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In the Early Palaeozoic rocks spread in Estonia’s territory, the occurrences of
natural bitumens belonging to the series of oil-maltha-asphalt have been found.
Largest of those are related to two regions - the north-western part of FEstonia
and the island of Hiiumaa. The content and composition of metalloporphyrins
present in these natural bitumens and bitumoids of Kukersite and Dictyonema
argillites have been studied to establish their possible genetic interrelations.

Beenenue

B Cesepnoii Ipubantuke Ha TEPPUTOPUN DCTOHMU B MTOCIENHHUE TOMBI B
MAJICO30MCKUX OTJIOXKEHHUSIX BCKPBITHI MHOTOYMCIIEHHbIE IPOSIBIIEHUS
IIPUPOTHBIX OUTYMOB psima Hethb—Ma)IbTa—aC(baan—aC(banLTnT,
SaKOHOMEPHOCTU PACHPOCTPAHEHHSI KOTOPHIX MOIPOGHO PacCMOTpEHBI
B [1]. Hedremono6HbIe rycrsie Bs3Kie (ManpTEI) M TBEpIBIE (acoanbrer)
OMTYMBI PacrpoCTpaHeHbl B paspese OT HUKHEro OPIOBUKA IO BEPXHETO
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cwiypa B 3amamHoil DCTOHUU U ocobeHHo Ha ocTpoBe Xwuitymaa. Ha
ceBEpO-BOCTOKE OCTOHMM U B Jlenunrpanckoii obmactu Poccur B
IIPOMBILUIEHHOM 3ajJeXy TIOpIoYMX CJAHLEeB (KyKepCUTOB) CpPEIHETO
oproBMKa 3a(UKCHUPOBAHBI JIMH3OBUIHBIE BKIIOYCHMS (WIETTeIIKI»)
acdanpTuToB (puc. 1).

eHuu HapTUIOB

CylIeCTBYIOT pa3IWyHble THUIIOTE3BI O IIPOUCXOXKI
BaiTUIICKOM CMHEKIM3BI U OCOOEHHO MHOTO IIPEIIIOIOXEHUM BBICKA3aHO

0 TmpuuyMHax o6pa3oBaHusA Aac(aTbTUTOBBIX JIMH3. Ipenmosaraercs:
IPUBHOC B MOpPCKOM 6acceilH CTyCTKOB sakupoBaHHoit HedtH [2],
MUKpOOHaIbHas

reHepauust IUKTHOHEMOBBIMU  APTMILTMTAMU 1315
npupona [4], ruroTe3s! aGHOTeHHOro 00pa3oBaHys, a TAKXKE TUIOTE3
06pa3oBaHMK B Pe3yJbTaTe TEPMUYECKOTO BOIIEHCTBUS (Marma, BYJIKaH,
TUIPOTEPMBI) Ha TOJILIY IPEBHUX (IIpoTepO30MCKUX) YEPHBIX CIIAHIICB [5]

a 00

U IIp.
CrenaHbl BBIBOIBL O BEPOSITHOM TEHETMYECKOM. EIWHCTBE BCEX
pasHOBMIHOCTEN HA(THIOB CEeBepoO-3amanHON DcroHuu. VICTOYHHUK

YIJIEBOXOPOMHBIX (DITIOMIOB, OOpPa30BaBLIMX (ICTICLIKM) B KYKEpCUTaX,
TIpefrioNaraeTcss WHOW. ABTOPBI  psla pa6or [8—9] cuMTalOT, 4YTO
BO3MOXHA reHeTuyecKasi cBs3b achaJbTUTOB C OPTAHUYECKUM BEILIECTBOM
(OB) KykepcuTOB, B TO BpeMs Kak JIaHHbIC GoJIpllIeil yacTd paboT
[7, 10—13] cBUOETENBCTBYIOT 00 OTCYTCTBUU TaKOW CBS3H.

OTMeyeHHOe pasHooGpasue B TUIOTe3aX MU IPOTUBOPEUUBOCTD
BBIBOJIOB O TE€HE3UCe MPHUPONHBIX OUTYMOB ONpPENEISIOT HeOOXOIMMOCTh
6oJiee IEeTATBHBIX MCCIeIOBAHUM STUX MPUPOAHBIX 06pa3oBaHUM C 1IEJIBIO
ITOJTy4eHUS HOBBIX IAHHBIX B MOJIb3Y TOTO WM MHOTO MPEAIIONOXEHIAL.

WH(OPMATUBHBIMUA OMOMAapKEepaMy, OTPaXAOLIMMU 0CODEHHOCTH,
JICTOUHHK, YCJIOBHsI HAKOIUIEHUsI M cospeBanuss OB B Henpax, sIBIAIOTCA
nopbUpHHOBBIE coeIuHeHHUs. VX Hajluyue YKasblBaeT Ha GMOTeHHYIO
npupony OB. IIpeobGiranaHue B TEPMUIECKH cna6o mpeobpasosaHHoM OB
KOMILIEKCOB C HUKeIeM ¥ BaHAWIOM, M COENVHEHMH THIIA
STUOMOPGUPUHOB (3TUO) WU 1€30KCO(PUILIOIPUTPOITUONIOPOHPUHOB
(IDDII) ompenenseTcss B OCHOBHOM OKHCIMTEIbHBIMM, XapaKTEePHBIMU
0OBIYHO [UISI IpeoOpa3oBaHusl TyMyCOBOTO OB KOHTHHEHTAJIBHBIX (alui,

WM  DPe3Ko  BOCCTAHOBUTENbHBIMM  YCIOBMAMH B JIMArcHese
cooTBeTcTBEHHO [14].

