
 

Las Nieves Petroleum Geology 
Study  

Summary 
 

• This report documents the methods, results and conclusions of a satellite-data based 
structural survey of the Las Nieves licence in north-east Colombia.  Two Landsat ETM 
images were mosaiced to form the map base for the 1:100,000 scale interpretation. A 
further more detailed interpretation was then carried out at 1:50,000 scale. A geological 
map and seismic data were incorporated into the study and integrated with the image 
interpretation. Additionally, NPA integrated satellite derived thermal data to help in the 
identification of possible oil-seep related thermal anomalies. 

 
• 

• 

• 

The Eastern Cordillera has a long and complex tectonic history, in which fault reactivation 
has undoubtedly occurred, partially masking earlier events and complicating the tectonic 
story. From NPA’s regional study quantitative analysis of fault and lineament populations 
shows that both NE-SW and NW-SE trends dominate the fault population within the 
Magdalena Valley and that these trends were inherited from the Central Cordilleran 
basement. Trends within the Eastern Cordillera are controlled by the orientation of the 
orogen, which itself relates to the palaeogeography of the back-arc Tablazo-Magdalena 
Basin.  

 
Since Miocene-Pliocene compression and loading, maturing oil would have been able to 
migrate into thrust-related folds in the external foldbelt or into extensional traps related to 
NE-SW major faults inherited from the Central Cordillera. Later reactivation during the 
Plio-Pleistocene to present day will serve to preserve or accentuate these trends, not 
destroy them. 

 
Regional Interpretation of the imagery has helped to identify the structural style present. 
The Eastern Cordillera is emergent approximately 10 Km to the east of the licence. The 
folds and thrust style indicates that folds are fault-propagation folds (fault-bend folds) 
probably cored by thrusts.  This shortening style is often associated with the production 
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of imbricate stacks. There are variations in the amplitude of the folds; this is thought to 
be related to differences in the depth of thrusting. The thrust front has a change in strike 
from NW-SE in the northern and central sections of the image to N-S in the southern 
section of the imagery. The southern section is dominated by a N-S trending anticlinal 
structure that is thought to be associated with transpressive tectonics as the Santa Mart 
fault splays to the NW. Throughout the thrust front there are small-scale transfer (tear 
faults) that cut the westward verging nappe. These faults play an important role in 
accommodating the emplacement of the nappe. In several areas they are seen to 
combine and effectively compartmentalise the thrust front.  

 
• As there is little exposure in the licence area the interpretation depends a great deal 

upon the regional mapping. Extrapolation of structures and structural trends from the 
margins of the licence, as well as the detailed mapping of subtle drainage and 
topographic defined structures, has led to a high-confidence structural map being 
produced. Many subtle anticlines have been mapped within the licence, as have 
through-going transfer faults. The interpretation has shown that the structural style 
within the licence changes from north to south; the northern section has only a couple of 
topographic anomalies, though there are several distinct faults/linears that trend NE-
SW. The central section contains the majority of possible fold structures; these are seen 
to be thrusted folds that have formed an imbricate stack. The southern section is clearly 
affected by the NW-SE trending Santa Marta fault system, though there are several NE-
SW trending mapped anticlines both within and marginal to the licence. An important 
feature of the licence is the five transfer fault zones that compartmentalise it from north 
to south and may account for the changes in strike of the structures present.  

 
• The integration of geological and seismic data, which was supplied by Llanos Oil, has 

enabled a visualisation of surface features with sub-surface structures. The seismic data 
has flanged well with, and confirmed, the image interpretation. What is apparent on the 
seismic but not so clear on the imagery is the change in structural style from east to 
west.  

 
• The thermal data alone is not conclusive in outlining areas of possible seepage. 

However, the integration of all of the data sets has led to the identification of several 
structures that occur on the image interpretation as anticlines, which are on the seismic 
as faulted anticlinal blocks and which have an anomalous thermal signature that may be 
related to seepage. 

145



Las Nieves Licence Study       
____________________________________________________________________________________
______ 

 
 
Llanos Oil.       

Contents 
 
Summary. 
 
