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PEAKO3EMEIbHbTE METAJTJIbT B ATIKTTTOHEMOBbTX CIAHIIAX I{ OFOXOBbTX
IIECqAHUKAX TIP'IEAITI,IIICKO| O EACCNfr TTA

B.I{.Bnroe, E.Lflanoea, E.B.Ceruenos (OfyII (dCE|ELI)), M.ll.Iauon, IO.B.fIonon (IO@y), A.C.Knro-
vapen (iDIVII dIMIPS>)

I,fccnedoeauat cocmaau o6onoeaw neulaHuKoa (SocQopumoe) u duwnuoue.uolbtx craHqee lIpu6an-
muitcxozo ocadoquoeo 6acceilua. B uux onpedaleHd norbtrueuuarc codeptrcauua pedxosavelbHbtx
.Mematlro6, docmuzarot4ue e QocQopumax 6 cy.M.Me c Y uuuuua,tbHo-npoMbruLneHHoeo ypo6Hn. Ocuoe-
HbLu ucmovHuKoM Memailnoe e o6onoebx necqaHuKqx cn)/trcum QocQopumusuposauuait dempum
paKozuH Obolus. B durcmuoueuolbLt craHqcx pedxoseuewubrc Meme.nnbt codepcrcamcn e xap6ouam-
Qmop-anamume o6nouxoe paKo6uH, e MeflKux kpucma'nax anamuma. O1oroearc necqaHltKlt Mo?ym
paccMampusambct KaK uogait zeuemuuecrcuil mun npo.vbtluteHHozo opydeueuun ua pedrcolevawuute
,\4emcuLlbt.

Ktrcqeede cnoea: o6onoebte necqaHuKu (QocQopumu), duxmuoneuosbte craH4bt, pedrcosaventuue
ilemcuLrtbt, ummpuil, xap6ouam-Qmop-anamum, SocQamuatil qeMeHm, dempum pdKolutr Obolus, xpu-
cmcuubt anamuma. zeuemuqecKuil mun npo.Muwneuuwx pedxozeuercu*r pyd.
Bntoe Btadu:nup l,[tauu, Vladimir_Vyalov@vsegei.rq ilarnea Eteua fermadueeua, eTena-geo@list.ru, Ceue-uoe
Eezeuuil Btaduuupoeuu, fauoe Muxatn I'Ieauoeu,!, gamov@sfedu.rl, Ilonoe IOpuil Bumanueeuu, Knnuapee
,\.vumpuii C ep z eeeua, sacsaul@pochta. ru

RARE EARTH METALS IN DICTYONEMA SHALE AND OBOLOUS SANDSTONE IN BALTIC BASIN

V.I.Vyalov, E,G.Panova, E.V.Semenov, M,LGamov, Yu.V.Popov, D.S.Klucharev

Are investigated structure sandstones t4,ith Obolus (phosphorites) and Dictionema shales of Baltic sedimentary
basin. In them the raised maintenances ofrare-earth metals reaching in phosphorites in the sum with Yttrium ofis
minimum-industrial level are tlefined. The basic source of metals in Obolus sandstones is phosphate detritus of
Obolus shells. In Dictionema shales rare-earth metals contain in carbonate-fluorine-apatite offragments of Obolus
shells, in small crystals ofapatite. Obolus sandstones (phosphorites) can be considered as genetic type ofnew indus-
trially ores on rare-earth metals.

Key words: Obolus sandstones (phosphorites), Dictionema shales, rare-earth metals, yttrium, carbonate-fluorine-
apatite, phosphatic cement, phosphate detritus ofObolus shells, apatite crystals, genetic type ofindustrially ores on
rare-earth metals.

