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INTRODUCTION

The geochemical sampling allows to determine the geochemical provinces, defined as an
“earth crust portion or segment that has a significant chemical composition different of the
average (Rose et al., 1979)". These researches involve the analysis of a great number of
elements that are not commonly considered in traditional exploration studies making
recognition of large areas, discovering potential areas for the mining prospection. From the
environmental point of view, it is possible to detect elements potentially dangerous for the
ecosystems and for the living being’s health.

The geochemical studies in Colombia have been developed in three steps: The first was
made for the Geological Survey of Colombia (INGEOMINAS) as regional geological
survey program, between 1970 and 1992, 1:100.000 scale, taking samples of the stream
sediments and using sample techniques of the ultra high density. The second sampling
step was made also for INGEOMINAS, applying methodologies of the ultra low density at
southeastern region of Antioquia, in which the samples made part of the project
“Geochemical survey in the 5 — 09 Map” in 2001. The last phase was carried out for the
Faculty of Mines of the National University, using a sampling system of ultra low density;
the samples were taken between 2004 and 2006.

The aim of this document is to show some results of the geochemical information of the
Antioquia Department that contributes to indicate the mineral baseline provinces applied to
the resources exploration, mainly for precious and base metals and to establish an
environment base line of the territory.

In this document are found the results of the geochemical cartography of the Department
of Antioquia, 1: 500.000 scale, made for seven elements of the periodic table: Au, Cu, Pb,
Zn, Mn, Ni and Mo, through a low and ultra low density sampling (a composite of 600 km?)
in stream active sediments. The basic unit of sampling involves cells (panels) of 30 Km x
20 Km, from which 464 samples were obtained and from these 101 representative
composites of the regular sampling mesh were conformed.

The used techniques for the geochemical analysis were the X Ray Fluorescence (XRF),
inductively coupled plasma mass spectrometer (ICP-MS), inductively coupled plasma
atomic emission spectrometer (ICP-OES) and Neutron Activation (INAA).

The spatial modeling was carried out utilizing the geostatistical technique of the lognormal
kriging, allowing to estimate around 61,7 and 62,8 millions of data and to make the base
line for each one of the considered geochemical variables.

The geochemical mapping of the Antioquia Department allowed identifying two anomalies
for the Cu and Pb elements, and 17 significant local anomalies: six Mn anomalies, four Mo
anomalies, five Ni anomalies and two Zn anomalies.

The obtained results indicate high mineral potential of the geochemical subblocks and
blocks in the unknown mineralizations of the Antioquia Department; some data are 1.8 x



109 ton of Cu, 91 x 106 ton of Pb, 5.6 x 109 ton of Mn, 263 x 106 ton of Ni, 614 x 106 ton
of Zn and 12 x 106 ton of Mo and 15.9 x 106 ton of Au. Based on the recognized
resources inventory of the department, the mineralization coefficient was determine for Cu
(0.0002), Pb (0.003), Mn (0.0003), Ni (0.0004), Zn (0.0009) and Au (0.00008).

LOCATION

The Antioquia Department is located at the Northwestern region of Colombia, between 05° 26’
20" and 08° 52’ 23” north latitude and 73° 53’ 11” and 77° 07’ 16” west longitude, and involves a
territorial extension of 63.612 Km® (IGAC, 1980). The department has a shore line at
Caribbean region in the north part, and shares Central and West Cordilleras.
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COMMUNICATION ROUTES

The Antioquia Department has a simple net route with a 9.200 Km length, allowing direct
interconnection of Medellin city with the rest of the department localities and between



themselves. At the present time, there are several projects to improve and to construct new
routes.

Routes Length
Caucasia — Medellin road 270 Km
Transversal Medellin Puerto Berrio 160 Km
Medellin - Puerto Triunfo highway 85 Km
Medellin - Sonsén road 196 Km
Medellin - La Pintada road 80 Km
Medellin - Bolivar road 129 Km
Sea road ( Medellin - Turbo) 380 Km
Total 1389 Km

Road network of Antioquia. IGAC, 1992

The department has fluvial ports located along of the Magdalena, Cauca, Murindé and Nechi
rivers. At the Caribbean cost are found the maritime ports of Turbo, Arboletes and Necocli.
There are around 50 airports and landing fields; the most important is the International Jose
Maria Cordoba airport, situated at the Rionegro municipality.

PHYSICAL CHARACTERISTICS OF THE TERRITORY

The territory is mainly mountainous (85%) in relation with the Western and Central
Cordillera; the low lands correspond to the rivers valleys that going down from them:
Atrato, Porce, Cauca and Magdalena; the highness is between 300 and 4100 meters
above the sea level. There are five morphologic units: the Western Cordillera, the Central
Cordillera, The Atrato river Valley and the Uraba region.

The drainage network of the department is very extensive and is conformed by the Magdalena,
Cauca and Atrato rivers; which are draining by a significant quantity of tributaries that traverse
the entire department. The weather regime is bimodal at the Uraba region, with a dry period
and a rainfall season. At the Central region, there is a dry period inside the rainfall season; the
rain distribution is also similar at the Magdalena River valley. The thermal zones are distributed
as hot (35.550 Km?), warm (16.430 Km?), cold (10.900 Km?) and bioclimatic paramo (732 Km?).

