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200m
 Pointe Noire
 Gabon
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 Cabinda(Angola)
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 100m
 1000m
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 Nigel PlattPeter PhilipWoking, England
 Stewart WalterARK Geophysics LimitedMilton Keynes, England
 Going For The Play:Structural Interpretation in Offshore Congo
 nThe coastline ofthe Congo, show-ing survey lines(red) of the deep-water nonpropri-etary survey runby GECO-PRAKLAin 1990 and linesfrom a previoussurvey (blue) runtwo years earlier.Current offshorefields are near thecoast in waterdepths less than100 m [330 ft]. Linedirection for thedeepwater surveywas chosen mostlyperpendicular tothe coast—that is,parallel to theregional dip, thedirection mostlikely to giveinsight into struc-ture and plays.
 S E I S M I C S
 Petroleum exploitation begins
 with geologists and geophysicists
 exploring unknown territory with
 few wells for guidance and no visi-
 ble sign of oil and gas. Their task
 is to uncover the best prospects
 and decide whether oil companies
 should commit to millions of
 exploration dollars. A key tool is
 structural interpretation of seismic
 data. A survey shot in deep waters
 off the Congo mainland shows how
 geologists apply this technique.
 Producing fields
 Zaire500 km
 14
 For help in preparation of this article, thanks to JohnBooth, Amerada Hess, Libreville, Gabon, andDominique Pajot and Phil Trayner, GECO-PRAKLA, Sta-vanger, Norway.
 Orthogonal linesparallel to regionalstrike completedseismic coverage.
 Given the difficulty of finding oil and gas, itis strange that the spirit of exploration geol-ogy is captured by the word play. Noconnection here with frivolous wanderingsthrough exotic lands by geological super-sleuths. Play in the exploration contextdescribes a geological configuration thatfavors the accumulation of hydrocarbons.Plays and their associated prospects are
 what exploration geologists spend most oftheir professional lives looking for.
 Until oil or gas is discovered, plays existmostly in the mind. Focusing on one oranother of the earth’s basins, explorationistssearch for that seemingly impossible con-catenation—source rock, migration path,reservoir and seal.1 Each vital ingredientmust be present, both at the correct physicallocation and at the right time.
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1. For more on petroleum plays:North FK: Petroleum Geology. Boston, Massachusetts,USA: Unwin Hyman, 1985.Allen PA and Allen JR: Basin Analysis: Principles andApplications. Oxford, England: Blackwell ScientificPublications, 1990.
 nSatellite gravity map of West African coast and mid-Atlantic,showing dense oceanic crust (red) to the left and less dense fill ofsedimentary basins (blue) along the coast. The southwest-north-east lineations are transform faults accommodating the differen-tial spread of the mid-Atlantic and African plates. The map wasderived from satellite measurements of mean ocean height, aparameter dependent on the cumulative mass distribution anddensity of the underlying rock. Dense rock such as basementattracts water from the surroundings and creates a bulge in theocean, increasing ocean height. Less dense rocks such as sedi-ments give rise to a depression in the ocean surface. (Courtesy ofARK Geophysics Limited.)
 Source rocks rich enough in organicmaterial must have been buried and heatedto sufficiently high temperature and longenough to form petroleum. Petroleummigrates upward, so there must have been aconduit to guide it. And a porous, perme-able reservoir rock capped by impermeablerocks is required to receive and trap thefluid. Finally, the ensuing geological evolu-tion—commonly several tens or even hun-dreds of million years—must have left thereservoir and seal intact.
 As explorationists focus on a sedimentarybasin, this juxtaposition of geological coin-cidence occupies the mind. Every scrap ofevidence is used to refine the notion of howthe basin might have evolved and whetherthe structural and sedimentary history mightfavor a play. Outcrop geology, satelliteimagery, magnetic and gravity surveys, andespecially seismic data contribute to theinterpretation process. This article showshow various plays in offshore Congo crystal-lized in the minds of GECO-PRAKLA geolo-gists as they reviewed a nonproprietary seis-mic survey shot in West African waters.
 Geologists first became interested in theCongo in 1928, attracted by tar seepagesnear Pointe Noire on the coast and knowl-edge that the subsurface contained thickdeposits of salt—salt intrusions provide aclassic trapping mechanism for hydrocarbonaccumulation (previous page). The salts hadbeen identified in numerous boreholesdrilled for potash mining exploration.