1. Introduction. 

1.1 Project Scope. 
1.2 Data. 
1.3 Methods. 
1.4 Regional geological setting. 
1.5 Petroleum Prospectivity. 

 
2.  Image Interpretation. 
 2.1 Introduction. 
 2.2 Geomorphology. 
 2.3 Local Infrastructure. 
 2.4 Land-use. 
 
3. Regional Mapping: Structural Style. 
 3.1 Introduction. 
 3.2 Thrust style & Transfer fault zones. 
 3.3 Major Syncline. 
 3.4 Transpressive Tectonics. 
 
4. Licence Area Study. 
 4.1 Introduction. 
 4.2 Northern Section. 
 4.3 Central Section. 
 4.4 Southern Section. 
 
5.  Integration of seismic data. 

5.1 Introduction. 
5.2 Interpretation and integration of seismic lines. 

 
6.  Thermal Analysis. 

6.1 Introduction 
 6.2 Data Used 

6.3 Data processing  
6.4 Image Displays 
6.5 Thermal Analysis 

 6.6 Regional Thermal variations 
 6.7 Thermal facies 

 6.7.1 Vegetation Mask 

 

7.  

146



            
______________________________________________________________________________________

           Copyright NPA 2000. 

2

 6.7.2 Vegetation Classification 
 6.7.3 Mines, towns and villages 
 6.7.4 Major anticline 
 6.7.5 Caserio el Porvenir 
 6.7.6 Parales 

 6.8 Thermal anomalies 
 6.8.1 Sabanas de Viloria 
 6.8.2 Regino Plan Bonito anticlines 

6.9 Thermal data: Summary 
  

7.  Petroleum prospectivity. 
7.1 Introduction. 
7.2 Structures present in the licence. 
 

147



Las Nieves Licence Study       
____________________________________________________________________________________
______ 

 
 
Llanos Oil.       

Image extract List 
 
These are within the report. 
 
1. Local Infrastructure: Coal Mine and railway. 
2. Land-use: Subtle anticlines east of the licence. 
3. Land-use: Subtle anticlines and faults SW of the licence. 
4. Structural Style: Thrust style NW of the licence. 
5. Structural Style: Fold axes rotation. 
6. Structural Style: Major synclinal structure. 
7. Structural Style: Major anticlinal structure 
8. Structural Style: Schematic of the mechanics behind the major anticline. 
9. Licence Study: Vegetation, cultivation and lineament trends in the Northern Section. 
10. Licence Study: Fault-propagation folds in the Central Section. 
11. Licence Study: Santa Marta parallel folds in the Southern Section. 
 
Seismic line & Diagram List 
 
These are within the report and numbered sequentially to maintain continuity. 
 

1. Seismic Line 1: Line CR-88-1440, eastern section. 
2. Seismic Line 2: Line CR-88-1400, eastern section. 
3. Diagram 3: Development of an imbricate thrust system. 
4. Seismic Line 3: Line CR-88-1440, western section. 
5. Seismic Line 4: Line CR-88-1400, western section. 
6. Diagram 6: Standard TBS processing sequence. 
7.  Diagram 7: Integration of seismic data with the image interpretation. 

 

Figure List 
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1. Introduction 
 
This report details the methodologies and results of an integrated remote sensing study of the 
Las Nieves licence in the western foothill of the Eastern Cordillera in Colombia.   

1.1  Project Scope 
Three objectives were to be addressed by the study, which used Landsat ETM data for the 
image interpretation and ATSR data for the thermal basin screening (TBS):  
 
• The primary objective was to map faults and fractures within the Eastern Cordillera that 

surround the less exposed foothills or ‘external zone’. The project was carried out to 
produce a general structural model of the licence.  

 
• Secondly, seismic data supplied by Llanos Oil was integrated into the study to see if there 

was a direct correlation between the surface interpretation and the sub-surface identified 
structures. 

 
• Lastly, satellite-derived thermal data were used to map possible oil-seep related thermal 

anomalies and to see their association with the image interpretation. 

1.2 Data 
Two Landsat ETM scenes were mosaiced together to provide a seamless image of this section 
of the Eastern Cordillera and its foothills. The regional mosaic, which covered the exposed 
Eastern Cordillera, was produced as one sheet at 1:100,000 scale. The ETM data were 
enlarged to 1:50,000 scale for the Las Nieves licence to enable a more detailed interpretation 
to be carried out. In addition to the satellite data, NPA had access to a geological map and 4 
seismic lines that were supplied by Llanos Oil.  The data used for the TBS and the 
methodology behind it is outlined in section 6 and in the accompanying booklet. 

