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ABSTRACT 

A subsurface acoustic reflection study has been carried out in the Gulf of Paria with an 
Edo UQN Echo-sounder and a Precision Graphic Recorder of The Alden Electronics and 
Impulse Recording Equipment Co., Inc. Using a very short ping length for maximum 
resoluti on, penetration below the bottom in excess of 0.03 sec (45 m) was commonly obtained 
in water depths up to 100 m. 

The acoustic profiles show three regionally correlatahle erosional surfaces separated by 
bedded sediments. The lowest and middle surfaces join at 4 3 m below the present sea level, 
the middle and upper surfaces at 2 0 m. It is po~tulated that these surfaces were produced by 
the late Pleistocene regression and by two subsequent temporary regressions, from 43 to 
62 m and from 20 to 37 m, respectivel y; these regressions, according to studies in the Gulf 
of Mexico, interrupted the Holocene' transgression. 

The depositi onal sequences show widespread inclined bedding. The lithologic nature of 
the beds is unknown. The distribution of inclined beds shows that throughout most of the 
post-Pleistocene ii1 terval, sediment dispersal originated uniformly from all basin margins. 
The present dominant role of the Orinoco appears to have been establi shed very late. 

Introduction. The Gulf of Paria is a shallow, landlocked basin off the coast 
of northeastern South America (Fig. 1 ) . On the north it is bordered by the moun-
tains of the Peninsula of Paria an<l the Northern Range of Trinidad; these 
mountains have maximum elevations in excess of I ooo m; the northern coastline 
is steep, rocky, and deeply indented. Streams are small and generally seasonal. 

1 Contrib:ition r-:o. 1440 from the Woods Hole Oceanographic Instituti on. Contribution from the 
Scripps Institution of Oceanographv, Uni,-ersi ty of California, San Diego. 

' Holo~enc is <le_fined for the purpose of thi s paper as the time intern! from the beginning of the 
sca-l e\·c! ri se foll ow111g th e latc-Pl e1stocenc low stand to the pre::;cn t. 
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Figure I. Locations of acoustic profiles and cross sections shown in Plates 1-lll and Fig. 2 (heavy 
lines) and of other profiles used in this investigation (light lines). Numbers represent 
geographic reference points. Topography and bathymetry (originally in fathoms below 
Mean Low Water Springs) from U. S. Hydrographic Office Chart H.O. 5587. 

The eastern side of the Gulf is formed by low cliffs and long beaches bordering 
the hilly country of central and southern Trinidad. Only one permanent 
stream, the Caroni River, has built a delta of any importance. In the south 
and west, the Gulf is bordered by extensive mud flats and estuaries forming 
part of Delta Amacuro, the delta of the Orinoco. 

The Gulf itself is a shallow basin with little relief and a maximum depth 
of approximately 40 m. Vast shoals exist in the western part, around south-
western Trinidad, and in the northeastern corner. It is connected to the 
Atlantic Ocean by a long channel, the Serpent's Mouth, and to the Caribbean 
by a deep, island-studded trough of structural origin, the Dragon's Mouths. 
This trough is separated from the deepest part of the Gulf by a sill at 27 m 
and from the Caribbean by a sill at 95 m. 

Bottom relief of the Gulf is very gentle with the exception of a relatively 
deep trough and a narrow channel in the western part and of some rugged 
relief in the Serpent's Mouth and Dragon's Mouths. The bottom consists 
predominantly of very fine mud; a sandy platform surrounds southwestern 
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Trinidad, and rock crops out around Soldado Rock and in the Dragon's 
Mouths. 

The Peninsular and Northern Ranges form the eastward continuation of 
the Venezuelan Coast Range. They consist of low- and medium-grade meta-
morphic rocks of late Jurassic to Cretaceous age. The Central and Southern 
Ranges of Trinidad, consisting of complexly faulted Tertiary sediments with 
numerous large diapyric structures, are considered to be the eastward exten-
sion of the Interior Range of Venezuela. This southern trend can be observed 
to continue from southwestern Trinidad over the Soldado Rock area to the 
Pedernales and Guanipa subsurface structures in the northern Delta Amacuro. 
Between the Central and Northern Ranges of Trinidad is a broad synclinal 
trough with a great thickness of late-Cenozoic sediments. The central and 
northern portions of the Gulf are generally considered to be the westward 
extension of this depression. 