 Oil was discovered at Pointe Indienne, 20kilometers [12 miles] north of Pointe Noire,in 1959. But further onshore explorationproved fruitless—some oil shows, but noth-ing of commercial value. In the late 1960s,an Elf/AGIP partnership discovered oil off-shore. Further successes yielded five off-shore fields and oil production from theCongo now exceeds 115,000 barrels perday. Recoverable reserves are currently esti-mated at more than a billion barrels.
 The GECO-PRAKLA nonproprietary sur-vey of 1990, which forms the basis of theinterpretation described in this article, cov-ered 15,000 square kilometers [5800 squaremiles]. The survey ventured from shallowwater at the edge of the continental shelf,where oil plays were known to exist, todepths up to 2000 m [6560 ft]. This isdeeper than the current limit of commercialexploitation, but the deepwater data werenevertheless crucial for elucidating basinstructure and migration pathways from deepin the basin. The survey lines were designedto connect with previous surveys conductedcloser to the coast and intersect any explo-
 January 1993
 ration wells where precise lithological datawould be available.
 In preparation for designing and theninterpreting the survey, the GECO-PRAKLAinterpreters amassed and absorbed an enor-mous variety of data, including satellite sur-veys showing the gross underlying structureextending from the African continent to themid-Atlantic, and data from wells in thearea (above). Gravity and magnetic surveyshelped determine regional fault patterns andthus the optimal directions for seismic sur-veying. Estimates of geothermal gradientsthrough geological time were made avail-able for evaluating the thermal history oforganic-rich formations and the consequentprobability of hydrocarbon generation.Finally, the interpreters had to bone up on
 West African geological history, brieflydescribed here:
 The offshore basins of the Congo formpart of the West African Salt Basin, a largecollection of basins stretching 2000 km[1250 miles] from south Cameroon toAngola. The salt was deposited duringAptian times about 120 million years agowhen the rifting of South America from
 15
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 Structural history of offshore Congo illustrating basin evolution during
 the last 150 million years, with three paleogeographic maps—rift in the
 Late Jurassic, transition in the Aptian and drift in the Late Cretaceous—
 and sequence of southwest-northeast transects from ancient to present
 (transect position marked red on maps).
 Structural History of West Africa
 From “Hydrocarbon Potential of the West
 African Salt Basin, Regional Exploration
 Report, Volume III: Congo.” Pinner, England,
 1987. Courtesy of Fairway Exploration Ltd.
 West Africa gradually evolved into a full-fledged drift. Later salt movement wouldcreate anticlinal folds capable of trappinghydrocarbons.
 The story, however, begins thirty millionyears earlier during the Late Jurassic (see“Structural History of West Africa,” above).At this time, extensional faulting and subsi-dence took place in the part of the Gond-wana supercontinent that would eventuallybecome both the east coast of South Amer-ica and the west coast of Africa. Furtherstretching or extension in the Early Creta-ceous led to the formation of a large-scale
 16
 rift along the future western African andeastern Brazilian margins. A modern paral-lel is the Great Rift Valley extending fromthe Red Sea to the Zambesi River.
 Initially, the rift and its basins were abovesea level and isolated from the ocean. Largelakes formed in which sandstone and shalesaccumulated. Some shales were depositedin oxygen-deficient water, allowing preser-vation of organic matter. These formationsare the source for the billions of barrels ofoil found in the West African basins.
 By Aptian times, continued subsidenceand a rise in global sea level permittedincursion by the sea. At first, this was inter-mittent, with the sea alternately enteringand receding from the basins. This createdideal conditions of repeated evaporationand marine flooding to create thick depositsof halite, the Aptian salts.
 Later, during the mid- to Late Cretaceous,the area was definitively submerged andcontinental breakup of Gondwana led to aseparation, or drift, of South America fromAfrica.2 Whereas the basins had previouslybeen linked on one continental plate, nowthey were separated by a widening tract ofocean, as the Atlantic opened through injec-tion of new oceanic crust at the mid-oceanridge. Sedimentation was now marine, withthick deposits of limestone, sandstone andshale. Further subsidence took place in theLate Tertiary and was probably associatedwith faulting related to the collision of theEurasian and African plates.