flurrraonelronbre ([nu qepHbre) cJraHubr rr necqaHr,r-
KLt c o6roMKaMr.r paHHeopAoBr{KcKrlx paKoBr.rH Obolus
(rpeuagorcruit rpy c, raKepoprcKr,rfi roprr3oHr) rrnrpoKo
pacnpocTpaHercl B IIeHuHfpaAcKo[ o6nacrr,r. [arruro-
HeMoBbre cnaHubr (.{C) xnarrmcr noreHrlr{aJrbHbrM
SHepreTr.rqecKLIM Hr{3KoCOpTHbrM TOIJTT4BOM (TelXO-
rBopHarr croco6Hocrb 1060-1300 KKadKt BbD(oA cMo-
ilbr -3o , ee renrora cropaufifi 8800-9600 KKan/Kr), a
Tarc(e [c[eHrlrraJrbHbrM cErpbeM Anr nonyr{eHr,rs }?aHa
(6e4Hue rlnn y6orr{e }?anoBbre pyAbr), pe,ryo{x r4 pac-
cetHHblx 3.[eMeHToB [2, 3]. O6oloBbre necKr4 rr rrec-
qaHrrK!{ (OlI) eqe c XIX B. paccMarpr{Barorcr r.r
ficnoirb3yKlTcr KaK cbrpbe Aff [por.r3BoAcrea Qocoop-
HEIX yAo6peHr.rfi. MecropoNgeF,vrfl. kr [porBneHr4rr Ooc-
Qopuroe c $ocSancupoBaHHbrMr,r o6.nonmaura paKoBlrH

Obolus u B.uroBbrM coAep)KaHrreM P2O5>3-l5Vo) raxxe

rvrnoroqr.rcr'reHHbr B JfeHnHrpaAcKoii o1ilacrer (Kprnm-

cenucr<oe u 4p).
Haw zccre4oBzlJrcr{ rrerporpaahlrqecrr,rfi, xnMr.r-

qecrufi u reoxr,rMrlqecrufi cocrastr >130 npo6 [C r
OlI, oro6pauubrx r43 cKBaxrrH u o6HaxeHufi ua reppz-
ropuu JleHnnrpagcxofi o6nacru. B npoqecce a:e^arr4tu-

qecKrx rrccJreloBaur.rfi nrero4otr ICP-MC B Hltx o[pe-

AeneHbr [oBblrrreHH6re coAepxaHl4t peAKo3eMeJlbHbrx
MerannoB (P3M), B cluMe c Y Bnnorb Ao ypoBHrr Mr4-
Hl{MzulbHo-[poMbrruJreHHbrx u 6o:ree n OII (ra6n. l).
llony.renurre AaHHEre rro r.r3BreqeHHoMy r,r3 OII gsrpu-

ry paKoBrrn Obolus rroKa3aJrrr yparaHnfo KoHrleHrpa-

uurc P3M B o6noN,trax Ao 2,52 rr/'r. flolo6noe orMe-
rreHo rr rro AaHHr,rM [1] no 3cronlru.

Taxun o6pa:orrl, OII ($ocSoprarsr), a rar<n<e OfI*

.{C connaecruo Mo}cHo paccMarpuBarb KaK pyAy Ha
peAKo3eMenr,Hr,re MerrurJrbr. B srofi cBr3r.r cneAyer pa-
so6parrc.a c Qopuawr Haxox.{eHrrr P3M e.{C u OfI u
ycnoBlr{Mlr rfi pyAofeHe3a. r{nr sroro BbrrrolrrrrJrucb
3neKTpoHHO-MItKpOCKO[[qeCKI,Ie UCCJIeAOBaHI4' Ha
3neICrpoHHoM Mr.rKpocKone VEGAIILMU lpzpuu Tes-
can, coBMerleHHbre c Mr.rKpoaHanr.r3oM. OcHoBHoi xr4-
lrlrqecxlrfi cocraB cnaHueB v o6onoBbrx [ecqaHvKoB
($ocQopuroa) no cxnaxuuaM, B roM qacne o6roMxos
paKoBnH (raffi . 2), onpeAenqncr peHrrexocneKrpanb-
nuu (p.rryopecrleHrHlrN{ aHiLrM3oM (XRF).

OcnoeHoil nerporpafiuvecr<uii (ltnHepanorilqe-
cxzfi) cocran durcmuouettoebu dtaH7es - KBaprr,
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no,reso fi um ar (lrr,rrtpo rcruu, caun4uH). r.r,r,r r.rr, c yn sS r.r-

