31/08/2020

RProf. CaetanoJuiiani
Profa. Lena Virginia Soares: Monteire

Departamento de Geologia Sedimentare Ambiental
31/08/2020

FATORES QUE INFLUEM NA
GERACAO DE MAGMAS NOS

- T
- A liberada por na
placa oceanica que "mergulhiassobr continente
cumpre duas UNCOES: produzira
na®clnha astenosferica e
Promover - um ofe)
manto peloraporte de elementoS*SOIUVEISHTANTIEN Ol
densidade dos e andesitice
produzidos faz com que esses ascer’iﬁa, J -aves

“crosta

de estes
magmas produzem liberacao da agua dissolvida e
do calor no entorno da intruséo, promovendo a
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distance from trench (km) Seccdo esquematica

0 100 200 de uma zona de
: vl : subduccgéo numa

front  tonalitic remelts margem continental

P i - ativa onde se observa
desidratacéo da placa
oceanica que
mergulha  sob (o]
continente, a
hidratacdo e fundido
da cunha de manto,
zona de underplate,
onde se desenvolvem
0S processos de
MASH (Melting,
Assimilation, Storage,
Homogenization) e os
fendbmenos de
diferenciacdo que se
desenvolve na crosta.

depth (km)

GERACAO DOS MAGMAS
-

« A presente € essencial
para a geracao de @grandes volumes de
magmas félsicos.

« A pode provir tanto da
como de tes ex e
aumento ‘de temperatura pode (€lalNa
desidratacao destes minerais e a liberacac“de
agua favorece um maior grau de fuséo parcial
do que em condicbes anidras a mesma
temperatura.
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GERACAO DE MAGMAS

« A agua, de medoerg
reacOes metamorfic
sedlm‘e‘g'tos ENochHas segdl

- vulcanoclastlca vulcan|c~a'

agua liberada e calor favorece
nas rochas da base.da crosta
continental, ndependentemente de sua
natureza.
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Aumento da temperatura
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« Todos 0s sistemas magmaticos se fracionam
em maior ou menor Intensidade para uma
associacao de quartzos+ feldspato fundido =»
gue magmas de cOmposicoes graniticas
constituam o principal produto do sistema @
residual petrogenético

© sistema ternario demonstra, portanto, quUe 6S
Magmas graniticos poderiam ser gerados tanto
a partir de processos de diferenciacao de
magmas como a partir do fundido parcial
(anatexia) de rochas da crosta continental,
guando se quebram os minerais de minimo
ponto de fuséo.

Valle térmico
Superficie del
liquidus
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FUSAO MINIMA GRANITICA

ortion represents the composition of
most granites. Included are the
compositions of the Tuolumne Intrusive
Series (Figure 4-32), with the arrow
showing the direction of the trend from
early to late magma batches. Experimental
data from Wyllie et al. (1976). From Winter
(2001) An Introduction to Igneous and
Metamorphic Petrology. Prentice Hall

s
gz —100
N $
=
o |
e
o
(0]
. R
& o B
Qe = =3
o NS
= Q.
0 > [0
8 &/ s @
o /
7/
<
7
10 < - |
- o -
B il r Dry ---
L Wet — — 25
0 g L
500 1000 1500

Temperature °C

Figure 8. The effect of water on magma genesss. Phase diagram emphasizing the
role of water i magma source rock (modified from Winter 2001) showing a com-
patison between the dry and water-saturated so/idi for granite, basalt and peridotite,
and typical shield and oceanic geotherms. The breakdown curves for hydrous phas-
es in the mantle such as amphibole and phlogopite are shown.
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Volcanic arc
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Oceanc mantle
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1. Structure and processes beneath an oceanic island arc (sources: Tatsumi and Eggins, 1995; Schmidt and Poli, 1998; Winter, 2001; Poli and Schmidt, 2002; Fumagalli and Poli,
2005). Primary hydrous basaltic arc magmas are derived from partial melting of the metasomatized asthenospheric mantle wedge. Mineral zones shown in the subducting plate
indicate lower limits of stability of hydrous phases in the basaltic oceanic crust and peridotitic mantle li iation: Ctd= chloritoid.
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Volcanic arc
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Fig 4. P tion tectonic envi conducive to the formation of porphyry and epithermal deposits by ilization of previ subducti dified lithosph

