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:Srednje oceanskl hrbat (Mld—Ocean R1dge)

Mld Ocean R1ft (r1ft)

Enuth East Indian \—H—«"\

Ocean Ridge

i 1. Préema Minste al.
7560 1974) Geophys. J. Roy. Astr.
Soc., 36, 541-576.
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EA TYPE RIFT

(Stampfli & Marchant 1997)

Tp = Transtensive phase

Upper crust

e codimamska eyolucija rifta
hpr. Crveno niore

Lower crust -

Lower plate  Final break-away Upper plate - o q a0
shoulder Tp + 15 Ma = Asthenospheric diapir and

“'umr ‘_‘_!hermal uplift, dominated by pure shear prema:

Stamptll & Marchant, 1997

Lagaredt gatkro T Rim  Tn + 20 Ma = denudation
of continental mantle

Desactivated detachment Denuded mantle flexural zone basin
I .

Tp + 25 Ma = Sea floor spreading

Extension may carry o
__ Within the upper plate

Tp + 40 Ma = Young passive margin
Tiled block margin QOceanic floor Flexural margin
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Black Smokers

Sea water

Anhydrite with

. Collapsed
some sulphide —

chimney

Impermeable Sl =
AT L e o AN, Sulphides . I

”\I\-___‘__'t%hk“' '

Hot fluids {275-350 C} rising on fractures

< 6 - — =15 m

—/Porous (8]

" less porous

anhydrite with
some sulphides

Mainly
- sulphides

Anhydrite

Fig.6.8 Formation of chimneys and sulphide mounds on the sea floor. {After Barnes, 1988, Ures and
Minerals, Open University Press, with permission |




Segmienti hrpta 1 brzine sirenja

Sporosiruct hrptovi:

=% 3 cm/god

Brzogirudi hI‘ptO\ﬁI
>4 cm/god

Postoje i varijacije u brzini

Table 13-1. Spreading rates of some mid-ocean
ridge segments.

| Ridge |Latitude

East Pacific Rise 21-23 N

o,
o,
Indian Ocean Sw
SE
Central

From Wilson (1989). Data from Hekinian (1982), Sclater etal.
(1976), Jackson and Reid (1983).  *half spreading
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Oceanska kora 1
struktura gornjeg
plasta

Bresjek kroz tipican
ofiolit odnosno
ocednsku-kKorus npr:
Dinaridi

7. Litologija i debljira tipicne
ofiolitne s€kvence nacinjena: prema
Samial‘ofiolitu u- Omanu. Prema
Boudier and Nicolas (1985) Earth
Planet. Sci. Lett.,:76,:84-92.

Lithology

Deep-sea sediments
Basaltic pillow lavas

Sheeted dike complex

Isotropic gabbro

Foliated gabbro

Plagiogranite

Layered gabbro

Wehrlite
diapir

Wehrlite

Chromite pod

Ultramafics Gabbro

Harzburgite

Mafic dikes

Dunite

Typical
Thickness

c. 0.3 km

1.0-1.5 km

(exposed)




Oceanska Kora i'strukturd sornjeg plasta

Sloj 1

Typical
Ophiolite Normal Ocean Crust

Lithology Thickness (km)| P wave

| ; ' .| vel. (km/s)
Tanak Sloj Decp-Sea Sediment et | 0§ | 05 | 1720

pelagickili * [V
' Sheeted dike

sedimenata & [heesele

Gabbro

. § Layered Gabbro

Prema Brown.and™
Mussett (1993) The Inaccessibl€
Earth: An Integrated View;of Layered peridotite
Its"Structure and Composition.

Chapman & Hall. London. Unlayered tectonite
: . peridotite




Oceanska Kora i'strukturd sornjeg plasta

Sloj2 je bazalini

N ' ., Typical
: p 0 dJ elj o1 1 dva : grfies;stigl Normal Ocean Crust
A 1 ALY, Lithology Thickness (km)| P wave
odsloja .| vel. (km/s)
! p J _ : Deep-Sea Sediment Be———+ = =5
e o Basaltic Pillow
: . Lavas
Slojevi 2A. & B,=: _
. N, S, e ¥ Sheeted dike
" Jastucasir{pilleows complex
bazalti :

_ _ Gabbro

Sloj 26 = vertikalio
uslojent dajkovi' | Layered Gabbro
(sticéted dikes) '

" Prema Brown and
Mussett«(1993) The Inaccessible Unlayered tectonite
Earth: An Integrated View:of peridotite
Its Structure and Composition.
“Chapman:& Hall: Tondon.

