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GEOLOCY AND MINERAIL DEPOSTTS OF AN ARFA IN THF
DEPARTMENTS OF ANT10QUIA AND CALDAS (SUBZONE 11B), COLOMHELA

By Tomas Feininger
U. S. Geological Survey

And Darfo Barrero L. and Néstor Castro Q.
Colombia Instituto Nacional de Investigaciones Geologico-Mineras

ABSTRACT
The Inventario Minero Nacional (IMN), a four-year cooperative
geologic mapping and mineral resources appraisal project, was accom-
plished under an agreement between the Republic of Colombia and the
U. S. Agency for International Development from 1964 through 1969.
Subzone IIB, consisting essentially of the east half of Zone II,

comprises nearly 20,000 km?

, principally in the Department of Antioquia,
but including also small parts of the Departments of Caldas and Tolima.
The rocks in IIB range from Precambrian to Holocene. Precambrian
feldspar~quartz gneiss occupies a mosaic of fault-bounded blocks in-
truded by igneous rocks between the Ot{l fault and the Rio Magdalena.
Paleozoic rocks are extensive, and include lightly metamorphosed
graptolite-bearing Ordovician shale at Cristalina, and a major suite
of graphitic quartz-mica schist, feldspathic and aluminous gneiss,
quartzite, marble, amphibolite, and other rocks. Syntectonic intrusive
pneiss intruded many of the older rocks during a late Paleozoic(?)
otopeny o which wis accompaniced by Abukuma-tyvpe metamorphism ranging
from lowermosl greenschist to upper amphibolite facies. A Jurassic

diorite pluton bounded by faults cuts volcanic rocks of unknown age east



of the Oty fault. Cretaceous rocks are major units. Middle Cretaceous
carbonaceous shale, sandstone, graywacke, conglomerate, and volcanic
rocks are locally prominent. The Antioquian batholith (quartz diorite)
of Late Cretaceous age cuts the middle Cretaceous and older rocks. A
belt of Tertiary nonmarine clastic sedimentary rocks crops out along

the Magdalena Valley. Patches of Tertiary alluvium are locally preserved
in the mountains. Quaternary aliuvium, much of it auriferous, is wide-
spread in modern stream valleys.

Structurally IIB constitutes part of a vast complex synclinorium
intruded concordantly by syntectonic catazonal or mesozonal felsic
plutons, and by the later epizonal post-tectonic Antioquian batholith.
Previously unrecognized major wrench faults are outstanding structural
features of IIB. Some are traceable for several hundred kilometers
and probably have displacements measurable in kilometers, although only

'thelPalestina fault, with right-lateral displacement of 27.7 km, is
accurately documented.

Correlations of rocks mapped in IIB with those of outlying areas
including neighboring IIA are discussed.

INTRODUCTION

The Inventario Minero Nacional (IMN) was a 4-year program under-
taken cooperatively with the U. S. Geological (USGS), and joinLly
financed under an agreement between the Ministry of Mines and Petroleum
of the Republic of Colombia and the Agency for International Development
(AID), U. S. Department of State. The work of the Inventario formally

began in September 1964.

[A]



The purpose of IMN was to study and evaluate the mineral resources
(excluding petroleum, coal, emeralds, and alluvial gold) of selected
areas in Colombia, designated Zones I through IV, that total about
100,000 kmz. Each zone was provided with one or more geologists of
the USGS, to act as scientific and technical advisors. Field geologists
and administrative personnel were Colombian. The geologists were pro-
vided chiefly by the Servicio Geoldgico Nacional and the schools of
geology of the Universidad Nacional, Bogoté, and the Facultad Nacional
de Minas, Medellin. Specialists in such fields as cartography, geo-
chemistry, geophysics, paleontology, and phosphate rock were provided
from time to time by the USGS, mostly on short-term contracts. The
Inventario had three Project Directors, the late Dr. Aurelio Lara, and
Drs. Darfo Suescun G. and Andrés Jimeno V. Mr. Earl M. Irving was
Chief U. S. Advisor.

