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INTRODUCTION

As part of a cooperatlve marine research program de51gnated -
- the International Decadé of Ocean Exploratlon (IDOE), the United
. States Geologlcal Survey is part1c1pat1ng 1n an lnvestlgatlon of

and small ocean ba51ns in the Gulf of Mex1co, Carlbbeén Sea, and
west African continentdl shelf ‘areas. ' These studles are funded
through the National Science Foundation. ‘Legs 1-3 _completed
June 22, July 8, 'and August 4, respectlvely, were concerne
subbottom features ‘and “tectonic history of the Bay of Campeche,
the continental margin east of the Yucatan Peninsula, and the
Antilles region of the northeastern Caribbean Sea. Leg 4, described
in this report, was conducted in the continental borderland area
of Venezuela, inc¢luding’ the Netherlands Antllles, between August 18
and October 1,"1971. ‘The crulse leg began at San Juan, Puerto Rlco,
and ended at Port ©of Spain,”’ Trlnldad tafter having run a. total _
distance of 8;000:km (fig. 1) . Other geophy51cal records collected {
during the crulse 1nclude magnetometry, grav1metry, and bathymetry
VlSltlng scientists from the Un1ver51ty of Amsterdam, the .
University of Utrecht; the Venezuelan Petroleum Corporatlon,_and
the Venezuelan Ministry of Mines and- Hydrocarbons jolned the research
vessel UNITEDGEO I during separate phases of the ¢ruise. 'The cruise
offered an excellent opportunity for scientific 1nterchange between
investigators from the Netherlands, Venezuela, ‘and the United States
and permitted cooperative efforts both aboard the research vessel
and during the geologic mdpping of ‘the islands of Aruba, Curacao
and Bonaire.

SCIENTIFIC PARTY

U.S. Geological Survey

Silver, Chief Scientist
Case, Geophysicist

Tagg, Geologist

Greene, Geologist

Lockwood,: Geologist:

Blom, Geologist
Carlson,.-Geologist

Krivoy, Geologist

Lee, Electronics Technician
Patrick, Electronics Technician
Hill, Electronics Technician




Foreign Participants

H. G. MacGillavry, Geologist, Unlwersity'of Amsterdam
Rinus Wortel Geophy51c1st Unlver51ty of Utrecht.
Jorge Nav ro, Geologlst Venezuelan Mlnlsterlo de Minas e. Hidrocarburos
ard Geologlst Venezuelan Ministerio de Minas.e Hidrocarburos
Jose Alhar a01n J'_enez, Geologlcal Englneer, Venezuelan Mlnlsterlo

‘de Mlnas e Hidrocarburos , : :
Nelson Aboud Geolog'oal Eneglneer, Venezuelan Mlnlsterlo de Minas e
i LCarburos; 5 S
’Alvaro_Acosta Geologlst Corporac1on Venezolano Petroleo
Enrlque Vasques, Geologlst Corporac1on Venezolano Petroleo

SHIP SCHEDULE

. A total of 26 days was spent at sea in. the central and southern
Carlbbean Sea durlng Leg 4. The departure from San Juan was-  approx-
1mately 10 days later than orlglnally scheduled due to delays in
fllllng out ship' s cr llst.‘ Departure from Curacao.was delayed’
an”‘ad tronal 15 days; b 'to breakdown of various pieces:of ship's:
equlpment Departure from the first port call at La Guaira was
delayed another 2 days due. 1n part.to.a passing hurricane-and in
part to breakdown of sh;p S. generator. Departure. from second
La Gualra port call was delayed another one-half-day due to break--
down of Shlp s equlpment.:( » R :

Days 230 KﬁggﬂSt’IB, l97l) . Depart San Juan. ‘Long “profile across

o T . Carribbean passing west of Puerto Rico,

.. through DSDP Site 146, and west of
Curacao. :

Days 233-248 (Aug 21 - Sep 5) In Curacao repairing equipment and
doing geological reconnaissance in
Aruba,‘Curacao and Bonaire.

Days 248-256 (September 5-13) Géophysical work on Venezuelan border-
land between Arubauand Bonaire.

Days 256-259 (September 13-16) In La Guaira repairing equipment and
avoiding storm at sea.~
Days 259%567 {September 16-24) Geophysical work between Bonaire and
' Los Roques. ,
S RS o

Days 267-268 (September 24-25) In-La; Guaira .

Days 268-274 (Sep 25 - Oct 1) Geophysical work on Venezuelan borde
land. '



vs 274-286 (October 1-13) -In Port of Spain overhauling main
e ; e e e et e e s engin\e_s and replacing deck generator
' ” that had shorted out near end of
Leg 4.

OBJ ECTIVES OF INVESTIGATION

The objectlves of the geophy51cal and geological studies were:
) to determlne the structure, crustal thickness, and composition

the continental margin, (b) to tie this structure to that of the
nezuélan mainland, the Leeward Antilles and to the central Caribbean
; exe structural information has been provided by Deep Sea
illing;-(c) to determine the nature and history of the boundary
e e Caribbean and South American plates, and (d) to outline
f potential mineral resources on the continental margin.

‘ Geologic Setting

e Venezuelan borderland and adjacent parts of northern South
make up a broadly arcuate structural zone that lies between
elatively stable Guyana Shield of Venezuela on the south and
enezuelan Basin to the north (fig. 1). Parts of the structural
Ain western Venezuela trend roughly NE =SW, but at the coast the
e turns eastward lnto the coast range area of Venezuela. The zone
lels the coast and passes through Caracas, the Araya and -
nsulas,and 1nto northern Trlnldad. : s

'The structural zone was 1ntensely deformed during Me30201c and
zelc tlme. In the coast range areaoof Venezuela, the metamorphlc

phane - bearing rocks of the greenschlst fac1es’"

D) and to. lower-temperature moderate-pressure ‘rocks
1965) of the lawson1te~pumpelly1te facies (Piburn, 1968)
sement ;ocks of Aruba, Los Rogoes and La Orchlla are metamor-
‘ "nschlst facies assemblages but the rocks on Curacao
e only weakly metamorphosed. The rock sequence on
intruded by dioritic or quartz dioritic masses in
me, and possible ignembrites were erupted on

time also.

iy

Zoic intrusive rocks in the Netherlands Antilles form
lex composed- largely of diabase (Schaub, 1948; Beets,
962). Positive gravity and magnetic anomalles over
Curacao, Bonalre and Aruba (Lagaay, 1969) are presumably
a diabase core or basaltic rocks on these iskands.
Drilling Project cored Upper Cretaceous basaltic base-
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'ata contalnlng ammonites of Late Crétaceous age -(Beets, '1966) .

