyd. DyIbunHOK, p. KaBaBiag u
p. AHaBrait). 3anagHbiii paitoH KOXXHOM TpoBUHIIUU
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Pucynok. Kapra-cxema 00beKTOB MCCIAEeIOBaHUIA:
1 — paiioHbl MOYBEHHBIX NPOBUHLMI: | — 3anamHblii,
II — HenTtpanbnsbiii, 111 — FOro-Bocrounslit (KOxHas
npoBuHuMs), | — Bocrounslii, I1 — 3anaanslit (Ceep-
Has MPOBMHIMSA); 2 — TpaHULA MEXAY MPOBUHIIUSIMU;
3 — rpaHUIbl MeXay paiioHaMu; 4 — TOYKM HabJrone-
HUM, 5 — BYJKaHBI.

Picture. Map diagram of research objects: / — areas of soil
provinces: I — Western, Il — Central, III — Southeast
(Southern Province), I — Eastern, Il — Western (Northern
Province); 2 — the boundary between the provinces;
3 — boundaries between districts; 4 — observation points,
5— volcanoes.

oxapaKTepr30BaH Ha OCHOBAHU U UCCIIEIOBAHU S PEK
U pyuybeB, OTHOCAIIIMXCS K OacceilHaMm pek: Mua,
Ilanyu, Konsuibe, ITopoxuctas, Koab, Kuxuuk,
Vrka. B lleHTpaibHOM paiioHe Ha3BaHHOU IPO-
BUHIIMU oIlpoOoBaiuch peku: bonbinas KumutuHa,
Kupranuk, KaBerua, Octpedokoc, Kamkan, ITiaoT-
HukoBa u KapeiMmunHa. B FOro-BocTtouHoM paiioHe
KO>kxHO#t TPOBUHIIMYU M3YyUYEHBI BOAbl U TOHHBIE
oTJoxeHus pek Acaua, Bumioua, ITaparyHka, ITopo-
XKUCTasl U MX MPUTOKOB, a TaKxXKe p. XaJaKThIpKa
¢ nputokaMu u pyd. Kosenbcknii. OnpodboBaHue
JOHHBIX OCAJKOB OMHUX U TEX e BOTOTOKOB IPO-
BOJIMJIOCh MHOTOKPATHO B pa3HbI€ TOIbI B IIEPUOI C

2002 1. 1o 2016 T. BJIeTHE-OCEHHIOIO MEXEHD, B KOHIIE
aBrycTa HayaJjie CeHTSIOps Iapajje]lbHO ¢ OTOOpOM
PEYHBIX BOJ.

IIpu uccreqoBaHUU XMMUYECKOTO COCTaBa
JOHHBIX OTJIOXEHUM, PEYHBIX BOM, MOYB U IETJIOB
OBbIJIM MCIOJb30BAHBI KOJINYECTBEHHBIE METOMIbI
aHaJIn3a — Macc-CIeKTPOMETPUUECKUI M aTOMHO-
SMUCCUOHHBIM C UHIYKTUBHO CBSI3aHHOM IJ1a3MOM
(ICP-MS u ICP-AES).

Crarucrtudeckass o6paboTka pe3yJIbTaToOB
(aCUMMETPUYHOCTD, 3KCIECC U KOA(DPUILIUEHT aCUM-
meTpuu ITrupcoHa), BHIIIOJIHEHHAS IJIS IIPOO ¢ KIT10-
YeBBIX YUACTKOB 3anagHoro paitona CeBepHOI Mpo-
BUHIMU U 3anagHoro paioHa KOxHoi npoBUHIINY,
noareepauia nonoxenue (Ilepensman, 1975; Caetu
ap., 1990; ConoBoB u np., 1990) o mpenmyIecTBeH-
HOM JIOTHOPMAaJIbHOM pacrpenesieHuu coaepXaHui
XUMUUYECKHUX DJIEMEHTOB B IIPUPOIHBIX Cpeaax.
B 5T0i1 cBSI3M reoxuMmuueckuii GoH 52 31eMEHTOB
BJIOHHBIX OTJIOXKEHUSIX U APYTUX IPUPOIHBIX Cpenax
BbIIEJIEHHBIX paiioHoB KamMuaTku ObLI ompenesieH
MyTeM pacyeTa CpeIHEereoMeTpUYECKUX 3HAUCHU
coIepKaHUI B HUX XUMUYECKUX 371eMeHTOB (Cp).

T'eoxuMuueckue (HOHbBI 2JIEMEHTOB B KOMITOHEH-
Tax cpeanl perroHa B 11es1oM (Cdp) paccunMTaHbl Kak
cpenHue apupmeTrndyeckue BeamuyrH Cp 2J1eMEeHTOB
BCeX pailoHOB MojiyocTpoBa. Criocob pacuera y4u-
ThIBaJl HEOOJIbIIOKM pa3dmax 3HaueHUi Cp y Bcex
3JIEMEHTOB.

g olleHKU pa3dHOoOOpa3usi XMMUYECKOTO
cocTaBa IOHHBIX 0CaIKOB pa3HBIX paiioHoB Kam-
YaTKM JJIST KaXKJO0TO U3 HUX BBITMIOJHEHBI pacyeThbl
KO3 (PULIMEHTOB KOHLIEHTpaluu 31eMeHToB (Kc)
no ¢opmyne Kc = Cp/Cop.

CremneHb 3aBUCUMOCTH 2JIEMEHTHOTO COCTaBa
JOHHBIX 0CAJIKOB OT FT€OXMMMUYECKOT0 COCTaBa pey-
HBIX BOJII, COBPEMEHHBIX MEIJIOB U TIOYB, Pa3BUTHIX
Ha BOIOCOOPHBIX MJIOIIASIX, YCTAHOBJIEHA TTyTeM
pacyeTa paHI'OBBIX KO3(P(GUINEHTOB KOppeasun
3”HayeHuit K¢ HazBaHHBIX cpel. JIaHHBIe O BaJIOBBIX
CoIepKaHUIX DJIEMEHTOB B ITOBEPXHOCTHBIX BOAX,
BYJKaHUYECKUX TeTJaxX ¥ MoYyBax MpeacTaBJIeHbl B
Tabm1. 1, 2.

PE3YJLBTATBI U UX OBCYXKJIEHHWE

Obwue ocobennocmu 2udpoxumuu 600 Kam-
yamku. J1J1s TPUPOAHBIX MOBEPXHOCTHBIX BOJ
KamuaTku xapakTepHBHbI CJIeAYIOLIe O01e TUIPO-
XUMHUYECKNE OCOOCHHOCTH.

PeuHble BOIBI B OCHOBHOM MMEIOT HU3KHE
COIepPXKAHU S XUMUYECKHMX 2JIEMEHTOB B CPAaBHEHU U
C KJIapKaMU peuHbIX BoJ (Tab1. 1). DTa 0cOOEHHOCTD
POIHUT UX C TTOYBAMU U MeIIaMU, claraloiiuMu
MOYBEHHO-MMMPOKJIACTUYECKU I YeXOJI ITOTyOCTPOBa
(JIutBuHeHko, 3axapuxuna, 2008).

PacueT paHroBBIX KO3(pPUIUEHTOB KOP-
peasuuu no Ko3¢dduuueHTaM KOHIUEHTpalui
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Taomuma 1. CpenHue comepskaHUs XUMUUYECKUX 3JIEMEHTOB B TTOBEPXHOCTHBIX BOAAX MOYBEHHBIX TTPO-
BUHIMI KaMyaTK¥U M KJIapKW pedHoit Boasl o (BuHorpanos, 1967), ¢ momoaHenuem 1o (bopnoBckmii,
HMBanenko 1979; T'opaees, 1983), mxr/m.

Table 1. Average content of chemical elements in the surface waters of the soil provinces in Kamchatka and
clarks of river water according to (Vinogradov, 1967), with addition according to (Bordovsky, Ivanenko
1979; Gordeev, 1983), mcg / 1.

