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CYANOPHYTA B TEH3EPHTOBBIX OTJIOXKEHUSIX KAMYATKH

Tpn u3yuenuy obpasuos reisepuros KamuaTki ¢ MOMOWBIO CKAHHPYIOWICrO 3NEKTPOHHOMD
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(& h B IKCTP HbIX PATYPHBIX Y X HBIX CHCTEM.

TepModuibHbie CHHEIENCHBIE BOIOPOCH M APYras MHKpPOGHOTA (GOPMHDYIOT MHKPOCTPYKTYPY M TEKCTYPY
u3yuaeMeIx ofp Brickasano 0 H3nONOrHYEcKON AKTHBHOCTH MHKPOGHOTH Kak

GAKTEPHATBHOM MATPHLIBI B MPOLIECCE OCMKACHHA KPEMHHS.

Knawueewme caosa:Cyanoph p FHAPOTEP HC , refisepur.

Beenenune

KpemHuieBble OTIOKEHMS, ClAralouHe MOCTPOHKH BOKPYr BBIXOAOB reii3epoB K
CyOIIeNOYHBIX TEPMATbHBIX HCTOYHWKOB, [MHMPOKO pacnpocTpaHeHsl B paiionax
NPOSABIEHNA  COBP IX  BYJKaE IX THIpOTEpMAmbHLIX cHcTeMm. Pocchiickie
HCCIeIOBATENTH HA3bIBAIOT WX refizeputamu (HaGoko, 1954; Yerunosa, 1955; Karpov, 1990).
B sapybexnbix nyOaukawmax A WX 0603Haduenns OOBIMHO WCTIONE3YIOTCS TEPMHHBL
KPeMHHCTas HAKHIb, KpeMHHCTBIH Tyd (silica sinter, silica tuff), xpemmmcTbie oTnoxenms
(siliceous deposits) (Fournier et al., 1992; Takushi et al., 1999). B ocroeHom oxu Ha 88-90 %
cocroaT 13 SiO,. IMoTepu npu npokaniaHuk 00BIMHO cocTammoT 5-6 %. Beerna wabmo-
natorcs npumeck Fe, Ca, Al, pexe — K, Na, Mg, As. MakpockonHyeckH oTMeqaeTcs WX
cioucTocTs. [log MHKpOCKONIOM BCETJa 3aMETHA MMKPOCHOHCTOCTh, CTPYKTYPHbIE W
TeKCTYpHBIE HEOAHOPOAHOCTH. [MoN ANEKTPOHHBIM MMKPOCKOTIOM  CIPYKTYPHO-TEKCTYpPHbIE
ocobeHHOCTH reiBepuToB euie Gonee omieriHBel. 'MaBHas MX oco0eHHOCTL — HamHuHe
okpemMHeHHbIX HATel Cyanophyta.

Ha reiiseputoBbix nocTpoiikax ¢ Temnepatypoil mopaaka 55 °C oeuno
Pa3BHBAlOTCA KONOHWM TepMOGHIbHBIX CHHeseNeHbIX Bogopocneil (Kanbiaephsie ...,
1989). TepMo(MIbHBIE OPraHH3Mbl Jyullie Pa3BHBAIOTCA B HCTOYHMKAX C NOBBILICHHbIM
COMICPKAHHEM PACTBOPEHHBIX MHHEDANBLHBIX BellecTs, Takux kak Na, K, Ca, Cl u 1p.,
MMEIOIHX NepBOCTENeHHOe 3HA4eHHe UIA XH3HH opraHHiMoB. KpoMme Toro, B ropaunx
HCTOYHHKAX O0BIMHO ]{ﬂﬁ.m{)}]ﬂ.e’":ﬁ TOBBIMIEHHOE, MO CPAaBHEHHIO C MPECHOBOJHBIMH,
colepKaHHe TakuX aemenTos, kak F, Br, Mn, Mg, Si, Fe, Cu u ap. meTannos.