Of the four zones slated for study under the Inventario program,
Zone II, whose area exceeds 40,000 kmz, was by far the largest. Accord-
ingly the zone was divided into two subequal parts along a convenient
north-south boundary. The west part constitutes Subzone IIA and the
east part Subzone IIB, hereafter commonly referred to as simply IIA
and IIB, respectively. Subzones IIA and IIB were studied concurrently
but independently of one another and with separate cadres of field
geologists and USGS advisors. Drs. Hernan Vasquez C., Hector Rico H.,
and Jairo Alvarez A. were successive Zone Chiefs of Zone II.

Tomas Feininger acted as advisor in IIB throughout the Inventario program.
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Subzone I1B
Subzone IIB covers nearly 20,000 km?, principally in the Department
of Antioquia, although small parts arc in the Departments of Caldas and
Tolima (fig. 1).

Physical geography and geomorphology

The Andes mountains of western South America are part of a single
complex orogen of great length. Near the Colombia-Ecuador border,
approximately at the equator, the mountain chain divides into three
distinct ranges, which in Colombia are called the Western, Central, and
Eastern Cordillera. The cordilleras are separated by the north-draining
longitudinal Cauca and Magdalena River valleys. This study is directed
to a sizeable area along the east flank of the Central Cordillera; the
Magdalena River forms its eastern border.

Nearly all of IIB is in a rugged area of maturely dissected mountain-
ous topography. Slopes range from 20° to 40° or more. Local relief
nearly everywhere exceeds 500 m. Total relief in IIB is nearly 3,000 m:
from about 50 m on the Rfo Nechi in the north, to more than 2,900 m on
the highest mountains along the border with IIA in the south. Mountains
yet further south in IIB, in the Department of Tolima, may be higher.
Topographic map coverage of that part of I1IB, however, is unavailable.

In gencral, relief decreases progressively from west to east toward the
Rio Magdalena, and local relief in a belt from 10 to 30 km wide along

the east edge of IIB south from Puerto Berrio is generally 100 m or less.
The only extensive level or gently rolling land occurs on Tertiary and

Quaternary sediments in the valley of the Rio Nechi in the northern part



of IIB ond along the Rfo Magdalena as mentioned before. Some upland
valleys are partly filled with colluvial and alluvial deposits and
have flat floors. The width of these valley floors, however, rarely
exceeds 500 m.

All streams and rivers in the prevalent mountainous topography of
ITB flow in steep-walled valleys or canyons from 50 to more than LO0O m
deep. The deepest canyons are those of the R{o Porce between Amalfi
and Anor{ (1,200 m) and the Rfo Samana Norte south of San Luis (1,000 m).

The Rio Magdalena and its tributaries drain all of IIB. The
largest of these tributaries are the Rios Nechi: Samana Norte, Samana
Sur, San Bartolomé, Ité, Cocorna Sur, and La Miel. Large tributaries
to these streams in turn include the Rios Nare, Porce, Bagre, Claro,
Guatapé, Manzo, Nus, and Volcan.

The climate of IIB is equatorial. Seasonal variations of tempera-
ture are negligible; the average annual temperature ranges from nearly
30° ¢ along the Magdalena and Nechf valleys, to perhaps 14° C on the
highest mountaintops. Rainfall, on the other hand, has seasonal varia-
tions with January, February, July, and August normally the driest
months. Throughout IIB rainfall is sufficient to keep the natural
vegetation green through the year. Meteorologic data from several
stations in IIB arc given in table 1.

Forest covered all of IIB prior to colonization which began about
400 years ago. Most of this forest has been felled, but a few areas
that cover hundreds of square kilometers have been left largely un-
touched. The most extensive of these forested areas are found north

of the Antioquian batholith and between the towns of San Francisco



Table 1, HMetcorologic datua from stalions in IIBl/

Average Average Range of

Htation Imlevation anraal annual annual Years of records
(m) I (“1') ramfall  rainfall
(mm) (mm)
{2
Medellin— 1438 21 1351 1002-1723 19h2 - 1967
Amal1fi 1600 20 1701 1950 - 1962
E1 Bagre 50 3995  3096-4978 1942 - 194k
1947 - 1962
1964 - 1966
Guatape 1900 4o51 hhl3-5239 1959 - 1966
Pucrto Rerrio 123 o7 165% 1950 - 1060
San Tuls (11 R s OO 3-06076 19040 = 1960
Segovia 650 oL 2056  2111-4153 1923 - 1967
Yolombo 18Ls5 21 2363  15L49-3129 1950 - 1951
1953
1957 - 1962