Peunrble Bombl
CeBepHast IOxHas
SneMenTL | Kiapk 3amagHbIit BocTouHbIit 3aH%HHHﬁ LlenTpanbHblii | FOro-BocTouHbrit Cop
paiioH, n = 80 | paitoH, n = 57 rI:a:H(l)in paiioH, n =76 | paiioH, n =32
Li 2.5 0.84 5.53 1.35 1.48 0.45 1.93
B 20 2.51 87.93 2.44 34.37 13.66 28.18
Na 5000 3136.84 7311.62 2745.99 3788.05 6284.93 4653.49
Mg 2900 1933.63 3017.43 2108.08 1916.15 2133.06 2221.67
Al 160 88.87 958.24 505.58 65.85 48.19 333.35
Si 6000 9525.66 7033.58 5228.07 8273.96 12003.48 8412.95
s 40 150.91 114.09 20.98 <45 <45 95.33
e 3800 3454.81 8406.23 5051.13 4041.30 1540.70 4498.83
K 2000 685.41 1447.96 828.46 545.95 782.31 858.02
Ca 12000 8596.22 6134.94 7705.38 5136.36 11279.18 7770.42
Ti 3 1.90 4.18 9.74 0.95 1.80 3.714
\Y 1 1.00 12.95 1.00 1.00 2.54 3.698
Cr 1 1.00 2.14 1.00 1.00 1.00 1.228
Mn 10 7.35 30.96 6.94 2.89 6.88 11.0
Fe 40 154.12 461.89 424 .41 85.91 55.94 236.45
Co 0.3 0.13 0.63 0.55 0.09 0.05 0.29
Ni 2.5 0.46 5.30 6.30 0.83 0.46 2.67
Cu 7 1.47 10.49 1.52 2.14 0.49 3.222
Zn 20 1.93 15.67 1.98 10.32 1.31 6.242
Ga 0.1 0.02 0.19 0.10 0.02 0.01 0.068
Ge 0.07 <0.02 0.04 <0.02 <0.02 <0.02 0.04
As 2 0.17 1.36 0.29 0.33 0.65 0.56
Br 20 <4 22.52 <4 <4 7.34 14.93
Se 0.2 <0.6 <0.6 0.51 <0.6 <0.6 0.51
Rb 2 0.77 2.44 1.39 0.83 0.73 1.232
Sr 50 25.31 27.47 47.42 71.38 25.43 39.40
Y 0.7 0.08 0.23 0.14 0.05 0.03 0.106
Zr 2.6 <0.009 0.22 <0.009 <0.009 0.02 0.12
Mo 1 1.10 1.29 0.41 0.54 0.26 0.72
Ag 0.2 <0.01 0.03 <0.01 <0.01 <0.01 0.03
Cd 0.2 <0.009 0.04 <0.009 <0.009 0.01 0.025
Sb 1 0.01 0.25 0.04 0.04 0.03 0.074
Cs 0.03 0.02 0.05 0.07 0.04 0.02 0.04
Ba 30 5.11 13.22 8.70 4.85 1.81 6.738
La 0.05 0.01 0.60 0.10 0.040 0.02 0.154
Ce 0.08 0.04 0.43 0.28 0.058 0.01 0.1636
Pr 0.007 0.01 0.06 0.04 0.009 0.00 0.024
Nd 0.04 0.04 0.25 0.17 0.035 0.02 0.103
Sm 0.008 0.01 0.05 0.04 0.007 <0.007 0.027
Eu 0.001 <0.004 0.01 <0.004 0.003 <0.004 <0.004
Gd 0.008 0.01 0.05 0.04 0.008 <0.004 <0.002
Tb 0.001 <0.002 0.01 <0.002 0.002 <0.002 0.0194
Dy 0.005 0.01 0.04 0.03 0.007 0.01 <0.002
Ho 0.001 <0.002 0.01 <0.002 0.002 <0.002 <0.006
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Taoauna 1. OkoHuaHue.

Er 0.004 <0.006 0.03 < 0.006 0.005 <0.006 <0.002
Tm 0.001 <0.002 0.01 <0.002 0.002 <0.002 <0.003
Yb 0.004 <0.003 0.02 <0.003 0.004 <0.003 <0.003
Lu 0.001 <0.003 0.01 <0.003 <0.003 <0.003 <0.004
Hf 0.0034 <0.004 0.01 <0.004 <0.004 <0.004 <0.01
Ta 0.00125 <0.01 0.01 <0.01 <0.01 <0.01 <0.004
Re 0.0019 <0.004 0.00 <0.004 <0.004 <0.004 <0.004
Hg 0.07 <0.004 0.06 <0.004 <0.004 <0.004 <0.004
Tl 1 0.23 0.03 0.17 <0.009 <0.004 0.143
Pb 1 0.08 1.12 0.01 0.51 0.04 0.352
Bi — <0.006 0.01 <0.006 <0.006 <0.006 0.01
Th 0.1 0.002 0.02 0.02 0.001 0.002 0.009
U 0.5 0.003 0.05 0.02 0.010 0.003 0.0172

IIpumeuanue. MccaenoBaHus BBIITOJHEHBI B AHATUTUYECKOM CepTU(GUKALIMOHHOM UcIbITaTeAbHOM LeHTpe (000
ACHII) ®I'VIT Becepoccuiickuii Hay4YHO-MCCIEA0BATEIbCKUIT MHCTUTYT MUHEPAIbHOTO Chipbst M. H.M. ®eno-

poBckoro (MockBa).

Note. The studies were performed at the Analytical Certification Testing Center (ASIC LLC) of the Federal State Uni-
tary Enterprise All-Russian Research Institute of Mineral Raw Materials. N.M. Fedorovsky (Moscow).

rmokaszaJl, YTO Ka4YeCTBEHHBIN COCTaB XMMUUECKUX
2JIEMEHTOB B Bogax KamuaTku He oOHapyxKuBaeT
CBSI3U C MTOYBEHHO-TIMPOKIACTUUYECKUM YEXJIOM
tepputopun. MckioueHue coctaBisget auib KOro-
BocTrounsblit paiton KOxkHOM NPOBUHIIMHA.

Hns nmouB u merjioB KamMmyaTky xapakTepHBbI
OTHOCUTEJIbHO MOBBIIIIEHHbIE BaJIOBBIE COAECPKAHMS
3JIEMEHTOB, TUITMYHBIX IJIS1 BYJKAHUUECKUX MOPOI
cpelHero 1 OCHOBHOTO coctaBoB: Na, Ca, Mg, Cd,
Mn, Co, Cu, ¥ HU3KHUE COIEPXKAHUS DJIEMEHTOB,
XapaKTepPHBIX IJISI KUCTBIX ByJIKaHUTOB: La, Ce, Pr,
Nd, Nb, Hf, T1, Rb u Th (JIuTBuHeHKO, 3axapuxuHa,
2008). B ToBepXHOCTHBIX BOAAaX MOJYyOCTPOBa 3Ta
3aKOHOMEPHOCThL He IMpociiexkuBaeTcd. Yaie B
COCTaB 3JIEMEHTOB C MOBBIIIEHHBIMU KOHIIEHTpa-
HusIMH B Bomax KamMyaTKku BXOOSIT XUMUYECKUE
3JIEMEHTBI TUTIMYHBIE IJISI KUCJIBIX TOPOI C U3Me-
HSIIOIIMMCS Ka4YeCTBEHHBIM COCTAaBOM JIJIST Pa3HbBIX
paiioHos (tab:. 1).

K o0mumM 0coOEHHOCTIM TUAPOreOXuMumye-
CKOTo cocTaBa Boi KamMyaTKu clenyeT OTHECTH
TaK>Ke MOBBIIIEHHbBIC COMEPKaHMS Keje3a I BceX
PaioHOB IOJyOCTpPOBA.

Teoxumust 0OHHBIX 0OM.A0MCEHUTL PA3HBIX PATIOHOG
Kamuamrxu. ConepXaHusI XMMUUECKUX 2JIEMEHTOB
B IOHHBIX OTJIOXEHM X pa3HbIX palioHoB KamuaTku
Ha ypoBHe (OoHA, BHE SIBHBIX T€OXUMUYECKUX
aHoOMalluii, 3HAYMMO He pa3jauvarTcs (Tadmi. 2).
KoadpduumeHTs KOHIEHTpALUA 2JIEMEHTOB JJIs
paiioHoB KoyieomoTes B mpeaenax ot 0.7 mo 1.5 equ-
HUII, TO €CTh OTKJIOHSIOTCSI OT CPeIHMX MoKa3aTesei
JUTST TIOJIyOCTpoBa He Gosiee yeM Ha 33% (tabia. 3).
C npyroit cTopoHbl, HauboJjee CyleCTBEHHBIE
OTJIMYMS B 3JIEMEHTHBIX COCTaBaX TOHHBIX 0CaIKOB
CBUIETEIBCTBYIOT O CBSI3U OTJOXEHUI 10O ¢ reo-
XUMMYECKOM CIIeMaan3aluei pyaHbIX TPOSBICHUMN
3TUX TEPPUTOPUIA, MO0 CO CrieU(PUKOIA BYJIKaAHU-
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YEeCKOM AesITeTbHOCTU, KOTOpast POPMUPYET B CBOIO
ouepenb 0COOEHHOCTU F€OXUMUU MTOBEPXHOCTHBIX
TOPU3OHTOB TOYB U MOACTUIAIOIINX UX BYyJIKaHU-
YECKUX TeTJIOB.

Kaxk npaBuio, TOHHBIE OTJIOXKEHU ST BOMOTOKOB
00pa3yroTcs B pe3yabTaTe CMEIICHU S U HAJTOXKEH M ST
pa3HBIX (AaKTOPOB M MPUPOIHBIX CPEll, BIUIIO-
K1X Ha GOPMUPOBAHNE UX XMMUUECKOTO COCTaBa
(AnexuH, 1970). OnHako, KaK MOKa3bIBalOT HAIIU
HCCJIeNOBaHMS B paifoHaX aKTMBHOIO BYJIKaHM3Ma
Ha TEPPUTOPUIX 3ajleraHusl Hauboaee MOJOIAbIX
BYJIKAHMUYECKMX TEIMJO0B, MOCIeAHNE SIBISIOTCS
OCHOBHBIM KOMIIOHEHTOM CPEJbl, OTIPEACISIIONIUM
OCOOEHHOCTH 3JIEMEHTHOTO COCTaBa COBPEMEHHBIX
OTJIOXKEHU U BOIOTOKOB.