IbI xene3a. llo4 :nerrpoHHbrM Mr,rKpocKonotr Suxcr.r-
pyrorcr KBaprI, noJreBbre rrmarbr, cyrsQu4sr, o6:rovrrr.r
paKoBIrH O bo h.ts (SocQau:aposauxrre), r{Horna MeJr-
KHe KpUCTIUIJII{K'{ anaTr,rTa! eAI{FIIMHbIe 3epHa MOHaTM-
ra (puc. 1). @ocSopur AB)rx ruroB: xap6onar-Srop-
ailarvr o6noMKoB paroBrru (cru. ra6n. 2), uuerorcx xou-

uerrpaqur.r Ca, P, F; ailafl4r B BHIe MeJrKr.rx KpucrirJuroB
qacro AuafHocrr,rpyercr a [C npu gneKrpouHo-Mr.rKpo-

cKonIItIecKrlD( uccJIeaoBaHIIlIx. Pe.qxo:elrenrHble MeTaJI-
.mr o6pa:yrcn noxoxr4Tenl,Hyro Koppenfl-prouH]'to cB.rr3L
c SocQopov (0,27 npu rr40, a rcpmavecruft xo:$Sn-
III.{eHr Koppexnruu llupcona KpIII pasen 0,26 npu
ypoBue 3HaquMocrr4 0,95). 3ro cBu,ilerenbcrByer o
JloKiura3aur4rl P3M n $ocQopu're B yKa3aHHr,rx pa3Ho-
BrlfHocr.ru( afiarwra. Onpe4enenrnrfi eKna.q e o6qee
coAepxaHrre P3M a [C BHocrr co6crgeHHrre Mr.rHepa-
nu P3M, B qacrHocru MoHarprr.

llonoxure:urbre Koppenru[oHHsre cB{3rr P3M s

.{C c 4pyrlrnau MeriurJraM[ cneAy]oune:

IP33 - Ge 0,65, IP33 - Th 0,42, IP33 - U 0,45,
r.e. Ge, U rz Th e SocQopr.rrax - ocHoBHbo< Hocr{re-
mx P3M - B AC roxe npncyrcrB)'r0r.

B cocraee o6o:oeux necuaHuKoa 3epHa KBapua v

$octfoparz:zporaunufi Aerpnr paKoBrrH Obolus,
qacro HHKpycruponaHnrri MeJrKr{M}r cy:nQu4auu,
cIIeMeHTI.IpoBaHLI KilJrbr{r,IToe},tN4 6a:anrHHM, Iv{ecraMLr
nopoBr,rM rIeNreHToN{ c o6rurneu Mr,rKpo3epeH cynr$r,r-

roB xene3a (puc.2, a).
O6rrqnofi flpr{Nrecbro B Kturbrr}ne xsr.rrcrcx Fe

(0,2-0,4 sec.o/o),Mg(0,24,6%) u Mn (0,1-{,3%). Ha

Sone uaccr.renofi ocHosHofi uaccu nopolbr orMe-
qalorct $ocSopuroarre MlrrpocrrxeHwr, HacbrqeH-
uste cyll@rlgar,rn (cv. puc.2,6). Knapuenrre rz Aerpn-
roerte o6rovxa ueMeHTr.rpyrcTc.r QocSarorlr, [pr.r 3ToM
TeppfireHnbre qacr[qbr .racro o6palr,rrrorcr r:Ir.tcynb-
(prl4alrr.r r(ere3a, Koropbre, B cBoro oqepe.rlb, ueMer{rr4-
p)'iorct QocSaranr.r (cnr. pr.rc. 2, e). llrlr'esuguax
BKpanneHHocru cy:nQugoB )KeJre3a noArrepKnBaer
3ouaJrbHoe crpoeHr.re (cv.. puc.2, z).

B $oc$arnoit Macce rleMeura r.r SocQaru:prpoBan-
Iroro Aerpnra cynrQuau o6pa:yror He ronbKo pac-

ce{HHyIo roH.{afiuryro BKpan.-reHHocrb, Ho u Hapa-
cTaroT Ha noBepxHocTb TeppureHHbrx 3epeH B nopo-
BoM [pocrpancrne, (poprr,rupyfl. cpacraHrrr xopouo
orpaHeHHbrx ta6,rrm'{arrrx k?rrcriulnoB MapKa3r{Ta rr
nlrpllra. B ra.recree npulrecefi (<lYo) s flupr{re u Map-
Ka3rrre c[opalr4rrecxr.r ncrpevarorcr As n Ni. B Mrrn?o-
nopoBoM npocrpaHcroe o6HapyxeHr,r rarcKe e.qI,rHurr-
Hbre MaKpoarperarrr (<5 lrru) calropoAaoro cepe6pa
(cu. pr.rc. 2, d), uapacrarcruue Ha noBepxHocrr, arrarl.r-
ToBbrx 3epeH. Cpeau vacclreHofi lraccu cy,rr$agon
npucyrcrByrcT eAr{HrrrrHLre 3epHa xeJle3r{croro c$ale-
pura. uepr4eBoro MoHaunra r.r $ar oxcnla ypana.
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Korrno-
HCHTbI

