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Problems of spontaneous combustion of Dictyonema argillites in the North-
west of Estonia are discussed for the first time. Chemical activity of
argillites for oxygen has been determined using a method worked out at the
A. A. Skotchinskii Mining Institute. The results demonstrated their high
tendency to self-ignition.

BBenenue

HuktrHoHeMOBBIE — apruwiutuTel  (manee  JIA)  TIOPHCATYCKOH — CBHTEHI
nakepopTckoro ropusonTa HukHero opaosuka O,pkT (Tremadoc) 3aneraror
CyOIIMPOTHOM TMOJOCOM MIHPUHOW OT HECKONBKHX JeCATKOB a0 ~(100—
120) xm BIOIB BCETO FO3KHOrO nmodepesxpst @HHCKOro 3anuBa: OT 0. Xuilymaa
Ha 3amage JctoHmm A0 Jlagokckoro osepa B JIeHWHrpaackoil obmacTu
Poccun (puc. 1). Mx noactumaer Ttonma OGOMOBBIX (YHIYIIMTOBBIX)
MICCYAHUKOB, K KOTOPBIM HPHYPOUEHBI MECTOPOXKACHHS PAKYLICUYHBIX
(obonoBBIX) (PochOpPHTOB HA TEPPHTOPHH ICTOHHHM H JICHWHrpaaCKOH
obmacrtu Poccun.
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Puc. 1. PacnpoCTpaHEHHE TUKTHOHEMOBBIX APTH/UIMTOB HA TEPPUTOPUH DCTOHUH H
MecTa OmpoOOBaHMA ILIACTA. YCIOBHBIE 00O3HA4YCHMA: /| — IVIMHT; 2 — TpaHHIA
obmactu pacmpocTpaHeHusl miacta JIA; 3 — rpaHuIpl reoXumMuyueckux 30H (I —
samagHas; Il — menrpamenas: III — Bocrounas 3omHa); 4 — Maapayckoe
mecTopoxacHue (ocopHTOB; 5 — H30mAXUTBL, M. 6 — OYpOBBIC CKBAKHHBIL, / —
OOHAKEHHS (¢ — 3amaHBIN, b — BOCTOUHBIA 3200 4-rC yu-Ka kKapbepa Maapay: ¢ —
KOTJI0BaH Ha XoiMe TwiHHUCMsrH. T. TammsH); 8 — [Manaucku-IIckoBCkas 30Ha
pa3iaomoB; 9 — PakBepeckoe HapyIICHHE

Fig. 1. Scheme of Dictyonema argillite distribution area and location of sampling
points on the territory of Estonia. Legend: / — limestone bank; 2 — borders of DA
distribution area; 3 — boundaries between geochemical zones (I — western; II —
central; IIT — eastern zone); 4 — Maardu phosphorite deposit; 5 — isopachs, m; 6 —
borehole; 7 — outcrop (Maardu pit: a — western and b — eastern face of the 4th
district; ¢ — groundwork hollow at Tonismégi, Tallinn); 8 — Paldiski-Pskov break
zone; 9 — Rakvere disturbance

Y nosepxHocTH KOHTakta ¢ JIA 3TH MECYAHHKH  MECTaMH
CLEMCHTUPOBaHbl mHpHuTOoM. [Ilmact JIA mepekprIBarOT IIIAYKOHUTOBBIC
NCCUAHMKH U U3BECTHSIKH, & MCCTAMH — CIAHLIEBATHIC [JIHHBI BaPaHIyCKOH
mauky [1, 2]. Beime 3aneraer Toama OPAOBHUKCKHAX M CHIYPHHCKHX
U3BECTHSKOB, MEPEKPBITHIX YCTBEPTHUHBIMH OTIOKEHHAMH. Beixonsr JIA Ha
IIOBEPXHOCTh HAOIIOAAIOTCS BIOMb BCETO KOXKHOro Oepera MuHCKOro 3aimuBa
V OCHOBAHHMSI YCTyIa TNIMHTA W HAa OCPErOBBIX OCHAXKCHHUSIX PYYbEB M PCK,
MPOPE3AOIUX MIHHT. MakcuManbHbIC MOITHOCTH macta JIA BCTpeueHs! Ha
CeBEpO-3amatHOM nobepexbe Icronnu y Mbica [eibicacnea (5—7 M) [3] u B
Opanbendaymckom paiione Jlenunrpaackoi obnacru (6-6.4 m) [4].
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Moursocts mmacta JIA ymeHbimaercs ot mbica [sibicacnea B 3amagHoOM,
KOJKHOM KW BOCTOYHOM HAIPABJICHHUH W AOCTHIaCT MHUHHMYyMa Ha CCEBCPO-
BOCTOKE ODcToHMH Omu3 r. Hapsa, a Bocrounee HapBbl BHOBB MOCTENECHHO
yBenuauBaetes. O0mue mporHo3Hsie pecypesl JJA Ha TeppUTOpUH JCTOHHH
UCUUCIIIOTCS B ~62,3 Mapa. T. U3 Hux 4,1 Mapa. T npuypodeHs! kK Hauboee
MEPCIICKTHBHOMY YYaCTKy ILIOLIAIpi0 612 KM’ B CEBEPO-3aMaTHON DCTOHHH
[5].

Conepxanme B JIA oprammueckoro Bemectsa (OB), mpeacraBneHHOro
KeporeHoM, konebnercst ot 6 no 22 %; cpegHee mo paspedy miacra — 12—
17 % [1, 6-12]. DOmmupuueckas ¢opmyna keporeHa: CiaHizeO30N7S4;
coctas, %: C 76, H 7.4, (O + Cl) 12,22, S 2,5, N 1,88; coornomenne C/H
10,28; TemmoTBOpHAsi CIOCOOHOCTh 4YMCTOro KeporeHa 8350 xkan/kr
(~35 M]Ix/xr). M3-3a BRICOKOM 30JbHOCTH TEILIOTBOPHASI CIIOCOOHOCTH JIA
MeHbie mpumepHo B 6—10 pa3 (taba. 1). [Ipu pacuerax e mpuUHMMAIOT B
cpeaem  paBHoi 850 kkam/xr (3,56 MJDx/kr). Temmepatypa
Bocrutamenenus 1A, onpenenennas o meromuke X. ['perepa, pasra 246 °C
[12-16]. Conmepxanue B JJA nmupura (FeS,) u obmeit cepsr (S;) xomedaercs
coorBercTBeHHO OT 0.47 mo 11,1 % — B cpennem 4.8 %, u ot 0,7 xo 7,25 %,
B — cpeaHem 4.3 % [3, 5-13].

Huxe B MOPSIAKE BO3paCTaHUs MNCPCUHUCICHBI 3JCMCHTBHI, NPCACTAB-
JSIFOINME HAWOONBIIMHM MHTEPEC, — UX CPEAHUE KIAPKOBBIE KOHLEHTPALHH B
JA 6ombiie mata equaun [3, 17]:

Se As Sb V:;Pb Cd
— = = = = =
5,2 SESIBRIEN 1616 7 9,67

Ag;Au Tl U Mo Bi Re
= = = e
10 0.7/ 3 G I L AR

Briarozapsi OrpOMHBIM 3aracam W TMOBBILICHHOMY coaepxkanuio OB u psima
MabIX 2JIeMEHTOB JIA paccmarpuBarOT Kak NOTCHUHAIBHOC TOILIMBO U
KOMITJICKCHOE METAJTyPrHYCCKOE ChIPbE OYAYINErO, & X HEOPraHHUYCCKHH
OCTaTOK — Kak ChIPbE I TPOU3BOACTBA HEKOTOPBIX CTPOHUTEIBHBIX
vatepuaiios [ 18]. mosTomy oHH TPEOYIOT OEPEIKHOTO OTHOIICHHMSL.

OaHako HE BCE PA3ACISIOT Takyio Touky 3peHus. Tak, P. [Tsacok cuuraer
HECOCTOSITCIBHBIM ~ MHEHHE O  LIEJICCOOOPa3HOCTH  MAKCHMAJIbHOIO
U3BJICUCHUS U3 HUX BCEX MOJE3HBIX KOMMOHEHTOB [13]. Tem He MmeHee, ¢
1946 mo 1952 r. B OcToHMM Bemd mOA3EMHYK xo0buy JA u
IPOMBILUICHHBIM CIIOCOOOM H3BIICKAIN M3 HUX YpaH (CPEeAHEe COACpIKaHHUE
238U B pyze ~(260-270) r/t) Ha CumamMsIdCKOM METAILTYPrHUCCKOM 3aBOJIE
[19]. Ilpod. M. Antraysen BcmomuHanz, uto B 40-¢ rr. BOmpocamu
uzBieueHus ypana u3 JIA untepecoBamuce B CCCP Ha camMOoM BBICOKOM
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NPaBUTEILCTBEHHOM ypoBHE [20], W 4YTO B MEPBOM COBETCKOM aTOMHOM
Oombe, B3opBaHHOW B 1949 r., OBUT HCHIONB30BAH SAEPHBIM 3apsj,
H3rOTOBIICHHBIA U3 3TOTO YpaHa.

Hoberaa JIA B Cummamsds Obuta npexpamena B 1952 r. wu3-3a
OTHOCHTENIbHO HHU3KOrO COACpPIKAaHUS ypaHa HX mnepepaboTka okasanachk
HCPEHTAOCTBHOM.

