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uugM<tUill'-'ll aus den gleichen Haupt-Lithologien: 
Karbonate mit unterschiedlich hohen Tongchalten. Größere Trends 
im Log entsprechen weitgehend Schwankungen des Tongehaltes 
und sind damit gut vergleichbar. Im Gegensatz dazu sind die 
Lithologien im Keuper heterogener. Während im Germanischen 
Becken kaum Karbonate vorkommen, fehlen in den Kössener 
Schichten S ands teine.  Zudem i s t  die  mangelhafte 
biostratigraphische Datierung der verglichenen Logs für eine hoch­
auflösende Korrelation äußerst problematisch. Eine zumindest 
grobe Korrelation aufbiostratigraphischer Basis ist aber die Grund­
lage jeder GR-KOJrelation. Erst wenn verläßliche korrc.lierbare 
biostratigraphische Daten vorliegen, besteht die Chance für eine 
verläßliche hochauflösende GR-Korrelation von Germanischem 
und Alpinern Rät. 

Diversität von onkoidischen Krusten im Einflußbe· 
reich eines Schwammbiostroms im Kimmeridge des 
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Die Kimmendge-Sedimente des Keltiberikums SE-Spaniens wur­
den in einer flachen Meeresstraße (Cuenca de Ia Iberica) abgela­
gert, die vom Westrand der Tethys die iberische Halbinsel von SE 
nach NW durchzog. Im Randbereich dieses Epikontinentalmeeres 
entstanden in einem niedrigenergetischen Plachmeermilieu (La­
gune) skelettale Biostrome mit Patchreefeharakter aus Chaetetiden, 
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Abb. I :  Entwicklung der Onkoidfazies in Zusammenschau mit 
der Riffentwicklung. Nähere Erklärung im Text. 
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Stromatoporen und einer niedrigdiversen Korallenfauna. Am Ran­
de dieser Biokonstruktionen und Uber weite Räume mit ihnen 
verzahnend entwickelte sich eine ausgedehnte Onkoidfazies, die 
hinsichtlich der Diversität der inkrustierenden Organismen. der 
Größen und Formen d e r  Onkoide sowie  der steuernden 
palükologischen Faktoren untersucht wurde. 
Im Initialstadium (A) des rezifalen Wachstums, das geprägt wur­
de durch Stromatoporen, Chaetetiden sowie rnierosolenide und 
dendroide Korallen, entwickelten sich bis zu I 0 mm große Onkoide 
mit vorwiegend mikritischen (spongiostromaten) Krusten unter der 
Betei l igung n ubeculariider Foraminiferen. Daneben treten 
Girvanellenonkoide mit Koskinobul/ina socialis, Cayeuxia sp. und 
Bryozoen der Formgattung "Berenicea" auf. Auch Chaetetiden 
sind zumeist im äußeren Teil  an der Krustenentwicklung beteiligt. 
Während die soom!iostromaten Onkoide i\h .. ruri ... o.-.nrl 

entwickelte 
mit cerioiden, 

thamnasterioiden und phaceloiden Formen ; d ie  
der  onko i d i s chen  Krusten an:  D i e  

Girvanellenonkoide treten i n  den Vordergrund, z u  bereits er-
wähnten i nkrust ierenden Organismen kommen ßacinella 
irregularis, Lithocodium aggregatum und Marinella lugeoni hin­
zu. Die Onkoide erreichen Durchmesser bis zu 25 rnm, es cntwik­
kelten sich Melufachonkoide und zum Teil stark nichtkonzentrische 
bis lobate Formen .  
Die maximale Entfaltung der Rifforganismen sich in  zwei 
Phasen: Eine dichtere Konzentration der Organismen (C) wirkt 
sich nicht auf die Onkoidfazies aus. Mit der absoluten Größen­
zunahme der Stromatoporen, Chaetetiden und Korallen (D) geht 
eine Reduzierung der Größe der Onkoide auf maximal 1 5  mm 
einher, verbunden mit einem DiversitätsrUckgang hinsichtlich der 
inkrustierenden Organismen. Es dominieren spongiostromate 
Cort iees unter Betei l igung nubeculariider Foramin i fe re n ,  
Chaetetiden und Bryozoen. Die Fonn dieser Onkoide ist vorwie­