[lorpyXeHre OCaIKa U CBS3aHHOE C STHM IMOBBIIEHHE TEMIIEpATYPDI u
JaBJeHWs TPUBOIAT K 3aKOHOMEDHOMY HM3MEHEHHUIO MOJIEKYJIIPHOTO
cocraBa  mopbupuHoB.  CHMXaeTcs  OTHOCUTEJHHOE  CONEPXAHUC
coemuuenuii A@DII-tuma (AP®DI1/atio) [14—15]. Omuako B ciydae
BAHANMIOBBIX KOMILIEKCOB STOT IIPOLECC MEHee MHTEHCHUBEH, 1EM UL
uukeneBbix [14]. IIpy 2TOM  [UIMTENBHOC npe6eiBaie OB B
OTHOCHUTENbHO MSTKMX TEPMUYECKHUX YCIOBMSIX IPUBOOUT, HapsAly CO
cHokeHneM oTHomeHus J®3II/3THo, K PaCIIMPEHHMIO MOJICKYIAPHO-
MACCOBOIO WMHTEpBajla 3a CYeT OOpa3oBaHUSI BHICOKOMOJICKYJIAPHbIX
COoeIUHEHMI U K YBEJIMYEHUIO MX MOJEKYJISPHOW MAacchl (X). XKectkoe
TepMHUYECKOE BO3IEMCTBUE BENET K NeaTKWIMPOBAHUIO U OOpasoBAHMIO

nopcuputos ¢ C,<Cys [16].
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OcHOBHAA YaCTh

B Hacrosileil paboTe IPUBOIITCS PE3YJIBTATHI yccenoBaHuii OUTYMOB U
OGUTYMOMIIOB B MAJIE030MCKUX OTIOXEHMSX CesepHoit ITpubanTuky (puc. 1)
‘Ha HaJIMYME M COCTaB metautonopupuHoB. ITockoibKy IOBEICHHE
MmetavioniopeupuHoB OB KapOOHATHBIX IOPOX (ckoruteHUsT OUTYMOB
3apUKCHPOBAHbl B OCHOBHOM B kapboHaTax) He M3y4eHO, ObUIM IPOBENCHBI
SKCIIEPUMEHTHI, MOIEUPYIOIIe MepeMelieHre (IIOMIOB 110 KapOOHaTaM,
U YccIeqoBaHa HallpaBIeHHOCTh U3MEHEHMS COCTaBa METALTIOIIOPGUPUHOB.
KOHIIEHTpalMIO  MEeTa/UIONOPGUPUHOB B NMPUPOIHAIX OUTYyMax,
[IPONYKTaX NECTPYKLMH KeporeHa M ourymonnax (Xb), BbIIEJICHHBIX M3
IIOPOL, ropstyei SKCTPaKLUEN XJI10pohOPMOM, OIIPENEISUIA
CIIEKTPO(OTOMETPHIECKM MJIM HETIOCPENCTBEHHO B HATHBHBIX obpasznax,
WIX Toche XpoMaTrorpadryecKoro OTHENIECHUS METUIONOPMUPUHOB  OT
MEIIAONIMX AaHaIU3y OKpaLICHHBIX coempHeHUil HenmophUpUHOBOW
IPUPOMNBL. DJIEKTPOHHBIE CIEKTPhl TIONyYald B PACTBOPE xjopodopma.
PacyeT KOHLEHTPALMU MPOBOMMIH IO MHTEHCMBHOCTU ITOJIOC MOTIOMICHIT
mpu 550 HM (W1 HUKEJIEBBIX nopdupunos Ni-Por) u 570 M (Wi
pagamwioBelx ~ VO-Por), wucmomp3yss B pacyeTax K03 OUIIUEHTHI
sxeTuHKIMEA 2,7 « 104 1 2,9 « 10* j1/MOJIb * CM COOTBETCTBEHHO.