Lagoonal llmestone terrade dep051ts of middle to late Cenozoic

’cap many of the 1slands.
- ! .
"Fleld ev1dence for mlddle to late Cen0201c movement on faults
suggests a- complex 1nteractlon of - compre531onal, exterisional and -
lateral’ movement on the ‘major fault zones. Rod (1956) discussed

“fhe transcurrent faults of northern South America and estimated:

about 33 km of post Ollgocene rlght—lateral movement on-the north-
east-trending Bocono fault._ The east-trending E1 Pilar - fault has

“strike ‘slip d@isplacement Of 5 té 15-km (Metz, 1964), some of

which is Holocene and right-lateral based on first motion studies.
(Molnar and Sykes, 1969) " The east-trending Oca fault also has
right-lateral’ movement ‘and’ probably ‘has ‘not been ‘active 51nce the
early Plelstocene (Vasquez, 1971) ‘ Lo i
L

In addition to the right-lateral movement on the Bocono, Oca
and other faults in northern South America, large vertical offsets
have also been measured. Bell (1971) ‘suggests up to 40 km of N-S
shortening in northern Venezuela, and published sections across
the Cordillera Oriental’ SUggest Cenozoi¢ hoé¥izontal shortenlng of
approximately’ 10 km (Hedberg, 1950 Campbell and Burgl -1965;
Jullvert 1970) : o

Preliminary Results

Approximately 8,000 km of su¥vey lines were run during the
geophysical cruise, “and in-addition’ the United Statés and Dutch
scientists conducted a 10-day geclogical reconnaissance of:the
islands of Aruba, Curacao and Bonaire. Observations of pillow
basalts were extended from the well-known exposures on. Curacao to:
previously unknown occurrences on Aruba and Bonalre. A‘rich fossil-
bearing chert horizon was discoveéred on Bonaire. The'abundance of
pillow basalt, diabase, chert and siliceous sedimentary rocks on the
1slands ‘and the presence- of positive gravity anomalies of as much as
100 mgals indicate that thlS island area is a ralsed segment of —
oceanic rocks. ; '

The Curacao-Ridge'is a broad submarine upwarp that is highly
deformed only on the north 51de west of Las Aves, but to the east
of the island the entire ridge is deformed. The deformation is in
sharp contrast to the eastward- thlckenlng ponded turbidites north
of the continental slope. : \ Co

All profiles between Aruba and Las Aves show layer "B", the
basaltic or diabasic layer under the sediments of the Venezuelan




Basement. This layer, which was cut by drilling in DSDP site 146

(Edgar and others,.1971), passes smoothly beneath -the deformed

deposits of the continental slope for several kllometers southward..

East of Las Aves islands the sediment thlckness beyond the contlnental

slope approaches 4 km, and: layer "B" could not be followed under the

" slope. 1In proflles from this region, however, and in other proflles

to the west, the outermost deformed sediment of the Curacao Ridge is

seen to be continuous with, ‘the undeformed layered strata to the north

in the Venezuela Basin.: In this basin,. the thlckness of the pelaglc

section is fairly uniform, but. the sectlon is reduced in thlcknessb

where it underlies horizontally. bedded reflectors .of poss1ble turbldlty—

-current orlgln 'in the trough .noxth of the slope... The great increase

in sediment thickness: in the, Venezuelan Basin. north of La Orchila

suggests that the pathway of sedlment transport was through Los Roques

Canyon. - . > s Do
p:3 w1de ba51n of dep051tlon, the Bonaire Trough 11es between the

island chain and the Venezuelan coast. A zone}of deformatlon is seen

on its south flank. A contlnuous reflector passes beneath the deformed

zone in one profile. » : \

B
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OPERATIONAL DATA

'Navlgatlon:~

A satellite-navigation system, supplemented near the shore by
radar, was used- for: positioning: The satellite system consisted of
an ITT 4007 AB satellite-navigation. receiver, a DEC PDP-8L _computer,
and .an ITT teletyprewritex.  Precision of. satelllte fixes while
underway was estimated at about 180 'm (600 ft.) . "The-radar- system
was.a Degca RM 329, with 25 kw of power.and a range up- to about
65 km (40 mi.). A 9-foot wave-guide 'antenna giving a beam width
of less:than 1° at the half-power points provided high azimuth
resolutlon.; ‘Accuracy of radar fixes was subject to many variables,
but the average positioning error was estimated at about 925 m
(35000 .ft.). ~Plotting was done on bottom’ contour charts 703, 704,
803, .and 804 of the U.S. Navy's Hydrographic: Offlce. The detailed
track chart (Plate.l) is at the same scale as: the bottom contour .
charts : :

A




Time for navigation and scientific records is referred to
Greenwich Mean Time:(Z)., :and days are .numbered consecutively 'from
the first day of the year. ~Scientific ‘clocks were adjusted according

to WWV radio.

AcoustiCéreflection1System

The acoustic-reflection profiles 'were obt&ined using a sparker
system .consisting -of iseparate, van-mounted, self-contained 160~ and
120-kilojoule unltS»trnggered from.a single source. Maximum total
usable power was about 220 kilojoules.. The triggered discharge of

-~ large capac1tors ‘tlirough 6 twin=electrode M1adders" trailed behind
the.ship- created spaxks: ‘that ‘produced the low-=friequency acoustic
pulse. - These pulses. were xyeflected :from the' sea bottom and from
subbottom surfaces and were received and preamplified by a 100-
hydrophone streamer.” TheY”weréitheh%sélectiveiy*filtered and recorded
graphically on ‘a ‘Raytheon recorder., .. The sparKer 'ladders were trailed
about 70 m behind the nav1gatlon antenna, the center of the hydro—
streamer was»at'about\ISO m. S ; : v N

Organlzatlon of proflle records.—-The subbottom acoustic proflles
in this.report are:.presented.in mnumerical ‘order: ‘at approx1mately ‘
1/5th scale. Many are shown. revérsed. in order’ to faci¥itate
comparison of structural and sedimentary features from- profile to
profile.sAld north-south profiles have been’ assembled with the

north end at the right; thus, the usex”’ ‘views such’' profiles ‘as

though looking westward and with land to the left.: The start and

end of each:line: are- dnditated.’ - Dbay notations- are listed consec-
utively from day one of the year 1971;  time- marks are every hour.