Y

Dala 'rom Departamento e Planeacion de la Jobernacion de Antioguia
oxcopl. Pate Consolidated Sold Dredging. Ltda. (01 Ragre): Fmpresas
s . 4 . / . . N g
MihTicas de Medel1in (uatape): and “rontino Jold Mines, Ltda.
(Borovia).

~
i/ In ITA. included here for reference.



and Argelia (pl. 1). Land clearing has been most extensive on the
Antioquian batholith and eastward to the Magdalena River.

Bedrock in IIB is deeply weathered and covered by a nearly
ubiquitous mantle of clay-rich saprolite and soil. Fresh rock crops
out only in stream beds where it may be plentiful. Continuous expo-
sures of fresh rock hundreds of meters long are not uncommon in rivers

and large streams.

Weathering of most of the rocks in IIB is pervasive, proceeding
along closely spaced foliation or bedding planes and more or less
uniformly and completely decomposing the rocks. Massive igneous rocks
(such as the quartz diorite of the Antioquian batholith), nonfoliated
amphibolite, and some feldspar-quartz gneisses poor in mica, however,
weather in a distinctive manner. Where these relatively massive rocks
are not closely fractured, decomposition can proceed only along joints.
With time, such joint-controlled weathering leaves rounded residual
boulders of fresh rock 1 to 10 m in diameter surrounded by shells each
from 1 to 10 cm thick of partly weathered rock, which in turn are encased
in saprolite. As the saprolite is removed by erosion, the residual
boulders of fresh rock become exposed. Such boulders, for example, arc
conspicuous surficial features on the Antioquian batholith. With time,
the boulders move down slopes and become concentrated in stream and
river courses. Such concentrations of boulders are called organales
(Botero A., 1963, p. 32-35), and some are so extensive and deep that
streams flow entirely amongst the boulders and are completely hidden

from view.



The saprolite is commonly undisturbed even at little depth where
local relief is 100 m or less. Trenches eroded along mule trails that
are two or three meters deep show adequate textural and structural
features of the parent rock to give useful geologic information. In
most places, however, local relief is considerably more than 100 m,
and the mantle of saprolite has crept or slid so that even deep cuts
fail to expose undisturbed weathered rock. Saprolite derived from
certain rock types is particularly subject to movement and nowhere
occurs in situ. Mafic igneous rocks, for example, produce a saprolite
so unstable that movement of the saprolite mantle hundreds of meters
or even several kilometers beyond the limits of the respective body of
source rock was found to be common., This relationship is clearly seen
in the Field around the gabbro body at San Francisco (pl. 1, sheet 2).

Even the drastically disturbed saprolites commonly retain distinct-
ive characteristics that serve to identify the rock from which they were
derived. For example, amphibolite and gabbro produce a clayey dark red
to maroon saprolite. Felsic intrusive igneous rocks (alaskite to quartz
diorite) produce a sticky reddish-tan or beige saprolite. Saprolite
derived from migmatite is flecked with dark maroon splotches a feﬁ
centimeters long, the relics of micaceous laminae. Quartzite and quartz-
rich gneiss produce a gray sandy saprolite that emits crunching sounds

from henecath the hoofs of passing horses.



The population in IIB is sparse in most areas, and large areas
in the north and west-central parts of the subzone are uninhabited.
About two dozen incorporated towns (Muunicipios”) and a tarper aumber
of unincorporated smaller scttlements ("correcgimientos'" and 'veredas')
dot IIB. The largest towns are Puerto Berrio, La Dorada, and Honda,
all on the Rio Magdalena.