Layered peridotite




Sloj3 ¢ kompleksat - |
uglavnom*od ‘gabra; krlstahzlranog 17 phtk1h ‘oshith magmatskih
ognjista” (axialimagma chambers) kojishrane” dajkoyved bazalte. &

; e .. » ey Typical
Sl OJ 3 A * g Ornj §u% | g;esitigl Nnrmal Ocean Crust
y R P Lithology Thickness (km)| P wave
. l. (km/
_IZOtropnl 1 _dOI_lJl Deep-Sea Sediment oo {1 L vel (_ITIS]
Veé le elom i Basaltic Pillow s
uslojeni | | sneeted e
i ' complex
(prij elaznl) gabro
Gabb
Sloj 3B = uslojeni [
gdbro: s
1 1 t - § Layered Gabbro
KU AT A 1113
StI’llktUI‘ama : Layered peridotite

Unlayered tectonite
peridotite




Oceanska kora,i
strukturagornjeg
plasta,

Diskontinuirant dioriti
1 tonalit1
(“‘plagiogranite”) =
kasno diferencirant
taljevine

Litologija i debljina tipiCne
ofiolitrie Sekvence nacinjena prema
ofiolitwu: Omanu. Prema Boudier and
Nicolas (1985) Earth#Planet. Sci. Lett.,
76,:84-92.

Lithology

Deep-sea sediments
Basaltic pillow lavas

Sheeted dike complex

Isotropic gabbro

Foliated gabbro

Plagiogranite

Layered gabbro

Wehrlite
diapir

Wehrlite
Chromite pod

Ultramafics Gabbro

Harzburgite

Mafic dikes

Dunite

Typical
Thickness

c. 0.3 km

1.0-1.5 km

(exposed)




Sloj 4=ultramafitie’stijene

Ofioliti: baza sloja 3B prelazi
u uslojene kumulatne
verlite;(Wehrlite) i gabre

Verliti: ntrudiraju u uslojene
gabrc

[spode=s Kumulatni dunit'sa
ksenolitima harzburgita

[spod toga su tektonitni
harzburgiti i duniti;
(nerastaljeni ostatak
originalnog plasta)

Granica 1zmedu sloja 314 je
Matioms ot oo dicleatir i

Typical

Lithology Thickness

Deep-sea sediments c. 0.3 km

Basaltic pillow lavas e sl 0.3-0.7 km

Sheeted dike complex H (i AT

=

Isotropic gabbro

Foliated gabbro

Plagiogranite

Layered gabbro

Wehrlite
diapir

Wehrlite
Chromite pod

Ultramafics Gabbro

4 upto.7 km

Harzburgite
. (exposed)

Mafic dikes %—‘

Sto predstavlja granicu kora/pla§t?
1) Vrh izvornog plasta
2) Mafitni/ultramafitni prijelaz
seismic Moho vs. petrological




Petrogratija rikemijSki Sastav

Tipican MORB je alivinski toleit s niskim K,O (<
0:29% ) 11105 (< 2.0%), 1 kemijskiyjexazlicit od.bazalta
drugih sredina ' ' '

Kristalizacijskaislijed:
olivan®(=£- M g=Cr Spinel),
olivin + plagioklas (4= Mg-
Gt spinel),

olivin_+ plagioklas +
klinopiroksen

/' Forsterite + Liq &

Prema Bowen(1915),A. J. Sci., and : ®
Morse (@994), Basalts‘andiPhase Diagrams. : S AN " K
Krieger, Publishers. ' v g




Kemijski sastay MORB-a

Smatralo se da je jednolican
(Jednbstavia . pettogeneza)aliic
intenzivnije uzerkovanje
pokazalo raspon sastavag’
kemijske trendoyveu skladu's
trakefjskom kristalizacijom sto
ukazuje na to da MORB nije
primarna magma |

“Fenner?”. varijacijski
dijagram za bazaltna stalkda‘iz Afar
regije MAR. Prema Stakes et al. (1984)
J. @eophys. Res., 89, 6995-7028.

