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Abstract 
The present work highlights the results of the study conducted to estimate the 
petrophyiscal properties of the Mchungwa well with the aim of assessing the 
quality of reservoirs rocks. A set of well logs data from Mchungwa well were 
used for the analysis that involved identification of lithology, hydrocarbon 
and non-hydrocarbon zones and determinations of petrophysical parameters 
such as shale volume, porosity, permeability, fluid saturation and net pay 
thickness. This study was able to mark six sandstone zones with their tops and 
bases. Of the six zones hydrocarbon indication was observed on four zones 
from which estimation of petrophysical parameters was done to assess the re-
servoirs quality. The petrophysical parameters across the four reservoirs yield 
an average shale volume ranging from 0.08 to 0.15 v/v. The porosity ranges 
from 7% to 23%, indicating a fair to good porosity sandstone, while permea-
bility ranges from 0.01 to 6 mD. The porosity and permeability results suggest 
that the quality of the sandstone reservoirs identified at Mchungwa well is 
poor. Fluid types defined in the reservoirs on the basis of neutron-density log 
signatures and resistivity indicate a mixture of water and gas. However, high 
water saturation (50% - 100%) indicates that the proportion of void spaces 
occupied by water is high, thus, indicating low hydrocarbon saturation of 
2.4%, 17.9%, 19.2% and 39.3%. Generally the results show that hydrocarbon 
potentiality at Mchungwa well is extremely low because of small net pay 
thickness and very low hydrocarbon saturation. This could be attributed to 
the geology of the surrounding area where low hydrocarbon saturation sug-
gest the presence of non-commercial volumes of either migrant gas or gas 
generated from the interbedded claystone sediments, which are dominant in 
the observed well. 
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1. Introduction 

Tanzania deep offshore basins are part of the Tanzania coastal basin formed as a 
result of Gondwana break-up and drifting of Madagascar with respect to the 
African continental block during the Early Mesozoic time. The exploration 
Block 7, where Mchungwa well is located, forms part of the deep offshore basins 
that are known to be petroliferous for hydrocarbon exploration [1] [2]. This is 
evident by the presence of hydrocarbon shows both at the surface and subsurface 
in different parts around the surrounding area. The basins occur parallel to the 
coast and are joined with large, down-to-the-basin faults, which demarcate the 
present coastline (Figure 1).  

The basins are mainly composed of thick Mesozoic and Tertiary successions 
with approximately 4000 m thickness, which overlap the continent-ocean boun-
dary [3] [4] [5]. Several Mesozoic-Tertiary potential marine organic-rich source 
 

 
Figure 1. Map showing the Tanzania sedimentary basins including offshore basins (modified after [12]). 
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rocks are present and four regional potential source intervals have been recog-
nized [2] [6]. These include Cretaceous sandstone, a regional proven reservoir, 
and Tertiary deltaic sandstones and limestone are local proven reservoirs. Cre-
taceous siltstones and shale are regional seals and Jurassic evaporates provide 
local effective seals.  

Despite the presence of hydrocarbon discoveries in various parts along the 
Tanzania offshore basins, little is documented about petrophysical properties of 
reservoir rocks at the Mchungwa well in Block 7. A total of 57 TCF has recently 
been discovered in Cretaceous and Tertiary sandstone reservoirs in the nearby 
exploration Blocks 1 - 4 in southern part (TPDC 2015-unpublished report). De-
spite its similarities in lithology and age of reservoir with other discovered re-
servoirs, reservoir units and their borehole thicknesses of Mchungwa well in 
Block 7, which indicate potential for petroleum system, are not well established. 
During drilling, gas mud and fluoresces were observed, indicating the presence 
of hydrocarbons the scenario that leaves a question as to which reservoir inter-
val(s) contain hydrocarbons and at what proportion (Ophir Dominion Ltd, 
2014-unpubished report). Identification of reservoir units and their thickness 
paves the way in understanding the reservoir rocks and their characteristics. 
This study therefore uses well log data to study the petrophysical characteristics 
of the reservoir rocks at Mchungwa well in Block 7 in order to assess the quality 
of the reservoirs encountered in the well. Results from this study advance our 
understanding on the relationship between the petrophysical properties and hy-
drocarbon system of the offshore Block 7 and in other nearby blocks. Moreover, 
the petrophysical information obtained from Mchungwa well provides vital in-
formation on the quality of reservoirs and also a source of information to further 
exploration in relation to the geological processes. 

