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1. INTRODUCTION

Th~ following studies have been carried out

evaluate the hydrocarbon potential of permits

T-16-P.

to further

T-15-P and

Pal~)nologic studies on cuttings from Durroon No. 1 well

over the interval 4,330' 6,490' 1n order to have a

better understanding of (1) th~ location of two major

unconformi ties in the strat igraphic sect ion and, (2) the

magnitude of the resultant hiatuses. The study was

per formed b~) Roger Morgan as subcontractor for Analabs,

Perth.

Geochemical studies on cuttings from Durroon No. 1 well

over the interval 4,540' 6,490' to test the source

potential of (l) shales interpreted to interfinger with

alluvial-fan sandstones downdip of the Durroon well and,

(2) the top of the Otway Group. Work was performed by

Analabs, Perth.

Vi t r i ni te re f lectance studies on cutt i ngs from Durroon

No.1 well over the interval 4,540' 5,020' to assess

maturation levels. Work was subcontracted by Analabs to

Keiraville Konsultants.
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2 . CONCWSIONS

The Top-Lower Cretaceous unconformity has been clearly defined

by a major hiatus (approx. 8 million years)

The Hid-Upper Cretaceous unconformity is

hiatus than Wd5 previous1 y recogni~ed

year .. ) .

expressed b~J a larger

(approx. 15 mi 11 ion

In Durroon No.1, the interval between

unconformitie .. 1.. entirely of C.trjplex age.

interval 1.. thought to interfinger downdip with

mapped alluvial fan (Lower Fan).

forementioned

Thi.. shale

the deepe .. t

The C. triplex Zone 1n Durroon No. 1 represents a poor oil

source rock but could be a moderate to good ga.. source rock.

Al though TOC value.. are good, pyro 1ys is yie Ids are very low.

Due to the position of Durroon No.1 on the upthrown .. ide of a

rotated fault block, better pre .. erved and richer source

material i .. likely to be pre .. ent downdip from the well in the

faul t trough to later ..ource the "C. tr iplex fan" with

h~ldrocarbon5.

Visual kerogen analysis indicated that the top of the

Group (upper C. oaradoxa Zone) could const i tute a

oil-prone .. ource rock Howe<>er, subsequent Rock Eval

on three sample .. aga1n indicated low pyrolys1s yields.

Otf...la~J

good

tests

Haturity levels a .. indicated by vitrinite reflectance data are

higher than previou.. ly believed. It 1.. very likely the

o i I-generat i ng zone is reached b~l the bi t 1n tests 0 f less

than 9000 feet.

Hor~ever, additional vitrinite

needed to locate t he top 0 f

clearly.

re f lectance determi nat lons are

the oil-generative zone more
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3. PALYNOLOGIC STUDIES

A total of ten samples, over the interval 4,330' - 6,490' were

studied (Attachment 1 and Enclosure 1).

MaIn conclusions are

(a) N. senectu5 and T. pac htJex i nus Zones are not seen 1n the

samples and the resultant stratigraphic hiatus is in the

order of 15 million ~)ears, (Figure 1). Previously it was

believed that the top of the N.senectus Zone was

represented ln the well. The "Hid-Upper Cretaceous

Unconformit~)II) an important 5eismic marker) rema'lns at

4,492'K.B. and its position in the well was not affected.

(b) A.distocarinatus and T.pannosus Zones are not seen in the

samples. Previously it was thought that both zones were

represented ln the well. It has no'~ be"n established

that the "Top-Lower Cretaceous Unconformity", an

important seismic horizon, represents an hiatu5 of about

8 mi 11 ion years at the Durroon No. 1 locat ion, (Figure

1). The position of this unconformity within the well

has not changed and remains at 5,566'K.B.

(c) It has been established that the volcanics in Durroon

No.1 be within the C.trlplex Zone of the Late

Cretaceous and should not be di rect 1y corre lated wi t. h

volcanics from the Cape Portland area which have an

absolute age dating of 101 -102 Ha, and are as such about

10 million years older (Figure 1).

(d) Environment of deposition during C.triplex and

C.paradoxa Zone time t,+.las predominantly non-marine,

occasionally marlne influences as indicated b~

acritarchs.

upper

with

rare
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eel Visual anal~,s1s of kerogen on four samples w1thin the

upper C.oaradoxa Zone indicate5 oil-prone source rock

with liptinite contributing 50% of the kerogen. The

C.triolex Zone indicated oil prone source rock only at

its base and good ga~/conden5ate-prone source rock o~}er

the remainder of the zone.
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4. GEOCHEMICAL STUDIES

A total of 14 samples, over the interval 4,540'-6,490', have

been ana 1ysed to determine t he source potent ial and therma 1

maturity of this interval (Attachment 2, Enclosure 1).

The ma1n conclusions are

(a) The sediments over this interval have good TOC content,

with TOC values ranging from 1.26-1.80% over 12 samples.

The value 0 f 0.92% TOC from a sample at 4540' has been

discarded due to its proximity to the "Mid Upper

Cretaceous Unconformity". The sample 0 f 6,490' gave a

TOC content of 0.37. As Durroon No.1 was the only well

in the Bass Basin to intersect the C.triolex Zone, the

data can only be compared to younger strata (Table 1).

(b) Samples produced low pyrolysis yields. Analabs concluded

'The organ1c matter 1S dominated by inert i ni te and

vitrinite, which are normally considered to be gas prone.

In addition, iron oxides are abundant which suggest the

organic matter may be poorly preserved. As a result, the

rocks have very limited oil-generating capability, but

may have moderate to good gas source potential at optimum

maturit\l' I

(c) It 1S considered that the ill-preserved state of the

organic matter at the Durroon No. 1 location 1S due to

its position on the upthrown side of a rotated fault

block, a pos1tion that would invoke periods of no

deposition, oxidation or erosion and low sedimentation

rates. Strata of C.triplex age are seen on seismic to on

lap the "Durroon High". It is concluded that source rock

parameters are likely to be more favourable for the

sediments in the rapidly subsiding fault graben.

4340 to

.. tudied

for 0 i 1

(d) The TMAX temperature.. (Rock Eval) range from

4360C and indicate that the ..ediment .. over the

interval are margi naIl y/moderate 1y mature

generation (Sec. 4).
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5. VITRINITE REFLECTANCE STUDIES

The rock,; analv,;ed between 4;540' and 5;020' are marginally

matu['"e for 0 i 1 generat ion as evidenced by vi tr i ni te

reflectance values of 0.54 to 0.58% Ro. Analab,; concluded

'At these low levels of alteration, the rock,; are ,n the

i ni t ia I stages 0 f petro leum generat ion. It is doubt ful that

t he,;e sediments could have generated ,; igni f icant amount,; 0 f

petroleum'

It i,; encourag,ng however, that the

indicate a more inten,;e geothermal

believed (Figure 2).

recent vi +~r i ni te va lues

history than previous I y

* * * * *
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Figure 2 Vitrinite reflectance plotted against· depth in
Bass Basin. .
Data without range bars have too few determina­
tions to give a reliable mean.