Ilensio nanHoit paboThl ABNAETCA M3yyeHHe MOP(OIOrHIecKoro pasHooGpasns
OKPeMHEeHHBIX MHKPODOCCHINHN, HAMICHHbIX HAMH B OTIOXKEHUAX reiizepos Kamuartku,
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®oto. / - CROHCTBIE refi3epHbie OTAOKEHRA, 2 — KpeMHeBbie QyTAAPLI MO HHTAM BoAOpOCAeH; J — MOHOAHTHLIA Crof
KPEMHE3EMA ¢ HHTAMH CHHEIAEHBIX BONOPOCALH, 4 — dparmenT yuacTka 3 (npononbHeifl ckon); 5 — BEPTHKANBHO CTOALLHE

OKPEMHEHHBIE HHTHATGIE (JOPMBI PLIXAOTO CI0R; 6 ~ peuHbifl Painom oKp OCUMANATOPHEBLIX HHTEM,
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7 - coxpakeHMe H (POCCHTHIAUHA BHYTPCHHEIO COJCPXRHMOTO TPHXOM3 BHYTPH CTHINCTOrO 4exna; 9 - CKOTUCHHC
r106yA BHYTPH QYTAAPOR PaspyWIEHHBIX HUTEH, [0 — MHHEPATHIAUMA Myuka HHTEH CHHelENeHBIX Bojopocnelt; /) -
MHHEPATHIHPOBAKNBIE KACTKH pona Fischerella (Bom. et Flah) Gom. (Mastigocladus laminosus Cohn), 12 -
AKTHHOMHLUETHBIE MH(bI, OTUIETAIOUIME HHTH CHHE3EEHBIX BONOPOCIEH M HCTIONB3YIOUIME MX KAK MHLLeBOR cybeTpar.
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MITEPHMH H METOABLI

Bo BpemA noseBBIX JKCMEAMUMOHHBIX pabor 2004-2005 rr. Ha Kamuatke Gbimd
oroGpaHbl  o6pasubl Tei3epHTOB, KOTOphbie B NAaCOPATOPHBIX YCNOBWAX MCCIENOBAUIH B
TManeorTonoruseckom uu-Te PAH ¢ NOMOLLbLIO CKAHHPYIOLIErO 3EKTPOHHON MHKpockora Cam-
Scan-4 ¢ COBMELLIEHHBIM MHKPOGHAIH3ATOPOM (OTHOIIATHBIM CrieKTpoMeTpomM) Sbs-50m «HITO
[Oru-2xcnopm. O6pasisl H3yyatH B BHAE CKOMOB H IIACTHHOK 5X10x5 MM.

B panHOl paboTe paccMaTpHBAIOTCA PESY/BTAThi MCCIENOBAHWA W3 TefsepuTon
reibepos Besmkan, Lllems, Jemuyswupiid, Tpoiino#i B Jlommbe Teifepos M mymbCHpYOMmX
merounHKoB Y nauneii B Jonuke [eiepoB n «CreHka» B Kanblepe AxalemuH Hayk. Bce oHu
HMEIOT NPHHIMITHANBHO CXO/HBIE YEPThl CTPOSHHS, NMOGTOMY Mbl OCTAHOBHMCS TOJIBKO HA TeX
MpenapaTax, KOTopble NOKAATHC HAM Hai00Iee HHTEPeCHbIMEL

PesyabTatsi u obcynenne

Kak oTveuanoch Bblllie, BHBYaNbHBIH OCMOTD OTIOKEHHH rei3epoB, KAk NpaBmio,
NOKABHIBAET  C. ™. [lpu y 1 70 ocolenno 3ametHo (oM. doto, 1)
OGHapy>xuBaeMas CJIOHCTOCTb MPEJCTARNEHA IBYMA THNAMM COEB: IUIOTHBIMH H PhDUIBIMH.
OxpeMHeHHas GHOTA TPHCYTCTBYET B O0OMX THTIAX CNIOEB, HO B PLDVUIBIX, ABIPYATHIX COAX OHA
BeTpevaeTca Beerna. Humu HuTyamsix o0pasoBanMil ¥3 PhIXIONO CI0A JIOBOJILHO CHIIBHO
ofinervieHs! BbIMABIIMM KpemteseMoM (oo, 2). OueBHITHO, Takoe OCaKIEHHE KPEMHUA B BHIE
(GymApoB BOKPYT HHTell CBA3AHO CO CITHBHCTHIM TMOKPOBOM CAMHX HHMTel, @ BblIenseMbii
KIETKAMH JK3OTEHHBIH MONHCAxapui ARAeTCA CcBOeoOpasHOM «DaKTepuambHON MaTpHLEID,
criocoGeTByrOIEH ocarkaennio kpemuesema (Iepacumenko u ap., 2004).

C yBenmHueHHeM KONMMYECTBA KpeMHe3eMa CBOGO/HBIE MOJIOCTH MCHE3AOT M
(opMHpyeTCA MOHONHTHBIH c/10if (cM. oTo ), a KIETKH B HHTAX MHHepaTH3HpyoTC (cM. oo,
4, IPOJICITLHBIH CKOJT).

