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GEOLOGY AND MINERAL RESOURCES OF CENTRAL ANTIOQUIA
AND PART OF CALDAS DEPARTMENT (ZONE IIA), COLOMBIA

By Robert B. Hall
U. S. Geological Survey

and Jairo Alvarez A. and Hector Rico H.
Colombia Instituto Nacional de Investigaciones Geoldgico-Mineras

ABSTRACT

This report summarizes the geology of an area of some 6000 square
kilometers in the northern part of the Central Cordillera of the
Colombian Andes. The area, in north-central Department of Antioquia,
was mapped between 1964 and 1968 as part of the Inventario Minero
Nacional (IMN) project. Mineral resources are summarized &ithin a
larger area, designated as subzone IIA of IMN Zone II, which comprises
almost 22,000 sq km, including the area mapped geologically by IMN and
additional areas mapped by other agencies.

The oidest formation is a micaceous paragneiss of early Paleozoic
or possibly late Precambrian age. A thick geosynclinal sedimentary
series accumulated during the Paleozoic Era and became regionally meta-
morphosed to greenschist (locally amphibolite) facies during the Permain
or early Triassic; these schists and gneisses are designated collectively
as the Valdivia Group. The Permian(?) orogenic episode included intrusion
of concordant syntectonic plutons, mostly of tonalitic composition.

Rocks of unequivocal Triassic or Jurassic age are not recognized.




Thg Cretaceous is well represented by both igneous a?d sedimentary'
assembléges. Eugeosynclinal alpine ophiolites comprising.submarine
basalt £lows and numerous intrusions cf gabbro and serpentinite are
prominent in the Lower Cretaceous, together with flysch composed of
marine shale and lesser sandstone and conglomerate. The Upper Cretaceous
is represented along the west border of the mapped area by submarine
basalt flows and pyroclastic rocks, locally interbedded with fine-grained
clastic sedimentary beds, and lenses of dark laminated chert, at least
part of which is radiolarian. The Late Cretaceous was marked by an
orogenic event that profoundly folded and faulted all rocks, and in the
Central Cordillera caused low-grade metamorphism, the overprint of which
is hardly observable in pre-Cretaceous rocks elsewhere. The Late
Cretaceous orogeny culminated with discordant intrusion of the epizonal
tonalitic Antioquian batholith. Displacement along the great Romeral
wrench fault may have begun in the Cretaceous.

Plutonism continued into the Cenozoic, exemplified by the hornblende-
diorite Sabanalarga pluton. Intermontane basins were filled with molasse
derived from the erosion of adjacent highlands; Tertiary sedimentation
in marshy areas included organic carboniferous matter subsequently con-
verted to lignite or subbituminous coal. The Sabanalarga fault system
originated in the Late Tertiary; intermittent displacement continued on
the older wrench faults such as the Romeral. Epeirogenic uplift, which
probably began in the Pliocene and continued through the Pleistocene and
Holocene, brought on renewed erosion which has sculptured the méuntains

into their present form.



3

Mineral resources in subzone IIA are varied but not of outstanding
importance. Gold and éilver mining, significant in past centuries, is
minor today. Ferruginous laterite on serpentinite once considered as a
potential source of iron ore is not economically exploitable. IMN has
explored nickeliferous laterite at the extreme northwest corner of sub-
zone IIA; this is a potential resource, exploitable only after exhaustion
of the larger and richer nickel laterite deposit at Cerro Matoso, farther
to the north and outside the boundaties of Zone II. Known deposits of
mercury, chromium, manganese, and copper are small, with limited economic
potential. Nommetallic resources include raw materials for cement, in-
cluding portland cement. Saprolite clay is widely used in making common
red brick and tile, still a dominant construction material in all but
the most modern multistory buildings. Aggregate materials are varied
and abundant. Kaolin of good quality near La Unién is important as a
é%ramic raw mineral filler. Tertiary subbituminous coal beds are an
important energy resource in western subzone IIA, and have a good potential
for greater development. Deposits of sodic feldspar, talc, decorative
stone, and silica are exploited on a small scale. Chrysotile asbestos
deposits north of Campamento are being developed to supply fiber to
Colombia's thriving asbestos-cement industry which previously had been

dependent on imported fiber.
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INTRODUCTION
The Inventario Minero Nacional (abbreviated throughout this report

as IMN) was a four-year geologic exploration program jointly financed

-under an agreement between the Ministry of Mines and Petroleum of the

Republic of Colombia and the Agency for International Development, U.S.'
Department of State. The work of IMN, Qndertaken cooperatively by the
IMN and the U. S. Geological Survey, began in September 1@64, and
continued until the end of 1968, after which a successor organization,
the Instituto Nacional de Investigaciones Geoldgico-Mineras (INGEOMINAS)
took over the function of IMN and also of the Servicio Geolggico Nacional
and the Laboratorio Qufmico Nacional.

