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THE ANTIOQUIAN BATHOLITH, COLOMBIA 5

ABSTRACT

The Antioquian batholith has an exposed area of 7221 km® in the Central Andean
Cordillera of Colombia, The batholith is monotonously uniform; 97 percent is quartz diorite
or granodiorite composed of quartz (239 per cent, average), K feldspar (6.7), plagiociase
(48.4; Ang; ), hornblende (9.3), biotite (9.3) secondary chlorite (1.6), and accesory min-
erals (0.8). Minor felsic and gabbroic facies have been recognized locally. Numerous broadly
concordant radiometric ages show the batholith to be Late Cretaceous. Andesite dikes,
maostly between 2 em and 1 m thick, are comman throughout the batholith, Felsic dikes are
rare,

Longitudinal variations of modal composition and petrographic characteristics are
present, From east to west, the batholith is progressively poorer in K feldspar, has a higher
color index and increasingly shows effects of postintrusive deformation.

Batholith rock is mostly massive. Mafic clots (“gabarros”) are common features,
and typically display little or no preferred orientation. The contact of the batholith with
regionally metamorphic hostrocks is discordant and sharp, except against amphibolite whare
mixing has taken place. The roof of the batholith appears to be a nearly planar surface,
broken in places by regional “intrusion faults”, The roof increases in elevation progressively
from east to west at from 20 to 30 m/km. Postemplacement faults and regional shear zones
cut the batholith in places.

The following observations attest to the emplacement of the Antioguian batholith
by the intrusion of hot, fluid, uniform magma: sharp and discordant contacts, rotated
inclusions, discordant apophyses in hostrocks, modal homogeneity, hypidiomorphic
equigranular igneous texture, and an enclosing high-temperature thermal aureole. The
magma may have been derived by the partial fusion of deep rocks in a relatively dry environ-
ment. The Antioguian batholith is interpreted to have the form of an enormous subhorizon-
tal intrusive sheet or dike with little thickness relative to its exposed breadth, Lateral intru-
sion of magma may have lifted the roof of the batholith as a nearly integral unit. Sheetlike
intrusions with forms similar to thar postulated for the Antioguian batholith have been
described in Colorado (USA) and Antarctica,

RESUMEN

El batolito antioquefio aflora en un drea de 7221 km’, localizada en la Cordillera
Central de Colombia. El batolito es de una uniformidad mondtona: 97 % es cuarzodiorita o
granodiorita, compuesta de cuarzo (23.9% en promedio), feldespato de potasio (6.7%), pla-
gioclasa (48.4%; Anyy s ), hornblenda (9.3%), biotita (9.3%), clorita secundaria (1.,6) v mi-
nerales accesorios (0.8%).

Facies menores félsicas v gabrbideas se han reconocido localmente, Numerosas eda-
des radiométricas, tolerablemente concordantes, indican que el batolito es de edad creticea
superior, S5on comunes en el batolito diques andesiticos con espesores comprendidos entre
2 cmy 1 m. Los diques felsiticos son raros,

Se encuentran variaciones longitudinales en las composiciones modales y en las ca-
racteristicas petrogrificas, De este a oeste el batolito es progresivamente mas pobre en feldes-
pato de potasio, muestra un indice de coloracién mds alto v la deformacion post-intrusiva

aumenta.
CIENFRIFIED S EEARTAI@XO LA



-] T. FEININGER; G. BOTERD A,

La roca del batolito es maciza en su mayoria. Una caracteristica comun la presentan
las inclusiones mdficas (“gabarros™) que muestran muy poca o ninguna preferencia en su
orientacién. El contacto del batolito es discordante y neto con las rocas metambrficas enca-
jantes, salvo con las anfibolitas donde ha habido mezcla. El techo del batolito parece ser una
superficie casi plana interrumpida en algunos lugares por “‘fallas de intrusion'’, De este a oes-
te la elevacion del techo aumenta progresivamente, de 20 a 30 m por km. Fallas postintrusi-
vas y Zonas de cizalladura regionales, cortan el batolito en algunos lugares.

El acomodamiento del batolito antioguefio por la intrusion de un magma fluido,
caliente y uniforme, es atestiguado por las siguientes observaciones: contactos netos y discor-
dantes, imclusiones desplazadas vy rotadas, apofisis discordantes en las rocas encajantes, ho-
mogeneidad en la composicion modal, textura ignea hipidiomorfica equigranular v por Glti-
mo la existencia de una aurecla envolvente de origen térmico y alta temperatura. El magma
puede haberse originado por fusion parcial de rocas profundas en un medio relativamente se-
co, Se interpreta el Batolito Antioqueiio como una gran intrusion en forma de manto subho-
rizontal v de espesor relativamente pequefio con relacién al drea expuesta, El techo del bato-
lito puede haber sido levantado como una unidad integral, por la intrusion lateral del magma.
Se han descrito intrusiones en forma de manto, como la propuesta para el Batolito Antiogue-
fio, en Colorado (USA) y Antdrtica,

1. INTRODUCTION

Extensive parts of the eastern rim of the Pacific basin are bordered by inmense gra-
nitic batholiths, These bathaoliths are the dominant structural elements over much of the
great cordilleras which run without interruption along the western borders of North and
South America and through parts of Central America, The ages of the batholiths are pre-
dominantly Mesozoic and Cenozoic, although Paleozoic batholiths are important in Chile
and Bolivia (RUIZ, and others,1961). In the past two decades, serveral detailed studios have
been published on these batholiths in North America, particularly in California (BATEMAN,
and others, 1963; BATEMAN and EATON, 18967, EVERNDEN and KISTLER, 1870;
EVERNDEN and SHAW, 1971). The geology of the Central and South American batholiths
is far less well known; indeed, only a few of these have been studied in detail (COBBING and
PITCHER, 1972; MYERS, 1875), and no field studies have appeared in the more widely
circulated geological literature,

The Antioquian batholith, with and area of 7221 km?, Is the largest and northern-
mast batholith of the Central Cordillera of the Colombian Andes. It is located in, and takes
its name (BOTERO, 1940) from the Departamento (State) of Antioquia, whose capital, Me-
Iiin, lies inmediately west of the batholith.

With the current explosive growth of interest in the circum-Pacific area as a global
geologic province, we feel that the results of recent mapping of the Antioguian batholith and
our subseguent laboratory studies of selected rock samplés may interest more than a local
readership.

NOTE: Reasonsbeyond the control of the authors have delayed the publication of this paper, originally
written in 1973, The extensive field and laboratory work reported herein, and the absence of
any intervening report that focuses on this interesting and Important pluton, constitute sdeguate
justification for this late printing,
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THE ANTIOOQUIAN BATHOLITH, COLOMBIA 7

2. FIELD AND LABORATORY METHODS

The antioguian batholith, its contacts, and adjacent rocks were mapped at scale
ranging from 1:100,000 to 1:25,000 between 1959 and 1968 by geologists of the Colombian
Inventaric Minero Nacional (now renamed INGEOMINAS), students and staff of the Facul-
tad Macional de Minas, Medellin, and ourselves (BOTERO A., 1963; INVENTARIO MINERO
NACIONAL, 1965; ALVAREZ, J,, HALL, R.B,, and others, 1970: FEININGER, T., and
others, 1970). Work was begun by Botero, A. and his students in the vicinity of Medallin.
Subsequent mapping by Inventario geologists and Feininger in the northwest corner and east
half of the batholith and adjacent areas was late in 1964 and largely completed within three
years.

Maost of the batholith is relatively easily accessible, It is crossed by the narrow-gauge
Antioquian Railroad and few places are farther than 10 or 15 km from a road. Principal
access, however, is by mule trail. A tigh network of literaly thousands of kilometears of such
trails criss-cross the batholith.,

From more than 1000 samples collected in the field, we sslected 214 judged to be
representative of the dominant normal facies of the batholith in their respective areas (an
average of one sample every 32.7 km? ), and an additional 30 samples of minor facies and
dikes. A standard thin section of each of these samples was studied and, excluding those cut
from aphanitic or very fine-grained dikes, each was modally analyzed by either point-count
(by Feininger) or Rosiwall (by Botero) methods. Most pointcount analyses are Rosiwall
traverses excedd 50 em, Staining of thind sections was not necessary as potassium feldspar
and the dominant relatively calcic plagioclase are readily distinguished from one another and
from quartz by their respective strong negative and positive relief, |dentification of colored
and accesorry minerals in the mostly unaltered rocks offered no difficulty. Rocks were
named based on their modal composition following the classifiation proposed b
{1965).

We must here stress that our microscopic methods of modal analysis pn the meditm
-to coarse- grained batholith rocks are not wholly satisfactory and should be ccﬁ]ndnrﬁ iy
semi-gquantitative. We tested the accuracy of our modal analysis by am;hangmg?' mtmﬁ
sections between ourselves to repeat the other's analysis. In most cases the agreement was
acceptable; generally, values fell within 10 percent of the value for each major mineral,
Values for accesory minerals varied more widely, Nevertheless, even with these short comings
in mind, our analysis are far superior to estimated modes, and the accuracy of the values
given for the composition of the entire batholith obtained from the average of individual

analysis is greatly enhanced by the large number of samples used,

Four samples of batholith rocks were chemically analyzed, and hornblendes in five
samples of the normal facies were analyzed with the electron microprobe. Plagioclase
compositions of all rocks were determined using flat stage techniques. Measurements were
made on nonzoned or on the most weakly zoned grains found appropiatelly oriented in each
thin section. The specific gravity of each unweathered sample was determined.

Samples 2 through 2687 are in the petrographic collection of the Facultad Nacional
Nacional de Minas, Medellin, and samples 5043 through B681 and JL-61, JL63, and RAA-21
are in storage at INGEOMINAS, Medellin.

CIEN i EICOSIDEJANTIE@UIA
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3. GEOGRAPHIC CODRDINATES

Samples localities and critical exposures are cited using the Colombian national
grid system. The grid is in meters and has the values X = 1,000,000 and Y = 1,000.000 m at
the capital city Bogotd. Values increase northward and eastward, respectively, Thus Medellin,
at X = 1.183.000 and Y = B35.,350, lies on a parallel 183,00 km north of Bogota and
164 65 km to the west. The third unit of the coordinate trinomial, Z, is the elevation in
meters above sea level,

4. GEOMORPHOLOGY
4.1. CLIMATE

A humid tropical climate prevails over the Antioguian batholith and surrounding
rocks, Diurnal average temperatures vary from place to place depending chiefly on elevation
and to a lesser extent on topographic setting. The near equatorial location of the batholith
precludes seasonal variations, and frosts are unknown even on the highest peaks, about
3100 m above sea level, Rainfall is not evenly distributed, but falls mostly in two wet season;
April through June and September through November, Spells of more than a month without
rain are unusual and the indigenoues forest as well as cleared pasture vegetation remain green
throughout the year. Meteorologic data from eight stations on or near the Antioquian
batholith are summarized in Table |,

TABLE 1.

METEOROLOGIC DATA FROM EIGHT STATION ON OR NEAR THE
ANTIOQUIAN BATHOLITH®

Station Coordinates Elevation Anual Temperature ((C)  Years
% ' {m) rainfall.  Min. Max. Ave, Record
(mm)

Barbosa 1,203,500 861,400 1,300 1,658 - - 22 8
Cisneros 1,215,000 888,500 1,080 3,524 145 350 25 7
Medellin 1,183,000 835350 1,538 1413 100 3116 214 60
Rionegro 1,172,400 856,500 2,120 1977 70 272 184 10
San Luis 1,160,000 898,600 11161 5726 130 340 2486 5
Santa Rosa 1,227,000 847200 2562 2,038 - - 16 1
Segovia 1274800 931,500 650 2,891 - - 24 8

G

Yarumal 1,261,600 852,000 2300 3,706 B4 285 173

1 Data mostly from Departamento de Planeacion, Medellin,

4.2. WEATHERING

The generally hot elimate and abundant rainfall promote intense chemical decom-
position of the bedrock which in turn has produced a thick and nearly ubiquitous mantle of

PUB. GEOL. ESP. INGEOMINAS, No. 12, ‘““@UEMFE@@S @E ININLELI@ @ | -




THE ANTIOOUIAN BATHOLITH, COLOMBIA 8

rotted rock. This mantle is thickest in areas of little local relief where erosion by running
water and mass wasting are slight. For example, a series of 117 test borings located in differ-
ent hydroelectric proyects on the Antioquian batholith {Troneras Proyect, 16 test borings;
Punchind (Samand), 26 test borings; Las Playas, 40 test borings; Jaguas 33 test borings)
shows the average depth to fresh rock to be 342 m and in places it is as much as B0 m
(FEININGER, 1971; EMPRESAS PUBLICAS DE MEDELLIN, 1957, 1971) (Fig.1).