Mexanm ofpasoBanua peiUTbIX clioeB (cM. doTo, 5), no Haleit BepchH, obycnorneH
NOCTYTUICHHEM B KAKOI-TO MOMEHT MEHBIIET0 KOJMYeCTBA KpeMHe3eMa B KOJUIOMIHOW dase,
KOTOPOE OTHOCHTE/ILHO JI0CTATOMHOE, YTO0B! HHTH CHHE3E/IEHBIX BOIOPOCIEH MOIJIH HAXO/IMTLCA
B HEM BO B3BCIICHHOM HIH [AKEe BEPTHKATHLHO PACTONOEHHOM cocTosHHH. JlaGopartopHbic
JKCTiepHMeHTsl  nokasan, uto Cyangplhyta B anbrofakTepHambHOM Marte  PacrioJOKeHb!
TOPHBOHTATLHO, HO B YCJIOBHSIX MOy cHkoro arapa 0,5-0,8 %, T.e. TaM, rie HUTAM €CTh HA YTO
OnepeTLCs, OHH TPOHHBLIBAIOT BCIO TOMILMHY arapoBoro ciod. Ilpennonaraem, aHamorHuHas
CHTYallist CO3AAETCA W B MPHPOZE. 3aTeM TOT CAOM MEPEKPLIBACTCA APYTHM CIIOEM, BHIHMO,
Gonee HaCBIIEHHBIM KpeMHe3emoM, (opmupys Gonee MoHoNMMTHBIH mpocnoit (eM. doto, 3).
Kpemtiesem, OCTABIIMICA B PBIXJIOM CJIO€, TAKKE NOCTENEHHO KPHCTAILTH3YETCH, HO B BHIY €ro
MEHBIIENO KOJIMYECTBA HHTH OCTAKOTCH OTHOCHTENTBHO MOMBIMH.

B nonepeuHOM CcKojle MpPEICTARNEHA THNHYHAA KAPTWHA OKAMEHEBLIMX HHTHATBIX
ofpazoBaHuil, OTHECEHHBIX HAMH K OCILM/UIATOPHEBRIM BONOPOCHAM, OOHAPYKHBAEMbIX B
TePMATBHBIX MCTOUHHKAX (CM. hoto, 6). Tlonepednbiii CKO HHTEH MPOCMATPHBACTCA B BHJE
koner, TTpocMOTp JKMBOTO MaTepHana B TONEBbIX YCNOBHAX, @ Taioke B JaGOpaTOpHBIX
IKCTIEPHMEHTAX MOKA3AJL, YTO CONEPHHMOE HHUTEH y OCIIAUUIATOPHEBBIX MOKET PACNA/IATLCA Ha
OTAC/BHBIC YYACTKH H BBIXOJMTB M3 CIIHBHCTOH OGONOYKH B BHAE KNETOK — ropmoroxmii. B
PpesyNbTaTe 3TOMC NPOLIECca OCTAIOTCA MOMbIE, MyCThie 000MOYKH, OONEIUIEHHbIE CHIIMKATHBIM
¢yrmspoM. B OTHEMBHEIX CAYYasX CONECPKHUMOE HHTH MOMNKET COXPAHHTBCHA —LIGTHKOM,
MPONMTABLIKCEH KpeMHeseMoM (eM. (hoto, 7). Conepiimoe TPHXOMA B YCTIOBHAX TOCHIXAHHA WIH
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MHHEpATHBALIHH CJlerka CAKHMaeTcs. Takoe CKaTHe UMTOIUIZ3MBI MPHBOIHT K TOMY, YTO MEKIY
COnepKMMBIM KJIETOK H CIIHBHCTOH obonoukoi ofpasyerca cBoeoGpasHbiif 0600k MycToT! (cM.
oo, 7, &). TIpoHCXOMT pacnaj i MHHePATI3ALMA COCPKHMOTO KIETKH HUTH (cM. doTo, 8).
YacTo B paspylIeHHBIX (yTNApax OKAMEHEBIIHX HHTEl OTMEYAETCH CKOIUIEHHE CBOEOGpasHbix
ro6yn (cM. doTo, 9). OdesraHo, 3TH roGyNL! (Nopsaka | MkM W MeHee) ARTAIOTCH MPOIYKTOM
ocakaeHns kpemuesema. Takue rnoOyns! (LIADHKHM) NpPaKTHUECKH HaOMIONAIOTCA BO BCEX
nycrotax. Obpasosatme rnofyn BHYTPH MYCTONO KIETOYHONO MPOCTPAHCTBA 00HAPYKEHO JTHLLL B
KneTKax AuameTpom Gonee 3 MKM, W YeM KpyTHee KneTka, TeM Gonmbime rnobyn, a B kneTkax
maaveTpom 12 MKM Takoro smierns He saGmopaerca. OGpasoBaHHe CHIHKATHONO (yTispa
MOMET MPOHCXO/IMTE HE TOJIBKO 110 eIMHHYHBIM HHTAM, HO M N0 MyuKy HuTeld (cM. doro, 10),

