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ABSTRACT

The Gulf of Panama Basin lies at the northern end of the 
Bolivar Geosyncline of the Pacific margin of northern South 
America. The basin contains sediments of Eocene to Pliocene 
age, deposited in a system of horst and graben sub-basins 
that includes the basins of the on-shore area of eastern 
Panama.

The Gulf of Panama can be divided into two distinct 
parts as determined from stratigraphic information from the 
Corvus #1 and Plaris #1 wells (Figure 1) and from interpreta­
tion of 1700 miles of seismic data. The western part of the 
basin contains sediments of Eocene age with high densities 
(2.5-2.9 g/cc), high seismic velocities (11000-15000 fps) 
and high percent of volcanic rocks buried at shallow depth 
(1000-2500 feet). The Eocene rocks have been deformed by 
igneous intrusion and vertical movements within the basement, 
eroded, and covered by a veneer of Pliocene and younger rocks.

The eastern part of the basin contains Miocene and
younger rocks deposited with only a short period of inter­
ruption at the end of Middle Miocene time as evidenced by 
truncation of Middle Miocene rocks by overlying Late Miocene 
rocks on the structure drilled by the Plaris #1 well.

The seismic data and the high yelocity and density of
Eocene rocks in the western part of the basin, indicate that 
the western part of the basin once contained Miocene sedi-
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ment which buried the Eocene sediment at great depth. Sub­
sequent uplift, probably coincident with the Middle Miocene 
uplift on the eastern basin, resulted in the erosion of 
Miocene sediments from the entire area of the western part 
of the basin.

The horst and graben nature of the Gulf of Panama 
basin, the Middle Miocene age of structure formation/ and 
the nature of the stratigraphic sequence in the basin are 
all distinctly recognized characteristics in the basins 
onshore eastern Panama. Therefore, the Gulf of Panama 
basin can be grouped with the basins onshore eastern Panama 
as part of the Bolivar Geosyncline.
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INTRODUCTION

The Gulf of Panama is located in the transition zone 
between the South American Continent geologic province tnd 
the nuclear Central America geologic province. These two 
provinces have evolved under separate but related tectonic 
environments. Knowledge of the age and mechanisms of struc­
tural development in the Gulf of Panama will aid in the 
understanding of the regional geology of Central America 
and help provide a more complete and unified picture of the 
geology in this region.

The problem to be solved is: by what mechanism did
the structure of the Gulf of Panama basin form and at what 
time in geologic history? The answer to this question will 
be formulated through the examination of.reflection seismic 
records and maps and Bouguer gravity and total magnetic 
intensity maps.
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PURPOSE AND SCOPE OF INVESTIGATION

Objective
In determining the age and mechanism of structure

development, the following factors will be considered:
Regional distribution of folds and faults
Evidence of compressional or tensional forces 
in structure development
Relative ages of folds and faults
Time correlation for different periods of folding 
and faulting
Ages and types of unconformities.

Individual structural features will be examined accord­
ing to these five characteristics and the structural history 
of the basin will be summarized.

Area of Study
The area of study as shown in Figure 1 lies to the 

south of the isthmus of Panama. The area covered by the 
available seismic data is approximately 2600 square miles. 
This area encompasses essentially all of that part of the 
Gulf of Panama which contains Tertiary sediments.

The isthmus of Panama consists of two separate geologic 
provinces which border along a line coinciding approximately 
with the Panama Canal. East of the canal lies the basins of 
the northern end of the Bolivar Geosyncline which extends 
southward into western Colombia. West of the canal is the 
volcanic province of the archipelago of south Central
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America. Eastern Panama is an appendage of the South 
American continent which has been connected to nuclear Cen­
tral America by this volcanic archipelago which began 
developing during Middle Oligocene. The Tertiary volcanics 
of the archipelago completely cover the older rocks in 
western Panama so that nothing is known of Pre-Tertiary his­
tory of this area.

Stratigraphy
The basins of the Bolivar Geosyncline contain marine, 

shallow marine and terrestrial sediments of Eocene to Plio­
cene age. Each basin occupies an elongate graben and is 
separated from other basins by a horst block which prevented 
the transport of sediments from one basin to another.

Three basins were formed in eastern Panama during 
Tertiary time. The Bayanu and Tuira Chucunague basins are 
in central eastern Panama and extend to the south across 
the Colombian border. The Sambu Basin is southwest of the 
Bayanu and Tuira Chucunague basins and extends into the 
Gulf of Panama.

