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ABSTRACT

Results of new mapping combined with geochemical 
and U-Pb isotopic data provide a framework for the geology, 
age, and origin of gold deposits in the Lo Increible mining 
district of the Guayana Shield of eastern Venezuela. Gold 
deposits within the district are shear-zone-hosted lode 
deposits restricted to a major ductile transpressive shear zone 
that has developed a strong S-C mylonitic fabric, sigmoidal 
boudinage, and small-scale folds. Dextral oblique slip thrust 
(or reverse movement) in the shear zone has placed older 
tholeiitic metabasalt of the El Callao Formation over 
younger quartz-biotite-muscovite schist of the Yuruari 
Formation, both of the Early Proterozoic Pastora Super­ 
group. The gold deposits formed as discontinuous quartz 
veins parallel with the tectonic foliation within the zone.

Zircon mineral separates from the Yuruari Formation, 
which forms the upper unit of the Pastora Supergroup, yield 
a U-Pb age of 2,131±10 Ma. This is the first published U-Pb 
zircon date of the Pastora Supergroup in Venezuela and con­ 
firms the Early Proterozoic age for greenstone-belt rocks of 
the Guayana Shield.

Major- and trace-element geochemical data for 
quartz-normative tholeiitic pillow lavas of the Early Protero-
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zoic El Callao Formation have affinity with modern 
low-potassium island arc tholeiite. Calc-alkaline basalt from 
the younger Early Proterozoic Caballape Formation has a 
composition similar to that of low-potassium calc-alkaline 
basalt and basaltic andesite typical of island arc sequences. 
We suggest that the rocks in the region formed in an imma­ 
ture intraoceanic island arc setting that underwent subse­ 
quent oblique dextral thrusting along a northwest-oriented 
axis of tectonic compression.

RESUMEN

Los resultados de la cartografia geologica reciente y 
datos geoquimicos isotopicos por el metodo U-Pb proporcio- 
nan un marco de referencia para la geologia, edad y origen 
de los depositos minerales en el Distrito Minero Lo Increible 
en el Escudo de Guayana. Los depositos de oro en este dis- 
trito son del tipo de veta y diseminaciones encajados en 
zonas de falla restringidas a extensas zonas de cizallas due- 
tiles con movimiento transpresivo el cual ha originado una 
fuerte estructura milonitica del tipo S-C, budinage sigmoidal 
y pequenos pliegues. Corrimientos oblicuos dextrales 
(o movimiento inverse) en la zona de cizalla ha puesto 
basaltos toleiticos (mas viejos) de la Formacion El Callao 
sobre esquistos quarzo-biotitico-muscovitico (mas joven) de 
la Formacion Yuruari. Ambas formaciones pertenecen al 
Supergrupo Pastora de edad Proterozoico Temprano. Los 
depeositos de oro se formaron en vetas discontinuas de 
cuarzo paralelas a la foliacion tectonica de la zona.

Los analisis isotopicos en zircones separados de la For­ 
macion Yuruari, la cual forma la unidad superior del Super­ 
grupo Pastora, arrojan una edad por el metodo U-Pb de
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2,131±10 Ma. Esta es la primera edad isotopica obtenida en 
zircones por el metodo U-Pb para el Supergrupo Pastora en 
Venezuela, la misma confirma la edad Proterozoico 
Temprano para rocas verdes (greenstones) en el Escudo de 
Guayana.

Datos geoquimicos de elementos mayores y elementos 
traza obtenidos de lavas toleiticas almohadilladas con cuarzo 
normative de la Formation El Callao, la cual tiene una edad 
Proterozoica Temprana, tienen afinidad con toleitas bajas en 
potasio originadas en un ambiente de arco de islas. Los 
basaltos calco-alcalinos de la Formation Caballape (mas 
joven) tienen una composition similar a basaltos 
calco-alcalinos bajos en potasio y andesitas basalticas tipicas 
en sequencias de arcos de islas. Las rocas de la region estu- 
diada se formaron probablemente en un arco de islas inma- 
duro intraoceanico el cual fue deformado por corrimiento 
oblicuo dextral a lo largo de un eje de compresion tectonica 
orientado en sentido noreste.

