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The article presents for the first time the results of a detailed study of commercial-grade ammo-
nites of a new facility located in the north of the Krasnoyarsk Territory. The nature of the occur-
rence of ammonites, their mineral composition, and gemological characteristics are established.

Key words: ammonite, Krasnoyarsk region, Turonian stage, calcite, aragonite, collection and orna-

mental stones.

Ha MupoBOM pbIHKE HMIMPOKO MPEACTABIEHBI KOJUIEKIIH-
OHHBIE M MHTEPbEPHbIE aMMOHMTBI, a TAKXKE IOBEIHPHbBIE
U CyBeHHpHble u3zenus u3 Hux [1, 6]. OcHOBHBIMU ITO-
CTaBILMKAMM aMMOHMTOB HAa MHPOBOHM PBIHOK SIBIISIOTCS
Maparackap [10, 12], Mapokko [11], Kanaga [9, 13, 14].
W3BeCTHBI KOJUIEKIIMOHHBIE U FOBEJIIMPHO-IIOJEIOYHbIE aM-
MOHMTBI U3 IOPCKUX U MEJIOBBIX OTIO0KEHUH YIIbSIHOBCKOM,
Ps3anckoii, Caparosckoit oOnacreit, pecryonuk /larecran
u Anpirest Poccuiickoit @enepanuu [2, 5, 6].

B 2017 r. Ha poccuiicKkuil pBIHOK MOCTYIHJIN AMMOHHU-
ThI, @ TAK)KE W3/EIMS U3 HUX C SIPKOM LBETHOM MpHU3aly-
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et mepiaamyTpoBoro ciost. OOBEKT PacIooKeH Ha CeBepe
Kpacnosipckoro kpast B Taiimbipckom (lonrano-Henerxom)
MyHULUNAIBHOM paiione, B 130-150 kM Ha ceBepo-Boc-
TOK OT I. Hopunbck. AMMOHUTBI KOMMEPUECKOTO KadecTBa
BCTpedaroTes B fonuHax pek Kymra, Tanemu, Mkon — mpa-
BBIX IPUTOKOB p. [IsicuHa. MecToHaxoX1eHHEe aMMOHUTOB
0OHapY’KEHO B I10JIE ME3030MCKUX OCa/IOYHBIX OTIIOKECHUH
Ennceiicko-Xaranrckoro nporuda, ImepekphIThIX YeTBep-
TUYHBIMH MOPEHHBIMH OTJIOKEHUSMHU.

W3-3a TPYJHOIOCTYITHOCTH PAalOH T'€0JI0OTHYECKH ci1abo
n3yueH. [lepBele naHHBIE IO T€OJOTHMH MECTOHAXOMKACHUS
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aMMOHHUTOB OTHOCATCS K 1945 T. m cBsi3aHBI ¢ cooOlie-
Husimu B.H.Caxkca [8]. IIpu mpoBeneHHH IeoJoruueckoi
cpémku Macmraba 1:200 000 B.A.Mapkosckum (1962)
ObUTH OOHAPY>KEHBI KOPCHHBIC BBIXOJBI ME3030ICKHX OT-
JIO)KEHUH, TPEICTABICHHBIX YepeayIOUMHUCS TadyKaMu
IVIMH, aJIeBPOJIUTOB, NeckoB. Ileckn cepble, 3eneHOBaThHIC,
MEJIKO3EPHUCTBIC, IIAYKOHUTOBBIC C JIMH30BHUIHBIMHU IIPO-
CJIOSIMH 1 KOHKPELMSIMH TECYaHUKOB, YaCTO COJCPIKallH-
MH OOWJIbHYIO (hayHy aMMOHHTOB, OEJIEMHHTOB, IeJelH-
oz u racrponoz. [To onpenenennto B.3.Mankuna (1962),
Kpome aMMOHHUTOB Placenticeras sp. nov., JOCTHraromux
JUaMeTpa OIHOI0 MeTpa, B KOHKPEHHUSX BCTpEYaroT-
cst Inoceramus ex. gr. labiatus Schioth., 1. cf. interruptus
Schm. (typon-xonbsik) u Lopatinia cf. jenissea Schm.,
Mytilus lanceolatus J. de C.Sow., Alaria sotnikovi Schm.
(TypoH-canTOH). B.A.MapKoBCKHi1 cuuTal, 4TO 3TH OTIIO-
JKEHHUSI OOHaXaroTCs B 3PO3MOHHBIX OKHax. [lo pe3yinb-
TaraM TeoJIOTHYECKOro jou3ydeHus: macimraba 1:200 000
B.B.KomapoB BbIIenu 3/1€Ch TOJIBKO MOPEHHBIE OTIIO-
skeHus [3].

Jo 2002 r. naneonTonorndyeckue ocrarku p. Mkon He
paccMaTpuBaluCh KaK KOMMEPYECKHH KOJUICKIIMOHHBIN
W TIOJICTIOUHBII Marepuai. Briepsble Takas BO3MOXKHOCTb
Obuta ycraHoBieHa B.A.Pagpko mpu cOope reomormuec-
KHX MaTepHasioB (araros, SIIIMOMJIOB) B OacceiHaX pek
Kywmra, Ukon, Tansmu netom 2002 1. [7]. beiio ormMeueHo
HaJIM4Ue SPKOTO MEpIaMyTPOBOTO CIIOSl Y PAaKOBHH aMMO-
HUTOB, IPEACTABISIONIETO KOMMEpYeCcKHi mHTepec. Bce
MAJICOHTOJIOTMYECKUE OCTaTKHW HAaxOISTCS B KOHKPELMAX
necyannka. KOHKpeIun BCTpEYaroTcs OTHOCHTENIBHO Ya-
cTo B OopTax M pycnax pek. MHorma pycia BpeMEHHBIX
BOJIOTOKOB UM TIpaBble Oepera peKk BBICTIIAHBI MHOTOYHC-
JICHHBIMH O0JIOMKaMH ¥ IIEJIBIMA KOHKPELHUSIMU Pa3MepoM
o 1x1,5%2.5 m.

