
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 

Mitt.  Gcs. Gcol . Bcrgbaustud. Östcrr., 43: l - 1 5 6, Wien 2000 

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 
sequences 

C'JC!lLAul.ol{. W. 

Vrije Universiteit/Earth Scienccs, Amsterdam Netherlands, 
schw@geo. vu.n l 

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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Fig. 1 :  Sedimentation rates of tropical, 

cool-water and mud-mound earboantes 

plotted against length of observation 
t i m e .  The decrcas e  of rates with 

and i s  not simply caused 

one variable, time, appears on both axes. 

Sec tcxt for discussion. After ScHLAGER 

(in oress). modified. 

accommodation and G thc volumc of sed i ment produced by 
carbonate -secret ing organisms, then geometry and facies of the 
platform deposits are fundamentally controlled by the balance of 
dA/dt, the rate of accommodation creation, and dG/dt, the rate of 
carbonate growth. 2 shows the effect of these rates on 
geometry. A similar diagram could be drawn up for facies pattems. 
Fig. 2 distinguishes bctwccn the growth rate of the rim and the 
interior of the platforrn because the rim typically produces more 
sediment than the platform i n teri or. Fig . l  shows that the  
differentiation into transgressive and highstand systems traets may 
be caused either by changes in the rate of accommodation creation 
(i .e.  sea Ievel fluctuations )  or by changcs in carbonate growth; 
only the formation of a lowstand tract is a sure indication of sea­
level change. 
The lower two panels of Fig. 2 show two that occur 

only in carbonate rocks. Both are related to the growth potential 
of thc carbonate factory. "Drowning" of reefs and platforms occurs 
when the rate of sea-level rise exceeds the growth rate of both rim 
and platform interior such that the entirc platform subsides below 
thc photic z.one and shoalwater carbonate production ceases. The 
result is a pronounced transgressive systcms tract that is not, or 
only after a long pcriod, covered by another highstand tract. The 
transgressive tract is often replaced by a transgressive surfacc that 
may appear as a pronounced unconformity, the "drowning 
unconformity" in  outcrop or seismic profile. Another geomctry 
diagnostic of carbonate platforms is the "cmpty bucket" whcre the 
rim kecps pace with the rising sea but the l agoon fall s  behind. The 
empty bucket stage. may be the beginning of platform drowning. 
Aiternatively, it may be the early part of a highstand tract where 
the platfonn recovers and the rim progrades both into the empty 
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HIGHSTAND 
SYSTE M S  TRACT 

LOWSTAND 
SYSTEMS TRACT 

Drowned 
platforrn 

-
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Gr', Gp' > A' 

A' < 0 

� 

Gr'. Gp' «A' 

Carbonate systems tracts related to the 
balance of two rates - dA/dt (= A '), the rate 
of change of accornodation creation, and dG/ 
dT (= G'), the mte of carbonate growth. The 
top three panels rcpresent thc systems tracts 
of thc standar d  model  of sequence 
stratigraphy, the lower two panels are specific 
for rimmed carbonate platforrns. Cornplcte 
drowning occurs when the groth potential of 
the factory is below the rate of relatvc sea­
levcl rise; the empty bucket forrns when the 
rirn can kecp up with the rise, but the lagoon 
cannot. After SCHLAGER ( I  999). 

"Ernpty bucket" 

�- - -
Gr' > A' �� �///?%>?': Gp' < A' 

