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The exploration for oil accumulations in the Greater Oficina area, which is

located in the State of Anzoategui, Eastern Venezuela, has utilized most of the ex-

"ploration tools as soon as they became available. Early exploratory locations were

based on structural information derived from field surveys, torsion balance, gravity

surveys and refraction seismograph data. Later, as more was known about.the struc-~

ture of the basin, reflection seismograph mapping, modified by structure drill data,

becamévthe most effective methéd to locate the faults along which oil may have ac-
cumulated.: Tﬁe laﬁést method for findiﬁg 0il accumulations is a combination of '
sfratlgraphlc mapping and reflection selsmograph data in order to locate areas of
good 1ensxng sand development that mlght favor the dccumulation of oil. l‘Wherever

€

lenses or "chaﬁnel" sands abut against a fault, or wherever lateral sand pinchout of

~Mareal” sands can form barriers that abut against a fault, a trap is provided that

merits investigation by drilling. Then, stratigraphic drilling is used to evaluate

these accumulatipns and to trace the trends of the sands.

Considerable success has been attained by the stratigraphic test programs'
utilizing these methods; during the past ten Yeérs, about 700 stratigfaphic holes

“have been drilled, discovering hundreds of millions of barrels of new oil in combi-

&

nation stratigraphic and structural traps. o
) ) R
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RESUME

Pour exploiter les accumulations de pétrole dans la région de 'Greater Oficina
qui se trouve dans 1'Etat de Anzo&tegui 3 1'Est du Vénézuéla, on s'est servi de la
plupart des moyens d'exploration, dds qu'ils sonﬁ devenus disponibles. Au commence-
ment, les lieux d'exploration se localisaient i base d'informations de structure qui
s'obtenaient des observations deéichamps, par balance de torsion, par des inveéﬁigé-

tions de gravité et par des données sismographiques de réfraction. Plus tard, au fur

v

et & mesure qu'on obtint plus d'information de la structure du bassin, 1'établissement
‘des cartes par reflexion sismographique, modifié par les dohnées de perforétion de
structure devenait la méthode la plus efficace.pour localiser des failles ol le pétrole
pourrait étre accumulé. La dernidre méthode pour trouver des accumulations de pétrole
consiste en une‘combinaison d'é;ablissement de caftes stratographiques et l'obtention

de données de réflexion sismographique 3 fiﬁ de localiser les régions de bon
développement de sables lenticuiaires; sﬁsceptible % favoriser l'accumulation de pétrole
1Y ol des sables lenticulaires ou des ''sables de canal" s'appuient sur une faille, il

se pr?duit une trappe qui vaut bien la peine d'étre étudiée en perforant. Dans ce

cas, la méthode de perforation stratigraphique pour évaluer ces accumulations et

. “repérer les tendances des sables est utilisée.

Un succds considérable a été obtenu par les programmes d'épreuve stratigraphique.

Pendant les dix derniéres années, les &preuves stratigraphiques ont permis la perfora-
©

tion d'environ 700 trous stratigraphiques. Ces trous ont donné comme résultat la

découverte de centaines de millons de barils du nouveau pétrole d'une combinaison de

trappes stratigtaphiques et structurales.
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Apartado 709
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INTRODUCTION

The Gredter Oficina area is situated in the south-central part of the State of
Anzo&tegii, ‘about 100 kilometers north of the Orinoco river and about 150 kilometers

south ‘of ‘thé Caribbean Sea (Figﬁfé*l). ‘The area. covers about 18,900 square kilometers

and at the ﬁ%éééﬁ%ltimé includés ‘97 oil fields, 20 of which are Class A fields (over

'SO'milliBﬁﬁﬁéfféléyff Since thé discovery well, Oficina N° 1, was. completed in 1937

by the Méné“Grande 0il7Co. , a‘totglvof45,560 weilsihave been drilled and . the cumulative
produétioﬁ,'as of 30 June 1970, is 3,610 million  barrels, with current production,
slightly more than 436 thousand barrels per day. The oil fields discévergd invtheu
Grééééfabfféiﬁﬁﬁ%féﬁfBefofé?1947'héve been described in detail by Hedberg, Sass and
Fdﬁkﬁdﬁééf (iyﬁgaﬁ’fatéf“infbrmé%idn on the area has been reported by E. Mencher et al
(2),'é?‘A.'Ybﬁhg“gi‘ggfk3y‘andﬁHf*H. Renz et al (4).