PacueTt k03¢ dUIIMEHTOB paHTOBOI KOPPEIILIUN
JOHHBIX OTJOXEHUI ¢ peUHBIMU BOJAMU, TTOBEPX-
HOCTHBIMU IMOYBEHHBIMU TOPU3OHTAMM U TIPUIIO-
BEPXHOCTHBIMHU TEMJaMU, UX MOACTUJIAIOIIMMU,
mo 3HayeHMsIM Kc mokasai, 4To cocTaB TOHHBIX
0CaJIKOB IBYX pailOHOB MOJIyOCTpoBa: BocTouHoro
Cesepnoii mpoBuHuMK U FOro-BocTounoro KOxHoit
MMPOBUHIINH, OOHAPYKUBAIOT TECHYIO CBSI3b C MOJIO-
JIBIMU METIJIOBEIMU TOPU30HTAMU 1 IIOYBAMU HA HUX
o0pa3oBaHHBIMHU (Ta0II. 4).

BocrouHnnlit paiton CeRepHOW MPOBUHIIUUA
SBJISIETCS TePPUTOPUEH TTOCTYIIEHUS TIPOAYKTOB
BYJKAHUYECKON AeATENbHOCTH aKTUBHBIX ByJIKa-
HoB Kiouesckoit rpynimsl (bpaiiuesa u np., 2001).
B Bu e MPUCHITTOK B TOBEPXHOCTHBIE OPTaHOTEHHBIE
TOPU3OHTHI MOYB paiioHa PETyJSIPHO MOCTYIAlOT
MOJIObIE BYJKAHMYECKHUE TeTJIbl COBPEMEHHBIX
u3BepxxeHu i BynkaHoB: [IluBenyu, Tonbauuk, be3ni-
MsHHBIN, KtoueBckas conka. CaMu MMOBEPXHOCT-
Hble OpTaHOTEHHbIE TOPU3OHTHI MOACTUIAIOTCS
MPOCI0EM aHIE3UTOBBIX M 0a3aJIbTOBBIX IEIJIOB
ByakKaHa TonbGauuk n3BepxkeHuir 1975-1976 rr.
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Taboauna 3. Koaddpunnentsr KoHueHtpanuit (Kc) conepxkaHuii 3 1eMEHTOB JJ1S1 JOHHBIX OTJIOKEHU I pa3HbIX paiio-
HoB Kamuarkwu.

Table 3. The concentration ratios (Kc) of the contents of elements for bottom sediments in different areas of
Kamchatka.

%
=
E é Teoxummueckas GopmyJia JOHHBIX OTIOXKEHUIA
2| 2
= Ke> 1 Ke< 1
=
E As(1.5)-Ta(1.3)-Fe(1.3)-Zr,V,Mn(1.2)-Ti, Sb, Sr, Ce, Nd, Be, Sm, Ni, Cs, Tm, Al, Lu, Er, Cr,
=t Hf, Sc, Ba, Cu, Co(1.1)-Tl, Nb, Bi, Mo, Zn, Pr, K, Ho, Gd, Eu(0.9)-Dy, Tb, Yb, La,Cd, Na,
5 5 Li, Ga, Y(1.0) Ca, U, Rb, Mg(0.8)-Th, Pb, W, Sn(0.7)
T o
)
53 DE Zr(1.6)-Ca, Hf, Mg, (1.4)-Cu, Ti,(1.3)-Na, K,
5 Yb, Lu, Tm, Er, Dy, Ho(1.2)-Co, Tb, Sr, Gd, Y, Ce, Be, Zn, Sn, Cd, Rb, La(0.9)-Li, T1(0.8)-
g Sm, Sc, Eu, Cr, W, V, Mn, Ga(l.1)-Fe, Nd, Ni, | Th,Bi(0.7)-Nb, Pb, Ta, (0.6)-Cs, As(0.5)-Sb(0.4)
‘g Al, U, Mo, Pr, Ba(1.0)
=
E Ni(1.8)-Cr(1.7)-Nb(1.6)-Be, La(1.4)-Li, Th, |Zn, Ga,Y, Dy, Na, Ti, Sr, Ho, Mg, Er, K, Al, Tm,
=t Ta(1.3)-Pr, W, Ce, Nd, Rb(1.2)-Cs, Pb, U, Sm, | Yb(0.9)-Fe, Lu, Ba, Cd, Sc, Cu,V(0.8)-Mo, Mn,
5 Sn, Bi(1.1)-Gd, TI, Eu, Co, Tb(1.0) As(0.7)-Ca(0.6)-Hf(0.4)-Zr, Sb(0.3)
DE Sb(2.1)-Cs, As(1.8)-Rb, (1.7)-Tl, Bi, Th(1.6)-
= o K(1.5)Pb, U, Ba, Cd(1.4)-Mo, Sn, W, Nb(1.3)-
S| 2 | LiLa Ce Ta(1.2)-Al Pr, Be(.1)-Sr, Nd, Zn, Fe, Ga, Er, L‘g’cl(\g‘g’)}{\’,lefig)a;)(og)’Mg’ Co,
) £ Na, Eu, Hf, Sm, Zr, Yb, Tb, Gd, Cu, Ho, Dy, ’ ’ ’
= Tm(1.0)
=
s T Ca, V(1.3)-Lu, Sc, Al(1.2)-Cd, Er, Yb, Zn, Pb, | Fe, Sm, Zr, Ti,Cy(0.9)-Nd, Pr, W,(0.8)-U,La, Ce,
§ é Tm, Ho, Mg, Dy, Sn, Mn, Ga, Tb, Y, Na(l.1)- | Ba, Bi, Th, Li, Be(0.7)-Cs,Ta, As, Ni, Tl, K(0.6)-
9 Hf, Gd, Eu, Sb, Sr, Co, Mo(1.0) Rb, Nb, Cr(0.5)
[~a)

Ta6auua 4. KoahduimeHTb paHTOBOI Koppeasiunu (o 3HaueHUsIM Kc) TOHHBIX OTJIOKEHU 1 C TPUPOIHBIMU CPEIaMU.

Table 4. Rank correlation coefficients (for Kc values) of bottom sediments with natural environments.

JIOHHBIE OTJIOXKEHUS

CeBepHast TPOBUHLIMS

IOxHast mpoBUHIIMS

[IpuponHsie cpenbl — —
3aramHbIi BocTouHnsrit

paiioH, n = 80 | paiioH, n = 57

3aramgHbIi
paiioH, n = 132

LleHnTpanbHbIit
paiioH, n =76

Oro-BocTounsrit
paiioH, n = 32

Peunrble Bombl

(n =46, r = 0.298)

(n =34, r=0.339) 0.071 -0.460 0.390 0.275 0.024
[TouBsl
(n=>51, r=0.268) 0.185 0.689 0.263 -0.512 0.636
ITpurnoBepXHOCTHBII
Terrest 0.046 0.524 0.148 0.223 0.598

1 ByJnKaHa be3pIMgHHBIN n3BepxkeHus 1956 .
(nanee mpumnosepxHocTHBIe neribl I11T), Bo3pact
IIIT ~55 net. OOUIMIT yCpeaHEHHBIN COCTAaB COBpE-
MEHHBIX TeMJOB HECKOJbKO 00jiee KUCIBIN, YeM
cocTaB nouBooOpasyoux I111, Tak Kak 60JIb1IYIO0
JIOJII0 B HEM COCTaBJISIOT aHAE3UTOBBIC METJIbI
HauboJiee YacTO MOBTOPSIONIMXCS U3BEPXKEHU N
ByiakaHa [IIuBenyd. Macca mocrymnalouiero neria

B CpeIHEM OT MEPBBIX COTEH TPaMMOB J0 MEPBBIX
JIECSITKOB KI/M?, X MOCTYIUJICHUE B MOYBY IMOBBI-
1IaeT €€ 30JbHOCTh U BJIMIECT HAa XUMUUYECKUN
COCTaB IOYBHI.

TecHy10 CBS3b JOHHBIE OTJIOXEHUS BOJOTOKOB
paiioHa 0OHapy>KMBaIOT KakK ¢ mouBamu, Tak u ¢ I1I1.
KosdhpuuneHTs paHTOBOU KOppPEeasILIUU MEXAy
3HaueHUsIMU Kc IJIg TOHHBIX 0CaIKOB M MTOBEpPX-
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HOCTHBIX MTOYB TeppuTopuu cocrasisget 0.689, nns
otrioxeHuit u ITIT— 0.524, mpu KonruyecTBe UCTTOb-
30BaHHBIX JaHHBIX N = 51, rS%Kpm= 0.268 (Tabu. 4).