,{urruouenosrrc cJ'raHubl 06o,roerre recqaHr4-
ru (Qoc@opuru)

O6,rovxr paxo-
euu ObolusHonepa cKBilKnH (vucno npo6)

4,1  (  l8 ) 46 i l4) 48  (7 5 9 0 4t  (3 s8  f l ) / 1 (2 ) 58  (2 )
sio, 63,54 60.86 5 7,83 56.80 78,  I 8 t , q l 0 .58 0.65
AI 'O, 8 , 7  1 8 ,84 x R s t 0.40 0,: I 0 ,20 0 , t 3 0 . 1
Tio. 0.59 0.59 0,60 0.'77 0.03 0.02 0,  13 0 , l l
FerOr 5 7 0 6.47 8.21 7.53 0.66 o q ) 1 . 2 3  I  l . l  I
MnO 0,03 0.03 0,03 0.02 0.04 0,03 0 .  l 3 0 . 1  1
MsO 0,82 0.9+ 0,q8 l . l 6 0,  l9 0 ,1 .1 0.7 0,6
CaO 2.60 4.30 3.49 1 . 4 5 8 . 9 1 7.53 48,5 50,1
Na.O 0 . 1 2 0 . 1  I 0 .21 0 .  13 0 . 1  4 0 . 1 2 l . l I ,07
K.O 4.96 5.05 5 .01 5.60 0.07 0.07 0.05 0.01
P,O. o 4 ) 0.60 0,6..l 0 ,q  I 6,65 5,40 38.2 37,4
F 1.64 1 . 2 8 3.49 3,5
co. 0.76 0.64 2.99 a  < l

l l l l l t l a  t l 1  1 . 9 1 1 3 . 6 8 14.80 )  1 4 1 , 6 6 7.49 I  < l

Crnrva 9e,68 99,62 q g  5 1 99.60 qq  qs 99,69 99.8

Cocraa SocQoplrroe [peAcraBrreu AByr{rr reHepa-

[rurMrr anaTr{Ta : Kap 6oHaT-(bTop-anaTr,rToBarr cMec6 3a-
Meulaer aerprrr paKoBrrH (cu. pllc. 2, a, A; B Brr,{e Ooc-
$arnoro ueMeHTa crflKeHr.rfi Bcrpeqaercr 3oHaJrbHEIfi
nuu sa'requsd rrrApoKcr{n-ararur (?) (cu. pac. 2, e, z).

Konuenrpauvlr P33 uueror BbrcoKyrc (0,7 2-0,7 6)
rroJrolcuTerLuyro cBr3b c Qoc$opou u xanrquev (vro

AOKa3r,rBaeT rzx Haxox4eHrre B anaTuTe), oKcrIAaMIl Na,
Mg, Fe, Mn, Ti, a rarxe co Sc. C unnucrofi cocra-
nrxroqefi (or<cugu Al z K), V v Cr roppelrrlrr P33
pe3Ko orpullarerrbHiur (ra6r. 3).

Vcroeus @opuupoeauux P3M duxmuoHevoabtx
cnaHqes u o6otoeaw necuaHuKo*. llo P3M paccquTarGr
reoxnMrrirecKre r.{HAr4Karopu (no o6:opy [4]). feoxx-
Mr4qecKue [IH.uI,IKaTOpbr rr rlx 3HalreHr.rrr cJreA)rrorq[e:

f Ce,fY 2,9, CelCe* 3 ,7 , LaNb 1 0,6, Eu{Eu* 0,2.
Ornoruesae Ce/Y noseonrer pa3n[qarb KoHTn-

