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Introduction
The Fula depression is located in the North 

of the Muglad Basin in Sudan and is one of the 
earliest and most successful foreign exploration and 
development projects of China (fig.1). The main 
oilfields are Jake, Moga, Keyi, Fula and Bara. Despite 
the similarity in position and characteristics of the 
source rocks of each oilfield, the API gravity and 
viscosity of the petroleum from different layers are 
largely different, which directly affects the design 
of the oilfield development plan and production 
adjustment. Through geochemistry researches, 
scholars have revealed that the general causes of 
petroleum property alteration are micro leakage of 
cap rock, oxidation, sulfuration, thermal cracking, 
and biodegradation [1-5]. However, few researches 
have been done on the petroleum property variation 
and its controlling factors for a series of reservoirs 
with the same source and similar primitive physical 
properties. This article chose five representative 
oilfields in Fula depression, Jake South, Fula North, 
Keyi North, Keyi South and Keyi main for systematic 
research. These oilfields contain major oil-bearing 
layers, so the research has great economic benefit 
and theoretical value. 

1. Geological background
The Fula depression developed under the 

background of dextral strike-slip in the central African 
rift zone. The depression is a late Jurassic to early 
Cretaceous rift basin with stabilized Precambrian 
base, and has developed two phases of rift and 
one phase of sag [6-8] (fig.2). From bottom to top, 
the AG Formation is the first rift stage, and mainly 
composed of sand and shale interbed. The main 
oil-bearing layer AG1 sand groups predominately 
developed delta front deposits. For example, Jake 
South developed fan delta front deposits, Fula 
North developed braided river delta front deposits, 
Keyi North, Keyi South and Keyi main developed 
fan delta front deposits. The Bentiu Formation 
was deposited in the major sag stage, with wide 
development of braided river delta front deposits 
in each oilfield, resulting in a thick massive sand 
body, forming the most important oil-bearing layer 
in this area. The Durfur Group including Aradeiba 
Formation, Zarqa Formation, Ghazal Formation and 
Baraka Formation was formed during the second 
rift period.. The Aradeiba formation is composed 
of lacustrine deposits, with a thick mudstone 
distribution in each field serving as the main cap 
rock Parts of the internal sand bodies have gathered 
oil and gas. The Zarqa and Ghazal formations are 
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delta front deposits in all oilfields, parts of the sand 
bodies accumulate hydrocarbon [7-8].

Studies have shown that thick layer deep lake 
and semi-deep lake dark shale in the middle of 
AG Formation is stably distributed and is the main 
source rock in this area. A total of 61 source rock 
samples were studied in this area, indicating similar 
overall source rock characteristics: hydrocarbon 
generation materials were a mixture of lacustrine 
algae and amorphous organic matter  There is 
a  high organic matter abundance (average TOC 
is 3.29%), with kerogen type type I and type II2, 
generating oil. Through the measurement of Ro 
(vitrinite reflectance), petroleum total hydrocarbon 
gas chromatography and gas chromatography /mass 
spectrometry, previous studies found that Ro ranges 
from 0.58% to 0.72%, 22S/ (22S + 22R), C32 hopane 
values range from 0.48 to 0.59, and 20S/(20S + 20 R) 
and the ββ/(ββ+αα) C29 ratio ranges from 0.25 to 
0.53. The results indicate the medium-low maturity 
of the source rock, which is just entering the oil-
generating window [7,9].

Regional exploration results have shown that the 
main accumulation period was the Amal. Since the 
deposition of Amal Formation in late Paleogene, 
source rocks of AG Formation have entered the oil-
generating window. A large amount of hydrocarbon 
migrated to reservoirs in AG Formation, and to 
reservoirs in Bentiu Formation through conducting 
faults, meanwhile a small amount of hydrocarbon 
migrated upwards to sand bodies in Aradeiba 
Formation through low level faults [7,10,11]. Then in 
a relatively important tectonic movement, conducted 
by big oil source faults. hydrocarbon from the AG or 
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Fig.2. the sedimentary sequence of the Fula depression

Fig.1. The position of the study area [7-8]
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Fig.3. The tectonic structure of the Fula depression[7-8]

Table 2   
Biodegradation degrees of samples

Bentiu formations migrated through the Aradeiba 
cap rock and directly accumulated in Zarqa and 
Ghazal formations (fig.3).

