CHAPTER V

PETROLEUM SOURCE POTENTIAL

In the search for ologists put great emphasis on the

location of a proper ‘ ewable reservoir permeability and
porosity, and some type o //Whe ) conditions were present but no

oil or gas was found. T

thoughout the world a It of1 so rock. Rocks that generate

petroleum are

gencrated from organic matter

which were accumu]a& into sedlments during depomﬂn. The analysis of orgaqic
matter in se etmg their petroleum
generation pot m Mﬂlﬁm‘l o assess the hydrocarbon
" TETIr v

Geochenncal Analysis

In order to identify the petroleum source rocks, rock cutting and sidewall core
samples were collected from the unpublished, Wichian Buri-3, Si Thep-1 and Bo Rang-
1 wells and geochemical analyzed for organic carbon content, kerogen type, and level

of maturity of a source rock; total organic carbon, Rock-Eval pyrolysis, vitrinite
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reflectance, and visual kerogen description were also carried out by Core Laboratorics

International.

The first requirement in the recognition of a petroleum source unit is the
determination of quantity of organic matter or organic richness. Two useful

measurements related to quantlty ofe tter are the total organic carbon (TOC)

and generation potential (S ic carbon (TOC) provides an initial

screen to identify pusq a1y51s may be limited to those
horizons with above-avera ‘ e 'h. ent OC>1 0%). Samples meeting this
criterion should be exarui genets ‘ ‘eap.‘a\ ty. Those rocks yielding above-
average total hydrocar N Stential (S}tSZ > 2.5 mg HC/grock) are
considered the potential F .. -1:.' cks yieldin g less amount may be either non-
source (containing large qi £se _ ‘Tu aterial) or post-mature.

.pl . 4
The second step is to e rmclpal hydrocarbon products of the
..-.-'__,-'”‘" '.‘.p-"' - j"' o -‘,j =

source unit. The te:gl KEROGEN hag _m }Il the disseminated matter of

sedimentary rocks € In Organic s able of generating hydro-

ed as type ﬂjH and III, depending on its
elemental co ﬁ Wu on diagram (Tissot and
Welte, 1978) sﬁ imw lgj )1 flll?mixtures, with Type I
gener ﬁ ﬁ ood oil source.
Type ;ﬁm ﬁﬁﬁﬁﬂﬁjo naﬂj }flt is a good oil

source. Type III again is a mixture, but now of woody (vitrinite) and coaly (inertinite)

carbons on heating. jKerogen 1s clas

material. It is a poor oil source, but can be a good gas source. The other organic
matter classification system and relationship between these different classification
systems are shown in Table 5.1.  The determination of the type of kerogen uses
pyrolysis indices (hydrogen index vs. oxygen index; hydrogen index vs. Tmax) and
visual description of kerogen.
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~ Table 5.1 Classification of organic matter in sedimentary rocks (Hunt, 1979).

SAPROPELIC HUMIC
KEROGEN Algal © Ami us Herbaceous Woody Coaly
(hy transmitted i (Inertinite)
light)
. COAL Vitrinite Inertinite
MACERALS
(by reflected Telinite Fusinite
light) Collinite Micrinite
Sclerotinite
KEROGEN Type 111 © Typelll
(by evolutionary
pathway)
H/C 1.0-0.3 0.45-0.3
o/C 0.4-0.02 0.3-0.02
ORGANIC Terrestrial Terrestrial
SOURCE and recycled
FOSSIL Predomin:itely No oil, trace
FUELS gas of gas

Humie coals

AULINENTNYINS
RIANTAUNNINGAE
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The third component in the identification of the source rocks is the thermal
maturity. As source rock continues to get more and more deeply buried, it is
subjected to a number of processes such as pressure increase, temperature increase,
compaction and expulsion of water. Petroleum geochemists apply a general term to all
these processes as THERMAL MATURATION. By definition, thermally immature

systems are pre-generative; matur are presently in the "cil-window" and

would presently be generatin ce were present; and post-mature

of a sedimentary basin. Stisn . of methods. Some of those
are used for interpreting “mat ration Wichian Buri sub-basin such as

pyrolysis indices (Tmax,

L ﬁﬁﬁ:ﬁaﬁm‘m v AR
243“%"75%5@14 URIANYIAY

In general, the organic richness of sediments in the Wichian Buri sub-basin is

considered good to very good, with ahout 80% of the samples show TOC values of
greater than 1% and 65% show TOC of 1-5%. The highest TOC value is up to 10.2%
at the unpublished well. ~ Samples containing no organic carbon are none. The
pyrolysis potential yields also indicate good to very good potential to generate

hydrocarbons in organic-rich samples.
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Table 5.2 Correlation of chemical and visual maturity indices (Bissada, 1983).

