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‘DEMONSTRATION OF OVERTURNED STRUCTURE

: ' - BENEATH THE QUIRIQUIRE OIL FIELD, VENEZUELA
| ‘ ‘ .

By James L. Lamb L)

4 N . Abstract

TOBAGO
I - - - . .
" ' CC:::3 ~ The Quiriquire oil field is situated on the north flank of
} the Eastern Venezuelan Basin and produces from geatly-dip-
3 ping Pliocene beds which rest with strong unconformity on
1 Cretaceous to Miocene beds involved in complex structures.
Various structural interpretations of these older beds have
been offered, postulating simple folds and both normal and
reverse faults. The fipal solution, ia which zonation by
planktonic foraminifera was the key technigue, has clearly
demonstrated an overturned fold in the northern sector.
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The Quiriquire Field is located in eastern Venezuela, Jjust south of the
foothills of the Serrania del Interior (i.e., the mountain range of the inte-
rior), some 25 kilometers north of the City of Maturin, which is the capital
of the State of Monagas, Venezuela (Fig. 1). The discovery well was drilled
in 1928 on evidence of tar and asphalt seeps. The field has produced more than
two-thirds of a billion barrels of oil. By year-end 1967 e total of 648 wells.
had been drilled, of which about 450 were producing 33,000 BOPD of 16.6°APT
olil with over 50 percent water. The proven area of the field is about 20,000
acres and more than six million acre-feet of heavy oil-saturated sand. Creole's
current estimate of the oil originally in place for the Quiriquire Formation
reservoir is 5.5 billion barrels. It is currently estimated that, by the end
of concession-life in 1984, the reservoir will have produced 726 million barrels,
which is estimated to be only 15.2 percent of the oil in place. A serious
problem of water-breakthrough is being studied but water is expected to continue
being a production problem because the Quiriquire Formation reservoir is a
heterogeneous deposit of non-marine clays, cobbles and pebbles, unconformably
overlYing_an older deformed rock-sequence, and it is difficult to.isolate the
01l zones from the water. This reservoir has often been referred to as an
alluvial fan deposit, and it may be considered a good example of extensive
lateral oil migration as marine source-rocks of the laterally equivalent Las
Piedras Formation and underlying La Pica Formation are far removed downdip or
basinward. Arguments in favor of vertical migration to account for the oil
accumulation are hampered by the rather obvious intense deformation and
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truncation suffered by the underlying beds prior to deposition of the Quiriquire ’
Formation. Although gas and condensate is found at depth in the older deformed
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sequence, particularly in the Los Jabillos-Caratas Formations, only a small amount
of oil has been produced immediately below the. unconformeble base of the Quiri-
quire Formation.

The Deformed Sequence

Unconformably below the Quiriquire Formation lies a deformed sequence of
strata which ranges in age from Cretaceous to Middle Miocene. .Figure 2 illustrates
the superposition, age, and characteristics of these units. This stratal
sequence was deformed during the late Early Miocene when the initial Serranfa del
Interior Orogeny uplifted the mountain belt to the north. In fact, the Quiriquire
Field area was presumably within this primeval mountain system - prior to
denudation processes - and, structurally speaking, it is separated from the less-
deformed basimward sequence by a more southerly fault system. A later Middle
Miocene transgression reached the southern part of the field, but most of the
northern ares was exposed subaerially until the Pliocene. At this time the
Quiriquire Formation was deposited, following a falrly recent rejuvenation of
uplift of the mountain front. An interesting feature of the pre-Quiriquire
Formstion erosional surface is the terrestrial Morichito Formation, shown on
Figures 4 and 6, which filled in the topographic lows during peneplanation,
thereby allowing the base of the Quiriquire Formation to ride evenly over the
old land surface. Note how the sole of the thrust plane or point of overturning
is reflected by the thick build-up of Morichito sediments (Figs. 4, 6). These
deposits have reservoired minor amounts of oil.

Structural Interpretation of the Deformed Sequence

Over the years a number of wells have penetrated the deformed sequence
below the Quiriquire Formation in the search for new oil reservoirs. The progress
of this exploration activity was accompanied by a succession of geological theories
to account for the seemingly complex structural picture that was developing. These
theories ranged from the postulation of simple folds to both normal and reverse
faults of some magnitude. A paleontological study of this area was made in
conjunction with a detailed lithologic study. During the early phase of this study
it became evident that the Areo and Caratas Formations were lithologically so
similar that it was infeasible to unambiguously differentiate them solely on the
basis of lithology. Also, many early wells had no electric logs, and, due to the
steeply dipping strata in the northern sector, those that did could not usuall
be correlated with facility.