Note that the position of the profile is illustrated 
with A-A’ in figure 1.

The Fula depression has a total of five oil-bearing 
layers. The reservoir characteristics and reservoir 
types were studied and the results were shown in 
table 1.

Our regional tectonic study has found that after 
hydrocarbon accumulation of the Fula depression, 
in the early Paleogene, a phase of large extensional 
tectonic movement caused meteoric water infusion 
into these oilfields, with subsequent alteration 
[11,12]. In fact, except for the petroleum in Aradeiba 
that mainly came from upward migration and 
dissipation of petroleum in the Bentiu formation in 
multiple periods, petroleum in the other reservoirs 
is all from the AG or Bentiu formations without 
degradation. Due to the short migration distance, 
the original petroleum properties are similar to 
the petroleum in the AG formation. The current 
properties differences are caused by destructive 
effects resulted from later meteoric water infusion.

2. Petroleum property variation
A systematic analysis of the Drill Stem Testing 

(DST) results of 203 wells in the study area was 
done to study the variations of petroleum gravity 
and viscosity (the viscosity in this paper refers 
to the degassed petroleum viscosity at 50 oC). 
Results reveal that despite similarity in source rock 

characteristics and primitive petroleum properties, 
there is significant difference between the petroleum 
properties from different layers in each oilfield 
(tab.2, fig.4).

The AG formation contains 13.7% of all geological 
reserves in Fula depression. Petroleum properties 
are similar among the oilfields and all belong to 
light and thin petroleum.

The Bentiu formation is the most important 
oil-bearing formation in Fula depression, with 
geological reserves accounting for 65.9% of the total. 
Petroleum in Jake South oilfield belongs to medium 
petroleum and thin petroleum. Petroleum in Keyi 
South and Fula North belongs to heavy petroleum 
and viscous petroleum. 

The Aradeiba formation contains 15.9% of all 
of the geological reserves in Fula depression. The 
overall difference of petroleum properties in each 
oilfield is small.

The Zarqa formation contains 1.6% of all of the 
geological reserves in the Fula depression. Petroleum 
of Keyi North belongs to light petroleum and thin 
petroleum. Petroleum of Keyi main belongs to the 
class of heavy petroleum and viscous petroleum.

The Ghazal formation contains 2.9% of all of 
the geological reserves in the Fula depression. 
The petroleum of Keyi North belongs to medium 
petroleum and viscous petroleum. Petroleum in Keyi 
South and Keyi main belong to heavy petroleum and 
viscous petroleum.

The petroleum gravity shown in table 2 is the 
standard API value, and viscosity is the degassed 
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Formation Av. porosity, % Av. permeability, mD Reservoir type % reserves

Ghazal 28.40% 515.46  layered edge water reservoir 2.9

Zarqa 26.4 333.44 layered edge water reservoir 1.6

Aradeiba 26.06 373.5 layered edge water reservoir 15.9

Bentiu 30.4 1743.38  massive bottom water reservoir 65.9

AG 13.6 178.57 layered edge water reservoir 13.7

Amal

upper Durfur Group
lower Durfur Group

Bentiu

mid AG
upper AG

lower AG

A A'
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petroleum viscosity at 50 oC. The Jake South oilfield 
includes reservoirs of the AG and Bentiu formations. 
The Fula North oilfield includes reservoirs of AG, 
Bentiu and Aradeiba. The Keyi North oilfield 
includes reservoirs of Aradeiba, Zarqa and Ghazal. 
The Keyi South oilfield includes reservoirs of AG, 
Bentiu and Aradeiba. The Keyi main oilfield includes 
reservoirs of Zarqa and Ghazal.

3. Main causes of petroleum property alteration
Well testing data, geochemical data, logging 

data, core data, etc. were comprehensively used to 
determine the main causes of petroleum property 
alteration.

