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OAH THY AKTINOBOATAE T ETON ENTOIIIZMO ATIO@EMATIKOY AYNA-
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n MIKOY 71, ZHANIQN FAIQN, TH; U; AU. IIAPAKTIAL ZQNHE NEAL IIEPAMOY -
A AOYTPQN EAEYOEPQN, N. KABAAAL'
} il @. MEPIAMAAHE', A.E. KAPATEQPTIOY', A. KOYKOYAHE'
P IYNOWH

H pehémn) mg axtvoPollac ¥ EXETOEWE v ¥OOTOYOUQPNOOUHE UVOHUAES PUOLOUETOWRM TEQLOYES HaL va
WIOXTHOOVRE Evay ONUavVTIXG tvoBEm), mov xabopilel ) yewynpeia tov ovpaviov, Bopiov, Titaviov, onavioy
JOLUBY %o ¥OVO0Y, T600 T onjpepLvr) tapdsttia Covn N. [epdpou — A. EkevBeguv, 6oo war omy urobiakaoow.
O epumhoVTOPRSS TV Guuay JE (v ovpaviov v@iotatal og wrotéhespa Wyvpis dpdomg aiyeovng raL
AUOIWS TAACGTEQNG RUPATOV|G, AVAPEVETTL OF, HEYLOTOC ERTTAOVTLONGS emovoLwdwy opurtov U, Th, Z.I", naw
Au, oug xothonteg tov vnopdbpou (bed - rock).

ABSTRACT

The radiometric study allowed the survey of y-radiation, pinpointed the areas of highest or irregular radia-
tion values, and finally acquired a very important drawing specifying the geochemistry of U, Th, Ti, REE, Au
ete.

In today’s shoreside zone, very high surficial levels of U with an average value of 22 and highest of 92 ppm
were found, while in the sublittoral old zone all the g-radiation values found were irregular and much higher of
those of the radiometric background, of the all-round subaqueous environment (mean values of residual sands
250 and 305 opposite to <60 (¢/s)/grx10™ for the “background™.

The enrichment of sand with trace elements of U is a result of today’s and mainly older wave-action, in the
lower parts of sandy shoreside formations, with an expected highest enrichment in the bedrock cavities.

Initial samples of sands enriched with U elements up to 50 ppm are considered to be a naturally grated
multimetal mineral of Ti, U-Th, REE, Au and other metals for high-value technological applications.

The concentrations of the above metals are higher of those internationally known to similar minerals(2.5%,
50-1600 ppm, 11.000 ppm and 250 mg/m” respectively) and can be multiplied with light watermetallurgical proc-
esses.

The concentrations of sands with high y-radiation in today’s shoreside zone can be differentiated between
fine, medium and thick grains of sand particles with a slight inclination towards the waveaction.

Their thickness has characteristic fluctuations, with a growth tendency up to a depth of 1.5 m and a decreas-
ing tendency for depths under 2 m.

On an horizontal region these concentrations values appear to grow continuously from the periphery to-
wards the center and the y-radiation values of the periphery seem ta grow with the remotion of the present
sediments.

The y-radiation in the sublittoral zone present a recurrent enrichment in the lower parts of the formations
and is covered in the deepest points from the surface of the sea from younger age sediments,

In the present sublittoral zone as well as in the shoreside zone, lower layers of sands formed out of natural
grate actions, are mainly the medium grain and secondarily the fine grain variety, These natural enrichments
due to waveaction, form selective concentrations of less important minerals U-Th, allanite rich in UO, and
uraninite low in ThO,, which are responsible for the y-radiation rise.