MmMeomuit camMblii BBICOKUW MoKa3aTesb
Kc = 1.6 B 1OHHBIX OTJIOKeHUAX Zr1 (Tabia. 3) npu-
CYTCTBYET TakK:ke B MOBBIIIEHHBIX COAEPKAHMIX
B MOBEPXHOCTHBIX IMOYBaXx paiioHa (Tabia. 2),
coepXKallriX CylIeCTBEHHYIO IPUCHITTKY MOJIOIBIX
nerioB ByJKaHa IlluBenyd, B KOTOPBIX comepxka-
HUS Zr IpeBhIIaeT KJIapK 2JIeMeHTa IJ151 CPeIHUX
nopox B 2 pa3a (3axapuxuHa, JIutBuHeHKO, 2016).
HaubGosiee mokazateabHbIM CBUAETEIbCTBOM CBSI3U
JTOHHBIX OTJOXEHUI palloHa C MOJIOABIM BYyJKa-
HM3MOM cJeayeT NMPU3HATh BXOXIEHNUE B YUCIIO
NpUOPUTETHHIX dy1eMeHTOB ¢ Kc = 1.4 — Ca u Mg.
HaszBaHHBIE 3J1€eMEHTHI B 1I€JIOM XapaKTEPHBI B
MOBBIIIIEHHBIX COMEePXKaHUAX A5 TouB KamuaTku
(B cpaBHEHUU C KJIapKaMM II0YB) ¥ B MaKCUMaJb-
HBIX KOJIMYECTBAX COAepXKaTcs Kak B TOYBaX, Tak U
B IeIjIaX palioHOB MPOSIBJCHU ST MOJIOAOTO BYJIKa-
Hu3Mma. O6paiiaet Ha ce0s1 BHUMaHUE BXOXIEHUE
B YHMCJIO MPUOPUTETHBIX XUMUYECKUX BJIIEMEHTOB
11 penko3deMeabHbIX 21eMeHTOB (P39): Yb, Lu, Tm,
Er, Dy, Ho, Gd, Y, Sm, Eu, Pr. Panee yctraHoBieHO,
YTO JaHHas 0COOCHHOCTbh TaKxe 00yclIoBJeHA
BJAMSHUEM Ha TEOXMMMUIO IPUPOIHBIX CPEll MOJIO-
poro BynkaHusMma (JIuTBUMHeHKO, 3axapuxuHa,
2015a). I1pu n3yyeHN M CHEKHOTO TTIOKPOBa BOJIU3U
BYJIKAHOB CEBEPHOM I'PYMIIbI ObLIXM OOHAPYKEHBI
BBICOKME KOHIeHTpanuu P35 B Taibix Bogax u3
TOPU3OHTOB CHeTa, 00OTallleHHBIX MPONYKTaMU
u3BepxeHuil BynkaHoB Illusenyu, Tonbauyuk,
KroueBckas conka, oOHapyXuBalolue rmaacHus
cyMMm P339 ¢ ymaneHueM oT ByakaHoB (JIuTBu-
HeHKo, 3axapuxuHa, 2015a).

HOro-Bocrounniit paiton KOxxHOI TpOBUHIIMKA
TakK Xe, Kak U Boctounnlii paiton CeBepHOIi Mpo-
BUHIIMY SIBJISIETCS TEPPUTOPHUEH pacIIpocTpaHEeHU
MOJIOABIX BYJKAHMYECKMX MeroB. [ToBepxHOCT-
HbIEe OpraHOTreHHbIE TOPU3O0HTHI TTOYB 00Pa30BaHBI
31ech Ha TerJiax aHae3nba3aabTOBOTO COCTaBa
n3BepxeHus BynkaHa Kcygau B 1907 r. (Bursik et
al), MolIHOCTh UX cocTaBisieT oT 11-20 cMm Ha tore
TEPPUTOPUN 10 3—-5 cM B OKpecTHOCTAX T. IleTpo-
naBjoBcK-KamuaTckuii.

I'maBHOE cXoACcTBO palioHa ¢ TeppuTopuUei
OKpecTHOCTell ByJaKaHOB Ki104eBCKO IpyHIIbl
COCTOUT B TECHOM CBSI3U T€OXUMUU HOHHBIX
OTJIOXEHUN C XUMUUYECKUM cocTaBoM nouB u I1I1.
KoadduiieHT paHroBoit Koppesiiuy IoKa3aTesein
Kc nns nnsg mOHHBIX 0CaaKOB U MOBEPXHOCTHBIX
moyB umeeT 3HaueHue 0.636, mist ocankoB u ITIT —
0.598, mpu 5%, = 0.268 (rS% — KPHUTUYECKOE
3HAYEeHUE Koa(p(pnumeHTa KOppCJUIL[I/II/I st 5%
JOBEpPUTEILHOIO MHTEepBaja) (tabn. 4). B cocTas
MPUOPUTETHBIX JIEMEHTOB Takke BxoadaT Ca u Mg,
XapakTepHble, KaK yKe OTMe4YeHO, IJIs1 paiiloHOB
MPOSIBJACHU I MOJIOIOTO ByJIKaHM3MA.

CMelIaHHBI CIIEKTP MPUOPUTETHBIX XUMUYE-
CKMX 3JIEMEHTOB JJ151 TOBEPXHOCTHBIX ITOYB palioHa
(TunmUYHBIX KakK A1 ocHOBHBIX Ca, V, Cd, Tak u
UL KUChbIX mopona Lu, Sc, Al), moBTopsIomuiics
B JOHHBIX OCagKaX, O0ObSICHUM OCOOEHHOCTBIO
CTPOEHUS IOYB TeppUTOPUHU Ha riyouny. Ilocnen-
HHUE BKJIIOUAIOT YEThIPE OPraHOTeHHBIX TOPU30OHTA.
IToBepXHOCTHBIN IOACTUIIAETCS aHAe31M0a3aabTo-
BbIM TierioM. CpeaHssa U HUXKHSIS 4acTy Mpous
ATUX ITOYB 3aJIEralOT B KUCIBIX PUOJIUTO-IALIMTOBBIX
BYJIKAHMYECKUX MerJiaXx U3BePXKEHUI BYJKaHOB
FOxHoit Kamuatku (Kcygau, Onana).

3anmagHblii paiiodn CeBepHON NPOBUHIIUKA
SIBJISIETCS TEPPUTOPHUEN, AJII KOTOPON XapaKTEPHO
pacrpocTpaHeHMe 30JI0TOCePEOPSTHBIX PYAHBIX 00b-
exToB (Kapra ..., 1999). lanHag crieinguka paiioHa
o0ycaBAMBaeT HaJIU4YME B PSIAY NPUOPUTETHBIX
3JIEMEHTOB [IJISI IOHHBIX 0CaJIKOB C CAMBIM BBICOKUM
noka3zarejeM Kc = 1.5 TMIMYHOro 3JieMeHTa-CIyT-
HUKa opyJIeHeHUsT — As.

H s TeppUTOPUU XapaKTepHBI TaAKKe He3HAUY U -
TeJIbHBIE IT0 00BEMY MPUCHITTKH TETJIOB TaJbHEro
nmepeHoca COBPEeMEHHBIX M3BEPXKEHUM ByJIKaHa
IIIuBeny4, aHaJIOTMYHBIE IT0 XMMUYECKOMY COCTaBY
MernJjaM, IOCTyIalIIuM Ha BOTOCOOPHBIE T1JI0-
manau pex BoctouHoro paitoHa 3TOi IPOBUHIIMU.
BrnusHue mpoayKToB ByJIKAHUYECKON NeATeb-
HOCTH Ha COCTaB JOHHBIX OTJIOKEHU I 3amamgHoro
paiioHa CyIIeCTBEHHO HMXKE, HO TeIJIbl JaJbHEero
MepeHoca onpeneasioT CXOACTBO TOHHBIX OTJIO-
KEHUM MO COCTaBY MPUOPUTETHBIX DJIEMEHTOB,
B KOTOPBIH TaK XKe, KaK ¥ BOJIM3U BYJIKAHOB BXOMISAT:
Zr, V, Mn, Ti, Hf, Cu, Co. MHOroakKTOpHOCTb
(opMupoBaHUS TOHHBIX OCAIKOB IPOSBIISIETCS B
HaJIOXXEHUU BJIMSIHMS Ha UX COCTAB BYJKaHHYE-
CKOW NeITEJbHOCTU U OCOOEHHOCTEN reOXUMUU
reoJIOTMYeCKOro OCHOBaHHUS, YTO HapyllaeT reo-
XUMUYECKUE CBSI3U COBPEMEHHBIX OTJIOXEHUSIX peK
C OTHENbHBIMU KOMIIOHEHTAMHU cpenbl (Tadma. 4).
OmHako, CTaTUCTUYECKM HEe 3HauMMas, HO OTHO-
CUTEJIbHO HanboJIee TeCHasI CBSI3b JOHHBIX 0CaIKOB
OTMeYaeTcs 3AeCh C IOBEPXHOCTHBIMUY MTOYBAMU.

Cambiit 6oraThlii TEOXMMUUYECKHUI COCTaB
TOHHBIX OTJIOXKEHUI xapakTepeH s lleHTpanb-
Horo paitoHa KOxHoii npopuHimu (LleHTpanbHas
Kamuarckas Jlenpeccus, noanuHa p. Kamuartka). U3
52 N3yYEeHHBIX XUMUUECKUX DJIEMEHTOB 11151 38 ycTa-
HOBJIEHBI 3HaYeHM I K¢, TTpeBbIIIaionie i paBHbIE
equHulle, 16 snemeHToB NMeloT 3HaueHue Kc ot 1.3
10 2.1 (tadm. 3). CocTaB MPUOPUTETHBIX XUMUYECKUX
3JIEMEHTOB C HauboJiee BHICOKMMU 3HAYEHUSIMU
00Cy>K1aeMOro IoKa3aTeJisl CBUIETEIbCTBYET O Ipe-
WMYIIECTBEHHO! CBS3U F€OXMMU U JOHHBIX OCaKOB
C PYAOHOCHBIMU TIJIOIIAASIMU, XapaKTEPHBIMU IJIsI
BOAOCOOPHEIX IIJIOLIAJEH peK 3Toro paiioHa. B 1ieH-
TpaJbHON YaCTH BOCTOUYHBIX CJIOHOB CpenmHHOTO
XpebTa MoJyoCcTpoBa, OTKYJa MOCTYNAIOT JIEBbIE
npuToku p. KamyaTka, pacrpocTpaHeHa 30J10TOCe-
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pebpsiHasg pydoOHOCHas TUIolIadb, 00bEeAUH OIS
HecKoJIbKO MecTopoxaeHnit (Kapra ..., 1999). Dtum
(akTOpOM OOBSICHUMO Beayllee IMOJI0XEHUE B PSIIY
MIPUOPUTETHBIX BJIEMEHTOB IIJI51 TOHHBIX OTJIOXKEHU I
paiioHa TUMTMYHBIX 3JIEMEHTOB-CITYTHUKOB 30JI0TO-
cepeOpsTHOro opyAeHeHUs: Sb 1 AS cO 3HAUCHUSIMU
noka3zarens Kc 2.1 u 1.8 eguHUII, COOTBETCTBEHHO.

