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III. The Metallogenic Map of Colombia, v. 2016
Objective: to represent the most signi�cant mineral deposits and occurrences in Colombia in an 
adequate geo-tectonic context to depict ore forming processes and de�ne metallogenic elements 
(domains, provinces/subprovinces, belts, and epochs).

Map on the 1:1,500,000 scale presenting the spatial distribution of mineral deposits and occurrences 
backed by a reclassi�cation of the chrono-stratigraphic units and a selection of relevant structures from 
the SGC o�cial Geological Map of Colombia (Gómez et al., 2015a), along with principal metallogenic 
elements.

Includes 366 deposits and >2800 occurrences from the SGC mineral deposits and occurrences 
database.

Time component presents the relationship between magmatism and known ages of mineral deposits 
from the geochronological information from the SGC Radiometric Dating Catalog compilation 
(Gómez et al., 2015b).

Uses and applications 
- Planning and decision-making for sustainable development of mineral resources
- Providing a regional metallogenic framework for mineral exploration industry

MDRU provided critial expertise and support to SGC geoscientists for the conceptualization, 
construction and presentation of the Metallogenic Map of Colombia. This included the conceptual 
development and compilation of the SGC mineral deposits and occurrences database, mineral deposits 
classi�cation, reclassi�cation of chrono-stratigraphic units, de�nition of mining districts and 
metallogenic elements, in addition to editing and publication of the �nal map.
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MDRU continues to support the preparation of updated regional 
geochemical maps incorporating new data in addition to the preparation 
and organization of brief interpretative descriptions of trends and 
relationships of each element. MDRU will be also providing crucial 
expertise to support the SGC in the design of protocols for speci�c 
geochemical exploration surveys addressing di�erent  geologic and 
physiographic environments across the country.

MDRU provides direct support in the continuous compilation of 
information for the Metallogenic Map of Colombia. Field visits to selected 
speci�c deposits and occurrences to characterize, classify and constrain 
the age of mineralization is a strategy to generate new information for 
the map. Integration of both is critical for the publication of an updated 
and improved version of the Metallogenic Map of Colombia in 2018.

V. Present and Future Work
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Objective: to highlight regional geochemical trends and relationship to geology, mineral deposits and 
ocurrences, and/or antropogenic activity.

56 map sets were constructed from a subset of the SGC geochemical database, comprising >75,000 stream 
sediment anlyses from multiple SGC geochemical surveys conducted between 1960s and the present, covering 
approximately 35% of the Colombian territory.

Each set of maps includes: a main map showing the distribution of element concentration on a 1km2 grid, 
accompanied by summary statistics; and supporting maps showing distribution of samples included or 
rejected, along with digestion, and analytical methods. 

Uses and applications 
- Planning and decision-making for sustainable development
- Identi�cation of areas with high potential for hosting mineral deposits and occurrences
- Risk assesment of enrichment/depletion of trace elements potentially hazardous to health
- Geological and metallogenic mapping

MDRU provided direct support to the SGC geoscientists in all of the stages of the construction and preparation 
of the geochemical maps, including: training, data cleaning, validation, statistical analysis and leveling, in 
addition to editing and presentation of the �nal maps.
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Cobre – (Cu) 
 
 

Parámetros Analíticos de Cu 

Muestras incluidas 
en el análisis por 
técnica analítica 

Técnica Número 
EE 14.262 

AAS 13.507 
ICP-AES 1904 
ICP-MS 25.238 

XRF 3803 
NAA 96 

TOTAL 58.810 

Muestras excluidas 
por técnica 

analítica 

Técnica Número 
EE 5446 

ICP-MS 937 
AAS 8 
XRF 592 

TOTAL 6983 

Límite de detección 
utilizado 

Valor Número de datos 
reducidos 

0,5 mg/kg 124 
 

 
 
 
 
 

Estadísticas Básicas 
Total Registros 58.810 

Mínimo 0,5 
30% 16,8 
60% 34,0 
80% 67,4 
90% 100 
95% 136 
98% 194 

Máximo 14.000 
Mediana 28 

Desviación Absoluta de la Mediana 17,1 
Promedio 47,4 

Desviación Estándar 111 
 
 
 
 
 
 
 
 
 
 

 

Figura No 14. Tablas de parámetros analíticos y estadísticos de Cobre.  
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b 
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D 
 

 

 
Figura No 14. a) Variación de la concentración en sedimentos de Cobre en mg/kg con la distribución acumulativa empírica (normal). b) Variación 
de la concentración de Cobre en mg/kg en sedimentos (escala logarítmica) con la distribución acumulativa empírica (normal). c) Histograma Cu 

(normal) cortado en 400 mg/kg. d) Histograma Cu (logarítmica).  

""
"""

"""
"

"
""
""
"

" ""
""

"
"

"

""""
"
"

"
"""

"
"

"
""""

"
"

"
"
""

"

""""
""

""
"

"""" """
""

"" "" """"""" "
"

"

"
"" """""""

"""

"""
"" "

"

"

"
"

""

""

BRASIL

de 

M
ar

Carib
e

O
c é

an
o

Pa
cí

fi
c

69°0'0"W

69°0'0"W

°0'0"W

72°0'0"W

75°0

75°0'0"W

78°0'0"W

78°0'0"W

12
°0

'0"
N

9°
0'0

"N

9°
0'0

"N

6°
0'0

"N
3°

0'0
"N

0°
0'0

"

0°
0'0

"

3°
0'0

"S

3°
0'0

"S

6°
0'0

"S

6°
0'0

"S

Gorgonilla

78°10'0"W78°15'0"W

3°
0'0

"N

81°20'0"W81°25'0"W81°40'0"W81°45'0"W
Esc. 1: 720 000 Esc. 1: 720 000

P Capitales

Línea costera

Límites de Frontera

Convenciones

LAS GEOQUÍMICO DE COLOMBIA  
n de muestras totales incluidas y excluidas

(Cu)
Compilado por:

www.sgc.gov.co

240 300 360
Km

Información de Referencia

000

2016

ción

Muestras excluidas: 6983
Muestras Incluidas: 58.810

Sedim

de la 
IGAC 2006. 

auss,

,3215" N. 

00.

" Mues
" Mues

Gloria Prieto Rincón
Directora Técnica 

Recursos Minerales

nica:

do JIMÉNEZ, Adrian PEREZ AVILA,  Omar Herney MENDOZA, 
y Yesit RINCÓN, Olger MENDOZA, Claudia OREJUELA,

Fabio CASTELLANOS.

anadá
brando LEAL-MEJÍA

Viceministro de Minas
Carlos Andrés Cante Puentes

"
"

"
"

""""""
"""""""""""""" """"""""" """""""""

"""""""
"""""

""" """
"""""

"""""" """
""""""""""""""""""""""

"

""

"
""

""
""""
"

""""
""""
"""""""""""""
""""""""

""
"""""
" "

"

""""""""""""""""""""""""""""""""""""""""""""""""""""

""""""""""
""

""""
""""
""""

"""""

"""""""""""""""

""""""""""
""""""""
"""""
"""

""""""""

""""""""""""

"""""""""""

"
" """"

"""""
"

""""""

"""
""

" """""""""""""

"""""
"""""""""""""""""
""""""""""""

"""
""""
"""

""

"
"""

"""""""

""
""""""

"""""""""""""""
"""""

"

""""""""""""""""
""""
""""
""

"""""""""""""""""""""""""""""
""

""""""""

"""""""""

"

"""""""""""""""""

"""""""""""""""""""" """"""""
""""""

""""""""""
"""""""""""""
"""
"

"

"

""""

"""

"
""
"
"" """"""""""""

"

"

"""

""
"

""""

"

""""""""""

""
"
""""

""""""""""
""""""""""""""

"
""

"

"

"
"

"
"
"
"""

"
"

""

"
""
""

"
"
"
"

"

"

"
"

"

""
"

"
"

"
""

"
"

" ""
"

"

""

"

""

"

"
""""

"

"
"
"
"
"
"

"
"
""

"
"
""

"
"

""

"
"

"
""

""
"

"
""

""

"
"

"
""
"
""
"

"
"

"
""

"

"
"

"

"""
""
"
"
"

""""""

"

""
""
"""

"

""
"
""

"
""
"

"
"
"
"
""""

"
"
"

"
"

""
"
"

"
"""

"
"

"

""

"

"

"

"

""
""

"
"

"

""
" "

"

"

"
"

""

"
"

""

"

"

"
"
"""

""

"
"
""

" "

"

"
""
"""""
"
"
"""
""
"

"
"
"
""""""
"

""
""""""
"""
"
"""""

"

"
"

"""" """" """"
"""""

""""" """"" """"""
"""""

"""""
"""""
""""" """

"""""
"""""
""
""""

"""" """""
""""" """""

"""" """""
"""""
"""""

"""""
"""""
"""""

"

"""""
""""" """"" "" """

""""
"

"

"
"

"
"""

""
""""""""""

""

"""
""

"

""
"

"""""
" """ ""

""
"""
""

"
""""
"

""
""

""
"

"

""""
"

"

""" ""

"

"""""""""
""

""

""""
""""

"
""

""""""
""
"""
"

" """""
""
"""""

"""" """"
"""""""""""
"

""""
"""""

"""""
""
""""
"""

""

"""
"

"""

""""
"" """""""
""

""""" ""
" ""

""

"
""""

"
"

"
""
"""""""

"
"""""
""""

"
"" """""
"
"
""

""
"""

"""""
"""" """"""
"
"""""""""
"

"
"

""

""
""
"""""""""" """"

"
""""""""""" """""
"""

""
""
"

"

""""""""

""

"

"""
"""""
"""""
"""""

"
""""""""""""""

""""
""""
""""""""""

"""""""""
"""""""""
"""
"""

"
"

"

""

"

" "

"
"

""""""
"""

"
""""

"
""""""

"
"
"""""""

"""
"""""""

"""
""""

""
"""""""""
""""""""
""""

""
""""

"""""""

""""" ""
""

"""""""
"

""

"""""

"
" "

""
"

"
"

""
"

"""""
"""
""

""
"

"
"
"""
"""""

""

""

"

""""

"""

"

"
"

"""

"
"
""" "
"

"
"
" """
""""

"""
""

"
""
"

"

"

"
"""

"
"

"""
""
"

""
""

""
"""
""""

""
"

"
"""
""
"

""
""""

"
""""""

"
"""

"
"

""

"

""

"
""

"
"

"
" "
"

"
"

"
""

""

"
"

""

"""

"

"

"
"

"

"
" ""

"
""""

"

"
""

"

" "
"

""
"
"

""
""

"
"

"
""

"""
""
"

""

""

"

""
"" "

"

"
"

""

"

"

"
"

"

"

""

""

"

"
""
"

"

""""" ""

""
""
"

"
"
"

"
"
""

"
""

"
"

""

"
"
"

"
"
""

""

"
"
"

"

"

"

"

""

""
""""

"

"
"

"""

""" """"

"
"

"""""

"""
""
"

"

""

"

"

"

"
""

"

"

""""
""

"
""
""

"""

"""

"""
""
"

" "

"
""
"

"
"""""""""

"
"
"

""""""
""

"

""

"

"
"

"

"
"

"

"
"
""""

""
"

"""
""
""" "

""

"
"""

"
"""
"

"""
"

"
"""

"""""""
"

"
"

"

"""""""""
"""""

"
"""

""""""""

"

"

"

"
"

"
"" "

"

"
" "

"

""" "
"

"

"""
"""""

"" ""
" """"""

""""""
"""""""

" """""
""

"
""
""

""""" "
"

""

"

"
"

"

""""
""""

"
"" """

"""
"""""""

""
"
""""" "

"""""""""
" "" "

" "" "
"
"""

""
"""""""

"" " "" " ""
"""""""

"
"

"""""""
"
" """"

"
""""""

" ""
"""

"
""
"""

"

"""""""""
""" "
"

" """
""

"

""
"""

" "
""

" "
""" ""
"
""
"

" "
""""""
"
""

""""""""""

""""""""
""""""""""""
"""""
"""""
""""
""""

"""""""
"
""""""""

"""

""
"
""""
""

"
"""""""""
""

"""""

"""""""" """
"""""""""

"

"
"

" ""
""

"""""""
""

"""
"""""""""""""

"""""

""""
"""" "

"""""""""
"""

"""""
"
"
"""

"

"

""
"

"
"""""

"""
"""""""

"""

""""

"

"""
"""""
"""""""""

"""""""""""
""""""""
""
"""""""

""""""""""""
""""""
""""

"" "
"""
"

"

"

"

"
""""

"

""""" "
""
""""""

""
""
""""
""""
"
""

""
"
"""
"
"
""""

"
"

" """"""""
""""""

""""""""
""
"""

""
"" "

"" """""
""

""""""""
"

""
""

""""" "
""

"
"
""
""""""
"

""
""

"
""""""
"

"
"""

"
"
"
"

"

"

"
""""""""
"""

""""
"
"""""

""
"""""""

"
""" """

""
"

"""

"""""""
""

""" """"""""""""""""""""""""""""""""""""""""""""" """""""""""""" """"
"""""""""
""

"""
""""""""

""""""
""""""""
""""
"

""
"
""""""
""""""""

""""""
""
"
""""

"

"" """"""""

"""

"

"

""

""
"

""
"""

" ""
""

"""

" """""""""""
""""
"""""""

"
""

"
""

"
""""

""""""
""""""
"" "

"
"""

"

""
"""

"
"""""""

"
""""""""

"""
""""

""""
"""

"
"
"""

""""

"""

"
"
"

"
"
" " " "

""

""
"
"""

""""
"

" "
"

"
"

"

"

"

"

""""
"
"

"

""

"

"""""""

""""

"""

""""" """"""

"""

""""""""

""""""""""

"""""""""

"""

"""""
"""""""""

"""""""

"""

"""""""""

""""""""

"

"""""

"
"""

" ""

"

"""""" ""
""""

""
"
"""

"

""

""
"""

""""
"

"

""""

"

"
"

"
"

"

"

"

"
"

"
"

"

"

"

"
""
" "

"
""

" "
"
"

"

"""""

"
""

""""" " "
" ""

"
"

"

"
" "

""
""

""
"

""
""

"

"
"
""

"

" " "

"""""""""""""

"
""""
"

"
"

""""
""""

"""""""""
""""

"" "
"
""
""""
"
""""""""

""

""""""""

"
""""

" ""

"""

"""""""""""

""""
""""""
""
"""""""""

""
""
"

""

""

"
"""
"

"""
"""

"

"

"""""

""
"
""

""""
""

""
"""
""""
""""

""

"

"""
"""
""""
"""""""

""""""
"

""""""

"""

"""""
""""""

""" """"""""
""""""

""""

""
"""""""

"""""""
"""""""

"

"

"""
""""
""
"""

" ""
"""

"""""
"""""""

"

""
"""

"""""
"""

""""""
"

"""

"""
"""""
"""

""""
"
"
"

""""
""
""""""

"""""
""

"

""""""

"

"""""""
"""""

"
"""

""""""""
"

"

"""""
"""

"

""""
""""""""""""""""

"" "

"
""" ""

""""""
"
"

""""

"""
""""

"""

"

"

"
"

"
"

""""

""
""
""
"""

""

"

"

"

""""""
"" """

""""""

"

"

"""

"

""

"

""

"""""

""""

"""

""""""
"""

"

"""
"""""
"
"

""

"""

"

"

"
""""

"

""

"""""

"
"

"

"

"

"""

""

"
"

"""""""""""""""""""""""""""""""""""""""""""""""""""""

""""""

""""""""

""""

"""""
""""
"
"""""

"""""
"""""""""""""""""""""""""
""""

""""
""""""""""""""""""""""""""""""""""""""""""""""
""
""""""""
""""
"
"

"

"""
""
"""""""

"
"""

"

"""""
""

"""""""
"""
"""
""""
"""" ""

"""""
""""""""""""

""
""""
" ""
"""""""""""""""

"""
""

""
""""""""""
""""""
""
"""""""""""""""

""""""""""""""
"""""""""

"
""""""""""

""""
"

"""""
"
"""""

"""
""""""""""

""

"""""
"""
"
""""""

"
"""
""
"
""""""""""""

""""""
""""
"""""

""""""
""""

"""
"""
""""" """"

"""""""""""""
"
"

"""
"

""
""""""

"
""""""""""""""""""

"""
"

"""
""""""""""""""

""""

""
"

"
"

"
"

"
"

"

"""

""""""
""
"""

"""""""""""
""""""""""""

""""""""""""""""""""""

"" """

"""""""""""""""
""""""

""""""

"""""""
"""
"

""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
""""

"
""
"

"
""

"""

""""
"

""""
"""

"""" ""
""

" ""
"

"

""""

"

"

"
"

"
""

"
"

"
"

""
"
""

"

"

"

"
" "

"

"

""
"

" "
"
""

"

"

"""

"
"

"

"

"" "

"
"

"

"

"

"

"

"

"""

"

"

"

"

"

"

"
"

"
""

"

"
"

""

""" """""""""" """ "
"

"
"

"""
"

"

"""""
""

"
""

"

"

""""""
"

"
"""

"""""

""
"

"
"

"" """
" ""

"
"""""

""

"

" "

"

""
""
""""
""

"""""""

"""""""
""

""
"""

""

""

"" ""
"""""" "
"

"""""

"

"""
"

""""
"""
"

"""
"

""
"
""

"

"""

"
"

"" """" """"
""""""
""""
"""""
"""""

"""
""""""""
"
"""
"
"
""
"

"""" "
""

"""
"

"

"

""""""""""""""

"""""""
""""

"

""

"""""""
"""""

""
"
""""

""
"

"""
""""
""
"""
""
"""

""" "

""
""
"
""""
"""

""

"""""

"""""""
"

""
"""
""""
""
""

"""
"""

""""""

""
"

"

""
"""""""

"""
"""
"""

"""""

""""""""

""""""""""""""""""""""""""""" "
""""""""""""
"""""""""""""""""""""""

""

""

""""
"""

"
""

"
"

""" """

""""""""

"""
""""
""""
"""""
""
"""""

""
"

""""
"
"""""

""
""
""

""""""
""

""" "

"
"
""""
""""""""""

""
""""""
""""" """""""""""""""

"

"

"

"

"

"

"

"

"

"

"" "
""""

"

""
"""""

"""
""""

"

""""
"""
"""""""""
"" "

" ""

""""
""

"

"
""
""

""""

"

"
"

"
""""""
"" """""

"

"

"

"

""""

""
""""""""""
"

""

"
""""""
""""""""""""""
"

""
""""""

"""""
""""""""""""""
""" """

"" ""

"""""""
"""""

""""""""""""""
""

""

"

""""""
""""
"

"
"

"
" """

"

""""""

"""

""

"""
"" """"""

""""
""""

""""
"

"

"

"
"" """

""
""
""

"""""

""
"
""

"""""

"
"

"""

""
"""

"""""""""""""""
""

""""""""

""""
"""
"""""
""""

"

""
""

""
""""""""""""""""""""

""

""

""""""""""" """ "

""

""""

"

"
"

""

"
"

"
"""

"
"

"
"
"""

"

"

"

""
"""

"

"

"

"
"

"

""
"""""""""""""""

"""

""

""

"
""

"
"

"""

"
"""

""""

""
""""

"""
""

"

"
""

"

""
""

"

"

"""""""

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
""""""

"

""

"
""""

""""
""""

""""""
""

"
"""""""""""

"""""""""""""""""""
""""
"""
""""""""

"

""
"""""""""""
""""
""

""""""
"

"

"

""

"
""
"

""

""""""
"""
"
""""""""""

"""

"
"""""
""""""
"""""

"""""

"" "

""""
"""""""""""

"""""""""""""""""

"""
"""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""

"""""""""""

"
"

""""
"

"

""""""

"
"

""""" """"
""""

"""""""""""""

"

"
"""

""""""""""""""

"

"""
""""""""""""""""""""""""""""""""""""""""""""""""""""""

""""""""""
""""""""""

""""""""""""""""""""""""
"

""""""""""""
"""""""""""
"

"""""""""""""""""""
""""""""""""""""

""""""""""""
"""""""

""""""""""

""""""""""
"""""""""""""
"""""""""""""""""""""
"""""""""""""

""""""""""""""""""""""""""
""""""""

"""

"""""""""""""""

""""""""
"""
""""""""""""""
"

"""""""""""
"""""""""""""""""""""

""""

"""
""""""""

""""""""""
""""
""""""""""""""""""""""""""

"
""""""

"

"""""" """"""""""""""""""""""

"""""""""

""""""""""""""""""""""""""""""""""""
"""""""""""""

"""""""""""""""""""""
""""""""""""""""""

"

"
""""""""""""""""
""""""""""""""""""""""""

"
"""""""
"""""""""""""""""""""""""
"""
""""""

""""""
""
""""""""""

"""
""""""""""
"
""""""""""""""""

""
"""

""""
"""""""""""""""""""""

"""""""""""""""""""""""""""""""""""

"

""
"""""""""""""""""""""""""""

"

"""""""""""

"""""""
""""""" """"""""""
"""""
""""""
"""""""""""

"""
"""

"
""""""""
"""

""""""""""
""""""
""
""""""""""""""""""""""""""""

""""""""""

""""""""""""""""""""""""
""""""""""""""" """""""""""""

"

"
"""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""

"""""""
""""""""""
""""""""""

""" """""""""""""""

"""""""
"
"""""""""""""""""""
""""""""""""""""" """""""""""""" """

""

""

"

""""""""""""
""""
"""""
""""
"
""""""""""""

""""""""""
""""""""""""""
""

""""""""""""""
"""""""""""""""""""""""""""""

""""""""""""""""""""""""""""""""

"""""""""""""" """""""""""
"""""""""
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""

"

"""""

"

"
"

"

""""

"
"

"
"

""
"

"
""

"

""

"

"""

"
" " ""

""""
""
" """"""""
"""""

""

""

""

"
"
" " " """

""
"" "" """""""

"

"
"

"
"" """ ""

"
"

"""

"""

" " "

"

"

"

"
""

""""""""""""""""""""""

"
"""""""

""
""""
""

"

""""

""""""""""
""
"
""
"
"

""
""""""

"

"

"""

"

""

"

"

"""

"

""

"

""

"

""

"

"

""""""""

"""""

"""""""

""
"

"""""
""

""
""""""

""""
"""
""""
"""""""
"

"""
"""

""

"
""""

""""

"""
"

""""""""

"""""

"
""""
"

""
""
""

""
"""""""

"""""""

""""

"

""

"""

"

""
"""""

"""""""" """"""""""
"
"""""""
""
"

"""
"

"" "
"

"
""" """""""""" """ ""

"
""
"

"""
""""""

""
""""

"
"
"""""""""

"
"""""""""""

"""""
"
"""

" ""
""

""""""
" ""

"""""""
"""
"

"""""""
"""
""
"
"
""""""""""
"

"""
"""""""""""""" """"""""""
"""""""
""""
"
""""
"
"""
"""""""
""""""""""""
""
"""""

""""""
" """"""
""
""
"""
"
"""
"""""

"""""

"""""
"

""

"
"
"
""""
""

"
"""
""""""""

""""
""
""
"""""""" """"
"
"""""""""

" "

"""""""""
"

""""

""
"""""""""""""

""
""
"
"

""""""
" """""""""""""
"""""""

"

""""

""""""
""""""""""""

""
"""
""""

""""
"""

""""

"

"""""""""
"
"

"""
""""""""""""""
"""""""""
""""" """"""""""" "

"""""""
"
"""
"""""
"""

"
"""
"
"""
"

"""" """""""""""""""""""""""""""""
"
"""""
""""
""

"
"""""

"""""""""""

"""

""""""""

"
""""""""""""
"
"
"""""""
"

"""""""""""
"""""""""

"""
""""""""""""""""""""""