8
Wit.% MgO




" ""Zakljlijgék da pla§} Tspod ocejaﬁskm baz‘eﬂ‘a n1Je lao*m@gen ta

. 43 ispod hrpta morajupostojati b’ogate 1 suromasne reglje

na }nkOmpatlbﬂlmm elementlma | .ﬁr; R .ﬁr; SPERE 5’* 4

N ,MORB (po,rmal M(DR.B) VeZan n,a osubmgts@n A &

* 1Z=vor i gomﬁ-em plastu,f* e f G f _*__;f: f f

o8 ' Mgt =65 K,0.20; 10 TLOQ gt S

2 %f B MO B (e‘nmchec{ MORB tszoder zvalfr R MOR&*
p}ume) Vezan iz bo gatgl d10 plasfg afv bk e
Mg#>65 Ko>01o TIO >10
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. M‘Rl ‘petrogeneza
Nastanak N—MORB b
e, Razdvaj a,nJe plcaca *‘f C | ——— —M'd'c}ff i
e Krefanje plasta prema g@fé \ A% F°°‘?5’
- zonu razdvajanja SR At et
and N- MOHB . form N-MORB

. Rarcu alno taljenje Vezqn\o Gompons

< e adl_]abatsko uzdlzanje 1 /]7 | x

e N MORB taljg eﬁje poche B | e

-~ na~ 60-80:kn dubineu - Kl
gomj em osifomaseno &
plastu,,‘gdje nashJ eduje
os'lromasenje‘ 7 G e ; o
- elementima i 1zot0p1ma | e

possible slivers
of E-MORB source

. :".' t‘ e - :
IF; A¢ Prema Zmdl’eﬁet al, (1984) o

1 Planet. Sc1 Lett 705 175- 195. and Wilson: (1989)

5, 'Igneous Pet-ro@'énesm, Klu_}fvef& "‘ 5-




Nastétnak N MC’RB o o Xy @ Ry @ NIy 0N

3 Podruc:]e taljenja e~ 100
km 51r0k0 al*l Se, fokusn‘a ‘u 3-
58 km zonu 1spod hrpta

Lithosphere Mid- Ocean Ridge

o “Kapljlce” taIJ evme 56

Sl | Mixing of E- MORB:- 2 Zone of melting to
odvaj aju na'25- 35 km: gdje %'aﬂn’soﬂé’n%ﬂ SRS
< PSL, ravnotem s g £ P : ﬁ %
- "#
ha’szurgltmrﬁ ostatkom“i —_—
. MIgrirajiyna dubinu od 1. 2 e
kintispod osit hirpta. —> @'sno b
| magl_:natsko ogn_] jIStC (ax1al »
- magrﬁa chambef) .ﬁ . ‘ Boundary layer

. I.:f\. -.
e oY Prema Zmd'ief et al, (1984) E;arth s

g Planet Scl. Lett 705 175- 195. “and Wﬂson (1989)

2 '-Igneous Pﬁtro@enems, Kluwer "‘ @ 5-_ 1‘




s s 5 Lithosphere ~ Mid-Ocean Ridge

' "'. D()ﬂjl obOgacehl oz
-_rezerVoar u plastu & Focusing of el

i moze takod@r L

% | :
kr m T8 |Mixing of E-MORB'-- -~ Zone of melting to
en "Ptl pre a '."‘.':, and N-MORB form N-MORB
Y umponents

gore 1 1n1c1rat1 ! ___-
dlj aplr E—_ :

'}'\ :ﬂ
'RB a R o W Depleted Mantle E-MORB diapir (plume)
LS W | (source of N-MORB)

o ; Mg T
,;,f"": >l o
o R o B = possible slivers
LR g s e s s A of E-MORB source
g‘} ! : :J-l :
" i ; - L
i § 5 ;
L 1:.4 A L b
o . TR
F ff rﬁ ff
Wi qh" e

: Prema Zmdler ot al g
(1984)’,.Earth Planet. Sc1 Lett 70,

175-195."and Wilson (19"895 Ignéous

& Petrogenes1s, Kluwer . i

N T e __;.._‘ '_'F_.. o8
; .E ; .l-ﬁ_':..'.-'.'.. = . .E y ..ﬁ.l:..'.-'.'..




