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PALYNOLOGICAL INVESTIGATION OF THE UPPER SILURIAN (ACACUS FORMATION) OF WELL A1-NC40B, GHADAMES BASIN, NORTH WEST LIBYA





F. ABUHMIDA, A.A. EL HARBI


Petroleum Research Center, P. O. Box 6431 Tripoli, Libya 





Twenty conventional core samples from the Acacus Formation of Well A1-NC40B from the Ghadames Basin, Libya have been analysed for their palynological content. They yielded well preserved and diverse marine and nonmarine palynomorphs, with a hundred and seven species of both marine and nonmarine origin. Sixty seven species of acritarchs assigned to thirty four genera, twenty two species of spores and cryptospores placed in ten genera, and eighteen species are chitinozoas accommodated into eight genera were identified. In addition scolecodonts and fresh water algae (Khafia arabica) were recognised. Two assemblages are recognised based on different palynomorph groups (marine and nonmarine). These assemblages have been compared with previously described Silurian palynomorph assemblages reported from the Ghadames Basin north west Libya, other areas of North Africa, and other localities. A Wenlock-Ludlow age is suggested for the lower and upper assemblage of the studied section. Regarding the variation in the proportion of marine and terrestrial palynomorphs, and some sedimentological evidence, the depositional environment is interpreted as near shore shallow marine with distance to shore line decreasing with time. This interpretation is supported by the increase in the proportion of terrestrial taxa, and decreasing proportion of marine taxa upward of the studied section of Acacus Formation. 


LATE JURASSIC FORAMINIFERA AND THEIR PALAEOENVIRONMENTAL SIGNIFICANCE IN THE ARAB-D RESERVOIR OF THE GHAWAR OILFIELD





A.G. AL-DHUBBEB


Saudi Aramco, Expl. Tech. Svcs. Dept., Dhahran 31311, Saudi Arabia





The Arab-D Reservoir includes the upper part of the carbonate mudstones of the Jubaila Formation, and the overlying carbonates of the entire Arab-D member of the Arab Formation (Steineke and Bramkamp, 1952; Powers, 1962, 1968). The boundary between these two formations is conformable and represents a transition from mudstones to clean packstones. The Arab-D Reservoir is of Late Jurassic, Kimmeridgian-Tithonian, age and consists entirely of carbonates. These carbonates are considered to have been deposited with an extensive shallow marine platform, in which localized intra-shelf basins were present. In addition to foraminifera, the biocomponents include calcareous algae, massive and branched stromatoporoids, ostracods, brachiopods, gastropods and sponge spicules. Their distribution has been studied in cored exploration wells in the Ghawar oilfields of eastern Saudi Arabia.


The foraminifera displays a consistent vertical order of appearance within the Jubaila and Arab Formations across the study area and this consistency is considered as a response to regionally effective palaeoenvironmental variations through the time of deposition of both formations.


The most significant species include Alveosepta jacardi/ powersi, Mangashtia viennoti, Pfenderina salernitana and Clypeina jurassica. These events are accompanied by other palaeoenvironmentally influenced biocomponent appearances and disappearances, that include the extinction of Lenticulina spp., undifferentiated polymorphinids, Nodosaria spp., sponge spicules and the appearance of Trocholina alpina, Cladocoropsis mirabilis and Heteroporella jafferezoi. The agglutinated foraminifera Kurnubia palastiniensis and the miliolid Nautiloculina oolithica display an almost consistent presence throughout the succession, and are therefore considered to be adapted to a moderately wide range of depositional environments. 


The overall palaeobathymetric trend is one of gradual shallowing from an early moderately deep environment, below wave base, through a shallower stromatoporoid-dominated zone into a shallow, lagoonal setting dominated by wave energy.  Hypersaline conditions at the end of the deposition of this succession were tolerated only by cerithid gastropods and phylloid algae. 


As the levels of introduction or removal of the biocomponents varies from well to well, their lateral and vertical distribution should provide important clues to regional palaeobathymetric variations and thereby assist sedimentary sequence determination and reservoir layering.


STRATABUGS BIOSTRATIGRAPHY DATA MANAGEMENT SOFTWARE





J. ATHERSUCH, P. BRITTON


StrataData Ltd





StrataBugs is a data management system designed specifically to enable biostratigraphers to record, manipulate and interpret their data quickly and efficiently and to integrate their results with those from other geological disciplines.


StrataBugs is ideally suited to the needs of industrial and academic users alike and is now the system of choice for biostratigraphers worldwide working in the exploration and development sectors.


Fossil occurrence data is entered directly by the user or imported from a number of different digital data sources and verified against a taxonomic database. Data entry is via a touch sensitive keyboard and paper overlays or from on-screen lists.  It is possible to make multiple interpretations of age determinations, biozones, lithostratigraphy, palaeoenvironments, sequences with systems tracts, and to display all of these data against graphic lithology and wireline log traces on screen or hardcopy.


Graphical output from StrataBugs includes summary and distribution charts, correlation diagrams, chronostratigraphic diagrams, stratigraphic range charts and graphic correlation panels. Data may be exchanged with other users through powerful export and import applications. Selected data types may be exported for integration into other geological interpretation packages.


StrataBugs supports a number of database platforms and configurations, ranging from single user PCs to networked PC/Unix systems and is therefore suited both to small and large businesses.  StrataBugs supports the Oracle DBMS on Unix.  For standalone PCs and small PC networks we recommend Access but Oracle is a possible option.


ECOPHENOTYPE IN UPPER EOCENE NUMMULITES FROM NORTH-EASTERN ITALY: BIOSTRATIGRAPHIC AND PALAEOECOLOGICAL IMPLICATIONS
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Dipartimento delle Risorse Naturali e Culturali, Università di Ferrara, Corso Ercole I d'Este 32, I-44100 Ferrara, Italy


J.H. NEBELSICK


Institute and Museum of Geology and Palaeontology, University of Tübingen, Sigwartstr. 10, D-72076 Tübingen, Germany
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Dipartimento di Scienze della Terra, Università di Ferrara, Corso Ercole I d'Este 32, I-44100 Ferrara, Italy





Numulites fabianii (Prever in Fabiani, 1905) plays a key role in the stratigraphy of Upper Eocene (Priabonian) carbonate successions. It is one of the key species used to delineate Cenozoic Shallow Benthic Zones which are based on larger foraminifera. The early Priabonian (SBZ 19) is defined, among others larger foraminifera, by the biostratigraphic range of N. fabianii; the late Priabonian (SBZ 20) by the occurrence of N. retiatus (Serra-Kiel et al., 1998). There is, however, considerable debate as to the nominal taxonomic status of these two forms – whether they be separate species, subspecies or simply two separate morphotypes (the N. fabianii form has an inflated test morphology while N. retiatus is flattened). There is also little rigorous data concerning their facies dependence and true stratigraphic distribution.


The Upper Eocene (Priabonian) shallow water marine carbonate successions in the Venetian area (Southern Dolomite area, eastern Colli Berici, and Southern Altopiano di Asiago) are rich in both N. fabianii and N. retiatus forms and thus provide a unique opportunity to assess their stratigraphic distribution, facies dependence and palaeoecology. This includes shape and size analysis of both morphologies; investigating the associated large foraminiferal and coralline algal assemblages, as well describing the carbonate facies types in which they occur. 


We consider both forms to be ecomorphotypes of the single species N. fabianii. This species can be shown to expand its range of growth morphologies from exclusively inflated (the “fabianii” morphotype) in the lower Priabonian to both inflated and flattened (the “retiatus” morphotype) forms in the late Priabonian. These changes pertain only to shell morphology (e.g. diameter and thickness, ornamentation) while internal characters, definitive for taxonomic circumscription at species level, are not affected. The ecomorphotypes were recognised in two carbonate facies types which were separated following component and fabric analysis. Both inflated and flattened N. fabianii morphotypes are present in a Small Nummulites Facies while flattened N. fabianii morphotypes are also present in a Coralline-Algal Debris Facies. The expansion of morphotypes thus seems to be correlating to the expansion of this species range into different habitats. It can be speculated, using similar investigation on the morphology and ecological distribution of other larger foraminifera, as to the adaptive advantages for these morphological change e.g. changes in light requirements and nutrient regimes. 


LARGE FORAMINIFERA FROM UPPER OLIGOCENE SHALLOW WATER CARBONATES OF VENETIAN AREA, NORTH-EASTERN ITALY
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Cenozoic large foraminifera have been documented in the Venetian area (north-eastern Italy) since the early Middle Eocene. Event successions represent significant development of the large nummulites and alveolinids in the Middle Eocene, their decline in the Middle-Late Eocene, the flourishing of calcareous red algae in the Late Eocene, and the development of coral facies in the Early Oligocene. The Upper Eocene-Lower Oligocene crisis is characterised by important changes in shallow water benthic assemblages. Large foraminiferal faunas subsequently show new important taxon appearances in the Late Oligocene-Early Miocene. The study presented here examines the taxonomy and assemblages of benthic foraminifera during this time. The study material originates from Oligocene-Miocene successions of the Colli Berici to the Monti Lessini (Vicenza Province). These sediments show a clear transition from carbonates (Lower Oligocene Calcareniti di Castelgomberto formation) to mixed carbonated/siliciclastic deposits (Upper Oligocene Arenarie di S. Urbano formation). Four sections were studied in detail using microfacies analysis: one in the northwestern Colli Berici (Col del Bosco) and three in the southern part of the eastern Monti Lessini (Monte Costi, Colle, Covolo). 


Biogenic components of the sediments consist of coralline red algae as rhodoliths and fragments, green algae (Halimeda), small benthic foraminifera (rotaliids, textulariids, miliolids), large foraminifera (hyaline perforated and porcelaneous), encrusting foraminifera, corals, bivalves, bryozoans, echinoid fragments, barnacles, as well as rare gastropods and serpulids. Larger foraminifera are represented by Miogypsinoides complanatus (Schlumberger, 1900), Operculina complanata (Defrance, 1822), Nummulites sp., Heterostegina sp., Lepidocyclina sp., archaiasines, and Austrotrillina sp. Owing to the presence of Miogypsinoides complanatus, the age of the unit was established as Late Oligocene (Late Chattian; SBZ 23).