"""""""""
""""""""""""""

""
"

""""""
"""

""

""
"""""
""""
""""
""""""

""""""""""

"""

"""

"""""""""""""""""
"""""""""""
"""""

"
""""""""
"""

"""""""""

""
"

"

"
""
""""""
""""

"
"
""
"
"""

""""""""""""""" """"""
"

"""

""""
"" """""""

""
"
""""

"
""
""

""

"""
"
""""""

"

""""""""
"
"

""""
""""

"
"""""" ""

""""
"
""""

""""""
""
""" """""""""""

"
"

"""""""
""""
"""
"""

"""

""""""""""""""" "
"
"

""""
"""" """""""
"
""""
"

""
""""""""
""
"

""""""""""""""""
""""

"""""""""""""
"
"""
""
""

"""
"""
""

"""
""

"" """""
"" ""

"""""
"""

"
""
"
""""

" """"""""""
""""

"""
"""""
""
""
" """"""
""""
"""""""""""

"""""""""""""

""""""""
""""""""""
"
""""
""
"

"""""
"""
"

""
"
"""""""""""""""""
""""""""""""
"""""""""""

"""""""""""""" ""
"""""""
""
"""""""""

"""""""
"""""
""
""
"""

"""
""

""""
""" """""""
"""""
""""

""""
"""" ""

"""""
"""""""""""

"""

"""""""""

""""""
"

"
"

""""""""""

""""""
"""

"""""""""""""""""""
"""""""

"""""""""""""

"

"
""""""""""""
""""

""

"""""""""""""""
""
""""""""""""""
""""""

" """""""""""""""""""""
"""""
"""""""""""""""""""

"""""

"

""""""
"""
""

""""""
"
"

"""""""
""

"""

""""""

"""""""""""""""""
"""
"

"""""

"""""""""""""""""""""""""""

"""

"""

""
""" """""

""""""
""
""

"""""""

"""" ""
"""
""
"""

""
""
""
""

""
""""""""
""""""""""

"
""""""""

"""""

"""""""""""""""""" """"
"""""""""""

""""""""

"

""
"""""

"""""
"""""
"

"""
"""""""
""""
"""""""""""""""""""""""
""" "

""

"""""""""""""""
"""
"""
""""""" """

""""""

"""""""""""""""""""""
""""""""""""""

"""

"""
"""
""""""

"""""""

"""""
"""""""""

""
""""""""""
"" """"""""

""""""
"""""
""""""""""""""""""""""

""""""""""""""""""" ""
""""""""""
""

"

"

""

""
""""

"
""""""""""

""""
""""

""""""""
"""""""

"""""""
"""""

""

"
""""""""""""
""""""
"""
"""""""""""""""""

"""
"""""""""
""

"""""""""""
"""""" """""

"""""

""
"""""
""
"""""""
"""
"""""""
"

"""""""

""
""

"""
" "
"
"""""""""""""

""""""""""
"""

""""""""""""""""""""""""""
"""""""

"
""
"""""

"""""""""""""
"""" """"""""""""
"""""""" """
"""""""""

" " """
"""""""""""""
""""

""
"" """""
"""
""""

"

"""""""""""""
""""""

"""""
"""
"

"
"" """

"

"""" """
"""""""

"""""""
""

"""" """""
""
"""""""""""
"
""

"
" """"""
"

""""
"

"""""""" "
"""""""""

"
""""""
""""""""""""
" """""

"""
""""

"
""""""
"""" """

"""
"""""""""""""""

"
""""
"""
""
"""""
""""""""""

"

"""""
""""
"

"
""""

"

""""""""""""
"""""""""""
"

"""""

""""""

""
""

"""""""""""""""""""""
"
""""
"

"""""""

"
"""""""
""

"

"""

""""""""
""""

"

"

""""""
""

"""""" """
"""""

"
"

"

"
" """""""

"" """"""""""
"

""""""
"""""""""""""""""

"""""""
"
""""""""""""""

"""""""
""""
"
""""""

"
""""""""

"
"""""" """""""

""""""""""""

""""""""""""""
"
""""

"""""
"

"""""""""""

""""""""""

""""""
""

""
"""""""
"
"

"""""
"
"
"""

""

"
"""""
"""""" """"""""

""
""""""""" """"

"""""
""
""""""""""""
""
"""""""
""""""""
"""""""""
"""""""""""""

""

"""

""

""

"
""

"

"

"""
"
""

""""
"
""""""""
"
"

"

""

""
""

"""""""

"""""""

"""""""""""""""""""""""""""""""""""""""""""""""""

"""""""""
""""""""""

""""""""""
"""""""
"""
"

"""""""""""""""""""""""""""""""
""""""""""""""""""""
""""""""
""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""

"""""""""""""
""""""""""""""""""""""""
"""
""""""""""""""""
"""""""""""""""""""""""""""""""""""

""""""
""""""

"""""""""""
""

"""""
"""

""""""""""""""""""""""""""""""""""""""

""""""""""""""""""""""""""""
"""""""""""""""""""""""""
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""

""""""""""""

""""""""""""""""""""""""""""""""
""""""""""""""""""""""""""""""""""
""""""""""""""
"""""""""""""""""""""""""
""""""""""""""""""""""""""""""""
"""""""""""""""""""

"""""""""""""
"""""""""""
""""""
""""

"""""""""" """"""""""""""""

"""""""

""""""
"""""""
""""""
"
"""""""""""""""""

"

"""""""""""""
"""""""""""

""""""""""""""""
""""""""""

"""""""
""""""""""""""""""""""""""""""
"

"""""""""
""""""""""""" """"""
""""

""""""""""" """"""""""""""""""

"""""
"""""""""""""""""""""""
""""""""""""

""""""""""""""""""""""""""""""""""""""""""""""""""
""""""
"""""""""""""""""""""""""""""""""""""""
""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""
""""""""

""
"
"""""

""

"
""

""""

"

""

""""

"

"

"

"

"""
"

"

""

"

"""""
"
"

"

" ""

"

" "
"

" """"""

"

"

"""""""""""
"""""""""

""""""""""""""
"""""" "

"
"""

"

""""
""

"

""
""""

"

"

""""""""""""
"
"""""""""""

"""""
" "

"""
"""""

""" """""""
""""""""""""""""""""""""""""""""""""""""""""""

""""""""""""""""""""""""""""""""""""""""""""""""""

"""""""""""""""""""""

"""""""""""""""""""""""""""" """""""""""""""""""""""""""""""""""""""""""""""""""""
"""
"""""""""""""""""""""""""""""""""""""""

"
""""""""""""""""""""""""""""""""""

""
"""

""""""""""""""""""
""""""""""""""""""""""""""""""""""""""""""""""""""""
""

""
"

""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""
""""""""""""""""""""""

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
""""""""""""""""""""

"""""""""""""""""""""""""""""""""""
"""""""""""""""""""
"""""""""
""""""""""""""""""""""
"""""""""
"
"

""""""""""""""""""
"

"""""""""""""""""""
"

""""""""""""""
""""""""""""""""""""""""""""""
""""""""""

"

"""""""""""""""""""""
""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""

""
"""
"""""""
""""""""

"

""""" "
"""

"

"
""""" """"""""

""
""""

""""""
"

"""""
""""

""""""
""

"
"

""""
""""
"""""""
"

"
""""

"""""
""""" " """"""

""""

"

""

"""""""""
" ""
""""

""""""""""
""""""""""

""""

"""""""""""""""""""""

""""
"""""

"""
"""""""

"""
"

"

""""""""""""
"""""""

""

"

"

"""""
"""""""""""""""""""
""""
""
"""""""
"""
"

""""
""
"

"""""""
"
""

"""""
""
"""""""""
""

"

""""""""""
"""""""""""""
"""""""""""""""""""""
"""""""""

"

"
"""

"""
"""

"""""""""

""""""""""""
""""""
""""" ""

"""""""
"""""""""""""""""""

""""""
""""" """"""""""""""" """""""""""""""""""""""""
""""""""""""""""""""
"""""""""""""""""""""
""""
""""""""""""""
""""""""""""
""""""""""""
"""""""""""""""""

" "" "" """" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "
" "" "" ""

"
"

"
"

""
"" "" ""

"
"
"
"

"""
"

""""

"

"

"""""
"""""""""""""""""""""""""""""""""""""""""
""""""""""""""""""""

""""""""
""""""

""
""""""""""""""""

""""" """""

"""""""""""""""""""
"""""""
""""""""""
""""""""""""""""""

"""""""""""""" """""""""""""""""""

""
"""""""

""""""""""""""""""""
"""""""""""

""""""""""""""""""""""""""""""""""""""""""""""""""" """"""""""""""""""""
""""""""""""""""""""""""""""" """""""""""""

""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""" """""""

"""""
"""""
"""""""""

""""""""""""
"""""""""""

""
""""""
"""""""

"

"""
"

""""""

"""""""""""""""""
"""""""""""""""""""""
""""""""""""""""
"""""""""""
""""""""""""""
""""""""""""""""""

"""""""""

""""""""
""""""""""""""""""""""""""""

"

""""""
""""

""
"""""""""""

""

"

""

"""

""

""

""""" """""

" ""
"
"
"""""

""""""""""""""""""
"
""""""
""""""

"

""
"

"""""""

"

"""""""""""""""""
"""""""
"""""""""
""""""""""""""""""

"""""""""""""" """""""""""""""""""""""""""""""""""""""""""""""""""""""

"

"""""""""
""""""""""""""

""""""

""
"""""""""""

""""""
""
"""""""

"" """"""""""""""""" "

"
""

"

""

""""
""

"
""""""

""

"

"

"
"""""""""""
"""

""""

"""

""""""""""""""

"" ""
""

""

"""""

""
""""

"""""""""""""""""

""""""""""""""""""
"""""""""""

"""""""""""""""""""""
"""""""""""""""""""""""""""""""
""
"""""""""""""
""""""
""
""""""""
"""""""""""

"""""""""""""""""""""""
""""""""""

""""""""""""""""

""
""""""
""""""
""""""""

""""""""""""""""""""""""
"

"""""""""
""""""

""""""""""""""""""""""""""""
""""""""""""
"""" """

""""""
""""

""""""""
"""""""""""""""""""""""""""""""""" "

"

""""
"

"""""""""
""

""""""""""
"""

"""""""""""""""""

"""""
""""""""""""""""""
"

"
""

"
"""""""""
""""""""""""""""""

"""""""
""""""""""
""""""""
"
""""""

""""""""""""""""""""""""" """""
"""""""""""""""""""""
"""""
"""""""""
"""""""""" """
"
""""""""""""
"""""""""""""""""""""

"""""""""""""""""""""""""""""""""
"""

""""""

""

""""
""

"""""
"""""""""

"""
""""

"""""""""

""""""
"

""""""""""""""""""
"""""

""""""""""""""""""""""""

""

"
"
""""

"""
""""""""
""

"""""""""

"

"

"

""""""""
"

"""""""""

""
"""""
""

"""""""

"""""""""
"""""""" "

""""

"
"""""""

""""""""""""""""
""""""""
"
""""""

"""""

""

"""

""
"""
""""""

""

"
""
"

"""
""

"
"
"
"

""""""""""""""""""""""
"

""
""""

"""""
""""

"
" "

""
"

"""

""

""
""""""
"""
"""""""""""""""

"

"

"

"""

"""
"""""""""""""""""

"

"
"
"

"""
"" " ""

""
"

""

""
"""

""""
"""
""
""""""""

"
"""""

""""""""""""
"""""""""""""""""
"""""" """

"""""
""""

"""
"""""""

"
""

""""""
"

"""""
" "

"

""""

"

"" """"

""""""
"
""

""""

"""
"

"""
"""
"""

"

"

"
"

"

""""""""""""
""

"
"

"""""""""

" """""
"""""

"

"""
"

""""

"""
"

"""

""

"

"
"

"""

"

"""""

""""
""

""""

"""

" "

""""
""""""
""
""""
""

"

""""""""
"""""
"""

""

"
"""""""
"""""" """""""""""""""""

"""""

"""""""""
"

"

""

""
"

"""

"""""""
""

"""""

"
""""""
"""
""""

"""""""""""

"
""
"

""""
"""""

"

"

""

""
"

"

"

"

""
"

" """"""""""""
"
"
"

"
"
""" """

"
""""""
""

"
""

""

"

"""""

"

""
"

" "

"" " "" """
""""

"
"""

""

""

"
""

""
"""

""""
"
"
"""""""""

""" "
""

""

"
""

""

"

"

"""""
"

"
"" """"""
""
" ""

"""""""
""

""

"

"

"

""""
"""

""""""""""""
""

"

"""
" """""""""""

"
"""""

""
"""

""""""""""""""""""""""
""""" ""

"
""""""""""""""""""

"""""""""""""""""""""""""""""""""

""""""""
""""""""""""""""
"""""
"
""""""""""""""""

""""
""

"

""
"""""

""""""""""""""""""" """""""""
"""""""

""""

"""""""""""""""
""""""
"""

""""""""

""""""""
"""""""
"""""""""

"""
""""""""

"""""
""""
"""""
"""

""""""

"""""""
""""""""""" """

""""
"""
" """

""""""""""""""
""""""""""

""""""""""
""

""""""""""""""""""""""""""""""
"""""
"""""""""""""

""""""""""""""""""""""""" """""
"

""""
""""
"

"""""""""""""""

"""""""""
""""""

"""""""""""""""
"""""
""""
""
""

"""

""""

""""

"
"""""""

"""""""
""""

"""""""
""""""""""""""""
"""""

"""" ""
"

"""""
"

"
""

""""""""
""

""""""""
"""""""""
"""""""""""""""""""""
""""""""""""
""""""""""""""""""""""""""""""""""""""""""""""""""
""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" """"""

"
""
"""
"

""
""""""""
"""""""""""" """"

""""""" """"
""""""""""""""""""""""""""""

""

"
""""

""""" """""""""""""""""""""""""

"
"

""" "

"
"

""""
""

""""""""
"""""""""""""""""
""""
"""""""""
"""""""

"""""""""""""""""
""

"

"

"""""

""
""""

""
"
""""""" ""

""""
""""
""

""""
"""" """"
""""""""
"
""""""
"""""""" """"""""

"""""""""
""""

""

""""""
""""
""

"

"""
"""""""""
""

"

"""""

""""
""

"
"""""""

" """""""
""""

"

"

"

""
"""

"

"""
""
"

"""""
"

"""

""
"""" "

"
"

"""
""
"""

"

"""""""""
""

""""
"""
"" "

""""""
""""""

""""
"""""""
"""""""""""" """"

""""
"""""""

""
"
"""

"
""

""

"""""""""""""""""""""""""""

""""
""""""

""""""""""""""

""""""""""""""""""""""
""""""""""""""""""
"""""""""""""

""""
""

"""

"

""""
"""
""

"

""
""""""""
""

"""""""

""""""""""""
"""""""""""""""""""""""""""""""""" """"""""""""""""""""""""""""

""""""""""""""""""""""""""
""""""""""""""""
"""

"

""""""
"""""""""""""

"""

"""
"""

"""
"""""
"""

""" "

"""
""

""""

""""""
""""
"""""""""""

""""
"""""

""""
"""""""""""" """"""""""""""""""""""""""""""""""""

""" """
""""
""""""
""""""
"""""
"
""""""""""""""""""
"""""

"""
"""""""""""
""""
""""""
"""""""
"""

"""""
"""
"""
"""""
"""""
"""
"""""

""""""
""""""""""""""""""

"

""
""""""""
"""""

"""""""""
"""""""""""
" """"
"

""""
""""""""""""""" """"""

""""""""
""""""""""

""""""
"""""""""""""""""""""

""""""""""""""""""""

""""""""
""""""""""

""" """""
"

""
""
""
""""""
"""""

""
""
"""""
"""
""""
"
"""""
"

""""""
"""""""
"

""""""
""""""""

"""
""""""""""""""""

""""""
"""""""""""

" """""
"""""""
""""
"

"""
"""""
""
""""""""
""

"""""""

"""""""
"""""
""""""

"""""
""

"

"""""""""""""
""""" """"

"""""""
""""""""""

"""""""""""

""
""""""""""
""""""""

""""""""
"""""""""
"""
""" """"""

"""""""""""""
""""
"""""
"""""""
""
"""""""

"""""" "" """""""
"""""""

""""

""""

""""
""""""

""
""

"""""""
""

"""""
""
"""""

""

"""""
"""""""""""""

"""""""""
"""""""

""""""
"""

"

"

""""

"""" """""""""
"""

"""
"""""
"""""
"
""""
"

""""

"""
""""""
""""
"""""""""""""" ""

""""
"

"""
""
""

"""

"

"
"""""
"""

""

""""
"""""""

""""""""""

"""""""""""""""""
""""""""

""

""""""
"

""""""
"""
""

"""""""""
"""""""""
""""""""""""

"""

""""" """"

"""
"""""""""
"""""""""""""""""""""

"""""""""
"""""
"""""""""""

"""""""""""
""

""""
"""
""""""""""
"""""""""""
"""""""""""
""""""""

"""""
"""

""""
"""""""""

""""""
"

""""""
"""""""
"""""
""""""

"""""
""
"""
""""""" """"""

""""""""""""""""""""""
""""""

"""""""""""""""
"""
""""""""""""""""

"""""""""""""""
"""""""""""""

""""""
"""""""

"""
""""""""

"""""""
"""""""

""
"""""""""""""

"

"

"

"

""""
""""""
"""""""""""""
""""""""""""" """"""""""""

""""""""""""""""""""
""""""""""""""""""

"
""
""

"""""""
"""""
"""""
""

""
""""""""""
""" "

"
"""""""
"""""
""""""

"""""
""
"""
""""""
"
""""""
""""""""""""""""""""""
""""""

"""""""""""
""""
"""""""""""""
"

"

"""""""""
"""""
"""""""""""

"""""""""""
""

""""
"""
""""""""""
"""""""""""
"""""""""""
""""""""

"

"

""""
""""""
"""""""""""""
""""""""""""" """""""""""""

""""""""""""""""""
""""""""""""""""""

""""""
"

""""""""
""

""""""""""""""""""""
"""""""

"""

""""" "

" ""
""""""""""
"""""""""""

"
"""""""""

"""""
""

"""""
""""""""

""""
"""

"""""
""""""""

""""""
"""""""

"""
""""""""

"""""""""""
"""
""
"""""""""""""

""""""
"""

""""""
"""""""""""
""""""
""""

"""
""

""""" "
""""""""""""
"""""
"

""

"""""""""""

""""""""
"
""

" """
""

""""
"

"

""

"
""""

""
"

"""

""""""

"""""""""""""" """""""""
"""""""
""" """""""""""
"

""""
"

""

"""

""""""""" """""
"""

"" """"
""""

"
""""

"

"""" """""""""""""""""""""""""""""
""""""""

""
" """""""

"""""
"

"

"""
""""""""""
"

"

"" """""""""
""""

""""""

"""""""

""
"
"""""""""""""""""""""

"""""""""""""""""""""
"""""""""""""""""""""""""

"""

"""""""""""
"
"
"""""

""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""
""""""

"""""

"""" "
"

"""""""""""
"""""""""""

"

""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
""""""""
"
"

""
""""""
"
"""""
"

"""""
"""""
""""

""""""

""""""
""""
"

"
""
""""""""""""""""""""

"""""""""""""""""""""""
"

"
"""

""""""
""""
"""""""""

""""""""""""""

"

""
"

"""""""""""
"""""""""""""""
""""""""
"""""""""""""""""""""""""
"

"

"""""""""""
"""""""""""""""""""""""""""""""""""""

""""""""""
""""
"
"
"""""""""""""""""

"""""""""""
"""""""""""""
"""""""""""""

""""""""""""""""""""""""""
""""""""""""""""""""""""""""""""""

""""""

"""""""""""""""

""""""
"""""""""""""

"""""

""
"""""""""""""""""""
""""""""""""""

"
"
"

"""""""""
"""""""""""""""
"""
""""""""""""""
"""""
"""""""""""""""""""""""""""""""""""""""""

"""""""""

"""""""""""
""""""""""""""""""

"
""""""

"
"""""""""
"""""""""""""
"""""""""""""""""""""""""""""""""""""""""

""""""""""""""
""""""""""""

""""""
"""""""""""""
""""""""""""""
"""""""
""""""""""

""""
"

"""""""
""""""""""
"""""

"""""""
"""
"""""""""""""""""""""""""""""""""

"""""""""""""""""""""""
"""""""""""""""""""""
"""""""""""""""""""""""""""""
""""""""""""""""""
""""""""""""
"""""""""""""""""""""""""""""""""" """"""""""""""""""""""""""""""""""""""""""""""""""""""""

""""""
""""""""""""""""""""""
"""""""""

""""""""""
""" "
""""""""" """"
"""""""""""""""""
"""""""

""
"""""""

""""""
""""""""""""

"""""""""""""""""
""""""

"

"""""
"""""

""""""""
""""""

"""""
"""""
""""
"""""""
"""
""""
"""""""""
"""""""""
"""""""""""
"""""""""
""""""""""""""""
""""""""""""""""

""

""""

""""""
"""""""""""""
"""""""""""""
"""""""""""

"""""""""""""""""""""""""""""
"

"
"""""""""
"""""""""""""""""""
""""""
""""""""
"""""
""""""""""""""
""""""""""""""""""""""""""""""
""""
"""""""""

""""""""""

"

"""""""""""""
""""""""""""""""""""

""""""""""
"""""""""""""""""""""

"

"""""
"""""""
"""""""
"""""""""""""""""""
""""
""""""""""""""""""""""""""
""""""""
"""""

""""""""""
"""""""""""""""""""""

""""""""""""""

""""""""""""""""""""""""""""

"""""""""""""""""""""""""""""""""""""""

""""""""""""""""
""""""""""""""""""""""""""
"""""""""""""""""""""""""
"""""""""""""""""""""

""""
""""""""""""""""""""""""""""""""""""""""""""""

"""""""""""""""""""""""""""""""""""
""""
"""""""""""""""""""""""""""""""""

"""""
""""""""""""""""""""""""""""
" """"""""""""""""""""""""""""

""

""""

"""
""""""
"""""""""

"""

""""""
""
""""
"""""""""""""
""""""""""""""""""""
"""""""""""""""""""""""

""""
""""""""""""""""""
"""""""""""
""""""" """"""""""

""
""""""""""""""""

"

"" """"""""""""""""""""""""""""""""

"""""""""""""""""
""""""""""""""""""""""""""

"""""""
""""""""""""""""""""""

"""""" """""""""""""""""""

"""""""""""""
"""""""""""""""""""""""""""""""""""""""
""""""""""""""""

"""""""""""
""""""""""""""""""
"""""""""""""""""""""""""

""

"
" "

"
"

"
"""

"
""""

""""""
"""

"""
"

"

"""""
""

""
""""

""
"""
"

""

"
"
"""

"
"""""""

"""
"""""""""""

""""""""

"
"

""""
"""""

"""
"""""
""""
"""""

"""""""""
""""""
"

""

"" """""""""""""""""" """"""""" """" """""""""" """

"
"

"
""""""""""""""

"
""""
"""""""""""""""""

""""""" """"""""""""""""

""""""""""""
"""
"""""
""""

"""""""
"""""""""""""""

"""""""
"

"""""""""""""""""""""""
""""
""

"""""""""""""
""
""""""""""""""""""""""""""""
"""""
"""""""

"

"""

"
"""
""

"""
" """

""""""""""""""
""""""
""""""

"""""""""""

"""
""""""""""""

"""
"""

"" """

""""""" """"
""""""""""""

""""""""

"""""""""""

"""""""""""""""""

"""""

"""""""" ""
"

""""""""""""""""

""""" """" "" """"""""""""

"""""""""""""

""""""

""""""""""""""""""""""""""""

"""