lagoon and towards the basin. This bidirectional progradation is 
again characteristic of carbonate systems. 
Cool-watcr Carbonates follow the standard rnodel rnore closely 
than tropical accurnulations. They Iack rirns, have gentle slopes 
and rework rnuch of their material during lowstands, just like 
siliciclastics. Mud-mound systems are difficult to fist in  the standard 
rnodel because they normally operatc in greater water depth and 
tend to remain flooded even durin g  lowstands of sea IeveL 
Consequently, exposure unconformities that cou ld serve as 
sequence boundaries are not as distinct as in trooical or cool-water 
deposits. 
The margins and slopes of rimrned Carbonate p latforms are 
sedimentologically complex and difficult to irnage seismically. One 
imaging problern are the tight curvatures and steep slope anglcs at 
the platform rnargin. Furthermore, platform flanks are prone to 
developing pseudo-unconf()rrnities in seismics bcdding patterns 
that appear as unconformities in seismic data but are caused by 
lateral facies changes. Pseudo-unconformities tend to form at the 
periphery of reefs and carbonate platforms because lhe carbonate 
systems produce their own sediment that often interfingers with 
terrigenous muds on the flank of the build-up. The result are rapid 
facies changes combined with rapid thickness changes of bcds. 
Near the Iimit of resolution, the seismie tool may show l ap-out 
patterns (such as onlap or downlap) at facies chan�res rather than 
bedding surfaces. 

JAMES, N.P. ( 1 997): The mol-water carbonate dcpositional rcalm. - (ln: 
JAMES, N.P. & CLARK>o, J .D.A . , (eds.): Cool Water Carbonates), SEPM 
Sp.Publ. 56: 1 -20 

LuWENSTAM, H. & WE!NER, S. ( 1 989): On biomi neralization. - 1 -324. (Ox­
ford Univ. Press) Oxford 

REITNER, J. & NEUWEILER, F. ( 1 995): Mud mounds: a polygenetic spcctrum 
of line-grained carbonate buildups. - Fades, 32: I 70. 

SADLER, P. M. ( 1 98 1  ): Sediment accumul ation and the completcness of 
Stratigraphie sections. - J. OeoL, 89: 569-584. 

ScHLAGER, W. ( 1 999): Sc!.jucnce stratigraphy of carb<>natc rocks . The Lea 
ding Edge, August 1 999, 90 l -907. 

ScHLAGER, W. ( 1 999): Scllling of Sedimentation rates and drowning of reefs 

and Carbonate platförms. Geo1ogy, 27: I &3- 1 86. 
ScHLAGER, W. (in press): Sedimentation rates and growth potential of 

tropical, cool-water and mud mound carbnnate systems. - GeoL Soc. I .on­

don, Spec. Pub!. 

Stratigraphische Modeliierung von miozänen 
syntektonischen Sedimenten un einer listrischen Ab­

schiebung im Eisenstädter Becken (Burgenland, 
Österreich) 

SCHMIO, H.P. *, DEC:KER, K. *' HARZHAUSER, M. WAG-
REICH, M.* & MANDIC, 0.*** 

*Universität Wien, Instimt für Geologie, Gcozentrum AlthanstraBe 1 4, 
A- 1 090 Wien, **Naturhistorisches Museum Wien, Geologisch-Paläonto­

Abteilung, Burgring 7, A-1070 Wien, ***Universität Wien, 
ftir Paläontologie, Genzentrum AlthanstraBe 1 4. A-1 090 Wien 

Miozäne E-W extensioneile synsedimentäre Tektonik führte zur 
Anlage einer N-S streichenden, mit 60" nach W einfallenden 
l istrischen Abschiebung, die den Rand des Eisenstädter Beckens 
zum Ruster Hügel land bildet. 
Diese Störung u nd die daran angelagerten syntektonischcn 
klastischen Sedimente des Sarmatiums (Mactren Schichten) und 
Pannoniums (Zonen B,  C, D und E) sind in der Kiesgrube "Kauf­
er" südlich von St.  Margarethen (Burgenland) in einer Rollover­
Antiklinale aufgeschlossen. Es kamen schräggeschichtete mittel­
bis grobkörnige sandige Kiese, feinkörnige siltige Sande und Silte 
mit einer Gesamtmächtigkeit von etwa 30 m zur Ablagerung. Die 
wechsellagernden Straten sind auf einer Strecke von 200 m nor­
mal zur Störung aufgeschlossen und zeigen kontinuierlich stei­
gende Schichtmächtigkeilen von W nach E (growth strata). 
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Die Analyse von Störungsmustern in der Rollover Struktur ent­
lang einer Kiesgrubenwand zeigt, daß die horizontale finite Ex-