Menendez (1968, 1972, 1974) established the stratigraphic 
framework for the area. The oldest rocks in the study area 
belong to the Early Proterozoic Pastora Supergroup. 
Menendez recognized that the oldest part of the Pastora 
Supergroup is made up of the Carichapo Group, which 
consists of pillow lavas of the El Callao Formation and 
amphibole-biotite schist of the Cicapra Formation; however, 
rocks of the Cicapra Formation are not present in the study 
area. Sedimentary rocks of the Early Proterozoic Yuruari 
Formation, which forms the youngest unit within the Pastora 
Supergroup, structurally overlie the Carichapo Group 
(Menendez, 1968, 1972, 1974). Our mapping confirms that 
the contact between the two formations is faulted. 
Volcanogenic sedimentary rocks of the Early Proterozoic 
Caballape Formation overlie rocks of the Pastora Super­ 
group (Menendez, 1972). Rocks of the Pastora Supergroup 
and the Caballape Formation were regionally intruded by 
diabasic to gabbroic sills and (or) dikes.

INTRODUCTION

The Lo Increible mining district provides a unique 
opportunity to unravel the structural setting of Precambrian 
lode gold deposits of the Guayana Shield of Venezuela and 
to date the Early Proterozoic Yuruari Formation of the Pas­ 
tora Supergroup (fig. 1). Although Gibbs and Olszewski 
(1982) dated rocks equivalent to the Pastora Supergroup in 
Guyana to the east, this study provides the first published 
U-Pb date on zircon from a sample of the Pastora Super­ 
group in Venezuela. The mapping described herein was a 
part of a joint U.S. Geological Survey-Corporation Vene- 
zolana de Guayana, Tecnica Minera, C.A. (CVG-TECMIN) 
geologic field mapping course taught by W.C. Day in June 
1989. R.M. Tosdal provided the U-Pb date on zircon from a 
sample of the Early Proterozoic Yuruari Formation. The 
remaining co-authors participated in the field course.

The Lo Increible mining district is in the eastern part of 
Estado Bolivar, approximately 150 km southeast of Puerto 
Ordaz and 10 km northeast of the El Callao mining district. 
The study area is covered by a thick weathered profile and 
dense tropical jungle vegetation, and thus our observations 
were limited to linear traverses cut through the jungle and 
sites along roads and mines and creek bottoms.

GEOLOGY 

REGIONAL STRATIGRAPHIC SETTING

Rocks of the Lo Increible mining district are Early 
Proterozoic volcanic, plutonic, and sedimentary rocks gener­ 
ally metamorphosed to low grade (middle to upper 
greenschist facies) and to a lesser extent medium grade 
(lower amphibolite facies). Regional mapping studies by

GEOLOGY AND GEOCHEMISTRY OF THE 
LO INCREIBLE MINING DISTRICT

The northern part of the study area is underlain by rocks 
of the Early Proterozoic Yuruari Formation (fig. 2). Rocks of 
the Yuruari Formation are poorly exposed, except in mine 
workings near the shear zone that separates the Yuruari and 
the El Callao Formations in the central part of the study area. 
The southern part of the study area is dominated by a large 
gabbro sill that forms a prominent ridge. The gabbroic sill is 
enfolded within the Caballape Formation.

EL CALLAO FORMATION

The oldest rocks in the study area are basalts of the 
Early Proterozoic El Callao Formation, which forms the 
basal unit in the Pastora Supergroup. This formation is char­ 
acterized by tholeiitic basaltic pillow lava flows (unit Xec, 
fig. 2) and interlayered flow breccia (unit Xecb). The shape 
and orientation of the pillow structures, which are well 
exposed along the highway in the western part of the study 
area (fig. 2), indicate that the unit is upward facing and 
youngs stratigraphically to the southeast in the study area. 
The formation weathers light brown and in many places is 
recognized only by light-brown colluvial soil and float. 
Although regionally the unit is of low metamorphic grade, 
within and immediately adjacent to the shear zone (<250 m) 
in the central part of the study area the El Callao Formation 
has been recrystallized to hornblende-biotite schist of 
medium metamorphic grade.

