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IleTpoJiorisi (aHTJI. MOBOIO)

Apeca BUKJIAJAHHSA
JUCIHUILIIHA

ByJ. I'pymeBcbkoro, 4
M. JIbBiB

daxyabTeT TA
kadenpa, 3a AK0I0

['eonoriunuii pakynabTeT, Kadenpa Minepanorii, nerporpadii i
reoximii

3aKpinjieHa
JUCHUILIIHA
I'any3b 3Hanb, mupp | Fany3s 3Hans 10 “Tlpupoanuyi Hayku”
Ta Ha3Ba CrneuianbnicTs 103 Hayku npo 3emuto
CHeniaJbHOCTI

Buxkiagaui kypcy

Bopusixk Yasina IBaniBHa — onieHT kadeapu MiHepasorii,
netporpadii 1 reoximii, KaHAUIAT IeOJIOTIYHUX HAYK, TOIICHT

KonrakTHa
ingopmauis
BHKJIA1a4iB

ulyana.bornyak@Inu.edu.ua
https://geology.Inu.edu.ua/employee/bornyak-ulyana-ivanivna

KoncyabTauii no
Kypcy Bin0yBaoThcst

KoncynpTanii no kypcy BiiOyBatoThcs B ISHb MPOBEACHHS JICKI1i/
naboparopHux 3aHATH(Ha Kadeapi, aya. 228). Takok MOKIIUBI OH-
JaiiH KoHCyIbTalii uepe3 Telegram, Zoom, Teams a6o moiOHi
pecypcu. s TOTOKEHHS 9acy OH-JIAWH KOHCYJIbTAIlIN CITif
MYCATH Ha EJICKTPOHHY MOINTY BUKJIaaua

Cropinka Kypcy

https://geology.lnu.edu.ua/course/petrolohiya

Indopmanisa npo kypc

Jucuurutina «IleTpoJiorish» € HOPMAaTHBHOIO JUCIUILTIHOO 3
UKy podeciitHol Ta MPaKTHYHOI MiATOTOBKY 3 CIIELIaTbHOCTI
103 Hayku nipo 3emuto g OINIT “I'eoximist Ta MiHepasoria”, sika
Bukianaerbes B I cemectpi B 00cs3i 3,0 kpenuris (3a
€Bponeiicbkoro Kpenutno-Tpanchepuoro Cucremoro ECTS).

Koporka anoranis
JTUCHHUILIIHA

«IleTpoJorisi» € AMCUUIIIIHOO, 110 KOHKPETU3Ye Ha0yT1 3HAHHS 3
neTporpapiyHOro Ta MiHEpaIOriyHOIO UKy IPEIMETIB Ta €
HEOOX1JHOIO ISl pO3yMiHHS IpolieciB mopoaoyTBopeHHs. Kypc
JI03BOJISI€ OMAHYBaTH METOAAMH, SIK1 HEOOX1H1 /111 XapaKTEPUCTUKH
HOpPi/ Ta KOPEKTHOT IHTEpIIpeTalii aHaIITHYHUX JaHUX; Ja€ HAaBUKU
3aCTOCYBaHHS IETPOJIOTIYHOTO aHAII3Y.

Meta Ta miJjai
JTUCHHUILIIHA

Merta aucrumuiiny “ IleTpoJiorisi” — po3BUTOK 3arajlbHUX Ta
CHeliaJIbHUX KOMIIETEHTHOCTEN; (hOpMYBaHHS TEOPETUYHUX 3HAHD 1
CHUCTEMHOTI0 MiIXOy 10 PO3yMIHHS MpoleciB (OPMYBaHHS PI3HUX
THUIIIB MTOP1/]l; BUBYEHHSI Ta 3aCBOEHHS HA MIPAKTHUIl OCHOBHUX
METO/IB, HEOOX1/IH1 ISl XapaKTEPUCTHKH MOPiJ] Ta KOPEKTHOT
IHTepIpeTallii aHaJITHYHUX JTaHUX.

Limi qucuumutiig — (OpMyBaHHS Y CTY/IEHTIB KOMITJIEKCY 3HaHb Ta
MPAKTUYHUX YMiHb 3 METOIO BCEOIYHOTO BUBUEHHS IPCHKUX MOPI/,
BUSIBJICHHS Y HUX THX BJIACTHBOCTEH Ta XapaKTEPUCTHK, SIK1
JTIO3BOJIATS iX JIIarHOCTYBATH Ta KJIacH(iKyBaTH.

