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ABSTRACT

Geochemical analyses were carried out on shale &snpbtained from a well in the Arochukwu Area,ikpgd
Basin, to determine the TOC and SOM values. The V@gs varied from 0.85wt% - 1.15wt% with an ageraf
1.03wt%, while the SOM values ranged from 20ppn8@pgm with an average of 120.5 ppm. The abovdtsesu
show that the TOC values fall above the minimurastmold for hydrocarbon generation potential. The&imum
threshold value for TOC is 0.5%. The average S@Merof 120.5 ppm which is higher than the mininuaue
which is 50 ppm is also indicative of good sourgekrpotential for the studied samples. The tramséiion ratio
which serves as a quantitative analysis to deteentire level of maturity shows an average valuel@f4 which
indicate that studied samples of the area are itonea. The implication, therefore, is that the sedits from the
studied depth slice can be regarded as immaturarssd in predominantly gas prone enviroment.
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INTRODUCTION

Most people now believe that oil and gas are formbdn the remains of dead animals and plants axedmwith
sediments, buried and formed into rocks and thexteldedeep underground. The oil and gas then saerough
porous rocks where they may or may not collect inad or gas field. Geochemistry, particularly onga
geochemistry tries to find if the rocks in an aae@ of the right sort and the right amount to faihor gas.

The mechanism of the transformation of the sediargnbrganic matter into oil and gas is known asofygis.

These transformations take place in a sedimentaly usually called a SOURCE ROCK. It is importahgrefore,
to recognize these rocks in the early stages oblgetm exploration, for their evaluation. The preseof more than
one source rock in an area makes it more attracfiweestimate of how prolific the source has bead aome
indication of the nature of the hydrocarbon produftil or/and gas) is valuable for effective explion of

petroleum.

It is in this regard, that the present work is aina¢ evaluating the source rock qualities of thelgtarea , with a
view to further understanding the petroleum progpetthe Afikpo Basin.

LOCATION OF STUDY AREA
The studied samples were recovered from an intaran appraisal well in Arochukwu Area in AfikpcaBin,
southeastern Nigeria which lies within Latitude28’ and Longitude %.57’ in southeastern Nigeria .
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AIM OF THE STUDY

The aim of this research work is to carry out demaical characterization of a sedimentary sectfoirochukwu
Area in Afikpo Basin. The Characterization invohasalysis and interpretation of source rock pararseh order
to determine the hydrocarbon source potential @fstiadied sediments

GEOLOGY OF AFIKPO BASIN
The Study area, Arochukwu Area lies within AfikBasin in the Lower Benue Trough, Reyment [16] had the
following lithostratigraphic divisions:

Asu River Group: This is a sequence of marine shales occupyiagdne of the Abakaliki Anticlinorium. It has a
thickness of about 6000ft, embedded with shaleraimdceous sandstone and the shales are deeplyenetind
contains radiolarian echinoids, pelecypods andgpstls . The Age is Albian.

Eze-Aku Shale Group: The Eze Aku Shale group consist of hard grey tolbshale having thick flaggy calcareous
and non-calcaroeus shale. The Eze-Aku Formatioresepts a shallow water deposit. The fossils consisainly
pelecypods, gastropods, echinoids, e.t.c whiclcatdibasal Turonian age .

Agwu Shale: The Agwu Shale overlies the Eze Aku shale conftiynand is between Agwu and Ndeaboh in
Southern eastern Nigeria.The lithology is a bluséy well-bedded shale interbedded with fine yellaicareous
sandstone and shaly limestone with a total thickié®00m,the strata are greatly folded and cord#iseeps.

Nkporo/Enugu shale and Owelli sandstone: Nkporo shale of Late Campanian age is the bas@daf the late
Cretaceous sedimentary cycle in the Anambra bdskposures are poor, bearing coarsening upward iclelta
sequences of shales interbedded with sands. Théspretation is supported by the vertical asscmmatof
distributary channel sands (basal Mamu formation) the lateral equivalents of lower flood plain lkamaceous
shales (Enugu shales) towards the central and arortparts of the basin. The lithology of Enugu shatonsists
mainly of carbonaceous shales and coals within upper half deposited in lower flood plain and swgmp
environments. The sediments are normally associsithdsiderites and pyrites which are early diagenminerals.
The Owelli sandstone is the major sand member efEthugu shale formation and forms and elongatesstiog
sand body elongated to the NE defining a meand#rdfea fluvial/distributary channel system. Seditay
structures of the channel sand exposed at theigumdor instance demonstrates possible tidal pses coupled
with a few gastropod shells recovered, suggestiagma incursions into these distributary channsteys .

Mamu Formation: The Mamu Formation overlies the upper Campaniardafacies associations described above.
The age ranges from lower to middle Maastrichtramf south to north. Both vertical and lateral facdhanges are
observed, formation thickness ranges from 100mQ00din across the basin and lithology includes shateb
sandstones, with some limestones in the south aaldseams in the central to upper parts of thenb&=positional
environments include distributary/estuarine chasyrgdrrier foot, swamp and tidal flats,.

