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Bacias sedimentars e producao sedimentar

- Bacias sedimentares: areas da superficie terrestre que sofrem ou
sofreram subsidéncia continuada.

érmica

T

- Subsidéncia — resposta a uma mudanca de estado na crosta ou na
litosfera.

- Principal agente das mudancas de estado: Tectonica Global.

- A aula de hoje descreve os principais mecanismos de subsidéncia e sua
relacdo com os principais ambientes tectonicos.
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Um tipo de classificacdo, muito utilizado, agrupa as bacias
sedimentares de acordo com seu contexto na Tectonica da Placas.

érmica

Em uma divisdao maior, as bacias podem ser classificadas em:

V4

T

- Bacias relacionadas a limites convergentes de placas

- Bacias relacionadas a limites divergentes de placas

- Bacias relacionadas a limites transformes de placas

- Bacias intra-placa

Em cada um desses contextos ocorre uma série de tipos de bacias.

Os principais tipos serdao apresentados na aula de hoje, seguindo a
classificacdao de Ingersoll & Busby (1995), modificada.
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1. Bacias de contextos divergentes:

- Rifts intra-continentais: subsidéncia mecanica

érmica

V4

- Bacias proto-oceanicas: subsidéncia mecanica + subsidéncia termal

T

RIFT
BASIN

(f=1.86)

MASCENT
QCEAN
BASIN
(=22
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Bacias de limites divergentes
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Basin & Range Province, Rhine Graben / Lake Baikal - GEOCIENCIAS
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Bacias intra-placa:

érmica

T

- Margens Passivas: subsidéencia termal

- Bacias Intracratonicas: mecanismo incerto (termal, flaxural,
topografia dinamica)

- Bacias Oceanicas ativas: subsidéncia termal
- Bacias Oceanicas inativas: subsidéncia termal

- Rifts Intra-placa: subsidéncia mecanica
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CONTINENTAL AND
GSA0307 a INTERIOR SAG BASIN SHALLO‘}'V MARINE SEDIMENTS

V4

“THINNING OR HIGHER DENSITY 7

Térmica

NTINENTAL SEDIMENT OF
d MARGIN SAG BASIN %I‘?IBANI(MENT %%NETINENTAL
CARBONATES/SHALES (TERRACE)
S ———-———?‘?-":-—p———’“

R N _, OCEANIC CRUST

SEDIMENTS OF INCIPIENT
SPREADING TROUGH

Bacias Sedimentares - Classificacao, Bacias

QO
o
c

@

e
7))

Q
=

O
v

o
7))

QO
O
©
m

%)
©
=

L
n
C
O
et

S
)]

E;SAL S G € OCEANIC BASIN PLAIN
CLASTICS TRANSITIONAL AND FAULT-BOUNDED BASIN
¢crRUsST
RIFT VALLEY T
DEPOSITS D —— B 2
5T ——
f OCEANIC SAG BASIN DEEP
SEA FAN SEA LEVEL
= T T T -~ S L

FEREHE ©asiseas

o e e
S e

i e - : 0
CEANIC CRUST ! T 1000 km




GEOCIENCIAS

Estratigrafia
GSA0307 Mar ens asswas

AMIC C

E-—.rmmmm

NASCENT CONTINENTAL » Toomt ht A
a OCEAN MOHOo L2 CRUST, IR
U BASIN 50-
é (B=2.2)
- 100 km, 4
©

PASSIVE moHO

MARGIN 504

100 km. -

)]
®
@)
©
o
i
(v ]
O
©
O
=
1))
n
©
@)
1
0
()
HE
©
)
C
)
=
©
()]
wn
1))
®
O
©
(28]

8

O

=

Y

=

0

Qo

>

n

Q

T ]

%)

3 4 &

a2 Por¢es mais distais da 5

0 plataforma apresentam menor  § =

L0 espessura de crosta apos a @ £ g

g distensdo = maior fator beta = Bt 3
. c qA . 2 @ B‘\ £

9o maior taxa de subsidéncia termal. = |5 60— ] =

n Z 6] & -31.2km e i i

: Ye

e e B Y, =125km B=e

w 7 w \

e

(L) A Thermal subsidence phase

D ] 1

T 1 )
0 20 40 60 80 160 120 14'0 160 1é0 200

Time since end of stretching (Myr)



GEOCIENCIAS

Estratigrafia
GSA0307

Bacias de contextos convergentes:

- Trincheiras de subduccao: subsidéncia termal + flexural

érmica

T

- Bacias de flanco de trincheira: subsidéncia mecanica + termal

- Bacias de ante-arco: mecanismo incerto (subsidéncia flexural
+ ?)