HYDROCARBON VITRINITE THERMAL TIME
GENERATION REFLECTANCE | ALTERATION {TEMPERATURE TRANS: AO%I;ATION T;'gg
ZONE (Ro.,%) INDEX - INDEX )
IMMATURE
(BIOGENIC DRY 3AS)
2 0. 427
INITIAL OIL
GENERATIOH
(NO EFFECTIVE EXPULSIONY
0.2 440
PEAK OIL
GENERATION
AND RELEAYE
- ' 0.4 460
HEAYY HYDROCARBON
DEGRADATICN '
(WET GAS & CONDENCATE)
? 470

INTENSE ORGANIC
METAMORPHISM
(THERMAL DRY. GAS)

!

AU INENTNEINS
RINNIUNRINYIAE
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Figure 5.1 Plots of total organic carbon versus depth for each well.
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Table 5.3 A summary of organic richness and generation potential for

the unpublished, Wichian Buri-3, and Si Thep-1 wells.

Well Formation/ TOC (%wt) S1+S2(mg/g)
Member Average Average

Unpublished _sWBs |/ AL25 0.71
“WB-2A 18.38
23.6
(64.58,8.11)°
15.00
19.75

Wichian Bari- NB-2A\ 4 3( 24.25

) 5.88
31.30°
13.20
none

SiThepolb———WB.L 17022/ 866

Vit ‘ 21.27
1.76
e WB3 gqs 185 12.11

AUEINENINENNT
RIS UNINGaY
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These high measures of crganic richness and generation potential indicate that
signjﬁcant oil and gas generation can be expected from the very good quality source

rock material present within the interval penetrated at peak thermal maturity.

Area of high organic richness

eneration potential mostly presents in the
WB-2 Formation, that contai arge .
especially in the lower part; jA ' which contains significant thick

Ee—
,_ Sedimightseontain 4.18, 430, and 3.28 %

average TOC contents 38424. ' C/g rock average S1+S, for

of Miocene lacustrine claystones,
lacustrine claystone.
the unpublished, Wi ‘and i W respectively, indicating the

(s - et .
WB-2 Formation, and they prganic richness (< 0.5 %) and have no

generatlon pctentxal where tﬁe' 1 - ell penetrated.  Therefore, the

ylel in thickness and potential

with demonstrated pe@eum ource rocks. ﬂ

ﬁ&&&l@ﬂl&] NINYINT
o Vipd il 3813423 PEIAR Bl o

Index (Flgure 5.3), Hydrogen Index / Tmax cross plots (Figure 5.4), and visual
kerogen composition data (Figure 5.5). It confirms that liptinite, Type I/II oil prone
kerogens in the form of alginite, cutinite, sporinite, resinite, and liptodetrinite forms the
dominant kerogen component (35-80 %) in the organic rich samples, with subordinate
quantities of vitrinite, Type III gas prone kerogen and inertinite, non-hydrocarbon

prone matter.
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Comparison of kerogen component data from the unpublished and Si Thep-1
wells found that kerogen in the latter represents a more proportion of inertinite than the
former. For the Bo Rang-1 well, in contrast from the others, inertinite non-
hydrocarbon prone matter constitutes 55-70% of the maceral composition. However,

the evidence of the presence of gas and igneous intrusion indicated on logs between
675-725 m. suggest that the org\ \)Vf have originally been cil or gas prone
kerogens, and may have g &hmﬂy after igneous intrusicns and

these hydrocarbons m?ate awg?uate at reservoirs. After the

kerogen material subjec it would have been thermally

degraded to poor qu Note that, data from the

\&Formatmn which have a fair

organic carbon content ai b kerogen with little potential for

Biostratigraphic data 53}@1,0 SUgZes

L 5,

- Pl

igher plant matter.