The soils are classified as alluvial plateau soils, located in the rivers plans and in the Caribbean
coast; and the hilled soils which are developed from the igneous and sedimentary rocks in a
humid climate, from volcanic ashes and other igneous and metamorphic materials.

GEOLOGICAL CHARACTERISTICS

The outcropped rocks at the Antioquia Department are related with igneous, sedimentary and
metamorphic lithologies, that vary in age from the Precambrian to the Holocene, and which had
been grouped for several authors in different geological terrains. The Precambrian and
Paleozoic rocks are mainly dominant at the Central Cordillera, with the presence of
metamorphic rocks. The volcano sedimentary units of the Mesozoic age mainly outcrop at the
westemn Cordillera and poorly outcrop at the Central Cordillera. Several typical sedimentary



sequences of the intermountain environments (Pull-Appart) outcrop to the center of the
department as a rhombohedra longed borders, with a coal seam of the Cenozoic age. The
Cenozoic sedimentary sequences outcrop at the Golfo de Uraba, the Bajo Cauca and the
middle Magdalena. Martinez and Ruiz (1983), identified eight superposed tectonic phases over
the western border of the Central Cordillera, it is considered that the all stratified Pre -
Pleistocene units have been folded and overturned.

Quaternary
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Cretacic
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8. Antioquian Batholith, granodiorites

Paleozoic

RISARALDA ~ CALDAS

9. Metamorphic rocks and volcano-sedimentary

TECTONICA . .
. UTOLOGIA o s rocks. Quarcites and filites.
= s o T e
. W @ " AT W 10. Metamorphic and volcano-sedimentary
- s e Tomado de Ingeominas, 2001 rocks. Quarcites, schists and mudstones
e ¢
l:|5 l:l‘D MAPA GEOLOGICO DEL Precambric

DEPARTAMENTO DE ANTIOQUIA

11. Metamorphic rocks. Dominant gneises

Fuente: pogticado 1.GA.C Aghatzs:
1997

Luz Rosario Audiverth H

ESCALA
) G

Fecha: | /86 | Figura 6

Geological Map of the Antioquia Department

The Antioquia Department is structurally affected by two regional fault systems: The Palestina
System (PS) to the eastern and the Cauca- Romeral System (CRS) to the western. Both
systems form a huge rhombus, where the Antioquian Batholite outcrops in more than 7.221
Km? and outcrops at the central area of the department. The displacement directions of this
fault system are the most evident movements, reaching hundred of kilometers of extension.
The main PS faults are Nus, Bagre, Otu, Jetudd, Cocorna Sur, Mulato and Cimitarra. The CRS
is mainly represented by the Romeral, Amaga, Piedecuesta, San Jerénimo and Espiritu Santo
faults. The Murind6 fault is at the Atrato region, which are associated with the 17 and 18
October 1992 Earthquake, in the Uraba Region.



PROJECT DESCRIPTION
SAMPLING

The field work was designed in an ultra low density sampling. Panels of 600 Km? (30 Km x 20
Km) were defined as basic units of sampling. They intercepted the Antioquia Department in a
number of 152 cells or panels. The panel grid was made with the intersection of the politic and
administrative division layer with the 1: 500.000 scale maps, all of them based on Geographical
Survey of Colombia, IGAC.

The active stream sediment sampling was made to obtain a geochemical composition average
on basin drainage. They are collected from small basins (<200 Km?) on second and third order
streams, upstairs of the confluence of the principal stream. Collected samples were 464, which
served as base to conform representative composites of 101 panels; each composite
represents an equivalent area of 600 Km?.

The samples were taken with plastic tools and materials (shovel, screen, recipient and pan)
without paint, avoiding any contamination, being manipulated with rubbish gloves and the
sampling tools, were always washed with water from the sampled stream, before and after
each collection of the sample. 2 kg of the stream active sediment were collected in every site of
the sampling, guaranteeing the necessary quantity of fine material required for the analysis.
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SAMPLING PREPARATION

The samples of stream sediments collected during the ultra low density sampling program were

submitted for the primary procedures preparation, listed as follows:

material (plastic), manual cleaning to remove materials as roots, leaves.

Drying samples at room temperature (< 40°C) in a conditioning space for it.

Unpacking samples, codes verification, to hollow out in a receptacle of non contaminant

Sieving

using a nylon sieve (free of contaminants), of the 180 ym (0.18 mm). According to the
ASTM 11- 70 specifications, it corresponds to the # 80 mesh in the Tyler designation.

packed in plastic recipients and marked with a panel designed code.

Recovery of witness samples, which are product of the non used fraction, with a
of # 80 mesh.
[ ]

Send samples in boxes for its respective chemical analysis in Republic of China.

CHEMICAL ANALYSIS

The chemical analysis were done with X Ray Fluorescence (XRF), inductively coupled

Diagonal blending and splitting to obtain 50 g of sample. The samples (50 g) were

size up

plasma

mass spectrometer (ICP-MS), inductively coupled plasma atomic emission spectrometer (ICP-

OES) and Neutron Activation (INAA), at the Geophysical and Geochemical Exploration
of Beijing, Republic of China.

Institute

Duplicate samples of the analysis were made by the Chinese laboratory, for the quality control

proposals and introduce a certificate reference pattems in each group.