konzentrisch zu den Kernen. 
der riffbildenden vrgamsmen 

durch leicht erhöhten terrestrischen >:lC<JmLierneJtntJ:a 
zunehmendem Energieniveau. Die i n  dieser Phase "'""''"""'"''"'" 
Onkoide gleichen sowohl in Zusammensetzung als auch Größe 
denen der maximalen Riffphase. In spongiostromaten Cortices tre­

'->3'""'""''1'," Lagen auf. 
Rückzugsphase des Biostroms (I') nimmt die 

Diversität in den onkoidischen Krusten wieder zu, dabei domi­
niert Bacinella Außer-dem sind Lithucodium aggregat­
um, Girvanella sp. und Chaetetiden an den Krusten beteiligt. Da­
neben treten in  alternierenden Lagen spongiostromate Onkoide 
unter Einschluß eisenhaltiger Cortices. Die Bildung von Mehr­
fach-onkoiden ist in dieser Fazies häufig. 

Modern 3D-Seismic Interpretation - Principles and 
Applieations 
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seismology differs from 2D 
gathered over a surface and not along a line. The data 

are processed into a cube, subdivided into bins forrned by inlines 
crosslines. Therefore, intemretation of 3D seismie data can be 

achieved over volumes. 
Seismic attributes are different ways of looking at the seismic data 

represented in They are various mathematical 
operations done on the data. Volume attributes e.g. are 
caleulated over a certain volume between top and base 



mgnngm various 
features of the data that 
It is known that the attribute response of one 
guided sirnultaneously by 11uids, facies, pressure etc. Furthennore, 
different attributes show different sensitivities to fluid, facies, etc. 
Thus, the key qucstion in attribute analysis is to find out which 
attributes show the desired feature. Hence, to find out the fluid or 
facies distribution within a reservoir it is necessary to combine 
several attributes and to filter out the desired Information. The 
method of using seismic data and to ··read" frorn thern fluid or 
facies inforrnation is an inversion proeess. SeisClass is such an 
inversion tool supplying additional rnodel constraints to assist 
exploration gcophysicists,  rescrvoir engineers and proj ect 
management in generating realistic earth modcls. The use of 
SeisClass maximises the use of Information derived directly from 
seismic ret1ection data. The basic function of SeisClass is to 
discriminate statistically or non-statistically betwecn "classes" (e.g. 
oil-water, sand-shale), these classes being based upon seisrnic 
attributes or other input data. SeisCiass produces dass maps, each 
different class being related to a distinct reservoir property. The 
Inversion of the seismic response of a reservoir into classes showing 
the distribution of certain reservoir properties is called Reservoir 
Classification. 
Two main classification rnodes exist in SeisCiass: Unsupervised 
Classification (based on natural d ustering techniaues) and 

Classification (based on 
For suoervised classification 

. a 
data can, for instancc, 

locations or based on prior gcological 
element is a vector that contains attribute values 
sarne location (cell or bin) for all attribute 
classitication. Different statistit:al and neural nctwork 
have been implemented in the classification module. 
Two case sturlies will be prescntcd to dcmonstratc the successful 
application of attribute analysis and classification during different 
phases of oilfield developmcnt. 
Case study one is a carbonate lield during the early exploration 
phase with seismic data bcing the only information source available. 
The issue was to map thc distribution of carbonate rnounds which 
are the main reservoir. Volume attributes were computed on a chaos 
cube and a variance cube. The chaos cube and the variance cubc 
are different approaches to measure the l ateral continuity of a 
seismic signal. They were applied because carbonatc mounds show 
a different seismic texturc than lagoonal sediments. K-Means 
Classification (an unsupervised classification method), which is 
based on the natural dustering of attribute data, was successful in 

hours) mapping the distribution of carbonate 
rnounds. Manual maooing (lnline by Inline) of the mounds would 