Metoabpl uccaemoBanmii. Komiuiekc uccienoBaHui
aMMOHMTOB IPOBEIEH Ha Kadeape MHUHEPAJIOTHH U TeM-
monorun @I'BOY BO PITPY, B ®I'BY «k BUMC» u ®I'BYH

WUI'EM (PAH). OH BKjIO4aa oIpeAeieHHe IIOTHOCTH,
MUKPOTBEPAOCTH, JTIOMHUHECLEHIUU, KOTUYECTBEHHOE
OIpeNIeNIeHNe XUMHUYECKOr0 M MHHEPaIbHOIO COCTaBOB,
paIualMoOHHbBIX XapaKTEePUCTHK, ONTHKO-TIeTporpadudec-
KHE, DIIEKTPOHHO-30HA0BBIE U IEKTPOHHO-MHKPOCKOMH-
YECKHUE UCCIIC0BAHUS.

KonnuecTBeHHOE ompeneneHre XUMHUYECKOro COCTaBa
aMMOHHTOB BBIMIOJIHEHO METO/IOM PEHTI'€HOCIICKTPAIbHO-
ro ¢uyopecuentaoro ananuza (PMA). MunepanbHblii co-
CTaB ONpPEEISUICS PEHTIeHOrpapuIecKuM KOJIMYECTBEH-
HBIM (a3oBbiM aHanm3oM (PK®DA) na ycranoBke «X’Pert
PRO». MUKpOTBEPAOCTb ONMpPEAENNach Ha MUKPOTBEPIO-
Mmetpe «[IMT-3» ¢ narpyskoii Maccoii 50 r u sxcro3unuen
15 cek; mokazareny NpeIOMIICHHS] — HAa TeMMOJIOTHYECKOM
pedpaxromerpe «KJIMO». IlnorHOCTH 00pa3umoB ormpe-
JIeNsUIach THAPOCTATHYECKUM METOJIOM Ha AJIEKTPOHHBIX
Becax «Sartorius Gem G150D». JIroMHHECIICHIINS H3y4a-
Jack moj ynsrpaduoneToBoi nammoi «Multispec System
Erickhorsty ¢ A=254 u 365 HM. DICKTPOHHO-30HIOBBIC
HCCIIEZIOBAaHNS BBINIOJIHEHBI Ha MHKpoaHaimzarope «Jeol
JXA-8100», mo3BONSAIOLIEM MOTYyYUTh XUMHUECKUH CO-
CTaB IO JaHHBIM PEHTTCHOCIIEKTPAIILHOIO MHKpOAHAIN3a
(PCMA), npoBectn aHanu3 o0pas3loB B 0OpaTHO-pacce-
stHHBIX 3JekTpoHax (OPD). ConepikaHue Kuciiopoja pac-
CUUTBIBATIOCH MO CTEXUOMETPUH. DIEKTPOHHO-MUKPOCKO-
MMYECKOe M3ydeHHe 0Opa3lloB MPOBEACHO Ha PacTpPOBOM
aneKTpoHHOM MuKpockorne (POM) «Tesla BS-301». Mcnbl-
TaHWE PAJNAIMOHHBIX XapaKTEPHCTHK MPOBEJCHO B AHa-
JIUTUYECKOM CEPTHU(PHKAIIMOHHOM HCIIBITATEILHOM IIEHTpE
(ACHLl) BUMC.

OO0cy:xaeHHe pe3yJabTaToB. AMMOHUTBI KOMMeEpYecC-
KOrO KauecTBa HAaXOASTCS B KOHKPELHSX HM3BECTKOBHC-
Toro mnecyaHuka. KOHKpennHn B OTIOKCHHUSIX KBapl-
TIOJIEBOILIIATOBOTO, OYypOBATO-KEITOrO U 3€JIEHOBATO-CEPO-
ro IJIOTHOTO MECKa PACHONIOKEHbI XaOTUYHO. MOIHOCTh
OTJIOXKEHHH C KOHKPELUSIMH, BCKPHIBAEMbIX B OEpETrOBBIX
o6peiBax, 10 30 M. Ilpu pa3mbIBe OTIIOKCHUH KOHKPEIUH

*

Puc. 1. AMMOHMUT ¢ pparmeHTOM KOHKpeuuu (A), pparmeHT aMMOHMUTA C APKOI1 LBETHOW Mpu3saumeli nepnamytposoro cnos (B),

KaboLoHbI M3 UCKonaemoro nepnamytpa (B)
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CKaIUIMBAIOTCS B PyCllaX pPeK M HeOOIbIINX OOKOBBIX PyUb-
€, Te ux u codbupator. [opHbIe BEIPaOOTKH HE TPUMEHSI-
I0TCS, IO9TOMY HE HapylaeTcs dKonorus cpeisl. Konkpe-
LMY B OTJIOXKEHUSIX IUIOTHBIE, B PycCllaX PeK B pe3yibTare
BBIBETPUBAHUS TPEIIMHOBATHIC, OTHOCUTENBHO JIETKO Pa3-
Oupatorcs Ha Menkue QparmeHTsl. KommuecTBo KoHKpe-
LUH, coaepKalIMX aMMOHHMTBI KOMMEpPYECKOro KauecTBa,
He npessiaer 10%.

B xonkpenmsix E.}O.BapaGommkuH onpenenua Xoporo
COXpaHHUBIIMECS aMMOHUTBI ponma Placenticeras typos-
CKOro 00JIMKa C ocTaTkaMH IepiamyTpoBoro cios. Haps-
JIy ¢ aMMOHHTaMH B KOHKPELMAX OOHapy>KeHBI JIBYCTBOP-
KM poma Inoceramus, Menkue racTpoIoabl, OEJIeMHHUTH U
JpeBecHble (parMeHThl. J[namMeTp aMMOHHTOB HOCTHUIAeT
70 cm, a pa3Mep OTIENBHBIX (ParMeHTOB MTOAEIOYHOTO Ka-
yectBa — 40 cm (puc. 1). Kommepuecknii untepec npen-
CTaBJISIIOT TOJBKO aMMOHHTBI C XOPOIIO COXPAaHUBIIUMCS
NepIaMyTPOBBIM CIIOEM U SIPKOH LIBETHON UpU3AIUEH.