(modified from Richards, 2009). (a) Porphyry Cu+ Mo deposits formed in normal arc settings; a continental arc isshown, but similar processes can occur in mature island arcs. (b-d)
During post-subduction tectonic processes, previously subduction-modified sub-continental lithospheric mantle (SCLM) or lower crustal hydrous cumulate zones residual from
previous arc magmatism (black layer) may undergo small-volume partial melting. Such magmas may remobilize Au as well as Cu 4+ Mo left behind in residual sulfide phases by arc
magmatism, leading to the potential formation of porphyry Cu 4+ Au+ Mo and alkalic-type epithermal Au deposits. Magmas may be characterized by high Sr/Y and La/Yb ratios due
to the presence of hornblende (+ garnet, titanite) in the amphibolitic lower crustal source rocks. See text for discussion.
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Halter et al. 2005. Magma evolution and the formation of porphyryGu=Atrore fltids: evidence from silicate and

sulfide melt inclusions. Mineralium Deposita 39: 845 - 863
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Erupcéao de lava basaltica
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Pillow Lavas
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http://volcanoes.usgs.gov/Products/Pg
q.html
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http://upload.wikimedia.org/wikipedia/commons/7/7c/Nur05018.jpg
http://volcanoes.usgs.gov/Imgs/Jpg/Photoglossary/30212265-012_large.jpg
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Transition
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A modern concept of the axial £\ A\
magma chamber beneath a i
fast-spreading ridge

i Figure 13-15. After Perfit et
[\ E-MORB a1 (1994) Geology, 22, 375-
N-MORB 379.
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Se associam predeminantmente ao vulcanismo
fissural nas dersais mesoceanicas

g
.g

NORTH AMERICAN é EURASIAN

PLATE

ICELAND

ATLANTIC OCEAN

&eralmente resulta em vulcées do tips
escudo, com erupcoes calmas, que forma
ilhas oceanicas pela sobreposicao de
iInGmeros derrames
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EXPLANATION

——— Divergent plate boundaries—
‘Where new crust is generated
as the plates pull away from
each other.

diiss Convergent plate boundaries—
‘Where crust is consumed in the
Earth's interior a3 one plate
dives under another.

weeee - Transform plate boundaries—
Where erust is neither produced
nor destroyed as plates slide
horizentally past each other.

N Plate boundary zones—Broad

belts in which deformation is
diffuse and boundaries are not
well defined,

®  Selected prominent h 5

World map showing the locations of selected prominent hot spots. Figure
source: http://pubs.usgs.gov/gip/dynamic/world_map.html
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Até 1996 Loihi era considerado um
seamount inativo

1000
]

N {mj

a3 tio

As erupgdes comegaram em1996,

precedidas por um agrupamento de

pequenos terremotos, resultado do

movimento ascendente do magma. 2250 2000 1750 1500 1250 -1000

depth (m)

Flood basalts
Dan Barker April 2009

Creag Mhor, Isle of Mull, Scotland
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Copyright © 2005 Pearson Prentice Hall, Inc.
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Other
volcanic

Copyright © 2005 Pearson Prentice Hall, Inc.
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About 55 million years ago, while the North Atlantic opened up, enormous outpourings of basalt
lava covered western Scotland, Northern Ireland; and eastern Greenland. Creaga Ghaill, Mull.

Thick stacks of lava flows built up in a few-million yéars. Most flood basalts
erupt from long fissure systems, not from a central vent. Bearraich. Mull
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Floddigarry, Isle of Skye

Eruption of the Columbia River Basalts, WA peaked about 16 million years
ago, and 95% of the volume erupted in-less than 1 million years.
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Many Colum salt flows show prismatic joints, from interactions with
surface water. Palouse River WA

There was enough time between flows foFthick soils to develop.
From Wishram Heights WA
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Copyright © 2005 Pearson Prentice Hall, Inc.

Columbia River Basalts warped by an anticline, WA

24
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Tomographic Image (P-wave velocities) of
Yellowstone's Magmatic System
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Magmatismo em Arcos de llhas

-
1) Cadeias argueadaSpaenihasracompanhando
zonas de subdugéo an3im ’lﬁc&

ubordinados
= O'vulcanismo € mais explosivo

= EstratovulcOes sao os vulcoes mais
comuns nesse ambiente tecténico, ao
Invés do tipo escudonasilhas oceanicas

Volcanism along fractures
// at Site B (0-1 Ma)

1 ~0.8 km
Ey CrE/Eceous,
g FEe

Japan Trench ~E00 frr?