The Ajali Sandstones: The Ajali sandstone consists of mineralogically mueatured, medium to coarse grained,
moderately well sorted quartz grains, and intetaala of thin laterally extensive clay beds of natiy less than
1m also occur. The formation thickness is aboun3@3tending across the entire basin and into thaelimiNiger
Basin and slightly diachronous, ranging from Midtid_ate Maastrichtian from south to north.

Nsukka Formation :The Nsukka Formation (Upper Coal Measure) lies aonébly on the Ajali Sanstone. It
occurs from the north of Awka to the Upper Ankpa-tasin, with lithology of mainly shales, siltstensands and
coals and lateritic cover. Age of the formatiorr@am upper Masstrichtian to Danian, and depositi@mironment
is similar in many respects to the Mamu Formatilmwér coal measures), consisting of transitional/sline,
mudflats and swamps, deposited during a largelsessive phase of sea level changes.

MATERIALSAND METHODS

Sample PreparationSelected sample interval (Table 1) the samples weea dried properly after which they
were ground individually.
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Table 1: Selected sampleinterval

Sampleno | Depth (metres)
0-3
3-6
6-9
9-12

12-15

15-18

18-21

21-24

24-27
27-30

Blo|o|~|o|o|sfw|n|-

Evaluation techniques. The Ten shale samples were subjected to a geuchleanalysis in order to characterize
their petroleum generation potential

The analytical methods involves are:

(a) Extraction and Fractionation of soluble orgamatter (SOM) from the samples and
(b) Determination of total organic carbon (TOGhtent

Total Organic Carbon (TOC): TOC determination is done to estimate the quanfityrganic matter in each sample.
The basic principle behind this is that organidoaris determined by a mixture of hydrogen tetosodphate (iv)
acid and aqueous potassium dichromatgC(kO,).After complete oxidation from the heat of solutiand external
heating, the unused or residuaddf,0, (in oxidation) is titrated against ferrous ammanisulphate. The used
K,Cr,0;, the difference between added and residy@IrO; gives a measure of organic content of sediment.

Soluble Organic Matter (SOM): To determine source rock potential, maturity andodéional environment. The
significance of this is that extraction and thetedmination of yield of soluble organic matter ($Qallow for
identification of hydrocarbon rich sediments, white ratio of soluble organic matter (SOM) to th&at organic
carbon (TOC) gives an indication of the maturitatgs of hydrocarbon generative potential of thers®u
rock,Ejedawe et al, [5] and [6].

RESULTS

The totalorganiccarbon conten{TOC) of the ten (10) analyzed samples varied fBb8bwt% - 1.15wt%, with an
average of 1.03%. Table 2, shows the end poinfT&@@ values obtained.

It has been established from various studies tRst Bf 0.5% is the standard minimum threshold vdtwesource
rock to generate hydrocarbon, Frankyl [18].

Table 2: Total organic carbon content of the study area

Sample number | End point values | Rating | TOC | Depth (metres)
1 1.66 Good 1.15 0-3
2 1.20 Good 1.52 3-6
3 1.70 Good 0.95 6-9
4 1.80 Good 0.93 9-12
5 2.20 Good 0.90 12-15
6 2.30 Good 0.85 15-18
7 1.60 Good 1.12 18-21
8 1.70 Good 0.97 21-24
9 1.80 Good 0.95 24-27
10 1.90 Good 0.94] 27-30

Therefore an average TOC value of 1.03 wt% for gamstudied is well above the minimum threshold fo
hydrocarbon generation.

Ronov [17] states that the ability of a rock to gexte and expel hydrocarbon is dependent on thatiguaf
organic matter present. The quantity of organictengtresent in a rock can be evaluated and cledsifsing the
total organic carbon content as indicated belowyétkzor et al [7].
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TOC (WT %) Grade of Source Rock

<0.5% Poor
0.5% - 1.0% Fair
> 1.0% Good

From the data above, it can be inferred that tiadyaed samples which yield organic carbon valuegeeater than
the threshold value (0.5%). The organic carbomgatif the source rock can be said to be good, Ewatray/[9].
Extractable Soluble Organic Matter (SOM): The samples were subjected to extractable solulgana matter
analysis (SOM), the values were shown (see Table 3)

Table 3: Values obtained for the soluble organic matter (SOM) of well samples by Soxtec extraction method

SIN | Depth(M) | Wt of sample(g) | Wt of extract | SOM (wt %) | SOM (ppm) | TOC

1 0-3 10 0.015 0.02 20 1.15
2 3-6 10 0.036 0.05 50 1.52
3 6-9 10 0.028 0.04 40 0.9%
4 9-12 10 0.085 0.12 120 0.98
5 12-15 10 0.018 0.188 188 0.90
6 15-18 10 0.019 0.042 32 0.8p
7 18-21 10 0.068 0.08 80 1.1p
8 21-24 10 0.290 0.48 480 0.9]7
9 24-27 10 0.075 0.105 105 0.95
10 27-30 10 0.078 0.09 90 0.94

The extractable soluble organic matter (SOM) showgrattern similar to that of the total organichear content.
The SOM values increases from depth interval Ot@i2-15m with depth of burial and then flunctutiethe rest
of the depth interval ( see Table 3).