HeHTaJIbHbre lr MopcKr.{e ocanKr.r, .rro o6ycnoBneHo

$parqr.rour,rpoBaHrreM REE s flpoqecce ceA[MeHTa-
quz. Jferxoro rar{ragor{Aa (Ce) e [C florrrrr B 2,5 paza
6oruure, rreM TrxeJroro (Y), .rro npeAnonaraer ycJro-

BpIt ocaAKoHaKoIrJIeHI,It s6ruzu KoHTuHeHTa.
I-{epueaax anoMaJras (Ce/Ce*) B rxuuucrbx nopo-

Aax c,rrpKrr reoxprMr{rlectuM l.{HpKaropoM o6cranoBoK
o caAKoHaKonJreuu-a. Ko:Q $r.rrlr4eHT > 1 yxa3r,rBaer Ha ro,
qro ocaAKoHaKo[teHrre [poucxoArrno B rraccuBuoft
oKpalrHno-KoHTr.rHeHTairr,Hoii o6craHoere. flonoxfi-

3. Koppe,rrquq P3M c oxgr,'ranr (n:32, KpKfl:0,349)

TEJTbHhIE AHOMA-

ruu Ce raKxe ro-
eoprr o6 ycJroBr{-
tx Sopmnpona-
Hr. r {BBOAeCHOp-
Ma,trgofi coJreHo-
cTblo, TaK Ka( B
uopcrcoft BoAe qe-

puif nepexoluir B
p a c r B o p r { M y } o

Qop,"ty.
llo ornorue-

rurro LalYb Mox-
no 4r.rQQepeuqu-
poBaTE JrerKrre u
TrxeJrble pe.qKue

seNrrru. B AaHHoM
cJryrrae IIo cooT-
EorrreHrro 10,6
MOXHO C.UEJIATI,

BbrBoI o npeo6.nagarar.r B o6nacrf,x fiyrrarLvr KlrcJrbrx
MarMarr{qecKr.{ii o6pasoeanui - ncro.rrurKoB ypaHa r{

Apyrrx MeriurJroB o6lacrz cHoca.

Orsoruenre Eu,/Eu* B cJraHuax 0.19<0.9 rro3Bo-
nreT [peAnoJroxHTb, qTo rropoAbr B rrcTorIHI,IKax cHoca
nperepnenr ofl peAeneHlrlro BFryTpnKopoByro rpaHc-

Qopuaquro, r.e. s rofi utru wuoit Mepe noABepraJrr4cb
lpoueccaM qacTl4qHoro [ITaBJIeHI'i{ B KoHTLIHeHTa-rIL,-
Hofr xope.

feuesuc $oc$opmor, KaK ycraHoBneHo AJrt
coBpeMeuHbrx noABoAHErx ouoxennfr Ha oKpauHax
KorrruHeHToB, 6Hr ce-sgan c qBreHr.reM npn6pexnoro
a[BeJItHHfa, o6ecleqr.rBaloulnM BbrcoKyro 6uolorzqe-
cKyro npo,4yr$r,rBHo crb Q nron raHrcro Ha. H aKonlr eHlre
o6orallennlx [o.rlBrrxHbrM Qoc<foporra 6nonennrrx
oca.uKoB r.r Qopunpoeanue B Hr.rx AuareHerr.rqecKlrx

lpoc(parurlx o6pasoranuii (ac,re4 sa I l] ri Ap.).
tr{seecruo, vro SocQop Mrrrpr4pyer s cra6oKr.rcroii
cpeAe 14 ocaxlaerc.s rprr Ar{ana3oue pH 6,5-9.
Kap6onarurre o6noMKr4 paroBr.rH Obolus co3AaBaJrr{
6naronparrHyro cpeAy Inr ero ocaxAeHaJr. Cssgrrsa-
nr.re QocQopa npoucxoAr{no Ha rueJrorrHoM reox[Mr{qe-
cront 6aprepe, Kap6oHarHbrii 4erpuronuft Marepfian
Hacr,nqarcs u 3aMerrraJrcr QocQopou go 38% P2O5

(cu. ra6n. 2). fiwarewervsecrre npeo6pa3oBar{wr rpr4-
BeJrIt K lrepepacnpeAeneHr,rro uacrn $oc(fopa B Mr,rypo-
crflKeHr4r. P3M e OrI naxannr.rB:Lrrr4cr B npouecce

tf octpopNrr.rraqxrn o6:rowoe
paKoBrru Obolus r o6pa^:oea-
Huq rleMeHra SocSopuro-
Bbrx cr{xeHnii na c:ra6oue-
J'IorrHoM feoxuMHrIecKoM 6a-
prepe. HepacKprrcrannr{3o-
BaHHocrb $ocQarHoro ue-