L AUEANENINgNg

erogen assemblage of mixed algal/ terrestnal depositional
facies, @Wqﬂﬁ ﬂw W timaterial has been
deposited| in a fluvio-lacustrine enngjﬂ From the moi]igpgon of iertinite
in the Si Thep-1 well, indicates that sedimentation in the southern part of the Wichian
Buri sub-basin deposited in the shallower condition and recieved higher fluvial
influence when compared to the central part of the basin where the unpublished well
located. The above data when combined with high hydrogen index (400-7 50)
demonstrate that even under idealized conditions of maturation there is probably

limited potential for generation of liquid hydrocarbons. So, significant oil generation is
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to be expected from the very good quality organic material present in the lacustrine

sequence of the WB-2 Formation at peak thermal maturity.
3. Thermal Maturity

The correlation of K i %ﬂ Alteration Index (TAI) givea on
the SCI versus depth plot ort e by direct comparison of Staplin's

standard slides with SCI stanc

¢ Wichian Buri-3 and Si Thep-1 wells
‘ nal immaturity, indicates that

eration. However, igneous

The spore co

where SCI values gen

aﬁ or part of the well section,
altering the maturity profile , the pre: 1 igneous intrusions is noted in the
stratigraphy of all wells e_sp;@ e Bo ‘Rang-1 well where significantly thick
intrusive rocks ..« observed and SC “.‘-;'-'_::::::zz.- maturities with SCI

y
1AL LK L)1 LK s—

increases regulafly with i increasing st}atlgraphlc dgth (Figure 5. 7) From the Si Thep-
e ARV AR A e e v
section t0 be thermally immature for hydrocarbon gemeration. And as such, no
significant generation has yet occurred from the WB-2 Formation within this well
section. For the unpublished well, vitrinite reflectance values are also too low for
hydrocarbon generation (Ro<0.5), except that values below 1400 m. are complex due
to the presence of intrusives between 1510 m. and 1710 m., which increased the
overlying and underlying vitrinite reflectance values. A maximum reflectance of

8.23% was measured in a sample immediately overlying the intrusive and below the sill,
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Figure 5.6 Plots of spore colour index versus depth for each well.
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show a progressive decrease with distance from the sill. These values imply that
Lower Miocene source material present is mature to post-mature for hydrocarbon
generation. For the offset of vitrinite reflectance values within the WB-1 Formation,
changing in kerogen type from liptinite-rich lacustrine sequence of the WB-2

Formation to vitrinite-rich fluvial sequence of the WB-1 Formation seems to the most

likely explanation for this. \x‘ ' ///
From Figure 5: reﬂecta@deﬁne a clear trend within the

'\_th'-z.‘and_ Si Thep-1 wells. Because
L \

curs at Ro = 0.7 for a Type I

would start generatin; ‘011 at approxlmately 1453 m. ;{n.d towards the contact of the

igneous body i p lﬁri wﬁ mmtn of oil generation is at
approximately mature sections lie below the mtrus1ve within the
b°“°‘°ﬂWWﬂWﬁW’I G ihal b

From the above mentioned, the Early/Middle Miocene intrusives have had a
significant effect on the surrounding claystones; resulting of the maturation levels.
Also the Bo Rang-1 well, where large igneous intrusions have intruded. Vitrinite
reflectance values range from 0.78% Ro to 1.50% Ro above the intrusion between
621.8 m. and 671.5 m. implying that all source material present is well within the oil

window and towards the contact of the igneous body is late- to post- mature for oil
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Table 5.4 A summary of top of oil window are calculated from vitrinite reflectance and

Tmax profiles.
Well Ro Depth (m) Tmax (°C) Depth (m)
Unpublished 0.7 1945 4 1300 , 1899
0.5 1445, 1072 /474 1362 , 2066
0.6
Si Thep-1 0.7 o) 4 S, 828
0.5 4 g 4400, 937
0.6 4 |

il i¥

AL E
o

AUGAINENINYINS
QRININTAUUNINYIAY
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generation. Below the intrusion measured reflectance values range from 0.93% Ro
to 1.21% Ro, again indicating middle- to late- thermal maturity for oil generation.
Vitrinite reflectance profiles above and below the intrusion show no significant
decrease in reflectance with distance from the contact. This implies that the thermal
effect above and below the igneous intrusion is extensive, since it has placed source

rocks within tens of meters di x‘#’y igneous contact well within the oil

window.

The level of so . ity determined by vitrinite reflectance is in
close agreement with the degree of 2 btained by Tmax. In general, source
rocks are mature and-will generate oil at a Tmax rang, 5 4350 to 460 ©C. But the
v . -basin is likely to increase the
oC.