DKcnepuMeHTAIbHAS YaACTh

MeTtautonop@UpUHBL BBLIEJSLTH METOLIOM ancopBIMOHHO XpoMaTorpaduu
Ha KOJOHKAax, a 3aTeM B TOHKOM CJIOe (YCJIOBMSI BBUICJICHHS OINMCAHBI
B [17]). KoHIeHTpaThl  HUKEJICBBIX op(PUPUHOB  IEMETALIMPOBAIN
STAHIUTMOJIOM B PpACTBOPE TPUPTOPYKCYCHOU - KUCIIOTDI [18]. Macc-
CIIEKTphl ~ BAHAMWINOPGOUPUHOB M TPOAYKTOB eMETAUTUPOBAHMS
HUKEJIEBBIX KOMIUIEKCOB ITOJIyYaI Ha Macc-CIIEKTPOMETPE MX-1310 npu
SHEpruy MOHUBHPYIOLIMX 3JIEKTPOHOB 70 »B u TeMIiepaType CHCTEMbI
pamycka 250 °C.  CpenHiolo  MOJIEKYJIPHYIO  Maccy nopupruHOB
ompenensuiu o gopmyne s(l - M)/sl, tne M — MoJeKyJsipHas Macca
romosiora ¥ I — WHTEHCHBHOCTh COOTBETCTBYIOLLETO MOJIEKYJSIPHOTO MOHA
B Macc-crektpe. 3Havenue IPIII/3tvo moydand Kak 4acTHOe OT
JeNeHUs] CyMMBl WMHTCHCHBHOCTEW MOJEKYJIIPHBIX HOHOB COeTMHEHUN
NODII- u 3THO-CEepHUit.

KeporeHsl U3 IMOPOI BbUICISUI METOLIOM, KOTOpBIi ITOIPOOHO OMKCAaH B
pa6ore [19]. TIuponus KepOreHOB OCYLICCTBIAIA B aBTOKJIaBE IIpHU
temmeparypax 270 u 370 °C B IpUCYTCTBHU GeH30J1a.

B 5KCIEPMMEHTaX, MONCJIMPYIOLIMX M3MEHEHME COCTaBa METAJLIONOp-
(UPMHOB TIpY IEpeMELICHUH GmouIoB MO  KapOOHATHBIM - ITOPOMAM,
HCITONb30BaHbl HedTh ((Ions), conepxkaniasi BAHAMMIOBBIC M HUKCICBBIC
TIOpGUPHHEL, ¥ KYKepcuT (Topoza) ciost E u3 xappepa «KoxTia» (BBIXOZ
XB 0,18 %), MuHepalpHas 4YacTb KOTOPOro Ha 95 % mpencraBleHa
kapboHaramu, a Xb He COIEPXUT METAUIONIOPHUPUHOB.
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B mepsoM skKcrepumeHTe (A) HEDTh TIHATENBHO IEPEMEIIMBAIUA C
U30BITKOM M3MEJIBYEHHOM IIOPOMBI, CMECh TIOMEIAIN B KOJOHKY U (DIIIOHL,
BBIOABJIMBAIM HA HAXOMSIMKMCS BHHU3Y KOJOHKH CIIOM BaThl (YCIIOBHBIA
kosuiekrop). Hedrsb, amcopbrupoBaHHYIO MOpPONOIi, MU3BJIEKAIM B ammapaTe
CoxkceTa XJIOpogOPMOM.

Bo BTOpOM 3KCcniepuMeHTe (b) LEeNbHBIA KYCOK KYKEPCUTA IIOMEILATN B
cocyl C HE(TbIO M BBUIEPXKMBAIM TaM B TeyeHHe Mecsua. HedTs c
MTOBEPXHOCTH KYyCKa yHAIUIM XJIOpoGOpMOM, a Tpoaud@yHIMpPOBABLIYIO
He(dThb IOC/IE U3MEJILYEHUS MTOPOABI TAKKE SKCTPATMPOBAIN XJIOPO(POPMOM
B ammapare Cokciera.

OKCIEpUMEHT A4, IO HalleMy MHEHHUIO, MOXHO pacCMaTpMBaTh Kak
aHaJIOT IIPOLIECCA OTKMMA YIIEBONIOPOIOB U3 3PENIO MAaTepUHCKOM ITOPOIbI
B KOJUIEKTODP (YCJIOBHBIN KOJUIEKTOp). B akcmepumeHte 5 MooenupoBaIu
npouecc nuddepeHIHalKu  YIIEBOIOPOIOB Ipu  Iuddysud ux us
CKOIUIEHUS B MPUJIETAONINE KAPOOHATHEIE TIOPOMIBL.

Tabnuya 1. VisMenenHe KOHIEHTPANMH METALIOPGHPHHOB
NPH MHTpPanuH He)TH 9epe3 KapOoHaThI

Ta.ble ]_.Changes in Metalloporphyrin Concentration during Oil
Migration through Carbonate Rocks

IIponoykT Coaepxanue, MKMoib/r | VO-Por, %*

VO-Por Ni-Por

I. Ucxonnast HedTh 0,394 0,124 76
A. OTXuM
I1. ®unbtpaT 0.377 0, 140 73
II1. OcraTok (3KCTpaKkT) 0,442 0,083 84
b. Juddysus
IV. DKerpakT | 0149 | 0040 | 79

* VO-Por + 100/(VO-Por + Ni + Por).