ITepnamyTpoBBli CIIOH C BKJIIOYEHUSIMU MEPIelis COCTO-
uT U3 (B Mac.%): aparonura — 93, kasipuuTa — 1,5, anatnra —
2,5, darepura — 2, cunepura — 1, GUKCUPYIOTCS CIIEIIBI 11~
puTa U KBapua. MuHepanpHBI COCTaB MIEPIaMyTPOBOrO
CJIOSl yKa3bIBaeT Ha XOPOIIYK) COXPAHHOCTb HCXOJHOIO
aparoHuTa, MpU 3TOM MNPOUCXOAUT €ro YaCTUYHOE 3aMe-
LieHue APYruMH MuHepanamu. OTMETUM NPUCYTCTBHE

1. MuHepanbHbIA COCTaB aMMOHUTA. [10 OaHHbIM PKOA

(haTepuTa — HEYCTOHYHMBOM Ir'eKCaroHAIbHOW MUHEPAIbHOU
dopmer CaCO,, aBnAONIEHcs TIEPEXOHOM OT aparoHuTa
K kanbuuty [4]. [IpucyTcTBue kBapla, IUPHUTA, a TAKIKE Yac-
TUYHO KaJbIIMTA, allaTUTA M CHUAEPHUTA CBS3aHO C Iecya-
HUKOM (Tabi. 1). MuHepaJbHBI COCTaB MOATBEPIKIACTCS
pe3yabraTaMu XUMHYECKHX aHanu3oB (tabm. 2). U3 are-
MEHTOB-TIPIMECeH (PUKCUPYIOTCS TOBBIIICHHbIE COJepIKa-
Hus (B Mac.%): Sr— 0,506 u Ba— 0,014 (tatn. 3).

Kamepa, BBITIOJIHEHHAS! KJIBIIUTOM, UMEET OoJiee OHO-
pPOIHBIN MUHepalibHbIM cocTaB. Kanbuut coctapisier 94,
a aparoHMT — 3 Mac.% M CBS3aH C NEPEropoIkaMy U CTEH-
KaMHM aMMOHHUTa. B HeOOJbIIOM KOIMYECTBE MPUCYTCTBY-
10T (B Mac.%): cugepur — 1, anmatut — 1 U aHKepHUT-10J10-
mut — 0,5 (cMm. Tabn. 1). 3adukcupoBaHbl NOBBILICHHEIC
cofiepKaHus EMEHTOB-TpuMeceit (B mac.%): Sr — 0,073
u Ba—0,013 (cm. Tabm. 3).

[lecuanuk XxapaxkTepu3yeTcs IIUPOKUM MHHEPATHLHBIM
crekTpoM (B Mac.%): Karmbuut — 45, kBapil — 20, aITFOMOCHITH-
katbl— 13,5, aparonur—35, cuaepur—3, anatur—2,5, nuput—1.
DukcHpyIOTCS CIeIbl XPOMUTA M Marue3ura (cM. Taom. 1).
Ioepimennsie conepxanus TiO, (0,43 mac.%) ykasbiBatoT
Ha MPUCYTCTBHE MUHEPAJIOB TUTaHA (CM. Tali. 2). AparoHUT
CBsI3aH C IEPEropojkaMy M CTEHKaMH aMMOHHTA. AJIIOMO-
CHJIMKaThl IpeJicTaBleHbl (B Mac.%): miarnokmnasom — 10,
KanmeBbIM TtosieBbiM mmatoM (KITH) — 7, amdubdonom — 3,

Ne o6pa3na XapakTepucTHKa 06pa3ia MuHepaabHBIH cOCTaB Copep:xanue, Mac.%
AparoHur 93
Kanpur 15
AnaTtut 23
Kp-A IlepnaMyTpOBBIii CIIOM C BKIIOUEHHSMU MEPIes ®darepur 2
Cupgepur 1
[Tuput Crnenbl
KBapig Crienbl
Kanpiur 94
Aparonut 3
Kp-K Kamepa, BbINOTHEHHAS KaJIbLUTOM Cuzepur 1
Amarur 1
AHKEpUT-TOJTOMUT 0,5
Kanpuut 45
Aparonut 5
Ksapn 20
Cunepur 3
Anatut 2,5
[Muput 1
Kp-M Kamepa, BBIIONHEHHAS IECYAHMKOM [Tnaruoknas 10
KITII 7
Ampudon 3
Wnaut-rnaykoHuT 1,5
Xoput 1
Marnesur Craenpt
Xpomut Craenpl
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. XMMMUeCcKuit cocTaB aMMOHUTOB. [10 OaHHbIM POA

Conepmaﬂue KOMIIOHEHTA, mac.%

Ne o0pa3zua . .
Na,0O MgO ALO, SO, K,O CaO TiO, MnO FeO,
Kp-A 0,42 0,06 0,07 0,19 | 0,01 5297 0,01 0,01 0,34 1,07 0,76 42,81
Kp-K 0,08 0,53 0,06 0,13 0,01 | 50,31 0,01 0,36 5,85 0,91 0,09 40,07
Kp-M 0,81 0,94 4,74 27,18 | 0,94 | 27,18 0,43 0,28 8,68 1,69 0,56 25,53

nimutoM — 1,5, xnoputom — 1. KBapl, antoMoCHINKATHL,
XPOMHT CBSI3aHBI C MCXOJHBIM MOPCKHM OcaikoM. Kaibrur,
CHUJICPUT, allaTHT, MUPUT, MarHe3uT o0pa3oBaliCh Ha CTa-
MU MareHesa. 3a(MKCUpOBaHB! TOBBIMICHHBIE COJEpKa-
HUS DJIEMEHTOB-TipuMmeceit (B mac.%): Sr — 0,092, Ba —
0,094, Co — 0,010, Ni — 0,010, Zn — 0,024, Pb — 0,017.
OnemenTsl ¢ cogepxkanuem 0,001-0,01 mac.% — Cr, V, Cu,
Rb, Zr, Y u As (cm. Tabm. 3).

Pesynbrarbl uCHbITaHMH pajMallMOHHBIX XapakTepu-
CTMK aMMOHHMTOB II0Ka3aJM HHM3KYIO YAEIbHYIO aKTHB-
HOCTh, (BbK/KT): 2*Ra — 20, *Ra — 20, °Ra — 20, **Th — 20,
K - 217, ¥Cs — 10, Aaw — 119. B coorBerctBuu ¢ Ilo-
noxenueM ['OCTa 30108-94 x CII 2.6.1 2800-10 m. 4.5.1
«...M311eJUsT XYJO)KECTBEHHBIX IPOMBICIIOB U TPEIMETOB
HMHTEphEpa U3 MPUPOJHOrO KaMHS...» MOPOJa OTHOCHUTCS
¢ I kmacey (A, <740 B/Kr), 1103BOJISIOMIEMY HCHIOIB30-
BaTh ¢ Oe3 OrpaHUYCHUS.

