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INTRODUCTION

This| field trip will specifically examine the high-
resogution stratigraphy, depositional facies, and sequence
stratigraphy of Cretaceous strata in northeastern Venezuela.

Three stratigraphic intervals, representing a broad spectrum
of depositional settings, will be visited. Day one will be
spe examining the upper Venados, Moro Blanco, and lower
Picuda Members (Middle Valanginian - Middle Hauterivian) of
the Barranquin Formation In the vicinity of Cantera la Rosa,
near, Cumana. Special attention will be focused on third-

order stratigraphic sequences, representing relative sea-
level fluctuations, in mixed carbonate-siliciclastic
platform facies.

Day |[two will be spent traversing the Late Albian - Late
Maastrlchtlan Cretaceous section along the banks of the Rio
Querecual near Bergantin. Here we will examine
predomlnantly fine-grained siliciclastic and pelagic
carbonate facies of outer shelf, slope and basinal
env%ronments in the Querecual, San Antonio and Vidono
formations - the major source rocks of this region. We will
also study coarser siliclastic lowstand wedges of the lower
San|Antonio and San Juan formations. River sections will
allow a complete traverse of these formations, relatively
uncompllcated by regional folding and faulting.

Day| three will be spent on Isla Borracha off the coast of
Puerto la Cruz. Starting with the third-order sequence
strhtigraphy of mixed carbonate-siliciclastic facies of the
Borracha Formation {Aptian-Albian: partially equal to the El
Cantil Formation of the interior), with its well preserved
rudistid reefs, we will traverse a major karst surface and
sequence boundary on top of the Borracha, overlain by a
condensed Albian glauconitic marl/claystone sequence of the
lower Chimana Formation, and proceed through the basinal,
cyqlically bedded facies of the Querecual Formation,
representing the highest second-order global sealevel
highstand of the Cretaceocus. We will proceed upsection to a
thﬂn fine-grained sandstone unit representing the global
second-order sequence boundary and lowstand deposit at the
Middle Turonian - Upper Turonian boundary..

We are pleased to have the opportunity to take this field
trip with you, and to exchange ideas on the Cretaceous
stratigraphy and depositional environments of northeastern
Venezuela.

Erle Kauffman, Tomas Villamil, and Claudia Johnson
University of Colorado, Boulder, Colorado, USA




AN INTEGRATED CRETACEOUS RADIOMETRIC - BIOSTRATIGRAPHIC TIME
SCALE FOR THE WESTERN INTERIOR BASIN OF NORTH AMERICA
(Kauffman, Obradovich, and Cobban, in manuscript, 1993)

CRETACEOUS WESTERN INTERIOR BIOZONATION AND GEOCHRONOLOGY

STAGE AMMONITE ZONES AGE (MYBP)
$. eorvensis, P, gemmar 88.84 8.7
Seaphites nigricollensis 89.11
Scaphites whitfieldi «89.39
Z | ueper | Scaphites ferronensis B9.66
< Scaphites warreni 89.94
2 P. macombi, C. collati 90.21 50,35
O Prionocyctus hyatti **90.51 '
(" { miDDLE Prionocyclus percannatus 90.97
Collignoniceras woollgari regulare 91,42
- ]
l— Caollignoniceras woollgar woollgari 91.88 92,11
Mammites nodosoides 9234
Vascoceras birchbyi g2.8 {""93.4}
LOWER Pseudaspidoceras flexuosum **93.25
Watinoceras devonense 93,35 .
Nigercaras scotti - 93.46 93.404
Neocardioceras juddi 93.56
Burroceras clydense 93.67
> Euomphalocaras septemseriatum - 93,78(""*93.49}
< UPPER | vascoceras diartfanum 93.90 .
— Duvenganoceras conditum 94.08
= Duvenganoceras albertensa 94.27
< Dunveganocaras problematicum 94.45
E C. canituarinum, D. pondi 94.63 84,71~
O Plesiacanthoceras wyomingense L9478
Acanthoceras amphibolum 94.93
= Acanthoceras bellensa 95.14
MICDLE
LU Acanthoceras muldoonense 95,36
QO Acanthocetas granerosense 65.57
Conlinoceras tarrantense *"95.78" 95.95-]
O Beattonocaras beattonense 96.18 )
LoweR | Irenicoceras bahani 96.58
1) Neogastroplitas septimus 66.97 ';7 17
Neogastroplites macleami *07.36 )
Neogastroplites americanus **97.75
| (2) Neogastroplites muellen 98.14 98,33
Neogastroplites comutus +~98 52 i
Neogastroplitas haasi **98.54
Unzoned (with Ecpachydiscus?) *09.61
UPPER | |noceramus belivuensis 100.68
Inoceramus comancheanus 101.75
tUnzoned 102,82 103.36-
=< Stelckiceras liardense 10388
< Gastroplites sp.cl. cantianus 104.96
— ]
MIBDLE | Gastroplites canadensis 106.03
(48]
1 Psaudopulchellia pattoni **167.10
UNNAMED 107.75
108,08+
( Arcthoplites macconnelli 108.41
Arcthoplites frenense 108.06
L OWERD Arcthoplites belli 109.71
X Lemuroceras sp.cf. L. indicum 110.37
Cleaniceras sp.cf. C. subbaylei 111.02
Sonneratia sp.ct. S. kitchini 111.67 112.0—

(1) Traditional A-C boundary; {2) New A-C boundary proposed by Cobban and Kennady (1989),
Radiometric ages from “Kauftman (1977; corrected to 89.59), Obradovich and Cobban (7975,
corrected to 96.2), and Odin (1982, corrected 1o 99.4), but because these levels are now being
redated by Obradovich {1992, personal communication), Intemolated ages batween newly dated
levels (**) ara used herein. ** New Ar39-Ar40 ages from Obradovich (1992, this volumae); remaining
values interpolated batween dated levels based on assignment of aqual ime durations to biozones.

£} Marine zones known only from Canada

*** New ages in parenthesas (Obradovich, this volume) ara incompatible with new bounding dates
and appear next 1o a calculated vaiue based on new beunding dates: .g., 92.8 (***§3.4)
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CRETACEQUS WESTERN INTERIOR BIQZONATION AND GEOCHRONOLOGY
STAGE AMMONITE ZONES AGE (MYBP)
Paleoceng : - "g5.4 4
<z( Unnamed or Tr}caratops - **56.8 65,95
= | uPPER ™ D. chayennensis, D. nebrascensis 67.17
I Discoscaphites _ro_gmerisis, H. nicolleti 67.92
g Hoplescaphites sp.aff. H. nicolleti 69.67
= — *69.05
th Baculites clinolobatus ""69.42
:I( Baculites grandis *69.91
= LOWER Baculites bacuius *70.40
. Baculftas .BllaSI . 70.89 71.38
Baculites jenseni 71.87
Baculites ressidei *72.36
Baculites cuneatus *72 85
Baculites compressus 73.35
UPPER Didymoceras cheyennense 74.08
Exiteloceras jenneyi 74,76
= Didymocaras stevensoni 75.33
< Didymocaras nebrascense **75.89 76,15
— Baculites scotti 76.41 )
Z Baculites gregoryensis, B. reduncus 76.92
< Baculites perplexus {late form) 77.44
al Baculites gilberti 77.96
2 MIDDLE Baculites perplexus {early form) 78.47
Baculites sp. (smooth 2} 78.99 |
5 Baculites asperiformis 79.51
Baculites mcleami . 80.03
Baculites obtusus €798 | -go54 80.57
Baculites sp. (weak flank ribs) *80.60 ’
Baculites sp. (smooth 1) .. -81.0 80.64
LOWER | Scaphites hippocrepis i -8t 81.17
Scaphites hippocrepls Il “*81.71
Scaphites hippocrepis | 8176 82.44
Scaphites leei 83.17
- - 83.54
Z uppgR | Desmoscaphites bassleri **83.91
= Desmoscaphites erdmanni 84.51 84.81
e MIDDLE | Clioscaphites choteauensis 85.11 ’
% Clioscaphites vermiformis 85.72 86.02
) LOWER | Clioscaphites saxitonianus .86.32 _5'52-
Z | UPPER | Scaphites deprassus **86.92 ’
= 87.27
9 MIDDLE | Scaphites ventricosus 87.63
=z Scaphitas preventricosus, F, alluaudi | **88.34 88.47
5 : 47 -
Forrasteria peruana .
Q LOWER p 88.59 88,70 -
* Radiometric ages for these levels are cited in Obradovich and Cobban {1975) and
Folinsbee et al. (1961, 1966), but because these levels are now being redated by
Obradovich (1982, persenal communication), interpolated ages between newly dated
levels {**) are used hereln.
+ New Ar3g8-Ar40 ages from Obradovich (1992, this volume); remaining values interpolated
between dated levels basad on assignment of equal time durations to biozones.
=+ Boundary frem Kennedy and Cobban (in press)
Three-fold division of the Campanian after Cobban (1992, in press).
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HIGH-RESOLUTION ANALYSIS OF STRATIGRAPHY, CHRONOLOGY, AND
SEA LEVEL HISTORY IN CRETACEOUS STRATA OF NORTHEASTERN
VENEZUELA

Erle G. Rauffman, Claudia c. Johnson, and Tomas Villamil,
Bagin Analysis Research Group, Department of Geological
Sciences, CB-250 University of Colorado, Boulder, CO 80309,
U. S. A. (Phone 001-303-492-6629; FAX 001-303-492-2606)

INTRODUCTON

The Cretaceous strata of northeastern Venezuela (Fig. 1)
comprise a diverse sequence of fluvial, paludal-lagoonal,
giliciclastic shoreface and platform, carbonate platform,
elope and basinal facies deposited across a stable passive
margin. Stratigraphic studies, to date, comprise generalized
documentaton and regional correlation of major lithologic
units based on scattered outcrops (Fig. 2), mainly in river
valleys, road-cuts, and poorly vegetated hill tops.
Paleontologic and biostratigraphic analyses are equally
generalized. Published Venezuelan macrofaunal studies are
limited to major biota of a few formations (e.g. Macsotay,
et al, 19835) with the outstanding exception of Renz's
systematic work on the ammonites (1982). Renz, however,
does not present detailed biostratigraphic¢ range data, thus
the correlation potential of ammonites is limited. Older
published Venezuelan microfaunal data are generalized and do
not allow detailed correlation with the new global oceanic
plankton standard; newer data generated by various Energy
Companies are largely unpublished and unavailable at
present. Macsotay et al (1985) have compiled the only
comprehensive modern biogtratigraphy for the region based
largely on macrofossils, but the limited amount of data
available to him has resulted in a biostratigraphic
resolution averaging only 2.6 Ma/biozone (compared to 0.12 -
0.33 Ma/biozone in comparable strata of the North American
Wegtern Interior Basin: RKauffman, 1970, 1875, Kauffman et
al, 1876, 1992 in press).