Jlirepatypa nas
BHBYEHHS TUCIUILIIHUA

Ocnoena nimepamypa:

1. Petrology: An Introduction to Igneous and Metamorphic Rocks
and Processes / Perkins D. // University of North Dakota, 2022.
Pexxum noctymy: https://opengeology.org/petrology/

2. Sedimentary Petrology. An Introduction to the Origin of
Sedimentary Rocks / Maurice E. Tucker // John Wiley & Sons,
2013 —272 p.
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3. Petrology. Principles and Practice / Gautam Sen // Textbook,
2014 — 368 p.

4. Essentials of Igneous and Metamorphic Petrology / B. Ronald
Frost, Carol D. Frost // 2019 — 362 p.

5. Petrology: Igneous, Sedimentary, and Metamorphic / H. Blatt
, R. Tracy, B. Owens //New York : W.H. Freeman, 2006 — 529
p-

6. Petrology: The Study of Igneous, Sedimentary and Metamorphic
Rocks / Loren A. Raymond // Waveland Pr Inc; 2nd edition,
2007 — 736 p.

7. Organic Petrology / G.H. Taylor; M. Teichmiiller; A. Davis;
C.F.K. Diessel; R. Littke; P. Robert // 1998. — 704 p.

8. Meteorites. A Petrologic, Chemical and Isotopic Synthesis /
Robert Hutchison // Natural History Museum, London, 2007—
524 p.

Jlooamkoea nimepamypa

9. Petrology of sedimentary rocks / Boggs S. // Cambridge
University Press, 2009 — 600 p.

10. Volcanology: Processes, Deposits, Geology and Resources / Ray
Cas, Guido Giordano, John V. Wright // 2021 -1524 p.

11. Re G. Petrological monitoring of active volcanoes: A review of
existing procedures to achieve best practices and operative
protocols during eruptions / Giuseppe Re, Rosa Anna Corsaro,
Claudia D'Oriano, Massimo Pompilio //Journal of Volcanology
and Geothermal Research, Vol. 419, 2021

Ingpopmauinini pecypcu

Geokem - Igneous Geochemistry. Pexwum goctymy:
http://www.geokem.com/

GEOROC - A global geochemical database. Pexxum noctymy:
http://georoc.mpch-mainz.gwdg.de/Start.asp

Geochemical Earth Reference Model (GERM). Pexxum noctymy:
http://earthref.org

Ob6csar kypey

3arajbHa KijibKicTh roau - 90. 3 Hux:
ayTUTOPHUX TOIuH - 48:
ek - 32
1a0opaTOpHUX 3aHATH - 16
camocrTiiiHa pobora - 42

OuikyBaHi pe3y1bTaTH
HaBYaHHA

ITicns 3aBepiIeHHS IOTO KYPCY CTYJIEHT MOBHHEH 3HATH IIPO:
CKJIaJ1 1 OyJIOBY PI3HUX THUIIIB FPCHKUX MOPIT;
KJacudikalito ripCbKux Mmopi;

0c00aMBOCTI (POpMyBaHHS PI3HUX THIIIB T'PCHKUX MOPI;
neTporpadiyHi METOIM TOCIiKECHb;

JITOJIOTIYHI METOIH JOCHTIIKEHE;

METPOXiIMIUHI METOIU JOCIIIKECHb;

reoxiMiuHi METOIN JOCIIIKEHD;

IHTEpIIpeTAalliio aHAITUYHUX JAHUX.

Bmimu Bu3HauaTH pi3H1 TUMHU TIPCHKUX MOPIA; BUSABIATH Y HUX Ti
BJIACTUBOCTI Ta XapaKTEPUCTHKH, K1 JO3BOJIATH iX JIarHOCTYBATH Ta
Kjacu(iKyBaTH; BUKOPUCTOBYBATH KOMILJIEKC aHAJIITUYHUX METOJIIB
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Ta KOPEKTHO IHTEPIPETYBATH OTPUMaHi JAaHi.