50
40
-
> 30
[ =]
-
=
e 20
[
| '
10
0 0 20 30 40 50 60 10 BO

Depth to Fresh Rock, Mis.

FIGURE 1, Depth of weathering on the Antioguian batholith 88 shown by 117 test barings at hydro-
slectric proyects at Tronerss, Punching, Leas Playas, and Jaguas.

Unlike the surrounding foliated and layered metamorphic and sedimentary rocks.
the granitic rock of the Antioquian atholith is massive. Chemical decomposition does not
pervasively attack this rock, but acts chiefly aleng joints and other fractures. As joints are
relatively widely spaced over much of the batholith, decomposition of bathalith rock in the
rotted mantle is incomplete and the mantle generally contains an abundance of rounded
residual boulders of fresh rock from one to 40 m in diameter. The rotted rock that surrounds
these boulders is a relatively easily eroded so that with time the residual boulders become

exposed.

A spotty carpet of these boulders is a conspicuous feature of much of the landscape
underlain by the Antioguian batholith (FEININGER, 1969-1971; see also BRANNER,1896;
WILHELMY, 1958). Where joints are exceptionally widely spaced, enormous monoliths of
fresh rock are bared by the same mechanism, These monoliths in Antioquia have been named
pefioles by Botero A. (1963, p. 28) and are probsbly rooted to fresh rock at depth. The
largest pefiol on the Antioguian batholith, the Guatapé pefiol, is located between the towns
of El Pefiol and Guatapé. In plan it measures 290 by 75 meters and is 130 meters high
(Fig.2) (BOTERO A., 1963, p. 29).

4.3, TOPOGRAPHY AND OUTCROPS

Topography on the Antioguian batholith is mostly mature and characterized by
monotonous successions of rounded hills. Local relief is mostly 400 m or less, although
major rivers suchs as the Porce, Nare, Guatapé and others have cut canyons considerably
deeper, Greater local relief, in places more than 500 m is developed in the north between

CIENijl RilEESID EPANIRIEE U IA



10 T. FEININGER; G. BOTERD A.

FIGURE 2. The Guatapd Pafiol,

Guadalupe and Amalfi, and the south near San Luis. Relief on surrounding host rock is
everywhere greater than on the adjacent batholith, Large areas of nearly flat topography,
locally covered by rotted late Tertiary (7) and Quaternary (?) gravels, is developed around
Rionegro, east of Medellin,

Outcrops of fresh batholith rock are scarce. They are largely restricted to stream
beds and are decidedly less abundant than outcrops of surrounding host rock. Only in steep
tributaries to major rivers, especially the Nus, Guatapé and San Carlos, are outcrops both
large and abundant, Some of these difficultly accesible outcrops have areas of serveral
thousand square meters,

Peiioles afford enormous exposures of fresh rock but they are not numerous, The
Guatapé pefol is accompanied by several smaller ones in the same area, Others dominate the
towns of Entrerrios and San Carlos.

By far the majority of our samples have come from the nearly ubiquitous residual
boulders of fresh rock left behind during the secular weathering of the batholith, Many of
these boulders are in place as they are encased in the rotted rock which preserves perfectly
the texture of fresh rock. Others have doubtlessly, crept slid, or rolled down slope to accu-
mulate in gullies and stream valleys, accumulations locally known as organales (BOTERO,
A, 1963, p. 32). Yet, none sampled are believed to be far travelled (more than a few hun-
dred meters) and such small transport would little affect the conclusions of this study.

5. REGIONAL GEOLOGY AND GEOGRAPHY OF THE
COLOMBIAN ANDES

The Andes enter Colombia from the south as a single cordillera, Just north of the
Ecuatorian border, this cordillera splits twice to form three subparallel ranges which consti-
tute the Western, Central and Eastern Cordilleras of the Colombian Andes, The three cordi-
lleras are separated by the valleys of the Cauca and Magdalena rivers.

PUB, GEOL. ESP. INGEOMINAS, No. 12, 1
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THE ANTIOOUIAN BATHOLITH, COLODMBIA 11

The entire Magdalena valley and much of the Cauca valley are structural depressions
extensively filled with Middle and Upper Tertiary, non-marine, clastic sedimentary rocks
(GROSSE, 1926; VAN HOUTEN and TRAVIS, 1968).

The Western Cordillera is compaosed chiefly of intensely deformed but nonmeta-
morphic Cretaceous and Lower Tertiary (?) eugeosynclinal ophiolitic and trench assemblage
sedimentary and mafic volcanic rocks (IRVING, 1971; BARRERO, 1979). Locally these
rocks are host to stocks and batholiths of Tertiary age that range principally from quartz
diorite to diorite. Phyllite and low grade schist of possible Paleozoic age (NELSON, 1857)
occur sporadically. To the north, the Western Cordillera breaks up into a series of low ranges
that die out short of the Caribbean coast, An offshoot range, the Serrania de Baudd, passes
northwestward into Panamd along the Pacific coast east of the Gulf of Urabd (CASE, and
others, 1971).

The Eastern Cordillera is the non-voleanic, possibly back-arc assemblage counterpart
of the Western Cordillera and is composed of folded and faulted Cretaceous and Lower
Tertiary clastic sedimentary rocks of great aggregate thickness (CAMPBELL and BURGL,
1966; McLAUGHLIN, 1972). These rocks are locally interrupted by massifs of older sedi-
mentary and crystalline rocks that range in age from Precambrian to Jurassic (RADELLI,
1962; RENZONI, 1965; STIBANE, 1968 WARD, and others, 1969). To the north, near the
Venazuelan border, the Eastern Cordillera bifurcates to form the Serrania de Perija and the
Mérida Andes which together bound the Maracaibo Basin on the west and southeast, respec-
tively,

The Central Cordillera is the home of Colombia’s major Andean batholiths, tha
largest and northernmost of which is the Antioquian batholith, These batholiths are the root
remnants of what was an extensive volcanic arc in Cretaceous time, Modern arc deposits in
Colombia are less widespread. They are confined to the beit of volcanos and associate lavas
and pyroclastic deposits astride the southern Central Cordillera. Other rocks in the Central
Cordillera are chiefly metamorphic rocks of Paleozoic (and locally Precambrian) age
(GROSSE, 1926, POSADA, 1936, BOTERD, A., 1941, 1942; NELSON, 1962; FEININGER,
and others, 1970) These rocks are in places overlain by patches of marine sedimentary and
volcanic rocks of Middle Cretaceous age (FEININGER, and others, 1970; ALVAREZ, HALL
and others, 1970). North of the city of Medellin the altitude of the Central Cordillera
dimishes progressively, and within 300 km the cordillera is lost beneath Holocene alluvium
of the Cauca and Magdalena rivers where their valleys merge.

The Sierra Nevada de Santa Marta massif on Colombia’s north coast east of Barran-
quilla stands in isolated splendor with summit elevations 5900 m only 45 km from the Carib-
bean shore, The massif is an enormous horst, triangular in plan, composed chielfly but not
exclusively of cristallyne rocks (TSCHANZ, and others, 1869). The massif has not been affec-
ted by young volcanism, Its relations to the three Andean cordilleras of Colombia is uncertain.

6. HOST ROCKS TO THE ANTIOQUIAN BATHOLITH

Host rocks to the Antioguian batholith are chiefly gneiss, schist, and phyllite of
Paleozoic age with lesser areas of highly deformed but nonmetamorphic Cretaceous eugeo-
synclinal sedimentary and volcanic rocks and a belt of serpentinite at Medellin
(see  INVENTARIO MINERO NACIONAL, 19685; FEININGER, and others, 1970;
ALVAREZ, J., HALL, and others, 1970). Other rocks cut by the batholith are plutons of
Cretaceous #ge that range from quartz monzonite to gabbro. The felsic plutons are mediun
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grained and massive to gneissic. The gabbro is extensively saussuritized and uralitized, The
|argest body, northeast of Yarumal, has a core of serpetinite 2 km?* in area.

The Paleozoic rocks underwent a low-pressure facies series regional metamorphism
prior to emplacement of the Antioguian batholith, The grade of metamaorphism ranges from
low greenschist facies in phyllite around Amalfi and northeast of San Luis, to middle
amphibolite facies in gneiss with muscovite, andalusite, and sillimanite along much of the
east border of the bathalith north of the latitude of San Carlos, and southeast of Medellin,
Many mineralogical characteristics of the metamorphic rocks are like those produced by
shallow thermal metamorphism, Nevertheless, the absence of an orderly relationship be-
tween the batholith contact and the spatial distribution of metamorphic facies shows that
metamorphism must predate and therefore be unrelated to the Antioquian batholith,

Thermal metamorphism by the Antioguian batholith overprinted on the earlier re-
gional metamorphism can be recognized in many places. Stout prisms of sillimanite are devel-
oped in phyllite adjacent to the batholith southeast of San Carlos. Feldspathic gneiss near
the batholith commeonly has porphyroblasts of cordierite with inclusions of spinel, and in
marble the development of wollastonite is widespread. Sillimanite gneiss has been developed
adjacent to the batholith at the wnnel on the new Medellin - Bogotd Road east of Copaca-
bana.

7. THE ANTIOQUIAN BATHOLITH

7.1. GENERAL STATEMENT

Recent studies of the Sierra Nevada batholith in California (BATEMAN, and others,
1963; BATEMAN and EATON, 1967; ROSS, 1969; EVERNDEN and KISTLER, 1870,
KISTLER, EVERNDEN and SHAW, 1971) have successfully unravelled many petrological
and structural riddles of that great batholith. Nevertheless, the profusion of literature on the
Sierra Nevada batholith should not cast a constructive shadow across geclogic thinking
applied to other circum-Pacific batholiths, In fact, the reader who is familiar with the Sierra
Nevada reports cited above will be inmediately struck by the marked dissimiliarities betwean
the Antioquian batholith and its distant neighbor to the north,

Rocks of the Antioguian batholith were first noted century and a half ago by
Boussingault (1825). Later workers (OSPINA, 1911; SCHEIBE, 1933; POSADA, 1936)
stressed the great regional extent of granitic rocks and added petrographic details, but it was
not until 1942 thart Botero recognized the nature of the Antioquian batholith and gave it its
name, Nearly the entire batholith is now covered by published geologic maps (BOTERO, A,
1963 INVENTARIO MINERO NACIOMNAL, 1965, FEININGER, and others, 1970;
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ALVAREZ, J, HALL, and others, 1970) but none of these are readily available outside of
Colombia.

The Antioguian Batholith has an exposed area of 7221 km?® (2788 mi®, or 21
percent larger than the Boulder batholith, Montana and more than half as large as the State
of Connecticut, U.S.A.). Satellite stocks believed consanguinous with the Antioguian Batho-
lith add at least 322 km® (124 mi* ).

The outstanding characteristic of the Antioquian batholith is its remarkable homog-
gneity: 97 percent (7003 km®) of the batholith Is composed of monotonously uniform
quartz diorite or granodiorite that differs but little or not at all from place to place. This
rock is here referred to as the normal facies. Two subordinate facies, one felsic and the other
gabbroic, have also been recognized (Fig. 3).

1.2. AGE

Stratigraphically, the age of the batholith can be fixed only imprecisely. The youn-
gest rocks cut by the batholith are eugeosynclinal sedimentary and voleanic rocks of Creta-
ceous age. These contain Early Cretaceous (Albian and Aptian) marine fossils at a number of
localities not far from the batholith contact (FEININGER, and others, 1972). The oldest
rock that unconformably overlies the batholith is alluvium of Quaternary age.

During the past decade, potassium-argon biotite ages have been determined on a
number of samples from the Antioguian batholith. The ages obtained range from 68 1o B3
m.y. (Table 2) and indicate a later Cretacecus age.

The small spread of ages of these widely spaced samples (see Fig. 3) is in accord
with the unusual petrographic uniformity of the batholith.