1.3 Methods 
The interpretation concentrated on identifying the structure of the thrust belt, the type of folding 
and the relationship this has with thrusting, the compartmentalisation of the thrust belt by 
oblique wrench faults, ramps and ramp-related folding. Extensional domains within the system 
were picked out and explained in relation to the tectonic setting. The data from the exposed 
highland regions were used to extrapolate these trends into the external zone, where post 
Miocene sediment blankets and occludes much of the structural signature. Data from the 
geological map and seismic lines were also incorporated into the interpretation. All of the 
interpretation was carried out on a PC in a Geographical Information System (GIS), which 
ensured positional accuracy of the mapped structures. All of the interpretation was carried out 
at 1:50,000 scale or greater. The interpretation was then merged in the GIS with the thermal 
data to see if any of the thermal anomalies corresponded with surface mapped structures. 
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1.4 Regional Geological Setting 
The Middle Magdalena Valley basins occupy a position sandwiched between the easterly 
verging Central Cordillera and the westerly verging Eastern Cordillera (Figure 1).  These 
terrains, which mark the NW extent of the South American (Guyana shield) continental crust, 
are separated from the late Mesozoic Western Cordillera and the Cenozoic Serrania de Bauda 
terrains by the Romeral fault. This fault marks the present day suture between the oceanic 
terrains to the west and the continental crust to the east. 
  
The continental crust formed by the Guyana shield was rifted in a back-arc setting in the early 
Mesozoic as a result of subduction beneath South America and extension in the nascent 
Atlantic domain.  This created a thick Triassic to Jurassic volcano-clastic succession, with 
subordinate carbonates developed in NE trending rift basins. This is effectively the 
hydrocarbon-related economic basement. 
 
By early Cretaceous time, part of the subducting plate was obducted onto the nascent Central 
Cordillera via the dextrally transpressive Romeral fault, which represents the early Mesozoic 
ocean-continent boundary.  Lower Cretaceous sediments were deposited in a deepening basin 
whose extension was probably linked to the opening of the Atlantic. Parallic coarse clastics at 
the base pass up into a marine, limestone-shale facies association some 5000m thick in the 
basin centre.  
 
Development of accommodation space for this sequence is probably related to both regional 
thermal subsidence and the Late Cretaceous Highstand. This may have been augmented by 
limited tectonic flexural subsidence of the basin provided by the final, oblique collision and 
accretion of the Western Cordillera during Maastrichtian to early Palaeocene. The rising 
cordilleras to the west may have caused further oceanic restriction, enhancing the deposition of 
suitable source rocks in the region. 
 
The basin was uplifted and eroded during the Middle Eocene in response to eastward verging 
folding and thrusting along the eastern margin of the Central Cordillera, although the effects 
are buried beneath the present Magdalena basins. The thrusting created the first of three 
molasse sequences, the Chuspas-Chorro in the Middle Magdalena basin area during the 
Oligocene as renewed subsidence created additional accommodation space.  The second 
sequence (Honda-Real Fms) resulted from andesitic volcanism and uplift in the Central 
Cordillera during latest Oligocene. This records the opening moments of the Mio-Pliocene 
“Andean” orogeny.  
 
The last molasse sequence, the Mesa Group, lies above an important regional unconformity, 
and is related to westward thrusting of the Eastern Cordillera during the Mio-Pliocene. The 
WNW-directed compression was accompanied, in later stages, by sinistral transpression 
focused along the Bucaramanga Fault. Ultimately, a Late Pliocene dextral wrenching episode 
is the last major event to affect the region, which may have resulted in a late Pliocene 
unconformity. 
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Major NNE-SSW and minor NW-SE trends in the “external” sub-domain and major NNW-SSE 
and minor NW-SE trends in the internal sub-domain dominate the Eastern Cordillera. This 
reflects the swing of the orogen from NNE in the centre to NNW in the north. Minor NW-SE 
trending sinistral wrench faults are numerous, but their conjugate partner, WSW-ENE trending 
dextral wrench faults are under-represented.  

