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Rios e Tectbnica




GEOCIENCIAS
- Eroséao — denudacéo e producao sedimentar
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_ _ _ _ GEOCIENCIAS
Geologia Sedimentar vs .Registro Sedimentar

liments fall to the bottom
Of Mvers and ooeans

Conceito de ciclos das rochas

sediments build up and

compact ko form layers
. of sedimentary
igneous rocks formed heat and/or pressure
'om molien rock MIEAW, meiamgrpm: roékogm sediments pulled deeper

by movement of tectonic plates

15 km

Processos de superficie:
Registro em areas subsidentes

Rochas e sucessdes sedimentares



GEQCIENCIAS

Eroséo e transporte:

Sem registro!

Sem consequéncias?



GEOCIENCIAS
Fontes de energia e movimento na Terra

- Calor interno da Terra promove fluxo de 47 terawatts na superficie




 GEOCIENCIAS
Expansao-contracao térmica — convexao Astenosferica

Mudancas de fase — Eclogitos — motor principal

Ultralow-velocity zones
(10 times vertical exaggeration)

Core




GEOCIENCIAS
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GEOCIENCIAS
Fontes de energia e movimento na Terra

- Irradiac&o solar promove fluxo de 173.000 terawatts na superficie
(3.700 x mais!)

Averaged Solar Radiation 1990-2004
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GEOCIENCIAS
- Mudancas de fase da agua — motor do tranporte sedimentar

PITH L K MATIOR
RERSTHTATIME CEPOSTIZN/ DS DL AT ACCUPULATION, SROWMELT. MELTWATER. SUBLIMATION,

Water droplets fall from clouds — BESUBLIMATION/DEPOSITION
asdrizzle, rain, snow, or ice, Snew and ice accumulate, later mekting back
e crT into liquid water, or turning inte vapor.
Winds mave clouds through
the atmosphere. -
SURFACE BUNOFF, CHANNEL RUNGFF.
CONDENSATION. £LOUIDS, FOG :ﬁf&sam pound as
Water vapor rises and i R e a g -
condenses as clowds. i e e D
. swamps, ponds, and lakes.

EVAPORATICN
Heal from the sun causes PLANT UFTAKE, INTERCERTION,
water lo evaporate, TRARSPIRATION
Plants take up water from the
ground, and later transpire it
HYDADSFHERE, DCEANS. back inta the air.
The aceans cantain
979% of Earth's water.

INFILTRATION, FERCOLATION, SUBSURFALE
FLOW, AGUIFER WATER TABLE. SEEPAGE,
SFRANG. WELL

Water is soaked into the ground,
flows below it, and seeps back out
The Water Cycle ek
Water moves arcund our planet by
ihe processes shown here. The water
eyele shapes landscapes, ransports
minerals, and is essential to most life
and ecosystems on the planel.

WOLCANI STEAN, GEVSERS. SUSDUCTION
Water penetrates the earth's crust, and
comes back oul as geysers or valcanic sleam



_ _ _ _ _ GEQCIENCIAS
Dindmica externa: maior energia com menores efeitos?

Comparacoes:
18 milhdes de km?2

Massa da crosta continental:
1,4*10'8 ton

Vel: 1,45 cm/ano para oeste

Quantidade de movimento da
crosta: 800 * 10° kg*m/s




GEQCIENCIAS

Comparacoes:
Os quatro maiores rios juntos

Amazonas, Orinoco, Parana,
Madalena:

Fluxo de 2 * 10° ton/ano
Distancias de 10° metros
Quantidade de movimento:

400 * 10° kg*m/s

Apenas na superficie e em 4 rios!



Comparacdes: deformacédo em orogenos
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Taxas de deformacédo orogénica — 10-8 m/(ano*m):
Em larguras de 10> m = 10—3 m/ano

Na América do Sul ~ 200 x 108 kg *m/s contra os 400 * 10° kg*m/s dos fluxos
sedimentares !

GEOCIENCIAS



GEQCIENCIAS

TectOnica de Placas 1.0 — louvavel abordagen aristotélica

Longitude (W)
72 07F TI W 60 68 67 66 65 64 61 &2
Op

3

Deepai (k)

400

500




Geodinamica — processos fisicos e modelos numéricos GEOCIENCIAS
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GEQCIENCIAS

Quais as implicagoes disso para a dinamica interna?

