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Abstract

The present paper deals with evaluation of petro-physical parameters of Hawaz Formation at J oil
field, Concession NC186 in Murzuq basin through the analysis of well-log data available for ten
exploratory wells, distributed in J oil field. A comprehensive formation evaluation has been applied
through numbers of cross-plots and using their output parameters as input data for interactive
petro-physics software (IP) in order to evaluate the lithological constituents and fluid saturations.
The litho-saturation cross-plot indicated that the Hawaz Formation consists of sandstones with few
shale. These sandstones are generally fine to very fine grains but occasionally coarse to very coarse
grained. Generally coursing upward sequence is indicated. The litho-saturation cross-plots also

illustrated that horizon H4 and H5 are the main reservoirs in Hawaz formation
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Introduction

Murzug Basin is located on the North African
Platform (Fig. 1), covers an area of some 350,000
kmz, extending southwards into Niger [1]. The
present-day borders of the basin are defined by
erosion resulting from multiphase tectonic
uplifts. It is not a sedimentary basin in the
normally accepted sense, and could more
accurately be described as an erosional remnant
of a much larger Palaeozoic and Mesozoic
sedimentary basin which originally extended over
much of North Africa [2]. The flanks comprise
the Tihemboka high to the W, the Tibesti high to
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the SE, and the Gargaf and Atshan highs to the N
and NW. These uplifts were generated by various
tectonic events ranging from middle Palaeozoic
to Tertiary times, but the main periods of uplift
took place during Middle Cretaceous to Early
Tertiary Alpine movements.

The present-day Murzug Basin contains a
maximum sedimentary fill of about 4000m.
Davidson et al. [2] pointed out that, despite
successive erosive episodes during several phases
of uplift and erosion throughout the history of the
basin, the maximum sedimentary thickness
probably never exceeded 5000 m at any single
point in time.
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Fig. 1 Location Map of the Sedimentary Basins of Libya (After Fello [3])

This Basin has different concessions
containing some oil fields. Each field has some
wells drilled for the evaluation of subsurface
geology and hydrocarbon potentialities of the
Cambro-Ordovician Hawaz Formation intervals
drilled by Repsol Qil Operations [4]. J field is
one of the oil fields in concession NC186 that

development wells, distributed in the field (J-
NC186) on the northwestern flank of the Murzug
basin, southwest part of Libya (Fig. 1 and 2).
The investigated J oil field lies between the
latitudes 26° 45'and 26° 50'N and longitudes 12°
32" and 12° 36' E as shown below in (Fig. 2 and
3).

was encountered by ten exploratory and
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Fig. 2 Location map of J oil field, concession 186

Generally, the petroleum  system
represented by structural Hawaz paleo-high
created during the post Hawaz erosional event.

is

The main regional seal is the Silurian Tanezzuft
shale Formation, and the basal Tanezzuft hot
shale member acts as the main source rock in the

64



Reservoir quality of Hawaz formation, J oil field

Scientific Journal for Damietta Faculty of Science 3 (1) 2014, 63-75

area of study. This formation is considered the
main target.
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Fig. 3 location map of J oil field, concession 186,
Murzuq basin

This paper is devoted to study the
hydrocarbon potentialities of Hawaz Formation
in J oil field through analysis of the available
well log data. A comprehensive analytical
formation evaluation has been applied using
interactive petro-physics (IP) software. The well
log data comprise resistivity, sonic, neutron,
density, nuclear magnetic resonance, spontaneous
potential, caliper, gamma ray and natural gamma
ray spectrometry logs.

General Geologic and Structural Settings

Murzuq basin is located on SW Libya and forms
one of several intracratonic sag basins. The
structural fabric imparted to the North African
continental  lithosphere  during the late
Proterozoic, Pan-African event has played an
important role in controlling the subsequent
structural and stratigraphic evolution of the basin.
Early Palaeozoic tectonics created a series of
NNW trending arches and sub-basins across
North Africa, which filled with clastic continental
and shallow marine deposits and transgressive
open marine facies. Early Palaeozoic tectonism
effectively controlled the distribution of late
Ordovician reservoirs and distribution of Silurian
"Hot Shale™ which onlap early- formed fault
blocks [3,4].

The structure of the Murzuq basin is quite
simple. The sub-horizontal or gently dipping
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strata is faulted and the faults are most frequently
parallel to the axis. Tectonic movements affected
the basin to a greater or lesser degree from
middle Palaeozoic (Caledonian) to Post-
Oligocene (Alpine) times [6].