The purpose of IMN was to study and evaluate the mineral resourcés
of four selected zones in Colombia, designated Zones 1 th#ough IV, that
total about 70,000 km2. One or more geologists of the U, S, Geological
Survey worked in each zone as technical a&visors. Field geologists and
administrative personnel were Colombian and were provided chiefly by the
Servicio Geolﬁgico Nacional and by the schools of geology of the Univer-
sidad Nacional in Bogota and the facultad Nacional de Minas in Medellin.
Specialigts in certain fields such as cartography, geophysics, geochemical
analysis, and phosphate rock were provided by the U. S. Geological Survey.
The IMN had three diréctors, the late Dr. Aurelio Lara, and Dré. Dario
Suescun G. and Andres Jimeno V. Mf. Earl M. Irving of the U. S. Geological

Survey served as Chief U. S, Advisor.




Zone II ‘

Zone 11 covers about 40,000 km? (15,000 mi2) principally in the
Departments of Antioquia and Caldas, although small portions are in
the Departments of Cordoba, Risaralda, and Tolima (fig. 1).

Owing to the large size of Zone II and the difficulty of trans-
portation within most of it, the zone was divided arbitrarily by a
median north-south line into subequal parts which were studied con-
currently but independently. The west part constituted Subzone IIA
and the east part Subzone I1IB, hereafter referred to in this report
simply as IIA and IIB, respectively. Each subzone had it; own cadre
of field geologists and U. S. Geological Survey technical advisor.
Lawrence V. Blade served as technical advisor in IIA until early 1967
when Robert B. Hall took his place. Tomas Feininger served as advisor
in IIB throughout the IMN program. This report covers Subzone IIA
only.

Scope of this report

Only the geology of quadrangle H-8, and part of H-7, depicted on
plate 1, is discussed in detail in this report. Prior to the present
program, qua&rangle 1-8 south of plate 1 was mapped by Gerardo Botero A.
and hif students (1963) and a 12 to 15 km-wide area adjoining the Rfo
Cauca Qas mapped by Emil Grosse (1926) in the early 1920's. Quadrangle
J-8 was mapped by personnel of the Facultad Nacional de Minas under
contract to IMN, concurrently with IMN mapping in quadrangle H-7 and
H-8 (pl. 1). 1IMN geologists also mapped a 15 km-wide strip immediately
west of qﬁadrangle J-8 and the northwest quadrant of quadrangle K-8,

south of J-8.
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Although only the geology of plate 1 is discussed in detail,xmuch
of the introductory material that follows applies to the entire Subzone
IIA.

Physical setting

Subzone IIA is rugged maturely dissected mountain country; slopes
commonly are 20° to 40°. Local relief rarely is less than 250 m a;d :
exceeds 1000 m in many places. Relatively flat or gently rolling
surfaces are found on the Tertiary and Quaternary sediments of the Rio
Cauca Valley in northmost IIA. Other narrow bands of flatland are
formed over alluvial and colluvial deposits in valleys, the largest
being in the Valley of Aburra where the city of Medell{n is located.
High broad surfaces of small local relief are formed on the Antioquian
batholith at altitudes above. 2000 m, a good exampig being the Llanos
de Cuiva (pl. 1, c~8).i/ Streams and rivers in the mountains flow
th;ough steep-walled canyons from 50 to 1000 m deep; the canyon of the
Rfo Cauca southwest of Puerto-Valdivia is more than 1200 m deep (pl. 1,

c-3, d-3).

l/ Reference to specific localities is made by rectangle coordinates
on plate 1 as followgz individual "planchas,”" 10 km north-south by 15 km
east-west of the Gauss net éf Colombia, are lettered consecutively from
left to right, "a'" through "e,"” and numbered from top to bottom, 1 through
8, respectively. Thus for example, Ituango is in a;h and Yarumal is in

d-6o
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Climate is equatorial highland or tierra templada type over most

of the zone, becoming equatorial lowland humid or tierra caliente type

below 500 m, where the mean annual temperature may be close to 28° C.

The comparatively little true paramo or tierra frfa in IIA is limited

mostly to altitudes above 3000 m in the vicinity of Sonsbén and Salamina,
both in quadrangle J-8. Highlands between 2200 and 2800 m are common,
and may be uncomfortably chilly at night. Rainfall and temperature
data are given in table 1 for five selected points in IIA.

Virgin forest covered most of the area prior to colonization which
began in the 16th century; much of :his forest has since been felled.
Extensive stands of largely untouched forest are west of the Rio Cauca
and north of the Antioquian batholith. Bedrock is deeply weathered so
that fresh rock is covered by a thick mantle of clayey saprolite and
soil. Outcrops are not easy to find and the best exposures generally
are in road cuts, on steep slopes, or along the banks of streams and
creeks where mechanical erosion has kept pace with chemical decomposition.
Thick saprolite on slopes is susceptible to mass-wasting by soil creep
o; land slides and causes problems in road and building maintenance.