During a study of modern sedimentation in the Gulf in 1952-1953, the 
senior author noticed the indication of subsurface reflectors on records obtained 
with a Kelvin-Hughes MS-12 Echo-sounder. Normally, no more than one 
subsurface reflector was observed. Cross correlation of records led to the 
conclusion that a single buried surface represents the late-Pleistocene land 
surface exposed during the Wisconsin glaciation (van Andel and Postma 
1954: 20-27). 

In the spring of 1963, through the generosity ofV. T. Bowen of the Woods 
Hole Oceanographic Institution, the present authors were given the oppor-
tunity to restudy subsurface conditions in the Gulf. The work was done during 
the Equalant I Expedition on board R. V. CHAIN. With the more sophisti-
cated instrumentation described below, an unusually detailed set of acoustic 
profiles was obtained; these profiles showed the presence of not one but of 
numerous complex subsurface reflectors. The interpretation of these records, 
presented in this paper, essentially invalidates the previous conclusions (van 
Andel and Postma 1954: 22-26, figs. 5, 6). 

Instrumentation and Procedure. Navigational control in the Gulf of Paria 
was primarily by visual and radar bearings and ranges. Minor track adjust-
ments, based on both bottom and subsurface reflections, were occasionally made 
to fit crossover points of track. Profiles generally were made at a speed of 
I 2 knots, and records made on station or between closely spaced stations were 
used only as supplementary information. 

The echograms were obtained by a combination of the Edo UQN, a I 2-kc 
Echo-sounder, with The Alden Electronics Co. Precision Graphic Recorder 
(Knott and Hersey 1956, Hersey and Rutstein 1958, Hoskins and Knott 1961, 
Knott and Witzell 1960, Knott 1962). Alfax type A paper was used. This 
system is used routinely on Woods Hole Oceanographic Institution vessels 
for continuous recording of depth and other time-dependent measurements. 
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In order to resolve individual echoes from closely spaced reflectors, the 
system must be operated close to the limit of its capabilities. For the present 
survey, a recorder sweep rate of Io sweeps/sec was used, resulting in a scale 
of 7 5-m intervals for an assumed sound velocity of 1500 m/sec. The maximum 
sampling rate for this sweep of Io pulses/sec was used for all but a short portion 
of one of the records shown in this paper. A pulse length ranging from 0.9 to 
1.2 m sec was employed, permitting resolution of individual reflectors spaced 
no less than 0.45 to 0.60 m sec apart respectively (ca. 70 to 90 cm for a sound 
velocity of I 500 m/sec). All travel times given are one-way. 

All receiving equipment must respond rapidly enough to resolve these short 
pulses; the present study required a minimum band width of approximately 
1200 cycles (somewhat broader than that of the Edo UQN Receiver). The 
best display on the recorder was achieved by rectifying the returns and re-
cording only the positive part of the signal. 

The photographs of records shown in Plates 1-111 are either direct copies 
(profiles A-c, E, F) or copies by a How camera, which telescoped the horizontal 
scale by a factor of 3.8 (profiles n, G-N). The telescoping brought out some 
features, such as fault scarps and continuity of some of the weaker reflecting 
horizons, that were not evident before. Vertical exaggeration averages about 
40 x for the direct copies and 150 x for the telescoped copies. Gaps in the records 
resulting from time on station, malfunctioning of the equipment, or other 
artifacts, such as course changes, have been designated. To eliminate a con-
fusing band representing electronic ringing immediately after the outgoing 
signal, the photographs have been retouched in the area above the bottom 
echo. Ringing transients, which sometimes follow especially strong echoes, 
are expressed as broad, alternating light and dark bands. A zero line representing 
sea level replaces the outgoing signal produced at the level of the transducer 
near the keel of the ship. Minor distortion due to paper shrinkage occurs in 
some records and is reflected on the photographs in the slight sinuosity of some 
of the original scale lines. 

