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Summary 

Role of the statistical calculation could not be rule out in petroleum exploration business. It 

calculates the percentage of risk and determines the chances of geological success by 

eliminating the calculated risk. Risk assessment in the petroleum exploration is important for the 

drilling of a mapped prospect by estimating the probability of discovery prior to drilling of a well. 

This paper is based on probability based model of Zindapir Anticline, Sulemain Fold Belt, 

Pakistan with detail discussion. Study area comprises of Zindapir Anticline with two abandoned 

wells Well X-1 and Zindapir-1 which were drilled as dry holes. It seems that Zindapir structure is 

still virgin to flow hydrocarbons, and there are ample chances of compartments, developed as 

result of transpressional movement at the periphery of the structure. These compartments may 

host hydrocarbon, generated and migrated either from Barthi syncline and Sulaiman Foredeep 

or generated by indigenous source rocks possibly deposited in the south of Zindapir-1 and Well 

X-1. This study recommends that the subsurface structure pattern of Zindapir Anticlinorium may

be investigated in detail, using additional seismic data. 

Theory / Method / Workflow 

Probability Rules in Petroleum Geology 

Considerable amount of uncertainty is present during assessment of hydrocarbon potential. In 

this paper authors observed various approaches which were adopted by Geologists in Pakistan. 

Whereas the Coordinating Committee for Geoscience Programs in East and Southeast Asia 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=16&cad=rja&uact=8&ved=2ahUKEwjarr7V68TnAhUQ1xoKHco8B04QFjAPegQIChAB&url=https%3A%2F%2Flink.springer.com%2Farticle%2F10.1007%2FBF02047411&usg=AOvVaw2fU3Qc5hVkuJrO9m3wnTEj
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=16&cad=rja&uact=8&ved=2ahUKEwjarr7V68TnAhUQ1xoKHco8B04QFjAPegQIChAB&url=https%3A%2F%2Flink.springer.com%2Farticle%2F10.1007%2FBF02047411&usg=AOvVaw2fU3Qc5hVkuJrO9m3wnTEj
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=16&cad=rja&uact=8&ved=2ahUKEwjarr7V68TnAhUQ1xoKHco8B04QFjAPegQIChAB&url=https%3A%2F%2Flink.springer.com%2Farticle%2F10.1007%2FBF02047411&usg=AOvVaw2fU3Qc5hVkuJrO9m3wnTEj
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=16&cad=rja&uact=8&ved=2ahUKEwjarr7V68TnAhUQ1xoKHco8B04QFjAPegQIChAB&url=https%3A%2F%2Flink.springer.com%2Farticle%2F10.1007%2FBF02047411&usg=AOvVaw2fU3Qc5hVkuJrO9m3wnTEj


 GeoConvention 2020 2 

(CCOP) is set standards for probabilistic assessment of prospect and defined certain rules and 

definition.  The probability scale ranges from 0.0 to 1.0 where the end points of the scale; P = 

1.0 means 100% certainty and P = 0.0 means 0% certainty. [1] considered four fundamental 

probability rule which during prospect risk assessment and necessary for executive decision 

prior to drill. In this paper, author believes that there are five rules of probability based 

assessment used in petroleum exploration. 

Data Control 

Probabilistic approach of risk assessment in petroleum exploration is totally dependent upon 

data control, available information’s and level of confidence. Based on available information, 

geologist uses three approaches to determine probability. He may use Stochastic approach of 

probability by calculating ration between how many time an event occurs and the total number 

of trials. The Second approach is called as objective probability which is based on valid 

arguments and hypothesis.  Source of data is historical, empirical and data supported by 

analogues.  Third approach is based on the sum of individual understanding/belief about the 

happening of event. Authors believe that third approach should be discouraged.  

Probability Rules in Petroleum Geology 

Considerable amount of uncertainty is present during assessment of product. Author of this 

paper observed various values were adopted by Geologists in Pakistan. Whereas 

theCoordinating Committee for Geoscience Programs in East and Southeast Asia(CCOP) is set 

standards for probabilistic assessment of prospect and defined certain rules and definition.  The 

probability scale ranges from 0.0 to 1.0 where the end points of the scale; P = 1.0 means 100% 

certainty and P = 0.0 means 0% certainty. [4] consideredfour fundamental probability rule which 

during prospect risk assessment and necessary for executive decision prior to drill. In this 

paper, author believes that there are five rules of probability based assessment used in 

petroleum exploration. 