AEEEIL KAEIAIA: Axtuvoforia v, Enavies Categ, Ti, Th, U, Au, Kouwopatoroyia, Livny N. [epdpov - A,
EkevBepdiv, B. Erhdda.
KEY WORDS: y-radiation, REE, Ti, Th, U, Au, Economic Geology, N. Peramos - L. Eleftheron area, N Greece.
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EIZADQUH - AEIF'MATOAHWIA
; HaxuvofioMa y, oav. ve@@uowa] Teproodrepo maed yeaymuiaj péBodog, yonoyomoteltal yia tov
" op6 wowtaopdrv ovpaviov. H yonowonoinon mg we yvoBémg, Ti, onaviov yaudv (E.I.), Th, U xat Au ano-
Bewwvie e *ormoduTua; W8 GTLTa TMOPUNGY® LVOOTOLKE(d TEQLEXOVTOL OF QUOIKES EXAEXTINES OUYREVIQWOELS
ETOUOUSDY DQUATDV,- S Aotk apa LOYUEIE SOdONE ™S HUpGTOYTG.
. To évavopa yua mv €pevva SSEMKE pe Tov KEOoBLOPIOPS vymhoy teptextxonitwy T, 0,53% »aw 8% eni
| apyrol xaw e exvhupévoy avriotowa perakhetparog, om AlevBuvom Oguxtoioyiag IMetpoypagiag tov
1T M. E.cur6 toug | A-Tapevidnnar B, Tiepdindron, netd and dompéc ovpminvwamg mov Eyvay oto Pillot Plan
Mapaveotiov and tov I, Kahotln. Ta deiypara peyahov fapovs ehignaay 1o 1988 and toug ovyyoagels
TaLGLOUEE VoS and Tous ouvadérgous (+)Z. Manaypwténovko (Tewidyo) xau [T, @coddom (M.M.M.).

H pehét aum éyve pe guompariky peBodohoyio avalimang petaihevpdrov ovpaviov, and ewdird ex-
RCDEVPEVOUS EQEVVITES ovpaviou om [aikia.

H vroBahdooa nepwoy] opileta and 40 delypata emedvewag fubor, auEnuévng muxvdtnrag & vypatoh)-
Yiag, petakd tov woPaboy 3 xaiw 34m. H ovpmknpwpati] derypatoimpia 30 vroBahdoouny deryudtov €yve
o€ ouvepyaoia pe v Ymmpeoia Yrobardoows Iewtoyiag tov ITME (K. [Tepiocopdmc) xat ) ouvdpopr mg
Y. Y /TLN. Zt6yog mg vjtay n empPePainon mg padievepyot avopakiag, ot xdavvafo arootdoemy 1x0.5 km 30
orabpov ratd pixog mg axtig N.Ilepdpov - A. EAsvBepdv. To dpyavo derypatolmpiag mov yonapomoujbnxe
elvan apndyn tinov Dietz la fond.

H napdxma neproyn nepiyapdynxe and 1500 mepimov omvinpopetorjoeig xat 142 avumpoowmevtind deiy-
poto empavetag xatd ixog 25Km mg axoig N, [Mepdpov xar A. EhevBepoiv, o amdotaon 20 éwg 100m and
TNV IXTOYQAUNY.

EIAIKH AKTINOBOAIA T" YIIOGAAALLIAL ITEPIOXHE

Zrov [Tiv.] didoviar oguouéva xapurmoLonxd Ty vrobahdoouwy deryparov xal  etdixn axtvofoiia v.
Ta deiypata amotehovvTon s

Aemtn €5 yovdpduroxxn dupo ( 15 delypara)

U (10 delypata)

gurotyo WG (4 delypata) van

oty aupo (1 delypa )

H pétonon g ewdinrg axuvofohiug v €yive 0 £1011] OLATAEN TTOU RATACHEVAOTNKE (WG TV ETLOTNUOVER]
opdda Tov TaPevIog EPYOU Kol TeQLhapufaveL:

#hwfé mAevpdg 50 cm amd mAGres porifdou ndyouvs 10 cm.

omvinoopstpo tinov IPP 4 mg Saphymo - Stell xat gueat] SG SR 5410 pe npvotaiio Nal xa mpdopusn
EVEQYOTOMpEVOL Bahiov, mov mpoodiopilel xon petpdel T €viao g aruvofollag ¥ o ¢fs.

T'iet Tig pETONOELS XONOLLOTOMENKE 1) YOOPRIRY] rAlpaxa pe otabepd yodvo ota 12 sec, eqjgpinaay de evdei-
Eeig tov opyivon oug Bgoeig S0 KeV éwg 2000 Ke'V, mov petd my avaywoy om povada g anolnpavieions
palag tov delyparoc molhamhaoitomuxay el 10°, Exougving ow tpég elvat 107 (c/s)/gr.