B rugporepManbHeIX MCTOYHHKaX KaMyaTKH MpeHMYIUECTBEHHO pa3BHBAIOTCA
Takue Bugsl Cyanophyta poma Fischerella (Born. et Flah)) Gom. (Mastigocladus
laminosus Cohn) ¢ ero MHOrOYHCIEHHBIMH MopdonoruyeckuMu opmamn (TUIEHKH,
HHTH, ry64aThie 06pa3oBaHHA), a TalKe npencTaBuTenn ponoe Synechococcus Nig. u
Oscillatoria Vauch. (Kapnios u ap., 1983; Kamsneprsie ..., 1989, Hukntuna, 2000). B
npuBeseHHoN (Goto (/7) usobpakeHa KONOHWA, MPEACTABNEHHAS CrPYMITMPOBAHHBIMH
MHHEPATH3HPOBAHHLIMH OKPYT/IbIMH KieTKamu Fischerella (Mastigocladus laminosus).

Kpome doccrmmBHpoBaHHBIX HUTEBHIHBIX 00pasoaHHii (2-10 MKM), KOTOpbIE, ¢ Haled
TOUKH 3peHIs, MOWKHO € YBEPEHHOCTHIO OTHeCTH K Cyanophyta, B HAIMX 00pasLiax MoCTOHHO
TIPHCYTCTBOB&/IH BETBAIIHECH HUTEBHIHbIE (JOPMBI, KOTODbIE CXOKH C HMBLUAMH TpHOamu u
aKTHHOMHLETaMH. BeTsrcThie (opMbL, M0 pasMepam CXOIHBIC ¢ aKTHHOMHLUETAMH (TOMINHA
HuTeli okono 1 MKM), KOTOpble OfUieTaiorT Gonee KpyIHble HHTH, OTHECEHbI HAMH K OCUMI-
NaTopHeBbIM BogopocsaM (oo, 12).

AHATMGHPYS TIOMYYEHHBIC JAHHBIE, CIEAYeT OTMETHTB, 9TO, C OMHOM CTOPOHB,
MHKPOGHOTA, MPEHMYIIIECTBEHHO CHHE3e/IeHBIe B KOMIUIEKCE C IpHOAMH W AKTHHOMHLIETAMH,
YYACTBYIOT B (POPMMPOBAHMH CTPYKTYPbl M TEKCTYPbl reif3epHTOB B CTamMH CySadpaibHOro
OcaKOHAaKOIUleHHA.  JlomyckaeTca ydacTve NpOOYKTOB (DH3MONOrHYECKOH JEATENbHOCTH
MHKPOOHOTHI B TpOLIECCE OCMIEHMA KpeMHnA. OTCYTCTRME B OTJENBHBIX CIOMKAX OCTATKOB
OPraHMKH MOXHO OOBACHHTL (JOPMHPOBAHHEM HX B HeONArONPHATHBIX VIS PASBHTHA
MHKPOGHOTHI YCIOBHAX (BICOKAA Temniepatypa, GbicTpoe H aKTHBHOEe 00pa30BaHHE XEMOTEHHOTO
reinepuTa, CHIBHBIH noTok Bombl M T. A). C Apyrofi cropomsl, Hamwume ridos rpuGoB K
AKTHHOMMIIETOB MOMKHO TPAaKTOBATh KAK BTOPHYHOE ARIEHWE DAIBMTHA THX OprAHMIMOB MO
painararomielicss BOIOPOC/NCBOH OpraHuke. B TepMalbHBIX HCTOMHMKAX Hmeerca Ooratoe
pastoobpaske GakTepuanbroH UIOpbl, NPOHCXOAHT AKTHBHBIH OGMEH BELLIECTB H CBOA MHILEEas
uenouka (Kanbaepubie ..., 1989), HO BIBYaIbHO KOKKOMIHBIE (DOPMBI B MOCTMOpPTAIBHOM
COCTOAHHH 04€HB CIIONHO OTIIHYMTS OT I0GYIT KpeMHeseMa.