(After E.Nicholas, K.L.Lockwood, A.R.Martin 1 , &K.S.Jackson)
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210 E. NICHOLAS, K. L ..LOCKWOOD, A. R. MARTIN & K S. JACKSON

IOil & 80S Petroleum Hyd,08en \
T%l content potential index Oxygm ~

orlanic SI SI+52 S.ITOC inde" Hyd,ogen:
carbon (m8 hyd,o- (m8 hyd,o- Production (m;hyd,o- 53/TOC °XYlen

Core (TOC) co,boll18 co,bonl8 index co,bonl ..(mgC02l ratio
Well name Unit No. (%) ,ock) . ,ock) SI / (51+52) gTOC) gTOC) (HIO)

Bass NO.3 TorquayGp ·4 PO 0.02 US 0,01 118 31 3.2
Cormoranl No. I Demons Bluff Fm 2 5.10 0.05 2.06 0.02 39 95 0.4
Aroo No.1 L.EYCM I 6.05 0.82 22.80 0.04 365 10 31
Bass No. I Torquay Op 6 0.10 0.02 0.26 0.08 34 213 0.2

Toroual' Gp 8 0.50 0.04 0.05 0.80 2 200 0.01
U.EVCM 11 5.35 0.10 2.10 0.05 31 41 0.8
U.EV'CM 13 1.90 0.10 2.80 0.04 142 51 2.5
U.EYCM 15 2.80 0.21 4.01 0.05 138 . 162 0.9

Bass No.2 TorQuay Gp 2 0.50 0.02 1.19 0,01 .354 313 1.1
U.EYCM 5 3.55 0.08 12.50 0.01 349 31 11
L.EYCM 9 2.40 0.21 10.00 0.02 409 29 14

Bass No.3 U.EVCM 8 1.05 ..- 0.04 1.00 0·04 91 240 0.4
L.EVCM 10 20.10 1.21 46.10 0.03 226 10 23
L.EVCM 11 2.40 0.13 4.14 0.03 192 11 18
L.EVCM 13 0.60 ..- 0.02 0.Q3 0.61 2 18 0.1

Cormorant No. I U.EVCM 5 10.10 1.63 13.10 0.12 120 191 0.6
U.EVCM 6 66.90· 14.50 182 0.08 250 33 1.6

Nangk.ro No. I U.EVCM I 0.10 - 0.08 3.56 0.02 491 336 1.5
Narimba No. I L.EYCM I 1.10 1.81 11.10 0.10 223 9 24

L.EVCM 2 0.85 0.09 0.13 0.12 76 211 0.3
L.EVCM 3 1.85 0.19 1.12 0.11 83 148 0.6

Poonboon No. I L.EVCM 2 65.80· 19.60 160 0.12 213 13 16
L.EVCM 4 1.15 0.11 1.49 0.01 19 132 0.6
L.EVCM 5 1.20 0.13 0.88 0.15 63 100 0.6

Snail No. I U.EYCM 2 2.65 3.86 4.01 0.95 8 114 0.01
OtwayGp 3 4.15 3.03 3.14 0.96 3 150 0.02

Durroon No. I Otway Gp 3 1.80 0.01 0.60 0.02 33 69 0.5
OlwayGp 4 4.50 0.11 0.98 0.11 18 9 2.0 i
Otway Gp 5 3.15 0.23 2.28 0.10 55 9 5.9

~!:
• Coal ~
Table-] R~k·Enl pyrolysis dala for some Bass Basin sourre rods (Marlin & Suby, 1980). U'f

<::>
~

~
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I SUMMARY

4330 ft. (cutts):lower T. lillei Zone: Campanian: non-marine

gas/condenate prone : immature for gas/condensate : marginally mature

for oil.

4510 ft. (cutts) : apparently T. lillei Zone: apparently Campanian

non-marine : poor source rock : marginally mature for oil

N. senectus and T. pachyexinus Zones not seen

4750-5500 ft. (cutts) : apparently all C. triplex Zone:

Turonian-Coniacian: ~rackish to freshwater: gas/condensate prone at

the top, oil prone at the base : immature for

gas/condensate,marginallly mature for oil.

A. distocarinatus and P. pannosus Zones not seen

5720-6250 ft. (cutts)

brackish to freshwater

upper C. paradoxa Zone : mid Albian :

oil prone : marginally mature for oil

6490 ft. (cutts) : probably lower C. paradoxa Zone : mid Albian

non-marine oil prone:marginally mature to mature for oil
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The present study comprises 10 cuttings samples examined

as part of a palynological and organic geochemical review

for Bridge Oil.

The palynological occurrence data are computer plotted

and presented as Appendix I. The environmental and

organic geochemical data are presented as Appendix II.

Figure 1 is a maturity profile for the well. Figure 2 is

a summary of the zonation and the geology of the nearby

Otway Basin.

The zonation is that of Helby, Morgan and Partridge (in

prep.) and represents a synthesis of earlier work mostly

of 'Dettmann (1963), Dettmann and Playford (1969), and

Douglas (1976), Stover and Evans (1973) Stover and

Partridge (1973) and Partridge (1973).
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III PALYNOSTRATIGRAPHY

A. 4330 ft. (cutts):lower T. lillei Zone

Assignment to the lower half of the T. lillei Zone is

indicated by the toprange of common Nothofagidites senectus

and Tricolpites sabulosus, and by the baserange of

Triporopollenites sectilis, Stereisporites regium and

Gambierina rudata. T. pachyexinus also occurs in this

sample.

Non-marine environments are indicated by the abundance and

diversity of the spores and pollen, and total absence of

microplankton.

F

;

,
...... ",

;

B.

The dominance of amorphous vitrinite in the kerogen

indicates that the rock is gas/condensate prone. Spore

colours of light yellow-brown indicate that the rock is

immature for gas/condensate, but just marginally mature for

oil. The lack of any TOC data precludes any statement on

the overall source rock potential.

4510 ft. (cutts):apparently T. lillei Zone

The sample is very lean of palynomorphs comprising a mixture

of Permian, Triassic, and late Cretaceous taxa. The common

Permian and Triassic forms are reworked, and the late

Cretaceous forms include Gambierina rudata, Tricolporites

pachyexinus and frequent Nothofagidites senectus which would

indicate a lower T. lillei Zone assignment. However,

considering the very lean nature of the sample, the T.
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lillei Zone material may be caved to this point from the

rich interval above. There are no older indicators, and so

the sample is tentatively included in the T. lillei Zone.

The very heavy reworking may suggest proximity to an

unconformity.

Non-marine environments are indicated by the lack of

microplankton, but it is uncertain whether these specimens

are in place or caved.

The kerogen is dominated by inertinite and therefore lacks

significant hydrocarbon prone source material. In addition,

it is lean, and presumably lacks sufficient organic material

to generate. Spore colours of yellow-brown indicate

immaturity for gas/condensate and marginal maturity for

oil.

-r

The N. senectus and T. pachyexinus Zones, representing the

Santonian to lower Campanian interval, were not seen.

c.