Previous study shows that the mechanism of 
petroleum property alteration is degradation, 
which can be divided into physical degradation, 
chemical degradation, biochemical degradation 
and physical-chemical degradation, each type is 
further divided [1]. This study shows that the 
main reasons for petroleum property change and 
the main causes of petroleum degradation are 
biodegradation, water washing and oxidation 
[7,13], among which biodegradation is the most 
important, followed by water washing, oxidation 
is generally of low intensity, and the influences 
of the factors differ among different oil-bearing 
layers in different oilfields.
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Fig.4. The distribution of petroleum properties for some oilfields in Fula depression

Fm.

Oilfields

Ghazal Zarqa Aradeiba Bentiu AG

Gravity,
API

Viscosity,
mPa·s

Gravity,
API

Viscosity,
mPa·s

Gravity,
API

Viscosity,
mPa·s

Gravity,
API

Viscosity,
mPa·s

Gravity,
API

Viscosity,
mPa·s

Jake — — — — — — 26.73 45.48 35.93 46.00 

Fula 
North — — — — 17.75 347.60 15.90 1046.00 34.86 50.80 

Keyi 
North 24.70 84.00 31.03 46.00 23.55 300.50 — — — —

Keyi 
South 20.78 534.00 — — 22.32 201.91 22.79 226.00 35.96 14.00 

Keyi 
Main 20.68 601.00 21.86 236.45 — — — — 34.19 34.90 

Table 2   
Petroleum properties of different formations in different oilfields
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3.1. Biodegradation
3.1.1. Biodegradation causes petroleum 

property change
Biodegradation is the main cause of petroleum 

property changes around the world. During 
the biodegradation process, light hydrocarbon 
components vanish first, and then intermediate 
components begin to degrade. Finally, only heavy 
components remain [12].

Twenty-two petroleum samples were selected 
from Jake South, Keyi North, Keyi South and Keyi 
main for component analysis, measurement of the 
total acid value, analysis by total hydrocarbon gas 
chromatography and gas chromatography/mass 
spectrometry, to study the biodegradation status 
(fig.5,6).  No sample was collected from the Fula 
North oilfield because of restricted sampling 
conditions, so its biodegradation status here mainly 
refers to previous research [7,12].

Because no 25-norhopane is found in gas 
chromatography /mass spectrometry, biodegradation 
degrees of the samples are all less than 6. During the 
research on biodegradation degree, it was found 
that the saturated hydrocarbon content, total acid 
value, isoprenoid biomarker and terpenoids can 
well reflect biodegradation intensity in the study 
area. Due to weak degradation intensity of the 
selected petroleum samples and their geochemical 
features, sterane compounds and other biomarkers 
are insensitive to biodegradation degree, so these 
parameters were not included. The biodegradation 
degree of the samples was studied according to the 
division standard of Peters and Moldowan [14-16], 
and the results are listed in table 3. Most samples 
are in the early stage of the biodegradation, while 
a small number of samples are in the middle stage.

Note: Data of Well FN-1 and Well FN-4 come 
from literature [7].

Biodegradation degree and petroleum property 
changes were analyzed. The result shows that 
a positive relationship exists between them. As 
biodegradation degree rises, petroleum gravity 
decreases, viscosity increases, and petroleum quality 
worsens (fig.7). This phenomenon proves that 
biodegradation is a primary process of petroleum 
property alteration in the Fula depression.

3.1.2. Influence of block intensity of meteoric 
water infusion on biodegradation degree

“Block intensity of meteoric water infusion” 
refers to the intensity of meteoric water infusion into 
a certain block caused by tectonic movement. As 
discussed above, reservoir hydrocarbon degradation 
in the Fula depression originates from regional 
meteoric water infusion. The higher block water 
infusion intensity is, the greater the activity of 
meteoric water in the reservoir, and the greater the 
intensity of petroleum degradation.