- Thé”G%éétef'bficiﬁa‘aréa’is located on the southern flank of.the‘Eastern Vene~
zhela'Basih;‘ih;thé'flexﬁre‘zone or hinge belt of the structural basin. Consequenﬁly
thé‘é¥ea is ‘complexly “faulted; resulting in a mosaic of E-W, NE and W striking normal
faults.” These normal faults;'With'fault displacements varying from a few feet to’more
than'700'feé€ftére of fundamental importance, together with the lenticular sand develop-

"

sandstone

s 4

ment, in cbntréffingﬁfhézaééumuiation of oil. Most of the oil occurs in the
beds of the'Oficina formation. The sandstones are part of a cyclic series,of,Silt:
- o .

stones, lignites, sandstones, shales. and claystone deposited in deltaic and paralic

environments through repeated alternation of lagoonal-swamp, brackish-water and
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shallow-water marine conditions; 0il also occurs in.tﬁe undérlying Merecure fdrmaj
tion containing interbedded sandstones and shales which were deposited under fresh
and brackish-water conditions. The stratigraphic section in the Oficina areg is
illustrated by Figure 2. | |

The Oficina sands are extremely lenticular, relatively thin (2 to 40 feet.as
a rule, but can be up'to 200 feet'thick) and effectively separated into discrete re-
servoirs by the underlying and overlying shales. The term "channel sand" is used
generglly by everyone for these lenticular sands but thé true origin of any one sand
is not really known. With continued study, the sand pafterns are being deﬁeloped but
it ié still difficult to determine, with the information available, whether a sand
was a point-bar, 1ﬁnate'bar, levee, crevice deposit or part of a barrier beach. The
Oficina section contains over 100 sands, most of which are productive in one or

another part of the Greater Oficina Area.

EARLY METHODS OF EXPLORATION

The search for new accumulations of o0il is the primary responsibility of the
geologist and his success depends entirely on the tools and data availabie, plus the

‘time and ingenuity to utilize them. In Venezuela over the years, geologists have

- used geophysics,~structﬁre drill, stratigraphic testing and recently detailed mapping

as tools. The search for traps was, and still is, a continual process of re-study
and appraisal. The results of old surveys, re-studied in the light of new research

and ideas, continue to reveal bases for finding new traps.

- Early exploratory wildcats searched primarily for .structural traps but as more

data became available, and it was apparent that the oil had accumulated in stratigra-

phic traps, the geologists devised new techniques to look for accumulations not

. : -
directly related to structure but rather for traps formed in combination with sand
development and porosity changes. Before describing these newer techniques, I would

like to review briefly the past techniques as they provide to key to the basic explo-
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ration for stratigraphic traps.

Refraction Seismograph
The baéic tools during the early days of exploration in Eastern Venezuela were
a combination of surface geology, refraction seismograph and torsion balapce;_:The
oil fields found\during this*@arly“péribd:*1930-1939;.in,thefGreéQer Oficina area are
shown on Figure 3, after Spencer (4). However, ig wgsiquickly'realizgd that ref;ac—
tion seismograph and torsion balance were ineffective.in;1ocating;ﬁau1ts intthe Ofici-
na Area, and that sgrface geology was useless és Fhe plains were covered with thick
Quatérnary‘mesa sediments. |
Fortuna;ely;3the early drilling provided:considerable.geological information
and indicated the conditions for entrapment of oil. The characteristic

features of

the Greater Oficina area that guided the future exploration were:

1. A generg} northward dip of the Sedimenté,;lesg,ﬁhan 5% ...
2. Little folding.

- 3. Coﬁmon"normal faulting, Qith fault planes dipping 40° to 45°.
4. Accumulation oonil in fault traps.

5. Multiple productive sands.
6. Excellent electric log correlation for short distances-

Magnetometer Surveys

-

The magnetic surveys carried out during the years showed pronounced northeast-

#

southwest magnetic trends but the interpretations made ‘at the time did'not help to
discover o0il accumulations. Only recently, through the use of trend maps, has the, ;o

magnetic picture been clear enough to correlate with the known subsurface fguiﬁﬂf*,‘ﬂ

pattern. : . o - ’ o P

Gravimeter Surveys

Gravity>surveys also failed to provide any practical data on faults. ‘However,

B
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with the development of residual trend maps, the gravimetric data shows a fault mosaic

"similar to the known subsurface pattern.