""""""""

""""""""""""""
""""""""""""""""

"

""

""
"""""""

""
"

"
""""""

"
""""

""""
""
"
""
"""""

"""
"""""""""
""""
"
"""
"""""""
""

"""""

""
"""""
""
""""

"
"""""

" """ """""""
""

"
""""""
"""
"
"

"""""""

"" """"""""""""""""
"

"""""
"

""
"""
"""""

""

"

"""

""""""

"
"

"

""""

""

"""

""""""

"

""
""""
"""""""

"""""""""""""
""""

""""
"""""""""

"""
""""" """
""
""""""""
""""

""""

""
"""
"""""

"""""""
""
"
""""
"

""
""""""
""""""" """""

"""""""""
"""""""""

"
"""
"""""

"
""

"" """"
"

""
"
"""""""

"""""""
""""""""

""""" """"
"

""""""""
"
""
""""""

""
""
"""""
"

""""""
"
""

"" "
"""""""
"""

" """"""""""
""""""""" """"
"""

""
"
""""""

"

"""

"
""""""""

"
""
"""""""" """

"""""
" "

""
""""

" """""
"""""
""

"
"
"""
""""""""

""""
""""

"""""""""""""
"""""""
"""""

"
""""
""""""

""

"""

"
""""

" ""
""""""

""""""
"

""""
""
""""""""
""""
"""
"

"""""
""" """

"

"""
"

""
""

""""""""""""""
"" ""
""""
""

"""""
""""

""
"

"""
""""
"
""""

"""""""""
" ""

"
""""""

""" "
""""
"

"

"""""""""
"""
"
""
"

"

"
"" """"""

"""""""
"
""""
""""
"
""""""

""""" ""
""""

""""

""""""""""""

"""
"""

"

"
"
"

"
"

"

"

"

"
"

"

""""
"""
""

""

""

"
""

""

"
"

""
"

""
"

"

"

"

""
"

""""

"
""

""""

"

"""
"

" "

""""
""
"

""""

"

"

"

""""

"
"""

"

""
""

"
""""
"

"""

""
"

"
"""

"

""

"""""""

"

"""
""""""

"""""
"

"
"

"""
""

"
"
"

""

"""

"

"

"

"
""""""

"

"
""

""
"

"""

"""
"

""""
"

"

""""
"""" ""

"

"
"""

"""

""
""

"""

"""
"""

"""
"""

""

"

"""

""""

"

"

"
""""

""""

"
"

"

"

"

""""
"""""""""""""""""""""

"""

"

"
""

"

"""

"
"""

"""

"
""

""""""""""""""""""""""""""""""

""
""""
"
""
""""""""

"

"

"""
"""""

""""""""""

"""""""""""""""""""""

"""

"
"""""
""""""
"""""""

"""""

""

""""""""""""""""""""""

"

""""
"""""""""""

""""""""""""""""""
"""""""""

""

""""""""""""""""""

"""""""""""""

""""""""""
""""

""

""""
"""""""""""

"

""""
""""""
"
"""""""
"""""
""
"""""""""""""""""""""""""

"
""""""""""
"""

"""
""""""

"""

"""""""""""""""""""
"

""""""""""""""""

""""""
""""
"""""""""""""""

""

""
"

"""""
"""""
""""""""""""""
"" """

" """""
"

""""""""
"""""

""

"
""""""
""""""""""""""
"

""
"

"""

""""""""""""""""""""""""""
""
""

"""

""

"""""""""""""""""""""""""
""""""""""""""""

""

"""

"""

""

"""""""
"

""

"""""""""""""""""
""""""""""""""
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""
""""""""""
"""""""""""""""
""""""""""""""""""""""""""""

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" """"""""""""""""""""""""""""""""
""""""""""""""""""""
"""""" """"""""""""""""" "

"""""""""""""""""""""""""""
""""""""

"

""""""""""

"""""""""""""""""""
""""""""""""""""""""""""""""""""""""""" """""""""""""""""""""""

"""""""""""
"""""""""""""""""""""""""""""""""""""""
"""""""""""""
"""""""""""""""""""""

"""""""" """""""""""""""""""
"""""""""""

""""""""""""""""""""""""""
"""""""""""""""""" """"""""""""""""

""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
""""""
"""""""""""""""""""""""
"""""""
"""""""""

""""
""""""""""""""""""""

""""""""""""""""""""""""""
""""""""""""""""""
"""""""""""""""""""

""""""""""
"""""""""""""""""""""""""""""""""""

""
"""""""""""""
"""""""""""""""""""""""""
"""""""""""" """"""

"""""""""""""""""""""""""""""

"""

"

"

""
""""""
""""""""""""""""""""
""""""
"""""""

"""""""""""""""""
""""""""""""" """""""""""""
"""""""""""

"
""""""""
"""""""
"""""""""""""""""""""

"
""""""""""
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""

""""""

"""""""""""""""""""""" """"""""""""""
""""""""""""""""""""""

""""""
""""""""""""

"""""""
""""""""""""
""""
""""""

""""""""""""""""""""""""""""""""
""""""""""""""
"""""""""""""""""""""""""""""""""""

""""
""""""""""""""
""""""
"""""""
"""""""""""""""""

""""""""" """""""
"""""""""""""""""""
""""""""" """""""""
""""""""""""""""""""""""""""

""""""""""
""""""""""""
""""""""""""""""""
"""""""""""

""""""
""""

"""""""""" """""""""""""""

"""""""
""""

"""""""
""""""
""
"""""""""""""""""""""""""""""

"""""""
"""""""
""""

""""""""""

"
""""
""

"""""""
""""
""

""""
"""""""

"
"""""
""""""""""""""

"""""" ""

"""""""""""""""

""""""""""""""""""" """""""""""""""
"""""""""" """""""""""""""""""""""

"""
""

"""""""""""
"""" """"""""""""""""""""""""""
"""""""

"""""""
""""""""""""""""""""""

"""""""""""""
"""""""

""""""""""""""""""

""""""""""""""
" """"""""""""
""""""""""
"""" """"""

""
"""""""""""""""""

""""

"""""""""
""""""

" """"""""""""""""

""""""
""""""""
"""""""""""""
"""""""""""""""""""""""

"""""""

"""""""

""""
"""""""""""""""""""""""""

"""""""
"""""""""""""""

""""""""""
""""""""""""""""""""""""

"""""""""""""

""""""""

"
"""""""""""""""
"""

"

"""""""
""""""

""
"""""""
""""""""""""""

""""""""
""

"""
""""
""""""""""

"""
"

""""""""""""
""""""" """
"

"

"""""""""

"""""""""""""

"""
""
""""""""""""
""""""""

"""
"""""
""""""""""""""""""""""""""""""""""""""""""
"""""""""

""""""""""""""""""""""""""""
""""""""""""""""

"""""""""""""""""""""
"""""
""""""""

"""""""
"""""

"" """""""""""""""""""""""""""" "

""""""
"

"""""""""""""""""
""""""""""

"

"

""""""""""""""""" """"""""""""
"""""""""

"""""

""
"""
""""""""""""""

""""""
"""
"""""""""
""""""""""

"""
"""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""

""
""""""""""""""""""
""""""""""""

""""""""""""""""""""
""""""""""""

"""
"""""

"
""
"""""""

"""
"""""""
"""

"""""""""
""""""""""""""""""""""""""

"""""""""""""""""""""""""""""
""""""""""""""""""""""""""""
""

""
"""""""

"""
""
"
"""""""

"

"

"

""
""

"
""

" "

"
"" """"
""

"

"
""""""

""

"
""
"
"
"""
"
"

"

"

"

"""""

""""""""""""""""""""""

"
"

"

"""

"""""""

""
"""""
""
""""""""""""

"""
""""
"""""""""""""""

""""
""

"
""
""""""
""""""""

""
"

"

""""""

"""""""

""""""
""""""""

""""""""""

""""""""""""
"""

"""""""
"""
""""""""

""

""""""""""""""""""
"""""""

""
""""
""""

""
""
"""""""""

"
"""""""""""""""""""""""""""""""""

"""""""
"""""""""""""""""
"""""""""

""""""

""

""""""
""""

""""""""
""""

""""""""""

""

"""""""

""""
""""""

""""
"""""""""" """""
""""""""""""""""""""
""""""""""""

"
"""""""""

""

""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""
""""
""""

"
"""""""
""""""""
""

""
""""""""""""""

""""
""" ""
""""""
"""""
"
""""""""""""

""""""""
""""

""""""""""""
""""

"""""""""""""""""""""""

""

""""""""""""""""""""
""

"

"""

""""

""""""""
"

"
"""""""""""""""""""""""

"""""" """"
"
"

""""
""""""

"

"""
""""
""""
""""""""

""""""""
""

""

""""
""""
"""""

""""""""

""""""

""""

""""""""
""

"""" """"""
"
"

"""""""""""
""""

"""" """""""
""""""

""""

"

""""
""""
""""""""

""

""""""

""""""""""""" """"
""""""""""""""""
""""""""
"""""""""""""""

"

"""""

""

"

""

""""

""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""

""
""""""

""""""""""""""""""
""
""""

"""

""""

""""""""""""
""""

""""""""""""
""
""""""""""""

""
"""
"""""""""""
""
""""

""""""""
"""""""
""""""""
""""""

"""""""""""""

""
""""""

""
""""""
""""
""""""""""""""

""
""

""""

""

"""

"
""

""""""

""""

""""""""""
""""
"""""""""""""

""""

""""""
""""

""""""

""""

""
""

""""

""""
""
""
""""
""""

"""""""""""""""""
"

""""
""""
""
""""""""
"""""""""""""""""" """

""""""""

""""
""""""
""""

"
""""""

""""

""""""""""
""""""""""""

""
""""""

""""""""""""
""""""""""""

""""""""""""
""""

""""
""""""
""""""""""""""""""""

""

"
""""""""""""""""

"""""
""""""""

""

""""""
""""""""""""""
""""""""""""""""""""""""""""""
""""

"""
""""""""""""

"""""""""""""
""""""""""""""""""

""""""""""""
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""

"""""""""""""""
"""""""

"

""

""""
"""

""
""
""""
""

""

""""""
""""""""
""""""
""
""""""""""""""""""""""

""""""
""""""
""""
"
"""""""""""""""""

""""""""""""""""
""""""""

""""""
""""""""""""
""""""""
""
""""""""""
""

""""""""

""

""

""
"
"
""""
""""""

""""
""""""""""""""""

""

""""""""
""""
"""""""""""""

""""""""""""
"
""""""

"""""""""""""""""""""""" """"""""""""""""""""""
"
""""
""""

""""
"
"
""""""""

""
"""""""""""""""""

""""

"

"""""""
""""""

"
"
"
"

"""""""""""""
"""
"
""""""""""
""""""""

""""""""
""
""
""""""

"
"

"

""""""""""
""""""""""""""
""""

""""""""""""
""""
""""

""""

"""
"
"""""""
"""""
"
"""""
""""
"""""""""""""""""
""

"

"""
"""""""""""""""""""""""""
""""""""

"""""""""""""""""""""""""""""""""""""""

""

""""""""""""""""""""""""""""
""""""

""""""""""""""""""""""""""""""""""""""""""""""""""""""
""""""

"

""""""

""""""""""""""""""""""""""""""""""""""""""""""""""""""""
""""

""""""""""""""""""""""""
""""""""""""

""""""

"

"

"

"

"

"""

"

"
"

"

"""""

"""""""""""""""""""""""""""

"

"

"

"

""""
""
""
"""""
"""""
"

"""
"""""""""

""
"

"""

""""
"""""""""

""""
""""""
""
""""""

""""""
""""""""""

"""""""""

"""""""""""""
""""""""""

"

""""""""
"""""

"""""""""""""""
"

""""

"
"""""""""
"
""""""
"""""
"""

"""""""""""""
"
"""

"
"""""
"""""""""""""""
"""
""

""

"""

"""""
"""
""

""
"""

"""
"""""" """

"

"" """
""""
""""

""""""""
"""
" """"""""
"
"""
""""
"""

"""
"""""

"""
""""
"""""
""""
"""""

""
"""

"""

"""
""""

"""""""

""""""""""
"""
""

""" """""

"

"
""""""

"" """""""

""
""

""""
""
"""

""""""

"""

"""
""""""

""
"
""""

""""""""
"""

"

"""
""""
""
"

"""""""""
"""""""""""

""
"""

""""""""
"
"

"
"""
"
""""""""""""""

""
"""""

""""""""
"
"

""""""
"
"

"

""""
"""

"""

"""
""""

"""""""""""
""""
""""

""""" """"""""""""
"""""""""""""

""""

"""""
""

""""""
"

"
"""" "

""""
""

""""""
"
"""""""

""""
""""
""

""
"""""""
"""""
""""""""""""

""

""""
""

"

"
"

""""""""
"
"""
"
"""""""""""""

""""
""""
"
""""
"""""

""""""""
"" """""
""""
""
""""

""""""
"""""
""""
""""

""
"""""

"

""""
"
""""

"""""""

"""
"""""

"
"""""
""""
"""

"

"""""
"""
"
""""
"""""""""""
""""
"""""""""""

""
"""

""""""""""""""""""

"""" """" """
""""

"
""""""
""""""
"""

"""""
""
"""

""""" """"
""" """ """"

"""""
"""""
"

""""

" """" """"" """"""

"
"

"" """""
"""
""

"

"
"""
""""" """""

"
"""

"
"
""" """" """ """""

""
"""

""
""""
"""" """""""

" """" """"""
"""""

"

""""" """"""
""""""

""

"""""
""""""
""""" "

"" """"""""
""""
""""

"""""
"""""""

""""""
""""""""
""""" ""

"""""
""""
"""""

"

"
"" """"""
"""""""" """""

""""
""""""
""""" """"""

"

""""""
"""""""
""""

"""""
""""""" """"""

""" """"""
"""""
"""

"""" """"""
""""
""

"

""" """""
""""""
"""""

"
"""""
""""""
"""""

""" """ """""
"""""""
""""""
"

""
"" ""

""
"
""""""
""""""
""""" """"

"
"
""""
"
""""""

""""
""""""""

"""" """"""
""""

""

""""""""""""
"""""" """"""

""""""""""
""
"""
"

""""""
""
"

"""
""""" """""

"""
"

""
" """

"""
""""""
"""""
""""""
""

"""""
""""""
""" """

""" """"" """" """"

"
"

""
"
"

""
"""" """
""""""

"" """"
""""""
"""""

"""" """"" """
""""""

""" """""
""""

" "
"""" """""
"""""

"
"

"""""" """
"""

""""""""
" "

"""""
""""
""""
""""

"""" """" """
"

"
"

"

"
"
"""
""""" """"""
"""""

""
"
""
"""""

""
""
" """
""""
""""
"""""

"""" """"""
""""""
"""

"
"
""

" """"
"" "
"""""

"
"" """" """"""

"""

""

"
"""

"""" """""
"""""""

"
""
"
" """ """

""""
"""

"
""""
"""

""" """""
""
"""

""
""""

"""

""
"

""""
""""" """""""

""" """

""
"

""""
""""" """""
"""""
"""""

"
""" """""
""" "
"""""
""" """" ""

"
""
"""""""
"""
""""""

""""""""""
""

" ""
"

"""""" """" """"""""
"""""""""" """"
"""

" """"
""""""
"""""""
"""" """""
""""" """"""

"

"
""""

"""" """"""
"""" """

"

""""
"

""
""
"""
""""

""""
"""""

""""
""""

"""" """""
"""

"""""

""
""""" """"""
""""""

"" """"" """""
""""" """"""

""
"""""

"
"
"""

"""
""

"""""""
"""""
"""""" ""

"
""""""" """"

"""" " """""""
" """"

"""""
""
"
"""""
""

"
""

"

"" """"""""""
""""

""""""
"
"""
""" """" ""

"""""" """"""
""""""" """

""
"

"""" """""""""

"""

"

""" """
"""

""
"
""
""""
"" """"
" """"

"""""
""""""""
"""" """

"""
"""
"" """""""

""""
"""" """"

""
"
"""
""""

"
"""
""""""""
"""""""""""""

"""""
""" """"""
""

"""
""
"""
""
"" """"""
"""""" ""

""""""""
""""
""""

"""
"" "
""""
"""""
""""

""""" """"""
"

"""""

"
""

"""
""

"
""

""""
"""" """""

" "
" "

""""
""
"""

""""
" ""

"
""" "

""
"""""
"""

"""""""""
""
""

"""" """""
""
""
"
"""
""" """""
"""""""
""""

" """"""
""""""""

"
""""
""" "

"
"" "

"" """ """"
""""

"""" """" """"
"""""

" """""""" """""
"""""

""""" """
""""""
""""
"""
" """"
"""" """"""" """"""""

"""
""""

"

"""
""""" """"""
""

"
"""""
"""""
"""""

""""""
"""""""""

"
"""""
"""""
"""""

"""
"""" """""
"""""

""
""""""" """"
"""" """

""""
""""""
"

" """
"

""""
""""" """""
"""

""
" """"" """

""" """"""""
""""" """"

" """"""""
"""""""
""""""

""""
""""""""
"""

"" """"""
"""" """"""
""""
""""""" ""

""
""""""
""""""""""""" """""""""""

"""""
""

"""""""""""" """""
""""
"""""

"
""" """"
""""""

""

"""
""""""
""" """" """ """
""""" """""

""

""
"""
"
" ""
"""""""""""

"
""""""""""
" """"""

"""""""
"
"""""
""""""""
"

"""""
"

""""""""
""""""
"""
"

"
""""""""""""""""

"""""""
"
""
""

"""
"
""
""
" """"""

""""
""

"
""""
"""""""""""""
"""""" "

""

"

"""

"
"

"""""""
""
"
"""""

"
"""""

"""""""""""""

""""
""
""""

"

""""""""
"""""

"""
""""
"

""""""""
"

"""""""""" """""""""
"""""

"""""""""
""""""""""""""

""""""""""
""""""""

"
""""""""""""

""""""
""""""

"""
""
"""""""""""
"""""
"""
"

"""
""""

"""""
"""""""""""""
""""""
"""""""""""
"""""""""""""""""""""

""""""
"""
"""""""

""""""""""
""""""" """"""""""""
""""""""""""

"
"

"""
"
""""
""""

"""
""""
""
"
""""""

"""""""
""""

""
""""""

"""""
""
""
""""""""

"""
""""""""

""""
""""""""

"
"""""""""""""

"
""""""""""""""""""
""
""""""""""

"""
""""""""""""""""
"""
""""""""""""""

""""
"""""""""
""""""""""""""""""""""""

"""" """"""""""""""""""""""""" """
"
"""
""""""""

"""" """""""""""""
"""""""

""
" """"""""
""""""
""""""""

""
""

""

"""""""""""
"""""
"
""""""""""""""
"""""

""
"""""
""""""

""""
"""

""""
"
""

"""""
""""
""""""

""
"
""""""""""""""
""""""""""
"

"

"""

""""""
"

"
" """"""

"
"""

""
"

""""
""""
""
"""" """"""
""""
"

""""""

"""
""""""""""""""""
"""""""""""""""

"""""""""""""""""""
"
""""""""
""
""
"""
""""""

"""""""
"""

""""""
""""""""

""""""""

""""""

""

""
"
"

"
"
"

""

"

"

"" """""
"""""""

"""""""
"""""""""

"" """"""""""
"""

"""""" """""""""""" """"""""""
""""""""""" """"""""""
""""""""""
""""""""""

"

"""""""" """"""""""
"""""""""""
"""""""""" """"""""""
"""""""""" """""""""""

""""""""""
"""""""""""""
"""""""""
"""""""""""
""""""""""
"""""""""""
""""""""""

"
""" """ """""
"""""

"
"
"" """" """""
""""

"""""
"""""
"""""

"
"

"""
""""" """"

"
"""""""
"""""" """""""

"
"""""
""""
""" "" """"" """

""""""""
"""""
""""
"""

""

"""" """""
""""""
""

"""" """"" """""""""
"""""
"

" """
""" """"

""""
""

"" """"
""

"""

""
""""""
"""

"""
"""

""" """

"""
"""

"
"
""""
""""
""""
"""

"
"
"" """ """"
"""

""""
""""
""""""""

""""

" """""""" """"""""""
""""""
" """""""

"""""""
""""

"
"""""
"""""""
"""""""
"

"" """""""
""""""""
""""""
"""""
""""""
"""""""

""
""""" """" """"""
""""

""""" """"""
"""""
""""" "

"""""""
""""
"""""""""

"""""
"""""" """"""

""""" """""" """"" """""" """"""" """"
"""

"" """""" """"""
""""""
""""""
"""""" """"" """"

"" """""
""""
""""""

"" """" """""
"""""

"""""" """""
""""" ""

""""
"""""
"""""

""
""""""
"""""" """""" "" """"""
""""""
""""""

""" """" """""""
"

""""" """"
"""""

" """"
"""""
"""""
""""""

"" """"""
""""

""""""
"""""

"
""""""
"""
""""

"""""
""
"""""

"
"""""
""""""
""""" ""

" """""""
"""
""""

"""""
"""""""
"""""""

""""""
""""""""
""""""""
""""

"""""" """""""""
""""""""" "" """ """

"""""" "

""
"""""
"""""" """ """"""

"""""
"""""

""""
""

" """"" """"" "
" """""""

"""""" """
"

"""""
"""""

"
"""""
""""

"""
"""

"""""
"""" """""

"""""
""""""
"""

" """""
""""
"""" """

"""""
""""
""""

""
""
""""
"

""""""

"""

""
"""""""""""""""

""
"
"

"
"""""

""

"" """ """" """"""
""""

"""""" """"
""""""

" """""
""""
"""""""

""
"
""
"""""

""""""""
"
" "
""
""""""""""""
""""

""
""

""""
""""""
""""

""
"
"""
"""""""
"""

""
""""""

"" """"""""

"""
""""
""

"
""""" ""

""" " "" """"

"

""

"""

"
"

""""""
"" """ """""

""""""
"""" """

"
"""" """

"" """"
"""""""

""
"
"" """"""
"""""""
""""

" """ """"" """"" """ """""
"""

"" """"
""""""

"""

""" """
"""

"

"

"

"
""""

""
"""
"""

"""
"""" "
"

"

"" """
"""""

"" """"
"""""
"""""

"""
""""
"""""" """"

"""""" """"" """"
" "

"
""
"""""
""""""
""

"" """ """
"""""" "

"" """
" "

"""""
""""""
"""""""

"""
""" """"""""
""

""""" """""
""""" """"

"
""""
""

"
"" """""""

"""""
"""

"
" ""
""

"""
"""""
""""" """""

""
""

""""""
" """" """""

" "
"""

"
"
"

"
"""""

" """
"""

"""
"
" """"

""""
"

""""""""
""" """"""

"
""
"

"""
"""""""" """" "

"""""
"" """

"""""
""
""
"" ""
""""""""

"""
"""""

""
"""" """
""""""

"""""
"""""
""""""

""""
"" """"

""" """"" """
""" """""
""""" ""

""""
""
""""" "

""""" """"
"" "" """

"""" ""

""""
"""
"""""
" "

"""
"""
""""""

""
"" """"
""" """"" """""

""""" """

" """
""""""
"""""

""" """ """""
""""""

""""
" """ """"" """""

"""
""""

""""""
""""
"""""

""
"
"""

""""""" ""
"""
"""""" """"""" """" """"

"
""""
""""""

"
""" """"""""

""""""""
""""" """" ""
"""""

"" """"""
"""

""
""""

""" """"" """"""" """
""
""" """" """""""

""
"""

"""""""" """ """
""
""""
"""
"""" """"""""

""
""""
""""

""""""
"" """" """"

"""""""" """""

""""""""
""""" ""

"""
"" """""""" """"""
""""" """" """""

""

" """"""
""""""