2. Geology and Tectonic Setting 
2.1. Regional Geology and Tectonic Setting 

Development of Tanzania coastal and offshore basins was the result of the pro-
gressive break-up of Gondwana. Initial rifting and drift of the margin began with 
the Karoo system of the Permo-Triassic with fluvial continental floodplain, del-
taic and lacustrine deposits including occasional marine incursions. Karoo rift-
ing proceeded and activated the extensional tectonics, which resulted in the 
formation of two intracratonic NE-SW, and NW-SE Permo-Triassic faults 
named as Tanga and Lindi faults respectively (Figure 1) [1]. Prior to the occur-
rence of rifting, two old lineaments, the WNW-ESE Utete-Tagalala and the 
NW-SE Aswa were already formed which together with other faults controlled 
the distribution and deposition of Karoo sediments in varying environments [7] 
[8] [9]. 

The drift phase began in the Middle Jurassic, the period in which East and 
West Gondwana separated and East Gondwana broke up into the continental 
plates of India, Antarctica, and Australia. This period was associated with wide-
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spread igneous activities and opening of the Somali basin as Madagascar moved 
from the East African coast to its present position [3] [9] [10]. The ESE move-
ment of Madagascar was controlled by a north-south trending transform fault, 
the Davie ridge [3] [4] [9]. The continental margins of the fragmented conti-
nents underwent gradual thermal subsidence during the Bajocian where by re-
stricted marine syn-rift sediments were deposited into the basin, flooding the in-
tra-continental Karoo sequence. The accumulation and preservation of marine 
organic matter into this restricted marine basin forms the primary source rocks 
for the margin [9]. The final phase of the Gondwana breakup is characterized by 
the termination of tectonic activity and the formation of passive margins of the 
Somali Basin [9].  

Regional structural trends of Tanzania coastal and offshore basins follow the 
Tanga and Lindi Permo-Triassic faults, which strike in the NNE-SSW and 
NNW-SSE respectively, with some young onshore faults oriented along the same 
trends. The offshore structures are post Karoo faults whose trends have been re-
juvenated from older ones. The orientation of structural features runs parallel to 
the present coastline [9] [11].  

2.2. Local Geological Setting 

Block 7 is located offshore northern Tanzania, connecting the southern portion 
of the Pemba-Zanzibar sub-basin and the northern section of the Mafia Deep 
sub-basin, which is part of the Tanzania coastal basins (Figure 1). The 
Mchungwa well within Block 7confirms the Tertiary and Cretaceous stratigra-
phy present in Block 7 and the sequence stratigraphic correlation from the 
southern Tanzania offshore wells (Ophir, Dominion Tanzania Ltd, 
2014-unpublished report). In Block 7 there are three prominent tectonic ele-
ments [12] (Figure 1). The first tectonic element is the Davie Fracture Zone 
(DFZ), representing the right-lateral wrenching of Madagascar away from the 
African coast. West of this zone, synrift sediments of Triassic to Early Jurassic 
age are overlain by post Middle Jurassic to Recent post rift sequences [13]. 

The second one is the Aswa Shear Zone, which is a reactivated Precambrian 
NW-SE oriented feature extending onshore. The last tectonic element in Block 7 
is the Sea Gap Fault, which is visible in the Cretaceous sequence but does not 
extend into the Tertiary. The youngest sediments examined at Mchungwa well 
were claystone, aged Upper to Middle Eocene while the deepest age-assigned in 
claystone rock is considered to be Valanginian to Tithonian in age. Dominant 
lithologies at Mchungwa well include claystone, siltstone, sandstone and limes-
tone. 

3. Material and Methods 

Digital well logs from Mchungwa well obtained from Tanzania Petroleum De-
velopment Company (TPDC) were used for this study to analyze the petrophys-
ical properties of the reservoir rocks. The qualitative and quantitative evaluation 

https://doi.org/10.4236/ojg.2018.88045


A. S. Mjili, G. D. Mulibo 
 

 

DOI: 10.4236/ojg.2018.88045 768 Open Journal of Geology 
 

of these properties was inferred from wireline logs, which include caliper, gam-
ma ray, resistivity, sonic, neutron and density logs. The analysis of petrophysical 
properties from well logs each of which is described in the following section was 
done using Techlog software version 2013.4.0.1. 