The new findings of members of the subfamily Archaiasinae, belonging to the Androsina group, push the recorded occurrences of the archaiasines in the Southern European basins back to the Late Oligocene and allow comparisons to members of this subfamily which have been described in the Middle East (Iran). These new findings have important palaeobiogeographic implications.


BIOSTRATIGRAPHIC DISTRIBUTION OF THE PYRENEAN UPPER CRETACEOUS LARGER FORAMINIFERA





C. BOIX, E. CAUS, C. LLOMPART, R. PEREZ, J. ROSSELL


Dpt. Geologia. Universitat Autònoma de Barcelona, 08193-Bellaterra, Spain





The upper Cretaceous successions of the South margin of the Pyrenean basin are predominantly represented by shallow water platform deposits, where pelagic microfossils and ammonoids are absent, and the larger foraminifera become the most useful biostratigraphic markers due to their abundance, diversity and the fact that most of them have high evolutionary rates. Moreover, the larger foraminifera are the only larger group of fossils having sufficiently diagnostic structures by which they can be identified in thin sections to a taxonomic level of biostratigraphic significance.


A combination of mapping, facies analysis on a regional scale and a precise morphological and structural study of the larger foraminifera contained in the sediments have allowed us to build an integrated biozonation of the Pyrenean Upper Cretaceous rocks based on larger foraminifera. The zonation integrates all the taxa from all available neritic paleoenvironments, from littoral to the lower limit of the photic zone (limit of the larger foraminifera bearing symbionts) and deposited under oligotrophic to mesotrophic conditions. 


These new biostratigraphic data together with paleoenvironmental studies and the previous fieldwork have been applied to recognise the paleogeographic position of a small tectonic units and to interpret Upper Cretaceous succession in a sequence stratigraphic context.


FORAMINIFERAL BIOFACIES AND MORPHOGROUPS FROM THE UPPER ALBIAN – MAASTRICHTIAN EASTERN VENEZUELA BASIN: A PALAEOCEANOGRAPHIC AND PALAEOENVIRONMENTAL STUDY





S.C. DE CABRERA


PDVSA Exploración y Producción, Laboratorio Geológico, El Chaure, Puerto La Cruz, Aptdo. 4326, Venezuela


I. JARVIS
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Fourteen foraminiferal biofacies spanning the Upper Albian to Maastrichtian (mid- to upper Cretaceous) have been determined from four sections in the eastern Venezuela Basin, two wells located in the south and two outcrops in the northern part of the basin. These sections are aligned in a SE – NW transect over a distance of approximately 120 km. The sedimentary record in the southern flank of this basin is characterised by a mixture of clastic and carbonate rocks, correlated with the Chimana (Upper Albian), Querecual (Cenomanian – Campanian) and San Antonio (Campanian – Maastrichtian) formations. In the north, at the Querecual and Chimana Grande Island outcrop sections, only the Querecual Formation has been studied and spans the Upper Albian – Campanian interval. The rocks at these localities are characterised by organic-rich, laminated, calcareous mudrocks and limestones, with common centimetre-scale chert beds. Phosphate grains and nodules occur at some levels. 


Two well-defined bio-provinces are observed: (1) a southern one where occasionally abundant, low-diversity, benthonic assemblages composed of predominantly tapered, elongate-flattened infaunal morphotypes such as turrilinids, bolivinids, forsenkoinids and simple-walled agglutinated foraminifera (Ammobaculites) occur with very occasional eutrophic whiteinellids, hedbergellids and heterohelicids; (2) a northern bio-province, where abundant opportunists planktonic foraminifera predominate, with scarce benthonic assemblages. In the former, interpreted palaeoenvironments range from paralic, lagoonal, to probably middle neritic. The latter is characterised by deep water, probably upper to middle bathyal palaeoenvironments, since keeled planktonic, oligotrophic forms tend to be more common, especially in the Coniacian and younger intervals. Only scarce and low-diversity benthonic assemblages, composed almost exclusively of abundant turrilinids (Neobulimina sp.), are observed in the most distal Chimana Grande Island Section, especially at the base of the Cenomanian and Santonian. This is interpreted as a response to sedimentation in anoxic to euxinic conditions, which favoured preservation of organic matter. The Querecual River Section, however, displays a more abundant benthonic assemblage, with a higher diversity in the Santonian and Campanian. This is attributed to sedimentation under more oxygenated conditions towards the south.


Carbon stable-isotopic trends in organic matter (d13C(org) ), bulk-sediment elemental geochemistry, and TOC (total organic carbon) data have been used to assist palaeogeographic and palaeoenvironmental reconstruction, as well providing non-biostratigraphic tools for testing correlations with the Maracaibo Basin, where similar organic-rich mudrocks (La Luna Formation) occur. Benthonic foraminifera in general can be correlated positively to the Fe/Mn ratio, whereas TOC, Si/Al, Ba/Al and Fe/Al values in samples from the northern province, show a generally positive correlation with the eutrophic heterohelicids, hedbergellids and whiteinellids assemblages, suggesting that sedimentation in Eastern Venezuela occurred under a high-productivity regime for most of the Late Cretaceous. These parameters may be employed to constrain palaeoceanographic conditions prevailing in the area during the deposition of the Querecual Formation, which constitutes the main source rock for the hydrocarbons discovered to date in the Eastern Venezuela Basin.


TIDAL FLATS v. MARINE SHALES: BIOTIC SIGNALS APPLIED TO SEQUENCE STRATIGRAPHY IN THE CENTRAL SUMATRA BASIN, INDONESIA





C.N. DENISON, R.C. PREECE


EPTC, ChevronTexaco, 6001 Bollinger Canyon Road, San Ramon, CA 94583-2324, USA


PUJIARKO
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Major reservoir sandstones in the Sihapas Group of the Central Sumatra Basin include the Menggala, Bangko and Bekasap formations (Early Miocene). A siltstone-dominated progradational deltaic complex is dissected by a succession of lowstand valley incisions, each valley having a subsequent sand-rich fill of transgressive tidal and estuarine facies.


Each sequence boundary (SB) is represented by a tidal channel sandstone on shelf shale contact. Tidal / estuarine channel sandstones on tidal flat shale contacts are generated by autocyclic processes during incised valley fill aggradation. Each incised valley is capped by a floodback surface (FS), resulting in a marine shale on estuarine sandstone contact. Foraminiferal assemblages provide crucial data that constrains depositional environments of the shales: marine shelf shales yield an open marine microfauna, whereas tidal flat shales are frequently depauperate.


Subsurface correlations depend on identification of the isochronous FS and the overlying through-going marine shales. Sand-on-shale contacts are candidate sequence boundaries and shale-on-sand contacts are potential floodback surfaces. In many cases, neither lithologies nor ichnofaunas may provide conclusive evidence. A marine or tidal biotic signal from the foraminiferal content of shales limits the possibilities.


Final confirmation of the field-wide presence of each candidate SB and FS, and the more localized occurrence of lesser surfaces, depends upon wireline log correlation. The ensuing sequence stratigraphic interpretation and earth model lead to improved understanding of flow unit distribution and ultimately to better reservoir characterization.


OPENING OF DRAKE PASSAGE: ITS IMPLICATIONS FOR PALEOCEANOGRAPHY AND OLIGOCENE/MIOCENE TURBIDITE DEPOSITION, CONTINENTAL MARGIN OF BRAZIL





D.A. DO CARMO


Universidade de Brasília. Instituto de Geociências. BRASÍLIA. DF. BRAZIL 





Oligocene/Miocene turbidites are important reservoir rocks found in Campos and Santos basins, as well as in Pelotas basin. This dating for the increment of turbidites deposition in the Brazilian continental margin is related to important palaeoceanographic phenomena established during Oligocene/Miocene: 1. Opening of Drake Passage and 2. Establishment of Falkland current. The Brazilian continental margin is divided into northern, eastern and southern region. It is also subdivided into three physiographic provinces of a passive continental margin: shelf, slope and rise. In the northern region, the continental shelf is under influence of warm ocean water transported by Guianas current and, in bathyal zone, continental slope and rise are under influence of AAIW. In eastern region, the continental shelf is under influence of the warm ocean water transported by the Brazil current. The continental shelf in southern region is under influence of Brazil and the temperate/cold waters transported by Falkland current and the bathyal zone is mainly under influence of AAIW water mass. Micropalaeontologists from Department of Palaeontology and Stratigraphy of UFRGS (Porto Alegre, State of Rio Grande do Sul) have studied Holocene sediments collected during several oceanographic projects (REMAC, GEOMAR, EL AUSTRAL, etc) all along the Brazilian continental margin. As result, ostracods, foraminifers and micromolluscs species were identified and its ecology determined. As benthic organisms may be preserved in situ (autochthonous preservation), it is an important clue for studies considering palaeoecology and palaeoceanography. The Holocene distribution of Callistocythere litoralensis (Rossi de Garcia, 1966), Krithe gnoma Do Carmo & Sanguinettti, 1999 and Krithe coimbrai Do Carmo & Sanguinettti, 1999 have their shelf occurrences limited to southern region due to their preference for cold/temperate subantartic water transported by Falkland current (Do Carmo & Sanguinetti, 1995; Do Carmo & Sanguinetti, 1999). These three ostracod species have a Miocene/Holocene stratigraphic distribution and they occur onshore and offshore Pelotas basin. Considering the Miocene occurrence of these species in Pelotas basin, it was proposed that Falkland current was already established in Early Miocene (Do Carmo & Sanguinetti, 1999). This was the first palaeontological data that corroborates the hypothesis of opening of Drake Passage in Late Oligocene (Barker & Burrell, 1977), as well as the establishment of the proto-NADW (Benson, 1985) and the polar or subpolar origin of deep water (Hay, 1988). Therefore, these important phenomena are possibly related to the increment of Oligocene/Miocene turbidite deposition registered in several basins in the Brazilian continental margin.