The records in this report were made between days 230 and 274

(August 18 to October 1). . Hour marks ‘shown on the profiles are

in GMT and correspond with those on the detailed track chart (Plate 1,
pocket) and to depth data given in Table 1.

. - The. subbottom proflles were xun- chlefly atva 4 Séecond flrlng
rate and 4-second: -sweep.,’ although small ‘parts -o6f lines 2,5, 6,710,
12; 13 and:15were run at- 8-second firing rateiand 4-gecond’ sweep,
and brief periods-of lines 1 and 10-had a’6-~secend- firing rate and
6-second sweep.. The. vertical scale shown on théiacoustic profiles
is two-way travel time in:seconds.: The sparkex energy:source was
varied according to geologic :setting, water- depth, and ‘at times’
equlpment malfunctlon. . Maximum power :220: kj was used’' completely on
lines 9:.and. 10.:and on:parts:of lines 8-and 11,7160 kj~was used'
completely on Iﬁnes 4-7,:12213, 23+30 and '33~36:and on:parts-of
lines 8, 11, 14, .30:and-32;-and.120 kj:was: used completely’ on’ llnes
2-3, 15-225:31, 37-51"and‘parts ofi'lines 1, 145 307amd 32. “The::
filter band pass was:76#20 hz throughout theisurvey.»’The average
vertical exaggeration of the sea-floor profiles is about 10:1%- the
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range is bétween 9:1 and 13:1.

Depth Recorder

A 3. 5 khz Edo acoust1c~ref1ectlon system was used as an echo-
sounder: and shallow—penetratlon subbottom profller. Twelve trans—
ducers mourited in ‘a’ sea chest in the.§h1p s hull emitted a pulse
signal programmed by a Gifft graphlc recorder that prov1ded uncorrected
water depths in seconds (tWO*way travel tlme) '~ These water depths
were transcribed at! quarter—h ur - intervals and, in conjunction with
navigation fixes, weré compﬁ r=processed using corrections from
Matthews"' tables. Computer output was printed at one-hour 1ntervals
and includes the position of ‘each station, the observed depth in
seconds, and the corrected depth in meters (Table 1.




Table 1. Positions and depths expressed in two~-way travel time and corrected
meters along lines of Leg 4, Venezuela Continental Borderland, 1971
LINE DAY  TIME  LATITUDE LONGITUDE DEPTH DEPTH
(2) ~UNBRTH)  (WEST), ; ~:(SEC) .. “tM)
\ .
1 231 0000 18.5475 . 66.2468 1.830 1367
1 231 0109 18.5551. . 66,3984 . .1.800° 1345
1 231 ' 5. 6645596, . . 1940 . 1450 -
1 231 - 1621 -
1 231 co 1540
1l 231 = Y056 -
1~ 231 070 »mhﬁiaaogawm-
1 231 08 0526 et e
1 231 0.+ 1048
1 231 )00 g _ - 11555
1 231 1100 17. 9633 67. 5864 gﬂ79o 2086
1 231 1200 17.8340 67.6451 2.910 2176
1 231 . 1300 17.7085 67.7089 3.680 2754
1 231 1400 17.5864 67.7734 3.500 2617
1 231 1500 17.4696 67.8528 4.220 3163
1 231 1600 17. 3523 67,9321 4.870 . . 3658
1 231 1700 17. 68.0168  6.550 4953
1 231 1800 99 68.1056 . 7.150 5452
1 231 1900 11.0079 68.1970 6.750 5104
1 231 2000 16.8805 = 68.2855 _ 6.500 4915
1 231 2100  16. 7543* 68.3734 6,230 4705
1 231 2200 16.6295 68.4559 6.030 4549
1 231 2300 16.5042 68.5384 5.810 | 4382
1 232 0000 16.3802 = 68,6231 54550 4182
1 232 0100 16.2545 68.7039 5.500 4144
1 232 0206 16.1289 = 68.7858. 5.520 4159
1 .232° 0300 , 16.0048 68.8693 5.410 4074
1 232 0400 15.8806 68.9528 5.360 4035
1 232 0500 15.7565 69.0363 5.300 3989
1 232 0600 15.6319 69,1187 5.130 3858
1 232 0700 15.5024 69.1975 5.080 3819
1 232 0800 15.3720 69.2825 5.170 3889
2 232 0900 15.2373 69.3473 5,200 3912
2 232 1000  15.0899 69.3538 5.230 3935
2 232 1100 14.9426 69.3603 5.350 4028
2 232 1200 14.7929 69.3621 5.630 4244
2 232 1300  14.6407 69.3634 5.780 4360
2 232 1400 14.4836 ;° 69.3685 5.990. 4518
2 232 1500 14.3266 7 69.3735 6.210 4689
2 232 1600 14.1696 69.3785 6.280 4743
2 232 1700 14.0125 . 69.3836- 6. , 440 4868
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1800
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2200
2300
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0300
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0900
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1200
1300
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2100
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2300
0000
0100

0200
0300
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0800
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1300
1400
1500
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LATITUDE = LONGITUDE
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12.0710
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11.9038
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12F43A1
12.2465

12.3566

12.4643
12357§O
12.6878
12.7997
12.9117
13.0240
13.1393
13.2560
13.3723

13.4889

(WEST)

69.3866

f,69.3952
. 69.4073_

69.4216
69.4360
69.4548

- 69.4739
)6995011
..69.5303
69.5589
69.5699
69.5672.
| 69.5663
69.5435
69.5076

| 69.4350
69.3339

69.2327
69{!388
69.0501

 69.0440

69.1585
69.2754
69.3965
69.5131
69?Q250

' 59.7141

69.7174

. 69.7207

69.7244
69.7338
69.7432
69,7487
69.7542
69.7656
69.7797.
69.7971
69.8121

;6908447

69.8617

DEPTH
‘SEFA

6.530
5.990

.4,540

3.440 4

. 1.800
24420
2.190

1.850

~lq21Q
0790

0.550

'Oqéad
1 0.290

. 0.280
- .0.920
1.500
©1.690
1.270

1.450

1.640

1.360
0.950

- 0.500

0.250

0.090
OW3OQ

10,350
0.410
0.770

1.000

. 1.480

1.700
1.700.