KATANOMH AKTINOBOAIAZ I’

Ta efdn v derypdrwy petd tou Patous twv, and my emgavein m¢ Bahaoons (we.0.) xaw mg axtvofori-
ag ¥, duanpivovral o 3 nedia:
e 1o nedio I, and 0 fwz 18 m fdabog a.e.0., OMow eUHXOUTOUY QUPOL RETTOL €00 LOVOROHOXHKOL, LE T1g vYmAGTE-
OEC TipEg axtivofolicg vy .
e 1o medio I, ano ta 18 €we ta 24 m fabog a.e.0., 6mOV EMHEUTOTY GUROVKOC AUE, Guitol, MAoTy oL dppol,
thiic, pe péoeg TpEg armvoPohlug y.
e 1o medio 11, amé 24 m nat #dtw .6, 6mov emurpartel LAOG, pe PECES £WE YOPUNAES TIHES axTivoPoAiag y.
Zto medio 1 n erdixn axuvoforia y EMIEEREL 1] SLOA@OQOTOMON TWV AUPWV OF:
) HEGORORAOVS, PE TIS VYMAOTEQES TIHES
B) hemtononnovg pe evOLGUETES Ha,
) KOVOROROKHOUS PE TS MIHQOTEQES TAVTA THES axTivoPohiag v.
H eneEepyaoia twv Tipoy €yive apBpnuixd ol ypa@d .Ze mivoko 29 derypdtmy oL ipeg me eidixrg
axtwvoforiag v xupaivovron axd 70 éwg 516 pe péon rpn 179 za tomn) andxhion 114,

[ v yoagun] Entﬁﬁ@mi&@bﬁ%ﬁ@%w&qu%mgg%gq%]w M. gt vbela Tov Henry», amé my

omoia duaxpivovial 4 whdoeig:
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. Wngpiakn U'—"}‘h%%ﬂtméﬂ :&)
n 1e ‘ YJHLIT
g o

rm*
5¢) ' fi Sei T0¢ E(81rfj axtivopohria y

{ «.e.9. oem deiypatog 10'x (c/sec) /gr
BT (inua Femdovi
o . J. 33 127,33 LAY 98
=t = o 19 I_I 2{:]27 &ppoq ; 16K. o 112
5 "4 T 7183, 01 A x. T 382
" e OK. 198
21 63,57 QurolUxog LAUg 236
28 203,63 \AUG 73
5 33 143,7 _ (AUG 139
; 24 113,01 ~ uxoUXOg LAUG 150
_ 5 178, 3 4ppog peodx. 465
, 6 170,27 Gppog Xov3poK. 264
d 14 263,77 Gupog ¥ . HE 601p. 94
34 139,91 LAUG 129
; 27 256,91 | LAUG 70
7 181,01 appog Xov3pox. 138
3 245,79 &upoc yovdpdx. 109
17 19 318,29 Guupog x. pe ooTp. g8
8| 27 157,03 LAGC 91
9 29 108,81 LAUG 136
20 19 159,05 &ppoc AENTOK. 201
21 2,75 236,79 &ppog pecédx. 232
22 2.5 180,35 GppoC PECOK. i T 516
23 20 143,63 ' \AGG 104
24 28 153,83 LAUG 97
25 22 44,57 QUROUXOG LAUG 269
26 12 340,59 &ppog Aemtéx. | 308
27 28 | 214,95 4ppo¢ HEOOK. 153
3 | 260,73 appo¢ peadx. 158
9 18 337,57 nnAoUXo¢ &ppog 103
28 281,56 LAUC 74

Iy, I: Etbuxrj axtivofodia y detyudrov vrobaldooias xepioyrs mixveons
N. Tepduov — A. Elsvepov (n=29).
Table 1: y radiation of sables of the submarine area N. Peramos — L. Eleftheron (n=29),

ARG TO YAOTN RATUVOIE ™S QUALKTS £1010]s axtivofoliag y duerpivovia SUo TEQLOYES Pe avpaAes TIHES
kmvoPohics y (Zy. 1):
; e BASw] pe mpoéxtaon oty mapaxrtia Lovn wa ota fabitepa ompeio zat
- pla NA/ruj pe heyotepo epgpavt mpoéxtaon ot Bathitepa onpeia.
- Kaw ot &1io TEQLOYES RETTOV Hitl HEOGRORKOV QUIOY, GTAVIGVTAL XOVTE oy axnj of fabtn and 5 éwg 2,5 m
.0, now ) cortivofohic y o8 wdBe meprop cvEdvel pe eddrrwan me woPaboic tov deiypatog. H (dua agyvnmin
UOYETLON ETOMUAVENRE %Ctl TUOETCVGD.