AHau3 pe3ynbTaToB (Tabi. 1) mokaspIBaeT, YTo IpU OTKUMe HedTH I 13
nopoznbl B dunbrpare 11 KoHIIeHTpalyst BaHAIWIIOPOUPHUHOB CHIDKAETCS, a
HUKEJIEBBIX KOMIUIEKCOB — YBEJIUYMBAECTCS, YTO OTIMYAETCS OT cnyq,asr
puipTpalMy 4epe3s I[NIMHUCTO-KPEMHMUCTBIE ITOPOIBI, IIPU KOTOPOIA
CHITKAETCsl ColEepXaHHUe oboux MetautokoMmiuiekcoB [20]. B memom xe
HAIPABJIEHHOCTh M3MEHEHUH WX COOTHOILIEHWS AaHAJOTMYHA (CHMXKEHUE
otHoweHus1 VO/Ni). B pesynbrate Takoro muddepeHIIMpoBanyusa B HeDTU
ITI, copbupoBaHHOI IOPOIOM, KOHIEHTPALUS BAHAMWINOP(UPUHOB
BO3pOCJd, 4 HUKEIEBBIX — CHU3WIACH II0 CPABHEHHIO C WKCXOIHOMN
HedThIO 1.

W3MeHeHre KOHIEHTpAaIluy BaHAIMIIIOPGOUPHUHOB IIPU OTKUME XKUIKIX
GIIOMIOB B KOJUIEKTOP OTMEYAIOCh Y JUIS ITOPOJ, KyOHAMCKOM CBUTHI [15]
KOrga B OSKCTpakTaXx U3 TOPIOYMX CJIaHIEB (MaTepUHCKAst nopona),
dukcupoBaiach 3HAYUTETIEHO bosee BBICOKAsS KOHIIEHTPALIKS
BaHaIWIIIOPPUPHUHOB, YeM B OUTYMax U TPEIIMHOBATHIX M3BECTHSIKAX
KOHTAKTUMPYIOLIMX C TOPIOYMMH claHuaMu. Hapsamy c I/IBMEHCHI/IeN;
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KOHLIEHTpallMd BaHAOWINOP(GUPUHOB OBUIO OTMEYEHO CHHXKEHHE B
MUTPAlMOHHBIX pasHocTsax oTHoweHus AP3II/atuo. B Hedtn IV,
IuddyHIupoBaBlLIeil B Ipoliecce SKCIEPHMMEHTA B KapOOHATHYIO IIOPOLY
(Berxon XB 19,6 %), HECKOJBKO TOBBICHIIOCH — I10 CPABHEHMIO C MCXOIHOM
HedThIO I — OTHOCHTENBHOE COmEpPXAaHUE KOMIUIEKCOB C BaHAIMIIOM, IIpH
3TOM CYIIECTBEHHO CHU3WIACH KOHLIEHTPALKS 000HUX METAUIONOPMHUPHHOB
(Tabm. 1).

TakuM o6pasoM, OOIIMM WIS IepeMelleHuss (IIOMIOB Kak IIo
TEPPUTEHHBIM, TaK ¥ II0 KapOOHATHBIM IOpOIAM SIBISIETCSI CHHXKEHHUE B
MUIPAlMOHHBIX  pPa3HOCTSIX  KOHLEHTPAlWKW  BaHAMWITOP(hHUPHHOB.
CrenoBareybHO, 3aKOHOMEPHOE  YMEHBLIEHWE BBEpX IO  pPa3pesy
KOHIEHTPAallM¥d 3TUX METAUIOKOMIUIEKCOB MOXET VyKas3plBaTh Ha
BO3MOXHOCTb 00pa3oBaHMsI OWUTYMOB B pe3ylbTaTe HX MMWIPaLMK M3
HIDKeJIEXAllUX OTIOXEHUN. WHTeprperanusi H3MEHEHMS CONEpXKaHMS
HUKEJIEBBIX IOPMHUPUHOB 3aTpyOHEHA, ITOCKOJBKY MX KOHLIEHTPALIUS
IOJDKHA YBEJIMYMBATBCS TIPU OTXKUME U3 MATEPHMHCKOM KapOOHATHOM
IIOpPOIBI B KOJUIEKTOP U CHMXKaTbesl Ipu auddy3uun OB u3 ckoruieHus B
MIPWJIEraroluMii KapOOHATHBIM IUIACT.

C oTux mno3unMii OBUIM IIPOAHAIM3UPOBAHBI JAaHHBIE O COCTaBE
MeTajuionopdupuHoB Xb, BBIIETEHHBIX W3 AMKTHOHEMOBBIX APTHJUIATOB
(mpo6er 1 u 2), kykepcuta (3 U 4) u wusBecTHsAKa (9), a TaKkKe U3
MPUPOAHBIX GUTYMOB B KyKepcutax (5 u 6), pudosbix usBecTHsaKax (7) u
nmecyaHuke (8). JIMKTMOHEMOBBIA apIWUIMT M  KYKEPCUT MOXHO
paccMatpuBaTh Kak HedTe(OUTyMO)MAaTepMHCKHE IIOPOABI, a OUTYMBI
SIBJISIIOTCSL XK€ Pe3yJIbTaToM reHepauuu ¢uonnos ocanoyHsiM OB.

Kak BugHO u3 Tabn. 2, B OuTyMoumax M3 Iopol M B acajbTUTAX
CEBEPO-BOCTOYHOM  YacTU OCTOHUU  COOTHOLUEHHWE  HHKEJIEBBIX U
BaHAIWIOBBIX MOPGUPHHOB PA3NUYHO, IPUYEM HECKOJBKO Ipeobiamaior
nepBele. Tak, B 6utymounax VO-Por cocrabmsmior 6—62 %, a Ni-Por —
38—94 %; B 6uTyMax cooTBeTCTBEHHO 36—43 % u 57—64 %. B npobe (3)
n3 kKapeepa «Koxtnan (cimoit xykepcura B) mopdUpHHBEI B OCHOBHOM
Hukenesble (94 %).

