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Abstract  
The interpretation of the combined resistivity and acoustic 
image log acquired using the STAR instrument in the well LP 
1404 of Los Perales, Las Mesetas field, basin San Jorge, 
Argentina, lead to important structural and sedimentological 
conclusions. The results of the analysis were used in the 
design the injection and producing well patterns in a 
waterflooding project, which is currently being implemented. 
The conclusions reached are as follows: 
 
• The study of the breakout in the acoustic image confirmed 

a previous hypothesis indicating a structural scheme of 
tectonic inversion. 

• The statistical study of the open and closed fractures         
-identified mainly by combination of the images produced 
by travel time and the acoustic wave amplitude- allowed 
for obtaining the direction and angles of the identified 
fractures. 

• The statistical study of the strata planes identified in both 
images allowed for obtaining the angle and trend of the 
layers by structural effect. It was possible to define the 
direction of sedimentation for the psamítics bodies that 
compose the reservoirs of the field, by subtracting the 
structural dip from that of the sandstone levels. 

 
The understanding of the main directions associated with the 
sand bodies in the reservoir and the directions of the 
maximum and minimum stresses in the block pertaining to 
well LP-1404, allowed us to design the pattern of injection and 

producing wells for a waterflooding project, which is currently 
being implemented.  

 
Introduction 
This paper describes a joint study between YPF S.A. and 
Baker Atlas (ex Western Atlas Logging Services) personnel, 
executed with the main objective of improving a section of the 
geological model of an oilfield in the first stages of 
development. Results from the study provided valuable 
information that contributed to produce a more complete 
structural and sedimentological model of the area and helped 
to design the matrix of injection and producing wells in a 
recently implemented waterflooding project. 

The data used in the study consisted of the acoustic and 
resistivity images acquired by the STAR instrument as well as 
the diplog data acquired in three wells drilled during 1997.  
 
Location 
The area of study belongs to Los Perales Oilfield – Las 
Mesetas Norte, located south of the Golfo San Jorge basin, 
with an approximate surface of 14 km2, and about 60 km NW 
from Las Heras city, Santa Cruz Province, Argentina. 

 
Geologic setting 
Based on regional geological information (Figure 2), the 
typical stratigraphic sequence in the area is composed by a 
pre-Cretaceous basement known as Grupo Bahía Laura and a 
backfill with tertiary and quaternary cretaceous sediments 
known as Grupo Chubut. The zones with logging data 
correspond to the lower section, i.e., Lower Member or 
Tuffaceous Sequence, and to the upper section of the 
Formacion Bajo Barreal, pertaining to the Cretaceous, 
representing the zones where the main developed hydrocarbon 
reservoirs reside.  

The reservoirs are composed of sandstone layers, mostly 
lithic, contaminated with tuff and having different cementation 
degrees. These reservoirs have been interpreted as having an 
ephemeral fluvial and shallow lacustrine origin, being 
intercalated within pelitic and tuffaceous sequences. 

The area is affected by a main system of regional high 
angle normal faults (Figures 3 and 4) with a predominant NW-
SE strike and dip towards the SW (faults A and B). Normal 
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faults with traces parallel to the main set, dipping in the 
opposite direction,  are also associated with this system (fault 
C). 

The data provided by seismic records were corroborated 
through correlation performed with the logging data. 
 
Data Base and Methodology 
    The structural analysis is mainly based on data obtained 
from an acoustic and resistivity image log (STAR) acquired in 
well LP-1004 well and on three dip logs corresponding to 
wells LP-1365, LM-418, and LM-422. Table 1 shows the 
information that each of the wells provided to the study. 

The structural dip has been expressed in dipping direction 
and dip angle has been calculated through cluster analysis.  
The fractures obtained from the STAR image were classified 
in open and closed and statistically analyzed. The breakout 
directions of the wells observed in acoustic images or 
calculated on the basis of caliper difference among diplogs, 
show the azimuth of the maximum elongation of the well. 

The sedimentological analysis performed on the sand 
levels that make up the reservoirs in the area was based on a 
statistical study of the stratification planes identified by STAR 
images.  First, the structural dip was obtained in clay sections 
using a resistive curve as cut-off. Secondly, using the same 
curve as constraint to focus the analysis on sandstone, the dip 
and azimuth of the average internal structure were determined 
for the different sections.  That helped to define the direction 
of paleocurrents that had sedimented those psamitic bodies, 
simply by subtracting the structural dip from the dips 
corresponding to the sand levels. 