The oldest sedimentary rocks that accumulated in the 
basins are Eocene in age. Active sedimentation in the basins 
continued through Pliocene time with a total known accumu­
lated thickness of over 20,000 feet (Johnson and Headington, 
1971).

Those rocks underlying the Eocene sediments are inter­
bedded volcanics and sediments probably of Cretaceous or
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Eocene age. The pre-Cretaceous history of Panama is unknown 
since no rocks older than Cretaceous have been found (Johnson 
and Headington, 1971).

Sediment deposition within the basins began with the 
formation of the Bolivar Geosyncline during Eocene time when 
volcanic pyroclastics and agglomeratic rocks were supplied 
to the basins. Marine transgression increased within the 
Bolivar Geosyncline in Oligocene marked by a general end to 
the volcanic activity. The sedimentation continued through 
Early Miocene time. During Middle Miocene time, diastrophic 
uplift and erosion occurred forming the coastal and interior 
mountain ranges and producing the fold and fault systems 
that are observed today.

Structure
Panama is underlain by a faulted intrusive core of prob­

able Laramide age (Johnson and Headington, 1971). Tectonic 
movement within this core has localized the accumulation of 
sediments by producing boundaries between sedimentary basins. 
The boundaries are elongate horst blocks with the basins 
occupying the intervening grabens.

These basins have elongate axes that trend N35°W.
Folds and faults in the basins trend N35°W and N50°E. The 
structure began to develop in Middle Miocene time. The 
major structural features appear regionally as a series of 
arcs, convex to the north cut by a series of faults radially 
intersecting the concentric structures.
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At least one angular unconformity has been identified 
between Middle Miocene and older rocks.
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INVESTIGATION PROCEDURE

To aid in discussing the study area, the Gulf of Panama 
will be divided into two areas that will be referred to as 
the eastern part of the basin and the western part of the 
basin. The eastern part of the basin is the area east of 
seismic line 24 and the western part is west of this line. 
This division does not mean that two separate basins existed 
in the study area in Tertiary time but provides a geographic 
boundary that is useful in discussing the stratigraphic and 
structural variations in the Gulf of Panama.

Seismic Data
1713 miles of reflection seismic data have been used 

in construction of the seismic time maps. These data were 
acquired in 1971 and 1972 by Western Geophysical Company.
Data from the 1971 survey were processed with a 12-fold com­
mon depth point stack and were deconvolved before and after 
stacking with a final time-varying filter applied. Data 
from the 1972 survey were processed with a 24-fold common 
depth point stack and were deconvolved before and after 
stacking with a final time-varying filter applied.

Seismic structure maps were prepared on two horizons 
which illustrate the structure within the Tertiary sediments. 
The shallowest horizon mapped is of Pliocene and Middle Mio­
cene age. This horizon corresponds approximately with a 
widespread angular unconformity that developed sometime near
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the end of Middle Miocene time or beginning of Late Miocene 
time. Below this unconformity, horizons are mapped which 
illustrate the structure developed prior to deposition of 
Late Miocene and Pliocene sediments. Both maps are con­
toured on an interval of .05 second with index contours each 
.25 second.

The quality of the seismic reflection data varies 
greatly between the eastern part of the basin and the west­
ern part. In the eastern part, coherent mappable reflec­
tions are present at reflection times below 2.0 seconds. In 
the western part of the basin, coherent reflections are 
seldom seen below 2.0 seconds and there is no reflection 
event below the Pliocene-Late Miocene age unconformity that 
can be reliably mapped over the entire basin. Therefore, 
the Eocene horizon map of the western part of the basin 
depicts the structure within the basin but does not permit 
the projection of stratigraphic information from the Corvus 
#1 well to other parts of the basin.

Gravity and Magnetic Data
1056 miles of gravity and magnetic data were collected 

during the seismic survey of 1971. These data were prepared 
and interpreted by EDCON Company of Denver, Colorado. EDCON 
prepared Bouguer gravity, depth to basement, and total mag­
netic intensity maps. The gravity and magnetic maps of Fig­
ures 4 and 5, are taken from the maps prepared by EDCON.
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Well Data
Two dry wells were drilled in the Gulf of Panama in 19 74. 