For Bentiu reservoirs in Fula North, Keyi 
South and Jake South, the study of water infusion 
showed that because of meteoric water infusion, 
the reservoirs have inclined oil-water interfaces and 
greater tilt indicates higher meteoric water infusion 
intensity. In Fula North, the oil-water interface tilt 
is 8 m/km, the biggest dip angle of all the blocks, 
indicating the highest water infusion intensity, and 
this showed the largest biodegradation level, which 
reached 9. In Keyi South, the oil-water interface 
tilt is 5.5 m/km, revealing medium water infusion 
intensity in this block and biodegradation is as 
high as 5. In Jake South, oil-water interface tilt is 
2.9 m/km, the smallest dip angle corresponding to 
minimum meteoric water infusion strength, and the 
biodegradation level is no more than 2. Under the 
condition of the same sedimentary facies and sand 
body distribution characteristics, the block intensity 
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Fig.5. Chromatography map of samples in Jake South oilfield
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Fig.6. Chromatography map of samples in Keyi oilfield
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of meteoric water infusion in the reservoirs gradually 
reduces from the Fula North to the Jake South 
oilfield and the degree of biodegradation reduces 
accordingly. On the whole, petroleum degradation 
intensity decreases from Fula north to Jake south, 
resulting in gradual increase of petroleum gravity 
and gradually decrease of degassed oil viscosity.

3.2. Water washing 
Former studies have revealed that for shallow 

buried reservoirs, such as Bentiu reservoir in Fula 
North, the light hydrocarbon molecules near the 
oil-water interface are likely to be absorbed by 
formation water, causing a decrease in petroleum 

gravity and increase in viscosity [1]. The constant 
movement of formation water, which dissolves 
hydrocarbon, ensures that formation water around 
the interface remains at a hydrocarbon concentration 
and high dissolving capacity, so the water washing 
effect is enhanced, leading to significant effects on 
petroleum properties. Meanwhile, if the mobility 
of formation water is high, the oil-water interface 
would appear at a relatively large angle of incline as 
discussed below.

Water washing takes effect near the oil-water 
interface and may have significant influence on 
petroleum properties near the interface. However, 
biodegradation could have influence on the 

Fig.7. The relationship between petroleum properties and level of biodegradation

Well Oilfield Depth Sample 
position

Biodegra-
dation 
degree

Well Oilfield Depth Sample 
position

Biodegra-
dation 
degree

Jake-S-1 Jake 
South 1388 Bentiu 

top 0 Keyi-4 Keyi 
main 1542 m Ghazal b3 

oil bottom 5

Jake-S-1 Jake 
South 1483 Bentiu 

bottom 2 Keyi-4 Keyi 
main 2265 m AG middle 0

Jake-S-1 Jake 
South 2457.5 AG middle 0 Keyi-3 Keyi 

main 1537 m Ghazal b1 
oil top 5

Jake-S-1 Jake 
South 2573 AG middle 0 Keyi-3 Keyi 

main 1710 m Zarqa d1 
middle 5

Keyi-n1 Keyi 
North 1172 Ghazal a4 

oil bottom 2 Keyi-3 Keyi 
main 2828 m AG middle 0

Keyi-n1 Keyi 
North 1421 m Zarqa d1 

oil bottom 1 FN-4 Fula 
North 2281.00 AG middle 0

Keyi-s1 Keyi 
South 1281 m Ghazal a6 

oil bottom 4 FN-4 Fula 
North 2845.00 AG middle 0

Keyi-s1 Keyi 
South 1530 m Aradeiba 

top 4 FN-1 Fula 
North 1145.00 Aradeiba 5

Keyi-s1 Keyi 
South 1617 m Bentiu 

bottom 5 FN-1 Fula 
North 1279.00 Bentiu top 7

Keyi-s1 Keyi 
South 2111 m AG middle 0 FN-1 Fula 

North 1297.00 Bentiu mid 8

Keyi-4 Keyi 
main 1449 m Ghazal a5 

oil bottom 5 FN-1 Fula 
North 1323.00 Bentiu bottom 9

Table 3   
Biodegradation degrees of samples
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whole reservoir high above the oil-water interface 
through the spread of microorganisms, not only the 
petroleum near the interface. The petroleum columns 
of the reservoirs in the Fula depression are usually 
large (except AG reservoirs), so the importance of 
biodegradation’s influences on petroleum properties 
can be expected to be significantly greater than 
water washing.