Fortunately, however, the foraminiferal microfauna of the Areo Formation
proved to be distinct from that of the Caratas Formation and planktonic foramini-
fera were Tound to be fairly common in both formations. Similarly, other forma-
tions also had characteristic planktonic species. Published results of biostra-
tigraphic studies in Trinidad indicated that the planktonic foraminifera held
the promise of chronologically precise regional faunal correlations, due primarily
to their floating mode of existence, which gives them a widespread geographic
distribution unhampered by the local bottom conditions. As expected, it soon
became evident that the planktonic foraminiferal zones of eastern Venezuela could
be matched with those of Trinidad. For this reason they were given particular
emphasis in this study.
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Gradually the thesis for overturning in the northern sector developed as
the geologic and faunal data accumulated. At this time a key well was drilled
(the Mosu-11, see Fig. L), which penetrated an inverted sequence of beds, passed
through a thrust fault, then drilled a normal repeated sequence, and finally
bottomed in beds of about the same age as those found at the pre-Quiriquire
Formation unconformity. This was a surprise - as it was the first time that a
well drilled in eastern Venezuela had demonstrably encountered this sort of over-
turned structure. On the other hand the concept of inverSion; or doubling over,
gave a neat explanation for the twice-normal thickness of lower Carapita Formation
in the synclinal areas. o ¥ C : ' '

Following up this lead, detailed cross sections were made in the crucial
area. This was not very successful, because penetration below the unconformity
was usually small and dips were steep, so that well segments did not overlap.
To surmount this difficulty a subcrop map (Fig. 3) was made at the unconformity
surface, and now all the data fell neatly into place. Faunal.and/or lithologic
units were identifiable, and a plot of their occurrence at the uncbnformit&
showed these zones subcropping in parallel bands in their correct stratigraphic
sequence, successively older from south to north. The only'anomalies were a
regular north dip, which proved the inversion of the whole sequence, and an
offset along a minor wrench fault already detected by seismic surveys.

To complete the structural interpretation, VDF seismic profiles were used
to supplement the well information, and cross section (Figs. 4, 5, 6 and 7)
were made across different parts of the filed. Although this picture of the
Quiriquire subsurface may appear complicated, surface geology maps of the
mountains to the north show many comparable structures - recumbent and asymmetric

fo}dslseparated by thrust faults. The similarity emphasizes the genetic relation-
ship of the two regiorns. ' :

. The final step was preparation of a contour map of the Los Jabillos sandstone
(F}g. 8). This map shows the writer's interpretation of the contoured top of
thls.unit, including all structural, tectonic, and other geologic controls.
PreV}ous efforts to contour the top of thée Los Jabillos were influenced by an old
gravity survey, which showed a NE-SW trend. The main structural lineaments as
shovn here on figure 8 are more east-westerly and the overall closure on the ILos
Jabillos is more southerly than had been interpreted. Also; the indication of a
synclinal axis between the anticlipe and the overturned structure makes contouring
more complicated than had been supposed. As demonstrated, the anticline is bounded
on the east by a well known wrench fault and on the west by a fault and homocline.
It should be emphasized that the southerly structure is contoured in such a ‘

fashion as to be in alignment with the more northerly structural elements, as the
two sectors are genetically intimately related.
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Figure 2. Stratigraphic sequence of formations underlying the Quiriquire Formation in the Quiriquire oil field.

Figure 3. Subcrop pattern of formations of the deformed sequence beneath the Quiriquire Formation in the Quiriquire oil fieid. Lo-

cations of cross sections A-A’ to D-D’. ‘




"Pial} 110 a1NbLIND 8y J0 1ied [e13U8D 3Y3 YBNOIYL B4N1DNIS PBUINIIBAC pue X3|dwiod Bunesn||l y£-D [19M 01 81 Z-D [19M Wouy ,8-9 01198 $504) “G a4nbi 4

SHILANW
fp————
00S o]