Element Au Cr Cu Mn Mo Ni Pb
Units Mg/Kg mg/Kg mg/Kg  mg/Kg mg/Kg mg/Kg mg/Kg
Analytic

method AAN  XRF XRF  ICP-OES ICP-MS XRF XRF
Detection lim. 0.2 5.00 1.20 10 0.20 2 2

Zn
mg/Kg
XRF
2

Analyzed elements, measure units, analytic method and detection limit.
DATA PROCESSING AND MAPPING

EXPLORATORY ANALYSIS

This analysis involves the descriptive statistic application, the determination of

central

tendencies measurements, the form and variability coefficients, the histograms, etcetera;



to know the type of the statistical distribution that is controlling the data.

The next tables summarize the main basic statistics for the each analyzed element. The
central tendencies measurements and the coefficient form are compared, being notable
that only two elements show Gaussians tendencies:

Variable  Samples  Minimun  Maximum  Average Est.Dev.(5) Variance
Au (pg/Kg) 91 0.44 19170 301.01 2011.60 4046550.35
Cu mg/Kg) 98 6.5 5708.63 108.69 569.29  324088.39
Mn(mg/Kg) 98 186 3052.29 1037.63 523.39  273939.93
Mo mg/Kg) 98 0.12 8.04 1.07 1.12 1.25
Ni (mg/Kg) 98 3.86 161.85 41.48 29.62 877.29
Pb(mg/Kg) S 1.26 197.51 14.8 19.75 390.02
Zn(mg/Kg) 98 21.63 532.77 107.11 57.85 3346.85

Central tendencies mesurements

Variable Coef. Skewness Kurtosis
Variation

Au (ug/Kg) 6.68 9.08 85.08
Cu (mg/Kg) 5.24 9.71 95.54
Mn(mg/Kg) 0.5 1.07 4.47
Mo mg/Kg) 1.04 4.47 25.12
Ni (mg/Kg) 0.71 1.73 6.91
Pb mg/Kg) 1.33 8.21 75.66
Zn mg/Kg) 0.54 4.4 31.36

Coefficient form

The intervals classification shows a percentile classes selection (5, 25, 50, 75, 90 y 98) of
the group of data distribution. The 50 percentile indicates the mean value.

Percentile
Variable 5 25 50 75 90 98
Au (ug/Kg) 0.74 2.61 5.04 26.47 74.64 1953
Cu(mg/Kg) 15 24.38 52.33 69.16 91.8 123.93
Mn(mg/Kg) 327.43 670.95 954.48 1284 1764 2431.33
Mo(mg/Kg) 0.43 0.58 0.83 1 1.76 7
Ni (mg/Kg) 7.94 21.61 35.5 55.9 65.82 149
Pb mg/Kg) 5.25 9 11.66 15.54 19.43 48.62
Zn mg/Kg) 49.14 81.48 97.42 122.54 142.59 287.7

5, 25, 50, 75, 90, 98 Percentiles
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Au 1

Cu 0.03 1

Mn 0.12 0.02 1

Mo 0.04 0.18 0.3 1

Ni 0.02 041 -0.02 0.09 1

Pb -0.02 -0.04 0.11 0.08 -0.14 1

Zn 0.03 0.22 037 0.16 0.22 0.75 1
Au Cu Mn Mo Ni Pb Zn

Correlation Matrix

The following histograms show the elements tendency to follow lognormal distributions;
means that the histograms generally are slanting to the left (positive skewness). Less than
the 2% of the values in each set, can be considered as anomalous ((m+23) or aberrant.
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A statistical analysis was made for the main components, trying to identify the possible
elements associations. Three important associations were identified, which represent 81%
of the accumulated variance:

Association 1: Au—Cu—Mn—Mo—-Ni—Pb-Zn represents the 29 % of the total variance.

Association 2: Au—Cu—Mo—-Ni, 21 % of the total variance.

Association 3: Au—Mn—-Ni—Pb—Zn, 16 % of the total variance.
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Zn, Ni, Pb histograms

VARIOGRAPHIC ANALYSIS

Each one of the elements was transform to its natural logarithm for the variographic
analysis, trying to improve the normalization data. The experimental semivariograms (skill
lines) were made to determine the spatial continuity, assigning a theoretic model of
regionalization.The theoretical semivariograms were admitted using the validation cross
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technique. This is hiding one real data of each variable and obtaining its estimated value,
through the punctual kriging technique of the theoretic model.

After evaluating several models for each variable, the selected model was it, which the average
standardized error between its real and estimated value was considered near to zero and its
standardized variance near to 1. With the exception of the Zn, all of the semivariograms
obtained inferior values to respect statistical variance. Influence ranks vary between 52-131
Km. The distance which the respective model intercepted the statistical variance was used as
influence zone for Zn.

