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crosta continental

41% da superficie terrestre

0,7% do volume terrestre

0,4% da massa terrestre
densidade média 2,7 a 2,9 g/cm?3
média de idade 2,0 a 2,3 Ga

porcao guimica- e fisicamente mais complexa da Terra

espessura média 36km
entre ~20 km (zonas extensionais) e 100 km (zonas colisionais)

limite inferior — discontinidade sismica de Mohorovicic

subdivisdo crosta superior / inferior — discontinuidade fisica de Conrad (10-20km)



Continental .
Crust Sedimentary Oceanic
Deposits Crust

—— 10 km
Lithosphere —100km
Plastic Asthenosphere
--------------------------------------------------------------- —— 200 km
Upper Mantle
(down to 670 km)

\J



as idades da crosta continental

1 50 to 250

o =
500 =" |
# TeH :
30° =3 —
w—  Ases(Ma) “
o~ 3000 to 3501 &
-]l 2500 to 3000 >
10— B8 1700 to 2500 [
20— 1100 to 1700 r
i 850 to 1100 ol
o] 540 to 850 -
o 250 to 540 =

UIUIIIIIIIIIIITIlll'lll'lll'(llll'l]lllITIIII]I'I]I]IIIII

-160°  -140°  -120°  -100°  -80°  -60°  -40°  -20° 0° 20° 40° 60° 80° 100°  120°  140°  160°

http://www.lithosphere.info/
..\, e



Acasta
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B Fig. 6.1 Simplified map of the Earth, showing the main out-
crops of Archaean continental crust. The oldest rocks known to-
day are the Acasta gneisses; they are of magmatic origin and have
a TTG composition (see p. 175). They outcrop over about 20 km?
in the Northwest Territories in Canada. Slightly more recent, the
Amitsog gneisses in Greenland and the Uivak gneisses in Labrador
(Canada) are also ancient TTG. The oldest volcanic and sedimentary
rocks catalogued today, crop out at Isua and Akilia (Greenland) as

well as at Nuvvuagittuq (east Quebec). With surface areas of 1.2 and
0.06 million km? respectively, the Kaapvaal craton (South Africa
and Swaziland) and the Pilbara craton (Australia) are the oldest Ar-
chaean terranes of continental size. Finally, it is worth remembering
that the oldest terrestrial materials yet known as the zircon crystals
discovered in Western Australia, at Jack Hills and at Mount Narryer
(see » Chap. 3).




ARCHAEAN

Il Oceanic crust

Continental crust — Lithospheric plate boundary

B Fig. 6.24 Comparison of the size of present-day lithospheric  whose overall length, as a consequence, was also greater, which
plates with the assumed size of Archaean lithospheric plates.  resulted in a mosaic of much smaller lithospheric plates than those
During the Archaean, Earth’s internal heat production was greater  found on the Earth today. (After De Wit and Hart, 1993.)

than today. This heat was released through the mid-oceanic ridges,




métodos de determinacdao da composicao da crosta

Clarke
média de todas as analises disponiveis
Goldschmidt
analise de sedimentos finos de origem glacial (/oess)
Taylor e McLennan
analise da composicao de sedimentos fluviais (folhelhos)
razoes entre elementos geoquimicamente semelhantes
correcao considerando os elementos mais soluveis
Rudnick et al

modelos ponderados de dados geoquimicos e geofisicos



crosta oceanica versus

basalto MORB

SiO, 48,5
Al,Os 15,0
FeO 11,8
MgO 11,0
CaOo 11,4
TiO, 0,7

Na,O 1,5

Brown e Musset (1995) Tab. 7.3 (p.123)

SiO ,
TiO,
Al,O,
FeO ;
MnO
MgO
CaOo
Na,O
K,O
P.,O,

Mg#

crosta continental

Rudnick &
Gao, 2003

60.6
0.7
15.9
6.7
0.10
4.7
6.4
3.1
1.8
0.13

55.3




Composition of the Continental Crust

Rudnick & Clarke*
Gao, 2003 1889

Sio, 60.6 60.2
TiO, 0.7 0.6
Al,O, 15.9 15.3
FeO ; 6.7 7.3
MnO 0.10 0.10
MgO 4.7 46
CaO 6.4 55
Na,O 3.1 3.3
KEO 1 8 30 F.W. Clarke, 1847-1837
P,O, 0.13 0.23
Mg# 55.3 53.0

*Clarke, Frank Wigglesworth, for whom the Clarke medal is named

http://geoscience.Ings.infn.it/Program/Pdf_presentations/Rudnick.pdf



Composition of the Continental Crust

Christensen Rudnick & Wedepohl Taylor& Rudnick &
& Mooney Fountain 1995 McLennan Gao, 2003