On March 26, 1974 the Corvus #1 well was completed at a total 
depth of 8625 feet. On May 21, 1974 the Plaris #1 well was 
completed at a total depth of 9408 feet. A velocity survey 
was made in each well by raising a geophone in the well and 
using an airgun to produce a seismic signal when the geo­
phone reached certain depths. The velocity data was pro­
cessed by Birdwell Division of Seismograph Service Company 
and calibrated velocity logs giving integrated travel time 
and interval velocity were prepared. The velocity surveys 
were used to correlate the stratigraphic section with the 
reflection times on the seismic sections.

The Corvus and Plaris wells also provide accurate dating
of the Tertiary sedimentary section and identification of
the lithologies. As shown in Figure 2, a major regional 
angular unconformity exists between Pliocene to Late Miocene 
and older sediments. In the Corvus well, the unconformity 
is between Middle Eocene and Pliocene age sediments. In the 
Plaris well the unconformity is between Middle Miocene and 
the base of Late Miocene age sediments. In the western part 
of the basin, erosion continued through Late Miocene, or 
repeated uplift resulted in the removal of any Miocene sedi­
ments deposited in this area.

The Eocene sediments are described on the mud log as
predominantly volcanic derived sands, conglomerates and tuffs 
very similar to published descriptions of Eocene and
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Oligocene rocks of the basins onshore in eastern Panama 
(Johnson, et al., 1971; Terry, 1956). The Miocene sediments 
from the Plaris well are marine sands and shales with thin 
carbonates. A highly volcanic section is present from 8000 
feet to total depth in the Plaris well. The age of this 
section is Early Miocene. This provides an accurate date 
to the end of volcanic sedimentation in eastern Panama.
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INTERPRETATION

Time Structure Maps
Regional Features
The two time structure maps, Plates I and II, show sev­

eral important regional features of the basin. In the west­
ern basin is an elongate east-west trending graben lying 
along the southern border of the study area. The north and 
south bounding faults of this graben have no expression in 
the sediments above the Pliocene-Miocene unconformity, thereby 
restricting the age of the faults to pre-Pliocene. The 
faults appear to extend at depth into the basement. The 
fault graben nature of this basin indicates that it is sim­
ilar to the eastern part of the Gulf of Panama basin and the 
basins onshore eastern Panama.

Within the graben are approximately 3000 feet of sedi­
ments between the Eocene mapping horizon and the unconform­
ity. The velocity of the sediments below the unconformity 
is over.12,000 feet per second, indicating that these sedi­
ments are similar in lithology to the sediments below the 
unconformity in the Corvus well. There is no indication on 
the seismic lines that the bounding faults were active dur­
ing deposition of the sediments below the unconformity.

North of this graben is a west plunging anticline, 
faulted on the south and west by the north bounding fault 
of the graben. Movement on this bounding fault, shotpoint 
645; line 32 (Plate VII), occurred after deposition of Eocene
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sediments. However, the sedimentary section on the north 
flank of this anticline, shotpoint 300 to shotpoint 500, 
line 32, increases in thickness from south to north. This 
anticline was forming or existed while the sediments on its 
north flank were being deposited. Therefore, to the north 
of the anticline is a separate depositional basin.

In the northwest corner of the study area is another 
large anticlinal uplift which plunges to the east (Figure 3). 
This anticline and the anticline and graben in the southern 
part of the study area define a regional east-west structural 
trend. A north-south regional structural trend is defined 
by the two anticlinal uplifts along the southern edge of the 
study area (Figure 3) .

The eastern part of the basin is a graben which parallels 
the graben basins of onshore eastern Panama. Stratigraphic 
age correlations from the Plaris well show that this graben 
began forming at least as early as Early Miocene and has 
continued to subside through Pliocene (plate III). The 
geometry and age of this graben indicate that it is similar 
to the basins onshore Panama, and is therefore interpreted 
as the offshore extension of the onshore horst and graben 
basin system.

Time of Structure Development
In general, all structure in both parts of the basin 

formed prior to the deposition of sediments above the uncon­
formity between Late Miocene and older sediments. Seismic
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lines 33, 19, 42, 59, 32 and 26 (Plates III, IV, V, VI, VII, 
VIII) show that all folding occurred prior to deposition 
of Late Miocene sediments. Since the oldest sediments at 
the unconformable surface are of Eocene age and the youngest 
sediments are of Middle Miocene and Pliocene age, the struc­
tural development could have started as early as Eocene time 
and must have ceased by the beginning of Late Miocene time.
The lack of growth faulting or other indications of structure 
development contemporaneous with deposition of Eocene sedi­
ments points to a Post-Eocene age of structure development. 
This is consistent with the onshore basins of eastern Panama 
in which the structural development began in Middle Miocene 
time.

