Les Basaltes

 Magma: Définition (s)
* Basaltes: classification = 3 grands groupes
* Notion de série

* Historique / Petro experimentale, diagrammes
d’équilibre—> Origine des 3 grpes

e Evolution des basaltes (serie):
Crist Frac \ Melange \ Immiscibilité
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DEFINITION(S)

 Magma Primaire (primary melt)
—->Magma issue directement de sa source (manteau)

 Magma Primitif (primitive melt)

—->Magma n’ayant pas (peu) subit d’évolution, le plus
mafique d’'une série

 Magma Parent (parental melt)
— Celui dont la série découle par évolution



13

11

Fig. 2.14. Chemical classification of volcanic rocks using TAS (total alkali-silica diagram)
(after Le Bas er al., 1986, Fig. 2). Rocks falling in the shaded areas may be further subdivided
as shown in the table pointed to by the arrow. The line between the foidite field and the

Na,0 +K,0 wt % basanite—tephrite field is dashed to indicate that further criteria must be used to separate these
3 types. Abbreviations: o/ = normative olivine; g = normative 100 * Q / (Q + or + ab + an).
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Roche volcanique = Cristaux + verre

meésostase interstitielle >50% vol

cristaux <50% vol <

phénocristaux (>1mm)

microlites (<1mm)

Mineraux:
-Olivine
-Pyroxenes
-Amphiboles
-Plagioclase
-Felds K
-Micas (Biotite)
-Feldspathoide (e.g.
Nepheline)

Texture = conditions et processus
de cristallisation




3 groupes de Basaltes

Norm CIPW

Basaltes sursaturés

Basaltes olivine

Sous saturés

Thol Calc-alc Thol Calc-alc Acalin
Si02 50.92 52.04 49.22 50.15 43.52
TiO2 2.02 1.12 2.16 1.35 2.77
Al203 14.38 18.39 14.1 17.89 13.35
Fe203 1.97 1.57 2.01 1.68 2.08
FeO 9.85 7.86 10.03 8.38 10.42
MnO 0.12 0.15 0.17 0.14 0.18
MgO 6.86 5.24 8.75 6.57 10.74
Cao 10.9 10.08 10.35 10.05 11.6
Na20 2.41 2.69 2.39 2.82 3.42
K20 0.3 0.69 0.56 0.76 1.22
P205 0.2 0.16 0.25 0.21 0.69
Norm
qz 1.88 2.34 - - -
or 2.23 4.05 3.31 4.48 7.23
ab 20.36 22.73 20.2 23.85 4.63
an 27.32 36.1 26.11 33.92 17.48
ne - - - - 13.16
Ic - - - - -
di 20.89 10.59 19.21 11.94 28.78
hy 20.17 19.4 17.22 14.3 -
ol - - 6.35 6.03 18.83
mt 2.86 2.28 2.91 2.43 3.02
il 3.84 2.13 4.11 2.57 5.26
ap 0.46 0.39 0.6 0.49 1.63
XMg 0.55 0.54 0.61 0.58 0.65




Norm CIPW - 3 grand groupes de basaltes

(a) Di (Clinopyroxenes,
| Fe-Ti oxides) Ne' o . Ab_“ -

Increasing
silica activity

L}
or degree of

silica saturation

; ._,'I\]k_an_ﬁq' )

SILICA-

UNDERSAT- OVERSAT-
URATED URATED
o v o oBS g N BOCRS. s 0

(Feld- (Quartz)

spathoids,
analcime,
melilite)

(Plagioclase)

(Olivine)
Basaltes sous saturés, alcalin (Ne Normative)
Basaltes sur saturés, tholeiitique a Qtz (Qtz normatif)

Basaltes tholeiitique a olivine

Yoder & Tilley 1969



Notion de séries

Irvine & Baragar,

1971

SUBALKALINE ROCKS

ALKALINE ROCKS

1261 ‘8 "TOA "SHONHAIOS HIYVH 40 TYNUNOL NVIAVNVD

THOLEINTIC BASALT SERIES ALKALI OLIVINE BASALT SERIES NEPHELINIC, LEUCITIC
and ANALCITIC ROCKS
Tholeiitic Alkalic
picrite - basalt Ricrife-batalt
Ankaramite
| | Nephelinite
— CALC-ALKAL| SERIES Alkali / Melilite nephelinite
Olivine olivine basalt
tholeiite \ High-alumina SOBIE Basanite
b SERIES .
[ y asalt s Yomss;c Analcitite
= SERIES
Tholeiite | Hawaiite
Quartz tholeiite High-atuming N i i Trachybasalt
\ andesite epneline howalte ’ "~ Leucitite
I- Andesite | Leucite trachybasalt Wyomingite
Tholeiitic | .
andesite Mugearite
Icelandite \ ) Nepheline mugearite
Dacite
I Tristanite
Leucite tristanit
l i Benmorite sucite tristanite PERALKALINE
Nepheline benmorite
Rhyolite e I ROCKS
Trachyte K-rich trachyte Pantellerite
Phonolite Leucite phonolite Commendite
Fi6. 1. General classification scheme for the common volcanic rocks. The lines joining boxes serve to oufline common associations, The rocks

indicated by small print within the boxes are variants of the main rock.
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Na,O + K,0 wt %
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Irvine & Baragar, 1971