Transportation within most of IIB is arduous. The few roads in
the part of the subzone mapped by IMN are unpaved, only one lane wide,
and passable with difficulty during the rainier months. The yard-
gauge Antioquian Railroad crosses IIB from the IIA border near Cisneros
to Puerto Berrio, and thence parallels the Rio Magdalena southward
along the west shore. The railroad is the only means of access to most
of the southern part of IIB mapped by IMN. Puerto Berrio, Puerto Nare,
and Ot (near Remedios) have scheduled light aircraft service. The
airline "SAM" has daily DC-4 service to El Bagre.

Previous investigations

Previous geologic investigations in IIB were few, largely owing to
poor access. The earliest recorded geologic observations were made nearly
a century ago by Javier Cisneros (1878, p. 32-35) pursuant to the survey-
ing of the route of the Antioquian Railroad. The observations are, how-
ever, of greater historic than scientific interest. Don Tulio Ospina
(1911) summarized the geology of the Department of Antioquia as then known
and included several observations in IIB. He also made what are perhaps
the earliest attempts at a classification of the rocks and mineral deposits

of Antioquia. A quarter century later, Juan de la Cruz Posada (1936)



published the first geologic map of Antioquia. This colored map,
printed at a scale of 1:2,000,000, distinguishes three broad units:
predominantly Paleozoic rocks, predominantly Mesozoic rocks, and
predominantly Cenozoic rocks. The accompanying text contains few
references to the area of IIB. Prof. Gerardo Botero A. (1940a, b;
1941; 1942) published perhaps the first modern geologic studies

made in IIB, including a restudy (Botero A., 1940a, b) of the grap-
tolite locality at Cristalina first described by Harrison (1930).

In 1946 the Servicio Geoldgico Nacional issued ozalid copies of a
geologic map of Antioquia more detailed than the earlier map by
Posada (1936). This map, at a scale of 1:1,000,000, depicted 11 units
and incorporated much of Botero's work. Other geologic investigations
in IIB are restricted to studies of mines or cement rock and none
includes discussions of regional geology. Few of these studies have
been published; most are available as open file reports ("informes')
in the Servicio Geoldgico Nacional, Bogoté, the Ministerio de Minas y
Petroleos, Bogota, or the Zona Minera, Medellin.

Field and laboratory methods

Although prior geologic knowledge in IIB was quite limited, the
area had been thoroughly prospected (chiefly for gold) during more
than four centuries. From the outset of the present studies it was
clear that with this historical background the best hope of finding
yet undiscovered mincral deposits lay in systematic and rather detailed
regional geologic mapping. Accordingly, such mapping has formed the

foundation of work by IMN in IIB, and the accompanying geologic map
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(pl. 1, sheets 1 and 2) are a direct product of the Inventario program.
A summary of geologic mapping in IIB as of 1969 is given in table 2.

Most geologic information was taken from stream bed outcrops of
fresh rock. Supplemental data werce taken from exposures of weathered
rock in mule trails and in road and railroad cuts that only locally
reach fresh rock. Field data were plotted on 1:25,000-scale topographic
maps (ozalid copies, ''Cartas Preliminares" of the Instituto Geogréfico
Agustin Codazzi, Bogota), or on high-altitude 1:60,000-scale aerial
photographs. The actual scale of field mapping, however, ranged from
1:50,000 to 1:100,000 as in most places traverses were spaced 1 to 2 km
or more apart. The locations of many places cited in this report are
given by a simple coordinate system. The geologic map (sheets 1 and 2)
has been divided into rectangles corresponding to arcas 10 km N-S by
15 km E-W. These rectangles, which coincide with the 1:25,000-scale
topographic maps used in the ficld mapping, are lettered in rows from
west to east "a" through "f," and numbered from north to south 1 through
16. Thus the town of Maceo is located in c-7 (pl. 1, sheet 1), and the
town of San Carlos is in b-Il (pl. L, sheet 2).

Geologic obscervat ions were made at more than 40,000 outcrops,
and about 10,000 rock samples were taken for laboratory study. Thin
sections for petrographic study were made from more than 1200 of the
samples. Descriptions of each thin section were made and are on file
at INGEOMINAS, Medellin.

Reconnaissance and detailed studies were made of mineral deposits

of potential economic importance. .
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Table 2.--Geologic mapping in IIB as of 1969.

