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MEPIAHWH

2nuavTiké TPORAnNua yia Tnv eKYeTAAAeuan Tou Alyvitn o1o Opuyeio Notiou lMediou Tou AlyviTi-
KoU Kévtpou AuTtikrig Makedoviag atroTeAei n TTapoudia oKANpwvY OXNUATIOPWY EVTOG TOU UTTEPKEI-
pévou. O1 okAnpoi auToi oxnNUaTIoWoi cuvioTavTal ammd KPOKAAOTTayr], AQTUTTOTTOYY], WAMMITEG Kal
TNAiTeG. ETreidn n €€6pugn Ttoug dev gival duvaTr pe KadopOpo EKOKAPEQ, N ATTOUAKPUVAT TOUG a-
TToTEAED QVTIKEIPMEVO 181aiTEPNG dPACTNEIOGTNTAG, N OTToia TTEPIAAUBAVEI XPrON EKPNKTIKWY UAWY KAl
vingeAokivnTtou e€otrAiopoU. O1 ev AOyw OKANPoi oXnUATIOUOI, Ol OTTOI0I ATTOTEBNKAV O€ SIOPOPETI-
KEG YEWAOYIKEG TTEPIGBOUG, AVATITUCCOVTAI EVTOG 3 OTPWHATOYPAPIKWY EVOTHTWY, Ol OTTOiEG BIaKPI-
VOoVTal XpwHaTIKG oTnV €puBpo®alo, KITPIVOTEQPPO Kal TTPACIVOTEQPO OeIpd ICNUATWY. H pyeAéTn TG
TTAPOUCiag, TNG €CATTAWONG, TNG KATAVOUNAG Kal TOU TTPOCBIOPICUOU TwV GKANPWY GXNHOTICUWY
ATTOTEAEI ONUAVTIKO KOUUATI TNG GUVOAIKAG HEAETNG EKUETAAAEUCNG TOU OPUXEIOU, TTPOKEINEVOU VA
e€ayxBouv xproiua CUPTTEPACUATA Yia TOV OXeSIOOUO TNG AEITOUPYIAg TWV UNXAVNUATWY Kal TNV €-
vtagn Kai aglotoinon Tou €£0TTAICUOU. ATTO Tn MEAETN TTPOEKUYWE OTI TO TTOOOCTO OKANPWY OXNUATI-
OHWV €VTOG TNG epuBpoaiou oeIpdg ICNUATWY avépxeTal o 38%, evidg TNG KiTpivoaiou o€ 49%
Kal TNG TTPacIvVOTéEPPOU Ot 2%. To OUVOAIKO TTOCOOTO TWV OKANPWV OXNMATIOPWY OVEPXETAI OF
26,2% €TTi TOU GUVOAOU TOU UTTEPKEIYEVOU.

1 EIZArQrH

To Opuyxeio Notiou Mediou avatrTiogeTal evidg TNG AlyviTo@opou Aekdvng Tng MToAguaidag Kai
avikel oto AiyviTiko Kévrpo AuTtikrg Makedoviag. Eival To peyaAitepo Aiyvitwpuyeio Tng BaAkaviknig
XEPOOVIOOU KAl Ol EpYacieg avaTTugnG Tou ekivnoav Tov AlyouoTo Tou 1979. O1 €T01EG GUVOAIKEG
EKOKAQEG KUpaivovTal atrd 80X10° £wg 90X10° m*, evid n €mola Tapaywyr Alyvitn Kupaivetal ammo
18X10° £€wg 20X1 0° Tévous. ‘Eva atd 1a TAéov onuavTika TTpoBAAuaTa otnv avamTuén Tou Opuxei-
ou Noriou lMediou atroTeAei N AVTIMETWTTION TWV OKANPWY CXNMATICPWY Tou uTtepkeiyévou. Me Tov
Op0 OKANPOI OXNUATICUOI EVVOOUVTAl Ol CUVEKTIKOI OXNUATICHOI, Ol OTToiol 8eV UTTOPOUV VA EKOKO-
@BoUV Pe Tov TTdyIo €COTTAIOUO (KOdO@OPOI EKOKAQEIG) Kal yia TO AGyOo auTd avTIPETWTTICOVTAI PE £p-
YyoTaEla, EKPNKTIKA KAl TNV XpAon cuuBaTikou e€otTAiIopoU. XTnv TTapouoa epyaoia yiveral diepelvn-
on TWV OKANPWV OXNUATIOPWY KAl UTTOAOYIOPOG Twv padwy, T600 TwV JOAGKWY 600 KAl TwvV
OKANPWY OXNUOTIOUWY, TTou Ba dlakivnBouv yia To xpovikéd didaTnua 2003 — 2009.

