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ABSTRACT

This paper presents the results of geologic field work
and stratigraphic analysis of four sections of the Jurassic
La Quinta Formation measured by the author, and two others,
the Pregonero section and the La Quinta type section of the
La Quinta Fbrmation, which were taken from the literature.
A1l of these sections are located in the southwestern foot-
hills of the Venezuelan Andes.in the north-central part of
the State of Tachira. The depositional regime of the La
Quinta sedimentary rocks and the possible factors -of control
on uranium occurrences in the study area are reconstructed.

The La Quinta Formation rests unconformably on Precam-
brian or Paleozoic igneous-metamorphic rocks and is uncon-
formably overlain by Cretaceous coastal-plain sediments. In
the study area, the La Quinta Formation displays variable
thickeness from O m up. to 3,400 m.

The Jurassic sediments of the La Quinta Formation, char-
acterized by detrital deposits of red and/or gray conglom-
erates , immature o6r submature medium- to fine-grained ar-
koses,siltstones, and shales with local limestones, were de-
posited in an .arid or semi-arid climate by braided and mean-
dering streams. The basic sediment source for the La Quinta
deposits is similar to the Precambrian-Paleozoic sequences
now exposed adjacent to the study area. Additional Mesozoic
volcanic and sedimentary sources are also considered.

Based on the great variability in thickness shown by
the La Quinta Formation, the upward change in paleocurrent
direction displayed by the Angaraveca-El .Zumbador and the
San Buenas sections, the lack of tuffaceous detritus in the
upper portion of the La Quinta type section, the sudden ap-
pearance of conglomeratic lenses in the upper -interval of
the La Pulida section as well as the increase upward in grain
size of the sandstones of this section, the La Quinta Forma-
tion in the study area has been divided into two informal
intervals, lower and upper.

During the deposition of the lower interval, the whole
study area constituted a large depositional basin with
streams flowing off of the highland areas located to the
north, northwest, west, and southwest. These streams were
of the braided type in the areas of the Angaraveca-El Zumba-
dor, La Pulida, and Pregonero sections, and the La Quinta
type section, grading to a meandering type in the low relief
area of the San Buenas section. Therefore, the lower inter-
val was deposited everywhere in the study area, except in the
highland mentioned previously. . Later during the Jurassic,
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tectonic activity produced reactivation of o0ld structures
and the formation of new ones which uplifted a west-central : INTRODUCTION
block dividing the area into two depositional basins, and ‘

‘ producing an "en &échelon" fault system in the western por-

| tion of the area. This is the structural framework in which ) Purpose

L the upper interval was deposited.

The purpose of this study is to .describe the stratig-
raphy, sedimentology and depositional history of the strata
of the La Quinta Formation of Jurassic age, which are prin-<—
cipally red nonmarine deposits, in an.outcrop area comprising 7
the north-central part of the State of Tachira, southwestern
Vgnezuela (Figure 1). An additional objective is to deter-
mine possible favorable areas for uranium mineralization with-
in the La Quinta beds in this area.

e ’ o --During ‘this period of tectonic activity, some of the
highland areas which did not receive sediments during the
deposition of the lower interval were down-dropped and sedi-
mentation began for the first time, whereas other areas, ‘
which already contained deposits of the lower interval,
either were still receiving sediments or were uplifted and
underwent erosion. This sequence of events produced the
variability in thickness displayed by this formation. - The
lithologic characteristics of the upper interval of the

Although numerous studies have been conducted dealing

S analyzed sections indicate that the environment of deposi- - with the stratigraphy of the La Quinta Formation in the many
tion remained the same, i.e., braided and meandering streams, " ‘ p%aces where the formation crops out, this report is the ‘
with changes in the shifting of the main source area to the " first work that attempts to integrate the stratigraphic data
southwest and in the energy of the streams. and investigates favorability of and potential of uranium

occurrences in the La Quinta Formation in the north-central

The La Quinta Formation has been suggested as a possible portion. of the State of Tachira.

host of uranium due to its depositional characteristics and
its source of sediment. This work represents the first real
attempt at exploring for uranium in the La Quinta Formation Location of the Study Area

in Venezuela.

: - The location of the measured sections and the State of
In regard to the study area, only two very local radio~- ‘ Tachira are shown in Figure 2. The area lies in the south-
active anomalies were detected; one of these. anomalies occurs ! western foothills of the Venezuelan Andes.
in the La Pulida section associated with copper-stained
silty shale of flood plain deposits of the braided~strean

facies and another in the San Buenas section associated with . : Topography and Climate
R carbonaceous sandstones of the meandering-stream facies. & o } )
Based on these occurrences, possible target areas are suggest- : Elevation within the study area range from 700 m to

3,000 m above sea. level. This high relief of the report
area results in two distinct types of climate and vegetation.
ét elevations less than approximately 2,000 m, the climate

is tropical with an average annual temperature of 30°C and.
W%th Precipitation averaging 1,500 mm per year. The vegeta-
tlog is very demnsely overgrown rainforest; the weathering is
d9m1nately chemical. The finding of good rock exposures 1is
difficult because either the rocks are covered or badly
weathered. ‘

L ‘ ed. Finally, some general recommendations are made to guide
future exploration.

) At elevations around 3,000 m, the climate is temperate
with an average annual temperature of 15°C and with preci-
pitation averaging 1,000 mm per year. The vegetation con-
Sists of widely-spaced scrubs; the weathering is a mixture
of chemical-mechanical., The fair rock exposures are common.

] The lack of continuous outcrops was a major brbblem of
this study. '
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Figure 2.- Location of the area and studied '
stratigraphic sections within Tachira.
3* and 6* taken from Padron, 1977 and Perez, 1978.
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Methods of Study

Field Work

Field work was performed during the summer of 1978. The
field work included the measurements of fo?r sections of the
La Quinta Formation and a cursory examlnatlon_of two other
sections taken from the literature, the La Quinta type sec-
tion and the Pregonero section. Analyzed sections are desig-
nated: section number 1 - San Juan de Colon; number.2 - An-
garaveca-El Zumbador; number 3 - La Quinta type section;
aumber 4 - La Pulida; number 5 - San Buenas and 6 - Pregonero
(Figure 2). Where possible, the sections were measure§ from
the top of the underlying Mucuchaghi F?rmatlon, Carboglferous
in age, to the base of the overly;gg Rio Negro Form%tlon,
early Cretaceous in age. Déscript%ons of hand specimen rock
samples, primary and secondary s?dlmentary structures and out-
crop sketches were made in the field.

The thickness of the La Quinta Formation at the studied
sections range from up to 1,200 m in the area of San Juan de
Colon (number 1) to approximately 3,400 m in the area of
Angaraveca-El Zumbador (number 2), but only an average of
25% of each section is exposed.

Laboratory Work

Thin sections were made of some represe?tative samples
collected during the field work. Petrogra?hlc study con-
sisted of description of grain size variation, matrix, ce-
ment and other detrital'characteristic§ of the sam?les.

X-ray analysis was conducted to %nvestlgate clay m}ngral -
types as an aid to determing environments qf,dep051t10n.l e
petrologic names used in this study are based upon the clastic
classification system of Pettijohn, Potter and Siever (1972).

The geologic map of the projectarea (Plate %) was com-
piled from a number of sources. However, the'prlmary sources
of information were the works of Useche and Fierro (1972),
Campos and Vargas (1972) and other unpublished reports. The
accompanying geologic maps and structural cross-sectlgns of
the San Juan de Colon and Angaraveca—El Zumbador sgctlons
(Plates 3 and 4) were compiled utilizing topographic maps of
the area at a scale 1:25,000 and all available surface con-
trol.

-hg_

Previous Work

A fair number of geologic investigations have been con-
ducted in the La Quinta Formation. The La Quinta Formation
was named and described by Kundig (1938). He described it
as a continental sequence of mainly red color, with the
"type section” on the road between the town of Seboruco and
the village of La Quinta, State of Tachira, Venezuela (Sec-
tion No. 3, on Figure 2 and Plate 1l).

Preceeding 1938, investigations of the La Quinta Forma-
tion had been conducted by Sievers (1888), who called it
"0ld Red Series", .and Christ (1927), who called it "Lomita
Series". Engleman (1935, cited in Useche and Fierro, 1972)
analyzed the "Red Formation" in the Andes with the name "Red
Beds of the Permo-Triassic" and postulated them to be a time
equivalent with the La Giron Formation . (now group) in Colombia.
Since Kundig's initial description of the La Quinta Formation
(1938), further subdivisions and studies have been conducted
by Hedberg (1942) who studied the Mesozoic stratigraphy of
northern South America. Gonzales. de Juana (1951) in his
"Introduction to the Venezuelan Geology'" and Bucher (1952)
in his work on geologic. structure and orogenic history, point.
out two major.areas of the La Quinta outcrops, northeastern
outcrop region and southwestern outcrop region separated by a
belt 75 km wide and a trend northwest-southeast (Figure 3).
Arnold (1961) in his unpublished paper about "The pre-Creta-
ceous geology of the Vemezuelan Andes" studied twelve sec-
tions of the La Quinta, among them the type section which he
divided into three intervals. '

Ramirez and Campos (1972) studied the geology of the
Grita-San Cristobal region, Tachira. ' Also, Useche and Fierro
(1972) studied the geology of the Pregonero region, Tachira
and Merida. Their works include lithoelogic descriptions and
comments about depositional environments. of the La Quinta sedi-
ments in those regions. 'The most recent work has been done as
unpublished thesis works by‘studentS‘of the Central University
of Venezuela; Loaiza (1978), Padron (1978), Perez (1977), and
Velez (1978), who made a general geologic map of different
areas in Tachira where the La Quinta Sediments crop out. Padron
(1978) restudied the type locality and informally divided it
into two intervals, whereas Perez (1977).in the Pregonero sec-
tion postulated three intervals: Finally, Tremaria (1978)

made a study of the La. Quinta sediments in the State of
Trujillo. '
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GEOLOGIC SETTING

Stratigraphy

General Statement

The Jurassic La Quinta sediments unconformably overlie

either the Precambrian Iglesias Complex
zoic Mucuchachi Formation (Plate 1).
is overlain unconformably by Cretaceous
ments, the Rio Negro Formation.