Variable Range of influence (Km) Refused data
Au (ug/Kg) 50 2
Cu (mg/Kg) 126 4
Mn(mg/Kg) 65 3
Mo (mg/Kg) 69 5
Ni (mg/Kg) 131 &
Pb (mg/Kg) 111 3
Zn (mg/Kg) 77 1

Ranges of influence and refused samples on each model
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Experimental and theoretic semivariograms (skill lines) to the Mn, Mo, Au, Cu
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SPATIAL MODELLING

A grid of the 100 m x 100 m unit was used for the spatial modeling. The grid intercepts the
Antioquia Department in 18.9 millions of units of 10.000 m?. A logarithmic transformation of
the regionalized variables was made (geochemical elements), whose are mainly lognormal
distributed. If Z(x) is a regionalized variable distributed log- normally, then Y= In [Z(x)] has
a normal distribution, and if the semivariogram variable Y is used, it is possible to estimate
Y* in a point of the space as a lineal combination of Y from the real data, using the
geoestatistics technique of the predictor lognormal kriging of blocks, which is based in the
following mathematics:

Y= 2Y, +(1-) 4,)m,

Estimate value

weight

m,= average of the transformed values

14



The estimate values in an ordinary block system are obtained through:
* * 1
Z¥(X)=exp| YV +an+y -p

Being B a value that makes Z a positive variable, £ is a Lagrange parameter. The
minimum variance (kriging) is estimated as follow:

o= [l+e T (e -2)]
GEOCHEMICAL ANALYSIS

For the definition of regional and local anomalies, the hierarchical structure system
proposed by Xie and others (2004) was considered; this one is based on the superficial
mapping of different size anomalous areas. The term geochemical block was used for the
first time by Doe (1991), cited by Xie and others (2004), to denote a large rock mass with a
high contain of some metal or metals, which represents the source of the ore formations.

Area (Km?) Geochemical Patterns

<100 Local anomaly Superficial expression of

100-1000 Regional anomaly } the geochemical blocks
(geochemical region)

1000-100000 Geochemical Province Superficial expression of

10000-100000 Geochemical Mega province the geochemical blocks

100000-1000000 Geochemical Domain

>1000000 Geochemical continent

Geochemical patterns and geochemical block hierarchal structure. Source: Doe, 1991

GEOCHEMICAL PATTERS THERESHOLD

There are two methods to determine the threshold of the respective geochemical patterns:

(1) Determining the mean of the estimate values ((Z) and the standard deviation kriging
(9,;), considering as anomalous values those aberrant data over of 7+ 20,;,and

(2) Considered the values over the 98 percentile as a threshold. Both methods reported
very similar global threshold values, however, the method 2 was mainly considered,
guarantying that only 2% of the estimate data could be anomalous.

15



Variable Mean Sy Threshold
Method 1  Method 2

Mn(mg/Kg) 1077.86 402.15 1882.16  1571.25

Mo (mg/Kg) 0.89 0.56 2.01 2.69

Ni (mg/Kg) 41.16 22.92 87 79.71

Pb (mg/Kg) 12.2 3.23  18.66 23.2

Zn (mg/Kg) 104.1 26.99  158.08 157.17
Comparison of the threshold calculated values using different
methods.

Considering the estimated content average of gold as 5 pg/Kg on the crustal surface, and its high
mobility related to its content in fresh water average content/rock content average relation ((Rose and
other, 1979), a threshold value has been defined as 15 jug/Kg for the geochemical anomalies. This is
a high value, when is compared with the Republic of China threshold of 2.5 Pg/Kg, that was used for
the identification of geochemical gold blocks and helped to discover 539 new deposits in a 15 recent
years period of detailed exploration (Xue and others, 2004).

GEOCHEMICAL ANOMALIES

The geochemical mapping of the Antioquia Department, allowed identifying two regional
anomalies for the Cu and Pb elements. 17 local anomalies were identified for each one of
the studied geochemical variables, such as six manganese anomalies, four molybdenum
anomalies, five nickel anomalies and two zinc anomalies.

According to the geological characteristics of the Antioquia Department, the identified
anomalies allowed to consider the high potential mining degree for the studied zones.

Variable Area (Km*) Location Geochemical
pattern
Cu (mg/Kg) 1255 Frontino Anomalia Regional
Pb (mg/Kg) 1354 Segovia-Remedios Anomalia Regional

Regional anomalies

Variable Area Km* Location Geochemical pattern
Mn(mg/Kg) 432 Dabeiba-Murindd Anomalia Local
Mn(mg/Kg) 321 Urrao-Vigia del Fuerte Anomalia Local
Mn(mg/Kg) 152 Segovia-Zaragoza Anomalia Local
Mn(mg/Kg) 124 Remedios-Vegachi Anomalia Local
Mn(mg/Kg) 121 Santa Rosa de Osos Anomalia Local
Mn(mg/Kg) 107 Yondo-Puerto Berrio Anomalia Local
Mo (mg/Kg) 497 Caramanta-Narino Anomalia Local
Mo (mg/Kg) 444 Segovia Anomalia Local
Mo (mg/Kg) 232 Puerto Nare Anomalia Local
Mo (mg/Kg) 38 Carmen de Viboral- Anomalia Local

Cocorna
Ni (mg/Kg) 499 Frontino-Urrao Anomalia Local
Ni (mg/Kg) 382 [tuango-Bricefo- Anomalia Local
Valdivia

16



Variable Area Km* Location Geochemical pattern
Ni (mg/Kg) 217 Narifio Argelia Anomalia Local
Ni (mg/Kg) 63 Liborina Anomalia Local
Ni (mg/Kg) 9 Urrao-Anza Anomalia Local
Zn (mg/Kg) 906 Frontino-Urrao Anomalia Local
Zn (mg/Kg) 358 Segovia-Remedios Anomalia Local

Local anomalies

According to the identified geochemical patterns was possible to determine a geochemical
gold Megaprovince, which covers 47.772 Km? area, being equivalent to 75% of the
Antioquian territory; besides two provinces and five regional anomalies.