Modern stratigraphic analysis of the Cretaceous seguence in
northern Venezuela, and meaningful correlation of this
sequence to Cretaceous strata, sequence stratigraphy,
sealevel history, ocean/climate history, and bioclogical
evolution/ecology on a global scale will depend upon
establighing a new, high-resolution (¢m-m scale, Ra-100 Ka
scale) stratigraphic and chronologic standard for northern
Venezuela. This is the principal directive for the
University of Colorado Basin Analysis Research Group as part
of the current project to study the passive margin history
of northeastern Venezuela.

The current study, reported herein, represents a first and
as yet incomplete effort to achieve these goals. Building on
a general stratigraphic survey of the seqguence by Rauffman
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and Johngon in 1989 in cooperation with Snrs. Oliver
Macsptay and Jose Ortega of the Corpoven chpany at Puerto
La Cruz, two additional weeks were spent in the field in
January, 13992, for the purpose of establishing a high-
resolution, composite stratigraphic and bicstratigraphic
data| base for the Cretaceous sequence near the northern and
southern margins of the study area (Fig. 2}, interpreting
the temporal evolutiom of depositional environments, and
developing a sequence stratigraphic framework from 2nd- to
Sth-Prder scale (9 Ma to 100 Ka average durations,
respectively). This sequence stratigraphy can then be tested
against the global cycles of Hagq et al (1988), and the
Cretﬁceous sequence strat:graphy and sealevel history of
Colombia (Villamil, in progress, 1992; Pig. 3 herein),
Westlern Europe (Hancock, in press), and the Western Interior
Unit%d States (FKauffman, 1985; Kauffman and Caldwell, 1992
in pEess). These tests of correlation will, in turn, allow
ass%esment of the relative roles of eustatic sealevel
change versus tectonics in regulating the evolution of

sedlmentary sequences in northeastern Venezuela.

To the degree that limited outcrop availability, structural
complications, lack of pre-existing detailed stratigraphic
datd and an insufficient fossil record for some parts of
the sequence would allow, the principal goals of this
research have been achieved. This report presents a new and
more detailed composite biostratigraphy for the Cretaceous
of northeastern Venezuela than previously available.
Numerous microfossil analyses (foraminifers,
dlnoflagellates, palynomorphs, radiolarians) are still under
way, slowed by the difficulties of extraction from silicecus
and diagenetically altered fine-grained rocks, and poor
preservation. Also presented are the first high-resoclution
strdtlgraphlc sections made for parts of the Barrenquin
(Morro Blanco, Picuda, and Taguaruma members), El Cantil,
Garcra, Chimana, Querecual, San Antonio, and basal Vidono
formatlons, and new paleocenvironmental interpretations. Many
of Hhese detailed field studies have turned up new,
blostratlgraphlcally important fosgsil biotas, including some
in ﬂevels where precise biostratigraphic dating was not
prev1ously possible. Finally, a first detailed sequence
stratigraphic interpretation, to 5th-order of resolution
(100 Ra) where possible, has been completed and regionally
correlated to Cretaceous sequences worldwide. New segquence
stratlgraphzc models for some facies have resulted.

We enVlSIOn this work as only a first step in establighing a
broad -scale, high-resolution Cretaceous stratigraphy,
sequence stratigraphy, and chronology for a2ll of Venezuela.
More work needs to be done in northeastern Venezuela to
refine this stratigraphy, £ill in still poorly known gaps,
and (to establish a final Cretaceous stratigraphic standard
for this region. The next critical north-south transect
across the passive margin should be to the west, possibly in
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A PROPOSED SECOND- THROUGH FOURTH-ORDER SEQUENCE
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the Miracaibo Region; this would then allow close linkage to
seven highly detailed stratigraphic sections spanning the
Cretaceous basins of Colombia and Ecuador which were
completed in 1991, Collectively these data will provide a
new Cretaceous stratigraphic standard for northern South
America which will be critical to new exploration ventures.

METHODOLOGY

Modern stratigraphic analysis of basin and platform higtory
requires a high-resolution system of chronology which will
allow local, regional and global correlation of short-term
historical even9ts such ag sequence boundaries (regresgive /
peaks), transgressive surfaces, maximum flooding surfaces
(transgressive peaks), major geochemical fluctuations (e.g.
ragional and global anoxic/dysoxic events resulting in
source rock generation; trace element enrichment intervals);
and short-term tectonic/volcanic events. This chronology
must have a resolution finer than the 1 Ma or greater level
of many current systems, preferably at a scale of 10's to
100's of Ra as already developed for the Western Interior
Cretaceous Basin of North America (Rauffman, 1988; Kauffman,
et al, 1991; 1992 in press), Western Europe, and Colombia,
S.A. (Villamil, manuscript in Dreparation).

Without such a refined chronology, modern bagin analysis
integrating tectonic, eustatic¢, sedimentologic, elimatic,
pPaleoceanographic and biological factors into a series of
dynamic interpretations and interactive modelg, is not
possible. The reasons are obvious: during the last two
decades, stratigraphers have become increagingly aware of
the fact that sedimentological, geochemical, and biological
units/surfaces critical to understanding basin and platform
history are pPredominantly short-term (<500 Ka, and mainly
under 100 Ka) events, or reflect predictable short-term
depositional rhythms such as Milankovitch Climate Cycles.
For example, the critical data for analyzing relative
sealevel changes and sequence stratigraphy in a region, and
testing its correlation to other regions and the global
¢ycle chart of Hag et al (1987), are the precise ages of the
sequence boundaries, transgressive/marine flooding surfaces,
and the point/interval of maximum flooding (peak highstand
of authors). These are all surfaces or thin stratigraphic
intervals that vail et al (1977) and Hag et al (1988)
consider as "chronostratigraphic surfaces® of correlation.
{In the sense of standard sequence stratigraphic usage, a
chronostratigraphic surface consistently separates older
rocks below from younger rocks above, throughout its extent,
and implies that the surface represents a short interval of
geologic time rather than being absolutely isochronous, in
contrast to the original ugage of The American Code of
Stratigraphic Nomenclature. Rauffman (1988), Rauffman et al .
(1991, and in press) and varioug papers in Einsele et al
(1991) review the new science of event and cycle
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chronostratlgraphy and its critical role in modern
bagin/platform analysis. For many Cretaceous sections of the
world) including Venezuela and Colombia, the great majority
of the stratigraphic column is dominated by deposits
reflectlng short-term (<100 Ka) events and cycles (e.g. the
Quereeual and San Antonio formatons). These will form a
primary basis for local and regional correlation in a new
system of chronology for northern South America.

Similarly, the field of biostratigraphy has changed
dramatically in recent years as biochronologists seek finer
levels of resolution in zonation and correlation (100's of
Ka as opposed to the 0.5 - 3 Ma zonal durations of many
currently used systems). For the Cretaceous, Kauffman (1970,
1988) has demonstrated that three advanced methods of
blostratlgaphlc analysis greatly improve zonal resolution:
{1) Populatlon systematic analysis of single lineages
normally leads to taxonomic refinement and greater zonal
resolution; (2) use of evolutionary events among characters
or character suites within lineages, as opposed to species,
may greatly improve biozonal resolution, at least locally,
becagse characters evolve at different rates and times in
the evolutonary history of a species plexus; and (3) the
applzcatzon of composite assemblage zone techniques in which
dlverse, b:ostratlgraphlcally useful macrofossil and
mlcrof0931l species data (first, last occurrence points and
and total range) are integrated from each section into
multltaxlc assemblage zones (commonly using graphic
correlatlon techniques). Only the last method (3) can be
practlcally applied to zomation of the Venezuelan Cretaceous
sectzon at present because of limitations in existing
paleontologlc data. Composite assemblage zonation works to
improve biostratigraphic resclution because different groups
evolve at different rates and times within a single
depoFitional basin, reflecting varying adaptive ranges and

stress limits among different lineages, as well as different
rates of genetic experimentation. Thus, integration of
biostratigraphic data from many coeval groups provides many
more firgt and last occurrence points for taxa, at many more
stratlgraphzc levels, than other biostratigraphic systems
based on single groups or 11neages. Kauffman (1970) achieved
over 100 percent increase in biozonal refinement for the
Western Interior Cretaceous Basin of North America using
thls system, as compared to previous biozonations based only

on ammonites or calcareous plankton.

Establlshment of a new Cretacecus chronology for northern
South America, integrating modern systems of composite
assemblage biostratigraphy with high-resolution event
chronostratlgraphy (Rauffman, 1988), and fine-scale segquence
stratlgraphy {2nd-7th-order: Hag et al, 1988), requires a
new, much greater level of stratigraphic documentation and
ana}ysis than is currently available from past work in
Venezuela. This, in turn, also regquires a different
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phllosophy in field and laboratory stratigraphy: Field
observatlon, data collecton, and laboratory analyses are
focused at the centimeter scale on the discovery and
documentation of short-term event and cycle deposits or
surfaces, rather than on broader scale lithologic
similarities or differences within the observed
stratigraphic sequences.