3.1. Lithological Identification from Gama Ray (GR) Log 

The gamma ray (GR) log measures the natural radioactivity of the formation in 
the borehole versus depth. The lithological identification was done by reading 
API values on the gamma ray curve. In the curve the shale free lithology like 
sandstone and carbonate show low gamma ray values (≤60 API) whereby shale 
(black shale and marine shale) exhibit relatively high GR count rates (≥60 API) 
(Figure 2) due to presence of potassium ions in their lattice structure [14].  
 

 
Figure 2. Gamma ray (GR) log plot showing API Unit ranging from a low value of zero 
to as high as 150 API. 
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3.2. Lithological Identification from Photoelectric Factor (PEF) 

The PEF log is sensitive to differences in the mean atomic number of the forma-
tion and it is insensitive to the porosity and fluid saturation of that lithology, 
which makes the PEF log a good indicator of lithology. The response of the tool 
to common rock types used in lithology identification is given in Table 1 [15]. 

3.3. Lithological Identification from Neutron-Density Logs 

A combination of neutron and density logs were sketched together in the same 
track, and low values on both logs represents sandstone formation, overlap of 
the two log curves indicates limestone lithology and high values on both logs in-
dicate shale lithology. In addition to using neutron-density logs separation for 
differentiating two lithology, in this study the logs were also used to create a 
neutron-density cross plot. The cross plots were obtained by plotting together 
neutron and density logs where sandstone, carbonate and shale lithology were 
displayed. Observing points falling within a lithology region and using gamma 
ray log scale, rock types were identified. 

3.4. Reservoir Identification 

Reservoir rocks, which are porous and permeable sedimentary rocks containing 
water, oil or gas in their pore spaces, were identified using the gamma and the 
porosity (neutron-density) logs. Common reservoir rocks are sandstones and 
carbonate. Sandstone reservoirs exhibit very low radioactivity, because of low 
concentrations of radioactive elements [16] [17]. Porosity tools are also impor-
tant in locating reservoir zones in a sense that each porosity tool should give a 
reading in porous zones which, when converted to porosity as a function of li-
thology, will show the same porosity in reservoirs free of gas and clay effects 
[17]. 

3.5. Fluid Type Identification 

Reservoirs may contain water, hydrocarbons or both and in this context it is 
therefore important to identify which type of fluid is contained in the reservoir. 
Resistivity logs were used to distinguish between water bearing zones, and hy-
drocarbon bearing zones while porosity logs were used in identifying hydrocar-
bon interval especially gas bearing interval. 

In hydrocarbon bearing formations, the resistivity log signatures show higher 
resistivity values than in water bearing formations. In gas zones, neutron log re-
cords lower hydrogen content, thus a higher count rate resulting in low porosity  
 
Table 1. Relative gamma ray values for common sedimentary rocks. 

Lithology Clean sandstone Shale Dolomite Limestone Dirty sanadstone 

PEF value in 
1.7 - 1.8 3.5 - 4.0 3 5 15 - 150 

barns/electron 
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while density log in gas zone reduces bulk density, resulting in a high apparent 
porosity. This effect causes the occurrence of crossover between neutron and 
density logs. The presence of crossover in the logs is an indicator of hydrocarbon 
and this study was able to identify the crossovers at different depth intervals.  

3.6. Shale Volume Estimation 

The shale volume was calculated using the Larionov [18] model (Equation (1)) 
among other non-linear models for older rocks because reservoir rocks at 
Mchungwa well are of Cretaceous age. 

( ) ( )( )2
Larionov 1969 0.33 2 1GRI

SHV ∗= ∗ −                 (1) 

where SHV  is the shale volume and GRI  is the gamma ray index which was 
obtained using Equation (2). 

log min

max min
GR

GR GR
I

GR GR
−

=
−

                      (2) 

where IGR is gamma ray index, GRlog is the gamma-ray reading for each zone, 
GRmin and GRmax are the minimum and maximum gamma-ray values for clean 
sand and shale respectively.  