Sem registro direto

Sem consequéncias?



GEQCIENCIAS

- Producéo sedimentar

> 1000
h00
100

< 10
Sediment Yield [Tonnes kmZ year‘1]

Fgure 5 Gilohsf paiern of sediment yield, with river auipu? af sediment io e 6resns
Honnes xF .E?ff HRel 8l (Reproduced Sy permission)



Prafundidade(km)

Temperatura

GEOCIENCIAS
Consequéncia I: resfriamento de orogenos

Sem fusao de crosta inferior

Geotermas - Passos de 0.5 *10° anos (sin-tect)
1.0 *10" anos (pos-tect)

Trajetorias PTT
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Prafundidade(km)

Temperatura

Consequéncia I: resfriamento de orogenos

Fusao de crosta inferior
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GEQCIENCIAS

Producé&o de 1000 t/km2 ano a 3000 m de altitude




_ _ _ GEOCIENCIAS
Estilos orogénicos e estado térmico

Large Hot Orogens
BrOWEdE 1ordeep

PLATEAU

Transitional Orogens

retibcontinent

Magnitude

Small Cold Orogens

T

Figure 1. Conceptual orogenic temperature-magnitade (T-M) diagram showing growth from small-cold to large-hot orogens (after Beau-
mont et al., 2006). In collisional orogens, increasing magnitude and temperature both result from accretion and thickening of crustal mate-
rial. In magmatic arc systems (not considered here), voluminous addition of mantle-derived magmas exerts an additional control on the
evolution of the system. UHP—ultrahigh pressure; S—singularity.



GEOCIENCIAS
Estilos orogénicos e estado térmico

Europa

Write & description for your map.

Quente




GEOCIENCIAS
Consequéncia II: esforcos topograficos
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GEOCIENCIAS
Denudacao, altura e esforcos topograficos

Soerguimento e denudacao
I- 5¥= 3000.0T/km2 yr @ 3km
8 Il- SY= 1000.0T/km2 yr @ 3km

— Topo | km

— dh/dt | m/Kyr *5
Espessura crustal/20 km | ||
Topo Il km

dh/dt Il m/Kyr *5
Espessura crustal/20 km Il

altitude

0 50 100 150
tempo Myr

Esforco topografico

- Altura de 4 km = 112 MPa

- Alturade 1,7 km = 47,6 MPa



Consequéncia llI: perfis de resisténcia

Esforgo topografico supera resisténcia apenas na crosta

inferior

Perfis de resistencia e esforco '.'C/&B@CD - estagio sin-tectonico

GEQCIENCIAS

Estagio pos-tectonico
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Consequéncia llI: perfis de resisténcia

Esforgo topografico supera resisténcia apenas na crosta

inferior

Perfis de resistencia e esforco '.'C/&B@CD - estagio sin-tectonico

GEQCIENCIAS
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Consequéncia llI: perfis de resisténcia

Esforgo topografico supera resisténcia apenas na crosta

inferior

Perfis de resistencia e esforco '.'C/&B@CD - estagio sin-tectonico
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GEOCIENCIAS
Consequéncia llI: perfis de resisténcia

Esforgo topografico supera resisténcia na crosta média

Perfis de resistencia e esforco tﬁpdﬁﬂ - estagio sin-tectonico

0 0 Estagio pﬁS-tECtOhiCD
20} 20 | :
40 + {1 a0} |
|4 —
5 60 | = 60 b el
3 = Fo
: - | B &
5 80 5 90f :
- Ko =
3 =
2 100F-... o 100} .
= a
120 - 120 | .
140 | 140} H
=2000 =1000 1000 2000 3000 4000 5000  =2000 =1000 0 1000 2000 3000 4000 5000
10000 : Esforco diferencial (MPa) . 300 . . Esforco diferencial (MPa)
—  MaxCrosta_comp - - Esforco Topografico a 3/4 da crosta
anoo | - - BaseCrost_comp || 250} — Resistencia a 3/4 da crosta
——  MaxMant comp = - - Esforco Topografico no meio da crosta
= = 200 : ; -
=i = — PResistencia no meio da crosta
6000 | topoMant_comp 2
=
] 150 | .
4000 | &
L o 100 .
- ol E
.---‘-f _""——________ E
2000 F 148 50 ]
1 e e T i ) - .
0 50 100 150 200 250 300 0 50 100 150 200 250 300

