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ABSTRACT 

Niger delta is one of the well-studied petroliferous provinces of the world owing to the commercial discovery of hydrocarbon. 

Although much work have been done on the source rocks of the Niger delta petroleum system, the controversy as to whether the 

oil in Agbada reservoirs is produced within the formation or migrated from the over pressured Akata shales still remain 

unresolved   This study is aimed at using the geochemical proxies to evaluate the source rock potentials, kerogen type and 

maturity status of the sediments in an ExxonMobil hydrocarbon exploratory well Z..  The source rock evaluation revealed that 

soluble organic matter (SOM) ranges from2430 ppm to 3900 ppm with an adequate mean value of 3282 ppm. TOC ranges from 

(0.91 to 2.71) wt %; HI ranges from 35to 635 HC/g Corg; Tmax value ranges from 363 to 433)
0
C; VR0 ranges from 0.15 to 0.63 

and PI values range from 0.1to 0.5 with the mean transformation ratio (TR) of 0.15 wt%. These show that organic matter quantity 

is fair to excellent and in high concentration with excellent hydrocarbon generation potentials and made of type II and type III 

kerogen. Vitrinite reflectance and TMAX values also showed that the source rocks in well are immature and consequently have 

not generated oil therefore migration from the deep horizon favours the availability of the oil in the Agbada reservoir in the 

studied well.  

Keywords: geochemistry, source rocks, kerogen, maturity, hydrocarbon generation, Agbada formation 

 

1. INTRODUCTION 

Due to the hydrocarbon recovery, the Niger delta is the most 

studied sedimentary basin in Nigeria. Although many authors 

have discussed the source rock for petroleum in the Niger 

Delta in great details, the controversy as to whether the oil in 

Agbada reservoirs is produced in the formation or migrated 

from the over pressured Akata shales still remain unresolved 

.This controversy has arisen because of the difficulty in 

locating source intervals sufficiently convincing      to have 

given rise to the large volumes of oil trapped in the reservoirs.                                                                                                                                                     

Based on organic-matter content and type, Evamy et al., 1978, 

proposed that both the marine shales (Akata Formation) and 

the shale interbedded with paralic sandstone (lower Agbada 

Formation) were the source rocks for the Niger Delta oils. 

Ekweozor et al., 1979, used αβ−hopanes and oleananes to 

fingerprint crude with respect to their source and proposed that 

the shales of the paralic Agbada Formation sourced the oil on 

the eastern side of the delta while the Akata and marine-

paralic (Agbada formation) sourced on the western side of the 

delta.  Ekweozor and Okoye, 1980, further constrained this 

hypothesis using geochemical maturity indicators, including 

vitrinite reflectance data, and showed that rocks younger than 

the deeply buried lower parts of the paralic sequence are 

immature.  Lambert-Aikhionbare and Ibe, 1984, argued that 

the migration efficiency from the over-pressured Akata shale 

would be less than 12%, indicating that little fluid would have 

been released from the formation.  They derived a different 
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thermal maturity profile, showing that the shales within the 

Agbada Formation are mature enough to generate 

hydrocarbons. Ejedawe et al., 1984 used maturation models to 

conclude that in the central part of the delta, the Agbada shales 

source the oil while the Akata shales source the gas.  In other 

parts of the delta, they believe that both shales source the oil.  

Doust and Omatsola, 1990, conclude that the source organic 

matter is in the deltaic offlap sequences and in the sediments 

of the lower coastal plain.  Their hypothesis implies that both 

the Agbada and Akata Formations likely have disseminated 

source rock levels, but the bulk will be in the Agbada 

Formation.  In deep water, they favor delta slope and deep 

turbidite fans of the Akata Formation as source rocks.  

Although the organic matter in these environments still 

maintains a terrestrial signature, it may be enriched in 

amorphous hydrogen-rich matter from bacterial degradation..   