Probability of Geological Event 

Probability of any geological event “P” is equal to 1 and (1- P) for non-occurring geological 

events. This principal is very important in assessment. Best example is Adhi field of Potwar 

Basin, Pakistan.  The Adhi field is comprised of faulted anticline with popped-up core bounded 

by thrust. Number of wells were drilled in the core with three different reservoirs. Facies maps 

indicate the presence of reservoir facies in downthrown block. Drilling of down thrown block, 

probability of occurrence of reservoir sand facies in Khewra (Cambrian) and Tobra (Permian) is 
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always 1. However, probability of fractured limestone (Eocene Sakesar) is matter of 

consideration because fracture network varies in faulted anticline. 

Multiplication Rule of Probability 

This theorem applies when probability of two events A and B or more than two events occur 

simultaneously and equal to product of individual events.  Assessment of petroleum system is 

good example. Existence of petroleum system is assessed by presence of Geological Chances 

Success.Geological Chances of Success “PG” is product of individual geological events. 

PG= (PReservoir) x(PTrap) x (PHC Charge) x (P Retention) 

Where 

HC            =   Hydrocarbon 

P G                 = Geological chances of success 

P Reservoir    = Probability of reservoir 

P Trap= Probability of trap 

PHC Charging = Probability of hydrocarboncharge 

P Retention=Probability of retention after accumulation 

Fig.1.Geological factor for calculating effective petroleum system 

Trap
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Addition Rule of Probability 

Mutually exclusive events are those which could not occur at same time. Addition rules for 

mutual exclusive events are used in assessment of risk in Petroleum Exploration. When two 

events, A and B, are mutually exclusive, the probability that A or B will occur is the sum of the 

probability of each event.  

P = P(A)+ P(B) 

Let consider a prospect area located nearby hydrocarbon producing fields. One field is 

producing oil and other is producing Gas Condensate. Let suppose that oil source correlation is 

not available.  Let source rock study suggest that the prospect may produce hydrocarbon 

ranging from oil windows to wet gas window. Let assume that field will produce either oil or oil 

and gas.Therefore, the probability of producing oil and Gas condensate is 0.5 because 

happening of oil or oil and gas are two independent exclusive geological outcomes. Economic of 

field will be carried out with two cases as (a) oil producing field and (b) Oil and Gas producing 

field for executive decision of drop or drill.  

1) For Oil Case

P = P oil + P Oil and Gas 

P = 1/2 + 0 

P =0.5 

2) For Gas Condensate Case

P= P oil + P Oil and Gas 

P=0 +1/2 

P=0.5 

Combination Rule of Probability 

This rule isapplicable for estimation of risking associated with discovery of hydrocarbons in the 

two or more than two reserviors. According to rule, all reserviors may act as independent 
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geological units. Therefore, the probability of occurring one or both two independent geological 

events (A, B) can be estimated by following mathematical relation. 

 P = (1- [1-P(A)] × [1-P(B)]). 

Lower Goru Sands (Cretaceous) and Chiltan Carbonate (Jurassic) are two different reserviors of 

Zindapir Anticlinorium of eastern Sulaiman Foldbelt, Pakistan. Zindapir Anticlinorium comprises 

of four anticlines, Dhodak, Rodho, Afiband and Zindapir Anticlines from north to south, where 

Zindapir Anticline is still virgin to flow hydrocarbons. Probability of presence of hydrocarbons in 

two reservoirs is given below. 

P= [1- (1- PLower Goru) – (1- PChiltan)] 

Where 

PLower Goru = Charging of Lower Goru (Cretaceous) 

PChiltan      = Charging of Chiltan Limestone 

Conditional Rule of Probability 

Conditional probability of event Bwill occur with the occurrence of event A.Sakesar Carbonates 

(Eocene) is known reservoir of Potwar Sub basin. Sakesar Carbonates (Eocene) will produced 

only if fracture network is present. 

Results, Observations, Conclusions 

This model clearly indicates that additional G and G working is required to delineate the Zindapir as prospective 

drillable prospect. Trilogy of petroleum system (source, reservoir and seal) is present. Trap need to be identified by 

considering the structural complications in transpressional regime. Size of anticline is big. Overburden rocks 

(Siwaliks) are present at the limbs. Kitchen area are present in the surrounding of Zindapir Prospect. Bharti Syncline 

is present in the west of prospect and Sulaiman Depression in the east. Adequate overburden was present in kitchen 

area to produce hydrocarbons. Breaching of structure is not known in Zindapir structure. Old vintage of seismic data 

is present with wide open grid is limitation of data.  

Probability of dry well is 2/3 and discovery is 1/3 in present seismic data. 
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