Culture

The largest city in the zone is Medellfn, the capital of Antioquia,
with a population of more than a million concentrated in the Valley of
Aburra. The second largest city, about one-eight the size of Medell{n,
is Manizales, capital of the Department of Caldas. Outside Medellin
and Manizales the populétion is much less dense, and hundreds of square

kilometers are very sparsely inhabited. Most towns have less than



Table 1.--Rainfall and temperature data for five cities in Subzone IIA.

Average Average Range of
Station Elev. annual annual rain- annual rain- Years of
(m) T (°C) fall (mm) fall (mm) record
Caucasia 50 28 1681 1950-51, 1954-59,
1961-67

Valdivia 1200 19 2402 1951-53, 1959-1962
Santa Rosa 2640 15 1880 1950-53, 1956-1962
Medell{n 1538 21 1350 1001-1722 1942-1967 -
Sonsén 2530 P 14 1816 1450-2712 1950-55, 1957-1961

Source: Departamehto de Planeacidén de la Gobernaci®n de Antioquia.




5,000 inhabitants. Except for a few trunk highways, transportation
is arduous because roads are sparse or lacking in most outlying
districts. Most secondary roads are one-lane, unpaved, an% frequently
become impassable during rainy periods. The yard-gauge Antioquian
Railroad crosses Zone II from Bolombolo on the Rfo Cauca to Puerto
Berrio in IIB on the Rio Magdalena, passing through Medell{n en route.
Some of the larger towns such as Ituango and Santa Rita are served from
Medellin by bus and light aircraft. For the campesinos living outside
of the larger towns, foot or mule trails are the principal modes of
transportation.
Previous investigations

Javier Cisneros (1878, p. 32-35) made the first recorded geologic
observétions in this region nearly a century ago during the survey of
the route for the Antioquian Railroad, but this work is of greater
historical than scientific interest. Don Tulio Ospina (1911) reviewed
the geology of Antioquia as then known, and attempted to classify the
rocks and miﬁeral deposits. Emil Grosse (1926), a German geologist,
published a set of detailed 1:50,000-scale colored geologic maps and &
comprehensive treatise, still a highly respected reference, on the
coal -bearing Tertiary basin east of the R{o Cauca, near the west
boundary of IIA (éig. 1). In 1936, Juan de la Cruz Posada published
the first geologic map in color of Antioquia at a scale of 1:2,000,000.

In 1946, the Servicio Geoldgico Nacional prepared ozalid copies of a

geologic map of Antioquia depicting 11 rock units. Prof. Gerardo Botero A.

and colleagues made the first comprehensive study of a large area
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(quadrangle I-8) in IIA (Botero A., 1963); the geologic map alone
was republished at a scale of 1:200,000 (IMN, 1965). Other investi-
gations both prior and subsequent to Botero's work have been limited
mainly to summary descriptions of mineral deposits or prospects.

Present study

The primary objective of the IMN project was to locate and
evaluate mineral deposits, but it was evident that the best hope for
discovering new deposits lay in systematic fairly detailed geologic
mapping, because the country had already been prospected, mainly for
gold, for several centuries. Field work began in early 1965 under
the direction of Zone Chief Hernén Vésquez and USGS advisor Lawrence V.
Blade, and was completed in 1968 under the supervision of the present
authors. The resulting geologic map (pl. 1) represents the combined
efforts of 26 individual geologists, all but two of whom are Colombian,

Field and 1aborator2 methods

Geologic observations were made mainly in stream beds or along
trails and ridge crests where exposures were better and traverses
could be made without excessive difficulty in the steep terrane, and

plotted on 1:25,000 -scale topographic maps of Instituto Geografico

Agustin Codazzi, Bogoté. High-altitude 1:60,000-scale aerial photographs

were used throughout the mapping and especially when topographic maps
were not available for certain areas. Taissir Kassem, photogeologist,
prepared a photointerpretive map of the zone, and this proved to be

very helpful when combined with the field geologists' mapping.
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Specimens collected in the field were examined under binocular
microscopes in the Medellin office. Selected specimens were sent té
Bogzota for thin sectioning.

Detailed studies, including large-scale geologic mapping and, iﬁ
two cases, diamond core drilling, were made of certain selected mineral
deposits; the results of these studies are given in the chapter on
mineral resources.

The geochemical analytical facilities in Bogot;, including the
atomic absorption spectrometer and emission spectrograph, were not
installed in time to be of service.
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GEOLOGY OF SUBZONE IIA

The index map (fig. 1) shows the status of geologic maéping in
Subzone IIA including areas mapped by agencies other than IMN. The
principal aim of the IMN program was the appraisal of mineral resources,
and purely scientific topics were not studfied in detail.