Tamrma Mur Tarmrmn Bur

Producao de 1000 t/km2 ano a 3000 m de altitude



GEOCIENCIAS
Esforco vs. Resisténcia — deformacao por esfoco topografico

collapsing/spreading

plateau

foreland " "
thrusting foreland
el — __w_thrusting

ot
basal decollement:
top-to-foreland shear

a) Plateau
collapse ‘

model ‘ ‘

uplift due to slab break-off, advective thinning
or delamination of subcontinental lithosphere

Fossen, H. 2000. Extensional tectonics in the Caledonides: synorogenic or postorogenic? Tectonics 19



Rios — centracao dos fluxos sedimentares

Sediment Mow rate [kgims] Compuled by SIMWE
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GEOQOCIENCIAS

Producao sedimentar

- Dinamica interna da Terra — tectonica de placas e formacdo de bacias
sedimentares.

- Sistemas de formacado, transporte e deposicdo de sedimentos
- Influéncias climaticas

- Evolucao dos controles externos durante a historia da Terra



 GEOCIENCIAS

VWeathering and
erosion

Burial and
diagenesis



GEOQOCIENCIAS

Intemperismo:

Fisico — fragmentacdo sem alteracdo composicional. Aumenta a area especifica e
facilita a alteracdo quimica.

Quimico — envolve reacoes com solucoes aquosas: alteracao mineraldgica e retirada
seletiva de elementos para as solucoes:

- Dissolugcdo- De minerais soluveis em agua (dependendo de Ph e
temperatura).

- Hidrdlise — reacao de mineriais com a agua. Ex: formacao de argilas e ions
em solucdo pela alteracao de feldspato e quebra de calcita em ions.

CalC0; + H,0 + CO,=Ca™" + 2HCO;
Lemkeiil | lesarbomic |Gaksrimm | bEsirbomaic

aicicd | caliom ) o

- Acidolise (en hidratacgdo, etc.



GEOQOCIENCIAS

Intemperismo quimico

Intemperismo fisico



O efeito da altitude
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Flg. 7.7 Plot of dramnage basin area versus particulate sediment yield for the elevaton classes of rivers of Milliman and Syvitski
(1992). The regression for all of the rver data has the form F=cxp(9. 18 = 0.461nd,). After Hay (1998). Reproduced courtesy of

Elsevier.



O efeito do tipo de rocha denudada

Table 7.4 Rock types at the Earth's surface by percentage.

Class Rock type Percentage
(hy area)
Plutonic Granite 10.4
Gabbro and ultrabasics 0.6
Metamorphic  Marble 0.4
Amphibolite 19
Mica-schist 1.5
Cneiss 10.4
Quartzite 0.8
Volcanic Basalt 4.15
Andesite 3.0
Rhyolite 0.75
sedimentary  Quartz-arenite 12.6
Arkose (felspathic 0.8
arenite)
Greywacke (lithic, 2.4
argillaceous arenite)
Shale 33
Limestone and dolomite  15.9
Evaporite (gypsum and 1.3

halite)

GEOQOCIENCIAS

Table 7.5 Weathering rates of major rock types, relative to

granite.

Rock type

Weathering rate

Granite
Gineiss/schist
Gabbro

Sandstones
Volcanics

Shales

Other metamorphic
Carbonates

Gypsum

Rock salt

L e e
[ L I Ry Y




Table 7.6 Water discharge, suspended and solute loads, and mean elevation of world's major rivers. GEOCIENCIAS

River Water Suspended load Solute load Mean elevation

discharge (Mtyr™") (Mtyr™") (m)