DINOFLAGELLATE CYSTS OF THE GAULT CLAY (ALBIAN) AT COPT POINT, FOLKESTONE, SOUTH-EAST ENGLAND
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An investigation of dinoflagellate cysts will be undertaken on samples collected from the type section of the Gault Clay at Copt Point near Folkestone, Kent. The standard reference bed numbers (I-XIII) of Owen (1971a, 1975), constrained using ammonite zones, provide the stratigraphical framework. 


The aim of the study is to document the taxonomy and interpret changes in relative species abundance and assemblage composition. The dinoflagellate cyst associations will be related to palaeoecological parameters to determine and define any flood horizons. Such results may have a bearing on our understanding of the palaeogeographic distribution of dinoflagellate cysts during the Albian.


The quality of preservation combined with diverse and rich assemblages also makes the succession ideal for using new techniques in optical microscopy. The project is to be carried out using conventional light microscopy and confocal laser scanning microscopy (CLSM). The CLSM will be used to enhance the morphological studies of the dinoflagellate cysts.


DINOFLAGELLATE AND PALAEOMAGNETIC STRATIGRAPHY OF EOCENE TO OLIGOCENE SEDIMENTS FROM THE NORWEGIAN-GREENLAND SEA





J. ELDRETT, I.C. HARDING
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The presence of abundant age-diagnostic dinocysts at Site 913B (ODP Leg 151), Site 338 (DSDP Leg 38) and Site 643A (ODP Leg 104) has enabled the development of a new high-resolution biostratigraphy for the Eocene-Oligocene interval in the Norwegian-Greenland Sea.  This is particularly important as the calcareous microfossils usually used for biostratigraphy are generally absent in these high latitude Eocene-Oligocene sediments due to dissolution. In addition, the development of a new magnetic reversal stratigraphy for the Norwegian-Greenland Sea has enabled independent age control and allowed the dinocyst biostratigraphy to be firmly tied into the global geomagnetic timescale for this period.


The high-resolution study employed for this project has identified dinocyst assemblages that show affinities with those from the North Sea and North Atlantic, allowing regional correlation.


AN UNIDENTIFIED AGGLUTINATED SPECIES FROM THE WEST AFRICAN MIOCENE AND THE POSSIBLE ECOLOGICAL SIGNIFICANCE OF THE SMALL PLANISPIRAL AGGLUTINATED FAUNA
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A small planispiral agglutinated species, apparently unnamed, is a rare but characteristic element of the Middle to Lower Miocene agglutinated assemblages recovered from mid-bathyal, reduced-oxygen facies in deep-water wells off the coast of West Africa.  This form is characterized by numerous low chambers and raised, slightly curved sutures which, as specimens are usually flattened, typically appear as closely spaced radial ridges.  The coiling is predominantly involute, but the distal portion of the final whorl often becomes partially evolute; in some specimens the final few chambers become tangentially uniserial.  This form is broadly similar to Ammomarginulina aubertae but differs in apertural characters and in lacking any development of a truly uniserial stage.  This species is one element of a generally unrecognized subfauna of small planispiral forms in the West African and probably Caribbean agglutinated facies.  Many of them are Haplophragmoides-like but apparently unidentified, but the subfauna also includes species of such genera as Spiropsammia and Popovia.  This assemblage may have intrabasinal chronostratigraphic significance as a distinctive ecofauna in the West African Miocene.


STATISTICAL APPROACHES TO FOSSIL DATA: ENHANCING MULTI-WELL CORRELATION THROUGH FUZZY C MEANS CLUSTERING OF TAXONOMIC DATA
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A challenge facing biostratigraphers in the petroleum industry today is the recognition and interpretation of non-discrete stratigraphic events occurring over relatively short amounts of geologic time.  The traditional biostratigraphic approach focuses on discrete stratigraphic events (e.g. origination and extinction events over long periods of geologic time).  Discrete events seldom allow high-resolution interpretations necessary for field-scale, reservoir correlations.   A combination of discrete and non-discrete events would provide the highest resolution interpretations of these data.  This poster contrasts the application of multivariate statistical methods (principal components analysis and fuzzy c-means clustering) to taxonomic data with the objective of creating high-resolution interpretations using non-discrete stratigraphic data (i.e., data vectors). 


The more common approach, particularly among academics (e.g., Kipp, 1976) to multivariate analysis of fossil assemblages has been the use of eigenvector techniques, such as principal components analysis (PCA).  The objectives of eigenvector-based methods are to (1) resolve subassemblages of multiple covarying taxa; and (2) establish a set of paleoenvironmentally related curves that can be used to correlate between wells.  In industrial applications however, the promise of eigenvector-based biostratigraphic analysis remains unfulfilled.  Complications arise from the fact that paleontological data are notoriously sparse.  This is problematic for eigenvector-based methods because inversion, a mathematical requirement, of sparse matrices is often non-unique, hence unstable.  Further, if sparse taxa are deleted to meet the mathematical constraints, then stratigraphically useful markers may be arbitrarily discarded.  


Like eigenvector-based methods, fuzzy c-means clustering (FCM) is used to define subassemblages of covarying taxa, but FCM does not require matrix inversion.  The use of FCM in combination with discrete events data allows maximum stratigraphic information to be extracted from a quantitative biostratigraphic data set.  This combined multivariate/discrete approach using FCM was tested on a palynological data set from Liadong Bay, China (four wells from three different fields).  First-order stratigraphic boundaries were initially established using the standard industrial biostratigraphic approach (i.e., discrete events, such as ‘tops’).  The quantitative assemblage data were then analyzed using FCM.  Two paleoenvironmental subassemblages were resolved.  Comparing FCM results with discrete-event-derived zonal boundaries that were ambiguous could be further refined using FCM-derived assemblage curves.


THE BIOSTRATIGRAPHY, PALAEOBATHYMETRY AND PALEOECOLOGY OF NEOGENE BENTHIC FORAMINIFERA FROM SHELL ATWATER VALLEY 471
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We present our initial findings from Shell Atwater Valley 471, a deep-water exploration well situated off the coast of Louisiana.  Ditch cuttings samples yield a diverse and exceptionally well-preserved benthic foraminiferal assemblage that is dominated by calcareous taxa; the foraminifera recovered are Miocene to Pliocene and originate from bathyal water depths.


We compare the distribution of our assemblages with those documented by Van Markhoven et al. (1986) in their study of cosmopolitan deep-water benthic foraminifera.  The biostratigraphical framework of our bio-events is constrained using the planktonic foraminiferal chronology of Berggren et al (1995).  Attempts are made to correlate the external morphology of specific genera with physiochemical variations in the palaeoenvironment using information gained from wire line log and sedimentological data.  We document the taxonomy and interpret changes in relative species abundance and assemblage composition in terms of foraminiferal palaeoecology.  


The quality of preservation, combined with the diverse and abundant assemblages recovered from Shell Atwater Valley 471 make it a key locality for increasing our understanding of Neogene deep-water benthic foraminiferal palaeoecology.


UPPER CENOZOIC DINOFLAGELLATE CYST STRATIGRAPHY OF THE SOUTHERN NORTH SEA BASIN – A SYNTHESIS





M.J. HEAD


Department of Geography, University of Cambridge, Downing Place, Cambridge CB2 3EN, UK


S. LOUWYE


Palaeontology Research Unit, University of Ghent, Krijgslaan 281/S8, B-9000 Ghent, Belgium





The correlation of Upper Cenozoic marine deposits across the southern North Sea basin is fraught with difficulties. The fragmentary nature of the sedimentary record and diagenetic overprinting are frequent obstacles to magnetostratigraphy. Restricted marine conditions have excluded planktonic foraminifera and calcareous nannofossils for much of the time. Pollen stratigraphy provides a generally continuous record, but offers relatively low resolution for the Miocene and lower Pliocene, and is prone to taphonomic difficulties in more offshore settings.  


Dinoflagellate cysts and marine acritarchs are shown to be a useful group for stratigraphic correlation and environmental reconstruction in the southern North Sea basin, owing to their wide salinity tolerance, high taxonomic diversity, and good preservational potential. In eastern England only the Pliocene and lower Pleistocene are represented substantially by marine deposits, and even here the record is highly incomplete. Yet more than 60 taxa are represented, and help to constrain the age of these deposits. In northern Belgium, Neogene marine deposits represent the southeastern margin of the southern North Sea Basin. These deposits are also discontinuous, but include the lower, middle and upper Miocene as well as lower and upper Pliocene. The Miocene dinoflagellate assemblages are particularly diverse and well preserved, and facilitate correlation across the North Atlantic region and as far as the US Atlantic coastal plain and shelf.  The Pliocene assemblages can be correlated with those of eastern England and into the North Atlantic.  


We present a biostratigraphic synthesis for the southern North Sea Basin, based on published and unpublished results, and attempt to reconcile the stratigraphy of this region with the sequence chronostratigraphic framework of Hardenbol et al. (1998).


ANGIOSPERMID POLLEN FROM THE MIDDLE TRIASSIC: MORPHOLOGY, BIOSTRATIGRAPHY AND POSSIBLE AFFINITY
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Middle Triassic sediments of the Barents Sea area contain a variety of dispersed colpate, and operculate pollen grains of angiospermid morphology. Several different pollen types can be differentiated, all from the same stratigraphic interval (Ladinian to Anisian). Due to their consistent occurrence some of them have been used as stratigraphic markers under the designation of Retisulcites sp. 1, 2 (Hochuli et al. 1989) and Retisulcites sp. A (Vigran et al. 1998).


All the described forms are characterised by well-developed semitectate reticulate sexines, which are connected by columellar structures to thin nexines (footlayer and endexine). Due to the pollen's very small size, their microscopical analysis is near the limit of optical resolution. So, in addition to high-resolution transmitted light microscopy, Confocal Laser Scanning Microscopy (CLSM) has been used for morphological analysis of the very delicate wall and surface structures. In CLSM the specimens were imaged in very thin, only ca. 360 nm thick, optical sections using fluorescence mode (excitation 568 nm, detection 590 nm LP). The optical sections were subsequently re-composed to generate extended focus images and 3D computer models.