Buemnrnsisi creHka aMMOHUTa — INEpIaMyTPOBBIA CIOMH
TomuuHON 1-2 MM, penko 10 3 MM. TonmuHa BHYTpeHHUX
CTEHOK U meperopojok mexnee 1 MM. Berpeuarores pasznas-
JICHHBIC PAKOBUHBI CO CHPECCOBAHHBIMHM CTEHKAMH M IIe-
peropoakaMu. B Takux cripeccoBaHHBIX ()parMeHTax TOJN-
IMHA TIEPJIaMyTPOBOTO CJIOS MOXKET YBEIIMYHUTHCS JI0 5 MM.
IIpu 3TOM OTHENbHBIC APArOHUTOBBIE CIIOM PA3JIEIAIOTCS
MEeCUaHUKOM, peke KalbuuToM. Mpusanus nepiamyTpoBo-
TO CJIOSI OXBAaTBIBAET BECh IBETOBOII crieKTp (cM. puc. 1, B).
Haubonee xapakTepHbIMH LBETaMH SIBIISIOTCS KpPacHBIH,
OpPAH)KEBBIN, pexke 3eJIEHBIN, U OYEHb PEAKO BCTPEUAIOTCS
rony06oii, cunuii u guonerossiit. [Ipn M3MeHeHNH HakJIOHA
oOpaslia IBeT UPU3alNH CYIIECTBEHHO MEHSIETCSI.

[lepnamyTpoBbIE CIOM IUIOTHBIE, B OTAEIBHBIX (par-
MEHTaX paccjanBaroTCsi Ha TOHKWE IUIaCTHHBI. B o0pas-
1l€ OHUM HE MPO3paYHbIE, IPOCBEUUBAIOT B TOHKUX CIOSX.
[onupoBaHHBIE TUIACTHHBI TOIMMHON 10 | MM mpocBedn-

3. CopeprkaHue 3.

1TOB-Np

Barorme. [lokasarens mpermoMieHus: konebnercs ot 1,52
1o 1,67, nynpenomiienue 0,13-0,14, cBsi3u ¢ UBETOM UpU-
3aiuu He ycraHaBiuBaercs. [lnotHocts 2,84-2,86 r/cm?,
HECKOJIbKO HIke aparoHuta (2,94 r/cm?), uto moxer 00b-
SICHSITBCSI TPUCYTCTBUEM TIOP U MUKPOTPELIMHOK.

MukpoTBEpAOCTh MEPIAaMyTPOBOrO CJIOS B Halpas-
JICHUM, TEPIEHIUKYIIPHOM CIOUCTOCTH, COCTaBISIET
366 kr/MM%, B TOPIIEBBIX Cpeiax Bo3pacraeT 0 387 kr/mm?,
MUKpOTBEPAOCTh BHYTPEHHUX CTEHOK M MEPEropoJIoK am-
MOHHTa B TOPLEBBIX cpe3ax Konednercs ot 260 10 367 kr/mm?
U 3aBUCHUT OT COXPAaHHOCTU aparOHUTOBBIX CHOEB. Jlromu-
HECILICHIIMS CTEHOK M IIEperopo/ok He Halmonaercs. Cten-
KU ¥ NEPEropoJKU XOPOIIO MOIUPYIOTCSA 10 HepIaMyTpo-
BOro OJecka.

HepazpyiieHnsle kaMepbl aMMOHHUTOB, KOTOPbIE BCTpeya-
I0TCSI JIOCTaTOYHO PEJIKO, BHITIOJIHEHBI KAJIBIUTOM (pHC. 2,
A, B). Kagpur KOpHYHEBOTO, CEpOBATO-KOPUYHEBOTO
[BETa, BCTPEUAIOTCSl HEOOIbINE (PParMEeHTHI JKENTHIX OT-
TeHKOB. KaiabLUT MpeuMyIIECTBEHHO MPOCBEUMBAIOLIUIL.
IIpucyTcTBYIOT (hparMeHTHI MONYNPO3pPaYHOTO KaJbIHTA,
pacroioXXeHHbIE B LEHTPAIBHBIX YacTsIX Kamep, M He-
IIpO3padHble, MPUMBIKAIOIINE K NEperopojkaM U CTEH-
kaM. KanbIuT mIOTHBIN, U310M pakoBUCTHIN. IInoTHOCTH
KAJIBI[UTOBBIX arperaroB B cpegHeM 2,75 r/cm® ¢ HeOOIb-
UMK KoJeO0aHUAMH. MHUKPOTBEPIOCTh KaJIbIIUTA CBETIIBIX
OTTEHKOB — 236 Kr/MM?, TEMHBIX BO3pacTaet 10 264 Kr/mm?>.
Kaxpuut xopomo mogupyercss 10 CTEKISIHHOTO Oiecka
C POBHOM MOBEPXHOCTHIO, HA KOTOPOH KOHTPACTHO MPOSIB-
JICHBI aParOHUTOBBIE TIEPETOPOAKH U CTCHKH PAKOBHHBI.

[ecuanuk ceporo u Oyporo 1BeTa ¢ pa3IMIHbIMU OTTEH-
KaMH (CM. puc. 2, B), II0THBIH, pazinamMbIBaeTcst ¢ OOJIBIINIM
TPYAOM C MEIKOPAKOBUCTBIM U310MoM. [1noTHOCTS necya-
HHKa B cpeiHeM 2,74 r/eM?, MEKpOTBEPIOCTD — 257 Kr/MM?.
MukpoTBEpIOCTh BKJIFOUEHHMI KBapua — 1298 kr/mm?.

el B aMMOHUTaX. /1o 0aHHbIM PPA

No CopnepixaHue KOMIOHeHTa, Mr/Kr (X10-*mac.%)
o0pa3ua Cu Zn Rb Sr Zr Ba U
Ta-A <10 | <10 13 10 12 11 <10 | 5064 | <10 136 <5 <5 <5 <10 16
Ta-K <10 | <10 | <10 | <10 10 <10 | <10 733 <10 130 <5 <5 <5 <10 | <10
Ta-M 28 32 104 | 103 13 244 37 916 61 394 <5 <5 23 171 17
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Puc. 2. AHWANbI pparmeHTOB Kamep aMMOHUTOB, BbINONHEHHbIX KanbuuTtom (A, B) M U3BECTKOBUCTLIM NecyaHnKom (B):

A — CTEHKU U neperopogkn aMMoOHUTa, BbIMNO/IHEHHbIE aParOHNTOM, K — kanbumr, 1 — necyaHumk

[lecuanuk He NIOMUHECHUPYET, SBISETCS €CTECTBEHHOMN
MOJUIOKKOM TepraMyTpa M MOJUPYETCs OO CTEKISIHHOTO
Orecka ¢ POBHOM MOBEPXHOCTBIO.