7.3. PETROGRAPHY

7.3.1. NORMAL FACIES

Rock of the normal facies of the Antioquian batholith is medium - to coarse -
grained, massive, hypidiomorphic equigranular, gray quartz diorite or granodiorite (rarely
quartz monzonite) with a pronounced salt-and- pepper texture, It is composed of white to
light gray feldspar, gray vitreous quartz, deep green to black hornblende, brown to black
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TABLE 2.

RADIOMETRIC AGES (BIOTITE) OF SAMPLES FROM THE ANTIOQUIAN
BATHOLITH AND A CONSANGUINOUS STOCK

Location of sample

(Coordinates) Method, Age (m.y.) Comment Reference
X Y 2
1213760 852,750 2200 K/Ar 793 Botero A., 1963, p.81
1,243,500 863,750 1,950 K/Ar 7413 Pérez A., 1967
1233260 831260 2,600 KiAr 72%3 Pérez A, 1967
1200,000 830000 2700 K/Ar 70%3 Consaguinous Pérez A, 1967
stock
1,185,750 866250 1,600 K/Ar 71%3 Perez A,, 1967
1,160,000 898,000 1,200 K/fAr B3%3 Perez A, 1967

1,216,500 925 500 825 K/Ar B8%2 Felsic facies Prof. Bruno J, Giletti,
written commun, 1967

1,200000 854000 2,025 Rb/Sr 60 Cataclastic rock Fujiyoshi et al., 1976
*near Don Ma-

o P

Tias™.

1,200,000 854000 2,025 Rb/Sr &8 Cataclastic rock Fujiyoshi et al., 1976
“near Don Ma-
tias",

1,262,000 852,000 2,300 Rb/Sr 68 Yarumal Fujiyoshi et al., 1976

biotite, and accessory minerals. Modal analyses and other properties of 214 samples of nor-
mal facies rocks spaced over the entire batholith (Fig. 3) are given in Table 3. The small
standard deviation for each of the major minerals underscores the unusual uniformity of the
normal facies. Chemical analyses of two samples are given in Table 4,

Plagioclase, chiefly andesine, constitutes nearly half the normal facies rock. Grains
are subhedral to euhedral, well twinned, and generally fresh, Normal zoning with oscillatory
reversals is common, although strongly zoned, weakly zoned, and even unzoned crystals may
occur in a single thin section. Small inclusions of hornblende and clinopyroxene are prom-
inent inclusions in the cores of some plagioclase grains (Fig. 4). Rare grains have small cores
of calcic bytownite in sharp contact with surrounding andesine, In cataclastic rock patches
of plagioclase commonly have been replaced by potassium feldspar.

Cuartz forms clean anhedral grains and interstitial fill in small optically continous
domains (Fig. 5). Undulatory extinction is not normally conspicucus, and in 20 percent of
the samples studied, quartz shows no evidence of deformation.

PUB, GEDL. EEF, INGEOMINAS, Mo, 12, 1982

CIENTFIC@S BIE ANTIC@UILA
T S T D e R e S BN




THE ANTIOQUIAN BATHOLITH, COLOMBIA 15

TABLAJZ

: ! {4 ¥
R H I AR
i EEEE.:* 5 g!! zE.HE
& £ Eiii - i g E - - E
. -'iﬁﬂli;_ii - 1 iz i I §5e: 1
il i1 M o1: i ph oo
P EEE&E TR TR T
souvmamase (393 59998 888999398 899833298 29324383
E umasiare [S2€ §RRAR RIRRRERRZ RRETEZZG SERRRRRS
;imumn.ﬂnn [ --!ﬁ---i-- I L - - =1-1 =a=aa oo
«  ¥IONI WG03 EEE EE:EE j:“:ﬁg:“ﬂ “Eﬁgﬁg&gi EEEE;;EE
S JTaREYu 959 78193 svvAsyevd SIVIVEYST TIVIRATS
S (335 33338 333363533 susneeaed Edaeen
E B § BE |--|-; i—E.l-l-l— = e el e e e I-I-l-l--l—l—;"'; I-;Fl-l-l'-'l'h
2 eesw 955 53597 LBTeesigi ToeTE) 1 S ikeegE)
i himaliad WE l“ ||E;| |;||||||l Eilllllll T L
=1
E woveous |S-3 JemZ- 223835537 3235553 SE3-335-3
- soowm s |92 13%. ) GI2555-85 S8g G- 2513535
= LEITY3 Wi E;E |§dg| |||p-|lrlﬂ-|-ll|l||l| - R r‘fgt?;
5 wuverw [593 38-33 ~935-3-95 95553-559 59353~ 9
E v [ bl Egl g iie liiimiil i lEi
5w, |393 R3Y3 S39P3W3F I93I23IY 3wRaF
E TR 2:‘5 3;_::. :E;ﬂ:gg“ et b LS b i gﬂg;s
§ wioww |53, 5188 dinzasnas consssnge gyaas X
E wxowsonia® |1 8858 yaaaglHael 11312 =g a1 Lk
§ owwmens (33, 32933 333523333 AgERAIN 223390
§ e [333 33939 S3030385 33333333 2WeEON
§ weewo |o8 93350 AN33A3353 99933337 5333533
§ e (303 32323 o0aCEINT JANIRARAD SAENIERR
% .+ |BRE 28888 §4548ES8E REEeRaNeR SREERNEN
1 - - e - = =
E |REER iﬁ 8% SSERRE2SE goRE8ER8% 33 ﬁggﬁa
3 -« |35F 55882 ;ggaasazs 4 sa%ﬁ -4
Rg jases asannend Ensseasas gaeagen
<+ RRR ::-g:::- §§§§§§§ﬂ§ EEL-%EE: --::%EE%
e o (G52 BERRR RBEGRRIER REGEEEZRE SEEEZERE
§ ~fEHA Tae~a aS-HSfndal BapgoMNasen ERSRSHOQR

CIENGEICOSIDEFANTI@.@UIA



1] T. FEININGER; G. BOTERD A.

B R

tathaolith
e af batrepditi
Earthaolith

= @8 T 1000 48 I 1 280 0D BEER Sampis 15 m below oo of
berred | By

0 T 10000 4T 208 1 267 QD FH00P Folistsd; resr Crimtmis s
Lone
e

10 08 02 00 T 1000 37 113 7 277 OD 17450 Hornblemde partly chiofiti-

—— = - Ll -

EERERERENEE RR2ERns

Ll = s fe B B Bl B B P B E e RN T

iy wmetE S el RemO~0088==8 —O0~~=Mm

#
5
H
=
T 1000 & 210 O 280 GO 1000F Ssmpds 70 = Balow rood of

T 100D #8 7.0 O 270 QD 133MF Sempls sboot 10 m beslos
= 100.0 44 208 0 280 GO 39 Sempis 5 m below rool of

xac w0 o FEEEEEEEE P R EREm=RR
o TRRira o ITRSRCISYSE F9999SS FEFRATET
-] - a8 o
Diiod g3ggdgagass sdgagas EEEEEE
OZElE DE ;I—I—;;I—I—I—;I—-I— ;—I— H-l-El b ] =
wniaas 01 | e d Sddod-cda!! l'docaas ' Sasar g
WLNisiTad Wi | ) I;lllll‘ll-il-ll._ﬁlllll ] k00 ani I
wovsodi |+ = § 3503555505 cocodoa ~ + Socoros |
usomw || ) 3 3138513550 1131538 (2 8 v 53-0-38
v n (e 10 F vt tRl LIRS a3 VsEr g
Muverwn |3 5 5 dooccdrooooo ocddake 5 - o Sooocood §
LTS e L TR0 I T O T ™= T e s T T (S TR = I = |
wins. |2 3 2 3230332 2297 2 @ 3 GgRna: f
wwowes1i |8 5 @ s-nosane-ns asogma. 2 s #e3733% i
usown |33 332253005 JRGANIL. 5 2 Rgngess
mavoweonze |8 1 0 i2aF 0183310 B35 g 8 33t
owwweone |3 39 Z2MTIINII22 223335, 3 3 393l
weosewiat |2 3 g JY¥ES430:893 9509858 03 9 T $909no9
waonans |3 8 3 AnS3353380% Sn3ESz: 3 5 o5 asmsarig
sy (3 2 % ZS00NRASAS NEAANEE 0K R S nEsvion
_~ |2 & & SREGRANEREE GEREREE R € § HERESES
- E g g Eﬁﬂgﬁgiiﬁ,gi Eiiﬂﬁgﬁ g ﬁﬁaﬁﬂﬂ
e 58882833208 8aa2a88 & 3 & 38Bakas
gE i ﬂiggigﬁg B RiBERas g 5 g SRBREE
<+|R 8 8 E?‘E;.E_iggi g%ﬁgiﬁg NE S %EEE%‘E‘-; II
wenn e+ (8§ % BERIBZBRNEE SRBEERR B B B BRERIE
3 B R K RRISDIIVILSY 2303212 2 & 22500212

PUB, GEOL, ESP, INGEOMINAS, No. 12, 1m@UEMFﬂ@@S BE AN



THE ANTIOQUIAN BATHOLITH, COLOMBILA 17

E ] S B
P qg
E E !i -E i i
i | sl I e
* ok g
E'hE E . : :-::-:E ggi i
aumare (R ORR BESREBASAE  BRRAMMS ‘§ B BNERIE B
R T L “3 EEEEEEEEEE 2838888 88 8 8538388 8588
wmesmav[BE 55 ERRSREEREE nzARse 2% B R AT a2
Einpyymetipa =D T OS=ssccmes | L T R I T T I -
nowwrww i3 33 Z333c8%959 3303333 33 ¥ S3gsl Ins
AlAle |99 9% v999RUsRIy sS339933% B2 ¥ IeReel 9583
mowwlgs 85 3939999998 ggsssss 2% & ssssss $As
ROTHIE B Il-; =) ||-|-|-1-‘5 |-|-1-|-;+-i— | S S W | i =)
A G0 51 Sorsocooge SSor98F S0 o gitges 118
Bavwsiug Wi | ) ) b= g FiaE=a0n Ly O T T N
Woveo il |95 oo ooesoo-"FS 2 aosgg-- ar o w8855 2598
wosaw|T1 91 989798,792 2393355 1 3 950 12 redr
(FiE g = TN :!| I T B T | Iql—lﬁl (| | Pl Fhb
wivww |32 -3 U3-3-35-55 9939353 35 5 -3e0-3 ~30-
oWl Iy S gl [T N S T T - o Y R
umoys.. |33 U3 370393782; 2533033 37 2 223397 s
unewsn |52 B3 S3SIY5SIAT 5053287 22 2 29saer ssa,
wusew 3% |8 339392337, 33,3533 37 2 3537, Seng
TMPEDURSADNITD 8 I; LI | Elllll 1";1 |1—|J—EII—- = = |||E-|-| E=E|
(L REETET-TT ] E’E E: ::::E::EEE Eﬁ::sﬂg ::_J : EQEEE E:E:
wosomnat o8 §Y GORYLYIIIN D9959:9 94 - 08993 Io9d
wacwivs (¥ @, 803903885, 33Tmat3 35 5 S50232 3%ns
memos |97 BR ANR-GERNAE SHREAEA NS o SREIAR BAoA
RE 27 ERINARUREE S3599RE SF R RANERE §REd
B
g g 3&1-3% g EEEE§§§ i‘g 5 gE2828 2338
i 3380z R8E §33E3RE 8 EREEEE IiRE
i : 283938 ﬁﬁﬁﬂ ARaS28E § & 25 % ﬁﬁﬁa
i R 3F eaNREEw:E __?__EEE g 3 !E: s
vizsiie ot ROEREIEEE IMBREE® s B g@cEcE s Ec
i ErRRYRERER RaUD3EE 5% @ 233333 3533