3.7. Porosity Determination 

In this study total and effective porosities of the selected reservoirs zones were 
calculated using density logs. These parameters are determined by substituting 
the bulk density readings obtained from the formation density log within each 
reservoir into Equation (3). In the equation, the formation bulk density ( bρ ) is 
related to formation matrix density ( maρ ) and formation fluid density ( fρ ) as 
follows.  

ma b

ma f

ρ ρ
φ

ρ ρ
−

=
−

                      (3) 

where φ  is total porosity, maρ  is matrix (or grain) density for sandstone, bρ  
is bulk density from log, fρ  is fluid density. 

3.8. Water Saturation Determination 

Determination of water saturation is the key parameter from which initial hy-
drocarbon in place can be estimated during formation evaluation. In this study, 
the Archie’s and Indonesia’s models were used to calculate water saturation de-
pending on whether the reservoir is clean sand or shaly sand and their results 
were compared. 

3.8.1. Archie Equation Model 
This is the common model that is used to calculate water saturation in clean li-
thology (i.e., clean sand or carbonate). Archie’s equation used for determination 
of water saturation is given in Equation (4) as [19]: 
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wnw m
t

a R
S

Rφ
∗

=
∗

                      (4) 

where wR  is the water resistivity at formation temperature, tR  is the true  

resistivity, m

a
φ

 is the formation factor (F) in which “a” represents constant  

related to texture, (assumed to be approximately 1 for sandstone), “ϕ” is the po-
rosity, “m” is the cementation exponent and “n” is the saturation exponent. 

3.8.2. Indonesian Model 
Indonesian model introduced by Poupon and Leuveaux [20] is used to calculate 
the water saturation in shaly sand reservoirs. The main inputs are the effective 
porosity (ϕe), shale volume (Vsh), shale resistivity (Rsh), water resistivity (Rw) and 
deep resistivity (Rt). It is given in Equation (5) below. 

1
21 1

2 2 2sh

n
V m

sh e
w t

sh w

V
S R

R R
φ

−

−
  
     = +           

              (5) 

3.9. Net Pay 

A porosity cut-off of 10% as minimum value and 25% as a maximum value, 
along with a shale volume cut-off of 0% as minimum value and 25% as maxi-
mum value were used to define the quality of the reservoir rock. Water satura-
tion cut-off value of 50% was used to define pay zone. The reservoirs were de-
fined by the porosity greater than 10% and shale volume less than or equal to 
25%. For the net pay, if the water saturation within the reservoir is less than 
50%, the reservoir is considered to contain hydrocarbon. 

3.10. Hydrocarbon Saturation (Sh) 

This is the amount or percentage of hydrocarbon that occupies the pore space 
computed by subtracting the percentage of water occupying the pore space (wa-
ter saturation) from 100% as indicated in Equation (6) below. 

( )100 %h wS S= −                       (6) 

3.11. Permeability Estimation 

The permeability of each delineated reservoir at Mchungwa well was estimated 
using equation below [21]. 

4.4

20.136
wir

K
S
φ

=                      (7) 

where K is the permeability in mD, φ  is Effective porosity in v/v and wirS  is 
the irreducible water saturation in v/v. In this study the permeability was esti-
mated first by using the calculated water saturation, and then the results were 
compared with those estimated from Crain’s method [22] using irreducible wa-
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ter saturation, Swir from Crain’s method is given by Equation (8) below. 

w
wirr

eff

S
S

φ
φ
×

=                       (8) 

where effφ  = effective porosity and wSφ ×  is the Bulk Volume Water (BVW). 
A reservoir at irreducible water saturation exhibits BVW values that are con-

stant throughout but if the BVW is not constant means that the reservoir or 
zone is not at irreducible water saturation [16]. 

4. Results  
4.1. Qualitative Results 
4.1.1. Lithology Results 
Three main lithologies are identified at Mchungwa well, which include shale, 
sandstone and little carbonate from lithology identification logs (gamma, neu-
tron-density combination, cross plot and photoelectric factor (PEF)). Six (6) 
clean sand formations marked as zones A, B, C, D, E and F with their depth 
range have been identified and presented in Figures 3-8 and Table 2. 