Wnoiakr BiBAIoBRkn "@edppacTog” - Tunua MewAoyiag. A.M.0.
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2. 1: Karavouf e1dvafs axtivofoliags y (1) xat 100fabeiv a.c.0. (H)
vrobladdooias megioyrc muxvoons N.dlegduov - A. Elevfepay (n=29).
Fig.1: Distribution of y specified radiation (1) and isobath of submarine (II) area
N. Peramos - L. Eleftheron (n=29)

EYTKPIZH ITEPIOXHE IIYKNQEIHE ME TO TOIIKO KAI TO EYPYTEPO YIIOOAAALLIO ITEPIBAAAON,

Edy ex16g and mv vrobaidoowr meploxn mov €ve 1 Selypatolmpia mixveong Angboly v’ Gy o
delypata Tov Tomxow xepfdiiovios (Abavacorotrov, 1991) 1éte oe éva mivoho 77 derypdtwy, oL TES MG
etduris axnvofoiiag v ®upaivovia amnd 28 £wg 516 pe peon wpng 114 xar Toms] andxiion 95.

ARG 1o dudypapua tov Henry mpoxtmtovy 4 xhdoews:

1" #hdom < 60 ne 0% twv Serypdrmy

2" whcom) 60-120 ne 41% v derypdrmy
3" whaom 120-240 pe 38% tawv devypdrwv
4" shciom >240 ue 21% twv devypdrov.

H xatavopj ™ ewdunic axnvoPohiag y pe autés ng »haoeig delyvel 6T, o1 avipareg LWiveg mov eiyav
emonpuaviel oy nponyolpevy mapdypago, 1 BA/ALG] xaw n NAfum, rapovoudlouy devptvoeig mpog Oieg
g dievbivoelg ko mpondvimy npog ta fabitepa.

O Loyos Ty dtevpivoewy elval 1) SLa@opa Tov TANBLOROT Twy SEryPETLY TS TEPLOYI|E TURVIONGS, (Td TOV
TAnBuopd Tov derypdtwy Tov Tomxou aegtfdlioviog.

H dwagoponoinon avnj ogelhetal ota vEGTEQn LOHATA, TTOV ETUXKQUTOVY ROL SLEUOQRUIVOUY TO QUSLONE-
106 vAGRubpo ToU TOMROU TEQLPGAAOVTOS TG MEQLOYIS TIRVOONE.

O mpogopleg rdve oty UROBOAGOoL TEQLO] TIKVOIONS, TOPYOLY TV IRUYRHaTVA] Tovg dudotaom
GTay ouyRpIvETaL e TO sVEITeQo vroBahdaooo meplfdilov. Te éva ovivoro 390 derypatwy, Tov mpogpyoviaL
a6 nponyoipeves oy HAPOKABIBARENKNIREAPPATIOS,  THINA LEWANIRS ATED ) o 29 mic vmobahdooiae
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-'pox_!iﬁ mFVOOT)E, (G TREC Ruiaivovratiand| 20 Ewg 516, g péon i 78 non tum andzion 50. Ané 1o
yoapio me «evbeiog Tov Hennys mooximtovy oL magaxrdto ¥hdoeg:
#< 60 ue 0% yovOeypdroy |
2 ait6, 60'¢me 100 ueZ‘?,S%wvbewp&rmv
358 100 dorc 140 e 27,5% e Seuypditon
. > 140 ped5% tov derypduov
+ - H zemovopr mg ewdunig axtivoPoriag y deiyvel:
1 1) Gk Twv- 10 aveRGhwY TEGLOXGY
‘Zj TV AORAANPT) TWV AVOUGAGOY TEQLOYWV TROS THY TapdxTa Luvn waw Ty emxdhunn avtay ota fabitepa
» OMjEEle @LETD., PE NAQEHTNQWITIRES HORPES LOORAITUMDY.
AlE MPOEXTACELS TWV CEVORGNDY TEPLOYXWOV TPOC OAES TLg leLBUVOELS, o1 omoies eEfpyovTin Tov undpyovtog
EYUUTOS TURVWOTIS.
4) v élhenym gy axtvoPoring v, Tov evpiitepov vrobakaooov tegudiloviog, omy mepoy minviong (<60).
- Ané g mopamdve £vOEiEELs mpoRUTTOUY Ta EENG:
- Ghog 0 WnBuopds Twy derypdtwy mg vrobahaooiug TeQLoys TIRVEONS GOTEAE] i Ghw pE aVORTAES
Coveg, oo evpitepo vobakaooo negudhhov.
- o1 autieg avnic s Suupopomoinomg €xouy otevti oxfom [e ta vewTepa LHjpaT Tou Emroatonv ota fubhite-
pa ompeie o.£.0. ¥on ETHARGTTOUY TG VYNAES TpE g axtvoPollag ¥ TV TAACOTEQWY VTOAE LUUGTIAUYY