 This big picture the interpreters learnedfrom extensive research into the region’s
 Oilfield Review
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 2. Terms for geological time units have both physicaland temporal meanings. Early or Late Cretaceous, forexample, refer to early or late in the Cretaceousperiod. But Lower and Upper Cretaceous refer to thelower or upper part of the Cretaceous rock sequence,also called system.
 3. For a review on seismic data processing:Boreham D, Kingston J, Shaw P and van Zeelst J: “3D
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 geological history. Another card in theirhand was knowing which formations hadproduced oil shows during drilling in thearea, which of these had produced com-mercially, and which formation was themost likely source for the shows—the mostimportant was the Marnes Noires, or blackmarls, continental deposits formed underlacustrine conditions late in the rift phaseand prior to the invasion of sea water.
 The majority of commercial reservoirs inoffshore Congo occurs in sandy anddolomitic rock deposited during the earlydrift phase in the mid-Cretaceous, withstructural traps created by movement of the
 January 1993
 Marine Seismic Data Processing,” Oilfield Review 3,no. 1 (January 1991): 41-55.
 transition-phase Aptian salts. Noncommer-cial oil shows have been found aplenty inrift and transition rocks of the Lower Creta-ceous, but no oil has been tested in UpperCretaceous or Tertiary formations.
 The interpreters knew the source of oil,therefore, and in general how it most likelymigrated and became trapped (next page).What they did not know—and what theysought during the interpretation—was infor-mation on the three-dimensional structureof the deepwater Congo sediments— specif-ically the location, general distribution andsize of likely hydrocarbon prospects. Theirimmediate goal was to identify target areassuitable for detailed mapping with moreclosely spaced surveys.
 We rejoin our interpreters as they inspectthe survey’s processed and migrated sec-
 tions and begin the critical task of identify-ing formation tops—the lengthy data pro-cessing was previously accomplished at aGECO-PRAKLA data processing center.3
 Increasingly today, the interpreter’s maintool is the workstation. Workstations offermany advantages over traditional eyeballingalong paper sections. They offer versatile
 17
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data manipulation, real-time processing ofattributes—computed parameters that helpinterpretation—and faster map generation.Paper sections may still used for two-dimen-sional (2D) surveys with exceptionally longsections separated by great distances.4
 The first task always is to review all thedata, checking that intersecting linestie—meaning that the same reflectorsappear at the point of intersection at thesame two-way time on both sections. This isperformed by comparing reflector patternsat the point of intersection. Scanning thesections, the interpreter will also note majorstructural features such as listric faulting andsalt bodies, and begin the highly skilled taskof constructing a picture of the subsurface,all the time drawing and updating conclu-sions on a working map. Perhaps the inter-preter’s most cherished skill is this ability tovisualize in three dimensions.
 The basis of structural seismic interpreta-tion is the loop method, in which a seismicreflector representing a geological horizon ismapped around a series of intersecting sec-tions and then back to the original section(next page). If the reflector checks againstitself, then all is well. But if the reflectorarrives back higher or lower than its originalposition, then an error has crept in and everystep around the loop must be checked. Clos-ing the loop is easier said than done. Tracingthe continuity of a reflector can be trickyacross a fault and sometimes impossible ifthe formation pinches out laterally or hasbeen eroded to form an unconformity. Prob-lems may also occur in areas of steep dip,where 2D migration on each section fails toimage complex three-dimensional structurecorrectly, producing a slight mistie.
 Once all major reflectors have been suc-cessfully mapped around one loop, the inter-preter then moves to an adjacent loop andbegins again. Mapping reflectors is completeonly after all loops have been analyzed andfound to tie with each other. The startingpoint for this exercise is always where theinterpreter feels most confident, generallywhere geological control is available fromlog data. Well logs are measured versusdepth, so they must be rescaled versus two-way seismic time using check-shot data.
 Typically, the interpreter plots the majorgeological units from the logs on the seismicsection at the well location to obtain thebest correlation. Lithology changesobserved on the logs assist the correlation
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 nStratigraphic summary of the Congo sedimentary basin along a southwest-northeasttransect. Older rift sediments are clearly separated from younger drift sediments by theAptian sandstone and salt formations. The key hydrocarbon source rocks are LowerCretaceous Marnes Noires below the Aptian. Proven oil shows are indicated by blackdots, possible plays by open circles.
 18 Oilfield Review
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process. For example, a slow formationsuch as mudstone overlying a fast formationsuch as a tight limestone typically correlateswith a white band or trough on the seismicsection.5 Conversely, a fast formation over-lying a slow formation generally correlateswith a black band or peak. Once the bestcorrelation is found, the interpreter colorsthe section at the well location according tothe geological units on the log.