1995 1995 1985, 1995
SiO, 62.4 60.1 62.8 57.1 60.6
AlOs 14.9 16.1 15.4 15.9 15.9
FeO; 6.9 6.7 5.7 0.1 6.7
MgO 3.1 4.5 3.8 5.3 4.7
Ca0 5.8 6.5 5.6 7.4 6.4
Na,O 3.6 3.3 3.3 3.1 3.1
K20 2.1 1.9 27 1.3* 1.8
Mg# 44.8 54.3 54.3 50.9 55.3
Th 56 85 3.5 56
u 1.4 1.7 0.9 1.3

*Updated by McLennan and Taylor, 1996

http://geoscience.Ings.infn.it/Program/Pdf_presentations/Rudnick.pdf



Upper crust major elements: grid sampling

233: "IeEaREE=EaS

1 ‘l

|

+ - d- ) —
ﬁ Y NN Gy e G e e e a— e r———
{ |
|
“ ‘ . + . E ..... ——a .

£ e
WS .

Eade & Fahrig (1973): >14,000 grid samples in
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Upper crust major elements: Geological
sampling
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Gao et al. (1998): >11,000 samples from major
geological units in eastern China, analyzed for

major and many trace elements
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TABLE 1 Bulk compositional estimate of the continental crust

Si0; 59.1 B 390
Ti0; 0.7 La 18
Aly04 158 Ce 42
Fel® 6.6 Pr 5.0
M0 0.11 Nid 20
Mg0 4.4 Sm 39
cal 5.4 Eu 1.2
Ma,0 3.2 Gd 36
K0 1.9 5 056
P.0. 0.2 Dy 35
Ho 0.76
Mg 54.4 Er 2.2
Li 11 Yh 2.0
5S¢ 22 Lu 0.33
v 131 Hr 3.7
Cr 119 Ta 11
Ca 25 Ph 126
N &1 h 56
Cu 24 u 1.4
Zn 73 KU 10,100
Ga 16 Sr/Nd 16
Rb ER La/Nb 15
Sr 325 Ce/Pb 3.3
¥ 20 MbyU B6
Zr 123 Th/U 39
Nb 12 Eu/Eu® 0.96
(s 2.6

These estimates arg taken from red. 47, Symbols used: Mge =
100 = molar ME/(Mg+ % Fel: FeD", total Fe as Fed: Ev". Eu valve
intarpolated from REE pattern {see Fig. 4 legand).

Rudnick, 1995. Making continental crust, Nature, vol.378
e



velocidade das ondas sismicas
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velocidade das ondas sismicas

Middle and Lower Crust -- Seismic evidence

Paleozoic
Rifted Margin Rift Orogen Arc
Contractional Shield & Platform Extensional Forearc

64 66 68 7.0 7.2

From Rudnick & Fountain, 1995




Ultramafic rocks

Eclogites

Vv . Mafic rocks
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crosta inferior

granulitica | |
Meta mﬂrphlﬂ Facies

Temperature 9C

A0 =

Granuite
\
\

™ B aproximadamente aqui

Fressure (MFa)

1200 T
Wet Partal Melting of Gran e
A = High Geothermal Gradent (contact metarmorphiam ), Low P, High T
B = Nommal Geohenral Gradient {regonal meta morphism), High F, High T

C = Low Geohermal G dient (subducion), High P, Low T

http://www.tulane.edu/~sanelson/eens212/metaclassification&facies.htm
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granulito



o termo granulito se refere a um facies metamorfico
e N30 a uma composicao quimica

granulitos...

...podem ser félsicos e maficos, refletindo a complexidade da crosta

..estdo presentes nas crostas Argueanas e Proterozdicas mais profundamente erodidas
..estao presentes em xendlitos de rochas vulcanicas

...estdo de acordo com as velocidades sismicas da crosta inferior

...s30 coerentes com a presencga de granitos na crosta superior
(magmas graniticos hidratados e residuos anidros granuliticos)

os granulitos sao o residuo de ciclos de fusao parcial que formaram a crosta superior



composicao média da crosta superior

granodioritica a tonalitica

Plutonic
Igneous Rocks

Quartz-nch
granitoids

Granite
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crosta continental no Arqgueano
grau geotérmico mais elevado
fusao da crosta oceanica subductada

formacao de trondhjemitos (tonalito sédico)

Plutonic
Igneous Rocks

trondhjemito

Quarnz alkali Quanz dionite
feldspar sy enue Quartz gabbg
onte
Alkali feldspar syemu monzonue monmdnome Gabbro
syenite 5 —" Norite
Sycnite Monzonite Monzodionte \ 47\ .  Anonhosite

http://folk.ntnu.no/kril/NTNU-geologi/prydsteinsveggen/120.jpg
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crosta pds-Arqueana

nao ocorre fusdao da crosta oceanica subductada
formacao de magmas graniticos a
granodioriticos

processos de reciclagem crustal

Plutonic granito

Igneous Rocks

granodiorito

Quanz alkali Quanz diorite

feldspar syenite 2. Quartz gabbro
Dionte
Alkali feldspar sycmtc monmonite monmdxome Gabbro
syenite 5 " Norite