D. 4750-5500 ft. (cutts) apparently all C. triplex Zone

Assignment to the c. triplex Zone is indicated by the

baserange of Proteacidites spp. and Phyllocladidites

mawsonii at 5500 ft. (cutts) in the absence of younger

indicators considered to be in place. Rare specimens of

Gambierina rudata, Malvacipollis subtilis, Nothofagitites

senectus, Tricolpites confessus and Triporopollenites

sectilis occur scattered through the interval, but are

considered to be caved, as they have significatly lighter

spore colours than the majority of the specimens which are
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considered to be in place. Since the samples are cuttings,

some doubt may exist concerning the location of the zone

base, and it may be picked slightly too low. The kerogen

change at 5500 ft., and the presence of erybelosporites

striatus suggest that this sample may belong to the

underlying zone. Minor Permian and Triassic reworking

occurs at the zone base.

Non-marine environments are indicated by the presence of

freshwater microplankton (Schizosporis, Morkallacysta)in

all except the basal sample. The deepest sample (5500 ft.)

contains rare Micrhystridium spp. suggesting brackish

environments.

The top two samples (4750 ft. and 5060 ft.) are dominated by

amorphous vitrinite and so are strongly gas/condensate

prone. The available Toe data generated by Analabs

indicates abundant organic matter (.92-1.8%). The interval

is therefore an excellent gas/condensate source interval,

but spore colours indicate its immaturity for oil.

The lower two samples have more oil potential. The sample

at 5260 ft. contains high proportions of both vitrinite and

liptinite and is therefore both gas/condensate and oil

prone. The sample at 5500 ft. is liptinite dominated and

therefore oil prone. Spore colours indicate immaturity for

gas/condensate but marginal maturity approaching maturity

for oil. No organic content data are available for this

interval.
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E. The A. distocarinatus and P. pannosus Zones representing the

latest Albian and Cenomanian were not seen.

F. 5720-6250 ft. (cutts) upper C. paradoxa Zone

Zone fossils are extremely scarce in this interval, but

assignment to the upper C. paradoxa Zone is indicated by the

baserange of Perotriletes majus at 6250 ft., in the absence

of older and younger indicators. The top range of

Dictyotosporites speciosus at 6490 ft. below, and the

presence of common Crybelosporites striatus through the

interval, confirm the assignment. No definite specimens of

either Pilosisporites grandis or Coptospora paradoxa were

seen, although these species are consistent in this zone in

the Otway Basin. Rare Triassic and Permian reworking has

occurred.

Non-marine environments are indicated for the upper two

samples (5720 ft and 6010 ft) by the abundant spore pollen

and presence of freshwater microplankton (Schizosporis and

Morkallacysta). Rare spiny acritarchs (Micrhystridium)

occur at 6250 ft. and indicate brackish conditions.

These samples are rich in liptinite (30-50% of the kerogen)

and so are strongly oil prone. Spore colours of brown to

yellow-brown indicate maturity or near maturity for oil and

near marginal maturity for gas/condensate. The lack of any

organic content data is frustrating, as it precludes full

assesssment of source rock potential.
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G. 6490 ft. (cutts) probably lower c. paradoxa Zone

Assignment to the lower C. paradoxa or older Zones is

indicated by the toprange of Dictyotosporites speciosus and

the absence of Perotriletes majus. The presence of

Crybelosporites striatus indicates assignment to the C.

striatus or younger Zones. Thus the sample must belong to

the C. striatus to lower C. paradoxa interval, although it's

location within this interval cannot be precisely

determined. However, given the assignment of the overlying

sample, and the scarcity of C. paradoxa in this well,

assignment to the lower C. paradoxa Zone is more likely than

to the C. striatus Zone. Specimens of a Coptospora species

similar to Coptospora sp. B Dettmann was seen.

Non-marine environments are indicated by the absence of

microplankton and dominance of spores and pollen.

The high liptinite content (50%) in the kerogen indicates

that the rock is oil pone, while spore colours indicate its

high marginal mature to mature condition for oil. The lack

of organic content data precludes full source rock

assessment.
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IV CONCLUSIONS AND RECOMMENDATIONS

A. Conclusions

1. The studied sequence appears to comprise mid Albian (C.

paradoxa), Turonian-Coniacian (C. triplex) and Campanian

(T. lillei) rocks, separated by unconformities.

Environments are almost all non-marine, with only minor

brackish influence.

2. The Campanian and Turonian-Coniacian intervals are

largely gas/condensate prone, but immature. TOC data is

available for only part of the interval, and indicates

excellent source rock potential.

3. The mid Albian is oil prone, and close to maturity for

oil generation.No TOC data are available, and so the

potential cannot be fully assessed. If this section has

sUfficiently high organic content and can be found

slightly more deeply buried, it has enormous potential

for oil generation, as it is over 1000 feet thick.

B. Recommendations

1. Further TOC and Rock Eval work is vital to fUlly assess

the mid Albian as an oil source. Sampling deeper in the

well (below 6250 ft.) would given an indication of the

source potential of the rocks that are mature in the well

section.
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SPECIES LOCATION INDEX
[nd.~ nu~.r • • r. the colu~ns in which speci •• app••r.

INDEX
NUMBER SPECIES

23 AEQUITRIRADITES SP.
'58 --'LISPORITES FOLLICULOSA
24 ARAUCMIACITES AUSTRALIS
2:5 ARAUCAlI I AC I TES F ISSUS
45 AUSTRALOPOLLIS OBSCURUS

1 ~ISPORITES HOLODICTYUS
40 CALL J AI'S OR I TES Tl...ItBATUB
67 CAI£ROZlINOSPORITES llHAIENSIS
26 DERATDBPORITES EQUALIS

2 CICATRICOSISPORITES AUSTRALIENSIS
41 CICATRICOSIBPORITES LUDBROOkIAE
27 CINBUTRILETES CLAYUB
44 CONTI aNI SPOR I TES COOKBlIN I AE

3 COPTOSPORA CF SP.8
42 COPTOSPORA PARADOXA

4 CORtLLINA TOROSUB
5 CRYBELOBPORITES STRIATUS
6 CYATHIDITES AUSTRALIS
7 CYATHIDI~S "IHOR

46 CYCADOPITES FlLLICULARIS
61 CYCLOBPORITES HUSHESI
47 DICTYOPHILLIDITES HARRISII

8 DICTYOTOBPORITES ~X
28 DICTYOTOBPORITES C~EX COARSE

9 DICTYOTOBPORITES SPECIDSUB
10 DILWYNITES GRANULATUS
11 FALCISPORITES _DIS
12 FALCISPORITES SI"ILIS
29 FORAftINIBPORIS ASY~TRICUS