H tappoeidnig Aekdvn Apuvtaiou — MToAepaqidag dnuioupyndnke ammd priypata BA — NA dielBuv-
ong kai ekteivetal amdé BA mpog NA améd 1o Movaotipl Tng FYROM €wg Tnv EAaccdva. Or ekaré-
pwBev opeivoi dykol TNG AekAvNg @IAOEEVOUV Ta TTETPWHATA Tou UTTORABpou TnG Aekdvng, OTTWG
ox10T0AIBoug, Tpladikoioupaoikoug aoBeaToAMBoug, pdpuapa, GAUoXn Kal AvwkpnTidIKoug aofe-
0TOMIBoug (AvaoTotrouAog, I. kar K. Koukoulag 1972).

2TIG veoyeveig amoBéoeig TNG Aekdvng AuuvTaiou — MToAguaidag kal oTo vOTIO TUAMA AUTAG (Za-
PIYKIOA), @IAoEeveiTal To KoiTaoua Ayvitn Tou Opuxeiou Notiou Mediou. Ze yewAoyikr Tour atréd Ta-
VW TTPOG Ta KATW OlaKpivovTal ol RS OTPWHATOYPAPIKEG EVOTNTEG ICNUATWY :

= EpuBpo@aiog ocipd I{nuAaTwV (AvwTepo TETAPTOYEVEG)
= Kitpivégaiog oeipd iinudrwv (AiAouio)
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* MpaoivéTeppog oeipd IEnuaTwV (AvwTepo MAg1dKaIvo)
= Aiyvito@opog oTifdda (Avwrepo MAg16kaIvo)
» TehAikiq Mdpya

EpvOpodoatog oepd ilnpbtov

Kutpwodopaiog cepa ilnudtov

[Ipaciwvoteppog oepd Wlnubtov

Awyvitopopog otifada

Telkn Mépya

ZxAMa 1. ZTPWUATOYPAPIK) OTAAN

2 YNAIKA KAl MEOOAOI EPEYNAZ

MNa 1n digpelivnon NG v Adyw TTEPIOXAG MEAETABNKAV Kal afioAoyrBnkav Ta aToixeia 96 yew-
Tpriocwv o€ Kavapo 200X200. AvayvwpioBnkav ol OKAnpoi oxnNUaTIoUoi Kal KaTtaokeudodnkav xdp-
TeG ioOU TTAXOUG YIa KABE OXNUATIONO, ETTI TWV OTTOIWY OTNPIXONKE 0 UTTOAOYIOUOG TWV HalwV.

O utroAoyIop6G podwy TwV POAGKWY KAl OKANPWV OXNUATIOPWY TOU UTTEPKEINEVOU TOU
Opuxeiou Notiou Mediou, €yive yia Tnv TTepIoXN avamTugng Tou Opuyeiou KATA TO XPOVIKO SIACTNHO
até Tov AtrpiAio 2003 péxpr kai To 2009, 6TTwg TTPORAETTOUV 01 HEAETEG TOU Topéa MEeTAAAEUTIKWYV
MeAeTwyv Tou Opuxeiou NoTtiou Mediou.

O1 okAnpoi aAAG Kal oI JAAGKOI OXNMATIOPOI UTTOAOYITBNKAV XWPIoTA KAl avd OTPWHATOYPO-
@IKn 1IlnuaTtoyevr) o€ipd. 'ETol, uttohoyioBnkav atmd Tévw TTPog Ta KATW o1 Hadeg TG epubpogaiou,
TNG KITPIVO@QAioU KAl TNG TTPACIVOTEPPOU OEIPAG.

MNa ™ xdpagn Twv eMQAVEIV avATITUENG TNG KABE 1I¢nuaToyevoUG oeIpds, ANgdnkav utréyn 1a
TEAIKA Opla TwV TOPWV AEITOUPYIAG yia TRV avTioToixn TTePiodo, o€ ouvOUACUO JE OToIXEIa £yKAp-
OlWV YEWAOYIKWY TOPWY. ZTN CUVEXEID £YIVE N KATAOKEUN TWV ICOTTAXWYV KAPTTUAWY, GTOV NAEKTPO-
VIKO UTTOAOYIOTH, HE TO HETOAAEUTIKO TTpdypaupa Metal (KapapaAikng 1989,1993).