(m*s™)
Amazon 200,000 1150 223 426
Brahmaputra 19,300 520 &1 2734
Columbia 7930 15 35 1329
Colville 492 520 6 469
Danube 6660 70 60 501
Dnepr 1650 2.1 1 152
Fraser 3550 20 11 1140
Ganaes 11,600 524 75 B90
Inclus 7610 250 41 1855
Irrawaddy 13,600 260 92 38 O aporte sedimentar
Jana 920 3 1 703 o,
Lena 16,200 12 88 oz Palra a bacia é o
Mackenzie 9830 125 64 634 roduto
Magdalena 6980 220 28 1203 p ~
Mekong 14,900 160 60 w062 da producao
Mississippi 18,400 400 125 656 i
Murray 698 30 9 266 Sedm)entar
Niger 6020 32 10 a29 pela area de
Nile 317 125 18 662 5
Ok 12,200 16 50 301 captagao
Orange 2890 91 12 1241 de drenagem,
Orineco 34,900 150 39 456 -
Parana 18,000 112 56 564 8..SSI m,
Po 1490 18 10 793 rlos com grande
Rio Grande 95 30 2 1279 X~ +A -
Shatt al Arab 1460 103 18 669 cap_tac;ao tem mais
St. Lawrence 14,300 4 59 265  sedimento sendo
Xi Jiang 9510 80 132 670
Yangtze 28,500 480 226 1688 transportado.
Yellow (Huang He) 1550 120 22 1885
Yenisei 17,800 13 65 749
Yukon 6180 60 34 741
Zaire 40,900 32.8 36 740

Lfambezi 6980 48 15 1033




VariacGes no aporte de Sedimentos:
Clima e tectonica



Variacoes induzidas por mudanca climatica:

- Ciclicidade climatica

- Migracao de placas atraves das zonas climaticas
- AlteracOes na producao sedimentar

- AlteracOes do fluxo de sedimentos



Ciclicidade climatica — Milankovitch
- Excentricidade
- Obliquidade

- Prescecao do Equindcio



Excentricidade Zero

Excentricidade 0.5

The Earth's orbit is an ellipse. The eccentricity is a measure of the departure of this ellipse from circularity. The
shape of the Earth's orbit varies in time between nearly circular (low eccentricity of 0.005) and mildly elliptical
(high eccentricity of 0.058) with the mean eccentricity of 0.028. The major component of these variations
occurs on a period of 413,000 years (eccentricity variation of £0.012). A number of other terms vary between
components 95,000 and 125,000 years (with a beat period 400,000 years), and loosely combine into a
100,000-year cycle (variation of —0.03 to +0.02). The present eccentricity is 0.017.



Variacao da obliquidade (inclinacao do eixo)

In addition, the angl®Detween Earth's fotationat ¢ e plane of its orbit (
obliquity) oscillates between 22.1 and 24.5 degrees on a 41,000- year cycle. It is currently 23.44
degrees and decreasing.



http://en.wikipedia.org/wiki/Obliquity

Prescecao

The Earth's axis completes one full
cycle of precession approximately
every 26,000 years. At the same
time the elliptical orbit rotates more
slowly. The combined effect of the
two precessions leads to a 21,000-
year period between the
astronomical seasons and the
orbit.



http://en.wikipedia.org/wiki/Earth%27s_Axis
http://en.wikipedia.org/wiki/Precession
http://en.wikipedia.org/wiki/Apsidal_precession
http://en.wikipedia.org/wiki/Season#Astronomical

Prescecao e as estacoes do ano

— , Sumener
e Earth’s il
Direction North Solstice Precession
Pole points direction
(actually
inclined only
235 degrees)
Fall
Spring Spring Equinox
Erjuinioy Equinos
Wyinter Jan 4th Summ gk
Soistice
. Wini er Sumyner
Surnmer Winter SI'""'Il"TtE' Solsfice Solstice
Solstoe Solstice olstice
Summear

Spring

Fall Equingg
Equinos 5000 years from now
5000 years ago and

Spring Fall

15000 years from now Eguinox Eguinox
Surmmes
\ / Indicated

seasons are for

Surrimer northern
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Milankovitch Cycles
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Past and future Milankovitch
cycles. VSOP allows
prediction of past and future
orbital parameters with great
accuracy. € is obliquity (
axial tilt). e is eccentricity. @
Is longitude of perihelion.
esin(w) is the precession
index, which together with
obliquity, controls the
seasonal cycle of insolation.
is the calculated daily-
averaged insolation at the
top of the atmosphere, on
the day of the summer
solstice at 65 N latitude.
Benthic forams and Vostok
ice core show two distinct
proxies for past global
sealevel and temperature,
from ocean sediment and
Antarctic ice respectively.
Vertical gray line is current
conditions, at 2 ky A.D.