Caledonian, Hercynian and Alpine tectonic
events affected this basin evolution, specially
Caledonian and Hercynian orogenies [6]. The
Caledonian orogeny started in the Upper Silurian
and persisted through the lower part of the Lower
Devonian,. This has been provided in several
localities in the south of the Ghadames Basin, in
the Murzug basin and also in the Kufra basin
(Fig. 4).

The stratigraphic column of Murzug basin
ranges from the Pre-Cambrian to the Quaternary
(Fig. 5). The maximum thickness in the basin
center doesn’t exceed 4000 m. Hawaz formation
rests conformably over the Ash Shabiyat
formation. Both formations are cut by an erosive
surface recognizable in outcrop and subsurface
[7,8]. This surface is related to a glacial period
lasting from Caradocian to Upper Ashgillian
times. The deposition of the overlaying Melaz
Shugran formation was controlled by a prominent
palaeo topography including deeply incised
valleys.

Hawaz formation has been described by
Pierobon [9] as "typically consisting of cross-
bedded, quartizitic sandstone with kaolinitic and
thin shaley intercalations. Tigillites-bioturbated
levels and ripple marks are conspicuous. The
formation thickness ranges from 50 m (at Dor Al
Qussah) to 300 m (at Al Qargaf) in outcrops, and
30 m to 230 m in the subsurface. Palynological
studies of this formation strongly indicate a
Middle Ordovician (Llanvirnian-Llandeilian) age
for the whole of the Hawaz formation, this is
based on palynological data from Bras petro type
well C1-NC58 [9].

Well logging data analysis technique

The processing of the well logging data in this
study has been carried out utilizing constructing
two cross-plots (Pickett and Hingle) for deriving
formation water resistivity (R,), cementation
factor (m) and matrix parameters
(Pra » AL, ). These parameters were used as input

parameters for the interactive petrophysics
software to evaluate Hawaz reservoir. The pay
flag were computed using Vshale cut-off 40%,
Porosity cut off 10% and Sw cut-off 50%. These
cut-off percent's were determined from the
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inspection of the logs and cross plots of the
porosity versus Vshale. The output results are

presented in the form of litho-saturation cross
plots and maps.

107 k 15" E 200 E 25" B
1 1 1 ]
7, AR X, MEDITERRANEAN SEA
AP FI NN BINGHAZ
- AT A :
S v AN
‘-\ : a2 GULF OF SIRT
2 ) S 4
; s 30" N
30°N ~ PO 307
3TN %Y GHADAMES ©&  —  ___
= hs BASIN
E IrE Jabal ay Sawd.
=Y 5
7 ] . A
o B
> ki MURZUQ S
-'<n|-.l.-
25"N F E TRIES A5 g ' 25" N
.~ ¥ SEeeiass 2., uisg e :
AN ~. MURZUQ =, E2=ZE o . 1
2 | 3 oesied S = . P
o .~ .BASIN ; g. o X
o Vie, SE Ro~ KUFRA | i3
ERS - i 7 BASIN 3 E
L ora L 728, S ASL 5 § |
" *~ e l,%” \\— z:
: - o, ~43
LEGEND \ Ny e =
200N} < 1 20°N
ApD - 3
Lava flows .
Ry |
2 . ) 200 YK
- } - Axis of uplift § 208 J00KM
————— Other unit boundary
1 ! 1 1
107§ 1S E 200 E 25 E

Fig. 4 Location Map showing the general tectonic fram

Applications

The pickettcross-plot [10] is one of the simplest
and most effective cross-plot methods in use.
This technique is based on the observation that
true resistivity (Rt) is a function of porosity (),
water saturation (S,), and cementation factor

(m). On the plot, a zone with constant water
saturation will have data points along a single
straight line trend. The slope of the straight line
representing SW=100% represent —m and its
intersection with 100% @ is aRw. Figures 6 and
7 represent the Pickett plot for Hawaz formation
in wells J11-NC186 and J13-NC186. It was
found from the cross-plots that the average value
of Rw equals to 0.31 Q m* m™, which is
correletable with that obtained by core sample
data executed by Repsol oil operation. It was also
found that m is equal 2.

