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GEOLOGY OF QUADRANGLES H-12, H-13, AND PARTS OF I-12 AND I-13,
(ZONE III), IN NORTHEASTERN SANTANDER DEIARTINEWT, COLOMBIA
By

Dwight E. Ward and Richard Goldsmith
U. S. Geological Survey

and
" Jaime Cruz B. and Hernan‘Restrepo A,
Instituto Nacional de Investi-
“gaciones Geoldégicos -Mineras
ABSTRACT

A program of geologic mapping and mineral investigation in
Colombia was undertaken cooperatively by the Colombian Institute
Nacional de Investigaciones Geolégioc%ﬂimeras (formerlf‘knqwn as the
Inventario Minero Nacional), and the U. S. Geological Survey, sponsored
by the Government of Colombia and the Agency for International Develop-
ment, U. S. Départment of State. The purpose was to study. and evaluate
mineral resources (excluding of petroleum, coal, emeralds, and alluvial
gold) of four selected areas, designafed Zones 1 tb IV, that total
about 70,006 kmz. The work in Zone III, in the Cordillera Oriental,
was done from 1965 to 1968.

The northeast trend of the Cordillera Oriental of Colombia
swings abruptly to north-northwest in the area of this report, and

divides around the southern end of the Maracaibo Basin. This section

of the Cordillera Oriental is referrcd to as the Santander Massif.




'

Radiometric age determinations indicate that the oldest rocks of
;the Santander massif are Precambrian and include high-grade
%gneiss, schist, and migmatite of the Bucaramanga Formation. These
‘iocks were proovably part of the Precambrian Guayana Shield. Low- to

”

medium-grade metamorvhic rocks of late Precambrian to Ordovician age

Zinclude phyllite, schist, metasiltstone, metasandstone, and marble of
| . 4 ‘
Ethe Silgara Formation, a geosynclinal series of considerable extent in

the Cordillera Oriental and possibly the Cordillera de Merida of
| .

‘

iVenezuela. Orthogneiss fanqing from granite to tonalite is widely dis-

-.tributed in the high- and medium-grade metamorphic rocks of the central

core of the massif and probably represents rocks of two ages, Precambrian
‘and QOrdovician to Early Devonian. Younger orthogeneiss and the Silgari
are overlain by Middle Dewvonian beds of the Floresta Formation which

;show a generally low but varying degree of metamorphism. Phyllite and
i .

argillite are common, and infrequent marble and other calcareous beds

‘are fossiliferous. Except for recrystallization in limestones of

i
i

i .
%the Permian-Carboniferous Diamante Formation, sedimentary rocks younger
! .

.than Devonian are unmetamorphosed. !

it i




; ———

The effects of Precambrian regicnal dynamothermal metamorphism and

i
!

> plutonism on Precambrian geosynclinal depcsits reached the upper
; .

amphibolite facies in the Bucaramanga Gneiss. The geosynclinal
Silgara Formation was subjected to similar conditions
5—:in Late Ordovician and Early Silurian time but reached oniy the green-

‘'schist or lower amphibolite facies. Orthogneisses generally show a
!

i

i

.concordance of foliation and lineation with the neighboring Silgara

Formation and the Bucaramanga Gneiss - » as well as similarities in
1 N N

grade of metamorphism. Regional dynamothermal metamorphism in Late
Permian and Triassic time reached low grade in the Floresta Formation

and caused recrystallization of limestone of the Diamante Formation.

The Bucaramanga and Sil ard metamorphic rocks show ovidcnce of retro-

gressive metamorphism accompanied by high activity or potassium and water,

but whether this occurred at the time the Floresta was metamorphosed or

‘later is not clear.

Batholiths, plutons, and stocks of igneous rocks in the Santander

massif range from diorite to granite. Radiocactive age data indicate

that most belong to a single plutonic intervél. These are

referred to as the Santander Plutonic Group and are
Jurassic and Jurassic-Triassic. Two suites of this group are pink granite

and quartz monzonite, and gray quartz monzonite and granodiorite. Con-

tact relations indicate that the pink and more granitic rocks are

§°unger than the gray and more mafic rocks, but radiocactive age data
ST€ 1n conflict with this. Undated plutonic rocks that are not clearly

Telated to the group are assigned to relatively older or younger age
Positions,

s




West of the Bucaremanga fault rhyolite makes up a small body

at one loqality and forms an intrusive sheet with granophyre and in-
trusive breccias in Triassic sedimentary rocks at another locality.
Its age is unknown, but it probably is younger than the Santander
Plutonic Group.

Felsic, mafic, and lamprophyric dikes are common in the batho-~
liths, plutons, and adjacent rocks, ana most appear to be genetically
related ' to the larger igneous bodies, whereas rarer dikes of dacite
porphyry, basalt, and diabase are not related. Basalt and diabase
dikes are widely scattered and have been found nearly és high in

the section as the Jurassic-Cretaceous boundary. Dacite porphyry

is the only igneous rock that intrudes Cretaceous rocks.

o RN,
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. With the uplift that accompanied emplacement of batholiths in

!
i
ELatest Triassic and Jurassic time, erosion of the roof rocks furnished

., fine-grained redbeds and conglomerates of the Jordan Formation,followed
s by erosion of the batholiths themselves that provided the coarse-grained

<. |and conglomeratic arkosic sediments of the Girdn Formation in thick

" accumulations off the flanks of the uplift. This period was followed

by marine invasion and sedimentation of the Cretaceous pericd. 1In the:

i+ iMagdalena Valley area, Lower Cretaceous sedimentation began with

¢

.

g éqnartz sands of the Tambor Formation and continued with fossiliferous
i
10! limestone of the Rosa Blanca Formation, black shale of the Paja Forma-
it - tion, fossiliferous limestone, glauconitic sandstone and black shale

12 ?of the Tablazo Formation, and still more black shale of the Simit{

i
A

i3 fFoxmation. In lLate Cretaceous time, calcareous black shale with chert

. and phosphatic beds in the upper paft of the La Luna Formation were

'*- deposited during the time of most widespread marine transgression.
Thereafter gray shale and limonitic beds of the Umir Formation

, accumulated as marine conditions were gradually succeeded by continental

«

;deposition including coal beds in the latest Cretaceous.
{ .
Cretaceous deposits over the area are mostly uniform in character

- if not in thickness, and remnants of these rocks that have escaped
. erosion in the massif are similar to the Cretaceous rocks of the

iMagdalena Valley to the west and the Maracaibo Basin to the east.

&3

%
5
!
\(
—{‘N__»
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) Continental conditions prevailed in the Magdalena Valley arca through

[

. 'the Tertiary, with the deposition of sandstone, shale, and coal beds in

1
'

'the Paleocene Lisama Formation; focllowed in the Eocenz by thick con-

1
+ .glomeratic sandstone of the La Paz Formation and sandstone, siltstone,
{

s-land shale of the Esmeraldas Formaticn, in the Oligocene by shale of the

s {Mugrosa Formation and shale with coarse conglomeratic sandstene cf the

i
: !Colorado Formation; in the Miocene by even coarser and thicker deposits

¥

of the Real Group; aﬁd continuing into the Pliocene and Pleistocene

with the Mesa Group. Most of the section of Tertiary rocks in the
Colombian part of the Maracaibo Basin'is similar in origin and lithologic
character but is thinner than that in the Magdalena Valley. These rocks
were eroded from, 6r were never deposited, in the area that is now the

highest part of the massif.

Y

i ) .
" % Alpine glaciation occurred on the Santander massif during the
\

15~:Pleistocene, and widespread terraces in the lower valleys may date from
I .

- this period. Orogeny is probably at or near its highest level at the

-
.-

present time,with streams eroding the flanks of the massif at a high
{ !
.rate, aided by deep weathering and landslides. '

, The Bucaramanga fault, a major fault of regional extent, trends

north-northwestward across the area. It apparently extends to the
;north coast as the Santa harta fault,defining the western boundary of
itﬁe Santa Marta Mountains. The investigafions reporteé heré indicate
awlong and complex history for the Bucaramanga fault, from early lateral

displacement followed by uplift of the Santander massif to the east

that continues to the present time.
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West of the Bucaramanga fault are three areas of,rather'distinct
structural character: 1) A wedge-shaped, down-faulted block between the
Bucaramanga and Sudrez faults is mostly an area of mesas, tilted slightly
westward, and capped by basal Cretaceous éandscane. at the thin north end
of the wedge, Quaternary gravels and mudfows accumulated in the fault-
formed basin and now form the dissected terrace on which Bucaramanga, the
main city of the region, is located. 2)‘A plateau belt bordering the
mesas wes; of the Sué}ez faﬁlt consists ﬁostly of dissected beds, undu-
lating to steepl& dipping, of the thick Girdn Formation. 3) West of the
plateau area all sedimentary rocks frgm Jurassic to Teritary plunge
westward into the deep trough of the Nuevo Mundo synclige. This narrow
syncline is on the.deeper eastern side of the geosynclinal area of the
Magdalena Valley basiﬁ. Most of it is separated from the shallower
part of the geosyncline to thé west by the north-trending La Salina fault,
which places Upper Cretaceous rocks on the east side in contact with
Oligocene and Miocene rocks on the west.

! In the high country that continues south and east of the metamorphic

*éand igneous rocks of the Santander massif, two north-trending structural

I

basins are separated by the regional Serviti fault. 'The western basin
_contains sedimentary rocks ranging frém Devonian to Upper Crectaceous
‘and is complexly faulted. Rocks of the castern basin range from Lower
;Cretaceous to Eoccne and have undergone cgmpressiénal folding that is

; ‘.

. more
More intense toward the west. ’

R VL GOVERN® LNT 0 NP0 b p by gt e



Many faults were napped to the 2ast and west of the Bucaramarnga
ifault, and many more are indicated by lineaments on aerial photographns.
Most have trends within a range of north-northeast to north-northwest,

mostly parallel to the trend of structure. OCnly a few major faults cut

across this trend. On the east and west flanks of the Santander
massif, belts of sedimentary rocks that include mostly Cretaceous
formations have escaped erosion on the downthrown sides of long faults.

iOn the east flank the downthrown sides are on the west, and on the

i

,west flank the downthrown sides are on the east, which suggests either
‘ more active uplift of the flank areas or collapse of the central area

' relative to the flanks.
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INTRODUCTION

Purpose and scope

The southern half of Zone III of the Colombia Inventario Minero
Nacional (IMN) , is principally in the Department of Santander, but also
embraces small parts of the neighboring Departments of Norte
de Santander and Boyaca (fig. 1). Zone III is one of four areas in
Colombia selected for mapping and field investigations. The work was
conducted by the Inventario Minero Nacional, now included as part of
the Instituto Nacional de Investigaciones Geolégico%ﬂine?as (INGEOMINAS),
an agency established under the Ministry of Mines and Petroleum of the
Colombia Govermnment to work in collaboration with the United States
Geological Survey (USGS). The work was partly financed by the Agency
for International Development, U. S. Department of State.

This report is concerned with the southern half of Zone III
and summarizes results of mapping and investigations made during the,
period October 1965 to September 1968. The area covered includes all
or parts of four quadrangles of the Colombia Gauss grid system:

HLIZ, H-13, I-12, and I-13 (fig. 2). The geology of tﬁe area is shown

in plate 1. The total area mapped is 10,370 square km.
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Histor, 25f cthe pyoiect

Four Colombian geologists and a USG3 advisvr (D. E. Ward), began
field work October 30, 1965, in Zone III. The group was very forturate
to have the company of Dr. Jaime de Porta, geclogist of the Universidal
Industrial dé Santander, on initial trips to become familiar with the
sedimentary geology. Richard Goldsmith, advisor in igneous and meta-
morphic‘geology, joined the group in December 1966. The number of
geologists assigned to the ZoneMIII area ranged from 13 to 17.