3azanvni Komnemenmuocmi

3K2 — BMiHHS BUSIBIISTH, CTABUTH, BUPIIITYBaTH MPOOJIEMH
Daxoei KomnemeHmHocmi cneyianibHocmi

®K4 — BosoaiHHS CydaCHUMH METOJIaMHU JOCIIIKEHb, SKi
BUKOPHUCTOBYIOTLCSI Y BUPOOHUYHX 1 HAYKOBO-TOCITI THUIIBKIX
oprasizarlisix mpu BUBYCHH1 3emill, ii reocdep Ta ixHix
KOMITOHCHTIB.

@®K7 — YMiHHS TPOBOIUTH MiHEpaIOTiyHi, meTporpadivsi i
reoXiMIYHI TOCIIIIXKSHHSI B TIOJIi Ta JIabopaTopii.

®K10 — 31aTHICTh BUKOPUCTOBYBATH CYy4acHI METOIH
METPOJIOTIYHUX Ta MIHEPAJIOTO-TEOXIMIYHUX JOCTIKEHD Y
BUPOOHUYMX Ta HAYKOBO-IOCITHUIIPKUX OpraHi3aIisax.
Ilpozpamui pesynomamu Haguanns

[TPH1 - AnamizyBaTi 0COOJIMBOCTI MPUPOJHHUX Ta AHTPOITOTEHHUX
cucteM i 00'ekTiB reocdep 3emii.

[TPH7 - 3Hatu cy4acHI METOAM JOCIIKeHHS 3emiti Ta 11 reocdep i
BMITH iX 3aCTOCOBYBATH y BUPOOHUYiI Ta HAYKOBO-IOCITIAHUIIbKIT
JUSJIBHOCTI.

[TPH10 — BupimryBatu npakTu4Hi 3a/1a4i HayK mpo 3emito (3a
CHemiai3ali€r0) 3 BUKOPUCTAHHSAM TE€OPild, IPUHIIUIIIB Ta METOIiB
PI3HUX CIIeNiaTbHOCTEH 3 Tally3i IPUPOIHUYHNX HAYK
[TPH15 - BwmitH sIKiCHO 1 KiJIBKICHO iHTEPIPETYBATH IMOPO/IHI
napareHeTH4Hi acouianii 0caJoBOro, MarMaTUYHOTo Ta
MeTaMOp(IYHOTO TEHE3UCY JOCIIPKYBAHOTO PETioHy.

[IPH16 - BusBisTu eBOJIOLINHHY CIIPSIMOBAHICTh FEOXIMIYHUX
MPOIIECIB Ta PEKUMHU T€OJMHAMIYHOTO PO3BUTKY 3€MHOI KOPH
JOCIIJKYBAaHUX TEPUTOPIH BiJ TOKEeMOPito 10 KaifHO3010.

ITPH17 - BwmiTu ananizyBaTH MiHepasioriuHi, netporpagivxi i
reoXiMiYHi JJaHi, BU3HAYaTH YMOBH I'€HE3UCY T'PChKUX MOPIJ

KurouoBsi ciioBa

Marmatuysi ripcbKi Nopoin, MeTaMopQidHi ripchbki IOPO.IH,
0CafIoBi TpChKi HOPOJIH, ETPOJIOTis, MeTporpadis, neTpoximis,
reoximisl.

dopmart Kypcy OyHuii
Temn ITonano Hwkye y Tabauuniit popmi CXEMA KYPCY
MincymkoBuii Icniut B kiHII cemecTpy
KOHTPOJIb, GopMa
IIpepexBizutu BukiaganHs HaBYaJIbHOI JUCIUILTIHUA 0a3y€eThCsl HA 3HAHHSX 3 HAyK

(miHepanoris, —rTeoxiMis, merporpadis KPHCTATIYHUX  MOPI,
JiTONOTISI) 1 TPOJOBXKCHHS HAaBYaHHS Ha piBHI Mmarictpa 3i
creriasnibHOCTI 103 Hayku mpo 3emutro (reoximisi, reoJnHaMiKa)

HaB4yaanHi MeToam Ta
TeXHiKHU, AKi Oy1yTh
BHKOPUCTOBYBATHUCH
mix 4yac BUKJIaJaAHHA

Kypcy

['0JI0BHI HaBYAIbHI METOJIU:

e cioBecHI — nekmii, Oecigu, Oecigu 3 eJIeMeHTaMU
(dbopmMyBaHHS MPOOIEMHUX 3aBJaHb
® HAOYHI — JEMOHCTpallis, UIOCTpalis, MyJIbTUMeAiHHA