 Our first example section from the survey(next page, top) intersects two wells. A seaof black and white traces, it awaits the inter-preter’s color coding. Interpretation tech-niques vary, but the result is little different.
 nPrinciple of the loop method for seismicstructural interpretation—area shown isdetail from northwest corner of surveymap. Within a given loop, a geologicalhorizon is mapped on one section until itmeets an intersecting section. It is thenmapped on the new section until it meetsanother section. Once around the loop,the horizon must map onto itself. If it doesnot, every step around the loop must bere-examined for error. The interpreter thenmoves to an adjacent loop. Interpretationconfidence builds as more and moreloops check out for internal consistency.
 Some interpreters identify all faults on thesection (red markings) and then track reflec-tor continuity. Others may concentrate onreflectors and reflector terminations—onlapsand truncations— concentrating on thestratigraphy and marking in only those faultsthat bear on the work at hand.
 In this case, the interpreter marks in themain faults and then concentrates on reflec-tor continuity between the two wells. Later,as the picture between the wells clarifies,deeper faults are marked in and reflectorcontinuity mapped away from the wells,southwestward—left on the section—toreach a line intersection.
 To the layperson, some of these markingsmay appear hard to follow—for example,the continuity across deep fault blocksbetween the wells (next page, bottom). Theinterpreter, however, brings to bear varioustricks of the trade and an abundance ofexperience in outcrop and subsurface geol-ogy. The layering that varies so dramaticallyon either side of the deep faults is surmisedfrom the rather consistent pattern of nearby,parallel, high-amplitude reflections. Moreinsight into fault interpretation can comefrom laboratory experiments that simulatemillions of years of basin evolution—see“Analog Modeling of Basin Evolution,” page24.6
 At each line intersection, formation topsare transferred to the new section (page21)—in this case running in a northwest-southeast direction—and the interpretationprocess moves toward another line intersec-tion. And so on around the loop. Then theinterpreter moves to an adjacent loop, andthe process is repeated. Once all loops havebeen interpreted, the sections can be col-ored to highlight the geology (pages 22 and23, top).
 In both example sections, the thin Aptiansand (orange) forms a boundary betweenthe rift sediments below and the drift sedi-ments above. Overlying the sandstone, thesalt (purple) intrudes into the overlying sedi-ments, creating structural traps for oil gener-ated in the Marnes Noires below (brown).
 The first section that lies parallel to thedirection of geological dip clearly showsfault blocks in the deep rift sediments andlarge-scale listric faults in the shallower driftsequences. A listric fault has a pronouncedcurved slip face. In this example, the sedi-ments to the left (southwest) of the faulthave been displaced downward and rotatedclockwise. The second section that parallelsthe coast appears simpler, but is no less
 (continued on page 22)
 19January 1993
 4. For seismic interpretation:McQuillin R, Bacon M and Barclay W: An Introduc-tion to Seismic Interpretation. London, England: Gra-ham and Trotman Limited, 1979.
 5. This follows the SEG “normal polarity” convention. Inthe “reverse polarity” convention, slow formation overfast formation produces a black peak.
 6. Bell DG, Selnes H, Bjoroy M, Grogan P, Kileyni T andTrayner P: “Better Prospect Evaluation with OrganicGeochemistry, Biostratigraphy and Seismics,” OilfieldReview 2, no. 1 (January 1990): 24-42.
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nTop: a southwest-northeast section along the regional dip line,tying with two wells 13.5 km [8.4 miles] apart. First step was cor-relating the seismic section to data from the two wells. Next,major faulting and formation tops were interpreted between thewells.
 nBottom: the same section with tentative interpretationextended toward intersection with orthogonal strike line,marked by red arrow.
 20 Oilfield Review
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 SW
 0 5km
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nThe strike section, oriented northwest-southeast. Following correlation at the point ofintersection with the previous dip section (red arrow), interpretation is continued towardanother intersection to the left (blue arrow). The sedimentary layering is more uniformthan in the previous section because the orientation is parallel to the coast, perpendic-ular to direction of greatest geological dip.
 21January 1993
 NE
 SW
 0 5km
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important. Here, it is vital to determine thattraps apparent on the previous section showfour-way closure—that is, they truly form atrap for hydrocarbons. On this example, thecomplex structure around the well at the farright is probably due to listric faulting seenon the previous section.