Area Km* Location Geochemical
pattern
47772 Mining district cited by Rodriguez y Pernett (1986). Megaprovince
4804 Segovia Remedios, Zaragoza, Anori, Amalfi. Province
1887 Narifio, Argelia, Sonson Province
838 Buritica, Belmira Regional anomaly
801 Frontino-Urrao-Peque. Regional anomaly
367 Andes. Regional anomaly
112 Nechi. Regional anomaly
104 Taraza. Regional anomaly

Gold megaprovince, provinces and anomalies

COEFFICIENT OF MINERALIZATION (Mc)

If R is a well-known metal resource inside a block or subblock, and T is the estimate
tonnage of the metal, the coefficient of mineralization (Mc) can be obtained through the
follow relationship, (Xie and others, 2004):

Mc=RIT
T=C*S*D,*p

C= Average contain of the element inside the block or subblock
S= Superficial expression of the mapped area

D, = Subblock thickness (1000m). Viable considered deep to exploited deposits in
Colombian and in some other countries.

p = Average density of the rocks. The average density of the granites is used as the
average density for all the rocks: 2.7 ton/m°.

To determine the mining potential degree for the regional and local anomalies, the
estimated resources for the unknown mineralization can be reported. The coefficient of
mineralization for the regional copper anomaly was calculated based on the Pantanos-
Pegadorcito deposit (municipalities of Frontino-Dabeiba-Murindd). The mineralization is
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related with the Pantanos porphyry, which is hydrothermal altered (propylitization), lying of
eccentric form related to the subblock of the mapped copper anomaly. The value of Mc
has been assessed in 0.0002, giving 372 thousand tons of Cu, coming from 62 million
disseminated Cu with a grade of 0, 6 % (Alvarez and Others, 1993).

Pb (0.003), Zn (0.0009) and Au (0.00008) elements Mc were based on the estimated
resources, explored and operated by the Frontino Gold Mines, (Segovia — Remedios
Mining District). Mn (0.0003) and Ni (0.0004) elements Mc were based on the known
Vallesi and Morropeldn mineralization respectively.

Unknown
: Resource resouces
e — Known ore in th_e_anomaly (thousand Mc
(million ton.) ton)
Cu Frontino Pantanos- 1887 372 0.0002
(mg/Kg) Pegadorcito
Pb Segovia-Remedios  Frontino Gold Mines 91 263 0.003
(mg/Kg)
Resources prediction in regional geochemical subblocks.
Element Location Known Resources in the Unknown Mc
deposits anomaly resources
(million ton) (million ton)
Mn(mg/Kg) Dabeiba-Murindé Vallesi 2007 6.4 0.0003
Mn(mg/Kg)  Urrao-Vigia del Fuerte - 1410 unknown
Mn(mg/Kg) Segovia-Zaragoza - 685 unknown
Mn(mg/Kg) Remedios-Vegachi - 550 unknown
Mn(mg/Kg) Santa Rosa de Osos - 518 unknown
Mn(mg/Kg) Yondoé-Puerto Berrio - 478 unknown
Mo (mg/Kg) Sonsén Narifio - 4 unknown
Mo (mg/Kg) Caramanta - 0.3 unknown
Mo (mg/Kg) Segovia - 5 unknown
Mo (mg/Kg) Puerto Nare - 2 unknown
Mo (mg/Kg) Carmen de - 0.3 unknown
Ni (mg/Kg)  Frontino-Urrao - 114 unknown
Ni (mg/Kg) Ituango-Bricefio-Valdivia  Morropelén 85 30 0.0004
Ni (mg/Kg)  Narifio Argelia - 49 unknown
Ni (mg/Kg) Liborina - 14 unknown
Ni (mg/Kg)  Urrao-Anza - 2 unknown
Zn (mg/Kg) Frontino-Urrao - 423 unknown
Zn (mg/Kg) Segovia-Remedios Segovia 190 166 0.0009
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Resources prediction in local geochemical subblocks

Antioquia Megaprovince 15.74 -
Narifio-Argelia Province 18 -
18 -

-

Buritica regional
Anomaly

i 0.
Nechi regional Anomay 0.
0.

21

Prediction of the undiscovered gold resources in geochemical blocks and
subblocks, Antioquia Department.
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GEOCHEMICAL MAPS

A brief technical description of the seven analyzed elements is done. The seven elements
of the periodic table are: Au, Mn, Cu, Mo, Ni, Pb and Zn. The maps have been made at 1:
500.000 scale, with 7 representative color intervals for the percentiles 5, 25 50, 75, 90, 98
to facilitate the data statistical understanding. The zones in which the values were not
estimated are represented in white color. The 5 percentile means that 5% of the data have
inferior values to respect the content of the percentile and so on. Each map is also
included.
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Au Gold

Gold is a highly inert element and a rare trace component in the earth’s crust. Gold belongs to
the IB group of the periodic table, along with Cu and Ag. This is a transition metal, soft, shining,
yellow color, heavy, malleable and ductile (trivalent and univalent), which does not react with
the majority of chemical agents, but is sensible at chlorine and at regal water. The metal is
normally found in pure state or nuggets form, sometimes as electrum in alluvial, vein and
disseminated deposits. This is one of the metals traditionally used to coin currencies. It is used
in the jewelry shop, the industry and the electronic.