Onruko-nierporpadguieckue M SJIEKTPOHHO-30H]IOBEIE
HCCIIEIOBaHNs TO3BOJIMIM JAETaNU3UPOBATh CTPYKTYpHBIE
0COOCHHOCTH CTPOCHUSI 1 MUHEPAJIbHBIH COCTaB PAKOBHH
aMMOHUTOB.

CTeHKH U NEeperopojkd aMMOHHTA HMEIOT XOPOIIYIO
COXpaHHOCTb. KOHTAKTBI ¢ MECUaHUKOM U KaJIbIIUTOM YET-
KHe, POBHBIE (CM. pUCYHKH 3, 4). B aparoHnToBBIX CJIO-
SIX Pa3BUBAIOTCA MUKPOTPEIIMHKM M IOPHI pa3MepoM
1-50 mxm. ITopbl KOHLIEHTPUPYIOTCSI B KPAaeBBIX YaCTSIX
CTEHOK U MEPErOPOI0K, COMPOBOKAAIOT MUKPOTPEILIUHKN.
Bonee kpynHble TPEIIMHKH OPUEHTUPOBAHBI BJOJIb aparo-

HUTOBBIX cJIOEB. [lomepék CI0EB MUKPOTPEIIUHKH B OT-
JIeNBHBIX (pparMeHTax o0pasyloT 4acTylo CETKY, XOpOLIO
BUANMYIO TIpH OOJIBIIMX YBEIMYCHMAX. B TpemmHKax
Pa3BUBAIOTCS MUKPOIPOKUIIKM KaJbIUTA, a TAKXKE MHUK-
POHHBIC BBIICJICHHS TUpUTa U anarura (cMm. puc. 4, b, B).
Muxkponpoxuiku kanpuura mupuHoit 1o 0,03 mM. Kpu-
CTaJuIbl MpHU3MaTuueckoil Gopmsl 10 0,1 MM 1o ymiauHe-
HUIO, OPUEHTUPOBAHBI BJOJIb MUKPOTPEILUHBl U UMEIOT
Pa3IUYHYI0 OPUEHTHPOBKY.

U3 snemeHTOB-pUMecell B HEU3MEHEHHOM aparo-
HUTE (PUKCHPYIOTCS YCTOWYMBBIE COJCp)KaHMS (CpeaHue
B Mac.%): Na — 0,19 u Sr — 0,22. B ornensHbIX (hparmeH-
Tax HaONIOnaeTcsl 3aMeIICHNEe aparoHnuTa, KOTOpoe OTpa-
JKaercs B M3MeHeHnH ero 1Beta B OPD (cm. puc. 4, b, B, E).

*

Puc. 3. Mpo3spayHbie wandbl pparmeHToB CTEHOK aMMOHUTA: A — pparmeHTbl CTEHOK, CLLeMEHTUPOBAHHbIX NecyaHukom, b — ¢ppar-
MEHT CTeHKU, pa3butoii MMKpoTpewwMHaMu, NapanieNibHbIMU U NepneHAUKYAAPHBIMU CIOUCTOCTH, BbINOSIHEHHLIMU NMUPUTOM,
anaTUTOM M KanbLUTOM, B — MUKPONPOXUAKK KanbuuTa; HuKonu X —A, B; || — B:

A — CTEHKM aMMOHMUTA, I — necyaHuk, K — kanbuut, MANK — MUKPONPOMXKUAKM NUPUT, anaTUT KaNbLUTOBOro COCTaBa
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Puc. 4. ®parmeHTbl aMMOHUTA, BKAIOUYAIOLLUE BHELLHIOK CTEHKY C MPOCA0OAMM NecyaHuKa (A); Kamepbl C BHYTPEHHUMMU CTEHKaMU
U neperopogKamm, BbinoaHeHHble KaabuuTtom (B—E); mukposoHa, OP3:

A — aparoHuT, N — necyaHuK, K — kanbuut, C — cuaeput, An — antomocuankatel, Ks — keapuy, Mv — nuput, An — anatuT, Mo — nopsbl, T —

MUKPOTPELLMHA

B rtakux 3oHax ¢uxcupyrorcs conepkanus (B mac.%):
Mg — no 0,75, Fe — o 1,16, Mn — no 0,25, P — no 2,20,
CBSI3aHHBIC C MUKPOHHBIMH BBIICJICHUSIMH KaJIbIIUTA, arla-
THUTA, TUPUTA.

Kanpuut, BBINOJHAIONMNA KaMepbl, pa3HO3EPHUCTHIH,
KPHCTAJUIBI TUIOTHO Cpocuinecs. XapakTepHbl OJOKH |
CJION C Pa3iIMYHON OPHUEHTHPOBKOH, pa3MepoM H (hopMoii
KpuctaiuioB (pucS, A). Bgonb neperoposok u cTeHoK pac-
TIOJIO’KEeH TOHKHH 10 0,2 MM citoli craboy/UIMHEHHBIX, pa3-
HOOPHEHTHPOBAHHBIX KPUCTAJUIOB. B TakMX MPUKOHTAKTO-
BBIX CJIOSIX IIPUCYTCTBYET OOJIBIIOE KOJTMYECTBO MUKPOIIOP
1 MUHEpaJbHBIX BKItoueHni. Kanpiur B oOpasie Herpo-
3pa4yHblid. B HEHTpaNbHBIX YacTIX Kamep pPacIiojOKEHbI
Oosiee KpynHbIE KPUCTALIBI CHJIBHO YMJIMHEHHOW NpH3-
Maruueckoil Gopmel, pasmepoM g0 1-2 MMm. XapakTepHbI
MOJIMCUHTETHYECKUE JIBOWHUKH CIIOXHOW (OpMBI ¢ Beep-
HbIM yracanueM (cMm. puc. 5, A, T'). [IpucyrcTByroT ciou
C MapajuleIbHON OPUEHTUPOBKOM KPHCTAIOB C POBHBIM
yracanueM. B monepeuHbIX cpe3ax K yAJIUHEHUIO KpH-
CTAJUIOB B nutnde HAOMOmacTCs MX H30MeTpuuHas (op-
Ma B BHUJIC TIECTPOH MO3aMKH IIPU CKPEIIECHHBIX HHUKOJIAX