Table4: Source Rock Classification scheme (After Deroo et al, 1977)

SOM Sour ce Rock Potential
50ppm Poor source rock

50ppm-100ppm|  Fair source rock
100ppm Good source rock

The value of SOM ranges from 20ppm to 480ppm witlagerage of 120.5ppm. Deroo et al [4] Table 4 rsnm@vn

the Source rock classification scheme of the seldbganic matter (SOM). The average SOM value falyaed

well samples falls within this range, and is intetpd to be good source rock. However, the conagaitr of soluble
organic matter of less than 7000PM as in the cafigecstudy area, is incomparable to the prolifitrpleum source
rocks of the world.

Transformation RatioThe transformation ratio, Table 5 which serves aguantitative analysis is an index of
maturity. It is investigated as a comparative meabegtween the values of SOM and those of TOC.

Table5: Averagetransformation Ratio ( TR)

Sample number | Depth (M) | TR=SOM/TOC | SOM (wt %) | TOC(wt%)
1 0-3 17 2.0 1.15
2 3-6 3.3 5.0 1.52
3 6-9 4.2 4.0 0.95
4 9-12 12.9 12.0 0.93
5 12-15 20.9 18.8 0.90
6 15-18 3.8 3.2 0.85
7 18-21 7.1 8.0 1.12
8 21-24 49.5 48.0 0.97
9 24-27 11 10.5 0.95
10 27-30 9.5 9.0 0.94

Averagetransformation ratiois 12.4

According to Deroo et al [4] values of transforroatiratios between 1.7-49.5 indicate that the sedlisnare
immature, see table 6, base on these immatures dtelestimated vitrinite reflectance values of tnodshe samples
are indicative of an immature bed that may be cigpab generating oil and gas when matured, theltaasu
maturity status is confirmed by relatively low viiite reflectance. The initial oil generation begin sedimentary
rocks at vitrinite reflectance value (¥R 0.6% while oil generation terminate at vittenreflectance value (\d}=
1.3%, Frankyl [10], and this concides with theibagg of maximum gas generation . According to Rent [16] ,

3655
Pelagia Research Library



Omoboriowo A. O et al Adv. Appl. Sci. Res., 2012, 3(6):3652-3657

the Anambra/Afikpo basins has sediments that atkimthe gas generating range. From the tableatieeage TR
value for the samples is 12.4 which indicates sealiment in the study area are immature.

Table 6: Classification of Sour ce Rocks Maturity based on transformation ratio
(After Miles,1989).

Status Extract/TOC | Estimated Vitrinitereflectance
Immature <70 <0.5
Early mature 70-100 0.5-0.65
Peak mature >100 0.65-0.9
Late mature 100-500 0.9-1.3
Post mature >500 >0.3
DISCUSSION

Hydrocarbon source rock evaluation of the sampies fstudy area was carried out to determine whdtrear are
good or poor source rocks. In the study, two deterere used, namely, organic richness and dedneaturation.

The determination of organic richness was basetheramount of organic carbon content and extragtakganic
matter.

The total organic carbon content ranges from 0.85W%5wt% with an average of 1.03%. This implieat tthey
are very good, and they exceed the minimum thresalue for a petroleum source rock (0.5wt%). Tkieaetable
organic matter also tends to increase initially d@nen flunctuate as the depth of burial increa3éwe values
obtained is interpreted as an indicative of goodree rock (SOM values of 20ppm- 480ppm, averafje o
120.5ppm).

The level of maturity of the sediment to produceérogarbon was determined using the transformatin (TR).
This is a ratio of the extractable soluble orgamiatter to total organic content (SOM/TOC). The esliend to
fluctuate. The highest being 49.5. The ratio of SDOIC contained in sediments is a measure of thmstoamation
of kerogen into hydrocarbon. It is low in immatsediments, but increases sharply in mature one&li€ee,[3]. In
this study,. Deroo et al [4] has stated that w&lagless than 70(<70) indicate no hydrocarbon geiws. The
average value of TR 12.4 for the studied samptes dot exceeds this threshold. Therefore, the lsangan be
said to be immature.

CONCLUSION

The result of the various geochemical analysesezhwut within the studied sedimentary section sholat the
samples indicates that the study area is predaniyngas prone.

The TOC values range from 0.85wt% -1.15wt% withaaarage of 1.03wt%. According to Bordenave et Bltfe
TOC of a sediment is the basic parameter whicheguired to interprete any other geochemical infdiona
obtained by other methods. Therefore, good souocksr have high TOC values The maturity status ef th
sediments is an indicative of immature source rdtks generally accepted that good shaly sourcé af liquid
petroleum should normally have a minimum averag€Td1 — 2wt%. Therefore, it is reasonable to codelthat
the level of organic richness as indicated by T@al extractable organic matter as measured by 8@vas well
as maturity assessment that the study section ston§iimmatured sediments in a predominantly gamner
environment.
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