/  Syenite [ Monzonite Monzodiorite '\ <« \ p Anorthosite




mais calor interno no Arqueano

B Fig. 6.13 The evolution of the Earth's

internal heat production since 4.55 Ga. The Earth s heat production

; Current heat production
dashed curve represents the heat resulting P

from just radioactive decay. Our planet is
slowly consuming its store of energy: it pro-
gressively cools. (After Brown, 1986.)

Production N
of heat from %
long-period
radioactivity

1.0 2.0
Time (Ga)




Arqueano — fusao da crosta oceanica hidradata

A model for Archaean continental growth

Greenstone Greenstone Erosion
belt belt
Sediment
QOceanic crust
Melt Recycled
_ reaction sediment
Melting of with

impregnated
wedge to give
basalt (melt)
and SCLM
(residue)

mantle
wedge

Mantle flow Eclogite restite

FIGURE 4.25
growth.

A cartoon model indicating the different probable contributions to Archaean continental

Rollinson, 2007




b Cepth (km) € Depth(km)

Ciceanic trench Oiceanic trench

l -

0"

Archaean

50 i | 50 100
Distance from the trench {km) Distance from the trench (km)

B Fig. 6,12 A pressure (depth) versus temperature diagram (a) and schematic sections of a subduction zone,
showing the conditiens under which the continental crust has been generated today (k) and during the Archaean
(c}. During the Archaean, the geothermal gradients along the Benioff plane were high (pink arrow), such that the sub-
ducted oceanic crust reached its solidus temperature before it could have been dehydrated. It was therefore able to
melt at a relatively shallow depth, in the region where hornblende and garnet are stable (vellow region), giving rise to
the TTG magmas, typical of the Archaean continental crust. Today, the geothermal gradients along the Benioff plane are
low (blue arrow) and the subductad oceanic crust becomes dehydrated before it can start to melt. The fluids released by
the dehydration of the subducted slab ascent through the “mantle wedge”, causing its rehydration and metasomatism.
While hydrated, the mantle wedge malts and gives rise to calc-alkaline magmas typical of the modern continental crust.
The crange and red curves respectively represent the solidus for an anhydrous and a hydrated (5% water) basalt. The
green curves represent the dehydration reactions that occur in the basalt when hydrous mineral phases are destabi-
lized: (A) = antigorite (serpenting), (C) = chlorite and (T) = talc. The other curves are those for the stability of hornblende
(H) and garnet (G). In the schamatic sections, the red areas are those where magma is found, and the white area is the
region where fluids percolate. (After Martin and Moyen, 2002.)



B Table 6.1 Principal characteristics and ages of the oldest crustal remnants known at present. The TTG

(tonalites, trondhjemites and granodiorites) are ancient plutonic rocks whereas the BIF (Banded Iron Formation)
rOCh as d O Arq ueano and the Nuvvuagittug gneisses are of sedimentary and velcanoc-sedimentary origin, respectively. See also the
dassification of rocks on p. 267
Name Location Lithology Agein Ga
Acasta gneisses Canada (Morthwest TTG 4.031 +0.003
Territory)
Muvvuagittug gneisses Canada (Quebec, Hudson  Volcano-sedimentary > 3825 + 0.016
Bay)
Akilia BIF and Isua Greenland BIF > 387210010
gneisses
Amitsog gneisses Greenland TTG 3.8721£0.010
Uivak gneisses Canada (Labrador) TTG 3.863 £0.012

suite TTG komatiito
(trondhjemito, tonalito, granodiorito) (rochas vulcanicas ultraméaficas



Archaean TTG Modern continental crust

K K

B Fig.6.11 K-Na-Ca triangle illustrating the differences between Archaean TTGs and the present-day continental
crust. Each apex of the triangle corresponds to a pure pole (100% of the element concerned). The points representing
the TTGs plot near the sodium apex in the trondhjemite region (Tdh, pale yellow), whereas their modern equivalents are
enriched in potassium and follow a classical calc-alkaline differentiation trend (CA). This shows that the Archaean and
modern continental crusts were generated through the melting of different sources, which was a direct consequence of
the progressive cooling of our planet. (After Martin, 1995.)