Kauffman (1970) provides a detailed description of the
methodology utilized in composite assemblage
biostratigraphy, and similar reviews of the concepts and
methods of high-regsolution event chronostratigraphy (HIRES)
may be found in Kauffman (1988) and Kauffman et al (1991,
and |[in press).

Graghlc correlation (Miller, 1979; Edwards, 1984) provides a
powerful analytical tool for correlation and integration of
dlverse data among a series of coeval stratigraphic
sectiions. This tool is being applied to analyses of the
Venezuelan sections and their comparison to thosge of
cOlombla, the Western Interior United States, and to the
global cycle chart and sealevel curve of Hag et al (1987).
Graphlc correlation, as originally proposed and still
largely used, establishes a calculated line of correlation
between gsectiong based on firgt and last occurrence data of
dlverse, biostratigraphically useful fossil taxa. The line
of ccrrelatlon (LOC) (Fig. 4) is thus a composite
blostratlgraphlc correlation and is especially useful in
developlng a composite set of taxa ranges for assemblage
zone biogtratigraphy.

Kauffman (1988) introduced a new application of graphic
correlatlon to chronostratigraphy by developing lines of
1sochronous correlation (LOIC) based on high-resolution
event and c¢yclic stratigraphic data (especially volcanic ash
layers, climate cycle deposits, geochemical spikes), and
then independently comparlng biostratigraphic data (and thus
the,LOC) against this LOIC in order to integrate and test
components of each system. An integrated chronology results
frcm this analysis which provides a more powerful tool for
reg10na1 correlation. This technigue is applied herein to
correlatlons between northeastern Venezuela and the
Cretaceous basing of Colombia, and between Venezuela and the
Western Interior United States. When sufficient data are
collected from a broader area within Venezuela as an
extension of this work, this new system can be used
effectively to composite and correlate data throughout
northern South America.

Thq present study is a first attempt at high-resolution
stratigraphic and biostratigraphic analysis of the
Cretaceous sequences in northeastern Venezuela, and their
integration into a graphic correlation matrix. These data
have then been applied for the first time to the dating,




regional correlation, ang analysisg of 2nd - 5th-order

Venezuela, especially Hedberg (1937, 1950), Macsotay et a1l
{1985), vivasg (1987) . as is characterigtic of pioneer
stratigraphic analysis of an area, these works have focused
Primarily on the definition ang broad lithologic
characterization of Cretaceocus Btrata, formal establishment
of formationsg and members, and documentation of the most
common fosgil taxa. Few of the breviously measured and
published Cretaceous sections for northeastern Venezuela
pProvide sufficient detail for either high-resolution event
and cycle chronostratigraphy, or for refined biozonation. Tt
wag therefore nhecessary for our group to re-measure and re-
describe sections of the Morro Blanco Member of the
Barranquin Formaton, and of the Taguaruma, E1 Cantil,
Garcia, Chimana, Querecual, Ssan Antonio, San Juan, ang lower
Vidono formations in much greater detail than previousg
authors, with observations consistently to the centimeter to
at least the meter gcale of resolution. Unfortunately
becauge of logistic ang time constraints, and lack of fresh
outcrop for some intervals, the best resolution of data
obtained is gtil] not ideal for high-resolution
stratigraphy, and only 50 - 75 percent as refined ag that

Europe. Nevertheless, the new sections represent a
considerable refinement over past work, and reveal many new
and important details of Sequence stratigraphy, depogitional
environments, and regional stratigraphié relationships for
most unitsg,

inert Plastie, a11 S€quence boundaries, transgressive marine
flooding surfaces, ¢ondensed horizons, and maximum flooding
surfaces were identified and characterized in the field

after discussion &mong members of the field team. Fosgssils
which ecoulgd not be Successfully removed from the outcrop




were identified to the finest possible taxonomic level in
the field, and photographed.

Laboratory analysis at the University of Colorado involved
splﬂttlng and dispersal of sample sets to wvarious
speqlallsts in Geochemistry (Lisa M. Pratt, Indiana
University) and Micropaleontology (Don L. Eicher,
Foramlnlfera, Charles Blome, Radioclarians; Douglas Nichols,
Palynomorphs including dinoflagellates), detailed lithologic
descrlptlons, fossgil preparation and identification,
draftlng and annotation of sections, and final segquence

strétigraphic analysis.

All |data have been entered and analytically tested in the
MacIntosh Computer files (Basin Analysis Research Group) at
the [University of Celoradeo. A library sample set for each
sectlon, and all identified macrofossils and rock types, are
curated in the Department of Geological Sciences at the
UnlverSLty of Colorade. Small sample sets (as long as they
1ast) and diskette copies of stratigraphic data are
available upon request to Brle @. Kauffman, Department of
Geological Sciences, CB-250, University of Colorado,
Boulder, CO 80309, USa,

Research still in progress includes additiocnal work on the
carbon geochemistry by Pratt, the majority of new
m1cropa1eontolog1ca1 analyses, and continued evaluation of
publlshed macrofossil data from Venezuela. Completion of
thls work is essential before a final sequence stratigraphy.
bmostratlgraphy, integrated chronology, and composite
graphlc correlation matrix can be constructed for the
northeastern Venezuelan Cretaceous, and before detailed
facies relationships can be determined across this passive
margln.

LITHOSTRATIGRAPHY

Macsotay, Vivas, de Bellizzia and Bellizia (1985) have most
rechntly summarized the Cretaceoug stratigraphy and much
pertinent biogtratigraphic data for northeastern Venezuela.
The reader is referred to this excellent piece of work, and
the references therein, for details on the historical
development of stratigraphic nomenclature, type sections,
regional facies relationships, and relevant tectonic history
of the region. In general, somewhat digtinct systems of
stratigraphic nomenclature and facies development exist
north and south of the E1l Naranjo - Los Borrachos Fault Zone
of Macsotay et al {(1985).

Durlng the course of ocur field studies, it was hoped that
two new high-resolution stratigraphic sections and sample
sets would be developed for the entire sequence of the
Barrenquln, El Cantil, Garcia, Chimana, Querecual, San
Antonzo, San Juan, and Vidono formations; one composite




section near the northeast coagt {seaward passgive margin)
and one inland (central to landward passive margin) on the
north edge of the Orinoco River drainage. This plan was not
fully achieved for various logistical reasons: (a) field
studies and data collecting on the offshore iglands (e.g.
Isla La Borracha) were cut short by National Park officials:
refusal to allow collecting or access to certain sections;
only the Borracha (El Cantil, in prart) and Chimana
formations were observed in detail here, and a full northern
section for the Cretaceous could not be established; (b)
Inland, the fine-grained facies of the lower and middile
Barrenquin Formation (e.g. at Pica Garcia), important parts
of the lower Querecual Formation (basal Late Albian
sequences, and most of the Cenomanian), and portions of the
upper San Antonio Formation were not exposed and could not
be excavated at the sections visited; (c¢) severe structural
complications (tight folding and faulting) omitted or
repeated portions of the secton studied, especially for the
Querecual and San Antonio formations, e.g. along the Rio
Aragua section. Neither outcrop extent nor time in the field
allowed solution of thege structural problems, and thus true
thicknesses or missing section to be restored.

Nevertheless, valuable new data were collected from all
formations: these data, and interpretations made from them,
are summarized below.

BARRENQUIN FORMATION

Macsotay et al (1985) reviewed the regional stratigraphy of
the Barrenquin Formation of Liddle (1928) and noted that it
contained three members in the study area, in ascending
order: The Venados Member (Late Berriasian - Middle
Valanginian), Morro Blanco Member (Middle? and Late
Valanginian - Lower Hauterivian), and Picuda Member (Middle
to middle Late Hauterivian). In addition the overlying
Taguarumo Formation (latest Hauterivian - Middle Barremian)
was initially included in the Barrenquin Formation (Von Der
Osten, 1957) but has subsequently been elevated to
formational rank (Guillaume et al, 1972; Macsotay et al,
1985). Readers are referred to these sources, and references
therein, for information concerning general stratigraphy and
regional facies relationships of these formations and
members,

Our field research covered only the upper Venados Member,
the Morro Blanco Member, a small portion of the Picuda
Member, a predominantly fluvial facies of the “upper
Barranquin Formation" undifferentiated, and the upper part
of the Taguaruma "Member" (now a discrete formation). Lack
of sufficient exposures and a poor fossil record that would
not sexve our main purpose of creating a refined Cretaceous
chronology gave low priority to the study of the remaining
parts of the Barranquin Formation.
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VENADOS MEMBER.- This predominantly fluvial sequence of
varicolored cross-bedded orthoguartzites, subconglomerates,
arkosic and subarkosi¢ sandstones, and thick-bedded
mudstones averages 375 m in thickness in the study area
(Macsotay et al, 1985). The unit has not previously yielded
fossils other than simple traces (Planolites) which do not
indicate any specific facies.

The upper 59 m of the upper Venados Member were measured
and described in detail at Cantera La Rosa, and a sequence
stratigraphy constructed (Fig. 6). At the base of the
exposure, a brown sandy soil interval ig overlain abruptly
by 3.8 m of thin- to thick-bedded, argillaceous grayish-
brown limestones 0.3 - 1.2 m thick, separated by thinner
buff to tan marls. These strata are fossiliferous (coralg,
foraminifers, mollugscan shell fragments) - the first marine
faunas reported from the member. These are still under
study, but the corals appear to be gimilar to those of the
Middle vValanginian, lower Moro Blanco Member. This limestone
comprises a first failed attempt at establishing a carbonate
platform in this region; its base is a transgressive
surface, and the thick (1.2 m) limestone at the top of the
sequence most likely represents a maximum flooding surface.
The highstand systems tract is apparently contained in a
30.7 m, predominantly covered interval overlving the
limestone unit; this interval contains scattered thin brown
slabby sandstone beds and both sandstone and limestone float
blocks; the lack of exposure suggests that it is
predominantly mudstone and soft sandstone.