GCIENTIEICEOSINEFANTIOQUIA




18 T.FEININGER; G. BOTERO A,
Y TR
B ]
; g 2 2 E 3 il’ gz' {z
£ - j §
ﬁ P4 A | aiaed]
- 4
i3 a3d L, E i ugé ;5 ik
i REMEAY L AE g X F.. SEE EEEm ]
sehre | 33888 B 29559 §GHEEER32955E $35ERLE § &3
meouvaamevis v | SEZREE 88 EEEEEEEEEEEEvaEEEEE 53353535 a8
swwmesnw|RERERE RE RERERE REERARRARRE ZRERR.GS SR
MDY ] ~D~ 00 = =f Gr-rT-=0Q00=0f=—==——= -1 -1 1 L R
moeverel 332335 35 RASASESISRNGANEEE FRRRAINR 7
e | SYYRRR 9 JTYRURRVTRIRESIVIR IVIISIIT Y
| S88833 32 Sssssssesssscsggss sssgssss a8
woauiz oe| =T = | il i i e e e
TR T S O e | SirrigigririeiiEe- 1 g g
phisemaami | 000 VR F = (N e s R IO L R TR R N | 1 1 K= 1R !
wowio 1t | S-S T3 -850+ 1-353m 1 1g- 1 1285238 dd
posarw | (el 1Y e 183 Sree-g 1 1-8388 S5ralrig Ik
T stk IR EEE N | CR I S I T R B l—gllllll 11
nuve i | SSEEaE == Sgregdgrrgrarar |- ~sSa-rdaor oo
WA TEE Tl | o pmpi= | | r = bR flliEElIE ||
“ilSH« 320592 5 R5S0323333R3323082 IA2AsREs oF
rmows 1 |255333 3. 2330-3833525%2 900 33925-05 B+
aues 392293 33 293.33022004383508 32533885 g2
maxoumeerias | 1ga= 1 dErge il it b RS e S T R
oweneons 352359 99 23835055935220523% 32209888 33
wooowees |373395 99 S8958n8R9LI09A3295 SoN3ERGT 39
waneawe 393932 33 333233233559933355 3333333 23
mawos |JRRACT 3% SOSERCRSIRRRRACNAAN SSSENRAR 28
_~+ (888258 1% TI8R2GRAURACAII32 CREREAGR 8}
f Bsgage g2 saagEEaqEiesdaRiss HaaREaR A4
f > |gEged ad Titsesiteczanenat soescees Ap
§ Egiﬁﬁg gﬁ ﬁg R EEEE go8 2gg28828 88
- SEAREE AR leleclinin dnnent: o
s o+ [SEEGE8 B ZAEEASHISRRECLR EVF3REER 18
f 858838 35 BRSCUDINRCESRIRRAR RRRARESEA 28

PUB. GEOL. ESP. INGEOMINAS, No. 12, W@UJEMFD@@E DENANTI©@UIA. J|



THE ANTIOGUIAM BATHOLITH, COLOMBIA 19

W RCLAREE
Wask platy Tow I

Hmﬂm vy FTECTLIFE
Ahwl.ﬂﬂ m Bom oonteci

]

RZ8858EEIRR35222080
33333339929398839889353 saaas
LA DA WE f-’ #!ﬂr‘-.! (EEESEEEERERRE EfE E

U ot £ 0 | i e D P P T B e L

sl rEw AL
A HABKEET WO
BikDd @0 ‘ol LE

i
:
i
:
g

H51A Hornblends pantly ieplaced
.h'r oot

AR

ai%ii

888888
ERE8Rong

L Ba e Ra Be R By ]

38R usooviis, T
G0 S20f Moderats glaty Now wbna
Euiw,
0D 47 214 3 TN G0 OGI0R Chicsim:17.7 from booiog

e L DY Y BE

e P

S22zRa03

ENOUYRRDIIA W PN s sm e A SR NRNTONS Sessnn

--—- B nd S el T

waam et 2 | N S O ENRR SHNRERNS -SRERR
oy [BTITIIRTTICIIVIILIVOIST ROTIDY

| SEHGEE DS 08 F-X-T-1-1-1-] [-X-

wew |§ 388 gaRgasdsdadaaassszss sanazns § gagsasas

WOOWIE B b= | b=t = bbbt ™ b i b 0 S o
PR T S . (ST S T - St R I IO S T R

guinspndd [ 1 00 R P FE R RO RN R EE R PERL R NN

"

moveo'ns [HEES 1 3-0E85 8 3a /8 igke r=gg-- Srg-rorg

L]
ueslaw |5, S8aar i-g-13131 1 1+~333 3'8568 & 's-racrd
auivesat | L s c b C e g3 oo oS @ criog §F v
vy (k3 S smdEmredhrgRggo ook g gekdeklkE
T o [ IO O T TR O 0 0 T 0 S T iy 10 W Y O & 0 0 1~
weeie . [3393gmsgeeaaaqgneguen-a sanany 2 eazgae;
i - —-—aw m | W=
RO TS l—l—ﬂl—qul—ﬁ-ﬂhuFFﬁ“ﬁﬁ“d" FEofR=n & EE‘”""“"“
wuows: [S2523Rnsensanassecy 228 sazniy . 33FpNa:
prarowieossin s | I S= i pimim i =" Fo g TR B F TR e
A VR PO W ;:E:::::E:::EE;E==5==I; :: ;-h: E n::: : E
e i T E=FEwxy o - sl Lo b
 |ewnsmm—mssessvaR-sANOONT S5M-B8 oo
Wit |G ARG SRS SSSRARAIASEECE R3085% 3 RAaesd
. L L A Ema m
wania s |8 0GRy  SRan-mow-cowntn g loeno \mmana
T OgEHOTAESE D —ENAEN S0 Aae—E= - =
s O RSNANANEN-HNARARSARE HEAEAR & NARE
= B B B ER
« » (BEERIZECREIALATEARRARE RA22S

HEEEEEE EHEEEEEE 28das
s

EOORDHAT I [T

R R T
£

1984300 BSEDOD 2240 36 7.0 3IA
1,107 700 ES8200 2280 182 1&
1,220,600 254000 2500 174

123500 BSA200 2550 M2 57 537
1L 210900 54100 2200 210 02 128

1LWF200 BST000 2180 XT3 &0 418
168 1857 1LHMDSD0 BRGS0 2300

I A78600 B56.100 2087
6@ 239 1988300 ESE.700 23560

o i e a o = - = =
ewes o REEHECEARSERRE~3RABGERT §2O33E § BRANEEDS
¢ |emBResvoIgeseessanIsscy 23suE3 8 SEEERRR

GIENGIEIC@SiDEYANTII@ @A



T. FEININGER; G. BOTERO &,

§ § £ ¥ g 3 g
: i = E ol
3 .E_ » E *T 3 #i g
; } 2 Eis J» $30H LS
N QLU S I i
" g g 'E ! 'ig I'ii.- i 5
" L =
e |5 BS5R5 1G83BIZTECEEEERES 85 89 ERRRES
mwouvsawvia et |} BREEE BRB388558835588888 838 88 BB88H58888
o | '-'?E_Efﬂ ﬁfﬂﬂ (EEERRARSREER 8 § KX RRRER-RER
LS Cl L M e e ey FPe e e PP B e e A P Ffae HEA =i
owivownie|3 25233 RaSgEassanascagy 24a 33 azsseas
e al? 39933 399298 IUSSSSITLY 23 29 FRIvIvYy
wioi |3 S2588 SSSES848583885888 288 S5 588885888
PEPOPPT I PSSR I Sl I S SO Sy S eSS I I S S S S Sy e R TS ST
L A TLE T D T T S R I i O T O = S T = IR B T O B
VR0t [ Feg e gg gkl lkggll gk = lg =1 kg =i
wosars |k (52 | (@ 1 BeeSee 19539 510 51 ~B538335 \
IL'”“#“'II;'Iiii|||||l||||l|||| R R R e e N L |
woveen |8 850n3 S5e8850- 555554 S ~+8 5 S50rI53
L RV El | = 000 Do=b= 0 0 0 F B= 01§ 8§ Bi=191 10§ = 0 == § KB
unezedi|® 93793 S2RORIRSI93IN3RAT 333 B3 PRIEOEES
umewat g 333G . gEeNL a0 9Rg 23 S5 3035935 f
wuoww |2 23809 sacaceasgasazecas ase ox gessseas
DRSO W | = FilgE= ¢ P it i nd LN B Pl =01 kK §RD
T s R L et L R e bR R e K R R R e T A o s et R R
wseona |2 33207 39893330920999950 260 99 S280eEEs
waess |8 nETT 289559CSTInSRsIgR O3, I 958533
mwvias |2 323HR RARAARRARARRRRAAR ANR nA AnARAReA
H E 2 B EERRBEE
- |3 sRese ssaseAsasAsRanARR Aa AR ERAEaeE
|, |p gzaen apsmaneasgesanany sag oo tagesaes
2 g Bdeen pRII¥IRZIIIIT333T 33% I8 EEEEEE
: g EEEE gease &Egﬂﬂaﬁﬁaﬂa 8% 28 8 gg a
* ¢ |5 ERRER SRERRARINRRANARGR AR S5 REGRRERR
WEEENE OTEE  | S LT - - E o @ P
B 83°38 "J3REEREIACREAARE 4% © foBEeRe:
i B EEEEPR BoBUI8BEEIR5E38% 5BE Bp HRAEBREE

PUB, GEOL. ESP, INGEOMINAS, No, 12, THH@HEME @E ‘



THE ANTIOQUIAN BATHOLITH, COLOMBIA 2

j ¢ : 1
| b g
i ;§§§ % g
i1 :
Rt . 585 E 5 i i
Mo e [ HRR AR 8 g E
momcrav|§ £ B B 2gz 3 ¢
(£ ¢ MO EY AT 430 |- = ™ O=o ; %
ovwnrw | 828 § R 33% 2 4 8
SIS M |39 9 9 7s5% 3 8
mow|838 § § 8 -
v b SR T ¥
B
e A
waaw [ Gr8 - 3 gas § g : :
s falid =ac® £ i 3
i S B
Tl R O
"""""" sk - & —Hon i i .
wisws 992 2 3 ?EE;E is ig
wawmeons |538 3§ ;;hﬁ E g ég
o (333 3 3 3085 | 1 EE
werwers (308 2 = 53 § g 03 i
wres |33 2 8 R33T E i gf
olmEgE =§§ i
:  |s22 2 el &
E 3 e EE §29
E g;g : § i gl%ii?]
et ul i,
et HUHL
H thilag s :!: £ N Avee

@IENiT BiC@OSID EFANTL@.@UIA



22 T. FEININGER; G. BOTERO A,

TABLE 4,
CHEMICAL AMNALYSIS OF TWO SAMPLES OF THE NORMAL FACIES,
ANTIOQUIAN BATHOLITH'
1 2
Fiel number 8526 8527
USGS laboratory number W168-911 wi68-912
X 1,207,150 1,209 900
Coordinates Y 908 900 808,200
Fd 9256 1,000
Si0; 636 % 625 %
TiOy 0.41 0.58
Als O, 16.2 16.2
FB‘: ﬂ 3 1 .g 1 .?
FeD 3.0 4.0
MnO 0.15 0.38
MgO 2.6 4.2
Ca0 6.2 6.6
Hﬂ: ﬂ 3.1 2 .E
K0 20 1.3
P30 0.12 0.27
H; 0. 0.20 022
H,0- 0.38 0.34
CO, 0.06 0.05
Total 1000 % 100.1 %
1. Chemical analysis by rapid rock analysis methods , U.S. Geological Survey, Wash-

ington, D.C., See Table 3 for modal analysis of these samples,

Untwinned potassium feldspar occurs as anhedral grains chiefly in optically contin-
uous domains that interstitially fill spaces between euhedral grains of plagioclase, biotite,
and hornblende (Fig. 6), These domains achieve surprisingly large sizes; commonly they
cover more than a square centimeter, and in some cases, am entire thin section. Most
contacts with plagioclase and guartz are smooth (Fig. 6); embayments or other evidence of
corrosion or resorption by potasium feldspar normaly are wanting. Microperthite is weakly
developed in some samples. The potassium feldspar is everywhere fresh, even in samples of
otherwise extensively altered rock.

Hornblende is chiefly isubbedral in fresh to euhedral prisms, although in a few sam-
ples it has the unusual habit of an interstitial mineral (Fig. 7). Pleochroism is normally X =
light yellow tan; ¥ = medium green; Z = medium brownish green with X « Y Z.- Moderate
to strong dispersion with r > v is prevalent. Electron microprobe analyses of hornblende in
five samples of granodiorite (Table §) show them to have rather uniform compaositions that
correspond closely to those of homblendes from igneous rocks of similar compaositions
quoted by Deer, Howie, and Zussman (1963, p. 277-281). Hornblendes in a few samples has
orange-brown Y and Z colors. One of these hornblendes is among those analyzed (Table 4,
col. 3). Excluding slightly higher TiD;, its composition differs little from its companion
hornblendes with green ¥ and £ colors. The low total of the analysis of the orange-brown
hornblende, however, could reflect a relatively higher Fe; O, : FeO ratio.