Reflection Seismograph

Reflection seismograph, which was intrcduced into the Greater Oficina area in

1939, appeared to fill the requirements for a tool to locate faults-. - Although the

early work was rudimentary, methods of interpretation and the mechanical equipment im-

proved rapidly so that reflection seismograph became established as the most effective

tool to locate faults. However, small branch faults, which were needed to provide

entrapment, were not identifiable on the reflection profiles, so a method of structure

drilling was devised to overcome this deficiency.

Structure Drill

Structure drill holes were used to verify faults found by reflection seismo-

graph and to obtain additional structural details, such as small branch faults, fault

splits and small changes in the strike of the faults, that are necessary to cause en-

trapment of the oil. The method of using structure drill was to drill a series of

holes to a correlatable horizon beneath the surface mantle and map the struc-

shallow
~_ture. The shallow structure would, hopefully, reflect the structure at depth. Holes
were drilled on one kilometer spacing to depths ranging from several hundred to four

thousand feet.

As an example of the branch faults found by structure drill, Figure 4 shows the

seismograph interpretation of the Areo area with a strong ENE trending -fault, (the

Merey fault) and weak indications of two barrier faults that might provide closure for

a trap. A structure drill project was carried out to verify the faults at shallow

The resulting map, projected to the same horizon, shows the structure to be
- .

depths.
similar to, but slightly more complex, than the original seismpgréph picture.

Although structure drill was not ‘practical as an initial means of exploration

>
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dge.ﬁq the\high §o§t per acre explored, the combination of reflection seismograph and
structurgzdrillﬂyas‘the;mqst effective method used in the Greater Oficina area, find-
ing most of the major‘fault trends and the largest number of fields (Figure 3).

DEVELOPMENT OFASTRATIGRAPHIC METHODS OF EXPLORATION

.During’the deve;opment of,phe.fields.in Greater Oficina, the subsurface mapping
showedﬁthatlfhe san@s were yery lenticular and that they appeared to - pinch-out in an
east-wgst direcpion_(Figgre 7). Whether or not these lenticular sands were'acgually
north;gouth_t?ending channel sands was not determinable at the time, but it was realiz-
ed that new‘methéds Would have. to be devised in.order to seek out these combination
strat?g;aphi?—structural traps.

Two pethods Were'inproduped at this poinﬁ to overcome the probleﬁ: 1) the étra—
tig?aphic'test>technique and, 2) the semi-regional'isopach mapping project (6); ‘The
first ygsgtq_drill hqles along‘the major east-west seismograph faults so as Eo iocate
ané_eyélgase‘Eew gand 1¢nses, i.ef‘Channel sands; and the second was to draw semi-
regiqnﬁliEsopgch.mgpguén‘eagh sand, connecting the known parts of lenticular sands
alégg“eg?h f??}t{,??,?n a;tempt to Qelimit and to trace the trend of each channel.sand.
It was believe§ thgtkwhere these channel sandsvwgre crossed by faults would proviae
traps with expellgnt:possibilities for oil accumulation; '

Stratigraphic Testing

. Thg»gopgept ofystrat hole testing combines two related objectives. One object-

ive igﬁto Frace the positions‘of fauits, particularly small branch faults not shown by

- seismograph or structure drill, any one of which may control a major tfap. The other, :

obJectlve ;s to refine stratigraphic information on channel sand development, sHape,

and' . . . ) . . . : 4
areal distribution. Some channels contain major reservoirs despite an east-west

width of only a kilometer or so.