PaGoThl MO CO3JaHUIO KOMIICKCHOM TEXHOJIOTMH HCIOb30Banus JIA B
KQueCTBE TOTUIMBA M MCTAJUIYPTHUCCKOTO ChIPbsi OBLIHM MPOJOIDKCHBI KaK B
obmecor3upix uHCTHTYTaX, Tak u B MuctHTyre xmmuu AH 3CCP, nHo
pesynbTaTel HE ObLIM BHCAPCHBI B MPOM3BOACTBO [21, 22]. D10 oaHa u3
NPHYKH, 110 KOTOPBIM OCTAIOCh HEOCBOCHHBIM Toosnceckoe (ocdoputoBoe
MECTOPOIKICHUE Ha CCBEPO-BOCTOKE JCTOHHH.

[Tnact JIA 3ameraer Ttam B Tomume mnopox (MomHocTe a0 40 M),
MEPEKPHIBAOINUX 3a1eKb 00010BeIX (ochopuror [18]. [lostomy, ecnu mHe
uCronb3oBath JIA, momyTHO pa3padaThIBAGMBIC MPH OTKPBITOH J00BIME
(ochoprUTOB HA 3ICTOHCKHX MECTOPOIKIACHHUSIX, HEU30EKHO INPHXOIUTCS
JeTaTh WX 3aXOPOHEHHUSI B OTBAlaX Kapbhepa, KaK 3TO HMMEIO MECTO Ha
MaapayckomM MeCTOpoKaAeHHMH. M3-3a upe3BBIMANHO BBICOKOH CKIOHHOCTH
JJA K caMOBO3rOpPaHHUIO B OTBAJAxX YaCTO BOZHHKAIW OYard noapos. [Ipu
BAJIOBOM 3aXOPOHEHHH HX YHCIIO AOCTHTal0 13 Ha Ka)KAblH MUILIHOH TOHH
3axoponenoro JIA [23]. Ilpu cenextuBHOM 3axopoHeHHH JIA B OCHOBaHHH
OoTBajla 3TO 4HCIO yMeHemmiaock g0 11,2 [24-26]. Tlostomy
COBEPILICHCTBOBAHKUE U3BECTHBIX METOZ0B OOPBOBI ¢ camoBo3ropanuem JIA u
pa3paboTka HOBBIX BEChMA AKTYATIbHBI.

Jost pa3padoTku S5(G(GEKTUBHBIX  MMOXKAPHO-TPOYUIAKTHICCKUX
MEPOMPHATHH U METOZOB OOprOBI ¢ camoBosropanueM JIA mpu ux n00brue
HEOOXOAMMO 3HATh HUX (PU3HKO-XMMHUCCKHC CBOMCTBA, XapPaKTCPH3YIOIIUC
CKJIOHHOCTb K CAMOBO3TOPAHHIO, MW MEXAHHM3M MPOIECCOB OKHCICHHS,
OPUBOSIIMX K  CAMOHATPEBAHHMIO M CAMOBO3rOpaHuio.  [losTomy
LIEJIEHATIPABICHHOE KOMITIEKCHOE M3yUCHUE (PH3HUKO-XHMHUICCKUX CBOHCTB H
XMMHYCCKOH aKTHBHOCTH J{A MO OTHOIICHHIO K KHCIOPOY BO3AyXa Ha BCEH
IUIOIAAM MX PACIPOCTPAHEHHUSI — OT 0. XHHyMaa Ha 3amane JCTOHHH 0
Jlagoxckoro osepa B Poccunm — M BBISIBICHHE HAauOOJIEE MOMKAPOOMIACHBIX
YUYACTKOB MPEACTABISCT 3HAUUTEIbHBIM MPAKTHUCCKHH HHTEPEC.

B  ngamHOM  paboTe  M37MAraroTCs  Pe3yibTAaThl  MCCIECAOBAHHUS
camoBo3ropaemoctd  JIA ceBepo-3amaza Jcronuu. Pabora BeINOIHEHA
HanuoHanpHBIM  MHCTHTYTOM XHMHYECKOH M OHONOTHUECKOM (DU3HKH
Acronuu (nanee UXBD) B coapyxectse ¢ Koxtna-SIpseckoit sxeneaummeit
1O “Ocronreonorus™ (HpiHe AO “Bupy reosnorus™).
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Hcropusi uzyuenus

C XIIIV no Hawamo XX B. CBegeHUS O camoBosropaHusx JIA
OrPaHMYMBAIMCH JIHIIb OIKMCAHUSIMH OYaroB IMOXapa, OOHAPYKEHHBIX
CIy4aliHO M B Pa3HOE BpPEMs. JTH OuYard BOZHHMKAIM B CKOMUICHHSX JIA,
00pa30BaBLIMXCSl ECTECTBEHHBIM MyTeM. B OCBINAX y MOJHOMXKbS MIMHTA HX
omucanu: B. CeBeprun (6mu3 masixka Cyypymu, 1807 r.) [27], X.-I'. [Tanzep
(B oxpectrocTsix r. Tamnuus (Peens), 1820-e rr.) [28] u I'. IT. 'enpmepcen
(8 Keiina-Hoa, 1838 r.) [29].

Ouaru camoBosroparus JIA B OeperoBeIX BajlaxX BIEPBBIC OMHCATIH
3. Duxsanpg (Ha octpose Bsiike-Tlakpu, 1841 r.) [30], akax. @. HImuar
(ram xe, 1864 r.), A. ¢orn Muksuu u X. ¢on Bunkiep (y r. [lamaucku,
1909 r.) [31-32]. Cnyuau camoBo3ropanus JIA B mpUPOAHBIX YCIOBHUSIX Ha
TEPPUTOPHUK DCTOHUH BOCTOUHEE TannuHHa HEM3BECTHEI [32].

B TlerepOyprekoit rybepuun X.-I'. Tlangep B 1820-¢ rr. oBnapyxun
cieapl o4yaroB ropeHust mmacta JIA Ha €ro BBIXOAAX B JOIHHAX PEK
ITomoska, IlymkoBka, Komeneska u Wxopa B MecTax TIIISIIHAIBHO-
TCKTOHUYECKUX HapyimeHud [28]. B TO BpeMs NPUYHHBI BO3HHUKHOBEHHS
BO3ropaHuii ObuTH HesicHbI. Ilpeamonaranu  pasHBle BapHUAHTHL  OT
HEMOTYIICHHOrO KOCTPa A0 CAaMOBOCIIIIAMCHEHHSI.

[eorpaduyeckoe pacmpeaeicHHEe BCEX OYAroB TOPEHHSI HABOJHT HA
MBICTIb O TOM, YTO €CJIH OHH — PE3YJIbTAT CAMOBO3TOPAHHS, TO HA CEBEPO-
samane Jcronun u B Poccum, mox Cr.-IlerepOyprom, JIA aomkHBI ObITH
fonee IMOKAPOOMACHBI, YEM HA JAPYTHX Vy4YacTKaX KJKHOTO IMOOECPEKbs
@DUHCKOrO 3a/IMBa.

B 60-x rr. Ympasneaue ['comorun CM Ocronckorn CCP, UXBD wu
MHCTUTYT XMMHH Havald U3ydaTh cOCTaB JA M mpouecchl MX OKHCICHHSI,
BBILICTAYMBAHNS U CAMOBO3TOPAHUS B CEBEPHOW DCTOHMH Ha Maapayckom
u Toomnceckom mecropokaeHusx ¢ocdopuros [8—10, 15, 23-25, 33-38].
aHajoruuHeie uccaemoBanus 1988—1989 rr. B xome reosoropasBeIOvHBIX
paboT Ha CeBepo-3amaze IJCTOHHU Ha IUIOMAASX, HE H3YUYCHHBIX B OTOM
OTHOWLICHUH, CTATH JOTHYECKAM MPOJODKCHUEM npeamecTByomux [11].

MeToauka HCCIeI0BAHHH

[TpoOs!I aprunnuTa ¥ MOPOA MOYBHI U KpoBiH miaacta JJA Obutu oToOpans! U3
CBEXKEro KepHa pasBegouHbix ckBaxkuH J-66, [1-170 u [I-191A u u3 xepHa
panee mpoiaeHHONW ckBaxuHbI [I-21, u3 O60po3x onpoOoBaHMS B CBEKHX
OOHAKEHUSAX BOCTOUHOTO H 3amaIHOro 3adoeB 4-ro yuactka (hochopuToBoro
pyaHuka Maapay ¥ M3 CTGHKM KOTJIOBaHA (YHAAMEHTA TI0J 34aHHC
Hauunonanbholt 6ubnuorekn JctoHuM Ha xonme TorHucMsru B TamnmuHue
[9-11] (puc. 1).
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[Tpo6sl U3 KEpHA CKBAXHUH M OOPO31 B rpyAx 3a60s OTOMPAIH MOCIOKHHO,
¢ untepaiom 30 cm. [I0THO ymakOBaHHBIE B MOJU3THUIICHOBBHIE MAKETHI
oOpasupl XpaHWIM B XOJOAWIbHUKE mpu Temmeparype oxoro +1 °C.
HenocpeacTBEHHO MEPE/ OMbITAMH MX APOOHIIH HA IIEKOBOH APOOHIIKE 10
KPYITHOCTH —2,5 MM, TIHATEIbHO MEPEMEIIHBATH METOJOM KOHYCa U Kpyra u
BBLACIUTM  KBapToBanueMm ase mopuuu, no 100 r kaxkmas. Ilocneanme
JOM3MEIbUYATH A0 KPYIMHOCTH AHATUTHYCCKOW MPOOBI Al TEXHHUYECKOTO H
CHITMKATHOTO aHATH30B.