Au ESTIMATION OF FINE ACTIVE STREAM SEDIMENTS MGASED

The mean content of Au in the fine active stream sediments (inductively coupled plasma
mass spectrometer (ICP-MS)) is 29 ug/Kg. The range varies from 2 to 1895 pg/Kg.

The distribution of low values of Au correspond to less of 5% of the estimate data (<4) and
mainly cover the Uraba region and periphery zone of the department.

The high values of Au (>73 pg/Kg) which correspond to 25% of the estimate data, are
found at the eastern of the Puerto Berrio and Nechi, and at the western of Frontino and
Buritica.

Considering a threshold value of 15 pg/Kg of Au, a significant part of the Antioquian
Territory corresponds to a gold geochemical megaprovince, in which Rodriguez and
Pernet (1982) identified 11 mining districts with very important mineralization.

Following description and information is based on the Antioquia Department Mineral
resources inventory:

Batholith District: alluvial mining is developing in Terciary and Quaternary alluvial areas,
through panning and artisan mining.

Sonson District: gold is mainly found in quartz vein associated with dispersed alluviums in
the entire district.

Bajo Cauca and Nechi District: gold is alluvial and comes from the Tertiary and Quaternary
terrains of the Cauca and Nechi rivers. This is the major gold producer district of Antioquia.
Some vein mineralization has been reported as the less significance.

Zaragoza-Segovia-Remedios District: gold mineralization is abundantly represented by

intruded gold veins in quartzdiorite bodies located at the east of the Otu fault. In this district
the biggest vein gold exploitation of Colombia is found
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Amalfi-Anori District: the main gold manifestation proceeds from the vein systems intruded
in metamorphic rocks, those were object of the strong exploration at the beginning of XIX
century.

Puerto Berrio-Maceo-Puerto Triunfo District: the vein mining gold was important at the
80’s.

Yarumal District: disseminated gold and vein mineralization are reported, and some of the
alluvial characters.

Center District: these ores are mainly represented by vein type mineralization of sulfur with
gold and silver emplaced in dioritic and volcano-sedimentary rocks. The mining occurs at
the periphery of the diorite stock, such as the Frontino Paramo.

Mandé District: there exists the vein and alluvial gold occurrences. A significant prospect is
in the alluvial area of the Rio Murri.

Dabeiba District: some alluvial occurrences have been reported at the Rio Sucio basin.
Cauca District: vein mining is reported at Titiribi and Buritica.
The strong correlation of gold occurs in fine active stream sediments of MGASED.

Gold has a strong correlation with Ti (0.71) and Cr (0.64) in the fine active stream
sediments of MGASED. Furthermore, Au is found in the follow association:

< Au-Cu—Mn—Mo—-Ni-Pb-Zn, Au—Cu—Mo—Ni
< Au-Mn-Ni-Pb-Zn.

Minimum 2 Samples 6.260.395

Maximum 1895 Mean 95.5

Estimated concentrations of Au in fine active stream sediments (ug/kg)
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Cu Copper

Copper is a member of the transition elements and belongs to IB group of the periodic
table, along with Ag and Au. The element has a low chemical activity and can be
combined under two valence states. Cu has a high thermal and electrical conductivity. This
metal can be obtained in a pure state; it is also moderately hard and resistant to the
wearing down. Cu is useful because its chemical, physical and mechanical properties
combination, as well as to its electrical properties and its abundance. It is also used in
geochemistry prospection as an indicator of all type of mineralization, and is an important
pathfinder element for many types of the Au deposits. The high Cu values probably
indicate the presence of mafic rocks.

Cu ESTIMATION OF FINE ACTIVE STREAM SEDIMENTS MGASED

The fine active stream sediments mean of MGASED, reach a value of 51 mg/Kg, with
variations between 7 and 3284 mg/Kg. The over mean Cu values, are limited to Western
Cordillera and in less proportion to several sectors of the Uraba and Bajo Cauca. The 10%
of the estimate data correspond to high values superior to 94 mg/kg, which define three
significant sectors. The first one is located at the Frontino and Dabeiba municipalities,
where the Pantano — Pegadorcito Porphyry is found, being primarily estimated with 62
million tons of mineral, with a grade of 0.6% of Cu (Alvarez and Others, 1993). The others
two anomalies are located at the Murind6-Mutata sector and around of Bricefio. A small
anomalous sector was detected to the Urrao-Carmen de Atrato boundaries, which can be
part of the possible ore of the volcano sedimentary origin, such as the Roble ore’.

Cu shows a good correlation with Ni (0.41) in MGASED and makes part of the follow
associations:

< Au—-Cu—Mn—-Mo—-Ni—-Pb-Zn
< Au—Cu—Mo—Ni

Minimum 7 Samples 6.282.773

Maximum 3284 Mean 64.22

Estimated concentrations of Au in fine active stream sediments (ug/kg)

' El Roble: Cu mine, located at the Choco Department. Subterranean mine currently exploited.
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Mn Manganese

Manganese is a member of the first transition elements row and belongs to VIIB group of
the periodic table along with Tc and Re. The manganese is a very reactive metal. Although
the solid metal reacts slowly, the metallic dust reacts with facility and in some cases, very
vigorously. High values of Mn in association with Cr, Ni, V and other elements, are
indicative of maphic rocks. In Association with Fe, the Mn it can produce coprecipitation
effects in soils and rivers or lake sediments.