INonTBepxxaeHUEM 3aBUCMMOCTHM KaueCTBEH-
HOTO COCTaBa MOHHBIX OTJIOXEHMUN pailloHa OT
0COOEHHOCTEI €ro pyJHOM reoJIOrTuu SBISIIOTCS
JaHHbIE TMOMCKOBO-CHhEMOUYHBIX paboT MaciuTabda
1:200000% 2 u KkpynHee, IPOBOAUBIINXCS 310eCh
B pa3Hble Toabl. 151 aHOMaJabHBIX FeOXUMUYE-
ckux noueit (AT'Il) aToil TeppuTOopun BbIAEIEHA
Au-Hg-As-Sb-(Ag) accoumanusi, yka3blBaloliasi Ha
30JI0TO-CYPbMSIHO-PTYTHYIO U 30JI0TO-CEPEOPSIHY IO
pyaHbIe popMallnn.

Haubonee tTecHad reoxumMuyeckas CBA3b
JOHHBIX OTJIOXXEHUI paliOHAa YCTAaHOBJIEHA C pey-
HBIMU BOIAMHU U MPUIIOBEPXHOCTHBIMU BYJIKa-
Huyeckumu nemngamu. [locienHue obpa3oBaHbl
PUOJIUTO-NALIUTOBBIMU MO3AHET0JOLIEHOBBIMU
NpoayKTaMu U3BepxXeHUs ByJakaHa Omnana ~1400
JeT Haszan. Ilemen Ha3BaHOIO BYJKaHMUYECKOIO
COOBITHS JIETKO y3HaBaeM BO BCEX KOMIIOHEHTaX
cpenbl, UMeeT XapakKTepHYIO MajieByl OKpa-
CKY, TIOBCEMECTHOE paclpoCTpaHEHUE MO BCEM
3JIeMEHTaM pejibeda, TOBOJbHO BbIAEPKAHHYIO
MOIIIHOCTh. 3a CYeT JIeTKOTo 00beMHOTO Beca
U CPaBHUTEJIBHO PBIXJIOTO CIOXEHUS OH 4acTo
Ha0JogaeM B MEPEOTIOKEHHOM COCTOSHUU Ha
MOBEPXHOCTH TTOYB, B HEXapaKTePHBIX TOPU3OHTAX
BHYTPM MOUYBEHHOTO NpodUIsI U HEPEAKO y3Ha-
BaeM B COCTaBe JOHHBIX OCaIKOB BOIOTOKOB.

Puonuto-gauuroBeiit coctaB III1 LleHTpaab-
Horo paiioHa FK)XHOIi MpOBUHLUM OIpeneasier
CIIEKTP X MIPUOPUTETHBIX XUMUUECKUX JIEMEHTOB,
TUITIOMOP(HBIX AJ151 KUCIBIX TOpHBIX ITopoxa;: Th, Nb,
Sn, U, Ce, Mo, Bi. ITocieaHsiss 3aKOHOMEPHOCTh
MOBTOPSIETCS TaKXKe U 1T JOHHBIX OTJIokeHu i, Kc
IJTST 9TUX 2JIEMEHTOB COCTABIISIIOT B HUX 3HAYCHU S
ot 1.6 1o 2.1 enuuu. OTarYaeT JaHHBINA paiioH OT
IPYTUX TEPPUTOPUIL TTOTYOCTPOBA OTpHUIIATEIbHAS
KOppeJasauus MeXIy MouyBaMu U TOHHBIMU OCall-
KaMM. DTO CBUIAETENBCTBYET O TPEUMYIIIECTBEHHOM
00pa3oBaHUU TOCACIHUX HE MYTEM OTJIOXECHUS
Marepuaa U3 MoBepXHOCTHBIX OPTaHOTeHHBIX TOPU-
30HTOB, a CKOpee ITYyTeM CHOCA BeIlleCTBA U3 «JIETKHX
u ceinyuux» 11T u3Bepxkenus ByjikaHa OnaJa.

Boiaensgercs Takke OTHOCUTEIbHO OOTaThiM
FeOXMMHUUYECKUM COCTAaBOM IOHHBIX OTJOXEHUM

3ananHblii paitoH K)XXHO NpOBMHIIMM (3aaTHOE

nobepexbe KamuaTrku). KonnuecTBO npuopuTeT-

3 Boosenxo B.II. Teonorndeckoe cTpoeHUE U TO-
JIe3Hble McKomaeMble. KaMyaTckoe TeppuTOpHUaibHOE
reoJioruyeckoe ympasieHue [eomorochbeMouHasi 9KC-
nequuus (I'C3H). N-57-1V, leonoruyeckasi chemka.
M-6 1:200 000, 1977.

HBIX XUMUYECKUX 3JIEMEHTOB [IJISI TOHHBIX OTJIO0XE-
HUI 3TO# Tepputopuu (24 u3 52 U3y4yeHHBIX) HUXE,
yeM B lleHTpasibHOM paiioHe. OmHAKO 3HAYEHUS
Kc s 3eMeHTOB Takke TOCTaTOYHO BBICOKHUE U
COCTABIISIIOT IS 8 U3 HUX 3HaYeHus ot 1.8 mo 1.3
equHul. JlaHHas TeppuTOopus Hauboee yaaaeHa
OT aKTUBHBIX BYJIKaHOB pETrHOHa, YTO OMPEneIUI0O
caMylo He3HAYUTEIbHYIO0 MOITHOCTD €€ MMOYBEHHO-
MUPOKJIACTUYECCKOTO Yexja, BKJIIOYAIOIIEro BCEro
JIBa MEIJIOBBIX TOpU30HTA. Ecnu nasa Gonblieit
TeppuTOopruu KaMyaTKu MOILIHOCTbH ByJKaHUYe-
CKHMX TOYB, MEPEKPhIBAOIINX MOACTUIIAIONIUE
TOpHEIE TTOPOAbI, COCTABISAET B cpeaHeM 1-1.5 M,
TO Ha 3amamgHoOM MobepeXbe MOJTyOCTPOBA MOYBHI
UMeT MoIIHOCTL He Oosee 30-40 cm (Ioba,
3axapuxuHa, 2003). To ecTh TOpHBIE TOPOILI 3[€Ch
He MEepPeKpPbIBAIOTCS MHOTOUYUCIEHHBIMU TEIIO0-
BBIMM U TTOYBEHHBIMU TOPU3OHTAMU, KaK B IPYTUX
palfioHax, U OKa3bIBalOT OOJblliee BIUSIHMUE HA
(bopMupoBaHUE T€OXMMUHN PEUHBIX BOI M TOHHBIX
0CaaKkoB. i1 TEppUTOPUM XapaKTEPHO HaJIUUIME
MEIHO-HUKEJIEBbIX PYIOTPOSIBICHUN U OMHOIO
MeIHO-HUKEJIeBOTO MECTOPOXKACHM I, BBIACTSIEMBIX
B KamuaTcKy1o HUKeJleHOCHYI0 ImpoBuHLUIO (Tpy-
XUH U ap., 2008), mpuypoueHHy10 K CpeaguHHO-Kam-
YaTCKOMY MacCHUBY, ITpocTupatouemycs Ha 200 KM B
MepuanoHanbHOM HanpasieHuu (CenssHruH, 2018).
B 3T0ii cBSI3M B COCTaB MPUOPUTETHBIX JIEMEHTOB
B IOHHBIX OTJIOXKEHMSIX U BOJAX IS palioHa BXOAUT
Ni, cogepxaHMSI KOTOPOI'o MPeBbIIIACT KJIapK s
peuHbIX BoJ B 2.5 pa3a (tab. 1), a 3HaueHue Kc nis
JOHHBIX ocankoB cocTaBisgeT 1.8 enmHui. Ilo naH-
HBIM JTUTOXUMUYECKUX ChEMOK 31eCh TaKXKe BbIJIE-
JISTIOTCSI aHOMaJIbHbIe reoxuMuueckue nost (AI'TT)*
435 c aHOMaJIbHBIMU KOHIIEHTpaLusAMU Ni B JOHHBIX
OTJIOXKEHU X, TI0 KOTOPBIM ITPOTHO3UPYIOTCS Py IHbIE
1o (y3J1bl) MeIHO-HUKEJIEBOM pyAHOI (hopMaLlun.