Two sheets of basaltic breccia lie within the El Callao 
Formation (unit Xecb, fig. 2). These sheets are each about 
50 m thick and contain angular basaltic clasts as much as 15 
cm in diameter in a volcaniclastic basaltic matrix. The brec-
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Figure 1. Location of the Lo Increible study area, Estado Bolivar, Venezuela.

cia sheets formed as interflow breccias within the basaltic 
flows of the El Callao Formation.

Rocks of the El Callao Formation are metaluminous, 
quartz-normative, low-potassium tholeiitic basalt. Plotted on 
a Jensen (1976) diagram, our samples of the El Callao For­ 
mation range from high-iron to high-magnesian tholeiite

(fig. 3A). The Mg-numbers are from about 47 to 63 (table 1), 
typical of tholeiitic basalt (Basaltic Volcanism Study 
Project, 1981, p. 132-192). The rare earth element patterns 
(fig. 44) are relatively flat and are about 10 times chondrite 
in abundance. All of these characteristics are similar to mod­ 
ern mid-ocean ridge, low-potassium island arc, and back-arc



E4 GEOLOGY AND MINERAL DEPOSITS OF THE VENEZUELAN GUAYANA SHIELD

3 KILOMETERS

-400-

Figure 2 (above and facing column). Geologic map of the Lo Increible mining district, north of El Callao, Estado Bolivar, Venezuela. 
Numbered solid circles are sample localities.

basalts (see Jakes and Gill, 1970, p. 19). The proportions of In order to characterize the environment of formation,
MnO, TiC>2, and ?2O5 are similar to those of modern island the trace element geochemistry for samples of the El Callao
arc tholeiite (fig. 3fi). Rocks of the El Callao Formation Formation is compared with that for island arc low-potas-
contain less TiC>2 than tholeiite formed in mid-ocean ridge sium basalt and normal (or N-type) mid-ocean ridge basalt
environments. (MORE), which may have formed in similar tectonic
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environments (fig. 5A). The data are normalized to an aver­ 
age composition for island arc low-potassium tholeiite 
formed near Benioff zones (Holm, 1985, p. 311). A sample 
with a trace element composition identical to that of the aver­ 
age island arc low-potassium tholeiite will have a ratio of 
unity, a sample having lower elemental abundances will plot 
below the unity line, and, conversely, a sample having higher 
abundances will plot above.

Tholeiite of the El Callao Formation is relatively 
depleted in the large-ion lithophile elements K, Sr, and Ce 
but has abundances of the high field strength elements P, Zr, 
Ti, Y, and Yb comparable to those of island arc low-potas­ 
sium tholeiite (fig. 5A). The rubidium concentration of El 
Callao tholeiite is similar to that of island arc tholeiite. By 
comparison, normal mid-ocean ridge basalt (Pearce, 1982, p. 
527) is also relatively depleted in large-ion lithophile ele­ 
ments but has higher high field strength element abundances 
than the El Callao Formation or island arc low-potassium 
tholeiite.

YURUARI FORMATION

The Yuruari Formation is a quartz-biotite-muscovite 
schist containing white quartz pods and veinlets that are par­ 
allel with the foliation. The unit is highly susceptible to 
weathering and forms low-lying topography. Outcrops are 
rare except near mines. The formation has a characteristic 
bright orange to red soil that contains residual pods of white 
quartz. The schist has been metamorphosed to medium grade 
(amphibolite facies), but ubiquitous alteration of primary 
biotite to chlorite indicates retrograde to low-grade (green- 
schist facies) metamorphism. Less weathered exposures 
within the shear zone show that the protolith was dacite and 
felsic volcaniclastic graywacke and locally interlayered 
basalt.

The intensely weathered nature of the Yuruari Forma­ 
tion limits geochemical sampling to determine the composi­ 
tion of the protolith. One sample of the Yuruari Formation, 
although weathered, is listed in table 1 (sample 11). The 
sample plots as calc-alkaline dacite on the Jensen diagram 
(fig. 3A) but has rhyolitic SiO2 content (75.6 weight per­ 
cent). The relatively higher SiO2 may reflect the effects of 
weathering in which other constituents are leached. The rare 
earth element data also suggest similar leaching effects. 
Assuming that the composition of the protolith was generally 
similar to typical shale or graywacke (Menendez, 1972), 
approximately an order of magnitude loss has occurred in the 
abundance of the light rare earth elements (fig. 4fi).