130~40 km

42-85 S
Ma Brittle fracturing
" " 3457 Magmas originate
entrainment in asthenophere

of lithospheric xenoliths

Hirano et al. (2006)
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rioliticos), num processo de maturacao do
arcos de ilhas

—Inclusao de outros materiais.subductados na
fonte do magma
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A FABRICA NA ZONA DE SUBDUCCAO

Subduction

»
X
Sources

,: Mafic Lower Crust——» EMIL

.{Q Sediments —3» EMI

‘Q’Q Oceanic Crust —— HIMU

mafic lower crust
modified slab

(2005) The

factory: How it
operates in the
evolving Earth. GSA
Today, 15, 4-10.

j oD
mantle plume

+
I Residues | [ I Distillery Reservoir b :ﬂ Hotspot Sources

Oceéano-Cceéano — Arco de Ilhas (IA - Island Arc)
Oceéano-Continente — Arco Continental (CA - Continental Arc)
Margem Continental Ativa — Active Continental Margin (ACM)

Eurasian
Plate
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Produtos da Subduccao

» ASSOCIacoE
caracteristicas
I 2valtieilo ¢goldg)ic

 CEracieriSiices et

©'de cadeias dEe

olugao complexa. O.magmatisrie
depende davelocidade das placas,
espessuras, quantidade de
sedimentos; etc

Estrutura de um Arco de Ilhas

3
IE Heat flow f\i HEFU
—_— .
Trench volcanic front ;
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(accretionary prism) are "
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Y o~
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Schematic cross section through a typical islandarc after Gill (1981), Orogenic Andesites
and Plate Tectonics. Springer-Verlag. HFU= heat flow unit (4.2 x 10-¢joules/cm?/sec)
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PreCESSOS GEBIOYICOS
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FeO*

Tholefltic

NaZO + KZO

A Tonga-Kermadec O Guatamala + Papua New Guinea

AFM diagram distinguishing tholeiitic and calc-alkaline® series: “Arrows represent differentiation
trends within a series.

ARCOS MAGMATICOS
CONTINENTAIS

20 iigo dg megmetismo  procduz o e
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S50 clo zirmnoisrte

0 cue
clais
Jditerentes fontes, contaminacac
assimilacao, mistura de magmas, €etc.
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Active Volcanoes, Plate Tectonics, and the "Ring of Fire”
Eurasian Plate O, ) i
g :

Tectonic map showing active volcanoes, platesboundaries, and the Ring. of Fire.
Figure source: http://vulcan.wr.usgs.gov/Glossary/PlateTectonics/Maps/map_plate tec
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Vulcanismo em Margens
Convergentes Continentals

« O magma é formado pela fusdao do-manto
superior e da crosta inferior (andesitos)

ZoNnas de i QIEISECCED) d@ grendesifalhas

Caldeiras vulcanicas
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A. Ci Magmas
fault zones only at high pressure

'partiat maling
‘sub-ar mantie

B. Extension: Mafic magmas
leak up extensional fault zones Basaltic flows and
‘onder cones

EETY {
< Partal meting n

C. Transpression: Limited crustal ‘sub-arc mantie
wege

permeability at fault intersections; = mm&:‘;‘m&
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400 500 800 1000
T(°C)

Fig. 8. A cartoon of a slab rollback model. The front edge of a flatly subducted plate reached the Dabaoshan region, resulted in high oxygen fugacity. Subsequent slab rollback led to
decomposition of phengite due to elevated induced by ast ' ing, releasing abundant F rich fluids, hinterher Mo-enriched sedi:
in back arc basin partial melting and the mineralization porphyry was formed.
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e 0s fenomenos de
diferenciacédo que
se desarrolha na
crosta.
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Astort et al. (2018)

O Sairaitoviiico

o
SENEeS ingremes
ternédncia de camadas e
avas, Cinzas e materiais piroclasticos

Vulcanismo = explosivo, devido a
viscosidade alta e ao alte:.conteudo de
volateis
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Caribbean Plate

