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ABSTRACT
The Colombian Geological Survey (CGS) through the GeoRED Project started in 2007 the deployment of a high quality GNSS infrastructure that will be the fundamental geodetic framework for the study of crustal and atmospheric dynamics of the entire Colombian territory, and at the same time
sharing data and research results with neighbouring countries. The generation of GNSS time series will permit the compilation of surface velocity fields that register crustal dynamic behaviour, a very important isssue to geohazards. It is intended to achieve a greater density of the National GNSS
Network in an effort to address specific geoscience aspects such as tectonic plate motion, plate boundary interaction and deformation, including the understanding of earthquake cycle processes; the registration of active fault slip rates, surface subsidence, etc. The space geodetic network has two
main components: an active network, composed by continuously operating permanent stations; and the passive network, which corresponds to episodic occupation stations conducted in field campaigns. In order to establish the most appropriate locations for the installation of the stations, several
discussions within the GeoRED group led to a master plan for the distribution of the permanent GNSS stations 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. Each of the 20 sub-blocks is expected to have, at least, 4-5 permanent GNSS stations within the block along with construction of campaign sites along the boundaries. 68 permanent
installations and 298 campaign style constructions have been funded until now. Full implementation of 100 permanent installations and 320 campaign site constructions should be completed by 2016. All data have been processed with the software GYPSY-OASIS II v. 6.3 , developed by JPLCALTECH-NASA. The existing data were rerun in order to express the positions in ITRF-2008. The velocity vectors obtained confirm the oblique subduction of the Nazca Plate and Carnegie aseismic ridge collision processes at the Colombia-Ecuador trench which are assumed to be the mechanism
for the transpressional deformation and the “escape” of the North Andes Block (NAB), that is a hypothesized tectonic block that escapes north-northeast relative to a stable South American reference frame. The northernmost vectors in Colombia are indicative of the ongoing collision of the Panama
Arc with northwestern Colombia. A suite of block models to investigate the tectonic nature of the Panama Region and NAB and the style of faulting in the upper plate accommodating block motion have been tested (LaFemina et al, 2014).

THE IMPORTANCE OF GNSS GEODESY
IN THE COLOMBIAN GEOLOGICAL SURVEY
The Colombian Geological Survey (CGS) through the GeoRED Project is creating a
high-quality GNSS infrastructure that serves as an essential framework for the study of
crustal and atmospheric dynamics of the entire Colombian territory, and at the same
time sharing data and research results with neighbouring countries. Data products will
include raw GNSS observations, and data of atmospheric water vapor, that facilitate the
construction of time series of high precision daily geographic positions, that in turn
permit the compilation of surface velocity fields that register crustal dynamic behaviour
that is of direct relevance to geohazards in earth and atmospheric sciences.
It is intended to achieve a greater density of the national GNSS network in an effort to
address specific geoscience aspects such as plate kinematics and crustal dynamics,
the registration of active fault slip rates, and plate boundary interaction and
deformation, including the understanding of earthquake cycle processes. The institution
is also implementing several permanent GNSS local networks to monitor ground
deformation on active volcanoes (volcano geodesy). GNSS Geodesy has great
relevance to all aspects of Earth Science research as it is practiced at the Colombian
Geological Survey as it involves the application of new technology that permits the
active observation and study of crustal and atmospheric dynamics that shape the land
and controls innumerable processes at depth and at surface that are of vital importance
to mankind.

GPS/GNSS GeoRED NETWORK

RESULTS

Currently, the GeoRED Network is managing 68 continuously stations including: 59
GeoRED GPS/GNSS continuously operating stations; 4 GNSS continuously operating
stations provided by the COCONet Project; the Bogotá IGS GPS station (BOGT), installed
in 1994 under the agreement between JPL-NASA and the CGS; and the San Andres
Island station, installed in 2007 under the MOU between UCAR and the CGS, and 3
stations installed in partnership con local institutions (Sugar Cane Research Institute,
National University and Aburra Valley Metropolitan Office. Each of the 20 tectonic subblocks is expected to have, at least, 4-5 permanent GPS/GNSS stations within the block
along with construction of campaign sites along the boundaries

The GPS data are processed using the GIPSY-OASIS II v 6.3 software, and the GPS
time series of daily station positions give fundamental information for both regional and
local geodynamics studies. Until now, we have obtained 175 quality vector velocities for
Colombia, 43 of them as part of the permanent network. The GPS/GNSS stations are
located on the three major plates that interact within the Wide Plate Margin Deformation
Zone including existing permanent installations on IGS Galapagos and GeoRED
Malpelo Islands on the Nazca Plate, and San Andres Island on the Caribbean plate. The
velocity vectors confirm the oblique subduction of the Nazca Plate and Carnegie
aseismic ridge collision processes at the Colombia-Ecuador trench which are assumed
to be the mechanism for the transpressional deformation and the “escape” of the North
Andes Block (NAB). The northernmost vectors in Colombia are indicative of the ongoing
collision of the Panama Arc with northwestern Colombia. Additionally the increasing
vector density of the campaign and permanent stations is beginning to permit analysis
of strain partitioning within the NAB which had been previously hinted at in previous
GPS studies over this wide deformation plate boundary. Distinct changes in vector
magnitude and direction are now becoming distinguishable within, at least, three distinct
zones. A southern zone between 1° and 4.5° north latitude and a northern zone
between 6° and 11° north latitude. Between these northern and southern zones from
4.5° and 6° north latitude is a zone of anomalous vectors that are transitional between
the northern and southern zone vectors. This transitional zone coincides with the
maximum compression region which is a boundary area between dextral ENE and
sinestral SW transpression and also the area of maximum intra-continental deformation
of approximately 600 km. Planned for the year 2015 is the installation of 17 additional
GNSS continuously operating stations, and construction of 20 GNSS campaign sites.