Gppov.
AKTINOBOAIA I' TIAPAKTIAL IIEPIOXHE

Zmy onpepw tapdxtia Lovn Néag IMepdpov — Aovtpdv EbevBepdv, Nopot Kapdhag, avalnmifmuzay xau
ouvdEbnray 1a oo g vrobakdoowag avopaliag ®atd pixog ™g axtig, el ouvoliron wijrovg 25 km. H
axmvoPfolic v eperviiinxe ratd my 00WLEVTIO RUL RaTaxGpugo évvowa (Zy.2, Tx.3 ravbwrd.1).

NE STRN o —. 5w
P s BaMITY  — P
— T gt P ol B

om —— T — T — -
N — MapErTia aupwsng dovn ——-——- TR 20

a- B

40m

{ois SPP2)

B -0 oo 1200 Elvoonis00 [ <130

Zy.2: Merafolsf s axtivofolias y and va xevigixd (Tpavofpa TR 19) ot éva mepifwpraxd Turjue (TR 20)
mapdxnias Covys N. Hepduov - A. ElevOepaiv ue uerorjosis avd 2m xard v ogildvrio.
Fig.2: Change of y radiation from a central (TRI9) to a marginal section (TR20) of the littoral zone N. Peramou
- L. Eleftheron, with messures every 2m, along the horizontal direction.

Daro. 1: Moppés evamobeons TOAVUETAAALXGY OUYXEVTOUOEWY dlpwy 0F Exoxapes e Tapdxrias Lovys N.
Hepduov — A, Edev@egaiv.
Foto.1: Formes of deposits of sands’ polymetallic concentrations in excavations, on the seafront zone of Nea
Ynoelakn B'B)PQ "OWT 'Epwg).’&u)\oylag AT.O.
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Zy.3: Metafolyf s axtivofolias y »atd Ty xaTaxopu@o a) ame £va xEVIQIX0 TRINA ue vyYnifs Tiués
(=1000c/s) (I) oe éva megibwgraxd ue yaundés (<1000cis) (H) rat f) ano dentoxoxxy dupo pue 1 yweic
oi1Govries oTPWOELS (@ 1f ada) o€ yovogoroxnxy duuo ue 1f yweis dotpaxa (ay ¥ ayo).

Fig.3: Change of y radiation along the vertical a) from a central section with high prices (>1000c/s) (I) to a
marginal with low prices (<1000c/s) (H) b) from a fine-graned sand with or without horizontal bedding (ad,

alo) to a corse granular sand with or without shells (ay, ayo).