Since the velocity of sound within the sediments is not known precisely, 
a primary vertical scale is given in seconds (one-way travel time). On the 
assumption that the difference from the sound velocity in seawater is not great 
for the upper few hundred meters of generally fine-grained sediment (Moore 
and Shumway 1959, Sykes 1960, Shumway 1960), a depth scale in meters 
based on a velocity of 1500 m/sec has been added. The validity of this assump-
tion may be ascertained by an examination of profiles A and B in Plate r. In 
part, these profiles show a series of reflectors that are nearly parallel to each 
other and to the bottom and that are truncated by channels cut into the bottom. 
The apparent attitude of these horizons does not change appreciably where 
the bottom slope changes abruptly and the overlying sediments thin. Hence 
the sound velocity in this material must be close to that in the water column 
above. In situ sound velocity measurements in unconsolidated sediments 
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(AMSOC Mohole report 1961: 161) also indicate that velocities differ from 
this figure by less than 10°/0 • Sands or highly indurated clays would produce 
velocity differences of this order; reRectors below a high velocity layer, as for 
example a bed of shell or gravel, would appear displaced upwards. 

Such possibilities have been considered in the interpretation. It may be 
assumed that, for the normal depth of penetration (ca. 0.03 sec), the discrep-
ancy between the actual depth of burial and the depth shown on the records 
is small. Tidal sea-level changes during the survey did not exceed 0.5 m and 
thus were within the accuracy limits of preparation of the photographs and cross 
sections. For convenience, the data will be discussed in terms of a meter scale. 

The present survey has produced acoustic profiles representing more than 
500 nautical miles (1000 km) of track. Representative examples, constituting 
about one-half of the profiles used in this study, are illustrated in Plates 1-m. 

Interpretation, correlation, and contouring of various surfaces were based 
on cross sections made for each track to an accurate horizontal scale of 1 : 44,000, 
thus allowing for variations in ship's speed. ReRecting horizons were plotted 
on this horizontal-distance scale to the same vertical-depth scale as the original 
record. The resulting cross sections have a vertical exaggeration of approxi-
mately 220 x . Selected examples are shown in Fig. 2. All cross sections were 
completed before formal correlation and interpretation were attempted. 

Description of .Acoustic Pro.files. In contrast to the 1952-1953 survey, all 
records contain numerous reRectors. Among them, various types can be 
distinguished (Fig. 2, Plates I-III). Very irregular, strong reRectors are pres-
ent in marginal areas of the Gulf. They dip toward the center of the Gulf, 
where they disappear under thickening overburden and an increasing water 
column. The reRectors can be followed over long distances, and correlation 
between records shows that they represent two regional surfaces (1 and II in 
Fig. 2 and Plates I-III). In their upper parts they generally show evidence of 
considerable erosion in the form of channeling (profiles J: 8--g, K: 4-6, L: 

5-6, N: 5-7 ). A third, widely distributed, higher surface (III) extends much 
farther into the Gulf. It is characterized by a prominent saw-toothed appear-
ance and minor irregularities, rather than by well-developed channels or 
marked relief (profiles H:2-3, H:4-5, J:7-9, N: 1-2, N:5-6). 

Landward, the three surfaces merge, 1 and II at depths between 40 and 
42 m (profiles J: 8--g, K: 4, L: 6, N: 7 ), and II and III between 20 and 22 m 
(not on profiles shown). Only in the northwestern Gulf, near Guiria, do they 
remain separated by sediment even at shallower depth (profiles H: 1, J: 9). 
Toward the center, all three surfaces become smoother and Ratter, and m 
can be seen to grade into the top of a series of inclined beds (profiles H: 3-5, 
J : 7-8, N: 6) at approximately 35 to 40 m. 

Many other reRectors occur besides the three just described. These reRec-
tors normally are smooth and regular, aside from structural disturbances, and 
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F igure 2 . Generalized cross sections of Holocene deposits drawn from acoustic profiles after adjust-
ment of horizontal scale to correct distance scale. Numbers indicate geographic ref-
erence points for profiles on Plates II and 111 and for Fig. I. Depth scale (vertical) 
based on assumed sound velocity in seawater of I 500 m/sec. Vertical exaggeration 
approximately 2 20 x . 

usually they cannot be individually correlated over great distances. Dipping 
beds, which are generally convex upwards in the upper part and sometimes 
concave in the lower part, are common (for example: profiles H: 1-2, H:4-5, 
H:5-6, M: 3-6, N: 1-3). True dips of these beds can be estimated from com-
binations of various profiles; they vary from less than one to about five m/km. 
The attitude, shape, location, and regional distribution of these beds suggest 
the foresets of deltas or submarine fans. 