Near the top of the Venados Member, a third-order (?)
sequence boundary marks the base of a 13 m thick,
channelized, thick bedded arkosic sandstone unit (Unit 12;
Fig. 6) which represents an abrupt return to coastal fluvial
conditions. This sandstone, and 5.5 m of overbank deposits
(silty shales, mudstones and thin sandstones) above it,
comprise the lowstand systems tract. The top of the exposed
Venados Member at Cantera La Rosa consists of 6 m of sandy
iron-stained mudstone with abundant siderite concretions and
beds, representing partially stagnant swamp, marsh, and/or
lagoon facies. This upper unit suggests initial marine
invasion of the coastal plain, establishment of a paludal-
lagoonal facies complex, and thus initial transgression. The
initial transgressive surface is placed at the sharp base of
this unit (Unit 18; Fig. 6), and the sideritic mudstone is
interpreted as comprising the early transgressive systems
tract. A sharp erosional surface with moderate relief cuts
the top of the Venados Member (marine flooding surface: TS;
Fig. 6), and is directly overlain by 0.5 m of nodular
glauconitic marls (transgressive lag; Unit 19, Fig. 6) at
the base of the Moro Blanco Member.

MORRO BLANCO MEMEER.- The Morro Blanco Member of the
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Barrenquin Formation (Rosales, 1960) is described by
Macsotay et al (1985) as consgisting mainly of nodular to
masgive limestones (75%) with intercalations of calcareous
and clay shales; some of the massive carbonate unitg in the
lower part of the member are biostromal with corals; the
relative abundance of nodular chalks and limestonesg
increages up-section. Intervals of giliciclastic fiuvial
facies occur at several levels within the carbonate platform
Bequence. The contact with the overlying Picuda Member is
sharp and paraconformable, comprising a segquence boundary;
the Morro Blanco and underlying Venados member are reported
to have a gradational contact by these authors.

The most completely exposed section of the Morro Blanco
Member in the Serrania, representing middle to inner
carbonate platform deposition, occurs at Cantera La Rosa,
(Fig. 6) just south of the E1l Naranjo-Los Borrachog Fault
Zone. Vivas and Macsotay's (1988) generalized section for
this member is shown in Figure 5, and the newly measured,
high-resolution section from thig study is shown in Figure
6, with sequence stratigraphic interpretations. Five 3rd- to
Ath-order sequences can be defined in the Moro Blanco Member
at Cantera La Rosa, and the member itgelf represents a 2nd-
order maximum flooding interval above a 2nd-order sequence
boundary in the upper Venados Member, and below a similar
sequence boundary which cuts the top of the Moro Blanco
Member.

At Cantera La Rosa, the Moro Blanco Member lies abruptly on
an erosional marine flooding surface developed at the top of
paludal-lagoonal facies (early TST) in the uppermost Venados
Membexr (Unit 18, Fig. 6), and is not transgitional as
reported by Macsotay et al (1985). A 0.5 m thieck nodular
glauconitic marl bed at the base of the Moro Blanco Member
comprises the transgressive lag, and is abzruptly overlain by
17.5 m of planar-laminated, massive to thick-bedded, 1light
‘'gray, fossiliferous limestone beds separated by thin buff
marls. Corals, small molluscs, algae and larger foraminifers
comprise this fauna, which suggested to Wells (1S44) a
Valanginian age. The maximum flooding surface lies within
this sequence of massive limestones, probably at the 5th bed
above the base which is more massive and fogpiliferous than
the rest (Fig 6). A 3rd-order highstand systems tract
comprises progressively thinning limestone units at the top
of Unit 20, and 18-19 m of thinner bedded limstones, nodular
limestones and marls, soft marls and calcareous shales which
overlie it (units 21 - 39; Fig. 6). Condensed and eroded
horizons become most common at the top of this highstand
sequence, and it is capped by an ercsiocnal surface (3xd-
order sequence boundary) at the top, below an 8 m thick
series of massive to thick-bedded fossiliferous limestones
with very thin marl partings (Units 40-42; Fig. 6). These
massive carbonates comprise a late TST, maximum f£looding
{(near the middle of Unit 40) and early HST complex of
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systems tracts, and are abruptly overlain at a 3rd-order
boundary by a 17.5 m thick fluvial lowstand systems tract of
variegated overbank shales, mudstones, and thin tan to brown
channel sandstones (Units 43- -53; Fig. 6).

A very similar 3rd to 4th-order sequence overlies the
prev1ous one in the middle Moroc Blanco Member. Sandy
glauconitic limestones (transgressive lag; Unit 54, Fig. 6)
are |overlain by biostromal coral-algal structures in marly
limestones and nodular marls (condensed sedimentation; Units
55, 56 Fig. 6) during early transgression (TST). A series of
masslve fossiliferous limestones, some of them silty,
separated by thinner marl units (Unitsg 57-60; Fig. 6)
represent parasequences formed during late transgression and
maxlmum flooding. An erosional 3rd-order sequence boundary
cuts these limestones, and is overlain by a 7.5 m thick
succe331on of small meandering channel sandstones
interbedded with silty and sandy overbank mudstones (Unit
61;|Fig. 6).

Two 50 - 60 m thick massive limestone units, separated by a
thin silty sandstone (Unit 64, Fig. 6), comprise the final
two|3rd 4th-order sequences of the upper Morro Blanco
Member. The lowest of these massive limestones, 58.5 m
thlck overlies a 1.5 m thick calcareous sandstone (Unit 62;
transgresszve lag) on top of a sharp marine flooding surface
across lowstand fluvial facies. The thick limestone unit
contalns coral-algal biostromes and small mounds in the
lower 10 m, suggesting mid-platform depths. A maximum
floodlng interval probably lies within the lower, more
masslve 25 m of Unit 63 limestones (Fig. 6). Upward thinning
of }1mestone beds, and thickening of intercalated marls,
suggest early highstand deposition on the inner platform
The| sequence boundary that cuts these limestones is sharp
but planar, and is overlain by 0.7 m of 511ty and shaley
sandstone of fluvial to marg1na1 marine origin (Unit 64;
qu‘ 6). This sandstone is truncated by another marine
flopdlng surface at the base of Unit 65, overlain by another
60 m thick sequence of massive limestones representing TST,
MF§, and early HST as in the underlying sequence.

FaJies analysis suggesta that the entire Morro Blanco Member
represents middle and inner carbonate platform facies, cut
by |fluvial systems during lowstand deposition. No shelf
margin or slope facies were recognized. The top of the Morro
Blanco Member is cut by a 2nd-order, paraconformable to
broadly erosiocnal sequence boundary overlain by upper
shoreface and foreshore sandstones and orthogquartzites of
the basal Picuda Member.

PICUDA MEMBER.- Macsotay et al (1985) described the
Plcuda Member as up to 425 m of orthogquartzites and
subarkoses in units up to 10's of m thick, intercalated with
micaceous mudstones and siltstones with poorly developed




stratification, and containing a few gandy rhythmites.
Planar cross-stratification is the dominant sedimentary
structure. The basal 10 - 50 m contain surfaces which have
been intensly burrowed by Skolithos; a prominent Skolithos
horizon near the base of the member can be regionally traced
and correlated. The upper contact with the Taguarumo
Formation is transitional; the basal contact with the Morro
Blanco Member is sharp to erocsional, and comprises a
possible second-order sequence boundary. The Middle to
middle Late Hauterivian age range of the member is
determined by its stratigraphic posgition between well dated
units; no body fossils have been found in the Picuda Member.

At Cantera La Rosa, an outcrop of the lower Picuda Member
wag examined: thick- bedded, relatively pure quartz
sandstones and orthoquartzites up to a meter thick are
separated in some cases by very thin sandy claystone beds.
Several horizons are densely burrowed by vertical Skolithos
tubes up to 0.75 m deep. Infilling of the burrows with a
finer sand than the matrix suggests periods of sediment
bypass at the top of the burrowed sandstone cycles, as does
the density of the burrows themselves. These are interpreted
as middle to inner shoreface and lower foreshore facies with
storm-dominated deposition. .
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DAY 2; RIO QUERECUAL SECTION

QUERECUAL FORMATION

The Late Albian - Campanian Querecual Formation (Hedberg,
1937) has been generally described (e.g. Macsotay et al,
198%) as a monotoncus sequence of dark gray to black,
rhythmically bedded, organic-rich calcareous shales and
arg#llaceous limestones, and siliceous shales (increasing
upwgrd), containing numerous horizons of ovate to digecoidal
conqretions. In general the Formation has been interpreted
as representing maximum flooding of Cretacecus seas across
the northeast Venezuelan passive margin. The latest Albian
(Vraconian) through Late Coniacian age of the Querecual

| y y .
Formation proposed by various authors (in Macsotay et al,
1985) has been modified by this study which found Santonian
Inoqeramidae (Bivalvia) 330 m above the base of the
formation at the Ric Querecual section, and Late Santonian -
Ear}y Campanian inoceramids in the upper, more siliceous
Querecual at the Rio Aragua section. Macsotay gives an
average thickness of 650 m for the formation. The Rio
Querecual section, measured in high-resolution stratigraphic
detail, is 636 m thick (assuming no significant bedding
fau}ts) and lacks much of the basal, Late Albian part of the

section (covered and faulted out).