On line 33 (Plate III), the structure on which the Plaris 
well was drilled exhibits thinning of the Middle Miocene sec­
tion across the top of the structure. This indicates that 
structure in the Gulf of Panama began developing during Middle 
Miocene as did the structure onshore eastern Panama.

Forces of Structural Development
All faulting in the basin is normal faulting resulting 

from relative uplift or subsidence of adjacent blocks. How­
ever, major faults appear to be of two types:

1. Faults that are associated with development 
of folds.

2. Faults that bound large uplifted basement blocks.
The first of these fault types is represented by the

low angle normal fault that intersects line 32 (Plate IX) at 
shotpoint 220.
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The second of these fault types is represented by the 
bounding faults of the graben along the southern border of 
the study area. Two other examples are the faults that inter­
sect line 14 at shotpoint 260 and shotpoint 355 (Plate I).

Nearly all folds and faults resulted from vertical move­
ments which originated in the basement. Only the structure 
at the intersection of lines 32 and 37 appears to have 
resulted from flowage of relatively unconsolidated, mobile 
sediments. The discordance of dips of reflections across 
this structure indicates that it is either a slump feature 
or a diapiric feature.

Periods of Folding and Faulting
The anticlinal and synclinal features in the sediments 

above the unconformity coincide with corresponding anticlinal 
and synclinal features in the sediments below the unconform­
ity. Plates I, II, and III illustrate this correspondence 
for the structure on which the Plaris well was drilled.
Plates I, II, and VII illustrate this correspondence for 
the anticlinal uplift and graben in the southern half of the 
western part of the study area. None of the regional faults 
bounding horst and graben blocks were active after deposi­
tion of post-Middle Miocene sediments.

Unconformities
The regional angular unconformity between Eocene and 

Middle Miocene to Pliocene sediments is best illustrated 
on line 42 (Plate V). As seen on this line, the unconform­
ity truncates reflections that occur as deep as 3.0 seconds
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in the middle of the basin.
On line 42 at shotpoint 215 (Plate V) is the edge of 

the area in which Late Miocene sediments are preserved. 
Deposition of Late Miocene sediments was restricted to the 
area north and east of this edge.

Gravity Data
The Bouguer gravity map (Figure 4) was produced from the 

data acquired during the seismic survey of 1971. Since the 
line spacing of this survey is approximately 5 miles, the map 
represents only gross regional features related to the depth 
of basement rocks. However, in interpreting the gravity data 
from this basin it should be noted that the bulk density of 
the Eocene sedimentary rocks is relatively high. From the 
bulk density log of the Corvus #1 well, typical densities are:

The densities over this 4500 foot interval range from 
densities generally considered typical of sedimentary rocks 
(2.40-2.60 g/cc) to densities generally considered to be 
typical of basement rocks (2.7-2.9 g/cc).

The Bouguer gravity map is contoured on an interval of 
10 milligals. Generally, the Bouguer gravity map illustrates 
the basic configuration of the basin. The deepest portion of 
the basin as determined from the seismic data coincides with

4000 feet 
4500 feet 
5500 feet 
6000 feet 
6500 feet 
7000 feet 
8000 feet 
8500 feet

2.40-2.50 g/cc 
2.65-2.80 g/cc
2.45-2.55 g/cc 
2.50-2.60 g/cc 
2.55-2.65 g/cc
2.45-2.50 g/cc 
2.75-2.90 g/cc 
2.80-2.90 g/cc
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the area of lowest Bouguer gravity values: between lines 7
and 13 on the north and south and between lines 6 and 14 on 
the east and west. To the northwest of this gravity minimum, 
the Bouguer field increases in the direction of uplift toward 
the shore of western Panama. Northeast of the gravity mini­
mum the Bouguer gravity values increase across a normal fault 
that is upthrown to the north. The fault is located near 
the intersection of lines 5 and 14. The northeast-southwest 
trending gravity low in this area corresponds to a shallow 
sedimentary trough. To the east, the Bouguer gravity 
increases in the direction of the uplift of the Pearl Islands. 
To the south, the Bouguer gravity increases toward the con­
tinental shelf where uplift of the basin occurred along the 
shelf edge.

East of line 16 and between lines 17 and 21 is a prom­
inent east-west trending gravity high. This gravity high 
corresponds to the large uplifted block mapped on the Eocene 
horizon at this same location (Figure 3, Plate I).