4.1.2. Hydrocarbon and Non-Hydrocarbon Bearing Zones 
Hydrocarbon zones were identified qualitatively by using neutron-density logs 
combination and resistivity logs. Based on visual observation from these logs, 
four zones marked by C, D, E and F among six selected reservoir zones were 
identified as gas bearing zones. These zones were identified depending on the 
presence of neutron-density crossovers and high resistivity values in these zones, 
 
Table 2. The type of lithology identified from gamma ray log, neutron-density combina-
tion and PEF.  

Depth Lithology Remark 

3189.4 - 3233.0 Sand 

Zone A 3233.0 - 3250.0 Shale 

3255.2 - 3346.1 Sand 

3346.2 - 3383.3 Shale 
Zone B 

3383.9 - 3605.9 Sand 

3607.1 - 3682.9 Shale 
Zone C 

3683.1 - 3911.8 Sand 

3912.0 - 4687.0 Shale 
Zone D 

4688.1 - 4701.0 Sand 

4701.0 - 5044.9 Shale 
Zone E 

5044.9 - 5118.1 Sand 

5118.1 - 5304.0 Shale 
Zone F 

5305.0 - 5477.6 Sand 

5477.6 - 5775.0 Shale 
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Figure 3. Log curves indicating reservoir for (a) Zone A and (b) Zone B. 

 

 
Figure 4. Neutron-density crossplots (a)-(f) for Zones A-F respectively, indicating the 
types of lithology. Gamma scale bar indicates the variations of color based on the relative 
intensity of gamma ray value. 
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Figure 5. Log curves showing the types of lithology, neutron-density crossover and the computed petrophysical 
results for Zone C. 

 

 
Figure 6. Log curves showing the types of lithology, neutron-density crossover and the computed petrophysical 
results for Zone D.  

 

 
Figure 7. Log curves showing the types of lithology, neutron-density crossover and the computed petrophysical 
results for Zone E.  
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Figure 8. Log curves showing the types of lithology, neutron-density crossover and the computed petro-
physical results for Zone F. 

 
which occur in small intervals and are discontinuous. The crossovers between 
neutron-density logs are observed in some intervals and are marked by yellow 
colour and presented in respective log curves in Figures 5-8 for zones C, D, E 
and F respectively. None of the four selected zones show signs of liquid hydro-
carbon at the Mchungwa well. 

4.2. Quantitative Interpretation 

Average petrophysical values for each reservoir are shown in Table 3 and results 
for computed petrophysical parameters for zones C, D, E and F are presented in 
Figures 5-8 respectively. Reservoir sand qualities vary widely where the net re-
servoirs zones and net pay thicknesses range from 4.45 m to 59.08 m, and 0 to 2 
m respectively. The shale volume for Zone C is observed to be higher (ranging 
from 0.10 to 0.17 (10% to 17%)) than in zones D, E, and F, which have very low 
values of 0.05, 0.08, and 0.08 respectively. Both average total and effective poros-
ities range from 12% to 26% and 7% to 22% respectively (Table 4), and average 
water saturation for reservoirs zone ranges from 60.7% to 97.6% while water sa-
turation in pay zone for zones E and F are 48.3% and 40.7% respectively. Per-
meability results range from 0.13 mD to approximately 6 mD. Hydrocarbons 
saturation results show that over 50% in reservoirs is water and the hydrocarbon 
(gas) is less than 20% in zones C and D and hydrocarbon saturation in pay zones 
E and F are 51.7% and 59.3% respectively. Generally porosity, water saturation 
and permeability decrease with depth.  
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Table 3. Summary of petrophysical parameters evaluated from Mchungwa well. 

Zones Flag name Top Bottom Gross Net N/G Vsh Porosity Sw-AR Sw-INDO SH Swir K 

  
(m) (m) (m) (m) 

 
(v/v) (%) (%) (%) (%) 

 
(mD) 

C 
Pay 3683.10 3911.80 228.70 42.20 0.19 0.15 23 97.6 82.4 2.4 91 2.99 

Res 3683.10 3911.80 228.70 0.00 0.00 
       

D 
Pay 4688.07 4701.00 12.93 4.45 0.35 0.05 19 82.1 76.8 18 80 2.66 

Res 4688.07 4701.00 12.93 0.00 0.00 
       

E 
Pay 5044.90 5118.05 73.15 12.90 0.18 0.08 10 80.8 76.7 19 78 0.03 

Res 5044.90 5118.05 73.15 0.21 0.00 0.01 12 48.3 48.0 52 
  

F 
Pay 5305.00 5477.60 172.60 59.08 0.34 0.08 9 60.7 55.6 39 55 0.13 

Res 5305.00 5477.60 172.60 2.08 0.02 0.06 11 40.7 41.4 59 
  

 
Table 4. Porosity results for Zones C, D, E and F. 