Horizontal beds and beds subparallel to the present bottom are common. 
Some of these appear horizontal because the profiles are oriented subparallel 
to the strike of dipping beds; others are truly horizontal or subhorizontal and 
often represent the distal end (bottomset) of a foreset series (for example: 
profiles J:4-5, N:2-3). 

Below surface n, depositional bedding is only rarely recorded. It is probable 
that at these depths the relatively weaker reflectors cannot be distinguished, 
and the section may not be truly homogeneous. However, homogeneous sedi-
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ments do seem to occur, commonly in the upper portion of the sections in the 
central Gulf (for example: profiles H:4-6, J:4-7, L: 1-6, N: 5). 

Strong, very jagged reflections occur in a few pro.files (A: 1-2, c: 1,K: 3-4); 
they may represent beds of gravel or shell, or, by analogy with the Gulf of 
Mexico, oyster reefs (McClure et al. 1958). Thick, pure shell accumulations 
are found at shallow depths in these areas (van Andel and Postma 1954: 116, 
fig. 59). In a few pro.files, onlap onto subsurface highs can be observed (pro-
files K: r, L: 5-6); offlap due to prograding is common on the south slope of 
the Dragon's Mouths (pro.files 1: 7-8, N: 3-5). These slope deposits also appear 
to be strongly affected by slumping. Onlap onto folded and eroded beds, which 
are probably Tertiary in age, results in a well-developed angular unconformity 
in the Serpent's Mouth (pro.file E: 1-2). 

The lithologic nature of the beds that constitute reflectors is not known 
in the absence of long cores or bore-hole logs of the area. An explanation for 
the three regional surfaces is proposed below, but the causes of the well-defined 
depositional bedding cannot be established. At the surface, the generally fine-
grained Gulf sediments are largely homogeneous. Only the coarser sediments 
of some marginal zones and of the platform around southwestern Trinidad 
exhibit bedding. The subsurface bedding may be due to such textural varia-
tions of coarser sand and silt-size sediments extending farther into the Gulf 
than they do today. However, marked fluctuations in sediment supply and 
rate of deposition, caused by periodic changes in rainfall and runoff, also might 
produce bedding. 

Tectonic effects can be observed in many sections. The most striking of 
these effects are numerous faults (pro.files A: r -2, B: 3, c: 2-3, G: 1 -2, 1: I -3, 
J: 5, 9, L: 3, M: 2-3, M: 8--9), along which the apparent dip separation is 
generally down to the basin. Many extend to the surface and are expressed 
as small scarps (pro.files J: 5, K: 1-2). The fault planes are usually sharply 
de.fined, and the apparent dip separation gradually decreases upward, indicat-
ing faulting synchronous with deposition. Reversed drag, common on recent 
faults in the Gulf of Mexico (Moore and Curray 1963), occasionally can be 
observed (profiles J: 4-5, L: 3). 

By correlation of various profiles, a tentative fault pattern can be established 
(Fig. 3). A long graben with an east-west trend occurs in the western part of 
the Gulf; this finds its surface expression in a long, narrow channel at I o0 22'N 

(pro.file c: 1-2). To the north of this graben, and separated from it by a broad 
depression and a high, are two faults with apparent separations down to the 
south (pro.files A and B). The northernmost fault, which appears to define 
the north wall of the Guiria trough (pro.file A : 2-3), dies out eastward 
(profile J: 9). The Guiria trough itself is an erosional feature cutting through 
a series of inclined beds dipping southward from the fault scarp (pro.files A: 1 

-2, B: 2-3). Some of the observed faults can be identified with faults shown 
on the "Mapa Geologico-Tectonico de! Norte de Venezuela (Primer Congreso 
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Figure 3. Map of Holocene structural features based on acoustic profiles shown by light lines. H eavy 
lines and arrows indicate axes and plunge of depressions and highs. Axis of Pedernales 
structure from K idwell and Hunt (1958). Complex folding and faulting characterize area 
marked as "disturbed." Some faults can be identifi ed with faults shown on the "Mapa 
Gcologico-Tectonico de! Norte de Venezuela (Primer Congreso Venezolano de Petroleo, 
I 96~)," although the identifications are rendered tentative by uncertainties of position. 

Venezolano de Petroleo, 1962)," although the small scale and uncertainties 
of position render the identification tentative. The older structure shown on 
this map is not completely reflected in the modern sediments, however, and 
directions of motion appear to be sometimes different. 