http://en.wikipedia.org/wiki/VSOP_%28planets%29
http://en.wikipedia.org/wiki/Axial_tilt
http://en.wikipedia.org/wiki/Orbital_eccentricity
http://en.wikipedia.org/wiki/Longitude_of_the_periapsis

VariacOes aparentes por migracao das Placas

Placas litosféricas movem-se a velocidades da ordem de centimetros por
ano e podem atravessar zonas climaticas.

As mudancas climaticas aparentes no registro sedimentar sao mais lentas e
sem ciclicidade real.

O movimento de uma placa em direcao a latitudes menores implica em
aumento da precipitacado e das temperaturas medias.



Distribuicéo da precipitacao média anual
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Distribuicdo da temperatura média anual
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Paleogeografias regionais - continentalidade




Clima e tectonica — AlteracOes na producao sedimentar

Muitas equacbes empiricas foram propostas para o
calculo da producao sedimentar em uma bacia de
drenagem.

Uma equacao util por considerar clima e declividade € a
de Ludwig & Probst (1996):

SY= 0.02%(R*S*VP)

Onde SY= producao sedmientar (t/km2/ano)

R= runnof especifico da bacia de drenagem (mm/ano) —
vazao por unidade de area

S=declividade média da bacia de drenagem

VP=indice de variabilidade da precipitacao =

P2 meses/ P ano (mm/ano)



O modelo BQART

Model = Obs'
10%1 R*=0.95, n=488

g/s

—
-
)

Pred icted_‘Lcad k
2

10-1*.,.*’_” R R
107 10 10" 10¢ 10° 10* 10°
Observed Load (kg/s)

Q.= wB-Q?314%5 R -Tfor T > 2°C
B =[1+0.09A,] L (I-T,) E

Syvitsk, 2016

Syvitskt & Milliman, J
Geology, 2007,
disentangled discharge
Q from Area 4 with
Aﬂfq;zg_ﬂ 5 Qf:.31 AL—"E and
added terms for:

L = lithology
A, = glacier coverage

Ty =reservoir or
floodplain trapping

efficiency

E. = human-influenced
erosion

BOART estimates are

on average within 38%
of the measured loads
on 488 global rivers.

COlsL Ty SURRECE DTMAMSCS BONELNG SY5TEN



). =0.0006 [1+0.09A] L 031 A0S R
Q; g

Globalrange: [I —10] [0.5-2][0.5-15][10 -2400] [0.1 -6.2] [ ]

[0 = [0] [xa]  [OY] [07] [0°] (0]

River Mtly | %Ag| L Q km’ly A km? R km
Nile 364 0 1 110 2,026,000 3.8 25
Mekong 339 0 1 547 759,000 5.5 16

River Mtly |%Ag| L Q kmdly A km? R km
Colorado 116 0 1 22 638,000 3.7 8.0
Fly 119 0 1 179 64,000 4.0 12.0

River Mty | % Ag| L Q km’ly A km? R km
Ebro 51 0 1 45 85,000 3.3 12.8
La.mur 52 0 1 348 1,755,000 | 2.5 -7.0
‘Limpupu 52 0 1 26 380,000 2.3 210

Syvitski,lﬂlﬁ E'DM.

COMMLNITY SLRFACE DY BRO0E LING S5 TEN



Como os ciclos de milankovich sao de alta frequéncia, e
as reacoes de intemperismos lentas, a alteracao
Intempérica € a média reslutante.

Ciclos de Milankovich modificam R e VP, mas a resposta
do clima local a variacdes na energia solar global ndo séao
homogéneas. Respostas contrarias podem ocorrer em
diferentes regiodes.