A Active volcanoes

A alkaline volcanoes

Precambrian crust
- > 50 km thick

Cretaceous or
younger crust

Spreading
ridge

ap of western South America showing the plate tectonic
framework, and the distribution of volcanics and crustal types.
NVZ, CVZ, and SVZ are the northern, central, and southern
volcanic zones. After Thorpe and Francis (1979) Tectonophys.,
57, 53-70; Thorpe et al. (1982) In R. S. Thorpe (ed.), (1982).
Andesites. Orogenic Andesites and Related Rocks. John Wiley
& Sons. New York, pp. 188-205; and Harmon et al. (1984) J.
Geol. Soc. London, 141, 803-822. Winter (2001) An Introduction Antarctic
to Igneous and Metamorphic Petrology. Prentice Hall. Plate

Volcanic arc

a. Steep Dip

Iithosphrr’ic

lithospheric
mantle

Schematic diagram to illustrate how a shallow dip of the
subducting slab can pinch out the asthenosphere from
the overlying mantle wedge. Winter (2001) An
Introduction to Igneous and Metamorphic Petrology.
Prentice Hall.
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- s. SiO, diagrams (including Hi-K,
and Low-K types of Gill, 1981; see Figs.
-4 and 16-6) for volcanics from the (a)

northern, (b) central and (c) southern volcanic
zones of the Andes. Open circles in the NVZ
and SVZ are alkaline rocks. Data from Thorpe et
al. (1982,1984), Geist (personal communication),
Deruelle (1982), Davidson (personal
communication), Hickey et al. (1986), Lépez-
Escobar et al. (1981), H6rmann and Pichler
(1982). Winter (2001) An Introduction to Igneous
and Metamorphic Petrology. Prentice Hall.

a. Extension

Schematic diagram illustrating (a) the
formation of a gabbroic crustal [ Oceanic crust

underplate at an continental arc and
(b) the remelting of the underplate to

generate tonalitic plutons. After Voljcal:lllldastlcs -
Cobbing and Pitcher (1988) in J. A and pillows

Roddick (ed.), Circum-Pacific Plutonic \ ’ L.
Terranes. Geol. Soc. Amer. Memoir, Basaltic dikes

159. pp. 277-291.

Continental
crust
Enriched
mantle

Gabbro pluton

' Tonalite pluton
Remelting in

underplate
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UMITED STATES

s
Mendocino
fracture 2one

Relative motion of
- MNorth American Plate

Relative motion Les = -
of Pacific Plate  Angeles

Moloja;
ﬁ'aﬂ”"ﬁ 20ng

Major plutons of the North American Cordillera, a principal segment
of a continuous Mesozoic-Tertiary belt from the Aleutians to
Antarctica. From The Geologic Map of North America, GSA and
USGS. The Sr 0.706 line in N. America is after Kistler (1990), Miller and
Barton (1990) and Armstrong (1988). Winter (2001) An Introduction to
Igneous and Metamorphic Petrology. Prentice Hall.
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Mount St. Helens May 18, 1980 Devastation

Qutline of crater

Pyroclastic flow deposits
Mudflow deposits

|| Lateral blast deposits
Debris avalanche deposits

1] 3 Miles

Topike, LSGSAOVE, 1297, Modfied frony Tiling, Toniks, and Swansan, 1950, Enyplions of Mount 5t Helens: Past, Fresent, and Futive
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Mt. St. Helena
Antes da erup¢ao de 1980

Mt. St. Helena

Depois da erupcao de 1980
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ERUPCAO DIRIGIDA (DIRECT BLAST)

Eruptions of the past 4000 years
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Largé lgneous rovince (LIP)
Silicius Large Igneous Province (SLIP)

volca' ]
amolac

or “flood basalt” provinces that have been the subjett
of great interest and extensive research recently (e.g.,
Macdougall, 1988; Mahoney & Coffin, 1997; Sheth &
Pande, 2004; Kerr et al., 2005; Eoulger et al., 2005;
Saunders, 2005; see www.largeigneousprovinces.org).

31/08/2020

44



31/08/2020

m Mafic LIPs o =
' Silicic LIPs (intraplate) e

Silicic LIPs (back arc-related) v

Large Plutonlc O\I

Grandes provingcias p|uto

orraspw de as B

- Vfg}a 2liile

arge Basaltic-Rhyolitic Provinces (LBRMS§

Large Andesitic Provinces (LAPS)

45



31/08/2020

Slide Final Aula 3

46