Previous studies have shown that under water 
washing, the change in aromatic hydrocarbon is 
more severe than saturated hydrocarbon. The ratio 
of saturated hydrocarbon to aromatic hydrocarbon 
always increases 1.5 to 2 times of primitive value 
[17]. However, in the study area, the ratios of 
saturated hydrocarbon to aromatic hydrocarbon 
decreased from the AG Formation to the Ghazal 
Formation (fig.8), which indicates the effects of 
water washing is relatively weak.

In all, it could be concluded that the influence of 
water washing on petroleum properties is smaller 
than that of biodegradation.

3.3. Oxidation
If meteoric water infusion intensity is high, as in 

the Fula North oilfield, and the formation water is of 
considerable activity, oxygen is bound to be brought 
into the reservoir. However, former studies have 
found that about 2000 times of reservoir volume 
formation water saturated with oxygen is needed to 
react with normal paraffin hydrocarbons for them to 
be oxidized [18]. Generally, the solubility of oxygen 
is quite low in surface water, so only a shallow 
buried reservoir with active meteoric water infusion 
can meet the requirement. Apparently, aside from 
Bentiu reservoir in Fula NE oilfield which has 
not been mentioned, no other reservoirs in Fula 
depression satisfy this condition, which is why 
oxidation has limited influence in the study area.

In all, the main reasons for petroleum property 
alteration in Fula depression are biodegradation, 
water washing and oxidation. Though they take 
effect in different ways, the essence of each is 
meteoric water infusion into reservoirs which 

causes the changes. In the Fula depression, 
biodegradation is the most important 
cause, followed by water washing, then 
the intensity of oxidation which is low and 
can even be neglected in most blocks. Thus, 
degree of biodegradation could be used as 
the measurement of the degree of petroleum 
degradation.

4. Controlling factors of petroleum 
property alteration

On the basis of petroleum degradation 
research, considering the geological 
characteristics of the reservoirs, the 
controlling factors of petroleum property 
alteration were studied.

4.1. Block intensity of meteoric water 
infusion

It could be concluded from above discussion 
that the main reason for petroleum property 
alteration was regional meteoric water infusion and 
block intensity of meteoric water infusion was an 
important controlling factor of petroleum property 
alteration. The higher block water infusion intensity 
is, the greater the activity of meteoric water in the 
reservoir, and the greater the intensity of petroleum 
degradation and petroleum property alteration.

4.2. Sedimentary facies
The influence of sedimentary facies on petroleum 

property alteration was studied. It was found that 
sedimentary facies affect the degree of petroleum 
degradation by its control on sand body distribution 
(scale and thickness) and sand body connectivity. 
In the same block stronger meteoric water infusion 
intensity, controlled by sedimentary facies, larger 
sand distribution scale, greater sand thickness 
and better connectivity leads to greater meteoric 
water activity in the reservoir, causing stronger 
biodegradation, water washing and oxidation, and 
remarkable changes in petroleum properties.

First, the change in petroleum properties in the 
same layer of different oilfields was studied. The 
Keyi main and Keyi North fields are adjacent to each 
other, have a similar structural background and block 
meteoric water infusion intensity, but the properties 
of the petroleum in the Ghazal Formation differs 
between the two oilfields. Different sedimentary 
facies are believed to be the reason. The Ghazal 
formation is delta front deposit (fig.9) and develops 
layered edge water reservoirs with limited meteoric 
water infusion, so water washing and oxidation 
are weak and biodegradation is the main reason 
for the change in petroleum properties. The Keyi 
main oilfield is the proximal end of a delta front, 
with limited accommodation space, wide sand body 
distribution and large thickness, even overlap, and 
good connectivity, making it convenient for meteoric 
water flow and bringing more microorganisms into 
the reservoir, so the biodegradation level is as high 
as 5 (fig.9a). The Keyi North oilfield is the distal end 

Fig.8. The ratio of saturated hydrocarbon 
to aromatic hydrocarbon in different formations

H.Rubing et al / SOCAR Proceedings No.4 (2016) 028-040



36

of a delta front, with relatively high accommodation 
space, limited sand body distribution and thickness, 
rarely overlap, and weak connectivity. There is 
restricted massive meteoric water flow in the 
reservoir, so less microorganisms are brought into 
the reservoir and the biodegradation is no more than 
level 2 (fig.9b). Therefore, controlled by sedimentary 
facies and how they permit the flow of meteoric 
water containing microorganisms,, petroleum in 
Keyi main has a higher biodegradation level, lower 
gravity and higher viscosity.