(cMm. puc. 5, b). Kanbuut B 00pasue Henpo3paunslii. Ero
CTPYKTYypHBIE OCOOCHHOCTH YKa3bIBalOT Ha OJHOBPEMEH-
Hoe ObIcTpoe (OPMHUPOBAHHME KPUCTAIJIOB M3 MHOTOYHC-
JICHHBIX IIEHTPOB KPUCTAJIM3allMU, PACIIOIOKEHHBIX Ha
CTEHKaxX U IePeropojikax pakoBUHEI, a 3aTeM M Ha 00pa3o-
BaHHBIX CIOSX. DTO MPUBEIO K MHOTOUUCIEHHBIM Pa3HO-
OpPHEHTUPOBAHHBIM OJIOKAM M CJIOSIM KaJIbLIUTA, BBIITOJIHS-
oMM kKamepsl. [Ipo3pauHOCTh KanbLUTa ONpEnesercs
pa3sMepoM, B3aMMOOPHEHTUPOBAHHOCTBIO KPHUCTAIUIOB,
KOJIMUYECTBOM IOP U BKIIIOUEHUH.

Kansuut B OPD poBHOro ceporo LBeTa, 4To yKa3bIBAET
Ha €ro XMMHUYECKYH OJHOPOIHOCTb. BIoimp KOHTakTOB
C TMEperopojikaMM M CTEHKaMH (UKCHUPYIOTCSI MHOTOYHC-
JICHHBbIC MUHEpaJIbHbIE BKIIFOUEHUS U NOpbl. L{eHTpanbHble
YacTH KaMep cojiepykaT HeOOJbIIOe KOJIMYECTBO BKIIIOUE-
HUI ¥ 1I0p, a X pa3Mep He MPEBBIIIACT 5 MKM (CM. pHuC. 4,
A, I'). BrutoueHunst mpeCTaBiIeHbl alaTUTOM, CHICPHTOM
U TIUPUTOM.

Amnarut obpasyer cioii mupuHoi 10-40 MxM BIOIIB T1€E-
peropofiok U creHoK. KOHTAaKT ¢ aparOHUTOBBIMHU CIIOSMU
POBHBIH, C KaJIBUTOM — KapMaHOBUIHBINA. XapaKTepHbI
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Puc. 5. Npo3spauHble wandbl pparmeHTOB Kamep aMMOHUTA, BbIMOJIHEHHbIX Ka/IbLLUTOM; HUKOAU X:

A —CTeHKa n neperopogkn aMmoHUTa, BbINO/IHEHHbIE aParOHNTOM, K = kanbumt

BKJIFOUYEHHMS arartura pazmMepoM a0 20 MKM U B KaJIbLIUTE.
OHHM OPHEHTHPOBAHBI BJI0JIb MUKPOTPEIINHOK, BHIIOIHSIOT
nops! (cm. puc. 4, b-E).

Cuzieput Taroke o0pasyer ToHkue (10 20 MKM) ITPOXKHII-
KH{ BJIOJIb KOHTAKTOB C aparOHUTOBBIMH CJIOSIMH, BBITIOJIHSI-
eT TOpkI B KaibLute (cM. puc. 4, b), onHako BcTpevaeTcs
pexe amaturta. BriodeHus nuputa mioOyisipHoi dop-
MBI, pa3MepoM 1—2 MKM 00pa3yloT OKpYIVIbIe BBIZCICHUS
1o 12 mxM. Britouenus nmpura GpopMHUpYIOTCS B anaTure,
B nopax kaneuura (puc. 4, b, I, J1). ®opma BeigeneHunit
yKa3bIBacT Ha 00pa30BaHKE MUPHUTA C YYaCTHEM OaKTepHHl.
Bxittouenus anarura, cuaepuTa M mupuTa OGosiee MO3AHUE
10 OTHOILCHHIO K KaJIbIIUTY.

[lecuaHuk COCTOMT M3 JOCTaTOYHO OOJBIIOTO KOJIWYe-
CTBa BKJIIOUYCHHH MHHEPAJIOB, CIIEMEHTHPOBAHHBIX Kap-

OoHaTaMu C TIEIMTOBOW CTPYKTypoil. BkiroueHus mpeu-
MYIIECTBEHHO yrioBaroit ¢opmel pazmepom 0,05-0,2 mm
(cM. pucyHkn 3, A u 6). B mecuanuke NpUCYTCTBYIOT
3épHA KBaplla, AJIOMOCHIIMKATOB, WJIBMEHHTA, XPOMHTA,
MPEJCTABISIOINE MOPCKOM OCaloK, CLEMEHTHPOBAHHBIE
KaJIBIIUTOM M CHUJICPUTOM, (PMKCUPYIOTCS alaTHT ¥ IMUPUT
(cm. puc. 6). KBapil 1 amroMOCHITUKATHl yIIIOBaTOU (HhOPMBI
pazmepoM oT 12 10 250 MKM. AJIFOMOCHIJIMKATBI, KaK pa-
BWJIO, 3aMENICHbl BTOPUYHBIMM MUHEpaJaMH, OCHOBHBIM
13 KOTOPBIX SIBIISIETCS anaTUT. XUMHUUYECKUII COCTaB allto-
MOCHJINKAaTOB CYIIECTBEHHO Pa3In4aeTcs, 4To 00ycIoBIIe-
HO OOJBIIMM KOJIMYECTBOM MHHEPAJIOB, YCTAHOBJICHHBIM
PK®A (cm. Tabm. 1), a Takke npoueccaMu X 3aMeIeHHUsI.
[To narapiM PCMA, B aimroMoCHITHKaTaX (PUKCHPYIOTCS CO-
nepxanus (B Mac.%): Na — ot 0,12 no 6,25, Mg — ot 0,00