1.5 Petroleum prospectivity 
There are three proven play types in the Middle Magdalena Valley that are related to the 
extensional and compressional tectonic phases that dominated this region during the later 
Mesozoic and Tertiary:  Cretaceous extension created normal fault block-type traps that 
reservoir oil in fractured La Luna limestones that form small fields (Los Angeles, Tisquirama) in 
the north of the Middle Magdalena Valley; The most important plays involve mid-late Tertiary 
compressional and extensional structures with high porosity Palaeocene; Eo-Oligocene 
channel sandstones in the fold belt (La Cira-Infantas, Provincia) and Middle Magdalena Valley 
basin (Casabe, Cantagallo, Velasquez). 
 
Source rocks for the Middle Magdalena Valley are thought to originate from two principal 
successions. The oldest is believed to be the deep-water limestones and shales that populate 
the lower Cretaceous section. The most productive however, is likely to be the La Luna 
Formation of mid- to upper Cretaceous age. The La Luna contains predominantly marine or 
type 2 kerogens that accumulated during the mid to late Cretaceous, as a global sea level high 
led to overtly anoxic conditions favourable for deposition of exceptionally thick organic-rich 
sediment.  
 
The earlier source is postulated to have matured during the Maastrichtian in the northern 
Middle Magdalena Valley, its maturity presumably related to deep burial within the Mesozoic 
basin that straddles the valley in the central and southern portion of the study area. La Luna 
source rock from the same kitchen reached maturity, was expelled and migrated during the 
Palaeocene; some of which fed into earlier, Mesozoic extensional traps. The next phase of 
generation and migration occurred in the Mio-Pliocene, as the result of thrust loading from the 
east as the “Andean” orogeny encroached on the Middle Magdalena Valley. In the southern 
part of the study area, the kitchen is mature for gas generation, but further north in the central 
region, the kitchen is within the oil window. 
 
Principal reservoirs in the region are provided by the Eo-Oligocene Chorro and Chuspas 
groups, which comprise thick molassic channel sandstones with excellent porosities and 
permeabilities, sealed intra-formationally by interbedded shales and mudstones. Sub-Miocene 
unconformity sandstones are also prospective where the unconformity provides a trapping 
mechanism.  
 
Trap style in the region is dominated by anticlinal closures adjacent to the west vergent thrusts 
of the Eastern Cordillera east of the La Cira-Provincia fields. Additionally, subtle rollover 
anticlinal traps related to NE-SW trending normal to transtensive faults that splay off the 
Palestina Fault provide an equally significant trapping mechanism. The early Palaeocene 
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Lisama Formation that lies beneath the basal Eocene unconformity can also produce from 
superimposed folds initially formed during Eocene and subsequently refolded later, during Mio-
Pliocene deformation.  
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2. Image Interpretation 
 
2.1 Introduction 
The licence is situated in the foothills of the Eastern Cordillera, which lie to the west. The 
following section details the main features of the region covered by the 100:000 scale image, 
outlining the structural style and how this is has affected the physiognomy of the landscape. 
Mapping at 1:100,000 scale has led to the production of a detailed structural map of the region. 
It has enabled the structural style to be understood, the thrust-related folds to be mapped and 
the importance of transfer faults in compartmentalising the thrusts to be visualised.  
 
2.2 Geomorphology  
The imagery shows that the foreland or ‘external zone’ to the emergent thrusts is covered with 
recent sediments. The geological map indicates that some of this is glacial in origin. Molasse 
from the nappe to the east is the source of the sedimentary cover. Most of the land is covered 
in a thin covering of vegetation or is given over to agricultural use. 
 
The drainage regimes on the 1:100,000 scale image show that river catchment is from within 
the hinterland and drains westward towards the external zone and then joins the Rio Cesar 
which flows southward. The black region in the SW of the image is standing water. Levees are 
clearly visible on the margin of the main rivers. 
 
2.3 Local Infrastructure 
The main man-made feature on the imagery is the open cast coal mine in the centre of the 
licence (see Image extract 1). Leading from the mine are a main road and railway. Local towns 
are also clearly visible. 
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Image extract 1. The opencast coal mine is the most obvious man made feature in the licence. 
There is also a dammed lake marginal to this (just visible to the east of the mine). The railway 
and main road are also clearly visible, as are local settlements. 
 