The |[Rio Querecual section (Fig 14), which spans the lower
Querecual (Late Albian) through lower Vidono formations
(late Maastrichtian), hasgs yielded the greatest amount of
high-regolution stratigraphic data, to date, for our
northeastern Venezuela project. This and all following
1itpologic analyses draw heavily from this section. Attempts
to Feplicate thege data in the Rio Aragua section (Fig. 15)
were hindered by many structural complications - tight folds
and| faults which extensively cut the Querecual and San
Antpnio formations and prohibited accurate stratigraphic
measurement and complete section descriptions to be made.

on Fhe Rio Querecual, the 636 m section of Querecual
Formation is far from lithologically uniform, as previously
supposed. Although the Querecual represents one major first
or extended second-order sequence, with maximum flooding in
th% highly condensed Turonian - Coniacian stage boundary
interval (basalmost Coniacian), lithologic variations within
the Querecual Formation allow definition of nine second and
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FIGURE 14a
RIO QUERECUAL SECTION MEASURED BY THE
UNIVERSITY OF COLORADO BASIN ANALYSIS
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SAN ANTONIO FORMATION
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FIGURE 14b: RIO QUERECUAL

KEY

trough cross-bedded sandstone
bloturbated wavy laminated sandstone

bioturbated massive sandstone

sandstone concretions -

siliceous claystone or siltstone

cailcareous siltstone

marlstone (caicareous shale)

pelagic limestone (micrite)

chert, bedded
deformed section
calcareous concretions

sandstone dykes

Ma B. P, Thickness, m.

98.2-93.5 80
93.5-92.6 40
92.6-90.5 : 20
90.5-89.1 25
89.1-88.8 60
88.8-87.2 60
87.2-84 130 ?
84-68.8 1110 ?
68.8-65.5 60 ?

Kauffman,
Johnson, and
Villamil, 1992.
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th%rd-order gequences, utilizing new models for seguence
stfatigraphy developed by Rauffman and Cole (in manuscript)
anq Rauffman and Sageman (1992, in press) for the Western
Inqerior Cretaceous sequence of North America. Further, a
righ fossil record of ammonitesg and inoceramid bivalves in
the Albian - Ssantonian part of the section allows close
biostratigraphic correlation to Colombia and the Western
Interior Basin of North America, and from thisg designation
of[the position of stage and substage boundaries as well asg
integration of radiometri¢ dates from the Western Interior
atlkey levels. This, in turn, allows close comparisonsg of
the sealevel history between these three areasg, and analysis
of’the effects of eustasy vs. tectonics in regulating the
gequence stratigraphy of northeastern Venezuela
(subsequently discussed).

Thq basalmost undeformed Querecual Formation in the Rio
Quqrecual section (JRV-92-6; Fig. 14) represents a condensged
sequence of concretions and calcareous shales (Samples 6-1 -
6-4; Fig. 14) characteristic of maximum flooding in basinal
faqies. A covered interval extending from the latest Albian
thgough the basal Turonian omits the record of the
supsequent sequence boundary, and of the great Late -
Cencmanian global transgression. Cy¢lically interbedded
argillacous, organic rich pelagic limestone and calcareocus
sh#le facies comprise the next major TST, which reaches
ma*imum flooding in the late Early Turonian (the mosgt
extensive Cretaceous global eustatic highstand). The maximum
flooding surface ig characterized by a condensed horizon
wilh numerous fogsiliferous concretions (Sample 6-9, 6-10;
Fig. 14). HST deposits are similar to those of TST; silty
and sandy carbonate bedsg in the late Middle Turonian
(bétween samples 6-12 and 6-13; Fig. 14) possibly represent
thg position of another 2nd- or 3rd-order sequence boundary
with global expression. A transgressive systems tract
characterized by interbedded pelagic limestones, calcareous
sh%les, and scattered concretion levels (partially
condensed) culminates in a maximum 1st, 2nd, and 3rd-order
fléoding in the basal Coniacian; this MFS ig marked by a
highly condensed sequence of fogsiliferous concretions
(samples 6-19%9a-c: Fig. 14). Increasing amounts of calcareous
shale and diminishing limestone content mark the ensuing
HS?, which may be terminated by a conformable sequence
boundary in the vicinity of sample 6-21.

Middle and Late Coniacian transgression (TST) is marked, as
be@ore, by increasing percentages of pelagic limestone and
diqinishing bercentages of calcareous shale, suggesting
deqpening and some condensation, with two maximum f£looding
sugfaces, separated by about 20 m of interbedded shale and
liqestone, marked in the middle and late Late Coniacian,
respectively, by condensed horizons with closely spaced
foqsiliferous concretions (Samples 6-25 and 6=-30,
respectively). A return to interbedded limestone and shale,




shale contact (basge of Sample 6-34; Fig. 14). Subsequent
Early Santonian maximum flooding is marked by a highly
condensed, pyrite and carbon-rich interval (Sample 6-35 and
above; Fig 14), overlain by cyclically bedded pelagic
limestones and calcareous shales during highstand (HST), and

bredominantly limestone-shale bedding ecycles (probably
Milankovitch climate cycle deposits: gee Fischer et al,
1985), to equivalent gize or thinner cyecles of chert/shaley
chert and shale bedding cycles, announcing the onset of San
Antonio style sedimentation and increased nutrient upwelling
across the northeastern Venezuela pagsive margin. :

In the upper Querecual Formation, a Late Santonian
transgression (TST) ig marked basinally by decreasing silt
and chert content, and increasing calcareous content in the
shale facies (Samples 6-40 to 6-45: Pig. 14), with the
maximum £looding tentatively placed in the middle of the
carbonate-rich cherty shale interval (at and below sample 6-
46) . Subsequent highstand is marked by chert-shaley chert
bedding cycles without significant carbonate, and a seguence
boundary picked at the base of a 2 nm sandstone-gandy shale
interval (480 m; Fig 14). A final third-order Querecual
transgresgion (TST) is marked by another increase in relagic
carbonate content in the Early Campanian, culminating at
maximum flooding (Sample 6-52; Fig. 14) in a condensed
sequence of chertsg interbedded with highly calcareous
shales. The upper 135 m of the Querecual ig characterized by
alternating chertsg and siliceous shales, which become
increasing silty and sandy upward, describing highstand
conditions.

The Querecual - gap Antonio formation contact is sharp and
marks a major 2nd-order Sequence boundary of probable Late
Campanianﬂage (Sample 6-65 and above). The boundary is

The Querecual Formation thus shows enough lithologic
differentiation to allow detailed sequence stratigraphy down
to at least 4th-order of regolution. TST's are commonly
characterized by increasing Pelagic carbonate content and
condensation, associated with diminishing relative shale
and/or chert content. Condensed sequences marking maximum
flooding have the highest relative carbonate content and are
commonly associated with closely spaced, fossiliferous
concretion levels. Highstand systems tracts are marked by
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increasing silt, sand, and/or clay content associated with
diminishing carbonate. Sequence boundaries may be
conformable or slightly erosional, condensed, and commonly
havé an abruptly appearing increase in sand and silt content
of the shales. These interpretations are compatible with
basinal sequence stratigraphic models in Cretacecus rockg of
Noth America and Europe. The commonly held view that chert
deppsition represents the deepest water conditions is
rejgcted; chert content actually diminghes near maximum
flopding surfaces/intervals. Chert deposition in the
Querecual and overlying San Antonio Formations is probably
mos# strongly dependent on paleobathymetric and
ocegnographic conditions that promote slope to platform
upwelling of nutrients.

SAN| ANTONIO FORMATION

The| San Antonio Formation (Hedberg, 1937) as summarized in
Macgotay et al (1985), is characterized by thick sandstone
1ayprs (many of them mass flow deposits) intercalated with
thipner sandy and silty black shales at the base of the
section; sandstone beds diminish in size, and shales become
morF prominent, more siliceous and more calcareous
upsection, where they are ¢yclically bedded in a manner
siq&lar to that of the upper Querecual Formation. The type
section is in the Rio Querecual, where it was re-measured
duﬂing the course of this study. The base and top of the San
Antonio Formation are 2nd-order sequence boundaries marked
by |an abrupt erosional contact between massgsive sandstone
beds above (basal San Antonio sandstones, bagal San Juan
saﬂdstones), and thin, cyclically bedded shales and cherts
bellow (Fig. 14).

The San Antonio Formation was documented in detail only at
thé type section during this study, where it is measured asg
355 m thick; faulting may have modified its true thickness
infseveral places. In the Rio Querecual the San Antonio
Fo;mation contains four major lithologic divisions: (a) a
loqer 150-m-thick sequence of dominantly thick-bedded
sandstones showing mass flow characteristics near the base,
and more even bedding upward, interbedded with thinner units
oflsilty clay and calcareous clay shales (Fig. 14: m 635 - m
78%); {(b) a 105-m~thick sequence of Predominantly shale,
more calcareous at the base, and more siliceousg and cherty
at|the top, interbedded with thin chert and {upward) brown
sagdstone beds (Fig. 14; m 785 - m 890); (c) an upper 45 m
in;erval characterized by relatively thick, flat bedded
br9wn sandstones (probably slope flow events) with secondary
amounts of clay and silty clay shale, and rare chert beds;
(d) and an upper clay shale unit, without gsignificant sand
or| silt except near the top, where it isg truncated by the
fiFst massive sandstones of the San Juan Formation (sequencae

boundary).




Two second-order sequences characterize the San Antonio and
relate to these four facies suites. The lower 150 m
sandstone sequence represents lowstand deposition at the
base of the platform slope, mainly through mass flow, during
a major drop in sealevel. This is condensed upward, with
increasing numbers of concretionary lavers, possibly
announcing early transgression. A major marine flooding
surface at m 785 (Fig. 14) is characterized by abrupt
truncation of sandstone deposition and development of a
condensed sequence of pelagic limestones and concretions in
calcareous shale (m 785 -m 798), representing a shortened
TST and maximum flooding surface/interval (MFS). Above this,
the shale sequence becomes less calcareous and more
siliceous, marking the highstand systems tract (HST) up to
meter 860 (Fig. 14), where another sequence boundary is
marked by a level of sandstone dikes and the bagse of the
first thick, massive sandstone slope deposit (n-862;
Fig.14). The interval between meter 862 and meter 938 (Fig.
14) is characterized by an upward thickening sequence of
massive to thick-bedded sandstones, mostly slope flow
deposits, marking the lowstand systems tract. The uppermost
shale interval (m 938 to m 990; Fig. 14) of clay shale
represents a final TST and maximum flooding just below the
point it begins to get silty and sandy upward (m 960), above
which it represents early HST.