 

1.1  Location of the Study Area  

This study was carried out on ditch cutting rock samples from 

an EXXONMOBIL exploratory well X, located in offshore 

Niger delta   (figure 1) 

1.2 Aim of the Research Work  

The research work entails the use geochemical proxies to 

evaluate the organic matter quantity, quality, hydrocarbon 

generation potentials and maturity status of the sediments.                                                                                                      

1.3 Niger Delta Geology    

The early Niger Delta is interpreted as being a river dominated 

Delta, the post Oligocene delta is a typical wave dominated 

delta with well developed shore face sands, beach ridges, tidal 

channels, mangrove and fresh water swamps. It is one of the 

world’s largest Deltas and shows overall upward transition 

from marine shales (Akata Formation) through a sand/shale 

paralic interval (Agbada Formation) to continental sands of 

the Benin Formation (Whiteman, 1982). Stratigraphic 

evolution of the Tertiary Niger Delta and underlying 

Cretaceous strata is described by Short and Stauble (1967). 

The three major lithostratigraphic units defined in the 

subsurface of the Niger Delta (Akata, Agbada and Benin 

Formations,( Figure 2). 

 

Figure-1: Niger Delta oil mining lease (OML) map 

showing location of the study area block. 

The Akata Formation is the basal unit of the Tertiary delta 

complex.  This lithofacies is composed of shales, clays, and 

silts at the base of the known delta sequence. They contain a 

few streaks of sand, possibly of turbiditic origin (Doust and 

Omatsola, 1989), and were deposited in holomarine (delta-

front to deeper marine) environments. The thickness of this 

sequence is not known for certain but may reach 7000m in the 

central part of the delta. Marine shales form the base of the 

sequence in each depobelt and range from Paleocene to 

Holocene in age. 

The Agbada Formation overlies the Akata Formation and 

forms the second of the three strongly diachronous Niger delta 

Complex formations. This forms the hydrocarbon-prospective 

sequence in the Niger Delta. As the principal reservoir of 

Niger Delta oil, the formation has been studied in some detail. 

The Agbada Formation is represented by an alternation of 

sands (fluviatile, coastal, fluviomarine), silts, clays, and 
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marine shales (shale percentage increasing with depth) in 

various proportion and thicknesses, representing cyclic 

sequences of offlap units. These paralic clastics are the truly 

deltaic portion of the sequence and were deposited in a 

number of delta-front, delta-topset, and fluvio-deltaic 

environments and range in age from Eocene to Pleistocene. 

The Benin Formation is the topmost sequence of the Niger 

Delta clastic wedge, and has been described as the Coastal 

Plain Sands which outcrop in Benin, Onitsha and Owerri 

provinces and elsewhere in the delta area. It consists of 

massive continental (non-marine) sands and gravels 

considered to have been deposited in the alluvial or upper 

coastal plain environment. Very little oil has been found in the 

Benin Formation (mainly minor oil shows). The formation is 

generally water bearing, thus the main source of portable 

ground water in the Niger delta. 

 

Figure 2: Stratigraphic column showing formations of the 

Niger Delta (Tuttle et al. 1999). Modified from Doust and 

Omatsola (1990). 

2. METHOD OF STUDY: 

Organic Geochemical analysis involved the determination of 

total organic carbon (TOC), soluble organic matter 

concentration (SOM) and Rock-Eval pyrolysis of fifty six (56) 

representative shale samples from the well. Vitrinite 

reflectance values were also calculated from Jarvie et al 2001 

relation and used for thermal maturity assessment. 

Sedimentological analysis of the cutting rock samples were 

also carried out and the lithostratigraphy erected. 

2.1 Total Organic Carbon (TOC)   

Determination Procedure (using Fugro Robertson Method)                                                                                                                                             

Step 1: Pulverization, Labelling and weighing of samples: 

samples were duly pulverized, clean Sample Bottles were duly 

labelled with the sample intervals and samples were weighed 

out in the range (1.0105 – 0.0985) into the bottles.                                                                                                                                            

Step 2: Acidification: Weighed samples were taken to the 

heating chamber for acidification (to remove inorganic 

carbon). A few drops of hydrofluoric acid was added to the 

sample shaken and vigorously heated to dryness in the heating 

chamber (heating for an average of 5-10 minutes).                                                                             

Step 3: the acidification process was repeated.                                                                                         

Step 4: the sample bottle were half filled with distilled water                                                                                   

Step 5: The residue was turned into a filter paper clamped on 

a filter flask while the filtrate was turned into a beaker and 

allowed to dry in the oven for two hours.                                                                                                    

Step 6: The residues was transferred to the crucible.                                                                                                                

Step 7: The crucible was transferred to the TOC determinator 

and the sample weight was entered into the computer attached 

to the determinator and the determined carbon values was read 

on the computer. 