In January 1966, field work was started in the Surata’ area northeast
of Bucar;manga. From there the mapping was expanded into the surrounding
area by assigning specific areas to each geologist. Also in 1966, a
photogeologic map of Zone III was completed by GéoPhoto‘Services, Inc.,
under a contract with IMN. In the later part of the contract period,
all geologists in the zone were assigned to a one-month field check of
the preliminary photogeologic maps. Although deep weathering, vege-
tative cover, and locally complex structure prevented accurate photo-
geologic mapping of many pérts of the zone, the final photogeologic maps
were helpful in field mapping and in ‘interpretation of regional
structure. |

A reconnaissance of phosphate rock in Colombia.was made in
;he second half of 1966, When it became evident that major resources

of phosphate rock are present in Zone I1I, phosphate investigations

were later assigned to a separate group within IMN.
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The material presented in this
following geologists of IMN-I
much of the time under difficult conditions, and bus for whose

perserverance and enthusiam the report
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Rafael Romero D.
Dario Botero G.
Raul. Perea R.
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Carlos Ulloa M.

Alvaro Rojas P.
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Location and access$

Excont for Lot northrrestern side 07 the 7one hich extentis to

-0 tlagdalena valley, sost af the southara nalf of Jom2 111 1i2s in

the Cordillera Orient%} cf the Andesnip qo;cbeast Colombia (fig. 1).
This region of the Cordillera Oriental is referred to as the.
Santandér massif. Tne cantander nassif is just nortrest of whEre

the Cordillera_Oriental changes trend from northeast toO northwest,
nusoidal plexus where the Cordillera branéhes into the north-

and in & si

’ v . 4 .
ward -trending arc of the Gerrania de Perija that forms the boundary

between Venezuela and Colombia and the northeast—trending Cordillera

, N
de Merida of west-central Venezuela.

The south nalf of Zone 111 is relatively vell covered by roads
(fia. 2). The main north-south highway Trom 20g0t5 to the coast at
santa l'arta follows the east side of-the-range and nasses £hrouni
sycaramanna.  Tais hichuay 55 naved within the zore. It is locates
along the trace of the Zucaramnanta fault through cuch of the mep ared.

a

L pave! fast- oSt Sinhvay nassos throutt sycaramanda Trof

wﬁrtancaﬂerﬂcja on the Waqdalena,River across the gantander massif to

D N .
ramlona, fucuta, an- into Vapozunla. np tho enst gids of the

range, and partly outside the ZONC, is 2 maior unravedt north-souts

L3yl . ’ . ) .
“j~eay fron Parniona to inqota. This MWV crevidas accoss e the

ast sida pf the zone 1iona most Af its 1ennth.

I
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. Smaller unpaved roads cross the range in the southern part of

the zone to connect the main highways. The piedmont slopes to the
Magdal?na in the northwestern part of the area (H-12)on the
western side of the Magdalena Valley are relatively inaccesible.
The right-of -way of the Ferrocarriles Nacionales which passes down
the Lebrija gorge to the Magdalena Valley provides some access to this
country. Short dead-end roads lead from the principal roads to some
of the ;maller towns,

Most of the area between the roads is accessible only by
mule, horse, or foot. No place in the zone is mbre than a day's

ride or walk from a road.




Toﬁography, drainage, and cliimate
The southe%n half of Zone III can be divided inte soeveral topo-
graphic regions. (1) One is the massif proper which comprises the
main high range, and slopes to east and\fo the west as
far as the break in slope at the Bucaramanga
Front. (2) Another is the somewhat lower drainage basin of the Rig
Chicamocha to the south and southeast. .Altitudes éf ridges in this
basin range from 2,000 to 2,600 m, whereas the river flows from 1,200
to 500 m nortthsterly across the range. (3) Another region includes
the mesas which extend from Bucaramanga to the southern limit of the
zone and which border the main high range and the Chiéamocha basin on
the west. These. are, from north to south, the Mesa de Ruitoque, Mesa
de Los Santos, and -the Mesa de Barichara; they range from 2,250 to
1,300 m.. The basin in which Bucaramanga lines at about 1,000 m and
the valleys between the mesas are considered to be part of the region
of the mesas, (4) A fourth region includes the plateaus west and
northwest of Bucaramanga and west of the region of the mesas, and
the ridges and valleys west of the plateaus. General altitudes
here are 1,200 to 1,000 m. (5) The fifth region is the Magdalena

Valley, at an altitude of 100 m. -




7
The massif forms a three-way divide between the Rio Magdalena

Vs /
drainage to the Carribecn Ssa on the west, the Ric Zulia-Rio

: - .
Catatumbo drainage into Lake Marac aibo and the Caribbean Sea on

4 N

the northeast, and the Rio Orinoco and the Atlantic Ocean on the
east. The principal rivers draining the massif into the Magdalena

14 4 ’
are Rio Chicamocha and Rio Suarez which combine to form Rio
Sogamoso west of the Mesa de Los Santos (pl. 1). Only a small part

)
of Rio Suarez lies within the zome.

North of the Rig Chicamocha—RiB Sogamoso drainage is.RiB
Lebrija with its major tributaries: Rio de Ora, draining the mesas
and the front of the massif south of Bucaramanga, and R{g Surata,
Rig Negro, and Ri0 Cachiri draining the west front of the massif north
and northeast of Bucaramanga.

Rio Chicémocha is the dominaqt stream draining the southern
part of Zone I1I. It flows roughly northwest out of the massif}
its larger tributaries, Rigs Manco, Uﬁpala; Perchiquez, Guaca, and
Servita flow into it from the north and north-east. Only Rig Onzaga
flows into it from the south. South-flowing Rio Servita is the largest

tributary of the Chicamocha and drains much of the east side of the

ZOone.
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nly tne teadyaters of 219 70141 drajnacs ars vicnii the

southern half of 7one 111, The princinaX ctrears are 10 Cucutilla

and its tritutaries vihich drain the portheast sida of the Paramo ¢'2

d
Santurkan, and D10 parnlonita,draining e Pamnlona ared.

Pd ’
Nrainace into 710 Avauyca is by vay of ©ig Chitaca and¢ its

) - . - 4
spibutaries tie rip Caraba, "10 Fnrpeturas, and Mio Santo "pninno

4

7
vhich taos a relatively small area from the sauth side of Faramo de

g
Santurtan and the ceneral 2erlin area, outheastward on the 2ast

4
sida of the zone to the Paramo del Alinorzadero vnich forms the divi

s’ /
with Rio capyita-nic Cricarocha drainage.
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At anv aiven 2ltituds the hevneraturs z2banansg Tittle vith the
season., The rana2 indiurnal temperature varies only slightly from

cloucy to sunnv sgason. ﬁean'ﬁnnual temnapraturss at altitudes lowar

than Zucaramanga at 1770 meters ranae frorn 230 1o 27°%C. Tewreraturas
at Jucaramanga rance from N2, In the hieh ndrao,at altitudes
of ;233‘t0 3500 maters, mean—annual temparatures are 7°to 12°¢.

Painfall varias seascnally ard in total amount from nlace to
place. In the Zucaramanga area total annual rainfa1§ is atout‘l,ooo
to 1,500~mm- Tn tha canvon of o Chicarociia, annual rainfall is
about 500-1,000 mm. Only on the higher flanks of the range and in the
gsouthern part of the zone is annual rainfall about 1,500 to 2,000 mm.
The largest amount of rain throughout most of the zone falls in two
seasons with maxima in May and October. Little rain normally falls
during December, January, and February. -

The paramo is cloudy during most of the year. ‘Precipitation is
sometimes in the form of snow at elevations near 4,000 meters or
higher. Howéver, no records are available for this area. Sub-
freezing temperatures are not uncommon during the clear nights of the

-

dry season.
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Culture

Tucaraaanca vith a nonulation of arout 227,77 {19534) is tho

larcest city in th=

]

one ard is the conter for irdustryv, trade, and
transnrortation. “eaularly schoduiad airline service is availaiile
vith otner citiss of Zolom~ia and with some smaller touns in
Santandar ind orte de Santander. Tood roads connect ?ucéraﬂanna
vith thoté, the cities of the farihtean coast and with Venezuela
to the northeast. A FEranch lina of the Ferrocarriles lacional de
Colonbia connects Sucaramanca with the wmain jogotalto Saﬁta “arta
Tine in the llaadalera Yallev.

in Norte dé Santan;ier, Pamplonar, an educational center of
about 20,00 inhahitants. is the next laraest city in the nuthern
half of Zone III. ‘tumerous simller touns of  less than 7,770
inhabitants are scattered over the zone mainlv near 2ucararanca
and to the southeast in the urrer reaches of R;o Chicamocha and its
tributaries. “ost of the ponulation fs rural. The most thinly
nonulataed sector is the hiah Sgramo ahove 3200 meters and the zonz

of cloud forest kelow this, down to about 2707 moters. The bull of

“he norulation lives at altitues helov 55770 neters,
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Farmirn 35 anp j ~oritsnt occinciicn and peotatces and

onions are th2 nrinciral crors in e Yien narsco, sore

attonticn racantly b“eina ~jven to raisinn shecn. Sn the mountain
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stonas at forer 2levacions, fiowe "o rore, Gwine, and hags i1s qrowm,
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and at sliahtly tower oinuatinns, cofiva, Fruits and veoet
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many kinds for the local mar'et arc raise? at irterrediate and
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lover elavations throucrout the zonn, s rs Corn, vuca,

lecunes, and whcat., Pincapnle is cultivated in the -nlateay . |
country vest of "ucaramanaa and much is shirnad to other arnas.
Suzar cane is an irmrartant nroduct in tha riedinat sonth of

.

Sucaramanra and in th2 hroadar vallsovs at suitable Tow altitudes

elsavhere in the zon2. Tabacen is 2lco a major cror, and manufacturz

Jur)

of ciqarettes ans cirars is an iTrortant incdustrv, The Zairy

industry is scatterad in small farns and ranches throuchout the
zona, leef cattle are raisced chiefly in the lov2r =2levatinns,

particularly in tha niadmant of the Tacdalena Valley.
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cxposures

The slopes of the range vary from heavily wooded to cleared
with many small farms. The lower 1limit of forest is apparently
being driven upward as the expanding rural population clears land
for new farms at continually higher elevations. Cloud forest is
now largely limited to the less accessible areas above 2,500
This woéded zone betﬁeen the treeless paramo at about 3,100
and the cultivated lower slopes has been breached at many places,
usually in the areas of major roads. More forest remgjns ?E"Fhe
west slope of the range than on the east slope within Zone III, excep;
in the headwaters of R{S Cucutilla in northern H-13. Exposures are
noor in the forested areas and movement is extreme{y difficult,
Slopes are steep and streams are usually choked with vegetation.
Some streams have abundant outcrob, but others are filled with
rubble. Cascades and waterfalls are common in small streams and at
the headwaters of nearly all streams,making ascent difficult.

Deep weathering is characteristic, with the greatest depth of
weathering on hilltoos and snurs at elevations of 1500 to 2500
neters. This was particularly noticed along the Bucaramanga front.

Somewhat fresher rock is exposed on lower slopes along the front

near Bucaramanga where erosion is currently active,
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The canyon cf Rio Chicamocha and the drainage area arcund it lie
in a partial rain shadow and the climate is semi-arid. Here the
vegetation is sparse and xerophytic, the soil lass deep,and outcrops
somewhat more abundant. In part,of course, the relative abundance
of outcrop is the result of the deep dissection by the river. The
barrenness of much of the Chicamocha drainage area east and
southeast of Pescadero is due in part to high permeability of the
granular soil derived from granite. However, south of the
Chicamocha basin at higher elevations there is more rain,and the
forest cover increases. The extreme south part of the zone is
heavily wooded and exposures are poor.

The southeastern corner of the zone north and south of

. Malaga is relatively open with Tittle forest. This is

primarily farming country,and exposures and access are relatively
good. Local relief, hbweveg is as mugh as BOOO meter. .

The country above the tree line (about %100 meters) is
relatively open. Outcrops are fairly abundant,especially in the
more dissected parts and where glaciation has scoured off
weathered rock.