*

Puc. 6. ®parmeHTbl NeCYaHUKA, BbINONHAIOLLETO aMMOHUT; MUKPO30HA,, OP3:

A — aparoHuT, BbINOAHAOLWMNI Neperopoaky, K — keapu, An — antomocunukatbl, K — kanbumt, C — cupeput, An — anatut, N — nupurt,

N — nnbmeHunT, X — xpomurt, [N1o — nopeol
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Puc. 7. CTpyKTypa aparoHUTOBbIX C/I0EB B UCKOMAaeMOM nepsiamyTpe:

POM: A — 06wmit BUZA 06pasLa c XopoLo BUAMMbIMM (6enblil LBET) CTyNeHAMU CKoNa, b, B — CTPYyKTypa NAacTMHYATbIX aparoHUTOBbIX
cNnoés, I — CTPyKTypa NPM3MaTUYECKOrO aparoHUTOBOTO C/101; CTPE/IKaMM NMOKa3aHbl KPUCTaIbl aparoHUTa

1o 10,4, K — ot 0,00 mo 13,82, Ca— ot 0,08 no 17,58, Fe —
or 0,09 mo 24,52, Al — ot 3,99 no 18,98, Si — or 13,10
10 30,16 u O — ot 34,81 no 47,93. Beicokue coaepaHus
Fe (12,40-24,52 mac.%) yka3bIBaloT Ha IIPUCYTCTBHUE Ke-
JIE3UCTOTO XJIOPUTA — IIIAMO3HUTA.

BrurroueHUsT XpOMHTa PEIKH, YIIIOBATOM (hOPMEI, pa3Me-
pom 10 80 MkM (cM. puc. 6, A). Ilo nanaeim PCMA, co-
nepkaHus B HEM cocTaBisoT (B Mac.%): Cr — 46,35, Fe —
15,30, Mn — 0,47 u O — 32,25. BxitoyeHus: WIBMEHUTA
TaKXKe yrioBaToi (GopMmbl, pazmMepoM 0 95 MKM BcTpeda-
rorcs vare (M. puc. 6, A, B). MiibMeHuT 3amemniaetcs Jei-
KOKCEHOM, Ha 4YTO YKAa3bIBAIOT YBCIMYCHUC COJCPIKAHUS
Ti ot 22,40 mo 47,17 mMac.% ¥ yMEHBIIICHUE COJCPIKAHUS
Fe or 39,08 no 13,21 mac.%. U3 snemeHTOB-IpuMeceit
B WIBMEHUTE, 10 1aHHBIM PCMA, dhukcupyrorcs (B Mac.%):
Mn — ot 0,13 o 1,32, V — o1 0,00 1o 0,68 u Co — ot 0,00
1o 0,49.

[Muput npucyTCTBYET B HEOOJBIIIOM KOJIHYCCTBE B BHIIEC
MenKuX (10 15 MKM) BBIACTICHUN OKpYTIIOH (OpMBI U ac-
COLIMUPYET MPEUMYIICCTBCHHO C CHICPUTOM. BhiaeneHus
CHUJICPHTA B LIEMCHTE MEpresisi MHOTOYHCIICHHBI, Pa3MepOM
70 100 MKM, UMEIOT CIIOKHBIN HEPOBHBIM KOHTYP U OTUET-
TUBO BBIACIIOTCS B OPD Oornee CBETION OKpackoi OTHO-
CUTEJBHO KalbIuTa (cM. puc. 6, A, B).

B kanbIuTe, BBIMONHSIONIEM HEPa3pYIICHHBIE KaMEphI
U Mepreiib, COACPIKAaHUS DICMEHTOB-TIpUMECEH, 1O JaH-
HeiM PCMA, B cpenHeM coctaBisiroT (B Mac.%): Mg — 0,50,
Mn — 0,33 u Fe — 3,68. B oTnenbHbIX CIEKTpax OTMEUYEHbI
comepxkanus (B Mac.%): Na — 1o 0,29, Sr — 1o 1,51 u Ba
o 0,22. B cunepure U3 3IeMEHTOB-TIpUMeEceil pUKCUpY-
I0TCsL cpefHue coxepkanus (B mac.%): Na — 0,36, Mg —
2,09, Mn — 0,67, Co — 0,27 u Ca — 6,28. IlpucyrcrBue Co
SIBIISICTCS OTJIMYUTEIILHOW YepTON CHUACPUTA B aMMOHHUTAX
KpacHosipckoro kpas. B amarurte u3 aeMeHTOB-IpruMecei
(ukcupyrorcs cpeanue conepxanus (B mac.%): F — 0,72,
Na - 0,55, Mg — 0,14, Fe — 0,82, B oTIeNbHBIX CHEKTpax
Mn — 10 0,12, Ni — 10 0,14, Co — 10 0,18 u Ba — 0 0,25.
[To XMMHYECKOMY COCTaBY allaTHUT OTHOCHUTCS K THPOKCH-
araTUTy ¢ TOBBINICHHBIM cofiepkanueM (ropa. B mupure
COJICPIKAHUS HIIEMCHTOB-IIPUMECEH B CPETHEM COCTABIISIOT
(B mac.%): Co — 0,36, As — 0,34, B OTHCTBHBIX CIICKTPaX —
Ni — 10 0,26, Cu — 10 0,24, Zn — 10 0,29 u Sb — 1o 0,68.
VYeroituussie copepkanust Co OTIIMYAIOT MHPUT B AaMMOHHU-
Tax KpacHOsIpCKOTO Kpasi OT MUPHUTA APYTHX OOBEKTOB.

DJIEKTPOHHO-MHKPOCKOMAYECKHE HCCTeTOBAHUS I10-
3BOJIMUTH JICTAJIM3UPOBATh CTPOCHHUE HCKOIMAeMOro IepIia-
myTpa. U3ydeH ¢parment nepiamyrpa TommuHOH 1,8 MM
C KpacHOI U OpaHkeBOi upu3aruei (cM. puc. 1). B obpasie
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OTYETIIMBO TPOSIBICHBI CTYNEHU ckojia (Oerblil IBeT Ha
¢dororpadum), OTpaxkaroure CIOUCTYIO TEKCTYpy nepia-
mytpa (puc. 7, A). Tonmmuna cryneneit ot 0,1 1o 0,6 mm.
ITo xoHTaKTaM TakuX CIOEB IMPU JaJbHEHIIEM pa3pylie-
HUM aparoHurta OyleT MPOMCXOMUTH pasJelicHHe Ieplia-
MyTpa Ha IUIACTHHBI.

