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ABSTRACT

The open hole well log data (Resistivity, Sonic, and Gamma Ray) of well X in
Euphrates subzone within the Mesopotamian basin are applied to detect the total organic
carbon (TOC) of Zubair Formation in the south part of Irag. The mathematical
interpretation of the logs parameters helped in detecting the TOC and source rock
productivity. As well, the quantitative interpretation of the logs data leads to assigning to
the organic content and source rock intervals identification. The reactions of logs in
relation to the increasing of TOC can be detected through logs parameters. By this way,
the TOC can be predicted with an increase in gamma-ray, sonic, neutron, and resistivity,
as well as a decrease in the density log. In calculating TOC content, sonic/resistivity
overlay technique was used. The results detected that the upper and lower parts (3300-
3460 and 3570-3700 respectively) of the formation were the principal source rock in this
location. The TOC results from logs are ranged respectively from 1-6 and 1-4 wt % for
the upper and lower parts from the formation. These results are compared with TOC from
(58) samples of Rock -Eval Pyrolysis, which showed a close pattern of increasing and
decreasing in TOC values. This comparison was made so as to enhance the results of this
technique. In addition, this tool revealed the possible lithology of the studied intervals,
where the logs originally would give an indication to the lithology, as such high TOC is
significant to relatively low energy environments. TOC calculation showed that the upper
and lower packages represent source-seal rocks, while the middle had good reservoir
properties. This relation may indicate a locally stratigraphic trap, and a need for further
detailed studies.
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INTRODUCTION

The assessment of source rocks for any basin studies in various geological settings
needs to grow the uses of logs techniques to enhance the database, especially when
geochemical information is restricted. These uses provide an integrated assessment of
source rock ability for volumetric determinations. Source rocks are mainly formed of fine-
grained sediments like mudstones and shale (Tissot and Welte, 1984).

The important component of source rocks is the organic matter (OM), which expresses
the Total Organic Carbon (TOC). The later have to be more than 1% to be worthy in the
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source rock studies (Hunt, 1996). In organic geochemical studies and petroleum
exploration, the TOC is the main indicator of the quantitative parameters of any source
rock, in addition to S2 and the qualitative once (Peters et al., 2005). Forasmuch, due to the
value of TOC is the main parameter to expect the quantity and quality, this paper focuses
on the method of how to get the real values or to be closer (Leckie et al., 1988 and
Dymann et al., 1996). A number of logs data have been prepared and predestined to use in
determining variations and absolute quantities of TOC. In this work, two main logs have
applications in quantifying organic content from wire line logs. The resistivity and
porosity, in addition to the gamma ray and calibre logs, are established for determining
the TOC in the evaluated units as shown by (Passey et al., 1990). In south east in the
Mesopotamian zone of Iraq in Euphrates subzone precisely, is the area of interest and is
considered as one of the promising regions (Map 1). The case study was from southern
oilfield, well X was chosen due to the integration of data.

The total depth of this well is (4700 m) from sea level. The interval of interest is
located from (3300-3700 m) which represents the Zubair Formation. The formation is
comprised from alternation of sandstone, siltstone, and shale, representing the delta and
pro delta facies, while limestone is restricted to the upper part, of the formation, which
represents transgressive phase deposits (Buday and Jassim, 1980). It is divided into three
units; Upper, Middle, and Lower Zubair Formation. The shale packages become thinner
toward the western area of the study while the coarse clastic packages become thinner
within and toward the eastern parts (Jassim and Goff 2006). Such differences in the
thickness of the packages must be due to progradation of the delta sand bodies. On the
other hand, Euphrates Subzone lies in the west of Mesopotamian zone. It is the shallowest
unit but has thicker Quaternary deposits compared with the Tigris Subzone (Agrawi et al.,
2010).

