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Introduction 
Fractured basement rocks have become an increasingly common target for hydrocarbon production in 
the Republic of Yemen.  The aim of this study is to determine basement characteristics with regard to 
predicting reservoir potential within the Bayoot Field of Block 53, Yemen (Figure 1).   
 
Geological context 
The Bayoot Field is located on the northern margin of the {ŀȅΩǳƴ aŀǎƛƭŀ .ŀǎƛƴ.  The basin is a NW-SE 
trending graben formed during Late Jurassic to Early Cretaceous rifting related to Gondwana breakup 
(Menzies et al., 1992, Harris et al., 2003).  A further phase of rifting with associated transtensional and 
transpressional structures occurred during the Oligocene and Miocene as a result of opening of the Red 
Sea and Gulf of Aden (Ahlbrandt, 2002, Sakr et al., 2005).  Structures formed during these phases were 
principally controlled by rejuvenation of the Late Proterozoic Najd shear fault system (Beydoun et al., 
1996).  The resulting structural framework comprises arrays of parallel and kinked en-echelon faults that 
further compartmentalise the graben into sub-basins.  Complex secondary structures including strike-
slip, oblique-slip, thrust and normal faults, folds and dyke swarms are associated with some of the major 
faults, particularly near their terminations (McMahon Moore, 1979 and Bott et al., 1992).   
 
Five wells were drilled into a basement high termed the Rudood Ridge, which is located in the footwall 
of a locally significant SW-dipping transtensional fault (Figure 1).  In the study area crystalline basement 
is thought to be of Archaean age, but its composition is poorly constrained.  It has probably endured 
substantial periods of sub-aerial exposure, which has caused weathering of its upper reaches.  In 
addition, the various phases of deformation have led to pervasive fracturing together with rift-related 
intrusions.  Hydrocarbon emplacement is through fault juxtaposition of the fractured basement against 
Late Jurassic organic rich-shale source rocks of the Madbi formation. 
 
Database 
Comprehensive petrophysical log suites, production log data, mud logs, cuttings, junk basket and 
sidewall core basement samples, 3-D seismic and 3430 m of borehole image were made available for 
interpretation (Table 1).  Interpretation of some datasets is on-going. 
 

Table 1. Well data summary.  Petrophysical logs and 3-D seismic data were available for all wells.  Note 
that the study wells are variably deviated.  + 

Mark of Baker Atlas, *mark of Schlumberger. 

Well 
Wellbore deviation (from 

vertical) 
Borehole image log type Production log data Petrography 

Bayoot SW-1 Sub-vertical STAR+ Not acquired 
Whole rock junk basket and 

cuttings 

Bayoot SW-2 20°/021° FMI/UBI*  Interpreted Cuttings 

Bayoot SW-3 52°/349° STAR/CBIL+ Interpreted Not acquired 

Bayoot SW-4 51°/020° STAR/CBIL+ Acquired (work in progress) Not acquired 

Bayoot SW-5 51°/030° STAR/CBIL+ Not yet acquired 
Side wall cores (work in 

progress) 
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Figure 1.  Location and top basement depth structure maps showing the study wells. 

  



Methodology 
Borehole image logs permitted seven different fracture types to be identified and oriented.  Where 
acoustic transit time images were available, possible open fractures were classified and their apparent 
along-hole widths were visually ranked into fine, medium and wide.  Fractures were displayed and 
analysed stereographically and corrections for borehole bias were applied (after Terzaghi, 1965).  
Fracture intensity statistics, per metre, were calculated. 
 
A structural image facies scheme was developed to aid in constraining fracture style and intensity, 
potentially vuggy and brecciated intervals, and zones of degraded borehole image quality.  Its purpose is 
to highlight sections where fractures are undersampled (i.e. where borehole image quality is poor or 
where fracturing is too intense to accurately trace and orient features with confidence).   
 
Present day in-situ stress features oriented from the images comprise drilling induced tension fractures 
and borehole breakout.  With the exception of the sub-vertical Bayoot SW-1 well, the study wells are 
strongly deviated.  This has implications for direct inference of principal horizontal stress axes from the 
borehole indicators (c.f. Mastin 1988).  Further geomechanical modelling, which is outside of the current 
study scope, would be required to interpret these features with confidence.  Nonetheless, the most 
confident stress indicators display reasonably consistent axes.  Sub-sets of part open fractures dipping in 
excess of 50° and striking ± 030° to the derived principal horizontal axis were filtered from the fracture 
databases.  These features could be critically stressed and thus more likely to contribute to fluid flow if 
plumbed into the flowing fracture network (c.f. Rogers, 2003).  Critically stressed fracture occurrence 
was compared against production log data to establish whether any correlations existed. 
 
Petrographical description, point counting and X-ray diffraction (XRD) of cuttings, junk basket rock 
samples and sidewall cores were undertaken and rock types were determined.  A 14-fold rock typing 
scheme was developed using the petrophysical logs and petrography results and was applied across the 
five wells.  Relationships between rock type, fracturing style and structural image facies classification 
were explored. 
 
Interpretation summary 
Overall, fracture intensity was found to be very high (in excess of 20 fractures per metre) although rare 
zones of low fracture intensity occur locally.  Fractures were found to be extremely scattered in terms of 
inclination, azimuth and strike; no clear fracture sets were evident and any apparent preferred 
orientations can be explained by borehole bias effects.  Whilst seven different fracture types were 
identified from the images, it was not possible to further categorise the features as primary phase 
cooling fractures, secondary tectonic fractures or exhumation (unloading) fractures.  A similar 
conclusion was reached by Genter et al. (2000) in their study of Rhine Graben granites; core was 
required for full fracture typology. 
 
Present day in-situ stress indicators were found to support a NE-SW principal horizontal stress axis; 
orthogonal to the local fault strike and Rudood Ridge axis (Figure 1).  Whilst direct inference of 
horizontal stresses from the deviated wellbores is deemed low confidence, the results are in agreement 
with published studies (c.f. Al-Kotbah and Al-Ubaidi, 2001 and Sakr et al. 2005).  An exception is well 
Bayoot SW-1 where the inferred principal axis is oriented NW-SE, parallel to the local bounding fault.  
Due to the complex structural framework, rotations in local stress fields are likely.   
 
Part open fractures that are inferred to be critically stressed together with sections of vuggy image 
facies were found to correlate with zones of formation fluid inflow as interpreted from the production 