3

As the wglls have to be drilled rapidly and economically, a portable rig-is used
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s

ping was also introduced. Prior to 1950, sand mapping by isopachs of net sand or per-

that is capable of drilling through the Oficina formation to 12,500 feet. The‘spacing; centage of'séndjwéé{geneféiiyjiééfrictedito’the fiélé”aﬁéés, primarily'becadse there
y“b of the holes is flexible, but they are usually spaced 1 to 175 kilometers apart, as was so little informarion Bétﬁééﬁ’fields:ﬂﬁff“*" ’ '
i ‘«' : :
3?3 any wider control could straddle a prospective channel. ' However, a project of sémi-régional ‘mapping was set’ up-and the net-sand isopachs
Gﬁ? This stratigraphic test hole technique was introduced in the Oficina area in " for each sand in one field wéfg extrapolated and cohheéted‘tdﬁéqﬁivalent sands in all
g i : : ’ .
b 1954 and has béen highly successful in finding stratigraphic traps (Figure 3). The * other fields. These maps brought"out thexeﬁisteﬂce'of'Iong”nbrth-ééuth trending
i Ostra project is a good example of the technique and it is typical of the many projects channeél sands. Figure 6 shows 4 typicélVSand’map,ﬂih 2 ééﬁéraliied'form; bf‘the Is
fz that have been carried out in the Greater Oficina area. As shown by Figure 5, the Os- sand. When the sand map was combined with a fauitiﬁaﬁf'itApdiﬁtéd”ﬁﬁﬁmahy'16cations"
Fil tra project was designed to trace the Ostra seigmograph fault and investigate any as- to drill where the sands abutted against barriér”féﬁltsé"’Whéfé oﬁé’Sandicﬁannel_is
¥h\ sociated oil-bearing sands. Theroriginal project contained 23 holes spaced at one- h overlain by two or three otler sand channels®and Eﬁéwpéssibiiity of faulting is good,
i : . :
f@i kilometer intervals along the fault. After drilling the first few holes, revisions a 1océtion'wbuid be considered as’aﬁtfécﬁivéyforés%fafddriiliﬁgfﬁ
#% were made in the structural interpretation at the western end of the project and the S it should be ‘mentiohed théf‘thébidééfidﬁg Hééiéed“ftém‘theﬁiﬁftial;méppihg:pfd-'
{ﬁi. locations of several strat holes were changed accordingly. The project was successful ject weréznot particularly sﬁccessful—for twé reasons: it wasfound that” the actual -
: ; in that it extended the productive area 12 kilometers eastward from the discovery ‘ sanaxchanheisfwefé not sﬁfaigﬁt,:ﬁbr'ﬁérticﬁia}1§ léﬁg;}bﬁt ﬁéandéred‘éndﬁﬁéfe truncat-

wildcat,_Ostra-l, and 9 kilometers to the west. Major accumulations were found to be ed ébruptly; as“migﬁt bé'ékpectedf;ana'faulty tegional corielatioft shéWed'erfénédus”’

‘; in thin channel sands controlled by the Ostta fault (shown by Figure 7, a cross-sec- trends between fields.

i“j tion parallel to the fault) and by a general pinch-out of sands to the west. A total . A more successful stratigfaphic mappiﬁg'techniqﬁé'at that time was to extrapo-

il : ‘ .

| TJ! of 28 wells were drilled and eleven were successful, finding over 18 millipn barrels late the position of easterﬁ‘orwweétern pinchouts of sands along faults that ran’

. of recoverable reserves. The wells were drilled in an ave?age of 7.8 dayslto an aver- diagonally Eo'tﬁe'dip'df ‘the SEdimenté, as indicated by‘Figufe 4. Thus oil that had

age depth Of 5,560 feet. migrated updip along the fault was entrapped by the pinchout of the sand: "Between -
.+ This same approach is also used to trace extensions of known faults beyond the adjacenéifields,'or adjacent points of well control, channel pinchouts could be egt-

“ ' productive limits of fields in the hope of finding new sand channels which fequire imatediwith some éertainty and this methéd of mapping was:usediin”cohjﬁnction with ;:;

” only an updip fault for accumulation. It is also used ;o investigate shallower sands, strat drilling for many ye;is}"" Rl ST T IR “;~‘ o ":;¢%¢“ |
or deeper sands, along the barrier faults in the middle of large fields in which the : The‘regional~appfoach to eéhannel ﬁéppihg, as mentioned préﬁioﬁsl?,:wa§'ﬁ;dou5t—:
wells are dedicated to one or two préductive sands. . - ' edly the best one to use to locaté any interfiéld éhannel'sénd traps, but it was ob-
Stratigraphic Mapping o . ' vious tha£ thé basic data had to be corréct. It was also obvious that to correct the .