Alluvial fill of Pleistocene and !olocene age covers bedrock
in some of the larger valleys and basins, such as in the
Bucaramanga basin, in the Guaca area, and near Mogotes. However,
as most valleys are narrow with steep sides, such fi11 is not

generally a problem.
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~in open country, readily accessible except for some of the steeper

1 tributaries have cut canyons into this country with slopes covered

hot and Humid.

/
~on the slopes. Farms are mainly on the ridges. Rio Lebrija and its

e e S S T P e e e S T s

The area of mesas south of Bucaramanga offers cocd exposuraes

canyons walls of Rios Chicamocha, Suarei, and Sogameso and their
tributaries. The plateau country west of Bucaramanga is similarly
open, at least in the Lebrija area. However, farther north, west,and

northwest, the country is extensively covered with brush and forest

in part by forested 1and-slide debris. Exposures are good in
many of the gorges, but they are rather inaccessible. The
railway right-of-way provides access down the Lebrija gorge. Toward

the Magdalena Valley farms alternate with forest and the climate is
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Previcus Mork

The cold mining area of California and Yetas has been known
and worked since the 16th Century, and vas apparéntly viorked by
Indians in pre-Colombian times. 2n entertaining as well as schoisarly
summary of the literature on aold region in Santander prior to the
20th century has been made by Vicente Restrepo (1888, republished in
1937). Mention is made of the mines, but with little detail, by
Modesto Bargallo (1955) is his book on mines and mining_in Spanish

America during the Colonial epoch.

Pecent literature on economic deposits in the zone is not
particularly extensive. Many of the reports are general or summary

reports such as those by Singewald (1950) and Hokittel(]Qé?) in

which mineral localities were reported from a variety ot secondary

sources. Radelli (1961) in a theoretical paper attempted. to relate
the epochs of mineralization with magmatic deposits over the entire
Colombian Andes. '

Most of the studies are of individual mines or prospects,

investigated briefly, such as the report by Gilberto Botero R. (1945). A
few individual mines or nrospacts were investigated intensivejy.

The gold mining areca of California and VYetas has received by far the

most éftention (Wokittel, 1654; Nelson, 1955; Pagnacco, 1962; Arce,

1951; Bueno, 1955a, 1955b; Champetier de Ribés and Alvarez, 1961). Reports on
nonmetallic minerals in Santander have been made by Martinez (1962,

1964) on lime, gypsum, and barite deposits; and by Jimeno and Yepes

(1963) on gypsum deposits near Los Santos. A survey of phosphate

deposits of Colomhia by Cathcart and 7aabraro (1967), vith referance =
to the denosits within the man area has !'ocn rocently puhlished. Ry
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Relatively little work has been done on thz gen=zral geclogy of
the Santander massif. Until recently oniy ?aséing references nave
been made to the geolcgy of the nassif by tiettner
(1892), Stille (1907), Cuyster (1922}, Scheibe (1938), Oppenheim
(1914), and Trumpy (1943). These men either made brief tours or
described areas of the Eaﬁtern Cordillera primarily scuth of the
Santander massif. Hettner (1892, p. 15-30) gives an excellent
account of the early discoveries and scientific expeditions into
the Eastern Cordillera and describes briefly two profiies across
the area of the Santander massif. !ore recently Burgl (1959, 19¢€1,
1964) and Radelli (1961, 1962) have made observations on the
stratigraphy of the Eastern Cordillera including the Santander
region. Julivert (1958, 1959, 1967a, 1961b, 1963) is prcbably the
first to do any detailed geologic work in the massif. Some of his
work deals with the structure and crystalline rocks of the massif, .

particularly the area near Bucaramanga. This work is summarized in

“a recent regional synthesis (Julivert, 1970).

Probably the first map to show the geoiogy of the massif was
the 1944 Geologic Map of Colombia ccinpiled by the Servicio Geologico
Nacional at a scale of 1:2,000,500. A later revised edition of the
map compiled by H. Hubach and L. Radelli with the cooperation of

H. Burgl, was published at a scale of 1:1,500,000 in 1962. These

~Mmaps are, of course, very general.

i




Mapping of smalllareas near Rucaramang2 has hesn done by
faculty and students of the Universidad Industrial de Santander.
Recent maps at a scale of 1:50,000 chiefly of sedimentary rocks
have been made by Julivert, Barrero, and Mavas (1964) in the Mesa
de Los Santos area and by Tellez (1964) of the contiguous Mesa de
Barichara area to the south. !More recently, F. Cediel (1968) has
made a study of the Giron Formation at the type section along R{b
Lebrija and in adjacent areas. |

The areas of se@imentary’rocks in and flanking the Magdalena
Valley have been studied intansively by geologists of oil éompanies
holding concessions-in the region. Although not published, their
work has Leen incorpofatedﬂin the geologic mans of Colombia

(Servicio Gegloaico Macional, 1944, 1962).
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Present investigations

Inm ordér to provide a systematic and adeguate geclogic
background for evaluation of possihle mineral depssits encountered
in the zone,a program of regional qeoloﬁic mapping was established.
The mapping was done by geologists,each assigned individual
planchitas measuring 10 to 15 knp\ Base maps used in the. field and
for prfmary compilation were preliminary topographic maps at a
scale of 1:25,900, and  contour interval of 50 meters or 25 meters
published by the Instituto Geografico Agustin Cddazzi,'Bogotaﬂ
Field mapping was expedited by use of aerial photographs at a
scale of 1:60,000.

One ueoiogist, usuaily with an assistant, mapped a
planchita in from one to tﬁo, or Earely three months. The time
spent per planchita depended on access, relief, complexity of the
geo]ogx,and the_exnerience of the geologist. The field assistant
arranged for local guides, handling mules, clearing trail, trans-
porting sa%éies, and other tasks. Periods of field-work

lasted 20 to 30 days but at times lasted as long as 50 days.

A
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Traverses were made along trails and streams. Trails are

" abundant and provided rapid coverége. However, generally only

weathered rock can be seen and outcrops are few and generally
slumped. On the other hand, the soil and rock chips exposed and
churned up in the trails by the hooyes of horses and mules provide
a fairly continuous look at the lithology of underlying rock, if not
at the structure. |

Streams were variably useful. Some are so steep and filled with
brush, and cascades and waterfalls are so common, that the time
spent on such a stream Qid not justify the result of thé'~ traverse.
Some streams have abundant outcrops, but others are filled
with alluvium or colluvium. In some places adjacent streams show
quite opposite characteristics. The larger streams, excluding
the main rivers, at low altitudes were the easiest to traverse.

At low water these are more satisfactory than at high water,

: .
i when outcrops are covered and the swift current and large volume of

water prohibifed wadiné. In general, the smaller streams and the heads
of streams are too steep and forested to be of use in traverse.

Streams in the high paramo, where not filled with terrace or glacial

vdeposits, provide excellent exposures. The dissected paramo in the
;north part of the area offers good exposures, but steep gradiehts of

.Streams in the headwater areas and the jagged character of the ridges

make considerable scrambling necessary.




About 700 thin sections were made ;

the time oF petrographic tr

petrographic description was done by

prepared under contract by

be useful in outlining gené
versus sedimentary rocks an
faults and lineaments to be

particularly helpful within

aining to wake a study of them.
g

however, few geologists had

the technical advisors.

Photogeologic ﬁaps of the zone at a scale of 1:50,000 were

Geophoto Serviées, Inc. These proved to

ral distribution of igneous and

d in indicating the location of

metamorpnic

possible

checked in the field. They were not

areas of metamorphic rocks.




Localities of minerals ovr rocks ¢f possible econciz value
encountered during the mapping were noted and briefly checked
during mappirg. Detailed investigations and evaluations were made at
the completion of the mapping phase of the program. This work
usually consisted of detailed sketch mapping and sampling, and the
measurement of stratigraphic sections if warranted. Minerail
investigations on the California - and Vetas gold mining area were
carried out by a special team who worked continuously throughout the
duration of the nroject. Preliminary semi-quantitative geochemical
sampling was done in the California area and at two lead-zinc
prospects in the southern part of the zone. Mo geophysical work
was done although a geophysical advisor visited several of the
sites and offered reéommen&acions Yo drilling was done under the
Inventario pfogram,but a Japanese team carried out a small drilling
program at La Baja near California under a separate concession not
connected with the Inventario. Phosphate investigation was
initiated as a separate phase of the Inventario aftér the early
realization of the amount and significance of the phosnhate

resources in Colombia.



Definitions and usage

Rock Classifications.--

The classification of ianeous rocks used in this report is

that given by Compton (1962, P. 276, 254-255). Rocks present in

the map area with more than 10 percent quartz are:

tassium feldspar (including microperthite)

Granite - ratio of po
n 10 is greater than 2:1.

or albite to plagioclase> A

Aphanitic equivalent - rhyolite

Quartz monzonite - ratio of potassium feldspar to plagioclase >
An 10 or more calcic between 2.1 and 1:2. Aphanitic

equivalent dellenite (quartz latite)
Granodiorite - ratio of potassium feidspar 10 plagiociase

=An 10 between 1:2 and 1:7. Aphanitic equivalent -

dacite

otassium feldspar to plagioclase >An 10

Tonalite - ratio of p
jvalent dacite or andes1te

less than 1:7. Aphanitic eaqu
wing rocks with less than 10 percent quartz are

Only the follo

present in the map area:
eldsnar to plagioclase Jess than 1:7.

Diorite - ratio potassium f

Plagioclase 1is andesine. Anhanitic equiva1ent-andesite.

£ine-grained (diabase)

Basalt, diabase - fphanitic (basalt) to Tinm
ioclase ratio less

s with potassium feldspar to plagio

than 1:7. Plagioclase js labradorite or more calcic.

rock




Rock classifications are hased on visual estimatos cf modal
compositions in thin section. All estimates were by
R. Goldsmith. :
The use of ﬁetamorphic rock names follows Cemnton (1662, p. 298-'
302) with the addition of terms indicating the nature of the
original rock as deduced from relict primary structures, éexture,
and miﬁeral assemhlages where it is considered more descriptive; e.g.
meta sandstone, meta-wacke, meta-siltstone. Modifiers u§ed vith |
rock names are given in order of inc;easing abundance. For

brevity in some cases only significant minerals are used as

modifier in a rock name even though the amount of this componant
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of mineral assemblages that need not be repeated as modifiers, as
biotite gneigs and not biotite-quartz-feldspar aneiss.

Use of the terms lineation and foliation is standard and also
follows Compton (1962 , p. 305-307). 'Howéver because cbmpositiona]
layering can reflect relict bedding as well as metamorphic
differentiation or Lit—par-1it injection, we do not consider
compositional 1ayerin§ to be eauivalent to foliation unless a
preferred mineral orientation para11e1§ the layerirj. in most of
the rocks of high metamorphic grade, a nreferred mineral
orientation parallels layering. With emphasis on mineral orientation
as a criterion of foliation, the distinction between relict primary
Structures and superimposed metamornhic structures can he kept more
clearly in mind. Similarly with layering reroved as a criterion of

fO“at!On, foliation is useful as a measureable proverty of a nonlayered
rock with a nreferred mineral orientation such as a biotite granite gnein:
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Locations.--

Locations are referrcd to in the text in one of three ways,
depending mainly on the size of the location. Gereral lccations avre
given with reference to towns or prominent torbgvaphic feature that
can be readily located by reference to the geologic auadrangle maps
or to the index map, figure 2. Areas'or Tocalities that cannot be
indicated in this way are designated by the coordinates given on the
1:100,000 geologic map (plate 1) where the planchitas
are numberedlriZ along the 1éft margin and lettered a-hacross the
top. Thus, a locality might be referred to as plate 1A, b4-NE.

Where more precise locations are Telt to be necessary, referencej
is mada to the topographic maps at 1:25,000 scale of the Instituto
Geografico de Colombia Agustin Codazzi. These maps,
planchitas, are 10 kilometers no}th-south by 15 kilometers eést-
west and are partitioned by a grid into one-kilometer squares.