Next, the changes in petroleum properties caused 
by differences in sedimentary facies  in the same 
formation of the same oilfield was studied. In the 
Fula North field, the AG1a reservoir in the top 
of AG Formation and AG1e in the middle of AG 
Formation.  They are of the same formation, so block 
water infusion conditions are similar. Figure 10a is 
a reservoir profile of AG1a in the AG Formation 
which is composed of braided river delta front 
deposits, sand bodies are well developed, in the 
form of massive blocks, with good connectivity. 
A slanted oil-water interface indicates relatively 
high meteoric water infusion intensity, which can 
bring a large number of microorganisms into the 
reservoir, so the biodegradation level is higher. 
Well test results in the reservoir of AG1a show that 
the petroleum properties are close to those in the 
bottom of Bentiu formation. As the petroleum of 

both positions come from the same source rock thus 
have close primitive properties, it could be inferred 
that the biodegradation strength of both places are 
close. As the biodegradation strength at the bottom 
of Bentiu formation is high as shown above, it could 
be inferred that the biodegradation strength of 
petroleum in AG1a could be as high as over level 
6. Meanwhile, water washing and the degree of 
oxidation are relatively high as well. Figure 10b is 
the AG1e reservoir profile, which is representative 
of distal fan delta front deposits, sand body 
development is relatively poor, in the form of layer, 
has thin thickness and poor connectivity, causing 
weak meteoric water activity in the reservoir, so 
basically no biodegradation occurred. At the same 
time, water washing and the degree of oxidation 
are relatively low. Petroleum in the AG1e is light 
thin oil, while petroleum in the AG1a reservoir 
is heavy, viscous oil. Controlled by sedimentary 
facies and the access they allow for meteoric water 
containing microbes, petroleum degradation degree 
and properties differ.

Although Fula North has an overall intense 
meteoric water infusion background, the meteoric 
water activity in different positions varies due to 
differences in the sedimentary facies. The Bentiu 
formation is braided river delta front thick layer 
sandstone deposit. Meteoric water activity in the 
sandstone is high, which allows a great deal of 

Fig.9. Reservoir profiles of Ghazal Formation in Keyi main and Keyi north
a) reservoir profile of Ghazal Formation in Keyi main; b) reservoir profile of Ghazal Formation in Keyi north
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meteoric water to make contact with petroleum 
in the reservoir, so the biodegradation level is 
high, even reaching level 9.  Water washing and 
oxidation are relatively high as well. The AG and 
Bentiu formations have the same block meteoric 
water infusion intensity, but the AG formation is 
mainly composed of sand-mud interbed (except 
at the top). Sand bodies are thin and have weak 
connectivity, so the meteoric water activity is low in 
the reservoir, so no biodegradation happens, water 
washing and oxidation are weak, and petroleum 
degradation is weak.

5. Analysis of the process of change of 
petroleum properties 

5.1. Reservoirs in AG Formation
The sedimentary study showed that AG Formation 

is delta front deposit, where the sand body scale is 
small, thickness is small and connection is weak. 
Even though block meteoric water infusion intensity 
varies among blocks, the overall meteoric water 

activity in the reservoir is weak (except the top of 
AG in Fula North). Most reservoirs haven’t suffered 
from biodegradation, water washing or oxidation, 
and remain in the original state.

5.2. Reservoirs in Bentiu Formation
Sedimentary facies of Bentiu Formation are similar 

in Fula North, Keyi South and Jake South, which are 
braided river delta front deposits with wide sand 
body distribution, large thickness, massive and 
good connectivity. There is a sequential decrease 
of block meteoric water infusion intensity in these 
oilfields, so the petroleum properties change.