 
 
2.4 Land-use 
Except for the coal mine the region is mainly given over to agricultural use. However, the 
cultivation in the foothills has not hidden bedding traces. The bedding traces are not visible 
from the ground as there is no outcrop. The unique perspective of satellite imagery has 
enabled these structures to be mapped (see Image extracts 2 and 3). These features are 
extremely important, as the folds and faults mapped are often marginal to subtle structures in 
the licence that would otherwise not have been mapped as ‘possible anticline’ or ‘possible 
fault’. 
 

 
 
Image extract 2. Subtle structures mapped on the margins of the licence have added 
confidence to the interpretation of structures along strike within the licence area. 
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Image extract 3. The presence of a clearly visible anticline in the NE of this image extract has 
enabled the more subtle structures to the SW to be mapped as ‘possible anticlines’. This is 
also true of the major faults in the SW which clearly cut through the major anticline and which 
can be seen to propagate into the south of the licence. 
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3. Regional Mapping: Structural style 
 
3.1 Introduction 
Mapping structures in the Eastern Cordillera has helped to understand the structural style in 
the foothills to the west. Major thrust-related folds and emergent thrusts are visible along the 
Eastern Cordillera (see figures 2, 3 and 5). The thrust-front strike changes from NE-SW in the 
north-east and east to N-S in the south-east. This bend or ‘bowing’ in the thrust-front occurs at 
a divergence of structures: the thrusts to the NE and the Santa Marta strike-slip fault to the 
NW. The bend is a point of transpression and is marked by a major N-S trending anticline.  
 
The thrusts are cut by thru-going transfer faults which trend NW-SE and are in the region of 5-6 
km in length. The transfer faults have the effect of accommodating the emplacement of the 
thrust nappe as it propagates to the NW. They also combine together to compartmentalise the 
thrust-front. The following section details the main structural features present in the area 
surrounding the licence. 
 
3.2 Thrust style & Transfer fault zones 
The thrusts in Image extract 4 can be traced for tens of kilometres along strike. The geometry 
of the thrusts suggest that they are simple fault-propagation folds, their varying sizes suggest 
that they sole out at different depths. The thrusts are cut by through-going transfer faults which 
have an element of strike-slip as well as normal movement (i.e. transtensive). These transfers 
are seen to propagate, perpendicular to the thrusts, into the molasse covered external zone 
and in some areas they combine to compartmentalise the thrust front and rotate fold axes (see 
Image extract 5). This compartmentalisation may lead to the termination of structures along 
strike (see the changes in strike and disappearance of structures proximal to the transfer zones 
in the licence on figures 2 and 3), which in turn has important implications when assessing the 
axial length or orientation of buried anticlines. 
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Image extract 4. The north-east margin of the 100:000 scale image shows the thrust style in 
the Jurassic and Cretaceous sediments. Thrusting and consequent folding is predominantly in 
the form of fault-propagation folds. 
 

 
 
Image extract 5. Possible rotation of fold axes caused by lateral movement along transfer 
faults. These faults can be traced into the licence area (see figure 2). 
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3.3 Major Syncline 
To the east of the licence is a major synclinal structure (see Image extract 6). The size and 
location of the fold is unusual insofar that all of the surrounding anticlines are much smaller in 
size. It is thought that this structure maybe related to a deeper major thrust and that the smaller 
structures to the west are in turn related to shallower thrusts.  
 

 
 
Image extract 6. This major synclinal structure can be traced for 10 km along its axial length. 
Minor folds occur on the limbs of the syncline. Thru-going transfer faults are seen to cut the 
syncline. 
 
3.4 Transpressive Tectonics 
To the SE of the licence there is a swing in the direction of thrusting from NNE-SSW to N-S. 
This bend in the thrust front is also accompanied by major splaying strike-slip/transpressive 
faults that trend NNW-SSE/NW-SE and which are seen to propagate into the southern part of 
the licence (see Image extract 7). 
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Image extract 7. At the bend in the thrust-front there is a major N-S trending fold and several 
NW trending fault splays (which are parallel to the regional Santa Mara fault). The presence of 
small NE-SW trending folds a few kilometres to the north and west of this major fold suggest 
that it is related to local transpression (see Image extract 8). 