Coordinates of the grid from north to south are lettered from A

through J, and coordinates from west to east are numbered

1 through 15. Positions within a single saquare kilometer of the

grid can be further fixed by indicating the auadrant where it is

located, NM, NE, SY, or SE. Thus a location would be given as |
planchita 110 III-C, J-13 M. Planchitas can be located by |
referring to figure 2. Names of quebradas, fincas,and haciendas are |
used when accurately known, but experienca’ has shown that these are |

not always accurately located or named on the planchitas. :




PRE -DEVONTAN METAMORPHIG ROCKS

Bucaramanyga Cneiss

Definition.--The name Bucaramanga Gneiss is here introduced for

£

layered sequence of metasedimentary rocks of high metamorphic grade
consisting primarily of pelitic, semipelitic, and arenaceous
paragneiss and schist, and subordinate calcareous gneiss, marble,
hornblende gneiss, and amphibolite. The Bucaramanga Gneiss also
includes zones of migmatite of two types: one in which the paragneiss
is mixed wi.h gneissic granitic rock, and the other in which both

are cut by many small masses of non-foliated granite of much younger

* age. The type locality may be considered the mountain front just

east of the city of Bucaramanga. ,

Distribution.--The Bucaramanga Gneiss crops out in three belts in the

southern half of Zone III. The westernmost belt here named the
Bucaramanga belt lies east of the Butaramanga fault in the vicinity
of Bucaramanga. It extends northward with a wide mixed contact
zone into the Rio Megro batholith. To the northeast the belt is
overlain by the Tower grade metamorphic rocks of the Si]gara
Formation. The east side of the belt is bounded by the Santa

Bg}bara batholith. The belt tapers southward between the Bucaramanga
fault andthgt batholith to the Cepita area where it aopears west of
Fhe Bucaramanga fault. Further south, in I-13, the gneiss crops out

in thi".elongate roof-pendants shot through with dikes along the east

edge of the Mogotes batholith.
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The second belt of Jucaramanca Gneiss, here named the central
belt,extends from the Eerli; arca in northern H-13, north cavond the
map area, and from the California-Cachiri,area tb the Morro ievado
area west of Mutiscua. 7o the west the belt is overlain by Mesozoic
and Cretaceous sedimentary rocks. To the east and south it is over-
lain by the lower grade rocks of the Si]garg Formation. The belt is
separated in the Tona area from the Rucaramanqa belt to the southuest,
by younger intrusions, the overlyina sedimentary cover, orthogneiss
and by slightly lower arade rocks of the Sﬂgara’ Formation.
The third and smallest belt of the Bucaramanga Creiss,. here
called the eastern belt, trends north near the east edge of the
map area in quadrangle H-13 near Chitagg and south cf Pamé]ona. Here
the gneiss lies ip separate fault blocks.
Description.--The rock types in the. three bel.ts of Bucaramanga Gneiss
are more or less similar, ali:houéhm})»l:op;rt‘i;o;s?differ. Tt;e
gneiss in the Bucaramanga belt is well displayed along the Bucaramanga-
Pamplona highway and on the road from Bucaramanga to Surata{ The
gneiss consists of interlayered meta-pelites, semi-pelites, and
meta-arenites, with thin local layers of calc-silicate rocks and
marble. Hornblende gneiss and.amphibolite are subordinate and
restricted to zones near the calc-silicate horizons. Detailed
stratigraphy within the aneiss was not worked out. The scale of
layerina in the paragneiss varies widely, but gross compositional

layering is a few centimeters to a few meters thick.
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Layers of pelitic schist and gneiss alteraate with laye:rs of
reta-arenite, and breader zones either chierly peiitic or chi=fly
arenaceocus slternate with one anotker. The pelitic gnelss contains
si1limanite and cordlerite. The peta-arenites are acstly blotite-
feldspar-quartz gpnelss end minor bictitic quartzite with thin
micaceous partings containing si1limanite. Arenaceous zones con-
tain sparse thin layers of gray quartzite. A band of epidote-
amphibole rock in the £nelss east of Bucarsrapnga can be traced
gouthward to where it is truncated by the Bucaramanga fa;lt between
Bucaramanga and Piedecuesta. This band may coincide with a narrow
sone of diopside-bearing calc-silicate rocks and marble exposed on
the ridge between R{B Suraté and Tone. Layers'of emphibvolite and
calc-gilicate rock also crop out to the north along the slopes on
the west side of the be Suraté. Marble was seen at one rlace near
Jaboncillo about on the_northward-projection of the epidote amphibole
rock. The amphibolite and calc-silicéte rocks may be a good marker
horizon, but they were not systematicelly traced during Inventario

mapping.
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Migratite zones containing parsgnelss mixed with auzsn gnelss
and granitic gneiss (pDom) are chundant in the Bucarmmounsa Gneles
adjacent to the La Corcova pluton, but these rocks are deeply
weathered. Lit-par-llt gneilss and nonﬁappable zones of auzen gneiss
in paragneiss are exposed on the road frem Los Curos to Guaca
befween the La Corcova pluton end the Santa Birbars batholith.
Lit-par;lit migrmatitic gneiss of rmeta-arenite affinity can be seen
in good exposures at the Juncticn of Rfo Tcna and Surata. Ortho-
gneiss zones are less abundant north of Bucaramanga. Granitoid
leyers in the lit-par-lit gneiss are bilotite augen gnéiss or gray
to light-gray, fine- to medium-grained biotite quartz monzonite
gneiss, Zcues wﬁe:e dikes in whkicin smasll masses of La Corcova
quartz monzeonite or granod;or;te.a;g abundent are shown by an over-

print pattern on the map (plate 1lA).
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The centiral teldt of Bucmramanga Grelss in the Beriin-Californla-
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Cachiri =rea ccntains sirvalar roczs and is much bhetier exposed.

3 Good, easily accessible, exposures are on the road from Berlin to

2 Vetas and on the adjacent pé%amo. Excellent, but rather inaccessible,
- exposures sre present over much of the high country north of Vetas

6 and east of Cachir{, East of Cachir{; exposures were sufficlently
i good to shoz?zzenaceous gneiss, pelitic grelss, and hormblendic :
s gnelss, respectively, predominate in successive zones from west to

: east. Westerly dips pfedomingte, suggesting that, i1f the section is
20-! not overturned, the hornblende gneiss is stratigraphically the

u lowest rock type. However, pelitic gneiss reappears on the east

"2 side of the belt, near the orthogneiss. Possibly the scguence is
folded. Distribution of the rock types to the south in the

California and Vetas aress is much less straightforwvard. ° ‘
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Rock types in the central belt are similar to those in the
Bucaramanga belt, except that more horhb]endic gnéiss is présent,
commonly in thin layers iﬁtercalated with layers of other composition.
Quartzite, bidtite-fe1dspar—quartz gneiss, biotite-quartz-feldspar
gneiss, sillimanite-biotite-quartz-feldspar gneiss with and without
muscorite cordierite-sillimanite-quartz-feldspar gneiss with and
without muscovite, hornblende-biotite-quartz-plagioclase gneiss,
hornblende-quartz-nlagioclase gneiss, amphibolite, and granitoid
layers of different compositions are the predominant rocks. Some
of the layers with sillimanite and biotite are schistose. ;

The central belt contains many discrete masses of orthogneiss |
as well as extensive areas of migmatite in which the granitic portion
is orthogneiss.‘ Most of the hornblende gneiss is spatially related
to the migmatite. If the hornblende gneiss is a stratigraphically |
lower unit of this part of the bet: as was suggested above, migmatite
in the central belt may be restricted to the oldest and lowest rocks
of the belt.

The trend of the gneiss is mostly north-northwest, but on the
east side of the belt, north from Vetas, the trend is northeast,

To the east the gneiss is overlain by lower qrade metasedimentary

. ’
rocks assigred to the Silnara Formation.
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In the eastern belt, the roc%s are tess well exposad and seem to
be more limited in composition  East of C}ﬁtaga(Ath': deminant rock
type. is layered cordierite-sillimanite-tiotite-quartz-feldspar
gneiss, auch injected by muscovi te pegmatite presumably
related to the Durania granite, and hy 1ight~§;ay granite that
resembles the La Corcova quartz monzonite. !lo orthogneiss was
observe&. Some amphibolite was noted north of Chitaga on the road
to Pamplona. Coarsely crystalline marble crops out on the Chitaga-
Cacota road 3 km southeast of Cacota, planchita i]O IV. A, G-11 KM,
The belt west of Pamplona passes northward into highly sheared
orthogneiss and minor paragneiss. The gnaiss dips toward and

presumably under the

-

i1gar§'Format101
in the Morro !eqro area. However, the Durania granite intervenes
between the two units. |

Migmatitic gneiss contains granitic material in lit-par-
lit fashion, or irregular lenses. In places only remnants of |
paragneiss are preserved as dark seams or lenses rich in biotite
and aluminum silicates in otherwrise light-colored quartz-feldspar
fock. Texture of the granitic material ranges from eguiaranular, or
inequigranular, to pegmatitic, commonly within one exposure.
Granitic layers range from augen gneiss to light-gray aplitic gneiss
and weakly foliated equigranular to inecuigranular granitic gneiss.

; Generally the layers and foliation in these rocks are folded in

Plastic fashion,



Scme of the granitic material 1s clearly introduced,
particularly that resembling pheses of the lerger massss of
orthogneiss and that which has relatively sharp end discordant
contacts. Other material could be locally derived or be in lsrge
part recrystallized and possibly mobilized within the P&ragnel°5

of chem1ca1 composition orlglnally close to that of

granite. Some of the gneiss, particularly the impure meta-érenites
and semipelites, have a proncunced granitoid texture although the
layered sedimentary chaiacter of the rock is obviocus. These rocks
have a migmatitic aspect where strongly folded and recrystaliized.

Some hornblende gneiss with appreciable feldspar also has a

. migmatitic aprearance.-

The bulk of the granitic material in the migratitic gneiss
appears to be introduced rather than derived through the simple

recrystallization of the parent rock, primarily because of

i
i
!
l

disproportlonate volume relationship. ~Much more granltlc material is

Presenf fhan could have been supplied by the parent rock alone.
Large but not mappable zones of granitic gnelss (orthogneiss) in
the Bucaramanga Qneiss ere cormon in scme areas, such as the
higmatitic zones flanking the La Corcova quartz monzonite in the
 Bucaramange belt in H-12.
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A different type orf migmatite is formed where the Eucaorumanga

Gneiss is cut by nonfolisted granite or by quartz-monzonite,
Tais type of rigmatite
occupies a zone east of La Corcova south through Sevilla and north

toward the RiB-Su:até. A similar migmatite constitutes the gnelss

norfh and northeast of California. "

.
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The Bucaramanza Gneiss is clearly derived primarily Iron

|
|

sedimentary rocks. Quartzite, and quartzite-rich gneiss represent meta-

e

arenites, most of which appear to have been subgraywackes containing

appreciable detrital feldspar and mica. Biotite—quartz-feldspar

greisses, with or wvithout muscovite and sillimanite, are semipelitic-‘

Quartz-blotite-feldspar gneiss and blotite-cordierite-quartz-
feldspax; gneiss, and blotite cordierite-feldspar gquartz gnelss with
a high content .of quartz are transitional in composition from wackes
to pelites represented by biotite-sillimanite-cordierite gneisé and
biotite-niuscovite-sillimanite quartz feldspar gneiss. ' Prograde |
muscovite may or may not te present, depending on grude of
metamorphism, However, secondary muscovite after aluminum silicates
- 1s fairly abundant. Feldspar is pomally plagioclase, but some
orthoclase is present in some sillimanite-bearing rocks, cordierite-
bearing rocks without muscovite, and in granite leyers in migmatitic

gneiss. Some of the hornblendic gneiss and amphibolite contain

|

t
1

'
!
¥
E

qQuartz and biotite in varying smounts. These are probably paragneiss;;

: Other hornblende-gneiss poor in quartz may be of igneous origin.

i Calc-silicate gneiss apd marble are very subordinate. The epidotew

amphibole layers, because of their paucity of sodium and associaticn

with diopside-bearing layers and marble, were probably derived frem

calcareous strata.
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Age and stratiarachic relations.--The Bucaramanga ‘Gneiss |

for all the igneous and meta-igneous rocks recognized in Zone iii and;
appears at least in part to underlie the

Silgard Formation. It is thus all or in part th%
oldest rock unit in the zone. A whole rock-sample of biotite gneiss
(see IMN-13199, table 1) from a cut on the road from Berlin to Vetas

7 -
gave a Rb/Sr whole-rock age

» |
of 680 + 140 m.y. This sample has a considerable margin of errcr andé

could be as young as Cambrian. On the other hand, a much older age
- - S 4

might be marked by subsequent events. Hornblende frem

a sample of hornblende gneiss taken near Ocana from Bucaramanga gneiss
west of the Bucaramanga fault gave a potassium-argon age of 945 + 40 !
m.y. (IMN-12263, table 2). This age is clearly Precambrian. Tschanz .