The 2nd-order segquence boundary at the San Antonio-San Juan
contact is sharp, paraconformable to broadly scoured, and
marks an abrupt change from basinal clay shales of the San
Antonio, to massive shoreface? or upper slope sandstones of
2the San Juan Formation. Macrofossils are so rare in the San
Antonio Formation that no revision of its age is now
possible; ongoing micropaleontological analyses, especially
among radiolarians, will help to resolve this in the near
future.

SAN JUAN FORMATION

The San Juan Formation (Hedberg, 1937), as summarized by
Macsotay et al (1985), consists of a thick sequence of
magsive to thick-bedded orthoquartzites and relatively pure
quartz sandstones with very thin sandy clay intercalations.
Sedimentary structures other than weakly defined trough beds
and rare trace fossils, are not well developed. Individual
sandstone beds are <1 m to 3 m thick and generally £flat
bedded. Thinner sandstone beds incalated with carbonaceous
shales and sandy mudstones characterize the upper 8 - 10 m
of the formation.

The San Juan Formation represents, except at the very top,

a stacked lowstand sequence of shoreface or upper slope
sandstones. At the top, thinner bedding, and greater amounts
of shale and plant material, may reflect onset of coastal
transgression, and thus early TST. But the top of the San
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Juan Formation displays a well defined, bioturbated marine
flooding surface (TS) overlain by rapidily deepening shalesg
of the Vidono Formation (Fig. 14) . The San Juan Formation
was not studied in detail during the course of this
research.

VIDONO FORMATION

The Vidono Formation (Hedberg and Pyre, 1944) represents
rapid flooding and deepening of the platform following San
Juan sealevel lowstand, and consists in the basal 50 m of
thin-bedded calcareous and clay shale with a few thin
bioturbated sandstone bedg near the base. The entire

systems tract which becomes Progressively more ¢alcareous
and finer-grained up-section. The shaleg to 50 m above the
base contain a very rich and well Preserved Late "
Maastrichtian foraminifer fauna. The Cretaceous-Tertiary
boundary must lie close to the top of our measured section
along the Rio Querecual.

Macsotay et al (1985) note that the thickness of the Vidono
Formation is variable in the study area, reaching 300 m andg
crossing the Cretaceous-Tertiary boundary, as indicated by
microfaunas. The upper Vidono Formation was not well exposed
along the Rio Querecual, and therefore not studied in

detail.




BORRACHA FORMATION

North of the El Naranjo-Los Borrachos fault
offgshore iglands of northeastern Venezuela,
1impstone unit that lies between the Garcia
formations is called the Borracha Formation
1985), subsequently studied and measured in
(19%7). Macsotay et al (1985) note that the

DAY 3; ISLA BORRACHA SECTION

zone, on the
the magsive

and Chimana
(Macsotay et al,
detail by Vivas
Borracha is

temborally equivalent to, and at-the top younger than the E1
Cantil Formation south of the fault zone. The top may be

equﬁvalent to the Guacharo Limestone Member
Formation in the Serrania.

of the Chimana
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FIGURE 13c: ISLa BORRACHA

an_ 1 . ¥
[ [ ] | 1
28~
HST Dt s g
N b AN &
— MFS? 24—
11 & sy & &
TST, 4 TST - RN
< = ——
Ilfl — SB — L =~
O
-] 1% | s 4
HST & 0 G
10 | 12—
— ‘=a‘$ ]
g i
8 88— | - |
| 1 |
] e &9 Dy & GG gy & |
. 4]
— MFS — }32: -
TST o
=1 _1

Key to Lithologies and
Weathering Profiles

covered interval

rudist bioherm
shale baprinid, biostrome

[ —
/-—--‘ ———
shell bed

Ia:n.&&u Q:h-hﬂ?l

Kauffman, Johnson, Villamil 1992




FIGURE 13d - ISLA BORR{}%A

®abe &%

algae & algal coated grains

-------------
-------------

D
------- l

sandy limestone

_ 1 | —

shaley limestone )

1

-
T
I
T T

T
[

thin-bedded limestone

N

'--_____./
"--._.__/

fluvial troughs

] . e . [ ] . )
L] ® [ ] . [ ] 4
glauconite

ﬂ(_
Fx Fp A

corals

P 0 o
°°,%° 60009 0 00
O o000 oY% 0 oo

oolites

massive limestone, karstified

@@MI/’/

bivalves

U )
L Y & uﬁ&a

burrows

belemnites

Kauffman, Johnson,
1992

and Villamil




The biostratigraphic evidence for these age relationships
has been re-examined by the authors and found to be
Qquestionable, and largely based on rudistid bivalves near
the tops of these limestones whose ranges are now known to
be largely coeval. Because of the possible age equivalency
of these limestones throughout northeastern Venezuela
(middle? and Late Aptian through Early Albian), and their
basic lithologic similarity, including the expression of
third-order sequences, we believe that all of these units
should be included in the El Cantil Formation.

The upper 93 m of the Borracha Formation (upper El Cantil)
was studied on Isla Borracha, north of the fault zone, where
it is capped by a 2nd-order seguence boundary (Borracha -
Chimana formation contact), and internally contains at least
one 3rd-order sequence and numerous 4th and S5th-order
parasequences, as shown in Figure 13. Upper El Cantil
facies in this area extend from shallow subtidal to platform
margin depositional settings.

At Isla Borracha, the middle Borracha (El Cantil) Formation
exposed on the ridge c¢rest represents late 4th-order TST and
maximum flooding in the lower 4 meters. These are thin to
thick-bedded limestones with, upsection, delicate coral
thickets and small requieniid and caprinid rudistid
biostromes and thickets (Units 1-7; Fig. 13). Above this,
the next 43 m of section containsg a series of cyclically
bedded, thick-bedded light to medium gray, fine-grained
limegstones representing inner and middle shelf facies, and a
2nd- and 3rd-order transgressive systems tract. Maximum
third-order flooding is at the development of caprinid
rudist frameworks (Unit 13), possibly representing platform
edge environments, 3 m below the top of the limestone
sequence which spansg Units 7-13 (Fig. 13). This interval
contains many 4th-order parasequences (Fig. 13) represented
by repetitive cycles of bivalve shell debris (base of cycle;
SB), micritic limestone with algal-coated grains, and
biostromes of requieniid and scattered caprinid rudistids
(TST and MFS), overlain during HST by limestone with algal
coated grains and scattered small requieniid rudistids.
These 4th-order cycles are superimposed over a finer scale
of cycles represented by the 1 - 2.5 m thin marl - thick
limestone bedding c¢ouplets, pssibly representing a 5th order
(100 Xa) Milankovitch climate cycle. The 2nd and 3rd-order
HST lies at the top of unit 13 and in Unit 14 and shows a
return to inner shelf conditions, thin-shelled requieniid
rudist biostromes, and more marly facies. A 3rd-order
erosional to paraconformable sequence boundary caps this
limestone (top of Unit 14), and is overlain by 4 m of
glauconitic calcareocus sandstone - an amalgamated lowstand
systems tract and transgressive lag (Unit 15, base; Fig.
13).
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In the upper Borracha Formation, the final 3rd-order
sequence ig represented by a transgressive systems tract
consrstlng of, at the base, alternating thin guartzose
marlne sandstones and thicker interbedded shale and
calcareous shale units, which themselves describe 4th and
5th~order parasequences (Units 15, basal 16; Fig. 13). Above
thlsl 18.5 m of massive thick-bedded gray limestones
contalnlng abundant rudistid (malnly caprinid) bioherms and
blostromes 1l - 3 m across comprlse late TST and the maximum
floodlng interval expressed in outer platform and platform-
edge[fac1es (Units 16-18; Fig. 13). A thin 3rd-order HST is
developed in the upper 4 m of the Borracha Formation, as
represented by thinner-bedded limestones and, at the top,
large oyster and rudist-bearing sandy limestone.

The Porracha ({E1l Cantil) - Chimana contact is a second-order
sequence boundary, and is characterized on Isla Borracha by
a karstlc surface on a gandy limestone hardground
(encrusted), indicating subaerial exposure before subseguent
drownzng by Chimana transgression. Karst voids are primarily
along fractures, and are filled with glauconitic sandy
shales of the Chimana Pormation (Unit 1% - 20 contact;
Frgure 13). All observed contacts between the El Cantil and
overlylng strata south of the fault zone were faulted, but
appeared to have been equally abrupt.

CHIMANA FORMATION

Macsotay et al (1985) described the Chimana formation as
be1ng of Early to Late Albian age south of the fault zone,
and| Middle to Late Albian age north of the zone on the
coastal islands. Ammonites from the uppermost Borracha (El
Cant11) and lower Chimana formations on Igsla Borracha
suggest a late Middle aAlbian age for the contact. Macgotay
et ?1 (1985) described the Chimana in the study areas as 150
m of quartz and quartz-feldspathic sandstones, calcareous
sandstones and shales, and clay shales bearing diverse
fosszls. In general, the Chimana Formation comprises a
second- or third-order sequence, with glauconitic and
quartzose gsandgtones at the base (transgressive lag and
early TST), grading upward to clay shales and calcareous
shales with limestone lenses and concretions (Late TST and
maxzmum flooding surface/interval), and at the top
coarsenlng upward to fossgiliferous sandy shales and
arglllaceous calcarecus sandstones representing HST. A major
sequence boundary cuts the top of the Chimana, superimposed
on| the martine f£flooding surface of the Querecual Formation.