B psny mpuopUTEeTHBIX 3JIEMEHTOB BBICOKUE
MO3UINU 3aHUMAIOT Takxke ceMb P3D: La, Ce, Pr,
Nd, Sm, Eu, Gd, conyTcTBy©OlIe MeTHO-HUKE-
JeBoMy opyneHeHHnio Kamuatku (JIMTBUHEHKO,

+ bospunosa M.E. OTueT 0 pe3yjbTaTax reo-
JIOTUYECKOTO MOM3YUYEHUST 3aCHSTHIX TIIOMIAmeit ¢
LIeIbI0 CO3MaHMsT KOMITIEKTOB ['ocymapcTBeHHOM
reoornvyeckoir kaptel P® macmrrada 1:200000,
2002. N-57-VIII, XIV. ®enepanbHoe rocymap-
CTBEHHOE YHUTAPHOE Te0JOTUYEeCKOe TIPeaTIpU-
atue «KaMyaTckas MMOMCKOBO-CheMOUYHAST IKCITE-
ounus». [eonornyeckoe qon3ydeHue.

5 Cudopenxo B.H. OTueT 0 reojornyeckom
IOW3YYCHUN paHee 3aCHSITHIX IIJIOMAAe W TOMI-
TOTOBKE K M3IaHNIO KOMILIeKTa ['ocymapcTBeHHOM
reojjornyeckoit kKaptel Poccuiickoii penepanuu
macmitaba 1:200 000 2000. N-57-VIII, XIV. ®ene-
paJibHOE rOCYIapCTBEHHOE YHUTAPHOE T€0JIOrnye-
ckoe mpenmnpusaTue «KaMuatckast ToMCKOBO-Che-
MOUHas akcrienuius. [eomorndeckoe nousydeHue.
M-6 1:200 000.
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3axapuxuHa, 20156). Kpome Toro, aist maHHO
TEPPUTOPUHU MIPUCYIIIEC pa3BUTHE YIIMCTHIX CJIAHIICB,
KOTOpbIe, KaK U3BECTHO, TaK3kKe oboraiieHbl P33,

3amagHblit paiton KOXHOI MPOBUHLIUU SIBJISI-
eTcs eIMHCTBEeHHOU TeppuTopuei KamuaTku, roe
00HapyXKMBaeTCsS CTAaTUCTUYECKM 3HAYMMas MOJIO-
KUTEJbHAs KOPPEIsILs TeOXMMUYECKOTO COCTaBa
JTOHHBIX OTJIOXEHUN U TMAPOTEOXUMUIECKOTO
coCTaBa peUHBIX BOA. YKa3aHHas reoXuMuyecKas
CBSI3b MEXIY 3TUMU CpeAaMU MOXET ObITh 00bsIC-
HeHa CJAenyIINMU (GaKToOpaMu:

— HeOOJIbIION MOIITHOCTHIO TOYBEHHO-TTMPOKJIA-
CTMYECKOTO YexJjia 1, KaK CIeCTBIEe, 00pa3oBaHUEM
JOHHBIX OTJOXEHUI TJIaBHBIM 00pa3oM 3a cyeT
MOPOJ re0JOTMYECKOTO OCHOBAHUS;

— IIPEUMYILECTBEHHO MOA3EMHBIM MUTaHUEM
(mo 70%) peuHsbix Box paitoHa (2KuiuH u ap., 2009),
MPUBOISIIMM K ITpeodiagalolieii poau reojioruye-
CKMX TOpoJ B GOPMUPOBAHUM UX MUKPOBJIEMEHT-
HOTO COCTaBa;

— (paKTUYECKHN OTCYTCTBUEM TMOCTYIJICHUS
MPONYKTOB ByJKaHMW3Ma KaK JOMOJHUTEIbHBIX
WCTOYHUKOB XUMUYECKUX 3JIEMEHTOB IJIS MPU-
POIHBIX BOZ.

Daxmopbl, onpedeasrouue 2e0XuUMU0 0OHHbIX
0caodK06 8 ycaosusx eyakanuzma. OTIUINS SJTEMEHT-
HOTO COCTaBa JOHHBIX OCAIKOB pa3HBIX paifOHOB
KamyaTky yKa3blBalOT Ha pa3inuyus BEIYIIUX
(pakTOpOB UX OOpPa30BAHUSI.

B paitoHax MoJIODOTO CUMHJAMTOreHe3a, UCIIbI-
THIBAIOIIVX BJIMSHUE PETYISIPHOTIO MOCTYIJICHUS
MOJIOABIX MPOAYKTOB BYJIKAHUYECKOU AESITENb-
HocTu (BocTounslit paiton CeBepHOIi MPOBUHIINH,
OKPECTHOCTU ByJIKaHOB KJ10ueBCKOIl IpyIlIbl) U
Ha TEPPUTOPUSIX, T1e TOBEPXHOCTHBIC TTOYBEHHBIE
TOPU3OHTHI 3aJIeraloT Ha MOJIOABIX BYJKAHUUECKUX
nerutax (FOro-BocTouHklii paiton KOxHO TpoBUH-
uuu, Bozpact IIIT ~110 yeT), rimaBHBIM (aKTOPOM,
bopMUpPYIOIIUM I€eOXMMHIO TOHHBIX O0CaaKOB,
SIBJISIETCS BYJIKaHU3M. [IpOpUTETHOCTS IMOCEIHETO
MOATBEPKAaeTCS MOJOXKUTEIbHBIMU KOPPEJISITUOH-
HBIMU 3aBUCHMOCTSIMU F€OXUMUU JOHHBIX OCATKOB
9TUX palloHOB ¢ XMMHUYeCKUMHU cocTaBamu I1II u
MOYB, HA HUX 00pa30BaHHBIX.

B 3aBuCHMMOCTH OT cTeleHu IIpeoOpa3oBaHHO-
ctu I111 B mouBeHHOM ITpo(uJie BHITOJHSIOT TY U1
WHYI0 QYHKIIHUIO KaK TeHeTUYECKHE TOPU30HTHI.
OHU MOTYT IBISIThCcS nouyBoobOpasywmumu (C),
ObITh 2m0BUaAbHBIMU (E) (rOpM30HT BRIMBIBAHUS
XUMMUYECKUX COSAMHEHN), NI HAIIPOTUB UJLITIO-
BUabHBIMU (B) (rOpM30HT BMBIBAaHUSI OpPTaHOMMHE-
pajbHBIX COENMHEHN, 00pa30BaHHBIX Ha MTOBEPX-
HOCTH) 1 Jaxe T'YMYCOBO-aKKyMYyJISITUBHBIMU (Al).
Bech npoduib ByJKaHUYECKOM IMOYBHI SIBISIETCS
€IMHBIM €CTECTBEHHOUCTOPUYECKUM TEJIOM, QDYyHK-
LIMOHUPYIOIIUM KaK CUCTEMa B3aUMOCBSI3aHHBIX U
B3aMMO3aBUCHMbBIX MUHEPAJIbHBIX U OpPTaHOTEHHBIX
TeHEeTUYECKUX MOUYBEHHBIX TOPU3OHTOB.

IIIT paiiloHOB M0OJ0AOIr0 ByJKaHM3Ma, Kak
MpPaBUJIO, BBITIOJHSAIOT (PYHKIIMIO MOYBO-TIOACTU-
JIaIOIIMX TOPU30HTOB, HE BOBJIEUEHHBIX B ITPOIIECCHI
nouyBoobpa3oBaHusl. Tak B FOro-BocTouHoM paiioHe
IOk HOI1 IPOBUHIIMY TIETIeNI, Ha KOTOPOM C(hOpMU-
POBaJICI NOBEPXHOCTHBIM OPraHOT€HHBIA TOPU3OHT
MOYB, UMEET IOCTaTOYHO I'PyOBIii IrpaHyJIOMETprYe-
CKHUIi cocTaB (KPYITHBIM ITIECOK C IPeCBOIit), MOJIOIOM
Jaxe N1l MOYBEHHBIX IIpoleccoB Bo3pacT (110 jget
— TIepHOoJ C MOMEHTA U3BepPXKeHU I ByJKaHa Kcymau
B 1907 r.), MOIIHOCTB ero BapbupyeT oT 11-20 cm
Ha Iore TePPUTOPUU U 10 3—5 CM B OKPECTHOCTSX
r. [TerponaBnoBck-KamuaTckuii. 3aneraioimuii Ha
HEeM TTOYBEHHBI TOPU30HT XOPOIIO OTCAauBaAETCs
ot nemnJja. III1 paiioHa pakTUUEeCKM HE OOHAPYKU-
BalOT MOPGOJOrMYeCKUX MPU3HAKOB BOBJICUYCHU S
MX B IIPOIIECCH TOYBOOOPA30BaHUS U TUTIEPreHe3a.
Bce 3tu hakTOphl CIIOCOOCTBYIOT TOMY, YTO (hOp-
MUPOBaHUE TOHHBIX OCAIKOB pailoHa MIPOUCXOIUT
npeumyinectBeHHo u3 I1I1.