On the other hand, matrix parameters
(Pma »At,,) have been obtained from Hingle

cross-plot. In this study, the matrix values have
been determined by the intersection of

ework of Libya (After Fello, 2001)

SW=100% line and the horizontal axis. Figures 8
and 9 represent Hingle cross plot for Hawaz
formation for J13-NC186 and J1-NC186 wells
respectively. The results indicated that pma value

is 2.66 g cc' andAt,is 55usec/feet. Dia

porosity cross plot between pb versus ®N is used
for evaluating matrix lithology and porosity. The
lithological facies for Hawaz formation in J4-
NC186 well consists mainly of sandstone matrix
(Fig. 10). This sandstone is characterized by
coarsening upward facies from horizon H8 at the
bottom level to horizon H1 at the top (Fig. 11).

IP output results

The IP output results were presented in the form
of lithosaturation cross plots for Hawaz
Formation in the study area. This formation was
subdivided into eight subzones H1, H2, H3,
H4"H4a-H4b-H4c", H5, H6"H6a-H6b-H6C", H7
and H8. These subzones have its own
petrophysical parameters (Vsh, Sw, Sh and ®).
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Fig. 13 IP results for well J14-NC186, J Oil Field

The calculated shale volume Vsh for Hawaz
formation in J13-NC186 well (Fig. 12) ranges
from 5.7% to 19.6% with average 10.9%. The
effective porosity ranges from 10.1% to 15%
with averagel3%. Water saturation ranges from
31% to 75.7% with average 56 %. The top of
Hawaz formation is 4281 ft with a gross
thickness of 369 ft. and net pay thickness is 98ft.
It is well known that H4 and H5 are potentially
the most productive subzones. On the other hand,
the calculated shale volume of J14-NC186 well
(Fig. 13) ranges from 5.2% to 19.2% with
average 11.8%, the effective porosity ranges
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from 11.7% t019.3% with average 15.3%, the
water saturation ranges from 12.9% to 41 % with
average 26 %.

The top of Hawaz formation is at 4408 ft with
a gross thickness of 465ft. and net pay thickness
is 388 ft. From H3 to H5 are potentially the most
productive subzones. The litho-saturation cross-
plot of well J1-NC186 (Fig. 14) displays that the
calculated shale volume ranges from 0.2 % to 4.5
% with average 2.6 %, the effective porosity
ranges from 11% to 24.7% with average 14%, the
water saturation ranges from 9 % to 75 % with
average 53 %. The top of Hawaz formation is at
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4354 ft with a gross thickness of 495 ft. and net
pay thickness 294 ft. It is indicated also that
subzones H3, H4 and, H5 are potentially the most
productive zones (Fig. 14).

Areal distribution of Hawaz reservoir

The deduced petrophysical

parameters are
represented by a number of isoparameteric maps

showing the lateral distribution of Hawaz
Formation. The gross reservoir thickness contour
map (Fig. 15) shows that the maximum recorded
reservoir thickness 558ft at J5-NC186 well, while
it decreases gradually NW and west ward
recording the minimum value of 304ft at the J6-
NC186 well.
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The net reservoir thickness contour map
indicates a maximum recorded thickness of 410ft
at well J5-NC186 (Fig. 16), while it decreases
gradually from the center to the north and
recording the minimum value of 98ft at J13-
NC186 well. The effective porosity contour map
of the Hawaz reservoir shows a regular pattern of
distribution with a general increasing towards SE
of the area (Fig. 17), recording a maximum value
of 19% at well J5-NC186. The water saturation
contour map of the reservoir illustrates a
considerable distribution pattern with a general
increasing in center of the study area (Fig. 18),
and recording a maximum value of 80% at well
J8-NC186. This value decreases gradually
towards NW-SE of the study area recording a
minimum value of 8% at well J12-NC186. The
oil saturation contour map displays a maximum
value at well J12-NC186 while it decreases to a
minimum value at well J8-NC186 (Fig. 19). This
oil is mainly concentrated at the horizons H4 and
H5 as indicated from well log responses and
litho-saturation cross-plots.
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Conclusions

This paper has been carried out to study and
evaluate the petrophysical characterisitics of
Hawaz formation in J oil field of concessions
NC186. The conclusions which can be extracted
are as follows:

The analytical formation evaluation reveals
that the hawaz reservoir is mainly clean
sandston.  This  sandstone  represents
coarsening upward facies.

H4 and H5 subzones are potentially the most
productive in Hawaz formation as indicated
from the litho-saturation cross-plots.
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