 Table 2 shows the paleocurrent directions prevailing in the 
analyzed sections. 
 
Discussion 

The map in Figure 3 and the seismic line crossing the 
study area in the N-S direction, shown in Figure 4, clearly 
indicate the most important structural feature in the area: a 
fault system of high angle characterized by irregular traces 
mainly oriented in the direction NW–SE.  The fault system 
also presents local variations taking approximately a direction 
W-E. 

The structural map shows the rose diagrams corresponding 
to the breakout direction of the wells obtained from the diplog 
data recorded in wells LM–418, LM–422 and LP–1365, as 
well as the image log acquired in the well LP-1404. It can be 
observed that the direction of breakout in the last three wells is 
NW–SE, therefore, it may be inferred that the horizontal 
component of maximum compressive stress in those locations 
is oriented in the direction SW–NE. 

In addition, the breakout recorded in the well LM–418 
shows a horizontal component of maximum stress oriented 
NW–SE. Such variations indicate that the fault system affects 
directly the stress regional distribution. Considering that the 
position of this last well is far enough from the faults, it could 
be accepted that the direction of the horizontal component of 
maximum compressive stress has been determined from the 
breakout analysis which matches that of the main stress. 

A compressive stress in the principal direction NW–SE 
would explain the breakout direction in wells LM–422, LP–
1365, and LP–1404. In fact, considering that faults B and C 
have skew traces with respect to the stress direction, they 
would make the stress to decompose in the directions normal 
and parallel to the fault plane. The first component would be 
responsible for the breakout direction in the referred wells. 
Thus, the breakout directions would have developed parallel to 
the fault traces in wells drilled close to them. 

The mentioned direction would also explain the generation 
of the antiform fold existing in the block located between 
faults B and C, whose axis is perpendicular to such direction. 

The evidence suggests that the distensive structure scheme 
characterized by the normal faults described before would 
have been inversely reactivated by the current main 
compressive stress NW–SE (approximate azimuth: 135º - 
315º). This conclusion supports the hypothesis of tectonic 
inversion proposed by Chelotti (1997) and Homovc et al. 
(1993, 1995) for this section of the Golfo San Jorge Basin. 

The combined resistivity and acoustic images acquired 
with the STAR instrument in the well LP-1404, allowed us to 
identify several closed fractures forming two main conjugate 
groups parallel to the fault B. It is interpreted that they are 
genetically related to the fault B in their distensive stage. 
Therefore, the average inclination angle of fractures dipping in 
the fault direction would indicate that the dip fault angle is in 
the range 60º to 65º SW as illustrated in Figures 5 and 6. 

Two conjugate groups of open fractures in the SW–NW 
direction and two conjugate groups perpendicular to the first 
group were also identified using the image log. They are 
associated with the SE flank of the fold developed in the block 
drilled with well LP–1404, as shown in Figures 7 and 8. 

 Faults, specially those with regional development, 
generally have no planar morphology, showing irregularities 
in fault plane surface generating dilatational (or transtensional) 
and anti-dilatational (or transpressive) zones with block 
displacement (Skarmeta, 1996). 

This situation will create appropriate conditions in the 
transtensional zones for hydrocarbon trapping since they are 
subject to a lower stress than the linear fault trace. 

On account of the mentioned reasons, it would be worth to 
investigate all fault irregularities in the area of study, both 
horizontal and depth trace, since they could have open 
associated fractures corresponding to transtensional zones of a 
high economic potential. 

In order to materialize what has been mentioned above, it 
is recommended to increase the amount of data related to 
breakouts and fractures in order to more accurately define 
variations in the main stress direction. 
  
Conclusions on Structural Aspects 
• The normal high angle fault located immediately South of 

well LP–1404 would have generated two sets of 
conjugated fractures parallel to the fault trace. The 
fracture’s dipping angle in the direction of the fault 
indicates that the fault dips 60º to 65º SW. 
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• The analysis of the breakout’s direction performed in 
wells LP–1404, LP–1365 and LM–422, indicates that the 
horizontal component of the current maximum 
compressive stress is SW–NE. The decomposition of the 
main stress in the fault planes B and C would be the 
reason for that maximum stress direction.  

• The breakout analysis of LM–418 well indicates that the 
direction of the horizontal component of current 
maximum stress is NW–SE. Considering that this position 
is far away enough from the faults, it could be accepted 
that the main compressive stress affecting the area is also 
NW–SE (approximate azimuth: 135º to 315º) and such 
stress would be the cause for the generation of the fold in 
the block. 