W3 ocraBmieiics YacTH IMyTEM pacceBa HA BCTPSIXMBATEIE BbIICISUIN
¢paxkuuo —2.5 + 1 MM 11 ONPEAENCHHUsS XUMMUYECKOW AKTHBHOCTH IIO
OTHOIICHHUIO K KHCIopoay Bozayxa. Mcmomb3oBanace meroguxa Ml mm.
A. A. Cxounnckoro (mance MI'M) [39-43]. Ee npeumymectsa: (1) meroxn
MOACITHUPYCT ZleﬁCTBHTGHBHbIﬁ IMPOLECCC OKUCICHHUS UCIIBITYEMOIO MaTCpuaiia
KHUCIOPOJOM  BO3AyXa B VCIOBHSX ONM3KHX K HPUPOAHBIM  HIH
MPOU3BOACTBEHHBIM, (2) pEe3yibTaThl MOXKHO YCHELIHO MCIOIB30BaTh IPH
HH)KCHEPHBIX pacuerax [42-53].

[Mepen ombrtomM ompexemsiiyd  kaxyiyiocs (d,) u HaceimHyio (BD)
MIOTHOCTH NMPoOsI U e¢ BaaxHocTh (W), mocie onpeacneHus: XUMHIECKOH
AKTHBHOCTH [0 OTHOIICHHIO K KHCIOPOAY BO3AYXa BIAXKHOCTH OMPEACIISLIH
MOBTOPHO M 32 CPCOHIOI B O3KCICPUMEHTE MNPHHUMAIH CPEIHIOKO
apu(METHIECKYIO IO PE3yabTaTaM ABYX ONPEACICHHH.

[To meroanke UI'Jl, moxazaTeneM XHMHUYECKOH aKTHBHOCTH MaTepHaia
[0 OTHOIUCHHIO K KHCIOPOAY aTMOCHEPHI SIBISCTCS CPEAHSSI KHHETHUCCKAS
KOHCTAHTa CKOPOCTH COPOLMH KHCIOpoAa mpu ero koHueHtpauuun C = 1,
obosHavaemast kak U, (cM'M u ') ais meTepBana BpemeHu 50-250 € or

Havajga ornbiTa Uin Kak K (cA\q}M_Zq_l) JUTSI TIEPBBIX CYTOK OIBITA (IKCIPECC-
METOJ), TPOBEACHHOrO IMPU MOCTOSHHBIX TEMIIEPATYPE M BIIAKHOCTH
BO3AyXa ¢ HaBecKoW Mmartepuana okono 100 r u xpymHoct: (pakmuu —2,5
+1,0 MMm.

Kunernueckue KOHCTAHTBI  CKOPOCTeM  copOuuu  kuciopoxa U,
PACCUMTBIBAOTCS IO JaHHBIM ombITa U (opmyae nmpod. B. C. Becenosckoro
[40-43]:

__V(B—P)-lO* m(l_co)C,

St

1 3 —Zl—l . 1
TRl e .

rac V- 00beM BO3AyXa B COPOLIHOHHOM COCYAE, CM ;
B — armocepHOoe JaBleHHE B MOMEHT FePMETH3ALHU COPOLIMOHHOrO
cocyaa, MM Hg:
P — ynpyrocTs mapos BOABI P TeMIIEpaType oneita, My Hg;
H — Bec HABECKH HCCIEAYEMOro MaTepHaa, T;
Syu — yAETbHAS TIOBEPXHOCT MPOOBI, CMT
At — Bpemst copOLHM KHCIOpPOAa, U,
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Co, C, — COOTBETCTBEHHO HCXOAHAS M KOHEYHAS KOHLCHTPALIHS
KUCJIOPOZA B COPOLIMOHHOM COCYIE, JONH CAUHMIIBI.

Yrobbl 0becreunTh MOCTOSHCTBO Temmeparypsl (+25 °C) mpu ompene-
neruu U, ombITel poBoguaH B TepMmocTare. st 00eCneueHus OCTOSTHHON
(HaCBIIIEHHOH) BJIAXKHOCTH BO34yXa B COPOLIMOHHBIX COCYAax (EMKOCTb
600 cm’) B Hux BBOZMIM CHEM3y mo 10 cM' AMCTHILTMPOBAHHOH BOJBI
(puc. 2). Bo uzbekaHHE HEMOCPESICTBEHHOTO KOHTAKTa MEXAY IPOOOH U
BOJOW Ha [JHO COPOIHOHHBIX COCYAOB VKIagblBamu ciaod (h = 5 cwm)
0OpE3KOB CTEKISIHHBIX TPYOOK AHAMETPOM 4—5 MM H CBEpPXY MOKPBIBAIH HX
TOHKHM CIIOEM CTEKJIOBATHI.

CopOumoHHBIE COCYABl TIEPMETHUECKH 3aKphIBAId W CTaBUIM B
tepmoctar. Yepes 24 4 u3 HUX OTOMpaANU MPOOB BO3AYXa M OMPEICTSIN B
aux coxepxkanue O, m CO, Ha xpomarorpade “Tazoxpom-31017. Ilocme
orbopa TPOOBI BO3AyXa COPOLHMOHHBIA cocyn mpoxyBadu |0-kpaTHbIM
00BEMOM  BO3AYyXa, TEPMETHYECKH
3aKppIBAJIM KW BHOBb CTaBHIH B
TepMocTar. 3arteM mpoObI BO3AyXa
otOupau uepe3 24, 48 uau 72 1 — B
3aBHCHMOCTH OT HHTEHCHBHOCTH
MOTJIOIICHHUS TPOOOH KUCIOPoJa.

B nporokomax ombiToB (ukcu-
pOBaNIK: PE3yIbTATHl AHATH30B MPOO
BO3AyXa M3 COPOLIMOHHBIX COCYIOB,
atMoc(hepHOe OaBICHHE, TEMIIepa-
TYpy B TEpPMOCTATE, BpeMs OTOOpa
npoOBl M 3aKPBHITHS COPOLUOHHBIX
COCYZOB IOCNIE WX MPOXYBKU BO3-
OYXOM, XapaKTCPUCTHUKH MaTepHaia
npoOsl (Macca, 00BEM, IIIOTHOCTS,
BJIIQKHOCTb, yIETIbHASI MOBEPXHOCTE,
HACBIMTHASI TUIOTHOCTh) M OOBEMBI
COpOLIMOHHBIX ~ COCYZAOB, KOTOpBIC

Puc. 2. YCTaHOBKA UL ONBITOB IO ONMPEACICHUIO XHMHYIECKOH aKTHBHOCTH IPOO 110
meromuke U1 um. A. A. CKOYMHCKOTO (B IMOJIOKCHUH OTOOpA MPOOBI BO3AyXa W3
COpOLHOHHOTO cocyaa): / — COpOUMOHHBIA COCya, 2 — HaBEeCKa MpoObI, 3 — CIOi
CTEKJIOBATHI, 4 — CTCKILIHHBIC TPYOOUKH ISl 3aNOJHEHHS; 5 — YPOBEHb BOJBI B
COpOLMOHHOM Ccocyze; 6 — OropeTka Ajsi MpoObl BO3AYXa U3 COPOLMOHHOTO COCyaa; 7
— OyTbUIb C BOJOH I BAaKyyMHOIO OTCOCa MPOOBI BO3AyXa M3 COPOLMOHHOTO
cocyna; I — K Hacocy

Fig. 2. Device for determining chemical activity by the method of A. Skotchinskii
Mining Institute (air sampling from sorption container): / - sorption container; 2 -
mineral samples; 3 - layer of mineral wool; 4 - glass tubes; 5 - water level in the
sorption container; 6 - gas collecting tube for air samples; 7 - water flask in the
vacuum system of air sampling
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HCIONb30BATUCH TMOTOM Opu pacuerax Uy ¥ HHTEPHPETALHH PE3yIbTaTOB
[39-41].

Jlns Ka)x[aoro OmeITa IM0 MOAYYECHHOMY psiay 3HadeHud U, crpomnu
KPHBBIC €€ H3MCHEHHUSI BO BPEMEHH U rpaduuecku onpeaeasi 3HaueHus U,
mist momeHToB Bpemenu 50, 100, 150, 200 u 250 u or Hawana ombITa.
Cpennsit apudmernueckas 3TOro psiga 3HAUCHHH IPHHATA B KAueCTBE
OCHOBHOT'O ITOKa3aTe/sl XUMHUECKOM aKTHBHOCTH HCIBITYEMOrO MaTepHaia
110 OTHOWIGHHIO K KHCIOpOAy Bo3ayxa. O oGo3nauen kak U (cm'M 4 '), B
10 Bpems Kkak K; (cM'M 4 ') — KHHETHUECKAs KOHCTAHTA CKOPOCTH COpPOLHH
KHCIOpOAa Auisi IEpBBIX 24 4 ombita [39-41].