PUB. GEOL. EBP. INGEOMIMAS, Mo. 12, 1982
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THE ANTIOOQUIAN BATHOLITH, COLOMEB|A 23

FIGURE 4, Inclusions of clinopyroxens, clinopyroxens rimmead with hormblende, snd hornblande in
core af plagiociase crystal. Sample 8538,

FIGURE 5. Optically continuous interstitial quartz, Sample 7616,
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24 T. FEININGER: G, BOTERO A

FIGURE 6. Large field of optically continuous Interstitial potassium feldspar, Sample 7623,

Ragged cores of colorless clinopyroxene occur in some grains of hornblende. An
especially large one is shown in Figure 8. In a few samples, the only clinopiroxene present
has been preserved as tiny inclusions in the cores of plagioclase crystals (Fig. 4). More
common than the occurrence of clinopyroxene, however, is the occurrence of hornblendes
with bleached cores that contain tiny vermicular inclusions of quartz (Fig. 9), The bleached
cores were produced by the conversion of preexisting clinopyroxene cores to amphibole, a
reaction that liberates quartz. Similar complex hornblendes from tonalite in the Cornucopia
stock, Oregdn, have been figured by Taubeneck (1967, pl. 1).

Biotite forms subhedral to euhedral boocks that in more than two thirds of the
samples studied are free of deformation, Pleachroism is strong with X = light vellow: ¥ = Z =
deep golden brown. Biotite coexistent with the less common orange-brown hornblende,
however, has a different pleochroism; X = light yvellow brown. ¥ = Z = medium red brown.
Generally a part of the biotite in each thin section, mostly between 5 and 10 percent, has
been altered to bright green chlorite (Fig. 9), The biotite is far less resistant to chloritization
than coexisting hornblende; even in samples where chioritization of biotite is complete,
neighboring hornblende grains are preserved unaffected. Biotites in about half the samples of
the normal facies contain a colorless to pale yelow alteration product with moderately high
relief and low birefringerence in slim concordant lenses which have bowed apart the (001)
cleavage. A similar alteration of biotite, interpreted as deuteric, has been described from
parts of the Boulder Creek batholith, Colorado, by Wrucke (1965), who found the lenses
there to be composed of prehnite and hydrogarnet (7). (The prehnite noted in the modal
analysis (Table 3) is in interstitial grains amongst the felsic minerals and is not spatially re-
lated to biotite alteration).

FuB; GEOL. £8r. INaEOMINAS, No. 12, 1882 CIENTTIFICOS DIE ANTIOQUILA



THE ANTIOQUIAN BATHOLITH, COLOMBIA 5

FIGURE 7. Anhedral interstitinl hornblende with core of clinopyroxens, Sample 7544,

Ubiguitous accessory minerals of the normal facies are apatite, magnetite, and
zircon. Others, in order of decreasing abundance, are sphene, epidote, pyrite, caleite, allanite
and prehnite. Apatite is particularly abundant and constitutes more than Offsptcggt of
maost samples, Large grains are anhedral or subhedral, whereas grains less thi
sharply euhedral. Zircon forms subbedral to euhedral clear prisms. Th
characteristically unaccompanied by radichalos, W ">

L'-i. A S
7.3.2. MAFIC CLOTS G, G? 3

i
Finegrained, massive, dark gray mafic clots, commonly with mmfmm- -
clase or hornblende 2 to 5 mm long, are irreqularly distributed in the normal facies over
much of the batholith in disregard of both nearness and nature of surrounding rocks, The
clots, known to Antioquian geologists as gabarros, are spherical, lenslike, or more commanly
spindle-shaped bodies with maximum dimensions mostly between 5 and 50 em (Fig. 10).
Although proportionately enriched in mafics, gabarros are composed of the same minerals,
except quartz, as the enclosing rock of the normal facies. A modal analysis of a typical
gabarro from east of Amalfi showed it to be composed of plagioclase (Anye) 38 percent,
potassium feldspar 25 percent, biotite 24 percent, hornblende 13 percent, and accessory
minerals,

71.3.3. FELSIC FACIES

Five bodies of rock constituting a felsic facies have been mapped within the east
half of the batholith (Fig. 3). The combined area of these bodies is 203 km® (78 mi®), or

GIEN]i} ELCESID Ey AN GG LA



a6 T. FEININGER; G. BOTERO A,

TABLE 5.

ANHYDROUS ELECTRON MICROPROBE ANALYSES OF
AMPHIBOLES IN FIVE SAMPLES OF THE NORMAL FACIES.
ANTIOQUIAN BATHOLITH'

Sample 1534 2670 2685 7992 7997
50, 45.0 45.8 447 46.0 49.0
T, 15 1.1 19 1.1 0.7
Al,O, BB 8.3 8.9 78 5.8
FeO* 20.7 18.0 16.9 183 166
MnO 0.5 0.4 03 0.4 0.3
MgO 9.4 10.8 1.2 115 13.4
Ca0 115 1.3 19 186 1.3
Na; O 1.0 1.2 1.0 1.0 1.0
K:0 1.0 1.0 1.1 1.0 0.6
Total 99.4 a8.7 7.9 98.7 08,7

Mumber of ion based on 23 oxygens:

w

Si 6.75 6.82 ] 6.70 6.86 7.18 ']
- 8.00 8.00 8.00 + 8.00 8.00
Aliv 1.26 1,131’ 1.30 1.14 | 0.82 |
A 0.30) 0.28" 027 0237 0.18 )
Ti 0.17 0.12 0.21 0.12 0.08
5.00 + 65.00 5.00 5.00 t 5.00
Mg 2.09 24 250 256 293
Fe 2.44 | 2.19 202 209 | 1.81 |
Fe 0.16 0.19] 0.10 0,18 0.22 )
Mn 0.06 ; 2.07 005 205 0.04 205 005 2.09 0.04 } 2.04
Ca 1.86 1.81 1.81 1.85 1.78 |
Na 0.28 0.35'] 029 0.29 0.28 ‘]
0.48 0,54 0.50 + 0.48 0.39
K 0.18 0.19 ! 0.2 0.19 0.11 iy
1. Analyses by T, Feininger at the Department of Mineral Sciences, Smithsonian

Institution, Washington, D.C., U.S.A. See Table 2 for modal analyses of these rocks.

Total iron reported as FeQ.

Following the IMA nomenclature of amphiboles (LEAKE, 1978), 1634 is farro-
hornblende: 2670 and 2685 are are edenite; and 7992 and 7897 are magnesio-
hornblende,
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THE ANTIOQUIAN BATHOLITH, COLDMBIA 77

FIGURE 9. Two subhedral erystals of hornblende with bleached cores containing tiny inclusions ol
wermiculas guartz, Mote partially chiaritized biotite. Sample TE11,
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FIGURE 10, Gabarros in the normal facies of the Antioguian batholith, Rio Guatapé downstream from

PUB. GEOL. ESP. INGEOMINAS, Mo, 12, 1982
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THE ANTIOQUIAN BATHOLITH, COLOMBIA 29

about 2.8 percent of the whole batholith. Exposures of the felsic facies are largely restricted
to residual boulders. These are especially plentiful on the hills west northwest of Yali, atop
the high mountains nearly midway between Amalfi and Yolombd, and along the roads from
Santo Domingo to the Rio MNare and from Maceo to La Susana. The contact between the
felsic and normal facies is nowhere exposed. It is interpreted as gradational, but it is also
possible that the felsic facies occurs as myriadas of discrete small bodies because in some
places residual boulders of the two rock types are intimately mixed, Recent test drilling by
Cristaleria Peldar Ltda. between Alejandria and Santo Domingo revealed that rock of the
felsic facies there is inhomogeneous and locally grades into more mafic rock whose modal
composition falls within the field of the normal facies (Table G).

The felsic facies is chiefly light tan or beige, massive medium-to coarse grained,
hypidiomorphic to xenomorphic, leucocratic granodiorite or quartz monzonite. Part of this
facies is porphyritic with subhedral to euhedral phenocrysts of quartz as much as 1 em long.
The phenocrysts are particularly conspicuous on residual boulders whare they weather into
relief and give the rock a pimply surface. With advanced weathering the large quartzes are
fread and become concentrated as a grus in the soi's. This is especially well developed along
the road from Maceo to La Susana, The felsic facies is less resistant to weathering than the
normal facies and truly fresh rock is rare,

TABLE 6

MODAL ANALYSIS OF THE FELSIC FACIES,
ANTIOQUIAN BATHOLITH

Test boring No. 1, Depth 30 m Test boring No. 2, Depth 33 m

3 HT T B Nt B = ;. o - N S e, g ol L L 295
i T T A e T A g TRCE el R SN SR ELERE = 119
Plagioclese . . . < v civniandas SO e e TR R R s 490
Hornblends . ..o ou s B AR T v T e
IO O s S S+ 1 R E ) L0 S e s Dy S R 3
IO 2L s it i B8 o o s R e Cidare g S
T r L T s S T L AL | TRt B BRI e S s 0.2
Opaques ....... e fhe 0.5 : o gl e A A R AT 09
L R . BE i mee i e e R d R 0.2
R ITOOY. o R0 Al & it 3wyt TE b i o0 i basang (e (R T R e Tr
Hydrogamet . .....w:eeaeu T . 1 i Tr

Numberofpoints , ... 2136 = ........... 2,384

Specificgravity ..... 286 = L...-leiisds 265

Colorindex . ....... Fh 10w o e e 7.3

ARSCOrBant . . oxe s 0 ol s as 3

Coordinates; X = 1200800, Y= 8881620

Samples from the Santo Domingo - Alejandria road at the Nare river,

Modal analysis of eight samples of the felsic facies are given inTable 7. Compared to
the normal facies, the felsic facies is richer in quartz and potassium feldspar, has a more
sodic plagioclase, a much lower color index, and consequently a lesser specific gravity.
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THE ANTIOQUIAMN BATHOLITH, COLOMBIA an

Under the microscope quartz is unstrained, Non-phenocrystic grains are anhedral.
Plagioclase s mostly oligoclase, though it ranges to sodic andesine in some samples. Grains
are zoned and twinning is more subdued than in the andesine of the normal facies. Grain
margins in contact with potassium feldspar are commonly myrmekitic. Potassium feldspar
forms anhedral compact grains rather than the interstitial fill characteristic of the normal
facies. Grains are microperthitic and exhibit weak grid twinning. Some have incomplete
thin rims of albite, The mafic mineral is exclusively biotite, in part chloritized, Absortion
is weaker than that in biotite of the normal facies, with X = pale straw yellow to colorless,
and ¥ = Z = medium brownish green, Included zircons are surrounded by str
halos, The accessory mineral suite of the felsic facies is impoverished (Table
pair granet and muscovite, unknown in the normal facies, occurs with frequ

7.3.4. GABBROIC FACIES e = &
ATz

Seven small bodies of gabbroic rock with an aggregate area of 15 k 0,2 e

percent of the batholith) have been mapped on the east half of the Antioguian bathaolith.

The largest body (5.5 km®) of the gabbroic facies is between San José on the Antioquian

Railroad and the site of Cristales. Nowhere were rooted outcrops found; the outline of each

body was mapped exclusively on the occurrence of residual boulders. The boulders are

exceptionally abundant and particularly conspicuous owing to their rust-stained and deeply

pitted surfaces; at first glance they resemble iron meteorites. In may places creep has carried

the boulders far from their point of origin so that the size of probably all the bodies (Fig. 3)

is exaggerated,

Fresh rock of the gabbroid facies is black to dark green or dark brown, coarse to
medium grained, and hypidiomorphic to idiomorphic. Mostly it & equigranular, although
some samples carry poikilitic phenocrysts of black hornblende as much as 5 cm long. The
composition of the gabbroic facies is higly variable; it ranges from pyroxenite to hornblende
gabbro, The most ultramafic samples are perfectly fresh in thin section, Many of the other
samples are altered, showing saussuritic plagioclase, pale green fibrous amphibole pseudo-
morphic after pyroxene, and the partial to complete alteration of olivine to “iddingsite’ and
tale, Modal analysis of eight samples and chemical analysis of two samples of gabbroic facies
rocks are given in tables 8 and 9 respectively.