Ha TecHy10 CBsI3b TOHHBIX OTJOXeHU ¢ T1I1
U TIOYBAaMU JBYX pPailOHOB MOJIOJOTO ByJKaHH3Ma
yKa3bIBAalOT TaKXKe OTHOIIEHUE COAEPXKaHMS dJie-
MEHTOB B IOHHBIX OCaJKaX K UX KOHIIEHTpaLUsIM
B IIOYBAX U BYJIKaHMYEeCKMX mermax (Tabdi. 5).
3HauyeHM s TaHHBIX ITOKa3aTesel 17151 00TbIINHCTBA
U3YUYEHHBIX 2JIEMEHTOB OJIM3KU K eNUHUILIE. TO eCThb
CXOJICTBO IOHHBIX 0CaaKOB, ITI1 1 o4B nmposBiaseTcs
HE TOJILKO B MIPUOPUTETHOCTU 3JIEMEHTOB, paHXHU-
pOBaHHBIX IO oka3zaTesto Kc, Ho U B aOCOMIOTHBIX
X CONepKaHUSIX.

Ha teppurtopusix, rae moBepXHOCTHBII TOYBEH-
HBIJl TOPU3OHT 3aJjieraeT Ha 3HAUYMTEJbHO OoJece
IPEeBHUX U TOHKMX MeIlIaX, Ine MocaeaHue SBIs-
IOTCSl TYMYCOBO-aKKYMYJISTUBHBIMU (3armaaHblit
paitoH KOxxHOI NpOBUHLIMK), TOYBOOOPaA3YIOLIMMU
(HenTpanbHbiil pailoH KOXHOI MIpOBMHLINN), UIU
sa10BUadbHBIMU (3amagHblii paiioH CeBepHOIt
OPOBUHIMM) TOPU3OHTAMU, nmocTtynaeHue ITII,
npopaboTaHHBIX MpoleCcaMU ITOYBOOOPa30BaAHUSI
U TUIEepreHe3a B COCTaB JOHHBIX OCAIKOB 3aTPY-
HUTeIbHO. COBpEMEHHBIE OTJIOKEHUS PeK UMEIOT
31ech 0oJiee CIOXKHBIN TeHe3UC 1 CBSI3b C pa3HbIMU
KOMIIOHEHTaMU Cpeabl. 3a CYET DTOTO, KOppeasu-
OHHBIX 3aBUCUMOCTEN T€OXUMUU TOHHBIX OTIOXKE-
HUH C KOHLIEHTPALMSIMU 3JIEMEHTOB B OTAEJIbHBIX
MPUPOIHBIX Cpenax 31eCh He HabIomaeTcs.

CocTaB IpUOPUTETHBIX 2JIEMEHTOB (I10 IMoKa3a-
testo Kc) v cTteneHb nx HAaKOTJIEHW I B JOHHbIX OTJIO-
KEHUSIX TaKUX paiiloHOB 0OHAPYXXMBAIOT CXOICTBO
TeOXMMHUHU TOHHBIX OCAIKOB C MOACTUIAIOIINMU
TOPHBIMU MOPOJAMHU, B TOM YKMCJIe BKIIOUAIOIIMMU
pyaHbIe 30HBI. Tak Ha 3amagHoM robdepexbe Kam-
yaTky (3amagHblii paiioH KOXXHOM MPOBUHIINN)
B paifoHe pacrpoCTpaHEHUS MEIHO-HUKEIEeBbIX
MPOSIBJICHUI HapsAy ¢ MPUOPUTETHOCTBIO COMEp-
>)KaHUW B JOHHBIX ocaakax Ni HabiogaeTcs TakxKe
OTHOCUTEJIbHOE HAKOIJICHUE PYIHBIX 2JIEMEHTOB

BECTHUK KPAYHIL. HAYKHM O 3EMIJIE. 2018. Ne 4. BbIITYCK 40 33



3AXAPUXUHA, TUTBUHEHKO

Taﬁ.lmua 5. leoxumMuueckue (ibopMyan JIOHHBIX OTJIOXEHUN MO MOoKa3aTesIM HOPMHUPOBAHUNA B HUX 3JIEMEHTOB OT-

HOCHUTCJIbHO BYJIKAHWYCCKUX IICIIJIOB U IMTOYB.

Table 5. Geochemical formulas of bottom sediments in terms of the rationing of elements in them relatively to volcanic

ashes and soils.

ITokasarenaun | >3 | <3-1 | <1-0.3 |<0.370.l
3anaaHblil paitoH CeBepHOI TPOBUHLIUMU
Co-Mn-Y-Zn-Cu-Ni-Dy-Er-Tm-Ho-Tb- . .
CnonHble/ . Pr-Ce-Sb-La-Li-Ba-Cs-Bi-Hf- _
Cremmer | Y Fe T Gd'Yb'E“'Sm’CdS'rL_‘gﬁ‘l'Mg'Cr'Ca'Nd' As-Zr-Na-Pb-Th-TI-KRb-U-Mo
V-Sb-Co-Y-Mg-Al-Er-Ho-Sm-Tm-Dy-
CrnoHHble/ . Lu,Cu-Tb-Gd-Eu,Yb-Mn-Nd-Ca-Sr-Li- . _
Criousb Fe-Ti | 71 Pr,Ni-Ce-Ga-Cr-As-Ba-La-Hf-Zr-Th- | CS"Rb-Po-U-Bi-TI-Cd-Mo
Na-K
Bocrounhliii paiton CeBepHOIi TPOBUHLIMU
Ni-Hf-K-Th-As-Ti-Sr-Ce,Cr,U-Na-
CrnoHHble/ _ Pr,Zr,La-Nd-Sm,Yb-Al-Dy,Eu-Cs,Mo- . _
Criernibsl Tm,Mg-Li,Gd,Cu-V,Er-Ho-Tb-Lu-Pb- Zn-5b-Bi-Cd
Rb-Y-Ca,Co,Tl-Fe-Ba-Ga,Mn
As-Ti-Hf-Ni-K-Yb-Na-Dy-Zr,Sm,Eu-
CnoHHble/ Sr,ALV-Pr,Tb-Nd,Ho,Tm,Er-Th,Lu,Ce- AT R _
Crioussi Gd-Cr,La-Cu,Mo-Li-Cs-MgY-Pb,Co- Rb-Cd-Tl-Bi
Ga,Zn,Ca-Fe,Sb-U-Ba,Mn
3anagHblil paitoH KOxHOI MpOBUHLIMK
. Ti-Ca-Tb-Pb,Dy-Mn-U-K-Ho-
Cpommie/ | yj.¢p | MeCosrLa-tiPrid-ceAlLBu-Fe | o5 Cd-Er.Rb-Ba-Y,Yb-Tm-Ga- | Zr
Lu-Sb-As-TI-Mo-Bi-Hf
Mg-Pr-Nd-La-Sm-Eu,Li-Co-Ce-Sr-Gd-
Commie/ | Ni-Cr | Al-Tb-Fe-Dy-V-Cu-Ho-Na-Ti-Y-Th-Yb- | FP-U-Ba.Zn-As-Min-Rb Cs-Sb-|
TOYBBI Tm-LuEr-Ca-K-Ga T1-Cd-Hf-Mo-Zr-Bi
LlentpanbHblii paitoH KOxHOI TpOBUHLINYT
T1-Mn-Sm-Na-U-Gd-Tb-Bi-
CrnoHHble/ . Mg-Cu-As-Co-Sr-V-Ca-Fe-Al-Cs-Cd-Pb- _
Cremr | CF NS i T a-K-Ba-Ce, Th-Rb-Zn-Pr-Eu-Nd Ga‘Hf‘Dy‘HfL‘lm‘oEr‘Tm‘Zr‘Y‘
Cr-Cs-Th-Li-La-K-Pb-Ni-Ce-Rb-Al-U-
CnoHHble/ Pr-Sr-Nd-Ba-Tl, Eu-Fe-Mg-Sm-Cu-Co- _
Criousst | S0 | V_Ti-Na-Bi-Gd-Hf-Cd-Dy,Tb-Zn-Ga- | <3 -Mo-Tm-Er-Zr-Lu-Y-Mn
Ho,Yb
IOro-BocTounstii paiton FOxxHOI IpoBUHLIINT
Pb-V-Sb-Ni-Zn-La-Th-Cu-Hf-Al-Eu-
CnoHHble/ _ Nd,Pr-Ce,Dy,Gd,Cd-U,Sr-Sm,Tb-Ho,Ti- . _
Crieruibl Co-Er-Yb,Ca,Ba-Tm-Lu-Mg-Li-Na-Zr,Y- Cr-Mn-K-Mo-TI-Rb-Bi
Ga-Fe-As,Cs
Sb-V-Al-Ni-Mg-Ti-Sr-Co-Eu-Na-Hf-Gd-
CrnoHHble/ _ Dy-Cr-Tb-Sm,Ca-Nd,Ga-Li-Ho,Pr-Tm- . _
CI104BbI Fe-Yb-Er,Lu-Zn-La-Ce-U-Y-Cu-Th,Zr- As-Cs-Rb-TI-Bi
Ba-Pb-Mn-K-Cd-Mo

TIpumeyaHue: a1eMEeHTHI B MHTEepBajlax 3HAUEHU paccTaBIeHBbl B MOpsaKe yObIBaHUS yepe3 neduc, pu paBHBIX

3HAYEHU X — Yepe3 3alsITyIO.

Note. The elements in the intervals of values are arranged in descending order in hyphenated form, with equal values

are separated by commas.

B cpaBHeHuU ¢ mouBamu u I1I1. ITpu HopMupoBa-
HMM KOHLeHTpauuii Ni B JIOHHBIX O0cajJKax Ha ero
conepxaHus B I1I1 u mouBax moay4eHbl 3HAYCHU S
6.8 1 5.5 enMHALL, COOTBETCTBEHHO, a IJIS 2JIEMEHTA
cniytHuka pya Cr — 5.0 u 5.5 (tab:. 5).