Pollen grains of comparable morphologies are common in sediments of Early Cretaceous age (Aptian / Albian). For the Middle Triassic all these pollen types are new, some of them show resemblance to the forms described by Cornet (1989) from the Carnian of the Richmond Basin (VA, USA). In the Barents Sea area the consistent occurrence of these angiospermid pollen shows that the producing (mother) plants were widely distributed and their diversity suggests that several species were involved.


Among modern angiosperms reticulate, monocolpate pollen are generally associated with magnoliid affinity, however, it cannot be excluded that these pollen represent a so far unknown group of gymnosperms which produced pollen of angiospermid morphologies.


ACRITARCH BIOSTRATIGRAPHY OF THE DEVONIAN OF THE APPALACHIAN BASIN, AND ITS CORRELATION WITH ESTABLISHED SPORE ZONES AND U-Pb ZIRCON-DATED ASH BEDS
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Palynological samples have been collected from Devonian sequences in the Appalachian basin of the U.S.A., ranging from the Emsian to the early Fammenian. The sample localities include sites in Tennessee, Virginia, West Virginia and N.Y.State.


	Many of these sequences include U-Pb zircon-dated ash beds (Tucker et al., 1998), and all are being systematically studied to establish assemblages and ranges for acritarchs and prasinophytes. Additionally, the spores are being used to correlate the sedimentary sequences and marine palynomorphs with existing spore zonation schemes.


Results are presented here as an inter-correlation between sedimentary sequences, marine palynomorphs, spore zones and radiometric dates.


DINOFLAGELLATE CYST AND FORAMINIFERA BIOSTRATIGRAPHY OF THE CALLOVIAN TO VOLGIAN REFERENCE SECTION IN THE TYUMEN SUPER-DEEP WELL SD-6 (WEST SIBERIA, RUSSIA)
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The Tyumen super-deep well SD-6 penetrated to the Triassic and Jurassic sediments is located in Urengoy region on the north of West Siberia. The Callovian to Upper Jurassic part of this section (about 200 m) drilled with almost continuous recovery of core from Vasyugan, Georgiev and Bazhenov Formations includes rich and diverse microfossil assemblages. It is the Callovian to Upper Jurassic reference section in West Siberia and a unique object for development of detailed biostratigraphy based on foraminifera and dinoflagellate cyst data. A complex layer-by-layer study of systematical composition and stratigraphical distribution microfossils permitted to establish the successions of dinoflagellate cyst and foraminifera assemblages from the Callovian to Volgian as a basis for the biozonation. The distinctive features of microfossils associations reflecting biofacies have been studied. The main regularities of distribution of microfossils depending on the changes of transgressive - regressive events and paleoenvironments in Callovian - Late Jurassic have been established. Zonal biostrata of Jurassic regional foraminifera scale of Siberia calibrated according as the Uppermost Bathonian-Callovian and Lower Oxfordian in this section have been traced. Nearly continuous sequence from the nine dinozones and beds with dinocysts in a uniform section of the Lower Callovian to Middle Volgian has been established for the first time. The FAD and LAD events of stratigraphical significant dinocyst taxa and acme of selected species served as criteria of the establishment of dinostrata. Dinozone Fromea tornatilis is erected for the lowermost Callovian as well as on the Russian platform (Zones Falsum and Puzhmae). The top of Zone coincides with the upper boundary of Beds with foraminifera Kutsevella memorabilis-Guttulina tatarensis. Beds with Impletosphaeridium spp.-Lagenadinium callovianum have been defined as preliminary dinostraton for the upper part of Lower and Middle Callovian. Two dinozones in the Upper Callovian have been recognized. These are Gonyaulacysta jurassica subsp. adecta var. longicornis (equivalent to Pareodinia prolongata Biozone of Russian Platform) and Wanaea thysanota calibrated according as ammonite Zones. The base of Dinozone Wanaea fimbriata erected for the Lower Oxfordian is panboreal mark level between the Callovian and Oxfordian in different regions of northern Europe and West Siberia. Dinozone Rigaudella aemula is defined within the Middle and Upper Oxfordian. The top of Zone approximately coincides with the upper boundary of foraminifera Zone Recurvoides disputabilis in the uppermost Oxfordian. Dinozone Rhynchodiniopsis cladophora for the Kimmeridgian  (= the Lower Kimmeridgian sensu anglica) without uppermost beds have been recognized. The letter is recovered by Beds Amphorula delicata-Cribroperidinium spp., the top of which is defined by the FAD of Oligosphaeridium patulum approximately in the base of the Middle Volgian.


USING BIOSTRATIGRAPHY TO CONSTRAIN THE POSITION OF ANCIENT SHELF MARGINS: FORAMINIFERAL CASE STUDIES FROM THE NEOGENE SECTION, NORTHERN GULF OF MEXICO
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Cenozoic infilling of the northern Gulf of Mexico (GoM) basin with siliciclastic sediments occurred in a broad offlapping pattern as successively younger shelf margins prograded basinward.  Ancient shelf margins divide the basin profile into shelf and slope realms, with each realm containing economically important sandy reservoir units of fundamentally different geometries and stratal architecture.  In the GoM, salt tectonics and related growth faulting severely hinder recognition of ancient shelf margins on dip-oriented seismic sections, making prediction of potential reservoir sand distributions problematical.


We demonstrate that several benthic foraminiferal signals (e.g., refined paleobathymetry, cosine theta similarity matrix, and the percentages of shelf, slope, and carbonate-bank assemblages) derived from the analysis of ditch cuttings using the Integrated Paleontologic System (IPS) are effective for constraining the position of ancient shelf margins preserved in well bores.  IPS is a data analysis software tool originally developed by Unocal and subsequently enhanced by an industry-academic consortium at the University of Utah.


Four coreholes taken from the latest Pleistocene Lagniappe Delta (located southeast of the modern Mississippi “Birdsfoot”) have provided a wealth of geologic information on the dynamics of shelf-margin siliciclastic sedimentation in the northern GoM.  To better understand the paleontologic response of prograding siliciclastic shelf margins in this region, we vertically stack three Lagniappe boreholes into one “pseudo section” representing an upward succession of bathyal, shelf-margin, and shelf facies.


Using the Lagniappe model in conjunction with IPS analysis of benthic foraminifera from cuttings, we constrain the position of ancient shelf margins preserved in two exploration wells from the northern GoM.


THE PALYTECH “SIEVE-O-MATIC” – AN AUTOMATED SYSTEM FOR SIEVING & WASHING PALYNOLOGICAL SAMPLES
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Over the last 2 years a stand-alone filtration system/work station has been developed and tested on thousands of industrial and academic samples. The system eliminates the drudgery, tedium & frustration associated with sieving palynological samples, which can often lead to reductions in sample quality and staff productivity.


The system allows 8 samples to be sieved simultaneously via gentle agitation. No suction or ultrasonic vibration is used, so minimising palynomorph loss or damage. During sieving repeated dilutions are applied automatically, in order to wash samples free of chemicals and fines. The volume and number of dilutions is pre-set by the operator via an electronic keypad. The system is also programmable for operation out of hours.


Benefits:


Staff free to spend more time pursuing quality 


Increased productivity


Huge savings in terms of water consumption


Sits inside an existing fumehood


Increased operator safety due to greatly reduced chemical handling


Elimination of repetitive task strain  


Portable wellsite version currently under development


MICROPALAEONTOLOGICAL CHARACTERISATION OF SUBMARINE FAN/CHANNEL SUB-ENVIRONMENTS, AINSA SYSTEM (MIDDLE EOCENE), SOUTH-CENTRAL PYRENEES, SPAIN
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The submarine fan/channel complex of the Ainsa System of Ainsa in the south-central Pyrenees, Spain has been analysed for its microfossil content. The aims of the analysis were to establish the age of the system, and to investigate whether the different types of (channel axis, off-axis and levee/overbank) sub-environments that it contains can be discriminated using micropalaeontological criteria, thus contributing to a hydrocarbon reservoir analogue model.


INTEGRATED BIOZONATION SCHEME FOR THE LATE CRETACEOUS TO TERTIARY OF NORTH AFRICA
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The application of sequence stratigraphic techniques for basinal modelling in oil exploration is playing an increasingly important role.  Biostratigraphic input for definition of sedimentary sequences is crucial for the determination of an accurate age-dating of tectonic and sedimentary events of basins and hence their precise modelling.  The thick Late Cretaceous – Tertiary sequences preserved in North African basins have yielded abundant and diverse microfaunal and microfloral assemblages.  An evaluation of the main biostratigraphic index fossils has been undertaken by reviewing published data across North Africa from Egypt to Morocco.  Range charts of stratigraphically diagnostic dinoflagellate cyst, foraminifera, nannoplankton, ostracods and sporomorph species are presented.  These range charts are based, or modified from the currently available published data.  The charts cover the Cenomanian to Pliocene intervals.  Presentation of the various microfossil groups permits age dating of both the carbonate and clastic sedimentary sequences.  An integrated biozonation scheme is presented which is tied to the sea level curve of Haq et al. 1987.  The proposed integrated scheme will permit for the first time, inter- and intra-basinal biostratigraphic correlation of the sedimentary sequences across North Africa.