Tholeitique Calc-Alcaline

F

? Thingmuli ~» Cascades
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Compréhension de la formation et
I’évolution des basaltes
- Pétrologie expérimentale

* Des dizaines de milliers d’expériences !!
Dans de multiple systemes chimique.

Bowen, N. L., Evolution of
the Igneous Rocks, Princeton
University Press, Princeton,
1928.
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Four « simple »a moufle

Four a atmosphere controlée

Support de canne
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Systeme binaire, simple, comportement de phase commune

Temperature,® C
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Fig. 23. The stability field of CaAl;SiOs pyroxene.

Lindsley, 1965, Carnegie Year Book




Systeme plus complexe,
Explorant les solutions solides

Y
d0 WT.PER CENT ¥ \ 80 '
REFRACTIVE INDEX X,

DETERMINED POINTS . cyperarune o

ANORTHITE

Isobaric T-X phase diagram at atmospheric pressure.
After Bowen (1915), Amer. J. Sci. 40, 161-185.
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Temperaiure ,°C

Sp+Cpx+L

Sp+ Fot+ L

12008

IIOC1

1

Systeme manteau, simplifié

Pressure . kb

FiG. 1. Pressure-temperature plane for the 1:1 composition (molecular ratio) of anorthite
and forsterite. An, anorthite; Cpx, clinopyroxene solid solution; Fo, forsterite; Gar, garnet;
L, liquid; Opx, orthopyroxene solid selution; Sp, spinel. Symbols in the subsolidus region:
solid rectangles, Gar+ Cpx formed from An+ Fo; half-solid rectangles, Cpx+Opx+An+
Sp formed from An+ Fo; shaded rectangles, Gar+ Cpx formed from An+ Fo when seeded
with a small amount of Gar+ Cpx; half-shaded rectangles, Cpx+ Opx+4 An+ Sp formed from
An-+Fo when seeded with a2 small amount of Gar+4 Cpx; open rectangles with vertical line,
An+ Fo unchanged; solid circles, garnet not broken down; half-solid circles, garnet broken
down.

Kushiro and Yoder 1966



Systeme Naturel
multicomponent

Exp. de Fusion
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Fig. 1. P-T diagram for melting of pyrolite (composition of Ringwood 1966) and Tinaquillo lherzolite. Ol: olivine; Opx: orthapyroxenc;
Cpx: clinopyroxene; Sp: spinel; Cr: chrome spinel; Pl: plagioclase; L: liguid. Data for 18 and 22.5 kb pyrolite runs from Green
and Ringwood (1967b). Plagioclase-spinel peridotite and spinel-garnct peridotite transition boundaries from Green and Ringwood (1970).

The solidus and subsolidus boundaries for Tinaquillo lherzolite are estimated

Jacques &
Green 1980




Exp. de
crystallisation
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3 grand groupes de basaltes: Origine

(a) Di (Clinopyroxenes, ’ '
A\ Fe-Ti oxides) Ne A Q

Increasing
silica activity

R

or degree of
silica saturation

\ Alkaling - -~ 515
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N o i g BN UES L e s 0
EeL- ' (Quartz)
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melilite)

ol
(Olivine)
Basaltes sous saturés, alcalin (Ne Normative)
Basaltes sur saturés, tholeiitique a Qtz (Qtz normatif)

Basaltes tholeiitique a olivine

Yoder & Tilley 1969



(a) Di (Clinopyroxenes,
A\ Fe-Ti oxides)

Increasing
silica activity

—_—

or degree of
silica saturation
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A
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Plan de sous saturation = barriere thermique

A la surface !!
Relation de phasesa 1 atm

Barriere thermique
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el =
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Nepheline Kushiro (1968) Takahashi & Kushiro 1983.

Effet de la Pression
Sur la position de I'Eutectique
et des liquides dérivés
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TAKAHASHI AND KUSHIRO: PERIDOTITE MELTING 875

1983
=
Increasing Temperature (degree of melting)
(below 5 kb) gz tholeiite hyp-rich picrite, peridotitic komatiite
S
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by
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L
5
?
E (between 15 and 25 kb) alkali-o} basalt, ol tholeiite, hyp-rich picrite, peridotitic komatiite
th
&
~
0
g
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Fig. 15. A petrogenetic grid showing the compositional diversity of basaltic magmas formed by partial melting of dry peridotite at
various pressure and temperature conditions.
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Kushiro 2001
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N
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Figure 1 Changes of melt fraction as a function of pressure and temperature for PHN1611
peridotite (Kushiro 1996). Approximate compositional ranges of melts of representative magma
types are shown.