2,010

2.000
3!900;
4,300

4.920,

DEPTH
(M)

4891
4938
. 4518
3483
2671
12573
1345
1807
1636
‘1382

1 .595
4l6
326

220

213

692
1121
1262
953

1085 .

1225
1019
715
379
190

68
228
266
311
580
752

1107

1270

1270
1503
1495
2094
2920
3224
3696
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250
250
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250

171 LEG 4 - VENEZUELAN MARGIN BATHYMETRY

TIME

(Z)

1700

'180¢C
1900
2000

2100
2200
2300
0000
0100
“0200
0300
0400
. 0500
‘0600
0700
%U&oo
0900
1000
1100

1200
1300
1400
‘1500
1600
’lTOO
1800
1900

LATITUDE

(NDRTH)

13 6098
13 7316
13.8553
13 9787

13 9562
13 8392

13. 21?1

13. 0877
12.9552
12.8227
12.6884
12. 5537
12 4270
12.3029
12 1702

12, 1945
12.3063
12,3651
12.3709
12.3750
12.3751
12.3729
12.3669

LONGITUDE

(WEST)

69.8772

69.8923

- 69,9118

69.9353

}‘70 0150
7040505
70,0863

70.1208
70,1607
70.1970

7042321

70.2696

_70. 3120

'70.3268
70, 3251
70. 3223
70 3244
- 70.3265
70 3106

70 2535
70. 1924
70 1001
69 9768
69, 8566
69 7445
69.6252

69,4931

DEPTH

(SECY

6.100

6.500
T 6. 120

5. 900
5576Q
6.230
6.440

6100
4,300

3.900

,3 200
’ O

:o 170
0,420

0. 700

"1.050
1.420

(HOURLY) -

DEPTH
(M)

4603
4915
4619
4450

4345
4705
4868
4603
3224
2920
2393
1943
856
506
341
o9
68
61

48
38
45
129
318
528
789
1063

250
250
250
250
251

251

2000
2100
2200
2300
0000
0106

1253302
12.1942
12,0582
11.9225
11.7867
11.6675

| 69.3871

69.3831
69,3792
169.3762
69.3732
69.4149

“1 550

1159
1011
797
. T45
364
114

251
251

251
251
251
251

0200
0300

0400
0500
0600
0700

361
194

11.
ll.

ALiT7211
/11,8417

11% 9549

12. 0678

 69.3215
69,2074

{69.1841

69,1845
69,1889

1 69.1902

1. Soo
1.610
1.600"

114
198

468 \ .
1121 o .
1203
1196




*71 LEG 4 - VENEZUELAN'MARGIN BATHYMETRY = (HOURLY)

TIME
(2)

0800
. 0900
1000

1100 ..

1200
1300
1400
1500
"1600
1700
1800
1900
2000
12100
2200
2300

- 0000
10100
0200

- .0300
0400
0500

0600

0700
0800

~ 0900
. 1000
1100
1200
1300
1400
1500
1600
1700

1800
1900
2000
2100
2200
2300
0000

LATITUDE

- {NORTH)

12.1851
12.3028
12.4192
12.5263

12.6312
12.7377

12.8456
12.9535
13.0621.
13.1744
13.2802
13.3787

.. 13,4847

13.5941

13.7022.
"13.8082

13.8446

13.8496

' 713.8545

13.8023

 13.6895
'13.5789

13.4716
13.3670

12.9585
12.8509
12.7429

12.6325

12.5208
12.4007
12.2927

12.2663

12.2980
12.3271
12.3577

12.3886
12.4190
12.4590

13.2647
13.1635
13.0624

LONGITUDE

{WEST)

69.1923
69.1945
69.1983
69.2046
69.2131
69.2209

69.2282
69.2355
69.2434

69,2538
69.2617
69.2664

69.2641

69.2597
69.2562
69.2485

69.1866

69,1075
69.0283

68.9904

68.9990
69.0082

69.0180
69.0272

69.0209 .

69.0085
68.9956

68.9814

68.9713
68.9618

68.9611

68.9651
68.9798
68.9889

68.9334
68.8341

68.7350 .

68.6388
68.5444
68.4319

- 68.2841

DEPTH
{SEC)

1.450

1.400

2.200

2.910
2.620
2.950
3.800
4,000
4.570
5.280

 6.600

65510
6.460

6.430
6.250
6.190

6.150
6.320
6.650
5.870

4,450
4,300

4,740
3.110
2.640
2.950
3.270

'3.230
3.190

1.200

1.250

1.500

2.180
24430
3.100
"~ 3.300

3.100
3.800

i

L

8

DEPTH
(M)

1196
1085
1048
1643

. 2169

2258
2176
11958
2206
2845
2995
3430
3974

4990
4922
4884

4860
4720
4673

4642
4775
5028
4428
3339

3224

3558
2326
1973
2206

2445

L2415
2386
901




[.D.0.E. '71 LEG 4 — VENEZUELAN MARGIN BATHYMETRY (HOURLY)