Iglesias Complex

or the Upper Paleo-

The La Quinta sequence

coastal plain sedi-

The "Iglesias Series", as first described by Kundig
(1938), consists of highly metamorphosed Proterozoic rocks

of igneous and sedimentary origin which
est rocks in the Venezuelan Andes.
in Useche and Fierro, 1972) defined the
Iglesias Complex in the peak called Las
the "Macizos de los Conejos'", northwest
.da, State of Merida, Venezuela. Arnold
"Sierra Nevada facies" and "Bella Vista
rocks.

constitute the old-

In 1946, Sutton (cited

type locality of the
Iglesias, located in

of the city of Meri-

(1961) used the terms
facies" for the same

Shagam (1969, cited in Ramirez and Campos 1972)

called these metamorphosed Proterozoic rocks the "Iglesias:

Complex" and .distinguished three facies:
Bella Vista and Tostos.

the Sierra Nevada,

The Sierra Nevada facies crops out

in the study area and consists of 5-7 km of dominantly
quartz-feldspathic meta-sedimentary rocks of amphibolite

grade of regional metamorphism (Shagam, '1972).

Granitic and.

pegmatitic intrusions have been by far the dominant type of

Precambrian igneous activity.

The sediments of the Iglesias Complex were deposited
during the late Precambrian on the western edge of a marine

depositional basin (Armold, 1961).

Mucuchachi Formation

The upper Paleozoic section in the study area is repre-
sented by at least 4 km of thickness of a slate sequence of
probable marine shale origin. Christ (1927, cited in Comi-
sidn Venezolana de Estratigrafia y Terminologia, 1970) desig-
nated .the black locally calcareous or siliceous schists that
are exposed close to the town of Mucuchachi, State of Merida,

mdhﬂiﬁm ol s v




"and dark fossiliferous shales.
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the "Mucuchachi Series". However, it was much later. that
geologists of Shell of Venezuela and Creole Petroleum Corpo-
ration (1946) gave the Mucuchachi a formational status. In
general, this unit consists of a segquence of laminated slate,
greenish, gray to black, carbonaceous phyllitic slate and in-
terlayers of thin, well-cemented sandstomes.
e i

The Mucuchachi Formation (Plate 1) rests upon the Pre--
Cambrian rocks of the Iglesias Complex. Its upper contact
is transitional to Sabaneta and/or Palmarito Formatioms. In
the study area the Mucuchachi Formation is unconformably
overlain by the Jurassic sediments of the La Quinta Formation.

La Quinta Formation

The La Quinta Formation was formally described and named
by Kundig (1938) from its type section at the road between
the village of the La Quinta and the town of Seboruco, State
of Tachira (Section 3 in Figure 2 and Plate 1). Kundig (1928)
divided the type section into three informal intervals. The
lower interval consists of conglomerates and tuffs with a
thickness.of approximately 400 m; the middle interval is main-
ly made up of 500 m of fossiliferous shale. The upper inter-
val consists of 1,300 m of sandstone. '

The type section has been redefined two times; the first
one by Arnold (1961) and the second omne by Padron (1978).
Arnold (1961) also divided the section into three informal
intervals. However, his thicknesses.and lithology for each
interval differ from Kundig's description. The lower inter- -
val, which he measured as 320 m thick, consists of red and
fine-grained tuffs. The middle interval has 350 m of conglom-
erate and dark brown conglomeratic sandstone with some tuffs,
Among. the fossils should be
mentioned fish teeth, fish scales. (Lepidotus), Ostracodes and
Cysius. Finally, there is the upper interval, made up of brick-
red, well laminated and ¢cross—-laminated sandstone.

The last description of the La Quinta Formation at the
type section was made by Padron (1978).

Rio Negro Formation

Hedberg (1931, cited in Ramirez and Campos, 1972) named.
the conglomerate. interval at the base of the Cretaceous sec-
tion in the "La Sierra de Perija", Perija District, State of
Zulia, as "Conglomerate of Rio Negro". Hedberg and Sass (1937,

cited in Comisidn Venezolana de Estratigrafia y Terminologia,

~53-

1970) gave it a formal formational ramge and described it as
white, cross-stratified sandstone with lenses and beds of
quartzose conglomerate, with an approximate thickness of
1,500 m. The type section is located in the Negro River,
southwest of Machique, Perija District, State of Zulia. Fur-
ther studies extended this rock unit to the entire western
part of Venezuela. -
In general, this sequence ranges from white coarse-
grained sandstone, heterogeneous conglomerates and yellow, -
red and purple quartzose, to feldespatic clay and shale. )

Maync (1956, cited in Useche and Fierro, 1972, p. 981)
considered the Rio Negro Formation as early Aptain or Bar-
remian-Neocomian age due to its stratigraphic positién;
Maync (1956) and Kiser (1961, cited in Useche and Fierro,
1972) called the Rio Negro Formation, the basal Cretaceous
deposit. This formation rests unconformably or conformably
on Mesozoic rocks with the upper contact transitional to the
Apon Formation. This formation represents the first sedi-
ments deposited duqing the marine transgression that charac-
terized the Cretaceous period in the Western part of Vene-
zuela. '

Structural Geology

Gansser (1977) divided the 9,000 km-long Andes Mountain
chain into three segments which may be named as follows:
Southern or Patagonian Andes, Central or Chilean-Peruvian
Andes, and Northernor Ecuatorian-Colombian-Venezuelan Andes.

The study area is located in the Northern Andes, speci-
fically in the southwestern foothills of the Venezuelan
Andes (Figure 4). The Venezuelan Andes is an elongate block-
uplift system oriented approximately northeast-southwest
(Grauch, 1975); they are 400 km long, starting in the vicinity
of'San Cristobal, Tachira and extending north as far as Bar-
quisimeto, State of Lara. The main structural features in the
Venezuelan Andes are horsts and grabéns associated with a nor-
mal fault pattern in which three directions are predominant:
the longitudinal one which trends more or less northeast and
two others which cut it at roughly 30 degrees (Mencher, 1963).
In §pite of the Venezuelan Andes having undergone a long tec-
tonic history extending from the Paleozoic to the Cenozoic,
the present structural framework was formed during. the Tertiary,
corresponding to the Alpine Orogeny. The actual uplift of the
Andes began after the Eocene, movement persisting into Miocene
to Pliocene when, finally, the Andes were uplifted further to
Produce the present form.

itlﬂ‘ k‘iimmw
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The principal faults in the study area are the Bocono
and the Seboruco (Plate 1), which show mainly vertical move-
ment. The other faults form part of the Bocono fault system
trend: northeast-southwest parallel to the axis of the
Venezuelan Andes, and mainly consists of high-~angle reverse
faults and low angle normal faults. Other structures in the
area are anticlines and syncllnes aSSOC1ated with the sedi-

mentary sequences.

1
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LA QUINTA FORMATION

'Geheral'Statemént

Tﬂe Jurassic sediments of the La Quint§ Formation untl;
recently had never been systemati¢ally studied and accurate-

1y mapped throughout all the area where this formation crops

out. General description of its litholegy and thickness'hgve
been made, but very little is known about the lateral conti-

g
nuity of this sedimentary sequence.

During the field work, four seetions of t@e La Qul?ta .
Formation were measured of which two Were“partlal stratigraph~
ic sections with bottom of the.sactlong faulted ?ut. A
fifth one (the type section) was. taken from ?adron s work
(1978). Also, the author makes a brief mention of the Pre-
gonero section based on Perez's work (1977).

In the study area the thickness of the La Quinta ?orma—
tion varies from 0 m to as much as'§,400 m. The.La Quinta
Formation mainly consists of nonmarine shales, siltstones, ;
sandstones, conglomerates (some of whlgh occur at the bgse E
fhe section), and local limestones. Most.of the ¥ocks in tez.
Angaraveca-El Zumbador and San Jua? de Colon sections are Ed H
whereas in the La Quinta type section and the.San Buenas a
La Pulida sections, both gray and red rocks occur.

Stratigraphic Relationships

Throughout the study area, the La Quinta Formatlin l;zs
unconformably on the pre-Jurassic rocks, mos? generally t _
Carboniferous Mucuchachi Formation and sometimes Fhe Precam;-
brian Iglesias Complex. The contact_of the La lenta Fgrma
tion with the overlying Cretaceous Rio Negro sedlgents is
unconformable (Plate 1). The bottom of the L? QulnFa sec-
tion is faulted at some of the measureq s;ratlgraphlc se—-
quences (La Pulida and San Buenas Sthlons).; At thgse loia—t
tions, the faults have put the La Quinta sediments 1n.czn ac
with younger Cretaceous rocks and a part of the La Quinta
section is missing.

Lithology

In the following section, lithology descriptions (color,
grain size, rock types, and so forth), sedimentary structures,

"y

and paleocurrent directions for each of the studied sections,
San Juan de Colon (Section No. 1), Angaraveca-El Zumbador
(Section No. 2), La Quinta, type section (Section No. 3), La

Pulida (Section No. 4) and San Buenas (Section No. 5) are
given.

San Juan de Colon Section (No. 1)

The thickness of this stratigraphic section, obtained
from a structural cross-section (Plate 2, Figures 5 and 5a),
is approximately 1,270 m, of which 350 m has been eroded.

In general, this section is characterized by red sand-
stone, even though scattered red conglomerates and thin beds
of red shales and siltstones are also present.

Approximately 35% of the San Juan de Colon section
(Figure 5) is exposed, characterized from bottom to top by
light to dark red, slightly to non-calcareous, fine, medium-
or coarse-grained arkosic sandstones; the finer grain size

is the most common (Figure 6). Some of these sandstones are
cemented by calcite :and/or hematite.

Mineralogically, the sandstome contains abundant feld-
spar (207 to 40%), commonly altered to calcite or sericite.
Some feldspars show albite twins. Quartz comprises from 18Y%
to 457 of the rock, shows undulose extinction, and is present
only as detrital grains and never as cement. Mica is also
abundant (up to 15%) in the arkeosic sandstone, the common
types are muscovite and biotite. The latter shows golden to
dark brown pleochroism. Opaque minerals, ilmenite and hema-
tite occur in abundance up to 10%. The former is sometimes
altered to leucoxene. Accessory minerals, such as rutile,
zircon, and tourmaline, as well as clay minerals (kaolinite

rand illite), are also present. Generally, the sandstones are

poorly sorted and do not contain abundant matrix clay, except
in a few cases where it is up to 35%. ‘Throughout the section,
the conglomerate lenses interestratified in some of the sand-
stone units are of variable thicknesses, from 1.3 to 2.8 m.
These conglomerates are poorly sorted and.mainly composed of
angular to rounded granite fragments and pebble-size quartz
and plagioclase, and rarely contain matrix clay.

