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3-Dimensional analyses* of deep-water deposits in Los Molles 
Formation, La Jardinera area, Neuquen Basin  
   *Calculating thickness trends for stratigraphic units using remote sensing data 

 

 

1. Introduction 

The Los Molles formation, part of the Cuyo Group, is a sedimentary succession deposited 
during the Early Jurassic during a period of increased subsidence, outcropping in the Southern 
Neuquen basin, in the La Jardinera area (fig.1). It presents great outcrop exposure for deep water 
lithologies, offering a clear perspective of an oblique down-dip profile and along strike profile 
according to the progradation of the deep water depositional system towards the NE.Being 
affected by a typical arid climate as part of Northern Patagonia and located close to the foothills 
of the Andes, the area is not covered by proeminent vegetation, with the sandstone cropping out 
on steeper slope profiles with the finer deposits (mudstones) dominating the low gradient slopes, 
overlain by a thin interval of soil. The goal is to use slope gradients, xyz data and field data 
(strike-dip measurements, GPS measurements) in order to isolate the most continuous sandstone 
intervals over the entire area, creating structural and thickness maps for different stratigraphic 
intervals. 

                                    

                                       Fig. 1 Location Map of Study Area (Franzese 2006) 
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1. Dataset 

A digital elevation model (DEM, Res: 30 m) is an essential part of spatially analyzing the 
elevation data, associated with a satellite high resolution image offers a good perspective for 
lithology distribution in the area. Field data (GPS data acquired using a hand held Garmin GPS 
device, strike-dips measurements using a Brunton geologic compass) will be associated with the 
DEM and the satellite image(fig. 2)  in order to better illustrate spatial correlation. 

The DEM data (fig. 3)  is available through the Advanced Spaceborne Thermal Emission and 
Reflection Radiometer (ASTER). The ASTER data (0.00027777778, 0.00027777778) was 
downloaded online (http://asterweb.jpl.nasa.gov/gdem.asp) and georeferenced over the study 
area (La Jardinera area, using WGS 1984, UTM zone 19 S as a projection datum). Additional 
data was added from the field (GPS data points) acquired by “walking out the units” in order to 
determine regional correlation for stratigraphic units. 

All the data must be converted to the UTM coordinate with the following properties: 

Spatial Reference: WGS_84_UTM_zone_19S 

Linear Unit: Meter (1.0000000) 

Angular Unit: Degree (0.017453292519943299) 

False easting: 500000 

False northing: 10000000 

Central meridian: -69 

Scale factor: 0.9996 

Latitude of origin: 0 

Datum: D_WGS_1984 

 

http://asterweb.jpl.nasa.gov/gdem.asp
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Fig. 2 High resolution satellite image showing outcrop exposure in the La Jardinera area with 
contours (100 m spacing) 
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             Fig. 3 Snapshot of DEM in the study area showing no discernable structure in the area 

 

2. Workflow 

In order to identify stratigraphic intervals we will use a combination of field data and satellite 
imagery. We are interested in obtaining a good regional stratigraphic correlation and to observe, 
if possible, thickness variations along the stratigraphic intervals. The area presents structural 
complexity with an anticline and a syncline deforming the strata (fig. 4). Using strike and dip 
measurements from the field we know that the variability of the dipping strata is extensive, with 
bigger dip values close to the axis of the structural features and smaller dip values as we move 
away from the axes. Besides the structural complexity that resulted from the thrusting, the 
volcanic intrusions also complicate things. We observe topographic highs where magmatic 
intrusions have intruded the surface. The stratigraphy doesn’t seem to be displaced, but the 
topographic variability complicates things, thus we need to take into account the slope gradient 
for thickness calculations.  

In order to calculate the true thickness for a given stratigraphic interval we will need 
digitized polylines, from which we will extract z values from the DEM and together with the 
slope and dip values of a given unit we can apply the mathematical formula 
(Thickness=Width*sin(Dip-Slope)).  

No visible structure 
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 Fig.4 Geologic map of the study area and cross-section showing the structural complexity 
(García Morabito and Ramos 2012) 

 

 

3. Data Processing 
 

3.1 The Color map for the satellite image (fig. 5) has been changed in order to better 
illustrate the outcrop belt. 

3.2 Create contours using 3D Analyst Toolbox - > Raster Surface -> Contour. Define contour 
spacing as you wish. 

3.3 Trace top and base of the stratigraphic unit using satellite image (fig. 4) and GPS data 
from the field, with the 3D Analyst tool -> Interpolate Line -> Profile Graph. Export data 
to .xls format and import the data in ArcMap as x, y data (File-> Add Data -> Add XY 
Data).  