2.2 Determination Of Soluble Organic Matter (SOM) 

The extraction of the soluble organic matter was done with 

dichloromethane in a standard soxhlet extractor and refluxed 

overnight. The bitumen were filtered and weighed in a glass 

vial. The weighed extract was measured in parts per million 

(ppm) and in weight percent. Extraction was done on the 

selected representative samples after the TOC measurements. 

2.3  Rock-Eval Pyrolysis is the thermal distillation of free 

organic compounds (mostly bitumen in source rocks, oil in 

reservoir rocks) from the rock matrix followed by cracking of 

the insoluble organic matter, kerogen. The samples were 
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heated in an inert atmosphere (using Helium gas) to 550
0
C in a 

special programmed temperature.                                                                                                                    

The pulverized samples were heated to a temperature of 300
0
C 

for 3 min to generate the first peak (S1) which represents free 

and adsorptive hydrocarbon present in the sample.                                                                         

This was followed by programmed pyrolysis to 550
0
C at 

25
0
C/Min.  The second peak (S2) represents the hydrocarbon 

generated by the thermal cracking of the kerogen.  At the same 

time, the CO2 produced during the temperature interval was 

recorded as the S3 peak.  Other parameters obtained from the 

instrument include Tmax that is temperature corresponding to 

the maximum S2 peak, Hydrogen Index (HI) and Production 

Index (PI).These organic geochemical analyses were carried 

out at the Fugro Robertson Petroleum Geochemistry 

Laboratory Llandudno, North Wales United Kingdom and 

therefore ran against their laboratory sample standards 

    3. RESULT   AND DISCUSSION 

The lithostratigraphy of the well is shown in figure 3. The 

results of the rock- eval pyrolysis, total organic carbon (TOC) 

and other calculated parameters are shown in  (Table 2). The 

plots of the variations of the rock- eval pyrolysis data and 

interpretive parameters shown in the geochemical log of the 

well  (Figure 4), whil2.e the result of the organic matter 

concentration is shown in Table-2.                                                                                                                                              

On the basis of the variations in the lithologic characteristics 

and geochemical parameters within the rock succession, the 

studied section of well Z (400-10470 ft) is divided into three 

units that are stratigraphically well confined.  

3.1  Unit 1(Lower Agbada formation): This unit range 

in depth from 10470 ft to7530 ft. The lithology is 

characterised by thick black and grey shales with alternation 

of medium grained, fairly well sorted sands with appreciable 

thicknesses (figure 3). The average TOC is 2.01 wt %; S2 is 

7.17 mg HC/g rock; S1 is 3.73 mg HC/g rock; the production 

index (PI) is 0.36; the hydrogen index (HI) is 386 mg HC/g 

TOC and oxygen index (OI) averages 124mg HC/g TOC. The 

soluble organic matter content (SOM) is high with values 

ranging from 3520 to 3900 ppm with a mean value of 3710 

ppm (Table 1)This unit is dated Oligocene to lower Miocene 

in age and represent the base of Agbada formation in the well 

 

Figure 3: Lithostratigraphy of well Z 

3.2 Unit 2: (upper Agbada formation): This unit is the 

main paralic interval of Agbada formation with depth range of 

7500 to 2800 ft. the lithology consist of sandy shale facies 

alternating with coarse to medium grained sand, silt and fine 

grained sand intercalations with shells and shell fragments and 

scattered mica flakes. The average TOC is 1.54 wt %, S2 is 

3.62 mg HC/g rock, and S1 is 2.58mg HC/g rock.  The 

production index (PI) is 0.4, the hydrogen index (HI) is 217 

mg HC/g TOC and oxygen index (OI) averages 161mg HC/g 

TOC. The soluble organic matter content (SOM) is high with 

values ranging from 2430 to 2850 ppm with a mean value of 

2640 ppm (Table 1). This unit is dated upper Miocene.  