AUNINYNINYING

Plots of Tmax vs depth show Tmax values i mcrease regularly with depth in all

il 478 618 AT G B oo

defined within the Lower Miocene sequence (Figure 5.8). Using the HP calculator

level of maturation required for generation to Tmax 440

displaces the construction of linear profile, the onset of oil generate at Tmax = 435 OC
and 440 OC are summarized in Table 5.4. For the unpublished well, boundaries of
mature section at Tmax = 440 OC lie between 1362 m. and 2066 m. which are close to
the depths derived from vitrinite reflectance data. However, the top of oil window
derived from Tmax for the Si Thep-1 well is much different from the depth derived

from vitrinite reflectance data. It can be noticed that Tmax values sometimes were
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found to be unreliable. Leckie et al., 1988 suggested that this may be that Tmax is a
bulk parameter measured on the total organic fraction in the sample, whereas
vitrinite  reflectance values are measured on selected particles within the organic

fraction.

The another plot used is plots of Hydrogen Index vs
Tmax (Figure 5.4). T or the well vary from 4259C to 44390C,

indicating that the source _materia

ar

rginally mature. Tmax values
those have been mea w (435-440 9C), are possible

the error data. Becay

reflectance, and tran ities con thes tun'ty of source material.

. as spore colouration, vitrinite

The plots of tréusformatlon ratio (KTR) (81/SI+SZ) also support the entire

o o ) T 951 o o

generation due %6 KTR values less 3han 0.1. Wlnle aplot of t ansformatlon ratio

rom 3 4T ) B4 41050 Ei@tﬁtﬁ sssociated with

the intruSions (Figure 5.9). The KTR exhibits very little variation within the Miocene
sequence, but is offset abruptly between 1400 m. and 1500 m. to values exceeding 0.4,
indicating that the Lower Miocene claystones are post-mature for hydrocarbon
generation; samples below the sill exhibit similar degrees of maturation. For the Bo
Rang-1 well, the plot of transformation ratio also provides the evidence of maturation

associated with the igneous intrusion.
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Source Rock Volumetrics

Pyrolysis is the main analytical approach used to estimate the source rock
volumetrics. The volume of hydrocarbon generated per unit of source rock can be

obtained from pyrolysis data such as: total generation potential or total yield (S,+S, in

mg HC/g Rock or kg HC/:onne |
=

hydrocarbon) peak

lysate in the S, (generatable
.an increase in the S, (free
hydrocarbon) peak. i closg Stei " stant.  However, if some
hydrocarbon has migrate@ (bge : ! | ce rock, Sy will be depleted

and if hYdrocarbon has naigs in, . W To calculate the amount of

Expelled Oil = Total 00’@}’!

B rrAe s Lo

S,') - Total final yield (S, + S,)

source rocks represented by

the total original yiel

e AT TN DA ot

available from p¥rolysis data of mature source rocks of the unpubhshed well.

ARIAINIUUNINIA L

The original (immature) values are: S;'+ S,'=21.27 kg/tonne

can be obtain from pyrolysxs data of immature(pre-expulsion)

And the final (mature) values are : S, +S, = 18.38 kg/tonne

Thus the rock has lost (expelled) 2.89 kg/tonne of hydrocarbon during burial
from the immature to the mature stage. It can be express in terms of an "Expulsion
Effciently" (ie; the fraction lost during burial through the oil window), which is defined

as:
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EE

(Total original yield - Total final yield) / Total original yield
= 0.14
The Expulsion Efficiency is about 0.14 or 14%.
The oil potential is expressed in units of kg'oil' / tonne rock. This unit must be

convert to more appropiate volumetric units of cu.m.'oil' / cu.km. rock.

V/g,

1 tonne of" det 1ty

Thus to convert k / ..\\\\
multiplyb¥ / \ i1)/1000 = 0.00261
A more useful aet j ; A n\ .\\u rock

Where: 1 kg of oil

where theg'm
J‘d .u "-'
'&!!2;'{, -
*’11.'1 ';.
From a source rock a 4 oil pa
ks o i

m

ial of 2.89 kg oil / tonne rock. The

volumetric yield will then be:
..-_,/ 4o =1 b3 ,,

2. » ' m. ‘. / cu.km. rock

i

and expelled ﬁ)ﬂuﬁ ﬁjy]l ﬁm %JW gf‘Tﬂﬁj“ have been generated
' Geothern*lﬂ aﬂ ﬂim qu’} Y18 a $