Another graben exists in the eastern Gulf (profile K: 1-2), but its west-
ward extension is obscured by complex faulting and by apparent folding (pro-
files L: 2-3, M: 5-9). 

In the Serpent's M outh area, a major T ertiary high extends from south-
western Trinidad to the Pedernales structure (Kidwell and Hunt 1958), 
bringing folded, older rocks to the surface (profile E : 1-2). The deepest channel 
southwest of Soldado Rock is cut into these rocks to a depth of 45 m. Holocene 
beds fill a deep channel in the Serpent's Mouth above a major unconformable 
surface (profiles c, E, F) expressed by a strong southerly dipping reflector. 
Bedding in this channel is irregular across the channel and regular along its 
length, with marked offlap (profile E : 2-4). Near the present edge of the 
Orinoco Delta, the young beds terminate abruptly and with considerable dis-
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turbance against an apparent major fault of some 20 m dip separation 
(profiles c: 2-3, F: 1-2). Smaller down-to-basin faults occur farther to the 
north (profile 1: 2-3). 

In contrast to the areas just described, little or no evidence of recent tectonic 
activity exists in the northern and northeastern Gulf. A buried high can be 
seen in profile N: 3-4; possibly it is the continuation of the Patos Island high. 
Folded beds on this high may be the result of draping and slumping rather 
than of tectonic activity. 

Influence of Holocene Sea-Level Changes on Sedimentation; a Working Hypo-
thesis. During the past decade, the general course of the Holocene transgression 
has been fairly well established as proceeding from a late-Pleistocene low stand 
at approximately 120 m (Shepard and Suess 1956, Shepard 1961, Curray 1960, 
1961 ). Strong, though largely circumstantial, evidence exists that the rise 
was not uniform. Curray ( 1960 ), on the basis of geomorphic and sedimentolog-
ical studies in the Gulf of Mexico, has postulated three temporary regressions 
during the early part of the rise (Fig. 4A). They can be approximately corre-
lated with stages in the withdrawal of the Wisconsin ice (Curray 1960). 
Evidence for these regressions or still stands also can be found elsewhere, such 
as on the Orinoco-Guiana shelf (Nota 1958). On continental shelves of great 
width, low slope, and low rate of deposition, the effect of these fluctuations is 
mainly expressed as a horizontal sequence of near-shore features. For the later 
part of the rise, Fairbridge (1958, 1961) has proposed several reversals, but 
recent work does not support them. 

A working hypothesis for the interpretation of the Gulf of Paria data, on 
the basis of the effects of Holocene sea-level changes shown in Fig. 4 A has 
been formulated in Fig. 4B. The transgression did not enter the Gulf proper 
until some 13,000 years ago, when it rose above the sill at approximately 90 
to 95 m outside the Dragon's Mouths. The Serpent's Mouth probably remained 
closed until the 45-m level was reached. Consequently, only the second and third 
of Curray's regressions could have affected Gulf sedimentation. Fairbridge's late 
fluctuations, if they existed, were located shoreward of the profiles shown. 

Therefore, if the previously postulated reversals did indeed occur, three 
buried subaerial surfaces must be expected in the Gulf. If no continental dep-
osition took place on them, surfaces I (late Wisconsin regression) and 11 

(second Holocene regression) should join at approximately 42 m, and surfaces 
II and 111 (third Holocene regression) at 20 m, the respective maxima of the 
preceding high stands. Below the minima of the low stands, 62 m for II and 
37 m for m, the subaerial surfaces should change into depositional surfaces. 
Surface I would therefore become depositional below 1 20 m in the Dragon's 
Mouths only. Since the regressive phases were short, surfaces II below 42 m 
and III below 20 m should not be much eroded but should be affected mainly 
by drying and incipient soil formation. With a maximum sound penetration 
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in the Gulf of about 90 m, reflections from the lower portions of surface r 
cannot be expected. 

As mentioned earlier, three well-developed regional reflectors are indeed 
present in most Gulf records, except under the thick overburden of the south-
ern and central areas. Of these three, I and II generally join between 40 and 
42 m, and II and III join at approximately 20 m, as required by the hypothesis 
proposed. Only in the northwestern Gulf, near Guiria, are they normally 
separated by sediments, possibly as a result of the formation of subaerial alluvial 
fans at the foot of the Peninsular Range. Surface I shows erosional effects over 
its entire area; surfaces II and III, less irregular below 42 m and 20 m, re-
spectively, grade into depositional beds below 62 m and 37 m. In the southern 
part of the Gulf, complex buried topography around the Soldado Rock area 
and the depositional character of surface III cause uncertainties in the inter-
pretation. 