The lower part of the sequence, representing the early to
late transgressive systems tract, was studied in detail on
Isla Borracha (Fig. 13). The second-order sequence boundary
atﬁthe base is a karstified and encrusted limestone
hardground on top of the Borracha Formation {(=El Cantil),
wilth karst holes filled with basal Chimana greensands. The |




Figure 13) is a 7 meter thick phosphatic and glauconitic
greensand with relatively abundant fossils, eapecially
belemnites and bivalves. Thig grades upward into dark gray
clay shales with thin limestone and calcareous sandstone
lenses and beds, becoming less prominent upward (Units 21,
22; Figure 13). These sgtrata collectively comprise the 2nd-
order transgressive systems tract; 3rd - Sth-order cycles
are reflected by the thin sandstone beds, with sequence
boundaries at their bases (e.g. Fig. 13; Unit 21).

basal transgressive lag and condensed horizon (Unit 20, \

BIOCHRONOLOGY

Of the four major stratigraphic tools for establishing age
and correlation of the northeast Venezuelan Cretaceous
sections (magnetostratigaphy, geochronology, event
chronostratigraphy, and biostratigraphy), only
biostratigraphy provides a reliable base at present.
Paleomagnetic data are scattered in northern South America,
and much of the Cretaceous is a quiet interval. Rare
volcanic ashes were encountered in the Cretaceous, and these
were too altered for geochronologic analysis. For those
individual sections where high-resolution stratigaphic
analysis was completed (e.g. the Rio Querecual), several
hundred event surfaces have been identified, mainly among
climate cycle and mass flow deposits, concretion horizons,
and on a larger scale, among 3rd - Sth-order segquence and
parasequence boundaries and marine flooding or highstand
surfaces.

But the present event and cycle chronostratigraphy for this
region represents only a testable hypothesis inasmuch as
most event data for each formation was collected from only a
single stratigraphic¢ section. This powerful new system of
stratigraphy now remains to be tested by similar studies in
other areas of Venezuela, and then correlatad to the already
highly refined Cretaceous stratigraphy of the Colombia




[
l
|

marJne Cretaceousg basins (Villamil, in progress). We propose
thaﬁ this be the next critical step of future research.

The |Cretaceocus strata of northeast Venezuela have yielded
rlch fossil biotas from several levels, mainly molluscs,
corals, and calcareous microplankton, but including such
groups as ammonites, inoceramid bivalves, planktonic
foramznmfers, radiolarians, and coccoliths that are
malnstays of the global Cretaceous biochronology. Our hope
at achlev1ng an initial high-resolution chronology for this
sequence lies first in refining the biostratigraphic data
base and applying it to modern techniques of zonation and
correlation, previously discussed.

As a first step in this process, all published
blostratlgraphzc data with relatively trustworthy
stratlgraphlc occcurrences, were compiled for the Lower
Cretaceous (ammonites, bivalves, gastropods, corals,
foraminifers, etc.) of northeastern Venezuela and plotted
aga&nst stage and substage divisions (Fig. 16). Only the
ammon;te data of Renz (1982) were plotted for the Upper
Cretaceous, where other groups are more poorly studied.
Besides Renz (1982) additional main sources of data were
Macsotay, et al (1985 and references therein; molluscs;
foraminifers), Wells (1944; corals), Rossi (1985 and
references therein: algae, molluscs, foraminifers), Vivas
(1987, and references therein; molluscs, foraminifers);
Macsotay (1980; and personal communication, 198%), Kauffman,
thnson, and Sohl (Caribbean biostratigraphic chart;
manuscrlpt in prep.) and the collections of the authors
between 1589 and 1952,

Flgure 16 shows the published ranges of most known fossils
from the Lower Cretaceous of northeastern Venezuela, and the
Upper Cretaceous ammonite ranges of Renz (1982). These
rapges and the composite assemblage zones that can be made
from then provide a broad scale system of dating and
correlatlon, but only at the stage and substage level.

These data allow the derivation of 18 composite assemblage
zopes, many with one or more ammonite or bivalve gpecies
restricted to the zone, between the Hauterivian and the top
of| the Coniacian (about 47 Ma), giving a current
biostratigraphic resolution of 2.6 Ma/biozone. This is
exFremely coarse compared to modern biozonal systems
developed for Colombia (0.5 - 1 Ma/biozone) and the Wesgtern
Interlor of North America (0.12 - 0.33 Ma/biozone),
suggestzng the need for an intensive program of
pdleontologzcal research in northeastern Venezuela to
fqrther refine ranges of known taxa, and add new data to the
zonatzons. For example the diverse ammonites of Renz
(1982), potentially the most powerful first tool of
cqrrelatlon and dating, are not precisely located
stratigraphically as publighed, and nany rudistid species

|
|
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use@ in dating c¢arbonate platform facies are now known to
havq different and more restricted ranges in the Caribbean
Province elsewhere (Rauffman, Johnson, and Schl, in

manqscript).

As #n example of the biostratigraphic improvement that can
resqlt from high-resolution stratigraphic analysis, the
ammgnites and bivalves retrieved from the lower Querecual
Formation on the Rio Querecual during the course of our
reséarch are plotted in Figure 17; not only are the ranges
more restricted than those generally cited by Renz (1982)
and| others, but the resultant zonation achieves a resolution
of 0.63 Ma/biozone, nearly four times more refined than

existing systems summarized on Figure 16.
|

At present we expect to add a large microfossil data base to
thiF zonation when work is completed by various specialists
on|the radiolarians, foraminifers, and palynomorphs, and
thin-section work is completed on some macrofossils in
carbonate facies. But the main need in order to eatablish a
new and more refined biostratigraphy for northeastern
Ve#ezuela is a great deal of more focused high-resolution
fiqld collecting along a series of Cretaceous transect
between the Miracaibo Basin and the northeastern margin of

Venezuela.




CRETACEOUS BIOSTRATIGRAPHY OF VENEZUELA AND COLOMBIA

In an attempt to establish a new biostratigraphic zonation
for the Cretaceous of northern South America, we have
collated all published data, as well as our new field
observations, into a series of biostratigraphic charts for
foraminifera, ammonites, and other macroinvertebrates.
Copies of these charts are attached on the following pages;
they may be removed from the guidebook and assembled into
single wall charts for your convenience.

These are "state-of-the-art" diagrams, and represent only
data that are published or personally observed. Based on
experience learned during our development of a highly
refined Cretaceous biostratigraphic system in the Western
Interior of North America, we believe that this preliminary
zonation for northern South America can be considerably
improved. We ask you help in correcting range zones and
adding new data to these charts for our mutual benefit.




REGIONAL CORRELATIONS OF SEQUENCE STRATIGRAPHY; A FIRST TEST

The major 2nd and 3rd-order sequence stratigraphic divisions
of the Cretaceous gtrata in northeastern Venezuela have been
presented in text, and are summarized on Figure 3. As a
fzrst test of controls on the development of these sequences
(eustatlc vs tectonic, ete.), graphic correlations (Bdwards,
1984) based on comparable Cenomanian - Santonian
blostratlgraphy of northeastern Venezuela, the Magdalena
Basln of Colombia (011n1 Creek Reference Section for the
V11leta Group), and Pueblo, Colorado (the Greenhorn and
Nioprara Cyclothem reference sections for the Western
Interlor Bagin of North America), have been completed.
Flgure 18 correlates the Venezuela and Colombia sections,
and Figure 19 the Venezuelan and Colorado sections. The line
of correlation is drawn strictly on biostratigraphic range
term:natlons, following the methodology of Miller (1979) and
Edwards (1584). These biostratigraphic zones have been
correlated to the new geochronologic time scale for the
Western Interior Bagin {(Obradovich, in press; Kauffman et
al, in press) and the ages integrated into the correlation
matrix. Changes in the slope of the line of correlation
(LOC) denote differences in sedimentation rate between
correlated sections; flat lines usually mean omission or
seyere condensation of section at one locality. Note that
due to very great differences in total thickness of the
compared sectlons, different scales had to be used on the
graphlc axes in plotting. A strong biostratigraphic
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correlation matrix exisgtg between the three gections, even
though only a relatively small bercentage of fossgil taxa
found in any one section are shared betwesn gections.

As a second step, sequence boundaries and maximum flooding
surfaces identified for the three sections were then tested
against the biostratigraphic line of correlation to
determine which surfaces correlated, and which did not. On
Figures 18 and 19 the square boxes with central dots and
letters beside them refer to those sequence stratigraphic )
surfaces that correlate within one standard deviation to the
biostratigraphic line of correlation. Arrows on the axes of
the graph denote thoge that did not correlate at 2nd - 4th
order,

It is significant that, where correlation was posgibile
because of a well developed data basge {but not in the ghaded-
area of each graph), about 40 percent of the sequence
boundaries or maximum flooding surfaces in the Rio Querecual
section can be correlated rather Precisely to the Villeta
group of Colombia (77, 85.35, 85.66, 86.61,89, 90.74, and
92,87 Ma surfaces).. Between the Querecual Formation and the
Western Interior Basin of North America (Colorado), about 58
bercent of the gsurfaces correlate (77, 85.35, 86.61,87.55,
88.8, 89, 90.74, and 92.87 Ma gurfaces). Five Cenomanian -
Santonian surfaces graphically correlate between all three
regions.

This clearly establishes the probability that about half of
the sequence boundaries and maximum f£looding surfaces found
in Venezuela during the course of this study are primarily
eustatically regulated, and have global correlation
significance. Thig c¢onclusion needs to be tested further in
different areas, and with a more precise Venezuelan data
base. Precisge biostratigraphic dating of the Albian, earlier
Cenomanian, and Campanian-Maastrichtian sequences in
Venezuela which will result from future work, and analyses
in progress, will doubtless allow more precisge
interpretations for the driving forces behind raelative
sealevel fluctuations across the northeastern Venezuela
Passive margin. . :




REFERENCES

Caldwell, W.G.E., and KRauffman, E.G., 1992 in press.
Me50201c evolution of the Western Interior Basin of North
Amerlca.ﬁ Geol Assoc¢. of Canada Spec. Paper.