Ta emmépeva Bripata fTav n ektiynon Tou péoou axougs (ue dikTuo Net) kGBe oxnuaTiopou Kai n
eyBadopeTpNon TWV £TTIPAvEIWY. ATTO Ta TEAEUTAIO OTOIXEID TTPOEKUWAV O OYKOI yia KABE oxnuari-
oMb XWEIOoTA.
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3 ANOTEAEZIMATA - ZYZHTHZH

O1 okAnpoi oxnuatiopoi @IAogevouvTtal ato utrepkeipevo Tou Opuyeiou Notiou lMediou kal arra-
vTOUV OTNV £pUBPOQPIO, KITPIVOPAIO KAl TTPACIVOTEQPPO CEIPA ICNUATWY.

21NV £puBPOPAI0 TEIpd, N oTToia TTPOAABE aTTd TN XEINAPIO PETAPOPE Tou UAIKOU SIdBpwaong Tou
aoBeoToAIBIKoU Gykou Tou Beppiou, atmravtd 1o aoBeoToAiBIkG AatuttokpokaAotrayég. H gopd Tpo-
@odoaiag NG Aekavng Atav BA-NA diebBuvong. AuTté €ixe oav ammoTéAeoua TO XOVOPOKOKKO UAIKO
va BpiokeTal ammd 10 KEVTPO TTpog Ta BA Kal n kaoTtavépuBpn dpylAog, n oTroia atroTeAsiTal atrd Ae-
TITOMEPEG UAIKO, va atTavTd o€ HeYOAUTEPO TTAXOG TTPOG TO KEVTPO TNG Aekdvng. To TTdxog TnG O€l-
PAg auThg auédavetal TPog Ta BA TepIBwpia TNG AeKAVNG Kal PEIWVETAI TIPOG TO KEVTPO QUTAG (ZTO-
MoUANg K. 1998, 2003; KoAoBdg N. 2001).

To aoBeaToANIBIKO AATUTTOKPOKAAOTTOYEG €ival OKANPOG-NUICKANPOG GXNMATIOKOG Kal YIa TNV K-
OKOQr) ToU YiveTal KaTd BE0EIG XPron EKPNKTIKWY UAWV. £Tn OUVEXEIQ, yia Tn diakivnon Tou, ava-
TToooeTal epyoTaio pe Shovel kal @opTnyd auTokivnTa.

2TNV UTTOKEIYEVN KITPIVOQOIO O€Ipd TTOTAUOXEINAPIWY ATTOBECEWY aTTavToUVv Ol TTEPICOOTEPOI
OKANPOI oXNUATIOUOI, OI OTToi0I GuVIoTAVTAl ATTO AUPOUG UE EVOTPWOEIS WAMMITN, WANMITOKPOKAAO-
TTayr], TTOAUMIKTO KPOKAAOTTayYT]), CUVOEDEUEVA AUPOXAAIKO KaBWG Kal TTNAiITEG péoa o€ apyiloug. Ta
UAIK& auTd Tpo@odoTnaav Tn Aekdvn pe kateuBuvan NA-BA kai €101 aTTOTEBNKAV O€ PEYAAO TTAXO0G
pog Ta NA.

H diayéveon auTtwyv Twv UANIKWVY, JE TN CUVOPOUN KUPIwG aORECTITIKWY SIOAUPATWY, TTOIKIAEI O€
BaBuo kai atré Béon oe Béon.

Eivalr otpwpatogidoug avamtugng kai auté Bondd& onuavtikd oto va oxedlacBolv KaAUuTepa Ta
0aTreda Twv Topwv Aeitoupyiag Tou Opuxeiou. H @opd Tpogodoaiag (NA-BA) kal o udpounxavikodg
EUTTAOUTIONOG TTOU YIVOTAV E TNV TTOTAPOXEINAPIO dpdan, cuvéBaAe aTn dnuioupyia TOU TTETPOAOYI-
KoU TUTTOU TWV OKANPWYV GXNHATIOHWV.