Area km? Percent of IIB
Subzone 1B [RIRR 1o
Mapped by IMN (pla. 1,000 b0 SH
Previously mappedl/ 1,293 7
INGEOMINASZ/ 1,716 9
Unmapped3/ 4,952 26

Y Servicio Geolggico Nacional (1957). Quadrangle K-9.

3/ Northern part of quadrangle H-9 mapped in 1969 by INGEOMINAS,
successor organization to IMN. A generalized compilation of
this mapping is presented on plate 2.

3/ Much of the south part of I1IB, south of the mapping by IMN, was

accomplished by INGEOMINAS, principally during 1970 and 1971.
This work, also shown on gate 2, is not ingluded in this table.

Rock nomenclature used in this report more or less follows conventional
usage. Metamorphic rocks are named by their mineral composition as well
as their texture and structure. Component minerals are listed in their

estimated order of decreasing abundance, and accessory minerals are given
in the rock name only if they are unusual or have petrologic signilicance.
One example is quartz-plagioclasc-biotite-sillimanite gneiss. Sillimanite
may occur only in trace amount, but because its presence has strong petro-
logic implications, it is included in the rock name. Classification of

igneous rocks follows that proposed by Wahlstrom (1947, p. 265-338) because

it was found particularly ecasy to apply both in the field and in the
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laboratory;. Quantitative point-count modal analyses were made of many
samples of phaneritic igneous rocks, and several new chemical analyses
were made. Fine-grained dike rocks are classitfied by the compositions
and relative abundances of their phenocrysts. The sedimentary rocks have
been given field names, most of which do not approach the refinement of
the nomenclature of modern sedimentary petrography. Few of these rocks
were studied in thin section, and, as most are fine-grained, they do not
lend themselves to easy megascopic classification.

The size of some rock bodies, because they have either geologic or
potential economic significance, have been exaggerated on the geologic
maps. Chief among these are lenses of amphibolite, marble, and talc in
feldspathic and aluminous gneiss, and beds of limestone in Cretaceous
shale.

Acknowledgments
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in the laboratories of the Servicio Geolggico Nacional, Bogoté. Fossils
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were made in laboratories of the U. S. Geological Survey, Washiungton,
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of Prof. Bruno J. Giletti. Wet chemical analyses of sulfide samples and
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carbonate rocks, and fire assays for gold and silver were done in the
laboratories of the Zona Minera de Medellin, under the direction of
Drs. Guillermo Serna, Pedro Hernandez, and Leonardo Restrepo.

Taissir Kassem made preliminary photointerpretations of some areas
prior to field mapping, and final photointerpretations of areas of
alluvium and Tertiary sediments along the Rio Magdalena.

William Jaramillo, Amaparo Ruiz, and Mar{a Eugenia Jiménez were drafts-
men.

Several of the field geologists aided in various ways in the
preparation of this report. Octavio Ramirez and Carlos J. Vesga helped
with petrographic descriptions. Hernando Lozano assembled a bibliography
of previous geologic studies in IIB and in addition compiled mining
statistics and meteorological data. Octavio Ramfrez drew isograds on
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and Pedro Marin helped with drafting.
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of IMN in IIB: Mr. Hubert vom Staufen, Medellin mining consultant;
Cementos Nare S. A.; Mr. Michael A. Burke, Frontino Gold Mines, Ltda.;
Mr. E. Moscley-Williams, Pato Consolidated Gold Dredging, Ltda.;
Messvs, Warren and Walter Zicbell, Mina La Viborita; Mr. J. M. 0'"Dowd
and the Texas Petroleum Company; Sr. Ernesto Vilez, Industrias Roca,
Ltda.; Ferrocarriles Nacionales de Colombia; Peace Corps Voluntcers;
Drs. Eduardo Gomez and Gonzalo Pérez and Srs. Mario Tabares and
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Prof. Gerardo Botero A. generously gave of his time in discussions
both in the office and in the field. His considerable personal
acquaintance with the geology of Antioquia through more than 40 years
of dedicated ficld study was freely shared, and greatly helped us.
Prof. Roy J. Shlemon of the University of California at Davis, U.S.A.,
joined field parties on several occasions and made helpful observations
on geomorphology and recent tectonic deformation. Prof. James E. Case
of Texas A and M University, U.S.A., gave access to his gravity data of
northwestern Colombia prior to publication. Much of this data was used
in deciding between alternative structural interpretations and is here
gratefully acknowledged.