2. OcnonHofi xnulr.recrlrii cocraR rtnKTr{oHeMoBr,rx c"ranueB r $ocQopuros, uac, Vo

P33 - NarO 0.76 P 3 3 _ P 0.76 P33 - TiO, 0,79 P3? _ SC 0
P33 - MIqO 0.82 P33 - K.O -0.70 P33 - MnO 0.81 P 3 ? _ V -0.46

P3? -  AlrOr -0.7 | P3? CaO 0.72 P33 F'e.Or 0.62 P33 Cr -0 .72
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Puc. l llerporparluuecrclrii cocraB AnKTnoHeMoBr,t x cJlaH rleB:

a - 3epta n o6rolrrcu KBaprIa, rloJreBoro runara (reuHo-cepoe), lre:rrlre MHoroqncJreHHsre Kpv crirnnrrxv aila'rlna (cner;ro-
cepoe), c$epo:ruru cyrr$vgor, OB (vepHoe); 6- QorfopnrH:rpoeaunufi o6roruor Obolus s.{C u cocrae ero crreKrpoB; 6
- QocQarnoe 3a\reuleHue cKnepolluu; z - pacKpacrirnnH3auat tfoc$arHoii cKnepoulru; d lruuepa:r P3M (uorraqur) e
,&t{Krl{oHeN{oBbIx cJIaH[zl-x

lnexrpu F AI P V C e  l N d
1  i 54 ,51- '2 6: 1 F t 4.76 15.2!0.4( 1.08 17.1824.3015.6

5 . 2-, 1 5 4 12 .74l . 1 6 t 0 . 1 2't 7.88 26.80t5.8(
3 I 0.270.53t12.6i9.54 ) . 41 1 3 . 1 8 .
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Puc. 2. CrpoeHqe rl KoMnoHeurnsrfi cocras o6onosoro rrecqaHrrKa:

a - 3epHa rnapua (reltroe) r rap6onaruoM qeMeHTe, QoSopnrr.r:aposaHHrrfi o6rorr.rox Obolus, MeirKrre:epna cynsQa4on
(cneuoe); 6 - o6racrs Qoc$opnrosux Mr.rKpocrrxeHufi (cepoe cnpaea), rraprl (reuuoe), <focrparnufi Aerpr{r paKoBHH
(cepoe enu:y), cJreBa - 3epHa KBapqa e r<ap6oHaruour ueMeHre, cy:rQu4u (6eroe); e - oco6essocrlr rleMeHraqr4r.r KBapqa
(rertroe) cy:rl$u4avu u QocSarou (cepoe); e - SocQarnoe MilKpocrqxeHr.ie (cepoe) c ronrofr 3oHarrbHocrsro, cynrtfra4u
xeJ:le3a B nopoBoNr npocrpaHcrBe (c:rena nHury), rrapu (reuuoe); d - calropo,lHoe cepe6po x ero c[eKTp

r tiv :0 0c kv
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MeHTa a Hilrrr4r{r4e lreracra6n,rr,nsrx tfa: cynrrbfiaos
xene3a B accoq}Iaull'l c [npr.rToM yKa3brBaroT Ha oTHo-
cr.rTeJrbHo Br,rcoKyro cKopocTr, 3axopoHeHujr ocalllKa.
O6o,rossre recqaHrrKn (QocQoprarlr) Moryr paccMar-
puBarbcr xar noerrii renerr,rqecxri rlfi rpoMbrrrr;reH-
HLIX pyrrl Ha pe4to3eMe,rlbHble MeTa,IUItI.

Mera:uonocHocrs .{C cBr3aHa c oca.Ioquo-

ArIareHeTHiIecKr{:vI [pouec cout npeo6p a:oBaHH { Mop -

cKrrx o c aAKoB, o6orarqernrrx opranrfqe CKI{M BeIrIe cr-
BoM (rpanronaros) c npueuocoru $oc Sanr3rrpoBaHHo-
ro Aerpprra 6paxr.ronog.
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