About the same time that stratigraphic drilling was started, semi-regional map-
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data would involve two time-consuming stages of data preparation. First, all of the
sands in the area would have to be recorrelated on a regional basis and then the
fields would have to be re-mapped on a detailed lens-hy—lens basis..'. Only after com-
pleting such a detailed mapping project would it be feasible to re-map the areas bet-
ween the fields so as to show the areal distribution of the channel sands.

‘It was decided that such a detailed mapping project would be worthwhile and
the project was started about four years ago in 1966. Numerous new segment traps and
channel extension.prospects were indicated by the maps and immediately drilled as
either exploratory or development wells. No detailed record was kept as to the number
of traps found by the project,'but‘it ls estimated that over a hundred of such traps
have been drilled with a success ratio ot over 45%, which attests to the quality of
the mapplng proJect |

As there is now such a wealth of data in the Oficina area, it has become diffi-
cult for geologists to thoroughly process and evaluate it. This where the role of the
computer becoﬁes important because it can compare, analyze and map large.amounts of

data. At present the computer is being used as a new tool to search through all of

- those blank areas between existing fields and provide an indication, by maps and data

print-outs, as to whether or not a sand trap is there andehat the prospects are for
0il accumulation.

. The computer approach is still in its infancy but several computer locations
have been found and drilled with moderate success.

"As an example of the mapping methods now being used for channel sand explora-
tion, Figure 8 shows four maps over the area of the 1969 channel sand discovery in
Isla field.

For comparative purposes, Map A (Figure 8) showg the seismic picture, on

the Jp sand horizon, as it was in 1966. From a structural standpoint, a trap is

formed by the juncture of the Yanes fault and indications of branch faulting, marked

>
-
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by a c1rc1e on the map and labled as an area of interest.

By u51ng the data stored in the well file of the computer data bank, the com-

puter can plot a net sand map for any of the hundred sands in the Oficina formatlon
In thlS case Map B shows a computer plotted map of a thlrd degree polynomial surface
on the net—sand 1sopachs of the 02 sand, which is one of therprospectlve channel

sands. One sand trend appears to extendlsouth-eastward from well - 101 and another

sand per-

from near well-6. The computer can also plot maps showing regular net sand,

centage and lnter;al thickness, or maps of various degrees of polynomial surfaces and
resldual’surfacesiwv

vvﬁlth theltrend of the channel;indicated by the net-sand map,vthe nent step is
to.obtainﬁa computerized‘map of the structure, in order to look for faults that cross

the channel trends. Map C shows a third- order polynomlal least-squares residual trend

surface drawn on the U2 sand whlch is the base of the Oficina formation and which

s

prov1des a good 1nd1catlon of structure  Note that one easterly fault appears to cross

both sand trends, and another fault farther south appears to cross the extrapolation

of the sand in the area of interest.5 Thus by using the fault pattern derived from

well data.(Map”é) of by’usingiseismic fault data (Map A), we can locate prospective
traps'where faults intercept trends of sand thickening.
In 1969 Strat Well - 601S was drilled in the area of interest (Map D) and

found- three prOSpectlve channel sands: the 02, Rgp and Rj. The area was quickly develop-

ed and other Strat wells were located to extend the trend southward. Wells 802S %nd

o

8065 found the sands but were in the downdip portion of the sands due to the eastward .

dip of the sediments. PR

At this'point it may be well to review some of the difficulties encountered in

o

searching for and in developing channel sands, regardless of the methods used.

- First, the exploration problem. To locate a channel accumulation, a channel




Gordon A. Young
sand must be extrapolated from some adjacent fieid and this meandering sand body nust
be cut by a fault to form the accumulation. The area around Well - 6 (Figure 8D)
showed sand thickening and oil accumulation, two important elements. The thickening
could be projected southward as a trend parallel to‘the 601S channel. The southern
boundary fault of the 601S area could be projeéted eastward to form a trap. Farther
south é seismic fault also crossed the sand to form a trap.

During 1970, two strat wells were drilled on this trend to.test these traps
and both were drj: 211S found the channel sands but no fault, and therefore no accumu-
lation; 2555 found a fault but no sand channel,vand therefore no oil accumulation.