Soerguimento e erosao
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GEQCIENCIAS

Sediment production rate during simulation
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GEOCIENCIAS GEOCIENCIAS

Tectonic environments and sediment yielo
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FiG. 4.—Least squares regression lines for four of the five subsets of drainage
basins depicted in Figure 3. The regression line for catchments in a setting of
thermal extension is tentative. The direction of increasing rate of vertical strain
is indicated. Regions with relatively high rates of uplift of rock plot high with
respect to the appropriate regression line, while regions with relatively lower
rates of uplift of rock plot closer to, or below the regression line. Equations for
the regression lines:

Hovius (1998)



GEOCIENCIAS

SY as a function of stable average slope at sources

Dry climate or low erodibility

Erosion

GEOQOCIENCIAS

Humid climate or high erodibility

Erosion

Erosion

T*M‘_

uplift

Sem}h%r /erosion = u;:ulﬂ”t\I
fran Soort stable 5Y and
» \\ slope
sedime . lm:reasmg
”“fmsnmt | SY, slope and

slope

Y, height

-l- erosion = uplift
stable Y and
slope
uplift
Erosion "':'h"'i"{?lr.r:r:;—I.E,"l}r
uplift
Se;
erosion mmﬁﬂf trane
- E=h, 500 Increasing
SY, slope and
uplift
5
EFGE.IGI'I ediment #a”F.ﬂdr‘t

uplift

slope




GEOCIENCIAS

Effect of climate change on SY

erosion = uplift

stable 5% and

Etran
‘ . == *Sbory slope
Humid climate % 4L M_P\

uplift

erosion

Humid climate %l
o (E”_m_al:e_ o uplift |

change 1
Dry climate %

uplift

erosion = uplift
initially
augmented 5Y
due to excedent
topography

erosion = uplift
stable 5% and
slope

GEOCIENCIAS



GEOCIENCIAS GEOCIENCIAS
Effects of climate change on SY

Longer recovering
time during dryer

period Sedimentary yield through time - constant uplit
1200
Augmented spike
1000 el due to previous
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Long-lasting changes in precipitation cause initial spike of SY and subsequent stabilization at
the former level (with different height and slope)



GEOCIENCIAS

Variable uplift and sediment yield

Uplift Rate
High

Lowr

Sedimentary yield through time - variable uplift

1000 -

800 -
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Changes in uplift rates cause durable change in SY — for each uplift rates
there is one fixed SY (if all other variables are kept constant)

GEOQOCIENCIAS



GEOCIENCIAS GEOCIENCIAS

Tectonic pulses

Subsidence pulses act instantaneously in generating accommodation
space, while uplift has a retarded effect on the sediment input.
Blair & Bilodeau ceovLoay, v 16, p. 517-520, June 1988

Whittaker et al.

Basin Research (2010) 22, 809-828

Fig.11. Synthesis diagram showing the
erosional and depositional patterns
characterising the transient response of
footwall catchments and hanging-wall
basins to an increase in fault uplift rate as
evidenced from the Central Apennines of
Iraly.

1r top of migrating wave
of incision

Transient sedimentological response to tectonic perturbation

Little erosion in upper
catchment. Relatively fine

grainsizes exported (1) = incised reach:

Main sediment source area;
steep, narrow valley sides
landslides increase D a4

Coarse sediment input to basin
derived from (1) progrades
across fine sediments

Fault linkage and slip-rate S et b it
increase initially leads to — % sttt Sl ki i
deposition of fine, lake sediments :
as accommodation generation

™
e POl B RIS = |nitial sediment before fault linkage

basin approximately filled



GEOCIENCIAS

Estratigrafia

Sssos0r Effect of tectonic pulses

Retarded clastic advance

Q. Clevis et al. / Sedimentary Geo_logy 163 (2003) 85-110
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Fic. 63 (continued).—C) 3-D compressional-basin model with surface processes and grain-size sorting (Clevis et al., 2003). Cross
sections (¢, d) showing distribution of gravel during tectonic pulsation (200,000 yr period). Gravel progrades during tectonic
quiescence. Sinusoidal sea-level fluctuation (period 100,000 years, amplitude 20 m) superimposed on tectonic pulsation shown
in Part E.

Bacias Sedimentares - Classificacao, Bacias
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