LINE DAY TIME LATITUDE LONGITUDE "DEPTH "~ DEPTH

(2) " (NORTH) (WEST) " (SEC) (M)
14 253 0500  12.5337 @ | 68.2029 4,900 3681
14 253 0600 12,4536  68.3159  4.200 3148
14 253 0900 12.2867 68.5653 2. 210 . 1651
14 253 100¢C 12.2021] 68.6701  2.030 = 1518
14 253 1100 :’1251177*i 68.7750 "0.575 435
15 253 1200 12.2338°,  68.7869 1.630 1218
15-.253 1300 12.36014), 68.7935  2.720 2034
15 253 T1400- - 12,4864 = 68,8004 3,190 2386
15 253 1500 12. 6127; 68.8073 3.450 2580
15 253 1606 . 12.7390 _ 68.8142  3.450 2580
15 253 ;,1700 © 12.8588. . 68.8157  2.880 2154
15 253 ,180C . 12.9924 . 68.8248 2.500 1867
15 253 1900 13.1363  68.8083 ‘4,720 3543
15 2537 2000 13.2631  6B.7755 5.130 3858
15 253 2100 13.3964 68.7873  5.430 4089 .
15 253 2200 .13.5297 68.7991 .  6.690 = 5059
15 253 7 2300 13.6569 ' 68.7973 6,640 5021
15 254 0000 13.7885 68.7829 =~ 6.470 4891
16 254 ', 0100 13.8631 68.7233  6.430 = 4860

16 254 . 0200 13.8647  68.6071 - . 6.650 5028

17 256° " 0300  13.8366  68.5159  6.670 5043

17 254 . .0400  13.7064 68.5111  6.640 5021
17 254 . 0500 13.5757 ~ 68.5075 .  6.620 . 5006

17 254 0600 .13.4446  "68.5081  6.680 5051

17 254 0700 13.3174  68.5123 3604
17 254 0800  13.1930 . 68.5187 4 3681, .
17 254 0900 13.0695 | 68.5264 ‘2928
17 - 254 . 1000 124 L9478 68.5353 2333
17 ‘254f:.1100 "12.8282 68,5274 . 2468
17 254 1200 12.7060 _ 68.5121 . 3056 -
17 2547 1300 12.5832 ' 68.4954 3194 .
17 254 1400 12.4654 = 68.4878 2348
17 254 1500 . 12.3415 . 68,4835 500 .. 1867 .
17 254, 1600 12.2116  68.4804 2.200  .1643
17 254 . 1700 12.0821 68.4789 1.920 . 1435

17 254 1800 11.9536 . 68.4821  2.030 1518
17 254 1900 f3%8242',.568;4816 ZJ330 1740

17 254 2000 11,6935  68.4561  2.080 1555
17 254 2100 11.5632 , 68.4303 1.220 916"
17 254 2200 11.4331  6B8.4089  0.5640 483
d

14




20
20
20
20
20

21
21
21
21
21
21

22
22
22
22
S22
22
22
22

23
23
23
23

DAY

255
255

255

2557
255
255

255"

255‘

255

255 ¢
2555

CTIME
)

“0000
10100
0400
0500
0600

0800
09Cu
1000

1300

255 1 1

255 -

255
255

255

255

255
255

255"
255"
256+
256 -
,256“
256

2569"f
2567 L0500
L0600
0700

256°
25677

256

256"
256"

260+

260
260

260

1500
1600
1700
“1800
1900
2000
© 2100

‘?2200
2300
00090

0100

‘OZOU
0300

080U

1000
1100

0500
0600
0700
0800

1200

09.00:

LUVEL LEGTAT=VENEZU

 LATITUBE!
CANORTH)

1122452
1123041

11.4898
11.6163

1147416

0700 1 W
”*11;9709fw;

1148639

“11 8974

2 3 3 7548“
11:6254
Tril1. 4974
CU1le3TL6”
: 11.2465“

"11 2010:’

"1l1.3202%

T11e4395°7
© 1145593 F o
11.6801% %
-11'8935““*
ﬂ?ll 9272

*f11 9147
5f11,8726v
C1ilesls

LLET9T6

S1bL 40
1122795
LI 15050
10389167
©10:7510.

1046205

Sil ks 16397
fxplfraaz

1t.0214

10% 6400

1L0.6376
1046275~

LONGITUDE
C(WEST)

68.3848
6843731 7

68.3305

6843066
6842844
68.2663"
68424407

68 2159

6871958 -

6841706
6841399 "
6841139 ¢
. 68.0890

68504897
67.9846° "
©67.9202

67.8586

67.7975"
6TaT450 ¢ ¢
67.6898 ¢

675742
6T 4478 i
6743219 0
"679200477‘
67,0790
-v66 9575 -+

"66 8721‘*
6648826

66488257
6638855  °
6638914

66.8973

6649032
»335649086:

"67.0971:

67.2178

67.3360
6744535

15

ELAN. MARGEN/BATHYMETRY

+DEPTH

S USEC)

0,060

‘0.240
1.200
2+380

2¢00f*
1.280

‘05660

20114030

£ 24280

$2.470

F1.880
A1a330
0:i910

©£0.870

15500
124250

2500

2.200
14140

1.350
0.900
1190
13740
; 1.440
+14130

1.370 -
2,000

124315
©2.600
14200

0.650- -
10:295

04 340

0»310
0.850
1. 090
-1.020

HOURLYY) .

(M)

45

183
901

CDERTH

1778 .