The mapping would not have been possible without the splendid
cooperation of campesinos and finca owners too numerous to mention
individually. Finally, however, special praise must go to the
Colombian geologists cited on the maps (pl. 1, sheets 1 and 2), all of
whom had to work under primitive field conditions in remote areas that
in many places were as much as two days' mule rides from the nearest
road or railroad. The present report is in part a tribute to their

enthusiasm and perseverance in the tace of these obstacles.,
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STRATIFIED ROCKS

Metamorphic rocks

Precambrian rocks

Precambrian rocks crop out as a mosaic of fault-bounded blocks,
partly covered by younger rocks, and extensiveiy intruded by igneous
rocks between the Otd fault and the Magdalena Valley (pl. 1, e-9,
sheet 2). The Precambrian rocks are chiefly feldspar-quartz gneiss
in which are sporadic lenses of amphibolite and calc-silicate marble.
The rocks are considered Precambrian as they are unconformably over-
lain by Ordovician strata, a relationship that can be seen in Quebrada
La Miguera and its tributaries near Cristalina (pl. 1, e-9, shcet 2).

Feldspar-quartz gneiss.--Fine- to coarse-grained light gray to

pink, generally lecucocratic feldspar-quartz gneiss consittutes the bulk

of the Precambrian rocks in IIB. The most extensive outcrops are in

the Rio Cupiné between the Palestina and Cimitarra faults (pl. 1, e-6,

sheet 1), in Quebrada El Vapor (pl. 1, e-8, sheet 1), and in Quebrada Malena
downstream from Sabaletas Station on the Antioquian Railroad (pl. 1, e-8,sheet
Much of the gneiss has a pronounced lineation, which in many outcrops

is the only recognizable structure. The lineation is generally imparted
by pencil-like aggregates, 3 to 5 mm in diameter and 5 to 10 cm long,

of smoky quartz grains sel in a matrix of granular feldspar, or by
strang-out biotite tlakes. Less commonly a lincation is imparted by

parallel axes ol wminor Lolds,
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Feldspar and quartz constitute more than 85 percent of the gneiss
in most outcrops. Potassium [e¢ldspar and plagioclase are subequal.

The potassium Leldspar is orthoclase in some samples and microcline in
others. It is generally fresh and slightly perthitic, and commonly
shows evidence of mechanical deformation. The plagioclase is either
oligoclase or andesine. It is feebly twinned, and alteration ranges
from weak sericitization to extensive saussuritization. It also shows
mechanical deformation. Biotite and muscovite coexist in most of the
gneiss, being characteristically fine grained and imparting a silky
sheen to foliation planes. Fractured subhedral crystals of monazite,
as much as a millimeter long, are present; other accessory minerals are
scarce.

The parent material of the gneiss was varied. 1In places the gneiss
greatly resembles metamorphosed felsic plutonic igneous rock, elsewhere
it is layered and appears to have¢ been derived from sediments. Most
samples, however, even those of metaigneous aspect, are too rich in
quartz (generally 40 to 50 percent) to be simple derivatives of normal
igneous rocks. On the other hand, none of the samples examined has the
composition of such common scediments as shale or quartz sandstone.

Apparent ly the metamorphism was not isochemical.

Amphibolite.~-Medium-grained dark green-gray to black layered amphibolite
forms sporadic concordant lenses from less than a meter to several tens of
meters thick in the feldspar-quartz gneiss. The amphibolite, which was not
studicd in detail, is composced chiefly of green hornblende and partially

saussuritized plagioclasc. The origin of the amphibolite is unknown.
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Marble,--Medium- to coarse-grained white to tan calc-silicate
marble, commonly intensely folded, locally forms thin layers in the
feldspar-quartz gneiss. These are particularly abundant east-north-
east of LaSusana, in the triangle formed by the Oth fault and the
Rios Cupina and Alicante (pl. 1, e-6, sheet 1). A thin section from
one of these 1ense§ shows the marble to be distinctly cataclastic,
and to consist of calcite (72 percent), diopside (8 percent), and
antigorite pseudomorphic after forsterite (20 percent). Five small
lenses east of the Palestina fault and centered 22 km southeast of
Remedios (pl. 1, e-3, sheet 1) are composed almost exclusively of
calc-silicate minerals.