Angaraveca-El Zumbador Section (No. 2).

The La Quinta sediments are folded at the Angaraveca-
El Zumbador section (Plate 3) where the approximate thick-
ness of the La Quinta sequence in this area is close to

mi
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SAN JUAN DE COLON SECTION

—58—

w0

~200m

(No 1)
i L
, Grain Size| = c
‘:‘“h/ L ..,v, _.=—}8Sand . a c T S O [
i o-{ £ «21 £ 2| olLrTHOLOGY] = €
. 1 J
i < 3 1o o Z—-5l o ¢ O 3
5 0] 3y o 9|0 0
B ' o -
: @ 3 o s
I, - 0 o = Q.
[ =
‘ O 0 {x >
J
H‘
.
| “\ 350"
‘\\
| |RE] 4 P yoe-5 40
i
‘ \* 100
o \V
‘f‘i‘i © :(_ ‘ ﬁ o ;,7.:71 oc-6} 30
t : 8 2 : TS T 80
i! “ w :) - hpea, = . S oc- ™=
il 4)) o :
<
} el < 280
: D 4
3 !
‘ e = =T ) Lbe-1 IR
| 110
»‘ o S~
| E Q - Lbe-61 20
210t
» \
] I sjc- 8
- T
c n| L.
o 8 ©
Qa - =
hul O -
g ol|30 l
@) = i ‘
Taken from interpreéted cross- saction A— A piate2

Figure 5a

-590-

EXPLANATION OF LITHOROGIC SYMBOLS

Lithologic Symbol

A o~

~ ~ |Siltstone
I Shale

—  —

r:_{?{_ Sandstone

Conglomerata

NP
~ --v..-.| Tuffaceous sandstone
v o i -v-
A A . .
a v | Crystal-rich tufr
v
Y | .
v Vv Tuffs
vy
r 4 -
] 1 Limestone
’z;;rz;" Metamorphic rock
/ r

Covered (not to scale)

Covered (to scale)

A~~~ Unconformity

w4 Radiometric anomaly

A Cross stratification
transport directicn,

(north is up)

e

|
|

|

DO
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Sedimentary structures

Pseudonodules

Sandstone or conglomerate
lens

Wedge-shaped sandstone
Cross-stratification
Cross-lamination
CHanne]— scour
Load—casts

Graded stratification
White patches

Parallel lamination

Mud cracks

Ripple marks

Fish remains

Raindrop imnrints
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Figure 6.

Scour and f£ill structures within a sandstone
unit of ILa Quinta Formation (san Juan de Co-
lon Section, outerop SJIC-5).
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3,400 m (Figure 7), and the whole section is characterized
by red colors. This section can be divided into four units.
The bottom of this section is made up of a conglomeratic unit
approximately 400 m thick. Individual beds of conglomerates
have thickness from 3 m up to 12 m and are interestratified.
with sandstones. The weathered color of the conglomerates
and associated sandstones .is purple and the fresh color is
light gray or whitish. Conglomerate is restricted to the
bottom of- the section. (Plate 3)+ The conglomerates are com-—
posed principally of pebbles of quartzite, phyllite, quartz,
granite, biotitic schists and feldspar (plagioclase).

The current bedded conglomerate shows paleocurrent di-
rections which range from N73E to S58E. Moving upward in the
section, this unit is vertiecally followed.by a dominately
siltstone unit, 400 m thick, whie¢h is composed of 83% silt-
stones and 177% sandstones. The sandstones in this unit are
fine-grained and. appear as lenses within the.siltstones, some
of which were deposited as scour and fill deposits and are
internally cross-stratified. The individual red beds of silt-
stone vary in thickness from 1.6 to 7.3.m. This unit is over-
lain by another 1,600 m thick, made up principally of mostly
medium-grained sandstones, although coarse-and fine-grained
sandstones are also present in low percentage, the latter
becoming more abundant toward the top of the unit. The brown
or reddish colored sandstones average. 5 m in thickness, with
a minimum thickness of 4.3 m and a maximum of up to 14 m.
Generally the thick sandstone units are made up of several
scour fill sandstone showing graded bedding, or trough or
tabular cross-stratification; another common structure are
small scale channels. The top of this section consists of a
red siltstone-shale unit, 944 m thick, individual siltstone
beds averaging 17 m in thickness. The common structures are
pseudonodules (Figure 8) and white and greenish patches which
are also distributed throughout the section in red fine-grain-
ed sediments.

The sandstones are mostly arkosic, ranging from 20 to
45 percent feldspar and from 30 to 60 percent quartz. The
quartz has inclusions of tiny c¢rystal of zircon and mica.
Some feldspar grains show albite twins and others are altered
to sericite. Among the feldspar graing it was possible to

. identify small amounts of microcline. Ilmenite, leucoxene,

and hematite, as well as micas, are other common minerals,
but they are less abundant. Hematite is the common cementing
material, but calcite is also present in small amounts. The
mica types identified were muscovite, biotite and chlorite,
the latter two being the least common. The clay minerals
were identified as kaolinite and illite. Among the accessory
minerals, zircon, epidote and rock fragments were recognized.




R Figure 7
e ANGARAVECA - EL ZUMBADOR SECTION
‘ "(No 2)
g w T e - e = = 7 63—
| (en] w
| o { £ | SRAINSIZE) 5 131 Lmmwoosy |2 2 | L |
. ' . - - - [ S e —
| Cre<{ta-1 ?l‘—o =| SAND L—’ 4 52 - == S= =
; Ai =} .. £ 0 : o =
b ’ ~— |
| 4 1 4 L5 220
5 2 - - Anr-3| 25. o
, ass | ; * *
- - ; _
§ { a0 | & |
£ 65| C;)- !
;i:‘ L -‘—_i \ 35 ;
o 200 ‘
i -
" 35,
“"f 200
‘i i —3 ? ) ‘:.': :-4' -
i - 100
i
1 . 50
‘\ | 5 P I
il‘;}; ol « jg '§ . 70 o
o “‘ - | -Z . * N * C
B o < [/\—'\/W\! °
H © - -_— y a 4
T < |2 Sl °9 | @
Pl o , 5
\h el C ; N s L. . -
e o I = 17 -
i - < = T ©
. - | ‘ﬁ wn
i s
T
i
o3
= M/\/\/J g:’ Figure 8. Pseudonodule made of concentric layers of
. 5.&/\/3,—\,;_(4 110 @ O joutcrop ' shale, upper interval in Angaraveca-El Zum-
% - L: —w.? §.nr~10’ 30 g P scate(,) bador section {(outcrop No. Anr-8).
NN = T
- Pl o 150 | o C
& Nl i T CLiss . IEETN =0 I B
J
M/\_/\/J 145 | O
o f; L L S ¥Aero23 25 ) £ 100m
e =9
/'/ 3 G) (_‘")
= :4““ “ ° o.a 60 5 5
v ké ;f/;? L 2 a//o "o lanr-24 8 o
Cacnoq- Muce-] F::V}/\-?Sfb‘t?
h‘-’.\’cusLC\)-ﬂ: | ] -3780 CS‘ ~7
e Takan _from 6m.~-_>r:—\é-_>,-or1 crosSs-caection =__ = e -

i
i
w



Figure 9
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| LA QUINTA TYPE-SECTION
; (NO.3)
The grains range from angular to rounded, averaging subangular :
to subrounded; some sand grain size fragments are coated by F w : P
hematite. The main sedimentary structure present in this sec- | O L§ GRAIN SIZE ] LITHOLOGY
tion is the cross-stratification in the sandstone. The scour- | < o
) fill sandstones are %nternal}y»crOss—Stratifed (;abular or i s 2 ol 21 sanD
trough). On the basis of this feature, the paleocurrent di- Y 8 o€l =5 1= i
rections were determined. The paleocurrents range from easter- o o =2 = 8% i
ly, N35E to southerly S25W for the lower 1,480 m and from N83W '
to east, averaging N1OE, for the remaining upper part of the : i A <

section (Appendix C). Other characteristic sedimentary struc-
tures are pseudonodules (Figure 8) formed of concentric layers
* of shale (common in the fine-grained sediments located at the
ik top of this sectiomn, Figure 7). Slight scour surfaces are com-
mon at the bottom of the sandstone lenses and parallel lamina-

=z
Lo

i ; ; : i '
i) tion are common in some siltstome beds. Throughout the section, <j

the presence of greenish or white, non-calcareous patches in the
red colored siltstone bed is common. In a few outcrops, graded
and inverted graded stratification were oberved.

T

s La Quinta Type Section

‘wﬁ The lithologic description as well as part of the inter-
\‘NL : pretation for this section have been based on the work of

P Padron (1978) (Figure 9). Generally the author agrees with
the lithologic descriptions, but the author differs with re-
i gard to his depositional environment interpretation which will
P! be fully described later on.

e

This section is well-exposed throughout all of its 1,610 m
thickness. The bottom of this section (Figure 9) is characte-
rized by 160 m of tuffs overlain by a 800 m thick unit of inter-
stratified siltstone, sandstone, tuff, conglomerate and lime-
stone. In this unit, some.siltstone beds show mudcracks, paral-
lel lamination and raindrop imprints (Figure 10). The tuff is
present as beds or lenses (Figure 11); the sandstones mostly me-
dium or coarse-grained, show gray and whitish colors and contain
a great amount of tuffaceous material. The limestone restricted
to this part of the section contains poorly preserved ostracods
and fish remains. The uppermost 650 m of the section is made up
of siltstone with ripples 20 to 30 cm in wavelength and 2 cm
amplitude, and dark brown cross-laminated fine-grained sandstone
characterized by a lack of volcanic-ash.

JURASSIC
LA QUINTA
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)
<

The tuffs of the lower part of this section (Figure 9),
characterized by purple, gray, green, whitish, and pinkish
colors and based on the content (over 60%) of glass, crystals,
or rock-fragments were classified by Padron (1978) as vitric,
cristal-rich tuffs and lithiec tuffs. The tuff beds show thick-
nesses ranging from 50 cm to 14 m and exhibit a variable grain
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Figure 10,
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Raindrap imprints found on the top of a .
bed of the La Quinta type section approxi-
mately 900 m above the base.

Figure 11.
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Lower interval of the La Quinta Formation
at the type section looking north. Areas
outlined are tuffaceous sandstone channels.
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size between fine ash and lapilli, averaging coarse ash
(1.7 to 1.9 m).