MATERIALS AND METHODS

Logs of resistivity, porosity, gamma ray, and calibre were converted from hard formula
into digital data to be possibly used in calibration by Excel software. This operation was
made by the didger program. Primarily, the logs of resistivity (ILD) and the sonic (At) are
superimposed to be in one harmonic track, where each 50 psec/ft from At equal one
logarithmic ILD cycle (Passey et al., 1990). The gamma ray (GR) log is synchronous to
delineate the shale base line. As shown in detail in Diagram (1) (Shayesteh, 2011), the
ILD and At baselines (which represent the overlapping between them in non-source, clay
rich rocks based on relatively high values of GR) specified and appointed to equal 30.71
ohm.m and 81.43 psec/ft respectively at the interval 3500-3550 m. Then the equation (1)
was run in Excel software as below:

A log R = (R/R baseline) +0.02(At - At baseline) ............ (1)
Where:

R is the resistivity measured from log, At is the transit time from log, R baseline (30.71
ohm.m) is the resistivity corresponding to the At baseline value (81.43 psec/ft) when the
curves overlap in non-source, clay rich rocks, and 0.02 is based on the ratio of (50) psec/ft
for each resistivity cycle.

The resulted A log R, as well, entered to the Excel software to calculate the total
organic carbon (TOC) as shown in equation (2).

TOC = (A log R)*10 exp (2.297 - 0.1688 * LOM)............ (2)

Where:
TOC is the total organic carbon measured in wt%, LOM is the level of organic maturity.
Depending on the calculated Ro and comparing with (Hood et al., 1975); the LOM value
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is eight (8) for this research as shown in Table (1) and Diagram (2), which means of Ro
had ranged from 0.5-0.6 depending on (Jarvie, 1991), the other numbers are constant.

In each practical study, the resulted values have to be realized and ensured for their
certainty, wherefore; fifty eight (58) samples of cutting were analyzed to determine the
geochemical parameters of Rock-Eval pyrolysis techniques. The samples were selected as
far as possible from the shale intervals of different depths as shown in Table (1). These
data were inverted from the South oil company (SOC) in Basra governorate.

Finally, all the collected logs data were used to describe the organic richness in the
interval of interest. Furthermore, the TOC results from Rock - Eval pyrolysis were
represented in a log curve and superimposed with TOC resulted from equations, as in
Diagram (3).

Table (1): The organic geochemical parameters obtained from Rock-Eval Pyrolysis with
calculated Ro according to the equation of Jarvie (1991).
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RESULTS

The main results of this paper are:

1. The TOC can be calculated from the right integration of porosity and resistivity logs.
These results are supported by comparison with TOC from the Rock-Eval pyrolysis.

2. TOC is a good indicator for the lithology of different intervals. As well as, the studied
section is divided into three rock packages in respect to the TOC, and as a result, to
the lithology. These three rock packages started in 3300- 3460m (160m), 3460-3570m
(110m), and 3570-3700m (130m) from top to bottom respectively.

3. Similar to these studies can be used and applied in the promising areas that lack
geochemical data.

4. The correlation between the TOC results from log and core analyses is important to
determine and prove the success of the logs techniques in organic geochemistry
evaluation. In well X, the correlation between the calculated and the measured TOC
reflects a good obvious similarity between them (Diag. 3). Thus, the overlay proved
real tools for quantitative determination of TOC in this well.

DISCUSSION
Wire line logs of sonic and resistivity overlays are applied for the certain interval of
interest (Zubair Formation) in the well X. One overlay is drawn for the well, combining
both of the calculated TOC values and the GR log (Diag. 3). This type of presentation
may help in identifying the organic rich rocks and evaluating the organic richness in a
whole formation or intervals that have no enough data to study the geochemical properties.

The sonic - resistivity overlays of the formation can be presented as in (Diag. 3).This
overlay reflects the dominant of a good A log R separation with high percentage of the
TOC (wt %) in the upper (3300-3460m) and lower (3570-3700m) parts of Zubair
Formation. The calculated TOC range between 1-6 wt % in the upper formation, while 1-
4 wt % in the lower, indicating the prevalence of organic matter in these two intervals.
This result refers to good source rock quantity parameters, which may indicate a possible
source rock, and can provide oil and/or gas to the nearby reservoir rocks.