H péon upn mg axtvoPoiiag y om Béon deryparornpiag 142 derypdtmv eivar 734¢/s SPP2 pe npgg mov
rupaivovrar ano 80 Ewg 4.000c/s. Ou nipéc me antvoPorlag y natataybnray oe ®haoerg ava 100c/s waw awd 1o

ferg A

AxivofoNa y:.(cl'r_. SPP2)
200 | 200 300 400 600 BOO  TO0 SO0 @00 1000

Meptypagr
EKOKAPMC
TR 19

aA Om

AT
AT

ahd

o Tt

AktivoRoda y (o/s SPPZ)

1000 000 3000 4000

dudypapna tov Henry mpo€xunpay oL Tupaxdtm ®haoeLs:

1" whiion
2" whram
3" whdiom
4" whaom

Ané vy ratavopt] g axrtivofohlag y om anpepwvt] napdxria Lovn N. TMepdpov - A. EkevBepov duaxpivo-
vion 18 uxpdtepeg 1j peyakitepeg O€oeis pe avipahes ipés axtvoforiog y (and 600 €me 4000c/s SPP2), twv
onolwy ol Loopddieg vToAoyloTray pe ™ PEBodO Twv pecoxabetav, ot ®hipara 1:12.500 xaw n ouvols] Tovg

< 300

a6 300 émg 600
amo 600 €mg 1500
> 1500

c/s SPP2
c/s SPP2
c/s SPP2
¢/s SPP2

empdveLe vitohoyiomxe ot 437.500 m® nepimou.

Te apyrd delypata peyahov BAoous petaletiparoc Guuuy and TeeLs tétoteg Béoeig pe péon axtivofoila
¢ 1800¢/s SPP2, vriohoyiomray nepiexnixdmreg TiO :2,5%, Z.I.:8133ppm, Th:1283ppm, U:54ppm xcw Au:250mg/
m_ (Mepydpoing %62, 2000). O B£0eI1C QUTEC WO Vit CNOTEAECOUY €va LKavoromTnd duvapiad wrobe-

WCETLRG:

L (27.10°)x(262.500x2x2,5)tn +(65.10°)x(175.000x2x2.5)tn @ 92tn wodivapo UO,
2. (870.10°)x(1.312.500)tn+(1.283.10*)x(875.000)tn@ 2.264tn wodivapo ThO,

3. (1,5 107)x(1.3 12 SO0 Bitik B N OB KR B s AL Sk RN KRl IR . 0.
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D 19y tﬁ_ﬂﬁﬂ&%‘u 75.000)tn@" n wodtvapo E.I.

OROL UTOL ELVOLL EVOELHTL ou duvapuxron WOETLROT TOU TOAVPETOAMROT PETAAREVIATOS

1300 10 QRSB Njecdinou - A

" g ]
& Bagatdve cﬁ 6T, M edunig axtvoforiag y mov eivan amallaypévn and my
ruvofohla, 1o padévio xal my axtvoforia tou meQBErloviog ETTEENEL T YUETOYQAGNOY padie-

Al TEQLOYEVTTOU TUYDE ] OUHEC EXAEXTIRES TUYHEVIQWOELS ETOVOLWdGY opuxtaiv. [ToE-

: I ST m 1 r(:;:(ﬁu m (imolfag vroBakioounv delypdtwy, TOMYRATONOLETIL O OUV-

ovtlvag, €xelL ATACTOO@IKO FYUOUATIOO HOL TAQOVOLELE L pndopuvi] Scudivn, ouyxpivopevn Be Pe my

oAl y g T ‘:" 1) ontola odfyMOE o7 OAUpeTahhnes auyxevipwoetg Ti, I, Th, U, xa

v s i Ou VIOHUAGOOLOU PETAALEUTIHOY EVOLA(EQOVTOL. ZTU MUQMTAVE OV TRO-

€ OQUHTOMOYIRES OLOHOLOELS, OF OUVOUUONO RE EAdIOTe YEWyMuRG dedopéva, yiveral paveps

6¢ TV hhwv, 1) ELORY axtvofohic ¥ AMOTEAEL EVO OXOVORLKO ®(1L TOAMITIHO L VOBET) yia TOV TROCHLO-
ERAERTIRWY OUYHEVIDWOEWY ETOVTUDOMY OQUATUV.

AZOTIOYAQY, B. (1991) H guoua) padievépyewa v Bahaooiwy ([Enpdtoy tov mBpeva mes neowyis
ou - Kapdahas (Bipewo Aryaio).Metantuyuoxnd Enayyeipauno Evbeiunsd Qreavoypagiag ogh, 92,
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Hog A oek. 97-106.
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