B IuKTHOHEMOBOM aprujuiuTe M B Ipobax acdanbra, OTOOGPaHHBIX Ha
o. Xuitymaa, IPUCYTCTBYIOT TOJIbKO BaHAIWJIOBbIE KOMIUIEKCHL OTMeyaercs
3aKOHOMEPHOE CHIXXEHWE KOHLIEHTPALMM 3TUX COSOTUHEHHUM OT IIOpOI
HIDKHErO OpIOBHKA (OUKTHOHEMOBBIE apTHJUIMTHI) K acdaibTaM CpeIHEro
OpPOOBMKA U CHUJIYypa U CYILLUECTBEHHOE CHMXEHHE OTHOCHUTEJIHHOIO
KonuyectBa mnopdupuHoB HNDPBII-cepur B wux cocraBe. butym wus
HU3BECTHSIKOB CHITypa o ITOMY ITOKa3aTeJIo OJIU30K K
CpeIHEeOpIOBUKCKOMY (Tabi. 3; puc. 2).

B IuMKTHOHEMOBOM aprwuiute W3 Kapbepa «Maapay», KOTOPBIiA
PaCIIOJIOKEH IPUMEPHO MEXNY YKa3aHHBIMU paifioHAMKM HaWGOJIBIIETO
Pa3BUTHSI IIPUPOOHBIX OUTYMOB, Hapsimy C BaHamWiInmopbupUHAMH
MIPUCYTCTBYIOT M HHUKEJIEBbIE KOMIUIEKCHI, XOTSI MU B HE3HAYMTEJIHBHOM
KOJIM4YecTBe — OKOJIO 2 % OTH. [To MoeKyIIpHOMY COCTaBY HUKEJIEBBIE U

Tabauya 2. Conepxanne MeTaLionopGupHHoB B OHTYMOHAAX H OHTYMax majeo3oiickux orioxennii Cepepunoii Ilpudasruku
Table 2. Metalloporphyrin Contents of Bitumoids and Bitumens of Northern Baltic Palaeozoic Sedimentary Rocks
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BaHAIVMJIOBBIE TOPGUPUHBEI OUTYMOHMIOB M3 TUKTHOHEMOBOTO APTIJUIMTA U
KykepcuTa ciosd B xapeepa «KoxTia» (HuKeseBble KOMIUIEKCHI COCTaBIISTIOT
94 %) mpakTUYecKu MIEHTUYHEI (pHc. 2). 3mech Mpeo0IagaloT COeqUHEHU
HN®BII-cepun, uto xapakTepHo Wi Hespejsoro OB MOPCKOIO TeHEe3uca,
HAaKaIlTMBABILETOCS B BOCCTAHOBUTEILHOM CpELE.

CormocrapeHne KOJTMYECTBEHHOTO CONEPXAHUS METALIONOpP-(MDUPHHOB
B Xb (mpo6a 4) u acansrute (mpoba 5) M3 Kykepcura cirosi E 1maxts
«CoMmImia» IOKa3bIBAET, YTO IOCHENHMA He MOT ObITh T€HEpUPOBaH
KYKEPCUTOM, B KOTOPOM OH 3ajieraeT. butymonn otiuyaercs ot acdanbTUTa
Oonee HU3KOM KOHLEHTpalMed METALIONOPGUPUHOB U ITOBBILIEHHBIM
CONEPXaHUEM KOMILUIEKCOB C BaHaqwioM. B To Xe BpeMsa IIo
MOJIEKYJSIPHOMY COCTaBy BaHAIMJIIIOPPUPUHOB STH pa3sHOCTU (Tabi. 3;
pucC. 3) CXOOHBI, YTO MOXET YKa3bIBaTh HA MX POICTBO.

AHaJIOTHYHAs ~ OCOGEHHOCTh  PACIPENENIEHUS]  METAIUIONOP(hUPHHOB
HabJionanack B MONENBHBIX 3KcIepumeHTax (b5) npu muddysuu GIonnos
B MPUJIETAIoNIyio Iopony (tabm. 1), T. e. Gojiee BEpOSITHBIM SIBIISIETCS HE
obpazoBaHue OUTYyMa IIpU SMUTPALUMKM OUTYMOMIHBIX KOMITOHEHTOB W3
Kykepcuta cnosgd E B smH3y, a, HaoOopoT, BHenpeHMe GIiouma u3
CKOIUIeHUsT B rmopomy. Eciom Obl MMeno Mecto orxkarue (3MUIpanys)
dmounoB U3 MOpombl B JIMH3Y, KOJMYECTBEHHOE CONEpXAHUE U
COOTHOUIEHHE META/UIONOPPUPHUHOB B OUTYMe M OUTyMoume OBUIO ObI
obpatHeiM. Ha TO, uro Keporen KykepcuTa cioeB E u B He sBistercs
HCTOYHUKOM OWTYMOB, M Ha SIUICHETHYHOCTH IIOCAENHMX YKAa3bIBAET U
OTCYTCTBHE METAUIONIOPPUPHUHOB B MPOAYKTAX HOECTPYKIMM KEpOreHa
KyKEepCHUTA.

