UNITED STATES DEPARTMENT OF THE INTERIOR

GEOLOGICAL SURVEY

U.S. GEOLOGICAL SURVEY~INGEOMINAS

MINERAL RESOURCE ASSESSMENT OF COLOMBIA
By

Carroll Ann Hodges, Dennis P. Cox, Donald A. Singer,
James E. Case, Byron R. Berger, and John P. Albers

U.S. Geological Survey
and

Francisco Zambrano-Ortiz, Fernando Etayo—-Serna, Dario Barrero Lozano,
Hernando Lozano Quiroga, Armando Espinosa Baquero, Humberto Gonzalez Iregui,
Abigail Orrego Lopez, Alfonso Arias Tauta, Carlos Cedeno Ochoa,

Oscar Pulido Ulloa, Alvaro Murillo Rodriquez, Manuel Jose Diaz,
Hermann Duque-Caro, Rodrigo Vargas Higuera, Alberto Nunez Tello,

Jairo Alvarez Agudelo, Clemente Ropain Ulloa, Joaquin Buenaventura Arango,

Hernando Mendoza Forero, Gloria Rodriquez Sierra, and Luis Jaramillo Cortes

Instituto Nacional de Investigaciones Geologico-Mineras

Open-File Report
84-345

This report is preliminary and
has not been reviewed for
conformity with U.S. Geological
Survey editorial standards.

Menlo Park, California
1984



Contents

Page
Summary 1
Introduction 2
Geologic framework of Colombia 5
Selected deposit types (classification number in

Appendices A and B) -— 48
Podiform chromite (1.1) - - - 7
Porphyry copper--molybdenum—rich; gold-rich (2.1, 2.2) =———===—=—-- 9

Molybdenum porphyry--climax type; low fluorine type (2.3, 2.4) —-- 12

Copper skarn (2.6) —~———==—=—————mmme— e — e —m— e —— e 14
Lead-zinc skarn (2.7) --- —-—— - 14
Massive sulfide, Cyprus type (3.1) ~—=——————e————mmmmm e 16
Massive sulfide in felsic and intermediate rocks (3.2) ———==—=———e- 18
Redbed-greenbed copper (4.1) 20
Volcanic native copper (4.2) - -— 22
Sandstone (sedimentary) uranium (4.4) - 24
Sediment-hosted submarine exhalative zinc-lead (4.5) 26
Sandstone-hosted lead-zinc deposits (4.8) - 28
Epithermal gold, quartz-adularia type (5.4) 30
Hot springs gold—silver deposits (5.6) 32
Emerald veins (5.10) =-- 34
Volcanic-hosted massive replacement (5.15) 36
Sedimentary manganese (6.5) 38
Bauxite (7.1) 41
Nickel laterite (7.2) ====——————————— - 43




References

Table 1.

Appendix A:

Contents

(Supplement)

Mineral resource domains; explanation for Plates 1 and 2

Ore deposit models--Dennis P. Cox, editor (86 pages)

Appendix B: Mineral deposit grade-tonnage models-~D. A. Singer

and D. L. Mosier, editors (193 pages)

Plate 1.
2.
Figure 1.

2—19a

Illustrations

[Plates are in pocket]

Mineral Resource Domains of Western Colombia

Mineral Resource Domains of Eastern Colombia

Geologic provinces of Colombia

Domains permissive for given deposit types, as labeled

10.

11.

12.

13.

14.

Podiform chromite

Porphyry copper, Mo-rich; Au-rich -—
Molybdenum porphyry-Climax type, low F ==———=—e—=w-=
Copper skarn, lead-zinc skarn - —_—

Massive sulfide, Cyprus type

Massive sulfide in felsic and intermediate rocks -

Redbed—-greenbed copper

Volcanic native copper

Sandstone (sedimentary) uranium

Sediment~hosted submarine exhalative Zn—-Pb —-—————-

Sandstone~hosted lead-zinc deposits -

Epithermal gold, quartz—adularia type -—-————=———-—

Hot springs gold-silver deposits

i1

Page

44

11
13
15
17
19
21
23
25
27
29

31



Figure 15.
16.

17.

18a, b.

19.

Contents

(Supplement)

Emerald veins

Volcanic hosted massive replacement

Sedimentary manganese

Bauxite

Nickel laterite -

iii

37

39

42



MINERAL RESOURCE ASSESSMENT OF COLOMBIA
U.S. GEOLOGICAL SURVEY-INGEOMINAS
Summary

An assessment of the non-fuels, principally metallic, mineral resources
of Colombia, completed by the Instituto Nacional de Investigaciones Geologico-
Mineras and the U.S. Geological Survey in October, 1983, provides a synthesis
of existing Information useful as a basis for planning future minerals
exploration programs. The complex geologic history and varied lithologic
environments of Colombia are permissive for a wide range of mineral deposit
types. In addition to new deposits of gold, silver, and platinum group
elements, significant resources of lead, 2zinc, chromite, manganese, and
possibly cobalt and bauxite may be discovered in the Cordilleran terranes by
applying advanced concepts in ore deposit modeling as well as new exploration
techniques. The vast and virtually unexplored areas of the Llanos Basin-
Guayana Shield offer substantial possibilities for the occurrence of bauxite,
iron, uranium, gold, diamonds, rare earths, possibly tin and tungsten; known
deposits of such minerals in adjacent areas of Brazil and Venezuela suggest
that eastern Colombia may be similarly endowed.

A broad program of exploration is encouraged. (1) Systematic geologic
mapping already begun at scale 1:100,000 is fundamental to a comprehensive
assessment of mineral resources and must remain a task of high priority. (2)
Extensive geochemical sampling of stream sediments and geophysical surveying,
particularly in the 1largely unknown eastern shield areas, are highly
recommended. (3) Tertiary/Quaternary volcanic rocks of the Cordillera Central
are favorable hosts for hot spring gold-silver deposits and should be an
immediate focus for exploration efforts. (4) Cretaceous strata of the
Cundinamarca Basin within the Cordillera Oriental offer excellent
possibilities for discoveries of large~tonnage, shale~hosted lead~zinc-silver,
bedded barite, and sedimentary manganese deposits. (5) Resources of
fertilizer minerals, specifically phosphate, are potentially large in the
Cordillera Oriental, and these should be assessed in detail; they are not
addressed in this report.

Results of this assessment are summarized at scale 1:1,000,000 on two
mineral resource maps of western and eastern Colombia. Domains in which the
geologic environment 1s permissive for specific mineral deposit types are
outlined on these maps; an accompanying table to which the maps are keyed
lists the deposit types and accessory 1information on known deposits,
stratigraphy, lithology and miscellaneous comments. The only non-metallic
minerals included are barite and emeralds. The text that follows presents
detailed descriptions of selected deposit types, including possibilities for
their occurrence in Colombila, as well as exploration guides and
recommendations. Two appendices provide compilations of ore deposit models
and grade-tonnage models, and are referenced in the text.

Information and recommendations contained in this report should provide a
basis for long-range planning of exploration and development strategy in
Colombia, for national decisions on mineral policy and land use, and for
establishing goals for research efforts.



Introduction

In October, 1982, the U.S. Geological Survey and the Instituto Nacional
de Investigaciones Geologico—-Mineras began a cooperative year-long project to
synthesize existing information on the non-fuels mineral resources of Colombia
and to assess the potential for new mineral discoveries within the framework
of lithostratigraphic terranes (Coney et al, 1980; Albers, 1981; 1983). The
products of the project are: 1) a mineral resource map (plates 1 and 2) at a
scale of 1:1,000,000 that combines geologic, metallogenic, and geochemical
data with terrane analyses and indicates favorable exploration areas (domains)
for given mineral deposit types; 2) a descriptive table, to which the map is
keyed, listing deposit types permitted by the geologic enviromment of each
domain; and 3) the following text that describes selected deposit types,
together with exploration guides and recommendations. In addition, the
present report includes two appendices: (A) a compendium of ore deposit
models, and (B) a compendium of grade/tonnage models. The scope of this one-
year effort was limited to metallic resources, with the exception of emeralds
and barite. The assessment is based primarily on deposit types rather than on
commodity occurrences.