Development'drilling also poses problems. In Fhe 601 area two holes were dry
because they are downdiﬁ in the water leg due to the dié of the sand toward the east.
In the 802 area, an outpost hole, in an effort to step updip, stepped out.of the sand
channel and was dry. |

In spite of many problems, the channel saﬁdé are worthwhile pursuing because
they are prolific producers. Du?ing 1970 two stepouts from Well -101 for the 02 sand
were .completed for'l,SOO BPD and 2,500 BPD §f 40° - 43° 0il. Other strat test holes,
such locations E-?O”and,Y-ZS, are planned to further delineate this group of channel
sands. -
| Although the Oficina area has been explored reéeatedly by different techniques
and the best traﬁs hgve'already been found, it is felt that there is still a largé
amounf éf 0il to be found in channel sands. As.the oil will be in small pools, how-
ever,'g major driiling effort, such as lines of strat tests, cannot be‘justified
economically. The exploratory sites must 5é pinpoiﬁtedAby careful mapping and new
methods, such as those utilizing sand trends and fault patte;ns.. | '

SUCCESS OF STRATIGRAPHIC TESTING AND MAPPING

As all methods of exploration are used together in combinations, it is difficult

>

- structural traps of the types described. As the exploratory phase is about over in °
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to assign a measure of success to any one method. However during the period 1966-1969
most of the exploratory locations drilled by the Mene Grande 0il Co. have been based
on a combination of subsurface mapping and ‘seismograph; that is, extrapolation of

faults and sand thickening into areas adjacent to fields. The exploratory success

ratio for this type of sgrétigrapﬁicéstructurai'happing, averaged 51% over the 4-year
period; drilling an average of 12 exploratofy wells per year. During 1970, 12 wells
were drilled for channel sands disfanfifrom field control with a resultant success .
ratio of 33%. As:wells producing from channel sands are generally good producers, 300

to 2,500 BPD initial potential, and the wells are relativély inexpensive to drill,

$85,000 for a compieted well, the success ratio could fall as low as 207% and still

provide an attractive return on investment.

) Ahothér measure of succeés is the number of locations generéted by the mapping
project. During the same 4-year period, over 250 new locations, both exploratory and
development, were found in the friﬁge areas of the existiﬁg,fields due to fhe.mapping
and exploratofy progréms.

During the éast fifteen years.in which étfatigraphic drilling has evolved, over
700 strat holes havé been drilled in the Greater.oficina area. Twelve méjor fields
have been discovered as well as. numerous small fields, most of which have'been“incor-
porated into larger known fields for ease of nomenclature. Success ratios have ranged
from year to year betweén 33% and 63%. These strat holes have discovered over 890
million barrels of recoverable reserves; primariiy in combination stratigraphic agd

)

the Greater Oficina area, the area provides a good history of the use of exploration
tools and techniques, which may be applied to other areas wigh deltaic edvironments.

Many of these methodé have already been described individually in other professional

papefs, but I feel that the successful use of combinatioms of techniques is not al-
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ways known nor published, and that discussion of these techniques may

aid exploration

in new areas and provide ideas that can be applied to old methods in a new sense.
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Map of Venezuela showing the Eastern Venezuela Ba51n and the location
of the Oficina Area.
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Stratigraphic column and electric log section in the Oficina Area.

Map of the oil fields in the Greater Oficina Area. 0il fields dis-
covered by refraction seismograph are shown by stippling; the oil
fields found by reflection seismograph in conjunction with structure
holes are shown encircled by black lines; and oil fields discovered
by stratigraphic testing, together with selsmograph and subsurface
are in black

Seismograph map of the Areo area showing prospective traps formed by
-westward sand pinchouts against the Merey fault. The faults delineat-
ed by structure drill holes verify the existence of the seismic
faults.

Stratigraphic test hole program in Ostra field. Map A shows the seis-
mic picture before drilling and Map B shows the subsurface results
of the strat hole program.

Semi-regional mapping program showing the areal distribution of the
I5 sand and the traces of the known subsurface ffults.

Electric log section of the N1 to 03 sands of the Oficina formation.

Channel sands may develop and disappear w1th1n 2 kilometers. The x
black p01nts indicate lignites.

PR

Channel sand exploration in the Isla area. Map A shows the seismo-
graph picture before drilling. Map B is a cubic trend map of the net
sand in the 02 sand and Map C is a cubic residual .of the structure on
the Uy sand, showing the fault pattern. Map D shows the 02 and Rl

_channel sand trends found by drllllng strat holes.
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