"NOILVANHOH4 3HINDIHIND ‘ (((((((((((

1942 vag —
o o4 o o e o e P o D o
W an o n N do N A& A~ A N
w [=1] -
® & 3 (4] & @ > & 8 8 &
Q
<
-
o
k7
©
[:13
3 o]
kS &
o <
& £
<)
c
[+}]
£ Y
3
4=
(8
3
F=1
7]
B
=
o 5
p
@ 5
: : w
© -]
- &
= X
< 2
o
2 £
« 3
[=2]
© €
o w s
(7] T
e} k7]
g =2
o
- —
iy )
2 7]
O O
= =
.m
w 2
o
[asd +
- «
x
= (@)
(@] =
- [}
- 2
€
- 2
= s “=
o} w ¢
<
o
< S .
3 - i
> 83
< (SIR
~ - ok
Y b
2 o o T
o Pu—-—
@ 3 3
2! 20
i




“PI81y j10 84inb
PI21} 110 daiNb1ND 8y 4o uiblew uiaysem sy uo eyens Buiddip Apdayinos Bunensnij 609-0 [|9M 01 88G-D [[9M Woly Q- Uo1108s ss04) “/ a4nbi

12437 vag

NOILVWHYHOA

IH1INO1HIND

00§

SH3ILINW

[rp—————Y

0

- ,000°C1L

= ,000°01

~ ,0008

= .0009

= .000v

- .000C

609-0

8850

‘piai4 1o adnbriny ays 40 jied |e41uad ayl ybnoayl ainy

o,

onuis pauiniiano pue xajdwod bunedisniil 009-0 1]

aM 01 £/1-D 1I3M Eo;.o-o uonoes $5040 9 NI

00s

SH3IL3IW
[rep—p———

0

L j040] D35

0090

90v-0

8.0

£veE-O

NO I L

<.

i

v W

ing

341N0O1LY!

8

W

P4

8LED 7

L0€-0

LEV-O

65€0

G8€-0

€90
96¢-0

0ie0
L170

€8€-0
[AY Ao

o
Soyq1gvrson
We sy wuvo

‘W
4 Nvnr nvs

7
.

)j

- ,0007C!1

- ,000°01

- ,0008

F,0009

- 000V

F.000C

L0

0eY-0
€L1-0




MOSU-10
./‘

g00°

800¢-
7000"

KILOMETERS

6000’
10,000

600
3% Formation. Apparent strike-slip faults are shown as

-197-
BIBLIOGRAPHY

Bolli, H.M., 1957, Planktonic Foraminifera from the Ollgoceneivlocene Cipero and
‘Lengua Formatlons of Trinidad, B.W.I.

. and
Planktonic Foramlnlfera from the. Eocene Navet and San Fernando

Formations of Trlnldad B.W. I}. U.S. Nat. Mus. Bull. 215, p. 97-123 and
155 172, . .

Borger, H. D., 1952 Case history of Quiriquire oil field: A A. P G. Bull., vol
36, p. 2291- 2550 '

Fran&lln, E.S. 1944, Mlcrofauna from the Carspita Formation of Vehezuela:
Jour. Paleontology, vol. 18, p. 301-319.

1

Hedberg, H.D., 1957, Stratigraphy of the Rio Que:
Venezuela G S.A. Bull. 5 vol. h8, D. 1971 2024

., 1950, Geolocy of Eastern Venezuela Basin: G.S.A. BuLl., vol. 61
p 1173 - 1216

9000

641

For clarity contours on the overturned
portion are omitted. The extent of
overturning is indicated by the distance
between the subcrop trace and the

thrust fauit. Elevations along the
subcrop trace vary between 2500 and

4500 feet,
LOS JABILLOS
REFERENCE

FORMATION FOR
i‘Figure 8. Subsurface structure map of the Quiriquire oil field showing contours on top of }he Los Jabill

. heauy black lines.

t

.3 and Pyre, A, 19#& Stratlcraphy of Noruheasnern Anzoauegul,
Venezuela: A,A,P.G. Bull., vol. 28, p. 1-28.

Lamb, J.L., 1964 The aeolovy and paleontology of the Rio Arague surface section,

Serrania del Interlor7 State of Monagas, Venezuela AV, G»M P., Bol.
Inf., vol 7, N2 L4, p, 111-123.

, and De Sisto, J‘, 1963, The MOflChlED Formation of nortnern Monaﬂas
A.V.G.M,P., Bol. Inf., vol. 6, N2 9, p. 269-276. .

, and Sulek, J.A., 1965, Miocene turbldltes in the Carabl & Formation.
of eastern Venezuela: Lth Carib. Geol. Conf. (Trlnldad), p. 111-119.

Ministerio de Mlnas e Hldrocarburos, 1956, tratlvraphlcal Lexicon of Venezuela
Direccidn de Geologla, Bol. Geol., Spec. Publ. N— L.