PALAEOENVIRONMENTAL AND BIOSTRATIGRAPHIC CORRELATION BETWEEN WESTERN AND EASTERN MIOCENE STRATA OF AMAZÔNIA, BRAZIL: A PRELIMINARY APPROACH
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Northern South America has been object of several palynological studies that contributed to the establishment of precise biostratigraphic zonations. Some of them presented data that corroborated the hypothesis of marine incursions in Amazônia during Miocene, marked by significant oscillations of sea level. Solimões Formation (border of Brazil with Colombia), Pirabas Formation and Barreiras Group (coastal plain, Pará State, Brazil) present marine, transitional and continental records of these palaeoenvironmental changes. Solimões Formation, which outcrops in Solimões basin in western Amazônia, was deposited in fluvio-lagoonal condition with marine influence, with mangrove, swamps and forest palynomorphs associated. Pirabas Formation covers 12.000 km² of Bragantina region with marine and transitional deposits. Along the coast, over it lays the Barreiras Group, as result of deposition in transitional and continental palaeoenvironment. Thirteen samples from nine stratigraphic levels of the last two unities that outcrop in the localities of Outeiro, Mosqueiro and Atalaia (shore), and Capanema (50km inland), reveled ninety-two species of palynomorphs (pollen grains of angiosperm and spores of pteridophyte). Among them, Zonocostites ramonae (Rhizophora sp.) represented 77% of the pollen sum. Comparing the results from Pirabas Formation with palynological data of Solimões Formation, they corresponded to the Biozone Psiladiporites-Crototricolpites (Concurrent Range Zone, sensu Hoorn, 1993), Early-Middle Miocene, due to the presence of Crototricolpites annemariae, Echitricolporites maristellae, Polypodiaceoisporites cf. P. potoniei, Psilastephanocolporites tesseroporus and Crototricolpites americanus, and the absence of Crassoretitriletes vanraadshoovenii. The pollen content of Barreiras Group fitted in the Crassoretitriletes Interval Zone (sensu Lorente, 1986), Middle Miocene, by the presence of Crassoretitriletes vanraadshoovenii, Ilexpollenites sp., Bombacacidites baculatus and Thymelipollis retisculpturius, and by the absence of Grimsdalea magnaclavata. The sediments analysed were deposited in coastal plain, occupied mainly by mangroves and “restinga” vegetation. Towards the continent prevailed swamps, floodplain forests (“várzea” and “igapó”) and “terra firme” forest. The influence of the sea was noticed in all samples by sparse but constant presence of marine elements (dinoflagellates and microforaminifers). These results agree with those of Solimões Formation (Solimões basin) and other regions of northern South America that suggest a transgressive/regressive event happened during Miocene.


PALYNOFACIES CHARACTERISTICS OF LATE JURASSIC (OXFORDIAN TO KIMMERIDGIAN) SECTIONS FROM THE SW GERMAN JURASSIC BASIN
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The Upper Jurassic epicontinental carbonate-marl alternations of southern Germany are characterized by multiple sedimentary cycles reaching up to 100m in thickness. As the reasons for this cyclicity are yet poorly known, a combined palynofacies/ sedimentological study has been initiated to decipher the driving factors. To date, investigations have focused on a proximal and a distal section within the SW German Jurassic Basin. 


The Plettenberg quarry near Dotternhausen represents a section from the proximal part of the basin. The outcrop exhibits a small-scale interfingering of basinal facies (marl/limestone alternations) and reefal facies (sponge-rich thrombolites) of Oxfordian age. Palynofacies assemblages are characterized by high relative abundances of terrestrial components (mainly brown and black wood, spores and pollen) and amorphous organic matter (AOM). Towards the top, the percentage of terrestrial components within the assemblages and the amount of spores within the terrestrial palynomorphs increases, suggesting a regressive trend and/or a trend to more humid conditions. This is in concert with the palynofacies signal at the Ox1/Ox2 boundary where a pronounced drop in relative abundances of chorate dinoflagellate cysts and other marine algae is observed. Highest relative abundances of marine palynomorphs occur within marly lithologies, indicating that the marls were deposited under relatively high marine influence. Hence, they seem to represent distal rather than proximal sediments. This observation is in sharp contrast to the classic view that the marls represent intervals with enhanced terrestrial influence.  


Material from the distal part of the basin is being studied from the Türkheim core. The core (Oxfordian 2 to Kimmeridgian 2.3) consists of sedimentary cycles of different orders built up by reefal facies (sponge thrombolites), intraclastic-bioclastic limestones, well-bedded limestones and shales. First palynofacies results indicate a generally higher marine influence (with high relative abundances of marine palynomorphs) as compared to the Plettenberg section. Moreover, absolute abundances of both terrestrial and marine components are higher and the AOM content is lower. 


Future investigations will yield more data especially from the distal parts of the SW German Jurassic Basin. The outcome will be paleoenvironmental information that, together with sedimentological data, will aid to decipher the mechanisms responsible for the observed cycles. As a final step, the three-dimensional palynofacies relationships between different parts of the basin will be established. 


DINOFLAGELLATE CYST STRATIGRAPHY AND PALAEOENVIRONMENTS OF A SHALLOW MARINE PLIOCENE SEQUENCE IN NORTHERN BELGIUM (SOUTHERN NORTH SEA BASIN)
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The subsurface Pliocene of northern Belgium was deposited in a shallow marine environment at the southern margin of the North Sea Basin. Basal gravel lags and characteristic lithologies permitted a robust lithostratigraphic subdivision in the 1970's, but many questions remained. The construction of a biostratigraphical famework, notably with planktonic foraminifera and calcareous nannoplankton, was seriously hampered by the boreal nature of the calcareous fossils, rendering a correlation with the standard biozones difficult. Correlation with the sequence chronstratigraphic framework of Hardenbol et al. (1998) thus remained incomplete. The effects of deposition under a varying sea level regime in a marginal marine environment are clearly observed in the Pliocene sequence by distinct and rapid facies variations. Well preserved dinocyst assemblages were recovered from a Pliocene sequence in two temporary outcrops in the Antwerp harbour. Quantitative variations in the studied dinocyst assemblages reflect depth changes of the depositonal environment and cooling events.


The dinocyst assemblages from the Kattendijk Sands compare well with the assemblages recovered from the Pliocene Coralline Crag in southeast England. Thermophilic species tend to dominate and point to deposition under warm-temperate conditions in an (inner) neritic environment. Persistent presence of low numbers of  Impagidinium indicate influence of oceanic water masses in the confined depositional area of the southern North Sea Basin during Early Pliocene times. Noteworthy are biostratigraphical events such as the well constrained highest occurrences of Batiacasphaera minuta, Corrudinium devernaliae, Reticulatosphaera actinocoronata, and the occurrence of Operculodinium tegillatum, restricted to this unit. A correlation of the lower boundary of this formation with sequence boundary Me2 is proposed. The pronounced decrease of thermophilic dinocysts, together with a low species diversity in the shelly sand of the overlying Luchtbal Sands Member can probably be related to the beginning of the temperature decrease just below the Zanclean - Piacenzian boundary at 3.6 Ma, culminating in cold stages MG2 and M2 at 3.35 - 3.3 Ma. The cooling trend persists into the base of the transgressive Oorderen Sands, only higher up the unit the temperature signal compares well again to the one observed in the Kattendijk Sands. The HO of Invertocysta lacrymosa near the top of this unit indciates deposition before 2.75 Ma. A pronounced change in the dinocyst assemblage in the base of the uppermost clayey unit (Kruisschans Sands?), together with a distinct increase of pollen and reworked dinocysts, announces a shallowing of the depositional environment and a gradual cooling. However, no unconformity was observed in the field. A relationship with the cooling trend starting at 3.15 Ma and culminating in the northern hemisphere glaciation at 2.6 Ma seems apparent. 


FORAMINIFERALLY DEFINED BIOSTRATIGRAPHIC EPISODES AND SEDIMENTATION PATTERN OF THE CRETACEOUS DRIFT SUCCESSION (EARLY BARREMIAN TO LATE MAASTRICHTIAN) IN SEVEN BASINS ON THE SOUTH AFRICAN CONTINENTAL MARGIN





I.K. McMILLAN


De Beers Marine (Pty) Ltd., P.O. Box 87, Cape Town 8000, South Africa.





Seven basins with Cretaceous drift fills lie on the continental margin of South Africa: the Orange Basin on the Atlantic Margin, the Bredasdorp, Pletmos, Gamtoos and Algoa Basins on the Southern Margin, and the Durban/Thekwini Basin and KwaZulu Basin (part of the South Mozambique Basin) on the Indian Margin. All are structurally simple basins, and, despite the development of the Falkland-Agulhas Fracture Zone south of the Southern Margin, can all be considered pull-apart drift basins. This study is based on 29 years of foraminiferal analysis at roughly 10m sample interval throughout on the following integrated borehole data-set: Orange (32), Bredasdorp (96), Pletmos (33), Gamtoos (10), Algoa 30), Thekwini (4), and KwaZulu (10), as well as the Wanderfeld IV and Mzamba outcrops, amongst many others. Throughout the rifting (Kimmeridgian to Hauterivian) and drifting (Early Barremian to present day) histories of these basins, the southern African continent has remained a positive landmass, and consequently there is much similarity in their stratigraphic successions. Fine-scale foraminiferal biostratigraphy of the Cretaceous drift infills has revealed that these divide into two distinct episodes. In the first (Early Barremian to Early Cenomanian), all basins accumulated virtually the same stratigraphic succession, and feature much the same unconformity time-spans. At the stratigraphic level of the “mid-Cenomanian Disconformity” of Hart, the basins of the Atlantic and Southern Margins were uplifted, and there is no Late Cenomanian succession preserved. In contrast, the KwaZulu Basin subsided and a succession of Late Cenomanian accumulated (with Rotalipora cushmani and Lingulogavelinella globosa throughout, and lens radiolaria floods towards the top). In the second episode, from the “mid-Cenomanian Disconformity” to the end of the Maastrichtian, a repeated history of uplifted Atlantic/subsided Indian Margin, or vice versa, is evident. Sedimentation patterns during the drift Cretaceous succession were controlled by the relative availability of accommodation space at different times on different parts of the South African continental margin. From Early Barremian to Early Cenomanian times the basins tended to subside or uplift in unison; from Late Cenomanian to Late Maastrichtian times the southern African continental mass suffered repeated mild east-west rolling motions, which has resulted in distinctly different stratigraphic successions particularly on the Atlantic and Indian Margins. The poster displays the relative distributions of 22 foraminiferally and seismically defined biostratigraphic units within the seven basins, as well as the distribution and time-span of the intervening unconformities.