B LenTpanpHoii KaMuaTke, A1 KOTOpOi
XapaKTEPHO pacnpoCTpaHEHUE MPEUMYILIECTBEHHO
30JI0TOCEPEOPSIHBIX PYA, B IOHHBIX OCAAKAX OTME-
yaeTcsl MPUOPUTETHOCTD IJEMEHTOB CITYTHUKOB

34

opyaeHeHus1 Sb u As. Ha ux HakorieHue B JOHHBIX
ocaJKaxX yKa3bIBalOT BLICOKME 3HAUCHU S ITPEBbIIIIE-
HUM UX COIEePXKAHUMN B TOHHBIX OTJIOXEHUSIX OTHO-
cuteapHo I1I1 1 mouB, cocTaBisionne 3HAYSHU S 1151
Sb3.7u5.3uAs 1.8 1 3.2 enHUL, COOTBETCTBEHHO.

Bce mepeuncieHHbIe 3JIeMEHThI, YKAa3bIBAIOT
Ha BeAYLIYIO POJb (POPMUPOBAHUS COCTaBa JOH-
HBIX OTJIOXKEHU Te0JOrMYeCKOT0 OCHOBAHUS,
BKJIIOYAIOLLETro PYAHBIE OOBEKTHI, YTO OMpPEAesieT
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OCOBEHHOCTU TEOXVMUU JIOHHBIX OTJIOXKEHU

MaKCHMaJbHO BBICOKME 3HAUECHUS ToKazaTesei
HOPMUPOBAHUS TOHHBIX OCATKOB OTHOCUTEIbHO
I1IT 1 nouB. HarnsimHO 3Ty 0COOEHHOCTH OTpaxaioT
NpUBeAeHHbIE reoXxuMuueckue opMybl (Tad. ).
Pa3bpoc noka3zareiieit HopMHpOBaHU S (MAKCUMYMBI
U MUHUMYMBI 3HaueHuit) ajis LleHTpaabHOro pam-
oHa IOxHOI MPOBMHIIMU CYIIECTBEHHO OOJIblIIE,
YyeM B palifoHaX MPOSIBJAECHM I MOJIOAOTO ByJIKaHU3Ma
(taba. 5).

3AKJIIOYEHUE

DJIeMEHTHBI COCTAaB JOHHBIX OTJIOXEHU I peu-
HOW CeTH pa3HbIX pailoHOB IToJiyocTpoBa KamuaTka
CyLIECTBEHHO He pasnuyaercs. OqHako Hambosee
3HAYMMbIE OTJIMYMS B COCTaBaX IOHHBIX OCATKOB
CBUJIETEJbCTBYIOT O CBSI3U COCTaBA OTJOXEHU I TMOO
C F€EOXMMMUEN re0JI0rMuYeCcKoro OCHOBaHM S, BKJItoUa-
IOLLIETO PYAHbIE IIPOSBIEHM S, TUOO CcO crien UKo
BYJKAHUYECKOU NeSITeJTbHOCTH.

Ouenka ko3¢ puneHToB KoHIeHTpauuii (Kc)
XUMUYECKMX DJIIEMEHTOB B JOHHBIX OTJIOXEHUSX,
CTENEeHb WX HAKOIJEHUS OTHOCUTEJIBHO MOYB
M TICTIJIOB MoKa3alia, 4To Haubojee oboralieHbl
3J€eMEHTAMU JOHHBIE OTJOXEHUS TePPUTOPUM
pPa3BUTUSA PYIHBIX MECTOPOXJIEHUU pernoHa.
BoigensgoTcss OTHOCUTENbHO MOBBIIIEHHBIMU
COJIEPXKaHUSIMU XMMUYECKUX DIIEMEHTOB OCaaKU
LeHnTpanpHbiii paiioH FOXXHO MpoBMHIMHY (I0JIMHA
p. Kamuartka), rae pacnpocTpaHeHa 30J10TocepeOpsi-
Hasi pyIoHOCHas njouanb. Benyiiee nojioxeHue B
pALYy TPUOPUTETHBIX 3JIEMEHTOB J1J151 COBPEMEHHBIX
OTJIOXKEHUU PEYHOU CETU 3aHUMAIOT 3/1€Ch TUTINY-
Hbl€ DJIEMEHTBI-CIIYTHUKU OpylIeHeHUus: Sb u As
co 3HayeHusIMU nokasatenad Kc 2.1 u 1.8 enuHull,
COOTBETCTBEHHO.

Hnsa 3anmagHoro paiioHa KOkHoit poBUHLIUU
(3damamHoe mobGepexbe KaMuaTku) xapakKTepHO
HaJIMuue MeIHO-HUKEJIEeBbIX PYJONPOSIBICHUN
U OTHOTO ME€AHO-HUKEJEBOTO MECTOPOXKIEHMU .
B 3TOi1 cBSI3M B cOCTaB MPUOPUTETHBIX 2JIEMEHTOB
B IOHHBIX OTJIOKEHU SIX U BOJAX JJ151 palioHa BXOJUT
Ni, cogepxaHMSI KOTOPOI'o MpeBbIIIAET KJIapK s
peuHbIX BoI B 2.5 pa3a (tabun. 1), ua 3Hauenue Kc nis
JOHHBIX 0CAAKOB cOCTaBjsgeT 1.8 enMHUII.

B paiioHax nmposiBJeHU S aKTUBHOT'O ByJIKAHU3Ma
U Ha TEPPUTOPUIX PACIIPOCTPAHEHUS MOJIOABIX
cJ1abo-1mpeoObpa3oBaHHBIX BYJIKAHUUYECKHUX IEIJIOB
COCTaB JOHHBIX OCAaJKOB OTIPENEJISIeTCSI FTeOXUMUEN
MOYB U COCTABOM MPUITOBEPXHOCTHBIX MEIJIOB, Ha
KOTOPKBIX IocyieaHre oopa3oBaHbl. KoadduiieHTh
paHTOBOW KoppeJsdiuu no nokasareasam Kc ans
JOHHBIX OCAaJAKOB, IPUIIOBEPXHOCTHBIX MEMJIOB U
MOBEPXHOCTHBIX ITOYB BO BCEX CIYYasIX CYLLIECTBEHHO
MPEBBIIIAIOT CTATUCTUYECKU 3HAYMMbIE 3HAUYECHMU .
CBUIETEIBCTBOM CBSI3U NOHHBIX OTJIOXEHUM C
MOJIOABIM BYJKAHU3MOM SIBJSIETCS HAJUUYUE IS
HUX B YMCJIe TPUOPUTETHBIX 2j1eMeHTOB Ca u Mg,

KOTOpPBIE XapaKTEPHBI B MOBBIIIIEHHBIX COACPKAHUSIX
IUJIST BCEX CPel TEPPUTOPHU A TIPOSIBICHM ST MOJIOAOTO
BynkaHusMma. JIng Boctounoro paitona CeBepHoit
NMPOBUHIMU (paiioH MOCTYMJEHUS NPOAYKTOB
BYJKAQHWYECKOM AesTEbHOCTU aKTUBHBIX BYJIKa-
HOB KiroueBcKoii rpynimbl) CBSI3b C BYJKAaHU3MOM
MOATBEPKAAETCS TaKXe HAKOIJICHUWEM B TOHHBIX
OoTJIOXKeHUSIX 11 peaKko3eMenbHBIX 3JIEMEHTOB: Yb,
Lu, Tm, Er, Dy, Ho, Gd, Y, Sm, Eu, Pr.
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OCOBEHHOCTU TEOXVMUU JIOHHBIX OTJIOXKEHU

GEOCHEMICAL FEATURES OF THE BOTTOM SEDIMENTS IN
THE RIVER NETWORK OF THE KAMCHATKA PENINSULA

L.V. Zakharikhina', Yu.S. Litvinenko’

!Geotechnological Research Center, Far East Branch, Russian Academy of Sciences, Petropaviovsk-Kamchatsky, 683002,
e-mail: zIv63@yandex.ru
2EcoGeolit Ltd., Moscow, 119330

The authors estimated the composition and regularities of the spatial distribution of trace elements in the
bottom sediments of the river network in different Kamchatka zones. For the first time we revealed that
the poorest chemical composition of sediments, which closely correlates with the composition of soils and
young volcanic ashes, is typical for the areas of active volcanic activity. Ca and Mg elements as well as 11
rare earth elements (Yb, Lu, Tm, Er, Dy, Ho, Gd, Y, Sm, Eu, Pr) in the priority series give evidence for the
relation between the bottom sediments in the region and recent volcanic activity. In Central Kamchatka,
where gold-silver ore objects are widespread, a relatively richer composition of bottom sediments has
been revealed; typical companion elements of the mineralization, Sb, As, Bi, and Pb, take the lead in the
priority geochemical series. On the western coast of the peninsula, where the Kamchatka Nickel-bearing
province is developed, the priority elements for bottom sediments include Ni (exceeding the average content
in Kamchatka by 1.8 times) and REE: La, Ce, Pr, Nd, Sm, Eu, Gd, which accompany copper-nickel
mineralization in Kamchatka.

Keywords: bottom sediments, Kamchatka, volcanism.
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