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Abstract

Passive margin basins are influenced by two different
subsidence patterns, mechanical subsidence caused by
crustal stretching and thermal subsidence caused by
thermal gradient reduction. Backstripping consists of
applying an isostatic balance that allows isolating
subsidence caused by sediments from the total
subsidence and analyzes the tectonic component. In this
work, subsidence analysis is performed in a well-marked
flux, using information and physical properties earned by
borehole profiles. Results revealed aspects and
specificities of processes, which have already been
advocated in the other basins of southeastern Brazilian
continental margin.

Introduction

The generation of sedimentary basins requires the action
of subsidence processes in a given region for a certain
period of time (eg, Kusnir & Ziegler, 1992). As a result,
there is a substrate lowering (and / or elevation of
adjacent regions), which can sometimes be found in lower
regions to the stratigraphic base level position, causing
sedimentary deposition, which can be preserved or not
(Catuneanu et al., 2009). Nine large sedimentary basins
are distributed along the eastern Brazilian continental
margin. The filling of these basins consists of sediments
originating from the rift phase (lacustrine and continental)
underlies to upper / tertiary cretaceous marine carbonate
platforms and sediments accumulated during the drift
phase. The Mesozoic sediments of the Pelotas Basin
overlap Precambrian crystalline rocks, Paleozoic rocks of
the Parana Basin, and continental and transitional crustal
volcanic rocks (Abreu, 1998). Watts & Ryan (1976),
Steckler & Watts (1978) and Watts (1981) establish that
interest of sedimentary basins historical analysis consists
of some systematical steps, which allow estimates on
qualitative way the initial porosity of sedimentary rocks,
uncompactation, sedimentation rate, subsidence rate,
among other parameters. Such a set of processes make
up the tool known as backstripping, which consists of the
application of isostatic equilibrium conditions - in situ - to a
given sediment load. Sedimentation on a continental Atlantic
margin constitutes a load on the lithosphere by the action of
superimposed weight, and consequently crustal archment.

Studies on the geometry of deformation suggest that the
lithosphere will react to such local loads by point isostasy,
or by flexural load of a rigid crust. The application of the
backstripping technique to 1D sections of sedimentary
basins allows the reconstruction of the corrected
subsidence curve for the degree of compaction and for
the removal of the influence of the superimposed
sedimentary load, called tectonic subsidence (Chang et
al., 1992). The purpose of this work is to contribute with
information already available from the subsidence
analysis in curves for a set of wells (Lee et al., 2016),
which record the tectono-sedimentary evolution of the
Pelotas Basin (Figure 1) from of its rifting phase.
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Figure 1 — Location map of the wells used for this study.

Method

The backstripping technique was developed in the 1970s
and is widespread today (eg Xie & Heller, 2009;
Contreras et al., 2010, Lee et al., 2016). Watts & Ryan
(1976) borrowed from the Sleep Legacy (1971), to study
the dynamic evolution of sedimentary packages occurring
on the East Coast and the Gulf of Lion. Later Steckler &
Watts (1978) use the same backstripping theoretical
framework on the continental margin of New York, USA.
The latter correlate biostratigraphic data from a set of
wells to determine the influence of the sedimentary load
on total subsidence, from which tectonic subsidence is
inferred. Basin Vis 1.0 software (Lee et al., 2016) was
used to perform the treatment, processing and results.
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The modeling routine is implemented in MatLab, whose
source code is open and consists of known numerical
techniques of interpolation (linear, splines and kriging)
that are able to perform subsidence analysis in its
classical form using the backstripping technique and
reconstructing the deposition surfaces for each interval
depending on the data population. In the data
configuration a new project is started, defining the
extension of study area, stratigraphic units and geological
ages. An additional condition also allows the user to
define the edges of the basin In the wells window are
inserted cataloging information and a list of top depths for
the top depths and thickness for the stratigraphic units.
The subsidence analysis allows the user to inspect the
numerical results of subsidence in a well, in the
spreadsheet form. In addition, the depths of tectonic
subsidence.

Results

The analysis is restricted to wells that provide quantitative
data of stratigraphic thickness, deposition ages, and,
where the tectonic configuration is well established. The
same sedimentary basin may be subject to several
phases of subsidence due to the change of tectonic
configuration. Thus, it is attempted to identify such phases
(TS subsidence trend) for each stage of tectonic
configuration. Only the wells that reach the basement are
considered for the accomplishment of this work. The
information is entered based on the composite profile of
the wells. The deposition ages for the stratigraphic
horizons are in accordance with the stratigraphic chart
proposed by Bueno et al. (2007). The parameters used
for the calculation of subsidence depend on the type of
sediment (density), the genetic framework of the rock
(porosity and degree of compaction), and were adapted
by Contreras et al. (2010). The following figures show the
numerical subsidence (tectonics and basement) as a
function of time and the rates related to these quantities.

The tectonic subsidence (Equation 1) is calculated by
obtaining solutions that correspond to the isostatic
equilibrium between the lithospheric column in a
sedimentary basin, and the same column in which the
superimposed sedimentary load is replaced by water
(Steckler & Watts, 1978):

1
Pm )
Pm — Pw '

Where Y(t), is the basement depth in the absence of
loads on the crust, S*(t) is the uncompacted sediments
thickness for the deposition time, p,,, p;(t) and p,, the
mantle density, sediment density and water density.
Ag; (t) is the relative variation among the sea level at the
deposition time and the current time.
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Figure 2 — Numerical subsidence for the well SC-03.
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Figure 3 — Numerical subsidence for the well SC-02.
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Figure 4 - Numerical subsidence for the well RS-03.