- Osro magmatsko®ognjiste;

KM

WViodel
Frakcijska kristalizacija —
promjene MORB magme
Erakcionacija kontrolirana
periodickim ubrizgavanjem
svjeze-prmitivne IMORB.
magme 0dozdo |
Dajkovi se uzdizu prema gore = —
kroz Sirucitrasjedajiicu &
kroyinu:nastaju “sheeied

dike?’ kempleksi kojr dalje - N T
hrane jastucaste lave Sy

- = - o ' = " I\
PR t-annw 4/ I\ \:::‘>\- N

s AN
A .
‘// T \\ N H:\RZPURGIIE o N

 MANTLE
g

Prema’'Byran and Moore (1977)
Geol. Soc.;Anter. Bull., 88, 556-570.

r YA,



Kristalizacija setodvija puyrhu
1 uzduz stranica’—> sukcesivini
slejevi gabraLsloj. 3)

Teska krrstali*olivina 1 piroksena
—> dne ognjista ~> ultramalini
ktimulaty (sloj.4)

Uslojavanje. tI"donjim. gabrima
(slej3 B) od:gustili’struja
kristala kofyi klize sa zidova?

o PRIMITIVE
MELT

Prema’'Byran and Moore (1977)
Geol. Soc.;Anter. Bull., 88, 556-570.




S km

Transition
zone

Y
Slika 13-15. Prema Perfit et al. (1994) ﬂ A
Geology, 22, 375-379. EHIORE



~ Oceanskivulkanizam-unttarploca =

“Oceanski otociobicno asecirani s vaiéim tockama (hot spots)

o . mm&
® Bouvel
41 utvrdena vruca tocka; procjena 16 - 1-22 -
Nﬁ/—\\? Antarctic Plate e SIW@M
75 Y oW Rev. Earth Planet. Sci., 11, 165-193.

60°
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Model oceanskog magmatizma

intra-plate mid-ocean
ridge

. E-MORB

Asthenosphere

Prema Wilson (#£989) and Rollinson €1993).

Continental

f

sub-continental
lithosphere

laminated mantle?

sediment and ooceanic

lithesphers recyclad
into OB reservoir




‘Uslojene matitne intruzije:

Tablica 12-1Neke 'od, uslojenih mafitnih intruzija

Ime . Starost ' Lokagcija Povr.(km®)
Bushveld = Precambrian S.:Africa 66,000
Dufek - Jurassic Antarctica . 90,000
Duluth’ . Precambrian Minnesota, USA ' = 4,700
--.-Stillwafer --.-Precar'nbrian-.- Montaha, USA | 4,400
Muskox . Precambrian NW Terr. Canada 3,500
Great Dike = Precambrian Zimbabwe 3,300
Kiglapait Precambrian Labrador £ | 560
___Skaergérd _Eocene _ East Greenland ; 100

Dolazena kontmentlma (uglavnom Uz Sh_] EVOVE bazalta)
Vruée; niskog viskoziteta,polagano sghlade

Pogodne zd. studij drakeionacije,
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Uniformni kromitni slojevi koji'se

Unl formno us 1Oj aV anJe Fizmjenjuju s 'p_la?jioklasnim _§loj'eyii'i1a, Bushveld

Complex, S. Africa. 1z McBirneyand Noyes
(1979). J. Petrol., 20, 487-554..
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thlcno I 1sprek1dano (povremeno)

&= !-

’f 3 Vertlkalno cn{ s-ko uslo;avanje f k - : k : - ’f i - - ’f ‘
plagloklasa i piroksena, Stlllwater Complex, Shn AR Shin L Shin e r
Montana.._-"j-,_‘: Ly T y g v S S — iy S 2 S vl TR,

Isprekidano’ ﬁé‘loj avanje,
gradulrani slojevi odvoje eni gabrmdnlm
sjo;ewma. Skaerga}‘d Intrusmn, E: 1,-. -.;
Greenland. From McBirney (1993) %

a Al RSB A "‘ Tgneous Petrology (2" ed. ), Jones and :
,,; ol o ,,; v U Bartlétt Boston.:: & ” I ”



Kako Obj asn] avamo takve pojave npr 1dzVO0j; rltmlcnog,,;
U.SlOJ avanja sa ostro deﬁmramm granlcama‘? £

Proce& krlstahzacue 1 dlferencu acije |

*In-situ procest ' v i &V AN
*Ponoynim ubacwanj em pr1m1t1vne magme moze se obJ asn1t1 g
promjene U sastayil I pO]aVG krlptlcnog usl()JavanJa i