Paleozoic metasedimentary rocks

Micaceous gneiss

Micaceous gneiss underlies an area of about 150 km2 in the norfh-
central part of plate 1, west of the Romeral fault. Most exposures are
limited to the banks of streams. The area underlain by the gneiss is
rolling; relief is moderate, seldom greater than 100 m. Boundaries with
adjacent units are covered and obscure; but the Valdivia Group schists,
generally of lower metamorphic grade, apparently unconformably overlie
the micaceous gneiss on the west. The contact with intrusive metatonalite,
which engulfs large blocks of the gneiss, is highly irregular and was
mapped very approximately because of numerous inclusions of gneiss in
the metatonalite and abundant tongues or apophyses of met;tonalite in the

gneiss. The northeast-striking Romeral fault forms the southeast boundary of both
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gneiss and metatonalite in the north half of the area of plate 1.
Bodies of amphibolite, most of uncertain origin, are spatially
associated with the gneiss. Those amphibolites of mafic igneous
origin are intrusive into, and therefore younger than the gneiss,
but some para-amphibolite with the gneiss may be contemporaneous.
Megascopically, the rock is a gray medium-grained, allotrio-
morphic-granular, thinly layered quartz-feldspar-mica gneiss. Garnet
and flakes of graphite can be geen with a hand lens. Composition
ranges locally from quartzose to micaceous, and this variation is
reflected on a minor scale by individual laminae in hand specimens.

Petrography.--Modal composition falls generally within the following range:

Mineral Range (percent)
Quartz 30 to 60
Plagioclase (An20 to An40) 8 to 40
Biotite 7 to 23
Muscovite or sericite 4 to 20
Chlorite (mostly after biotite) traces to 14
Epidote (moétly saussurite) 1 to 12
Garnet (almandine?) trace to 10
Graphite trace to 3
Microcline | 0 to3
Orthoclase 0 to 2
Andalusite 0 to 2
Magnetite-ilmenite | trace to 1.5
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Mineral Range (percent)

Pyrite trace to 1
Chloritoid 0 tol
Sillimanite ) 0 to 8
Tourmaline 0 to 0.5
Rutile (needles in quartz) trace
Zircon 7 trace
Apatite 0 to trace
Sphene 0 to trace

Individual layers range between impure quartzite and mica schist
aéd the bulk modal composition of the major mineral components probably
falls about midway between the extremes shown in the above ranges.
Mineral components as seen under the microscope are briefly described
below,

The quartz is present in strained anhedra and granoblastic mosaics
with sutured contacts and commonly has tiny rutile inclusions. Plagio-
clase is oligoclase or andesine (Anzo to Anao), commonly clouded with
sericite or saussurite., Microcline and orthoclase are locally prominent
but typically are accessories in the amount of 2 or 3 percent only, and
are absent in some specimens. Biotite and muscovite are subequal, the
biotite being incipiently to completely chloritized. Zircons in biotite,
some in crystals 0.25 mm long, are surrounded by pleochroic haloes.
Partly chloritized garnets 2 to 12 mm in diameter, and flakes of graphite
1 to 3 mm long, are characteristic accéssories and are present in minor ~

amounts. Sillimanite is so abundant in a few specimens as to be almost
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an essential component, although it is commonly partially retrogfaded
to sericite or muscovite., Tourmaline in crystals 0.2 to 0.4 mm long,
yellow to yellowish-brown in thin section (dravite?), is a fairly
common accessory.

Age.--The micaceous gneiss is the oldest unit recognized in the
area (pl. 1). The metatonalite that intrudes both the micaceous gneiss
and the adjoining Valdivia Group schists has been tentatively assigned
a Late Permian age, based on two K-Ar analyses., The metamorphic grade
of the micaceous gneiss is higher than that of the ValdiQia Group schists,
which, for reasons offered later, are assigned a Paleozoic age. ﬁigher
metamorphic grade implies deeper burial and greater age; therefore the
micaceous gneiss probably is at least early Paleozoic (Cambrian? to
Silurian?), and a Precambfian age cannot be ruled out.

Valdivia Group )

The name Valdivia Group is given to an extensive suite of meta-
éedimentary rocks that underlies more than half fhe area (6,120 kmz)
shown on plate 1. The Valdivia Group comprises three units of schi;t,
and three of gneiss, the latter distinguished on the basis of somewhat
arbitrary criteria.

Schistose rocks predominate by a factor of about 19 to 1 whereas
the gneisses constituée but 5 percent of the area mapped as VaLdivia
Group: The three schist units shown on plate 1 are: 1) mainly
chlorite-actinolite schist; 2) mainly quartz-sericite schist; and

3) mixtures of these two types. Contacts between the units have been

drawn rather arbitrarily, based on the individual judgment of at least
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10 different geologists mapping in different areas, and therefore these
boundaries are highly tentative. Some chlorite-actinolite schist layers
are almost invariably intercalated locally in the areas mapped as quartz-
sericite schist, and vice versa. Both kinds of schist are thinly
laminated and break into thin platy fragments. For convenience, the
name "séhist" is used broadly to include not only true schists but
thinly laminated fine-grained quartzite, silky-lustered phyllite, and
argillite., Schistosity generally is concordant with original sedimentary
bedding.