(written commun., 1968) reports a date of 940 + 34 m.y. on a horn-

blende granulite from the west side of the Sierra Nevada de Santa
Marta. Other Precambrian ages from the Sierra Nevada and western
Venezuela, however, are around 1,300 m.y. Precambrian granites in

the
Guaviare region of the eastern 1lanos of Colombia give ages of about

1,205 m.y. (Pinson and others, 1962). Most radiometric ages from
the Guyara Shield of eastern Venezuela and Guyana according to
Tschanz, however, are older and range from 1,570 to 2,100 m.y.,

being'chiefly,in the 1,800-2,100 m.y. range.

R e
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j The Cucaramanga sneiss may reflectacycle of Precambrian orogeny,

tentatively placed around 940-945 m.v. that is youncer than orogenies
;recorded to the narth and east.

The contact of the Bucaramanga gneiss with the overlying

QESilgaré Formation could not be determined with certainty.
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Correlstion.--The Bucaramenza Gnelss probably corresponds to the

"pbasement" of Hea end Whitman (1S00, p. 354) end the Perije Serles of
Sutton (1946) in the western Serrania de Perija, State of Zwda,
Venezuela. The description of the Iglesias Series (Kundig, 1938) and
the Santo Domingo Gneiss in the Merida Andes by Sutton (1946)
resenmble that of the Bucaramanga Gneiss:
Formation in the Merida Andes (Bass and Shagam, 1960) is also equiv-
alent, but a definitive description of this unit is not available.
Radiometric date from the Sierra Nevade Formation (Bass and Shegem,

1960, p. 381) indicate that the age of the Sierra Nevade could be

Ezarly Paleozoic.

Possibly the Sierra Nevada

I

The basement. in the Serranis de le Macarens cast of the

Cordillera Oriental and the related Garzon massif in the Cordillera
COrientel in central Colombia are probably Precambrian (Gansser{ 1954).
Other Precambrian rocks of dated equivalent age are in the

Sierre Nevada de Santa Marta (Tschanz and Cruz, written commm.,1968)..
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_Silgara Formation

¢ . -
Definition.--The Silgara Formation is a sequence of typicalll
thin and cyclincally bedded metamorphosed clastic rocks consisting of

slate, phyllite, meta-siltstone, impure metasandstone, metawacke cnd

metawacke.grit with minor amounts of calcareous slate and phyllice.

The formation is here named after Quebrada Silgard{in northeasterz
quadrangle H-12 south of ng Cachiri’where much of the formation
is well exposed across a 15 ki}ometer-wide belt. Even thgugh the
base of the Silgara’has not been established with certainty, the

, :
Silgara Formation appears to overlie the Bucaramanga gneiss.

L4
Distribution. --The most extensive exposures of the Silgara Fermatlion

. {
are in a rather inaccgssible belt extending from south of

Matanzas in quadrangle H-12 northward beyond the limits of the
quadrangle northwest of Cachiri. This belt includes the type area
of the formation. Many of the rocks can be seen along a trail

7/ vy Vd
paraliel to and south of the Rio Cachiri from Cachiri westward to

the Rio Megro batholith.

A second extensive but narrower belt of the Silgard 1ies west
of the Bucaramanga fault from near Piedecuesta south to Aratoca? in
H-12, 1-12 and I-13. These rocks are relatively well exposad aleng
the Bucaraﬁanga-ﬁan Gi1 highway south of Pescadero and along part

of the road leading from Los Curos to Los Santos.
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.the east. Further south, where in contact with the Bucaramanga

- belt .

Another extensive area of the Silgard Formation, partielly
wrapping around orthogneiss and Bueafamanga Gnelss, extends from
t gouth of Berliﬁ'no thward through the Silos-Berlid area through
Mut{;cua to beyond the limits of the geologic maps, The Silgars” .
crops out sgain to the east in fault slices in a bLelt northwest, west,|
and southwest of Pamplora where it is inveded by orthogneiss and
Durenia granite. .

Isolated exposures of Silgard Formation crop out to the south

in I-12 and I-13 between the Mogotes betholith and the overlying

The Silgara’ Formation also crops out below the Floresta Formation
east of the Bucaramanga fault from Coverachia to the San Andres area
. [4
(1-13, H-IB) and northward to the Berlin area in H.13
-

Thickuess.--The thickness of the Silgard Formation cannot be

determined in the type area. The section is inccmplete because this

belt is bounded by the Rio Negro batholith to the west and by the

unconformably overlying Girdn Formation or by the Sursta fault to

Gneiss, much of the section has been cut off by the Surata fault

on the east. In outcrops along Quebreda Silgard and quebradas to the

east across the l15-kilometer wide belt in the type area, the steep

foliation i{s in zones that alternately dip east and west, a relation-
ship which suggests apprecisble folding. The foliation is probably,
in part, an axial plane foliation of slaty cleavage and may not
represent the attitudes of bedding. Stratigraephlc thickness may,

therefore, be much less than the 15-kilometer outcrop width of the i
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Devonian end Mesozolc sedimentary rocks as far south as the Mogotes ar?a-
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An incomplate stratigrashic sec or/measured along the

Bucaramanga-San Gil highiay betveen Pescadero and Aratoca (fiq. 3).

The section is cut off at the north ehd by the Pescadero granite and

at the south end the Si]gari is much faulted and obscured by

unconformab\y_overlying Hesozoic sedimentary rocks. The section dips

generally southward, but is much folced. Nevertheless, making

allowance for obgerved faults and folds, the approximate thickness of

the faulted and folded section from Pescadero to the Mesa de San

Pedro area is 3,700 meters. South of the Mesa de San Pedro area about

700 meters of section is lndlcated but it is not certain how this
correlates with the northern nart of the section. It is possible
that rocks of the Floresta Formation of Devonian age are present
in the upper part of the section near Aratoca.

Other sections of the Silgaré Formation are either more
fragmentary or less carefully manped than the Quebrada Si]garf or

Pescadero-Aratoca sections.
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_ Quebrada Sileara’
In the Quebrada Silgard area the rocks are dark

green, greenish gray, and aray slate, phyilileo, metasiltstone, firne-
grained auartzite, and brown to aray meta-wacke. All are within the
greenschist facies of reacional metamorpnism Redding is typically
Taminar to thin and is cyclic, particularly in the fine-arained

rocks. In some quartzite, for examnle, dark laminae are about 0.5

mn thiék and the alternafinq gray silicious layers are 2 to 3 mm

thick. Metawacke beds are thicker, but rarely exceed a m°ter,

a sequence of metawacke beds with nhyllxtxc partings may be col]ect1ve]y
much thicker. Graded bedding is common in metawacke and the bases of

beds are conglomeratic.

i

Phyllites fn the Nuebrada Silgara area are tynically auartzitic.
In order of increasing atundance they are composed of chlerite,
sericite, and quértz. in the metasiltstone and phyllitic
metasiltstone, auartz generally exceeds 50 percent plagioclase

is about 5 to 10 percent and the remainder is muscovite and chlorite,

with muscov1te being five to ten times more abundant than chlorite. . The

more

/ pelitic rocks contain about 25 percent quartz, and about 75 percent

mqscovite and chiorite with some tiotite. Muscovite anain is

normally much more abundant than chlorite. Gramhitic nhytlite is
compesed of quartz and muscovite, traces'of chlarite,and evenly
distributed fine-grained araphite. Some phyllite contains small
porphyroblasts of chlorite and maanetite. The magnetite DoOrnhyrchlasts
are relatively abundant in chlorite-poor and chlorite-free quartz-

muscovite phyllite.
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Some greenish-aray nhyllite contains laminae of calcite, but no

distinct Timestone or marble beds vere observed in this arsa. Dark
gray to black ararhitic slate with pyrite is present in some places, and
white to light-greenish-gray quartz-sericite nhvilite ~in
others. Some white sericite-aquartz rhyllitic metasiltstone shows
Tittle apnarent metamorphism in outcron, but the metamornhic
fabric %s clear in thin section.

Dark laminae in thinly laminated quartzite are rich in serciTe,
chlorite,magnetite, and biotite. Heavy-mineral suites in quéfgéite,
metasandstone and' metasiltstone consist of tourmaline, apatite,

sphene, zircon, allanite (rare), and rutile. Tourmaline and zircon

are the most abundant. Rlue-green tourmaline i

"
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c:aracterist
the Silgard Formation in all belts.

In the meta-wacke, clasts of-quartz as granules and pebples
usually exceed 50 percent of the rock. Clasts of plagioclase and
potassium feldspar also form an appreciable component. Biotite,
chlorite, and muscovite occur in the matrix and in nart may be
detrital. Metasiltstones and fine-arained meta-sandstones cqatain
small clasts of white potassium feldsnar as well as bluish-grayv
quartz pebbles. Some chloritic meta-siltstones contain no muscovite;
their composition is approximately 50 nercent cuartz, 10 nercent chlorite,
35 percent fe?dspar;and small amounts of opaque minerals. Metawacke
beds make up about 10 peréent of the section in the Ouetrada

Silgara’ area.



The grade of metamorphism in the Silgaré’belt increases to the
south. The meta-arenite beds show little change with this increase cf
metamorphism, but the more pelitic beds are changed to porphyroblastic

phyllite and schist. Porphyroblasts in the phyllite are andalusite and
i

..Fordierite and sillimanite, as fibrolite, is present near the contact of
i

i ’ .
the Bucaramanga Gneiss. East of the Rio Surata the schists are coarse-
|
b ' . . .

ﬁrazned and not porphyroblastic. No staurolite was observed in the

n

§ilgaré'belt and traces of garnet occur only in the southern part. A

i -
layer of marble about 2 meters thick below a thick section of meta-

sandstone was observed in the area southwest of Matanzas.

an
iy |



R O

-

East of the Suratd-atznnzs fault scuth of !'atanzas is z thick
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section of interteddied metavacke and zoorse-srained bio

. schist locally injected by orthogneiss. “hese rocks may be near the

base of the Silgard sec*tion. lhey are well exposed along the rcad

from Bucaramanga to Surata” 10 to 12 kilcmeters south of Matanzas, where
. 'd ~

the road is east of the Rio Surata.

.