A small localized gravity high exists at the intersec­
tion of lines 6 and 13 and is associated with an anticline. 
However, this anticline is displaced from the gravity high 
and no cause for the gravity maximum can be seen on either 
line 8 or line 13.

The sparse gravity data in the eastern part of the 
basin shows only that from the deepest part of the basin 
near the north end of line 26, the Bouguer gravity field 
increases to the south where the basin was uplifted at the



continental shelf edge.
Between the eastern part and western part of the basin 

is a north-south trending gravity high. This gravity high 
corresponds to the uplifted ridge separating the eastern 
part of the basin from the western part.

Total Magnetic Intensity Data
The total intensity magnetic field map (Figure 5) was 

prepared by subtracting the earth*s normal field from the 
total magnetic intensity recorded on the seismic ship. The 
data were contoured on a 100 gamma interval.

The difference between the sediments of the eastern 
part of the basin and the western part is clearly seen on the 
total magnetic intensity map. The eastern part lacks any 
local magnetic anomalies while the western part has many local 
anomalies. The relatively shallow Eocene sediments of the 
western part of the basin consist primarily of volcanic 
derived rocks. Therefore, the local magnetic anomalies could 
result from lateral variations in the magnetic susceptibil­
ity of the sediments. Some of the local anomalies appear to 
be caused by igneous intrusions. The magnetic anomalies at 
the intersection of lines 8 and 13 and at the intersection 
of lines 6 and 11 correspond to gravity maximums. The 
anomaly at the intersection of lines 6 and 11 also coincides 
with an anticline in the Eocene sediments. The anomaly at 
the intersection of lines 8 and 13 is associated with an 
anticline at the intersection of lines 6 and 13.
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At the intersection of lines 5 and 14 is a magnetic 
anomaly which coincides with an uplifted block. From this 
anomaly to the northwest is a region of high magnetic inten­
sity which corresponds with the upfaulted block interpreted 
on the seismic data.

The magnetic anomaly on line 14 between lines 11 and 
13 corresponds to a gravity maximum at the intersection of 
lines 14 and 11. An anticline exists in the Eocene sedi­
ments at this location.

In the vicinity of the intersection of lines 18 and 20 
with lines 17 and 19 are several local anomalies. These 
anomalies are superimposed on an area of relatively high 
total magnetic intensity that corresponds to the large anti­
cline that can be seen on the seismic data (Figure 3, Plate 
I). The anomaly at the intersection of lines 18 and 17 is 
coincident with a probable intrusive feature.

The magnetic and gravity features that have been des­
cribed are summarized in Table 1 and are compared with cor­
responding features observed on the seismic data. A quantita­
tive analysis of the gravity and magnetic data was not under­
taken because of the limited scope of this investigation.

Seismic Velocities
The seismic velocity information provided by the geo­

phone surveys from the Corvus #1 and Plaris #1 wells is sum­
marized in Tables 2 and 3. A comparison of the interval
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Table 2. Plaris #1 Velocity Summary

Depth Depth Delta Time Delta Avg. Int.
K.B. S.L. D S.L. T Vel. Vel.
900 869 .1698 5118

700 .1075 6512
1600 1569 .2773 5658

300 .0483 6211
1900 1869 .3256 5740

600 .0914 6565
2500 2469 .4170 5921

550 .0858 6410
3050 3019 .5028 6004

100
3150 3119

250
3400 3369 .5551 6069

100
3500 3469

800
4300 4269 .6809 6270

600 .0807 7435
4900 4869 .7616 6393

1500 .1956 7669
6400 6369 .9572 6654

600 .0605 9917
7000 6969 1.0177 6848

500 .045 11111
7500 7469 1.0627 7028

1300 .1037 12536
8800 8769 1.1664 7518

600 .0426 14085
9400 9369 1.2090 7749

K.B. = Kelly Bushing 
S.L. = Sea Level 
D = Depth 
T = Time
Avg. Vel. = Average Velocity 
Int. Vel. = Internal Velocity
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Table 3. Corvus #1 Velocity Summary

Depth Depth Delta Time Delta Avg. Int.
K.B. S.L. D S.L. T Vel. Vel.
355 324 .0648 5000