Although the contact between the gabbroic and normal facies & not exposed, the
patrography of the residual boulders indicates that it must be gradational. For example, on
the body between San José and Cristales are found boulders of pyroxenite nearly free of
feldespar (Table 8, col. 1), boulders of mafic gabbro (Table 8, col. 2) and boulders of horn-
blende gabbro with a little quartz (Table 8, col. 3). Other boulders, not represented in
Table 8, stepwise bridge the gap between hornblende gabbro and typical quartz diorite of
the batholith’s dominant normal facies. The only ultrama fic rock is found in this body.

7.3.5. CONSANGUINOUS STOCKS

Surrounding the Antioquian batholith are numerous stocks of a variety of igneous
rocks (Fig. 3). Most of the stocks are petrographically so unlike the batholith that a genetic
relationship between them and the batholith can be easily discarde. Nevertheless, several,
several sotocks are composed of rock indistinguishable from that of the normal facies o f the
batholith. These petrographically uniform stocks have a total area of 322 km® (124 mi* )
and are considered consanguinous with the Antioquian batholith (Table 10).
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THE ANTIOQUIAN BATHOLITH, COLOMBIA 33

TABLE 9

CHEMICAL ANALYSIS OF TWO SAMPLES OF THE GABBROIC FACIES,
ANTIOQUIAN BATHOLITH'

1, 2,

Field number 1633 TE34
USGS laboratary numbser WI1BE-916 WIiEE-917

b4 1,200,200 1,207 650
Coordinates ¥ 810,700 813,500

z 1,050 1,150
5i04 62.1 % 48,1 %
TiD4 0.39 0.29
Aly Oy 5.6 12.2
Fe; 04 1.4 1.8
Fed 1.4 B.8
MO 0,09 0,02
MgO 21,3 17.8
Cal 6.4 103
Ma; O 0.32 0,56
K,0 0.08 0.18
P30; 0.04 0.02
HsO- 0,17 2.17
H.]u " ﬂ.ﬁﬁ 1.m
Total 59.9 % 29.6%

1. Chemical analysis by rapid rock analysis methods, U.5. Geological Survey, Washington,
D.C. See Table 8 for modal analysis of these samples.

TABLE 10.

MODAL ANALYSIS AND AVERAGE COMPOSITION OF FOUR SAMPLES
CONSANGUINOUS STOCKS OF THE ANTIOQUIAN BATHOLITH'

1. 2, 3. 4, 5 G,
Fleld number 7507 7814 &0 1642 Huer g
X 1,202 300 1,248,200 1.191 300 1,226,300 norma
Coordinates 824 400 928,000 831,800 821,500 Avuragy facies
Z 725 725 2325 2600 [Tabie 3)
Quarte 232 32.7 276 206 26.0 239
K feldspar 4.3 6.9 0.6 0.3 30 8.7
Plagioc]asa 62.9 49.1 55.1 51.2 04,6 48.4
Haornblends 0.6 0.8 4.4 14.2 5.0 8.3
Biotite B.1 9.9 10,2 121 0.6 8.3
Chiorite 1.3 0.3 1.4 1.0 1.0 16
Allpnmite - - T -
Apatite [} | 0.1 T 0.1
Epidote T T 0.7 -
Opagque 1.1 - - 0.6
Sphene 0.2 0.2 T =
Zircon - 0.1 T T
Total 100.0 100.1 1000 100.0
An content
of plagiociase 33 29 44 ad 40 43,5
Color index a3 11.2 16.7 278 16.3 20.9
Specific gravity 270 2,70 - -
Classification Qo an oD an
Analyeis 1.000P 1, TE4P AZROR 416R

1. Values in in volume percent. Analysts: G. Botero A., and T. Feininger.

CIENTIEICOSIDEIA




24 T. FEININGER; G. BOTEROD A,

7.36. DIKES

The ensuing discussion will deal with two distinct groups of dikes: apophysy dikes
of batholith rocks in surrounding prebatholith rocks, and postbatholith dikes that cut the
batholith itself.

Apophysy dikes of the Antioguian batholith in host rocks are infrequent although
the apparent scarcity may in part be an artifact enhanced by paucity of outcrop. Dikes in
noncalcareous rocks differ little from the normal facies of the batholith beyond having a
somewhat finer grain size. Some small dikes far removed from the batholith contact have a
curious spotted appearance imparted by dark spherical aggregates 5 mm in diameter com-
posed of fibrous amphibole. The compositions of dikes in calcareous rocks, however, depart
widaly from the composition of the batholith. These dikes are medium to fine grained,
massive and hypidiomorphic equigranular, Superficially, except for their darker color, they
resemble the dikes in noncalcareous rocks, but closer inspection shows they are greatly
depleted in quartz and commonly contain 26 percent or more clinopyroxene (Table 11).
Presumably the incoming magma that crystallized to form these dikes was desilicated by

TABLE 11.
MODAL ANALYSIS OF 51X SAMPLES FROM DIKES OF THE
ANTIOQUIAN BATHOLITH IN CALCAREOUS ROCKS'

1. 2. 3. 4, 5. 6.

Field number 7628 7687 7699 77135 7747 B157
X 1215550 1,251,500 1248800 1252050 1242300 1.162.250
Coordinates Y 817625 903,000 896,150 902,500 911,300 918,650

2 850 1,350 1,500 1,400 12756 425
Quartz 0.1 10,2 04 99 32 -
K feldspar - 204 13 119 1.2 0.2
Plagioclase 72.0 41.0 60.4 - 56.9 54.0
Orthopyroxens 17.2 - - - - -
Clinopyroxene s 25.0 323 65.2 35.0 =
Amphibole 78 - 32 - - 42.1
Biotite 08 - — - - -
Chlorite 0.3 - 0.1 - 02 1.2
Apatite T - - 0.4 T 0.6
Calcite - 08 0.7 - 0.2 0.6
Epidote - 05 0.1 9.0 0.3 -
Opaque 1.8 - 0.4 0.2 T 1.1
Prehnite - - T - - -
Scapolite - 05 - - - -
Sphene - 16 1.1 34 3.0 0.2
Zircon - - - - - T
Total 100.0 100.0 100.0 100.0 100.0 100.0
An content
of plagiociase 64 38 50 - 46 48
Color index 279 2711 372 77.8 385 446
Specific gravity 2.89 290 294 3.22 296 2.89
Number of points 769P a39pP 1,108P 1,000P 1,000P 1,711P

1. Values in volume percent. Analyst: T. Feininger.
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the enclosing calcareous rocks, mostly marble, but including also calcite - bearing quarzite
and gneiss. This view is supported by the common development of wollastonite, diopside,
vesuvianite, or tremolite in marble adjacent to the dikes, each attesting to the introduction
of silica.

The Antioquian batholith is cut by innumerable dikes with knife-sharp contacts
that range in compesition from andesite to felsite and alaskite. Owing to scarcity of outerop,
the presence of most of the dikes s indicated only by cobbles and small boulders of these
rocks left behind upon the decomposition of the less resistant enclosing batholith rock.

By far the most abundant are dark gray or gray-green, very fine grained to aphatitic,
porphyritic dikes of intermediate composition from 2 cm to 1 m thick. Phenocrysts are
suhedra of black hornblende or white plagiociase from 1 to 5 mm across. Near contacts the
long axes of phenocrysts are aligned parallel to dike walls and their matrix is aphanitic,
Many of the dikes are multiple with successive intrusions exhibiting chilled borders against
earlier ones,

The grain of the thin intermediate dikes is too fine to allow modal analysis and
petrographic classification. However, rock in the chilled margins of an exceptional dike
800 m thick, 5 km west of Cisneros (Tab.12), is identical to rock of the thin intermediate
dikes and the compositions of the large dike is therefore probably much like that of its
innumerable finergrained companions.,

TABLE 12,

MODAL ANALYSIS OF A SAMPLE FROM THE INTERIOR OF THE LARGE
INTERMEDIATE DIKE 5§ KM WEST OF CISNEROS'

1

Field number 7603
X 1,215,150
Coordinates Y BB2,750
z 1,726
CQluarts 154
K. feldspar 43
Plagiociase 62.7
IClinopyroxens 0.9
Harnbdands B.4
Biotite 7.0
Chiorite 0.4
Apatite Q.1
Epidote T
Dpague 0.8
Total 1000
An content
ol plagiociase 40
Color index 17.6
Spacific gravity 2.78
Cigssifecation an
Mumber o polnts 1.000P

1 Values in volume percent. Analyst: T. Feininger,
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A modal analysis of a sample from the interior of the large dike (Table12 ) shows it
to be a quartz diorite somewhat poorer in quartz and richer in plagioclase, but otherwise not
unlike the normal facies of the Antioquian batholith.,

Based on this evidence, the prevalent dark gray intermediate dikes are held to be
chiefly dacite and andesite,

In outcrop the thin intermediate dikes commonly exhibit curved and even amoe-

boid contacts (Fig. 11). This suggests that although the batholith had fully crystallized
before intrusion of the dike magma, it was still hot enough to yield somewhat plastically.

Dikes of rocks with other compositions are much less common. Medium grained,
bright pink alaskite was exposed in tunnels during construction of the Nare underground
hydroelectric development, 8 km west of San Rafael. East of the same town are found a few
thin dikes of pink pegmatite with accessory black tourmaline. Pink to beige saccharoidal
aplite occurs near the southern tip of the batholith, south of San Luls. It is composed of one
third quartz, one third potassium feldespar, one third sodic plagioclase, and traces of musco-
vite and chloritized biotite. Dikes of aphanitic pink felsite (rhyolite?) mostly less than 10 cm
thick, occur sparsely throughout the bathalith,

FIGURE 11, Fine-grained intermedipte dikes in the nomal facies of the Antioguian batholith and &
ponsanguinous stock, A: Ouebrada Cantay(s, height 1000 m, & kom east of Cansros, B! Rio
Nus, 1 km upriver from Caracoll, T. Feininger field sketches.

B. REGIONAL VARIATIONS

We have emphasized the general uniformity of the normal facies throughout the
Antioguian batholith, Unifortunately, due to paucity of outcrop, neither the density nor the
assurance of impartiality of our sampling are sufficient to allow a computer-run analysis of
regional variations of the composition or other properties of the broadly homogensous
Antioguian batholith. Nevertheless, our long familiarity with this body of rock allows us to
make a few general observations. The only systematic variations we have found are from east
to west; north-to-south variations appear random. To illustrate east-to-west variations, we
have arbitrarily divided the batholith into five north-south tiers, bounded by the following
lines of longitude: ¥ = 910,000; 887,500; 865,000 and 842 500. Analyzing samples con-
fined to thesese tiers, potassium feldspar shows a general increase from west to east, whereas
both color index and degree of deformation show steady decreases (Table 13). Other
parameters show less systematic or random changes.
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The arresting development of interstitial potassium feldspar (Fig. 6) is common
only in the eastern half of the batholith. To the west, concomitant with lessening abun-
dance, potassium feldspar is increasingly limited to subequant anhedral or isolated intertitial
wedges. The steady increase of color index from east to west is due chiefly to
increases of total hornblende and biotite. Increases of these minerals individually are
arratic,

A qualitative measure of the degree of deformation to which each sample of
the normal facies has been subjected was recorded on a scale of 0 to 4 (Table 3).
Divisions are as follows: 0, no evidence of deformation; 1, undulatory extinction of quartz;
2, bending of biotite; 3, bending of plagioclase; 4, cataclasis. In many samples annealing
must have followed deformation. For example, samples with bent biotite but unstrained
quartz are relatively common. In table 13 the degree of deformation of the normal facies in
each of the north south tiers is the simple average of the degree of deformation recorded for
correspending individual samples. The progressive increase of this parameter from east
to west is striking. Of the 90 samples from the eastmost two tiers, 32, or more than one
third, show no evidence of deformation. On the other hand, of the 69 samples from the
westmost two tiers, only one is underformed,

One other parameter, grain size, subjectively appears to us to increase subtly from
east to west. However, lacking systematic measurements, we cannot substantiate this obser-
vation guantitatively.

TABLE 13.