Zones Av N-D PHIE (%) Av N-D PHIT (%) Av D PHIE (%) Av D PHIT (%) 

C 23 26 22 25 

D 19 20 17 19 

E 10 14 6 9 

F 9 12 7 10 

5. Discussion 
5.1. Qualitative Interpretation 
5.1.1. Lithology 
The petrophysical analysis of the Mchungwa well qualitatively identified four 
zones of lithology, which were then used to delineate the free shale lithology and 
shale formation. The dominant lithology encountered were shale (probably clay-
stone and siltstone) and free shale lithology interpreted by low gamma value. 
The dominant free shale lithology is sandstone, which is interbedded with shale, 
in some intervals, while other intervals the PEF value indicates the presence of 
carbonate lithology (limestone and dolomite), which probably occurs as cement 
in sandstone. However, core data and core cuttings are needed for final verifica-
tion but these were not included in the study. Therefore, to minimize uncertain-
ties in interpretation, lithology type has been narrowed down to sand and shale 
lithology. 

5.1.2. Reservoir and Hydrocarbon Zones 
The reservoir zones were identified qualitatively by marking the clean sand 
zones, which were designated as zones A, B, C, D, E and F. Based on high resis-
tivity value and neutron-density crossovers observation, four Zones (i.e., C, D, E 
and F) were marked as hydrocarbon zones while zones A and B were interpreted 
as non-hydrocarbon zones because of absence of neutron-density crossovers and 
low resistivity values. In the previous petrophysical interpretation by Ophir, 
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Dominion Tanzania Ltd (2014) (unpublished report) four reservoirs were iden-
tified and named as Maastriactian (3760.0 m - 3912 m), Core Mlinzi channel 
(4605 m - 4701 m), Mlinzi deep (5341 m - 5496 m) and Mid to Late Jurassic 
(5496 m - 5782 m). Of the four reservoirs identified by Ophir, Dominion Tanzania 
Ltd (2014), the first three were also identified (with their respective depth ranges in 
brackets) in this study and are named here as Zones C (3683.1 m - 3911.8 m), D 
(4688.1 m - 4701 m) and F (5305 m - 5477.6 m) respectively. There is difference 
in the top and base of the reservoirs identified in this study as compared to those 
of previous study. Zone E identified in this study was not marked and inter-
preted by Ophir, Dominion Tanzania Ltd (2014) and therefore this is a new zone 
identified by this study. The Mid to Late Jurassic reservoir recognized by Ophir, 
Dominion Tanzania Ltd (2014) is not noted as a reservoir in this study because 
this interval or zone was identified as shale with little sandstone zone at 
Mchungwa. 

5.2. Quantitative Interpretation 
5.2.1. Net Thickness and Hydrocarbon Potentiality 
The four selected reservoirs were analyzed quantitatively to estimate the values 
of shale volume, porosity, and fluid content through the use of empirical equa-
tions described in the methodology section. The net thicknesses of these four re-
servoirs after applying shale volume and porosity cutoff value were determined 
and indicated that sandstone reservoir in Zone F is thicker than other three 
zones (Table 3). However, after applying the water saturation cutoff value of 
50% in order to define the net pay thickness (the economic zone with high hy-
drocarbon amount) Zones C and D gave zero net pay thickness. This indicates 
that Zones C and D contain more than 50% water implying that they are 
non-economical hydrocarbon zones. These zones are also characterized by 
thin/small crossovers and relative low resistivity values, which could be inter-
preted as the presence of an extremely low amount of gas but these crossovers 
could also be attributed to other factors. In some cases crossovers can arise from 
lithological differences as scaling effect where it could be sandstone recorded on 
limestone scale, or limestone recorded on dolomite scale [23].  