Very few studies of late-Quaternary geology exist for the land area bordering 
the Gulf. Kidwell and Hunt ( 195 8) have given a radiocarbon age of 9 5 1 o ± 400 
years (based on disseminated plant material) for transgressive deposits just above 
the Pleistocene unconformity, at 58 m below sea level on the northern flank 
of the Pedernales structure (Fig. 4 A). This would identify the unconformity 
with surface II and the transgression following the second Holocene regression. 
A thick sequence of stiff clay occurs above the unconformity, and only at 
approximately 35 m below sea level does evidence of deltaic development be-
come prominent. Surface III cannot be identified from the available information. 
A contour map of the base of the recent Caroni delta south of Port of Spain 
(van Andel and Postma 1954: fig. 5), based on auger holes and on data from 
Sutton ( 1950 ), correlates reasonably well with the joint surfaces I-II-III in 
the adjacent portion of the Gulf. 

With only the data available at present, the validity of the proposed hypothe-
sis cannot be proved. The authors, however, judge the circumstantial evidence 
and agreement with the Gulf of Mexico data to be sufficiently impressive to 
adopt the hypothesis for the following discussion. 

Holocene Depositional History. The data concerning the Holocene depositional 
history of the Gulf of Paria have been summarized in Figs. 5-7 and 9. 
Reference to Fig. 2 and Plates 1-m demonstrates the nature of the phenom-
ena presented on the maps. 

Major differences in depositional conditions exist between the periods shown 
in Figs. 5-7 and the present-day situation (Fig. 8; van Andel and Postma 1954: 
1~3-16~)- Sedimentation in the modern Gulf is controlled by the Orinoco, 
e1t~er directly thr~ugh the Cafio Manamo distributary, or indirectly through 
sediment brought m through the Serpent's Mouth by a continuation of the 
northwestward drift along the Guiana coast. Local supply is restricted to the 
northwestern and northeastern near-shore areas and to the platform surround-
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Figure 5. Contour map of surface 1, exposed by late-Pleistocene (Wisconsin) regression. Contour 
interval 2.5 m. Not indicated in western Gulf; not reached in central and southwestern 
Gulf. H eavy arrows represent channel systems. 

ing southwestern Trinidad. Elsewhere, a very fine-grained and uniform blanket 
of Orinoco mud is being deposited. 

In contrast, deposition between surfaces II and III (Fig. 6B) and in a con-
siderable interval above surface III (Fig. 7 B) appears to be uniformly controlled 
by many sources located around all Gulf margins. The southwestern source, 
though present, is not dominant. 

Surface II (Fig. 6 A) shows, in the northeastern corner, well-developed 
channeling apparently related to the Caroni and other streams. In this area, 
one or more submarine fans, directed both to the Dragon's Mouths and to the 
east-central Gulf, developed during the rise following the second regression 
(Fig. 6 B ). In the northwestern area, surface II shows only broad relief and is 
separated from r by some 5 m of sediment, possibly an alluvial fan. During 
the subsequent rise, a first fan developed--oriented approximately west-east, 
with a top at 24 m. During the last phase of this transgression, another fan 
with a more southerly dip and a top at 22 m was placed on the first fan (profile 
H: 2). This change in orientation may reflect the submergence of the western 
Gulf and a resulting shift in main sediment supply to the Peninsular Range 
northwest of Guiria. There is no evidence for the existence of the Guiria 
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Figure 6. A Contour map of surface II, exposed by second Holocene regression. Contour interval 
z.5 m. Only major faults shown. Heavy broken line indicates junction between surfaces 
1 and 11; arrows indicate channel system. Surface II not mapped in western Gu lf, not 
reached in central Gulf. Contours generalized west of Soldado Rock area. 
B Depositi onal pattern for interval between surfaces 11 and 111. Arrows indicate dip of 
foreset bedding; areas wi th horizontal bedding not shown. Depositional pattern in western 
Gulf and Serpent's Mouth not shewn, in central Gulf not reached. Double arrows, older 
fan; singl e arro ws, younger fans. 
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Figure 7. A Contour map of surface 111, exposed by third Holocene regression. Contour interval 
2. 5 m. Only major faults shown. Arrows indicate channels. Surface m not mapped in western 
Gulf and Serpent's Mouth; penetrated but not identified with certainty in central Gulf. 
s Depositional pattern during the low stand of sea level of the third Holocene regression 
(double arrows: penetrated in the northwestern Gulf only) and the fir st part of the follow-
ing rise to approximately 18 m below present sea level (single arrows). Arrows indicate 
dip of foreset bedding; areas with horizontal bedding not shown. Depositional pattern in 
Serpent's Mouth not shown. 
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Figure 8. Physiographic map of the Orinoco Delta (Delta Amacuro), based on interpretation of 
aerial photo-mosaics. 