CUIMKaTHBIN, TEXHUYECKHH U PEHTICHO-(IFOOPECICHTHBIA aHAIN3 ITPOO
BBIMIOJHSJIM IO CTAaHZAPTHBIM METOAMKAM /I TOPIOYHMX CIIAHLECB B
arrectoBanHbIX ~ Munncrepcteom  I'eomormn  CCCP  xummueckux
naboparopusix TammuaHCKoH U KoxTna-SpBeckoi reoJoruyeckux mapTHiA,
HAJEKHOCTb PE3yJbTATOB aHaIu3a Mo 3-U kareropuu 95 % (momyctumast
MOTPEIIHOCTh aHAIN3a 1Mo cymme okucioB 2, = 100 + 1,5 %).

PeaynpraTel 0OpabaTeiBaay METOJAMH MATEMATHICCKON CTATHCTHKH.

Pe3yabTaThl HCCIe10BAHHS

B mnacre JIA BCTpedaroTcsi OTACIBHBIC THE3AA U JTHH30YKH AHTPAKOHUTA H
MUPUTA, & TIO TPEIIMHAM W TOHKHE MPOXKHIKHA TAJCHUTA. HA KOHTAKTE C
MOJACTUIAIOIIMMH TECUAHHKAMH MaapAyCKOH Madkyd mouBa macta JA
IPEICTABICHA CIOEM IMHMPHUTH3HPOBAHHOTO IICCUAHHKA MOLIHOCTBIO 10
~25 cm. Kposmro miacta o6pas3yror riayKOHHTOBBIE TIECYAHUKHU JIS3TCECKOM
ceuthl (Oilt). Ha xomve TeiHucmsrn B TamimHHE MOPOABI KPOBAH H
BEPXHsIs 4acTh Mmaacta JIA yHHUTOXKEHBI ACHYIALMCH, U B HACTOSIIEE BPEMSI
JIA HEnoCpeACTBEHHO MEPEKPHIBAIOTCS TaM MajoMOIHBIM ciaoeM (h ~ 0.5—
2 M) YETBEPTHUYHBIX OTJIOKCHHH [9].

Momnocts nmiacta JIA ymeHpimaercs kK BOCTOKY H tory ot cks. JI-170,
rae oHa pasHa 6,35 M. B BocTounom HanpaBnenuu: k ckB. J-21 — 10 5,44 M,
K ckB. JI-66 — 10 5.2 M, u gamsiie k kapeepy Maapay — a0 3,3-3.6 m. K
I0ro-3amaay or ckB. [[-66, mo HampaBICHWIO K JIMHUSM BHIKITMHHBAHHSL,
MOIIHOCTD IjiacTa yMeHbmaercs 10 3,91 m k ckB. [I-191A (puc. 1).

Kposns mnacra JIA 3ameraer Ha crneayroowel riyOMHE OT JHEBHOM
noBepXHOCTH: B CKkB. JI-170 — 80,5 M, J1-21 — 44,1 m, JI-66 — 44,5 m, [I-191A
— 194,84 M, B Touxe onpobosanus Ha xonme Toinucmsru B Tanaunne — 0,5—
0.6 M u B xapsepe Maapay — B cpeanem Ha riryoune 8—10 m.

[To THTOTOrHYECKHM U FEOXHMHYECKUM TIPU3HAKAM TIOPHCATYCKAsl CBHTA
ACMUTCsSL HA TPU 30HBI (mmomanw): 3amagdyio (I), uentpamsayo (II) u
Bocrounyro (IIl) [2, 3, 54]. Jlas 3omer I xapaxtepen aprummur
TOHKOCJIOUCTOH ~ CTPYKTYPBI, HMEIOIIHH CaMyl TEMHYK OKPacKy M
Hauspicinee coaepskanue OB. 3ona Il orpanuumsaercs ¢ 3amaga [Mangucku-
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[IckOBCKOH 30HOH pPa3noMOB, a C BOCTOKAa PakBepeckuM HapyLICHHEM.
APTHJLIAT 37€Ch UMECT MACCHBHYIO CTPYKTYPY, OOJTEE CBETIYIO OKPAaCKy U
HAUMEHBINEE COxeprkaHue Maybix smeveHToB V, Mo u U. 3ona III
XapaKTepPHU3yETCs MEPECITANBAHUEM APTHIINTA U IIECUAHUKA U KOHKPELUSIMH
AHTPAKOHHWTA, a TAKXKC HAWBBICIIMM COACPKAHHUEM MANBIX 3JICMCHTOB H
cynb(huaoB.

Cxsaxkunbt [1-170, JI-21 u JI-191A pacnosiokeHsl B BOCTOYHOH 30HE I,
0OHa)KCHHUs B KOTJIOBaHE (hyHIaMeHTa Ha Xoame ThiHMCMSTH B TanauHHE U
B 3a00s1x 4-ro y4yacTka kapsepa Maapay — B 3amafHOM 4acTH LEHTPATbHOU
3omsI 1L, a ckB. [I-66 B 30He [lanaucku-IIckoBckoro paznoma — Ha rpasuue I
u Il reoxumuaeckux 30H [2, 3].

B Ttabmmumax 1-3 mnpuBeaeHBl YCPEAHCHHBIE IO MOIMHOCTH ILTacTa
pe3yIbTaTHl  TEXHHYECKOTO AaHAMM3a, AaHaiu3a 3076l M PEHTIEHO-
CIEKTPAIBHOrO  (IIFOOPECHEHTHOr0 aHamu3a JA 1o CKBAXKHHAM H
OOHaKCHUSIM. JaHHBIC O COCTaBe JJA XOPOMIO COrIacyroTCsi C Pe3yaIbTaTaMH
OPYTUX HccaenoBateneH (3, 6, 7, 12, 14, 16].

Kax texnonoruueckue mokasarenu (tadm. 1), Tak u coctas 30mbl A mo
ckBakMHAM (Tabm. 2) JOBOJBHO BBIACPXKAHBI. bpocaercst B rmasa
MOBBILIICHHE CPEIHErO COACPIKAHHUSI opraHudeckoro BemecTsa B JIA B
3amagHoM HampasieHud: ot 14,7-15 % B kapsepe Maapay mo 18.1-19 % B
ckBaxkuHax J-170 u JI-21. B reoxumudueckoit 3oue [: B ckBakuuax [I[-21,
I-170 u O-191A cpennss 3ompHOCTh miacta JA cocrasmsier 78,3-79,8 %,
coneprkanwue B 30i¢ Si0, 48,03—48,68 %, AlLO; 11,43-12,68 %, Ca0O 0,29-
0,38 % u MgO 1.07-1,11 %. B reoxmmudueckow 3oue II: B kormoBane
THIHUCMSATH 1 B 3amaJHOM W BOCTOYHOM 3a00sIX Kapbepa Maapay 3071bHOCTb
81,4-82,8 %, Si0, 50,86-51,76 %, Al,O; 12,82—13,64 %, uto GonbIue, YeM
B reoxuvudeckor 3oHe 1. Comepkanue OB, P,Os, S (tabmuuer 1 u 2) u
anementoB Mo, Pb u U (ta6m. 3) B 30u¢ I Beime, uem B 3one 11

B Tabnuue 3 obpamaer Ha cebs BHUMaHHE TO. uTO B ckBaykuHax J[-170,
H-21 u [-191 comepxanue B JIA monubOaeHa mpeBbpImacT Kiaapk B 55-63
pasa, ypana B — 3040 pa3. CozeprkaHue TOpHsI Ha KIapKOBOM YPOBHE, a
CTPOHLMS U PyOUIHsi, COOTBETCTBEHHO, He BhIIe (),2—0,3 kiiapka.

B Ttabnune 4 mpuBeacHBI YCPEIHCHHBIC MO CKBWKUHAM JAHHBIE O
BraxknHoctu (W', %), mnokazaTend CTCNEGHM 3arojHEHHMS B OMNBITaX
MEKKYCKOBOTO MPOCTPAHCTBA AUCIICPCHOrO Marepuaia npod Boxou (Hw) u
KUHETHYECKUE KOHCTAHTBI CKOPOCTEH copOmmu kuciaopoaa A 3a mepseie
cytku oxucnenns (K, e’y a ') u 3a 250 u onsrra (U, ev’m “u'). 3 Hux
BUHO, uTO B mepBbic cyTkd O, mornomaercs B cpeanem B 2,5 + 1,4 pasa
MHTEHCUBHEE, UeM 3a BECh mepuoa onbita (250 u) (K, >U,). MakcuManbHyio
akrusHoets (U, 16,78-25,53 ov'mu') mmenrn JA u3 cks  JI-66,
pacnionoxkenHo# B [lanaucku-IIckoBckoit 30He pazimomoB Ha rpanune I u 11
FEOXUMHYECKUX 30H (pUCYHKH | U 4).
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JuktnonemoBrle  apruumatel W3 ckBaxkuH J-170 9 wu  -191
FEOXMMHYECKOH 30HBI | ObLTH Heckoapko Menee aktuBHbI (U, 3,24-11,15
e’M u '), Emé MeHpIme akTHBHOCTH Mpob m3 kapbepa Maapay (U, 1,39—
5,87 em’m ), PaCIIOIOKEHHBIX BO TEOXUMHUIECKOU 30HE 1.