CABALLAPE FORMATION

The Caballape Formation consists of calc-alkaline 
andesite, dacite, and rhyolite tuff and felsic volcaniclastic 
sedimentary rocks that have been metamorphosed to low 
grade (greenschist facies). The formation is poorly exposed 
in the study area; outcrops are in the creek bed adjacent to the 
high-angle normal fault north of the gabbroic sill and at iso­ 
lated locations in the core of the east-plunging syncline in the 
central and southern parts of the study area (fig. 2).

One sample from the core of the syncline in the study 
area is low-potassium calc-alkaline basalt (sample 7, table 1, 
fig. 3A). In the Anacoco area, approximately 100 km south­ 
east of this study area, the Caballape Formation ranges in 
composition from calc-alkaline basalt through dacite (Day 
and others, 1989). In both the Anacoco and Lo Increible 
areas, the major-, minor-, and trace-element content of the 
unit is similar to that of calc-alkaline low-potassium basalt 
and basaltic andesite typical of island arc sequences (figs. 
3fi, 4Q.
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GABBRO

A large gabbroic body (unit Xgb, fig. 2) was intruded 
as a sill and then infolded with the Caballape Formation to 
form an eastward-plunging syncline in the central and south­ 
ern part of the study area (fig. 2). Fresh surfaces are dark 
green to black. The texture of the gabbro grades from 
fine-grained diabasic margins inward to a medium- to 
coarse-grained interior. The gabbro has undergone regional 
greenschist facies metamoiphism. It is relatively resistant to 
weathering and forms outcrops along the prominent ridge in 
the southern part of the study area.

The gabbro is younger than supracrustal rocks of the 
Pastora Supergroup. Several smaller diabasic sills (or dikes) 
are present within the El Callao and Yuruari Formations 
(unit Xid, fig. 2). The relative ages of the main gabbro and 
the diabase sills are not established; however, the units are 
considered coeval.

The gabbro is quartz normative, metaluminous, and 
tholeiitic in composition (samples 8-10, table 1). The 
Mg-numbers are relatively high (less evolved), ranging from 
approximately 65 to 69 (table 1). The gabbro is distinctly dif­ 
ferent from the El Callao Formation in that it has higher 
Mg-numbers and greater abundances of the light rare earth 
(figs. 4A, 4D) and large-ion lithophile (fig. 5B) elements. 
Although the major element contents of the gabbro are sim­ 
ilar to komatiitic compositions (fig. 3A), the light rare earth 
element contents and higher MnO abundances (fig. 3fi) 
show that the gabbro has affinities with calc-alkaline basaltic 
magmas. The calc-alkaline affinity of the trace elements may 
imply that the gabbro evolved during the same calc-alkaline 
magmatic episode as the Caballape Formation, which it 
intrudes.

U-PB ZIRCON AGE OF THE 
EARLY PROTEROZOIC 
YURUARI FORMATION

Zircon extracted from a metadacite tuff within the 
Yuruari Formation (sample location 25, fig. 2) provides a 
reliable radiometric date for the formation and, therefore, for 
the upper part of the Pastora Supergroup. Although the 
Yuruari Formation is highly weathered, reliable age data can 
be extracted from zircon in units that have undergone 
extreme tropical weathering (Gibbs and Olszewski, 1982).

Five zircon fractions analyzed from the sample meta­ 
dacite tuff of the Yuruari Formation have discordant 
206pb/238|j and 207pb/235Tj ages (table 2). All the fractions
define a chord on a concordia diagram (mean square 
weighted deviation=0.3) (Ludwig, 1983) with an upper 
intercept of 2,131±10 Ma and a lower intercept that is essen­ 
tially present-day (fig. 6). This pattern of discordance in the
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Figure 3. Ternary plots showing chemical characteristics of sam­ 
ples from the Lo Increible mining district, Estado Bolivar, Venezu­ 
ela. A, Jensen diagram. Modified from Jensen (1976). B, 
MnO/TiO2/P2O5 discriminant diagram for basalt and basaltic 
andesite. Fields: CAB, island arc calc-alkaline basalt; IAT, island 
arc tholeiite; MORB, mid-ocean ridge and marginal basin basalt; 
OIT, ocean island tholeiite; OIA, ocean island basalt (Mullen, 
1983).