Gneisses of the Valdivia Group are subdivided on the basis of
compositional and textural variations into three units as follows:
1) feldspathic gneiss exposed in a large wedge-shaped body between
Toledo (b-6) and the west edge of b-3, and minor bodies of similar
gneiss in c—Z,'c-3, c-4; 2) "lenticular" or augen gneiss in elongate
bodies east and northeast of t?e large wedge of feldspathic gneiss
(b-1, b-2, b-3, b-4, b-5, b-6); and 3) cataclastic gneiss in a narrow
band south of Ituango (a-4), extending 23 km from a-4 into a-7. The
subdivisions are somewhat arbitrary, and parts of any one unit may be
locally indistinguishable from parts of others.

The schists are described first because of their greater abundance
in the Valdivia Group, but there is evidence that the gneisses,
especially the feldspathic unit, are of higher metamorphic grade and

probably older than most of the schists.
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Schist

Quartz-sericite schist.--This rock generally crops out as steep-
sided banks of very dark gray to bluish-black or black, thinly layered,
highly fractured schist or phyllite. The schist is friable and often
breaks into thin platey slabs. The typical schisg is composed of 50 to
85 percent quartz as fine-grained sutured mosaics in laminae 1 to 3 mm
thick, and 10 to 25 percent of interlammelar micas including sericite, amd
biotite, and chlorite. Graphite dust is a common accessory, giving
rise to the convenient field name "esquisto negro" (black schist).
Other accessories include oligoclase or andesine, epidote, magnetite
or ilmenite, commonly with leucoxene or sphene coronas, and zircon.
Concordant lenses of milky quartz from a few centimeters to a few meters
long are common in these schists, and probably represent metamorphic
segregations. Abundant porphyroblasts 1 to 3 cm long of andalusite,
partly or wholly sericitized, are strikingly conspicuous in some areas.
As stated previously, intercalated chlorite-actinolite schist is present
locally in most areas mapped as quartz-sericite schist, just as layers
of the latter are commonly intercalated in the chlorite-actinolite schist.

Chlorite-actinolite schist.--The chlorite-actinolite schist is
chiefly a typical greenschist., It is dark, medium, or light grayish
green, fine grained, and finely laminated. The outward appearance of
this rock in outcrops and roadcuts may be very similar to that of the
quartz-sericite schist, but close examination generally reveals a
greenish hue in contrast to the gray, black, or bluish black of the

quartz-sericite schist. Films of black manganese oxide that commonly
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coat fractures in weathered exposures also help to distinguish chlorite-
actinolite schist from quartz-sericite schist which does not usually
show manganese oxide stain so prominently. Furthermore, the difference
in competence is noteworthy. Fresh chlorite-actinolite schist is hard
and less friable than the quartz-sericite variety; it is used as a
decorative building stone, and locally for roadmetal. The quartz-
sericite schist, because of brittleness of quartz laminae and ready
cleavability along mica laminae lubricated by graphite films, is weaker
than the greenschist and more prone to slide on steep slopes.

Laminae 0.5 to 2 mm thick composed of chlorite flakes and actinolite
needles are separated by laminae of similar thickness composed of albite
and minor epidote. Some laminae rich in yellowish-green epidote presumably
have been formed by metamorphic segregation. Sphene and magnetite grains
0.2 to 0.8 mm in diameter are ubiquitous accessories and constitute from
1 to 4 percent of the rock. Sparsely disseminated pyfite is com@on.
Secondary calcite veinlets 1 to 3 mm thick are more common in the chlorite-
actinolite than in the quartz-sericite schists. Locally beds of the
greenschist contain abundant porphyroblasts of actinolite 1 to 3 mm long,
resembling grains of wheat, that impart a curious knotted texture. One
especially notable band of this "fructschiefer" is 10 m wide and 1000 m
long northwest of Santa Rita, near the western edge of b-2.

Intercalated schists.--Each of the areas mapped as quartz-sericite
or chlorite-actinolite schist contain abundant intercalatidns of the
other, and have been differentiated by the field geologists on the basis

of the dominant rock type, which generally is more than 80 percent.
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Large areas of IIA contain both types intercalated in subequal
proportions, on a scale ranging from centimeters to hundreds of
meters. These areas are mapped as "intercalated schists," and the
preceding descriptions of the two main lithologic types apply
equally to each rock type in this unit.

Intercalated marble.--Although quantitatively less than one
percent of the Valdivia Group in IIA, and too small to be mapped on
the scale of plate 1, layers and lenses 1 to 2 m thick of medium- to
coarse-grained gray calcite marble are intercalated sporadically in
both the quartz-sericite and the chlorite-actinolite schists. They
probably were organic limestones. To the south and 6utside the area
mapped, two large marble lenses, possibly bioherms(?), are enclosed in
quartz-sericite schist; one is near Santa Barbara in quadrangle J-8,
the other near Neira in quadrangle K-8. The rare marble layers in the
area of plate 1 have little economic significance.