 The interpretation seems clean and fin-ished, yet questions often remain. Forma-tion tops may be uncertain, particularly inthe deeper section beyond the range of wellcontrol and where seismic data lose theirresolution. The exact shape of the all-important salt intrusions may be subject todifferent interpretations. A solution forresolving these cases lies with magneticand gravity data, acquired concurrentlywith the seismic data.7
 The technique for both data types is tocreate a 2D model of the subsurface fromthe seismic interpretation, compute themagnetic and gravity responses at the sur-face and then compare with actual data.The position of formation tops and faults inthe model and perhaps also the subsurface’svarying magnetic susceptibility and densityare then adjusted to ensure the best possiblematch. Adjustments to the model geometrymust be carefully cross-checked with theseismic data. Initial estimates for rock sus-ceptibility and density come from laboratorymeasurements and logs.
 The usual strategy is to work upward(next page, bottom). Interpreters start withthe magnetic data since metamorphic andigneous basement rocks commonly domi-nate the magnetic response—practically allsedimentary rock is nonmagnetic. Excep-tions are volcanics that are interbedded withsedimentary formations—a crucial point inthe North Sea, for example, where volcanicsand volcaniclastic sediments can be interca-lated in reservoir horizons. In West Africa,
 however, shallow volcanics are not impor-tant, so the magnetic data can be usedexclusively to fine-tune the structure anddepth of the crystalline basement.
 Interpreters next turn to the gravity data,which are influenced by the entire geologi-cal section, and use them to constrain inter-pretations of the deep sedimentary structure.For the Congo survey, gravity firmed up thestructural interpretation of the rift-stage sedi-ments—that is, the Upper Jurassic andLower Cretaceous deposits, including theMarnes Noires, resting on the basement butbeneath the Aptian salt. Gravity modelingwas also critical in defining the geometryand distribution of the salt structures. Butthe original seismic interpretation wasassumed to provide a reliable picture of theyounger formations, which for the Congosurvey meant all formations above the salt.
 Obtaining a consistent interpretation onall sections and fine-tuning that with mag-netic and gravity data took the GECO-
 (continued on page 26)
 22 Oilfield Review
 nCompleted interpretation of the previously illustrated sections. The next step in the interpretation process is to digitize two-waytimes to the formation tops and create maps for each formation top.
 7. For a review of magnetic and gravity techniques:Dobrin MB and Savit CH: Introduction to Geophysi-cal Prospecting, 4th ed. New York, New York, USA:McGraw-Hill Book Company, 1988.
 NW SWSE

Page 10
                        

23January 1993
 nMagnetic and gravity modeling in two dimensions for fine-tuning the seismic interpretation. Magnetic modeling is first usedto constrain the interpretation of the deep igneous and metamorphic basement structure. Then gravity modeling is used torefine interpretations of the deep rift sediments and salt intrusions. (Courtesy of ARK Geophysics Limited.)
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Ken McClay
 Royal Holloway, University of LondonEgham, England
 nSchematic of a deforma-tion apparatus used tosimulate basin evolution.
 Plastic detachment
 Rigid footwall
 10 c
 m
 Deformable hanging wall
 Analog Modeling of Basin Evolution
 Searching for plays depends on a deep under-
 standing of how sedimentary basins form, then
 tying that understanding to the available data,
 which is usually seismic. While there is no sub-
 stitute for first-hand geologic experience, experi-
 mental tools have been developed that shed light
 on basin evolution and complement the geolo-
 gist’s field-based knowledge. One such tool can
 simulate the complete life of a basin in less than
 an hour. Developed during the last ten years at
 Royal Holloway, University of London, England,
 the analog basin modeling apparatus described
 here was initially sponsored by BP. Funding now
 comes from a consortium of six oil companies.1
 The simulation takes place inside a long box
 comprising two ends—one fixed at the left, repre-
 senting the upthrown or footwall side of the fault,
 and one movable in the horizontal direction, rep-
 resenting the upthrown or hanging-wall
 side—and two glass sides to allow observation
 and recording of what happens inside (above).2 A
 membrane runs along the bottom of the box and
 is attached to the hanging wall moving with it.