Currently, Colombia produces significant quantities of platinum and gold,
and is the world's largest producer of gem—quality emeralds; in addition,
barite, silver, iron, and, since 1982, nickel are mined. Several porphyry
copper deposits have been discovered and are currently being evaluated. The
complex and varied geologic setting of the country is permissive for a broad
range of mineral deposits. The Cordilleran terranes include ultramafic
intrusive bodies, oceanic basalts, metasedimentary and metavolcanic rocks,
felsic intrusive rocks, Phanerozoic sedimentary rocks, 1including Tertiary
basin deposits, and Precambrian metasedimentary and metaigneous rocks.
Significant new resources of sedimentary barite, shale-hosted
lead-zinc-silver, hot spring gold-silver and mercury, platinum—group elements
and chromite 1in stratiform mafic complexes, sedimentary manganese, and
possibly cobalt and bauxite, may be found in these geologic enviromments. The
vast and largely unexplored areas of the Llanos Basin-Guayana Shield offer
excellent possibilities for the occurrence of bauxite, sandstone~hosted lead-
zinc, iron formation, uranium, paleoplacer gold and diamonds, rare earths, and
possibly tin and tungsten vein deposits.

In the pages that follow, selected deposit types known in or permitted by
the geologic setting of specific lithostratigraphic terranes are described,
together with a map showing those regions or domains (in some cases coincident
with terranes; more often, parts of terranes) in which a deposit type is most
likely to occur. Included for each is a paragraph outlining exploration
guides and recommended prospecting techniques. Additional information on the
deposit types is referred to in Appendices A and B; the Table of Contents for
Appendix A shows the classification and numbering scheme.

Aside from the quidelines regarding exploration for specific deposit
types, some recommendations for attaining a more comprehensive assessment of
Colombia's mineral resources are as follows:

1) Geologic mapping—-Because probability of success in finding ore deposits
is strongly dependent on the level of detail in geologic mapping, a
continued strong program of systematic regional mapping at scale 1:100,000
throughout the country is fundamental to more comprehensive assessment of
mineral resources. Regional geologic mapping should be supplemented by



2)

3)

4)

5)

6)

7)

8)

9)

more detailed mapping at 1:24,000 scale or larger in selected mineralized
areas.

Guayana Shield-Llanos Basin--The resource potential of this vast portion
of eastern Colombia is 1largely unknown. Existing geochemical and
geophysical data should be compiled, and an intensive program of stream—
sediment sampling and geophysical surveying throughout the region,
begun. The geologic enviromment of the shield areas appears especially
promising for discovery of a wide range of mineral deposits, based on
analogy with adjacent areas 1in Brazil and Venezuela. An 1initial
reconnalssance should be made by means of river traverses.

Epithermal gold--Tertiary/Quaternary volcanic rocks are permissive for hot
spring gold-silver deposits, commonly of low grade but large tonnage.
Reconnaissance mapping and sampling of altered and mineralized zones in
young volcanic rocks of the Cordillera Central and southern Cordillera
Occidental may well be rewarding.

Detailed study of Cretaceous section in Cordillera Oriental—--Excellent
possibilities exist for discovery of large tonnage, shale-hosted Pb-Zn-Ag,
bedded barite, and sedimentary manganese deposits in the thick sequence of
Cretaceous sandstones and shales of the Cordillera Oriental, especially in
the Cundinamarca Basin. Detailed stratigraphic, structural, and
geochemical investigations of these rocks, with emphasis on the black
shales, 1s highly recommended.

Aeromagnetic survey—-—-Aeromagnetic data are needed for the entire
country. Such data are valuable in identifying major rock units and their
continuity and, in some cases, local targets for ground exploration.

Geochemistry-—Geochemical sampling and analyses are essential in any
program of exploration and are commonly instrumental in defining target
areas. Emphasis on improving analytical techniques and expanding basic
sampling coverage 1is encouraged.

Non-metallic wmineral deposits-—-A comprehensive assessment of fertilizer
and industrial minerals important to Colombia's economy should be
undertaken. Such a study could be done in much the same style as this one
and could serve similarly as a reference framework to be added to as new
information becomes available.

Studies in classic mineral localities--A program of travel for Colombian
geologists to visit classic ore deposits throughout the world would be
immensely helpful in broadening the experience and perspective of those
responsible for exploration programs.

Investigations of ore-forming processes--Detailed petrographic and
geochemical analyses 1in specific districts, particularly those having
unusally complex mineralogy (such as the California-Vetas district) would
be useful, not only for exploration in Colombia but elsewhere as well.
Thorough studies are warranted in a number of districts, and government
support of graduate theses in such areas may be appropriate.
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Figure 1.--Geologic provinces of Colombia.




The documents resulting from this pilot project are intended to provide a
basis for national decisions regarding long-range mineral policy and land-use
in Colombia, for outlining exploration and development strategy, for
recommendations regarding further data acquisition and research, and for a
basic inventory to be augmented and improved as new data become available.

Geologic Framework of Colombia

Colombia comprises 9 major geological elements (figure 1). Fr om
southeast to north and west, they are briefly outlined as follows. (1) The
Precambrian Guayana Shield. (2) The sub-Andean basins east and south of the
Andes of Colombia and Venezuela (analogous to the Denver Basin and other
basins east of the Rocky Mountains front of the United States). (3) The
Cordillera Oriental and Serrania de Perija, which contain cores of Precambrian
and Paleozoic metamorphic rocks intruded by Paleozoic and Mesozoic plutons;
Triassic-Jurassic rift-related volcanic rocks and redbeds are prominent, and a
thick basin sequence of Cretaceous sandstones and shales dominates the central
part of the Cordillera Oriental (Etayo-Serna and others, 1976). Deformation
occurred at several Paleozoic intervals and in Late Cretaceous—early Tertiary
time, followed by vigorous uplift in post-middle Miocene time. (4) The
Cordillera Central, which contains Precambrian and Paleozoic crystalline
terranes, a mix of Mesozoic cratonic and oceanic deposits, and a superjacent
cover of Tertiary sedimentary and neo-volcanic deposits; plutons range in age
from late Paleozoic to early Tertiary. The crust is probably continental or
transitional. As elsewhere in the Colombian Andes, the vertical uplift is
post-middle Miocene. The Sierra Nevada de Santa Marta, a triangular-shaped
fault-bounded block on the Carribbean coast, is probably a geologial extension
of the Cordillera Central. (5) The Cordillera Occidental, composed of late
Mesozoic oceanic crust upon which have been superimposed primitive magmatic
(tholeiitic) to calc-alkaline rocks of late Mesozoic to Paleogene age. The
range is intruded by Paleogene to Miocene plutons, some of which contain
porphyry copper-molybdenum deposits. (6) The Pacific coastal range, the
Serrania de Baudo, an uplifted block of late Mesozoilc oceanic crust that
contains elements of primitive magmatic arc to calc-alkaline magmatic arc
deposits. (7) A great suture zone, the Cauca-Patia—-Romeral system, separating
the Cordillera Central (continental) from the Cordillera Occidental
(oceanic). This zone, in the subsurface, separates the San Jaciato belt from
the Sinu belt in the Tertiary basins of northern Colombia. (8) Deformed
Tertiary basins, which lie between the Cordilleras Oriental and Central
(Magdalena Valley), the Cordilleras Central and Occidental (Cauca-Patia
Valley), the Cordillera Occidental and Serrania de Baudo (San Juan-Atrato
Basin), the Serrania de Perija and Sierra Nevada de Santa Marta (Cesar Basin),
and along the Caribbean margin (Sinu belt, South Caribbean deformed belt).
(9) Complex ranges and small basins of the Guajira Peninsula. Comprehensive
summaries of the geology of Colombia can be found in Burgl (1961, 1967, 1973),
Campbell (1974), and Irving (1975).
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Selected Deposit Types

1.1 PODIFORM CHROMITE Domains 1, 3, 4, 12

Deposit Description

Lenticular or rudely tabular pods ranging in size from a few pounds to several
million tons in irregular peridotite masses or peridotite-gabbro complexes of
the alpine type. (Appendix A, p. 1-2)

Tonnage and Grade Characteristics

Ten percent of the deposits from the California-Oregon region in the United
States contain 1,800 tonnes or more, whereas the upper tenth elsewhere in the
world contain 200,000 tonnes or more. (Appendix B, p. 3-12)

Geologic Environment in Colombia

Chromite is specifically associated with dunite or serpentinized dunite in
upper parts of peridotite masses. Such intrusives are known along the
Romeral-Cauca suture zone and may also occur along the Atrato fault. Chromite
has been produced in Colombia from the Santa Elena podiform deposit,
associated with serpentine southeast of Medellin; reserves there were
estimated at 20,000 tons Cr203 in 1975 (Angulo, 1978; Alvarez, 1983). See
Appendix A for hypothetical model and genesis.