13 FORAftINIBPORIS DAILYI
30 FOVEOTRILETAB PARVIRETUS
48 ~IERINA RUDATA
31 GLEICHENIIDITES
49 HALORASACIDITES HARRISII
62 HOE8IBPORIS
14 ISCHYOBPORITES PUNCTATUS
15 KLUKISPORITES SCABERIS
32 LEPTDLEPIDITES KAJOR
16 LEPTDLEPIDITES VERRUCATUS
59 LYGISTEPOLLENITES FLORINII
50 ~YACIPDLLIS SU8TILIS
33 "ICROCACHRYIDITES ANTARCTICUS
34 NEDRAISTRICKIA TRUCATA
51 NDTHDFABIDITES ..-cIDUS
64 NDTHDFABIDITES ENDUIlUS
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64 NOTHOFAGIDITES ENDURUS
68 NOTHOFAGIDITES HETERUS
52 NOTHOFAGIDITES SENECTUS
17 05"UNDACIDITES WELLMANII
53 PERlNOPOLLENITES ELATOlDES
65 PERlPOROPOLLENITES POLVORATUS
IS PEROTRILETES JUBATUS
35 PEROTRlLETES ~US
54 PHVLOCLADIDITES KAWBONII
19 PODOSPORlTES I1ICROSACCATUS
69 PROTEACIDITES AI10LDBEXINUS
55 PROTEACIDITES BPP.
20 RETITRILETES AUBTROCLAVATIDITES
21 RETITRILETES FACETUS
CO STEREISPORITES CTRIPUNCTISPORISl SPP.
22 STEREISPORITES ANTJDU~8 ORITEB
70 STEREISPORITES RESIUI1
56 TRICOLPITES CONFESSUS
43 TRICOLPITES SILLII
b3 TR I COLP I TES SAN' OSUS
36 TRICOLPITES VARI-..IS
71 TRICOLPITES llAIP_IS
lob TRICOLPllRITES PACHVEXINUS
37 TRIPlJRlJLETES RADIATUS
3S TRIPlJRlJLETES RETIClJLATUS
57 TRIPOROPOLLENITES SECTILlS
39 VITREISPORITES PALLIDUB

_.
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DEPT. OF MINES

REF. No.1 ~~6

SUMMARY

DURROON 1

HYDROCARBON SOURCE ROC DalM -.:J c"l ~~

EVALUATION STUDY
D. DIR. 1 0 FE B 1981)

Organic geochemical analyses performed on ten cuttings samples from
4540ft to 5040ft in the Durroon 1 well have indicated the following:

The rocks between 4540ft and 5040ft have attained marginally
mature maturation levels, and hence are considered to be in the
initial stages of hydrocarbon generation. At this maturity, it is
doubtful that any significant oil generation could have occurred.

The sediments between 4540ft and 5040ft contain good amounts of
organic matter, but produced low pyrolysis yields. The organic
matter is dominated by inertinite and vitrinite, \~hich are
normally considered to be gas prone. In addition iron oxides are
abundant which suggest the organic matter may be poorly preserved.
As a result, these low maturity rocks have very limited oil
generating capabil ity, but may have moderate to good gas SO;lrce
potential at optimum maturity.

1
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INTRODUCTION

Organic geochemical analyses have been performed on ten cuttings
samples from 4540ft to 5040ft in the Durroon 1 well.

The purpose of this study has been to evaluate the thermal maturity
and hydrocarbon source characteristics of the sediments analysed from
this well.

Analytical

The results may be located in the following figures and tables:

The samples from this well were assigned the Analabs Job Number 40088.·
Initially all ten samples were submitted to"% total organic carbon
determination, followed by Rock-Eval pyrolysis analysis on five
selected samples. Five samples were also chosen for vitrinite
reflectance/coal maceral descriptfhs and sent to Professor Alan Cook
of Keiraville Konsultants.

~ of Analysis

% total organic carbon determination

Rock-Eval pyrolysis

Vitrinite reflectance/coal maceral description

Figure

1

1,2

1,3

Table

1

1

2

A description of these analyses may be found in the Theory and Methods
section located at the back of this report.

General Information

Copies of this report have been sent to Mr. Herman Huizinga of Bridge
Oil Limited, located in Sydney, New South Wales. This work was
authorised by Mr Huizinga and submitted under Purchase Order No. 6109.
Any questions related to this study may be directed to Paul Tybor or
Garry Woodhouse of Analabs, located in Perth, Western Australia.

All data and interpretations presented herein are proprietary to
Bridge Oil Limited, are treated as highly confidential material by all
Analabs personnel.

2
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DISCUSSION OF THE RESULTS

The Tmax temperatures support the marginal maturity of these rocks as
based on vitrinite reflectance, with temperatures ranging from 434 to
436 Deg. C.. This temperature range corresponds to
marginally/moderately mature maturation levels.

The rocks analysed between 4540ft and 5020ft in the Durroon 1 well
have experienced a mild geothermal history. Vitrinite reflectance
varies from a marginally mature 0.54% Ro at 4540ft to a marginally
mature 0.58% Ro at 50 20ft. At these low levels of alteration, the
rocks are in the initial stages of petroleum generation. It is
doubtful that these sediments could have generated significant amounts
of petroleum.

The samples from 4540ft to 5040ft contain good amounts of organic
matter (% TOC 1.0 - 2.0) but produced low pyrolysis yields (Sl+S2)'
The maceral descriptions indicate an abundance of inertinite and
vitrinite organic matter types, which are generally held to be gas
prone. Exinite is present in only minor quantities, with the
exception of the 4780ft sample, where it is the dominant maceral.
However, even this exinite rich sample still produced low pyrolysis
yields. Professor Cook observed an abundance of iron oxides, which
indicate poor preservation of organic matter. This condition of the
organic matter has apparently affected its source quality, as
reflected in the low hydrogen indices computed for all samples.

Hydrocarbon Source Character

Thermal Maturity of SedimentsA.

B.

I~

In summary. the good amounts of organic matter contained in these
sediments is predominantly gas-prone and apparently poorly preserved.
These factors, combined with the low maturity of the sequence, make
the rocks analysed from this well poor oil source rocks. At higher
maturities, these sediments may generate varying amounts of gas.

3
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FIGURE: 38

VITRINITE REFLECTANCE AND COAL MACERAL IDENTIFICATION

(Total No. of Readings _ 24 I 0.38 0. .43 0. .43 0.44 O..s 0.51 0.52 0.53 0.53 0.53 0.54 0.58 0.51 0.58 0.81 0.81 0.83
0.84 0.8!5 0.81 0.78 0.• LOB 1.29

Cuttings

WELL NAME : OURROON

SAMPLE TYPE

OCTOBER 19B5DATECLIENT NAME : BRIDGE OIL LTD.