Me Bdon autd, mpog Ta NA emiKpaToUv Ta TTOAUMIKTO KPOKAAOTTAY PE TO XOVOPOKOKKO UAIKO
Kal TTpog Ta BA dupol Ye EVOTPWOEIG WANMITN TTOU atroTeAoUvVTal atrd AETTTOPEPEG UAIKG. H diago-
poTroincn auTtr @aiveral aTo idio aTpwpa amd Ta NA Tpog 1a BA .

O1 okANPOI GXNMOTICNOI TNG KITPIVO@Aiou OEIpAg eVOAAACTOVTaI JE OTPWHATA apyiAwv YKPICOKI-
TPIVNG KaIl YKPI-YKPICOTTPACIVNG XPoIds. Méoa ata apyIAIKA ICAUATA avaTTTUGOOoVTal TTNAITEG, HIKPOU
TTAXoug péXpl 15 cm kai prikoug péxpr 0.5 m, ol otroiol TTporABav atmd T diayéveon TnG IAUOG. Ol
TNAiTEG &ev dnuIoupyoUV onUAvTIKA TTPoBAfuaTa aTn AsiToupyia Tou TTayiou e§OTTAICHOU (KadoPo-
POI EKOKAPEIG).

Ta uAIK@ atrdé Ta oTroia dnuioupyrRBnKav o1 GKANPOI GXNUATIGHOI TNG KITPIVO@Aiou OeIpdg aTTa-
vToUV 0¢€ PeydAa Trdyn, Tou TTAncIadouv akéun kai Ta 40 m o€ TTepIoxES BuBiong Twv BA pnyudtwy
KOl TTEPICOOTEPO OTIG TAPPOEIOEIS TTEPIOKEG PETALU avTIBeTIKWY BA pnyudTtwy. Autd o@eileTal GTO
OTI Ta pAiyMaTa autd TTapoudiacav Tn AEIToupyia Toug TTPIV, KATA KAl JETA TNV aTTOBE0N TWV UAIKWV
auTtwv. H alyxpovn Kal TTPOYEVESTEPN evePYOTTOinan dNUIOUPYNOE XWPOUG UTTOSOXNG TWV UAIKWV
QUTWV.

OAa 10 1ZAPaTa KAl KAaTd CUVETTEIQ Kal OI OKANPOi OXNUOTIOWOI, ugioTavTal TNy €Tidpacn Tou -
QEAKUCTIKOU UNXavioPoU AEITOUPYIaG TNG TEKTOVIKAG ME ATTOTEAEGHUA va TITuXwvovTal. Katd autév
TOV TPOTTO dNMIOUPYEITal Jia AvTIKAIVIKF) SO (GUYXPOVEG CUUTTIECTIKEG SUVAMEIG JE TOV EQEAKUTHO)
OTO PN BuBIfépEVO TEPAYOG KAl hia GUYKAIVIKE dopr oTo BuBigéuevo TéPaxog (EZTapouAng K. kair M-
Tpou 1. 1997, KoAoBdg N. 2001).

O1 dopég auTég, atmoTéAeOPa AEITOUPYIaG TNG TEKTOVIKAG, £xouv dieuBuvon BA 61Twg kai n digu-
Buvon TnG auyxpovng TeKTOVIKAG. ATTd Tn BUBION Twv SOPWV aUTWV eEAYOVTAlI CUUTTEQACUATA YIa
TOV TPOTTO AEITOUPYIag ToU TTEQIOU TWV EPEAKUCTIKWV TACEWV.

O 1pATTOG EKOKAQPNG TWV OKANPWY OXNUATIOUWY €XEl AUEDN OXEDON WE TOV TTETPOAOYIKO TUTTO QU-
TWV. ZT0 KPOKAAOTTAYH KaI WOUUITOKPOKAAOTTAYH YivETQI TTPOXOAAPWON AUTWYV YE TNV XPHON €KPN-
KTIKWV UAWYV, EVW OTIG WAUMITIKEG EVOTPWOEIG, HEOO O0€ AUMPOUG, N ekoka@r yivetalr pe Shovel. H
dlaKivnon auTwy TwV OXNMATIOPWYV YiveTal Je peydAa @opTtnyd autokivnTa.