The marbles were produced by the high-grade regional metamorphism
of magnesian limestone. The presence of the marble layers implies
that the enclosing gneiss is of metasedimentary origin.

Ordovician rocks

Ordovician sedimentary and metasedimentary rocks exposed near
Cristalina (pr;ncipally in e-9, pl. 1, sheet 2) are the only rocks in
IIB that have been discussed extensively in the geologic literature
(Harrison, 1930, p. 467; Botero A., 1940a, 1940b). Nevertheless, their
relation to the dominant metamorphic and igneous rocks of the Central
Cordillera was heretofore unrecognized. It is now known, bé@éé on
mapping by IMN, that the Ordovician rocks cover only a small area
(about 45 kmz), and are separated from the bulk of the metamorphic rocks
of the Central Cordillera by major regional wrench faults with large

displacements.
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Thc Ordovician rocks make poor outcrops because of their slight
resistance to weathering and the low relief in the area where they occur.
The only extensive outcrops are in Quebrada La Miguera upstream from the
stock of diorite in e-9( pl. 1, sheet Zl Gray to black shale, sili-
ceous siltstone, and feldspathic metasandstone are the chief rock types.
Sparse intercalated limestone also is present. The feldspathic meta-
siltstone is the most resistant rock and in places forms bold ledges in
streams. Fine-grained metamorphic micas impart a sheen to some bedding
planes, and metamorphic biotite constitutes as much as ten percent of
some rock. In the west, the rocks have been little metamorphosed, but
toward the southeast they are progressively more recrystallized and,
near the fault contact with the volcanic rocks in the southern part of e-9
of sheet 2, pelitic beds now are represented by phyllite or even fine-
grained schist.

The thickness of the Ordovician rocks is probably only a few hundred
meters. A more precise figure is not attainable owing to complex folding,
faulting, and poor outcrop.

Graptolites collected by Harrison (1930, p. 407) and identified by

Dr. G. L. Elles as Didymograptus extensus Hall, D. nitidus Hall, D. gibberu-

lus Nich., and D. hirundo Salt clearly establish a Lower Ordovician (Arenig)
age for the rocks at Cristalina. The same fauna was recollected from
several outcrops in Quebrada La Miguera by Botero A. (1940a, 1940b), and

by geologists of the Texas Petroleum Company (William Wallace, III, oral
comnun., 1967). In May 1968, Prof. Botero, on a field trip with Hfctor Rico,

Darfo Barrero, and Tomas Feininger, recollected Didymograptus sp. from
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outcrops in a small stream between Quebrada La Miguera and the Antioquian
Railroaé. All fossils collected by Prof. Botero are in the paleontological
collection of the Facultad Nacional de Minas, Medellfn.

About 20 lenses of limestone and marble are interbedded chiefly with
pelitic beds of the Ordovician sequence. The westernmost lenses, well
exposed in the abandoned quarries of Cementos Argos at Sabaletas Station
(prl. l,fe-8, sheet 1), are composed of very fine grained, slabby, gray,
-argillaceous limestone. Toward the southeast the limestones as well as
the enclosing rocks have undergone progressively more intense recrystal-
lization. The southeasternmost lenses are white medium-grained marble.

An exceptional lens of marble in Quebrada Las Iglesias (pl. 1, e-9, sheet 2)
is 100 m thick; other lenses range from 1 to 30 m thick. A careful search
in the abandoned quarries at Sabaletas Station by Hernando Lozano and

Tomas Feininger in August 1967 produced no fossils. Prof. Fritz Stibane
(oral commun., 1967) of the Geologisch-PalHontologisches Institut, Der
Justus Liebig UniversitHdt, Giessen, West Germany, failed to find fossils

in an earlier search in the same quarries.