DEPTH OR SAMPLE No : ~7BO Feet

(Total No. of Readings .. 5) 0.470.490.5-40.55 0.83
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CLIENT NAME: BRIDGE OIL LTD.
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FIGURE: 3b
VITRINITE REFLECTANCE AND COAL MACERAL IDENTIFICATION

CLIENT NAME : BRIDGE OIL LTD. DATE: OCTOBER 18B5 WELL NAME: DURRODN 1
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TABLE I

ROCK-EYAL PYROLYSIS DATA (one run)

NELLHA"E = OURROOH 1 DATE OF JOB = HOYE"BER 19B5

DEPTH lit ) TMX 51 52 53 51+52 52153 PI PC TOC HI 01
4540.0 nd nd nd nd nd nd nd nd 0.92 nd nd
4630.0 m 0.09 0.62 3.31 0.71 0.19 0.13 0.06 1.46 42 226
4660.0 434 0.07 0.44 2.46 0.51 O.IB 0.14 0.04 LBO 24 136
4720.0 nd nd nd nd nd nd nd nd 1.26 nd nd
47BO.0 434 0.11 1. 05 2.45 1.16 0.43 0.09 0.10 1.64 64 149
4B40.0 nd nd nd nd nd nd nd nd 1.55 nd nd
4900.0 435 0.06 0.64 2.99 0.70 0.21 0.09 0.06 1.69 37 176
4960.0 436 0.08 0.49 3.47 0.57 0.14 0.14 0.05 1.64 29 211
5020.0 nd nd nd nd nd nd nd nd 1.36 nd nd
5040.0 nd nd nd nd nd nd nd nd 1.30 nd nd
5700.0 440 0.11 0.87 0.B7 0.9B 1.00 O. 11 0.08 1.13 76 76
6010.0 438 0.24 1. 3B 1.49 1.62 0.93 0.15 0.13 1.26 109 118
6250.0 438 0.30 1. 97 0.91 2.27 2.16 0.13 0.19 1. 51 130 60
6490.0 nd nd nd nd nd nd nd nd 0.37 nd nd

1
T"AX = "ax. te.perature 52
51+52 = Potential yield
PC = Pyrolysable carbon
01 = Oxygen Index

51 = Yolatile hydrocarbons (HC)
53 = Organic carbon dioxide
TOC = Total organic carbon
nd = no data

52 = HC generating potential
PI = Production index
HI =Hydroi'n index
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TABLE 2

DLRROON NO. 1

K.K.
No.

Exlnlte Fluorescence
R. nge N (Rem.rks)

• 3221 4540
Ctgs

LOWER CRETACEOUS

0.54 0.38-0.67 20 Sparse sporlnlte end rare llptodetrlnlte, yel low to orange •
(Claystone>sandstone>carbonate>calcereous claystone.
Oem canmon, I>E>V. Inertinite and axinite sparse, vitrinite
rare. Iron oxides abundant. Inorgan Ie mud add I t Ive rare.
Pyrite .bund.nt.)

CRETACEOUS

.3222 4660
Ctgs

.3223 4780
Ctgs

0.49 0.41-0.61

0.54 0.47-0.63

7 Rare sparlofts and Ilptodetrlnlte, yel tow to orange.
(Claystone>sandstone>calcareous slltstone>coal. Coal rare,
vltrlte. Oem sparse, I>E>V. Inertinite sparse, axinite
and vitrinite rare. Iron oxides abundant. Pyrite abundant.)

5 Common sporlolts and spars8 Ilptodetrlnlte, yel low to dul I
orange, rare cutlnlte, yel lo~ to orange. (Claystone>
sandstone>carbonate. Oem common, E>I>V. Exlnlte common,
Inertinite and vitrinite rare. Iron oxides cammon.
Pyrite .bund.nt.)

0.57 0.46-0.68.3224 4900
Ctgs

.3225 5020
Ctgs

7 Sparse sporlnlte, yel low to dul I orange, rare 8otryococcus­
type telalglnlte, yel low, rare Ilptodetrlnlte, yel low
orange to dul I orange. (Claystone>sandstone. Oem common,
I>E>V. Inertinite ccrnmon, exlnlte sparse, vitrinite rare.
Iron oxides abundant. Pyrite abundant.)

0.58 0.44-0.74 23 Rare sporlnlte and llptodetrlnlte, yel low orange to orange.
(Sandy claystone>carbonate>sandstone. Oem common, I>V>E.
Inertinite cammon, vitrinite spars8, 8xlnlte rare. Iron
oxides abundant. Sample heat altered. Pyrite abundant.)
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THEORY AND NETHODS

This section details a series of geochemical methods which are commonly used 10 OUI

laboratory, including those used to obtain the data presented in this report. WnerE
applicable, the discussion is accompanied by a summary pf the general theory used te
interpret the data generated by each method.

I. SEDIMENTARY GAS ANALYSIS

a) Headspace Analysis
Headspace analysis is carried out using sealed containers (usually cinned cans) 01
wet cuttings. The containers are approximately three quarters filled with ch(
cuttings and water to leave an appreciable headspace into which volatile hydrocar~Jn~

contained in the cuttings diffuse.

After covering about Icm2 of the container lid with silicone and allowing thE
silicone to dry, the procedure involves placing a small hole in the lid through :hE
silicone, then sampling an aliquot of the headspace gas with a gas injection syri~;e,

and finally gas chromatographing this sample of gas under the following conditic~s;

instrument = Shimadzu GC-8APF; column - 6' x 1/8" Chromosorb 102; column temperecurE
- 110 Deg. C; carrier gas = nitrogen at 23mls/min; injector temperature - 120 Deg.
C.; analysis cycle = CI-C4 components are flushed from the column in the forwere
direction and then the C5-C7 compounds are removed from the column by backflushing.

The integrated areas of peaks representing each of the CI-C7 components of :hE
headspace gas are compared to the areas of corresponding components of a standard ga,
of known composition. The calculated amount of each component in the sample gas i~

adjusted for the total headspace volume and reported as ppm (parts of gas per mill:or
parts of sediment by volume).

Data from headspace analysis is commonly used to identify the zone of oil generatior
by plotting gas wetness (C2-C4/CI-C4) expressed as a % against sediment burial dep:h.
Gas containing appreciable quantities of C2-C4 components, termed wet gas (Fuex.
1977), is generally considered to be gas associated with oil generation. IT
addition, the ratio of isomeric butanes can sometimes be used for assessment 0:

sediment maturity (Alexander et. aI., 1981). The amount of gas in sediments can be
used to identify zones of significant gas generation and out-of-place gas (LeTran et.
aI., 1975).·

b) Cuttings Gas Analysis
This analysis is the same as Headspace Analysis with the exception that instead 0:

analysing the gas in the container headspace, a known volume of the wet cuttings ar<
transferred to the blender bowl of a Kenwood electronic blender with the lid modif:e,
to incorporate a septum, water at 75 Deg. C is added to leave a headspace of 160~1.

and the mixture is blended at maximum speed for 2 minutes. Following a 2 minut<
settling period Iml of the blending bowl headspace gas is analysed as described ir
section la.