trough at this time, but a steep south-dipping slope may have existed some 
three nautical miles offshore (profile B: 2). A thick sequence of offlapping and 
slumped deposits, formed along the Dragon's Mouths, resulted in considerable 
prograding of the slope. 

In the southern part of the Gulf, the connection through the Serpent's 
Mouth probably was closed during most of the r-u interval. Off the present 
delta, several broad channels occur in surface u, suggesting valleys of fairl y 
large streams. They may constitute portions of the Rio San Juan, Rio Tigre, 
and Rio Guanipa systems. No deltaic sedimentation took place at this time on 
the Pedernales structure (Kidwell and Hunt 1958). 

Some of the complicated history of the northern Delta Amacuro (Orinoco 
delta) is revealed by a physiographic map based on the interpretation of aerial 
photo-mosaics (Fig. 8). Levee, backswamp, and marsh deposits related to the 
Orinoco itself exist only in the southern part of the delta. The northwestern 
area shows a probably late-Pleistocene surface with small-scale anastomosing 
drainage pattern along the western margin. Encased in this surface is a series 
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Figure 9. Depositional pattern for the last part of the Holocene transgression from approximately 
I 8 m to present sea level. Arrows indicate direction of dip of beds. Central Gulf covered 
with homogeneous deposits; bedding not shown in western Gulf and Serpent's Mouth. 

of abandoned meander systems related to such western streams as the Rio 
Guanipa and Rio Tigre, and extending near the present delta margin. If ex-
tended into the subsurface, these systems would connect with the broad valleys of 
surface II. The present-day mouths of all streams are deflected northwestward 
by strong coastal drift, shown well by the large, very young coastal ridge systems. 

The present Orinoco distributary feeding the Gulf, Cafio Manamo, has 
not yet developed its own levee system and in part utilizes the old Tigre valley. 
Comparison of Figs. 6, 7, and 8 suggests that, for most of the Holocene his-
tory of the Gulf, the Rio San Juan, Rio Guanipa, and Rio Tigre formed the 
source of the southern depositional area. Even today, most of the sediments 
entering the Gulf here consist of reworked material (originally deposited by 
these streams) rather than of Orinoco detritus (van Andel and Postma 1954: 
144-145). 

For the interval between surface III and the present Gulf, information is 
far more complete than for the previous_ stage. During this interval, a marked 
change in depositional conditions took place; this requires presentation of the 
data on two separate maps (Figs. 7 B and 9). Both the boundary surface be,-
tween the two maps and the time of change are uncertain, but the broad 
division is well established. 
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During the low position of the third regression at 37 m, a large depositional 
fan of local origin formed in the western Gulf (profile H: 4-6 [lower part], 
J: 8, N: 1-2). Surface III occurs underneath this sequence and is, itself, the top 
of a depositional series in the II-III interval. The large size and considerable 
thickness (more than 10 m) of this fan indicate a still stand of some duration. 
Similar fans belonging to this low stand may exist elsewhere, but they have 
not been penetrated, or cannot be recognized with certainty because of the 
difficulty of defining surface III in its depositional part. 

During the rise following the third regression, only a small fan developed 
in the northwestern area. It is well separated from the older fan (profile H: 1-3) 
and has a top at approximately I 8 m, suggesting a rapid rise of the sea to this 
level and its subsequent slowing down. In the Guiria trough area, bedding is 
well expressed during this stage. 