Renz, H.H., 1961 Correlatlon of geologic formations in Venezuela: A.V.G.M. P.J
.%1 Inf., vol. L4, N2 6.

, 1962, Strabicraphy and paleontology of the type sectlon ‘of the
Santa Anita Group and the overlying Merecure Group, Rio Querecual,

State of- Anzoategul, northeastern Venezuela: A.V.G.M. P,, Bol. Inf.
vol. 5, N= L4, p. 69-108.

Renz, H.H., Alberding, H., Dallmus, K.F., Patterson, J.M., Robie, R. H., Welsbord

N.E., and Masvall, J,, 1958, The Eastern Venezuelan Basin: Symposium,
Habltat of o0il, p. 551 600,

, 1963, La Cuenca oriental de Venezuela:

Soc. Venez. Ing. Petr.,
Aspectos de

la industrial petrolera en Venezuels, p. 100-189.




Regan, J.H., 1938, Notes on the Quiriq
Monagas: Bol. Geol. y Min., vol. 2, N2

_198_

uire oil field, District of Piar, ©

State of

2-3- A, p. 187-200 (Engl. edn.).

Salvador, A., 1564, Proposed simplification of the st

in eastern Venezuela: A.V.G.M.P., Bol. Inf., VO

ratigraphic nomenclature

1. 7, N= 6, p. 153-202.

and Stainforth, R.M., 1965, Clues in Venezuela -to the geology of
J

Trinidad, and vice versa:

Lth Carib. Geol. Conf. (Trinided).

Stginforth, R.M., 1965, Mid-Tertiary diastrophism in northern South Amerlca

Lth Carib. Geol. Conf.

, 1969, Le Formacion Caraplta de Venezuela oriental: IV Cong. Venez P

Mem., Ln press.

Stanley, D.J., 1960, Stratlgraphy and Foraminifera of Low
- shale, near Puerto La Cruz, Venezuela: A.A.P.G.

Young,

(Trinidad) .

Ta: A.V.G.M.P., Bol. Inf., vol. 12, N= 6, p. 75 0.

627.

G.A., et al.,

er Tertiary Vidofio
Bull., vol. 4k, p. 616-

1956, Geologla de las cuencas sedimentarias de Venezuela

y su campos petrolireros Min. de Min.

Geol., Spec.

Publ. N= 2

e Hidr., Direc.

Geol.,

Bol.

, 1969, Ages of upper Tertlary and Quaternary formations in Venezue-
’ £

_i99_
A NOTE FROM THE EDITOR, .

NEW IDEAS ON’THE OCA FAULT

A recent paper by Doolan and MacDonald "Structure and Metamorphism of
Schists of the Santa Marta Area, Colombia'', presented at the First Colombian Geo-
logical Congress, Bogota, 1969, briefly deals with the Oca fault and suggests a
maximum limit of right-lateral movement of twenty kilometers for this feature.

) In this paper,»the authors describe the metamorphic complex outcropping in . the

Santa Marta - Guaglra area of northeastern Colombia. By assuming that, 1) the
Oca fault zone is younger than the metamorphic complex, 2) the metamorphics
between Santa Marta and Guajira once possessed a linear trend; 3) the southeast
1limit of the metamorphic complex is approx1mately Pparallel to the reclonal ,
foliation trend of the Santa Marta - Guajira schlsts, and that, 4),.,the Oca fault
extension is located north of the Guachaca (east Santa Marta) schists, the
authors attempt a fit of regional follatlon trends in the schists which, in
effect, suggests the above mentioned lateral displacement of twenty kilometers.
They are careful to mention that although there is a possibility for error in
the prOJectlon of the Guajira schists trend, the foliation attitudes of this

trend are consistent over large areas, thus lending WEIUht to their proposed
interpretation. :

It is our understandlng that‘thns'paper will be publlshed in the Memoirs of
the Colombian Geologlcal Congress. .

Working mostly‘w1th geophys1cal data, G. Feo-Codecido arrives to a very
similar conclusion in his paper "Consideraciones Estructurales sobre la Falla
de Oca, Venezuela", to be presented at the First Latinamerican Geological
Congress which will be held in Lima, Perd, in November of this year. Feo-Codecido
concludes that the Sinamaica Trough and the San Carlos Block .seem to represent.
structural units displaced away from their equlvalent units south of the fault,
the Dibujo synclinorium and the EL Palmar uplift. On this basis, the amount of
dextral transcurrence is in the range of fifteen to twenty kilometers.
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