The middle Zubair Formation (3460-3570m) showed a decrease in the TOC values.
This may indicate good reservoir characteristics in the studied area as shown in (Diag. 4).
Rock characteristics are dominantly solid and have good total porosity as expected by the
company of porosity, resistivity, and Gamma ray, in addition to calibre log; this may
mean the consistence of pure sandstone as assigned by (Idan et al., 2015). The resulting
ideas may suggest three different rock packages, the middle of them diagnosed to be the
cleaner sandstone reservoir trapped between two shale-rich intervals acting as source-seal
stratigraphic trap or complete petroleum system as explained in (ldan, 2012). This
conclusion may be enhanced by several later studies for the promising area, concerning
with reservoir characterization (porosity, permeability, and water saturation) and oil
habitat.

CONCLUSIONS

Logs method is considered as the up-to-date to the identification and quantification
source rock. The evaluation method primarily starts by exposing the responses of the logs
GR, At, and ILD, in addition off course to the neutron and density, to increasing TOC.
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Increase of GR, At, neutron, resistivity and decrease of density may indicate increasing in
TOC but this is not necessarily always true in all cases (Diag. 4).

Porosity/resistivity tool shows that logs can be used to identify organic-rich formations.
As in this case, the calculated TOC ranged from 1-6 wt %. This result is close to the
Rock-Eval analysis which means that the studied interval is considered as source-seal
rock in the study area. To detect that log, analysis may really evaluate and be applied for
quantitative determination of TOC, it is essential to correlate with Rock-Eval pyrolysis
data. Results from the overlay showed a generally accepted compatible with core data in
estimating TOC in this area (Diag. 3). As a result, these calculations can be used in
intervals that lack of geochemical data to obtain an overview in exploration.

ACKNOWLEDGMENT
The South Iragi Oil Company (SOC) is acknowledged for the supply of logs and rocks
samples analyses as well as other information related to this paper.

40°E 47E TURKEY ase ™ | 48°E 43°E

== s

Khleisia
High

j D
o e =Y
‘ Foredgep Basin
Sowmy

DhioQar—

I studied Field
[

100km

Map (1): The tectonical zonation and the area of study representing the target oil
fields (Al-Ameri et al., 2011).

189



Total organig carbon (TOC) prediction from resistivity and porosity logs

Sonic psec/ft
Gamma Ray w s s s
10 2030 40 S0 60 70 80 o . RESiSlIVIIlyn(Oﬂm m)‘m il
3,300 3,300 e
D
3320 3,320 | k R
~~
B e 2
=
. =}
3,340 3,340 | = =
— =
T
<z <
3,360 3,360 | = =
;- S
o
'y 2
3,380 3,380 | } =4
—— <
—
3,400 3,400 | g
TR O
—— @
2
3,420 - 3,420 | —J g
o S
—— =
= =i
.=
3,440 3,440 | o
.2
~~ —_— ~
e Q
3,460 3,460 | — =)
— A 5
g <]}
i = ° g
<+ 3,480 3,480 | [PIRS]
Q S5
3,500 | 3,500 | —_— oS
0O — S
e =
—_— < Q@
3,520 3,520 | — Q=
— = QO v
- 2 g
- [~
3,540 3,540 | S= on —
= S 3
r— — ®©
.1 g
3,560 3,560 | %D @
@
.=
== 2 G
o S
3,580 3,580 | “? = <
— ~ D
=1
s o
3,600 3,600 | = o T
== 2 <
— O =
e 5 ze
3,620 3,620 | S
== R
— % O
== 7 ]
3,640 3,640 é m s
~ ©
= S 3
2
! S E
3,660 3,660 = 28
,660 - 660 ; w2
"‘? 5
o —m—— = o
N—r
3,680 3,680 _g c
©
—_— ©
—— (o))
3,700 3,700 =5 ©
[a)

190



Rami M. Idan

Spgrg Vitrinite
Carbonization | Reflectance

GUTJAHF {1566} IBCP 1971

Yellow to
Darl: Brown

Diagram (2): Level of Organic Maturity or Metamorphism (LOM) explains how the
LOM value has been chosen depending on the Vitrinite reflectance (Ro),
which calculated as Jarvie (1991), modified from Hood et al. (1975).
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Diagram (4): Full set of resistivity, porosity, GR, and calibre of the interested interval,
showing the petrophysical properties of the formation. Note that middle
section (3460-3570m) behaves relatively different than upper and lower
parts.
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