 With the hanging wall positioned about midway
 along the length of the box, the experimenter fills
 the box with horizontal layers of alternately col-
 ored sand particles simulating layers of sedimen-
 tary rock. Mica can be substituted to model
 anisotropic formations, and clay can be substi-
 tuted to achieve a different composition. Typi-
 cally, the sand layers are 30 centimeters (cm) [12
 in.] in length and10 cm [4 in.] in depth, equiva-
 lent to a sedimentary section between 1 and 10
 km [0.6 to 6 miles] thick.
 1. ARCO British Limited, BRASOIL U.K. Ltd., BP Exploration,Conoco (U.K.) Limited, Mobil North Sea Limited and Sun OilBritain Limited.
 2. McClay KR: “Extensional Fault Systems in Sedimentary Basins: AReview of Analogue Model Studies,” Marine and PetroleumGeology 7, no. 3 (August 1990): 206-233.
 24
 The hanging wall is then slowly moved right-
 ward in simulation of extending the basin. The
 sand particles subside and fault, as in real life,
 and the experimenter records the events through
 the glass side with time-lapse photography. As
 the sand surface subsides, the experimenter
 refills the depression with sand of a different
 color, mimicking the accumulation of so-called
 synrift sediments that are deposited during exten-
 sion. In less than an hour, the complete history of
 the basin is on film. At any stage, the action may
 be stopped and frozen by impregnating the sand
 box with epoxy and allowing it to set. Cuts of any
 orientation can then be made through the basin to
 examine structure and fault pattern deformation.
 To simulate different geological conditions, the
 footwall can be constructed in a variety of
 shapes: vertical to observe plane extension, dif-
 ferent molds in the shape of curved or listric fault
 surfaces to observe lower angle fault detach-
 ment. The membrane may be plastic, or rubber,
 or a combination of both. Plastic conveys the
 hanging wall’s lateral movement to all the sand,
 while rubber spreads the extension
 uniformly—these configurations mimic differing
 structural styles in basin development. And the
 bottom of the box can be inclined to simulate lat-
 eral variations in basin thickness.
 The sequence of snapshots shows the develop-
 ment of a rift basin formed by stretching sedi-
 ments over a listric fault and basement inclined
 downward at 10° (next page, left). First, a depres-
 sion develops against the listric fault and is filled
 with synrift sediments. Next, a V-shaped fault pat-
 tern termed a crestal collapse zone appears, fol-
 lowed by another farther to the right. Each of
 these is bounded to the left by an accompanying
 synthetic fault, meaning a fault with the same
 displacement direction, and to the right by an
 antithetic fault, meaning a fault with the opposite
 displacement direction. The synthetic faults
 rotate as extension proceeds becoming quite
 curved or listric, while the antithetic fault
 remains straight. Between the two crestal col-
 lapse zones, a high-standing zone termed a horst
 remains relatively unrotated.
 As extension continues, faulting in the left col-
 lapse zone becomes more complex and begins to
 affect the synrift sediments. Because of their
 shorter history, though, the synrift sediments are
 less faulted than the rift sediments, a clue to the
 interpreter trying to distinguish the synrift from
 rift. Meanwhile at depth, the layers rotate dramat-
 ically yet seem completely unfaulted. Since the
 seismic record at depth is often noisy and hard to
 interpret, this analog result may provide the inter-
 Oilfield Review
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nExtension of sedimentsup to 100% over a listricfault and basementinclined downward at 10°.Blue, white and black lay-ers are sand particles, sim-ulating rift sediments,sieved into the box beforeany extension. Red, whiteand black layers simulatingsynrift sediments aresieved in as extensioncauses a depression nearthe listric fault.
 nSection from a GECO-PRAKLA nonproprietarysurvey shot in the Gulf ofMexico showing extremerotation above a listricfault—compare with thesimulation. The right of thesection is bounded by asalt intrusion.
 January 1993
 km0 5
 preter with likely scenarios for fault geometries.
 The validity of these experiments may be appreci-
 ated by noting the similarity of the fully extended
 model to an actual seismic section shot over listric
 faulting in the Gulf of Mexico (above).
 Over 400 analog simulations have been run at
 Royal Holloway, University of London with a vari-
 ety of geometries and sedimentary cover. Simula-
 tions have been run in which a basin is first
 extended, then compressed, resulting in uplift
 and fault reversal, a process called basin inver-
 sion. Other experiments have simulated strike-
 slip faulting, in which a sedimentary basin is
 sheared by opposing horizontal movements. Salt
 intrusions have also been modeled—these exper-
 iments help understand structural trapping.