3.3 Unit 3 (Benin Formation): This uppermost unit is 

sandy and ranges in the depth between                 2800 ft to the 

top of the well. This unit represents the Benin formation and 

dated Pliocene in age. It is characteristically a sandy facies 
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unit with very thin lenses of minor shale intercalation on 

thickly bedded, rounded to sub- rounded coarse grained sand 

with pebble sandstones and quartz- pebble conglomerates at 

the top. The representative samples recorded the lowest 

average TOC of 0.43 wt %, S2 is 0.59mg HC/g rock, and S1 is 

0.13 mg HC/g rock.  The production index (PI) is 0.2, and the 

hydrogen index (HI) is 117 mg HC/g TOC with oxygen index 

(OI) averaging 549mg HC/g TOC. HC/g TOC. 

3.4 Organic Richness: Petroleum is a generative product of 

organic matter disseminated in sediments and therefore the 

quantity of hydrocarbon generated directly correlates with 

organic matter concentration of the potential source rocks 

(Tissot and Welte, 1984). The organic richness of rocks is 

customarily expressed in terms of the percentage by weight of 

organic carbon (TOC). The minimum concentration of organic 

carbon sufficient enough to saturate the pore network for 

adequate level of expulsion efficiency from a potential source 

rock is 1.0% TOC, although a threshold as low as 0.5% TOC 

are however considered possible in gas prone systems which 

are largely driven by diffusion at an adequate level of 

concentration gradient (Rice and Claypool, 1981). 

In the Lower Agbada formation, the TOC of the shale samples 

is moderately high with values ranging from 1.17 to 2.71 wt% 

with an average of 2.01 wt. % (Table 3). This value exceeds 

the threshold of 1% TOC required for petroleum generation 

and expulsion in a source rock with moderately high organic 

matter concentration (Table, 3). Also Plots of S2 versus TOC 

show that organic matter quantity of these source rocks is 

good to excellent (Figures 5) and in adequate concentration for 

petroleum generation. In the upper Agbada formation, TOC 

ranges from 0.91 to 2.72 wt.%, with average TOC of 1.54 wt. 

%. Plots of S2 versus TOC also show that organic matter 

quantity of these source rocks is fair to excellent (Figures 5) 

and in adequate concentration for petroleum generation. The 

abundance and type of organic matter in Niger Delta vary with 

age, depositional environment and environmental depth 

(Nwajide, 2013). There is a remarkable decrease in average 

TOC with age with Mean TOC varying from 2.16wt. % in 

Oligocene through 1.47 wt. % in Miocene to 0.41wt.% in 

Pliocene. The average TOC values of lower and upper Agbada 

formation exceed the threshold of 1% TOC with moderately 

high organic matter concentration (Table 3). 

In the Benin formation): the TOC ranges from 0.41 to 

0.45wt.%, with an average of 0.43wt.%, low average 

hydrogen index (HI) with high productivity index (PI). These 

values fall below the threshold of 1%wt. TOC required for oil 

generation and are therefore not considered as source rocks. . 

 

Figure 4 (A and B): surface plot and contour map of TOC 

(Wt.% ) Vs S2 (MgHC/Grock) Vs  HI(MgHC/Grock) 

Showing the kerogen typing in Well B respectively 

3.5 Hydrocarbon Generation Potentials (S1+S2): 

Organic carbon content (TOC) is insufficient to establish the 

presence of potential and or effective petroleum source rocks 

in view of the constraints that different organic matter types 

have different hydrocarbon yields for the same organic carbon 

content, a more direct measure of source rock capability to 

generate hydrocarbons is required for detailed assessment 

(Katz (2006) and Akande et al (2011). Rock-Eval pyrolysis 
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data set derived from the programmed heating of samples in 