B pesyibrare BEIBETPUBAHUS U BBICHIXAHHSI IPH JTHTEIBHOM (HECKOIBKO
mecsineB) xpaHeHnn kepHa JIA u3 ckB. JI-21 (reoxmmuueckas 3oHa 1), u
BbiBeTpuBaHus JIA B MecCTe 3aleraHus B 3QJICKH HA XOIME | BIHHUCMSITH
(reoxummaeckas 30Ha 1I) y mpo6, 0ToOpaHHbBIX W3 ITHX MECT, nokaszaTeau U,
OKa3aIuCh HAMOOJIEC HU3KUMHU U CXOIHBIMH 10 BeauanHe. OTHAKO Y CBEKEH
npobsl JIA M3 BBIBETPHMBILIEHCS 3a7€XKH NPU CTOMb K€ HH3KOM U,
nokaszatensb K, okaszancs Beie B 3,5 pasa. [lo-Buaumomy, 310 00yCIOBIEHO
6osee Boicokoi BaaxknocThio (W' 5,53 + 1,87, %) npob u3 KOTI0BaHA, YeM
u3 cke. [I-21 (W' = 3,1 + 0,62, %), a Takke PasnuyHbIMH YCIOBHIMH
BBIBCTPHUBAHUS U CTEIICHBIO BBIBETPEIOCTH MaTepHaia mpoo.

M3BecTHO, YTO MHTEHCHBHOCTH mpouecca okuciaeHus A, paBHO kKak u
JPYTHX IOJE3HBIX HCKOMAEMBIX, & TAKKE TOPHBIX IIOPOJ CYLIECTBEHHO
3aBHCHT OT BIQKHOCTH U TeMmepartypsl [8, 46, 49, 51]. Xapakrep aeicTus
BIIQYKHOCTH Ha aKTHBHOCTb MPOLIECCA
okucienus JIA mBoskui (puc. 3).
[Mpu pocre BraxkHoctn — Hy <0,2 — 6
IPOLIECCHl OKHCIICHHS AKTHBU3HPY-
oTcsi (OOBITHO OHM MAKCHUMadbHO 5 7 TS
aktugsl ipu Hy = 0,1-0,3), a npu
Hy > 0,2 TOpMO3iTCS, Tak Kak 4
u30BITOUHAS BlIAra 3aKyNOpUBAET /’ \Q

PN

U,, cm¥m?h

Opbl B JHUCIIEPCHOM MaTepHaine M
TEM CaMbIM 3aTPYAHSET JOCTYII

Kuciopona Bo3ayxa. JlucmepcHeie N
marepuansl  OOblMHO  Hambomee . sk
BO3AYXONPOHULAEMBI  IIPH  BJIAXK- N \)\
HOCTH, cooTBeTcTBytomer Hy ~ 0,2 1 el T
[49, 53]. \\\:ﬁ
[ —
0 0,2 0,4 0,6 08 Hy

Puc. 3. 3aBHCHMOCTh XHUMHYCCKOH aKTHBHOCTH (U/,) OT CTCIICHH 3aITOTHEHHUS IyCTOT
HABECKH mnpoOb! Biarod (Hy): / — AMKTHOHEMOBBIH APTHIUIMT (MECTOPOXKICHHE
Maapay, DCToHHSA); 2 — NMPUTH3HPOBAHHBIH IIECYAHUK (MECTOpOXkKICHHE Maapay):
3 — nuppoTHH-KyOaHUTOBasI pyaa (Mmecropoknenue Tamnax, KpacHospckuit kpau,
Poccus)

Fig.3. Dependence of chemical activity (U,) on coefficients of waterfilling of pore
space (Hy): I - Dictyonema argillite (Maardu deposit, Estonia); 2 - pyritic
sandstone (Maardu deposit); 3 - pyrrhotine-cubanite ore (Talnakh deposit,
Krasnoyarsk District, Russia)
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Puc. 4. PacupenencHue BEITHYHH KHHCTHYCCKHX KOHCTAHT CKOpoCcTH copOumu O,

(U,, e M ¥') 0 MOIIHOCTH ILIACTA AMKTHOHEMOBBIX APTHLTHTOB M rpaduKu
THHEHHOM perpeccun U, (myHKTHpHAS quHEA): a — ckB. [J-170, b — cxB. [-21, ¢ —
ckB. JI-191A, d — ckB. JI-66, ¢ — koT/I0BaH Nox (PyHIAMEHT HA XomMe THIHHCMSTH,
TanmunH, f — xapsep Maapay. 3amagHbli 3a00i 4-T0 y4acTka, ¢ — Kapsep Maapay.
BOCTOUHBIH 3a00H 4-r0 yuacTka. Hymepanus 00pa3LoB CHH3Y BBEPX

Fig. 4. Distribution of kinetic constants of oxygen sorption speed U, (cmm?h™)
along the thickness of Dictyonema argillite stratum, and linear regression graphs
for U, (dotted line): a - borehole /I-170, b - borehole /I-21, ¢ - borehole A-191A, d -
borehole JI-66, e - groundwork hollow at Tonismagi, Tallinn, f - Maardu pit,

western face of the 4th district, g - Maardu pit, eastern face of the 4th district
——

BespasmepHblii  mokazaTenb CTENEHH 3alOJHEHMS IIyCTOT — BIArod
paccuuThIBaeTes o Gopmysie:

H,, =8 W'y, (y, -8)(100-W")]", 2)

raie  W'— pabouas BlaxxHOCTb MaTepHaia, Macc.%;
Y1 — KQKYINAsCs INIOTHOCTh MaTepHana, r/cM’ win /M
Y> — IJIOTHOCTh CMAYHBAIOLICH YKUIKOCTH, /e’ wm /M’
d — HACBIMMHAS TUIOTHOCTh MATCPHAIIA, r/em’ wma t/M® [40, 45, 47, 49].

Cyast mo MalO4MCICHHBIM IIOKA OIBITHBIM JAaHHBIM, HaHOOIBIIYIO
axtuBHOCTh JIA umeror npu Hy = 0,1-0,4. [IpuvepHOo B 3TOM e HHTEpBAIE
3HAYCHHH  Hy  ChlIyuyMe  MaTepuanbl  OKas3blBAIOT  HAUMEHBIIEE
A3POJMHAMHUYCCKOE CONPOTUBICHUE (DUIBTPALIMM BO3AyXa Yepe3 Hux [53].

B 50-e roger uccnexosanusmu npod. B. C. Becemosckoro B UI'J] wm.
A. A. CkouuHCKOro OBIIO YCTaHOBJIEHO, YTO 3aBHCHMOCTb BCIHUYHHBI
KMHETHYECKOH KOHCTAHTBI CKOPOCTH coOpOuMH kucrnopoga U, yrieit ot
TEMIICPATYPhI MOAUHHSICTCS YpaBHEHHIO [52]:

U,

)

= (jv, E-,O,IAI (CM}M_Z‘{—]), (3)
rae & — TemmepaTypHbli k03(QuLMEHT KpaTHOCTH yBenuueHus U mpu
MOBBILICHUH TEMITEPATyphl MaTeprana Ha kaxaeie 10 °C;
At=t,—t; — pasHocTh TeMneparyp, °C.

[Mpumenenne meroguku UI'JT um. A. A. CkOUMHCKOrO JUIsl HCCICAOBAHMS
MOYKAPOONIaCHOCTH Cyabpuanbix pyx B 60-70-¢ rr. B JUKTHOHEMOBBIX
apruzuutoB B 80-€ Ir. mokasano, uto 3T1a Gopmyna OTpakaeT OOIIyIO s
Pa3IUIHBIX MATEPHAIOB 3aBHCHMOCTh YCKOPCHHMSI IPOLECCA OKHCICHHS OT
MOBBIICHHS TeMrepaTypsr (8, 42, 44-52, 55-59].

Cpenu TemrepaTypHbIX KO3((GUUIKUCHTOB & Uil aprUJLIMTOB, YIJICH,
TOPHBIX TOPOJ U CyIb(UIAHBIX PYJ PA3HBIX MeCTOpokacHui (tabdmn. 5) & 1A
1 THPUTH3UPOBAHHOIO MECYAHMKA M3 MECTOPOKACHHS Maapay Haubonee
BeicOKHE. CIeROBATENPHO, MPH HAKOIUICHHH TEIUIA W JOCTYIE BO3AyXa
IIPOLIECCHI CaMOHArpeBaHus B CKOIUIEHHIX JJA OyayT ObICTpO pa3BUBATHCS H
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MPHBOJNTH K BOHUKHOBCHHIO OUaroB MoXkapa. OJTO M Habmoaanoch B
oTBanax kapsepa Maapay [25, 35, 36, 50].

XHMHUECKast aKTHBHOCTh U, pacnpeaeaseTcs mo MOIMHOCTH mmacta JA
HECPABHOMEPHO M BapbHPYET MO pa3pe3y B JOBOJBHO LIMPOKHX MpEaeiax
(puc. 4). Tenmenuust Us k BO3pacTaHMIO OT KPOBJIHM I71acTa K TMOJOIIBC
Habmogaerca B ~71 % cnyuaes, obparHas — Toabko B ~29 % ciyuaes. [lo-
BHIAUMOMY, 3TO OOYCJIOBICHO HEKHMH ITOKA HE BBISCHEHHBIMHU JIOKAIbHBIMH
OCODEHHOCTAMH pas3BuThs mpouecca ¢GopmupoBanus mmiacta JIA u
MIEPEKPHIBAOIIHX UX HOPOJ.