Variabilités des basaltes

—> variabilités des processus de fusion du
manteau !! f(P, T, X)
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Evolution des basaltes
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Evolution des basaltes

e Cristallisation fractionnée
* Melange (Mixing)
e Immiscibilité



TABLE I
MINERAL AND ROCK SEQUENCE AT GARABAL HILL (after Harker)
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THE REACTION PRINCIPLE IN PETROGENESIS

N. L. BOWEN
Geophysical Laboratory, Carnegie Institution of Washington 1922

TABLE II
REACTION SERIES IN SUB-ALKALINE ROCKS
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Peridotite
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Diorite
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Cristallisation fractionnée

Liquid Line of Descent (LLD)
LIQUIDUS — COLIDLS

|~ o - ~ - N\ T
1 |
I " N Lig-4-pSol-4
| |
|
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+
Sol-1 Sol-2 Sol-3 I
\_ J _ J _ J L I J

Magma Parent
(Primaire ?)

Suite de CUMULATS

Processus de fractionnement complexe
f(P, T, X) et conditions Physique de transfert / cristallisation

CF opere a tous les niveaux,
de la source jusqu’au site des produits finaux

In-situ / filtre-presse / convection / segregation/ percolation



"CLOSED SYSTEM

AT VARIOUS PRESSURES
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MIXING

Figure 5-9 Textures of contaminated volcanic rocks. (a) Xenocrysts of quartz are jacketed by pyroxene, and
nearby crystals of olivine have reaction rims of the same mineral. Specimen is from a basaltic lava erupted
through granitic basement rocks in southeastern Guatemala. (b) Rounded and resorbed xenocrysts of
plagioclase have reacted with a rhyolitic liquid and precipitated a rim of potassium feldspar. A small grain
of olivine is rimmed with pyroxene. The specimen is from a group of mixed rhyolitic and basaltic lavas near

the Gardiner River, Yellowstone National Park. (c) An alkali basalt from the vicinity of Gharian, Libya, 05 BaS + 05 Rhy = And '
contains xenocrysts of potassium feldspar and quartz derived from granitic rocks through which the maama

rose. The feldspar is rimmed with a vermicular zone of glass. Na,O + K, wt %
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Crystallization

Recharge / évolution dans les chambres superficielles

Figure 5-10 A mixture of basalt and rhyolite in a bomb ejected from a cinder cone on the flank of
Newberry Volcano, Oregon. The mixing must have taken place during rapid eruption from two magmatic
bodies in close proximity at a shallow depth beneath the volcano.

Figure 5-11 Because of the density minimum in the basic range of tholeiitic magmas (Fig. 2-12), it is
possible that a new injection of hot basic magma L, could be denser than a slightly more evolved magma,
L,, that had already begun to differentiate in a shallow chamber. On intrusion, the denser new magma
would pond at the base of the reservoir (a), but on cooling and crystallizing, the new magma could
fractionate olivine and become lighter, whereas the original magma could fractionate olivine and
plagioclase and evolve toward a more iron-rich and denser composition (b). If this process continues, the
density relationships might be reversed (c), in which case the two liquids could overturn; if mixed
turbulently, the resulting magma could have an intermediate composition and density. The schematic
diagram (d) at the bottom shows the density relationships with tie-lines connecting the two magmas at
each of the stages above. (Based on a model by R. S. J. Sparks, P. Meyer, and H. Sigurdson, 1980, Farth &
Planet. Sci. Ltrs. 46:419-430.)
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CARBONATITIC vein products |

Carbonatite
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" SILICATE vein products |
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Fig. 10. Mineralogy of carbonatitic and silicate vein products, with the crystallization habit of each type of mineral (Sh: subhedral; Eu:

(a) B roo ke r 98 N ﬂ'l U euhedral: An: anhedral), and assumed rock compositions (see text for explanation).
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MgO + FeO*
Framework

at ~0.5 GPa

Oxide Projected
liquidus from CO,

Miscibility : Wt%

Silicate
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Fig. 4. Generalized pseudoquaternary phase diagram at 0-3 GPa

(projected from CQOy,), showing dark- and light-shaded Lquidus surfaces
for the silicate—carbonate field boundary and liquid miscibility gap,
with contours for wt % (MgO + FeO*). The large oxide hquidus
volume near the (MgO + FeO®) apex is related to the periclase field
(Fig. 1b). (See Fig. 1b for liquid F.) Arrow (3) corresponds to path (3)

mn Fig. 3.