""
"" """"""

""""""
""""
""""""
"""

" """""
"""""""

""""
""""
"""
""""" """""
""""""

""

""""""
"""" """""""""""""""
"""

"
"""
""""""""

" "

"""""""
"

""""""
""

" ""

"""
"" """""
""" """""
"""""
""""" """

""
""""""

""""
""""
"""""
""""

"" """
"""
"" """"
"""" """""

""" ""
"""
""""" """""
""""""

""""
"

""""

""""""
"""""
""""
"""

""" """ """""
"""""
""

"" """"
"
"""""" """"" """""

"""""
""

"""""
"""""
"""""""

"""
""

""""""
"""" """""""" """ "

"
"" """
"""
"""""
"""
"""""

""
"""
""

"

""" """""
""""
""""

"""
""""

"""
""" """"""""

""
"""""
"""""
"""" ""

""""""""
""""

""
""""" """"" """"" """

""
""""

"""""" """""
"""""""" """"

""
""" """"
""" """"""
""""
""""

"""" """"" """"""
""" """""
""""""
""

""" """"" """"""
"

"

""""""
""""
"""" """"

""""
""""
"""
"" """"
"""""
"""""

""""""
""" """""

" """""
"""""""
""

""""
"""" """"""
"""" """"" "

""""""
""

""""
""

"
""""""

""

"
"""
"
"""

""

"

""
""

"

"" """""" """" """""
""""""

" """" """" """""""""
""

"""" """

""
"

" """""
""""""

"""""
""""
""""

"""""" """"""""

""""""
"

"""
"

"""""""

""
"""""""""
"

""""
"""
"

"""""
"
"""
"""

""""""

"""""""

"

"" "

"

"""

""
"
"""
""

"

"""""""
"""

""""
"

"""

""
""

"""

"

"""
"""""
""

"
"""""
"""""""""

""
""""

"""""

"
"

"""
""""""

"""

"
""""

""
""""""

""""""

""
"""

""""
"""""

""
""""""

""
"
"""""""""""

""""""

"

""
"""""

"
""
""
"
"""
"""

""""
"

""""
""""""
""
""""

"""""""

"""""
"

""""
""""""

""

""
""
"
""
"

""""
""""
"

"
""
""""
"
"

""""""""""""""""""""""""""""
""""""""""""""""""""""""""""""""

"

""

""

"""" """"""""""""""""""""""""""

"""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""

"""""""""""""""""""""""""""""""""""""""" """""""""""""""""""""""""""""""""""""""""""""""""""""""
""""""""""""""""""" """""""""""""""""""

""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" """""""""""""""""""""""""""""""""""""
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" "
"""""""""""""""""""""""""""""

""""""""""""""""""""""""
"
""""
""""""
"""""""""""""
"""""""""""""""""""""""""""""""""""""""""

"
"
""""""""""""""""""
""""""""""""""""""""
"""""""""""""""""
"""""""""""""""""""""
"""""""""""""""""""""""""""
"""""""""
""""""""

"""

"""
""""""""""

"""

"""
"""

""
"""
"""

""

"""""

"

"""

"""""""
""""""

"

"
""

"""""""
"""

""""""""""""
""""""""""

""""
"""" """""""

""""

"

""
"""""""""""""

""
"
""""""""""""

""""""""

""""""

"""""

"""

""""""
"

"

"""

""""""""""""""

"

"""
""
"""

""
""

""""
""
""""""""""""""""""
""""""""""""""""""""

""

""""""""""""""""""""""""""""""""""""""
""""""""

""""""

"

""

""""""""""

""

""

""""""
"""""
"" """""

""""""

""""""

"""""""""""""

""
"""""""

"""
""""""""""
""""""""

"""""""""
"

"""""
""""

""
""

"
""

""""
""""""
""""""
""

"""""
""""""

"

"

"

"""""""
""""""""""""
"""""""""""
""""

"""""""""""
""""" """""""""
"""""""""""
"""""""" """

"""""
"""""""""""""""

"" """"""""""""
"""""

"""""" """""" """"""""" """""""""
""""""

"""""""""""""
"""""""""" """"""""""""""
"

"

""""""""""

"

"
" ""

"""""" """""""
""""""""""
"""""""

""""""
""""""""""""""""""" """"""""""""""

"""" """""
"""""""""""""

""""""""""
""""""""

"

"
"

""""""""""""""

""

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""

"

"
"

"

" ""
"""

"

"

"""""""""""

"

"""""""""""
" """"""

"
"""""

""""""""
"

""""
"

""""""""""""
"

""""""""
"""

"""""""""""""
""

"""""""
"""

""
"""

""""""

"

"

"

""

""
"""
"

""

"

""
""
""" "

"

"

"

""
" "" "

""

"

"

""

""

""
"

"""""

"""""

"""""
"

""

""""
"
"

""""

""
"""

"

"" ""

""""

"""

""
""

""""" """
"""
"""

""""""""
""""""

""
"""

"""""""
""""""

"""""

"

"""
"""""

"""
""
""
""

"""""""
"""

""""""""
"
""
"""

""""
""""""
"

"""""""
"

""""""""
""

"""""

"""

"
"""""""""""
"""""""

"
"""""""
"
""
"""
"""

""
"""""""
"""
"""

" "
"
"""""

""""
"
""""""""

"""""""""""
"""""""""""""""

""""
"
""

""""
"

"""
""""
"

""""
"
""""""""""""""""""""

"

""
""" """

"""""""
"""""
"" """

"""
"""""

""""
"""
""

""
""""

"""""

""
"""""""

"""
""
"" """"

""""""
""""
"

""""""
"
""
"""""""
""
"
"""""
"""

"""""""""""
""
""
"""
""

"""""
"
" "" ""

"""""" """"
""""
"

"
"

""" """"
"""

"
""
"""
""""

"
"

""""""""
"

" "" "" ""
"
""""""""
""""""""

" """""
""

"

"

"""
""""""

"
"""""""

"""""""""
"
"
"
"
"
"""""

""
"" "" "" "" """"
"

"

"
""""

"
"
"
"""
"
"

""
"
""
""

"

"
" "" "" """""""

"
""" """"

"""
"""""""""
""""""
"""
"
"

"""""""
""""
"""

"""
"

""
""" "
"""
""""

"
"

"
"

""""""
""""

"
"

"""
""
"

"
"""""

"

"
"""
"
"
"""
""""""""

"""
""""
""
"" """"

"""""
""

" """"" """""""
"""""

"""""
"""" """" "

"
"""""""
"""""""
"""""

"""
""

"

"

"""""
""""""""""
"""""""

""
" """"""

""
"

""" """"" ""

"" "
""""""""
"""""

""""
"""""
"" """"""""

"

""
""""
""

"

"
""

"
""
"""
""""

""""""
""""""""

"
""
""""""""

"""
"

"""""
""""""""

""""" " ""
""""""""""""

""""
"" """""

" ""

""

"""
"""

"

"
"""""
"
"

"
""
""""

"""""
"""
"

"""
""""
"""

"""
""

"
""
"""""

""
""""

""""
""
"

"""""""""""""
"
"

"""""""
"""

"""
""""

"
""""""

""""""
"

"

"""
"
"""""""""""

""""
""""""

"""

""
"""""
""""""
""""""

"
"""""""""""""

""""

"""
""

"
"""""""
"""
""""

"
""""""
"""
"
"""""
"
""""
"
""""""
"""""""""

""""
"
"""""

"""""""""""""
""
""

"""
" """"
"""" """""""

"""""
"""
"""
""""""

"""
""
""""""""""

"""""""

"""""""""
"
""""""
"""
"""

"

""""""
"""""
"
"

"""
"

"
"""""

""""""""""""""

""
""""
"""
"""""""
""""
"""""""""""""""""""""

"

""
"""
"

"
""
"""" """""
"

"""""""
"""""""

""""""""""""
""""
"

"""""
""""""""

"""
"

"""""""

" """"" """"
""""

"""""
""""

""""""""
""""

""""
""""
""""""""

"""
"""""" """""
"""
"""""""

""
"""
"
""""
"""
"""""

"
"""""""""
"""""""

"

"""
"

""""" """" """
""""""""""
""""

"""""
""""

""
"""

"""
"" """"" """"""
""
" "
""" """ """""" ""

"""""
"""
""" """" """""

""""
""""" ""

""""
"

"
"

"
"

""
""""" """""

""

"
""""

"""""""" """""
"
"
"""
"""

" """"

""" """""
"""""
"""" "

"""""
"""""
""""" """"

"""" """"" """"" """" """"""
"""""
"""""""

"
""
"""

"""""
""

""""""""" """""
"
"
"""

" """
"

""""
"""""
"""""

"
"""
"

""
"
""""

"
"""
" """

"
"""" """

"" """"" """""

"""" """""
"""""" """"" """""""

""
"""" """"""

" """"

"

"
"
" """""

"""""
""""
""

" "
"
""""""
""""
"""" "" ""
" "
""" """"

"""
""""

""" """"" """""
"""""

"""""""

"""""

"" """"""""
""
""""""

"
"

""
""

"""""
"""""
"""
""""

"""""""""

""" "" ""
"
"
"

"""
"
"
"
"
""
"

"""
""""""

""
""
""

""""""
"""""""""

"""""""" """""
"
"""""
"

"
"

"
"

" "
""
""""

""
"""""
"""""
""

"""""

""""""""""""""
" "
"
"""""

"
""
""

""
"

"
""""""

"
"

"
" ""

""
""

"""""""""
"
"
""
"
""""""

"" "" """""""
"" """"""
""""

"""" ""
""
"
"
"
"
"
"
""

""

"
"""""" """""" "" "" "

""""" """""

"""
"
"
"
"
"""""""

"""""

""""
"
"

"
"

"
"

"
""""""

""""""
"

"
""

"

"""""
"

""""" """
"" "" ""

""""""""""
"

"""
""""
"""""

"""""""""""""
"""" """"" """" """"" "

" """"""""
"""" """"""""
" "

"""" """""""
"""

""
"""""
"""""""" "

"" "" """"" """
"

""
"
"
"" """

""""""
""""
"""""""""""""""""""""

""""""""
"""""

""
""""
""""""

""
""""

"

""""
"
"""""" """""
"""""

""""""
""""""
"" """""""

""" """"""
"""""" "
""""""" ""

"""""""
""""

""" ""
""""""
"""" """

""
""""""

""""
" """"

""""""
""""""

""
""

"""
""""""

""""" ""
""""
"
"""
"""""""""""" """" """

""""
""""
""
"
"
"
""
"

"
"""""
""""

""
"
""""""
" """

"""""""""
""

"""""""
""

"""""""""

"
"
""
""

""" """""""
""""

""

""""""
"""""""" """""""""

"""
""
"""" """""" """"""
""""""
""""
"

"""
"""""

"" """""""""""
"
"

""
"""""

"""
"
""
"""""""""""

""""""
"""

"
"" """""""""
""""

""""

""
"

""
"""
""""""""

"""""
"""""""

"""""""

"
""""
"""""""""""

""""""""""""
""
""""""""""
"""

"""

"
"""""""""" """" """""" "

"""
"

"""
""" """

"""
"""""""

"
"""""

"
""""
"""""
""""""

"""
"""""
""""""" """""

""""""""""""
""" "

"
""""

"""""
"

""" "
"

""""
"""""""

"
""""""""""
""""""""

"""" """""""
"""
""""""

""" """""" """"""
"""
"

""" "" """""
""""" """"

""

"
""""""""
""""
"""""""""

""
""
"
"
"""

""" """""
"""""""
""""""""
""""""
"""""""

""
"

""""""""""""""""
""
"
""

""""
""""
""""""""
""
"""
""
""""""""

"""""""
""""

""
"""""
""

"
"

""""

""
"""
""

"""
""""""

"

"
"""

""""""""

"

"
"""
""""""
"

" """"""
"""""" """
"""" "

" """"
"
""
""""

"""
"""
"""""
"

""

""""""
""""" "
"""" """

"" """""""
""""""
""""" "

"
"

"""

"""""

"

"""

"""""""""""
"" "

"

"""

"

"
"""

"

""""""""
"

"""""

"""""

""""""

"""""""""""
""

"""""""""""""""""""""""

"""""

"

"""""

""""

""

"""

""""

""

"""""""""""""

"""""
"""""

""""""""""""""

""""""""
"""""""""""""""

""""""""
"""

"""""

""""

"
""""""

"

""""""""""""""""""""""""""""""
"""
""
"
"

"""
"

"""

"""

"

""""

"""""

"

"

"

""

"""
"

"

""""""""""""""""""""""""""""""""""""""""""""

""""""""
"""""""""""""""""""""

""""""""""""""""
"

""
"""""""""""""""""

""""""""""""""""""""""""""""""

"""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""
""""""""""""""""""""

"""""""""""""""" """""""""""""""""""
""""""""""""""""""""""""""""""""""""""""""""""""""""""
""""""""""""""""
"""""""

"

""""""""""
"" """"""""""""""""""""""""""""""""

""""""

"""""""""""""""""
"""""""""""""""""

"""""""
"""""""""""""""""""" """"""""""""""""""""""""

"
"

"""""

""""""""
"""""""""""""""""""

""""""""
""""

"""""""""
"""""
""""

"""""""""
""""""""

"""""""""""""""

"""""""""""
""""""
"""
""

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
""""""""""""""
"""
""""""""""""""""""""""""""
"""""""
""
""""""""""""""""""""""""""""""""""""""""""""""""

"""""""""""""""""""

"""""""""""
"""""""""""""""""""""""""""

"""""""""""""

""""""""""""""""
"""""""""""""""""""""""""""

"""""""""""""""""""""""""""""""""""""""""

"""""""""""""""""""""""""""""""""""""""

"""""
"""""
"""""""

""""
"""""""""""""""""

"""""""""""""""
""""""""""""""""""""""""""""""""""""""""""""

"""

""""""
"""""""
"""""""""""
""""""""

""""""""
""""
"
"""""""
"""""

""""""
""""""""""
"""""
"
"""""
"
"""""""""""""""""""""""""""""

""""""""""""""""""
"""""""""""""

""""""""""""""""""""""""""""""""

"""""""

"""""""
"""""""""""""""

"""""""""""""""""""""""
"""""""""""""""

""""""""""""""""""""""""""

"
"""""""""""""""
""""""""""""""""""

""""""""""""""""
""""""""""""
""""""""""""""

""""""""""""""""""""""""""""""""""""""
"""""""""
"""""""""
""""""""

"""""""""""""""""""""
"""""""""""""""""""""""""""""

"""""""""
"""""""""""""""""""

""""
"""

""""""""""""""""""
"

""""""""""""""
"""""""""""""""""

"
""""""""
""""""""""""

"
"
""
""""

"""""""
""""
""""
""

"""""
""
"

""""""""""
"
""""
"" """

"
""""
""
"""""""""""
"""""

""

"""
"""""""

""""""""""""""
"""""""""""
"

""""""""

"
"""

"""
"""
""""""

"""""
""""
"""""""
"""""

"

"""""

" """ ""
"

""""
"""""
""""""
""

""""""
"

""
""
"""" """
"""""""""""""""""

"" """
"""
""""""""
""""

""
""
"
"""""

""""
" """

""""
""""""
""
"""""""

"""
"""""""""""""""
"""""""""

"""
"""

""
"""""""
""""""""

"
"""""""""""""
"
"
""""" """"""""""""""

"""""""""""
"""
""

""""""""""""
"""
"""""""

""

""
""
"""
"
"
""

"
"
""""
"
""

"""""
"""
"
"
"
""
""""

"
"""
"""

""

"""""" "
""""
"
"""""

""

"""""
"""""""
""""

""
"""""

"""""
""""""""

"""
""""""""""" "" "

""
"""
"
""
""
"
"""
""""" ""

"""
"

"""
"

"""
""

""
""""""
"" """"

"""""""""
""""""""""""""

""""

""""""""""""""""""""""
"""

"
""""""""""""""""""
""""
"

"""""""" """
""""
""""""""""
""""""

""""""""""

""

"

"

"

""
""""

""""
"

"

""

""

""""
"""

""
""
"""
"

"""

"""

"""""""""
""""""""""
"""

""""""""
"
""
""""""

"""""
"""

""""
""""""""""""""""""

"""""""""""

""""""

"

"
""""
""
"""

"""

""

"""
"" "

""""""
"""""""""""

""
""""""""""

""
"""""""""

"
"""""" ""
""""" """""""

"""
"""
"""""

"""""""
"
"

"
""""""""
""

"""

"
"
"""
""" ""

""""

"""
""
"
"
"""

""

"

"

"

"""

""
""""

"""""""
""""

""""""""""
"""""

"""
""""
""""""
""
"""""
""

""

"

""""

"""

"""""""""""

"""""
"""

""

"

"

"

"""""
"
""

"

""""
"

"""

""

"""

""""""
"""""""""

""""
"

""""
"""""""
"
"""""""""
"""""

""""
"

""

"
"""""""
""""""""""

"
""""""

"""
"
"""""""
""""""""

"""
""
""
""
""""
""""

""""
""""
"
""
"""""""

"""

""""
""
"""""

""""""
""""
"""""
"""""""""

""""""""""""
"
""
""""""

"""""

" ""

""

""
""""""""""""" """

""

""""""

"""""""""

"""""""

""
""""
"

""""""
"""""""""

"""""""""""" """"""""""
"""""

"""""""

"""""""""

"""""""""""
"
""
""""

"""

"""

"
""
"""""
"""""""""
""
"""
""
""
"
"
""

""""
""""""""""""""""""""""""""""""

"

""""
"
""
"
"""""""
"""""""""""
"""

""""""""
""""
""""""""""""""""

""""""
""
"

""

""

"""""""

""""
""
""""""

""""
""

""""""""
"""

"

"
"

""

""

"

"

""" ""

""""""

"""""""""""""
"
""
""""""""""""
""""""""""""
"

"

"""""""" """"""""""" ""
"
"""""""

""

"""

""

""""""""
""
" """"""""""

""""

""""
"""

""""""""
"
""""
"""""""

"
"""

""

""
"""

""""
"""""""

"""
""""""

"
""

"""""""
""""
""""

"""""""""

"""
"""""""""

"""""""""""
""""""""""
"""""""""

"""""

"""""
""""""
"

"""""
"

"
"

""

"

" """""""""""""""""""""""
""""""""
""""""
"
""""" ""
""""""""
"""""

" """"""""""""
""""

"
"""""""""""""""""""""
"

""

"""""""""""
"""""""
""""

"""""""
""""
""""
"""
"""""""""

"
""""""

"
""

"
"

"" """"""
""""
"
"
""""""""""""""""""
"
"""""

""""""""
"

"""""""
""
""""
""""""""""""""
"""

"

"

"

""
"""""""""""

""""""""""""
"
""""""
"""

"""""""""""""""""
"""""""""""""

"""""

""""

"

""""""""
"
"""""""""""""
"""
"

"""""""
""""""
"
"""""""""
"""

""""""""""""""
""""""""""
""""""""

"

""""
"
""""

"
"""
""

""""""""""
"
"""""

"
""""

""
""

"
"""
"""""""""

"

"
"""""""
"
"""""""""
"""""""

""
"
""""""""""

""""
"""""""""""""""""""""
"
"""""""

"
""""
"
""""""""
"
"
"
"
"""""""""
"

" """""""
"
"
"""""
"
""
"" ""
"

""
"
"""""""""
"
"""""""

"
"""""""
"""" """""""""
""""""""""""""""""

"
""
"" ""
""
""""""
""" """
"
"""""""""""
""""""

""
"""

"""""""""""""""""" """""""""""""""""" ""
""""""""

" "
""

""
"
"" """ """ """

" "" """ ""
""""""""""

"
" "
"

" """" """"""""""""""""""
"""""""
"
""

"

"

"
""""
"
""""""""

"" """"""
"

""""""""
""
""""
""

"""

"

"
""
""
""""
"
""
""""
"
""
"
"
"
"
"

""
""
"
""

"

""

""
""""

""""""""""""""""
"
""""""""""""""""""""""

""""

""
"

""""""
"

""
""""""""

"
"""""""""

""

""""""""""
"""""""""""

"""""

"""""
"

""
"

"
""""""""""""""""""

"
"""""

""""
"""""""""""""""""""""" """"""
"""
""""""
"""""""

""
"""""""
""""""
""""
""""""""

" """"""""
"
"""""""""
"

""""""""
" "
"""""""""
"
"""""
""""""
"
""""""""
"
"""""""

"

"""""
"""

""""""""
"
""
""""
""

"""

"

""""
"""

""

""""""""""
"

"
"

""
"
"

""

"

"
"
""
"
"""""""""""

"

""""""""""""""""""""""""""""""""
"""

"

""

"
"""""
"""

"

""""""
"""""

""

"

"

"""""""

"""
""""

"""""
"""""

"""
"""""""""""""

"""""""
"

"

P
BOGOTÁ D.C.

EZUELA

BRASIL

PERÚ

ECUADOR

M
ar

Carib

O
cé

an
o

Pa
cí

fi
co

69°0'0"W

69°0'0"W

72°0'0"W

72°0'0"W

75°0'0"W

75°0'0"W

78°0'0"W

78°0'0"W

0"
N

0"
N

9°
0'0

"N

9°
0'0

"N

6°
0'0

"N

6°
0'0

"N

3°
0'0

"N

3°
0'0

"N

0°
0'0

"

0°
0'0

"

3°
0'0

"S

3°
0'0

"S

6°
0'0

"S

6°
0'0

"S

Gorgonilla

78°10'0"W

78°10'0"W

78°15'0"W

78°15'0"W

3°
0'0

"N

3°
0'0

"N

2°
55

'0"
N

2°
55

'0"
N

Santa Catalina

81°20'0"W81°25'0"W

°2
5'0

"N

°2
5'0

"N

San Andrés

81°40'0"W81°45'0"W

0"
N

0"
N

Esc. 1: 720 000

P Capitales

Línea costera

Límites de Frontera

Departamentos

Convenciones

Información de Referencia

Base Cartográfica tomada de la 
Base Integrada 100 000 del IGAC 2006. 

DATUM MAGNA-SIRGAS,
Origen en la Zona Bogotá, 
Proyección Conforme de Gauss,

Coordenadas Geográficas: 
74°04´39,0285" W, 4°35´46,3215" N. 
Coordenadas Planas:
X = 1 000 000, Y = 1 000 000.

ATLAS GEOQUÍMICO DE COLOMBIA  
Distribución de muestras por Técnica Analítica

(Cu)

Compilado por:

www.sgc.gov.co

0 60 120 180 240 300 36030
Km

1:6.000.000Escala

2016
©

Primera Edición

" Activación Neutró
" Espectrografía de
" Espectrometría de
" Espectrometría de

a Plasma Inducido
" Espectroscopía de

Acoplado a Plasma Inducido (ICP-AES)
" Fluorescencia de rayos X (XRF)

Ministro de Minas y Energía
Germán Arce Zapata

Gloria Prieto Rincón
Directora Técnica 

Recursos Minerales
Director General Servicio

Geológico Colombiano

Oscar  Paredes Zapata

Asesoria Técnica:

Juan Fernando JIMÉNEZ, Adrian PEREZ AVILA,  Omar Herney MENDOZA, 
Andrey Yesit RINCÓN, Olger MENDOZA, Claudia OREJUELA,

Fabio CASTELLANOS.