AHAJIOTHIHBIC SBJICHHUS OAWH W3 aBTOPOB AAHHOH CTaTbH HEOAHOKPATHO
HaOIHOJaN PAHBIIC MPH HCCICIOBAHHH XMMHUECKOH AKTHBHOCTH ILIACTOB
yraeid Hopunsckux mecroporkaennit Ha Taiimeipe. Tam yram u3 oaHoro u
TOTO 7K€ CJIOS MJIM TUIACTA B MECTAX, IAC OHH OBIIH NMEPEKPHITHI IITMHUCTBIMU
MOPOJAMH, Y KPOBJIH YaCTO OKA3BIBAIHCH 00/ICE AKTUBHBIMU 10 OTHOIICHHIO
K KHCJIOpOAy Bo3ayxa, uem Hroke. [lokasarenu axtuBHOCTH U, y Tex ke
VIJICH Ha TOM JKE TFOPH30HTE IUIACTa MM ClOsi OBUIM TOpasio HHIKE,
0COOEHHO HA KOHTAKTE C MIOBEPXHOCTBIO MEPEPBIBA OCAIKOHAKOIUIEHHS U Ha
HEKOTOPOM pACCTOSIHHH OT HEro, a TAaKke B MECTaX, L[AC OHHM OBLIH
NEPEKPBITHl  MCCYAHUKAMH WM TOABCPTHYTHl JIOKAIBHOMY Pa3MBbIBY.
BHIuMO, KHHETHYECKHE KOHCTaHTHI CKOpocTed copbumm O, yriameThIX
MOPOJ OTPAYKAIOT TAKXKE CTENCHb, B KOTOPOH, B COOTBETCTBHH C PHUTMaMHU
OCaIKOHAKOIIIICHHUS, OHU TOABEPTraIiCh OKHCICHUIO B XOJAE HAKOIUICHHS U
3aXOPOHCHHSI OPTraHWYCCKOro MaTtepuana (Kak B IJIacTe B LEJIOM, TaK U B
OTJCIBHBIX €TO0 CIOSX), 4 TAKXKE B TCUCHHE MOCICAYIOIIETO BPEMEHH.

MO)KHO TPEANONOKHTh, YTO IO AHAJIOTHH C VYIVISIMH aQpTHIUTHTHL,
00pa3oBaBIIHECS MPU MEIICHHOM HAKOIUICHHH OPTaHHWYECKOrO OCAIKa, B
OKHCITUTEIBHOH Cpeae OyAyT MCHES aKTHBHBI, YeM B BOCCTAHOBHUTEIBHOH. B
OJMHAKOBBIX OKHUCIHTEIBHBIX HIH BOCCTAHOBHTEIBHBIX VCIOBHSIX MPH
OBICTPOM HAKOIUICHHH OCAJAKA IIACTa OTHOCHTEIbHASI PA3HHLA AKTHBHOCTH
Cro pasHbIX CIOCB MOXKET OKa3aThCs MCHEC 3HAUUTEIBHOH, YEM IPH
MCIJICHHOM. BIIOITHE MOXKHO OXKHZATh, YTO AKTHBHOCTH IO OTHOLICHHIO K
KHCIIOPOAY Y KPOBIIHM CJIOs/TIIAcTa OyAET OTHOCHTEIIBHO BBIIIE, €CIIH OH OBLT
NEPEKPHIT  IUIOTHBIMH  TIIMHUCTBIMH ~ OCaAKaMH Oe3 MepepbiBa B
OCAJKOHAKOIUICHHH (YITO OOCCHEUHIO COXPAHCHHE BOCCTAHOBHTEIBHBIX
VCIIOBHH CPEIbI), YEM, €CIM OBl OH OBLT MEPEKPBIT MECUAHHKAMH, KOTOPBIC
3TOoro He odecrieunBaiu. [lepepbiBbl B OCAAKOHAKOIJICHHH WM Pa3MBIBBI
niaacta JIA, OTKpbIBaBIIME HA HEKOTOPOE BPEMsi JOCTYI K HEMY KHCIOPOJa,
JOMKHBL  OTpaXkaTbesi Ha mnpodune akTMBHOCTH U, mmacta/cmos Kak
FOPU30OHTBI C MEHEE MIH Oonee pEe3KO TMOHMKCHHOH AaKTHBHOCTBI K
KHCIIOPOAY aTMOC(hEpHI.



497

Composition and Spontaneus Ignition Tendency of Dictyonema Argillites of Northwest Estonia

6F 910 F 6£°1 L sa10 apyjns o4-dp / 19rAd eragomuroddni-rudumoNndrey
6% CE0OF 8l 2 S9I0 9pYINS 0d-qnD) / 17Ad a19goHNLOddMIT-LHHBOAN
oF 0T0F ¥El QWILS QY / DK O, $a10 apy[ns dy-qn / 17Ad 91980 LHANIIONILEN-TMHBOAY]
6¥ 60°0 F IS°1 BISSIY “YPRUlR], sa10 apy[ns d-1ug
BHO00 ] “XPHIR ], 1917Ad 91940 LMANIIONIITeX-LHI/HRILLHO] |
6t lICE] - Ssye,] uadouasry / Luduiionaodyy
6% PET RIUQULLY ‘UBJRY sa10 apyyns d)-£q
suHandy ‘Hedey] ei’Ad BegorndunoNdrex-1uduy |
61 fs] vIuauLly ‘Angejey|
sHOWAY ‘UAIRIEY] 199, MIAJ / 1udH] |
{ L8°1 RIUOISE ‘NPICEIA] % T 1€ = TS ‘euojspues onukg
EMHOIAE, “Ardeeiy SHHEROAI HITHHegodnenInduy |
IS OL'1 % S1°01 =,V "SO)[IIBTY / 1IMImIdy
IS Lv'l o % '€l =,y SAIBIY / MIHIIHIdy
IS ZGi dwes Y], / NK O], % €18 =,V ‘SUIBIY / ILMIIHIdy
IS 6T°1 BISSIY] “PUR[ST UIBUYES “OAONIAON
EHI20 ‘HUIBXE)) 0 ‘OdONMLO}] % S8P8 =,V SON[[IBIY / MIMIIHIdY
3 6L RIUO)ISH ‘NpIRCIA % 8T8 =,V ‘SAI[I5Ie BURUOAdI
EUHOLOE, ‘Ardeey 9IMITAIdR SI990INOHOUINM]]
45 6 . B| BREe R Lpirae o= oS (S swes syl /ax ol | T e0d umolg / aurodk yadiq
6¢ 6T°1 ageIoAy
WIGHHOHI2dd £ [ROD [RIQUIJA / IOJA MITHHIWEY]
SA0UAIOY
SMUHhOLOW 43 1u91011J202 aunjeredwa ], nsodog Q10 10 Y00y
nrawoAdudodog | rHomrmddeoxn mandaredarove | QMHAK0d0LOA] errAd uim erodoy |

sysoda(] SNOLIBA WO SAI() IPIYMNS pue SAI[[ISIY Jo 23 UONLANOY UONBPAX() JO SIUADIYFI0)) dampeaddwd ], ‘¢ 2)gn ]

NUHI¥0U0LIIN

xrgueed en YAd xrapvn@arsd n gomnrruide supardmo mmneanide 25 rmmmddeon srandLredonnoy, ¢ vhnrgp



498 A.-T. Pihlak and O. Morozov

Tabauya 6, Kiaccu@urannst moJie3HbIX HCKONAEMBIX H FOPHBIX 0P
110 CTENEHN MOTeHINAIBLHOI CKJIOHHOCTH K CAMOBO3I0PDAHUI0

Table 6, Classification of Minerals and Rocks According to Their
Potential Tendency to Self-Ingition

CTerneHb CKIOHHOCTH Kuneruueckas KOHCTaHTa
K CAMOBO3IOPAHHIO CKOPOCTHU COPOLMHU KUCIIOPOJIa
Tendency to spontaneous ignition Cinetic constants of oxygen sorbtion speed

U, cm’m™h’' [34, 41, 43-44]

He caMoBO3roparorcst

Non-combustible <0,2
Maito CKJIOHHBIE CAMOBO3IOPAThHCS

Low 0,2-1,2
CKIIOHHBIE CAaMOBO3IOPATHCSI

Average 1,2-6,0
BechbMa CKIOHHBIE CAMOBO3IOPATHCS

High >6,0

CpaBHUBasl JAHHBIC O CKOPOCTH copOumu kuciaopoaa JIA (tabn. 4) ¢
K1accu(pUKALUCH CKIOHHOCTH K CAMOBO3TOPAHHIO MOJIE3HBIX HCKOMAEMBIX H
FOPHBIX MOPOJ MO MOKA3ATEITIO U, [34] (taba. 6), MOXKHO MPHUITH K BBIBOAY.
YTO MO XMMHUYECKOHW aKTHBHOCTH IT0 OTHOLICHHIO K KHUCIOpOAy Bo3ayxa JIA
U3 CEBCPO-3amMaJHOH W CEBEPHOH ODCTOHHH CIEAYET OTHECTH K IOPOAaM
CKIOHHBIM K camososropanuto (U, = 1,2-6,0 evMa) m Kk mopoxam
BechMa cknoHHbM (U, > 6,0 cv'm a') k camoBosropasuio [35].