21N AIpgvaia TTpacIvoTe@po oeipd, n oTToia guviaTtatal atrd yKpIoTTpdaivn dpyiAo, aTTavtouV Wi-
KpoU TTAX0UG Kal MIKPAG EEATTAWONG OKANPG TTETPWHATA, TA OTTOoIa €ival KUPiwg ouvdedeuéva apo-
XGAIKa. Autd atravToUv oTa €TTAVW TUAPATA TNG OEIPAS Kal atroTeAOUV TN METARATIKA {wvn PE TNV
TTOTaPOXEIPApPIO aelpd Tou Alouiou.
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O1 padeg NG KaoTavéPUBPNG apyilou TTPOEKUYAV PETA ATTO APAIPEDN TWV PAlWY KITPIVOPAiou,
TIPACIVOTEPPOU KAl OKANPWYV OXNHATIOPWY aoBecToAIBIKoU AaTuttoKpokaAoTrayoUlg atmod TIg PACeS
TOU UTTEPKEIPEVOU. ATTO TOUG UTTOAOYIOUOUG TTPOEKUWE OTI TO HECO TTAXOG TOU UTTEPKEINEVOU OTNV
TTEPIOXN avaTTTugng Tou OpuxEiou yia TN CUYKEKPIUEVN XPOVIKN TTEPiodo eival 104,2 m (Zxua 2).

120
100 |
80

= 60:—
40 |

20 -

Y MEPKEIMENO (m)
EMKPIZOMPAZINH APTINOZ m MKPIZOKITPINH APTIAOZ B KITPINA ZKAHPA

B KAZTANEPYOPOZ APTIAOZ AZBEZTOAIOIKO KPOKAAOIMAIEZ

2xAMa 2 : 0vOeon UTTEPKEIYEVOU
To ouvoAIKO TTAX0G TWV OKANPWY OXNUATIOUWY gival :

13,3 m aoBeoTOAIBIKO AATUTTOKPOKAAOTTAYEG

14,6 m QuUOI e EVOTPWOEIS WANMITN + TTOAUMIKTO KPOKAAOTTAYEG
0,7 m ouvdedepéva appoXGAIKa

28,6 m

To ouvOAIKO TTAXOG TWV HAAGKWY OXNUOTIOUWY givai :
17,5 m kaoTavépubpog dpyiAog

14,9 m ykpidokiTpivn dpylAog

43,2 m ykpigotrpdaoivn dpylAog

75,6 m

Zt1ov Mivaka 1 Trapoucidfovtal Ta ATroTEAEGUATA TOU UTTOAOYIOUOU Twv UTTo €£6puln padwv
(MaAQKWY Kal GKANPWYV OXNMATICPWY) KABE 1CnuaToyevoUg Oelpdg.
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Mivakag 1. YroAoyiopég palwv JoOAAKWY Kal OKANPWY aXNUATIOPWY

IZHMATOMENHE Orkosz OMKOZ $KAH- SYNOAO MA-  MAAAKOI SKAHPOI
SEIPA MAAAKON  PON ZXHMATI-  ZON YMEP-  $XHMATISMOI  £XHMATIZMOI
EXHMATIEMQN IMON KEI-MENOY TONMAZON  TQON MAZON
(x10°m?) (x10°m?) x10°m? (%) (%)
EPYOPODAIOE 106 64 170 24 14,5
KITPINODAIOS 50 49 99 11,5 11
NPAZINOTE®POE 169 3 172 38,3 0,7
LYNOAO 325 116 441 73,8 26,2

O1 guvoAIKéG pAdeg TOU UTTEPKEIUEVOU TTOU UTTOAoyicBnkav avépyovTal oe 441x1 0°m>. AuTtég
KOTOVEPOVTQI OFE:

64 x 10° m® 0a0oBeaTONBIKO AQTUTTOKPOKAAOTTAYEG
106 x 10° m KaoTavépubpn dpylAog

49 x10° m OKANPOi OXNUATIOYOI KITPIVOYAiou OEIPAG

50 x 10° m> ykpiZokiTpivn Gpyihog
169 x 10° m yKpIotrpdaivn dpyiAog

3x10°m OKANPOI GXNMATIGHOI TTIPACIVOTEPPOU CEIPAG

W W W w w

4 IYMNEPAIMATA

Ta palakd 1Ifhpara avépyovrtal oe 325 x 10° m® ka pTTOPOUV VA €KOKAPBOUV PE TOV TTAYIO
€€OTTAIOPO (Kado@dpol eEKoKAPEiG). AuTd atroTeAoUV T0 73,3 % TwV CUVOANIKWY Hadwv.