It is recommended that for the most meaningful
gas analysis are carried out. In such cases we
gas, and combined headspacelcuttings gas data.
for plotting purposes.

i

gas data both headspace and cutting,
provide tabulations of the headspace,

Normally, the combined data is usee
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2. SMIPLE PREPARATION

water
(e.g.
After

and

a) Cuttings
Cuttings samples are inspected by our qualified geological
washed according to the drilling mud content and lithology.
diesel contamination) it is necessary to lightly solvent
washing, the samples are air dried, either sieved or picked
crushed to O. Imm using a ring pulveriser.

staff and then
In special cases
wash samples.
free of cavings,

•

b) Sidewall Cores
Sidewall samples are freed of mud cake and any other visible contaminants, and are
also inspected for lithologic homogeneity. For ho~ogeneous samples, the minimu~

amount of material required for the requested analyses is air dried and handcrushed
to O. Imm. For non-homogeneous samples, the \.Jhole sample is air dried and handcrushe':
to O.lmm.

c) Conventional Core and Outcrop Samples
These sample--ryp;S- are firstly inspected for visible contaminants, and w~ere
applicable, are freed of these contaminants to the best of our ability. Commonly,
the surface of conventional core and outcrop samples are lightly solvent washed. The
samples are then crushed to approximately I/B" chips using a jaw crusher, air dried,
and finally further crushed to O. Imm using a ring pulveriser.

d) Petroleum/Aqueous Hixtures
The most common sample type in this category are RFT tests contalnlng oil, water a~d

mud. The mixture is placed in a separation funnel and allowed to sta~d for several
hours which enables the petroleum and water/mud fractions to separate. The neat
petroleum is isolated by removal of the lower layer (water/mud) from the funnel. To
remove. the last traces of water and mud, the neat petroleum is centrifuged a I:.

moderate speed.

lfuen the volume of petroleum accounts for only a very small part of the sample the
method above is unsatisfactory and the petroleum is solvent extracted from the
mixture with dichloromethane. The petroleum is recovered by careful evaporation of
the solvent from the organic layer.

3. TOTAL ORGANIC CARBON DETERNINATION

The total organic carbon value (TOC) is determined on the unextracted sedimen:
sample. The value is determined by treating a known weight of sediment with ho:
dilute HCI for I hour to remove carbonate minerals, and then heating the residue tc
1700 Deg. C (Leco Induction Furnace CS-044) in an atmosphere of pure oxygen. Th,
carbon dioxide produced is transferred to an infra-red detector which has bee~

calibrated with a series of standards, and the microprocessor of the Leco unit the~

automatically calculates the 7. TOC in the sample. To ensure reliable data a standard
is run after every 10 samples, regular sample repeats are carried out, and at leas:
one blank determination is carried out for each batch of samples.

The following scales are normally used for source rock classification based on 7. TOC
data:

ii



Classification

Poor
Fair
Good
Very Good
Excellent

4. ROCK-EVAL PYROLYSIS

Clastics

0.00 - 0.50
0.50 - 1.00
1.00-2.00
2.00-4.00

> 4.00
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Carbonates

0.00 - 0.25
0.25 - 0.50
0.50 - 1.00
I. 00 - 2. 00

> 2.00

Although a preliminary source rock classification is made using TOC data a more
accurate assessment accounting for organic source type and maturity is made b)
pyrolysis analysis. Two types of Rock-Eval pyrolysis services are offered: "one run"
which involves pyrolysis of the crushed but othenvise untreated sediment and "c\v(
run" which involves pyrolysis of both the crushed, untreated sediment and sediment
which has been rendered free of carbonate minerals by treatment with hot dilute HCI.
The t"o run service offers considerably more reliable S3 data.

The method involves accurately weighing approximately 100mg of the sample into ,
sintered steel crucible and subjecting it to the following pyrolysis cycle:

Stage (i)

Stage (ii)

Stage (iii)

Sample purged with helium for 3.5 minutes in unheated part of
pyrolysis furnace;

Sample heated at 300 Deg. C for 3 minutes to liberate free
petroleum (S I peak);

Sample heated from 300 Deg. C to 550 Deg. C at 25 Deg.
C/minute to produce petroleum from kerogen (S2 peak). The
furnace is maintained at 550 Deg. C for one minute. Carbor
dioxide produced during this pyrolysis up to 390 Deg. C ir
the case of It one run" and 550 Deg. C for "two run" i!
absorbed on a molecular sieve trap;

Stage (iv) During
during

the cool down period the carbon
pyrolysis is measured (S3 peak).

dioxide producec

The units used for Rock-Eval data are as follows:

S I, S2, S3 kg/tonne or mg/g of rock

Tmax Deg. C

Hy'drogen Index = S2 x JOO
TOC -J-

Oxygen Index S3 x 100
TOC -1-

Rock-Eval data is most commonly used ,n the following manner:

1

( i) S J indicates
the sample

the level
according

iii

of oi 1
to the

and or/gas already
following scale:

generated



~ (mg/g or kg/tonne)

0.00 - 0.20
0.20 - 0.40
0.40 - 0.80
0.80 - 1.60

> 1.60
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Classificacion

Poor
Fair
Good
Very Good
Excellent

(i i) S I+S2 referred to
for source
criteria:

as the genetic potential this
rock classification according

parameter is used
to the following

0.00 ­
1.00 ­
2.00 ­
6.00 ­

10.00 -

SI+S2 (mg/g or kg/tonne)

1.00
2.00
6.00

10.00
20.00

> 20.00

Classification

Poor
Harginal
Hoderate
Good
Very Good
Exce llent

(iii) SI/(SI+S2)-

(Lv) Tmax

(v) HI, 01

this parameter is the production index (PI) which is <
measure of the level of maturity of the sample. For oil
prone sediments, values less than O. I are indicative of
immaturity, the values increase from O. I to 0.4 over the oil
window and values greater than 0.4 represent over maturity.
For gas prone sediments, the PI data shows a relativel)
smaller change with increasing maturity.

the temperature corresponding to the S2 maxima. Thi.
temperature increases with increasingly mature sediments.
Values less than 430 Deg. C are indicative of immaturit)
while values from 430/435 to 460 Deg. C represent th<
maturity range of the oil window. Tmax values greater thar
460 Deg. C are indicative of over maturity.

the hydrogen «S2 x 100)/TOC) and oxygen «S3 x 100)/TOC;
indices when plotted against one another provide informatior
about the type of kerogen contained in the sample and thE
maturity of the sample. Both parameters decrease in valUE
with increasing maturity. Samples with large HI and low 01
are dominantly oil prone and conversely samples with low Hi
and large 01 are at best gas prone.

5. EXTRACTION OF SEDIMENT SAMPLES

Crushed sediment (maximum of 250g) and 300mls of purified dichloromethane are placet
in a 500ml conical flask and are then blended for ten minutes with a Janke and Kunkel
Ultra-Turrax T45/2G high efficiency disperser. After a ten minute settling perior
the solvent is separated from the sediment using a large Buchner filtration system.
The extract is recovered by careful evaporation of the solvent on a steam bath ant
weighed. The weight of extract is used to calculate % EOM and ppm EOM using thE
following formulae:
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Wt EON x 100
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7. EOM

ppm EON

Wt Sediment Extracted (g)

Wt EOM (mg)

Wt Sediment Extracted (kg)

The following scale is used to classify the source rock richness of samples based or
C12+ extractables:

Classification ppm Total Extract

Poor o - 500
Fair 500 - 1000
Good 1000 - 2000
Very Good 2000 - 4000
Excellent > 4000

6. SEPARA TION OF PETROLEUN INTO CONSTITUENT FRACTIONS

Sediment extracts and crude oil or condensate samples are separated into saturate.
aromatic and NSO (asphaltenes plus resins) fractions by medium pressure liquie
chromatography (NPLC). That part of the petroleum which is soluble in pentane i,
applied to the MPLC system via a sample loop and is then pumped using pentane to
partially activated silicic acid pre-column which prevents further movement of the
non-hydrocarbon compounds. The hydrocarbon components are pumped further to a Nerd
Si60 column where the saturate fraction is obtained by forward flushing and th.
aromatic fraction is recovered by reverse flushing. This separation procedure l~

monitored using a refractive index detector. To complete the separation the pre­
column is removed from the NPLC system and flushed with dichloromethane: methanol
(1:10). This non-hydrocarbon fraction is combined with the pentane insolubl.
material which is not applied to the NPLC system, and is labelled as the NSC
fraction. The neat fractions are recovered by careful removal of the solvent b:
distillation and are weighed.