• The irregularities in the fault plane associated with this 
structural scheme, both in the horizontal and vertical 
directions, generate transtensional and transpressive zones 
originating open and closed fracture systems, 
respectively, resulting in a strong factor for the presence 
of hydrocarbon.    

• Most fractures in the location of the well LP–1404 are 
closed and would be associated with fault B. Most of the 
open fractures found in this location are essentially 
parallel to the fold axis, and would be related to it and not 
to a transtensional zone. 

• It will be interesting to investigate the occurrence of 
transtensional zones where fault traces suffer a change in 
direction and, supported by 3D seismic, where their 
planes show irregularities in depth such as those in fault B 
as is illustrated in Figure 4. The open fractures associated 
with those zones could form an important reservoir since 
they would not only provide the space for hydrocarbon 
accumulation, but also induce fluid flow at the time of 
their opening. 

 
Reservoir Characterization 
 

General  
Reservoirs constituted by sandstone layers, mostly lithic, 
contaminated with tuffs and having various degrees of 
cementation, have been interpreted as of fluvial and lacustrine 
shallow origin, intercalated in tuffaceous and pelitic 
sequences. 

The sand bodies show large lateral and vertical variation of 
petrophysical properties. 

The presence of faults controls the migrataion and, in 
many cases, the accumulation of hydrocarbon.  

 
Petrophysical Evaluation of Reservoirs in LP-1404 well 

Due to the high heterogeneity associated with the parameters 
a, m, matrix density (rho-matrix), and Rw in the oilfield, the 
stratigraphic column was divided into five main sections as 
indicated in Table 3.   

The two first zones have strong presence of tuffaceous 
material, evidenced by the high a and m parameter values and 
low matrix density (Figure 9). The three remaining intervals 

represent a typical sand–clay sequence, with characteristic 
values of a, m, and matrix density as well as high lithic 
content The values for parameters a and m were obtained 
through resistivity-porosity cross plots as shown in Figure 9. 

Similarly, matrix density with values ranging between 2.65 
and 2.68 from base to top in the column (1500 - 900 meters) 
show the heterogeneity of the samples. 

Petrophisical evaluations were based on the Dual-water 
model using clay indicators such as Density–Neutron, GR and 
SP (Figure 10). 

 
 Secondary Recovery Project by Waterflooding 

Based on the regional fault system affecting the reservoir, 
the study area subdivided in two blocks.  

The North Block was limited by the regional direct faults 
A and B (Figures 3 and 4), with a throw of about 60 meters, 
dominant azimuth NW–SE, dipping towards SW. The block 
surface is 1000 hectares, includes 40 wells with depths range 
between 1150 and 1600 meters. 

The South Block is limited by the regional direct fault A 
and the antithetic fault C as illustrated in figures 3 and 4. This 
block covers an area of 300 hectares and includes 21 wells 
with depths ranging from 1150 to 1600 meters. 
 

Methodology 
Fourteen productive sand levels were selected for the study 
based on their areal distribution and the number of wells 
associated with each level. After generating the maps the 
geometry of the deposits were analyzed, leading to the 
following observations:  
• Two palaeocurrent directions occur: the main one 

oriented NW-SE and the subordinated one oriented SW-
NE.  Such tendencies were confirmed based on the 
statistical analysis of dip angles associated with their 
internal structure, which were obtained by a combined 
resistivity-acoustic image log acquired in the well LP-
1404. 

• Sand layers with marked development NW-SE have 
widths which vary between 400 meters and slightly above 
1500 meters, representing bodies of moderate to low 
sinuosity which are parallel or sub-parallel to the fault 
direction. The average permeable thickness ranges 
between 2 and 8 meters with an average porosity 
(weighted as per the permeable thickness) ranging 
between 19% and 23%.  

• The sand layers with development perpendicular to the 
fault azimuth (SW-NE) have a width that ranges between 
600 and 1100 meters. The average permeable thickness is 
slightly smaller than in the previous group. The average 
porosity ranges from 19% to 21%. 

The conclusions mentioned above are summarized in Table 4.  
 

General Aspects 

The reservoir heterogeneity creates a nonuniform distribution 
of oil in the reservoir, which adversely affects the hydrocarbon 
recovery factor associated with the waterflooding project.  
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In this course, many different possible solutions have been 
proposed through history, for example, working with different 
injection methods, polymers and gels, in order to improve 
mobility ratios and decrease the permeability anisotropy. 