TIPHHATO CHHTATH, YTO KPEMHMI| ARIAETCA OZIHMM H3 JYHILHMX (BEHHBIX (PHKCATOPOR)
pasmiHBIX GuoMOpHLIX oOpasosanmi. HisecTHBI CTyuaH, KOTIA OKPEMHEHHBI OpraHwM
JIErKO Mo MOP(OIONHH CONOCTARMACTCA H WICHTHHLIMPYETCA C HBIHE XXHBYLIHMHA OPTAHHIMAMH.
K coxanennio, B Hammx 0Opasuax onpejiesieHHe MHHEPATH3HPOBAHHBIX OPraHMIMOB MO HX
ocratkam npofnemariuno M npuGmomTenbho. Ewe Gonee cnopHeIM oCTAETCH  BOMpOC
WHTEpIpETALMH KOKKOHIHBIX I00YT: NMPOAYKT JAH 3T0 HHBOTO WIH YHCTO XEMOTEHHOE
obpasoanne? HexoTopbie @BTOPbl NpPEIAralOT peliaTh 3JTOT BOMPOC €  TMOMOWIIO
PEHTIEHOBCKOTO MHKpoaHamza (MymokuH  1p., 2002). Eci B aHamsHpyeMoli 4acTHLE ecT
ik ocdopa, Cephl, KANHA, MArHWA TO, 110 MHEHHIO JTHX ABTOPOB, JTO YKA3BIBAET HA
BEPOATHOCTL GHONMOTHYECKOTO MPOHCXOMKIEHHA YaCTHLbL. YACTHLA, JTHIIEHHAA THX EMEHTOB,
paccMaTpHBAETCA MMH Kak abHorenHas. B Haumx npenaparax npw aHamse riolyn nposmisLiics
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JHILb TAKK KPEMHKA | KaTblma. Tonbko Hamiaue B npenaparax 6MoMOpgHLIX HATeH Nossonser
rosoputs 06 HX GuorenHofi npupone ¥ muHepammaupH. [eoxuMuuecknii Gaprep (peskoe
M3JIeHHe TEMIEPATYPhl M JARICHHMA) B YCIOBHAX Iei3epoB M IefBepHTOBbIX OT/IOMEHHI
00YCIABTHBAET AKTMBHOE OCAIKOHAKOTUICHHE H ABSETCA, 1O HALIEMY MHEHHIO, JAOMHHUPYIOIIHM
(GakTopoM B OT/IOMEHMM CHIHKATA W CO3JAHHM KPACHBBIX MPUPOJHBIX TEPPac M MPOYMX
o0pasoBasHii CO CIIOHCTOMN CTPYKTYPO.

Jiid yTOUYHEHHA CHCTEMATHYECKOTD COCTABA CyO(OCCHIBHBIX — CHHE3eeHbIX
Bojopocieli M mposeseHus GOonee 0OBLEKTHBHOH PEKOHCTPYKUMH naneoo6cTaHoBKH
(opmuposanns reiisepuTta HEOGXONUMO H3Y4HTb BHIOBOH COCTAB CYIIECTBYIOUIMX HBIHE
accouHanmit  anbroGaKTepHanbHOrO COOGLIECTBA B KOHKPETHO PaccMaTpHBacMoM TOUKe
HalmozeHHi.

ZakmoueHne

Hayuenne obpasios refizeparos Kamuarks nokasano:

1. O6wyme HHTYaTEIX GHOGDOPM, MpHHALIERAUTIX MpecTasmTensy Cyanophyta.

2. Hanwume BETBALIMXCA HHTeH, CXOXKHX ¢ aKTHHOMHLIETHON 1 rpHGHOH uiopoid.

3. OGunHe KpemHeBbIX I700YN B BHAE OTAENBHLIX IIAPHKOB (OKonMo 1 MKkM) kak
SIAHMYHBIX, TAK M CMBUIHXCA Y)KE B MOHOIHMTHBIE oK. Bisyanbkas mareprperaums rnobyn
3aTpy.IHEHA.
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CYANOPHYTA IN GEYSERITE DEPOSITS OF KAMCHATKA

In studies of the Kamchatka geyserite specimens by ing electron microscope it was possible to reveal various
mincralized microbiota of Cyanaphyta, which was silicified under extreme temperature conditions of hydrothermal
systems. Thermophilic blue-green algae and other microbiota form the micr and texture of the

formations under study. An assumption is‘ advanced about the physiological activity of microbiota as a
bacterial matrix in the process of siliceous deposits.

b e

Keywords: Cyanophyta, i ion, b hermal springs, geyserite.
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