In general, the main mineral present in the tuffs is
quartz which shows two different provenances, namely vol-
canic and metamorphic. . Plagioclase _is mostly a%tered to
sericite or calcite. Some of it also shows albite anq
Carlsbad twins. Potassium-feldspar, chlorite, maggetlte,
zircon, biotite, muscovite, and rock fragments, which may
be of either volcanic or metamorphic origin, also occur 1imn
the tuffs.

The dark brown siltstone beds common throughout the
section have thicknesses of 10 cm to 4 m. Thgy generally
contain abundant matrix which consists of a mixture of )
sericite, chlorite, and hematite. The cement generally is
calcite. The grains vary from angular to subangular and
the sorting is variable from moderate to well so?ted, and
the silt is generally coarse-grained. Mineralogically,
quartz is the predominant mineral and shows weak to goderate
undulose extinction with some grains coated by hematite.
The plagioclase follows the quartz in abundance a?d is com=-
monly altered to sericite. Among the accessory mlne?als, 1
biotite, leucoxene, epidote, zircon, sphene, tourmallge an
rock fragments are the most.common. Another‘common mlgeral
is muscovite. This rock type, in the lower interval, 1is
characterized by green and purple colors.

The sandstones are regularly distributed throughout
the section, with the only difference being in the tuff-
aceous aspect of the sandstones located in the lower 800 m
of the section and the non-tuffaceous aspect of the sand-

stones located in the upper 650 m. The former are gray and
whitish, whereas the latter are characteristically dark
brown. Toward the bottom of this section,.they are mainly

coarse-to medium-grained, whereas in the. upper par?, are
mostly fine-grained. Based on Padron's petrographic- study,
the sandstones were classified as arkosic san@stone, feld-
spathic graywacke, lithic sandstone, and llthl? graywackes.
Arkose is characterized by low content of matrix and gbun—
dant quartz and feldspar; it is texturally immgture with
grains between angular and subrounded.and sorting between
poorly to well sorted. The feldspathic grangckes have
abundant matrix, consists of a mixture of argillaceous
material with sericite and chlorite. The red—colorgd sand-
stones also contain hematite, is calcite-cemented, is moder-
ate to well-sorted.in the fine-grained beds and poorly sort-
ed in the medium-grained beds. Grains are angular to subf
angular and texturally immature. The arko§e is characterized
by its low content of matrix and cement, high content of
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quartz, and relatively high content of plagioclase, with
angular and subangular grains and moderate to poor sorting.
The lithic sandstones are characterized by high content of
rock fragments and textural immaturity. .Finally, the lithic
graywacke is' characterized by its high matrix content which

consists of a mixture of clay and chlorite; they are textural-
ly immature. -

Mineralogically, quartz (of volcanic and metamorphic
provenance), plagioclase (in general altered to sericite or
calcite), rock fragments (of volcanic, sedimentary, and meta-
morphic composition) and muscovite are the common.  Among
the accessory minerals are epidote, chlorite, and sphene.
Others identified were hematite, magnetite, leucoxene and
biotite. Padron pointed out that almost all the coarse-

grained sandstones have variable amounts of volcanic material;
therefore, he called them "tuffaceous".

La Pulida Section (No. 4)

This section is 1,390 m thick, but the lower part of
the sequence is in fault contact with younger rocks (Fig-
ure 12). In general, from bottom to top, three units are
recognized. The bottom of this section consists of a red
and greenish~colored siltstone-dominated 800 m thick unit.
The grain sizes of the sandstones within this siltstone
units are medium to fine-grained. The latter becomes more
abundant toward the top of the unit. The common structures
and associated lithologies are.small channels filled with
medium-grained sandstones and parallel lamination in the
fine-grained sediments. Convolute structures were observed

in fine-grained sandstone overlain by trough cross-stratified
sandstones. :

The siltstone-dominated unit is overlain by a sandstomne-
dominated unit 430 m thick. In this unit, sandstones repre-
sent 877% of the sediments and are mainly medium~ to coarse-
grained, showing different structure types and colors. Among
the structures are tabular beds and scour and fill structures
in sandstone units intermally cross-laminated. Upward in
this section some lenses of conglomerate occur and the grain
size of the sandstones increases. The fine-grained sand-
stones as well as some siltstone. beds have parallel lamina-
tions. The red siltstones contain greenish or white patches..

At the top of this section, there: is a siltstone unit
160 m thick. 1In this unit it was not possible to observe
any structures in detail because of the poorly preserved

outcrops. Red and gray or greenish colors are interbedded
throughout the section.
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Figure 12
3 The siltstone bed thicknesses vary from 0.9 m to ga
LA PULIDA SECTION maximum of 25 m, averaging 3 m. In regard to the sandstone
UQO 4) ' ‘ bed thicknesses range from a minimum of 0.9 m to a maximum

of 10 m, averaging 2 m. The thick sandstones are made up of
scour fill sandstone units. Texturally, the sandstones at

the bottom are submature arkose, whereas upward they are
GRAIN SIZE *QC‘: = ‘é’_‘, immature arkoses.
= — . = . - _ i .
) (u; £ L,:_, SANDE_;_, 4 %E ;5_,) . LITHOLOGY ECZD . é = *%“  Mineralogically, in siltstones 'a’nd_lsan'd'étone_sw quartz
p L | Zng==2 85 18 = = is the most ébundant mlngral f?llqwed by feldsPar (plagio-
& L’Zij<— L9 - — clase) and micas (muscovite, biotite and chlorite). Quartz
— ; £ ‘ shows some vacuole inclusions and undulose extinction. Feld-
= o - ' spar mostly as plagioclase (and hard to differentiate from
T 21° %w — - - : 7 ‘ potassium feldspar), shows alteration to sericite and/or cal-
] S SiE = = = 60 o ' ] cite. Occasional albite twins ocecur. Among the opaque min-
o -2 erals also present in this section are leucoxene, ilmenite,
gf ‘< oo ~~ ") Cn-4 40 :fg hematite, and pyrite (Appendix A). The common clay is illite,
@‘ A A ::>><:::::k, - 50 D 0 - even though kaolinite and montomorillonite are present in
@ i _ e ~ .74 Cn-3 50 f small amounts (Appendix B).
L pe - a4
4 || .¢;;;§Ezjifiiﬁlvu~a g%ﬁ " Based on the directional structures (cross-stratifica-~-
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] T 65 = tion) of sands?ones:of this section an easterly-paleoccurenF
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| = L ‘ San Buenas Section (No. 5)
| 9] = L— 50
| ) 8 The La Quinta sedimentary sequence in the San Buenas
. < j area, located 20 km to the northeast of the La Pulida section
: o~ j ‘ _ (Figure 2), is faulted; therefore, no single complete section
| 2 : 2°§ is exposed in this area.
| The stratigraphic section at this area consists of thick
e : 15 lenses of sandstone separated by greater thicknesses of silt-
Hj j; oplie b g stones or shales (Figure 13). Even though this is only partial
i \ O N e S L stratigraphic section, the measured thickness is 1,485 m.
8 : f e 2201 3 .
i %&é" T T o ~ & The whole section (Figure 13), from bottom to top, is
: \ 4 Y ﬁéﬂ Dol En T F|LP-16 5 characterized by thick sandstone units, sometime made up of
i 80 ? individual sandstone lenses, interstratifed in shales for the
| . 0 . lower and upper portion of the section and interstratifed in
| ‘é <l S T siltstones for the middle portion of the section. Also dis-
E: eyf/v —~ ;v Lp E; tri@uted in.the section are §ingle sandstone lenses in f}ood
{ 1 g A‘Af“f;”j 2 230 100 basin deposits. The grain sizes of the sandstones are fine-
=4 b J)/v,,<?t T . or medium-grained, less commonly coarse-grained. Commonly
iL? g l;”’/ﬁﬁf%;jjcau}t L—Q()C)}d. the fine-grained sediments such as shales, siltstones, or

fine-grained sandstones are red (light, dark or purple), less
commonly greenish; whereas the medium- and coarse-grained
sandstones are greenish or white.
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At the bottom, the lowermost 290 m, the structures and Figure 13

| associated lithologies are parallel lamination in some fine- ~ SAN BUENAS SECTION _
} - grained sandstone strata, white or greenish patches in the (NO.5) -
‘ structureless red shale beds, and convolute, deformational :
structures in the very fine-grained sediments. In the middle
part of the section, some of the siltstone beds are ripple wo | GRAIN SIZE
marked; load casts are also present at the bottom of sand- . o SAND
. ... . stones overlying siltstone beds. Other structures include ’ , < |
tabular cross-stratification in the sandstones. Overlying ol
this segment the uppermost 242 m of the section is character-
ized by scour fill sandstones intermally trough and tabular
cross—-stratifed which appear as thick single lenses inter-
estratified in siltstone.
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S Some of the sandstone units of the section (SBr-8 and A

L SBr-5, Figure 13) are made up of several sandstone beds

: which are separated by partings of shale laminae. The grain

| size for the SBr-8 sandstone unit is fine-grained; whereas : -

I the SBr-5 sandstone unit is medium- to coarse-grained (Fig- ,
L ure 14). Some of the cross-stratified sandstone contain 1037
ﬂw small amounts of organic matter at their bases (Figure 15).
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‘Jﬂ The sandstone beds, as well as the sandstones of lenti-
o cular shape, show.variable thicknesses from a minimum of 0.4 m 159
‘HM to a maximum of up to 15 m. The thick sandstones are made up ‘

of sandstone lenses with variable thicknesses of . 0.1 m to ap- | < EE T T Shyr 8 A

il proximately 1 m. f‘
‘ 80

E The main minerals in the samples analyzed of this sec-—

tion were, in order of abundance: quartz, plagioclase, micas,

opaque minerals and epidote, zircon and calcite.  Quartz

may be present up to 50% with mica, epidote and zircon inclu-

sions. Some other quartz shows undulose extinction or mosaic -.

structure. Plagioclase may be present, altered to calcite or

to sericite; albite twins are present in up to 35% of the .

] feldspar grains. The micas include muscovite and pleocroic ' v ' 160

Mw chlorite. The chlorite pleochroism varies from colorless to
very light green. The opaque minerals include ilmenite,

| leucoxene and hematite. The clay minerals identified by X-ray .