- Bacias de backarc: subsidencia mecanica

- Bacias de intra-arco: subsidencia mecanica

- Bacias de antepais de retroarco: subsidéncia flexural
- Bacias periféricas de antepais: subsidéncia flexural

- Bacias de colapso de orogeno: subsidencia mecanica
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Bacias de ante-arco

V4
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Bacias de backarc
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GEOCIENCIAS

Bacias de antepais de retroarco
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Bacias periféricas de ante-pais
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ynera Bacias de contexto transforme:

- Bacias transtrativas

- Bacias transpressivas

V4

Térmica

- Bacias transrotacionais
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Mecanismos de Subsidencia:

Mecanico e Térmico

GEOCIENCIAS
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Resposta da crosta a mudancas de estado: Isostasia

- Compensacao isostatica

érmica

1. Tipo Pratt (variacao dedensidade)

V4

T

2. Tipo Airy (variacdo de espessura)

Airy Isostasy

M 5 km
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Na base das duas colunas as forcas igualam-se:
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Relevo relativo entre dois blocos continentais adjacentes:

evo relativo entre dois blocos continentais p (g/ce) P {gf'c:c_)

Termica

centes: 0- ST T SEA LEVEL
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GEOCIENCIAS

Se uma porcao da
crosta passar da condicao
da coluna 1 para a da

coluna 2, ocorre
subsidéncia.

Esse tipo de
subsidéncia por
afinamento crustal ou

litosférico é denominado
subsidencia mecanica.

A subsidéncia
mecanica ocorre  em
regioes sujeitas a

tectonica distensiva.
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, A espessura inicial da crosta

| ou litosfera sobre a espessura apos
'Ycl Crosta a distensdo determina o fator f3.

Antes do estiramento

Como distensao da litosfera
implica em ascensao de
astenosfera, o gradiente térmico
aumenta.
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T

O aquecimento da litosfera
pode ser rapido se houver adicao
de magma, e com isso a densidade
diminui e a subsidéencia é reduzida.

Depois do estiramento
— Rift —
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Quando a distensao termina,

© a litosfera esfria lentamente e ,
E ganha volume com a 2
- transformacdo de astenosfera 5
[ quente em litosfera mais fria. 5 3
Esse resfriamento ¢ T 4 ?;,
acompanhado por aumento de H o g B\ 5
densidade e, portanto £ ¢| £ y,=31.2km ﬁ;ef\ a2
subsidéncia termal ou térmica. 2] SEpfoostruf = S Tyl 4

Thermal subsidence phase

8 T T T T T I T T I
0 20 40 60 80 100 120 140 160 180 200

Time since end of stretching (Myr)

Para cada fator beta ha uma curva
exponencial de subsidéncia termal.

Em um modelo unidimensional, a
subsidéncia total é mesma calculada
para a compensacao isostatica sem o0s
efeitos termais, apenas a curva é
modificada.
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© P

O Como a crosta inferior e a
& A litosfera apresentam
— s e

N comportamento ductii com a

T

deformacdo, a area de ascensao
astenosférica € maior que a de
distensdo crustal.

Assim, a subsidéncia termal
afeta uma area maior que a
subsidéncia mecanica por ela
responsavel.
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GEOCIENCIAS

O ovo ou a galinha?
Pelo modelo acima descrito, a distensdo causa subsidéncia que causa ascensao
de Astenosfera (aumento de gradiente geotérmico).
Mas qual a causa da distensao?
1- TensoOes de borda e placa.