Edwards, L. E.,~1984. Insights on why graphic correlation
(Shaw's method) works. Journal of Geology, Vol. 92, p.
583-587.

Eingele, G*, Ricke, W., and Seilacher, A., Eds., Cycles and
Events in Stratigraphy. Berlin, Heidelberg, New York,
etc., Springer-Verlag Pub., p. 785-819.

Fischer, A.G., Herbert, T., and Silva, I.P.k, 1985.
Carbonate bedding cycles in Cretaceous pelagic and
hemzpelaglc sequences, in, L.M. Pratt, E.G. Kauffman, and
F.B. Zelt, Eds., Fine-grained Depogits and Biofacies of
the Cretaceous Western Interior Seaway: Evidence of
Cyclic Sedimentary Processes. SEPM Field Trip Guideboock
No. 4, 1985 Midyear Meeting, Golden, Colorado, p. 1-10.

Guillaume, H.A., Bolli, H.M.; and Beckmann, J.P., 1972.
Estratigrafia del Cretaceo inferior en la Serrania del
Interior, Oriente de Venezuela. Bol. Geol. (Ven.) Pub.
Esp. Vol. 5, No. 3, p. 1619-1659. )

Haq, B.U., Hardenbol, J., and Vail, P.R., 1988., Mesozoic
and Cenozoic chronostratigraphy and eustatic cycles, in,
C.K. Wilgus, B.S. Hastings, C.G.St. €. Kendall, H.W.
Posamentier, C.A. Ross, and J.C. Van Wagoner, Eds., Sea
-Level Changes: An Integrated Approach. Soc. _Econ.
Paleon. and Mineral’ Spec. Pub. No. 42. Tulsa, OK.

Hedberg, H.D., 1937. Stratigraphy of the Rio Querecual

 section of northeastern Venezuela. Geol. Soc. Amer.
7“Bull., Vol. 48, No. 12, p. 1971-2024. I

Hedberg, H.D., 1950. Geology of the Eastern Venezuela Basin
*{Anzoategui-Monagas-Sucre-Eastern Guarico portion).
Geol. Soc. Amer. Bull, Vol. 61, No. 11, p. 1173-1216.

Hedberg, H.D., and Pyre, A., 1944. Stratigraphy of
northeastern Anzoatequi, Venezuela. 2Amer. Agsoc. Petrol.
Geol., Bull., Vol. 28, No. 1, p. 1-28.

Rauffman, E.G., 1970. Population systematics, radiometrics,
and zonation - a new biostratigraphy. Proceedings of the
North American Paleontological Convention I, Pt. F., p.
612-666. Univ. Kansas Press, Lawrence.

Kauffman,‘E.G., 1975. Dispersal and biostratigraphic
potential of Cretaceous benthonic Bivalvia in the Western



Interior, in, wW.G.E. Caldwell (ed.); The Cretaceous
System in the Western Interior of North :America. Geol.
Assoc. Canada Spec. Paper 13, p. 153 -194,.-. @
i "}
Kauffman, E.G., 1985. Cretaceocusg evolution of the Western
Interior Bagin of the United States," in,. .M. Pratt, E.G.
Rauffman, and F.B. Zelt,..eds., Fine-Grained :Deposits and
Biofacies of the Cretaceous Western Interior Seaway:
Evidence of Cycllc Sedimentary Processges. Soc. Econom.

Paleon. and Mineral.,. Tulsa, Field Trip Guidebook 4, p.
iv-xiii, - . . -

% - - e

-

Kauffman, E.G., 1988. Concepts and methods of high
-regolution event stratigraphy. Ann. Rev. Earth and
Planetary Sciences, Vol. 16, p. 605-654. -

Kauffman, E.G., Cobban, W.A., and Eicher, D.L., 1976.
Albian through Lower Coniac¢ian strata, biostratigraphy
and principal events, Western Interior United States, in,
Amnales du Musee d'Histoire Naturelle-de Nice, Vol:"4,
Evenements de la partie Moyenne du Cretace.(Mid -
-Cretaceous Events), Uppsala-N;ce Symposza, 1975 =76, D.
XXIITI1-XXIII24. ° I

Kauffman, E G., Elder, W.P., and Sageman, B.B., 1991.. High
-resolution correlat;on. A .new tool.in. g Y.
chronos;ratigraphy,ﬁln, Einsele, G.; Rlcken, W.., and
Seilachét, A. (Bds.), Cycles and Events :in:Stratigraphy.
Berlin, Heidelberg, New York, etc., Springer-Verlag Pub.,
. 785- 819 “ - 2 3

o - ] " T,
FUO4TOR - -

Kauffman, E;G.,“Kzrkland, J.I., Sageman, B. B:y‘Elder, W.P.,
Harrier, P.J. and Viilamil, T., 1992 in press. Molluscan
blostratlgraphy of the Western -Interxior Cretaceous.Basin,

*ﬁ in, Caldweil, W.G.E., and Kauffman,.E.G.-Eds., Mesozoic
Evolut;on.of the Western Interior Basin of North America.
Gebl. Assoe. of Canada Special Paper. wa- ¥

. Liddle,,n Aq,&1928. . The geology of Venezuela and Trinidad.

J P. MacGowan,;Eort Worth,. Tezas, 552 Dp. - -jié

) ‘Macsotay, 0., 1980. Mollusques benthzques de Cretace::
inferieur: une methode du correlation entre la Tethys

hmesogeenne et.le domaine paleo-Caraibe: !(Venezuela):...

" Thege’ de Unlver31te, Univ. Claude Bexnard. Lyona“V.I.
lFBpp. T C oS o R S -y

P
™

hatd
5

Macsotay, 0., Vivas, V., de Bellizzia, N. P. and Bellizzia,
A.G., 1985. Estratigrafia y tectonica del Cretacec
-Paleogeno de las islas al norte de Puerto La Cruz-Santa
Fe y regionea adyacentes. VI Congreso Geologico
Venezolano, Memoria, tomo X, pp. 7125-7174, Caracas,
Venezuela, 1986,




. n K3 S
R gt SRR

Miller, F.X., 1977. The graphic correlation method in
bzostratigraphyp in, Kauffman, E.G., and Hazel, J.E.,
Eds., ‘Concept’s “dnd methods of biostratigraphy.
Stroudaburg, -Penrisylvania f Dowden, Hutchinson, and Ross
Publlshers, P. 187 212

Renz, .,?1382 The cretaceoua Ammonltes ‘of Venezuela.
B;rkhausevGraphlsches Unternehmen AG, Basel, 132pp.

b it} e

Rosales,rﬂ., 1960 “Estrat;grafia del Cretaceo-Paleoceno

-Eoceno .de la Seérrania del Interior Oriente de Venezuela,

III Cong. Geol. Venez., Caracas, 1959, Mem. T. II, p.

471-495. o

Lot S B =

Rossi, T., 1985. COntrzbutaon a letude geologique de la

frontiere Sud-Est de la plaque Caraibes: La Serrania del

Interior Oriental (Venezuela) sur le transect Cariaco

-Maturin: synthesges paleogeographzques et geodynamlque,

Thesisg, " SC. Brest, 340 pp.

o LT )

Salvador, A., and‘'Rosgales, H}, 1960. “Guia de Excursion A
-3. Juséepin-Cumana¥. cong Gedli: ~Venez III, Caracas,
Nov., .195%. i Memoria Bol. 'Geol. Caracas, Publ Esp., 3,
1:63-74.

IS T
LSBT .

-
)

Vail, .P.R., Mitchum, R.M., Jr.,; and Thompson, s., III, 1977
Relative changes™f sedlével from coastal Onlap, in,
sPeyton, C:E., Bd., Seismic stratzgraphy. nmer. Asgoc.
derPetrol. Geol. Hemo:r 26k p 63 81

* R W] 7

- N

Van der Osten, E., 1957 Lower Cretaceous Barranquln
Formation of northeastern Venezuela. Amer. Aasoc.n”
Petrol Geold Buxlfg ‘Vol. 41, No. 4, p 79 70&‘ -

o wp AT - PRI L "
vas, V“,,IBB7:A onestratlgrafla del Cretateo’ de la region
de - BergantlnLSanta"Ines, "Edtado Anzoateguz, Vbnezuela
‘Nororientdl. ‘Bolétin de Geolog:é VOl XVI, Numero ‘29, p.
3-128. sy

“r,u_ .},

AR e

v

.z:‘tl‘-

Vivas, - V.: and Macsotay,”"1988i- Cantera Los Andes, Exoursmon
al Frente de Montanas #fenezuela Oriental, ' in IIT 51mposlo
Bolivariano, 17 y 18 de Marzo, 1988 ,§oozedad Venezolana
de‘tﬁeologos, BLAppL it ten . AR
i oo - AR R 23 &S T S SN SR A QS 0 S -

Wells’,, £ ;i 1944“ ‘L eretaceous,® 'I‘ert:.ary atid Recght. c¢orals,

a ‘sponge, andian‘alga ‘from Venezuela® " Jour.ﬁPaleon,,
Vol 18, No. 5, p. 429-447.  alEEe

* + ' o . P RS-y
s P 9 IRt Y S A ot S -5
LWBE DSE i 5
=03 IR oo TELERNECE LEEBTL e dn
TRIIOTE L 8es T TR . . ent e
DA s sETALR JEan Elas BE. g oaepunled
LT -V ¥ o . e f‘} oo C ,T‘” x mq
A np gy gy =~ FY:
salpofosd oorr.asl IV L pelUssoyls BRUCITEL
% e . E ¥ bl -
iR JAETIT RGIT L n WX omod .siuzomel  arslorias®
5 LD W 0 ) . =
3“32:‘..'5 S S




