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Abstract   

The construction of the stress polygon is based on the 
assumption that the admissible stress state on the crust, 
at any depth or pore pressure, is limited by the frictional 
strength of preexisting fractures and faults critically 
oriented to the present tectonic stress field. In this paper 
we use the stress polygons to constrain stress 
magnitudes in two different geological domains in 
Potiguar Basin. In the pos-rift sequence (Açu and 
Alagamar formations) a present normal faulting regime 
was observed from 0.5 to 2.0 km, a maximum horizontal 
stress (SHmax) gradient of 20 MPa/km and a SHmax/Shmin 
ratio of 1.154. In the deeper rift sequence (Pendência 
Formation) a transitional (normal to strike-slip) present 
faulting regime was observed from 2.5 to 4.0km, which is 
characterized by a SHmax gradient of 24.5 MPa/km and a 
SHmax/Shmi n ratio of 1.396. The deeper regime in the Basin 
also takes place  in the surrounding basement at 1-12 km 
depth, according to published focal mechanisms. We 
concluded that this dual stress regime is consistent with 
an incipient tectonic inversion in the basin. 

 

Introduction 

The knowledge of the present state of stress in a 
sedimentary basin is vital for petroleum industry, and it 
defines many aspects of drilling and production, such as 
borehole stability, water injection, sand production, 
reservoir stimulation among others (Moos et al., 2003; 
Zoback, 2003, 2007). The orientation and magnitude of 
the three principal stresses is also important for the 
understanding of fault style, fault reactivation potential 
and seismic hazard (Tingay et al., 2009; Sibson, 1994, 
Moeck and Backers, 2011).    

In general, there are few available studies in the literature 
about the state of stress in the  Brazilian sedimentary 
basins. In Potiguar Basin the published data are mainly 
composed of borehole breakout analysis (Lima et al, 
1997) and earthquake focal mechanisms, which are 
concentrated in the crystalline basement around the 
onshore border of Potiguar Basin  (Assumpção, 1992; 
Ferreira et al, 1998; Bezerra et al., 2007). These studies 
provided information about stress orientation. Little 

attention has been dedicated to the determination of a full 
stress tensor and a three dimensional stress variation 
across the Brazilian sedimentary basins. This study 
contributes to fill this knowledge gap about the present 
state of stress in these basins. We integrated log data 
(resistivity image logs, conventional sonic and density 
logs), rock strength laboratory analysis (unconfined and 
triaxial tests), and hydraulic fracture data to determinethe 
full stress tensor (least and maximum horizontal stresses 
and vertical stress) at different depths and geological 
domains in Potiguar Basin. The stress magnitude data 
were then plotted in stress polygons as proposed by 
Barton et al. (1988).  

Stress field in the Potiguar Basin  

The Potiguar Basin is located in the Borborema Province 
(figure 01), one of the most seismically active region in 
the South American stable continental plate. Lima et al. 
(1997) presented a detailed study concerning 
compressive stress orientation across several Brazilian 
sedimentary basins from borehole breakout analysis in 
dip-meter logs. These authors analyzed 541 wells, 481 of 
them in the continental margin. In the Potiguar Basin, the 
present state of stress is constrained by earthquake focal 
mechanisms determinations, borehole breakout analysis, 
fault slip data and anelastic strain recovery 
measurements (Bezerra et al., 2011). The orientation of 
compressive stress is margin parallel rotates from E-W to 
NW-SE in Potiguar Basin. A detailed description on stress 
data from resistivity image logs in Potiguar Basin onshore, 
both orientation and magnitude, can be found in Reis 
(2012). These studies show that the maximum 
compressive orientation (SHmax) tends to reproduce the 
margin parallel pattern found in the focal mechanisms in 
the crystalline basement nearby the basins of the 
equatorial margin. 