Gneiss

F;Idsgathic gneiss.;-The hain body of feldspathic gneiss extends
from éouth of Toledo (b-6) to the northwest corner of b-3., Its maximum
width of 9 km is at the latitude of Ituango, and it narrows to a long
neck 600 to 800 m across to the north. Relations with adjacent rock
units are obscure because contacts are covered; a fault along the west
boundary of the gneiss is inferred from photointerpretation (F. Mosquera,

INGEOMINAS, oral commun., 1970). Schists seem to overlie the gneiss

more or less conformably on the east. Smaller lenses of similar gneiss

21



b

crop out near the east margin of b-2, b-3, and b-4. For convenience;
these smaller lenses are considered pdrt of the same rock unit as the
large l&ns, but again, the relation with adjacent schist is not clear.
The typical gneiss is gray, irregularly layered, medium- to coarse-
grained allotriomorphic; the light-colored layers are composed principally
of feldspar and quartz, and darker bands or layers contain relatively
more abundant biotite and chlorite. The various gneissic layers or bands
differ little in the kinds of minerals present,Agﬁﬁudiffer in the relative
proportions of dark to light minerals. The gneiss does not everywhere
display layering; some parts merely show a faint gneissic lineation or
north-south preferred orientation of crystals. Grain size increases
from medium in the eastern part of the body to coarse in the western part.
Oligoclase or albite feldspar dominates in the bulk composition, but
locally quartz is equal to, or slightly more abundant than feldspar.
Muscovite, sericite, and biotite are the other components, but are
inv;riably subordinate to both feldspar and quartz except in thin
schistose laminae. Oligoclase generally is lightly saussuritized and
sericitized, quartz exhibits wavy extinction and fracturing, and biotite
is incipiently to strongly chloritized. The gneiss, however, is more
notable for its accessories than for its essential mineral components.
The accessories include epidote, microcline, tourmaline, chloritoid,
cordierite, andalusite, rare sillimanite, zircon, sphene, apatite,
almandine garnet, graphite, pyrite, and magnetite (although the paucity
of opaques in most of the gneiss is noteworthy). The presence, even if

only local, of cordierite and sillimanite indicates amphibolite-facies
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metamorphism, distinctly higher than the greenschist facies which
characterizes the bulk of the Valdivia Group. The muscovite in some

thin sections has a fibrous form which suggests that it is pseudo-
morphous after sillimanite, although unaltered sillimanite was identi-
fied in but few specimens. This gneiss therefore may be dimetamorphic,
in that a second retrograde greenschist-facies metamorphism followed

the original prograde metamorphism to amphibolite facies. Chloritization
of biotite may have resulted from the same event.

Irregular lenses of albite-quartz-muscovite pegmatite near the
western edge of the main gneiss body (eastern margin of a-5), 10 km
southeast of Ituango, are potential sources of ceramic feldspar. These
pegmatites may be a product of metamorphic differentiation in which
pegnatite "juices' were generated and squeezed out of the host gneiss
during metamorphism, to be injected at great depth along shear fractures
or similar zones of weakness in the gneiss. The feldspathic unit is
?nterpreted as a basal member of the Valdivia Group that was more deeply
buried and perhaps subjected to greater heat and pressure during regional
me tamorphism,

Augen gneiss.--The augen gneiss forms two massive lenses. The
larger is 1 to 3 km wide and 24 km long, located west of Santa Rita
(b-2). It extegds from the southeast corner of b-l southward to the
south edge of b-3. The smaller body has the form of an elongate band
300 to 1000 m wide and about 22 km long, extending from a point 2 km
southeast of Toledo (b-6) northward to the east-central part of b-4,,

15 km east of Ituango.
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In outcrop the rock resembles a cataclasized pebble conglomerate.
Although a large part of the big lens west of Santa Rita lacks auger,
eisewhere Fhe typical gneiss exhibits a well developed flaser structure
with phacoids or augen, 1 to 4 cm long, of coarsely granular plagioclase
and quartz megacrysts separated by gnarly laminae of fine-grained
feldspar, quartz, sericiﬁe, and chlorite. Feldspar is mostly albite
or oligoclase but some specimens contain microcline. Accessory
components include cordierite(?), chloritoid, epidote, sparse sphene,
garnet and calcite; opaque minerals include magnetite and pyrite.
Cataclasis is strongly developed, as shown by bent plagioclase twinning
and deformed and heavily strained quartz grains. Locally, the gneiss
is highly quartzose, approaching an impure quartzite.

Sillimanite is rare, but some fibrous muscovite-sericite aggregates
appear to be pseudomorphous after sillimanite, possibly retrogressive
from amphibolite facies. Field relations suggest that the augen gneiss
lenses are interbedded members within the enormously thick Valdivia
Group schist sequence, and originaliy may have been arkosic pebble
conglomerate or similar coarse-grained arenitic sediments of a shallow
littoral marine facies, in contrast to the fine-grained sediments that
became schist. Grade of metamorphism is greenschist facies, but the
rock may be dimetamorphic.