REGIONAL VARIATIONS IN THE ANTIOQUIAN BATHOLITH

1 2 3 4 5 B
933,600 810,000 887 500 865,000 B42 500 Average
Coordinates io 1o ] to  {+] narmal

910,000 887,500 865,000 842,500 820,000 facies

Number of samples 29 61 1 51 18 214

Modal K feldspar 16 8.0 79 4.4 29 6.7

Color index 189 19,1 212 22.3 24.6 209

Degree of defor-

mation 0.B5 0.87 1.05 1.89 211 1.3
Egst <ssssssasmsssssssccsnnsmmmmmmmnn West

9. STRUCTURAL GEOLDGY

Study of the structural geology of the Antioquisn batholith is impeded by the
scarcity of outcrops of fresh rock. Nevertheless, enough observations can be made on the
sparce outcrops on the myriads of residual boulders, and on the virtually endless exposures
of rotted rock along mule trails to piece together a coherent picture,
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89.1. FLOW STRUCTURE

Mearly all the Antioquian batholith is composed of rock perfectly isotropic even to
the practiced eye. This statement is supported by the frequency with which the long axes or
planar surfaces of gabarros fail to have common orientations even in large outcrops. Neither
rock near contacts, nor in the consaguinous satellite stocks is any less massive than that in
the interior of the batholith.,

Planar flow structure (foliation), however, is visible in some isolated or small groups
of residual boulders. The foliation is imparted by parallel arrangement of biotite books,
hornblende prisms or platy grains of plagioclase, and is mostly weakly developed. In only
one exposure, a residual boulder 1.8 km southwest of the junction of the road to Cristales
with the main road, were two divergent flow structures seen, Here, feebly foliated quartz
diorite is truncated nearly at right angles by slighltly more strongly foliated but otherwise
identical quartz diorite. Foliation in the second rock parallels its contact with the first rock.
Excluding their weak foliations, both rocks are typical representatives of the normal facies
of the batholith. Also, in some outcrops parallel alinement of the long axes of gabarros
imparts a linear flow structure,

A particularly outstanding example can be seen on the east face of the Guatapé
pefiol. In most places this parallelism is vague and enclosing batholith rock ramains massive,
The bearing of this linear flow structure ranges widely, but its plunge is uniformly gentle,
mostly subhorizontal, and only rarely does it exceed 30 degrees.

8.2. CONTACTS AND INCLUSIONS

The contact of the Antioguian batholith must approach a sharp nearly smooth
surface judging by the virtual absence of apophysy dikes, or other mechanical mixing with
adjacent enclosing rocks. In only three places was the actual contact found exposed and in
each it is razor sharp. Sketches of parts of each exposure are given in Figure 12, In two of
the three exposures the batholith rock is massive to within less than 5 cm of the contact,
and in the third it is massive throughout, Only where emplaced in amphibolite is the batho-
lith contact diffuse and characterized by a zone of mixing. The zone mixing is as much as
100 m wide and consists of coarsely recrystallized amphibolite with lenses and irregular
masses of quartz diorite and diorite. The mixed rock has a migmatitic or agmatitic structure,
Excellent examples are exposed 1.4 km northwest of Maceo and at the north end of the
consanguinous stock at Caracoli,

It is likely that virtually the entire contact of the batholith is discordant, Topo-
graphic relief is generally suffcient over the edges of the batholith to determine at least
crudely the attitude of the contact, Wherever this was done, we found it to be discordant.
Even where strikes of the contact and of foliation in host rocks are coincident, dips of the
two differ,

Along the east edge of the batholith east of Yali for example, foliation in host
quarizite and gneiss dips steeply east or west, whereas the contact of the batholith dips
gently west under the metamorphic rocks (see also Fig. 3, east half of section A-A).

Much of the batholith contact dips gently and approximates a roof rather than a
wall. This relationship is best demonstrated in the northeast quarter where local relief at the
edge batholith exceeds 500 m and the attitude of the contact can be mapped with precision
(Fig. 3, section C-C’). The gentle dip of the roof, at least over the narthern half of the batho-
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FIGURE 12. Contacts of the Antioguian batholith, A: Contact with feldspathic aluminous gnekes, Tribu-
tary of the Santa Birbara gorge, § km notheast of Baisadero, B: Contact with hornblendic,
laminated skarn, Quebrads Santo Tomas, C: Contact of a large dike (or of the main batho-
wﬂm 7) and migmatitic feldspathic gneiss, Quebrada Bélgica, Field sketches by T,

lith, is further substantiaded by the progressive and uniform decrease in elevation of the

contact at a rate of from 20 to 30 meters per kilometer from west to east. At Yarumal the
contact is at 2400 m, Sixty kilometers to the east, near Amalfi, it is at 1600 m, Near El Tigre,

30 km further east, it is at 1000 m, and 15 km east of the longitude of El Tigre, east of

Maceo, the contact has descended to only 600 m. Elsewhere, particularly in the western half

of the batholith, we have studied the contact in less detail. However, there too a gentlydipp-

ing roof is consistent with field observations. Accordingly, we have shown a roof with this
attitude in nearly all our cross sections (Fig. 3) and consider it a general characteristic of the

Antioquian batholith. Only in the extreme southeast corner is the contact steep to vertical

{Fig. 3, section E-E’').

Deformation of host rocks that with confidence can be atributed to the Antioguian
batholith is surprisingly restricted. Regional geologic mapping peripheral to the batholith
(Fig. 3; INGEOMINAS, FEININGER and others, 1970) shows that changes in neither style
nor intensity of deformation in host rocks are recognizable as the batholith is approached,
True, folding of low-grade schist in the Amalfi area, not far from the batholith, is especially
intense. However, structural attitudes are regionally uniform and are truncated by the batho-
lith. Furthermore, lineations in the schist plunge into, not off the batholith, nor do they
parallel the contact (Fig. 3). It is unlikely that this locally intense deformation is related to
the coincidentally nearby batholith. On the other hand, high-grade gneisses host to the
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batholith in a belt about 100 m wide adjacent to the contact in the northeast corner are cut
by numerous tiny faults with displacements up to a few centimeters (Fig. 13).

FIGURE 13, Small faults in host rock adjscent to the Antioguisn bathalith. Laminated feldspathic gnaiss,
20 m from the Antioguian batholith. Quebrada Bélgica, 4.8 km § 9°E of El Tigre. Finld
sketches by T. Feininger, plic

The restriction of these tiny faults to a narrow zone peripheral with the contact and
the apparent randomness of their attitudes suggests that they were producted by the empla-
cement of the neighboring batholith. Regional faults with large displacements directly
attributable to the batholith, referred to as intrusion faults, will be considered later.

Inclusions of host rock in the main body of the Antioguian batholith are exceedingly
uncommon and occur at only half doren sites, At one place, a small body of intrusive
breccia with clasts of fine-grained gneiss was found (Fig. 14). Inclusions in consaguinous
stocks (Fig. 16) are somewhat more abundant but still are not commonplace features, All
inclusions have sharp contacts with their internal structure truncated by the surrounding
igneous rock.

9.3. INTRUSION FAULTS

A series of long parallel faults with northwesterly strikes occurs principally in host
rocks but also in the adjacent half of the Antioquian batholith from a point 15 km north
west of Yali south to San Carlos.

A complementary set of shorter faults with northeast strikes are found between San
Carlos and Caracoli (Fig, 3). Excluding the Nare, Bizcocho and Caldera faults, discussed
apart later, these faults share a common feature, They are either confined chiefly to the
gently-dipping roof over the batholith, or they separate batholith and roof rocks. The north-
wiest-striking faults generally expose batholith rocks on their southwest blocks, whereas the
northeast-striking faults do so on their northwest blocks, These interesting faults are here
referred to as intrusion faults because of their genetic ties to the emplacement of the Antio-
quian batholith, They represent the grandest recognized deformation of host rocks by the
batholith.

The intrusion faults were caused by differential foundering of the subhorizontal roof
into magma of the Antioquian batholith during or shortly after intrusion. The foundering
was stepped in a regular fashion, that is, roofrocks northwest of the northeast-striking faults
foundered relative to roofrocks on the southeast, and roofrocks northeast of the northwest-
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FIGURE 14, Inclusions of host rock in the Antioguian batholith, A: Intrusive breccia, Abundant inclu-
sions of fine grained gneiss; many of them have a faint foliation and show well-defined con-
pacts with the guarte diorite. Some inclusions hove been mcn/stallized to & massive harm-
felsic texiure, Ouabrada Son Blas. B: Detall of an inclusion of lsminated guarzitic gnaiss in
quartz diorite, Quebrada Pefiol Grande, elevation 326 m (A, from a photograph; B, field
skotch by T, Feiningar]. i

striking faults foundered relative to those on the southwest, An exception is the east end of

the Balseadero fault south of Jorddn where roofrocks on the southwest sank. This fault had

a scissors displacement. The sharpness with which the south-striking proboscis of batholith

crosses the trace of the Balseadero fault and heads south to pass between the Cocorna sur

and Palestina faults suggests that it is a thin sheet concordant with the steeply-dipping
enclosing metamorphic rocks,

The origin proposed for the intrusion faults is sustained by field observations,
Where the faults separate the batholith from roofrocks, the latter are throughly shattered
and brecciated, whereas adjacent batholith rock dispays no deformation. This relationship is
particularly well exposed at Balseadero, a small settlement at the confluence of the Rios
Guatapé and San Carlos, where cordierite gneiss in a quarry north of the road has been
reduced to angular rubble with no pleces larger than a fist, while quartz diorite in outcrops
across the road in the river are whale and completely undistubed. The general relationships
of intrusion faults at depth can be seen at the east end of section A-A’ and in section D-D'
(Fig.3). A detailed interpretation of the west end of the Balseadero fault is given in Figure 16,

Projections of most of the northwest-striking intrusion faults can be followed as
lineaments into the batholith on air photographs. This is particularly true of the Nare fault,
Upstream from its entrance into the metamorphic host rocks, the Rio Nare flows across the
batholith in a singularly arresting straight canyon 300 m deep and 23 km long. The sub-
parallel Bizcocho and Caldera faults to.the southwest are similarly reflected by lineaments,
though less spectacularly so. Surprinsingly, in none of the three faults does strongly sheared
or brecciated rock crop out. The canyon of the Nare affords nearly continuous outcrop, but
aside from locally saussuritized rock, severely deformed rock is absent, Three samples of ba-
tholith rock from the Nare fault (7965, 7969 and 7968) show only degrees of deformation
on our scale of 2,1, and O respectively, Samples from the Bizcocho (7933 and 7837) and
Caldera (8019) faults show similar or only slightly higher degrees of deformation (3 and 1,
an 2, respectively).

The remarkable parallelism of the northwest-striking intrusion faults suggests that
they existed as regional faults in the metamorphic rocks prior to the emplacement of the ba-
tholith. Stresses imposed by Intruding magma reactivated these preexisting faults which
offered long zones of weakness in the batholith’s roof. It is likely that ancient drainage
patterns on the roof of the batholith were forcibly readjusted to the renewed faulting. A
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FIGURE 15. Inclusions of hest rock in apophyses and consaguinous stocks of the Antioguian batholith.

A: Quartzite inclusions, some with reaction borders, in an apophysis of guartz diorite, El
Torito, 14 km ESE of Amalfi, B: Inclusion of feldspathic gneiss. L boulder, Caracoli - Santa Isabel
bl Nus road, 8O0 m from Caracoll, C: Inclusions of migmatitic iss. Boulder in & creek, 1 Km southeast
ol Caracolf, I!'.'I: Inclusions of quartz-feldspar-mica gneiss, Boulder, Rio Mata, 55 km northwest ol EI Ti-
Eru, El: Inclusions of laminated guartzite, Ouebrada Calabozo, elevation 1450 m. Field sketches by T.

eininger,

regular pattern emerged with drainage by subsequent streams that followed the more sasily
eroded shattered rock along the northwest-striking faults. Erosion progressively removed the
roof over the batholith and bared the underlying homogeneous igneous rock. Smaller streams
were able to evolve new courses unrelated to their ancestry. Some master streams such as the
ancestral Mare and Guatapé, however, had cut such deep canyons that they had become
prisonars of their courses. With their ancestry largely erased, these rivars, now superposed
streams, continue to deepen their canyons, All this is not to say that no movement has
occurred along the projections of the northwest-striking intrusion faults in the batholith.,
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FIGURE 16. Geologic skatch map and cross section of the northwest énd of the Balseadero Fault.
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Some movement almost certainly has taken place which is not surprinsing in view of thair
proposed prebatholith history and their regional extent, Batholith rock in the canyon of the
Rio Nare or along the Bizcocho and Caldera faults, although not severely deformed is never-
theless more deformed than that on the adjacent mountains. Furthermore, these faults
parallel the enormous shear zones of highly cataclastic rock locally hundreds of meters thick
which slice the batholith to the north.