Limestone and marble from two nearby localities tentatively have
been correlated with the Ordovician limestones. The larger locality, at
the confluence of Quebrada Normandfa and the Rfo Alicante (pl. 1, g-6,
sheet 1), is a body nearly 2.0 by 0.5 km of complexly folded laminated
gray limestone with shiny graphitic partings. It rests on Precambrian
gneiss, The smaller locality at Calera Station (pl. 1, e-8, sheet 1)
has three lenses of white marble of extremely variable texture, which are

currently being exploited for agricultural lime. The lenses are spatially

associated with diorite and volcanic rocks.
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Other Paleozoic(?) metamorphic rocks

The most extensive rocks in IIB are the metamorphic rocks of the
Central Cordillera west of the Otd fault, hereafter referred to as
other Paleozoic(?) metamorphic rocks, or simply the metamorphic rocks.
Aside from their great extent, these rocks have a broad range of com-
position and have been subjected to varying intensities of regional
and contact metamorphism.

Although ten units of metamorphic rocks were distinguished, in
part on the basis of chemical composition, four broad chemical groups,
modeled on those suggested by Turner (Williams et al, 1954, p. 175-176;
Turner and Verhoogen, 1960, p. 455), wefe chosen as the most useful
during field mapping, as follows: 1) Pelitic group: sericite schist,
feldspathic and aluminous gneiss, and part of the hornblendic gneiss;
2) Quartzose group: quartzite, dark-colored biotite quartzite, and
quartzose gneiss; 3) Calcareous group: marble, skarn, and calc-silicate

gneiss; and 4) Mafic group: amphibolite, greenstone, and part of the

hornblendic gneiss.

Stratigraphic succession of the metamorphic rocks is poorly known.
Distribution of metamorphic facies, particularly along the east border
of IIB, strongly implies that of the principal units, the relatively
intensely metamorphosed feldspathic and aluminous gneiss underlies the
quartzite, which in turn underlies marble, the least metamorphosed unit.
On the other hand, these units are interbedded with one another at
their mutual contacts, making it difficult to determine relative ages
on the basis of stratigraphic relations. The sericite schist is the

low-grade metamorphic equivalent of the feldspathic and aluminous gneiss.
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Miranda, R{o San Miguel, and Quebrada Aures; 3) West of San Francisco
along the border of IIB with IIA (pl. 1, a-13, b-14, sheet 2), in an
area of difficult access, is poorly exposed schist. The best outcrops
are in the Rfo Melcocho and its tributaries; 4) A roughly north-south
belt between the Cocorna Sur fault and the stock of quartz monzonite at
Aquitania (pl. 1, b-14, b-15, sheet 2). Large outcrops of schist are
found in the Rio Claro and Quebrada Norcasia; 5) A slender belt more
than 25 km long but no more than a kilometer wide is found between the
Palestina and Cocorna Sur faults (pl. 1, b-15, ¢-13, c-14, sheet 2).
Good exposures occur in the R{o Claro and many of its tributaries; and
6) A large area near the south edge of IIB, chiefly between the Palestina
and E1 Mulato faults (pl. 1, b-15, b-16, c-iS, c-16, sheet 2). The Rio
Samané affords a nearly continuous exposure of the schist.

The typical sericite schist is medium to dark gray and finely
laminated. It is composed of sericite, quartz, biotite, and graphite
with éccessory chlorite, plagioclase (mainly albite), tourmaline,
apatite, and zircon. The amount of sericite generally exceeds that of
quartz, although the reverse is true in much of the rock. The laminae,
which are from 1 to 3 mm thick, are composed chiefly of mica and of
quartz, respectively. Graphite commonly exceeds 5 percent and is
concentrated in the micaceous laminae as dust and flakes. In places
the schist is only weakly laminated, or the lamination has been blurred
or even destroyed by slip cleavage. Foliation planes commonly show
marked crenulae or small folds. Porphyroblasts from one to more than
5 cm long of partially to wholly sericitized andalusite are common,
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