LATE CRETACEOUS DEPOSITIONAL ENVIRONMENTS, NORWEGIAN SEA: APPLICATIONS OF BIOSTRATIGRAPHY AND MICROFACIES IN THE LYSING FORMATION; IMPACTS ON THE DEPOSITIONAL AND RESERVOIR MODEL
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Deepwater depositional systems of Cretaceous age contain important hydrocarbon reservoirs offshore Mid Norway. In the Lysing Formation, Cretaceous sands are found in varying thickness and quality in many wells in the Nordland area.  The interpreted distribution of reservoir quality, thickness and reservoir architecture in particular, is key to both exploration and exploitation and is primarily controlled by the understanding of the depositional system.


Biostratigraphy has played a number of key roles in establishing the sequence stratigraphic framework, identifying the potential provenance for these sandstones and in aiding interpretation of the depositional environments, particularly through the use of microfacies.


Sequence stratigraphic correlation of the Lysing Formation has demonstrated major thickness variations across the area, while the use of biostratigraphy in subcrop mapping has helped identify a potential provenance source area for these sediments. Microfacies analysis independently concurs with sedimentological studies in demonstrating the presence of both deep and shallower water depositional systems in the area. In particular, within the deep-water Lysing Formation sediments; microfacies analysis of the intra-turbiditic shales suggests an evolution from initial distal, low-density shale deposition to subsequent more hemipelagic-influenced shale deposition.


The conclusions of this work are discussed in terms of their implications for both exploration (reservoir and source prediction) and exploitation of Lysing Formation reservoirs (intra-reservoir barrier/baffle prediction).


SILICEOUS MICROFOSSILS IN INTEGRATED BIOSTRATIGRAPHY: STRATIGRAPHIC AND ECOLOGICAL IMPLICATIONS
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The use of diatoms as an aid to the interpretation of both onshore and offshore sequences has long been recognised; they often occur in intervals where other microfossil groups are rare or absent. However, offshore biostratigraphers who encounter these microfossils are generally unaware of the utility of diatom data obtained from Quaternary diatom studies on the ecological tolerances of marine, brackish and freshwater taxa. For example, marine diatoms can be distinguished as benthic or planktonic, giving useful palaeobathymetric information in sequences where they are preserved; in addition, many freshwater diatoms are geologically long ranging, and influxes of these into marine sequences can be useful in correlating sections, as well as giving information about palaeocurrent direction and sediment source. Examples are given which demonstrate the applicability of these microfossils, including sequences from the Caspian Sea and offshore West Africa, in order to show how they can be used in biostratigraphy. 


1) Caspian Sea. Recent core samples from around the Kura Delta, Azerbaijan were analysed for diatom content, and found to contain a variety of assemblages reflecting changing environments at several locations. By analogy, these environments can be identified in older sequences and used to demonstrate similar environmental changes in sequences otherwise sparse in microfauna.


2) Offshore West Africa. Published studies have shown there to be a recognisable influx of riverine derived freshwater sediment into the Angola Basin during the Mid Miocene. This is demonstrated by the presence of freshwater diatoms in otherwise marine sediments from wells and ODP cores from this area. However, the information published includes only basic ecological information on the diatoms found; by reference to more recent studies on diatom ecological groupings, it is possible to refine this information, thereby improving understanding of sediment source characteristics.


A HIGH RESOLUTION ANALYSIS OF POLLEN, SPORES AND SOME MARINE PALYNOMORPHS FROM LA PAZ BASIN, B.C.S., MEXICO
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A high-resolution palynological study was carried out in 62 core samples of marine laminated sediments from the La Paz basin, Baja California Sur, México. The core was taken at a depth of 700 m, in suboxic to anoxic conditions.  Radiocarbon dates of the core indicate it contains approximately 900 years, and each sample studied represents from 10 to 20 years.  The samples were treated with the conventional palynological technique, using Lycopodium tablets for quantitative analyses.


A total of 84 species are present in this core, but only 19 are the most representative. Some of them, like Pinus murrayana, P. cuadrifolia, P. jefrey and Harfodia macroptera come from the north of the Peninsula, from Sierra San Pedro Mártir and Sierra de Juárez. Others, like Prosopis sp., Haematoxilon brasileto, Hymenoclea monogyra and most of the Graminae were transported from the La Paz Bay area. And still others, like Quercus sp., Ambrosia ambrosoides, Atriplex canescens and A. barclayana probably came from the land in the eastern side of the Gulf of California. 


The most abundant pollen families were Chenopodiaceae, Compositae, Graminae, Leguminosae, Pinaceae and Polygonaceae.  The diversity was higher on the Compositae with a total of 12 species.  The abundance and distribution of the pollen families like Chenopodiaceae and Compositae are inversely proportional to Pinaceae.  This relation is probably related to temperature changes of the atmosphere and to cycles along the core.  This change is more obvious before 1311, corresponding with the Medieval Warm Period.


Marine palynomorphs like foraminifera, scolecoledonts, copepods eggs, and dinoflagellates were also observed. The most representative of these are the dinoflagellates, which are also more abundant in the samples from the Medieval Warm Period.


PALEOGENE BIOEVENTS AND SEQUENCE BOUNDARIES IN THE MACKENZIE DELTA REGION, NWT, CANADA
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Regional tectonics exerted a major control on relative sea level change and episodes of delta-dominated sedimentation during the late Paleocene to Oligocene in the Mackenzie Delta region. The response of coastal communities and marine dinoflagellates to changing sea level recognized in outcrop sections appears to be traceable in some cases into the subsurface where four sequences are recognized – Aklak, Taglu, Richards and Kugmallit.


The late Paleocene-early Eocene Aklak Sequence has yielded predominantly terrestrial palynomorphs, but an interval of thin-walled algal cysts and Palaeoperidinium dinoflagellates has been recognized from outcrop section in the lower Aklak. The upper Aklak shows an overall increase in fungal diversity but no marine dinoflagellates in the sections examined. Distinctive Platycarya pollen appears in the western Beaufort at the top of the Aklak, but does not appear until much later in the eastern Beaufort.


The Aklak-Taglu boundary, while established in the western Beaufort, is difficult to define in the eastern Beaufort. Several palynological bioevents recognized in outcrop appear to be traceable into some of the subsurface wells and may prove useful for tagging early Taglu deposition. In the Caribou Hills, foraminifera characteristic of the Taglu Sequence precede an influx of glaphyrocystoid dinoflagellates. The dinoflagellates are accompanied by a peak in massulae of the water fern Azolla in the Caribou Hills and in Taglu G-33, where they appear to be flushed out into the marine environment in appreciable numbers during coastal flooding events. The glaphyrocystoid acme, while pronounced, is restricted to less than a metre of section and is followed by an equally short-lived deflandreoid acme. In the Caribou Hills the cyclic nature of Taglu deposition in a lower delta plain setting is evident. Marine-terrestrial shale units on the scale of ~10-20 m alternate with thick unconsolidated sands. Subsequent marine episodes record increasing dinoflagellate diversity upsection and are punctuated by terrestrial episodes with coastal vegetation supporting high diversity fungal assemblages characterized by genera such as Fusiformisporites, Punctodiporites, and Striadiporites. These and other fungal taxa flourished during the Eocene in the Delta, and many persisted into the late Eocene Richards Sequence, but are eliminated by the Oligocene, possibly due to the late Eocene/early Oligocene cooling event. The latter stages of Taglu deposition in the Caribou Hills and in a number of wells are characterized by a dominance of wetzelielloidean dinoflagellates possibly signaling estuarine conditions.


The prevalence of wetzelielloideans continues across the Taglu-Richards boundary and is accompanied by the persistence presence of Azolla in Adgo F-28, Taglu G-33 and other wells. As yet, no definite in situ marine dinoflagellates have been recognized as markers for the Oligocene Kugmallit Sequence.


SEQUENCE STRATIGRAPHY IN THE CENTRAL SUMATRA BASIN, INDONESIA: A STATISTICAL APPROACH TO ENHANCED BIOSTRATIGRAPHIC RESOLUTION
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Environmental constraints in shallow marine and tidal clastic settings of the Central Sumatra Basin exclude most critical age-diagnostic marker species. Traditional chronostratigraphy for the Bekasap, Bangko and Menggala formations of the Central Sumatra Basin places all reservoir sands into a single Early Miocene biozone. With this level of resolution, field-to-field or sub-regional correlations of reservoir units cannot be verified.


A statistical approach, which provides a reservoir-scale chronostratigraphic framework, is a viable alternative. In contrast to traditional paleontological analysis for age markers and paleobathymetry, statistical methods readily discern subtle environmental excursions sample-to-sample.


A high-resolution ‘ecozonation’ is generated using Integrated Paleontological System, software specifically designed for statistical manipulation of paleontologic data. This approach condenses large biostratigraphic datasets into manageable ‘eco-groups’ based on paleoenvironmental preferences. Juxtaposition of ‘eco-groups’ defines relative deepening and shallowing eustatic cycles at a sub-reservoir scale and provides intra-basinal ‘eco-stratigraphies’. Thirteen ‘eco-groups’ are defined dependant on group members environmental preferences. Of these, the ‘planktonic’, ‘marine’, ‘shallow’, ‘r’, and ‘k’ groups provide greatest eustatic control. ‘Eco-groups’ are identified in fifty-one wells across fifteen fields.


Integration of the ‘ecozonation’ with core facies and wireline motif indicates eustatic trends and the paleoenvironmental evolution of the Bekasap region of the Central Sumatra Basin. Marine floodback surfaces (FS) identified by diverse globeriginid faunas are regionally extensive stratigraphic isochronous units of correlative value. Consistent identification of FS events provide correlation surfaces at a sub-biozone scale for enhanced sequence stratigraphic resolution.


SYNTHESIS OF CUAYUCA FORMATION AND CORRELATION WITH PALYNOFLORA OF BALSAS GROUP: PALEOGENE LACUSTRINE ENVIRONMENTS FROM CENTRAL OF MEXICO
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Cuayuca Formation is a Tertiary basin that comprises coarse to fine alluvial deposits (conglomerates, siltstones and mudstones) and sulphate and carbonate lacustrine facies (gypsum and limestones). Fries (1966) grouped Cuayuca Fm. into three members interfingering among the siliciclastic, carbonate and sulphate lithofacies. Member “Mcc” includes siliciclastics facies from conglomerates to siltstones. In contrast, member “Mc” is characterized by limestone, chert and marl sequences. Finally, unit “Mcy” consists mainly of gypsum. 