The weight of each fraction is used to calculate the 7. of each fraction in thE
sediment according to the following formulas:

7. Fraction

ppm Fraction

Wt Fraction
x

Wt all Fractions

Wt Fraction (mg)

Wt Sediment Extracted (kg)

100

The ppm hydrocarbon (saturates and aromatics) and ppm saturate values can be used te
classify source rock richness and oil source potential respectively according to th.
following criteria:
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Classification ppm Hydrocarbon ppm Saturates

Poor o - 300 o - 200
Fair 300 - 600 200 - 400
Good 600 - 1200 400 - 800
Very Good 1200 - 2400 800 - 1600
Excellent > 2400 > 1600

The composition of the extracts can also provide information about their levels of
maturity and/or source type (LeTran et. al., 1974; Philippi, 1974). Generally,
marine extracts have relatively low concentrations of saturated and NSO compounds at
low levels of maturity, but these concentrations increase with increased maturation.
Terrestrially derived organic matter often has a low level of saturates and large
amount of aromatic and NSO compounds irrespective of the level of maturity.

N.B. If requested by a client the NSO fraction is separated into asphaltenes an'
resins by conventional methods.

7. EXTRACTABLE/TOTAL ORGANIC CARBON RATIOS

The ratios of EON(mg)/TOC(g) and SAT(mg)/TOC(g) are determined from the appropriatE
data. The E01·l(mg)/TOC(g) ratio can be used as a maturation indicator, especially if
the parameter is plotted against depth for a given sedimentary sequence. In ar
absolute sense it is less reliable as a maturation indicator, although previous wor~

(Tissot et. al., 1971; LeTran et. al., 1974) suggests that the following criteria car
be used to determine maturity with this parameter.

< 50
50 - 100

> 100

Low matur i ty
Moderate maturity
High maturity

The ratios of Em[(mg)/TOC(g) and SAT(mg)/TOC(g) can be used collectively to providE
information about source type. For example, if SOM(mg)/TOC(g) is ) 100, suggesting <
high level of maturity, but the SAT(mg)/TOC(g) < 20 it is very likely that thE
organic matter is gas prone. Conversely, the same EOM(mg)/TOC(g) value with <

SAT(mg)/TOC(g) value) 40 suggests oil prone source type.

8. PYROLYSIS GAS CHROMATOGRAPHY

Pyrolysis-gas chromatography (PGC) incorporates a Chemical Data System Pyroprope 15C
flash pyrolysis unit interfaced with a capillary gas chromatograph. A sample (5­
10mg) of extracted sediment is placed in a quartz tube inside the element coil of th,
pyrolysis probe and is then heated to 610 Deg. C in a few milliseconds, and i!
maintained at this temperature for 20 seconds. Products generated from the pyrolysi!
are swept onto the bonded phase capillary column of the gas chromatograph and arE
chromatographed from -20 Deg. C (isothermal for two minutes) to 280 Deg. C at 4 Deg.
C/minute. The product distribution is dominated by the nature of the kerogen froa
which it is derived.

9. C12+ GAS CHROMATOGRAPHY

C12+ gas chromatography is commonly carried out on the saturate fraction but it
certain instances is carried out on neat oil, condensate or extract. The analysis is
carried out under the following conditions: instrument D Shimadzu GC-9A; column
50m x O.2mm ID OVIOI vitreous silica; column temperature. programmed from 60 Deg. (
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r to 280 Deg. C at 4 Deg.
dump time and split ratio
of 0.57. soln in pentane.

C/min; injection
of 25: I, carrier
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system = Grob split less using a 30 secon<
gas = hydrogen at 2mls/min; sample = I~

The following information is commonly obtained from C12+ gas chromatographi,
analysis:

(a) n-Alkane Distr ibut ion - The C12-C3 In-alkane distribuc ion is
the area under peaks representing each of these n-alkanes.
can yield information about both the level of maturity and
(LeTran et. al., 1974).

determined fror
This distributior
the source t ypi

(b) Carbon Preference Index - Two values are determined:

CP r (I)

cpr (2)

(C23 + C25 + C27 + C29) Wt7. + (C25 + C27 + C29 + C31) Wt7.

2 x (C24 + C26 + C28 + C30) Wt7.

(C23 + C25 + C27) Wt7. + (C25 + C27 + C29) Wt%

2 x (C24 + C26 + C28) Wt7.

The CPI is believed to be a function of both the level of maturity (Cooper an,
Bray, 1963; Scalan and Smith, 1970) and the source type (Tissot and Welte,
1978). Marine extracts tend to have values close to 1.0 irrespective 01

maturity whereas values for terrestrial extracts decrease with maturity fron
values as high as 20 but do not usually reach a value of 1.0

(c) (C21+C22)/(C28+C29) This parameter provides information about the source of
the organic matter (Philippi, 1974). Generally, terrestrial source material
gives values <1.2 whereas a aquatic source material results in values >1.5.

(d) Pristane/Phytane Ratio This value was determined from the areas of peak.
representing these compounds. The ratio renders information about the
depositional environment according to the following scale (Powell and McKirdy,
1975) :

< 3.0
3.0-4.5
>4.5

Relatively reducing depositional environment
Reducing/oxidizing depositional environment
Relatively oxidizing depositional environment

(e) Pristane/n-CI7 Ratio This ratio was determined from the areas of peak,
representing these compounds. The value can provide information about both the
'depositional environment and the level of maturation (Lijmbach, 1975). Ver)
immature crude oil has a pristane/n-CI7 ratio >1.0, irrespective of the
depositional environment. However, the following classification can be appliec
to mature crude oil:

In the case of sediment extracts these values are significantly higher and the
following classification is used:

<0.5
0.5-1.0
>1.0

Open water depositional environment
Mixed depositional environment
Peat-swamp depositional environment
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[ <1.0
1.0-1.5
>1.5

Open water depositional environment
Mixed depositional environment
Peat-swamp depositional environment
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(f) Phytane/n-CI8 Ratio This ratio was determined from the areas of peak'
representing these compounds. The value usually only provides informatior
about the level of maturity of petroleum. The value decreases with lncreasec
maturation.