The net pay thickness in Zones E and F are 0.2 m and 2.08 m respectively. In 
these small intervals water saturation is 48.3% in Zone E and 40.7% in Zone F. 
This indicates that the hydrocarbon saturation in Zones E and F are 51.7% and 
59.3% respectively. However, these zones have not been considered as potential 
production targets because of the thin thickness of the pay zones. Compared to 
the previous study by Ophir, Dominion Ltd (2014) it shows that all four selected 
reservoirs have zero pay net thickness and 100% water saturation. The minimal 
variation of the results in this study and the previous study is probably due to 
difference in cut-off parameters used or the approaches that were used in calcu-
lations. Generally, hydrocarbon production potential at Mchungwa well is ex-
tremely low that could be attributed to natural geologic variability. 

https://doi.org/10.4236/ojg.2018.88045


A. S. Mjili, G. D. Mulibo 
 

 

DOI: 10.4236/ojg.2018.88045 778 Open Journal of Geology 
 

5.2.2. Shale Volume, Porosity and Permeability 
Shale volume analysis results (see Table 3) show that the reservoir zones can be 
classified as clean sand and shaly sand. Zone C in this study was classified as shaly 
sand with average shale volume of 0.15 v/v, while Zones D, E, and F were classified 
as clean sand with average shale volume of 0.05 v/v, 0.08 v/v and 0.08 v/v respec-
tively. The effective porosity results of the delineated reservoir units vary widely 
ranging from 7% to 23% indicating that reservoirs quality is in the range of good 
to poor. Zones C, D and E are classified as good quality reservoirs while Zone F 
is classified as poor quality reservoir with porosity less than 10%. In general 
permeability results show that the rocks at Mchungwa well have low permeabili-
ty suggesting that the flow of fluid is very poor and hence have poor production 
capacity. Both porosity and permeability decrease with depth, which is probably 
due to increase of compaction and cementation with depth, associated with sub-
sidence in the basin. 

5.3. Geological Implication on the Petrophysical Properties 

Petrophysical results at Mchungwa well is strongly affected by the regional and 
local geology of the area, so these results could be used to visualize and give 
broad context for the reservoirs’ quality in the nearby area. High shale volume in 
Zone C (Maastrichtian Sandstone) was deposited during Late Cretaceous major 
transgression period where marine argillaceous sediments were frequently depo-
sited with turbidity sandstones than sandstones deposited in Early Cretaceous 
(Zones D, E, and F). Sandstone reservoirs in Zone C (Maastrichtian), Zone D 
(Albian) and Zone E (Upper Hauterivian to Barremian) have good porosity. 
However, a regional decrease in porosity value could be due to cementation 
caused by dewatering of the thick sequence of Hauterivian to Campaanian he-
mi-pelagic claystone, which surround porous Albian sand and underlie the 
Maastrichian sand. Cementation by dewatering of the hemi pelagic claystone 
could also be the major reason for low permeability in the well. High water sa-
turation in the identified sandstone reservoir sections and low hydrocarbon 
concentrations suggest the presence of non-commercial volumes of either mi-
grant gas or gas generated from the interbedded claystone sediments which are 
dominant observed in the well. 

6. Conclusion 

Qualitative and quantitative interpretations of petrophysical properties of the 
reservoirs from well logs analysis in this study were successfully done. Results 
show that the delineated reservoir units of Mchungwa well have porosity ranging 
from poor to good of which Zones C, D and E have good porosity reservoir 
quality and Zone F has poor porosity reservoir quality. The reservoir sections 
with good porosity reservoir quality indicate that the grain sizes of these three 
reservoirs are uniform and coarse with low cementation. The permeability re-
sults obtained from well log in this study are negligible. Hence, the sandstones 
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are classified as impermeable. Despite of good porosity, the quality of the reser-
voirs sections can be categorized as poor due to poor permeability. The quality 
of the reservoirs was probably affected by dewatering of hemipelagic claystone. It 
is also observed that, the quality of the reservoirs decreases with depth, most 
likely due to the diagenesis and compaction associated with depth of burial of 
the older sediments during deposition. Generally, the field under study does not 
have good prospect for exploration and production because of the high level of 
water saturation and consequently low hydrocarbon saturations. However, the 
petrophysical information obtained from Mchungwa well provides vital infor-
mation on regional geologic variability to enable further exploration in Northern 
offshore blocks in Tanzania. 
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