Assumpção (1992), Ferreira et al. (1998) and Lima et al. 
(1997) concluded that flexural stresses, caused by 
sediment load offshore and density contrast, both local 
forces, control stresses along the continental margin of 
South America.  

The stress indicators points to an overall strike-slip regime 
in the Borborema Province (Bezerra et al., 2011). The 
predominant regime is also strike-slip, according to 
earthquake focal mechanisms in the crystalline basement 
surrounding the Potiguar Basin (Bezerra et al., 2011). The 
two main characteristics of this seismicity around Potiguar 
Basin is a swarm-like activity which exhibits long duration 
(several months to 10 years) and shallow hypocentral 
depths (1 to 12 km), according to Ferreira et al. (1998). 
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Figure 01: orientation of compressive stress (SHmax) in the 
Borborema Province. A to Q: focal mechanisms; white 
circles: earthquake magnitude mb=2; red circles: 
earthquake magnitude mb=3; yellow circles earthquake 
magnitude mb=4 and 5; black lines: compressive 
orientation from borehole breakouts (Lima et al., 2007); 
yellow line: compressive orientation from anelastic strain 
recovery (Araujo et al., 2009). Modified from Bezerra et al. 
(2011).   

Stress Polygon 

In many parts of world stress magnitudes are constrained 
by the strength of pre-existing critically stressed faults 
(Zoback et al., 2003; Zoback, 2007). Assuming that 
condition, it is possible to constrain and reduce the 
uncertainty in stress magnitudes estimation, as the 
stresses in the crust are limited by Coulomb frictional 
sliding of faults(Moos et al., 1999). In addition, the stress 
magnitudes in the crust, in seismically active zones, are 
found in a state of frictional failure of equilibrium. This 
means that, in these active zones, even low pore 
pressure increments or perturbations in stress 
magnitudes can trigger earthquakes. It follows that in 
deep wells drilled in many parts of world, the Coulomb 
coefficient of friction (μ) is found to be within small a 
range between 0.6 and 1.0 (Barton et al., 1988; Zoback et 
al., 2003). 

The condition of frictional failure equilibrium is given as 
follows (Jaeger et al., 2007): 

 
 
 
 
 

Applying the Andreson s̀ faulting theory to relate Shmin 
(least in situ horizontal stress), SHmax (maximum in situ 
horizontal stress) and Sv (vertical or overburden in situ 
stress) to S1 (maximum principal stress) and S3 (least 
principal stress), and assuming that one of the three 
principal stresses is vertical, the previous equation can be 
written as (Zoback et al., 2003; Zoback ,2007): 
 

Normal faulting: 

 

 

 

Strike-slip faulting: 

 

 

 

Reverse faulting: 

 

 

 

Where: 
 σ1= maximum principal effective stress 
 σ3= least principal effective stress 
S1= maximum principal stress 
S3= least principal stress 
Pp= pore pressure 
µ= Coulomb coefficient of friction 
Sv= overburden stress 
SHmax= maximum horizontal stress 
Shmin= least horizontal stress 

 

These three equations above define the limits of a stress 
polygon (Figure 02)  in a graphic Shmin versus SHmax for a  
specific depth and pore pressure (Zoback et al., 2003; 
Zoback ,2007). The interior of the polygon represents the 
admissible state of stress for the three faulting regimes, 
assuming that the stress magnitudes are constrained by 
the strength of pre-existing critically stressed faults in the 
crust. 

An additional constraint for the stress magnitudes is 
defined by drilled induced tensile fractures (DITF) in a 
borehole wall. The DITF are observed in image logs when 
the hoop stress is greater than the rock tensile strength. 
The hoop stress can be also plotted in the stress polygon 
and represents a lower boundary for the maximum 
horizontal stress 

The hoop stress in a borehole wall is a function of the 
contrast between SHmax and Shmin, pore pressure and mud 
pressure (Jaeger et al., 2007): 
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Figure 02: stress polygon plot as used in this study to represent the three faulting style domains. The external boundaries 
represent the state of frictional failure equilibrium for a specific depth and constrained by the Coulomb coefficient of friction of 
critically oriented fault and fractures.  