Piedecuesta-sratoca belt.~~'he rocks in the Piedecuesta-Aratoca

' belt are similar to those in the Quebrada Silgara except that metavacke

beds are absent. The mefamorphism in this belt ranges from greenschist
facies to lower amphibolite facies (staurolite grade). Garnet and |
staurolite are relatively common, in ccntrast to their absence in the
Silgaré’belt i suggesting different conditions of
metamorphism between the two areas. The grade of metamorphism of

the Piedecuesta-Aratoca belt appears to be lowest near Aratoca.
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*Lﬁdnor finc-grained, thin-bedded to laminar-bedded mete-zend

The stratigraphic section elong tae road from Pescadero to

Aratoca mentioned earlier is illustrative of much of the rock in thils|

belt (fig. 3). The lower part of the section ( see fig., 3 ) is

primarily thin-bedded to lamineted greernlish-gray to brownish-gray

guartzite with minor quartz mica schist. These rocks are intruded by;

many dikes of Pescaderc Granite. The upper part of these beds con-
tains a zone of metaporphyry. Further south, the section is more
pelitic. The rocks are chiefly quartz-mica schist with some garnet
and staurolite. Minor beds of grg?n t0 black amphi?ole-schist ard

chlorite schist are present near B'. The

amphibole schist conslsts of about TO percent tremolitic hormblerde

and 25 percent saussuritized plagioclase, with mincr bictite, epidcts,.

»

end apatite. Section B-B' continues the sectiocn up and back towsrd
the north. Here the rocks are strétigraphically above those 1p
section A-A'. In section B'=-B the rocks are chiefly interbedded mica
8chist and meta-sandstone that become more muscovitic and quartzose ‘
tovard B and the start of section C-C' at the next major curve in the
road. 1In the lover part of the section B-B' are thin beds of

"pseudo diorite" a porphyroblastic hornblende-bearing rock represent-
ing metamorphosed argillaceous calcareous beds. At the start of
Section C-C', and continuing for sbout a kilcmeter along the reoad,
8re abundant beds of clean white quartzite and silvery nuscovite
Schist,

Stratigraphically above these rocks is a monotonous section

of greenish-gray silty-phyllite and phyllitic meta-siltstone and

stone

—
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exhibiting - cross -bedding,sraded bedding, and intraformational breccles

and elimp structures o & fine scale. These rocks continue %0 the
aren of Mesa de San Pedro. The upper part of the secticn, from the
Mese de Ssn Fedro area to the south,is iess clear because of folds
and faults. Black graphitic phyllite neer Mesa de
San Pedro is apparently bounded by faults. Near Aratoca, the grade
of metambrphism i3 less than elsewhere along the section but rocks
are similar to thosé to the north except for the presence of light-
tan sandstone and a fine-grained conglomerate that crop out on the
road faciﬁg Aratoca. The sandstone ﬁay belong to the Floresta

Formation.
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A dar%-aray, schistose rock (metaporpivrv in section A-A')
with fairly uniform, aucen-like feldspar meocacrvsts up to 3 mm
Tong is a meta -trachyandesite (?) normhyry consistina of plagioclase
in clusters and individual megacrysts, rare hornblende mecacrysts,
and a grourdmass of fine-grained biotite and p]aéioclase ahd
accessory apatite, enidote, allanite, and rutile. A somewhat
similar but cdarser-qrained rock is present in the Silgard south of

Matanzas (109-1V-D, A-3, ¥M).

. '3 .
The Silgara Formation observed west of Pescadero and to the north

is similar to the section along the Pescadero-to Aratoca highway
described above. . Silvery aarnet=staurolite schist underlies the
Mesozoié rocks caoning the Mesa de Los Santos. Thin meta-wacke beds
were noted near the contact with the Pescadero Granite on the road
from Los Curos to Mesa de Los Santos.

Rocks of the Piedecuesta-Aratoca belt in 1-12 and I-13
and southward to the Mogotes area they are‘simiiar-to those described
above, ilear Moaotes metawacke beds are again oresent as in the
Silgara Belt. East of i'oqotes tc:ard Onzaca, the grade of ‘
metamorphism s again-lower and the rocks are not clearly distinauishable
from the overlyina Floresta Formation which is slightly metamorphosed

in this area. It is possible that part of the area mapred as

Silgaré Formation has been confused with the Floresta Formation.



In eastern I-i3 near Covarachia, greenish-oray phvliitz teneath
the Floresta Formation is interlayered with orthoaneiss ~ut is too
thin to show on the man. Farther north, near San Andres and Guaca,
the Silgaré is of medium metamorphic arade and is more readily
distinauished from the overlying Floresta Formation of Tow
metamorphic grade.

Pamnlona -Chitaga belt,- - The Silaara Formation in this belt

consists largely of mica schist with lesser interbedded meta-
sandstoneAand me tawacke. The rocks are of middlé to high metamorphic
grade and resemb]e'the Silgara Formation in the area south of
Matanzas. The Silgard Formation at Morro Megro appears to overlie
the Bucaramanga Gneiss to the east in the Cacota area, aithough the
rocks are separated by the intérvening Durania granite and
orthogneiss.’ |

East of Chitaga, in nlanchitas 110-1V-C and 121-II-A,layered
cordierite-si1liman§te gneiss of the Bucaramanaa gneiss is overlain
by sillimanite-bearing schist and minor meta-éuartzige. An interval

of micaceous _ quartzite at the hase of the schist

forms a distinct scarp. This
‘quartzite may be the base of the Silaard Formation, and has hbeen
mapped as such in this nart of Nuadranale H-13. The same sequence
of schist- quartzite-cordierite-bearing gneiss also was observed

north of Berlih,south of Volcan Amarillo, 110-II1-A, G-11 S¥.
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Berlin-Silos-Mutiscua Area,-~ The Silgara’ Formation in the Beriin

Silos-Mutiscua area resembles the Pescadero-fratoca section aicept
for the presence of carbonate beds hut apnears io be a different
part of the formation than that to the east in the Pamnlona belt.
The rocks are quartzite and lesser associated cuartz-nrebble
conglomerate, silvery to light-oray auartz muscovite schist with A

gernet, staurolite, or sillimanite(depending on the grade of meia-

morphisis), gray garnet biotite-muscovite schist, and minor calc- jlf
silicate beds, dark-gray marble, and white to 1ight-gray to pink and :

green layered marble.
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In the Mutiscua area, the Silgara anpears to 1ie in a north-
plunging syncline vhose east 1im» has btzan truncated close to the
axial plane by a fault along the valley. iestward from Mutiscua

one passes apparently down section in the west 1imb From interlayered

white, gray, and buff marble and auartz mica schist through a thick

section of micaschist into fairly pure quartzite and quartz pebb]é
metaconglomerate. In some places mica’schist appéérs to underlie
the quartzite, possibly disconformablv, but this could not be
proven in the field. The quartzite or the underlying mica échist
generally lies on orthogneiss;a relationshin observed in many
traverses‘in the Ber}{;-Si]os—Mutiscua area, This contact bounds
on the east most of the mass of orthogneiss that extends from R0

Caraba northward, foliows the northern nose of this mass, and

appears again on the north side of the wedge of orthogneiss southeast

of Morro !levado. From the cvi-donce 0f a few tpavarses, it seamq
likely that the quartzfte is present ‘arcund the south and east side
of the large mass of orthogneiss northeast of Horro flevado as well.
Quartzite andmetaconglomerate at sillimanite grade of metamorphism
crop out on the west and north sides of the R{o Caraba mass of
orthogneiss in the Rio Caraba area. These rocks are exposed on the

Bucaramanga-Pamplona highway north of the Rio Caraba.
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Quarteite and quartz-pébble congleormerate are al=so present on
Loma Palencia south of Berliz{. Unfortunstely, the Santsa Berbars
batholith nearly enclcses these outcrops so their spatial
relationsktip to the orthogneiss in this ares cannot be confirnmed.
Schist along the highway to Pamplonsa, east of Berlin, contoins beds
of white quartzite, and quartzite crops out along the scouthern edge
of the drthogneiss northeast of Berliz{. Infolds of apparently ths
same quartzite are present within the orthogneiss immediately to the
north. Similar quartzite crops out in the Vetas-éalifomia. area
still farther north. However, no quartzite or metaconglomerate
was observed near the contact of the Silgarzf with the orthogneiss
in Rio Carabe west of Silos, or along the scuth side of the R

Caraba mass, ——— —-

14}
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Careful mapping and walking out heds wherever possible would
probably reveal the stratigraphic sianiTicance ¢of this guartzite
and .mé;acong]omerate. It was thought at one time during the
mapping that the aquartzite and metaconglomerate and the underlying
schist represented the base of a sedimantary sequence younger than
the orthogneiss. However, it was found that these rocks Qére not
always‘present near the orthogneiss and furthermore that in places
the orthogneiss was intrusive into @étasediments of whiph the
quartzite seemed to beva part, However, orthogneiss of two
different ages may be present.

The quartzite and metaconglomerate may mark the base ¢f the
Si1gard’F6rmation. The schist and the gneisskbe1aw, with perhans
older quartzites, may all belong to the Bucaramanaga rneiss. However;
in the Si]ga}é belt and the area south of Matanzas, no quartzite or
meta-conglomerate equivalent to the quartzite and meta-conglomerate
of the Silos-Mutiscua area was observed. ‘Uhite quartzfte in the
Pescadero-Aratoca section appears to lie well within the Silgard

Formation.
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South of 32riin in quadrangle H-13 the sequence 15 somewnat

similar to that at lusticua. West of fossiliferous marble and barren
quartzite of the Floresta Formation a thick sequence of gray-qreen

- silty phyllite passes westward into light-gray to silvery white

. E muscovite-quartz schist and interbedded quartzite. Toward the con-
tact with the orthogneiss near Alto E1 Purgatorio are black graphitic
garnetiferous phyllites, with, in the lower part, thin-bedded inter-

. bedded marble and quartzite observed only in float blocks. The con-
tact with the orthogneiss is not exposed. Lineation in the underlying
orthogneiss and fold axes in the phyllite have similar attitudes

~ suggesting probable synchronous deformation. The top of the Si]garé’

- Formation here haé been drawn somewhat arbitrarily to the west of the
fossiliferous marble and the associated quartzite. |

Relationship of the Si]garé’Fofmation to the Bucaramanca cneiss.--

<

A difference in gross lithology exists between the Si]garé Formation

and the Bucaramanga Gneiss. The Silgard Formation tends to be more
quartzitic and thin=bedded to laminated,with abundant quartz-rich

silty phyllite, and biotite-poor quartz muscovite phyliite, and schist

‘ particularly in the upper part. The Bucaramanga Gneiss, on the other
hand, is thicker bedded and contains biotite-rich and hornblende rocks.
Even so, considerable similarity in rock types exists between the two

| formations ,particularly in what may Je the lower part of the Silgaréﬁ

. and no consistent distinctive horizon indicating a stratigraphic break
useful in mapping was found to mark the boundary between the two

~_formations.



Structural attitudes suggest that the Silgard'Formation cuerlies
the Bucaramanga Cneiss but are not everywhere clear and more detailed
mapping 18 probably needed in these areas. FoT exampie, in ¢he Pauiil
district, in quadrangle u-12, 3-4, north of Bucarananyd, metawackes of
the Silgara’can be followed along striké into the 3ucaramangad Gneiss
with no discernable break. East of Mutiscua, quartzite and schist,
possibly near the base cf the Silgarai'seem to trace to the west into
highly me tamorphosed paragneiss of the Bucaramang2 Grneiss. Quartzite
and meta-pelite flank orthogneiss in the Quebrada Los galados-Que-
brada Grande a?ea, quadrangle H-13. However, this may be coincidence,
for the rocks east and above the quartzite appear to be a different
sequerice of rocks from those west of the quartzite. For example,
marble layers present to the east were not observed to the west.

The contact as drawn coincides rather closely with the sillimanite
isograd.. Sequences of thin-beddéd rocks containing appreciable
quartzite and quartzitic metasiltstones 3are assigned to the Silgara'
Formation and sequences of thicker -bedded metapelites and meta-
arenites are assigned to the Bucaramanga Cneiss. The former are
typically at low to medium grade and the latter are typically at
high grade.