] are illite as most abundant, and kaolinite and montmorillonite L 109

{ in very small amounts. The amount of matrix and cement in the g :’;”7:_.' e N

| sandstones is small., In the siltstone, the matrix is made up 4i§ ﬁﬁz”f:/”fiiffﬁbr-3

of a mixture of hematite, calcite and sericite. Texturally, ' ; D

the sandstones are classified as arkose and subarkose. They q

are moderate to well sorted and grains are angular in micas

to subangular in quartz and plagioclases.
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The directional structures of some sandstones of. this ié
section indicate a paleotransport direction ranging from v \‘ ™Y
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Figure 1hk. Carbonaceous, pyritiferous sandstone
(San Buenas section outcrop SBr-5).

Figure 15.
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Close~up of the sandstone shown in
Fig. 14, bottom of sandstone body
where a radiometric anomaly was
detected in the San Buenas section.
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north to south for the lower 600 m, whereas the upper most
part shows southerly paleocurrent directions ranging from
S35E to S25W.

Pregonero Section(No. 6)

The Pregonero section (Plate 1) was originally described
by Useche and Fierro (1972) and later by Perez (1977). This
section was included as part of this study to facilitate in-
terpretations of depositional environments.

The Pregonero section, at least 2,400 m thick, is locat-
ed near the town of Pregonero, Tachira (Plate 1). Perez (1977)
divided the section into three intervals. The lower interval,
400-600 m thick, consists of red conglomerate containing sub-
rounded, boulder-size clasts of black phyllite, quartz, red
sandstone and green meta-sandstone in red, sandy matrix. The
middle interval, 1,000-1,200 m thick, consists of interstrati-
fied red and green fine-grained sandstone, silty sandstone,
siltstone, shale and minor amounts of conglomeratic sandstone.
The green units were noted to contain pyfite as a common ac-
cessory mineral. The upper unit, 1,200 m thick, consists of
interbedded red and green siltstone, shale, limestone and
sandstone. The sandstone units of this interval exhibit mud-
cracks. Limestone units of this interval are approximately
30 cm thick and are fossiliferous.

Color

The principal material which gives color to the red sedi-
ments of the La Quinta Formation is. hematite. In the thin sec-
tions studied by this author, as well as others, it has been
observed that this mineral is present as alteration product of
iron-bearing minerals such as magnetite, ilmenite and biotite.
Hematite occurs as microcrystalline agglomerates associated
with the matrix, as grain coatings, and as cementing material.

Age

Traditionally, due to the almost total lack of~fossils,
the age of the La Quinta Formation had been uncertain and
considered by many workers to be of Triassic-early Jurassic
(Comisidn Venezolana de Estratigrafia y Terminologia, 1970).
However, the plant remains found by Benedetto. (Perez, 1977)
in the La Quinta type section, Tachira, and in the State of
Trujillo, the palynomorphs found by Padron (1978) in the
type section, and the ostracods described by Perez (1977)

. &

from the limestomnes of the La Quinta Formation in the Pre-

~gonero area indicate a range in age for the sediments of

the La Quinta from the late Triassic to the early Cretaceous.
Padron (1978) and Perez (1977) have concluded, therefore,
that the La Quinta Formation represents deposition during
most of Jurassic time. '

The extreme lateral variation im thickness and the lack
of continuous outcrops, fossils, marker beds or any charac-
teristic correlatable lithologies make difficult any accurate
correlation in the continental sediments of the La Quinta
Formation. 1In spite of this, the top of the La Quinta For-
mation for each of the five analyzed sections can be used
as a datum horizon for correlation purposes (Plate 4). The
reasons for assuming the top to be an approximate time sur-
face are given below.

1. As considered by many workers, such as Gonzalez de Juana
(1951) the La Quinta sediments were uplifted and under-
went erosion at the end of the Jurassic. The end of this
erosional period, which produced a relatively low relief
topography - in:-all of western Venezuela is recorded
by a regional unconformity.

2. Even though the base of the stratigraphic sections of the
La Quinta Formation is also an unconformity (Plate 4), it
cannot be used as effectively as a datum horizon for cor-
relation purposes because the stratigraphic study of the
La Quinta sediments indicates a high relief topography
at the beginning of the Jurassic. Even if the bottoms
were correlatable, not all of the five studied ‘sections
have exposures of their bases. Therefore, their correla-
‘tion would be questionable at best.

As shown in Plate 4, in the study area, the author has
divided the La Quinta sequence into two informal intervals,
upper and lower. The bases for such a subdivision are vari-
able from one to another section and they are:

1. The abrupt variability in thickness in the studied sec-
tions over short distances i.e., between the San Juan de
Colon (1,270 m) and the Angaraveca-E1l Zumbador sections
(3,500 m).

2. The variations in paleocurrent directions displayed be-
tween the lower and upper intervals of the Angaraveca-
El Zumbador and the San Buenas sections.
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ize of the sandstones of the

lower and upper intervals in the La Pulida Section which
increase upward as well as the sudden appearance of conglo-
meratic lenses interestratified with the sandstone of the

upper interval.

3., The difference in grain s

The absence of volcanic debris in the uppermost 620 m of

the La Quinta type section.

As will be explained later on, it is important to mnote
both the fact that not all of the sections of the La Quinta
Formation show the lower and the upper interval and that not
all of the thin stratigraphic sections of the La Quinta For-
mation necessarily represent the upper interval. :

The bases for making these intervals correlatable among

cach of the five studied stratigraphic sections are:

n on Plate 4.

1. Stratigraphic relationship of the units show

2. The whole 1,270 m of the San Juan de Colon section dis-
play similar paleocurrent directions of transport that
the upper interval of the Angaraveca-El Zumbador sectionj
therefore, it is considered correlatable with the upper
interval of the Angaraveca-El zumbador section.

ence of volcanic debris in the lower interval
ted by currents flowing from

16) where the volcanic focus

supposed to be (Padrom, 1978). This assumption is
supported by some paleocurrent components of the lower
interval of the Angaraveca-El zumbador section. There-
fore, this interval for both sections should be correla-
table. The lack of volcanic materials upward in the La
Quinta type section could be due to a change in source
area during the depositional time of this interval. This
is also indicated.by the change in paleocurrent direc—
tions which took place between the lower and upper in-
terval of the Angaraveca-El 7umbador section (Figure 16).

3. The pres
can be considered as deposi

the north-northwest (Figure
are

ome similar paleocurrent components in

1 of the Angaraveca-El Zumbador and the
dicate the same transport directions
two sections, therefore, this
d as having been deposited at

4. The presence of s
. the lower interva
La Pulida sections in

for this interval in these
interval could be considere

the same times.

t directions of the lower in-

5. The average in paleocurren
be considered as

terval of the La Pulida section can

1,610 m

2400m
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similar to the average of the transport direction dis-
played by the sediments of the lower interval of the San

Buenas section.

6 The ubward change in paleocurrent direction in the San

Buenas section indicates that some sort of téct?nlc .
event -took place during the dep051t1anqf/;h%s41g;erY§_.
This is also recorded by the increase in grain size 0
the sandstone of the uppermost 550 m of the La Pulida
section.

Deﬁositional'Envirdnments and Paleogeography

General Statement

In this section, the environmental interpreFaFiOni of-
previous workers and the author's proposed dep951t10n§ en_
vironmental reconstructions are base@ on the lltholzglzdif
semblages, geometry of sandstong boqles, the type zic: .
mentary structures, and .the graln size gharacterli.on ;re
though continuous outcrops of the La Quinta FQF?E the e il
generally obscured,. field eV1dence,.together w1.f .Cks ot
graphic analysis, indicates that.thls sequence 0 io )
general, was deposited in a continental environment.

Environment Interpretations

The La Quinta Formation has been described’bydményUzzzig
ers, such as Sutton (1946) and Rivero (1?56) (glFe izh sech
and Fierro, 1972) as having been.of flgv%al origin w t oged
radic marine invasion. This marine or%gln has bei? ) zgnesj
because of the presence of calceregus intervals g 1mesd nes
in some sections such as the ;adQulnﬁiggggeazzc;zzzza?lg77)

ion. However, Padzron )
izeigzziowiiitéZscribed the ostracods found in the limestones

as being fresh-water species.

In the study area, the Jurassic sediments-are domlzzfed
by terrigenous deposits consist%ng of cong%omerates, s?n ce-
stones, iltstones and shales with local l%meztgne;édium_ e
neral, the measured sectiogs azeoghiizcii;;zzeldzpar tume 0

ine- i andstones. ase :
iigeoiriizeinZularity and poor sor?ing of the conglo?zrzgzied
and sandstones of the studied sections, these.Were clas
as immature or submature arkoses.
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The La Quinta sedimentary rocks in the studied area
were divided into two informal intervals (Plate 4). Des-
cription of their distinective lithologies and associated
depositional environment in each of the five measured sec-
tions are given below.

La Quinta Formation: Lower Interval

Based on the results of this study, the author considers
that the entire 1,270 m thick of the San Juan de Colon sec-
tion (Figure 5) represents only.the upper interval. There-
fore, sediments which should -represent the lower interval
were probably not deposited in this area.

The lower interval in the Angaraveca-El Zumbador sec-
tion (Figure 7) is 1,783 m thick and consists of a lower unit
of current-bedded conglomerate interbedded with arkosic sand-
stone. The presence of conglomerates suggests that deposi-
tion occurred in longitudinal channel bars of braided streams
in an alluvial fan (Ore, 1964). This unit is overlain by
400 m of fine- to medium-grained sandstones and siltstones,
the latter being the major lithology. The cross-stratified
sandstones occur as lenses in the siltstones. This unit seems
to represent cut and fill by streams on a flood plain. The
grain-size change in these sediments represents a prevalent
environment of low energy with periods of sudden high water
discharge. The top of this interval is made up of fine-grain-
ed, trough, cross-stratified sandstones. The range exhibited
by the paleocurrent directions in this interval varies from
N35E to E and from E to S25W averaging due east (Figure 16).