S1T92:0 0
1157960
Tk 498

O TT4
S17030
18457

1405 <7

99T

685

1655
o1r21
11680
L1867
1643

1458

856

201011
61T

©893

1299
1078
849

“901

491

S

10267

1495

Y LT29F
1495 -

224

258

236
640
819
767




1.D.0.E. *71 LEG & - VENEZUELAN MARGIN BATHYMETRY (HOURLY), ..
LINE DAY = TIME LATITUDE LONGITUDE  DEPTH  DEPTH.
‘ (z) (NORTH) (WEST) - {SEC) (M)
23 260 0900 10.6256 67.5T714 0.790 595
23 260 1000 10.6310 67.6903 0.600 453
23 260 1200 10.6389 67.8953 04160 122
24 260 1400 10.7270 68.0217 0.100 76
24 260. 1500 ~ 10.8337 . 68.0243 0.130 99
24 260 1600 109407 - 68.0274 0,330 251
24 260 1700 11.0478 68.0305 0.580 438
! 24 260 18CC 11.1571 68.0255 0.800 603
! 24 260 1900 11.2653 °68.0150 414390 1041
| 24  260- 2000771123698 . 68.0053. - 1.500 1121
| 24 260 2100 11.4742 . 67.9958 . 2.090 1562 -
24 260 . 2200 11,5767 67.9904.: 2.485 . 1856
24 260" 2300 11.6767 67,9905 .. 2.260 1688
24 261 0000 11.7778 - 67.9942 . 13775 1326
24 261 0100 11.8794 67.9996 1.630 1218
24 261 0200 . .11.9810 -  68.0051 : . 2.120 1584
24 261 /0300  :2.0824 - 6B.0119 ~ -2:490 1860
24 261 0400 12.1836 68,0198 . .2.500 1867
24 261 0500 12.2868 6840287 . ° 1.890 1412
i 24 261 0600 12.3915 . 68.0383,  3.330 2490
! 24 261 <0700 1244931 6840572 «4:500 3378
| 24 261 080D 12.5938 68.0785. . 5:890 - 4443
24 261 0900 12.6923 68.0943 °© 5.180 3896
24  261:::100U0 12:7877 68.1106, ;35800 .~ 2845
24 261 1100  k2.8847. 68,1287 2:980 ~.2228 -
26 261 1200 . 12.9822: 68.1396. -+ 3,305 2472
24 261 1300 13.0790 6841506 1 144660 3498
264 261 1400 . 13.1746 6841615 - 45960 3727
24 261 1500 ~ "13.2703: 68.1725 .. :%:120 3850
26 261 1600 13.3659 68.1835 5.680 4283
24 261 :1700 13.4738 - 68.1961. 7.64.690 .. 5059 -
24 261 . 1800 13.6054. . 6842023 - :-6:650 . :-5028
24  261:7 1900 13,7385~ 68.2117  6.640 5021
24 2617 2000 1358715  68.2211 69650 5028 .
24 2617 :2100 14.0114. 68,2320 - 64680 .. 5051
25 261 2200 14.0653 68.1614 . 64685 . 5055
25 261 2300 -14.0481 68.0341 < 6+685 . 5055
25 262 0000 14.0301 67.9091 6.685 5055
25 262 0100 '}&40121 © . 6Te7842; .:64690 5059 ;-
26 262 © 0200  13.9028  67.7464 6.680 ~ '5051:
26 262 0300 13.7544  6T7.7403 =  6.680 5051
'
16



) o0 Eis

DAY

262

262
262
262
262

262

263
263

263

263 .
263 ..
263

263

263
263
263

262 -
262
262

262 ..
262 >

262
262::
262

262 .
262 .
262
262,

262
262
263

263
263

263
263 .
263
263
263
263
263
263

263

CTIME

{Z2)

-0400
-050¢

0700
0900
1200

1300
1400
- 1500
1600

1800

1900

2000

22400 ;-
v 2200 -
2300 . -]
108247
. 1046888
o 1005530 .

0000

0100 .

0200

0600
0700
«0800
ﬁ0900
1000
1100
1200

1400
1500

1700
. 1800

»2000
2100

~ 0600
0800 - :

1000 -

1700

0300
L0400 .

.. 0500

1300 .
1600 . . :

1900 .

LATITUDE
{NORTH)

1356060

13.4576

13.3114

13.0191.

12.8724

12.7268 .-
v1235816f
v 124364

12.2912

1241545
12.0177%
:llp751%} <

1146193 .-
il bw 4875 =,

1le2142
1140828~

10.9564. .

10.5512,
10.6032

110 7427
10.8843 ..
~11.0265, -
1141690
. 11.3067,
- 11.4413.
11.5765
11.7125.
1128493

11 9874

12 2644.;

12.4043

12.5411
12.6768. .
12.8126..
12.9489

LONGI TUDE
(WEST)

67.7343:
67.7257
6T.7235;
C - 6T.7224:

67.7226

67.7198
L 6T.7121

67.7082
67.7031

6T T424
67.T500.
617550 -
6T.7546
161,7535‘
- 6T.T483
677421
67.7335. .
677256
‘6T 7196 .
- 61.T222.
6T.7248

67.6703. .
67.5481

- 67.5556

67..5569

675566 .
67.5555 .
67.5552 .
67.5653,
67.5791-

67.5768
67.5725..

67.5649

6T.5573

67.5504

67.5459
67.5393.
- 67.5387
67.5381

67.5264

17

AT1 LEG 4 f%VENEiQELAN,MARGIN@BATHYMETRY

DEPTH
ASEC)

6.650
6.670

- 5.070
4.790

3.990
5.825

 6.130

5.185
2.040
0.770
0.790
1.580
2.050

- 24300
24530
- 2+200

1.285
1.225
0.895
0.360

0.420
0.660

1.440

- 1550

1.950
2.300
2.430

. 24565

2.420
1.900
1.690

1.150

0:. 470
1.110
3.750

6.200 .

5.920
4.830
4.900

(HOURLY) -

DEPTH
(M)

5028 .
5043
4603
3812
3596,
2988
4394

4627

3900
1525
- 580
595
1181

1532

1718
1935

. 1890

1643
1348
. 964
‘919
674
273

318 .
498.

1078 -
1159 -
1458
1718
1815 .
1916
1807
1420
1262 .
o864
356 -
834
2808
4681 -
4465
3627
3681




[.0.0.E. *71 LEG 4 — VENEZUELAN MARGIN BATHYMETRY

LINE

28
28
28
28
28

29
29
29

30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

31
31

324
32
32
32

DAY

263
263
264
264
264

264
264
264

264
264
264
264
264
264
264
264
264
264
264
264
264
264
264
264
264
265

265

265
265
265
265
265
265

265

265
265

265
265
265

265

TIME
(2)

2200
2300
0000
0200
0300

0400
0500
060G

0700
0800
0900
1000
1100
1200
1300
1400
1500
16006
1700
1800
1900
2000
2100
22060
2300
00GO
0100
0200
0300
0400
0500
0600
0700
0800

0900
1000

1100
1200
1300
1400

LATITUDE
(NORTH}

13.0854
13.2215
13.3566
13.6277
13.7635

13.8894
13.8990
13.9022

13.7877
13.6625
13.5382
13.4133
13.2875
13.1615
13.0320
12.9025
12.7731

"12.6447

12.5144
12.3881
12.2551
12.1187
11.9911
11.8638
11.7360
11.6087
11.4818
11.3549
11.2280
11.1012
10.9775
10.8517
10.7231
10.5930