Serlje konvekcg sklh struja unutar slojeva |

Ca mpb ll(1986)E rth-Sei. Rev., 237
‘255352, . e -
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_Guste struJe (razhka u gust001 T £, ¥

Hlaﬂnge ‘teskim “elementlma 6b0,gacene taf] evme
*tonu I'krecurse duz dna magmatskog @gnjlsta

- Guisti krlstah u suspenzul bt

JLaki takoder mogu: b1t1 zahvacem 1 ponesem
prema dole B | :

:'.."f.
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PR AL S 5 v 15,005 REVeetass TS g D T T dsland, Alaska: raﬁhkeuvellcmu -4

propor&Jl olivina i p1rok§'ena. Iz .~

iy McBlrney (1993) Igneous X :._._ S

g Petrology Jﬁnhs and Bartlett'g 3
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“propercijama mafitnihamineralai = «
,,,palgloklasgl. 1z M¢Birney axﬁ AP !
Noyes (1979) J.. Petrol., 20 487 554
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| Model razvoja ultramafitne zone Stillwater Complex intruzijama
vruce primitivné magme u hladitiju evolviranu mhagmu. Iz: Raedeke and
McCallum (1984) J. Petrol., 25, 395-420.
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Kontinentalni
alkalni
magmatizam

East’African Rift

Karta East Afcican Rift sustava (prema
Kampunzp‘and Mohr,-1991), Magmatic evolution and
petrogenesis in the East African Rift system. In A. B.
Kampunzu and R. T. Lubala (eds, Magmatism in
Extenstondl Settings, the Phangroz0ic African Plate.
Springer-Verlag, Berlin, pp. 85-136. Winter (2001) An;,
Introductionito Igneous and MetamorphigPetrology.
PrenticesHall. >

INDIAN
OCEAN

Major rift-margin fault

Extent of volcanic
subprovinces

Cratons Lakes
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African Rift-aja. Pred-riftna faza; 401

dijapir iz astenosferskog plasta-se uzdize

u litesferw . Dekompresijsko taljenje 1 80 Rey,
daje alkalne taljevine. Dijelony se tali i “‘-u?goo,«,ggfed
kontinentalna kora - (:sub-continental 120 D,—= ===

lithospheric mangle ~.SCILM) . : Aesthenosphere
Deforma€ije. @siguravaju prostoriza 1604 km
diyapir (D). b. Riftnafaza razvoj
kontinentalnog rifta; eérupcija alkalne
magme iz astenosfere dodatna inducira
anateksts-kore, Riftna dolina-akumulira
vulKanite rvulkanoklagtite.” c:-ZavrSna
faza, wkaojojastenosfera-dosize '
poyrsinu. Tog€prijelaz prema razvoju
oceanske kore. Prema Kampunzu and
Mohr, (1991), Magmatic evolution and
petrogefiests in the East Affican Rift
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commumication). Winter (2001) An SRR
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Introductionite Igneous and

Metamorphie Petrology. Prentice Hall.
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Kontinentalni alkalni magmatizam:
Karbonatiti:

Table 19-4. Some Minerals in Carbonatites.

Africki karbonatiti'i njihova starost u_Ma. OL -
= Oldoiny@:Iengai natrocarbonatite wolcano. After Woolley "«
(1989) The spatial and temporal distribution 'of carbonatites.

In K.-Belk(ed.), Carbonatites; Gengsis and Evolution.»Unwin
Hyman, London ppl5-37. Winter (2001) Angntroduction
to Igneous and-Metaimorphic Petrolegy. Prentice Hall.

Carbonates
Calcite
Dolomite
Ankerite
Siderite
Strontanite

Bastnasite (Ce,La)FCOs)

* Nyerereite ((Na,K)2Ca(COs)2)

* Gregoryite ((Na,K)2COs)
Silicates

Pyroxene
Aegirine-augite
Diopside
Augite

Olivine

Monticellite

Alkali amphibole

Allanite

Andradite

Phlogopite

Zircon

Sulfides
Pyrrhotite
Pyrite
Galena
Sphalerite

Oxides-Hydroxides
Magnetite
Pyrochlore
Perovskite
Hematite
lImenite
Rutile
Baddeleyite
Pyrolusite