Exploration Guides and Recommendations

At least 99 percent of the world’s known chromite bodies have been found by
surface prospecting. Therefore the search for chromite in Colombia should
begin with an exhaustive search for all masses of ultramafic rocks by
conventional prospecting methods. Geophysical techniques may be helpful in
detecting concealed deposits. Ground magnetic surveys can be effective, and
detailed gravity surveys were used successfully in Cuba (Davis and others,
1957; 1960; 1980; Hammer and others, 1945). Electrical and seismic
techniques, including spectral induced polarization (SIP), produced
encouraging results in northern California (Wynn and Hasbrouck, in press).
Reconnaissance geochemical exploration may be helpful in delineating target
areas. The magnetic fraction of panned stream sediments is the most valuable
sample medium.
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2.1 PORPHYRY COPPER, Mo-rich Domains 3, 4, 8, 9, 12, 19, 23
2.2 PORPHYRY COPPER, Au~-rich

Deposit Description

Large tonnage deposits containing veinlets and disseminations of copper and
molybdenum sulfides in hypabyssal intrusions and their reactive country
rocks--Enrichment during weathering can result in high-grade blanket-like ore
bodies above lower grade primary mineralization. Two subtypes are known, one
rich in molybdenite and pyrite, the other rich in gold and magnetite. Some
deposits have no recoverable gold or molybdenum, others have both. (Appendix
A, p. 13-16)

Tonnage and Grade Characteristics

The median tonnage of well-explored deposits is 140 million tonnes and 10
percent of the deposits have 1,100 million tonnes or more. Median grade is
0.5 percent Cu, secondary enrichment zones may contain 1 to 2 percent Cu.
Median Mo grade of molybdenum-rich deposits is 0.4 percent. Median gold grade
of gold-rich deposits is 0.31 grams per tonne Au. (Appendix B, p. 32-50)

Geologic Environment in Colombia

Numerous porphyry deposits and prospects are known in the Western and Central
Cordilleras of Colombia, mainly in domains 3, 4, and 8 (Angulo, 1978), and in
the Eastern Cordillera at the California-Vetas District (Domain 23) (Sillitoe
and others, 1982). Undiscovered deposits may exist in some epizonal granitic
plutons in the Guajira Peninsula (Domain 12) and Sierra Nevada de Santa Marta
(Domain 19).

Exploration Guides and Recommendations

Exploration for porphyry deposits has been carried out in Colombia since the
early 1960’s, mainly by regional geochemical sampling and follow-up geologic
mapping and detailed sampling. Since the major part of this work was
accomplished, new information has been developed on the geologic attributes of
gold-rich porphyry copper systems. (See Appendix, model 2.2, for description
and bibliographic references.)

In gold-rich porphyry systems, gold is recoverable from the disseminated
copper ore within the porphyry intrusion. These systems may occur in the same
tectonic environment as molybdenum-rich systems but are probably formed at
higher levels in the plutonic-volcanic column. Breccias containing intrusive
rock and coeval volcanic rocks are especially significant in identifying such
high level igneous environments. Magnetite, in veinlets and disseminatiouns
associated with potassic alteration in the porphyry intrusion, is a dependable
indicator of a gold-rich system (Sillitoe, 1979). Pyrite may not be abundant
in the copper ore and, for this reason, the strong bleaching of rock and iron
staining of fractures usually associated with weathering of mineralized
porphyry outcrops may be absent. Supergene concentration of copper may also
be weak or absent. Pyrite along with sericite and clay may form in late stage
phyllic alteration, overprinted on the copper-gold mineralization and is
commonly abundant in a halo surrounding the ore zone and the porphyry
intrusion.

Detailed magnetic surveys of gold-rich systems should indicate a ring-
shaped magnetic low (caused by pyrrhotite or by the pyritizationm or oxidation
of magnetite) surrounding a magnetic high caused by the abundant magnetite in



the copper ore body (Jones and others, 1964; Case and Nelson, in press).
Electromagnetic methods may be useful in location of both sulfide and
magnetite~rich zones, especially induced polarization (IP), spectral induced
polarization (SIP), self potential (SP), and audio-magnetotelluric methods
(AMT) (Bruce Smith, personal commun., 1983). Analysis of rock samples may
show molybdenum anomalies in the pyrite halo, and anomalies of lead, zinc,
silver, and manganese in zones peripheral to the gold-rich system. Sampling
the =100 mesh portion of stream sediments may also show anomalous
concentrations of copper-gold and peripheral lead, zinc, silver, and manganese
anomalies. Formation of a peripheral anomaly may be closely related to late
sericite-clay-pyrite alteration overprinted on a copper-gold porphyry (Cox,
D. P., unpublished data). If such alteration is absent, peripheral lead,
zinc, silver, and manganese anomalies may also be lacking.

10
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2.3 MOLYBDENUM PORPHYRY, CLIMAX TYPE Domains 4, 19, 23
2.4 MOLYBENUM PORPHYRY, LOW F Domains 4, 8

Deposit Description

Large—-tonnage deposits of disseminated molybdenite, of low but fairly uniform
grade, in porphyry stocks and altered country rock in cratonic rocks--
Climax-type deposits have abundant fluorite associated with the ore stockwork
and occur in granitic or rhyolitic intrusions in rifted cratonic areas. Low-
fluorine-type ‘deposits are found in less silicic stocks in accretionary
continental margins. (Appendix A, p. 17-18)

Tonnage and Grade Characteristics

Median tonnage of nine well-explored Climax-type deposits is 230 million
tonnes; the largest 10 percent of deposits contains 910 million tonnes or
more. Median Mo grades for nine Climax and 33 low-fluorine-type deposits are
0.19 percent and 0.084 percent respectively. Tungsten and tin may be
byproducts. {(Appendix B, p. 51-56)

Geologic Environment in Colombia

No major molybdenum porphyry has yet been discovered in the Andean

Cordillera. 1In Colombia, a low-fluorine-type deposit may exist at the
locality of Santo Domingo south of Ibague in Domain 8 (Buitrago and
Buenaventura, 1975, p. 488). Climax-type deposits may exist in areas of
Mesozoic granitic and rhyolitic rocks in the Guajira Peninsula (Domain 14) and
Sierra Nevada de Santa Marta (Domain 19). The Santander Massif (Domain 23)
is, by analogy with the Central Rocky Mountains of North America, a favorable
tectonic environment for Climax-type deposits; however, high-silica granites
or rhyolites in this region have not been noted thus far.

Exploration Guides and Recommendations

Deposits are recognized in outcrop by their dense quartz stockwork, stable
potassium feldspar in altered rocks, and yellow ferrimolybdite stains.
Peripheral vein deposits of base-metal sulfides with gold, silver, tungsten,
and bismuth may be associated with low-fluorine types. Peripheral fluorite in
veins and breccia pipes as well as rhodochrosite, rhodonite, and spessartine
in altered igneous rocks suggest enviromments permissive for the presence of
Climax-type deposits. Flat magnetic gradients or magnetic lows commonly occur
over zones where magnetite has been altered to sulfides or to nommagnetic
oxides. Electromagnetic techniques useful in exploration for porphyry copper
deposits (2.1, 2.2) may also be applicable to molybdenum porphyry exploration,
although pyrite content may be lower in the molybdenum porphyries.

Geochemical exploration should include stream-sediment analyses for
molybdenum, tungsten, fluorine, bismuth, and the base and precious metals.
Molybdenum values of 3 ppm or higher in the -=100 mesh fraction of stream
sediments are generally considered to be anomalous (Howarth and Martin, 1979).

12
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2.6 COPPER SKARN Domains 8, 9
2.7 LEAD-ZINC SKARN Domains 8, 9

Deposit Description

Deposits of chalcopyrite, or sphalerite and galena in limestone altered to
calc-silicate rock near contacts with felsic to intermediate plutons.
(Appendix A, p. 20-22)

Tonnage and Grade Characteristics

Median tonnage of well-explored copper skarns is 600,000 tonnes and median
copper grade is 1.7 percent. Median tonnage of lead-zinc skarns is 2.1
million tonnes and median lead and zinc grades are 3.6 percent and 5.8 percent
respectively. (Appendix B, p. 61-77)

Geologic Environment in Colombia

Carbonate rocks of the Payandé and other Mesozoic formations in the southern
Cordillera Central contain numerous deposits of this type (Domain 8) (Buitrago
and Buenaventura, 1975). Additional deposits may occur in Domain 9 where the
Payandé lies at various depths below the cover of post-~Payandé volcanics.

Exploration Guides and Recommendations

Exploration should start with reconnaissance mapping of skarn mineral
assemblages in carbonate rocks of the southern Cordillera Central. Special
attention should be given to areas where hydrous silicates such as amphibole
and chlorite replace garnet or pyroxene because hydrous minerals commonly
accompany sulfide deposition.