MpEe3eHTallisl, CIOCTEPEKEHHS
® [pPaKTUYHI — J1a0OpaTOPHUIN METO
TexHikH, K1 BAKOPUCTOBYIOTHCS:
® METOJ reHepariii e
e HaBYaJbHA AUCKYCIsS
e METOJ KEHUCIB




e METOJ MOAECIIOBAHHS

HeoOxinne
00JIaTHAHHSA

B3ipmi 1 mwotidu TipchKUX TIOpiN, TMOMSPH3AIMHUA MIKPOCKOTI,
TaONMIl, MaJTIOHKH, KapTH, rpadikd, giarpamu, MyJIbTUMETIHHUN
MIPOEKTOP, HOYTOYK

Kpurepii oninioBaHHsA
(oxpeMo /151 KOKHOT0
BH/Iy HABYAJIbHOL
AIATILHOCTI)

OuinroBanHs npoBoauThess 3a 100-OGampHOIO mKamow. bamu
HAPaXOBYIOTHCS 32 HACTYITHUM CITiBBiJHOIIICHHSIM:
e KOHTPOJBLHUH 3aMip B MHUCbMOBOMY BUTIIAAl. MakcumalnbHa
KUIBKICTH OamiB 5.
e BHUKOHaHHA JabopaTtopHux pooit — 35 GaniB: 7 pobiT 1o 5
0aiB 32 KOXKHY
e IHJUWBIIyaJIbHI 3aBJIaHHS JUISl CAMOCTIHHOT poOOTH
(pedeparn) — 10. OuikyeThCs, MO CTYAEHTH BUKOHAIOTh
onuH pedepat. Temu pedepariB BkazaHi B CXeMi Kypcy
® iCIIUT: YCHUH, MaKCUMaJIbHA KUTbKICTh OaniB 50
e [lincymkoBa MakcuMalibHa KibkicTh OaniB — 100.
Axademiuna 0obpouecnicmov. OUIKyeTbCs, 10 POOOTH CTYICHTIB
OynyTh iIXHIMH OpUTIHAIBHUMH JOCIIIPKEHHAMH 200 MipKyBaHHSIMHU.
CriucyBaHHs, BTpy4aHHs B poOOTYy IHIIMX CTYAEHTIB, BIJCYTHICTb
MOCWJIaHb Ha BHKOPHCTaHI JpKepena MpH HamucaHHi pedepariB —
MIPUKJIAIM MOXIJIMBOI akajaeMiuHoi HegoOpouecHocTi. KoaHi hopmu
MOPYIICHHS aKaJIeMiYHO1 100POYECHOCTI HE TOJIEPYIOThCS.
Biosioanns 3anams € BaXJIMBOIO CKIIAZOBOIO HaBYaHHs. OUiKyeThCs,
IO BCi CTYAEHTH BiJBiAal0Th yci JekIii i sadoparopHi. CTyneHTn
MaloTh 1HQOpPMYBATH BHKJaJaya MPO HEMOXKIUBICTh BiABIAATH
3aHATTSL.
Jlimepamypa. Ycs niteparypa, Ky CTyIE€HTH HE 3MOXYTb 3HAWTH
CaMOCTIlHO, Oy/ie Ha/laHa BUKJIAJa4eM BUKJIFOYHO B OCBITHIX IIUIAX
0e3 mpasa ii nepenadi TpetiM ocobam. CTyIEHTH 3a0X0UYIOTHCS JI0
BUKOPHUCTAHHS M 1HILIOI JITepaTypH Ta JKEpell, SKUX HEMae cepen
PEKOMEHI0BaHUX.
Ionimuxka eucmasnenus oOanie. BpaxoByroTbcs Oanu HaOpaHi Ha
KOHTPOJIBHUX 3aMipaX, Ja0OpaTOpPHHUX 3aHATTAX, CaMOCTIHHIM
po0OoTi Ta 6asu ICOUTY.

OnuryBaHH#A

AHKETY-OIIHKY 3 METOIO OI[IHIOBaHHS SKOCT1 Kypcy OyJie HaJlaHO TIO
3aBEpPIICHHIO KYypCY.