The lower interval in the La Quinta type section con-
sists of 150 m of structureless tuff, overlain by 800 m
principally of siltstones, with some tuffaceous sandstones,
lenses of tuffs and conglomerates, and fossiliferous lime-
stones. The characteristic features of this interval are
structures such as parallel laminations, raindrop imprints,
and mudcracks in the siltstone beds, as well as tuffaceous
and conglomeratic lenses included in the siltstones. Plant
and fish remains, as well as ostracods, are also present
in this unit. Also characteristic of this interval is the
abundance of tuffaceous material interbedded with the sedi-
ments. This unit seems to represent a .flood plain cut by
streams and with local ponding of the drainage. The flood-
plain environment is suggested by the abundance of siltstone.
The presence of interbedded sandstones in the flood-plain
siltstone results from lateral channel accretion. "The rain-
drop imprints and mudcracks constitute the best indicators of
intermittent subaerial exposure of a sedimentation surface
(Reineck and Singh, 1975)." :
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In order to explain the presence of limestones in some
sections of the La Quinta Formation, the writer considers
the possibility of ponding of drainage by several processes.
Among them is the theory proposed by Padron (1978) that dis-
organization of normal drainage was due to tuffaceous debris
which choked the streams. The author considers that such a
process was not widespread throughout the area, since in the
Pregonero region, another area where the existence of lime-
stone is known, .there is mno volcanic evidence. Therefore, a
possible explanation applicable to this area is ponding by
warping of the basin. Another possibility is the presence
of low relief areas adjacent to the Pregonero and La Quinta
regions which were subject to high seasonal runoff. This
runoff would have produced inundation. of the flood plain,
leaving ponds once the streams returned to their original
stream channels. The presence of the tuffaceous channel near
the top of the interval (Figure 11) can be explained by in-
creased volcanic activity which produced the accumulation of
large quantities of easily erodable pyroclastic debris. The
precipitation runoff would have then quickly become choked
with sediments and the stream would have begun depositing
the material as channel fill.

The lower interval of the La Pulida section (Figure 12
and Plate 1) is made up of 790 m of mostly siltstone inter-
bedded with thin beds of sandstones. Red and gray colors
are interstratified throughout this interval. The structures
observed included parallel laminations in some siltstone beds,
convolute structures in the fine-grained sandstones, as well
as trough cross-stratified sandstones. The grain size of the
sandstone beds present in this interval is mostly fine-grained.
This interval is similar to the lower interval of the La Quinta
type section, with the exception of the finer grain size 1in
this section and the absence of volcanic debris. Therefore,
the depositional environment is assumed to be the same as that
of the lower interval of the La Quinta type section, except
for the absence of ponding at La Pulida. The general fine-
ness of the water-laid sediments of the La Pulida section
could indicate that the energy of the transporting streams
was too. low to transport gravel. The directional features
of this interval indicate an average in paleocurrent direc-
tion of N10E (Figure 16). :

The lower interval of the San Buenas section, 790 m
thick, is characterized by red or gray siltstones and shales,
even though sandstones are also present as tabular beds and
lenses. The siltstones show parallel laminations and the
sandstones display mainly cross—-stratification, although in
some fine-grained sandstones convolute 'structures were ob-
served. This interval can be distinguished from the La Pulida
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zzgt:ﬁzlzngeEZe La Sﬁ%nia type section because the siltstone
are thicker, because of the i
. presence of t
iérk gray shale beds which do not occur in the other twoh:Ck
10;;, and because the bottom of the sandstone. lenses contzgn
zga . amounts of organic matter. The paleocurrent directions
tigp gyed by t@e élrectlonal features of the sandstones of
(fizuigtigya% 1nd1ca§§ a variable easterly current direction
gure- 16 rom nor to south-with a probable
0 le average due=—
;§St£h In general, the-prev1ously mentioned lithologygis csm—
n roughout the entire San Buenas section. Therefore, the
b

environmental interpretation will b i
- e ex 3 -
tion of the upper interval. plained in the descrip-

La Quinta Formation: Upper, Interval

’The.entire 1,270 m thickhess of the San Juan de Col
section including the eroded uppermost 350 m (Figure 5? 7
presents ?he upper interval. This interval mainly consisie_
of red, fine-grained sediments, although sparse red c 1 °
meréte lenses .are interbedded in the section. The vong 27
g¥a1ned gandstones show parallel laminations and theery i
f%ll medium-grained sandstones are internally cross—szszz?-
fied. The Qirectional features of these sandstones indi l;
an average in paleocurrent direction of N43E. The 1ith;§a ,
and‘assoc1ated sedimentary structures suggest a depositi Og{»
e?v1ronm§nt consisting of braided streams charactegiz dlgna
flne—gra;?ed-sediments; ' Based on the grain size and o 1 .
current:dlrections (Figure 16), the author believes tga 5o
coarser sediments were not available to the streams o

] The_upper interval of the Angaraveca-El Zumbador sectio
begins with a medium-grained (689 m thick) sandstone uﬁit ?
Some sandstones of the Angaraveca-El Zumbador section arer
wedge-shaped and represent the external expression of trans-
verse bars (Ore, 1964), whereas other cross-stratified sand-
stoges represent channel deposits. The fine-grained parallel
1am%nated sandstones represent channel-fill or overbazk de—e )
posits. The qharacteristic‘structures.are load casts; Par-
allel laminations; tabular or trough cross—stratified,sand—
stone§;a9d scour features produced by small channels Th
Of’thls 1ntgrval is composed of red siltstones ‘and séal ® rer
which contain pseudonodules (Figure 6). This litholo o
p¥esenFs flood-plain deposits. The average in aleocgy ent
directions for this interval is N5W. (Figure 16)p urrent

) The upper interval of the La Quinta type section con-
sists of sllt§tones and fine- to medium-grained sandsto
the former ?elng the predominant rock type. 'The onl szis,
tures described by Padron (1978) were symmetrical, siall e
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siltstone

ripple marks in the siltstones and cross-lamination in the
sandstones, although he did not measure any paleocurrent
directions. The finest sediment should represent a flood
plain deposit. Lateral accretion of the streams is' repre-
sented by the cross-stratified sandstones.

~ Shale or

deposits
ndstone
deposits

Laterai accretion

Vertical accretion

Explanation

5% Conglomerate
415 Sa

Modified from

mod{fied from
Bull, 1972
Allen, 1965
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-4
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-
=

1965

The upper interval of the La Pulida section consists of
a lower unit 405 m thick of fine- to medium-grained -sand-
stones interbedded with thin siltstone beds. Because the
cross-bedded sandstones were inaccessible or badly weathered,
no paleocurrent directions were measured. Sparse conglomerate
lenses are also present in this interval and the top is made

up of siltstones.

SIOWING CONF IGURATION

BLOCK DIAGRAM
OF THE DLPOSITS

The upper interval of the San Buenas section is made up
of the same lithology as the lower interval, with the only
difference being the absence of abundant shale bed at the
bottom of the section and the change in the paleocurrent di-
rection from east, for the lower interval, to s15w, for the
upper interval. The common structures in this interval are
ripple marks, lenses of cross-stratified sandstomnes, and

: load-cast structures at ‘the bottom of sandstones overlying
siltstones. Also noticeable is the presence of small amounts
of organic matter at the bottom of the sandstone lenses (Fig-
the other sections. Although al-

’ ure 15) and its absence in
; most the entire section is characterized by sandstone beds
overlain by thick flood basin deposits, distributed in the

section are some thick sandstone units (Figure -14) made up of
f lenses of fine- to mediumfgrained-sandstone, separated by thin
: beds of carbonaceous shale or siltstones and thin wedges of
fine-grained sandstones. within flood basin deposits. The
presence of these fining upward sequences in this section may
indicate sedimentation in iow relief areas farther from the
uplifted source areas in a meandering stream environment.
Based on Walker (1979), the first two sequences previously
described should represent meander loops abandoned by neck
cut-off (for the former), which is characterized by a thick
sequence of overbank deposits (vertical accretion), and
meander loops abandoned by chute cut-off (for the latter),
V which is characterized by a thin seguence of overbank depo-
The thin wedges of sandstone into flood basin deposits
deposits.
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COLOR
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PHYS10GRAPHY

In summary, the lithologic data (Table 1) of the San
Juan de Colon section, Angaraveca-El Zumbador section, La
Pulida section, Pregonero section, and the La Quinta type
"section denote cut and fill by streams on a flood plain,
where the flood plain deposits are represented by the finest
sediment, siltstone oOT shale and the channels by scour-fill
sandstone internally cross-stratified (Figure 6). These
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types of lithologies and their sedimentary structures, to-
gether with the relative proximity to positiVe areas which
were tectonically active, indicate the presence of a system
of braided streams in these regions during the Jurassic.
These braided streams are characterized by a moderate flow
regime indicated by the presence of trough cross-stratified
sandstone and a lower flow regime suggested by the parallel-
laminated, fine-grained sediments (Reineck and Singh, 1975).
Variations in sedimentation caused by flooding are represent-
ed by increasing or decreasing grain sizes, observable in the
outcrops of the sections as well as from section to section.
The presence of coarse sediments interbedded in the sections
recurrent high water discharge rather

suggests a sporadic, '
than a continuous flow regime. The presence of sandstone

units made up of scour-fill sandstones internally cross-—
stratified (Figure 6) which are included in siltstomnes, sug-
gests that the sandstones were deposited by high energy.
streams which rapidly switched depositional sites. As pre-
viously mentioned, the lithologies and the sedimentary struc-
tures displayed by the San Buenas section suggest that sedi-
mentation took place in an area of low relief characterized
by a meandering stream environment. The gray-colored sedi-
ments together with the presence of organic matter denotes
sedimentation in a more strongly. reducing environment in this

area.

Lithofacies and Paleogeography

17 and 19 illustrate the paleocurrent directions
f the lower and upper intervals
Figures 18 and 20 show the inter-
he deposition of the two inter-

. Figures
and distribution of facies o
of the La Quinta Formation.
preted paleogeography during t
vals in the study area.

The coarsest-grained facies and the sediment transport
directions obtained by cross-bedding measurements in outcrops
of the La Quinta Formation together with the presence of
thick sequences, suggest that streams flowed off of uplifted
blocks and deposited the coarsest material closest to the
source area, that is at the Angaraveca-El Zumbador and Prego-

nero areas (Plate 1).

ures 17 and 18 show the facies map, the paleocurrent
directions, and the interpreted paleography for the lower
interval of each section. The lower interval for the Angara-
veca-El Zumbador section is mainly characterized by a high
percentage of sandstones and conglomerates. The directional
features of these lithologies indicate a widespread range of
paleocurrent directions with a general trend eastward. The

Fig

I‘/
1/

)
!

/

EXPLANATION

Direction

% Pateocurrent

-
P -

«» Outline of present outcrops

of the La Quinta Fm.