YcraHoBiIEHO, YTO MPORYKTHI MHpojiu3a KeporeHa u XbB (ecimu oH
CMHICHETHYEH) ITOPOIbl UMEIOT CXOMHBIM Habop MeTawionopdupuHoB [14].
970, a Takke 3apUKCUPOBAHHOE IUISI BCEX M3y4EHHBIX GUTYMOMIOB Goee
Beicokoe, yeM B Xb Kykepcura, comepXaHue BaHAIWIIIOPPHUPUHOB

Tabauya 3. TlapameTpsl MOJIEKYJISIPHOIO COCTABA BAHAIHINOP(HPHHOB
Table 3. Composition of Vanadyl Porphyrins

O6pasew ODBII/3tHO X
DI D1HO

1. XB IMKTHOHEMOBOIO aprujuiuTa (Kapbep

«Maapny») 5,12 531 498
2. XB IUKTHOHEMOBOIO apriJUIMTa

(0. Xuitymaa) 1,91 532 514
3. XBb xykepcuTa ciost B (kapbep «KoxTnay) 4,85 532 510
4. XB xykepcura ciost E (waxta «CoMmay) 0,44 542 524
5. Acdanetut B KyKepcuTe ciiosl E (waxTa

«Comrmay) 0,69 548 531
6. AcaneTut B KyKepcuTe cios E (waxTa

«DCTOHUSI») 1,13 536 519
7. Acdanet B necuanuke (0. Xuilymaa) 0,45 546 532
8. Acdanst B usBectHsike (0. Xuitymaa) 0,49 549 531
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Puc. 2. MonexkynsipHO-MaccoBOe paclipelie/ieHhe BaHAIWINIOPOUPUHOB B
OpraHUYeCKOM BelLeCTBe IopoJ 3amanHoil DcToHWUU: I — OUTYM u3 puGOBBIX
U3BECTHSIKOB (IIpoba 8), 2 — OUTYM U3 mecyaHUKoB (1poba 7), 3 — GUTyMOuI U3
OUKTHOHEMOBOIO aprujuiura (mpoba 2); crpoeHue Csz, romonoros (a) JDPIII- u
(6) sTHO-Ccepuit

Fig. 2. Molecular mass distribution of vanadyl porphyrins present in organic matter of
West Estonian rocks: 7 - bitumen from reef limestone (sample 8), 2 - bitumen from
sandstone (sample 7), 3 - bitumoid from Dictyonema argillite (sample 2); structures
of C3; homologues of the (¢) DPEP type and (6) etio type

(Tabi. 2), CBUIOETENBCTBYET 00 OTCYTCTBUMM UX TeHETHYecKoil cBsizu ¢ OB
KykepcutoB. Kak wu3BecTHo, U cTemeHb IpeobpazoBaHHocTM OB
KykepcutoB HenoctatoyHa (I1K;) mns reHepaumuu yrieBomopomos. Peskoe
OTJIMYME  COCTaBa  HUKENEBhIX  IMOpGUPUHOB U3  acdaibIWTa,
IIPEUMYILECTBEHHO TIIPEACTABJIEHHBIX COENUHEHWSIMHU OTHO-CEPUM, OT
TaKOBBIX, MpUCYTCTBYIOIMX B Xb (puc. 3), CTaBUT IIOL COMHEHUE
BO3MOXHOCTb (hOPMHUPOBaHUSI BKIIOUEHHII OUTYMOB B KYKEPCHTAX U, KakK
pe3yJbTaT, 3arlojHeHWE JIoByIIeK IIOMIOM, MUIPUPOBABIIUM U3
JUKTAOHEMOBBIX AaprujUIUTOB, B KOTOPBIX KAaK HUKEJEBBlE, TaK U
BaHAIWIOBbIE NOP(MUPUHBI TPENCTABIEHbEI B OCHOBHOM COENUHEHUSIMU
O®BI-psana. CocTaB  HUKENEBBIX MOPOUPMHOB, IIPUCYTCTBYIOIIUX
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Puc. 3. MonekynsipHO-MaccoBOe PacrpeielleHUe MeTaLIoNopGUpUHOB B paspese

HUXXHETr0-CPEeJHEro OpIOBHKA CeBEpPO-BOCTOYHOM DCTOHUMU: 1 —
BaHagWINopdUpuHbEI U3 cnosi E KykepcuTa, 2 — BaHaJUJIOBBIC U 3 — HUKeJEBBIE
nopbupuHbl U3 6utymoB cmos E, 4 — BaHamunoBble W 5 — HMKENEBBIC
nopbupuHbl M3 crosg B Kykepcura, 6 — BaHaIWIOBhle M 7 — HUKENEBbIE

HOp(prPleI U3 JUKTHUOHEMOBOIO aprAJUIMTa

Fig. 3. Molecular mass distribution of metalloporphyrins along the Lower-Middle
Ordovician section of North-East Estonia: I - vanadyl porphyrins from kukersite
bed E, 2 - vanadyl and 3 - nickel porphyrins from the bitumen of bed E, 4 -
vanadyl and 5 - nickel porphyrins from kukersite bed B, 6 - vanadyl and 7 - nickel
porphyrins from Dictyonema argillites

B JIMH3aX  achaJbTUTA, oTBeuaer  JiMboO ~ TEPMUYECKM  BBICOKO
npeobpasosanHomy OB, nm6o, uto Goyee BeposaTHO, OB, oTnaraBIIEMYCA
B OKUCJIUTEIBHOM 1IEJJOUHON OOCTaHOBKE.