 

 

 
Image extract 8. Schematic showing 
the mechanics behind the compression 
that has resulted in the presence of the 
major N-S trending fold. 
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4. Licence Area Study 
 
4.1 Introduction 
To enable a more detailed study of the licence area the ETM Landsat data was enlarged to 
1:50,000 scale. Within the licence the lack of outcrop, due to the presence of a thick molasse 
section and to the presence of glacial deposits, has resulted in only subtle structures being 
mapped (see Figure 4). These are often mapped as the result of being along strike from clearly 
visible folds and faults or being associated with drainage anomalies. The licence has been 
divided into three sections based upon the differences in the orientation and type of structures 
mapped from north to south. 
 
4.2 Northern Section 
Although NE-SW trending folds are visible to the north of the licence and on its eastern border 
there are no definite folds present in the licence. This part of the licence is heavily cultivated 
and it is thought that any subtle features that would have been present are now masked. The 
drainage regimes present do not really hint at any buried structures. However, there are two 
sets of linears visible; these trend NE-SW and NW-SE. The NE-SW trend is related to the 
thrust and fold axes, whereas the NW-SE faults are seen to be a continuation of the transfer 
faults mapped in the mountains to the east. Figure 2 shows that there are possibly five transfer 
zones that propagate into the licence area. These zones are based upon a clustering of the 
interpreted faults/linears and are often clearly visible in the exposed section to the west. 
 

 
 
Image extract 9. Vegetation and cultivation mask any subtle structures that may be present, 
though the extrapolation of structural trends from folds and faults visible on the margins of the 
licence do add confidence to the interpretation inside the licence area. Here two transfer zones 
have been mapped trending NW-SE. 
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4.3 Central Section 
There are several folds visible within the Central section of the licence. The wavelength of the 
axial traces (approximately 2 km) indicates that they are relatively small in size (see Image 
extract 10). The folds occur between transfer zones 2 and 3 (see figure 2) and may terminate 
along these fault zones, thus ‘compartmentalising’ the thrusted units. The folds are thought to 
be fault-propagation folds, i.e. cored by a thrust, (Seismic Lines 1 & 2).  
 

 
 

Image extract 10. Probable fault-propagation folds. The seismic data confirms that, although 
only subtle at the surface, these structures do occur at depth. 
 
4.4 Southern Section 
The Southern section of the licence (Image extract 11) is less cultivated than the north. The 
geological map shows that glacial deposits cover much of the area. The folds present here 
show two trends; NE-SW and N-S. The NE-SW trend is seen on the eastern margin of the 
licence and the folds are similar in size to those seen in the Central Section. The N-S trending 
folds in the west of the licence seem to follow the western border of the licence and may swing 
NE-SW north of the lake. This swing may be related to a swing in the thrust direction (see 
figure 2). 
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Image extract 11. The southern part of the licence shows Santa Marta fault parallel linears and 
faults.  
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5. Integration of seismic data 
 
5.1 Introduction 
Llanos Oil supplied NPA with a detailed 1:100,000 scale geological map of the licence, a 
seismic grid base map outlining seismic lines, shot points and well locations (see Figure 6) and 
4 seismic lines which are representative of the subsurface structure. 
 
5.2 Interpretation and integration of seismic lines 
The two seismic lines shown here in the report run NNW-SSE across the centre of the licence 
area, they are approximately 5 km from each other and are virtually parallel. Figure 6 shows 
the location of the lines. A preliminary interpretation shows several traceable reflecting 
horizons on both lines, and that there are structures common to both. Presented opposite and 
overleaf are the un-interpreted and NPA interpreted lines. 
 
As outlined previously, the extrapolation of structures from the margins of the licence is 
important in helping interpret the structures within the licence. As the main visible anticlinal 
trend is NE-SW/NNE-SSW on the margins of the licence it is reasonable to expect this trend 
continues ‘along strike’ into the licence area. On the margins of the licence the folds present 
are in the order of 4-6 km in length and have a wavelength (fold axis to fold axis) of 
approximately 2 km. Such a short distance between axial traces indicates the possible 
presence of thrust imbricates. As can be seen on seismic lines 1, 2 & diagram 3 there is a 
validation of this interpretation from the seismic data.  
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