A good knowledge of the reservoir regarding the possible 
preferential fluid flow directions allows for maximizing the 
displacement efficiency, leading to the best economical 
solution. In other words, anisotropy so harmful in some cases 
would now be playing a positively role.  

In a typical fluvial oilfield such as that under study, it is 
normally considered that the preferential flow direction is 
determined by that of the of the sand bodies. However, more 
than once, results have not been as satisfactory as expected.    

In trying to develop a feasibility study for a secondary 
recovery project, it is useful to gather data that is only possible 
to obtain at the end of he drilling process.  For that reason, it 
was necessary to face the development of new wells in Los 
Perales – Las Mesetas Norte Area, knowing that those wells 
would integrate a recovery project through waterflooding, 
being this the only opportunity to obtain certain information 
which would provide the answers to future questions. 

Therefore, at the initial stage of field development, four 
positions for future drilling sites were selected based on their 
field location, programming in advance the most adequate log 
combinations necessary to obtain information allowing us to: 
• generate a structural and sedimentological model to fit the 

geological features of oilfield,  
• learn about current stress directions affecting the area and 

apply them to infer preferential direction of induced 
fractures, and 

• design the patterns for injection and producing wells for 
future waterflooding projects. 

 
Analysis of the Project Technical Feasibility 

The relationship between the primary permeability of the sand 
bodies (NW – SE) and the secondary permeability produced 
by cracks, as well as all type of alterations produced during 
drilling and well completion (such as hydraulic fractures) were 
carefully analyzed in this study. 

According to the information provided by the image logs, 
the direction associated with the secondary permeability in the 
vicinity of the well LP-1404 would be exactly perpendicular to 
the direction associated with the primary permeability for 
layers comprising the main reservoir in this section of the 
field. Therefore, it is expected that at the moment of water 
injection, the water will flow initially through drilling induced 
fractures, i.e., in the direction of the secondary permeability 
(NE-SW).  The flow would be facilitated by the conjugate sets 
of open fractures with parallel azimuth in that direction, which 
are better developed in well sections where the reservoirs to be 
flooded are located, as is indicated in Figure 7. Should that 
happen, the injection front will reach the line of wells arranged 
in the same direction first, to then change the direction of 
displacement, following the primary permeability lines of the 
sand bodies. 

Considering the irregularity of the reservoir and in view of 
the differences in stress behavior associated with each block 
(see Figure 3), it was decided to develop a limited pilot test in 
the area surrounding the well LP-1404. For this purpose, an 
arrangement of alternate lines of producing and injection wells 
aligned based on the horizontal component direction of 
maximum stress was selected. 

This arrangement would also be accompanied by a strategy 
that would allow for converting producing wells into injection 
wells.  It was then decided to take the injection lines and 
convert one every other well from producing to injection, 
leaving the remaining ones in production until they are 
reached by the waterfront which, according with the study, 
would happen shortly. 

The strategy would provide the following benefits: 
• A gradual investment is required for the development of 

the project.  
• The depression originated by oil production in producing 

wells to be converted to injection (not still converted), 
favors the formation of a waterfront, preventing oil by-
pass. 

• Wells to be converted in a second stage have a fast initial 
oil response, producing income during the investment 
stage. 

• When injector wells are located at the edge of a sandstone 
layer, the step by step conversion allows for sweeping an 
additional mineralized area.  

• Having producing wells surrounded by injection wells 
that are still in production validates the directionality 
hypothesis described in this work.  

Figures 12 and 13 show the expected benefits of the strategy 
for converting producing to injection wells.  
 

Conclusions of the Secondary Recovery Project 
The design of the pattern for injection and producing wells is 
based on the hypothesis that the injected water would initially 
circulate in the direction of the secondary permeability, i.e.,  
NE – SW. At a later stage, after converting producing into 
injection wells, the direction would change to adopt that of the 
sand bodies, i.e., NW-SW, to reach the highest sweeping 
efficiency.  

The results obtained with this test (now in execution) will 
contribute to the understanding of the North and South blocks 
in the secondary recovery project, which is under development 
in a section of Los Perales Oilfield – Las Mesetas Norte. 

 
General Conclusions 
The study presented in this publication, which starts at an 
incipient stage of the field development and ends with the 
design of secondary recovery project, shows a methodology 
proposed in a joint effort between YPF S.A. and Baker Atlas 
technical personnel. The join effort was focused on 
establishing a methodology leading to an improvement of the 
oil field performance.  