A search for calc-silicate minerals in boulders and pebbles in streams,
if successful, should be followed by geophysical and geochemical surveys.
Detailed magnetic surveys would identify skarn magnetite and pyrrhotite that
may be associated with base-metal deposits. Standard electromagnetic surveys
may be effective in areas where geochemical anomalies suggest possible
targets. Heavy mineral separates of panned concentrates analyzed for
tungsten, bismuth, tin, and the base and precious metals are useful
geochemical guides. Mineralized skarns may be zoned outward from the
intrusive contact from Cu-Au-Ag to Au-Ag to outermost zomes rich in Pb-Zn-Ag.

14
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3.1 MASSIVE SULFIDE, CYPRUS-TYPE Domains 1, 3, 4, 12

Deposit Description

Massive pyrite, chalcopyrite, and sphalerite in or near pillow basalt and
diabase dikes--These deposits may have overlying or interbedded chert, shale,
and graywacke; an associated stringer zone (stockwork) containing pyrite or
pyrrhotite and chalcopyrite may commonly underlie the massive sulfide.
(Appendix A, p. 25-26)

Tonnage and Grade Characteristics

The median tonnage of well-explored deposits is 1.6 million tonnes and the
largest 10 percent contain 17 million tonnes or more. Ninety percent of the
deposits contain at least 0.63 percent copper; the richest one-tenth contain
more than 3.9 percent copper. Lead is present in trace amounts only. Ten
percent of the deposits contain at least 2.1 percent zinc. Gold is present in
minor amounts, and 10 percent of the deposits contain at least 27 g/t

silver. (Appendix B, p. 81-87)

Geologic Environment in Colombia

Conditions favorable for Cyprus~-type deposits exist in the Cretaceous
ophiolites (oceanic crust terranes) of western Colombia, as described by
Barrero-Lozano (1979), and possibly in other ophiolites in the north
(Domain 12). The nearest well-explored deposit, Oxec in Guatemala (Peterson
and Zantop, 1980), apparently is about the same age as the basalts and
diabases of the Western Cordillera of Colombia.

Exploration Guides and Recommendations

The stratigraphic position of deposits is most likely at or close to the
contact between submarine pillow basalts and overlying pelagic strata so field
mapping may identify favorable areas. Electromagnetic surveying is probably
essential in establishing drilling targets in heavily covered areas,
particularly time-domain electromagnetic (TEM) and frequency-domain
electromagnetic (FEM) profiling and sounding (Bruce Smith, personal commun.,
1983). Geochemical anomalies are unlikely to extend a great distance from
these deposits, so fairly dense sampling is required. Gossans or sulfides
that crop out should be sampled closely for geochemical anomalies.

Geochemical sampling should be concentrated near known or possible pillow
basalts and diabase dikes. Anomalies discovered should be followed up with
detailed rock and soil sampling and ground geophysics. Because mafic volcanic
rocks intrinsically contain high concentrations of base metals, it is useful
to use an analytical procedure that selectively extracts sulfide or oxide
mineral phases, leaving the silicate~bound metals undissolved. Flat or
negative magnetic anomalies commonly occur in alteration zones of pillow
basalt or sheeted dike sequences and thus may constitute indirect exploration
guides (Case and others, 1979). Spectral induced polarization may aid in
recognition of veins.
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3.2 MASSIVE SULFIDE IN FELSIC AND INTERMEDIATE ROCKS Domains 1, 3, 24

Deposit Description

Massive pyrite, chalcopyrite, and sphalerite in marine volcanic rocks of
intermediate to felsic composition--Such deposits may be in flows, tuffs,
pyroclastic rocks, breccias, felsic domes, or associated sediments. (Appendix
A, Pe 27"28)

Tonnage and Grade Characteristics

The median tonnage is 1.6 million tonnes; the largest tenth of the deposits
contain 19 million tonnes or more. Fifty percent of the deposits have average
copper grades of 1.3 percent or more, and the richest tenth have at least 3.5
percent copper. Average zinc grades of 2 percent or more are reported in half
of the deposits. The richest tenth contain at least 1.9 percent lead.
Precious metals are reported in over half the deposits with the richest tenth
having at least 2.3 g/t gold; the median silver grade is 11 g/t whereas 10
percent of the deposits contain 98 g/t or more silver. (Appendix B, p. 88-97)

Geologic Enviromment in Colombia

Marine volcanic rocks of intermediate to felsic composition apparently are not
common in Colombia. 1In the Western Cordillera volcanic rocks of intermediate
and locally felsic composition are present. The Macuchi deposit in Ecuador
(Stoll, 1962) is a well-explored example nearest to the Western Cordillera of
Colombia. Some of the Paleozoic rocks of the Central and Eastern Cordillera
are probably marine volcanic rocks of felsic and intermediate composition.

The Bailadores deposit in Venezuela (Carlson, 1977) is a Paleozoic example.
The shield areas of eastern Colombia are largely unmapped but could contain
extensive areas favorable for massive sulfide deposits.

Exploration Guides and Recommendations

Areas near known or possible felsic to intermediate volcanic rocks should be
identified with aeromagnetic surveys and geologic mapping. Centers of felsic
volcanism should be located by careful mapping and geophysical surveys.
Exploration efforts should be targeted in areas near felsic volcanic

centers. Any gossans discovered should be analyzed for gold and base

metals. Geochemical sampling of rocks and stream sediments may be helpful for
finding deposits. Electromagnetic surveying is probably essential in
establishing drilling targets in heavily covered areas. For the shield areas,
results of the multi-element geochemical surveys conducted for uranium should
be plotted to identify possible environments of interest.
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4.1 REDBED-GREENBED COPPER Domains 13, 17, 18, 19, 20, 21, 22, 26

Deposit Description

Stratabound, disseminated Cu sulfides in reduced beds of redbed sequence,
containing green or gray shale, siltstone, sandstone, local channel
conglomerates, and thin carbonate or evaporite beds. (Appendix A, p. 32)

Tonnage and Grade Characteristics

The median tonnage is 17 million tonnes whereas the largest 10 percent of the
deposits contain 400 million tonnes or more. Copper grades range from 2.0
percent or more for the richest half of the deposits to 4.2 percent or more in
the richest tenth of the deposits. The richest tenth of the deposits contain
38 g/t or more silver (D. A. Singer and D. L. Mosier, unpublished data).

Geologic Environment in Colombia

Mesozoic redbed sequences with intercalated volcanic rocks, occur in the
Cordillera Oriental, at the southeast margin of the Sierra Nevada de Santa
Marta, and in the Serrania de Perij4 (Maze, 1982), and include the Guatapuri,
Los Portales and Giron Formations, each of which contains minor copper
deposits. The E1 Rincon deposit, in undivided Mesozoic red beds, consists
only of oxidized copper minerals in quartz veins with high concentrations of
accessory silver; sulfide ores possibly, but not necesarily, occur at depth
(Tschanz and others, 1970). The most promising sequence of rocks in the
Cordillera Oriental is the Triassic-Jurassic Giron Formation, consisting of a
deltaic-fluviatile redbed sequence that includes conglomerate, sandstones,
siltstones, mudstones, and gray to black shales (Cediel, 1968). Genesis of a
redbed-greenbed deposit requires a reducing, low pH environment for
precipitation of metal sulfides from hydrothermal saline solutions or basinal
brines (Gustafson and Williams, 1981). Direct precipitation from brines can
occur in anoxic basins, and some Cu mineralization is known in black shales of
the thick Cretaceous section in the Cundinamarca basin (Gil, 1976; Marino,
1976; Fabre and Delaloye, 1983). The redbed sequence as described in the
Cordillera Oriental, however, appears to be largely fluvio-deltaic (Cediel,
1968).

Exploration Guides and Recommendations

Reduced or organic-rich sediments in redbed sequences are favorable
prospecting environments, particularly in association with evaporites in a
rift setting. Uranium is commonly associated and may be a useful geochemical
guide, along with elevated concentrations of Mo, V, Pb, Zn, and Ag. Analyses
of insoluble residues from associated carbonates (southeast Santa Marta
region, for example) could be useful in detecting geochemical anomalies; this
technique was successful in exploration of the Viburnum Zn-Pb district of
southeast Missouri, U.S.A. (Pratt, 1981). Electromagnetic techniques may
indicate sulfide deposit if they have sufficient volume and thickness, but
such techniques are warranted only where geochemical anomalies have been
defined. Both time-domain electromagnetic (TEM) and frequency-domain
electromagnetic (FEM) sounding, as well as audio-magnetotelluric (AMT) and
spectral induced polarization (SIP) may be useful (Bruce Smith, personal
commun., 1983).
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4.2 VOLCANIC NATIVE COPPER Domains 20, 21, 22

Deposit Description

Amygdaloidal and disseminated native copper and copper sulfides in subaerial
basalt flows and copper sulfides in overlying sedimentary beds, including
breccias, red beds, limestones, and black shales. (Appendix A, p. 33)

Tonnage and Grade Characteristics

Deposits in basalts range from less than 1,000,000 tonnes to 55,000,000 tonnes
and from 0.6 to 4.5 percent Cu. Deposits in overlying shales may be very
large (White Pine, Michigan: 500,000,000 tonnes at 1.23 percent Cu), and
deposits in overlying limestone may be very high grade (Kennecott, Alaska:
4,200,000 tonnes at 12.8 percent Cu).