Some of the medium-grade me tas>andstones and schists mapped
as part of the lower part of the Silgaraﬁ as for example south of
Matanzas, are thicker bedded and lithologically similar to some high-

grade paragneisses in the Bucaramanga Gneiss. These rocks may be

: . . / :
Bucaramanga Gneilss and the boundary between the Silgara Formation and

+ 6b




Bucaramanga Gneiss may lie at a high horizon. It is also possible

that thé Bucaramanga Gneiss represents the lower and mere metamorphosed
part of a single sedimentary series of which the Silgara’Formation is
the upper and less metamorphosed part. The pattern of isograds would
support this interpretation. However, in most places where the
Bucaramanga Gneiss and the Silgara’Form&tion are separated from

one ancther by igneous intrusion or faglts, the two units generally

can be distinguished on the basis of bedding characteristics.

Aée and correlation.--Mear Floresta, in the Department of Bovaca

south of the map area, at the southern tiy cf the Santander mas;if, in
the type area of the Floresta Formation, unmetamorphosed Floresta
Formation containina fossils of Middﬁe Devonian age restsunconformably
~ upon metasedimentary rocks similar to the Silaard Formation.
Similar re!atichhips have been obse%ved in the ilocotes area and

near Covarachia. The Silgard Formation is certainly pre-Middle
Devonian, and a period of»regional metamorphism, uplift, and erosion
must have occurred between the time of déposition of the Silaard

and the deposition of the Floresta. Orthoaneiss whose minimum age
based on radiometric dates is Ordovician (table 1) intrudes the lower
part of the Silgard Formation, indicating that the Silgard is no
younger than Qrdovicjan. Eecause of the uncertain stratigraohic

in some places to the underlying Bucaramanga Gneiss, it

cannot be unequivocally said that all the Silgard as wmaoped is younaer
than the Bucaramanga fneiss. Radiometrié dates on the Bucaramanaa
Gneiss are Precambrian. The Silgard Formation is tentatively placed

in the lower Paleozoic and is probably Ordovician or Cambrian age.

~ Py
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The Silgarad Formation has been observed in several places north
of the map area. It crops out west of Durania,
apparent\y continuous with the Silgaré Formation northvest of Pamplona
in H-13, and in a belt-on the west side of the Aguablanca batholith
" from north of the road from Sardinata to Jcara between the batholith
and A\to E] Pozo (86 II D, H-13 ) south to the Villa Caro area.
silgara Formatwon crons out at s\1nht\v hiqher, grade in a belt frther
west alono the same road in the Rwo Tarra ared east of Abrego. The
Si\garé Formation in the Nuebrada silgara belt near Cach1r1 continues
northward bevond the limits of the map ared at least as far north as
Cachird in quadrangle ¢-12. Slates possibly helonaing to the Silnara
Formation were observed east of the Rucaramanca fault near Guamalite,
quadrangle F-12.
The Si\qara Formation is possxb]y the‘equivalent of the Giiejar
Group of the Serrania de 1a Hlacarend as described by Trumpy (1943)
The description of the rocks of the Guejar Croup as thin-bedded ouart-
zite, sandstone and micaceous locally phv\litic shales, somevthat
reserbles the descrintion of the silaara Formation. Hoviever, the
Guéjar Group 1s unwotamorpnosed to only sliahtly metamorphosed and the
section is thin. Hubach (1937 n. 162) cites thicknesses of 150 to 160
meters on the east gide of the tacarena, but says that forther to the

west 2000 meters of Guéjar is oresent. The Guéjar Groud contains

fossils of Late Cambrian and Ordovician ane.



The Silgara Formation is possibly also equivalent to the Duetame
Group cropping out in the area east of Bogotd. Tre Ouetame, &s
~described by Campbell (1955) consists in part or all of continental
| strata slightly metamorphosed and highly folded. These beds are
overlain unconformably by unmetamorphosed Middle Devonian strata.
| Campbel] estimates the thickness of the Quetame to be about 2,750
" meters. |

In the Barinas Basin of southeastern Venezuela, the unfossiliferous
Bella Vista Formation and the overlying Caparo Formation, considered to
be of Ordovician and Cambrian age, are 3,000 neters thick (Pierce,
1960, p. 217-221. The Bella Vista Formation is metamporphosed to
greenschist facies‘agd consists of schists, phyllites, and gquartzitcs.
The Caparo Formation is less metamaqrphosed and consists of lightly
metamorphosed siltstone, silty shale, and contains a Middle Ordovician
sandstone. The base of the Bella Vista Fdrmation is not exposed but it
is presumed to overlie metamorphic rocks of higher grade and older age
in the adjacent Mé%ida Andes. In the Mé%ida Andes the Ordovician and
Cambrian systems are apparently represented by the Sierra Nevada
Formation (Bass and Shagam, l960),wh?6h has been dated by Rb-Sr on

muscovite as 410 m.y. (Bass and Shagam, 1960, p. 381.

6
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to unfossiliferous

The %}1qara Formation is orebably cquivaler

meta-sediments of low metamorcnic arade lving below unretamorphosed
rocks of Devonian age on the west flank of the Serrania de Perija
(Tschanz and Cruz, written comrun., 19690; Trumpy. 1943: and Radelli,
1962) and possibly to part of the Perija Series of Sutton (1945) in
the east flank of the Serran{a. Hea and “hitman (1960, p. 354-355)
restrict the Serfes de Perija to metamorphic rocks of greenschist
facies overlying‘gneisses and schists of nossible Precambrian age
(Perijé series of Sutton). According to their definition of the
Series de Perija, it could beequivalent to the Silgard #ormation; however
they suggest a tentative Early Pevonian aqe for the rocks,
) Orthonneiss
Defwnw;lon.--Quartzo feldsoath1c aneiss ranging in composition from
granite to tonalite is widely distributed in the high- and medium-grade
metamorohic rocks of pre-Devonian age in the core of the massif.
These rocks are on the whole massive but contain senta of foliated
metasedimentary rocks and thin screens of hornblende aneiss and
amnmbohte, some of which appear to b@ motamorphosed dikes, Only the
diorlte gneiss was mapped separatelv,
The massive asnect of t?ese rocks, the oeneral lack of laverino
except on a gross scale, the bresence of gndogenoﬁs inclusions in
some of them, and the fact that compositions are those of maamatic
rocks have led to the use of the name crthoaneiss for these rocks.
South of Matanzas and west of Tona('in H-12 and N-]3}orthoqneiss occurs

as sills and dikes in the medium-arada rocks of the Silmara Forisition.
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Two styles of emplacemant of the orthogneiss are evident. In one
the orthogneiss is intimately related to migmatita. 1In this tho
orthogneiss consists of somewhat inhomogenenus masées that grade into
migmatite in which the gn2iss appears as septa or sill-like masses of
_different sizes in paragneiss of high metamorphic grade. This type is
transitional with lit-par-1it gneiss containing about equal amounts of
paragneisé and granitoid aneiss. This kind cof orthogneiss is prevalent

and well displayed in the Paramo de Santurban and the extensive migma-

tite zone that continues north and northwestward to the noffhern edge
of quadrangle H-13. Areas of migmatite with small masses of orthcgneiss
were adescribed with the Bucaramanga Gneiss.,

The other type of orthoaneiss forms large, discreté, mappable
units. These have fairly sharp contacts, although in some places
they may pass into migmatite as does the large mass of orthogneiss
northeast of Berlin. This type of orthogneiss is not confined to the
high-grade metamorphic rocks but may be present in medium grade or
even greenschist facies rocks, as, for example, in the Onzaga area

in [-13.




The style of emnlacement of the orthogneiss is probably a
function of the deoth at which emplacement or formation tock place
in the crust. The orthogneiss in the Paramo de Santurban area is
cleariy an integral part of a paragﬁeiss-orthogneiss complex.
Other areas of orthogneiss, except those forming migmatite, are not
ciearly a part of such a comnlex. The more discrete the mass, the
higher aﬁd possibly the Tater it was emplaced. Hence it is possible
that orthogneiss of more than one age is present in the massif.
Hovever, all the orthogneiss is clearly of ore-Devonian age, but ;
some may be older and some may be ydunger than the Silgarad Formation.
The suggestion that quartzite and metaconglomerate in the Silgard

might be younger than some crthogneiss has been peinted out.

Distribution.--The general distribution of the orthogneiss is indicated

in figure 4. Most of the orthogneiss is in the northern part of the

map area in H-13, to the southwest, north, and northeast of Berlin.
Narrow wedges of orthogneiss crop cut in fault slices in a belt
west of Panplona and extending south to the vicinity of Chitagd and
Silos. Orthogneiss crops out alona the east side of the Sagfa
Birbara and Mogotes batholiths to the southern end of the zone in

the vicinity of Onzaga.

E‘



The masses of orthogneiss croppinn out in tha sguthern part of
the zone east of the batholiths have bz2en intruded and cut cut by
younger granite or are partly covered by younger sedimentary or
metasedimentary rock so that the actual size of these masses an
their original contacts are obscure. In some nlaces, however, it-
appears that the nature of their contacts with the enclesing
medium-énd high~grade metasedimentary rocks is similar to that
observed in the northern part of the map area. - , i

The presence of nafrow zones of orthogneiss flanking the Santa

Bdrbara batholith in the area south of Berl{h suggests that . i §

orthogneiss was fairly continuous before intrusion of the batholith.
The isolated mas;es of orthogneilss near Santa Barbard weie
brobably part of the mass of orthogneiss near Tona prior
to the intrusion of the batholith.
It is possible that in some places during the mapping, sheared
younger plutonic rocks have been mistaken %or orthogneiQs. However,
shearing of the younger plutonic rocks is restricted to narrow zones

that have pronounced cataclastic textures, whereas the orthogneiss

has a pervasive crystallization foliation without evident cataclasis.
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§g§§§g§§,-—60ntacts‘of the larce masses of orthogneiss are con-
cordant in most places with foliation in the enclosing rock. This can
be seen clearly at the contact of the orthogneiss with the Silgard
Formation in the Rio Caraba west of Silos and along the Bucaramanga-
Pamplona highway below Aito E1 Pichacho west of Berl{h, quadrangle H-13.
Tabular bodies of orthogneiss in the Silgaré Formation in the Tona and
th Suratd areas have contacts that transect laminae in the host rock
at low angles. -

Some pegmatite injecfion and a slight coarsening of grain size of
schist in contact with brthogneiss is evident at the junction of Rib
dataperros and Quebrada Pescadero east of Ber]iB_in quadrangle H-13.
kest of Sitos in the R{E Caraba, the amount of gneissic pegualiie and
granite in schi;t and paragnefss of the Si]garé,Formation increases
toward the contact with the orthogneiss. .

Southeast of Covarachia a sill of lineated orthogneiss lies in
markedly sheared ,gently dipping silicious ph}l]ite of the.Silgarg
Formation. The main mass of orthogneiss below is also quite sheared
and locally has been converted to laminated mylonite. The shearing
post dates the emplacement of the orthogneiss and the metamorphism of
the Silgar&lFormation, but it is probably a localized late dynamic
phase of the metamorphism. Tne unmetamorphosed Floresta Formation,

1ying about 50 meters above, shows no evidence of deformation.
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The ahove observations show that some of the orthoaneiss is

at least intrusive into rocks as youn; as the Siloard Formation and

that it was metamornnosed at the same ifime as the recks it

intruded. UYhether empliacement occurréd nenacontinsoraneously with

the metamorphism or much earlier is not certain. On the

supnosition tnat plutonism and regional metamorphism are co-related

processeé, we are inclined to the view that the orthogneiss is

syntectonic or pene§ontemporaneous vith the regional metamorphism

of the Silgard Formation. The evidence does not rule out, however,

the possibility of some of the orthoaneiss having been emplaced

after the metamorphism of the Silgard Formation but prior to the

depesition of the Floresta Formation.

" Description.-The orthognaiss has a considerable range of texture

and composition. The rocks are prﬁmari1y recognized by their quartzo-

feldspathic composition, their no@}ayered character, and their |

pervasive gneissic structure. The orthogneiss usually has a marked

Tineation as well as foiiation. In some olaceslineation predominates,

in other places foljatioa predominates. The rocks range in

cemposition from granite to tonalite and diorites hovever, quartz-
monzonite and granodioritc predominate. THe histoorams of estimated

modes in figure 5 indicate the range in composition. They also show

a weak bimodal distribution of abunrdince of plagioclase, potassium

feldspat,1n1 ntscovite.
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The different kinds of crthogneiss ware not sevaratad in tne field

‘mapping and tneir relative amounts are known only approximately.