Mn ESTIMATION OF FINE ACTIVE STREAM SEDIMENTS MGASED

The statistic observations of the estimate data of MGASED, show a mean value of 1078
mg/Kg, with range values varying between 268 and 2127 mg/Kg.

Low values of Mn (<459 mg/kg) occur at the Uraba zone and in the east of the department. The
anomalous values of Mn (> 1359 mg/kg) were mapped in several zones, in which units of the
volcano sedimentary origin are predominate; as the units associated to the Cafiasgordas
Group (Frontino — Urrao) and to the Quebradagrande Formation (Santa Barbara). Several
veinforms and lenticular bodies outcrop in Dabeiba with 1 m thickness, fitted in a volcano
sedimentary sequence, where the ore is composed by pirolusite with a Mn variable content
between 28-43%. The Santa Barbara ore appears like lenses of 3-8 m thickness, fitted in chert,
where the main mineral is braunite with a superficial cover of pirolusite and vemadite. The
resources have been estimated in thousands tons. Both of them can have a narrow
mineralization with distal phase of the massive sulfides.

Mn is present in the follow associations:

<  Au—Cu—Mn-Mo—-Ni—Pb-Zn.
< Au-Mn-Ni-Pb—Zn.

Minimum 268 Samples 6.282.773

Maximun 2127 Mean 1055.72

Estimated concentrations of Mn in fine active stream sediments (mg/kg)
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Mo Molybdenum

The Mo belongs to VIA group of the periodic table, and is part of the elements transition, along
with Cr and W; its geochemistry is the most complex of the transition elements. The mobility of
Mo is high in low acid and oxidants conditions, very high in neutral and alkali conditions and
very low in reducing conditions. The Mo is considered as a pathfinder element for the
geochemical exploration of Au and for porphyry mineralization of Cu — Au, under certain
conditions.

Mo ESTIMATION OF FINE ACTIVE STREAM SEDIMENTS MGASED

The mean of the content of Mo is 0.89 mg/Kg and ranges between 0.12 and 8.01 mg/kg.

The low values of Mo (<0.55 mg/kg) are mainly reported at the Uraba and at the Bajo
Cauca zones. High values of Mo (>1.17 mg/kg) were mapped in an extended border,
which goes from the south to the boundaries of the department of Caldas and is extended
along the east to the Northeast, including some municipalities of the south of the Aburra
Valley. Small zones were mapped at the Guadalupe-Anori and Frontino-Urrao
municipalities.

The anomalies can be related with quartz biotitic schist with graphite; which is mineralized
with Molybdenite along to the South of Caramanta municipality, and black shale in
Abejorral, Sonson, Narifio, Puerto Nare, Puerto Berrio and Segovia. Black shale and
copper porphyries with molybdenum outcrop also in Frontino. The presence of Sheelite
and Wolframite has been reported In the hydrothermal mineralization of the Mining district
of Segovia — Remedios, whose can be a Mo host minerals.

Mo is present in the follow associations:

< Au—-Cu—Mn—-Mo—-Ni—-Pb-Zn
< Au—Cu—Mo—Ni

Minimum 0.12 Samples 6.277.878

Maximum 8.01 Mean 1.05

Estimated concentrations of Mo in fine active stream sediments (mg/kg)
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NI Nickel

Nickel belongs to VIII group of the periodic table, along with Pd and Pt. Nickel is a siderophile metallic
element with chalcophilic and lithophilic affinities and forms several minerals. The abundance of Ni in
igneous rocks, therefore, generally correlates with those of Mg, Cr and Co. Ni is also present in
appreciable amounts in common sulfide minerals, such as pyrite and chalcopyrite, and often
correlates well with Cu in sulfide-rich rocks. Ni is a pathfinder for magmatic Ni deposits, but its
effectiveness is limited by very high background values associated with host rocks; therefore, in the
search for such deposits, elevated Cu values may enable the discrimination of Ni anomalies
associated with sulfide.

Ni ESTIMATION IN FINE ACTIVE STREAM SEDIMENTS MGASED

The statistic observations of the estimate data indicate that the mean of the Ni content (XRF analysis)
as 41 mg/kg, with a range from 8 to 94 mg/kg. The low values of Ni (<13 mg/kg) are limit to the
middle Magdalena region, which conglomerates, silistones and mudstones outcrop. The
conglomerates contain quartz, chert, aphanitic volcanic rocks, schists and gneisses boulders. The
values greater than the mean are considered high (> 41 mg/kg) and define a border form as invested
S, that crosses the department in SE - NW direction, between Narifio and Frontino municipalities,
and tumning from the last locality towards the NE continuing to the Department of Cordoba, where
several prospects have been identified and Ni is exploited in Cerromatoso®

The maximum amplitude of this border is considered anomalous and can reach about 180 Km at the
[tuango municipality. The Ni anomalies make part of ophiolite sequences, documented and related to
the Romeral fault, where several prospects previously studied by INGEOMINAS in Iltuango and
Campamento municipalities are included. Ni contours values superior of 80 mg/kg were mapped at
the Narifio and Argelia, Frontino - Abriaqui and Liborina municipalities, possibly associated with basic
and ultra basic bodies. A small mapped zone at the Necocli municipality can be related with the mud
volcano activity.