Geologic Environment in Colombia

The best known occurrences of this deposit type are in the Serrania de Perij4,
where basalt flows are interbedded with Mesozoic clastic strata (Champetier de
Ribes and others, 1963). Copper deposits described from the La Quinta
Formation in adjacent parts of the Perijéd region in Venezuela include native
copper in mafic flow tops; copper sulfides in sedimentary rocks, copper-iron
sulfides in felsic volcanic rocks, copper sulfide and petroleum in sedimentary
rocks, and copper iron sulfides at mafic dike-sediment interfaces (Maze,
1982).

Exploration Guides and Recommendations

Presence of a reducing enviromnment in shale and carbonate rocks and permeable,
porous host rock, such as basalt flow-top breccias, sandstone, and
conglomerate, are important factors in localization of ore; faults and
fissures provided conduits for mineralizing solutions (Maze, 1982). Stream
sediment sampling and analyses for Ag, Zn, and Co as well as Cu are
appropriate. Cu nuggets in float and streams are obvious indicators of
amygdaloidal deposits. Electromagnetic techniques applicable to exploration
for redbed copper deposits (4.1) may also be effective (Bruce Smith, personal
commun., 1983). Volcanic sequences should be identifiable by ground or
aeromagnetic anomalies.

22



12°

10°

8°

60

40-

2°k

78°

76° 74°

72°
T

44

3 1 ' 1 1

14

100 KILOMETERS

13’

Figure 10.--Sandstone (sedimentary) uranium.

23



4.4 SANDSTONE (SEDIMENTARY) URANIUM Domains 13, 17, 18, 19, 20, 21, 22

Deposit Description
Uranium oxides localized within reduced enviromments of medium to
coarse-grained clastic beds, commonly tuffaceous. (Appendix A, p. 35-36)

Tonnage and Grade Characteristics
No statistical data compiled.

Geologic Environment in Colombia

Principal uranium source rocks are arkosic or tuffaceous sedimentary rocks
most favorably situated above or lateral to the potential host rocks (Nash and
others, 1981). In Colombia, extensive red-bed sequences with intercalated
volcanic units occur in the domains listed above and comprise the Giron,
Guatapuri and La Quinta Formations in the Cordillera Oriental, Santa Marta,
and Perij4 regions, respectively. Additionally, sedimentary uranium occurs in
transgressive lower Cretaceous black shales in the Cordillera Central "Berlin"
basin area (Cameron and others, 1980).

Exploration Guides and Recommendations

The most effective and efficient means of exploration for sedimentary uranium
deposits is the aerial gamma-ray spectrometry survey, whereby target areas can
be identified for follow-up ground surveys. Precambrian terranes in the
eastern shield area of Colombia are especially favorable for uranium
exploration. The Cordillera Oriental is clearly the most promising of the
Andean chains, and effort might well be focused on both east and west flanks
where fluvial systems have drained thick Mesozoic and Paleozoic sedimentary
sequences, as well as felsic plutonic rocks of the Santander and Floresta
Massifs, into deep Tertiary basins. Excellent potential exists for discovery
of Colorado Plateau-type channel deposits, localized by organic debris. 1In
bedded clastic deposits, molybdenum is a common indicator mineral in yellow or
blue oxides (ilsemannite, Mo,0 gen H O) Uranium occurrences and exploration
recommendations are thoroughfy rev1ewed in the IUREP report (Cameron and
others, 1980). Geophysical techniques useful in locating uranium deposits
elsewhere include induced polarization (IP), spectral induced polarization
(SIP), time-domain and frequency-domain electromagnetic profiling (TEM-FEM),
and self-potential (SP) (Bruce Smith, personal commun., 1983).
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4.5 SEDIMENT-HOSTED SUBMARINE EXHALATIVE Zn-Pb Domains 6, 10, 11, 23, 25, 26

Deposit Description

Beds of lead and zinc sulfide, commonly fine grained, in black shale,
localized in marine basins with restricted circulation and consequent high
salinity and euxinic enviromments--Metals may be introduced along deep
tensional faults prior to lithification of sedmiments. (Appendix A, p. 37-38)

Tonnage and Grade Characteristics

Among the world’s largest and highest grade base-metal concentrations, these
deposits have median tonnages of 11 million tomnes. The largest 10 percent
contain 150 million tonnes or more. Median zinc and lead grades are 6.3 and
4.4 percent respectively. Nearly all deposits have a reported silver grade,
the median being 59 gms/tonne. (Appendix B, p. 117-121)

Geologic Environment in Colombia

Although all known deposits of this type are found in Proterozoic and early
Paleozoic rocks, conditions favorable for their formation in Colombia are best
developed in Cretaceous strata of the Cundinamarca basin in the Cordillera
Oriental where deposition of black shale and evaporites in a restricted basin
in the Lower Cretaceous was accompanied by block faulting and intrusion of
basaltic dikes (Etayo-Serna and others, 1976). These conditions may have
promoted circulation of fluids depositing numerous small metal-sulfide veins
in the basin and may have concentrated large tonnages of sulfide in the
reducing environments of black shales and siltstones.

Exploration Guides and Recommendations

Detailed stratigraphic and structural analyses of the Cundinamarca basin will
facilitate location of: (1) small scale restricted basins within the major
basin, (2) persistent synsedimentary faults marked by slump breccias and
localized, intense penecontemporanceous deformation of sediments, and (3)
igneous heat sources. Coincidence of these features with galena, sphalerite,
or barite occurrences and sulfide-rich layers in the shales would indicate
promising areas for detailed mapping, rock sampling, and stream sediment
sampling. Analysis of samples for barium, boron, and manganese as well as for
lead, zinc, and silver would aid in detecting favorable enviromments. Various
electromagnetic methods could be applied to target areas as follow-up, after
initial definition by geochemical criteria. Magnetic surveys may be useful in
locating basaltic dikes.
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4.8 SANDSTONE-HOSTED LEAD-ZINC DEPOSITS Domain 28

Deposit Description

Stratabound deposits of massive to disseminated galena and other sulfides
forming thin, sheetlike ore bodies in sandstone and quartzite. (Appendix A,
P. 43-44)

Tonnage and Grade Characteristics

The median tonnage of 21 well-explored sandstone lead deposits is 5.5 million
tonnes, The largest 10 percent contain 66 million tonnes or more. The
deposits are relatively low grade compared to other lead deposits, their
median grade being 2.6 percent Pb., The richest one-tenth contains more than
4.6 percent lead. Seventy percent of known deposits have reported zinc grades
and 42 percent have reported silver; the richest tenth contain 46 grams or
more Ag per tonne. (Appendix B, p. 122-126)

Geologic Environment in Colombia

Sandstone lead deposits are unknown in the South American continent but
conditions permissive for theilr occurrence are present in the Aracuara domain
(28) in eastern Colombia (6alvis and others, 1979). There, flat-lying lower
Paleozoic sandstones on crystalline basement rocks may have been aquifers
carrying metal-rich fluids filter-pressed from geosynclinal, lower Paleozoic
sediments in the fold belt of Silurian age in the present site of the
Cordillera Oriental. This situation is similar to that of the Laisvall
deposit east of the Caledonian fold belt in Sweden (Rickard and others, 1979).