 

 

 

 

Where: 

σϴϴ= hoop stress 
θ= azimuth angle from the Shmin orientation 
Pm= mud pressure 
σΔt= differential temperature stress 

Results 

We selected 10 well located in the western, southern and 
central parts of the onshore Potiguar Basin. The selection 
followed some criteria: (1) only vertical wells (deviation 
lesser than 10°); (2) original and no depleted pore 
pressure; (3) identification of borehole breakouts or drilled 
induced tensile fractures, which were used to analyze 
stress magnitude and orientation; (4) presence of mini 
fracture tests in the selected wells or in correlative 
intervals in nearby wells; (5) presence of uniaxial or 
confined rock strength tests, in order to provide the 
unconfined compressive strength and internal friction 
angle; and (6) minimum length of borehole breakout or 
drilled induced tensile fracture intervals of 1 meter.      

The SHmax orientation ranged from 139° to 160° (borehole 
breakouts analysis) and 110° to 121° (drilled induced 
tensile fractures analysis),  according to its location in the 
basin. The quality of the stress indicators, both breakouts 
and tensile fractures, was classified according to the 
criteria proposed by the World Stress Map (Heidbach et 
al., 2010). The quality of the stress indicators varies from 
A (SHmax orientation uncertainty between +/- 15°) to D 

(SHmax orientation uncertainty between +/- 25° to +/- 40°).   

The mean overburden gradients, calculated through the 
integration of density logs, vary from 22.5 MPa/km to 
23.8MPa/km. 

The pore pressures were calculated directly from drill 
stem tests, injection tests and wireline formation tests. 
The mean pore pressure gradient vary from 9.81 MPa/km, 
in Açu and Alagamar Formations, to 12.22 MPa/km in 
Pendência Formation.  

The least horizontal stress (Shmin) gradients vary from 
13.7 MPa/km to 18.5 MPa and the maximum horizontal 
stress magnitude (SHmax) gradients range from 20.7 
MPa/km  to 23.7 MPa/km. The maximum horizontal stress 
magnitudes were estimated through the analysis of 
borehole breakout widths, as proposed by Barton et al., 
(1988) and Zoback et al., (2003).  

Discussion 

The stress orientation found in this study is also 
consistent with the interpretation of earthquake focal 
mechanisms in the crystalline basement surrounding the 
basin. The predominant SHmax orientation is margin 
parallel and rotates 45° from E-W to NW-SE (Figure 01). 

The margin-parallel SHmax orientation in Potiguar Basin, 
observed in this study,  is controlled  by a superposition of 
a roughly E-W regional compression, related to plate wide 
motion, along with a local margin-normal extension, 
related to density contrast between continental and 
oceanic crusts and sediment load (Assumpção, 1992 and 
Ferreira et al., 1998). 

The stress magnitudes estimated in this study, at different 
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depths and geological domains, point to a decoupling 
between the normal faulting regime found in the shallower 
wells and the transitional normal to strike-slip faulting 
regime found in the deeper wells. The strike-slip regime is 
predominant in the crystalline basement that surrounds 
Potiguar Basin (hypocentral depths 1 to 12 km). This 
extensional regime at shallower depths and the deeper 
transitional regime is consistent with an ongoing 
incomplete tectonic inversion in the basin (Lima, 2003). 

The stress polygon boundaries define the frictional failure 
equilibrium, as proposed by Zoback et al. (2003) and 
Zoback (2007) and represent the maximum admissible 
effective stresses in the crust before failure. The stress 
magnitudes found in this study did not lay on the 
polygonal periphery, which is consistent with the absence 
of seismicity inside the sedimentary basin. However, the 
seismicity observed in the basement suggests that in this 
region the crust is at frictional equilibrium. 
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