MDRU - UBC Canadá
Peter WINTERBURN, Hildebrando LEAL-MEJÍA

Viceministro de Minas
Carlos Andrés Cante Puentes

"
"

"
"

""""""
"""""""""""""" """"""""" """""""""

"""""""
"""""

""" """
"""""

"""""" """
""""""""""""""""""""""

"

""

"
""

""
""""
"

""""
""""
"""""""""""""
""""""""

""
"""""
" "

"

""""""""""""""""""""""""""""""""""""""""""""""""""""

""""""""""
""

""""
""""
""""

"""""

"""""""""""""""

""""""""""
""""""""
"""""
"""

""""""""

""""""""""""

"""""""""""

"
" """"

"""""
"

""""""

"""
""

" """""""""""""

"""""
"""""""""""""""""
""""""""""""

"""
""""
"""

""

"
"""

"""""""

""
""""""

"""""""""""""""
"""""

"

""""""""""""""""
""""
""""
""

"""""""""""""""""""""""""""""
""

""""""""

"""""""""

"

"""""""""""""""""

"""""""""""""""""""" """"""""
""""""

""""""""""
"""""""""""""
"""
"

"

"

""""

"""

"
""
"
"" """"""""""""

"

"

"""

""
"

""""

"

""""""""""

""
"
""""

""""""""""
""""""""""""""

"
""

"

"

"
"

"
"
"
"""

"
"

""

"
""
""

"
"
"
"

"

"

"
"

"

""
"

"
"

"
""

"
"

" ""
"

"

""

"

""

"

"
""""

"

"
"
"
"
"
"

"
"
""

"
"
""

"
"

""

"
"

"
""

""
"

"
""

""

"
"

"
""
"
""
"

"
"

"
""

"

"
"

"

"""
""
"
"
"

""""""

"

""
""
"""

"

""
"
""

"
""
"

"
"
"
"
""""

"
"
"

"
"

""
"
"

"
"""

"
"

"

""

"

"

"

"

""
""

"
"

"

""
" "

"

"

"
"

""

"
"

""

"

"

"
"
"""

""

"
"
""

" "

"

"
""
"""""
"
"
"""
""
"

"
"
"
""""""
"

""
""""""
"""
"
"""""

"

"
"

"""" """" """"
"""""

""""" """"" """"""
"""""

"""""
"""""
""""" """

"""""
"""""
""
""""

"""" """""
""""" """""

"""" """""
"""""
"""""

"""""
"""""
"""""

"

"""""
""""" """"" "" """

""""
"

"

"
"

"
"""

""
""""""""""

""

"""
""

"

""
"

"""""
" """ ""

""
"""
""

"
""""
"

""
""

""
"

"

""""
"

"

""" ""

"

"""""""""
""

""

""""
""""

"""""""
""" """ """""

"" """"
""""""""""

"""""
""
""""
"""

""

"""
"

"""

""""
"" """""""
""

""""" ""
" ""

""

""""""""""""
""

"
"" """""
"
"
""

""
"""

"""""
"""" """"""
"
"""""""""
"

"
"

""

""
""
"""""""""" """"

"
""""""""""" """""
"""

""
""
"

"

""""""""

""

"

"""
"""""
"""""
"""""

"
""""""""""""""

""""
""""
""""""""""

"""""""""
"""""""""
"""
"""

"
"

"

""

"

" "

"
"

""""""
"""

"
""""

"
""""""

"
"
"""""""

"""
"""""""

"""
""""

""
"""""""""
""""""""
""""

""
""""

"""""""

""""" ""
""

"""""""
"

""

"""""

"
" "

""
"

"
"

""
"

"""""
"""
""

""
"

"
"
"""
"""""

""

""

"

""""

"""

"

"
"

"""

"
"
""" "
"

"
"
" """
""""

"""
""

"
""
"

"

"

"
"""

"
"

"""
""
"

""
""

""
"""
""""

""
"

"
"""
""
"

""
""""

"
""""""

"
"""

"
"

""

"

""

"
""

"
"

"
" "
"

"
"

"
""

""

"
"

""

"""

"

"

"
"

"

"
" ""

"
""""

"

"
""

"

" "
"

""
"
"

""
""

"
"

"
""

"""
""
"

""

""

"

""
"" "

"

"
"

""

"

"

"
"

"

"

""

""

"

"
""
"

"

""""" ""

""
""
"

"
"
"

"
"
""

"
""

"
"

""

"
"
"

"
"
""

""

"
"
"

"

"

"

"

""

""
""""

"

"
"

"""

""" """"

"
"

"""""

"""
""
"

"

""

"

"

"

"
""

"

"

""""
""

"
""
""

"""

"""

"""
""
"

" "

"
""
"

"
"""""""""

"
"
"

""""""
""

"

""

"

"
"

"

"
"

"

"
"
""""

""
"

"""
""
""" "

""

"
"""

"
"""
"

"""
"

"
"""

"""""""
"

"
"

"

"""""""""
"""""

"
"""

""""""""

"

"

"

"
"

"
"" "

"

"
" "

"

""" "
"

"

"""
"""""

"" ""
" """"""

""""""
"""""""

" """""
""

"
""
""

""""" "
"

""

"

"
"

"

""""
""""

"
"" """

"""
"""""""

""
"
""""" "

"""""""""
" "" "

" "" "
"
"""

""
"""""""

"" " "" " ""
"""""""

"
"

"""""""
"
" """"

"
""""""

" ""
"""

"
""
"""

"

"""""""""
""" "
"

" """
""

"

""
"""

" "
""

" "
""" ""
"
""
"

" "
""""""
"
""

""""""""""

""""""""
""""""""""""
"""""
"""""
""""
""""

"""""""
"
""""""""

"""

""
"
""""
""

"
"""""""""
""

"""""

"""""""" """
"""""""""

"

"
"

" ""
""

"""""""
""

"""
"""""""""""""

"""""

""""
"""" "

"""""""""
"""

"""""
"
"
"""

"

"

""
"

"
"""""

"""
"""""""

"""

""""

"

"""
"""""
"""""""""

"""""""""""
""""""""
""
"""""""

""""""""""""
""""""
""""

"" "
"""
"

"

"

"

"
""""

"

""""" "
""
""""""

""
""
""""
""""
"
""

""
"
"""
"
"
""""

"
"

" """"""""
""""""

""""""""
""
"""

""
"" "

"" """""
""

""""""""
"

""
""

""""" "
""

"
"
""
""""""
"

""
""

"
""""""
"

"
"""

"
"
"
"

"

"

"
""""""""
"""

""""
"
"""""

""
"""""""

"
""" """

""
"

"""

"""""""
""

""" """"""""""""""""""""""""""""""""""""""""""""" """""""""""""" """"
"""""""""
""

"""
""""""""

""""""
""""""""
""""
"

""
"
""""""
""""""""

""""""
""
"
""""

"

"" """"""""

"""

"

"

""

""
"

""
"""

" ""
""

"""

" """""""""""
""""
"""""""

"
""

"
""

"
""""

""""""
""""""
"" "

"
"""

"

""
"""

"
"""""""

"
""""""""

"""
""""

""""
"""

"
"
"""

""""

"""

"
"
"

"
"
" " " "

""

""
"
"""

""""
"

" "
"

"
"

"

"

"

"

""""
"
"

"

""

"

"""""""

""""

"""

""""" """"""

"""

""""""""

""""""""""

"""""""""

"""

"""""
"""""""""

"""""""

"""

"""""""""

""""""""

"

"""""

"
"""

" ""

"

"""""" ""
""""

""
"
"""

"

""

""
"""

""""
"

"

""""

"

"
"

"
"

"

"

"

"
"

"
"

"

"

"

"
""
" "

"
""

" "
"
"

"

"""""

"
""

""""" " "
" ""

"
"

"

"
" "

""
""

""
"

""
""

"

"
"
""

"

" " "

"""""""""""""

"
""""
"

"
"

""""
""""

"""""""""
""""

"" "
"
""
""""
"
""""""""

""

""""""""

"
""""

" ""

"""

"""""""""""

""""
""""""
""
"""""""""

""
""
"

""

""

"
"""
"

"""
"""

"

"

"""""

""
"
""

""""
""

""
"""
""""
""""

""

"

"""
"""
""""
"""""""

""""""
"

""""""

"""

"""""
""""""

""" """"""""
""""""

""""

""
"""""""

"""""""
"""""""

"

"

"""
""""
""
"""

" ""
"""

"""""
"""""""

"

""
"""

"""""
"""

""""""
"

"""

"""
"""""
"""

""""
"
"
"

""""
""
""""""

"""""
""

"

""""""

"

"""""""
"""""

"
"""

""""""""
"

"

"""""
"""

"

""""
""""""""""""""""

"" "

"
""" ""

""""""
"
"

""""

"""
""""

"""

"

"

"
"

"
"

""""

""
""
""
"""

""

"

"

"

""""""
"" """

""""""

"

"

"""

"

""

"

""

"""""

""""

"""

""""""
"""

"

"""
"""""
"
"

""

"""

"

"

"
""""

"

""

"""""

"
"

"

"

"

"""

""

"
"

"""""""""""""""""""""""""""""""""""""""""""""""""""""

""""""

""""""""

""""

"""""
""""
"
"""""

"""""
"""""""""""""""""""""""""
""""

""""
""""""""""""""""""""""""""""""""""""""""""""""
""
""""""""
""""
"
"

"

"""
""
"""""""

"
"""

"

"""""
""

"""""""
"""
"""
""""
"""" ""

"""""
""""""""""""

""
""""
" ""
"""""""""""""""

"""
""

""
""""""""""
""""""
""
"""""""""""""""

""""""""""""""
"""""""""

"
""""""""""

""""
"

"""""
"
"""""

"""
""""""""""

""

"""""
"""
"
""""""

"
"""
""
"
""""""""""""

""""""
""""
"""""

""""""
""""

"""
"""
""""" """"

"""""""""""""
"
"

"""
"

""
""""""

"
""""""""""""""""""

"""
"

"""
""""""""""""""

""""

""
"

"
"

"
"

"
"

"

"""

""""""
""
"""

"""""""""""
""""""""""""

""""""""""""""""""""""

"" """

"""""""""""""""
""""""

""""""

"""""""
"""
"

""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
""""

"
""
"

"
""

"""

""""
"

""""
"""

"""" ""
""

" ""
"

"

""""

"

"

"
"

"
""

"
"

"
"

""
"
""

"

"

"

"
" "

"

"

""
"

" "
"
""

"

"

"""

"
"

"

"

"" "

"
"

"

"

"

"

"

"

"""

"

"

"

"

"

"

"
"

"
""

"

"
"

""

""" """""""""" """ "
"

"
"

"""
"

"

"""""
""

"
""

"

"

""""""
"

"
"""

"""""

""
"

"
"

"" """
" ""

"
"""""

""

"

" "

"

""
""
""""
""

"""""""

"""""""
""

""
"""

""

""

"" ""
"""""" "
"

"""""

"

"""
"

""""
"""
"

"""
"

""
"
""

"

"""

"
"

"" """" """"
""""""
""""
"""""
"""""

"""
""""""""
"
"""
"
"
""
"

"""" "
""

"""
"

"

"

""""""""""""""

"""""""
""""

"

""

"""""""
"""""

""
"
""""

""
"

"""
""""
""
"""
""
"""

""" "

""
""
"
""""
"""

""

"""""

"""""""
"

""
"""
""""
""
""

"""
"""

""""""

""
"

"

""
"""""""

"""
"""
"""

"""""

""""""""

""""""""""""""""""""""""""""" "
""""""""""""
"""""""""""""""""""""""

""

""

""""
"""

"
""

"
"

""" """

""""""""

"""
""""
""""
"""""
""
"""""

""
"

""""
"
"""""

""
""
""

""""""
""

""" "

"
"
""""
""""""""""

""
""""""
""""" """""""""""""""

"

"

"

"

"

"

"

"

"

"

"" "
""""

"

""
"""""

"""
""""

"

""""
"""
"""""""""
"" "

" ""

""""
""

"

"
""
""

""""

"

"
"

"
""""""
"" """""

"

"

"

"

""""

""
""""""""""
"

""

"
""""""
""""""""""""""
"

""
""""""

"""""
""""""""""""""
""" """

"" ""

"""""""
"""""

""""""""""""""
""

""

"

""""""
""""
"

"
"

"
" """

"

""""""

"""

""

"""
"" """"""

""""
""""

""""
"

"

"

"
"" """

""
""
""

"""""

""
"
""

"""""

"
"

"""

""
"""

"""""""""""""""
""

""""""""

""""
"""
"""""
""""

"

""
""

""
""""""""""""""""""""

""

""

""""""""""" """ "

""

""""

"

"
"

""

"
"

"
"""

"
"

"
"
"""

"

"

"

""
"""

"

"

"

"
"

"

""
"""""""""""""""

"""

""

""

"
""

"
"

"""

"
"""

""""

""
""""

"""
""

"

"
""

"

""
""

"

"

"""""""

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
""""""

"

""

"
""""

""""
""""

""""""
""

"
"""""""""""

"""""""""""""""""""
""""
"""
""""""""

"

""
"""""""""""
""""
""

""""""
"

"

"

""

"
""
"

""

""""""
"""
"
""""""""""

"""

"
"""""
""""""
"""""

"""""

"" "

""""
"""""""""""

"""""""""""""""""

"""
"""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""

"""""""""""

"
"

""""
"

"

""""""

"
"

""""" """"
""""

"""""""""""""

"

"
"""

""""""""""""""

"

"""
""""""""""""""""""""""""""""""""""""""""""""""""""""""

""""""""""
""""""""""

""""""""""""""""""""""""
"

""""""""""""
"""""""""""
"

"""""""""""""""""""
""""""""""""""""

""""""""""""
"""""""

""""""""""

""""""""""
"""""""""""""
"""""""""""""""""""""
"""""""""""""

""""""""""""""""""""""""""
""""""""

"""

"""""""""""""""

""""""""
"""
""""""""""""""
"

"""""""""""
"""""""""""""""""""""

""""

"""
""""""""

""""""""""
""""
""""""""""""""""""""""""""

"
""""""

"

"""""" """"""""""""""""""""""

"""""""""

""""""""""""""""""""""""""""""""""""
"""""""""""""

"""""""""""""""""""""
""""""""""""""""""

"

"
""""""""""""""""
""""""""""""""""""""""""

"
"""""""
"""""""""""""""""""""""""
"""
""""""

""""""
""
""""""""""

"""
""""""""""
"
""""""""""""""""

""
"""

""""
"""""""""""""""""""""

"""""""""""""""""""""""""""""""""""

"

""
"""""""""""""""""""""""""""

"

"""""""""""

"""""""
""""""" """"""""""
"""""
""""""
"""""""""""

"""
"""

"
""""""""
"""

""""""""""
""""""
""
""""""""""""""""""""""""""""

""""""""""

""""""""""""""""""""""""
""""""""""""""" """""""""""""

"

"
"""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""

"""""""
""""""""""
""""""""""

""" """""""""""""""

"""""""
"
"""""""""""""""""""
""""""""""""""""" """""""""""""" """

""

""

"

""""""""""""
""""
"""""
""""
"
""""""""""""

""""""""""
""""""""""""""
""

""""""""""""""
"""""""""""""""""""""""""""""

""""""""""""""""""""""""""""""""

"""""""""""""" """""""""""
"""""""""
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""

"

"""""

"

"
"

"

""""

"
"

"
"

""
"

"
""

"

""

"

"""

"
" " ""

""""
""
" """"""""
"""""

""

""

""

"
"
" " " """

""
"" "" """""""

"

"
"

"
"" """ ""

"
"

"""

"""

" " "

"

"

"

"
""

""""""""""""""""""""""

"
"""""""

""
""""
""

"

""""

""""""""""
""
"
""
"
"

""
""""""

"

"

"""

"

""

"

"

"""

"

""

"

""

"

""

"

"

""""""""

"""""

"""""""

""
"

"""""
""

""
""""""

""""
"""
""""
"""""""
"

"""
"""

""

"
""""

""""

"""
"

""""""""

"""""

"
""""
"

""
""
""

""
"""""""

"""""""

""""

"

""

"""

"

""
"""""

"""""""" """"""""""
"
"""""""
""
"

"""
"

"" "
"

"
""" """""""""" """ ""

"
""
"

"""
""""""

""
""""

"
"
"""""""""

"
"""""""""""

"""""
"
"""

" ""
""

""""""
" ""

"""""""
"""
"

"""""""
"""
""
"
"
""""""""""
"

"""
"""""""""""""" """"""""""
"""""""
""""
"
""""
"
"""
"""""""
""""""""""""
""
"""""

""""""
" """"""
""
""
"""
"
"""
"""""

"""""

"""""
"

""

"
"
"
""""
""

"
"""
""""""""

""""
""
""
"""""""" """"
"
"""""""""

" "

"""""""""
"

""""

""
"""""""""""""

""
""
"
"

""""""
" """""""""""""
"""""""

"

""""

""""""
""""""""""""

""
"""
""""

""""
"""

""""

"

"""""""""
"
"

"""
""""""""""""""
"""""""""
""""" """"""""""" "

"""""""
"
"""
"""""
"""

"
"""
"
"""
"

"""" """""""""""""""""""""""""""""
"
"""""
""""
""

"
"""""

"""""""""""

"""

""""""""

"
""""""""""""
"
"
"""""""
"

"""""""""""
"""""""""

"""
""""""""""""""""""""""

"""""""""
""""""""""""""

""
"

""""""
"""

""

""
"""""
""""
""""
""""""

""""""""""

"""

"""

"""""""""""""""""
"""""""""""
"""""

"
""""""""
"""

"""""""""

""
"

"

"
""
""""""
""""

"
"
""
"
"""

""""""""""""""" """"""
"

"""

""""
"" """""""

""
"
""""

"
""
""

""

"""
"
""""""

"

""""""""
"
"

""""
""""

"
"""""" ""

""""
"
""""

""""""
""
""" """""""""""

"
"

"""""""
""""
"""
"""

"""

""""""""""""""" "
"
"

""""
"""" """""""
"
""""
"

""
""""""""
""
"

""""""""""""""""
""""

"""""""""""""
"
"""
""
""

"""
"""
""

"""
""

"" """""
"" ""

"""""
"""

"
""
"
""""

" """"""""""
""""

"""
"""""
""
""
" """"""
""""
"""""""""""

"""""""""""""

""""""""
""""""""""
"
""""
""
"

"""""
"""
"

""
"
"""""""""""""""""
""""""""""""
"""""""""""

"""""""""""""" ""
"""""""
""
"""""""""

"""""""
"""""
""
""
"""

"""
""

""""
""" """""""
"""""
""""

""""
"""" ""

"""""
"""""""""""

"""

"""""""""

""""""
"

"
"

""""""""""

""""""
"""

"""""""""""""""""""
"""""""

"""""""""""""

"

"
""""""""""""
""""

""

"""""""""""""""
""
""""""""""""""
""""""

" """""""""""""""""""""
"""""
"""""""""""""""""""

"""""

"

""""""
"""
""

""""""
"
"

"""""""
""

"""

""""""

"""""""""""""""""
"""
"

"""""

"""""""""""""""""""""""""""

"""

"""

""
""" """""

""""""
""
""

"""""""

"""" ""
"""
""
"""

""
""
""
""

""
""""""""
""""""""""

"
""""""""

"""""

"""""""""""""""""" """"
"""""""""""

""""""""

"

""
"""""

"""""
"""""
"

"""
"""""""
""""
"""""""""""""""""""""""
""" "

""

"""""""""""""""
"""
"""
""""""" """

""""""

"""""""""""""""""""""
""""""""""""""

"""

"""
"""
""""""

"""""""

"""""
"""""""""

""
""""""""""
"" """"""""

""""""
"""""
""""""""""""""""""""""

""""""""""""""""""" ""
""""""""""
""

"

"

""

""
""""

"
""""""""""

""""
""""

""""""""
"""""""

"""""""
"""""

""

"
""""""""""""
""""""
"""
"""""""""""""""""

"""
"""""""""
""

"""""""""""
"""""" """""

"""""

""
"""""
""
"""""""
"""
"""""""
"

"""""""

""
""

"""
" "
"
"""""""""""""

""""""""""
"""

""""""""""""""""""""""""""
"""""""

"
""
"""""

"""""""""""""
"""" """"""""""""
"""""""" """
"""""""""

" " """
"""""""""""""
""""

""
"" """""
"""
""""

"

"""""""""""""
""""""

"""""
"""
"

"
"" """

"

"""" """
"""""""

"""""""
""

"""" """""
""
"""""""""""
"
""

"
" """"""
"

""""
"

"""""""" "
"""""""""

"
""""""
""""""""""""
" """""

"""
""""

"
""""""
"""" """

"""
"""""""""""""""

"
""""
"""
""
"""""
""""""""""

"

"""""
""""
"

"
""""

"

""""""""""""
"""""""""""
"

"""""

""""""

""
""

"""""""""""""""""""""
"
""""
"

"""""""

"
"""""""
""

"

"""

""""""""
""""

"

"

""""""
""

"""""" """
"""""

"
"

"

"
" """""""

"" """"""""""
"

""""""
"""""""""""""""""

"""""""
"
""""""""""""""

"""""""
""""
"
""""""

"
""""""""

"
"""""" """""""

""""""""""""

""""""""""""""
"
""""

"""""
"

"""""""""""

""""""""""

""""""
""

""
"""""""
"
"

"""""
"
"
"""

""

"
"""""
"""""" """"""""

""
""""""""" """"

"""""
""
""""""""""""
""
"""""""
""""""""
"""""""""
"""""""""""""

""

"""

""

""

"
""

"

"

"""
"
""

""""
"
""""""""
"
"

"

""

""
""

"""""""

"""""""

"""""""""""""""""""""""""""""""""""""""""""""""""

"""""""""
""""""""""

""""""""""
"""""""
"""
"

"""""""""""""""""""""""""""""""
""""""""""""""""""""
""""""""
""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""

"""""""""""""
""""""""""""""""""""""""
"""
""""""""""""""""
"""""""""""""""""""""""""""""""""""

""""""
""""""

"""""""""""
""

"""""
"""

""""""""""""""""""""""""""""""""""""""

""""""""""""""""""""""""""""
"""""""""""""""""""""""""
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""

""""""""""""

""""""""""""""""""""""""""""""""
""""""""""""""""""""""""""""""""""
""""""""""""""
"""""""""""""""""""""""""
""""""""""""""""""""""""""""""""
"""""""""""""""""""

"""""""""""""
"""""""""""
""""""
""""

"""""""""" """"""""""""""""

"""""""

""""""
"""""""
""""""
"
"""""""""""""""""

"

"""""""""""""
"""""""""""

""""""""""""""""
""""""""""

"""""""
""""""""""""""""""""""""""""""
"

"""""""""
""""""""""""" """"""
""""

""""""""""" """"""""""""""""""

"""""
"""""""""""""""""""""""
""""""""""""

""""""""""""""""""""""""""""""""""""""""""""""""""
""""""
"""""""""""""""""""""""""""""""""""""""
""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""
""""""""

""
"
"""""

""

"
""

""""

"

""

""""

"

"

"

"

"""
"

"

""

"

"""""
"
"

"

" ""

"

" "
"

" """"""

"

"

"""""""""""
"""""""""

""""""""""""""
"""""" "

"
"""

"

""""
""

"

""
""""

"

"

""""""""""""
"
"""""""""""

"""""
" "

"""
"""""

""" """""""
""""""""""""""""""""""""""""""""""""""""""""""

""""""""""""""""""""""""""""""""""""""""""""""""""

"""""""""""""""""""""

"""""""""""""""""""""""""""" """""""""""""""""""""""""""""""""""""""""""""""""""""
"""
"""""""""""""""""""""""""""""""""""""""

"
""""""""""""""""""""""""""""""""""

""
"""

""""""""""""""""""
""""""""""""""""""""""""""""""""""""""""""""""""""""
""

""
"

""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""
""""""""""""""""""""""

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
""""""""""""""""""""

"""""""""""""""""""""""""""""""""""
"""""""""""""""""""
"""""""""
""""""""""""""""""""""
"""""""""
"
"

""""""""""""""""""
"

"""""""""""""""""""
"