inert atmosphere and its interpretive ratios undoubtedly 

provide direct estimation of the hydrocarbons that evolved 

freely; considered as S1; the generatable hydrocarbons directly 

from kerogen cracking known as S2. (S1 + S2) referred to as 

the total hydrocarbon generation potential of source rocks 

(Dymann et al 1996). It is defined as the maximum quantity of 

hydrocarbons that a sufficiently matured source rock might 

generate. The source rocks with hydrocarbon generation 

potential(S1 + S2) less than 2mg HC /g rock yields little or no 

oil with some potential for gas; S1 + S2 from 2 to 6 mg HC /g 

rock indicates moderate or fair source rock potential while 

above 6 mg HC / g rock suggests good to excellent source 

rock potential. The threshold of S1 + S2 greater than 2.5 mg 

HC /g rock can be considered as a prerequisite for 

classification  as a possible oil source rock (Bissada, 1982) 

and provide the minimum oil content necessary near the top of 

the main stage of hydrocarbon generation to saturate the pore 

network and permit expulsion. The source potential (S1+S2) 

of the Lower Agbada formation range from 7.09 to 16.1mg 

HC /g rock with an average of 10.89mg HC /g rock. This 

suggests that the Lower Agbada formation has excellent 

hydrocarbon generation potentials for oil and gas in this well. 

In the Upper Agbada Formation, S1+S2 range from as low as 

0.46 to 10.4mg HC /g rock with an average of 6.21mg HC /g 

rock and shows that the upper Agbada formation in this well 

has fair  potential for generation of oil and gas. The genetic 

potential increased with depth, therefore a good indicator of 

the organic richness of the sediment. 

3.6 Typing of  Kerogen Rock-Eval pyrolysis data and their 

derivatives could serve as important criteria for 

characterization of organic matter in source rocks. Hydrogen 

index (HI) which is the ratio of S2/TOC is an indicator of 

kerogen type (Tissot et al, 1974). Type 1 organic matter is 

hydrogen rich with HI greater than 600mg HC /g TOC and 

this is considered to be predominantly oil prone. Type II 

organic matter is characterized by HI between 350 and 600mg 

HC/g TOC and this could generate both oil and gas at the 

appropriate level of maturity. Type III organic matter is 

characterized by low to moderate HI of between 75 and 

200mg HC/g TOC and could generate gas at the appropriate 

level of thermal maturity. Type IV organic matter normally 

exhibit very low HI less than 50mg HC/g TOC; produced 

under very oxic environment and are generally inert (Tissot 

and Welt, 1984). However, Peters 1986 suggested that at a 

thermal maturity of vitrinite reflectance value of 0.6% (Tmax 

435
0
C) rocks with HI above 300mg HC/g TOC will produce 

oil; those with HI between 300 and 150 will produce oil and 

gas; while those with HI between 150 and 50 will produce gas 

and those with HI less than 50 are inert. The HI of the source 

rocks vary over a wide range.  

HI varies from 35 to 635HC/g TOC with a mean value of 260 

HC/g TOC indicating different kerogen types associated with 

these sediments. Cross plots of TOC versus S2 defines a 

predominance of type II and type III organic matter. Type II 

kerogen is derived primarily from the remains of bacterially 

reworked plankton in an anoxic environment found in 

moderately deep marine setting. It is oil prone but can 

generate gas depending on its thermal evolution.  Type III 

kerogen is derived primarily from terrigenous plant debris 

deposited in shallow to deep marine setting and tend to 

generate dry gas.  The surface plots and contour maps of TOC 

(wt. %) versus S2(mg HC/g rock) versus HI(HC/g TOC), also 

reveal the stratigraphic distribution of kerogen type II and III 

in the well (Figure 4). Plots of oxygen index(OI) versus HI on 

Van Krevelyn diagram show that most of the samples plot in 

the field of combined type II and III with few samples plotting 

in the fields of either type II or III(Figures 8). The ratio S2/S3 

is also a measure of kerogen quality. S2/S3<5 has the potential 

to generate gas at maturity, S2/S3 (5-10) is oil and gas prone, 

while S2/S3>10 is gas prone. This was used to determine the 

nature of petroleum product generated at maturity (Tables 2). 