I[Mutanus qo0 icnuty

1. What is petrology based on?
What are the different fields of specialization in petrology?
What is igneous petrology?
Igneous rock compositions.
Minerals in igneous rocks
What is Pegmatite?
Magma compositions.
Melting of minerals and rocks.
The Importance of Partial Melting and Fractional
Crystallization.
. What Is Volcanology?
. Different kinds of lava flows.
. Textures of volcanic rocks.
. What is kimberlites?
. Pyroclastic Material and Ejecta.
. Volcanic Landforms.
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16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

What is metamorphism?

Agents of Metamorphism.

What is Gibbs Free Energy?

What do calculated P-T conditions mean?

What is sedimentology?

Classification of sedimentary rocks.

Sedimentary textures and structures.

Diagenesis of carbonate rocks.

What is organic petrology?

Origin, type and properties of organic components.
Evolution of the organic matter.

The petrology of coke.

What is meteorite petrology?

What is space petrology?

What are some of the most famous meteorites in the world?

Cxema kypcy “IlerpoJioris”

Tuxk-
JEeHb

Tema, KOPOTKI Te3u dopma Jlite- K-t

3aHATDb parypa roauH

Tema 1. Introduction to Petrology. Petrology JICKIIisT 1-6 2

is the branch of geology concerned with the
compositions, structures, and origins of rocks.
Petrologic research. Igneous rocks, sedimentary
rocks, and metamorphic rocks.

Tema 2. Igneous Rocks. Igneous petrology. JCKITisSt 1,3,4,5,6 2

Extrusive and intrusive rocks. Igneous rock
compositions. Minerals in igneous rocks

3,4

Tema 3. Magma, melting, and crystallization. JEKIIist 1,3,6 4

Magma compositions: similarities; differences;
xenoliths; volatiles in magmas. Magma sources.
Where melting occurs. The lithosphere and the
asthenosphere. Why melting occurs. Magma
movement. Buoyancy. Magma chambers and
cooling. Cumulates. Melting of minerals and
rocks. Incongruent and incongruent melting.
Liquidus and solidus temperatures. Bowen’s
reaction series. The importance of partial
melting and fractional crystallization.
Incomplete melting. equilibrium. Partial
melting. Fractional crystallization. Other
processes explaining variations in magma
composition. Parental magmas and
differentiation. A closer look at magma
chemistry. Major and minor elements.
Incompatible and compatible elements. Rare
earth elements

Tema 4. Volcanoes and Volcanic Rocks.
Volcanology. Effusive and explosive eruptions.
Different kinds of lava flows. Submarine

Jlexuis

1,3,4,6




eruptions. Naming volcanic rocks. Textures of
volcanic rocks. Identifying and naming volcanic
rocks in the field. Ultramafic volcanic rocks.
mafic volcanic rocks. Intermediate and silicic
volcanic rocks. Lava flows with intermediate
and silicic compositions. Alkalic volcanic
rocks. carbonatites. Kimberlites

Tema 5. Explosive volcanic eruptions and
related hazards. Explosive eruptions.
Pyroclastic Material and ejecta. Eruption
columns. Airfalls. flows and surges.
Hydrovolcanic eruptions. Phreatic eruptions.
Phreatomagmatic eruptions. Maars. Different
types of eruptions. Volcanic landforms

Jlexuis

1,3,4,6

Tema 6. Plutons and plutonic rocks. Plutons
of different kinds. Batholiths, lopoliths, and
laccoliths. Sheet-like plutonic rock bodies: sills
and dikes. Aplite and pegmatite. Mafic dikes
and sills. Mafic Dike swarms. Feldspar-bearing
plutonic rocks. Mafic and ultramafic rocks.
Occurrences of mafic plutonic rocks.
Occurrences of ultramafic plutonic rocks.
layered mafic intrusions. anorthosites. A closer
look at plutonic rock textures. Grain size and
shape. Textures involving mineral intergrowths
or inclusions. Mostly microscopic textures

JIEKIIis

1, 3,5,6,

Tema 7. Phase equilibria and phase
diagrams. Mineral melting. Phase equilibria.
Thermodynamics. Chemical systems. Stable,
metastable, and unstable equilibrium. Phase
equilibria in rocks. Binary systems. Binary
eutectics and crystallization. Binary eutectics
and melting. incongruent melting. Immiscibility
and solvi. Combined subsolidus and
supersolidus diagrams. Ternary systems.
Ternary phase diagrams. Ternary pyroxenes.
Ternary amphiboles