Eciyd mNpuHATH, YTO = MCTOYHUKOM HMKENEBBIX M  BaHAIMJIOBBIX
ropduprHOB 6bu10 OB OXHOMN TOMILH, TO OTIUYMTEILHONR OCOOEHHOCTDIO
(OpMUPOBAHMS 3TOM TOJIUM TOJXKHA OBITH pe3kas cMeHa OOCTAHOBKH OT
BOCCTAHOBUTEJIBHON, KOIOa  I[MMTMEHTHl  TPaHCHOPMUPOBAIUCH B
paHamwioBsle J@DII-mopdUpUHbl, O ILEJOYHOH OKMCIUTEIbHOMU,
KoTopasi OOycloBWIA OOpa3oBaHHE HHKENEBBIX 3STHO-CTPYKTYp, YTO
TPYIHO IPEICTABUTE.
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CorylacHO IIOJIYyYEHHBIM HAHHBIM, B KayeCTBE MAaTEPUHCKOM ITOPOIbI
i1 OUTYyMOMIOB 0. XWifyMaa IMKTUOHEMOBBIE aprWUIMTEI Gojee
BEPOSITHBI, TaK KaK OHHU COINEPXAaT BaHALWINOP(MUPUHOB 3HAUYUTEIHHO
fosipllle, YeM HCclenoBaHHble OuTyMbl. Kak B IHKTHOHEMOBBIX
apriUINTaX, TaKk MU B OuTyMax o. XuilyMaa OTCYTCTBYIOT HHKEJIEBBIE
NMopdUPUHEL, a KOHLIEHTPALIUs BAHAIUIOBBIX 3aKOHOMEPHO CHUXAETCS OT
IpeBHMX K Oojsee MoOJOOBIM 0Opa3oBaHUsIM, 4YTO YyKasplBaeT Ha
BO3MOXHOCTb (OPMUPOBAHMSI 3[ECh CKOIUIEHUNA OUTYMOB B pe3yJibTaTe
BEPTUKAIBHON MUIpaluy (IIOMIOB.

OnHako IUKTHOHEMOBBIE APTWUIMTHI HA TEPPUTOPUM OCTOHMU He
MOCTUTAIM TIJIyOMH, IOCTATOYHBIX J[UISI TE€HEpalUW YIJIEBOAOPOIOB, U
SIBJISTIOTCSL HE3PEJbIMU MAaTEPUHCKUMU TTOPOAAMMU.

B Tabiume 2 oxapakTepu30BaHBI CONEPXAHUE M COCTAB METaJUIO-
rnopUpPUHOB cpenHekeMOpuiickoit Hedtu (mpoba 10) KpacHoGopckoro
MECTOPOXIEHHS, PpACIIONIOKEHHOI0o B  IOXHOW vactd  bBanTuiickoi
CHUHEKIM3BI (puc. 1). DTH maHHBIE BeCbMa OJNM3KU K I10KAa3aTeIsIM OUTYMOB
0. XuityMaa, ¥ C OIpeNeJIEeHHOI BEPOSITHOCTBIO MOXKHO IIPENITIOIOXUTh, YTO
HACTOYHMK HX T€HEepauydyu MOT OBbITh EOUHBIM.

BriBoab!

Pe31oMUpYs BBIILIECKA3aHHOE, MOXHO CHEJATh CJIEMYIOIINE BbIBOMIbIL:
1. Hamuume MeTautonmopdUPUHOB BO  BCEX  UCCIEIOBaHHBIX
IIPUPOIHBIX OGUTYMAaX YKa3bIBaeT HA MX SIBHO OMOrE€HHYIO IIPUPOY.

2. KonuuecTBeHHOe comepXXaHHWE U MOJIEKYJISIDHBIM COCTaB METaJlio-
NOp(UPUHOB CBUIETENHCTBYIOT O MHUTPALIMOHHOM IIPUPOLE ITUX OUTYMOB.

3. UCTOYHMKOM TeHepalMyd HUCXONHBIX GIIOMAOB Ul IIPUPOIHBIX
OUTYMOB Ha 3arane TEPPUTOPUU MOIJIM OBbITh GJIM3KHE K ITMKTHOHEMOBBIM
aprUJUIATAM TI0 TIPHPOJIE M COCTaBY KBACLIOBBIE CIIAHIBI CPEIHE-BEPXHETOo
KeMOpus, 3ajeraioliye B IOXHOM 4YacTU banTUiCKOM CHHEKIU3BI, TIoe
creneHb IpeoOpazoBanusi OB mocturaer cpelHero MesoKarareHesa
(MK,).