Some idea of the relative awounts can be obtained, however, from the
following descripticns.

Coarse-grained biotite augen cneiss composed of plagicclase, quartz,
and biotite with large augen of pink potassium feldspar is tha pre-
dominant rock in the eastern side of H-13 west of Pamplona. The
amount of biotite differs from place to place. Augen gneiss is also
‘present in the mass of orthogneiss northeast of lorro ﬁevado (Fig. 4). It
?zlso a subordinate type in the Rio Caraba mass and in a‘few places
south of Alto E1 Picacho. Farther south, the belt of Bucaramanga
Gneiss passing southward across Rio Mancos and R{é Umpala in south-
western H-13 and norihwestern I-13 contains lit-par-1it augen gneiss.
Augen gneiss also constitutes parts of the orthogneiss along the east
side of the Santa Barbara Batholith in H-13 and I-13. It was observed
near Santa Bgrbara and east, west, and south of Molagavita. Augen |
gneiss is also present in the Bucaramanga Gneiss west of R{6 Surata

M-12, planchita 109-1V-D, b-7),although it is

not shown on the map.
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Biotite flaser gneiss characterized by small, often flat lenses
¥ ’

%

of feldspar and quartz set in an anastomosing fabric of biotite, %uartz,
%
and feldspar is a common type. It grades into lineated to foliated

biotite-quartz-feldspar gneiss in which biotite is le¢ss abundant and

w
x

in discontinuous streaks. Composition is usually quartz monzonigic to
. PR N . . , 7

granodioritic, These gneisses are fairly abundant in the Rio Caraba

mass of orthogneiss, less so in the Tona mass and in places . east of

the Santa Barbara batholith.

A strongly lineated, weakly foliated, eqigranular to slighgly
inequigranular pinkishjgray gneiss of granitic to quarté-monzonitic
composition with scattered uniformly oriented biotite crops outfin much
of the Rib Caraba and Pakamo de Santurban areas. 1t also crops;out

northwest of Tona in southeastern H-12. An associated rare biqtite-

free muscovite gneiss crops out locally. z
A widely distributed but volumetrica}ly small type is a g%anite
gneiss with flat lenses of quartz and with muscovite and gioti;e in
discontinuous subparallél arcuate foliae. These rocks contaim a sodic
plaglioclase: oligoclase or rarely albite. The 1ight-colored3granitic
types are alaskitic and contain only 1 to 2 percent biotite. %Some of
these have lenses and rods of feldspar and quartz that impar; a
"granulite' texture. There is no evidence, however, that thééé rocks
éver were granulites of the granulite metamorphic facies. At the
contact of orthogneiss with the Silgara Formation west of Alto El
Picacho and also west of Tona is a fine-grained, pale pink t§ cream
alaskite gn2iss having marked lineation. Similar rock was oﬁserved

associated with quartzite southeast of Mutiscua. In the field this rcck

is difficult to distinguish from meta sandotone.

77



The orthogneiss near Tona is a gray to gracnish-gray herahlende

biotite flaser gneiss of grancdiorite to toralite comnosition. It
appears to be less mafic to the east and south. The gneiss contains
lenticular oriented fine-grained dark-gray inclusions of the type
usually considered to be cognate. Similar gneiss occurs east of the
tlogotes and Santa Barbara batholiths and naar Onzaga. South of
Molagavita and south of Covarachia in I-13 gray non-foligted to
slightly gneissic granodiorite and tonalite cccur in the same areas
with more gneissic rock. These less foliated roéks are internreted
as plutonic rocks synchronous with other orthogneiss but which did
not undergo the degree of defprmation during crystallization

that the orilivgneiss did elsewhere. .

In some places the predominantly uniform biotite orthogneiss
contains muscovite layers. These layers are interpreted as
local zones of high water vapor pressure in which retrograde
muscovite has formed from feldspar during crystallization or
metamorphism. Ho aluminum silicates are present in those rocks.

Diorite gneiss locally stronagly sheared, crops out in
fault slivers between Silos and Babega in H-13. These rocks have
been mapped separately as a dioritic nhase of the orthocneiss. They

Consist of hornblende and plagioclase with 1ittle or no quartz.



variable compcsition, although rearly all are poor in mafic minerals.

They are either medium grained and granitoid, locally peamatitic, and
intinately mixed and niastically folded with the paragneiss, or they

"~ are distinct layers of uniform augen gneiss, flaser gneiss, or fire-

(Yo}

rained gray biotite -auartz -feldspar gneiss.

seneral cenposition of orthogneiss is shown in figure 5. Augen
aneiss is composed of about 30 percent quartz, 25 percent oligoclase,
40 percent microcline, and about 5 percent mafic minerals,chiefly
biotite and chlorite. Accessories are apati te, iron oxide, and

zircon (fig. 6). Alteration products are sericite and chlorite.

The flaser gneiss and granitic gneiss differ little in
composition. Quartz, plagioclase, and microcline and orthoclase are
present in about ecgual amounts, or the potassium feldspar is
slightly more abundant. .iicrocline is the predominant type of
potassium feldspar, as in the augen gneiss. However, microperthite is
present in some biotite gneiss and biotite flaser gneiss. Orthoclase
is common in othars. P1égioc1ase is usually oligoclase to albite.
Sranitic gneiss has less than 5 percent biotite, whereas flaser gneiss
approaching granodiorite may have up to 15 percent biotite, but

norazlly contains 10 percént or less. Some specimens of granite

aneiss contain trace amounts of hernblende.
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g '25 percent quartz, 50 to 65 percent an
1

and 0 to 5 percent orthoclase with bi

crite aneiss 1ike that at Tona contains about 16 to

‘flaser gneiss approaches tnis composition wi

‘clase or microcline, 30 percent quartz, and

clase to andesine.

Muscovite is pres

gneiss, and is p

crystallization

the higher grad

rare from areas

Sphene is an accessory mineral in the To

specimen. Cataclas

minerals appear to
forms lenticular mosaics,
be in laminae of locally shredded flak

unbent muscovite flakes.

present sporadically in all types. Some of

traces of garnet.

The texturc of the crthogneiss is crysta!]oblastic in thin

in varying degrees, but on the whole, the t

foliation, particularly in

es of metamorphism.

enclosed in shells of mica, quartz, and fel

desine to calcic-oligoclase,

otite and hornblende. Sore

th 5 to 15 percent ortho-

4% to 55 percent oligo-.

ent in amounts up to 5 percent in some granite
resent in small amounts in some of the other rocks.

na Type gneiss. Allanite is

the granitic rocks contain

coctinn
cectilni,

although the rock may be strongly lineated or foliated in hand

tic and rehealed cataclastic textures are present

extures are those of

tﬁe gneiss within rocks of

Some augen gneiss has sublenticular potassium feldspar megacrysts

dspar that suggest the

gneiss was subjected to differantial movement. However, none of the
be particularﬂy crushed. Quartz in many specimens
but is not usually strained. Hicas tend to
es that interweave with larger

Some specimens do 'show cataclasis, but these

of late shearing affecting other rocks also.
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Plagiociase is unzoned or has oniv a faint relic oscillatory
zoning. In many rocks it has Targe clinozoisite or zoisite inciusicns
suggesting 2 histery of saussuritizatioﬁ followed by recrystallization
an&onSOHdation of the zoisite or clinozoisite component int® larger
grains. Perhaps this reaction took place under high activity of
H20 accompanied by shearing. The plaéioclase with the large epidote
grains is typical of the tonalite and granodiorite orthogneiss. In

some specimens of these rocks the plagioclase is albite,suggesting

greenschist facias conditions of metamorphism. Some plagioclase in

- migmatite is antiperthitic.

Microcline and orthoclase are the common types of potassium
feldspar. In contrast to the younger batholithic rocks of the
Santandeé massif discussed be]ow; microperthite is rare.

Myrmekite in adjacent plagioclase is common. In some specimens
the potassium feldspar is large, mottled, and poikiloblastic.

Muscovite in some specimens appears to have been derived from
preexisting minerals in the gneiss, possibly from feldspar, and like
the epidote has recrystallized from sericite derived from altered
ferSpqr. Hafics tend to be clusterad in laminae. Biotite is

typically greenish-brovn to brownish-green.
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Age.--The crthogneiss is unconfermably overlain by the Floresta

y
Formation of middle Devonian age. Orthogneiss intrudes the Silgara

Formation of prokable Cambro-Ordovician age, and the Bucaramanga
gneiss that contains rocks of Precambrian age. From field evidence
ithe orthogneiss could range from early Devonian to Ordovician, but
Scould be in part of Precasbrian age. A Rb-~S5r whole-rock radiometric
édetermination on a specimen of orthogneiss'from the Rio Caraba mass

. ?ﬁortheast of Berlin (IMN-12256, table 1) gave an age of 450%80 m.y.

. ‘indicating‘a late Ordovician age for the gneiss. A K-~Ar radiometric
'determination on hornblende from meta-diorite northeast of Ocana, north
of the map area in quadrangle F-12 (IMN-12262, table 2) gave an age of
‘413#30 m.y. This rock is correléted with dioritic rock in the

' Bucaramanga gneiss. Radiometric ages of 436 m.y. and 484 m.y. on biotite

: ifrom pegmatite from the serrania de la Macarena (Pinson and othexs, 1962)

- confirm a plutonic episo&e in Colombia about this time. However, a

i

>  problem remains in that the orthogneiss is also intimately associated

'

with high-grade paragneiss of the Buéaramanaga Gneiss in such a way that
* 'both rocks appear to have formed during the samé plutonic-metamorphic
event. A Rb-Sr whole rock age on paragneiss gives a Precambrian age
":(IMN-13199, table 1), although the age admittedly is somewhat

;questionable. If this orthogneiss were also Precambrian then it means
(o

t .

'that during the Ordovician metamorphism the rock did not remain a closed

i

;SYstem and the age was reset. Another interpretation is that whereas
}

Paragneiss formed during the Precambrian high-grade metamorphism, it

later underwentagatexis and a second high~gradz metamorphism in

¢

' Ordovician timg'during which time the orthogneiss was emplaced. The

? Structure and texture of much of the orthogneiss suggest a two-stage

histcry of metamorphism, and we postulate that the events

Oct.rr-1 in the Precambrian and Ordovician. ’5q
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Because some of the.orthogneiss is so intimately associated with

the migmatitic phases of the Bucaramanga gneiss
from which Precarbrian radiometric ages are obtained, we must
;conclude that some or much of the orthogneiss is of Precambrian age.
\NéThis puts into question the observation that orthogneiss intrudes rocks
:of the Silgard Formation. Either the Silgara Formation is not lower
‘pPaleozoic, but Precambrian, or othogneiss of more than one age exists.
+ The latter probability is the most likely considering the eyidence

reviewed. We suggest that the larger distinct masses of orthogneiss are
the '

/younger, or Paleozoic age, whereas the smaller masses intimately
associated with migmatitic gneiss are Precambrian. The other alternative

is that the Precambrian ages from the Bucaramanga gneiss are erroneous.

. This does not seem likely.




IGNEOUS ROCKS

A number of batholiths, plutons, and stocks throughout the
Santander massif (fig. 4) consist of nonfoliated igneous rocksj
types range from diorite to granite. Gradaticual nhases, similarity
of rock types within as well as among different batholiths and plutons,
stratigraphic relationships, and radiometric ages (tables 1,2)
indicate that most of the igneous rocks belong to a single plutenic
interval. Age data indicate contemporaneity of rocks of most of the
batholiths. The rocks of these dated batholiths ére sufficiently
distinctive so that undated batholiths can be correlated with the<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>