The degree of biodegradation in Jake South is 
low. Samples are located in the top and bottom 
of the Bentiu formation, showed that there is no 
biodegradation in the top, but slight biodegradation 
at the bottom.  The general biodegradation level is 
low, so the petroleum gravity is relatively high and 
viscosity is relatively low.

The Keyi South oilfield went through medium 

Fig.10 Reservoir profiles of different sedimentary facies in AG Formation of Fula north
a) reservoir profile of AG1a reservoir; b) reservoir profile of AG1e reservoir
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biodegradation. The samples were from the bottom 
of Bentiu oil layer, showing a biodegradation level of 
5. The level of biodegradation in massive reservoirs 
generally decreases from the oil-water interface to 
the top, and the upper petroleum biodegradation 
level in Bentiu Formation is less than 5. Therefore, 
petroleum gravity and viscosity are moderate.

The Fula North oilfield suffered the severest 
biodegradation. Former studies have found 
25-norhopane on the chromatography and mass 
spectrometry maps. The closer to oil-water interface, 
the higher the biodegradation level is. Generally the 
biodegradation level in the top of Bentiu reservoir 
is 6 to 7, while in the oil-water interface the level 
is as high as 8 to 9. Combined with water washing 
and oxidation, the petroleum is severely damaged, 
forming heavy, viscous oil.

5.3. Reservoirs in Aradeiba Formation
Petroleum in the reservoirs of the Aradeiba 

Formation predominately came from the Bentiu 
Formation through faults, and accumulated in thin 
sand bodies. Its properties are similar to petroleum in 
the top of Bentiu, controlled by biodegradation, free 
from water washing and oxidation. The alteration of 
petroleum properties in the Aradeiba Formation was 
studied in the Fula North and Keyi South oilfields.

The level of biodegradation in the Fula North 
oilfield is of medium degree and ranges from 5 
to 6.  That of Keyi South is 4 to 5, being medium 
to weak. The level of biodegradation in the Fula 
North oilfield is slightly higher than Keyi South, 
so its gravity is lower and viscosity is higher. As 
the physical properties and petroleum degradation 
characteristics of the Keyi North and Keyi South 
oilfields are close, Keyi North was not sampled in 
the Aradeiba Formation.

5.4. Reservoirs in the Zarqa Formation
The Zarqa formation is mainly a layered edge 

water reservoir, the petroleum has limited contact 
with edge water in most areas, so its property 
alteration is controlled by biodegradation, while the 
effect of water washing and oxidation is small.  The 
Keyi North and Keyi main oilfields were studied.

The degree of biodegradation in Keyi main is 
medium degree at 5, while that of Keyi North is only 
1. In fact, they have the same tectonic background due 
to vicinity, so they have similar block meteoric water 
infusion intensity. The sedimentary study finds that 
Keyi main is proximal end of the delta front, better 
than Keyi North which is distal end of delta front.  

In terms of sand body distribution, thickness and 
connectivity the meteoric water activity is higher in 
Keyi main, causing higher biodegradation degree. 
Therefore, petroleum in Keyi main has lower gravity 
and higher viscosity.

5.5. Reservoirs in Ghazal Formation
Similar to Zarqa, layered edge water reservoirs 

are the majority of Ghazal Formation, so its property 
alteration is controlled by biodegradation, and the 
effect of water washing and oxidation is low. Keyi 
North, Keyi main and Keyi South were studied.

The degree of biodegradation in Keyi North is 2, 
that in Keyi South is 5, and that in Keyi main is 5. All 
the three oilfields have similar block meteoric water 
infusion intensity, due to close proximity and the 
same tectonic background. The sedimentary study 
found that they all develop as delta front deposits, 
but the distance from land gradually decreased, so 
sand body distribution, thickness and connectivity 
gradually increase. Consequently, meteoric water 
activity, biodegradation level and petroleum gravity 
in the reservoir increase, while the viscosity also 
decreases.

6. Conclusions
In terms of petroleum properties, petroleum in 

the AG Formation varies little in each oilfield, and 
all of them are light, thin oil. Petroleum in the Bentiu 
Formation, Aradeiba Formation, Zarqa Formation 
and Ghazal Formation are of much different, ranging 
from medium to heavy oil and thin to viscous oil.