In the northeastern Gulf, a very substantial sequence of sediments was 
formed on top of surface III. The deposits dip northwestward, westward, and 
southward from a central, Rat-bedded area (profiles 1: 5-7, K: 3-6) and over-
lap on the toe of the older, large western fan (H: 5-7). The beds of this sys-
tem are characteristically thick and can be followed over large distances. In 
horizontal distribution, they extend almost entirely across the northern Gulf, 
as a bar-like feature, which is still reflected in the present topography (Fig. 1 ). 
The top of this bar occurs at approximately 1 8 m, as in the younger fan near 
Guiria. A depression in the southeastern part of the body of this bar contains 
re Rectors that are tentatively interpreted as shell beds (profile K : 3-4). 

A similar system of thick extensive beds, dipping to the north, northwest, 
and west, and with a top at I 8 m, occurs north and west of southwestern 
Trinidad; this system reaches as far as the central Gulf (profile M: 3-6). The 
sediments for this platform probably were derived from local erosion, as are 
the modern deposits in this area (van Andel and Postma 1954: 146-147). 

Tentatively~ the aggradation of these systems to a top level of 18 m may 
be attributed either to the marked slowing down of the Holocene transgression, 
which began some 7000 to 8000 years ago, or to a still stand at about this 
level (Fig. 4A; Curray 1961). It is at this stage that the boundary between 
the conditions shown in Figs. 7 B and 9 is placed. The I 8-m level is well 
developed in many reefs (Shepard 1963: 167). 

Along the southwestern margin, in the delta area, the situation is more 
complex, but here also a lower complex, extending far into the Gulf, can be 
distinguished from an upper, more restricted one (profiles n: 1-4, 1: 1 ). In 
the western Gulf a well-defined surface occurs at 1 8 m below a mud blanket 
(profiles A: 1-2, B: 1 ). 

On the southern slope of the Dragon's Mouths, depositional prograding 
with associated slumping took place during the entire period (profiles r: 7-8, 
N: 3-5). The buried ridge south of Patos Island (profiles N: 3-4) essentially 
had been smoothed out. 
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Figure 10. Diagrammatic maps of hypothesized conditions of deposition from the second Holocene 
regression to the present. H eavy arrows indicate directions of sediment supply. 

Fig. 9 represents the distribution of beds for the period following that just 
discussed, covering the final portion of the transgression from 1 8 to o m. 
During this period, inclined bedding is characteristically restricted to local 
areas along the Gulf margin, the front of the Orinoco delta, and the edges of 
the shallow platform around southwestern Trinidad. The western (profiles 
A: 1 -2, B: 1 -2) and the more central parts of the Gulf are covered with a 
uniform blanket of sediment devoid of bedding. Probably during this period, 
the Guiria trough was eroded into the previous depositional fan, and erosion 
removed part of the platform north of southwestern Trinidad (profile M: 5-6). 
Local erosion took place along the entire front of the Orinoco delta (profile 
D: 6-7). 

At some time during this period, a direct connection between the Orinoco 
and the Gulf of Paria was established as a result of the formation of Cafio 
Manamo. Van Andel and Postma (1954: 137-139), on the basis of circum-
stantial evidence, have placed this event, which caused great changes in 
hydrography and sedimentation, at about 700 years ago, following a brief 
regression to 7-8 m. The latter occurred well shoreward of the termination 
points of the available acoustic profiles and has not been substantiated further 
in this study. 
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Conclusion. The depositional history of the Gulf of Paria as inferred 
from the acoustic profiles has been summarized schematically in Fig. 10, 

which requires no further explanation. Previously, the history of the 
Holocene transgression has been studied only in the thin deposits of wide 
continental shelves. Accepting the hypothesis presented here, the Gulf of 
Paria offers an instructive example of the influence of sealevel fluctua-
tions in a basin of moderately high sediment supply, where the effects of 
sealevel fluctuations are superimposed instead of horizontally spread out. 
Further studies of similar settings, where a predominance of fine-grained, 
acoustically transparent sediment is deposited in quiet water, should be 
rewarding. 

The complex stratigraphy of such a small area, and limited time span and 
sediment thickness may appear surprising to the stratigrapher accustomed to 
generalized interpretations of broad regions and long intervals. Two of the 
more thought-provoking conclusions of this study are that a fairly thick and 
complex series of deposits can be formed, geologically speaking, almost instantly, 
and that study of the spatial distribution of a sedimentary series of probably 
monotonous lithology can resolve an involved history . 
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