3.4 Open Attribute Table. You should have X, Y, Z data from the topographic profile for 
each profile (top and base of strata) 
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                     Fig. 5 Satellite image showing outcrop traces in the area 
 

Outcrop belt 
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3.5 Create a table that contains these fields (at the very least:  

a) Unique ID: This might be a concatenated field based on the IDs of your two points. If 
your table contains the IDs of both points as well as a concatenated ID field, you can 
join the data together at the end. 

b) X coordinate of the first point 
c) Y coordinate of the first point 
d) X coordinate of the second point 
e) Y coordinate of the second point 
f) Note: X and Y coordinate fields can be created by calculating geometry in a point 

layer’s attribute table 
3.6 Open the XY to Line tool (Data Management Tools > Features > XY to Line). 

a) Make sure the ID field is specified. 
b) GEODESIC should be the line type so that a straight line is created 

1. Open the attribute table of the resulting layer. 
2. Add a field (type: Double) named Distance 
3. Right click on the heading of Distance, click Calculate Geometry, and calculate the 

length in whatever units you wish. 
(Workflow can be found here: 
http://kb.mit.edu/confluence/pages/viewpage.action?pageId=11338190) 

Next steps: 

At this point you should have two layers with points evenly spaced and a layer (polylines) 
with the distance between the two layers (a swath of lines connecting opposite matching points). 

1. In order to calculate the thickness (fig. 6) we will need to assess in which direction are 
the beds dipping: 
 
In our case the beds are dipping in the same direction of the slope at an angle greater than 
the slope with an apparent thickness measured parallel to dip direction. This case can 
change often throughout the study area. The formula must be modified accordingly. 
 
 

 
Fig. 6 Case for Dipping beds and Slope 
 
T =h(sin θ) - v(cos θ) 

Case 5 and 6 

h 

v θ 

T 

http://kb.mit.edu/confluence/pages/viewpage.action?pageId=11338190
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-where h represents the horizontal (map) apparent thickness in dip direction 
-where v represents the elevation difference between top and bottom of bed 
-where θ represents the true dip of bed 
-where T represents true thickness 
 

The angles θ should be converted from Degrees into Radians for the Field Calculator 
using: Radians= (Degrees*π)/180 

From the two layers we found the Distances between points (that will be the width of the 
outcrop (W). Now we need to find the height (H) between the two layers. 

a) Open Attribute Table of the layer you just created. You will need the elevation values 
from the input data. Join the data from the tables using the “Join” function. Turn all fields 
off that don’t contain X, Y data from the two layers, Distances and the two fields with 
elevation. “Add field” (type: Long Integer) and name it Differences. Open Field 
Calculator for the layer and calculate (Elevation 1 – Elevation 2).  

b) “Add field” – we will need to calculate the DIP for the strata using the “three point 
problem” method. Add Dip values to the field after calculating using point values chosen 
by the user according with the geology (outcrop belt can change strike orientation). In 
this case from field measurements it looks that the strike remains constant and the dip has 
a similar value along the outcrop belt. 

c) “Add field” – we will need to convert the Dip into Radians  (Radians= (Degrees*π)/180) 

 
Fig. 7 “Three Point Problem” graphical method illustration 
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Results   

The aim of this project is to produce thickness maps using remote sensing data with field 
data, if possible.  

In order to create maps we have the possibility of using several spatial interpolation techniques 
in ArcMap. For this project we used Natural Neighbor (ArcToolbox/Spatial Analyst 
Tools/Interpolation/Natural Neighbor), this method is ideal as it won’t produce peaks or pits 
outside of the data. Other methods such as Trend, inverse distance weighting or krigging were 
tried but the results weren’t useful.  

The map was created using calculated thicknesses and XY data (top of unit) from the 
Attribute table of the outcrop belt. 

A structural map was created using the same technique in order to illustrate the elevation 
variation along the outcrop belt. The data shows dip towards the West (valley) and N-NE 
(general trend) with a small slope towards the East (valley). The following figure illustrates the 
general trend along a cross-section parallel with the dip. 

 

 

 

Observations 

This method can be applied using only Digital Elevation Models and satellite imagery. 
The dip and strike if not measured from the field can be calculated directly in ArcGis, this is 
highly recommended especially if the outcrop belt is changing orientation along a profile. The 
slope orientation in relationship with dip direction for strata is an important aspect as it can give 
calculation errors (negative values) for the true thickness. 
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                        Fig. 8 Outcrop belt with Top and Base of unit (point features) 
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            Fig. 9 Zoom in map of the outcrop belt location with distance lines between points 
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            Fig. 10 Outcrop belt with Strike and Dip measurements (observe that the strike remains 
relative constant along the profile) 



Eugen Tudor, 2013 

 

 

 

                   Fig. 11 Attribute Table for Outcrop Belt thickness calculation 
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                                     Fig. 12 Top of unit 1 structure map 
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        Fig. 13 Thickness Map showing increase thickness along the outcrop belt towards the North 
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