Halides
Fluorite

Phosphates
Apatite
Monazite

Source: Heinrich (1966), Hogarth (1989)

* only in natrocarbonatite




Kontlnentalm alkalni magmatlzam

Karbonatltl
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kontinentalnog rifta i 1
. 100 m
nastanak karbonatita. - Failed
s Wylle@lsd,s IS Kimberlite
Origin of carbonatites: - |5
Ewvideénce from phase E_

equilibrium studies. In K.
Bell (ed;)s Carbonatites::
Genesis:and Evolution.
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Unwin'Hyman; London. = e o ““\\ //’; S Asthenosphere
PP-500-545¥and Wyllie- .\"‘: W~ ~ ]
et al.; (1990, Eithos, 26, 3- o S

19). Winter (2001) Afl _ Solidus “\x 1? / /,f,» “““Huh_‘h
Introduction to Tgneous o 00l 1 ( i ) 5(, Entrained Melts - @ i
and Metamorphlc )| -
Petrology. Prentlce Hall I | R
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Kontinentalnr alkalnimagmatizam
Lamproiti - ultramatitna porfirnasstijena bogata kalijem; dolazi u manjim
tijelitha (plitki dajkow) ne sadtzi karbonatiie minerale, thin. sastay shcan
Jamberlitima

Lamproﬁrl - 7icne stij éne, sadrze 1 leukoratske mmerale
Kimbetliti - ultramafitne stijene bogate kalijem, *pipes?, visok P

EPICLASTICS
TUFF RING PYROCLASTICS

rift zone craton mobile belt

FACIES

garnet
I:] harzburgite

Iy
Moy,
=
S

ASTHENOSPHERE ¢ diamonds

(Presjek kroz zonu kontinentalngg ' .= Model idealiziranog kimberlitnog sustj
alkalnog mégamatizma - Grafit-dijamlant prijelazna = pyema Mitchell (1986) Kimberlitgs: Mineralogy,
zona. Prema-Mitechell (1995) Kimberlites; Ogangeites, Geochemistry, and Petrology, Plenum. New Yotk
and Related Rocks. Plenum. New York. Winter' (200 jyinter( (2001),An Introduction to'lgneous and

. Ant Introduction te, [gri€ous an_d Metamorphlc " Metamorphic Petrology Prentice Hall.
Petroloov.-Prentice:Hall.,
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4 . “Snowﬂake nakupine plagmklasa W" Greenland ‘ j
: Myers’:(1985) Strangrd'phy and étructure of the Fiskenzesdet compfex, : c'bmplex-' W, S'Ereenland Myers (f-985)§trat1ggaphy and structure

H

WestG-neen nd. Gl’ﬂm Geol. U’Mﬂl' BULf 150. Photograp.b..',i : .;'3;.- of the Flskenaisset complex West- Gxeénlan& .Gronl. Geol..-! { -_
courtesy ohn Myer$ Wintet (20@ An Introductlon to Ig us-and . Undérs. _Bﬁi 150. Photograph court#y John Myers. Winter. ; .-- l:
Metamql’phlc Fetrology.-PrenticeIHall sk ™ - w3 et == (2081 Am!ntrodudtlon to Igneous aﬁ& Metainorphlc Pe.trologzr
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Anortoziti

Model nastankamasivnog tipa
anortozitd, ‘dMagma iz plasta delazi. na Kontaktis
koron¥'1.neprodire dalje Zbogtazlika u gustoci.
Kfistalizacija mafitnih faza (Koje tonw) parcijalne
taljenje kore'izhad magme. Taljevinapostaje bogata
AliEelMg: Plagioklas nastaje kada je taljevina
dovaljno.obogacena. Plagioklas seuzdize fia vth
ognjiSta-dok mafitni minerali tonu,*' Plagioklasna
akumulacifa postaje manje gusta.od kore'iznadnje 1
uzdize searvidu gljivastog plitona kaSe Kristala:
taljevine.. “ Plagioklasni plutoni fermiraju masivne
anortozite, dok se granitoidne taljevine'’kore tizdizu
u pli€e nivoe. Mafitni kiimulati zaostaju u dubini il
tonuiu plast. Prema Ashwall (1993) Anorthosites.
Springer-Verfag:Berhin. Winter €2001).An
Introductioft to Igneous and Metamorphic Petrology.
Prentice Hall;
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