Cataclastic gneiss south of Ituango.--The term "cataclastic" is
structural rather than stratigraphic or lithologic, but is used to
designate this unit because cataclasis is the most prominent character-

istic. The gneiss forms a belt 23 km long and 250 to 600 m wide from
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a point 8 km north of Sabanalarga (a-8), northward to a point & km
southwest of Ituango (a-4). The gneiss belt is bounded on the west
by chlorite-actinolite greenschist of the Valdivia Group, and on the
east by hornblende diorite of the Sabanalarga pluton, although the
contact on the west is faulted. The gneiss may be an interbedded
member in the greenschist, but this is not proven. The rotk is
streaked dark gray and rather friable in sparse and poor ELPOSureS.
Strong shear cataclasis appears to have been superimposed in regional
metamorphic effects. Contacts are covered, but faults may lie along
both sides of this linear body as well as within it, as in north a-6.
The character of the pre-cataclasis rock is unclear, but it may have
been similar lithologically to the augen gneiss previously described.

Under the microscope the rock has an allotriomorphic medium-
grained texture. Quartz is the dominant component, occurring as
anhedral megacrysts that are highly strained; lines of tiny closely
spaced inclusions are tentatively identified as Boehm lamallae. The
quartz:megacrysts are in a fine-graiﬁed greenish-gray mylonite or
micro-crush-breccia mosaic of plagioclase, epidote, and lesser muscovite,
chlorite, sericite, and very sparse magnetite.

Origin of the Valdivia Group

Schists.--The quartz-sericite schist may have been derived from
silt-sized clastic quartz grains, or possibly from chemically precipi-
tated colloidal silica gel films, deposited with lesser amounts of

clayey material that formed the micaceous laminae during regional
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metamorphism., The chlorite-actinolite schist may have been derived

from volcanic ash deposited subaqueously during intermittent volcanism.
It is instructive to review Nelson's comments (1957, p. 23-24) on the
Cajamarca Group (in Department of Tolima south of Zone II), which is
believed correlative with the Valdivia Group: '"For a number of rocks,
such as graphite schists, quartz-phyllites, quartzites, the original
enviromment is obvious: they were deposited as an argillaceous or fine
sandy facies in a marine basin under geosynclinal circumstances.

Fossils have not been found, nor can they be expected to be found, owing
to the metamorphic state of these sediments. The variable graphite
content is perhaps the only organic relic. Less unequivocal is the
origin of the greenschists and amphibolites. Their mineraloéical
composition cannot result from the metamorphism of argillaceous or fine
sandy sediments, in view of their low content of silica and their high
content of calcium and magnesia. Within the domain of sedimentary rocks
only a dolomitic marl would correspond to the composition of the major
part of the greenschists, It is not very probable that this rather
scarce class of sediment should have formed so many layers with such
constant repetition as to correspond with the actual successive layers
of the greenschists in question., Chemical analyses show remarkable
similarity in composition between the greenschists and amphibolities on
the one hand and diabases on the other hand... This chemical similarity
makes an igneous origin of the greenschists and amphibolites very probable.

But we need not necessarily think only of volcanic flows of basic
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composition in order to explain the origin of these rocks. Volcanic
tuffs produced during eruptions would answer the observed composition

as well..) transitions between greénschists and other rocks of sedi-
mentary origin... are explained easily in this way. During an eruptive
phase the pyroclastic products dominated strongly over the normal
sedimentation products in wide areas. When volcanic activity decreased,
the normal sedimentation products again became dominant. It is obvious
that according to the prevailing facies at the moment of eruption, all
kinds of mixed sediments may be found... There are still other ind;ca-
tions that point toward a tuffaceous origin. It seems doubtful whether
metamorphism of a rather low grade as expressed by the mineral composition
epidote-actinolite-chlorite-albite would have been able to destroy so
completely every vestige of the igneous fabric and mineral composition
of real diabase flows."

Nelson's concept seems valid for the Valdivia Group as well as the
Cajamarca. One possible objection is that mafic tuffs of a composition
that would yield the greemschists under low-grade metamorphism are
rather rare. It may be speculated that the greenschists were formed by
the metamorphism of submarine basalt flows, but it is difficult to
explain the intimate intercalations of greenschists with quartz-sericite
laminae, in some places measured in millimeters, by this hypothesis.
The fine rhythmic laminations are best explained by Nelson's concept.
Moreover, the argument is very strong that low-grade metamorphism would

not be likely to destroy totally an original igneous texture everywhere
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within the enormously thick Valdivia Group. Nowhere in 11A do green=~
schists of the Valdivia Group preserve ralics characterisﬁic of massive
basalt. On the contrary, the fine sedimentary laminae and intimately
intercalated quartz-sericite schists of indisputable sedimentary origin
are universal characteristics,

The clastic sediments that formed the quartz-sericite schist and
the pyroclastic dust or ash were deposited in a deep trough. The wide
extent, the thinly laminated bedding, fine-grained texture, and rémark—
ably uniform composition of individual layers suggest deposition in a
large basin of deep water. The graphite and pyrite suggest that
deposition took place in anaerobic conditions.