Exploration Guides and Recommendations

Exploration in the Aracuara should concentrate on the lower hundred meters of
the Cambrian quartzites. Recognition of deposits may be difficult because of
surface leaching and because lead-zinc oxide minerals are difficult to
recognize. Pb, Zn, and Ag analyses of heavy mineral concentrates from stream
sediments in the vicinity of paleochannels and basement ridges in the
quartzite should be made with special attention given to areas where the
quartzite contains traces of organic carbon. Various electromagnetic sounding
and profiling techniques as well as induced polarization (IP) and self-
potential (SP) methods have been used successfully elsewhere in the world
(Bruce Smith, personal commun., 1983).
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5.4 EPITHERMAL GOLD, QUARTZ-ADULARIA TYPE Domains 3, 5, 7, 9, 14, 18, 19, 23

Deposit Description

Open~space vein filling and associated stockwork deposits of complex silver
sulfides, simple base-metal sulfides, and some native gold with pyrite--large,
open fissures are commonly filled with banded quartz (occasionally amethystine
quartz and adularia). Wallrock alteration consists mainly of illite,
adularia, chlorite, epidote, and calcite. Deposits occur most commonly within
or adjacent to nommarine volcanic rocks and (or) hypabyssal intrusions.
(Appendix A, p. 51-52)

Tonnage and Grade Characteristics

Fifty percent of epithermal gold-quartz-adularia deposits contain 0.7 million
tonnes or more; ten percent contain 14 million tonnes or more. Gold grades
range from 4.3 g/t or more for the richest half of the deposits to 19 g/t or
more in the richest tenth of the deposits. Silver grades vary from 130 g/t,
or more, in the richest half, whereas ten percent of the deposits contain 600
g/t or more. Copper grades are low, and reported zinc grades are low for most
deposits, but ten percent of the deposits contain 5.1 percent or more zinc.
(Appendix B, p. 138-145)

Geologic Environment in Colombia

Epithermal fissure-vein gold-silver deposits are widespread in South America,
with the largest deposits occurring in nonmarine intermediate to silicic
volcanic rocks. Smaller deposits occur peripheral to and (or) within the
upper parts of felsic igneous stocks. Nonmarine volcanic environments
favorable for epithermal deposits occur on the Guajira Peninsula, near
Manizales, and in the vicinity of Popayan.

Exploration Guides and Recommendations

The Tertiary-Quaternary volcanic fields should be the highest priority
exploration areas. Areas of subvolcanic intrusions in conjunction with
through-going fracture systems are likely targets. Commonly favorable
structures include large normal faults, ring-fracture zones around calderas,
and keystone grabens. Altered zones hundreds of meters wide commonly exist
around these deposits characterized by chlorite-epidote-pyrite and Fe-rich
carbonates. Using wet chemical techniques, altered rocks should be analyzed
for gold, silver, arsenic, antimony and zinc; stream sediments should be
analyzed for arsenic, antimony, zinc, and mercury. Gold in these types of
deposits is usually very fine grained and detectable only by chemical
analysis, thus explaining why they were often missed by early prospectors.

Ground and aeromagnetic surveys are of general use in defining locations
of intrusive and extrusive rocks. Centers of mineralization may be identified
by using magnetic data and various electromagnetic techniques in conjunction
with geochemical data (Case and others, 198l1). Altered areas may be expressed
by flat or negative magnetic anomalies and by spectral induced polarization
(IP) anomalies.
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5.6 HOT SPRINGS GOLD-SILVER DEPOSITS Domains 4, 6, 7, 14, 18, 19

Deposit Description

Vein and disseminated and (or) stockwork deposits of native gold and silver-
bearing sulfides with pyrite, generally associated with simple sulfides of
antimony, arsenic, and mercury--0Ore bodies within and adjacent to fractures
and (or) abundant hydrothermal breccias are commonly in nonmarine silicic
volcanic rocks, but may occur in any type of host rock. (Appendix A, p. 55~
56)

Tonnage and Grade Characteristics

The few well-studied deposits contain more than 10 million tonnes and as much
as 200 million tonnes. Gold grades probably range from 2 to 14 g/t. Silver
may be present in grades slightly higher than gold grades. (No statistical
data compiled.)

Geologic Enviromment in Colombia

Permissive conditions for this deposit type occur in Colombia in the young
volcanic rocks near Popayan and Manizales. Some older deposits may still be
preserved in areas of silicic ash-flow volcanism such as in Cretaceous rocks
on the Guajira Peninsula and in the Sierra Nevada de Santa Marta. Any areas
of known thermal activity related to magmatic heat sources are favorable.

Exploration Guides and Recommendations

Exploration in the Popayan and Manizales volcanic terranes should focus on (1)
areas of thermal spring activity producing siliceous sinters; (2) areas of
silicification and brecciation; (3) areas of stockwork fracturing with quartz-
adularia veinlets; and (4) areas of intrusive and exogenous rhyolite domes.
The metallization is commonly subtle due to low total sulfide

concentrations. Wet chemistry analyses are recommended as follows: (a)
rocks--for gold, silver, arsenic, antimony, and mercury; (b) stream
sediments--for arsenic, antimony, and mercury; and (c¢) heavy mineral
concentrates--for gold. New methods using NH, as a guide to gold
mineralization have been tested in Nevada (Bloomstein, in press) but have not
been evaluated in tropical enviromments. The areas of silicification usually
have surrounding argillic alteration but it may be eroded away. The gold is
often very fine-grained and detectable only using chemical analysis; thus
early prospectors often missed these types of deposits. Shallow electrical
methods may be applied but usually are not effective if deposits are
disseminated.
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5.10 EMERALD VEINS Domain 25

Deposit Description
Emeralds in plagioclase-dolomite veins in black shale, associated with
faults. (Appendix A, p. 60)

Tonnage and Grade Characteristics
Specific numbers not known but Colombia is the World’s major producer of gem
quality emeralds. The value per unit weight is among the highest for gems.

Geologic Enviromment in Colombia

The two main districts in Colombia are located near Muzo and Ubata in lower to
middle Cretaceous shales (Angulo, 1978). Emerald-bearing oligoclase-dolomite
veins occur in or near faults which cut the Cretaceous shales and

limestones. Although their origin is uncertain, several pieces of evidence
suggest the veins are related to nearby alkaline dikes that occur in the Muzo
district. High salinity fluid inclusions suggest temperatures of 275°-350°C
at the time of formation (Escovar, 1979).

Exploration Guides and Recommendations

Assuming that dikes are a necessary source of heat for the formation of the
emerald deposits, an aeromagnetic survey over the Cretaceous shales might be
an effective way to search for favorable areas. A preliminary ground magnetic
survey at a known district should indicate feasibility of using the magnetic
technique. Exploration in favorable areas should be near faults, and
techniques should include rock geochemistry. Based on earlier geochemical
studies, altered areas near mineralized veins have high values of Mo, Ni, Cu,
and Na (Escovar, 1979). High sodium concentration may be common near many
faults and may not be related to emerald mineralization.
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5.15 VOLCANIC-HOSTED MASSIVE REPLACEMENT Domains 3, 4

Deposit Description

Massive to breccia~filling deposits of copper sulfosalts, mainly enargite-
luzonite or tetrahedrite, and other sulfides in volcanic rocks showing strong
pyrophyllite or alunite alteration--Deposits are characteristically situated
above or adjacent to porphyry copper systems (Sillitoe, 1983). (Appendix A,
p. 67)

Tonnage and Grade Characteristics

No tonnage data have been analyzed for these deposits. Small deposits are
about 2 million tonnes, the largest 27 million tonnes. Copper grades are as
high as 2 percent. Zinc may be recoverable. Silver and gold grades are
sufficiently high in themselves to make many deposits profitable. Antimony
and arsenic may be byproducts.

Geologic Environment in Colombia

No deposits of this type have been discovered in Colombia. They are known in
western Canada and the Philippines in geologic environments similar to those
of Domains 3 and 4. All porphyry copper prospects in volcanic terranes in
Colombia are permissive environments for these deposits.

Exploration Guides and Recommendations

Hydrothermal fluids escaping from porphyry systems may migrate to cooler
(epithermal) environments along fracture zones or breccia pipes or along
layers of open volcanic breccia or other paleoaquifers in the volcanic pile.
Known deposits lie 500 to 1,000 m from a porphyry system (Sillitoe, 1983).
Mineral occurrences near porphyry systems should be examined to identify
sulfosalts. Alteration zones should be examined to identify alumina-rich
alteration minerals, and other indicator minerals such as dumortierite and
scorzalite (both a distinct blue color). Geochemical data should be examined
to identify anomalous Ag~Sb~As zones near porphyry prospects. Flat magnetic
gradients or relative magnetic lows commonly occur over zones where magnetite
has been altered to sulfides or to nonmagnetic oxides.
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6.5 SEDIMENTARY MANGANESE Domains 10, 23, 25

Deposit Description
Stratiform concentrations of manganese carbonate and oxide minerals in
transgressive clastic or carbonate sedimentary rocks in cratonic rocks.
(Appendix A, p. 73)

Tonnage and Grade Characteristics

Median tonnage of well-explored deposits is 8.9 million tonnes and the largest
10 percent of the deposits contain 460 million tonnes or more of ore. Median
Mn grade is 33 percent. (Appendix B, p. 173-176)

Geologic Environment in Colombia

Cretaceous strata of upper Magdalena Valley and northern Cordillera Central
(Domain 10) and Cordillera Oriental (Domains 23 and 25) are permissive
environments for sedimentary manganese deposits. Manganese ores are formed
where anoxic conditions develop in restricted black shale basins and where
marine transgression coincides with periods of world-wide marine anoxic
conditions (Cannon and Force, 1983). The latter situation is best developed
in the upper Magdalena Valley in rocks of Aptian—-Albian age (Etayo-Serna and
others, 1976).