345 .0671 5142
700 669 .1319 5072

800 .137 5839
1500 1469 .2689 5463

500 .0817 6120
2000 1969 .3506 5616

550 .0861 6388
2550 2519 .4367 5768

650 .0561 11586
3200 3169 .4928 6431

• - 300 .021 14286
3500 3469 .5138 6752

150 .0138 10870
3650 3619 .5276 6859

950 .0661 14372
4600 4569 .5937 7969

1000 .070 14286
5600 5569 .6637 8391

400 .0255 15686
6000 5969 .6892 8661

1600 .1115 14350
7600 7569 .8007 9453

980 .0552 17754
8580 8549 .8559 9988

K.B. = Kelly Bushing 
S.L. = Sea Level 
D = Depth 
T = Time
Avg. Vel. = Average Velocity 
Int. Vel. = Internal Velocity
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velocities from the wells with the lithologies shows that 
the seismic velocity in the high volcanic Eocene sediments 
ranges from 11,000 to 15,000 feet per second while the veloc­
ity of the Miocene and Pliocene sediments ranges from 6000 to 
10,000 feet per second. This contrast in velocity provides 
a clear method for using the seismic data to distinguish 
between Miocene and Pliocene sediments and older sediments.

Seismic velocities have been determined from the veloc­
ity versus reflection time displays that are produced during 
the procedure of obtaining stacking velocities for CDP. 
families. This method of velocity determination produces a 
stacking velocity that is not the true average velocity.
The velocities determined from the geophone well survey are 
the average velocities. For practical application the ratio 
of average velocity to stacking velocity will be assumed 
constant. Table 4 shows the determination of the ratio of 
average to stacking velocity at the Plaris well location.
All references to velocity in this discussion is to the aver­
age velocity using the ratio of average to stacking of .98.

The velocity contrast between Eocene and younger sedi­
ments may explain why deep reflections are not observed over 
most of the area of the western part of the basin (Figure 
6). In the Corvus #1 well, the reflection coefficient at 
the unconformity between Pliocene and Eocene sediments is 
•41. This large reflection coefficient means that the 
amount of energy that is transmitted to the older section
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FIGURE 6: CALIBRATED V E L O C I T Y  
LOG C O R V U S  WELL
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Table 4. Velocity Analysis Calibration

Reflection
Time

Plaris #1
Airgun

Velocity
Vel an 

Velocity Airgun/Velan

.65
1.05
1.41

5740
6004
6270

5625
6025
6500

1.000
.996
.960

.992 
1.42 
1. 81

Corvus #1 
5768 5900
8661 8850
9988 9350

.978

.979
1.000
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and transmitted back through the unconformity is not suf­
ficient to produce reflections on the seismic record that 
are distinguishable from inherent noise.

The seismic velocities below the unconformity in the 
western part of the basin are in the range of velocities 
of the Eocene sediments encountered in the Corvus #1 well.
No coherent reflections are observed below 2.0 seconds any­
where in the western part of the basin and in many places 
only very weak reflections are observed immediately below 
the unconformity. These two factors indicate that only 
highly volcanic Eocene sediments are preserved below the 
unconformity in the western part of the basin.

Interpretational Limitations
The lithology and age of the sediments of the Gulf of 

Panama basin are known at only the locations of the Corvus 
and Plaris wells. Conclusions that are made concerning the 
age and lithology of sediments elsewhere in the basin and 
conclusions concerning the age and mechanism of development 
of structures are therefore dependent upon the interpreta­
tion of seismic, gravity, and magnetic data. All conclu­
sions must be considered in view of the limitations that the 
data impose on the interpretation.

The limitations which are most directly related to the 
conclusions of this study stem from the interpretation of 
the seismic data. In the western part of the basin, the 
age of sediments below the unconformity is interpreted to
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be Eocene since the velocity of these sediments is within 
the range of velocities for the Eocene sediments encountered 
in the Corvus #1 well. However, the lack of reflector con­
tinuity which precludes the accurate mapping of any one 
horizon also decreases the validity of the velocity analyses 
and limits the area over which the velocity analyses can be 
used. Despite the limitations of the velocity data, they 
provide the most reliable method of determining the age of 
sediments below the unconformity.

In the eastern part of the basin, the age of the 
unconformity is interpreted to be the end of Middle Miocene 
because of the thinning of Middle Miocene sediments across 
the top of the structure on which the Plaris well was 
drilled and because of the apparent angularity of Middle 
Miocene sediments below the Late Miocene sediments. However 
no break in deposition can be determined from the paleon­
tological data.