""""""""""""""
""""""""""""""""""""""""""""""
""""""""""

"

"""""""""""""""""""""
""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""

""
"""
"""""""
""""""""

"

""""" "
"""

"

"
""""" """"""""

""
""""

""""""
"

"""""
""""

""""""
""

"
"

""""
""""
"""""""
"

"
""""

"""""
""""" " """"""

""""

"

""

"""""""""
" ""
""""

""""""""""
""""""""""

""""

"""""""""""""""""""""

""""
"""""

"""
"""""""

"""
"

"

""""""""""""
"""""""

""

"

"

"""""
"""""""""""""""""""
""""
""
"""""""
"""
"

""""
""
"

"""""""
"
""

"""""
""
"""""""""
""

"

""""""""""
"""""""""""""
"""""""""""""""""""""
"""""""""

"

"
"""

"""
"""

"""""""""

""""""""""""
""""""
""""" ""

"""""""
"""""""""""""""""""

""""""
""""" """"""""""""""" """""""""""""""""""""""""
""""""""""""""""""""
"""""""""""""""""""""
""""
""""""""""""""
""""""""""""
""""""""""""
"""""""""""""""""

" "" "" """" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "" "
" "" "" ""

"
"

"
"

""
"" "" ""

"
"
"
"

"""
"

""""

"

"

"""""
"""""""""""""""""""""""""""""""""""""""""
""""""""""""""""""""

""""""""
""""""

""
""""""""""""""""

""""" """""

"""""""""""""""""""
"""""""
""""""""""
""""""""""""""""""

"""""""""""""" """""""""""""""""""

""
"""""""

""""""""""""""""""""
"""""""""""

""""""""""""""""""""""""""""""""""""""""""""""""""" """"""""""""""""""""
""""""""""""""""""""""""""""" """""""""""""

""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""" """""""

"""""
"""""
"""""""""

""""""""""""
"""""""""""

""
""""""
"""""""

"

"""
"

""""""

"""""""""""""""""
"""""""""""""""""""""
""""""""""""""""
"""""""""""
""""""""""""""
""""""""""""""""""

"""""""""

""""""""
""""""""""""""""""""""""""""

"

""""""
""""

""
"""""""""""

""

"

""

"""

""

""

""""" """""

" ""
"
"
"""""

""""""""""""""""""
"
""""""
""""""

"

""
"

"""""""

"

"""""""""""""""""
"""""""
"""""""""
""""""""""""""""""

"""""""""""""" """""""""""""""""""""""""""""""""""""""""""""""""""""""

"

"""""""""
""""""""""""""

""""""

""
"""""""""""

""""""
""
"""""""

"" """"""""""""""""" "

"
""

"

""

""""
""

"
""""""

""

"

"

"
"""""""""""
"""

""""

"""

""""""""""""""

"" ""
""

""

"""""

""
""""

"""""""""""""""""

""""""""""""""""""
"""""""""""

"""""""""""""""""""""
"""""""""""""""""""""""""""""""
""
"""""""""""""
""""""
""
""""""""
"""""""""""

"""""""""""""""""""""""
""""""""""

""""""""""""""""

""
""""""
""""""
""""""""

""""""""""""""""""""""""
"

"""""""""
""""""

""""""""""""""""""""""""""""
""""""""""""
"""" """

""""""
""""

""""""""
"""""""""""""""""""""""""""""""""" "

"

""""
"

"""""""""
""

""""""""""
"""

"""""""""""""""""

"""""
""""""""""""""""""
"

"
""

"
"""""""""
""""""""""""""""""

"""""""
""""""""""
""""""""
"
""""""

""""""""""""""""""""""""" """""
"""""""""""""""""""""
"""""
"""""""""
"""""""""" """
"
""""""""""""
"""""""""""""""""""""

"""""""""""""""""""""""""""""""""
"""

""""""

""

""""
""

"""""
"""""""""

"""
""""

"""""""""

""""""
"

""""""""""""""""""
"""""

""""""""""""""""""""""""

""

"
"
""""

"""
""""""""
""

"""""""""

"

"

"

""""""""
"

"""""""""

""
"""""
""

"""""""

"""""""""
"""""""" "

""""

"
"""""""

""""""""""""""""
""""""""
"
""""""

"""""

""

"""

""
"""
""""""

""

"
""
"

"""
""

"
"
"
"

""""""""""""""""""""""
"

""
""""

"""""
""""

"
" "

""
"

"""

""

""
""""""
"""
"""""""""""""""

"

"

"

"""

"""
"""""""""""""""""

"

"
"
"

"""
"" " ""

""
"

""

""
"""

""""
"""
""
""""""""

"
"""""

""""""""""""
"""""""""""""""""
"""""" """

"""""
""""

"""
"""""""

"
""

""""""
"

"""""
" "

"

""""

"

"" """"

""""""
"
""

""""

"""
"

"""
"""
"""

"

"

"
"

"

""""""""""""
""

"
"

"""""""""

" """""
"""""

"

"""
"

""""

"""
"

"""

""

"

"
"

"""

"

"""""

""""
""

""""

"""

" "

""""
""""""
""
""""
""

"

""""""""
"""""
"""

""

"
"""""""
"""""" """""""""""""""""

"""""

"""""""""
"

"

""

""
"

"""

"""""""
""

"""""

"
""""""
"""
""""

"""""""""""

"
""
"

""""
"""""

"

"

""

""
"

"

"

"

""
"

" """"""""""""
"
"
"

"
"
""" """

"
""""""
""

"
""

""

"

"""""

"

""
"

" "

"" " "" """
""""

"
"""

""

""

"
""

""
"""

""""
"
"
"""""""""

""" "
""

""

"
""

""

"

"

"""""
"

"
"" """"""
""
" ""

"""""""
""

""

"

"

"

""""
"""

""""""""""""
""

"

"""
" """""""""""

"
"""""

""
"""

""""""""""""""""""""""
""""" ""

"
""""""""""""""""""

"""""""""""""""""""""""""""""""""

""""""""
""""""""""""""""
"""""
"
""""""""""""""""

""""
""

"

""
"""""

""""""""""""""""""" """""""""
"""""""

""""

"""""""""""""""
""""""
"""

""""""""

""""""""
"""""""
"""""""""

"""
""""""""

"""""
""""
"""""
"""

""""""

"""""""
""""""""""" """

""""
"""
" """

""""""""""""""
""""""""""

""""""""""
""

""""""""""""""""""""""""""""""
"""""
"""""""""""""

""""""""""""""""""""""""" """""
"

""""
""""
"

"""""""""""""""

"""""""""
""""""

"""""""""""""""
"""""
""""
""
""

"""

""""

""""

"
"""""""

"""""""
""""

"""""""
""""""""""""""""
"""""

"""" ""
"

"""""
"

"
""

""""""""
""

""""""""
"""""""""
"""""""""""""""""""""
""""""""""""
""""""""""""""""""""""""""""""""""""""""""""""""""
""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" """"""

"
""
"""
"

""
""""""""
"""""""""""" """"

""""""" """"
""""""""""""""""""""""""""""

""

"
""""

""""" """""""""""""""""""""""""

"
"

""" "

"
"

""""
""

""""""""
"""""""""""""""""
""""
"""""""""
"""""""

"""""""""""""""""
""

"

"

"""""

""
""""

""
"
""""""" ""

""""
""""
""

""""
"""" """"
""""""""
"
""""""
"""""""" """"""""

"""""""""
""""

""

""""""
""""
""

"

"""
"""""""""
""

"

"""""

""""
""

"
"""""""

" """""""
""""

"

"

"

""
"""

"

"""
""
"

"""""
"

"""

""
"""" "

"
"

"""
""
"""

"

"""""""""
""

""""
"""
"" "

""""""
""""""

""""
"""""""
"""""""""""" """"

""""
"""""""

""
"
"""

"
""

""

"""""""""""""""""""""""""""

""""
""""""

""""""""""""""

""""""""""""""""""""""
""""""""""""""""""
"""""""""""""

""""
""

"""

"

""""
"""
""

"

""
""""""""
""

"""""""

""""""""""""
"""""""""""""""""""""""""""""""""" """"""""""""""""""""""""""""

""""""""""""""""""""""""""
""""""""""""""""
"""

"

""""""
"""""""""""""

"""

"""
"""

"""
"""""
"""

""" "

"""
""

""""

""""""
""""
"""""""""""

""""
"""""

""""
"""""""""""" """"""""""""""""""""""""""""""""""""

""" """
""""
""""""
""""""
"""""
"
""""""""""""""""""
"""""

"""
"""""""""""
""""
""""""
"""""""
"""

"""""
"""
"""
"""""
"""""
"""
"""""

""""""
""""""""""""""""""

"

""
""""""""
"""""

"""""""""
"""""""""""
" """"
"

""""
""""""""""""""" """"""

""""""""
""""""""""

""""""
"""""""""""""""""""""

""""""""""""""""""""

""""""""
""""""""""

""" """""
"

""
""
""
""""""
"""""

""
""
"""""
"""
""""
"
"""""
"

""""""
"""""""
"

""""""
""""""""

"""
""""""""""""""""

""""""
"""""""""""

" """""
"""""""
""""
"

"""
"""""
""
""""""""
""

"""""""

"""""""
"""""
""""""

"""""
""

"

"""""""""""""
""""" """"

"""""""
""""""""""

"""""""""""

""
""""""""""
""""""""

""""""""
"""""""""
"""
""" """"""

"""""""""""""
""""
"""""
"""""""
""
"""""""

"""""" "" """""""
"""""""

""""

""""

""""
""""""

""
""

"""""""
""

"""""
""
"""""

""

"""""
"""""""""""""

"""""""""
"""""""

""""""
"""

"

"

""""

"""" """""""""
"""

"""
"""""
"""""
"
""""
"

""""

"""
""""""
""""
"""""""""""""" ""

""""
"

"""
""
""

"""

"

"
"""""
"""

""

""""
"""""""

""""""""""

"""""""""""""""""
""""""""

""

""""""
"

""""""
"""
""

"""""""""
"""""""""
""""""""""""

"""

""""" """"

"""
"""""""""
"""""""""""""""""""""

"""""""""
"""""
"""""""""""

"""""""""""
""

""""
"""
""""""""""
"""""""""""
"""""""""""
""""""""

"""""
"""

""""
"""""""""

""""""
"

""""""
"""""""
"""""
""""""

"""""
""
"""
""""""" """"""

""""""""""""""""""""""
""""""

"""""""""""""""
"""
""""""""""""""""

"""""""""""""""
"""""""""""""

""""""
"""""""

"""
""""""""

"""""""
"""""""

""
"""""""""""""

"

"

"

"

""""
""""""
"""""""""""""
""""""""""""" """"""""""""

""""""""""""""""""""
""""""""""""""""""

"
""
""

"""""""
"""""
"""""
""

""
""""""""""
""" "

"
"""""""
"""""
""""""

"""""
""
"""
""""""
"
""""""
""""""""""""""""""""""
""""""

"""""""""""
""""
"""""""""""""
"

"

"""""""""
"""""
"""""""""""

"""""""""""
""

""""
"""
""""""""""
"""""""""""
"""""""""""
""""""""

"

"

""""
""""""
"""""""""""""
""""""""""""" """""""""""""

""""""""""""""""""
""""""""""""""""""

""""""
"

""""""""
""

""""""""""""""""""""
"""""""

"""

""""" "

" ""
""""""""""
"""""""""""

"
"""""""""

"""""
""

"""""
""""""""

""""
"""

"""""
""""""""

""""""
"""""""

"""
""""""""

"""""""""""
"""
""
"""""""""""""

""""""
"""

""""""
"""""""""""
""""""
""""

"""
""

""""" "
""""""""""""
"""""
"

""

"""""""""""

""""""""
"
""

" """
""

""""
"

"

""

"
""""

""
"

"""

""""""

"""""""""""""" """""""""
"""""""
""" """""""""""
"

""""
"

""

"""

""""""""" """""
"""

"" """"
""""

"
""""

"

"""" """""""""""""""""""""""""""""
""""""""

""
" """""""

"""""
"

"

"""
""""""""""
"

"

"" """""""""
""""

""""""

"""""""

""
"
"""""""""""""""""""""

"""""""""""""""""""""
"""""""""""""""""""""""""

"""

"""""""""""
"
"
"""""

""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""
""""""

"""""

"""" "
"

"""""""""""
"""""""""""

"

""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
""""""""
"
"

""
""""""
"
"""""
"

"""""
"""""
""""

""""""

""""""
""""
"

"
""
""""""""""""""""""""

"""""""""""""""""""""""
"

"
"""

""""""
""""
"""""""""

""""""""""""""

"

""
"

"""""""""""
"""""""""""""""
""""""""
"""""""""""""""""""""""""
"

"

"""""""""""
"""""""""""""""""""""""""""""""""""""

""""""""""
""""
"
"
"""""""""""""""""

"""""""""""
"""""""""""""
"""""""""""""

""""""""""""""""""""""""""
""""""""""""""""""""""""""""""""""

""""""

"""""""""""""""

""""""
"""""""""""""

"""""

""
"""""""""""""""""""
""""""""""""""

"
"
"

"""""""""
"""""""""""""""
"""
""""""""""""""
"""""
"""""""""""""""""""""""""""""""""""""""""

"""""""""

"""""""""""
""""""""""""""""""

"
""""""

"
"""""""""
"""""""""""""
"""""""""""""""""""""""""""""""""""""""""

""""""""""""""
""""""""""""

""""""
"""""""""""""
""""""""""""""
"""""""
""""""""""

""""
"

"""""""
""""""""""
"""""

"""""""
"""
"""""""""""""""""""""""""""""""""

"""""""""""""""""""""""
"""""""""""""""""""""
"""""""""""""""""""""""""""""
""""""""""""""""""
""""""""""""
"""""""""""""""""""""""""""""""""" """"""""""""""""""""""""""""""""""""""""""""""""""""""""

""""""
""""""""""""""""""""""
"""""""""

""""""""""
""" "
""""""""" """"
"""""""""""""""""
"""""""

""
"""""""

""""""
""""""""""""

"""""""""""""""""
""""""

"

"""""
"""""

""""""""
""""""

"""""
"""""
""""
"""""""
"""
""""
"""""""""
"""""""""
"""""""""""
"""""""""
""""""""""""""""
""""""""""""""""

""

""""

""""""
"""""""""""""
"""""""""""""
"""""""""""

"""""""""""""""""""""""""""""
"

"
"""""""""
"""""""""""""""""""
""""""
""""""""
"""""
""""""""""""""
""""""""""""""""""""""""""""""
""""
"""""""""

""""""""""

"

"""""""""""""
""""""""""""""""""""

""""""""""
"""""""""""""""""""""

"

"""""
"""""""
"""""""
"""""""""""""""""""
""""
""""""""""""""""""""""""""
""""""""
"""""

""""""""""
"""""""""""""""""""""

""""""""""""""

""""""""""""""""""""""""""""

"""""""""""""""""""""""""""""""""""""""

""""""""""""""""
""""""""""""""""""""""""""
"""""""""""""""""""""""""
"""""""""""""""""""""

""""
""""""""""""""""""""""""""""""""""""""""""""""

"""""""""""""""""""""""""""""""""""
""""
"""""""""""""""""""""""""""""""""

"""""
""""""""""""""""""""""""""""
" """"""""""""""""""""""""""""

""

""""

"""
""""""
"""""""""

"""

""""""
""
""""
"""""""""""""
""""""""""""""""""""
"""""""""""""""""""""""

""""
""""""""""""""""""
"""""""""""
""""""" """"""""""

""
""""""""""""""""

"

"" """"""""""""""""""""""""""""""""

"""""""""""""""""
""""""""""""""""""""""""""

"""""""
""""""""""""""""""""""

"""""" """""""""""""""""""

"""""""""""""
"""""""""""""""""""""""""""""""""""""""
""""""""""""""""

"""""""""""
""""""""""""""""""
"""""""""""""""""""""""""

""

"
" "

"
"

"
"""

"
""""

""""""
"""

"""
"

"

"""""
""

""
""""

""
"""
"

""

"
"
"""

"
"""""""

"""
"""""""""""

""""""""

"
"

""""
"""""

"""
"""""
""""
"""""

"""""""""
""""""
"

""

"" """""""""""""""""" """"""""" """" """""""""" """

"
"

"
""""""""""""""

"
""""
"""""""""""""""""

""""""" """"""""""""""""

""""""""""""
"""
"""""
""""

"""""""
"""""""""""""""

"""""""
"

"""""""""""""""""""""""
""""
""

"""""""""""""
""
""""""""""""""""""""""""""""
"""""
"""""""

"

"""

"
"""
""

"""
" """

""""""""""""""
""""""
""""""

"""""""""""

"""
""""""""""""

"""
"""

"" """

""""""" """"
""""""""""""

""""""""

"""""""""""

"""""""""""""""""

"""""

"""""""" ""
"

""""""""""""""""

""""" """" "" """"""""""""

"""""""""""""

""""""

""""""""""""""""""""""""""""

"""

""""""""

""""""""""""""
""""""""""""""""

"

""

""
"""""""

""
"

"
""""""

"
""""

""""
""
"
""
"""""

"""
"""""""""
""""
"
"""
"""""""
""

"""""

""
"""""
""
""""

"
"""""

" """ """""""
""

"
""""""
"""
"
"

"""""""

"" """"""""""""""""
"

"""""
"

""
"""
"""""

""

"

"""

""""""

"
"

"

""""

""

"""

""""""

"

""
""""
"""""""

"""""""""""""
""""

""""
"""""""""

"""
""""" """
""
""""""""
""""

""""

""
"""
"""""

"""""""
""
"
""""
"

""
""""""
""""""" """""

"""""""""
"""""""""

"
"""
"""""

"
""

"" """"
"

""
"
"""""""

"""""""
""""""""

""""" """"
"

""""""""
"
""
""""""

""
""
"""""
"

""""""
"
""

"" "
"""""""
"""

" """"""""""
""""""""" """"
"""

""
"
""""""

"

"""

"
""""""""

"
""
"""""""" """

"""""
" "

""
""""

" """""
"""""
""

"
"
"""
""""""""

""""
""""

"""""""""""""
"""""""
"""""

"
""""
""""""

""

"""

"
""""

" ""
""""""

""""""
"

""""
""
""""""""
""""
"""
"

"""""
""" """

"

"""
"

""
""

""""""""""""""
"" ""
""""
""

"""""
""""

""
"

"""
""""
"
""""

"""""""""
" ""

"
""""""

""" "
""""
"

"

"""""""""
"""
"
""
"

"

"
"" """"""

"""""""
"
""""
""""
"
""""""

""""" ""
""""

""""

""""""""""""

"""
"""

"

"
"
"

"
"

"

"

"

"
"

"

""""
"""
""

""

""

"
""

""

"
"

""
"

""
"

"

"

"

""
"

""""

"
""

""""

"

"""
"

" "

""""
""
"

""""

"

"

"

""""

"
"""

"

""
""

"
""""
"

"""

""
"

"
"""

"

""

"""""""

"

"""
""""""

"""""
"

"
"

"""
""

"
"
"

""

"""

"

"

"

"
""""""

"

"
""

""
"

"""

"""
"

""""
"

"

""""
"""" ""

"

"
"""

"""

""
""

"""

"""
"""

"""
"""

""

"

"""

""""

"

"

"
""""

""""

"
"

"

"

"

""""
"""""""""""""""""""""

"""

"

"
""

"

"""

"
"""

"""

"
""

""""""""""""""""""""""""""""""

""
""""
"
""
""""""""

"

"

"""
"""""

""""""""""

"""""""""""""""""""""

"""

"
"""""
""""""
"""""""

"""""

""

""""""""""""""""""""""

"

""""
"""""""""""

""""""""""""""""""
"""""""""

""

""""""""""""""""""

"""""""""""""

""""""""""
""""

""

""""
"""""""""""

"

""""
""""""
"
"""""""
"""""
""
"""""""""""""""""""""""""

"
""""""""""
"""

"""
""""""

"""

"""""""""""""""""""
"

""""""""""""""""

""""""
""""
"""""""""""""""

""

""
"

"""""
"""""
""""""""""""""
"" """

" """""
"

""""""""
"""""

""

"
""""""
""""""""""""""
"

""
"

"""

""""""""""""""""""""""""""
""
""

"""

""

"""""""""""""""""""""""""
""""""""""""""""

""

"""

"""

""

"""""""
"

""

"""""""""""""""""
""""""""""""""
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""
""""""""""
"""""""""""""""
""""""""""""""""""""""""""""

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" """"""""""""""""""""""""""""""""
""""""""""""""""""""
"""""" """"""""""""""""" "

"""""""""""""""""""""""""""
""""""""

"

""""""""""

"""""""""""""""""""
""""""""""""""""""""""""""""""""""""""" """""""""""""""""""""""

"""""""""""
"""""""""""""""""""""""""""""""""""""""
"""""""""""""
"""""""""""""""""""""

"""""""" """""""""""""""""""
"""""""""""

""""""""""""""""""""""""""
"""""""""""""""""" """"""""""""""""

""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
""""""
"""""""""""""""""""""""
"""""""
"""""""""

""""
""""""""""""""""""""

""""""""""""""""""""""""""
""""""""""""""""""
"""""""""""""""""""

""""""""""
"""""""""""""""""""""""""""""""""""

""
"""""""""""""
"""""""""""""""""""""""""
"""""""""""" """"""

"""""""""""""""""""""""""""""

"""

"

"

""
""""""
""""""""""""""""""""
""""""
"""""""

"""""""""""""""""
""""""""""""" """""""""""""
"""""""""""

"
""""""""
"""""""
"""""""""""""""""""""

"
""""""""""
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""

""""""

"""""""""""""""""""""" """"""""""""""
""""""""""""""""""""""

""""""
""""""""""""

"""""""
""""""""""""
""""
""""""

""""""""""""""""""""""""""""""""
""""""""""""""
"""""""""""""""""""""""""""""""""""

""""
""""""""""""""
""""""
"""""""
"""""""""""""""""

""""""""" """""""
"""""""""""""""""""
""""""""" """""""""
""""""""""""""""""""""""""""

""""""""""
""""""""""""
""""""""""""""""""
"""""""""""

""""""
""""

"""""""""" """""""""""""""

"""""""
""""

"""""""
""""""
""
"""""""""""""""""""""""""""""

"""""""
"""""""
""""

""""""""""

"
""""
""

"""""""
""""
""

""""
"""""""

"
"""""
""""""""""""""

"""""" ""

"""""""""""""""

""""""""""""""""""" """""""""""""""
"""""""""" """""""""""""""""""""""

"""
""

"""""""""""
"""" """"""""""""""""""""""""""
"""""""

"""""""
""""""""""""""""""""""

"""""""""""""
"""""""

""""""""""""""""""

""""""""""""""
" """"""""""""
""""""""""
"""" """"""

""
"""""""""""""""""

""""

"""""""""
""""""

" """"""""""""""""

""""""
""""""""
"""""""""""""
"""""""""""""""""""""""

"""""""

"""""""

""""
"""""""""""""""""""""""""

"""""""
"""""""""""""""

""""""""""
""""""""""""""""""""""""

"""""""""""""

""""""""

"
"""""""""""""""
"""

"

"""""""
""""""

""
"""""""
""""""""""""""

""""""""
""

"""
""""
""""""""""

"""
"

""""""""""""
""""""" """
"

"

"""""""""

"""""""""""""

"""
""
""""""""""""
""""""""

"""
"""""
""""""""""""""""""""""""""""""""""""""""""
"""""""""

""""""""""""""""""""""""""""
""""""""""""""""

"""""""""""""""""""""
"""""
""""""""

"""""""
"""""

"" """""""""""""""""""""""""""" "

""""""
"

"""""""""""""""""
""""""""""

"