VcxomHble aparoHUTOBBIE CJIOM PAKOBUHBI aMMOHHTA
XOpOIIO COXPaHWIUCh. B n3ydeHHOM 00pasie OTCyTCTBY-
10T TPELUHbI U MUHEpaabHble BKItoueHHs. ClIou COCTOAT
13 IJIACTHHYATBIX KPHCTAJUIOB aparoHUTa, (PUKCUPYIOTCS
JIBa CJIOs IPU3MATHYECKUX KprcTawioB (cM. puc. 7, b-T)).
[TnacTuHuYaThIe CIOM aparoHUTa COCTOSAT U3 KPUCTAJIIOB
mwupunoit 1,5-2,5 mxm u Tonmuuoi 0,4-0,6 mxm. Kpuc-
TGl MJIOTHO CpOCHIMECs, 00pa3yloT BEpPTHKAJIbHBIC
KOJIOHHBI, @ TI0 TOPU30HTAIM NapajuleNnbHele cinou. [Tpus-
MaTH4ecKHe CJIOM O00pa3oBaHbl CHIIBHO YIJIMHEHHBIMHU
MIPU3MATHYECKUMH  KPUCTAJUIAMH, OPHEHTHPOBAHHBIMHU
MEPIEeHAUKYISPHO CI0UCTOCTH. KpHcTamisl mI0THO cpoc-
muecs, JymHon 10—15 MM u Tommmaon 1-1,5 mxMm. 11Iu-
pUHA MPU3MATUUYECKHUX CIOEB COOTBETCTBYET JUIMHE KPH-
crayuioB. KOHTaKkThl ¢ IUIAaCTHHYATBIMU CJIOSIMH YETKHE,
posasie (cMm. puc. 7, ).

Wpusauus nepiamyTpa U €€ LBET ONPEAEISIOTCS pas-
MEpOM IUIACTUHYATBIX KPUCTAIOB aparoHnta. C yMeHb-
LIEHUEM TOJIUHBI KPUCTAJUIOB MPOUCXOAUT HU3MEHEHHE
LBETA MPHU3ALMH OT KPACHOM J10 ()HOJIETOBOMH, YTO COOTBET-
CTBYET ¥ YMEHBILIECHUIO JAJIMHBI CBETOBOW BOIHBL. Wpuzanus
OTCYTCTBYET, €CJIH TOJIIIMHA KpUCTaILIOB Oosbiie 0,9 MKM.
C paspylIeHreM aparoHUTOBBIX CIOEB MPOUCXOJUT pacce-
MBaHHUE CBETA, UPHU3allUs CTAHOBUTCA MEHee UETKOM WIn
MIOJTHOCTBIO HCYE3aeT.

W3 mpencraBiaeHHBIX MaTepHAIOB MOXKHO CJ€NIaTh Clle-
Jyrolye BbIBOAbL. KoaIeKuoHHO-NIOAEN0UHbIE aMMOHH-
Tbl KpacHospcKoro kpast CBsI3aHbI ¢ OTIOXKEHUSIMH TYPOH-
CKOrO sIpyca BEpXHEro MeJla ¥ HaXOJSATCs B KOHKPELMAX U3-
BECTKOBUCTOrO necuanuka. Kommepueckuit HHTEpEC mpea-
CTaBJISIT IPEUMYILECTBEHHO UCKOMAEMbII IEpIIaMyTp aM-
MOHHTOB C SIpKOM IBeTHOM upu3anuei. [lepaamyTpoBslit
cIoii coctonT M3 aparonuta (110 93 mac.%), NpPUCYTCTBYIOT
KaJbLUT, anartut, GarepuT, CUuepuT, nuput. M3 snemen-
TOB-TIpMecel 3adukcuposansl Sr, Ba. Hepaspyuienusie
ra3oBblC KaMephl PAKOBUH BBIITOJIHEHBI KAJIBIIUTOM C BKIIIO-
YEHUSIMU CHJICPUTA, alaThTa, aHKepUT-1o0soMuTa. JKusble
U Pa3pyLIEHHbIE KaMepbl BHIIOIHEHBI IECYaHUKOM, COCTO-
SIUM W3 KaJIbIUTa, KBapIia, aJIOMOCHINKATOB, aparoHu-
Ta, CUJICPUTA, allaTUTa, IIMPUTA; TPUCYTCTBYIOT WIBMEHUT,
XPOMUT, MarHe3ut. M3 a11eMeHTOB-puMecei MOBBIIIEHHBI-
MU cozepkaHusiMu obnagatot Sr, Ba, Co, Ni, Pb.

Wpusanus uckonaeMoro mnepiamyTpa CBsi3aHa ¢ coxXpa-
HUBIIMMUCS IUIACTUHYATBIMM aparoHUTOBBIMH  CJIOSIMH
CTEHOK aMMOHMTA. L[BeT npu3auuu onpenensercs cTpyk-
TYpOH U pa3MepoM MUKPOKPHUCTAIIOB aparonuta. Mckona-
eMbIl NIepIaMyTp C IBETHOM UpU3aLueil NoIydua KoMMep-
yeckoe HazBauue «llepnmkon» ot p. Ukon (Mecra, riae oH
Obu1 Haitnen). ConepikaHusl pajMOAKTHBHBIX M KaHIEPO-
TEHHBIX 3JEMEHTOB HE MPEBBIIIAIOT JOMYCTUMBIE HOPMBIL,
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YTO MO3BOJISIET MCIIOIH30BATH AMMOHHTBI B ITOJICIIOYHBIX
U3ICNNSX U IIPEAMETax HHTepbepa 0e3 OrpaHuyueHHMSI.

AMMOHUTBI MOTYT coOuparhcsi B OEperoBbIx oOHaxe-
HUSIX U pycllaX peK, 4To He TpedyeT KanuTaJbHBIX BJIO-
JKCHUH U HE HapyIIaeT SKOJIOTHIO.
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