O1 okAnpoi oxnuatiopoi utrohoyicovtal oe 116 x 10° m® kau YO TNV €KOKA®PR TOUG OTTQITEITAI N
XProN EKPNKTIKWYV, £TC1 WOTE VA Yivel N TTPOXAAdPWAOT] TOUG Kal aTn Guvéxela n Slakivnaor) Toug TTpog
TNV ECWTEPIKN améBean. Autd atroTteAouv 10 26,3 % Twv GUVOAIKWY padwv.

H epuBpogaiog oeipd 1ICnuaTwy (Av. TETOPTOYEVEG) QTTOTEAEITAI GUVOAIKA aTTd 170x10° m°. O
OKANpoi oxnuartiopoi atmroteAouv 10 37,6 % Twv padwv Kai ol yahakoi 10 62,4 %.

H kirpivégaiog oeipd 1nudTtwy (MAeioTOKaIVO) TTOTOPOXEIMAPiwY atroBécewyv uTToAoyioBnke o€
99x10°m®. O OKANnpoi oxnuartiopoi arrotedouv 10 49,5 % kai o1 paAakoi 10 50,5 %.

O1 paleg NG TTPACIVOTEPPOU OEIPAG UTToAoyiobnkav o€ 172x10° m®. O OKANpPoi oxnuaTicuoi
atroteAoUv 10 1,7 % Kai o1 pahakoi 10 98,3 %.

H mmocooTiaia avaAoyia Twv cuvOAIKWY PJadwv TNG EpuBpo@aiou Kal TNG TTPACIVOTEPPOU TEIPAG
eival id1a kai ival 39% yia Tnv kaBepia, dnAadn To oUVoAS Toug gival 78%, v N KITPIVOPAIOG OeIpd
OUPMETEXEI PE TTOOOOTO 22%.

Orkox
ZKAHPQON
2XHMATIZMQON
38% Orkoz
MAAAKQN
SXHMATIZMQN
62%

>xAua 3 : XuvBean TnG epubpogaiou oeIpdag (%)
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Orkoz
ZKAHPQON
2XHMATIZMQON

49% Orkos

MAAAKQN
2XHMATIZMQON
51%

ZxAua 4. Z0vBeon Tng KITpIvoPaiou oeIpdg (%)

Orkox
ZKAHPON
2XHMATIZMQON
2%

Orkoz
MAAAKQN
2XHMATIZMQON
98%

2xAua 5. ZUvBeon TNG TTPACIVOTEPPOU OEIpdg (%)

200 ¢
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180 | 170 172

EPYOPO®AIOY KITPINODAIOY NPAZINOTE®POY

2xAMa 6. Z0VOAo pACWV UTTEPKEIPNEVOU avd ICNUATOYEVT OEIpA
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%
I

38,3

EPYOPOO®AIOY KITPINODAIOY MNPAZINOTE®POY

OTA MANAKA % TON MAZON BITA ZKAHPA % TON MAZON

ZxAua 7. Z0oTaon Tou utrepkelpévou (%)

EPY ©OPODAIOZ
39%

MNMPAXINOTEDPPOZ
39%

KITPINO®AIOX
22%

>xAua 8. ZuvBeon palwyv Tou utrepKEIuEvou (%)
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ABSTRACT

STUDY OF THE HARD FORMATIONS OF SOUTHERN FIELD MINE OF
WESTERN MACEDONIA LIGNITE CENTER FOR 2003-2009

Halastra K., Kolovos N. and Manoliadis O."
Department of Geotechnology and Environment, Technical University of West Macedonia Kozani
Gr-50100, nestor@kozani.org

The excavation of the hard formations of the overburden is one of the main problems of lignite
exploitation in Southern Field Mine of Western Macedonian Lignite Center. These hard formations
consist of sandstones, conglomerates and silts. Since their excavation is difficult with bucket wheel
excavators, blasting and diesel equipment is used. These formations have been deposited in three
different geological periods and can be described according to their colour in red, yellow and green
series. Red strata contains 38% of hard formations, the yellow strata contains 49% hard formations
and the green strata contains 2%. The total content of the overburden in hard rocks is 26.2%.
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