10.6210
10.6720

10.7681
10.9019
11.0373
11.1728

LONGITUDE

(WEST)

67.5125

67.5009
6T+4965
67.4904

67.4878

6T.4847
67.3760
67.2604

6T.2544
671.2565
67.2522
67.2469
6T.2414
67.2357
6T7.2297
6T.2237
67.2176
67.2234
67.2363

6T7.2415

672469
67.2505
6T.2524
6T.2546
67.2570
67.2603
67.2642
6T7.2681
6T.2666
6T7.2624
67.2614
67.2636
6T.2654
6T7.2643

67.1539
67.0396

66.9999
67.0086
6T.0174
67.0262

DEPTH
(SEC)

5.250
5.900
6.680
6.670
6.680

6.690
6.690
6.690

6.690
6.680
6.670
6.670
6.700
6.390
5.490
5.110
5.000
5.500
6.300
6.300
5.190
3.300
1.030
1.205
1.850
2.230
2.540
2.570
2.480
2.020
1.190
0.820
1.000
0.810

0.440
0.310

0.170
0.340
0.900

1.400

(HOURLY)

DEPTH
(M)

3950

4450
5051
5043
5051

5059
5059
5059

5059
5051
5043
5043
5066
4829
4136
3842
3758
4144
4759
4759
3904
2468
T74
905

-1382

1666
1897
1920
1852
1510
893
618
752
610

334
236

129
258
677
1048




LINE

32
32
32
32

32
32
32
32
32
32
32
32
32
32
32
32
32
32

33
33
33
33
33

34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34

DAY

265
265
265
265
265
265
265
265
265
266
266
266
266
266
266
266
266
266

266
266
266
266
266

266
266
266

266

266
266
266
266
266

267

267
2617
267
267
267
2617
267
267
267

CTIME

(z2)

1500
1600
1700
1800
1900
2000
2100
2200
2300
000L
0100
0200
0300
04G0
0500
0600
0700
08G0

090U
1000
1100
1300
1400

1500
1600
1700
1800
1900
2000
2100
2200
2300
0000
0100
0200
03006
0400
0500
0600
0700
0800
0900

LATITUDE
(NORTH)

11.3083
11.4485
11.5899
11.7304
11.8769
12.0186
12.1598
12.2945
12.4322
12.5746
12.7149
12.8495
12.9842
13.1203
13.2535
13.3988
13.5420
13.6853

13.7216
13.7297
13.7395
13.7608
13.7717

13.6482
13.5217
13.3945
13.2634
13.1320
12.9989
12.8637
12.7337
12.6022
12.4703
12.3381
12.2085
12.0809
11.9533
11.8270
11.7007
11.5744
11.4440
11.3123

LONGITUDE

(WEST)

67.0350
67.0459
67.0626
67.0799

67.0822 -
67.0768

67.0817
67.0785
67.0775
67.0796
67.0812
67.0814
67.0816
67.0760
67.0770
67.0771
67.0819
67.0867

67.0008
66.8962
66,7909
66.5769
66.4683

66.4693
66,4737
66.4750
66,4135
66.4720
66.4681
66.4610
66,4556
66.4476
6644396
66.4355
66.4328
66.4314
66.4300
66.4319
66.4340
66.4360
66.4404
66.4436

19

DEPTH
(SEC)

2.390
2.520
2.080
1.540
1.500
2.45C0
1.880
2.800
6.180

5.600°

5.175
5.280
5.650
6.450
6.670
6.650
6.650
6.650

6.670
6.675
6.670
6.670
6.650

6.650
6.660
6.660
6.650
6.630
6.650
6.600
6.650
5.980
6.415
6.420
64425
1.940
1.450
1.190
1.520
1.560
1.650
1.495

[

I.D.0.E. *71 LEG & —:VENEZUELAN MARGIN BATHYMETRY {(HOURLY)

DEPTH
(M)

1785
1882
1555
1151
1121
1830
1405
2094
4666
4221
3893
3974
4260
4876
5043
5028
5028
5028

5043
5047
5043
5043
5028

5028
5036
5036
5028
5013
5028
4990
5028
4511
4849
4852
4856
1450
1085

893
1136
1166
1233
1118




[.D.0.E. *71 LEG 4 - VENEZUELAN MARGIN BATHYMETRY (HOURLY)

LINE

34
34
34
34
34
34
34
34

37
37
37
37
37
37
37
37
37
37

41
41
41
41
41
41
41
%1
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41

DAY

267
2617
267
267
267
267
267
267

269
269
269
269
269
269
269
269
269
269

269
269
269
269
270

270 °

270
270

210

270
270
270
270
270
270
270
270
270
270
270
270
270
270
270

TIME
(z)

1000
1100
1200
1300
1400
1500
1600
1700

1000
1100
1200
1300
1400
1500
1600
1700
1800
1900

2000
2100
2200
2300
0000
0100
020¢C
0300
0400
0500
0600
0700
0300
1000
1100
1200
1300
1400
1500
1600
1700
1800
1900
2000

LATITUDE
{NORTH)

11.1785
11.0465
10.9153
10.7843
10.6533
10.6524
10.6514
10. 6505

10.7097
10.5780
10.4670
10.4689
10.5971
10.7504
10.9021
11.0224
11.0261
11.0304

11.1156
11.2597
11.4060
11.5559
11.7146
11.8691
12.0151
12.1611

12.3038

12.4378
12.5772
12.7185
13.0016
13.0548
13.0962
13.1351
13.0858
12.9712
12.8566
12.7433
12.6315
12:5176
12.4022
12.2867

LONGITUDE

{WEST)

66.4435
66.4454
66.4437
66.4410
66.4383
66.5798
66.7212
66.8626

65.9491
65.9540
65.9269
65.7883
65.7824%
65.8033
65.8128
65.8470
66.0062
66.1614

66.2303
66.2371
66.2427
66.2452
66.2528
66.2632
66.2750
66.2867
66.2995
66.3141
66.3206
66.3190
66.3179
66.4393
66.5710
66.7007
66.7634
66.7T47
66.7860
66.7944
66.7983
66.8054
66.8150
66.8245
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DEPTH
{SEC)

