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GEORED is a research and development project based on GNSS instrumentation proposed and
initiated by the Colombian Institute of Geology and Mining - INGEOMINAS in 2007.

This project takes into consideration political relevance, economic importance, social bearing,
along with scientific, and technical pertinence, as an appropriate approach to cataloging,
understanding and defining the geodynamics of northwestern South America in a multi-focused
endeavor to study the crustal deformation in Colombia.

GEORED is the pseudonym adopted for the project
"Implementation of the National GNSS Network for
geodynamics” and the acronym for “Geodesia: Red de
Estudios de Deformación” as the specific field application for
the study and analysis of crustal deformation in Colombia.

It is a research and development project financed by the
Colombian Government (2007 – 2016) and executed by
INGEOMINAS under the BPIN code 0043000220000 of the
National Planning Department

WHAT IS GEORED?



The general purpose of the GEORED Project is to “Improve the technical, scientific and
operational capabilities in Colombia for analysis, interpretation and policy formulation
regarding phenomena related to crustal deformation in Colombia, using GNSS satellite
technology”.

OBJECTIVES AND SCOPE

GEORED is also designed to meet the following specific
objectives:

To implement an Active National GNSS Permanent
Network for geodynamics with data transmission to an
information-gathering center.

To create GNSS mobile teams for campaign style data
acquisition (passive network) - (active faults studies, post-
seismic assistance, volcanic crisis assistance, mass
movements monitoring, etc).

To generate information about horizontal and vertical
displacements as an essential input for the studies of
crustal deformation.

To establish a high precision geodetic reference frame for
the multipurpose activities within INGEOMINAS.

To provide information within INGEOMINAS as well as to
other government institutions toward the execution of
research and development projects using GNSS data.



CRUSTAL SEGMENTATION OF THE NORTH ANDES WITHIN COLOMBIA

These sub-blocks were determined taking into
account some generalizations:

• A tectonic sub-block represents a 
homogeneous crustal entity limited by the 
main active faults, and it is thought to 
possess a characteristic pattern of internal 
deformation;

• At some fault segments, current 
kinematics, rupture dimensions and 
terminations remains unclear; moreover, 
detailed palaeoseismological and 
neotectonic studies are yet scarce. Due to 
this, it has been necessary to make some 
general assumptions about fault extension, 
geometry and sense of slip from 
geophysical interpretation, geological 
maps and reports;

• Some regions at plate interfaces are 
expected to be more heterogeneous and to 
have higher sub-block segmentation. But, 
owing to the fact that some of those places 
have not been studied in depth and are 
difficult to access, the polygons of the sub-
blocks are only approximately outlined.

Beginning in 2007, discussions within the GEORED group led to a master plan for the distribution of the base
permanent GPS station array and specific areas of interest for campaign site construction. The use of previously
identified active faults as preferred structures along which stresses are transferred through the deformational area led
to the idea of segmentation of the North Andes within Colombia into 20 tectonic sub-blocks.



GEORED NETWORK IMPLEMENTATION

Each of the 20 sub-blocks is expected to have,
at least, two permanent GNSS stations within
the block along with construction of campaign
sites along the boundaries.

31 permanent installations and 150 campaign
style site constructions have been funded
through the end of 2010.

Full implementation of 40 - 50 permanent
installations and 200 campaign site
constructions should be completed by 2012.

The GEORED has several types of GPS and
GNSS receivers for permanent and field
campaigns occupation



GEORED NETWORK IMPLEMENTATION

GPS Permanent Stations - Status 2010

San Andres Island

Malpelo Island

UCAR - UNAVCO

NASA - IGS



DATA TRANSMISSION

GPRS modem

Optical fiber + internet

Radio-link + internet

Radio-link + sat. internet

Radio-link + satellital link

Satellital link

No data transmission



GPS STATIONS LOCATION AND OTHER INSTRUMENTS

GPS - SS

GPS – SS - GMS

GPS – GMS

GPS



GNSS REFERENCE STATIONS FOR VOLCANIC DEFORMATION



GEORED NETWORK IMPLEMENTATION

GPS Field Stations - Status 2010



CARI fixed



The final objective of the GEORED project is to increase the knowledge of the current 
crustal deformation stage at Colombia. 

Specifically:

To obtain geodetic rates of fault displacements, as well as to characterize the kinematics 
of active faults and their seismogenic potential;

To generate crustal sub-block and regional deformation models to the Colombian territory, 
through the integration of geodetic, geological and geophysical data;

To establish an operative and dense geodetic network with geodynamic purposes.

In addition:

To provide support to atmospheric, ionosphere, subsidence and mass movement studies

CHALLENGES



June 1993 – December 2010

SEISMICITY IN COLOMBIA



EPISODIC TREMOR SLIP - ETS

The top inset depicts the most exciting new discovery of GPS--show slip at depth on the interface between the subducting
Juan de Fuca plate and the North American plate in Cascadia, potentially the region of the US (excepting Alaska) most
vulnerable to a devastating earthquake.

After the slip, a 1-2 weeks long, was first noticed in recent measurements, geodesists looked at older data and found that
it had occurred many times and was, in fact periodic! They later looked at seismic from the period and found a low-
frequency tremor associated with the slip, hence the term “episodic tremor and slip” (ETS).

Tremor and slip have now been seen in other subduction zones (northern California, western Mexico, and Japan), but
without periodicity. Explaining this behavior and accessing its impact on the recurrence time of earthquakes is a active
area of research.

Source: UNAVCO, 2010
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FOCAL MECHANISMS COLOMBIA-ECUADOR SUBDUCTION ZONE



SEISMIC - IONOSPHERE  COUPLING

Precursory phenomena observed in the Total Electron Content Measurements before 

great Hokkaido Earthquake of September 25, 2003 (M=8.3)

I. E. Zakharenkova ét al.



Gráficas de TEC obtenidas para las estaciones permanentes estudiadas, 
del 7 - 16 de enero de 2010

Estaciones empleadas en el análisis 
ionosférico para el cálculo del TEC



GEORED NETWORK 

Next stations



GEORED NETWORK 

Current stations + next stations

FUNVISIS
ACP

Red Sismológica,

Univ. Panamá

Escuela

Politécnica

de Quito

Instituto Geofísico



SEISMOLOGICAL NETWORK STRONG MOTION NETWORK



COCONET Project





It has been more than twenty years since Colombia hosted the 6th Latin American Geological

Congress that was held in Bogotá on October 9-12, 1985.

The Colombian Geological Society, the Colombian Geological Survey (INGEOMINAS), the Colombian

Association of Petroleum Geologists and Geophysics (ACGGP), EAFIT University, and the National

University of Colombia are happy to invite all of the geological community to attend the 14th Latin

American Geological Congress, which will be held in Medellin, Colombia between August 29 and

September 2, 2011.

14th. Latin American Geological Congress



Thank you very much for your attention
Gracias por su atención