3.7 Maturity of Kerogen: Rock-eval data is also employed 

in initial maturity assessment of source rocks. (TMAX, PI, and 

calculated VRO from Jarvie et al 2001 relation (%VR0=0.018 

X TMAX - 7.16) were used for this purpose.TMAX value 

<430°C, Production Index <0.1 and Vitrinite reflectance 

(VRO) value<0.6%, suggests that the source rock is immature 

and no hydrocarbon generation has occurred. TMAX value, 

430 to 465°C, Production Indices >0.1 and VRO >0.6 to 

1.35% suggests a source rock that has generated hydrocarbons 

at some time or generating at present. TMAX  values >465 °C 

and Production Indices > 0.4 - suggests the source rock is post 

mature, and estimating the original petroleum potential is 
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difficult(Peters and Cassa, 1994). On these premises, the 

source rocks in well Z, have attained a low level of maturation 

with TMAX values varying from 410 to 433°C with an 

average of 418. VRO vary from 0.15 to 0.63%. Average 

productive index also vary from 0.1 to as high as 0.5. This 

anomalous high PI and low TMAX indicate that the well is 

impregnated by migrated oil (Peters, 1986 and Peters and 

Cassa, 1994). Plot of TMAX
0
C Versus Hydrogen index (HI), 

showed that the source rocks studied are immature except for 

the sample at 6300ft with TMAX 433
0
C and VRO 0.63% 

(Figure 9). Plot of Tmax (
0
c) Versus Productive Index (PI) 

show that the only mature sample in this well is in gas 

generation phase (Figure 5). Consequently, others have not 

generated and migrated oil owing to their immaturity.    The 

transformation ratio (TR) defined by SOM/TOC was also used 

as a maturity index. It is a measure of the transformation of 

kerogen into hydrocarbon. Deroo et al (1988) stated that TR 

values between 0.002- 0.016 wt % indicate no hydrocarbon 

generation. The mean transformation ratio (TR) for the source 

rocks is 0.15 wt% which is lower than the minimum threshold 

value of 0.16 for hydrocarbon generation. The TR 

progressively increased from 6240ft to 9000ft showing that 

maturation increased with depth at this interval but decreased 

at 9240ft. Peters and Cassa (1994) pointed out that in situ 

vitrinite (RO) can be overwhelmed by the recycled particles 

which give impression of high maturity or caved particles 

which show anomalous low maturity as compared with 

established vitrinite reflectance (RO) trend from other depths. 

These situations are common with cutting rock samples used 

for this study. 

 

Figure 5: Plot of Tmax (
0
c) Versus Productive Index (PI) 

showing the thermal maturity of Kerogen in Well Z 

4. CONCLUSION 

 Summarily, the geochemical analysis revealed that TOC 

ranges from (0.41 to 2.71) wt %; HI ranges from (35 to 635) 

HC/g C org; and PI values ranges from (0.1to 0.5). These 

show that organic matter quantity of the source rocks is fair to 

good with type II and type III kerogen. The average generative 

potential (S1+S2) and soluble organic matter concentration 

(SOM) also revealed that these source rocks have excellent 

hydrocarbon generation potentials with moderately high 

organic matter concentration. TMAX and VRO averages of 

the source rock intervals are 418°C and 0.47% respectively. 

These show that the source rocks are immature and has not 

generated and migrated hydrocarbon.  The mean 

transformation ratio (TR) of 0.15 wt% also falls below the 

threshold for hydrocarbon generation.                                                                                                            

In conclusion, although the shale samples of Agbada 

MATURE 
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Formation studied have high organic matter concentration 

with type II and type III kerogen of excellent hydrocarbon 

generative potential, they are immature and have not generated 

hydrocarbon therefore cannot have sourced the oil and gas in 

the Agbada reservoirs in the study well rather, migration from 

deeper horizon favours the availability of the oil in the 

reservoirs in the study area. 
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Table 1: Organic matter concentration 

FORMATIO

N 

SAMPLE 

INTERVAL 

(Feet) 

WEIGHT 

OF 

SAMPLE 

(gm) 

S.O.M 

(ppm) 

 

S.O.M 

(wt %) 

 

TOC (wt. 

%) 

 

S.O.M/ 

TOC (wt. 