This way of reservoir mapping 
to construct paleogeograph 

the exoloration 

at Jocations where an optHnum 
connectivity of sand channels occurred. Input data werc shear wave 
data (converted waves) aquired as 4C data (ocean bottom cable 
method), so volume attributes were computed on a S-wave data 
seL In this case study a Iot of weil information was availablc. 
Lithologie information based on wells was used to train the 
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inversion tool. Hence, a neural network classification rnethod 
(supcrviscd classification) was app.lied to invert for the classes 
sand vs. shale/coal. Afterwards drilled horizontal wells confirmed 
the prediction of the distribut.ion of saml. 

Carbonate depositional systems - from factories to 
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Limestones and dolomites make up less than 25 % of the sediment 
mass of the Earth but they merit special attention: thcy contain 
nearly 50 % of the known reserves of oil and gas, host sorne of the 
largest aquifers in the world and play a significant roJe in the carbon 
cycle of the our planet. This presentation revolves around the 
production of Carbonate material and the ordering of c arbonate 
sediments into depositional sequences. Recent progress in both 
areas has been very significant and undoubtedly will irnprove the 
subsurfacc prediction of carbonate roeks - a central task in 
petroleurn geology and hydrogeology. 
Carbonate precipitation in the ocean proceeds in three basic modes 

abiotic, biotically induced, i.e. triggered by organisms, and bio­
tically controlled, i .e.  fully determined by organisms (LowENSTAM 
& WEINER 1 989). Thc three modes combine in a variety of ways to 
produce carbonatc sediment. When viewed on the scale of forma­
tions and global fades belts, three carbonate production systerns, 
Of "factories", emerge (REITNER & NEUWEILER 1 995 , J AMES 1997, 
ScHLAGER in press ) :  ( I )  the tropical shallow-watcr factory, 
dominated by biotically controlled (mainly autotrophic) and abiotic 

·ecioitates: (2) the cool-water factoty, dominated by biotically 
the mud-

Sedimentation rates and growth potential of all three factories 
deerease as the time span of observation increascs. This 
trend has real physieal meaning and is related to the . 
of sedimentation and the pervasive distribution of hiatuses in the 
reeord. The growth potential can be estimated fmm the maximum 
observed rates of aggradation (SCHLAGER 1 999). The tropical 
shows the highest rates - I 04 rn/yr at I 01 yr, decreasing to 
at I 0' yr. The maximum rates of the eool-water system amount to 
only 25 % of the tropical standard in the domain of JOh- J OH yr. 
Only the short-tcnn rates of cool-water carbonates occasionally 
equal those of the tropical factory because of extensive reworking 
and local trapping of sediment. Thc growth rates of the mud-mound 
system significantly exceed cool-water ratcs and rival those of the 
tropical factory. However, the rnud-mound systcm exports less 
sediment than its tropical counterpatt and is, thcrefore. somewhat 
less productive. 
Sediment accumulations of the three factories differ in 
composition, geometry and facies patterns and some of these 
differences appear prorninently in seismic data. The characteristic 
accumulation of the tropical factory is the flat-topped platforrn 
with a rim of reefs or sand shoals. Cool-water carbonates Iack 

_ • . and tend to 
shelves similar to siliciclastic systcms. 
of the mud-rnound factory are convex 
form on gentle slopes in tens to hundreds . 
Carbonate sequence stratigraphy. The standard model of 
sequence stratigraphy is based on silicielastic systems. Carbonates 
share many of the basic trends but also deviate from the standard 
model in several respects. These differences are most apparcnt on 
tropical carbonates. 
Accumulation geometries and of tropical earbonates that build close 
to sea I e v e l ,  are governed by two rate s :  if we cal l  A the 
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