The geothermal gradient of each well was estimated using the bottom-hole
temperatures obtained from wire-line logs. Unfortunately, the temperatures recorded
during logging operations, usually much lower than the true formation temperature.
These low temperatures result due to the circulation of drilling mud that cools the

formation as it is drilled. In order to correct the bottom-hole temperature approaching
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the true formation temperature, the Homer temperature plot can be used in this way
under the basic that after the circulation stops, the bottom-hole temperature will rise
until the mud and the formation were in thermal equilibrium. This will generally take

some time. The equation of the Homer technique is;

TF = True formatioz

pump Wergls
t2 = Time intery,

K =1

To caleulate TEya Semilogarith is,used. In x-axis, (t1+2) / €2 is
plotted on logarith n’f::——‘ L ; '-j linear scale. The plotted
~ points allow a line to @ drawn (Figure 5.10). is r@ as the intersection of the line
with the y-axis, for x=1.¢" =,

AUEY NYNTNYINT
For convemence the TF was calculated ZS displace the
e A ARE S SRRV AT
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Figure 5.10 Example of Horer temperaturs graph for an idealized well.
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Table 5.5a A summary of the calculation for geothermal gradient using the bottom-

hole temperature of the unpublished well.

Well name UNPUBLISHED

Log name t2 (hr) | (t1+t2)t2 | TL (°C)
DLL-MSFL-GR 6:10 1.1622 44.0
SHDT-GR 17:15 1.0580 41.0
SHDT PLAYBAC 16:35 1.0603 44.0
Log name t2 (hr) | (t1+t2)42 | TL (°C)

LDL-CNL-GR-SP 11:10 1.08%96 76.0

§>. 7

CYBERDIP

18:20 1.0357 88.0

Log name ijj u EJ ) e ‘ W (hr) | (t1+t2)t2 | TL (°C)

DLL-SLS.MSEL-GR ﬁﬁiﬁiﬁ@ﬁ‘%ﬂﬁﬁ 11667 | 77.5
LDL-C%,— i . 'Y 1.1053 | 855

SHDT-GR 2293.0 1 14:00 1.0714 91.0

TF = 102°C @ 2292m

Geothermal gradient = 3.3 °C/100m
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Table 5.5b A summary of the calculation for geothermal gradient using the bottom-
hole temperature of the Wichian Buri-2 well.

Well name W ICHIAN BURI-2

Log name t2 (hr) | (t1+t2)/t2 | TL (°C)

DLL-SLS-CA-GR 2:51 1.400 41
Log name t2 (hr) | (t1+t2)42 | TL (°C)
CHECK SHOT 19:50 1.050 71.1
SHDT-GR 15:21 1.066 711
Log name t2 (hr) | (t1+t2)/t2 | TL (°C)
DLL-MSFL-SLS-GR 5:42 1.185 63.3
LDL-CNL-Gﬁ | j 1:00 | 1.090 68.3

= 773.46 °C

1257m

amaﬂnimummmé’a

Geothermal gradient = 3.7 °C/100m
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Table 5.5¢ A summary of the calculation for geothermal gradient using the bottom-

hole temperature of the Wichian Buri-3 well.

Well name WICHIAN BURI-3
Log name t2 (hr) | (11+t2)/t2 | TL (°C)
DLL-SLS-CAL-GR 3:07 1.326 41.7
Log name t2 (hr) | (t1+t2)/t2 | TL (°C)
RFT-HP-GR 10:09 1.099 65.1
Log name m) |- t2 (hr) | (t1+t2)/t2 | TL (°C)
CHECK SHOT : v  13:45 1.074 71.7
LA e E . B
SIDEWALL CORES™; T Y| | 17:15 1.058 v i
ML-GR Tj | 10:52 1.095 70.0
NIRRT
n) Wﬁ (t1+t2)42 | TL (°C)
1 6.@'7 3 1.061 72.2
DLL-MSFL-SLS-GR 1185 1 5:20 1.192 64.4
LDL-CNL-GR 1186 1 10:52 1.095 70.0

TF =

76.12°C @ 1184.67m

Geothermal gradient = 4.2 °C/100m
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Table 5.5d A summary of the calculation for geothermal gradient using the bottom-

hole temperature of the Khao Leng-1 well.