Section number

0

£

Thickness of the La Quinta in m,

I000 cpPg Radlometric anomaly
Percentage of sandstone

iy

v

X
=
Qo
015
»
o

conglomerate

Volcanic tuff

*

Radiometric Backaround.: 120 CPS

‘.
I

Interval

Figure 17

Facies Map - La Quinta Fm. Lower

-87-



[ )]
¥ [}
17
®
>
e
L 2 0o
o £
e DG
o g ¢
c © c o
w T £
T (o]
OSQ'<UQH
w = v £r=
4 0w S0
m]_ Q) m)
w o S L

10km

5

Figure 18

the

Paleogeography of

Interpreted

interval

lower

-88-

-89~

La Quinta type section is characterized by a mainly siltstone-
tuffaceous facies whereas the La Pulida section consists of
fine-grained sandstone and siltstone, with an average in paleo
current direction of NI1OE. The San Buenas section, made up of
mainly siltstones and shales, shows a paleocurrent average to
the east. Based on Perez's (1977) lithologic description,

the lower part of the Pregonero section consists of sandstone
and -boulder conglomerates with -minor amounts of siltstones

and shales. From the data of this interval, together with

the interpreted environemnt of deposition for the studied sec-
tions, the author coensiders that a braided stream system was
present in the study area during the deposition of the lower
interval represented by the lowermost sediments of the Anga-
raveca-El Zumbador section, the La Quinta type section, the

La Pulida section and the Pregonera section. This system
changed to a meandering channel facies toward the low relief
area of the San Buenas section. The paleocurrent direction

of each of the sections indicates source areas for this in-
terval located to the west-northwest (Angaraveca-El Zumbador
section), to the southwest (La Pulida section) and probably

to the north-central part of the Pregonero section . All

the data could be integrated in the paleogeography shown on
Figure 18.

Figures 19 and 20 show the facies map, the paleocurrent
directions and the interpreted paleogeography and paleoenvi-
ronments for the upper interval of each section. The San Juan
de Colon section, located in the west portion of the area, is
characterized by fine-grained sandstones with directional
features that indicate an average of N43E. The Angaraveca-
El Zumbador section is characterized by a sandy facies. The
paleocurrent directions indicate a shift in the transport
directions to the northeast. However, minor contributions
from a highlands located to the west-central part of the
study area could have occurred, as displayed by some paleo-
current components (Figure 16). The absence of volcanics in
the upper interval of the La Quinta Formation can be explain-
ed on the basis of changes in the pattern of sediment trans-
port directions that took place between the upper and lower
intervals produced by tectonic activity. Based on the paleo~
current direction displayed by the lower interval of the Anga-
raveca-El Zumbador section the most likely is that sediment
transport for the lower interval of the La Quinta type section
was from the northwest, the assumed location of a volcanic
center during the early Jurassic. During the deposition of
the upper interval, the major sediment influx came from the
southwest (Figures 19 and 20). Therefore, the disappearance
of volcanic debris in the upper interval of the La Quinta type
section can be attributed to changes in direction of paleocur-
rents, rather than to sudden cessation of volcanism , even
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can also be considered. The up-

ward coarsening of the grain size shown for the La Pulida
section, the change in paleocurrent direction showed by the
directional features of the sandstones of the upper interval
of the San Buenas and - the Angaraveca-El Zumbador section,
the absence of tuffaceous material in the uppermost 660 m

of the-La Quinta type section sugggst‘that,sedimentation
during sometime in the Jurassic was affected by tectonism
entral block and an

that produced the uplift of a west-c
"en echelon" fault system to the west of the area (Figure
20). The whole 1,270 m of the San Juan de Colon section

was deposited in one of the troughs developed by this "en
echelon" fault system, whereas other pre-existent troughs
containing deposits of the lower interval were either re-
ceiving sediments or were uplifted and underwent erosion.
This could explain the great variability in .thickness dis-
played by this formation, even its absence in some parts of
the study area (i.e., the central part of the study zomne,

Plate 1).

though such a possibility

The whole San Juan de Colon section is considered to
represent the upper interval because the paleocurrent di-
rection displayed by the directional features of the sand-
stones is N43E, which matches with the paleocurrent direc-
tion of the upper interval of the Angaraveca-El Zumbador

section.

Based on. Shagam (1972), the whole sequence of the La
Quinta sediments were deposited on horsts and grabens. At
least in the central part of the study area, this type of
structure seems .to play an important role during the deposi-
tion of the upper interval (Figures 20 and 21), although it
is possible that such structures produced the uplifting of
the source areas at the margins of the study zomne during

the deposition of the lower interval.

the lithofacies and paleocurrent map of
the lower interval (Figure 19) suggest that during the ‘de-
position of this interval, the uplifted areas were located
in the Angaraveca-El 7umbador and Pregonero regions, where-
as the rest of the area constituted a depositional basin
(Figure 18) drained by rivers which came from the northwest,
west and southwest depositing gravel and sand as braided
stream deposits in alluvial fans in regions close to the
source area (Angaraveca-El Zumbador and Pregonero regions)
and depositing sand and siltstone as braided deposits far-
ther from the source area (La Pulida section and La Quinta
type sectiom). Finally these streams graded to meandering
streams in the low relief area of San Buenas. Therefore,

the author considers that t

In summary,

he lower interval of the La Quinta
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Formation was deposited everywhere in the study area excep§
in the highland located to the west and north-central portion
of the study zone which probably were uplifted by faults

(f£,, £, and f3, Figure 18). The fault numbered 1 is under-
1a%n b% cretaceous sediments (Plate 2).

“The upward coarsening of the grain. size shown foerhe
La Pulida section, the upward change in paleocurrents dis--
played by the Angaraveca-El Zumbador and the gan Buenas sec-
tions suggest that sometime during the Jurassic sed}menga—
tion was affected by tectonism which produged-reactlvatlon ‘
of old structures (fault 1) and the formation of new faults
probably Seboruco (f4), Bocono® (£ ) and f - The Seboruco
fault (f4) and fault'l formed an "én echelon fault system
whereas the remaining faults (f and £ ) formed a west-cen-
tral horst (Figure 20). This wést—cengral block §1y1ded the
area into two depositional basins where'thefdep051tlon of
the upper interval took place.. ?he se@1ment§of the lower
interval of the La Quinta Formation whlch'were located on
the horst block underwent erosion. In thils way, the abse?ce
or thinning of sectioms (Plate 1) of the La Qu1nta‘Format%on
could have been produced. In the'graben§, the‘sedlgentatlon
was either continuous or began for the flrst‘tlme (i.e., at
the San Juan de Colon Section). This tectonism also brought

a change in the location of source areas.

Oon the basis of the analysis of the actual fault system
of the area (Plate.l), ‘the author believes that the absence
of the La Quinta sedimentary rocks in some places can be ex-
plained as being simply uﬁexposed due to the down-drop of
these areas by post-depositional fau}tlng'rathe? thgn byf
selective sedimentation of the La Quinta Foermation 1n dif-
ferent horst and grabens as suggested by many workers (e.gi,
Shagam, 1972) at least for the study area.

In spite of this interpretation, the author believes

that other detailed work in the area and gdjacent regions
should be done in order to confirm or modify the present

interpretation.

Sediment Source

The main sources of detritus for the La guinta sediments
were the Precambrian-paleozoic rocks éxposed in ngarby ugf_
lifted areas, Jurassic volcanic materlal.and pos§1b1y sedi
ments of the lower interval of the La Quinta sedimentary

rocks.
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The Precambrian and Paleozoic sources are indicated by
the pebbles of granite, quartzite, phyllite, biotite schist
and slate that occur in the conglomerates, as well as by the
mineralogic composition of the analyzed samples and tuffs
located at the lower part of the La Quinta type section.

. ..The-minerals identified through the microscope were ...
quartz, which display either straight or undulose extinction
and mineral or vacuole inclusions, micas (mugcovite or bio-
tite), and feldspars which are commonly plagioclase. This
plagioclase alters to either calcite or sericite; therefore,
it is possible that this plagioclase is calcic. This type
of plagioclase is extremely unstable in sediments and com-

monly is an indicator of concurrent volcanic -activity (Folk,
1974). :

The previously menticned quartz types seem to have a’
metamorphic origin, except for the quartz with mineral in-
clusions which are most likely of pegmatitic origin.

In regard to the sediments of the lower interval of
the La Quinta Formation as a source of sediments, the author
did not find any clear evidence of it. However, Perez (1977)
in his mineralogic description of the conglomerate of the
Pregonero section pointed out "sandstone" fragments.

Climate‘and,Color»

The presence of illite in the samples analyzed, the
abundance of mica in sediments of some sections, the preser-
vation of some sedimentary structures such as raindrop im-
prints and mudcracks, the red color O©f the sediments and
absence of preserved plant debris, as well as the presence
of braided-stream deposits, suggest an arid to semi-arid
climate. In regard to the presence of raindrop imprints
and mudcracks, Reineck and Singh (1975) state that these
structures have better chances of preservation in areas re-
ceiving only occasional rain. They have been reported main-
ly on continental deposits in arid and semi-arid climates.
In addition, the presence of the braided-stream channel de-.
position suggests high seasonal runoff. The abundance of
mica in sediments of some sections may attest to the general
inefficiency of chemical weathering in the source area and
also suggests an arid climate.

Sediments in the analyzed stratigraphic sections repre-
sent channel and floodplain deposits, some of which accumu-
lated on well-drained slopes favorable for oxidation and
coincident destruction of any included organic material.
Other sections, like La Pulida, San Buenas, and the La Quinta
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type section, show evidence of the presence of.both oxidiz-
ing and reducing conditions, where the former 1s repregent—
ed by reddish-colored sediments and the latter ?y graylgh
or greenish colors. The red color of the La Quinta segl—
ments is due to hematite, which, as Walker (1967) has de-
monstrated in his study of Pleistocene rgd bedsi comes frgg
the alteration of iron-bearing minerals }p‘;gr;;gggyysrse i-
ments by the action of oxidizing i?terstltla% ground Vatiié
He also explains that there is a dlfference in color‘zn-
sequence due to a variation of the.1ntefestratal f%UI t;n
Eh and pH. In summary, based on Walker's hypptheswé : Z
red color was developed in situ ; the?efore, t@e red be z
are not deposited with the red coloration. It 1s acquire

later from diagenetic processes.

In contrast, Van Houten (1968) deécribes:;he p%gmeni
hematite as being created by transfermlgg ferrous m%nezies
to ferric minerals after a long wetherlng process in e
source area that forms lateritic soils. Later these 1roand
minerals in the ferric stage are gr?ded-from the soulfcerals
transported to the basin of deposition where these mine
give the red coloration to the sediments. .