Exploration Guides and Recommendations

Sedimentary manganese carbonate ores have few identifying characteristics
other than slightly anomalous specific gravity and, locally, stains of black
manganese oxides along fractures and weathering surfaces. Pelletal structure
may be present. Suspicious looking rocks should be analyzed for Mn by
quantitative wet chemical methods rather than by spectrograph because the
latter method normally does not differentiate concentrations above 5 weight
percent Mn. Manganese ores may occur in close proximity to iron oxide-rich
sediments. Research is needed to determine if various electrical or
electromagnetic techniques can be applied with reasonable chance of success.
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7.1 BAUXITE Domains 3, 4, 7, 33

Deposit Description

Irregular mantle of extremely weathered aluminous rocks exposed in surface or
near surface environments, often covering large areas. (Appendix A, p. 76)

Tonnage and Grade Characteristics
No statistical data compiled.

Geologic Enviroﬁment in Colombia

Conditions favorable for formation of bauxite are (1) warm tropical climate,
(2) abundant rainfall, (3) aluminous parent rocks having high permeability and
good subsurface drainage, and (4) long periods of tectonic stability that
permit deep weathering and preservation of land surfaces. In Colombia,
aluminous laterites are present in water-laid tuff in the uppermost part of
the Popayan Formation.

Exploration Guides and Recommendations

Because chemical weathering removes essential plant nutrients, soils developed
on bauxite deposits commonly support a cover of dwarfed, undernourished
vegetation. Recognition of dwarfed vegetation on old land surfaces has led to
discovery of bauxite deposits in Oregon and Hawaii and several very large
deposits in other parts of the world. A large deposit fairly close to the
Colombian border in western Venezuela is in weathered Precambrian rapakivi
granite. Rapakivi granites of Venezuela have moderate to locally strong
magnetization, and aeromagnetic data might provide a regional guide for such
granites in Colombia. Electromagnetic sounding and profiling and, possibly,
spectral induced polarization might be appropriate exploration techniques.
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7.2 NICKEL LATERITE Domains 3, 4, 12

Deposit Description

Irregular mantle of extremely weathered rock overlying peridotite or
serpentinite-~Laterites may cover large areas and be as much as 30 meters
thick. (Appendix A, p. 77)

Tonnage and Grade Characteristics

The median tonnage is 44 million toannes; the largest tenth contain 250 million
tonnes or more. The richest tenth of the deposits contain at least 1.9
percent nickel. Cobalt is usually present in minor amounts. (Appendix B,

p. 187-190)

Geologic Environment in Colombia

Laterites typically form in regions of low relief having humid tropical to
subtropical climates and abundant rainfall. Long periods of tectonic
stability that permit deep weathering and preservation of land surfaces favor
formation of these deposits. Weathering of peridotite or serpentinite
typically yields laterite containing 45-55 percent Fe and about 1 percent Ni
and 0.1 percent Co. In Colombia, ultramafic intrusives that are potential
parent bodies occur along the Romeral suture zone, which marks the contact
between oceanic and continental crust. Laterite deposits being mined at Cerro
Matoso, in the department of Cordoba, contain 2.6 percent Ni, 0.06 percent Co,
and 16.2 percent Fe; reserves of 66 million tons average about 1.9 percent Ni
(Alvarez, 1983).

Exploration Guides and Recommendations

Nickel laterite develops only as a weathering product of ultramafic rocks, and
target areas are, therefore, restricted to areas underlain by such rocks.
Sparse, stunted vegetation is typical of areas underlain by ultramafic rocks
as well as laterites. All ultramafic rocks should be mapped and explored for
overlying laterites., Many laterites are not expressed by magnetic anomalies,
but positive gravity anomalies may occur if peridotite has sufficient
thickness. Serpentinites commonly are magnetic, but they are of low density
and rarely have significant gravity expression. Electrical sounding methods
and induced polarization (IP) have been used successfully in exploration,
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Table l.--Mineral resource domains, as numbered on accompanying maps (Plates 1
and 2); each characterized by geologic enviromment permissive for
gspecific mineral deposit types 1listed. Known occurrences
representative of given deposit type are named, and pertinent
stratigraphic, l1ithologic, and structural information is summarized;

available geophysical data and miscellaneous comments are included
in the final column.
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Dosain #1.--BAUDO-GORGONA Terranes: Raudo~Gorgona
Deposit
cype Known deposits Wock enviromments Comments
Massive sulfide None Marine basalt, endesite and Accreted island arc
(3.1, 3.2) tuff. Chert and argillite of
Late Cretaceous and early
Tertiary age
Volcanogenic Mn None Serrania de Baudo characterized by
(3.5) large positive gravity anomalies and
by high amplitude, short wavelength
magnetic anomelies.
Podiform chromite None Peridotites (not found to Ultremsfic intrusive rocks reported
(1.1) date) in Serrania de Baudo, not documente-
Komatiite Ni-Cu None Ultramafic rocks with
(3.4) komat{itic textures (Gorgona
Ie).
Placers-- Bahia Solano Beach sands, alluvial deposits
magnetite-
ilmenite-chromite,
PGE, gold
(6.3)

Domain #2.~-ATRATO~SAN JUAN BASIN

Terrane:

Atrato-San Juan Basin

Placer PGE and Au
(6.3)

Rio Sucio; East
tributaries of Rio
Atrato and Rio San Juan

Nuaternary alluvim. Source
rocks are ophiolite complexes
and zoned ultramafic plutons
in Cordillera Occidental.

Magnetic snomalies indicate shallow
basement near headwater of Rio San

Juan

Domain #3.-~CORDILLERA OCCIDENTAL

Terrane:

Dagua~Canas Gordas-Cauca—Romersl

Massive Sulfide
(3.1, 3.2)

E1l Roble (Choco);
Macuchi, (Ecuador)

Pillow basalts, diabase dikes

Cu anomalies; Kennecott field study

Porphyry Cu, Mo
(2.1)

Acandi, Pantanos,
Piedrancha, Andagueda,
Rio Blanco, La Verde,
Ranos

Porphyry Cu Au
(2.2)

Murindo

Tertiary felsic intrusive
rocks including quartz
porphyry locally intruding
tonalite batholiths

by large pos
anomalies.

presence of
composition.

Epithermal Au,
quartz adularia
type

(5.4)

Las Bquis (Antioquia),
Barbacoas, Sotomayor,
Guachavez (Narino)

Epithermal Au,
Quartz-alunite
type

(5.5)

None

Volcanic hosted
massive replace-
sent

(5.15)

None

Veins cutting host rocks of
Tertiary {ntrusives,
especially near porphyry
copper centers

Rhyolite near lLas Equis

Volcanogenic Mn
(3.5)

Numerous localities:
Buenaventura (Valle),
Vallee! (Antioquia)
Curcuel, Samaniego
(Narino)

Chert and other pelagic rocks
associated with mafic to
internediate volcanic rocks

Lov aulfide Au
quartz veins

Prontino; other
localitites (Antioquia)

Mafic volcanic snd sedimentary
rocks intruded by intermediate

(s5.3) plutons
Podi forms None Peridotite; serpentinite
chromite

(1l.1)

Nickel laterite
(7.2)

Cerro Matoso

Placer Au, PGE
(6.3)

Numerous localitites:
Rio San Pranciaco, Guapi
(Ceuca)

Telenbi (Narifio)

Alluvial daposits. Special
attention to areas draining
zoned ultramafic plutons (1.2)
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Domain #3.--CORDILLERA OCCIDENTAL--(continued) Terrane: Degua-Canas Gordas-Cauca-Romeral
Deposit
type Known deposits Bock anviromments Cowmaents
Silica-carbonate None
Rg
(5.8)
Disseminated HgS Marilopez, Rio Blanco Cinnabar disseminated in soils
(Type unknown) (Cauca) over weta-pillow basalts
Bauxite (7.1) la Cumbre Lateritized basalt
Bitaco
Darian
Domain #4.--CAUCA-PATIA-ROMERAL Terranes: Cajemarca~Csuca-Romeral