The Cuayuca Fm. was dated as late Miocene to early Pliocene by Fries (1966). Nevertheless, recent palynostratigraphic studies had allowed to give a new chronostratigraphic assignment: late Eocene – Early Oligocene (Ramírez y Martínez, 2001). According with palynological and stratigraphic characteristics it could belong to Balsas Group, sensu Fries (1960). The Balsas Group is characterized by a series of basins with lacustrine, alluvial and sedimentary volcanic deposits associated with two tectonic events: Chortis block displacement and Xolapa Complex exhumation. The goal of this study is to give a palynological synthesis of Cuayuca Fm. in order to compare it with Tertiary Flora from Tepexi belonging to Balsas Group.


A total of seven stratigraphic sections from 25 to 60 meters in thickness were studied. Three of them were prospected at stratotypes in Cuayuca (18º32’ N and 98º), other two outcrops were near Cuayuca and two more sections were sampled at Izucar de Matamoros (18º36’ N and 98º29’). 


Considering all sections, only Cuayuca and Izucar outcrops had the most diversity. In general, the abundant plants were Pinus, Picea, Momipites group, Chenopodiaceae-Amaranthaceae, Gramineae and Ephedra. Meanwhile palynoflora with low frequencies were Acacia, Alchornea, Anacardiaceae, Arecipites, Asteraceae, Bombacacidites, Bursera, Corsinipollenites, Lycopodium, Moraceae, Tiliaceae and Ulmaceae.


Besides, palynomorphs of chronostratigraphic importance as Aglaoredia, Armeria, Juglans, Cicatricosisporites, Echinatisporis, Emmapollis, Eucommia, Liliacidites and Verrucingulatisporites were present. In general, palynomorphs represent different types of vegetation through an altitudinal gradient.


Paleopalynological results were correlated with flora of Balsas Group at Tepexi Region (Martínez y Ramírez, 1999). Although both represent Paleogene flora, the analysis grouped separately. We suggest that they could be two different Tertiary basing where stratigraphic sections reflect different types of subenvironments. Finally, presence of phycomes and sapropelic material suggest a lacustrine to blackish water environment.


PALYNOLOGY AS A TOOL FOR RESERVOIR CHARACTERISATION AND VEGETATION HISTORY IN THE DEEP WATER AMAZON FAN, BRAZIL
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The Amazon Fan is approximately 10 million years old and was formed after Andean uplift gave rise to the Amazon river system. This study presents a summary of biostratigraphic results from Pleistocene and Late Pliocene sediments from several wells drilled in deep water on the fan. Foraminifera indicate that the studied sections were deposited in deep shelfal or bathyal settings. Age dating is based mainly on nannofossils with peak abundances, in most cases, equating with maximum flooding surfaces or lowstand condensed sections. Sequence boundaries are suggested at 1.4 Ma (Early Pleistocene), 1.9 Ma, 2.4 Ma, 2.6 Ma and 3.0 Ma (Late Pliocene).


The palynological records include highly diverse pollen and spore assemblages reflecting the wide range of vegetation types in the Amazon catchment. Marine dinocysts are locally common but may be transported from the marine shelf into deeper water. Mangrove pollen occur only in low to moderate numbers, probably due to continually strong freshwater influence. Abundance peaks of freshwater algae indicate times of maximum freshwater discharge. Reworked elements are present in most samples but are of limited stratigraphic value. Fern spores, grass pollen and cold tolerant pollen types such as Podocarpus and Alnipollenites verus are frequent in some intervals and indicate that a large proportion of the palynoflora originates from Andean and sub-Andean localities. This type of river discharge is referred to as "whitewater", reflecting a high sediment load, mostly of fine clastics. Deposition during periods dominated by "whitewater" discharge is predicted to be mainly mud-prone and is therefore unlikely to result in deposition of extensive reservoir sands within the Amazon Fan.


Several intervals within the Early Pleistocene and Late Pliocene contain increased quantities of charred Gramineae (grass) cuticle which probably originates mainly from "cerrado"(wooded grassland) or semi-deciduous woodland. These are mostly dry, fire-prone localities found mainly to the south and east of the Amazon catchment at the present time, where Paleozoic rocks of the Brazilian Shield are often exposed. Peak abundances of charred cuticle in the sedimentary record are thought to result from periods of very dry climate, after which seasonal floods rejuvenated dry or ephemeral rivers: these are "clearwater" rivers which carry mostly coarser clastics, including quartz-rich sands eroded from the Brazilian Shield. Deposition during periods of significant "clearwater" discharge is likely to be sand-prone and may, therefore, produce potential reservoir intervals within the Amazon Fan. Palynology is shown to be useful in determining types of river discharge in the palaeo-Amazon which can assist with sequence modelling and reservoir prediction.
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The excellent exposures of the Bartonian sediments in the southeastern end of the South Pyrenean foreland basin and the richness of the different morphological and structural groups of larger foraminifera permit detailed micropaleontological and stratigraphical investigation. This coupled with the sedimentological and mapping data has allowed the recognition of the two major sedimentary cycles.


 The work is concerned with the study of the marine deposits in a passive margin, where strike-slip faults induced fan-delta progradation; therefore, the sedimentation was dominated by terrigenous influx and only locally carbonate sedimentation took place. 


Information on biostratigraphy and depositional environments have been derived through analysis of microfacies and free foraminiferal assemblages. Within each cycle larger foraminifera are present in open shelf, reef and protected lagoonal facies. In the open shelf both cycles are characterised by orthophagminid and nummulitid genera Assilina, Operculina and Nummulites, but in the second cycle a new nummulitid genus, Heterostegina, associated with the pellatispirid genera Pellatispira and Biplanispira appears. In reef facies the incrusting foraminifera do not differ from one cycle to another, but the genus Calcarina? (species: C. cf. lecalvezae) characterises the first cycle while Silvestriella characterises the second one. In the lagoonal facies the large, elongated Alveolina is present only in the first cycle, while in the second one only a small alveolinid, the genus Malatyna, is recorded in the shallowest facies.


To obtain additional data, from each cycle planktonic and smaller foraminifera have been also studied. The scarce planktonic foraminifera found in these sediments have been attributed, respectively, to the Truncarotaloides rohri (P14) and Globigerinatheka semiinvoluta (P15) zones. The smaller foraminifera are abundant in both cycles and their distribution depend mainly on facies rather than time.


BIOSTRATIGRAPHIC RECOGNITION OF SEA-LEVEL CHANGE AND SEQUENCE STRATIGRAPHY IN MIDDLE EAST MESOZOIC CARBONATES
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Microfossils and, to a lesser practical extent, macrofossils, provide valuable data to help identify and correlate key stratal events related to relative sea-level change. At a gross level, in the Mesozoic, dominantly carbonate, succession of the Arabian Plate 37 approximately 3rd order maximum flooding surfaces have been recognised by a combination of biostratigraphic, wireline log and sedimentological characteristics. These are correlated within the framework of microfossil-based biostratigraphic zonations.


At a finer, parasequence/reservoir horizon scale, variations in biofacies permit the recognition of shallowing-up parasequences. Foraminifera and calcareous algae are relatively precise indicators of palaeobathymetry through their association with light dependence. Different genera of foraminifera and algae have different water depth associations and even the basic shape of foraminifera can be used as a palaeobathymetric guide. For example in the upper Thamama Group of NE Arabia, wackestones with flat orbitolinids and Everticyclammina, pass up into wackestones with conical orbitolinids and Buccicrenata, in turn passing up into dasyclad and miliolid rich packstones. This represents a simple shallowing up parasequence. Theses parasequences can be used as a tool for correlation and their stacking patterns as a means of defining systems tracts and larger sequences.


TECHNIQUES IN PALYNOLOGY FOR RESERVOIR BAFFLE CORRELATION AND PREDICTION OF LATERAL BAFFLE EXTENT
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Multivariate analysis of complex palynological data from the Early Permian oil- bearing Gharif and Al Khlata Formations of Oman has allowed the identification of several terrestrial and marine plant palaeoecologies in a periglacial environment. These include upland and lowland plant palaeoecologies as well as areally restricted floodplain freshwater algal ecologies. When these ecologies are uniquely associated with mudstone baffle horizons within hydrocarbon reservoirs, correlation at a resolution well beyond conventional palynostratigraphy is possible. In addition, knowledge of ecologies closely associated with thin mudstone baffles allows prediction of their lateral persistence and variability within a reservoir; this allows reservoir engineers to model the extent of vertical hydrocarbon fluid flow within producing sequences. In areas where mudstone baffles are persistent or field-wide, less oil yield can be expected.


TEMPORAL AND SPATIAL PATTERNS OF ENVIRONMENTAL CHANGES IN THE LATE SILURIAN OF GOTLAND: A PALYNOLOGICAL PERSPECTIVE
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The Silurian succession of Gotland shows a distinct cyclicity in facies development and stable C and O isotopes. Most of the Silurian of Gotland is characterised by the deposition of argillaceous limestones and marls with low d13Ccarb and d18Ocarb values. In the early and late Wenlock as well as in the middle and late Ludlow, these sediments are interrupted by extended carbonate platforms and reefs characterised by high d13C and d18O values. To date, three of these positive isotope excursions are known from contemporaneous deposits on different palaeo-continents. This suggests global steering mechanisms, probably reflecting changes between humid (H) and arid (A) climate conditions. Concomitant with these changes, major extinction events occurred in different groups of organisms, especially at the transition from H to A periods. In southern Gotland, one of these H/A transitions is represented by the Hemse-Eke boundary (late Ludlovian). To better understand the environmental changes during that time, we have initiated a palynological study focussing mainly on acritarchs and prasinophytes, but also on chitinozoans, spores, and scolecodonts. To date, 60 samples have been investigated. 