crosta arqueana

Acasta Gnaisse, Canada, Slave Province
Hadeano 4,03-4,055 Ga
mais antigo fragmento de crosta conhecido

gnaisses tonaliticos, trondjemiticos e granodioriticos suites TTG



http://bp1.blogger.com/_osP51C3atIY/Rg1tidNdc0I/AAAAAAAAAvU/c5BkH61en2g/s1600-h/AcastaG-SlaveC.jpg
http://bp1.blogger.com/_osP51C3atIY/RhAzEtNddMI/AAAAAAAAAyU/uPozW0gCXOY/s1600-h/archean.gif

processos que convergem para a formacao da crosta continental
diferenciacao basalto - andesito

delaminacao da crosta inferior

perda preferencial de Mg e Ca dos continentes para os oceanos

formacao de crosta félsica no Arqueano e posterior reciclagem
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The continental crust-inputs and outputs
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FIGURE 4.5 A model for the fluxes into |black arrows| and out of (white arrows) the continental crust.
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de terrenos
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new continent
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Fig. 11.17 Distribuicao de idades U-Pb em cristais de zircio em sedimentos dos quatro maiores rios do mundo,
Yangtze, Mississippi, Congo e Amazonas (cortesia de Tsuyoshi lizuka). Apenas os dados concordades foram
considerados no grafico. Os dados mostram claramente que as rochas graniticas, principais hospedeiras do zircao e
representativas da crosta continental, se formaram durante pulsos muito bem definidos. Apenas alguns nomes locais
de eventos orogénicos sao apresentados.
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Figure 5. Selected crustal growth models. Those in brown are based on the distribution of rocks (Goodwin, 1996), or basement rocks (Hurley and Rand, 1969) of different ages
presently preserved on the Earth's surface. The curves in green are based on the assumption that the present day distribution of rocks with different model ages reflects the relative
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87Sr/8%Sr e a diferenciacdo crosta-manto

High Rb/Sr crust (e.g., granite
created at 3.8 Ga

Low Rb/Sr mantle (e.g., eventual
basalt) depleted at 3.8 Ga)

4.0 3.0 2.0 1.0 0
Billions of years ago

J16

712

J08

704

700

87Sr/86Sr



No water, no granites —no oceans, no continents (Campbell e Taylor, 1983)



material terrestre mais antigo

zircao
Jack Hills, 4,404 Ga

Detrital Zircon W74/2-36
Jack Hills, Western Australia Bk 0




zircoes mais antigos da Terra
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Emergence of modern continental crust about .
3 billion years ago

Bruno Dhuime'*, Andreas Wuestefeld? and Chris J. Hawkesworth*?
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Figure 1| Correlation between Rb/5r and 5i0; in crustal rocks, from a compilation of 96,465 magmatic rocks. Dots (vertical error bars indicate 2 s.e.m.)
represent median Rb/Sr values calculated for each 1% 5i03 interval. The best fit to the data is represented by the orange curve. Inset: Two-stage model of
evolution for 5 isotopes used to back-calculate the ¥7Rb/285r of the juvenile continental crust (that is, during Stage 1), from Sr-Nd isotopes in the crust
sampled today. Purple arrows indicate how the back-calculation was done. Examples for the evolution of a mafic source (green path) and a more felsic
source (red path) are presented. Data from GEOROC (http:// georoc.mpch-mainz.gwdg.de/georoc).
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Emergence of modern continental crust about
3 billion years ago
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Figure 2 | Variation of Rb/5r ratios in juvenile crust (Stage 1inFig. 1 as a
function its formation age. Based on a compilation of 13125 analyses (sse

Supplementary Dataset 1), Trends in the evolution of Rby/Sr data were L. . . . .
determined by employing maximum-likelihood statistics: a gamma Figure 4 | Variation in the thickness of juvenile continental crust through

distribution was fitted to the histograms of Rb/Sr within sliding windows of time, calculated from the relationships in Figs 2 and 3. Timing for the
S0 Ma widths, and to account for uncertainties in the time axis we used an onset of plate tectonics is from ref, 5.

overlap of & windows, The advantage of fitting a probability density function

to the data is that we directly obtain a best model fit with associated

confidence levels (95% and 68%) for each window. The model 5107 on the

right ¥ axis is calculated from the Bb/Sr versus 5107 relationship in Fig. 1.
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Figure 8. A summary of some of the changes that appear to mark the end of the Archaean. These include the development of supercontinents/supercratons, marked by vertical grey
bars (Hoffman, 1996; Zhao et al.,, 2002; Bleeker, 2003; Cawood et al,, 2013; Evans, 2013), the increase in the degree of crustal reworking as indicated by Hf isotope ratios in zircon
(Belousova et al., 2010; Dhuime et al., 2012), the development of significant peaks in the age distribution of zircons (Campbell and Allen, 2008; Voice et al,, 2011), a shift in the

composition of juvenile crust from mafic to more intermediate compositions accompanied by an inferred increase in crustal thickness (Dhuime et al, 2015), and the step-up in the
480 values in zircons (Valley et al, 2005; Spencer et al., 2014).