JIEKLIiS

1,3,6

9-10

Tema 8. Metamorphism. Conditions of
metamorphism. Agents of metamorphism. Heat
and temperature. Pressure and depth. Directed
stress. Metamorphic fluids. Different kinds of
metamorphism. Burial metamorphism. Regional
metamorphism. Contact metamorphism.
Dynamic metamorphism. Hydrothermal
metamorphism. Impact metamorphism.
Different kinds of metamorphic rocks. Lineated
metamorphic rocks. Foliated metamorphic
rocks. Foliated metamorphic rocks. Slate.
Phyllite. Schist. Gneiss. Nonfoliated
metamorphic rocks: marbles, quartzites,
amphibolites, hornfels and greenstones,
anthracite

JIEKI{IS

1,3,4,5,6
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Tema 9. Metamorphic equilibria.
Metamorphic thermodynamics. Stable,
metastable and unstable equilibrium. Reaction
lines and stability fields on phase diagrams.
Solid-solid reactions. Dehydration reactions.
Decarbonation reactions. Carbonation and
hydration reactions. Net transfer and exchange
reactions. Discontinuous and continuous
reactions. Thermodynamics. Gibbs free energy:
the basis for thermodynamic calculations.
Thermodynamic modeling programs.
Thermobarometry. What do calculated P-T
conditions mean.

JIEKIIiA

1,3,4,5,6

12-
13

Tema 10. Sedimentary petrology. Origin,
classification, and occurrence of sedimentary
rocks. Sedimentary textures. Sedimentary
structures. Sandstones. Conglomerates.
Mudstones and shales. Provenance of
siliciclastic sedimentary rocks. Diagenesis of
sandstones and shales. Carbonate sedimentary
rocks. Limestones. Dolomites. Diagenesis of
carbonate rocks. Other chemical/biochemical
sedimentary rocks

and carbonaceous sedimentary rocks.
Evaporites, cherts, iron-rich sedimentary rocks,
and phosphorites

JIEKLIiS

3,5,6

14-
15

Tema 11. Organic petrology. Origin,
occurrence, structure, and history of
sedimentary organic matter. Origin, type and
properties of organic components. Evolution of
the organic matter. Procedures in organic
petrology. Applications of organic petrology.
Coal. Development of coal facies. Beatification.
Description of oil shales. Methodology of
organic petrology applied to geological
problems. The petrology of coke.

JIEKIIis

16

Tema 12. Petrology in space: exploring
planetary bodies in the Solar System and
beyond. Space petrology and the planetary
evolution of the solar system. Petrology of lunar
soils. Meteorite petrology. Meteorites:
formation, composition, features, types and
characteristics

JIEKIIis

Bcroro

Tema 1. Geological fieldwork

n1abopaTopHi

Tema 2. Microscopical analysis of igneous
rocks

Tema 3. Microscopical analysis of volcanic
rocks.

nabopaTopHi

Tema 4. Microscopical analysis of
metamorphic rocks

nabopaTopHi
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Tema 5. Petrochemical calculations.

nabopaTopHi

12

Tema 6. The applicability of geochemical
methods

nabopaTopHi

14

Tema 7.Microscopical analysis of organic
matter in rocks

naboparopHi

16

Tema 8.Microscopical analysis of meteorites

smabopaTopHi

Bcroro

16

IlepeJik TeM MuIsl IHAUBITYAJbHUX 3aBJAHD 3
CaMOCTiiHOI po6OTH CTYIEHTIB:

Obsidian and vesicular rocks

Volatiles in magmas

Major and minor elements in magmas

Petrological monitoring of active volcanoes

Tambora Volcano

The Sierra Nevada Batholith

O[N] O1D]WIN

Extensive variables and different kinds of phase
diagrams

Prograde and retrograde metamorphism

10

Metamorphic field gradients

11

Metamorphism of pelitic rocks

12

Sedimentology of siliciclastic and associated
sediments

13

Analysis of sediment grain size distributions

14

Organic petrology: a tool to study contaminants
in soils and sediments

15

Applications of organic petrography in shale
petroleum systems

16

Famous meteorites throughout history

camocCTiliHa
pobota

9-11,
iHd.pecypcu

Bceroro

42

Bcrvoro rogun

90