ages indicates that lead was lost from zircon during a subse­ 
quent event (Silver and Deutsch, 1963). The upper concordia 
intercept age of 2,131±10 Ma is interpreted to indicate an 
Early Proterozoic crystallization age for the dacitic tuff. This 
interpretation is confirmed by the good agreement between 
the 207Pb/206Pb ages of the individual zircon fractions and 
the upper intercept age on the concordia diagram. The lower



Table 1. Major- and trace-element abundances for rocks of the Lo Increible mining district, Estado Bolivar, Venezuela.
[Locations of samples shown by sample numbers in figure 2. All field numbers are prefixed by WDV. Major-element oxides in weight percent; trace elements in parts per million]

Rock type
Formation
Sample No.
Field No.

Basalt
El Callao

1
89-019

Basalt
El Callao

2
89-030

Basalt
El Callao

3
89-055

Basalt
El Callao

4
89-031

Basalt
El Callao

5
89-034

Basalt
El Callao

6
89-068

Andesite
Caballape

7
89-073

Gabbro

8
89-037

Gabbro

9
89-071

Gabbro

10
89-051

Schist
Yuruari

11
89-063

Major elements
Si02
A1203
Fe2O3t
MgO
CaO
Na2O
K2O
TiO2
P205
MnO
CO2
LOI900°C
Total
Mg-number1

47.60
15.60
13.90
5.58

13.00
0.85
0.04
0.89
0.06
0.17

<0.01
2.70

100.39
51.00

48.50
14.60
11.50
8.52

12.50
1.38
0.04
0.66
0.06
0.19

<0.01
2.45

100.40
65.76

49.00
14.40
11.40
8.16

11.90
2.03
0.04
0.67
0.06
0.19
0.01
2.16

100.01
64.98

49.90
14.10
10.50
7.93

12.70
2.31
0.03
0.63
0.06
0.18
0.09
1.78

100.12
66.19

49.40
13.50
14.90
7.23
8.63
2.09
0.04
1.01
0.09
0.23
0.13
2.86

99.98
55.71

50.00
14.20
10.60
7.60

12.70
2.26
0.06
0.64
0.06
0.17
0.02
1.77

100.06
65.02

55.60
14.80
10.00
4.99
7.08
2.98
0.38
0.78
0.23
0.13

<0.01
2.76

99.73
56.40

49.30
11.60
12.20
10.10
11.60

1.69
0.50
0.74
0.09
0.19
0.09
2.20

100.21
68.21

49.40
12.30
11.00
10.80
12.30

1.11
0.17
0.49

<0.05
0.19
0.01
2.50

100.26
71.79

50.10
11.30
11.40
11.30
12.30

1.00
0.17
0.54
0.05
0.20
0.01
2.35

100.71
71.99

75.60
11.80
4.76
1.26
0.02
0.76
0.50
0.52

<0.05
<0.02

0.01
1.67

96.89
40.69

Trace elements
Nb
Rb
Sr
Zr
Y
Ba
Cu
Ni
Zn
Cr
La
Ce
Pr
Nd
Sm
Eu
Gd
Tb
Dy
Ho
Er
Tm
Yb