0.830
0.530
0.270
0.280
0.140
0.100
0.080
0.120

0.400
0.100
0.090
0.130
O. 900
0.910
0.230
0.100
0.350
0.430

0.580
0.940
1.480

1.150

1.120
1.653
2.870
5.600
6.390
6.100
6.410
6.650
6.600
6.620
6.640
6.650
6.670
6.650
5.750
5.850
5.300
6.030
6,410
4.800

DEPTH
{M)

625
401
205
213
106
76
61
9l

303
16
68
99

6717

685

175
76

266

326

438

T07
1107

864

841
1235
2146
4221
4829
4603
4845
5028
4990
5006
5021
5028
5043
5028
4337
4413
3989
4549
4845
3604




[.0.0.E. '71 LFG 4 — VENEZUELAN MARGIN BATHYMETRY  (HOURLY)

LINE DAY TIME LATITUDE LONGITUDE DEPTH DEPTH
(z) (NORTH) (WEST) {SEC) (M)
41 270 2100 12.1713 66.8341 1.930 1443
41 270 2200 12.0558 66.8437 0.300 228
41 270 2300 11.9833 66.9183 0.350 266
41 271 agou 12.0134 67.0514 1.330 937
41 271 0100 12.0402 67.1807 1.920 1435
41 271 0200 12.0671 67.3104 le440 1078
41 271 0300 12.0939 6T7.4395 0.410 311
41 271 0400 12.1169 67.5656 0.470 356
41 271 0500 12.1358 67.6908 0.370 281
41 271 0600 12.1535 67.8151 1.800 1345
41 271 0700 12.1712 67.9394 2.880 2154
44 271 0800 12.1869 68.058¢4 2.700 2019
44 271 0900 12.26G32 68.1723 0.650 491
45 271 1000 12.3319 68.1436 1.820 1360
45 271 1100 12.4832 68,1152 3.810 2853
45 271 1200 12.6345 68.0860 5.820 4390
46 271 1300 12.6952 68.0093 5.980 4511
46 271 1400 12.6815 67.8954 6.050 4565
46 271 1500 12.6679 67.7815 6.0G85 4600
46 271 1600 12.6542 67.6676 6.160 4650
46 271 1700 12.6405 67.5537 6.190 4673
46 271 1860 12.6268 67.4398 5.9C0 4450
46 271 1300 12.6132 67.3259 5.890 4443
46 271 2000 12.6121 67,2073 5.860 4420
46 271 2100 12.6119 67.0875 5.460 4113
46 271 2200 12.6032 66.9646 5.110 3842
46 271 2300 12.5847 66.8464 5.550 4182
46 272 000U 12.5583 66.7296 5.940 4481
46 272 0100 12.5303 66.6131 6.270 4736
46 272 0200 12.5023 66.4966 6.330 4782
46 272 0300 12.4743 66.3801 6.300 4759
46 272 0400 12.4496 66.2706 6.040 4557
46 272 0500 12.4224 66.1603 5.970 4503
46 272 0600 12.3939 66.0491 5.760 4345
46 272 0700 12.3638 65.9364 5.930 4473
46 2172 0800 12.3315 65.8214 5.300 3989
46 272 0900 12.3018 65.7104 5.21C 3920
46 272 1000 12.2718 65.5979 5.250 3950
46 272 1100 12.2421 65.4858 5.170 3889
46 272 1200 12.2129 65.3698 4.444 3335
46 272 1300 12.1837 65.2538 3.756 2812
21



I.D‘O.E.
LINE DAY
46 272
46 272
46 272
46 272
46 272
46 272
46 272
46 272
46 212
46 272
46 273
46 273
46 273
46~ 273
a6 273
47 273
47 2173
48 273
48 273
48 273
49 273
49 273
49 273
49 273
49 273
49 273
49 273
49 273
49 273
49 273
49 273
49 273
49 273
49 2713
49 274
49 274
49

50 274
50 274
s1 274
51 274

274 .

*71 LEG

TIME
(Z2)

140C
1500
1600
1700
1800
1900
2000
2100
2200
2300
0000
0100
0200
0300
0400

0500
0600

0700
0800
0900

1000
1100
1200
1300
1400
1500
1600
17060
1800
1900
2000
2100
2200
2300
0000
0100
0200

0300
0400

1500
1600

LATITUDE
{NORTH)

12.1545
12.1247
12.0949
12.0686
12.0468
12.0338
12.0220
12.0128
12.0035
11.9898
11.9987
12.1686
12.3386
12.5086
12.6785

12.8296
12.9778

13.0173
13.0315
13.0358

13.0297
12.8901
12.7456
12.6069
12.4683
12.3296
12.1945
12.0611
11.9344
11.8078
11.6754
11.5414
11.4108
11.2873
11.1698
11.0578
10.9384

10.8270
10.8299
10.7291
10.6358

LONGITUDE

(WEST)

65.1378
65,0201
64,9001
64,7773
646600
64.5382
64.4119
64.3126
64,2127
64.0919
63.9897
64,0367
64.0838
64.1308
b4, 1779

64.1342
64,0765

63.9438
63.7888
63.6321

63.4836
63.43T74
63.4463
63.4560
63.4656
63,4753
63.5000
63.5267
63.5618
63.5968
63.6264
63.6542
63.6532
63.5878
63.5291
63.4765
63.4133

63.3436
63.2161

61.7959
61.7595
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4 - VENEZUELAN MARGIN BATHYMETRY

DEPTH
(SEC)

3.530
3.450
4.560
3,900
2.590
1.720
1.390
1.400
0.620
0.340
0.500
3.700
4.540
4,560
4,040

4,050
3.980

3.700
3.090
1.500

1.420
1.500
1.390
1.400
1.830
2.600
2,910
2.710
2.210
1.580
0.830
0.090
0.700
0.040
0.050
0.060
0.070

0.050
0.050

0.280
0.130

{ HOURLY)

DEPTH
M)

2640
2580
3423
2920
1935
1285
1041
1048

468

258

379
2770
3408
3423
3026

3033
2980

2770
2311
1121

1063
1121
1041
1048
1367
1943
2176
2026
1651
1181
625
68
528
30
38
45
53

38
38

213
99 -