Subsidence Analysis

28PSO0006ABP v

MB
ATL

PTBL
18T

Base Sub
Base Sub Rate
Tect Sub
Tect Sub Rate

0 91 1055 18

Ma Ma Ma Ma
[SGi3N 0s0038 os1127 (0808
45075 10108 (43173
5012 18169
5818
58180 18169 12173 0.8080
0.0440 0.0345 0.0409 0.0896
3.4208 0.8915 0.5769 02173
0.0278 00217 0.0288 0.0241
| [ subsience Rate Pot Dp-Sip Pot

Figure 5 - Numerical subsidence for the well BP-06.
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Figure 6 — Subsidence curve for the well SC-03.
Best fit for stretching factor =1, 35 (A) related

subsidence rate (B).
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Figure 7 — Subsidence curve for the well SC-02.
Best fit for stretching factor =1, 57 (A) related

subsidence rate.
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Figure 8 — Subsidence curve for the well RS-03. Best fit for
stretching factor =1, 39 (A) related subsidence rate (B).
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Figure 8 — Subsidence curve for the well BP-06. Best fit for
stretching factor B=1, 24(?) (A) related subsidence rate (B).
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In general, it is difficult to make considerations about the
sediment thickness of the sin-rift phase, since only one of
the wells used registers the sedimentation typical of this
phase. The subsidence pattern | (TS I) indicates that the
Pelotas basin was subject to a growing regime of tectonic
subsidence for this period (Neo-aptian / Eo-Albian), with
the largest component being mechanical subsidence,
associated with the reminiscent rift phase. This stage is
tectonically active, with normal faults, crustal stretching
and thinning due to the mantle dynamics, intense volcanic
activity and high thermal flow (Fontana, 1987). The
subsidence pattern Il (TS Il) characterizes the initial post-
rift tectonic stage. At this stage the subsidence rate has
strictly increasing behavior, varying abruptly in the few
million years (10Ma) (Eo-Albian / Neo-Albian). After the
rupture of the brittle crust and consequent rise to higher
levels in the lithosphere, warmer and less dense, a process
of restoration of the thermodynamic equilibrium followed, in
which older rocks begin to drag with themselves the thin
crust that constituted the floor of the newly formed basin
(Fontana, 1987). Due to lithospheric cooling, the major
subsidence component at this stage is thermal, amplified
by the rock load of the Curumim volcanic suite and the
extensive continental (deltaic and fluviolacustrine)
deposits that migrate towards down-dip basin down-dip.
The subsidence pattern Ill (TS Ill) shows the equilibrium
stage reached evidenced by the gradual fall in the
subsidence rate (5Ma) (Neo-aptian / Albian). The entire
rift / post-rift sequence begin to be buried under a thick
sedimentary wedge. In this same place, a hinge zone is
implanted where the juxtaposition of volcanic rocks occurs
on the crust, due to the rheological difference and the
overloading action on the metamorphic basement
(Fontana, 1987). The IV subsidence pattern (TS V)
characterizes the Atlantic margin drift stage. From the
Miocene it becomes more active in the basin the flexural
subsidence component, with few action of thermal
subsidence. It is also where most of the sedimentary
deposition occurs, accentuated by coastal onlaps,
prominent since the Paleocene (Fontana, 1987).

Discussion and Conclusions

The tectonic subsidence has a quasi-exponential form,
and is quite similar to the wells, considering that this basin
is in fact subject to varying tectonic conditions internally
(Martins-Neto et al., 2006). The SC-03, SC-02 and BP-06
(northern subbasin) wells present a maximum tectonic
subsidence rate of 0.2092, 0.1116 and 0.0288 km / Ma
respectively (Figs. 2, 3 and 5) The RS-03 well (Fig.4)
(south subbasin) has a tectonic subsidence of 1.5 times
greater of the order of 0.32 km / Ma.

There is an internal gradient of subsidence for the
northern sub-basin. Subsidence has a maximum when
closer to the platform slope break region (SC03-0.21 km /
Ma, Figure 2) and a minimum (SC02-0.12 Km / Ma,
Figure 3), which is more internal, caused by precisely by
the flexural action by addition of sedimentary load, acting
as a sediment receiver from the extension phase.

The fit verified for two of the curves (SC-02 and RS-03)
between the uniform stretching (pure shear) model and
the tectonic subsidence, suggests that after reaching the
equilibrium condition in the crust, the thermal subsidence
gradual and practically incipient way. Even lower values
than usual (B = 1.57, 1.39) are able to produce high heat
flux by raising the isotherm from 1300 ° C to higher crustal
levels (Fontana, 1990).

The curve mismatch occurs due to the interference of the
flexural component of tectonic subsidence. It may also
mean that the uniform crustal stretching model is subject
to limitations of which local tectonics does not have a
solely traction component, and thus the shear is not
necessarily pure. By extension, the stretch is not uniform,
and the initial subsidence up to the rift installation stage is
not instantaneous.
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