<10
7

443
46
19
11
61

178
87

297
3.6
8.0
1.2
6.7
2.20
0.93
2.6
0.73
4.5
0.87
2.6
0.42
2.9

<10
<2

165
38
10
9

120
141
76

439
2.0
5.1
0.8
4.3
1.40
0.60
1.8
0.31
2.5
0.52
1.5
0.26
1.4

<10
7

108
45
18
10

108
110
79

431
2.2
5.7
0.9
5.0
1.50
0.67
2.0
0.36
2.9
0.54
1.6
0.25
1.6

<10
<2
82
39
11

8
111
117
68

384
1.7
4.9
0.7
4.3
1.20
0.60
1.7
0.34
2.5
0.59
1.5
0.21
1.6

<10
6

105
60
28
11

117
91

107
45

2.7
7.3
1.1
6.5
2.10
0.91
2.4
0.51
3.8
0.80
2.4
0.38
2.2

<10
<2
65
42
17
18
82

118
78

400
1.7
4.6
0.7
4.2
1.40
0.54
1.5
0.30
2.4
0.52
1.4
0.22
1.4

<10
17

522
130

18
201

2
105
60

264
28.0
53.0

6.2
27.0
4.90
1.40
4.2
0.64
3.4
0.62
1.7
0.24
1.6

13
11

165
73
17

199
71

184
83

307
12.0
25.0

2.8
14.0
3.30
1.00
3.2
0.59
3.6
0.69
2.2
0.30
1.8

<10
5

139
44
12
86

142
156
68

100
4.8

10.0
1.3
5.8
1.70
0.56
1.7
0.32
1.8
0.41
1.1
0.14
0.9

11
7

134
51
14

104
150
149
64

112
6.6

15.0
1.8
8.1
2.20
0.69
2.4
0.41
2.4
0.54
1.4
0.26
1.1

<10
12

158
91
12

229
40
44
80
88

2.5
4.4
0.5
2.1
0.88
0.37
1.1
0.25
2.0
0.42
1.4
0.18
1.1

o 
8 
S

O"fl

Ir w

I
2
00

^g-numbei^lOOxMg/CMg+Fe2*), where Fe2+=0.85x (Fe2O3t/79.85x0.8995)
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Figure 4. Chondrite-normalized rare earth element (REE) diagrams for rocks of the Lo Increible mining district, Estado Bolivar, 
Venezuela. A, El Callao Formation. B, Weathered sample of the Early Proterozoic Yuruari Formation (open squares). Typical 
post-Archean Australia shale (PAAS; heavy line) and North America Shale Composite (NASC; light line) (Taylor and McLennan, 1985) 
are shown for comparison. C, Meta-andesite sample from the Caballape Formation (open squares). Typical calc-alkaline island arc 
andesite (Gill, 1981) (heavy line) is shown for comparison. D, Samples from a gabbroic sill that intrudes the Caballape Formation.

intercept age is interpreted to indicate that the time of lead 
loss was recent. The lower intercept (70±50 Ma) (fig. 6) 
probably reflects lead loss due to surficial weathering during 
the Cretaceous to Paleogene, similar to the lead loss 
described by Gibbs and Olszewski (1982) for rocks

equivaenslent to the Pastora Supergroup in Guyana. The 
geomorphological development of the Venezuelan Guayana 
Shield and the effects of weathering on shield rocks in the 
Mesozoic and Tertiary are discussed by Bricefio and 
Schubert (1990) and by references contained therein.
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Figure 5. Spider diagrams for rocks of the Lo Increible mining district, Estado Bolivar, Venezuela. Normalized to island arc low- 
potassium tholeiite (Holm, 1985, p. 311). A, El Callao (circles) and Caballape Formations (squares). Normal mid-ocean ridge basalt 
(N-type MORE) (Pearce, 1982, p. 527) is also shown (diamonds). B, Yuruari Formation (triangles) and gabbro unit (squares) that 
intrudes the Caballape Formation.

Neither prograde medium-grade metamorphism within 
the shear zone nor subsequent retrograde (greenschist facies) 
metamorphism during the Trans-Amazonian orogeny (about 
2.15-2.0 Ga) affected the U-Pb isotopic systematics in zir­ 
con from the sample of the Yuruari Formation. Lead loss

during any younger event is enhanced by radiation damage 
to the zircon lattice that accumulates through geologic time. 
The low uranium content (100-220 ppm 238U) of the zircon 
from the felsic tuff effectively precluded any extensive 
radiation damage to the zircon lattice due to the decay of
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Figure 6. U-Pb concordia diagram showing U-Pb isotopic data for 
zircon from a metadacite tuff in the Yuruari Formation of the Pastora 
Supergroup, Lo Increible mining district, Estado Bolivar, Venezue­ 
la. Solid diamonds represent data points; analytical errors at the 
two-sigma (2o) confidence level on each analysis are smaller than 
the square and are not shown. Solid chord is regression line through 
all five zircon fractions.

uranium and thorium in the period between the crystalliza­ 
tion age of the tuff and its subsequent metamorphism and 
tectonic burial during the Trans-Amazonian orogeny.