The main causes for the variation in petroleum 
properties in the Fula depression is petroleum 
degradation, mainly including biodegradation, 
water washing and oxidation. Biodegradation is 
the most important, followed by water washing 
and oxidation is generally of low intensity. Their 
importance differs among the different oil-bearing 
layers in different oilfields.

The controlling factors of petroleum degradation 
are block intensity of meteoric water infusion and 
sedimentary facies. In terms of sedimentary facies, 
larger sand distribution scale, greater sand thickness 
and better connectivity is conducive to meteoric 
water infusion, causing stronger meteoric water 
activity in the reservoir.  With a high block intensity 
of meteoric water infusion, more bacteria are brought 
into the reservoir and the biodegradation is stronger, 
so is the intensity of water washing and oxidation 
and the final extent of degradation is higher. 
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Изменение физических свойств нефти и определяющих 
факторов на депрессии Фула, бассейн Муглад, Судан
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Реферат

Основные нефтеносные пласты депрессии Фула в бассейне Муглад (Судан) охватывают 
такие месторождения как Абу Джабра, Бентию, Арадейба, Зарга и Газал. Органическое  
вещество и геохимические характеристики нефтематеринской породы этих месторож-
дений схожи, но плотность и вязкость нефти из разных пластов и месторождений в гра-
дусах АPI в какой-то степени отличаются. Для анализа изменения физических свойств 
нефти и определяющих факторов были использованы многокомпонентные данные. 
Показано, что на механизм изменения физических свойств влияет деградация нефти, в 
основном являющаяся биодеградацией, в то время как влияние смачиваемости водой и 
окисления относительно слабо. Определяющими факторами деградации нефти являют-
ся интенсивность блокирования проникающих осадочных вод и фаций. Рост деградации 
нефти приводит к снижению её плотности и повышению вязкости в градусах АPI.

Ключевые слова: изменение физических свойств нефти, биодеградация нефти, 
интенсивность блокирования проникающих осадочных вод, осадочные фации.

Sudan, Muqlad hövzəsində yerləşən Fula depressiyası neftinin 
fiziki xassələrinin və müyyənedici amillərinin dəyişməsi

H.Rubinq1*, T.Çanqbinq1, L.Şunminq1, L.Kun2

1Neft yataqlarının kəşfiyyatı və işlənməsi elmi tədqiqat institutu, Pekin, Çin;
2PetroÇina kömür laylarının metanının çıxarılması üzrə şirkət, Pekin, Çin 

Xülasə

Muqlad hövzəsinin (Sudan) Fula depressiyasının əsas neftli layları Abu Gabra, Bentiu, 
Aradeyba, Zarqa və Qazal kimi yataqları əhatə edir. Bu yataqların ana süxurunun 
orqanik maddələri və geokimyəvi xarakteristikaları oxşardır, lakin müxtəlif laylardan 
və yataqlardan olan neftin sıxlığı və özlülüyü АPI dərəcələrində müəyyən dərəcədə 
fərqlənir. Neftin fiziki xassələrinin və müəyyənedici amillərinin dəyişməsinin təhlili üçün 
çoxkomponentli məlumatlardan istifadə edilmişdir. Göstərilmişdir ki, fiziki xassələrin 
dəyişmə mexanizminə neftin deqradasiyası, əsasən də biodeqradasiya təsir edir. Onunla 
müqayisədə su ilə islanmanın və oksidləşmənin təsiri nisbətən daha zəifdir. Çöküntü 
sularının və fasiyaların təcrid edilməsinin intensivliyi neft deqradasiyasının müəyyənedici 
amilidir. Neftin deqradasiyasının  artması onun APİ dərəcəsi ilə sıxlığının aşağı düşməsinə 
və özlülüyünün artmasına gətirib çıxarır.   

Açar sözlər: neftin fiziki xassələrinin dəyişməsi, neftin biodeqradasiyası, daxil olan 
çöküntü sularının təcrid edilməsinin intensivliyi, çöküntü fasiyaları.
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