Well name KHAQO LENG-1

I.og name t2 (hr) | (t1+2)42 | TL (OC)

CBL-VDL-GR-CCL NN 5:42 1.185 55.5
BHC-CAL-GR : \\\\\\\\ 4:30 1.232 55.5
(AR
Log name ihtiias hr) | t2(r) | (t1+2)k2 | TL (°C)
DLL-AS-MSFL i “ 6:56 1.152 61.0
FMS-GR 16:31 1.061 64.0
LDL-CNL-NGS 10:42 1.096 63.0
CHECK SHOT 'L 20:15 1.050 68.0

TF = 6925°C @ 904.75m

ﬂ‘lJEJ’J‘VIEJﬂﬁWEJ’]ﬂ‘i

Geotherma}gradlent = 4.7 °C/100m

ARIANN I UANINYAY
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Table 5.5¢ A summary of the calculation for geothermal gradient using the bottom-

hole temperature of the Si Thep-1 well.

Well name SI THEP-1

Log name i), | 12 (hr) | (t1+2)k2 | TL (°C)
DLL-LSS-GR-SP ///“‘“\S\ 3:00 1.333 46.7
Log name ’! m ‘k\‘\ t2 (hr) | (t1+t2)t2 | TL (°C)
DLL-AS-MSFL-GR % Y 5:15 1.194 68.9
LDL-CNL-GR 24:00 1.042 77
FMS-GR 13:00 1.077 80.0
_TB
Log name i De 2 (hr) | (t1+t2)t2 | TL (°C)
DLL-AS-MSBQCU EJ 6:26 1.159 81.1
1.066 92.2

LDL-

q

Geothermal gradient = 5.7 9C/100m
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Table 5.5f A summary of the calculation for geothermal gradient using the bottom-

hole temperature of the Bo Rang-1 well.

Well name BO RANG-1

Log name peDepthlogger (m) | "ty t2 (hr) | (t1+t2)t2 | TL (°C)
- ] e

DLL-LSS-MSFL-GR //47‘\“& 1| 10:45 1.096 49
Log name t2 (hr) | (t1+t2)/t2 | TL (°C)
LSS-CAL-GR-SP 5:30 1.189 61
LDL-CNL-GR 9:45 1.106 63
Log name tl (hr)m t2 (hr) | (t1+t2)42 | TL (°C)
CHECK SHOT b A7:30 1.058 82

¢ o o/

| LOD Fam

, kg N V| | |

Logn thilogger (m) | tI'(hr) | 2 (hr) | (t1+2)42 | TL (°C)
DLL-LSS-GR-SP 1641.5 1 7.35 1.136 80

Geothermal gradient = 3.4 °C/100m
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Geothermal gradients within the Wichian Buri sub-basin range from 3.3
0C/100m to 5.7 ©C/100m.  The lowest gradient was measured in the central basin
and reflects the thickness of Tertiary sediment. Gradients increase toward the basin

margins with a basin average of 4.1 °C/100m. It appears to have higher than an

average normal geothermal gradient (3 ©C/100m).  This may be reflected to the

igneous intrusives

i .—J .
The average ge 3 WOmbine with other parameters

for determining source r. | relatively tmexplored area by Pigott (1985) 's

equations.
T =
T =
t =
and Dgc =

‘o

BYSHYNg

]
Ts =9q)Mean surface temperature
ARNRITTRAATINY1a Y
q
Using the equation 1 and 2, the Wichian Buri sub-basin where the potential
source rocks buried in Early Miocene (approximately 24 x 100 years), the surface

temperature averages 31 OC and the geothermal gradient averages 4.1 ©C/100m, gives
a depth to the oil ceiling of approximately1850 m.
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Source Rock Potential

Generally, most of the sediments in the Wichian Buri sub-basin are good
quality source rock material. The best source rocks were analyzed to be the Miocene
lacustrine claystones in the WB-2 Formation, especially in the lower part, the WB-2A

Member which contains significant e claystones, rich in organic content
and with high source poten 7 SO & contain Type I/II kerogens, with
Type I kerogen betterv ocCutting~ . the "x‘ ceper. garb arben areas. Biostratigraphic data
confirm that much Oﬁ GOmMp onent \ ments comprises of a mixed

are \ or oil generation at peak thermal

\

fresh water algal/terres

maturation.

Potentmlsource DC l‘fldp -2 Formation are immature over 1. - of the

olouration, vitrinite reflectance and

transformation ratio confirm ga:éﬁ{ 1at

—J’,J

of the source rocks adjacent to the
Miocene mtruswesh:1 ent-day mal gradien _)‘ ithin the basin have been
calculated, range fro .1 0C/100m. Consideration
of this value suggests n at the source rocks lie below 150m, have an opportunity to

s A B4 P15 G e Wit

sub-basin are ififnature and are mature to post-mature where they are affected by

o T 614 SRR ) o
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