Offset of the contact between the normal and felsic facies of the batholith by the
Bizcocho fault (Fig. 3) should not be taken as a quentitative measurement of displacement
on that fault. The contact was mapped by examination of sparse residual boulders, The
offset shown may be greatly exaggerated or even imaginary.

9.4. FAULTS AND SHEAR ZONES

The largest faults on the Antioquian batholith, and certainly those with the boldest
topographic expression, were treated in the preceeding section owing to their close genetic
relationship with the intrusion faults. The only other long fault on the batholith is the north-
striking Miraflores fault that passes nearly through Guatapé. A zone of gouge in this fault
several meters thick was penetrated in tunnels of the Nare hydroelectric project between
Guatapé and San Rafael (ALVAREZ A., R. oral commun,, 1967),

Here and there, outcrops in the batholith are crossed by small faults marked with
thin planar or gently curved seams of light green mylonite from a few millimeters to rarely as
much as 10 em thick. Displacements of these small faults are not discernable owing to the
rock they cut, Only where they have offset dikes can their displacemeants be measured
(Fig.17). Displacements rarely exceed five meters and are commonly only a few centimeters,
The small faults were probably caused by mecanical adjustment during the cooling of the
batholith and are regionally unimportant structural features,

The east-central part of the batholith is host 1o a series of shear zones whose north-
west strikes rudely parallel those of the long intrusion faults, The largest, the Cristales shear
zone, is 25 km long and follows the projected northwest extension of an intrusion fault west
of Caracoli. It is the only shear zone spatially related to an intrusion fault..Other shear
zones more than 10 km long are the Sofia shear zone just southwest of the Cristales, and an
unnamed shear zone south of Yali, The shear zones are considered apart from the faults
because of their unique characteristics. They are confined exclusively to the batholith, the
thickness of sheared rock in them is very great, in places as much as 750 meters, and they
have very weak topographic expression,

Most of the shear zones are poorly exposed, They have been recognized largely
from loose residual cobles or boulders or mylonite, or from exposures in weathered rock.
Only the Cristales shear zone is well exposed in fresh rock in cuts along the road to the
sttlement of Cristales. Moderately sheared rock is strongly foliated, dark gray, fine grained,
and resembles biotite schist. In the section it is patently cataclastic, More intensely sheared
rock is relatively massive, nearly black with a dull luster, and very fine grained. Superficially
it resembles serpentinite, but thin sections show it to be composed of esentially the same
minerals, though very finely comminuted, as the less sheared rock.

The origin of the shear zones is somewhat obscure. Their confinement to the batho-
lith and great thickness implies that they were zones of repeated and prolonged movement
which first may have become active in the late magmatic stage of the batholith.
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FIGURE 17. Small faults in the Antioguian bathalith md.nmnugi'inw: stock. Related to the cooling (7).
A Symbols, single ling ﬁin&munz diorits, double line shading, alaskive; stippl site;
dark lines, mylonite, The slaski & faults but in turn is cut by another one.
The inclusion in the lower section of the sketch ks feldspathic gnelss, Quebrada Farallones,
alevation 1350 m, B: Symbols; single line ﬁ-:ii*g, guartz diorite; bleck, dacite - Rio Mus,
2 km upstrieam from Caracoli, Field sketches by T. Feininger.

10. ORIGIN

18 cuis some of the

The junior author first ascribed a magmatic origin to the Antioguian bathalith
(BOTERO, A., 1963, p. 81-82). In three later papers, Radelli (1965a, b, ¢} championed an
origin by metasomatic replacement in situ of pre-existing rocks. The following observations,
gleaned largely from earlier pages of our report, leave little doubt but that the batholith
must have formed from the intrusion and crystallization of initially hot, uniform magma:
sharp and discordant contacts (Fig. 12); rotated inclusions of host rocks (Figs. 14-15);
discordant dikes of batholith rock with sharp contacts in host rock, and desilication of dikes
whare in calcareous rocks (Table 9): uniformity of the dominant normal facies {Table 3);
hypidiomorphic texture especially of the normal facies, with such typically igneous petro-
graphic details as interstitial potassium feldspar (Fig.6), zoned plagioclase, and clinopyroxene
cores in hornblende (Fig. B); and enclosure of the batholith in a high-temperature thermal
aureole characterized by wollastonite, sillimanite, cordierite and spinel. The sharp and
discordant contacts of the batholith and the absence of internal foliation are characteristics
shared by plutens intruded into the epizone as defined by Buddington (1859, p. -E?T-E??}.
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10.1. PETROGENESIS

The Antioquian batholith, excluding s consaguinous stocks, has an exposed area
in excess of 7200 km* of which 87 percent & the normal facies with its monotonously
uniform texture and composition. Neighboring samples of this rock have been taken from
sites with elevations that differ by hundreds of meters to more than a kilometer. Variation
is as slight vertically as it is harizontally, Clearly a petrogenetic mechanism able to produce
tens of thousands of cubic kilometers of homogeneous magma is required to account fot the
Antioquian batholith. Unlike the Sierra Nevada batholith, California (BATEMAN and
others, 1963; BATEMAN and EATON, 1967; EVERNDEN and KISTLER, 1970]) the
Antioguian bathalith & ssentially a single pluton without a composite rature, without
screens of older rocks, an was emplaced over a geologically very short period of time,

The uniformity and intermediate composition of the dominant normal facies
with its calcic plagioclase and paucity of potassium feldspar argue against an origin of the
batholith magma by partial fusion of heterogeneous geosynclinal sediments as has been
recently invoked to account for the diverse magmas that gave rise to the Sierra Nevada ba-
tholith (BATEMAN and EATON, 1967). Furthermore, the tendency of the Sierra rocks to
follow a constant quartz: potassium feldspar ratio on a feldspar-quartz triangular diagram
(BATEMAN and others, 1963, fig. 15) differs sharply from the normal facies of the Antio-
quian batholith whose rocks are poor in potassium feldespar and on a similar diagraman
cluster on the quartz-plagioclase side with a weak tendency to maintain a constant ratio of
those two minerals (Fig. 18).

A more likely source of the Antioquian batholith’s parent magma & to be sought
beneath the crust. The composition and field relationships of the gabbroic facies, as well as
the preservation of exceptionally calcio cores (A Angg) in some plagiociase of the normal
facies sustain the postulate of a deep magma source,

Maost samples of the gabbroic facies are considerably altered rocks rich in pale green,
fibrous, secondary amphibole and chlorite after pyroxene or hornblende, “iddingsite” and
talc after olivine, and saussuritized plagioclase. Outward these altered rocks grade progres-
sively into fresher rocks: hornblende gabbro, hornblende diorite, and finally the normal
facies of the batholith, chiefly quartz diorite. In the largest body of the gabbroic facies,
however, that between San José and Cristales, gabbroic rocks surround a core of ultramaphic
rock, chiefly pyroxenite (Table 6 col. 1). Our inmterpretation is that all bodies of the gabbroic
facies were initially inclusions of ultramafic rock and that these were swvept up and carried
along by the ascending batholith magma at the time of intrusion, The ultramafic rocks are
considered samples of the environment in which the bathalith magma was genarated, a
suberustal ultramafic environment. Out of equilibrium with their new surroundings, the
ultramafic inclusions reacted with the enclosing magma of guartz diorite and granodiorite
composition 1o form a suite of gabroic rocks enriched in secondary minerals. These altered
rocks grade outward into less mafic rocks, hornblende gabbro and hornblende diorite, that
were stable under the conditions prevalent in the crystallizing batholith. Only the inclusion
now found between San José and Cristales was large enough to prevent the destruction of all
ultramafic rock by reaction and a small unaltered core remains preserved, Perhaps the
gabarros, the small mafic clots so characteristic of the normal facies (Fig.10), represent small
inclusions of ultramafic rock where reaction has gone to completion. Potassium feldspar, a
major constituent of many gabarros occurs as interstitial fill which postdates the other
minerals,
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Quaoriz

Plagioclase K feldspar

FIGURE 18. Modal quartz, plagioclase and potassium faldspar of 214 samples and the average (cross) of
the nomal faches, Antioguian batholith,

How large inclusions of ultramafic rock with densities greater than 3 gm/em?
(Table 6, col. 1) could have been carried upward tens of kilometers by far less dense and
fluid
magma is uncertain, One possibility is that transport was made possible by a combination of
two factors: relatively swiftly moving magma, and irregular shapes of the inclusions them-
selves,

Uncertainty in the nature of the contact of the felsic facies greatly inhibits under-
standing its origin. Both its general petrographic characteristics and radiometric age, however,
argue that it & intimately a part of the Antioquian batholith rather than a later, unrelated
intrusion, Most likely it represents magma produced by differentiation late in the crystalliza-
tion history of the batholith that was reintruded into already consolidated rock of the
normal facies. The somewhat younger radiometric age of the felsic facies supports this
contention,

The thin, fine-grained, intermediate dikes have compositions closely akin 1o that of
the normal facies that they so abundantly cut, This observation and their mode of occur-
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rence suggest that they are small intrusions of undifferentiated magma introduced into
fractures in the upper, crystallized parts of the batholith from deeper still molten zones,
More felsic dikes (felsite, alaskite and pegmatite) are later intrusions of differentiaded

magma,

Magma of the Antioquian batholith must have been both highly fluid and relatively
dry. Fluidity is attested to by the extreme scarcity of intarnal flow structure in tha batholith.
Then, only a very dry magma could account for the total absence of hydrothermal alter-
ation of enclosing rocks, especially in the gently-dipping roof. The dryness of the Antioquian
batholith magma is further evidence against its derivation through the partial melting of
geosynclinal sediments, and also may account for its rise to such a shallow level of the earth’s
crust (CANN,1970).

10.2. FORM AND MODE OF EMPLACEMENT

The extreme uniformity of the normal facies, the absence of field evidence of mul-
tiple intrusion, and the small spread of radiometric ages, suggest that the Antioquian batho-
lith could have been emplaced as a single intrusion of homogeneous fluid magma. The
sparseness of internal flow structure similarly implies a simple intrusive history. Furthermaore,
several other features of the batholith are unusual for such a large granitic body. Although
batholiths are characteristically elongated parallel to regional tectonic trends, the outline of
the Antioquian batholith is nearly square and its maximum north-south and east-west dimen-
sions are essentially equal. Most batholiths have steeply-dipping or vertical contacts and typi-
cally iregular upper surfaces (TURNER and VERHOOGEN, 1960, p. 311). This is certainly
not true for the Antioguian batholith whose contacts are mostly gently dipping and whose
roof is interpreted as smooth and subhorizontal, Further unusual features of the Antioguian
batholith are its uniformity, its discordant contacts, and the paucity of deformation of
enclosing rocks attributable to emplacement of the batholith,

These features of the Antioquian batholith are unusual only if related to its huge
size; each is a charactiristic of small intrusions (TURNER and VERHOOGEN, 1960, p.331-
332, 338-339). One inference that can be drawn from this observation is that the volume of
the Antioguian batholith may be much less than that implied by its lateral extent. Perhaps
the bulk of the batholith has the form of an enormous subhorizontal intrusive sheet or dike
with little thickness relative to its exposed breadth (CASE, FEININGER, and BOTERO in
CASE an others, 1971, p. 2696). Such a form would be in accord with field observations
such as its lateral extent normal to the regional north-south tectonic trend, the subhorizon-
tal roof and discordant contacts, and the gentle plunge of internal linear flow structures
expressed by the long axes of gabarros. If the lateral intrusion of magma lifted the roof of
the batholith as @ more or less integral unit broken only by sporadic intrusion faults, the
virtual absence of other deformation in host rocks attributable to emplacement can be
explained. Steep contacts are restricted to an area south of San Luis, the only place where
the batholith magma invaded incompetent rocks.

Sheetlike intrusions with forms analoguos to that postulated for the Antioquian
batholith have been recognized elsewhere. The Curecanti Quartz Monzonite, Colorado,
forms a horizontal pluton wholly discordant to igneous and metamorphic host rocks and
tapers to feather edges (HANSEN, 1964, p. D6 - D10). A vertical feeder is postulated
{(HANSEN, 1864, Fig. 2). Crystalline basement rocks in Victoria Land, Antarctica, are host
to an enormous subhorizontal sheet of diabase at least 40 by 48 km (HAMILTON, 1965,
p.17 - 20). Floor and roof, both exposed in mountainsides (HAMILTON, 1965, Fig. 16-17)
are everywhere discordant,
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