2- Colapso distensional
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Variagao da pressao litostatica em profundidade
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Variacdo da pressao litostatica em profundidade,

A

V4
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A propria ascensao de astenosfera causa distensao litosférica
e 0 processo se auto-alimenta
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Fig. 2.35 Suength profile for the oceanic lithosphere calcu-
lated using equation (2.92) for tension and equation {2.93) for
compression. The dashed lines are the stresses associated with

creep in the lithosphere at the strain rates indicated. Reproduced
courtesy of Cambridge University Press.
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Allen & Allen (2005)
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(a) Low reduced heat flow (b) High reduced heat flow
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Fig. 2.36 Strength profiles of the continental lithosphere for different geothermal gradients, using (a) a low reduced heat flow of
25mWm™ for a cold continental shield area, and (b) a higher reduced heat flow of 59mWm™ for an area undergoing extension.
KF=25Wm K, 4,=2.1mWm™, T,=15°C, Universal Gas Constant = 8.31451 Jmol™ K™, strain rate is 107""s™, n= 3. For the
olivine rheology, 4= 10°MPa~ 5™, E,=500k] mol™; for brittle failure under tension f;= 0.6, p= 3300kgm™. For the lower crustal
rheology, 4= 100Pa~s™", E,=300k] mol™, and for brittle failure under tension f{=0.6 and p=2750kgm™; (¢} shows plot of acti-
vation energy E, versus the pre-exponential factor 4 for a range of rock types typical of the lithospheric mantle, lower crust, and
upper crust (derived from Table 1, Fernandez and Ranalli 1957).

Allen & Allen (2005)
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Estratigrafia

GSA0307 Pode haver diferenca significativa entre a distensao crustal (C) e a

distensao de manto litosférico (L).

A primeira causa subsidéncia e a segunda soerguimento.

V4

Se L. > 1,5 C, ha soerguimento durante a distensao.

Térmica

Afinamento litosférico
pode ser produto de varios
processos de aquecimento,
Nao necessariamente
distensao regional.
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LOCAL ISOSTASY

Uma sobrecarga (e.g.
cavalgamento, edificio A =
vulcanico) também causara
compensacao isostatica.

V4

Térmica

Se a litosfera fosse B

L 3
formada por blocos separados
com movimento vertical

independente, essa
compensagao nao causaria
subsidéncia, pois ndo haveria FLEXURE

abatimento da superficie. (REGIONAL ISOSTASY)

Na realidade a crosta tem C j‘; :F :’; +

uma rigidez que implica em
abatimento por flexura de
areas adjacentes a sobrecarga.

Esse abatimento 6 D . o3
denominado subsidéncia
flexural.
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A distancia a partir da area de sobrecarga
afetada pela subsidéncia e a profundidade
dessa subsidéncia dependem da rigidez
flexural da crosta.
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Sedimentary input: climate and tectonics

« Sedimentary yield of source areas (kg km™? y*) and area of eroding sources
determine the sediment input to the system.

« Sedimentary yield is controlled by slope, erodibility and climate.
For example: Ludwig & Probst (1996): SY= 0.02*(R*S*VP)

SY= sediment yield (t/km?/year)

R= specific runnof (mm/year)

S=average slope at source area

VP=variability of precipitation= P2 monthes/ P year (mm/year)

« Tectonics controls slope (often in pulses of uplift)
« Uplift control precipitation (orographic rainfall)

« Climate change imposes high frequency cycles (tens of ky)
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Orographic precipitation

o Poulsen et al. 2010. Science,
Vol. 328 no. 5977 pp. 490-493
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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:

GEOCIENCIAS

Hovius (1998)
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SY as a function of stable average slope at sources

Dry climate or low erodibility

4 )

erosion

L

erosion = uplift
stable SY and
slope

Humid climate or high erodibility

uplift ( h
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Effect of climate change on SY
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Effects of climate change on SY

Longer recovering
time during dryer

perlod Sedimentary yield through time - constant uplit
1200
Augmented spike
HoER - due to previous
Climat . .
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Height (m)
Sedimentary yield (t*fkm~-2*year-1)

Long-lasting changes in precipitation cause initial spike of SY and subsequent stabilization at
the former level (with different height and slope)
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Variable uplift and sediment yield

1

Uplift Rate
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Sedimentary yield through time - variable uplift
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GEOCIENCIAS

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)
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Tectonic pulses

Subsidence pulses act instantaneously in generating accommodation space,
while uplift has a retarded effect on the sediment input.

Blair & Bilodeau

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
Italy.

GEOLOGY, v. 16, p. 517-520, June 1988

Transient sedimentological response to tectonic perturbation

Little erosion in upper
catchment. Relatively fine
grainsizes exparted
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Effect of tectonic pulses

Retarded clastic advance

Q. Clevis et al. / Sedimentary Geology 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.