28 samples are from the Hemse Beds and represent a transect from a lagoonal setting with desiccation cracks to the distal shelf. Within this transect, obvious patterns of opposite trends in lateral distribution of acritarchs and prasinophytes are well defined. Acritarchs show an increasing proportion towards the distal shelf, while the prasinophytes proportion is decreasing. Within the acanthomorphic acritarchs, some genera occur only in proximal facies (i.e. Dilatisphaera spp., Micrhystridium spp.), while others are only present more distally (i.e. Percultisphaera spp.). Within the Micrhystridium plexus, morphotypes with shorter processes are mainly present in proximal environments, while those with longer and ramified processes occur more distally.


The results from this transect are compared with two vertical sections across the Hemse-Eke boundary in proximal and distal environments (8 and 24 samples, respectively). Both sections show an upward decrease of acritarchs and an increase of prasinophytes together with a strong reduction of absolute palynomorph abundances. Within the acanthomorphic acritarchs, some genera are more abundant at the top of the section (i.e. Micrhystridium), while others (i.e. Percultisphaera) disappear within the interval. The proportion of Micrhystridium morphotypes with shorter processes increases through time, while the proportion of morphotypes with longer and ramified processes decreases. These observations indicate that the Hemse-Eke transition shows a trend to more proximal conditions, thus suggesting a regression during that time interval.


NEW DEVELOPMENTS IN QUANTITATIVE HIGH RESOLUTION BIOSTRATIGRAPHIC CORRELATION
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Biostratigraphical resolution has increased markedly over the past few decades. The use of origination and extinction datums has been supplemented, particularly at the reservoir scale, by more local 'bioevents and biozones' in the form of successions of unique abundance fluctuations of individual taxa and distinct faunal/floral assemblages. Such high-resolution work is currently subjectively undertaken and applied.


Sequence slotting provides an objective method for matching an ordered sequence of measurements against a given reference sequence. The method makes no a priori assumptions about the successions to be correlated. It uses pair-wise differences between samples (a similarity matrix) and the known order of observations in each sequence. In reality this is 'correlation' by determination of the rank order of sample depths between two successions, rather than sample-to-sample correlation. Lateral tracing also uses a similarity matrix through which a sample-to-sample correlation path is drawn by tracing adjacent points of high similarity. 


DOS freeware for sequence slotting is available at http://www.kv.geo.uu.se/inqua (e.g. SlotDeep and PCSLOT). No software exists for lateral tracing. In addition, the software package BioSlot was recently developed by the Technical Alliance for Computational Stratigraphy (TACS) as part of an industrial consortium (sponsored by BG Group, BP, Chevron, Conoco, Shell & Unocal) to address reservoir-scale correlation using quantitative biostratigraphical data. Like the packages above, BioSlot incorporates a slotting algorithm based on finding the optimal path through a similarity matrix. BioSlot also features: (1) the ability to import primary horizons (e.g. flooding surfaces) to constrain the sequence slotting solution; (2) an integrated taxon abundance plot feature to aid in identification of field-scale correlation bioevents; and (3) a variety of options for data filtering, data transformations and similarity metrics.


Sequence slotting has been applied in the correlation of quaternary palynological data (comprising quantitative counts of pollen & spores, usually of climatic significance e.g. Quercus, Alnus & Ilex). It has proven particularly useful in application to lake cores. This poster demonstrates the reservoir scale application of BioSlot using BG proprietary data; North Sea Cretaceous palynological data and Mediterranean Plio-Pleistocene nannofloral data. The inclusion of additional a priori information such as palaeobathymetric curves derived from the benthonic foraminifera and wireline log data, is shown to aid the definition of the 'Line of Correlation' through the BioSlot similarity matrix and to increase confidence in the correlation. Correlation resolution when analysing the Plio-Pleistocene nannofloral data was increased by focussing on generic groupings known to be evolving rapidly at the time. The correlation resolution provided by BioSlot is above that provided by conventional magnetobiochronological dating of the succession.
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A system to advance the identification and quantification of sedimentary Organic Matter (OM) and dinoflagellate cysts is being created through the integration of isolated disciplines: palynology; image processing; and Artificial Neural Networks (ANNs). This system cannot replace human experts, but will: enhance their work; decrease the cost and time of analysis; increase the sampling resolution; allow complete objectivity in identification; facilitate continuous operation; and have no subjective bias.


Image acquisition and pattern recognition is achieved through image processing operators using the HALCON (www.mvtec.com/halcon/) software suite and the analytical component is to be comprised of several dedicated ANNs. Images of the OM are acquired for retrieval and subsequent viewing on a personal computer via a digital camera mounted on a transmitted light microscope with a computer-controlled stage. These are then: A] pre-processed (to clean-up the image, for example, to reduce the effects of non-uniform illumination); B] segmented (where the foreground/particles within each image are separated from the background); C] enhanced (to promote the features relevant for identification, for example, to change the brightness/contrast); and D] extracted and measured (for example, location of features, morphological properties, object boundary shape properties, frequency domain properties and texture) through HALCON. Resultant measurements based on the features extracted will be passed to several ANNs for visual classification. These are powerful pattern-recognition and data analysis tools; they perform visual classification tasks very effectively with their capacity to classify a wide range of features and to tolerate small differences in the object identified. Other advantages include rapidity of training, efficiency of operation and an ability to produce reasonable decision regions.


 Nomenclature for palynofacies has been qualitatively and subjectively described in many papers. An adapted classification is utilised with this system for this quantitative and objective approach. The advantages to the palynologist for this system include the automated scanning of the microscope slide with classification of palynofacies to produce a count and a coordinate log of the assemblage. The images of each palynomorph will be extracted and stored for identification, with the sorting of dinoflagellate cysts into morphological groups. This will allow the later recall and simultaneous display of the dinoflagellate cyst images within these groups, to aid the identification procedures for the palynologist.


MARINE PALYNOLOGY ACROSS THE CRETACEOUS-TERTIARY BOUNDARY IN NEW ZEALAND
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A palynological investigation of eight Cretaceous-Tertiary boundary sections located on the mainland in New Zealand resulted in the development of a new high resolution dinoflagellate cyst zonation for the latest Maastrichtian and early Paleocene. Seven new subzones are proposed and they are defined by a combination of new and already described taxa. The oldest subzone proposed, the Carpatella sp. 1 subzone, corresponds to the latest Maastrichtian (top of the Manumiella druggii zone of Wilson, 1984, 1988; Helby et al., 1987). The six early Paleocene subzones, Senoniasphaera inornata, Carpatella cornuta, Cassidium fragile, Cerodinium striatum, Tectatodinium meandriforme and Cassidium filosum span approx. 3 Ma of the early Paleocene (Trithyrodinium evittii zone and lower part of the Palaeocystodinium golzowense zone of Wilson, 1988). The northern Hemisphere index dinoflagellate cyst for the earliest Paleocene Damassadinium californicum was not observed whereas other short ranging earliest Paleocene markers such as S. inornata and C. cornuta were recorded. A new species in the genus Palynodinium was also observed and this is the first record of this stratigraphically important late Cretaceous genus from the mid latitudes, southern Hemisphere.


An examination of the palynofacies and dinoflagellate cyst composition was also undertaken in three out of the eight sections studied. A gradual extinction of most of the latest Maastrichtian species take place approx. 0.5 Ma after the KTB and is therefore not related directly to this extinction event. A distinct acme of Diconodinium martianum was observed in the latest Maastrichtian and is interpreted as a short climatic shift from relatively colder to warmer surface water conditions immediately below the KTB. In the early Paleocene the two protoperidioid cysts T. evittii and Palaeoperidinium pyrophorum occurs as distinct acmes (>40% of the relative amount of cysts). The two acmes of T. evittii are interpreted to represent periods with warmer surface water conditions separated by a period with relatively colder and perhaps also more saline water masses (dominance of P. pyrophorum). 


These early Paleocene “blooms” of specific dinoflagellate cysts was probably only partly controlled by the upwelling regime that influenced the eastern New Zealand margin during the latest Cretaceous to early Tertiary (Hollis et al., 1995). A similar pattern of acme intervals of T. evittii in the earliest Paleocene has also been observed from a high latitude site in the northern Hemisphere, West Greenland, by Nøhr-Hansen and Dam (1997; 1999).
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The graphic correlation method originated in A.B Shaw’s groundbreaking book - Time In Stratigraphy - published in 1964.  It provides a simple but powerful tool for analysing any event-based geological information, although its main use to date has been in biostratigraphic applications. While approaches have varied over the years, graphic correlation essentially involves displaying data on bivariate, xy cross-plots, where age is usually plotted on the x-axis and depth on the y-axis.


When applied to biostratigraphic data, a graph is constructed using bioevents observed in a section cross-plotted against their known age in a reference scheme scaled in linear time. Data from many disciplines can be combined on a single graph without separate interpretations being produced for each fossil group - a significant advantage over biozonation. The graphed bioevent data usually show a linear trend indicating increasing age with increasing depth. A degree of scatter will be apparent resulting from complexities in the fossil record, compounded by sampling effects. The bioevent distribution is used to interpret the position of the Line Of Correlation (LOC). For any given section, there is only one true LOC and the challenge is to find it.


The LOC represents the correlation between depth and time for the section and allows transformations between the axes using interpolation. Much of the literature on graphic correlation concerns its use in building composite standard ranges for fossil species using depth-to-age interpolations. The converse transformation, age-to-depth, has received much less attention, despite the fact that it allows quantitative isochron correlations to be established between sections. Where correlation between sections is described, it is often limited to direct comparison of pairs of sections derived from depth-depth graphs, which tend to diminish critical sequence information. More recently, studies have started to appear on the use of graphic correlation in integrated sequence stratigraphic analysis. Here, the focus is on the varying character of the LOC.


Employing a widely known and accepted sequence model, it is possible to derive a series of idealised LOCs to illustrate the theoretical basis for sequence stratigraphic interpretations using graphic correlation. In each case, the LOC takes the form of a series of sloping ramps and flat terraces. Ramps represent intervals of sediment accumulation. Terraces locate significant stratigraphic breaks (hiatal intervals), whether resulting from erosion, non-deposition or condensing. While the exact interpretation of terraces clearly depends on geological context, terraces always identify the key bounding surfaces within the sequence stratigraphic framework.





