The author believes that Walker's red-bed—formlngfmoiel
best fits the La Quinta situation'beca?se most‘ofltheltaied
tors pointed out by him, such as 1lmen1te’part%al yba rin
"to leucoxene, magnetite replaced by @ematltg, 1ronareglCi§m
silicates altered to clay minerals, iron ox1d§, an caAlS0
carbonate, were observed in the La Quinta sedlments.b X_,
the difference in color in the same sequence cannot be :S
plained as a change in source rocg because the sou;cerwd
always the same during the Jurassic. Therefore, the re

coloration of the La Quinta sediments was developed in situ .

-97-

ECONOMIC GEOLOGY

- Geochemistry of Uranium

Uranium is a lithophile element and as such it is con-
centrated by processes active in the erust. Because uranium

~“has - a - propensity to—concentrate in silicic rocks and—in sedi—-

ments, it is widely distributed throughout granites, arkosic
sediments, black shale, etc. De Voto (1978) pointed out that,
"through magmatic differentiation, uranium is relatively con-
centrated in acidic and alkalic volcanic ashes, ash-flow
tuffs, and volcanoclastics units." All these rocks have been
suggested as possible scurces of uranium for many deposits
throughout the world. The estimated average uranium content
of granite is between 3 and 5 ppm,

The migration and distribution of uranium during weather-
ing and sedimentation is intimately connected .with processes
of oxidation and reduction., Therefore, it is important to
know the chemistry of the groundwater because uranium is moved
by groundwaters through rock of relatively high permeability
until it is precipitated in a reducing environment. Accord-
ing to Best (1973), "the pH in natural groundwaters ranges
from 5 to 9 and the Eh from +0.4 to -0.43; it also contains CO,.
Therefore, the uranium comg}exeslusually found in these waters
are UO,OH , UOZ(CO )2 2H2@ , and uraninite, U02". Langmuir
(1977) "states "the uranium in natural waters is usually in the
form of complexes; these complexes greatly increase the solubil-

ity of uranium and the mobility of uranium in surfaces and

groundwaters".

Exploration for Uranium in the La Quinta Formation

This study is the first attempt to evaluate the uranium
potential of the La Quinta Formation in Venezuela. The La
Quinta Formation seems to have all the favorable conditions
for uranium deposition. The arkosic rocks derived from meta-
morphic and granitic rocks were deposited in a continental
environment by fluvial streams in a semi-arid climate. Vol-
canic ash is abundantly present in the La Quinta strata there-
fore, the La Quinta Formation has been preoposed as a possible
target for uranium exploration in Venezuela, even though
abundant significant radioactive anomalies have not been found
yet. However, in Colombia, rocks of the Giron Group, which
have been correlated with the La Quinta Formation, display
important radioactive anomalies.
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Only two very local radiometric anomalies associated
with sediments of the iower interval, were det§cted. One
of these anomalies occur at the La Pulida section and an-
other at the San Buenas section (Figure.16 and Plate 4). At
the La Pulida section a small radiometric anomaly, ?00 cps
in a background of 120 cps,(scintillomgter egploranlum,
model GRF-101) occurs in gray fine—gralned s%lty shgle of_
the flood plain deposits (Figgre 12). Associated w1ph1t288
anpmaly is minor copper staining. The other Qnomaly, .
cps in a background of 120 cps occurs at the San Buenas sec-
tion in organic matter present at the bottQm;of the light
gray or white, mediumegrained, cross—-stratified sandstoge
lenses of the meandering facies (Figure 1?). No anomalies
were detected in the areas where the sections of the éngara-
veca-El Zumbador, the San Juan de Colon, or the La Quinta
type sections are located. :

Based on the facies maps obtained for the'two intervals
(Figures 17 and 19) and on the presence OE absence of redgc—
tants, the best places to search for'uranlum ocecurrences 1n-
clude the facies change to finer sedl@ents that occur between
the La Pulida and the San Buenas sections, between the Prego-
nero and the San Buenas sections .and betweeg the Angar§veca-
E1l Zumbador section and La Quinta type section. Not w1thstand—
ing that the radiometric anomalies were detected at the_lower
interval, the author suggests to.seargh the whole sectlo;s,
located in the places previously mentioned.. Unfor?unate Vs
much of the La Quinta Formation between the La Pulida and
San Buenas sections is not exposed because 1t has been dozn—
dropped as’' a result of faulting. -Based on the pregenci o .
reductants in the San.Buenas section and Probably 1nkt ihsu
rounding zones, within a radius of'approx1m§tely 20 m eze
seem to be favorable target areas.. As preV1ogsly megtloge :
organic matter and pyrite were both obseryed in t@e an hue
nas section and only pyrite in the La Pgllda section. The ;
presence Oof pyrite and grayish or g?eenlgh golors in some o}
the analyzed sections (i.e., La Pglldg) 1nd1c§t? reduc1Eg
conditions with alternation of oxidatilon CQndltlons such as
those represented by the red beds present in the same sequence.

In regard to the possible uranium's?urces, th; auzzzr
suggests two possible sources: 2 granltlc gource orf . he
sbuthwestern sections and a gran1t19+volcan1c.source ord
north-northwest sections. A volcanic source 1s suggest; .
for the northern avea because of the occu¥r§nces of t9f acegu
sediments in this area. Even though c9nd1§10n~of sed%megté
tion and source are favorable for uranium to be depos%te in
the area between the Angaraveca—El Zumbadgr and La Qulnt? type
sections, oxidation in this area is more 1lntense. ?here ;Ze
if uranium migrated and was deposited, such a d§p051t wou
be gone because of the destruction of the organic matter by .
oxidation in that area.
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CONCLUSIONS AND RECOMMENDATTIONS

Conclusions

 Several conclusions relative to the stratigraphy and
tectonic events, as well as uranium occurrences, in the La
"Quinta Formation in north-central Tachira have been deter-
mined on the basis of a detailed analysis of five sections.

1. The La Quinta Formation in the study area shows a vari-
able thickness ranging from 0 m to up to 3,400 m.
Among the five sections, the thickness ranges from up
to 1,200 m in the San Juan de Colon section to 3,400 m
in the Angaraveca-El Zumbador section.

2. The Jurassic sedimentary trocks of the La Quinta Forma-
tion are dominated by detrital deposits consisting of
red and gray conglomerates, immature or submature
arkosic sandstones, siltstones, shales, and local lime-

stones deposited in a continental environment by a flu-
vial system.

3. The San Juan de Colon section, the Angaraveca-El Zumba-
. dor section, the La Quinta type section, the La Pulida
section, and the Pregonero section were deposited by
braided streams, whereas the San ‘Buenas section was de-
posited by meandering streams.

4. The main sources of detritus for the La Quinta sediments
were: Precambrian and Paleozoic recks exposed in nearby
uplifted areas, Jurassic volcanic material, and probably

sediment of the lower interval of the La Quinta Forma-
tion.

5. Based on the sedimentary characteristics displayed by ,
the La Quinta Formation in the studied sections, two in-

formal intervals, upper and lower, have been . established
for the formation in the study area.

6. The lower interval of the La Quinta Formation was depo-
sited everywhere within the study area, except in the
high-land areas located to the west and to the north-
central portion of the study zone.

7. During the deposition of the lower interval, the whole
study area constituted a large depositional basin drain-

ed by a fluvial system with a general transport direc-
tion to the east.
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8. The changing sedimentary characteristics between the two
intervals suggest the occurrence of a tectonic event
that produced horsts, grabens, and an "en echelon™ fault
system in the area. '

9. The time of deposition in the Jurassic of the lower and
upper intervals, as well as the occurrence of the tec-
tonic events, is uncertain. Presumably, faulting pro-
duced the uplifted blocks located at the west and north-
central margins of the study area at the beginning of
deposition of the lower interval.

10. Tectonic activity occurred after the deposition of the
lower interval which produces a west-central block which
divided the area into two main basins of deposition.

11, The upper interval of the La Quinta Formation was depo-
sited in a structural framework of horsts and grabens,
thereby restricting the areas of sedimentation to the
troughs and the sediment source areas to the horsts.

12. An arid or semi-arid climatic condition for the deposi-
tional time of the La Quinta sediment is suggested by
the presence of illite and the preservation of mudcracks
and raindrop imprints, as well as by the presence of
braided stream channel environments of deposition. This
_suggests that there may have been high seasonal runoff.

13. The red pigment of the La Quinta sediments is due to the
hematite produced by alteration of the iron-bearing min-
erals in situ.

14. The presence of a meandering stream facies and of re-
ductants in the -San Buemnas area make it a favorable tar-

get area for uranium exploration, as well as the surround-

ing area within a radius of approximately 20 km.

15.. Two possible sources of uranium have been determined:
volcanic and granitic detritus.

Recommendations

During the fieldwork, only two local radioactive anom-
alies were found by the author. The first one is associated
with gray, cupriferous, silty shale in the La Pulida section,
and the second one is associated with a whitish, carbonaceous,
pyritiferous sandstone channel in the San Buenas section.
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thure exploration for uranium deposits in the La Quin-
ta sediments would be facilitated by recognition of the fea-
tures mentioned previously in the subsurface or in outcrops.
Therefore, the author (based on De Voto's paper 1977) would

recommgnd, as a first stage in further exploration, that the
following be done: ‘

1. A detailed geologic map covering the different outcrop
areas of this formation along with an alteration map.

2. A hydrogeoGhemical survey to understand the grdund—water
hydrology in the areas chosen as targets by the first
step.

3. For this specific case, radon and helium soil-gas surveys
may be ‘helpful for selected sites. .

b. A study of the chemistry of the pre-Mesozoic granitic

bodies and of the Mesozoic volcanics to determine uranium

~content of these probable sources.
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T-2249 PLATE 1
GENERALIZED GEOLOGIC MAP?
OF STUDY AREA
(North—central part of
Te the state of Tachira, Venezuela)
9___1___§I(|n.
- r it al ® Taken from many sources. See text: - - C.- Tarache, 1979
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T-2249 PLATE 3
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SAN JUAN DE COLON
SECTION NO. !

CORRELATION OF FIVE MEASURED SECTIONS OF THE LA QUINTA FORMATION
STATE OF TACHIRA,VENEZUELA

ANGARAVECA — EL ZUMBADOR

SECTION NO.2
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