"

""""""""""""""""" """"""""""""
"""""""""

"""""

""
"""
""""""""""""""

""""""
"""
"""""""""
""""""""""

"""
"""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""

""
""""""""""""""""""
""""""""""""

""""""""""""""""""""
""""""""""""

"""
"""""

"
""
"""""""

"""
"""""""
"""

"""""""""
""""""""""""""""""""""""""

"""""""""""""""""""""""""""""
""""""""""""""""""""""""""""
""

""
"""""""

"""
""
"
"""""""

"

"

"

""
""

"
""

" "

"
"" """"
""

"

"
""""""

""

"
""
"
"
"""
"
"

"

"

"

"""""

""""""""""""""""""""""

"
"

"

"""

"""""""

""
"""""
""
""""""""""""

"""
""""
"""""""""""""""

""""
""

"
""
""""""
""""""""

""
"

"

""""""

"""""""

""""""
""""""""

""""""""""

""""""""""""
"""

"""""""
"""
""""""""

""

""""""""""""""""""
"""""""

""
""""
""""

""
""
"""""""""

"
"""""""""""""""""""""""""""""""""

"""""""
"""""""""""""""""
"""""""""

""""""

""

""""""
""""

""""""""
""""

""""""""""

""

"""""""

""""
""""""

""""
"""""""""" """""
""""""""""""""""""""
""""""""""""

"
"""""""""

""

""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""
""""
""""

"
"""""""
""""""""
""

""
""""""""""""""

""""
""" ""
""""""
"""""
"
""""""""""""

""""""""
""""

""""""""""""
""""

"""""""""""""""""""""""

""

""""""""""""""""""""
""

"

"""

""""

""""""""
"

"
"""""""""""""""""""""""

"""""" """"
"
"

""""
""""""

"

"""
""""
""""
""""""""

""""""""
""

""

""""
""""
"""""

""""""""

""""""

""""

""""""""
""

"""" """"""
"
"

"""""""""""
""""

"""" """""""
""""""

""""

"

""""
""""
""""""""

""

""""""

""""""""""""" """"
""""""""""""""""
""""""""
"""""""""""""""

"

"""""

""

"

""

""""

""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""

""
""""""

""""""""""""""""""
""
""""

"""

""""

""""""""""""
""""

""""""""""""
""
""""""""""""

""
"""
"""""""""""
""
""""

""""""""
"""""""
""""""""
""""""

"""""""""""""

""
""""""

""
""""""
""""
""""""""""""""

""
""

""""

""

"""

"
""

""""""

""""

""""""""""
""""
"""""""""""""

""""

""""""
""""

""""""

""""

""
""

""""

""""
""
""
""""
""""

"""""""""""""""""
"

""""
""""
""
""""""""
"""""""""""""""""" """

""""""""

""""
""""""
""""

"
""""""

""""

""""""""""
""""""""""""

""
""""""

""""""""""""
""""""""""""

""""""""""""
""""

""""
""""""
""""""""""""""""""""

""

"
""""""""""""""""

"""""
""""""""

""

""""""
""""""""""""""
""""""""""""""""""""""""""""""
""""

"""
""""""""""""

"""""""""""""
""""""""""""""""""

""""""""""""
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""

"""""""""""""""
"""""""

"

""

""""
"""

""
""
""""
""

""

""""""
""""""""
""""""
""
""""""""""""""""""""""

""""""
""""""
""""
"
"""""""""""""""""

""""""""""""""""
""""""""

""""""
""""""""""""
""""""""
""
""""""""""
""

""""""""

""

""

""
"
"
""""
""""""

""""
""""""""""""""""

""

""""""""
""""
"""""""""""""

""""""""""""
"
""""""

"""""""""""""""""""""""" """"""""""""""""""""""
"
""""
""""

""""
"
"
""""""""

""
"""""""""""""""""

""""

"

"""""""
""""""

"
"
"
"

"""""""""""""
"""
"
""""""""""
""""""""

""""""""
""
""
""""""

"
"

"

""""""""""
""""""""""""""
""""

""""""""""""
""""
""""

""""

"""
"
"""""""
"""""
"
"""""
""""
"""""""""""""""""
""

"

"""
"""""""""""""""""""""""""
""""""""

"""""""""""""""""""""""""""""""""""""""

""

""""""""""""""""""""""""""""
""""""

""""""""""""""""""""""""""""""""""""""""""""""""""""""
""""""

"

""""""

""""""""""""""""""""""""""""""""""""""""""""""""""""""""
""""

""""""""""""""""""""""""
""""""""""""

""""""

"

"

"

"

"

"""

"

"
"

"

"""""

"""""""""""""""""""""""""""

"

"

"

"

""""
""
""
"""""
"""""
"

"""
"""""""""

""
"

"""

""""
"""""""""

""""
""""""
""
""""""

""""""
""""""""""

"""""""""

"""""""""""""
""""""""""

"

""""""""
"""""

"""""""""""""""
"

""""

"
"""""""""
"
""""""
"""""
"""

"""""""""""""
"
"""

"
"""""
"""""""""""""""
"""
""

""

"""

"""""
"""
""

""
"""

"""
"""""" """

"

"" """
""""
""""

""""""""
"""
" """"""""
"
"""
""""
"""

"""
"""""

"""
""""
"""""
""""
"""""

""
"""

"""

"""
""""

"""""""

""""""""""
"""
""

""" """""

"

"
""""""

"" """""""

""
""

""""
""
"""

""""""

"""

"""
""""""

""
"
""""

""""""""
"""

"

"""
""""
""
"

"""""""""
"""""""""""

""
"""

""""""""
"
"

"
"""
"
""""""""""""""

""
"""""

""""""""
"
"

""""""
"
"

"

""""
"""

"""

"""
""""

"""""""""""
""""
""""

""""" """"""""""""
"""""""""""""

""""

"""""
""

""""""
"

"
"""" "

""""
""

""""""
"
"""""""

""""
""""
""

""
"""""""
"""""
""""""""""""

""

""""
""

"

"
"

""""""""
"
"""
"
"""""""""""""

""""
""""
"
""""
"""""

""""""""
"" """""
""""
""
""""

""""""
"""""
""""
""""

""
"""""

"

""""
"
""""

"""""""

"""
"""""

"
"""""
""""
"""

"

"""""
"""
"
""""
"""""""""""
""""
"""""""""""

""
"""

""""""""""""""""""

"""" """" """
""""

"
""""""
""""""
"""

"""""
""
"""

""""" """"
""" """ """"

"""""
"""""
"

""""

" """" """"" """"""

"
"

"" """""
"""
""

"

"
"""
""""" """""

"
"""

"
"
""" """" """ """""

""
"""

""
""""
"""" """""""

" """" """"""
"""""

"

""""" """"""
""""""

""

"""""
""""""
""""" "

"" """"""""
""""
""""

"""""
"""""""

""""""
""""""""
""""" ""

"""""
""""
"""""

"

"
"" """"""
"""""""" """""

""""
""""""
""""" """"""

"

""""""
"""""""
""""

"""""
""""""" """"""

""" """"""
"""""
"""

"""" """"""
""""
""

"

""" """""
""""""
"""""

"
"""""
""""""
"""""

""" """ """""
"""""""
""""""
"

""
"" ""

""
"
""""""
""""""
""""" """"

"
"
""""
"
""""""

""""
""""""""

"""" """"""
""""

""

""""""""""""
"""""" """"""

""""""""""
""
"""
"

""""""
""
"

"""
""""" """""

"""
"

""
" """

"""
""""""
"""""
""""""
""

"""""
""""""
""" """

""" """"" """" """"

"
"

""
"
"

""
"""" """
""""""

"" """"
""""""
"""""

"""" """"" """
""""""

""" """""
""""

" "
"""" """""
"""""

"
"

"""""" """
"""

""""""""
" "

"""""
""""
""""
""""

"""" """" """
"

"
"

"

"
"
"""
""""" """"""
"""""

""
"
""
"""""

""
""
" """
""""
""""
"""""

"""" """"""
""""""
"""

"
"
""

" """"
"" "
"""""

"
"" """" """"""

"""

""

"
"""

"""" """""
"""""""

"
""
"
" """ """

""""
"""

"
""""
"""

""" """""
""
"""

""
""""

"""

""
"

""""
""""" """""""

""" """

""
"

""""
""""" """""
"""""
"""""

"
""" """""
""" "
"""""
""" """" ""

"
""
"""""""
"""
""""""

""""""""""
""

" ""
"

"""""" """" """"""""
"""""""""" """"
"""

" """"
""""""
"""""""
"""" """""
""""" """"""

"

"
""""

"""" """"""
"""" """

"

""""
"

""
""
"""
""""

""""
"""""

""""
""""

"""" """""
"""

"""""

""
""""" """"""
""""""

"" """"" """""
""""" """"""

""
"""""

"
"
"""

"""
""

"""""""
"""""
"""""" ""

"
""""""" """"

"""" " """""""
" """"

"""""
""
"
"""""
""

"
""

"

"" """"""""""
""""

""""""
"
"""
""" """" ""

"""""" """"""
""""""" """

""
"

"""" """""""""

"""

"

""" """
"""

""
"
""
""""
"" """"
" """"

"""""
""""""""
"""" """

"""
"""
"" """""""

""""
"""" """"

""
"
"""
""""

"
"""
""""""""
"""""""""""""

"""""
""" """"""
""

"""
""
"""
""
"" """"""
"""""" ""

""""""""
""""
""""

"""
"" "
""""
"""""
""""

""""" """"""
"

"""""

"
""

"""
""

"
""

""""
"""" """""

" "
" "

""""
""
"""

""""
" ""

"
""" "

""
"""""
"""

"""""""""
""
""

"""" """""
""
""
"
"""
""" """""
"""""""
""""

" """"""
""""""""

"
""""
""" "

"
"" "

"" """ """"
""""

"""" """" """"
"""""

" """""""" """""
"""""

""""" """
""""""
""""
"""
" """"
"""" """"""" """"""""

"""
""""

"

"""
""""" """"""
""

"
"""""
"""""
"""""

""""""
"""""""""

"
"""""
"""""
"""""

"""
"""" """""
"""""

""
""""""" """"
"""" """

""""
""""""
"

" """
"

""""
""""" """""
"""

""
" """"" """

""" """"""""
""""" """"

" """"""""
"""""""
""""""

""""
""""""""
"""

"" """"""
"""" """"""
""""
""""""" ""

""
""""""
""""""""""""" """""""""""

"""""
""

"""""""""""" """""
""""
"""""

"
""" """"
""""""

""

"""
""""""
""" """" """ """
""""" """""

""

""
"""
"
" ""
"""""""""""

"
""""""""""
" """"""

"""""""
"
"""""
""""""""
"

"""""
"

""""""""
""""""
"""
"

"
""""""""""""""""

"""""""
"
""
""

"""
"
""
""
" """"""

""""
""

"
""""
"""""""""""""
"""""" "

""

"

"""

"
"

"""""""
""
"
"""""

"
"""""

"""""""""""""

""""
""
""""

"

""""""""
"""""

"""
""""
"

""""""""
"

"""""""""" """""""""
"""""

"""""""""
""""""""""""""

""""""""""

"
""""""""""""

""""""
""""""

"""
""
"""""""""""
"""""
"""
"

"""
""""

"""""
"""""""""""""
""""""
"""""""""""
"""""""""""""""""""""

""""""
"""
"""""""

""""""""""
""""""" """"""""""""
""""""""""""

"
"

"""
"
""""
""""

"""
""""
""
"
""""""

"""""""
""""

""
""""""

"""""
""
""
""""""""

"""
""""""""

""""
""""""""

"
"""""""""""""

"
""""""""""""""""""
""
""""""""""

"""
""""""""""""""""
"""
""""""""""""""

""""
"""""""""
""""""""""""""""""""""""

""""""""""""""""
"
"
""""""""

" """""""""""""

""
" """"""""
""""""
""""""""

""
""

""

"""""""""""
"""""
"
""""""""""""""
"""""

""
"""""
""""""

""""
"""

""""
"
""

"""""
""""
""""""

""
"
""""""""""""""
""""""""""
"

"

"""

""""""
"

"
" """"""

"
"""

""
"

""""
""""
""
"""" """"""
""""
"

""""""

"""
""""""""""""""""
"""""""""""""""

"""""""""""""""""""
"
""""""""
""
""
"""
""""""

"""""""
"""

""""""
""""""""

""""""""

""""""

""

""
"
"

"
"
"

""

"

"

"" """""
"""""""

"""""""
"""""""""

"" """"""""""
"""

"""""" """""""""""" """"""""""
""""""""""" """"""""""
""""""""""
""""""""""

"

"""""""" """"""""""
"""""""""""
"""""""""" """"""""""
"""""""""" """""""""""

""""""""""
"""""""""""""
"""""""""
"""""""""""
""""""""""
"""""""""""
""""""""""

"
""" """ """""
"""""

"
"
"" """" """""
""""

"""""
"""""
"""""

"
"

"""
""""" """"

"
"""""""
"""""" """""""

"
"""""
""""
""" "" """"" """

""""""""
"""""
""""
"""

""

"""" """""
""""""
""

"""" """"" """""""""
"""""
"

" """
""" """"

""""
""

"" """"
""

"""

""
""""""
"""

"""
"""

""" """

"""
"""

"
"
""""
""""
""""
"""

"
"
"" """ """"
"""

""""
""""
""""""""

""""

" """""""" """"""""""
""""""
" """""""

"""""""
""""

"
"""""
"""""""
"""""""
"

"" """""""
""""""""
""""""
"""""
""""""
"""""""

""
""""" """" """"""
""""

""""" """"""
"""""
""""" "

"""""""
""""
"""""""""

"""""
"""""" """"""

""""" """""" """"" """""" """"""" """"
"""

"" """""" """"""
""""""
""""""
"""""" """"" """"

"" """""
""""
""""""

"" """" """""
"""""

"""""" """""
""""" ""

""""
"""""
"""""

""
""""""
"""""" """""" "" """"""
""""""
""""""

""" """" """""""
"

""""" """"
"""""

" """"
"""""
"""""
""""""

"" """"""
""""

""""""
"""""

"
""""""
"""
""""

"""""
""
"""""

"
"""""
""""""
""""" ""

" """""""
"""
""""

"""""
"""""""
"""""""

""""""
""""""""
""""""""
""""

"""""" """""""""
""""""""" "" """ """

"""""" "

""
"""""
"""""" """ """"""

"""""
"""""

""""
""

" """"" """"" "
" """""""

"""""" """
"

"""""
"""""

"
"""""
""""

"""
"""

"""""
"""" """""

"""""
""""""
"""

" """""
""""
"""" """

"""""
""""
""""

""
""
""""
"

""""""

"""

""
"""""""""""""""

""
"
"

"
"""""

""

"" """ """" """"""
""""

"""""" """"
""""""

" """""
""""
"""""""

""
"
""
"""""

""""""""
"
" "
""
""""""""""""
""""

""
""

""""
""""""
""""

""
"
"""
"""""""
"""

""
""""""

"" """"""""

"""
""""
""

"
""""" ""

""" " "" """"

"

""

"""

"
"

""""""
"" """ """""

""""""
"""" """

"
"""" """

"" """"
"""""""

""
"
"" """"""
"""""""
""""

" """ """"" """"" """ """""
"""

"" """"
""""""

"""

""" """
"""

"

"

"

"
""""

""
"""
"""

"""
"""" "
"

"

"" """
"""""

"" """"
"""""
"""""

"""
""""
"""""" """"

"""""" """"" """"
" "

"
""
"""""
""""""
""

"" """ """
"""""" "

"" """
" "

"""""
""""""
"""""""

"""
""" """"""""
""

""""" """""
""""" """"

"
""""
""

"
"" """""""

"""""
"""

"
" ""
""

"""
"""""
""""" """""

""
""

""""""
" """" """""

" "
"""

"
"
"

"
"""""

" """
"""

"""
"
" """"

""""
"

""""""""
""" """"""

"
""
"

"""
"""""""" """" "

"""""
"" """

"""""
""
""
"" ""
""""""""

"""
"""""

""
"""" """
""""""

"""""
"""""
""""""

""""
"" """"

""" """"" """
""" """""
""""" ""

""""
""
""""" "

""""" """"
"" "" """

"""" ""

""""
"""
"""""
" "

"""
"""
""""""

""
"" """"
""" """"" """""

""""" """

" """
""""""
"""""

""" """ """""
""""""

""""
" """ """"" """""

"""
""""

""""""
""""
"""""

""
"
"""

""""""" ""
"""
"""""" """"""" """" """"

"
""""
""""""

"
""" """"""""

""""""""
""""" """" ""
"""""

"" """"""
"""

""
""""

""" """"" """"""" """
""
""" """" """""""

""
"""

"""""""" """ """
""
""""
"""
"""" """"""""

""
""""
""""

""""""
"" """" """"

"""""""" """""

""""""""
""""" ""

"""
"" """""""" """"""
""""" """" """""

""

" """"""
""""""

""
"" """"""

""""""
""""
""""""
"""

" """""
"""""""

""""
""""
"""
""""" """""
""""""

""

""""""
"""" """""""""""""""
"""

"
"""
""""""""

" "

"""""""
"

""""""
""

" ""

"""
"" """""
""" """""
"""""
""""" """

""
""""""

""""
""""
"""""
""""

"" """
"""
"" """"
"""" """""

""" ""
"""
""""" """""
""""""

""""
"

""""

""""""
"""""
""""
"""

""" """ """""
"""""
""

"" """"
"
"""""" """"" """""

"""""
""

"""""
"""""
"""""""

"""
""

""""""
"""" """""""" """ "

"
"" """
"""
"""""
"""
"""""

""
"""
""

"

""" """""
""""
""""

"""
""""

"""
""" """"""""

""
"""""
"""""
"""" ""

""""""""
""""

""
""""" """"" """"" """

""
""""

"""""" """""
"""""""" """"

""
""" """"
""" """"""
""""
""""

"""" """"" """"""
""" """""
""""""
""

""" """"" """"""
"

"

""""""
""""
"""" """"

""""
""""
"""
"" """"
"""""
"""""

""""""
""" """""

" """""
"""""""
""

""""
"""" """"""
"""" """"" "

""""""
""

""""
""

"
""""""

""

"
"""
"
"""

""

"

""
""

"

"" """""" """" """""
""""""

" """" """" """""""""
""

"""" """

""
"

" """""
""""""

"""""
""""
""""

"""""" """"""""

""""""
"

"""
"

"""""""

""
"""""""""
"

""""
"""
"

"""""
"
"""
"""

""""""

"""""""

"

"" "

"

"""

""
"
"""
""

"

"""""""
"""

""""
"

"""

""
""

"""

"

"""
"""""
""

"
"""""
"""""""""

""
""""

"""""

"
"

"""
""""""

"""

"
""""

""
""""""

""""""

""
"""

""""
"""""

""
""""""

""
"
"""""""""""

""""""

"

""
"""""

"
""
""
"
"""
"""

""""
"

""""
""""""
""
""""

"""""""

"""""
"

""""
""""""

""

""
""
"
""
"

""""
""""
"

"
""
""""
"
"

""""""""""""""""""""""""""""
""""""""""""""""""""""""""""""""

"

""

""

"""" """"""""""""""""""""""""""

"""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""

"""""""""""""""""""""""""""""""""""""""" """""""""""""""""""""""""""""""""""""""""""""""""""""""
""""""""""""""""""" """""""""""""""""""

""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" """""""""""""""""""""""""""""""""""""
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" "
"""""""""""""""""""""""""""""

""""""""""""""""""""""""
"
""""
""""""
"""""""""""""
"""""""""""""""""""""""""""""""""""""""""

"
"
""""""""""""""""""
""""""""""""""""""""
"""""""""""""""""
"""""""""""""""""""""
"""""""""""""""""""""""""""
"""""""""
""""""""

"""

"""
""""""""""

"""

"""
"""

""
"""
"""

""

"""""

"

"""

"""""""
""""""

"

"
""

"""""""
"""

""""""""""""
""""""""""

""""
"""" """""""

""""

"

""
"""""""""""""

""
"
""""""""""""

""""""""

""""""

"""""

"""

""""""
"

"

"""

""""""""""""""

"

"""
""
"""

""
""

""""
""
""""""""""""""""""
""""""""""""""""""""

""

""""""""""""""""""""""""""""""""""""""
""""""""

""""""

"

""

""""""""""

""

""

""""""
"""""
"" """""

""""""

""""""

"""""""""""""

""
"""""""

"""
""""""""""
""""""""

"""""""""
"

"""""
""""

""
""

"
""

""""
""""""
""""""
""

"""""
""""""

"

"

"

"""""""
""""""""""""
"""""""""""
""""

"""""""""""
""""" """""""""
"""""""""""
"""""""" """

"""""
"""""""""""""""

"" """"""""""""
"""""

"""""" """""" """"""""" """""""""
""""""

"""""""""""""
"""""""""" """"""""""""""
"

"

""""""""""

"

"
" ""

"""""" """""""
""""""""""
"""""""

""""""
""""""""""""""""""" """"""""""""""

"""" """""
"""""""""""""

""""""""""
""""""""

"

"
"

""""""""""""""

""

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""

"

"
"

"

" ""
"""

"

"

"""""""""""

"

"""""""""""
" """"""

"
"""""

""""""""
"

""""
"

""""""""""""
"

""""""""
"""

"""""""""""""
""

"""""""
"""

""
"""

""""""

"

"

"

""

""
"""
"

""

"

""
""
""" "

"

"

"

""
" "" "

""

"

"

""

""

""
"

"""""

"""""

"""""
"

""

""""
"
"

""""

""
"""

"

"" ""

""""

"""

""
""

""""" """
"""
"""

""""""""
""""""

""
"""

"""""""
""""""

"""""

"

"""
"""""

"""
""
""
""

"""""""
"""

""""""""
"
""
"""

""""
""""""
"

"""""""
"

""""""""
""

"""""

"""

"
"""""""""""
"""""""

"
"""""""
"
""
"""
"""

""
"""""""
"""
"""

" "
"
"""""

""""
"
""""""""

"""""""""""
"""""""""""""""

""""
"
""

""""
"

"""
""""
"

""""
"
""""""""""""""""""""

"

""
""" """

"""""""
"""""
"" """

"""
"""""

""""
"""
""

""
""""

"""""

""
"""""""

"""
""
"" """"

""""""
""""
"

""""""
"
""
"""""""
""
"
"""""
"""

"""""""""""
""
""
"""
""

"""""
"
" "" ""

"""""" """"
""""
"

"
"

""" """"
"""

"
""
"""
""""

"
"

""""""""
"

" "" "" ""
"
""""""""
""""""""

" """""
""

"

"

"""
""""""

"
"""""""

"""""""""
"
"
"
"
"
"""""

""
"" "" "" "" """"
"

"

"
""""

"
"
"
"""
"
"

""
"
""
""

"

"
" "" "" """""""

"
""" """"

"""
"""""""""
""""""
"""
"
"

"""""""
""""
"""

"""
"

""
""" "
"""
""""

"
"

"
"

""""""
""""

"
"

"""
""
"

"
"""""

"

"
"""
"
"
"""
""""""""

"""
""""
""
"" """"

"""""
""

" """"" """""""
"""""

"""""
"""" """" "

"
"""""""
"""""""
"""""

"""
""

"

"

"""""
""""""""""
"""""""

""
" """"""

""
"

""" """"" ""

"" "
""""""""
"""""

""""
"""""
"" """"""""

"

""
""""
""

"

"
""

"
""
"""
""""

""""""
""""""""

"
""
""""""""

"""
"

"""""
""""""""

""""" " ""
""""""""""""

""""
"" """""

" ""

""

"""
"""

"

"
"""""
"
"

"
""
""""

"""""
"""
"

"""
""""
"""