GPS/GNSS INSTRUMENTATION - CORS STATIONS

WHAT IS GeoRED?
GeoRED, the acronym for “Geodesia: Red de Estudios de Deformación” has been
adopted for the project "Implementation of the National GPS/GNSS Network for
geodynamics.” Initiated in 2007 by the Colombian Geological Survey-CGS, formerly
INGEOMINAS, GeoRED is a research and development project based on space
geodesy technology which takes a multifaceted approach to cataloging and defining the
geodynamics of Northwestern South America in order to reduce the associated hazards
within a wide plate margin deformation zone (Mora, 2006).
Hence, GeoRED is a essential tool for determining interplate and intraplate continental
deformation, and for understanding the current seismic cycle. Our current endeavors
are focused on the acquisition of high quality GPS data to be shared by
intergovernmental institutions and university research centers within Colombia as well
as collaborative international research efforts including reciprocal data sharing between
the neighboring countries of Panama, Ecuador and Venezuela. GeoRED 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. It is a
research and development project financed by the Colombian Government and
executed by the CGS under the BPIN code 0043000220000 of the National Planning
Department.
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TECTONIC SETTING AND MAIN STRUCTURAL ELEMENTS
Northwestern South America and
southwestern Caribbean constitute a
complex region compounded by several
tectonic elements including: Caribbean,
Cocos, Nazca and South American
plates, Coiba and Costa Rica – Panamá
microplates. The boundaries between
those elements record the progress of
oblique normal subduction, ridge and
continental collision. As a result, an
extensive
and
ongoing
intraplate
deformation has been identified inside
the
North
Andes,
Bonaire
and
Maracaibo crustal blocks.

CRUSTAL SEGMENTATION AND SEISMICITY OF THE NORTH ANDES
WITHIN COLOMBIA
Beginning in 2007, discussions within the GeoRED group led to a master plan for the
distribution of the base permanent GPS/GNSS stations 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.
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 paleoseismological 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 subblocks are only approximately outlined.

GPS velocity vectors relative to ITRF2008.
(Error ellipses are not showed to permit the vectors visualization)

CHALLENGES AND FUTURE PLANS
The final objective of the GeoRED project is to increase the knowledge of the current
crustal deformation stage at Colombia.
Specifically:
GPS/GNSS Field Stations - Status April 2015

LAND SUBSIDENCE AT THE SABANA DE BOGOTA
The Sabana de Bogota is located in the Eastern Cordillera of Colombia, and represents a
tectonic-sedimentary basin consolidated after the final upheaval of the Northern Andes,
around 5 Ma, (van der Hammen et al, 1973; Wigninga, 1996). Bogota city is the country’s
largest and most populous and has the largest concentration of risks in the country. It is
located in a moderate seismic zone and its complex topography has also made it prone to
landslides and flooding. Apart from these geographic factors, massive migration and
urbanization over the years have further increased the city’s vulnerability to disasters.
Ground measurements using GPS equipment (IGS BOGT station) yields a subsidence
rate of 4,2 cm/yr. Since this station was the only GPS station located on the study zone,
a cGPS instation was installed at the El Rosal site (VROS) on bedrock. Under an
agreement between the CGS and the Bogotá Land Cadastre Administrative Office, a GPS
network has been built, starting in 2012 with 20 field stations, that have been densified
until a currently number of 50 stations. Every station collects data in each site during 120
hours every year. We have estimated the vertical velocity in some stations that have at
least two observations, that are n agreement with Space Geodetic Imaging preliminary
results. A recent analysis of ALOS data provided by JAXA for this analysis, from the time
period of 2008-2010 shows a distributed subsidence pattern in the urban areas as well as
in some agricultural areas outside the city. Small baseline time series analysis to obtain
average velocity maps were generated. The observed subsidence could be originated
mainly by the groundwater withdrawal from the local aquifer. (Mora et al, 2015, in prep).

• 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.
• To provide support to atmospheric, ionosphere, subsidence, mass movement and
diapirism studies among others.
COCONET – UNAVCO
The Colombian Geological Survey under the GeoRED Project will start running, in June,
2015, a Regional Data Center (RDC) headquartered in Bogota, Colombia, and serve
the entire circum-Caribbean community, as a consecuence of the grant received by
UNAVCO. The RDC functions as a mirror for COCONet (Continuously Operating
Caribbean GPS Observational Network) data and metadata with capabilities for local
data and metadata management, such as downloading stations and archiving GNSS
data. It is expected that the RDC will permit a longer-term integration and dissemination
of geodetic data for research and broader impacts.
GeoRED Project Web Page: http://geored.sgc.gov.co
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We have extended our current GPS network of Bogota to include sites in rapidly subsiding
areas, and plan to continue monitoring the subsidence in Bogota city using both geodetic
techniques.
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