WX upe3BbUAHHO BBHICOKASI MMOYKAPOOIACHOCTh MOAYCPKUBACTCS CINE U
tem, uto axtuBHOocTH U u K, y JIA Ha cesepo-3amae okaszanucs B 1,5-8 pas
BBIIC, YeM Ha MaapayckoMm (ochopHUTOBOM Kapbepe, TAE OHM YacTo
CaMOHArPEBAJIMCH B OTBAJIAX 10 TEMIIEPATypPhl CAMOBO3rOpaHUs (BOZHHKAIIO
10 15 ouaroB nHa 1-106 1/rox moGerroro JIA) [24, 26, 35]. Hauswiciuyro
CPEOHIOI aKTUBHOCTb mokazamd JIA wu3 ckB. [[-66, pacmonoXeHHOH B
[Tanaucku-IlckoBckor  30He pasnomoB. WX  cpeaHsii KUHETHYECKAs
KOHCTaHTa ckopoctu copduuu O2 3a mepseie 24 u omeita (K,) mocturia
54,16 emma', a 3a 2504 (U) - 2033 ev'm u, MaxkcumanbHas
AKTUBHOCTb OTJEIBHBIX NPOO W3 3TOH CKBakHHBI Obuta emé Berme. [lo
cBOeH McKmrouMTeNnpHOM Benmumue (K, = 66,29 u U, = 25,53 CM3M"211'1)
STH [MOKA3ATEIH YHHKAIBHBI.

OtmeraM, uto I'. JI. CtagHHKOB OOHAPYIKUIT Y YIJMCTHIX aprHUTHTOB M3
VIONBHBIX ~ MECTOPOXKACHHH  BOPKYTbI  MOBBIIICHHYIO  PCAKIIHOHHYIO
CTOCOOHOCTh — KaK MPABHIIO, OKOJIO MEOJOTHUCCKHX HAPYLICHHH U B 30HAX
cmsitast  [60]. Bo3MOXHO, STHMH KC NPUYMHAMH MOXKHO OOBSICHHUTH
TOSIBJICHHE MCKIFOUUTEIPHO BBICOKOH akTHBHOCTH JIA wmeHHO B ckB. JI-66,
NPOMACHHOM B 30HE pas3nomoB. CleayeT OTMETHTh, YTO XHMHUCCKAs
aKTHBHOCTb JIA 1O OTHOIICHHIO K KHCIIOPOAY BO3AyXa IMOBBIMIAIACH TI0 MEPE
pocTa coaep KaHMs OPraHMYECKOrO BEIIECTBA B ILIACTE C BOCTOKA HA 3ara.
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[TUpUTH3HPOBAHHBIE TMECUYAHMKH W3 Kapbepa Maapay umenn U, =
= 2,30 em’m 2u”', u3 xoToBaHa nox 3nanue HaupoHanbHOM GUOIHOTEKH HA
xomme Terauemsru B Tammuuse — 2,45 oMM 9 M U3 CKBKHHBI H-170 na
mbice ITbibicacmea Ha cesepo-3amage JctoHun — 4,49 cv’M u . Takum
00pa3oM, XHMHUCCKAsi AKTHBHOCTH MMHUPHUTH3HPOBAHHOTLO IECYAHHUKA TOXKE
VBEIUYMBACTCS HA 3amaj OoT Maapay COOTBETCTBEHHO POCTY MOIIHOCTH
COZeprKaHMsl OpraHuueckoro Bemecrsa B mmacre JA u ero obumiei
AKTHBHOCTH IO OTHOIICHMIO K KHUCIOPOAy. B mepBrie CyTkH OKHCICHUS
(KOHTaKTa C BO3AYXOM) KHHETHUECCKAss KOHCTAHTA CKOPOCTH COPOLUH
kucrnopoga K; Moxer ObITh OueHb BBICOKOH. B mpobe, oroOpanHO#W u3
KOTJIOBaHA Ha XoiaMe TeIHMCMsTH, OHa mocturaina 12,68, a B mpobe u3
3amaHoro 3a60s 4-ro yuacTka kapsepa Maapay — 33,2 em'M “u ' (TaGumusl
4 wu 5). Ilo BenmuumHe mnokaszaTeach U/, MMPHUTH3UPOBAHHBIE MECUAHUKU
OTHOCSITCSI K IOPOAAM CKIOHHBIM M BECbMa CKJIOHHBIM K CaMOBO3TOPAHUIO.
Ponrep mmputa B mpomeccax CaMOHArpPEBaHHsT M CAMOBO3TOPAHHS
JUKTHOHEMOBBIX APTHJUIHTOB B HACTOSILEH CTAaThe HE PAaCCMATPHUBACTCH,
[OCKOJIbKY ~3TO CAMOCTOSITENbHAsI CIOXHAs mpodiaeMa, Tpedyromast
OTJEIBHOTO PACCMOTPEHHSL.

Kak mnokas3piBaeT OMBIT, JIOOBIC TOPHBIC MOPOABI M MPOMBIIIJICHHBIC
MaTepHaibl, AAKE HETOPIOYHE, B TOM HIH HHOW Mepe COpOHPYIOT H3
armocdepbl KUCIOPOA TPH BBIBETPHBAHUHK M OKHCICHHH [8, 42, 43, 49, 61,
62]. rIayKOHHUTOBBIE NECUYAHHWKH COPOHPYIOT KHCIOPOX H3 arMocheps
BeCcbMa akTHBHO. Mx mokaszarens U, konebancs or 0,57 mo 1,56, a K — or
0,57 o 4,47 em’m u".

IMokasarenu U, A7 HETOPIOYMHX TOPHBIX MOPOA U MATEPHAIOB MOXKHO
UCIIONB30BATh HE TOJBKO ISl pacueta W IPOTHO3HPOBAHHUS IOTEPb
KHCJIOpOAa B aTMOC(HEpPe TOPHBIX BHIPAOOTOK M 3aKPBITHIX MOMEIIEHUAX, HO
U IIPH OLEHKE OOIIMX KHCIOPOAHBIX OamaHCOB arMocdepbl. HampUMeED,
paccuMTaHoO, UYTO OTBAIBI Kapbepa Maapay, B KOTOPBIX K MOMCHTY 3aKPBITHSI
pyaHHKa OBLIO 3aXOpoHEHO okono 71,7 mmH. T A u okono 32,9 muH. T
[JIAYKOHUTOBOTO HECYAHHKA, OPUCHTHPOBOYHO MOTYT 32 TOJ IOTJIOTHTh M3
armoceper oxono 520350 T xucnopoma [63]. IlpumepHo Takoe ke
KOJIMYECTBO PACXOAYETCSl AUIsl CHKUTAHHUS TOIUIMBA Ha JCTOHCKOHM TOC
(momHOCTE 1610 MBT) 32 uersipe Mecsua.

BriBoabI

e B coorBerctBuM ¢ Ki1accupHKALMEH, NPUBEACHHOH B Tabm. 6,
JUKTHOHEMOBBIE aPTHUILIHTBI T€OXUMHUIECKOH 30HbI | (ckBaskuuer [I-170
u JI-191) caenyer oTHECTH K MOPOJAM CKIIOHHBIM M BECHMA CKJIOHHBIM K
CaMOBO3TOPAHUIO (U, 3,24-11,13 CM3M_2‘-I_1); TCOXUMHYCCKOM 30HBI 11
(xappep Maapay) — K CkIOHHBIM K camoBosropanuio (U, 1,39-5,87
eMMu') M JHMKTHOHEMOBBIC APIHIMTHL M3 30HB  [laiaucku-
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[NckoBekoro pasnoma (ckB. [I-66 Ha rpanuue I u Il reoxumudeckux 30H)
— K BEChbMa CKJIOHHBIM K camososropauuto (U, 16,78-25.53 oMM a ).
(Hanueie mo ckB. JI-21 w mo korioBaHy mnox (yHIAMEHT 3AaHMS
Hanmonanpaoi Oubnmoreku Ha Xoame TeiHMCMsrd B TannuHHE He
NPHUHSATH BO BHUMAHKUE M3-32 BHIBETPEIOCTH MaTepHasa mpoo.)

e Eciu npu crpoutenbHbix uiaM ropHeix paborax Ha CeBepo-zamaie
DCTOHMM BCKPBIBACTCS IUIACT AWKTHOHEMOBBIX APTUILIHTOB, CICAYET
UMETh B BHAY WX HCKIFOUHTEIBHO BBICOKYIO IOKApOOMACHOCTh H
MPUHAMATE MEPBI [0 MPEAYITPEKACHUIO CAMOBO3TOPAHHSI.

e [Ilo paspesy mmacra JIA 3a peaIKuMHM HCKITIOUECHHSIMH HaOIrOJacTCs
TEHJICHIUS YBEJMYCHUS! MHTCHCHMBHOCTH TIOTJIOIICHUSI KHUCIOPOAA OT
KPOBJIH K TIOYBE.

e AKTHBHOCTh ApPTHJ/UIATA MO OTHOLICHHIO K KHCIOPOAY BO3AyXa MPSIMO
NPOMOPIIHOHATIPHA COACPKAHHIO B HEM OPraHMYECKOro BelecTsa. B
BBIBETPE/IBIX APTH/UTATAX 3TA 3AaBUCHMOCTb OBIBAET OOPATHOM.

e Conecpkanwe  opraHuueckoro BemectBa B JIA  paBHOMEpHO
YBEIIMYUBACTCS K 3amany oT kapeepa Maapay (14,7-15 %) u pocruraer
makcumyma B ckBaxkuuax J-170 u J-21 (18-19,2 %) y wmrica
[Teibicacriea. TerumorBopHas cmocoOHOCTh JIA TOXKE BO3pacraer B
3anmagaHoM HampasiaeHuu — ot 5028 o 5937 xJlx/kr. Ilopuctocts JJA
Bapeupyer ot 5.8 g0 10.1%. B JIA cesepo-zamaga OCTOHHH
CYINECTBCHHO TMPEBBIMIAIOT KIAPK OCAJOYHBIX MOPOX COACPIKAHHUSI
cieayromux 3aemeHToB: Mo (zo 188.1 r/1). U (mo 133.7 r/t) u Pb (a0
1251.9 r.); B nupuTH3upoBaHHbIX necuanukax — Pb (xo 283 r/1), Y ( mo
156 r/t) u Mo (zo 81 r/1).