Cyprus type
sassive aulfida
(3.1)

Paao da Bobo, (Cauca),
La Marina, (Valla)

Volcanogenic Mn
(3.5)

Numerous occurrences:
La Loma, Santa Barbara
(Antioquia)

Pillov basalt, diabase, chart,
aedimentary rocks

Porphyry Cu
(2.1, 2.2)

El Pisno Piadra, Sentadas
(Cauca), Alumbral
(Narino)

Felsic intrusive rocks of
Tertiary age

JE—

Epithermal Au Ag
(5.5, 5.6)

Marmato, Ruenos Aires,
Almaguer Districts

Veins and stockworka in
various rocks usually in or
near Tertiary intrusive
stocks. Deposits cluster
around Tertisry-Ouatenary
volcanic fields

Steap gravity gradients indicate
that the Cauca-Patia-Romeral zone
servas as boundary between ocsanic

crust to the west and continental or

transitional crust to the aast.
Copper anomslies

Copper anomalias from upper levels
of La Loma

Numerous anomalies in Cu, Ph, Ag, 7r

Volcanic hosted None
massive
replacement
(5.15)
Silica-carbonate Nona Serpentine and siltstone !
i |
(5.8) §
Disseninated Hg Aranzazu Crataccous clastic rocks near 1, Locslized along Romeral fault zone
5.7) andesitic dikes |
Podiform chromite Santa Elana, numerous Dunite, peridotite, i Detailed gravity and magnetic data
(1.1) small occurrencas aerpentinite usad in prospecting in Medellin
! region
Ni laterite None Peridotita underlving (
(7.2) erosional surfaces of low i
raliaf .
- — — - — = — - -
Porph. Mo La Tata (Caucas) Dacite porphyry , Mo anomalies, periphersl Cu, Au
(2.4) i
Bauxite (7. l) Morales—Ca {ibio (Cauca) Laterites of Popayan Pa. |
Domain #5.~~SEGOVIA REGION Terrane: Puqui-Campamento
Epithernal Au, Ag Segovia District Rornblende diorite host rocks Sparse gravity data suggest
Quartz adularia (age 160 m.y.), metamorphic transitional or continental crust
(5.4) wall rocks
Domain #6.—CORDILLERA CENTRAL, NORTH Tarrane: Cajamarcs

Epithermal Au Ag
(5.4, 5.5, 5.6)

Numerous saall vains,
generally rich in galena
and stibnita, locally
cinnabar. Guadalupe
(Antioquia)

Alteration zones in Cajamarca
Schist near dacitic stocks (5-
6 m.y). Also in Antioquia
batholith and near areas of
recent volcanisa (QTv) in
south end of domain

Sedimantary
axhalative Pb-
2n, Cu~-2Zn
(4.5, 4.10)

Small chalcopyrita,
pyrrhotita occurrancas

Graphitic schist, meta-
volcanic rocks.

Numerous anomalies in Cu, Pb, Ag.
Vains localized along Palestina
fault and other northeast-trend-
ing faults.

Sparsa gravity data suggeet that

crust {s continantal or transitional

in this domain




Domain #7.-—~PASTO AND NORTH TO POPAYAN, EAST OF MANIZALES

Terrvanes:

Dagua-Cauca~-Romeral-Cs jamarca-Payande

Comments

Deposit
type Known deposits %ock eaviromments
Hot spring Au, Ag Noane TQ volcanics near hot springs,
(S5.6) sulfur deposits, siliceous
sinter deposits.

Qtz. sdularia Au, None
Ag

(5.4)
Qtz. alunite Au, None
Ag

(5.5)
Hot spring Hg None

(5.9)
Bauxite Morales—Cajibio (Cauca) Geathered TO tuffs and lake
(7.1) sedinents

Cu, Pb, Ag anomalies in TQV south of
Popayan

Gravity and refraction data indicate
that this dosain crosses oceanic
crust in the west and continental or
transitional crust in the east

Domain #8.--CORDILLERA CENTRAL-SOUTH

Terrane:

Cajamarca-Payande

Porphyry Cu Mo
(2.1)

Dolores, Andes, Infierao
Chili, Mocoa

Porphyry Mo, Low F
(2.4)

Saato Domingo

Msinly Ibague batholith and
younger stocks iatruding
batholith, Payande limestone,
and other sediments
(mineralization age 131 m.y.)

Also alkalic plutons 160 n.y.
near Dolores

Widespread Cu Pb Ag anomalies.

Scant paleomagnetic deta suggest
that post-Payande rocks formed 10
degrees south of present latitude.
Scant gravity data suggest that
crust is continental or transitional

Skarn Cu Mine Viefs Aleo Algeciras batholith and
(2.6) Los Guayabas (Tolima) smaller plutons to south at

Granates (Huila) contact with carbonate rocks

of Triassic age.

Skarn Fe Numerocus localities
(2.5)
Skara Zn El Sapo, Mocoa
(2.7) Suspiro Las Paslmitas

(Huila)

None
Carbonate~hosted None
Au
(5.2)
P}lc;r Au Rio Saldana Recent fluvial deposits

6.3)

Domain #9.-~UPPER MAGDALENA VALLEY Terrane: Payande
Barite-celestite Coyaime (Tolima) Tesalia Andesitic volanic rocks and Scant gravity data suggest that

veins lovw in
sulfides

(Buila)

suall intrusives. Post
Payande Triassic-Jurassic age.

Porphyry Cu Mo None Small veins of Cp+Py cutting
(2.1) volcanics

Epithermal Au, Natagaima

quartz adularia
type

(5.4)

Replacement Pb, None Payande 1limestone underlving
in, & Trisssic-Jurassic volcanic
(5.1) deposits {ntruded by small

atocks

Carbonate-hosted None

Au

(5.2)

crust {s continental
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Domain #10.~~CORDILLERA CENTRAL, EAST FLANK Terrane: Payande
Deposit
type Known deposits Rock enviromments Cowments
Sedimentary Mn None Restrictd snoxic besin; black
(6.5) shales of Reuterivian-
Barrsaian (Early Cretsceous)
age vith intercalated tuffs
and sndesite flows of
intarmediate composition
Submarine None
exhalative Pb Zn
(4.5)
Sedimentary or Berlin Basin
black shale-hostad
U
Domain #11.-~UPPER MAGDALENA VALLEY Terrane: Payande
Sedimentary Mal Nombre, Ortega, Cretaceous strats;
hematite, limonite (Tolima); Palermo transgressive shale and
(Huile) sandstone of snoxic oceanic
period. Principslly
Aptign~Albian stages
Sedimentary Mn None
(6.5)
Sedimentery None Rauterivisn-Rarremisn black
exhalative Pb Zn - shale deposited in restricted
(4.5) epicontinental basins
Sedimentary or Ataco, Coyaima (Tolima)
black shale~hosted
U
Domain #12.~--GUAJIRA 1, NORTH Terrane: Alta Guajirs
Ni laterite None Upper Cretaceous~Etpana Fu. Oceanic crust intuded by Tertiary
(7.2) quartz-diorite pluton
Podiform Cr Parashi; blocks of Deep marine lithologies- Large positive gravity anomalies
(1.1) chromitita 1 n» in dism. sarpentinites, talc, chlorite,
and biotite schists, qtzite,
meta gabbro intrusions,
spilitic lavas
Cyprus-type None
massive eulfide
(3.1) - -
Cu, Mo porphyry None Tertiary qtz. diorite Parashi Intrudes Upper K metasediments of
(2.1) pluton accreted oceanic crust
Epithermal Au None
(5.4, 5.5)
Domatn #13.~=GUAJIRA 2, EAST Terrsane: Alta Guajira
Red bed-green bed None Triassic-Jurassic sediments- Zero or negative gravity anomalies
Cu (4.1) La Quinta and Rancho Grande suggest continental transitional
Fus. Thick beds of medium to crust
coarse-grained ssndstone, rsd-
green-gray shales,
conglomerate, red clastic
rocks
Sandstone U None
(4.4)

Domain #14.--GUAJIRA, SOUTH

Terrane:

Cosinas

Epithermal Au
(5.4, 5.5, 5.6)

None

Lower K-Ipapure Pu.
Felsic volcanic rocks intruded
by rhyolite dikes

Paleonmagnetic data suggest large
rotations

Domain #15.-~SANTA MARTA-NW

Terrane:

Sierra Nevada de Santa Marta

Sn-W Skarn
(2.8, 2.9)

Mz--Sants Martas Group
Micaceous schists,
amphibolitss, and marbles
intruded by Tertiary

intermed {ate plutons; possible
mineralization in carbonate
contact zones
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