4. Acdanstutel CeBepo-BocTouHON DCTOHMM OINpPENEIEHHO HMEIOT
WHbIE UCTOYHMK M IyTH oOpasoBanusi. OB  Kykepcuta wiu
JUKTHOHEMOBOIO apru/UIMTa MX FeHEepUpOBaTh He Mornu. MaTepuHCKue
MOPOIBI, MOTYIIIKE TIPOLYLIUPOBATh UCXONHBIE (DIIOMIBI, HE BBISICHEHBDI.

MoXHO JHUIb BBICKA3aTh CIENYyIOLee IIPEATIONOXEHHE.

Haxonxyd aHaJIOTMYHBIX JIMH3 acaibTUTOB B ceBepHoi IlpubanTtrke
MMENIM MECTO TakKe B IJIMHAX HIDKHEro KeMOpus U B IIECYaHMKAX U
W3BECTHSIKAX HWXKHEro oOpmoBMka. B 5ToM perMoHe B  TOJILE,
ITOOCTUJIAIONIEA OCAIOYHBIA KOMIUIEKC, [JOBOJILHO IUIMPOKO Pa3BUTHI
YepHBIE CIAHLIBI IPOTEPO30MCKOro Bo3pacTa. B HUX OTMEYEHBI IPOCIOU
IIOYTH YKCTOro rpacuTa U MOBBIIIEHHAS] KOHLEHTPALUS MUKDPO3JIEMEHTOB,
B ToM urcie V U Ni [5]. MoXHO JOIMyCTUTh, YTO B HIDKHETIAIEO30MCKOE
BpeMsT (KeMOpHii, OpmOBUK), KOIIA 3I€XU YIJIIEBOAOPOINOB B HUX €IlUE He
ObLTM MeTaMOp(dHU30BaHbI, MOIJIA MMPOMCXOAUTh PACKOHCEPBALKs JIOBYILEK,
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Pa3MbIB 3aJIEXEW U UX MEPEoTIOXEHUE B CeNMMEHTALIMOHHOM OacceifHe c
00pa30BaHKEM B IOCIENYIOIEM JIOKAIBHBIX BKIIIOYEHHMIA TBEPIOro GUTYMA C
OTMEYEHHBIMU OTJIMYUTENEHBIMU OCOOEHHOCTSIMUA METAJLIONIOP(UPHUHOB.

METALLOPORPHYRINS IN THE ORGANIC MATTER
OF NORTHERN BALTIC PALAEOZOIC SEDIMENTARY ROCKS

V. KATTAI, T. MOZZHELINA, O. SEREBRENNIKOVA

Summary

Distribution and chemical composition of metalloporphyrins present in bitumens
and bitumoids of Baltic Palaeozoic sedimentary rocks (Fig. 1) have been studied to
obtain new data on the source and ways of formation of bitumen accumulations in
the Baltic Syneclise. Changes in metalloporphyrin composition have been studied
in the experiments with modelling fluid migration through carbonates.

The results of the model experiments (Table 1) demonstrate that the
concentration of vanadyl porphyrins in migratory varieties decreases during the
migration of fluid through terrigenic and carbonate rocks in a similar manner. The
changes in the contents of nickel porphyrins are difficult to interpret since their
concentration increases when organic matter is pressed from the carbonate source
rock into a trap and decreases at the diffusion of organic matter from a reservoir
into an adjoining carbonate rock.

The presence of metalloporphyrins in all bitumen samples studied indicates their
biogenic nature. The amount and chemical compositions of metalloporphyrins give
an evidence of the migratory nature of those bitumens (Tables 2 and 3; Fig. 2).

In bitumens of West Estonia only vanadyl complexes of porphyrins are present.
Specific features of their distribution and chemical composition indicate that initial
fluids might originate from the rocks close to Dictyonema argillites by their
formation and composition, but situated in corresponding thermobaric conditions.

The Middle-Upper Cambrian alum shales in the southern, submerged part of the
Baltic Syneclise might belong to such rocks.

Asphaltites in kukersites of North-Eastern Estonia have a different source and
ways of formation. They are characterized by the content and ratio of nickel and
vanadyl porphyrins different from kukersite, and therefore could not be generated
by the rocks in which they occur. It seems more likely that bitumen has formed by
intrusion of metalloporphyrins present in the diffused fluid from a cluster into the
rock not by emigration of bituminous components from kukersite into a lens.
A sharp difference between the composition of nickel porphyrins, present in these
bitumens mostly as etio-type compounds, and those present in bitumoids (Fig. 3)
indicates that these bitumens have no connection with Dictyonema argillites. In
bitumoids, both nickel and vanadyl porphyrins are present, mainly as
desoxyphylloerythroetioporphyrin(DPEP)-type compounds. The composition of
nickel porphyrins present in asphaltite corresponds either to thermally transformed
organic matter or, what is more probable, to organic matter deposited under
oxidative alkaline conditions.

The question about the source of the initial organic matter of asphaltite remains
open. It is suggested that black shales of Proterozoic age, rather widespread in
North Estonia, might play this role.
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