The Nickel is well correlated with Cu (0.41) and shows the follow correlations:
% Au-Cu-Mn—-Mo-Ni-Pb-Zn

< Au—Cu—Mo—Ni
< Au—-Mn-Ni—-Pb-Zn

Minimum 8 Samples 6.282.773

Maximum 94 Mean 42.83

Estimated concentrations of Ni in fine active stream sediments (mg/kg)
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Pb | ead

Lead belongs to the IVA group of the periodic table, is a chalcophilic metallic element that forms
several minerals such as galena PbS, anglesite PbSQ,, cerusite PbCO5; and minimum Pb;O,. It is
enriched in felsic rocks and is mobile in late estates of the magmatic process. Pb manifestations can
be found in epithermal ore type with high sulfide and vein deposits of Cordillera type, and in the
orogenic gold. The Pb is a Pathfinder to explore volcano sedimentary ores and also for Au. Lead is
not an useful pathfinder in latheritic terrains.

Pb ESTIMATION IN FINE ACTIVE STREAM SEDIMENTS, MGASED

The mean of the estimate values in fine active stream sediments (X ray fluorescence,
XRF) is of 12 mg/Kg and the range of these values varies between 6 and 32 mg/Kg.

Map shows low values (<15 mg/kg) of Pb in the fine active stream sediments, as a general
behavior in almost all the territory. High values (>23 mg/kg) are restricted to the mining
district of the Segovia-Remedios, with felsic igneous rocks and hydrothermal mineralized
veins with galena are predominant.

Pb is strongly correlated with Cd (0.95) and Zn (0.75) and has the follow statistic
associations:

< Au—-Cu—Mn—-Mo—-Ni—-Pb-Zn
< Au—-Mn-Ni—-Pb—-Zn

Minimum 6 Samples 6.282.773

Maximun 32 Mean 13.01

Estimated concentrations of Pb in fine active stream sediments (mg/kg)

32



Legend
Pb Concentrations

Percentile mg/Kg
100

Analysis: XRF
Dotertion it 2 mgiKg

33



Zn ZInc

Zinc is the heaviest element of the first transition series row; it belongs to the IIB group of
the periodic table, along with Cd and Hg. Zn is a chalcophilic metal and forms several
minerals, including sphalerite (ZnS), smithsonite (ZnCO3) and zincite (ZnO). Furthermore;
Zn is a component of the massive volcanogenetic sulphide deposits of the distal middle
facies, and also in the epithermal deposits of the high sulphide content, in the copper
porphyry and in the metallic phase of the sulfide in the cordilleran veins and the orogenic
gold.

Zn ESTIMATION IN FINE ACTIVE STREAM SEDIMENTS, MGASED

The Zn mean value content in the estimated sediments of MGASED, is 104 mg/Kg and
varies between 31 and 322 mg/Kg.

The low values (< 67 mg/kg de Zn) are distributed in the North zone of the Uraba, Puerto
Berrio — Maceo, Caceres-Caucasia and Yondd municipalities. The high values (> 122
mg/Kg) are located at the Bricefio-Toledo-ltuango, Frontino-Urrao-Abriaqui, Antioquian
Surest area and the Segovia-Remedios .

Significant Au and Ag mineralization are reported in Abriaqui, Caicedo and in the eastern
side of the Frontino and Urrao municipalities. That mineralization has significant galena
and sphalerite concentrations. The highest anomalous values (2% of the estimated data)
were mapped in the Zaragoza-Segovia-Remedios mining District.

Zn is present in the follow statistic associations:

<  Au—-Cu—-Mn—-Mo—-Ni—-Pb-Zn
< Au—-Mn-Ni—-Pb—-Zn

Minimum 0.12 Samples 6.277.878

Maximun 8.01 Mean 1.05

Estimated concentrations of Zn in fine active stream sediments (mg/kg)
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CONCLUSIONS

An automated geochemical survey based on an ultra low density sampling and developed
using robust methods of geoestatistic modeling was shown; this allowed to introduce the
concept of geochemical blocks and subblocks, which reflect the geological environment
presence, which can be compatible with the different high mining potential levels of the
unknown resources.

The geochemical base line of the Au, Cu, Mn, Mo, Ni, Pb y Zn elements was reported for
the first time at the Antioquia Department, evaluated with quantitative and analytic
techniques, such as X ray fluorescence (XRF), inductively coupled plasma mass
spectrometer (ICP-MS), inductively coupled plasma atomic emission spectrometer (ICP-
OES) and Neutron Activation (INAA).

The 75% of the Antioquian Territory, has been identified as a gold Megaprovince (block),
in which are two provinces (blocks), Segovia-Remedios y Narifio-Argelia, furthermore five
regional anomalies (Frontino, Nechi, Taraza, Buritica y Suroeste) are also identified. The
geochemical blocks and subblocks show a narrow correlation with more than 200 gold
mineral manifestations. A non discovered resources potential of 15.7 millions tons of gold
is estimated.

Two regional anomalies (subblocks) were identified, considering unknown resources of 8 x
10° ton of Cu and 91 x 10° ton of Pb. 17 local anomalies were identified to cover 9-906
Km? for the other analyzed elements.

The constructed geochemical base line, are the evidence of the geochemical patterns in
the regolith, open a new field work with the agriculture, geomedicine and environmental
geochemistry application.

The geochemical maps veracity of ultra low density can be appreciated for its capacity to
find out anomalies in identified regions with known mineralized manifestations and the
future exploration programs to guide the discovering of the new deposits, and must be
oriented in or close of the important blocks and subblocks.
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