The proposed methodology allowed for methodically 
obtaining valuable information, which was applied in 
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preparing the geologic model required for the field 
development in designing the pattern of injection and 
producing wells for the secondary recovery project under 
execution. The methodology proved to be efficient enough to 
obtain the best results in an oilfield production. 

 
Nomenclature 
a: Rock tortuosity index. 

m: Rock cementation index. 

Rw: Formation water resistivity.  

Rhom: Matrix density. 
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WELL 
 

LOG 
 

STRUCTURAL 
DIP 

 
FRACTURES 

 
BREAKOUT 

 
                         OPEN FRACTURES 

025º - 205º / 72º SE           015º - 195º / 65º NW 
108º - 288º / 52º SW          107º - 287º / 62º NE 

 
 

 
LP-1404 

 
 
 

STAR 

 
 

161º/4º 
135º/6º 

                       CLOSED FRACTURES 
Principal:   109º- 289º / 67ºNE     108º- 288º / 59 SW 
Secondary: 020º- 200º / 71ºNW   018º- 198º / 69º SE 

 
 
 

114º- 294º 

LP-1365 Diplog 029º/2º 
046º/1º 

 135º- 315º 

LM-418 Diplog 317º/1º  045º- 225º 
 

LM-422 Diplog 007º/1º  130º- 310º 
 

                                                                                                                                                                                                Table 1 

 
DEPTH 

(m) 

 
SANDSTONE AVERAGE DIRECTION 

 
787 - 1278 N 06º W 

 
1360 - 1459 N 50º W 

 
1340 - 1370 
(Core Zone) 

N 40ºW 

                                                                                                                                          Table 2 
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UPPER ZONE 

 
LOWER ZONE 

 
 

 
1 

 
2 

 
3 

 
4 

 
5 

a 
 

1 
 

0.9/0.92 0.81 
 

0.81 0.81 

m 
 

2.15/2.1 
 

2.09/2.04 2 2 2 

Rw 
 

0.3/0.28 
 

0.255/0.24 0.23/0.218 0.2/0.197 0.21/0.204 

Rhob-Clay 
 

2.413/2.44 
 

2.42 2.403 2.375 2.327 

NPHI-Clay 
 

0.33/0.32 0.31/0.33 0.354 0.368 0.404 

Rhom 2.61 
 

2.625 2.65 2.65 2.665 

        
Table 3 

 

LAYER ORIENTATIÓN (*) MAX. LONG MAX. WIDTH THICKNESS 
(K) 

MINERALIZED 
THICKNESS 

A490/500 Parallel/Perpendicular 1800 m 600 m 8 m 7 m 
 

B280/300 Parallel 3100 m 1300 m 8 m 6 m 
 

B320/325 Parallel 1700 m 1100 m 5 m 4.5 m 
 

C70/80 Perpendicular 1600 m 800 m 8 m 7 m 
 

C250/270 Perpendicular 2000 m 1200 m 4 m 4 m 
 

C450 Parallel 1900 m 1500 m 5 m 3 m 
 

D70 Parallel 1200 m 400 m 2 m 2 m 
 

D100 Parallel 2700 m 1600 m 4 m 4 m 
 

D120 Perpendicular 1700 m 1100 m 5 m 2 m 
 

D150 Parallel 2300 m 1200 m 6 m 5.5 m 
 

D210/220 Parallel 2500 m 800 m 7 m 6 m 
 

D320 Parallel 1500 m 800 m 4 m 4 m 
 

E290/300 Parallel 2200 m 600 m 6 m 5.5 m 
 

E350 Parallel 2000 m 900 m 5 m 4 m 
 

* With regard to the faults 
 

    
Table 4 
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STRUCTURAL MAP 

Los Perales – Las Mesetas Field 

Breakouts directions 

Principal Stress direction 
(135º - 315º) 
Seismic Line 

Fold Axis 

SCALE 

(Approximate) 

1 : 50.000 
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                                                                                                                                                                                           Figure 11 
 
This figure shows the differences between the features of the waterfront obtained after converting all injection wells at the same time, 
or by doing it step by step when reached by the waterfront.  It is expected that the efficiency of the oil sweeping shall be greater in the 
last case, since no oil would remain in the injection wells, as occurs when converting the whole line simultaneously. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
    

                                                                                                                                                                                     Figure 12 
 
This figure shows the difference between the area contacted when converting all injection wells simultaneously or otherwise by steps 
when reached by the waterfront.                      
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