%) 

 

 

Upper 

Agbada 

6240 10 2430 0.24 2.72 0.09 

7470 2 2850 0.29 2.16 0.13 

Lower 

Agbada 

9000 5 3520 0.35 1.64 0.21 

9240 5 3710 0.37 2.71 0.14 

 10470 5 3900 0.39 2.16 0.18 
 

Table 2: Variation of Rock Eval and calculated geochemical Parameters in Well Z 

  SAMPL

E 

DEPTH 

(FT) 

ROCK EVAL PYROLYSIS DATA INTERPRETIVE RATIOS 
OIL/ 

GAS 

P
L

IO
C

E
N

E
 

B
E

N
IN

 

F
O

R
M

A
T

IO
N

 

S1 S2 S3 

TMA

X TOC PI HI OI S1+S2 S2/S3 %VRO 

1470 0.18 0.54 2.61 410 0.41 0.3 132 637 0.72 0.21 0.22 NIL 

2670 0.08 0.63 2.86 424 0.45 0.1 102 461 0.71 0.22 0.47 NIL 

AVERA

GE 
0.13 0.59 2.74 417 0.43 0.2 117 549 0.715 0.22 0.35 

 

M
IO

C
E

N
E

 

U
P

P
E

R
 A

G
B

A
D

A
 F

O
R

M
A

T
IO

N
 

4140 0.09 0.48 2.18 404 0.91 0.2 53 240 0.57 0.22 0.11 NIL 

4860 0.11 0.42 2.09 406 1.1 0.2 38 190 0.53 0.2 0.15 NIL 

4980 0.11 0.35 2.15 407 1.01 0.2 35 213 0.46 0.16 0.16 NIL 

5430 0.49 0.56 3.02 373 1.35 0.5 41 224 1.05 0.19 0.41 NIL 

5700 0.52 3.45 3.38 422 1.44 0.1 240 235 3.97 1.02 0.44 NIL 

6180 4.32 4.04 1.94 423 1.57 0.5 257 124 8.36 2.08 0.45 NIL 

6240 3.23 8.11 2.91 429 2.72 0.3 298 107 11.3 2.79 0.56 NIL 

6300 3.62 4.87 2.19 433 1.36 0.4 358 161 8.49 2.22 0.63 GAS 

6460 3.19 4.07 1.61 422 1.52 0.4 268 106 7.26 2.53 0.44 NIL 

6780 5.45 4.91 2.35 425 2.04 0.5 241 115 10.4 2.09 0.49 NIL 

6990 3.01 3.85 1.37 420 1.26 0.4 306 109 6.86 2.81 0.4 NIL 

7170 4.18 5.24 2.29 427 1.52 0.4 345 151 9.42 2.29 0.53 NIL 

7470 2.54 5.72 2.48 425 2.16 0.3 265 115 8.26 2.31 0.49 NIL 

7530 5.24 4.75 2.52 426 1.59 0.5 299 158 9.99 1.88 0.51 NIL 

L
O

W
E

R
 A

G
B

A
D

A
 F

O
R

M
A

T
IO

N
 

AVERA

GE 
2.58 3.63 2.32 417 1.54 0.4 217 161 6.21 1.63 0.41 

 

7710 5.82 10.28 4 428 1.62 0.4 635 247 16.1 2.57 0.54 NIL 

9000 4 8.84 2.39 429 1.64 0.3 539 146 12.8 3.7 0.56 NIL 

O
L

IG
O

C
E

N
E

 9240 4.46 7.4 2.51 427 2.71 0.4 273 93 11.9 2.95 0.53 NIL 

9780 2.82 4.56 1.34 421 2.35 0.4 194 57 7.38 3.4 0.42 NIL 

10290 2.58 6.06 1.92 425 2.41 0.3 251 80 8.64 3.16 0.49 NIL 

10470 4.64 7.69 2.24 429 2.16 0.4 356 104 12.3 3.43 0.56 NIL 

10707 1.77 5.32 1.62 428 1.17 0.3 455 138 7.09 3.28 0.54 NIL 

 

 

AVERA

GE 

3.73 7.16 2.29 427 2.01 0.36 386 124 10.89 3.21 0.52 
 

 