STRUCTURAL SETTING OF GOLD 
DEPOSITS

STRUCTURAL OBSERVATIONS

The shear zone that separates the Yuruari and El Callao 
Formations in the study area is a northeast-striking zone of 
intense ductile deformation. Although rocks of the Yuruari 
Formation are dominant within the shear zone, locally rocks 
of the El Callao Formation are incorporated and have been 
recrystallized to amphibolite schist. The orientation of the 
shear zone is presumably parallel to the generally southeast 
dip of the tectonic foliation within the zone. Such an orienta­ 
tion indicates that the El Callao Formation south of the shear 
zone structurally overlies the Yuruari Formation to the north. 
Therefore, assuming the stratigraphy outlined by Menendez 
(1972), the shear zone has a component of thrusting, placing 
the older El Callao Formation over the younger Yuruari For­ 
mation.

Rocks within the shear zone are highly foliated and are 
locally deformed into small-scale folds of S and Z symme­ 
try; the latter is the dominant geometry. An S-C mylonitic 
fabric is well developed within the shear zone. Two folia­ 
tions characterize the S-C mylonitic fabric. One foliation (C 
surface) forms the dominant foliation and is the plane of 
strongly localized ductile shearing (see Lister and Snoke, 
1984). The other foliation (S surface) is developed oblique to
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have elevated arsenic contents. The quartz veins are rela­ 
tively enriched in gold, but they are depleted in most of the 
other elements analyzed.

The overall nature, mode of occurrence, and origin of 
the gold deposits are similar to those described by Berger 
and Bliss (1986) for low-sulfide gold-quartz veins and by 
Col vine (1989) for shear-zone-hosted lode-gold deposits in 
the Canadian Shield. The gold deposits are restricted to the 
quartz veins in or adjacent to the shear zone separating the 
Yuruari and El Callao Formations. Formation of alteration 
minerals in the host rock during deformation within the shear 
zone is indicated by the parallel foliation within the second­ 
ary micaceous minerals and the unmineralized host schist. 
Therefore, gold deposition accompanied deformation and 
alteration within the shear zone.

Historical grade and tonnage information for the gold 
deposits of the Lo Increible mining district is limited. Data 
for mines within the district (Locher, 1974) show that the 
district has produced at least 1,300 kg of gold at a grade of 
about 12 grams per metric ton (53.3 metric tons at 10.6 
grams per metric tons for the Experiencia mine, 3.3 metric 
tons at 6.2 grams per metric ton for the Garrapata mine, 45.3 
metric tons at 14.7 grams per metric ton for the Increible 
mine, and 1.7 metric tons at 11.4 grams per metric ton for the 
Talisman mine). The limited production data are a result of 
the ad hoc mining within the district in dominantly hand dug 
surface trenches and primitive underground workings. Gold 
has been recovered primarily from mercury amalgamation of 
hand-cobbed quartz-vein material, and a quantitative assess­ 
ment of the gold potential of the district would be speculative 
at best. The assay values reported in table 2 indicate, how­ 
ever, that high-grade veins are present in the district. High 
potential at a high degree of certainty is present for undiscov­ 
ered shear-zone-hosted lode-gold deposits within and along 
the extension of the shear zone. Further exploration of the 
shear zone, especially to the east of the study area, should 
result in the discovery of additional gold deposits.

CONCLUSIONS

The paleotectonic environment of the Lo Increible min­ 
ing district of Estado Bolivar, Venezuela, and, by extension, 
the entire Pastora Supergroup, can be deciphered by integrat­ 
ing geologic and geochemical data from all of the units in the 
area. Major-, minor-, and trace element data for the El Callao 
Formation show an affinity of these rocks with modern 
low-potassium island arc tholeiite. Metagraywacke of the 
Yuruari Formation may have formed along a convergent 
plate margin. Calc-alkaline basalt from the younger Early 
Proterozoic Caballape Formation is similar in composition 
to low-potassium calc-alkaline basalt and basaltic andesite 
typical of island arc sequences.

We suggest that the rocks in the Pastora Supergroup 
formed in an immature intraoceanic island arc setting that

underwent subsequent oblique dextral thrusting along a 
northwest-oriented axis of tectonic compression. Similar 
relationships are observed in the Early Proterozoic Birimian 
greenstone belts of West Africa (Sylvester and Attoh, 1992), 
which Sidder and Mendoza (1991, this volume) correlate 
with rocks of the Pastora Supergroup of Venezuela.
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