"""
""

"
""
"""""

""
""""

""""
""
"

"""""""""""""
"
"

"""""""
"""

"""
""""

"
""""""

""""""
"

"

"""
"
"""""""""""

""""
""""""

"""

""
"""""
""""""
""""""

"
"""""""""""""

""""

"""
""

"
"""""""
"""
""""

"
""""""
"""
"
"""""
"
""""
"
""""""
"""""""""

""""
"
"""""

"""""""""""""
""
""

"""
" """"
"""" """""""

"""""
"""
"""
""""""

"""
""
""""""""""

"""""""

"""""""""
"
""""""
"""
"""

"

""""""
"""""
"
"

"""
"

"
"""""

""""""""""""""

""
""""
"""
"""""""
""""
"""""""""""""""""""""

"

""
"""
"

"
""
"""" """""
"

"""""""
"""""""

""""""""""""
""""
"

"""""
""""""""

"""
"

"""""""

" """"" """"
""""

"""""
""""

""""""""
""""

""""
""""
""""""""

"""
"""""" """""
"""
"""""""

""
"""
"
""""
"""
"""""

"
"""""""""
"""""""

"

"""
"

""""" """" """
""""""""""
""""

"""""
""""

""
"""

"""
"" """"" """"""
""
" "
""" """ """""" ""

"""""
"""
""" """" """""

""""
""""" ""

""""
"

"
"

"
"

""
""""" """""

""

"
""""

"""""""" """""
"
"
"""
"""

" """"

""" """""
"""""
"""" "

"""""
"""""
""""" """"

"""" """"" """"" """" """"""
"""""
"""""""

"
""
"""

"""""
""

""""""""" """""
"
"
"""

" """
"

""""
"""""
"""""

"
"""
"

""
"
""""

"
"""
" """

"
"""" """

"" """"" """""

"""" """""
"""""" """"" """""""

""
"""" """"""

" """"

"

"
"
" """""

"""""
""""
""

" "
"
""""""
""""
"""" "" ""
" "
""" """"

"""
""""

""" """"" """""
"""""

"""""""

"""""

"" """"""""
""
""""""

"
"

""
""

"""""
"""""
"""
""""

"""""""""

""" "" ""
"
"
"

"""
"
"
"
"
""
"

"""
""""""

""
""
""

""""""
"""""""""

"""""""" """""
"
"""""
"

"
"

"
"

" "
""
""""

""
"""""
"""""
""

"""""

""""""""""""""
" "
"
"""""

"
""
""

""
"

"
""""""

"
"

"
" ""

""
""

"""""""""
"
"
""
"
""""""

"" "" """""""
"" """"""
""""

"""" ""
""
"
"
"
"
"
"
""

""

"
"""""" """""" "" "" "

""""" """""

"""
"
"
"
"
"""""""

"""""

""""
"
"

"
"

"
"

"
""""""

""""""
"

"
""

"

"""""
"

""""" """
"" "" ""

""""""""""
"

"""
""""
"""""

"""""""""""""
"""" """"" """" """"" "

" """"""""
"""" """"""""
" "

"""" """""""
"""

""
"""""
"""""""" "

"" "" """"" """
"

""
"
"
"" """

""""""
""""
"""""""""""""""""""""

""""""""
"""""

""
""""
""""""

""
""""

"

""""
"
"""""" """""
"""""

""""""
""""""
"" """""""

""" """"""
"""""" "
""""""" ""

"""""""
""""

""" ""
""""""
"""" """

""
""""""

""""
" """"

""""""
""""""

""
""

"""
""""""

""""" ""
""""
"
"""
"""""""""""" """" """

""""
""""
""
"
"
"
""
"

"
"""""
""""

""
"
""""""
" """

"""""""""
""

"""""""
""

"""""""""

"
"
""
""

""" """""""
""""

""

""""""
"""""""" """""""""

"""
""
"""" """""" """"""
""""""
""""
"

"""
"""""

"" """""""""""
"
"

""
"""""

"""
"
""
"""""""""""

""""""
"""

"
"" """""""""
""""

""""

""
"

""
"""
""""""""

"""""
"""""""

"""""""

"
""""
"""""""""""

""""""""""""
""
""""""""""
"""

"""

"
"""""""""" """" """""" "

"""
"

"""
""" """

"""
"""""""

"
"""""

"
""""
"""""
""""""

"""
"""""
""""""" """""

""""""""""""
""" "

"
""""

"""""
"

""" "
"

""""
"""""""

"
""""""""""
""""""""

"""" """""""
"""
""""""

""" """""" """"""
"""
"

""" "" """""
""""" """"

""

"
""""""""
""""
"""""""""

""
""
"
"
"""

""" """""
"""""""
""""""""
""""""
"""""""

""
"

""""""""""""""""
""
"
""

""""
""""
""""""""
""
"""
""
""""""""

"""""""
""""

""
"""""
""

"
"

""""

""
"""
""

"""
""""""

"

"
"""

""""""""

"

"
"""
""""""
"

" """"""
"""""" """
"""" "

" """"
"
""
""""

"""
"""
"""""
"

""

""""""
""""" "
"""" """

"" """""""
""""""
""""" "

"
"

"""

"""""

"

"""

"""""""""""
"" "

"

"""

"

"
"""

"

""""""""
"

"""""

"""""

""""""

"""""""""""
""

"""""""""""""""""""""""

"""""

"

"""""

""""

""

"""

""""

""

"""""""""""""

"""""
"""""

""""""""""""""

""""""""
"""""""""""""""

""""""""
"""

"""""

""""

"
""""""

"

""""""""""""""""""""""""""""""
"""
""
"
"

"""
"

"""

"""

"

""""

"""""

"

"

"

""

"""
"

"

""""""""""""""""""""""""""""""""""""""""""""

""""""""
"""""""""""""""""""""

""""""""""""""""
"

""
"""""""""""""""""

""""""""""""""""""""""""""""""

"""""""""""""""""""""""""""
"""""""""""""""""""""""""""""""""""""""""""""
""""""""""""""""""""

"""""""""""""""" """""""""""""""""""
""""""""""""""""""""""""""""""""""""""""""""""""""""""
""""""""""""""""
"""""""

"

""""""""""
"" """"""""""""""""""""""""""""""""

""""""

"""""""""""""""""
"""""""""""""""""

"""""""
"""""""""""""""""""" """"""""""""""""""""""""

"
"

"""""

""""""""
"""""""""""""""""""

""""""""
""""

"""""""""
"""""
""""

"""""""""
""""""""

"""""""""""""""

"""""""""""
""""""
"""
""

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
""""""""""""""
"""
""""""""""""""""""""""""""
"""""""
""
""""""""""""""""""""""""""""""""""""""""""""""""

"""""""""""""""""""

"""""""""""
"""""""""""""""""""""""""""

"""""""""""""

""""""""""""""""
"""""""""""""""""""""""""""

"""""""""""""""""""""""""""""""""""""""""

"""""""""""""""""""""""""""""""""""""""

"""""
"""""
"""""""

""""
"""""""""""""""""

"""""""""""""""
""""""""""""""""""""""""""""""""""""""""""""

"""

""""""
"""""""
"""""""""""
""""""""

""""""""
""""
"
"""""""
"""""

""""""
""""""""""
"""""
"
"""""
"
"""""""""""""""""""""""""""""

""""""""""""""""""
"""""""""""""

""""""""""""""""""""""""""""""""

"""""""

"""""""
"""""""""""""""

"""""""""""""""""""""""
"""""""""""""""

""""""""""""""""""""""""""

"
"""""""""""""""
""""""""""""""""""

""""""""""""""""
""""""""""""
""""""""""""""

""""""""""""""""""""""""""""""""""""""
"""""""""
"""""""""
""""""""

"""""""""""""""""""""
"""""""""""""""""""""""""""""

"""""""""
"""""""""""""""""""

""""
"""

""""""""""""""""""
"

""""""""""""""
"""""""""""""""""

"
""""""""
""""""""""""

"
"
""
""""

"""""""
""""
""""
""

"""""
""
"

""""""""""
"
""""
"" """

"
""""
""
"""""""""""
"""""

""

"""
"""""""

""""""""""""""
"""""""""""
"

""""""""

"
"""

"""
"""
""""""

"""""
""""
"""""""
"""""

"

"""""

" """ ""
"

""""
"""""
""""""
""

""""""
"

""
""
"""" """
"""""""""""""""""

"" """
"""
""""""""
""""

""
""
"
"""""

""""
" """

""""
""""""
""
"""""""

"""
"""""""""""""""
"""""""""

"""
"""

""
"""""""
""""""""

"
"""""""""""""
"
"
""""" """"""""""""""

"""""""""""
"""
""

""""""""""""
"""
"""""""

""

""
""
"""
"
"
""

"
"
""""
"
""

"""""
"""
"
"
"
""
""""

"
"""
"""

""

"""""" "
""""
"
"""""

""

"""""
"""""""
""""

""
"""""

"""""
""""""""

"""
""""""""""" "" "

""
"""
"
""
""
"
"""
""""" ""

"""
"

"""
"

"""
""

""
""""""
"" """"

"""""""""
""""""""""""""

""""

""""""""""""""""""""""
"""

"
""""""""""""""""""
""""
"

"""""""" """
""""
""""""""""
""""""

""""""""""

""

"

"

"

""
""""

""""
"

"

""

""

""""
"""

""
""
"""
"

"""

"""

"""""""""
""""""""""
"""

""""""""
"
""
""""""

"""""
"""

""""
""""""""""""""""""

"""""""""""

""""""

"

"
""""
""
"""

"""

""

"""
"" "

""""""
"""""""""""

""
""""""""""

""
"""""""""

"
"""""" ""
""""" """""""

"""
"""
"""""

"""""""
"
"

"
""""""""
""

"""

"
"
"""
""" ""

""""

"""
""
"
"
"""

""

"

"

"

"""

""
""""

"""""""
""""

""""""""""
"""""

"""
""""
""""""
""
"""""
""

""

"

""""

"""

"""""""""""

"""""
"""

""

"

"

"

"""""
"
""

"

""""
"

"""

""

"""

""""""
"""""""""

""""
"

""""
"""""""
"
"""""""""
"""""

""""
"

""

"
"""""""
""""""""""

"
""""""

"""
"
"""""""
""""""""

"""
""
""
""
""""
""""

""""
""""
"
""
"""""""

"""

""""
""
"""""

""""""
""""
"""""
"""""""""

""""""""""""
"
""
""""""

"""""

" ""

""

""
""""""""""""" """

""

""""""

"""""""""

"""""""

""
""""
"

""""""
"""""""""

"""""""""""" """"""""""
"""""

"""""""

"""""""""

"""""""""""
"
""
""""

"""

"""

"
""
"""""
"""""""""
""
"""
""
""
"
"
""

""""
""""""""""""""""""""""""""""""

"

""""
"
""
"
"""""""
"""""""""""
"""

""""""""
""""
""""""""""""""""

""""""
""
"

""

""

"""""""

""""
""
""""""

""""
""

""""""""
"""

"

"
"

""

""

"

"

""" ""

""""""

"""""""""""""
"
""
""""""""""""
""""""""""""
"

"

"""""""" """"""""""" ""
"
"""""""

""

"""

""

""""""""
""
" """"""""""

""""

""""
"""

""""""""
"
""""
"""""""

"
"""

""

""
"""

""""
"""""""

"""
""""""

"
""

"""""""
""""
""""

"""""""""

"""
"""""""""

"""""""""""
""""""""""
"""""""""

"""""

"""""
""""""
"

"""""
"

"
"

""

"

" """""""""""""""""""""""
""""""""
""""""
"
""""" ""
""""""""
"""""

" """"""""""""
""""

"
"""""""""""""""""""""
"

""

"""""""""""
"""""""
""""

"""""""
""""
""""
"""
"""""""""

"
""""""

"
""

"
"

"" """"""
""""
"
"
""""""""""""""""""
"
"""""

""""""""
"

"""""""
""
""""
""""""""""""""
"""

"

"

"

""
"""""""""""

""""""""""""
"
""""""
"""

"""""""""""""""""
"""""""""""""

"""""

""""

"

""""""""
"
"""""""""""""
"""
"

"""""""
""""""
"
"""""""""
"""

""""""""""""""
""""""""""
""""""""

"

""""
"
""""

"
"""
""

""""""""""
"
"""""

"
""""

""
""

"
"""
"""""""""

"

"
"""""""
"
"""""""""
"""""""

""
"
""""""""""

""""
"""""""""""""""""""""
"
"""""""

"
""""
"
""""""""
"
"
"
"
"""""""""
"

" """""""
"
"
"""""
"
""
"" ""
"

""
"
"""""""""
"
"""""""

"
"""""""
"""" """""""""
""""""""""""""""""

"
""
"" ""
""
""""""
""" """
"
"""""""""""
""""""

""
"""

"""""""""""""""""" """""""""""""""""" ""
""""""""

" "
""

""
"
"" """ """ """

" "" """ ""
""""""""""

"
" "
"

" """" """"""""""""""""""
"""""""
"
""

"

"

"
""""
"
""""""""

"" """"""
"

""""""""
""
""""
""

"""

"

"
""
""
""""
"
""
""""
"
""
"
"
"
"
"

""
""
"
""

"

""

""
""""

""""""""""""""""
"
""""""""""""""""""""""

""""

""
"

""""""
"

""
""""""""

"
"""""""""

""

""""""""""
"""""""""""

"""""

"""""
"

""
"

"
""""""""""""""""""

"
"""""

""""
"""""""""""""""""""""" """"""
"""
""""""
"""""""

""
"""""""
""""""
""""
""""""""

" """"""""
"
"""""""""
"

""""""""
" "
"""""""""
"
"""""
""""""
"
""""""""
"
"""""""

"

"""""
"""

""""""""
"
""
""""
""

"""

"

""""
"""

""

""""""""""
"

"
"

""
"
"

""

"

"
"
""
"
"""""""""""

"

""""""""""""""""""""""""""""""""
"""

"

""

"
"""""
"""

"

""""""
"""""

""

"

"

"""""""

"""
""""

"""""
"""""

"""
"""""""""""""

"""""""
"

"

P
BOGOTÁ D.C.

VENEZUELA

BRASIL

PERÚ

ECUADOR

M
ar

Carib
e

O
c é

an
o

Pa
cí

fi
co

69°0'0"W

69°0'0"W

72°0'0"W

72°0'0"W

75°0'0"W

75°0'0"W

78°0'0"W

12
°0

'0"
N

'0"
N

9°
0'0

"N

6°
0'0

"N

6°
0'0

"N

3°
0'0

"N

3°
0'0

"N

0°
0'0

"

0°
0'0

"

3°
0'0

"S

3°
0'0

"S

6°
0'0

"S

6°
0'0

"S

Gorgonilla

78°10'0"W

78°10'0"W

78°15'0"W

78°15'0"W

3°
0'0

"N

3°
0'0

"N

2°
55

'0"
N

2°
55

'0"
N

Santa Catalina

81°20'0"W1°25'0"W

3°
25

'0
"N

San An

81°45

81°45

12
°3

5'0
"N

12
°3

0'0
"N

Esc. 1: 720 000

P Capitales

Línea costera

Límites de Frontera

Departamentos

Convenciones

Información de Referencia

Base Cartográfica tomada de la 
Base Integrada 100 000 del IGAC 2006. 

DATUM MAGNA-SIRGAS,
Origen en la Zona Bogotá, 
Proyección Conforme de Gauss,

Coordenadas Geográficas: 
74°04´39,0285" W, 4°35´46,3215" N. 
Coordenadas Planas:
X = 1 000 000, Y = 1 000 000.

ATLAS GEOQUÍMICO DE COLOMBIA  
Distribución por técnicas de descomposición de la muestra

(Cu)
Compilado por:

www.sgc.gov.co

0 60 120 180 240 300 36030
Km

1:6.000.000Escala

2016
©

Primera Edición

Ministro de Minas y Energía
Germán Arce Zapata

Gloria Prieto Rincón
Directora Técnica 

Recursos Minerales
Director General Servicio

Geológico Colombiano

Oscar  Paredes Zapata

Asesoria Técnica:

Juan Fernando JIMÉNEZ, Adrian PEREZ AVILA,  Omar Herney MENDOZA, 
Andrey Yesit RINCÓN, Olger MENDOZA, Claudia OREJUELA,

Fabio CASTELLANOS.

MDRU - UBC Canadá
Peter WINTERBURN, Hildebrando LEAL-MEJÍA

" Agua regia

" Corriente Directa

"

" No Especificado

" Pastilla Prensad

HF-HClO4-HNO

Viceministro de Minas
Carlos Andrés Cante Puentes

IV. The Geochemical Atlas of Colombia, v. 2016II. The MDRU-SGC collaboration Agreement
MDRU and the SGC signed an initial collaboration agreement (2015-2016) to prepare an updated version of the 
Metallogenic Map of Colombia (Barrero, 1976; Salinas et al. 1999a,b) and to produce regional geochemical 
maps to generate the �rst Geochemical Atlas of Colombia. On completion of the �rst agreement, and 
presentation of the 2016 versions of both products, a second agreement (2017-2018) was established to 
further develop both lines of research: metallogeny and exploration geochemistry.

MDRU and the SGC continue working together with the goal of making a signi�cant contribution to the 
knowledge of Colombian geology; to support the mineral exploration industry; and high-level planning by 
government agencies involved in land management, and social and environmental development.

I. Introduction
Colombia has had a long tradition of artisanal and small-scale mining since pre-Columbian times. This is 
re�ected in signi�cant historical production of gold, emeralds, platinum, coal, iron, and base metals. 
Despite numerous challenges in politics, social and environmental aspects, the mineral exploration 
industry recognizes Colombia as a highly-prospective country for the discovery of new world-class 
mineral deposits and the advancement of multiple undeveloped prospects.

The Colombian Geological Survey (Servicio Geológico Colombiano - SGC) has produced and compiled 
a plethora of basic geological information covering the entire country generated over the past 100 
years. This information was not easily accessed, and the lack of publicly-available basic geology, 
geochemistry and geophysical information to support exploration programs has been a signi�cant 
constraint faced by all companies conducting exploration activities in Colombia. However, new 
technological advances now permit public access and a wider distribution of this information, a major 
objective of the SGC and the Colombian Government.

MDRU has been conducting research in Colombia since 2011, primarily focused on mineral deposit 
exploration and regional metallogeny. For example, the Colombia Gold & Porphyry Project and other 
research projects were funded by major and junior exploration companies focused on exploration in 
Colombia. Exploration geochemistry with a focus on covered terranes is a key research component  of 
MDRU through the Exploration Geochemistry Initiative.

Sara Jenkins
GIS Specialist
MDRU - UBC
sjenkins@eoas.ubc.ca
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MDRU continues to support the preparation of updated regional 
geochemical maps incorporating new data in addition to the preparation 
and organization of brief interpretative descriptions of trends and 
relationships of each element. MDRU will be also providing crucial 
expertise to support the SGC in the design of protocols for speci�c 
geochemical exploration surveys addressing di�erent  geologic and 
physiographic environments across the country.

MDRU provides direct support in the continuous compilation of 
information for the Metallogenic Map of Colombia. Field visits to selected 
speci�c deposits and occurrences to characterize, classify and constrain 
the age of mineralization is a strategy to generate new information for 
the map. Integration of both is critical for the publication of an updated 
and improved version of the Metallogenic Map of Colombia in 2018.

V. Present and Future Work
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Cobre – (Cu)
Parámetros Analíticos de Cu

Muestras incluidas 
en el análisis por 
técnica analítica

Técnica Número
EE 14.262

AAS 13.507
ICP-AES 1904
ICP-MS 25.238

XRF 3803
NAA 96

TOTAL 58.810

Muestras excluidas 
por técnica 

analítica

Técnica Número
EE 5446

ICP-MS 937
AAS 8
XRF 592

TOTAL 6983

Límite de detección 
utilizado

Valor Número de datos 
reducidos

0,5 mg/kg 124

Estadísticas Básicas
Total Registros 58.810

Mínimo 0,5
30% 16,8
60% 34,0
80% 67,4
90% 100
95% 136
98% 194

Máximo 14.000
Mediana 28

Desviación Absoluta de la Mediana 17,1
Promedio 47,4

Desviación Estándar 111

Figura No 14. Tablas de parámetros analíticos y estadísticos de Cobre.

a b

C D

Figura No 14. a) Variación de la concentración en sedimentos de Cobre en mg/kg con la distribución acumulativa empírica (normal). b) Variación 
de la concentración de Cobre en mg/kg en sedimentos (escala logarítmica) con la distribución acumulativa empírica (normal). c) Histograma Cu 

(normal) cortado en 400 mg/kg. d) Histograma Cu (logarítmica).
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IV. The Geochemical Atlas of Colombia, v. 2016II. The MDRU-SGC collaboration Agreement
MDRU and the SGC signed an initial collaboration agreement (2015-2016) to prepare an updated version of the 
Metallogenic Map of Colombia (Barrero, 1976; Salinas et al. 1999a,b) and to produce regional geochemical 
maps to generate the �rst Geochemical Atlas of Colombia. On completion of the �rst agreement, and 
presentation of the 2016 versions of both products, a second agreement (2017-2018) was established to 
further develop both lines of research: metallogeny and exploration geochemistry.

MDRU and the SGC continue working together with the goal of making a signi�cant contribution to the 
knowledge of Colombian geology; to support the mineral exploration industry; and high-level planning by 
government agencies involved in land management, and social and environmental development.

I. Introduction
Colombia has had a long tradition of artisanal and small-scale mining since pre-Columbian times. This is 
re�ected in signi�cant historical production of gold, emeralds, platinum, coal, iron, and base metals. 
Despite numerous challenges in politics, social and environmental aspects, the mineral exploration 
industry recognizes Colombia as a highly-prospective country for the discovery of new world-class 
mineral deposits and the advancement of multiple undeveloped prospects.

The Colombian Geological Survey (Servicio Geológico Colombiano - SGC) has produced and compiled 
a plethora of basic geological information covering the entire country generated over the past 100 
years. This information was not easily accessed, and the lack of publicly-available basic geology, 
geochemistry and geophysical information to support exploration programs has been a signi�cant 
constraint faced by all companies conducting exploration activities in Colombia. However, new 
technological advances now permit public access and a wider distribution of this information, a major 
objective of the SGC and the Colombian Government.

MDRU has been conducting research in Colombia since 2011, primarily focused on mineral deposit 
exploration and regional metallogeny. For example, the Colombia Gold & Porphyry Project and other 
research projects were funded by major and junior exploration companies focused on exploration in 
Colombia. Exploration geochemistry with a focus on covered terranes is a key research component  of 
MDRU through the Exploration Geochemistry Initiative.

Hildebrando Leal-Mejía1, Peter Winterburn1, Sara Jenkins1, Craig J.R. Hart1, Thomas Bissig1, Gloria Prieto2, Ismael Moyano2, Adrián Pérez2, Olger G. Mendoza2, Julián López2, Carlos M. Celada2, 
Camila Luengas2, Luís Velásquez2, Daniel Prieto2, Juan F. Jiménez2, Omar H. Mendoza2, Andrey Rincón2, Janeth Sepúlveda2, Claudia Orejuela2, Fabio Castellanos2, Juan C. Fonseca2

1 Mineral Deposit Research Unit (MDRU), The University of British Columbia (UBC), 2207 Main Mall, Vancouver, BC, V6T 1Z4, Canada 2 Grupo de Investigación y Exploración de Recursos Minerales Metálicos, Dirección de Recursos Minerales (DRM), Servicio Geológico Colombiano (SGC), Diagonal 53 # 34-53, Bogotá, Colombia

Metallogenic and Geochemical maps of Colombia: The MDRU-SGC Collaboration Agreement 
A joint e�ort to produce high-quality country-scale maps