COMPOSITION AND SPONTANEUS IGNITION
TENDENCY OF DICTYONEMA ARGILLITES
OF NORTHWEST ESTONIA

A.-T. PIHLAK, O. MOROZOV

Summary

The paper reports data on spontaneous combustion of Dictyonema argillites in
Northwest Estonia. Until today these problems had not been studied with
contemporary methods. Some facts about burning of alum shale in the slope debris
under the glint terrace in Southwest Estonia and in the embankment on the Pakri
Island and near the town of Paldiski are known from the 19th and 20th centuries.
The reasons of these fires were not found out. Careless handling of fire as well as
spontaneous combustion were suspected.

The stratum of Dictyonema argillite O,;pkT (Termadoc) stretches as a 120 km-
wide stripe along Estonia’s northern coast from Hiiumaa to Narva and goes in
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Leningrad district up to Lake Laadoga (Fig. 1). The minimum thickness of the
stratum in Narva amounts to some twenty or thirty centimetres. The stratum turns
thicker towards the West, reaching its maximum — 7 m near the Cape of PGdsaspea
in Northwest Estonia. Dictyonema argillite outcrops are found on limestone bank
river vallies crossing it. Dictyonema argillite supplies in Estonia amount to 62.3
mlrd tons whereas 4.1 mlrd tons in the area with best prospects in Northwest
Estonia.

Dictyonema argillite is covered by strata of glauconite clay and limestone, in
some places also by slate clay (shales) from the Varangu formation. Bedrock
consists of the stratum of pyritic detrital sandstone amounting up to 25 cm. Under
this stratum there are sandstones from the Kallavere formation in the lower part of
which valves of brachiopods Obolus can be found. In Maardu quarry obolus-
conglomerate was mined from these sandstones to produce phosphate fertilizers.

As Dictyonema argillite is found in the rocks covering obolus-phosohorite ore,
it was discarded into the dump together with other cover rocks. Argillite,
containing 6-22 % of organic substances and 0.47-11.1 % of pyrite oxidised and
self-combusted by the agency of aerial oxygen (up to 15 new burning places per
every million ton of mined argillite a year) polluting air, surface- and groundwater
with burning and leaching products and destroying forest planted on recultivated
spoil heaps. This is why any open mining of obolus-phosphorites was stopped in
Estonia until technology for effective utilising of Dictyonema shale is worked out.

Dictyonema argillite is a fuel of low calorific value due to its high ash content
(78.3-82.8 %) but in some places it contains some elements like Mo, V, U, Re, etc.
in higher concentrations than usual. In 1946-1952 uranium was produced from
Dictyonema argillite in Sillamde Metallurgical Plant in Northeast Estonia. The
production was stopped as uranium content of the ore was low (260-270 g/t on the
average) and due to lack of effective technology the production was not efficient.
When richer fuel and metal deposits will be exhausted in the future and more
perfect methods for processing argillite worked out, argillite might find rational
usage. Thus, the problems of self-ignition of argillite and prevention of mine fires
are closely connected with the problems of operating phosphorite deposits and
processing argillites.

Figure 1 shows the locations of boreholes D-170, D-21, D-191 and D-66 in
Northwest Estonia and the sampling sites in Maardu quarry and Tallinn. Table 1
gives mean results of technical analyses of argillite in sampling sites and Table 2
mean results of ash analyses. These different samples will be compared. The results
show a comparatively even composition of argillite on the whole observed territory
but the decrease in its ash content (AY) from the East to the West (82.8 % in
Maardu quarry, and 78.3 % in the borehole D-21) is clearly noticeable. As the
thickness of the argillite stratum increases in the same direction, the average
content of organic substance also rises from 14.7 to 19.2 %, calorific value from
5.03 to 5.94 MJ/kg, and pyrite content (FeS,) from 3.98 to 5.99 % (Table 2). Ash
analyses (Table 2) show very high stability of the contents. In outline, contents of
U, Mo, Pb, Sr and Y in argillite also increase in the same direction from 1.5 to 4.8
times. In the borehole D-191A mean contents of Mo, Pb and U in argillite stratum
amounted to 188.1 £49.2, 151.9 £ 23.5, and 133.7 + 28.5 g/t, respectively. Rb and
Th contents were even in all the places and did not exceed Clarke.
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Determination of the activity of Dictyonema argillite, glauconite and pyritic
sandstone in relation to aerial oxygen was carried out in the laboratory of the
Institute of Chemical Physics and Biophysics using the method worked out at A. A.
Skotschinski Mining Institute of the Academy of Sciences of the USSR. For
determining the activity freshly refined Dictyonema argillite fraction — 2.5 + 1 mm
was used. Activity is expressed by the kinetic constant of oxygen sorption speed
with O, concentration C = 1 within the period of time from 50 to 250 hours from
the beginning of the experiment (U,, cm*/m* h), or in the case of express method
— during the first 24 hours of the experiment (K|, cm’/m* h) at a constant
temperature +25 °C and saturated air humidity. At least every 24, 48 or 72 hours,
air samples were taken from sorption containers and analysed on chromatograph
Gasohrom-3101 to determine the content of O, and CO,. Containers were blown
through with fresh air and made hermetical. Constants were calculated using
formula (I) (Fig. 2).

Table 4 gives the data on mean activities of the argillite stratum U, and K| in
Northwest Estonian artesian wells and outcrops, humidity of samples (W', %), and
coefficients of filling the pores with water (Hy). Table 4 shows changing of the
argillite activity (U,) in boreholes as well as on outcrops. It can be noticed that
indicators K, are on the average 2.5 + 1.4 times higher than U,. It means that
during the first 24 hours of oxidising argillite samples absorb O, from the air more
intensively than during the next 200 hours.

Along the section of the stratum the activity of argillite is changing but it
increases predominantly (~71 %) from upside downwards (Fig. 4). Mean activities
of the argillite stratum U, in the boreholes D-170 and D-191A of the geochemical
zone I were 5.76 + 1.74 and 5.27 + 1.41 cm*/m*- h, respectively. The mean activity
of the samples from the borehole D-21 was low: U, = 1.36 + 0.63 cm*/m” h,
because the drill core where the samples were taken from was not fresh. It had
weathered and become dry during several months of preserving and therefore lost
its original activity.

The mean activities of the argillite samples taken from eastern and western
working faces of Maardu quarry in the geochemical zone II amounted to 4.27 +
+0.63 and 2.42 + 0.74 cm*/m* h. Argillite samples from the foundation trench of
the National Library at Tonismdgi had already naturally weathered. Their mean
activity U, amounted to 1.25 + 0.71 cm*/m? h. These data indicate that in the
geochemical zone I in Northwest Estonia where argillite stratum is the thickest and
its organic substance content the highest, the activity of argillite in relation to aerial
oxygen is higher than in the geochemical zone II where the stratum is thinner and
contains less organic substance.

Shale from the borehole D-66 on the border of geochemical zones I and II in the
belt of geological faults is an exception. Argillite activity U, in this borehole is
20.33 + 2.54 cm’/m* h, which is extremely high. It has been noticed that in
coalmines near geological drops coal as well as argillites react with oxygen more
quickly than elsewhere (G. Stadnikov). Argillites in Northwest Estonia belong to
the rocks with average (U, = 1.2-6.0 cm*’m* h) or high (U, >6.0 cm’/m* h)
tendency to self-ignition (Table 6).

The activity of pyritic sandstone lying in the bedrock of the argillite stratum
fluctuates from 2.3 to 4.49 cm’/m* h and has average tendency to self-ignition.
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Glauconite sandstones do not burn but also absorb oxygen from the air: U, =
=0.57-1.56 cm’/m* h.

Activity of mineral resources and rocks including argillites and pyrite in
relation to oxygen depends to a great extent on their humidity W' in the spoil heap
expressed by coefficient of filling of the pores with water Hy (Formula 2). Their
activity is maximal when Hy = 0.1-0.4 (Fig. 3).

Dependence of the activity of materials U, on temperature is expressed by the
Formula (3). Temperature coefficient & shows how many times U, increases with
the temperature rise for every 10 °C. Dictyonema argillite £ = 1.79, pyritic
sandstone £ = 1.97 (Table 5).

Oxygen sorption constants U, of rocks and industrial materials are universal
indicators that can be used not only for estimating their self-ignition but also for
prognosticating the speed of temperature rise while making calculations for
burning places. They can also be used in making calculations of atmospheric
oxygen balance for ship holds, closed rooms and mine passages.

The research carried out proved extremely high tendency of Dictyonema
argillite from Northwest Estonia to self-ignition. Thus the hypothesis of the
observers of the last century proved right: argillite fires noticed in slope debris and
embankments under the glint terrace bank in several places of Northwest Estonia
were burnings caused by its natural self-ignition. This is why in carrying out any
construction or mining work in Northwest Estonia where Dictyonema argillite will
be opened or mined one must be very careful and take measures to prevent its self-
ignition.
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