10W3S OdVHOiOD tacnoo
S3NIW P lOOHDS OdYHOlOD 

AHVHsn ssravi hhhxhv
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PLATE TECTONICS

The structural development in the Gulf of Panama basin 
occurred in two episodes. The first episode is represented 
by the horst and graben system that created the Tuira- 
Chucunague Basin, the Bayano Basin, the Sambu Basin, the 
offshore basin in which the Plaris well was drilled and pos­
sibly other basins in the Gulf of Panama (Figure 1). The 
second episode is represented by the local folds and faults 
in the basins, which resulted from widespread uplift, defor­
mation, and erosion, interpreted as occurring during Middle 
Miocene. The first episode is reminiscent of large scale 
rifting that is observed in the Red Sea (Lowell, et al.,
1975). This indicates that at least during Oligocene through 
Early Miocene, the Nasca and Caribbean plates were diverging 
(Figure 7). Evidence for the present relative motions of the 
Nasca and Caribbean plates is inconclusive (Molnar, et al., 
1969, and Case, et al., 1971). However, the absence of an 
oceanic trench bordering the continental shelf of the Gulf 
of Panama is consistent with divergence of the two plates.

The Middle Miocene episode of deformation cannot be 
conclusively interpreted as resulting from uplift and rift­
ing attendant with divergence of the Nasca and Caribbean 
plates. The predominance, perhaps exclusivity, of normal 
faulting and the basement fault-block origin of most struc­
tures formed during this period, is indicative of divergent
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plate motions according to proposed models of continental 
rifting and incipient ocean-floor spreading (Kinsman, 1975).
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CONCLUSIONS

Structure within the Tertiary sediments of the Gulf of 
Panama basin developed in the following sequence:

I. Sediments with a high percentage of volcanic 
clastic constituents were deposited in the basin in Eocene 
and part of Early Miocene time.

II. Horst blocks which localized sediment deposition 
began forming during Eocene time and the Gulf of Panama 
basin became a system of horst-bounded sedimentary basins.

III. Marine sediments free of volcanic constituents 
were deposited throughout late Early Miocene and Middle 
Miocene time. The limit of deposition of these sediments 
extended farther south and west than the present limit of 
their occurrence and the area of deposition may have occu­
pied the entire Gulf of Panama.

IV. At approximately the end of Middle Miocene time, 
the entire basin of the Gulf of Panama was uplifted. In 
the western part of the basin, all Miocene and Late Eocene 
sediments were removed by erosion.

V. In the eastern part of the basin, Middle and Early 
Miocene sediments were preserved.

VI. Prior to deposition of Late Miocene and younger 
sediments, most of the structures in the basin were formed.
The structures can be genetically divided into two types:

1. Basement fault blocks.
2. Igneous intrusions.
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VII. Deposition of Late Miocene sediments was restricted 
to the eastern part of the basin. The anticline on which the 
Plaris #1 well was drilled, continued developing during Late 
Miocene.

VIII. During Pliocene time the entire basin began to 
subside and no further structural development occurred except 
for minor faulting.

The history of structural development in the Gulf of 
Panama is consistent with the history of the onshore struc­
ture in eastern Panama. Structure development in the Gulf 
occurred during Middle Miocene time coinciding with the time 
of structural development in the basins of eastern Panama.
The Gulf of Panama basin can therefore be grouped with the 
eastern Panama basins as part of the Bolivar Geosyncline of 
northern South America.

The eastern part of the basin is of the same type as 
the eastern Panama basins. The western part of the basin 
appears to contain two individual basins, also similar to 
the basins of eastern Panama, but altered in appearance by 
the Middle Miocene uplift.

The horst and graben origin of the basins of Panama, 
both on and off shore, are the result of divergence of the 
Nasca and Caribbean lithospheric plates during Oligocene to 
Early Miocene time. The Middle Miocene deformation may have 
resulted from rifting and taphrogenesis during divergence 
of the Nasca and Caribbean plates. Some of the structure 
has been formed by igneous intrusions and one anticline is 
either a slump feature or a diapiric feature.