 25
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26
 nTwo examples of two-way time maps obtained from the structural seismic interpretation. Left: two-way time to the base of theAptian, showing the geological structureat the base of the Aptian salt.
 Right: a two-way time thickness map,between the seabed and theMiocene—darker color at the bottom indi-cates greater thickness. Thickness maps,obtained by subtracting two-way times toconsecutive layers, provide an indicationof differential subsidence and its controlon sedimentation. These factors help pre-dict potential reservoir distribution, geom-etry and thickness.
 Oil Window
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 PRAKLA interpreters most of three months.The next task, which took one month more,was to map two-way times to formation topsand assess plays. This would formalize theworking maps they had been constantlyupdating while interpreting the sections. Mapping 2D seismic events is halfmechanical and half art and experience.The mechanical part, comprising digitizingthe location of formation tops and interpo-lating between sections, is greatly facilitatedby the workstation. But resolving ambigui-ties in the large areas between the sparselines of a 2D survey—for example decidingif a fault seen on one section is the same as,or different from, that seen on another—requires considerable geological expertise.Thus, interpreters generally take the com-puter-generated maps as a starting point andthen manually adjust the results to achieve ageologically valid interpretation of the struc-ture that is consistent with all available data.
 Mapping not only elucidates structure butalso permits the creation of time-thicknessmaps, by subtracting the two-way times ofconsecutive geological tops (left). Knowingthe seismic velocities of the formations, it isthen possible to compute actual thickness.Thickness is one parameter that determinespotential reservoir size, a key factor in evalu-ating pay. Thickness is also important forreconstructing the sediments’ burial history.This describes how quickly the sedimentswere deposited and how each formation’stemperature evolved throughout geologicaltime. It then becomes straightforward tocheck whether formations deemed likely toform hydrocarbons, such as the MarnesNoires, actually experienced the requisitetemperature conditions (below, left).
 Oilfield Review
 nBurial histories for offshore Congo forma-tions based on one well’s lithologic col-umn. The oil window, indicating suitableconditions of temperature and time for oilgeneration, covers the rift sediments thatinclude the Marnes Noires, the most likelyoil source for the area. Temperature isderived from depth using a variable pale-otemperature gradient. The ocean (top)can be seen to enter the study area about130 million years ago, regress and thenre-enter permanently.
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Salt-induced structures, Albian to Neogene
 Salt-induced structures, Albian to Maastrichtian
 Salt-induced structures, Albian to Turonian
 Salt diapirs with crestal anticline or flank structure
 Base Aptian structure
 Rift section structure
 Migrating Miocene channels
 Tertiary graben collapse zone
 Limit of surface outcrop
 N
 Pre-Aptian
 Post-Aptian
 Base Miocene UnconformitySW NE
 Post-Aptian
 Pre-Aptian
 10 0 kmnSummary oflikely plays in partof the Congo off-shore survey, color-coded according togeological age.Schematics show-ing source, migra-tory path andreservoir trap forreservoirs in thepre- and post-Aptian sediments.Brown formationwith dots is theMarnes Noiressource rock.
 At this point, all the factors necessary topinpoint plays are at hand. The burial his-tory confirms the potential of organic-richhorizons as source. Detailed comprehen-sion and mapping of basin structure revealslikely migratory paths and trapping mecha-nisms. The thickness maps indicate the dis-tribution and geometry of sediment bodiesand assist in recognizing commerciallyinteresting reservoirs. Deciding the locationof plays now demands of the interpreter ajuggling of these factors and the picking oflocations and depths where all indicationsappear simultaneously favorable. The resultis a play map that oil companies can use todecide on concession bidding, or perhaps todesign further seismic surveys with closerline spacings or even 3D surveys. The sameinterpretation concepts apply throughoutthe exploration phase and ultimately permitthe selection of favorable sites for explo-ration drill holes (above).
 These first steps in the search for new dis-coveries occur years, sometimes even adecade or more, before hydrocarbons comeon stream and repay the exploration invest-ment. Just as an infant learns to walk—onestep at a time until confidence builds—sogeologists feel their way into frontier areas.They tread carefully at first, but then rapidlyadvance to the best areas as more informa-tion becomes available. In the search forplays, the geologist is king. —HE
 27January 1993
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