Gneiss.--The coarse-textured paragneiss may'have been forme&
from sedimentary materials of coarser grain than the material that
formed the schists. The original sediment may have been polymict
pebble conglomerate, arkose and arkosic sandstone, and gr&ywacke deposited
during intervals of rapid uplift and erosion of the source rocks, and.in
shallower parts of the basin nearer to the source. Some may have been
beach deposits. Depth of the basin must have changed from place to
place during the long history of the geosyncline.

Age and correlation

The age of the Valdivia Group, like that of most pre-Cretaceous
metamorphic rocks in Zone II, is uncertain. A Paleozoic age is assigned
here, based partly on field relations with other units, and partly on
correlation with similar rocks in localities mapped by others south of

the area of plate 1.
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A syntectonic intrusive tonalite (now metatonalite) pluton éf
batholithic dimensions covers an area of 600 kmZ in the north-central
part of plate 1, especially in c¢-1, ¢-2, ¢-3, ¢c-4, d-1, and d-2.

This intrusive has been assigned a Late Permian age based on K-Ar age
determiﬁation of biotite (see "Igneoud rocks"). Although contact
relatio;s are unclear because of poor.exposures and cover, it is the
concensus of the field geologists that the tonalite pluton intrudes
the Valdivia Group, clear evidence of a pre-Permian age for the latter.

Grosse (1926, p. 20) considered rocks correlative with the
Valdivia Group in the Antioquia area mapped by him as of Precambrian
age. He quotes Prof. Steimmann who describes schistose rocks in Peru
as unconformably overlain by fossiliferous Silurian beds, and this
evidently influenced Grosse's decision to assign a Precambrian age to
schists near the western margin of IIA.

Nelson (1957) favors a Paleozoic age for the Cajamarca Group
which is lithologically similar to and here held to be correlative
with the Valdivia Group. He says, '"We consider a Paleozoic age as the
most probable in view of stratigraphic position below not-metamorphic
fossiliferous limestone of Triassic age, and in view of the finding of
graptolites in a zone of lower metamorphism north of the area considered...”
(Nelson, 1957, p. 14). "The age of the Cajamarca Group has not been
established by means of direct paleotological evidence. -This Group
was assigned to the Paleozoic on account of its stratigraphic position
below the fossiliferous Payande limestone of Upper Triassic age.
Furthermore, graptolites have been found near Puerto Berrfo and they
indicate the presence of Ordovician in the Central Cordillera." (Nelson,
1957, p. 58).
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A granodiorite stock which yielded a K-Ar biotite age of 215 +
7 m.y. (Pérez A., 1967, p. 30) intrudes Valdivia Group schists near
Amagé 20 km southwest of Medellf{n. This is clear evidence of a pre-
Triassic age for the schists. The AyurééMontebello Group of quad-
rangle I-8 (Botero A., 1963, p. 55) was tentatively assigned a Paleozoic
age (Botero A., p. 62-65); it can be correlated with the Valdivia
Group of quadrangle H-8 and also with the Cajamarca Group that crops
out some 150 km south of I-8. The present authors concur with Nelson
and Botero A. in the opinion that this assemblage of metasediments was
probably deposited during the Paleozoic era, although a more precise
age is still undetermined.

Thickness

Total stratigraphic thickness of the Valdivia Group is not known,
nor likely to be determined easily, because of complex folds and faults
and lack of recognizable key beds. The thickness is at least 5 km and
probably more. Nelson (1962, p. 193) has suggested a possible thickness
of 13,000 m for the Cajamarca Group, and this figure seems not unreason-
aPle for the Valdivia Group as well.
) Kay (1955, p. 672-674) has tabulated the rates of accumulation of
sediment (expressed as indurated rock) in 17 eugeosynclines, mainly in
North America, ranging in age from Ordovician to Cretaceous. The
estimated rates of accumulation range between 120 and 750 meters per
million years, and average about 267 m per million years. Assuming an
average accumulation rate (solid rock) of 260 m per million years, the

time span repregented by 13,000 m of Valdivia Group sediments could be
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as little as 50 million years, assuming that sedimentation was continuous

and constant.

Cretaceous sedimentary rocks

Sedimentary rocks of Triassic and Jurassic age are unknown within
the area shown on plate 1, although it is possible that some of the
rocks described below as of Early Cretaceous ;ge may be older than that.

San Pablo Formation

The Rfo San Pablo (e-8, e-6) is 22 km long and flows northward in
a fairly straight canyon. The valley of Rfo San Pablo is coextensive
with an elongated belt of quartzitic sandstone, argillite, phyllite,
and conglomerate of the San Pablo Formation (pl. 1). This belt of
clastic rocks ranges in width between 500 and 2000 meters; it is 30 km
long, bounded on both sides by Cretaceous greenstones at its southern
end and by Paleozoic greenschist at its northern end. The San Pablo
beds strike north and in general diﬁ steeply to the west. Total
stratigraphic thickness is unknown th is estimated roughly at 1000 m,
thinning at the northern end of the belt to 70<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>