Ta
bl
e 

5. 
Se
di
me
nt
ar
y 

and
 
Te
ct
on
ic
 
Ev
en
ts

T 1792 36

to
G•H
CO0
(9

0)faO
Xi
to
GO

e
to (1)

mm i o o 0
G o  o•H 
-P

O 0 
rH g

K  G 0 *H 
0  £» rH
E *H O
H H  O O >i
fa m to

tn

> mh 0 O famh 
O -P to

fa g  *0 0 0 
C -P  M 
W to +J

GO
•rl
toOfa0
0d
G0
•PMH
* r lrH(faJO

*d 1
G G 1 -H 1

•rl 0  -H fd •H
to 10 0 *d
0 -P 0  to 0 G
m to (fa to Ofa 0  U •H
MH o 'd  *h o to
o x; g •rl 0

10 0 fM G fa
-p fa G U 0 0
fa 0  *H rH O
0 to o rH 'd
(fa G 0  > O G G

O XI > O 0
G •H MH •H
fa -P G 0 MH -P -p
0 0 0 to 0 0 MH
-p E XI G -P -P *H
to fa 0  0  G *d G r—1
0 O fa -H 0 G 0 (faw Pm tn-P E H E

*G 1
G G 1 -H

•H 0  -H »d
to to 0
0 •P 0  to G
CQ to (fa 0

fa 0  u •H
MH o  "d -H to
o X  G 0

to 0 fa
•p MH G o 0
fa O - H H
0 to o cm TJ(fa G 0  > G

0  XI 0
G •H MH
fa -P G O •P
0 0  0  to MH
•P0 E A  G -P 

fa 0  O G
•H
rH

0 0  fa -H 0 (fa
£ Pm tn-P g JO

0
0 0 G

0 G G 0  0
tn 0 0 0 O G< d G O 0  0

O 0 0 0 •H O
o W O G •H £ O

•H 0 0 s •H
tn 0 w O 0 £o rH O HrH *d 0 tn rH ^  0o ■p •H fa *d -P
0 •H 0 rH 0 •H 0
o XI o w £  XI

0o
G0nd

■rH
to
XIGw

0o
G0TJ•H
•§W

0
G0Oo•HiH(fa



T 1792 37

BIBLIOGRAPHY

Case, J. E. , Duran, L. G., Lopez, Alfonso, and Moore, W. R., 
1971, Tectonic investigations in Western Colombia and 
Eastern Panama: Geol. Soc. America Bull., v. 82,
p. 2685.

Dix, C. Hewitt, 1955, Seismic Velocities from Surface 
Measurements: Geophysics, v. 20, no. 1, p. 68.

Dobrin, Milton B., 1960, Geophysical Prospecting: McGraw-
Hill Book Company Inc., New York.

Fisher, R. L., 1974, Pacific-Type Continental Margins: p. 25
in The Geology of Continental Margins, Edit. Burke, C. A., 
and Drake, C. L., Springer-Verlag.

,Johnson, M. S., and Headington, Edward, 1971, Panama:
Exploration History and Petroleum Potential: Oil and
Gas Jour., v. 51, p. 96.

Kinsman, D. J. J., 1975, Rift Valley Basins and Sedimentary
History of Trailing Continental Margins: p. 83-126,
in Petroleum and Global Tectonics, Edit. Fischer, A. G. 
and Judson, S., Princeton Univ. Press.

Lowell, J. D., Genik, G. J., Nelson, T. H., and Tucker, P. M.,
1975, Petroleum and Plate Tectonics of the Southern Red
Sea, p. 129-153 in Petroleum and Global Tectonics, Edit. 
Fischer, A. G. and Judson, S., Princeton Univ. Press.

Molnar, Peter, and Sykes, Lynn R., 1969, Tectonics of the
Caribbean and Middle America Regions from Focal Mechan­
isms and Seismicity: Geol. Soc. America Bull., v. 80,
p. 1639-1684.

Nygren, W. E., 1950, Bolivar Geosyncline of Northwestern
South America: Am. Assoc. Petroleum Geologists Bull.,
v. 34, no. 10, p. 1998.

Sheriff, R. E., ed., 1974, Encyclopedic Dictionary of
Exploration Geophysics: Soc. Explor. Geophysicists,
Tulsa, Oklahoma.

Shor, G. G., Jr., 1974, Continental Margin of Middle America: 
p. 599, in The Geology of Continental Margins, Edit.
Burke, C. A. and Drake, C. L., Springer-Verlag.

Terry, R. A., 1956, A Geological Reconnaissance of Panama: 
California Acad. Sci., no. 23.



T 1792

Van Andel, T, J., Heath, G. R., Malfait, B. T. , Heinrichs, 
D. F., and Ewing, J. I., 1971, Tectonics of the Panama 
Basin, Eastern Equatorial Pacific: Geol. Soc. America
Bull., v. 82, p. 1489.