(g) Relative Amounts of n-Alkanes and Xaphthenes, Since n-alkanes and naphthene,
are the two dominant classes of compounds in the saturate fraction, a semi­
quantitative estimate of the relative amounts of these compounds can be made
from saturate GLC's. This information can be used to assess the degree oj
maturation and/or the source type of the petroleum (Philippi, 1974; Tissot an<
\,elte, 1978). Very immature petroleum has only small proportions of n-alkanes,
but as maturity increases the relative amount of n-alkanes increases. Ir
addition, terrestrial petroleum has a greater proportion of high molecular
weight naphthenes than petroleum comprising aquatic source material.

10. API/SPECIFIC GRAVITY

A specific gravity (SG) bottle was accurately weighed, then filled with crude oil at
60 Deg. F and finally reweighed. The weight difference was divided by the weight of
an equal volume of water at 60 Deg. F to obtain the specific gravity. The followin,
formula was then used to calcuate the API gravity:

API Gravi ty =

[

14 1.5 ]
------------------

SG (60 Deg. F)
13 J. 5

The reported gravity value is the average of duplicate determinations.

1 I. SULPHUR DETERMINATION

The 7. sulphur by weight is determined by dissolving 0.5g of the petroleum in
kerosene and then analysing this mixture with an inductively coupled plasma
instrument which has been calibrated with a series of sulphur standards.

50ml,
(IcP)

This parameter is influenced by the nature of the source naterial from which a crude
is derived, the depositional enviran~ent of the source rocks, and reservoir
alteration processed such as bacterial alteration.

12. C I-C3 1'WHOLE SMlPLE GAS CHROMATOGRAPHY

This method of analysis is normally only applied to oil or condensate samples. ThE
technique provides a "p icture ll of the sample which shows good resolution of the low,
medium and high molecular weight components. Whole sample GC data is considered tc
be more useful than C12+ saturate fraction GC data for oil or condensate samples.

The analysis is carried out under the same conditions as for the C12+ GC analysi,
with the following exceptions: column temperature· programmed from -20 Deg. C to 28C
Deg. C at 4 Deg. C/min (uses cryogenic mode); injection is carried out in split mode;
sample = 0.1 III of neat petroleum.
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CI-C31 analysis data can be used to obtain the same information as that obtained frol
C12+ GC but further provides detailed compositional data on the CI-CII fraction an'
enables calculation of the distillation range of the sample.

13. }IOLECULAR SIEVE EXTRACTION

This technique is used to isolate the branched/cyclic alkanes from the saturate
fraction for gas chromatography/mass speccometry analysis. A mixture of saturates:
SA molecular sieves: purified benzene in the proportions 1:5: 12 by weight is placet
in a 100ml round bottom flask and refluxed for 24 hours. After cooling, the seive,
are filtered from the liquid phase and are washed with 4 x IOmI aliquots of benzene
The liquid phase plus washing are freed of benzene by distillation yielding tho
branched/cyclic compounds.

14. CONPUTERIZEO GAS CHRONATOGRAPHY!NASS SPECTOHETRY (GC/HS)

Gas chromatography/mass spectrometry employs a capillary column gas chromatograpl
linked in series with a mass spectrometer and data system (GC/HS/OS). As molEcule,
are eluted from the capillary column they are bled into the analyser tube of the mas'
spectrometer where they are bombarded with high energy electrons and consequentl:
fragment to form several ions each with molecular weights less than that of th,
parent molecule. The fragmentation pattern is characteristic of the particulal
molecular type. The spectrum of these ions (referred to as a mass spectrum) i,
recorded approximately once every second and all of the mass spectra recorded durin!
a GC/NS/OS analysis are memorised by the data system. Since any given class O'

molecules will breakdown in the analyser type to give one or more characteristic io!
fragments of known molecular weight, after a GC/MS/OS analysis it is possible tt
examine the distribution of compounds within a given class by having the data syster
reproduce a mass fragmentogram (plot of ion concentration against gas chromatograph)
retention time) representative of the particular class.

GC/HS/OS analyses can be carried out using one of the two following modes oj
operation:

(i) Acquire mode
data system;

in which all ions in each mass spectrum are memorised by th,

(ii) Selective ion monitoring (SIH) mode
are memorised by the data system.

in which only selected ions of interest

At present the sterane/triterpane/bicyclane fraction of petroleum is considered most
useful for GC/NS/OS analysis and therefore we commonly use the second of the abov.
mentioned modes of operation and run the following twenty-two ions which ar,
pertinent to the sterane/triterpane/bicuclane fraction.

Ion

177
19 I
205
163
356
370
384
398

Molecular Type

Oemethylated triterpanes
Normal triterpanes
Methyl triterpanes
Specific dethylated triterpanes
Parent ion - C26 triterpanes
Parent ion - C27 triterpanes
Parent ion - C28 triterpanes
Parent ion - C29 triterpanes
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GG/MS/DS analysis of the sterane/triterpane/bicyclane fraction can often provid,
information about the maturity and source type of petroleum and whether it has beer
affected by micro-organisms. This technique is also often useful for oil:oil an'
oil:source rock correlation. The following sections indicate which parameters art
used to obtain this information and summarize the theory behind their use.

Naturity

(i) Based on Steranes
(a) The biologically produced uaa (20R) sterioisomer is converted in sedimenl

to a mixture 0 f the aClCl (20R) and MU (205) compounds. The rat io o.
aaa (205)

G29 --------------------- expressed as a percentage is about 257. at the

(i i )

aaa (lOR) + ClCla (205)
onset of oil generation and increases almost linearily to a value of about
507. at the peak of oil generation.

Based on Triterpanes
(a) The C31, G32, G33, G34 and G35 hopanes have the biological

configuration at G22. On mild thermal maturation equilibration occurs t,
produce a 60/40 mixture of SIR. This equilibration occurs before th,
onset of oil generation.

(b) The conversion of the biological 17 B. 216 hopanes to the correspond in!
17a,216 and 176,21a compounds is also maturation dependant. FOl

176 ,2 la
G30 triterpanes the ratio of --------------- decreases steadily from,

17a ,216
value of about 0.4 at the onset of oil generation to a value of about O.
at peak oil generation.

(c) Two of the G27 triterpanes can also be used as maturity indicators. Th,
ratio of 18 a (H) trisnorhopane to 17 a (H) trisnorhopane increase,
exponentially with increasing maturity from a value of approximately 0.:
at the onset of oil generation to approximately 1.0 at peak oil
generation.

(d) It is our experience that the ratio of the C27 18a (H) + G27 17a (H
triterpanes to G30 17a ,216 triterpane is maturity dependent. The rati,
decreased from values around 1.0 at the onset of oil generation to a valu,
of approximately 0.4 at peak oil generation. With increasing maturity al
levels greater than that equivalent to peak oil generation the rati,
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increases steadily to values greater than 3.0.

Source Type

(i) Based on Steranes
Algal organic matter contains steranes 10 which the e27 co~pounds are more
abundant than the C29 compounds. General aquatic organic matter has
approximately equivalent amounts of the C27 and C29 compounds while organic
matter rich in land-plants usually has a lot more of the C29 steranes.

(ii) Based on Triterpanes
The triterpane components 10 petroleu~ can be derived from both bacteria anc
higher plants. The common bacterial products are the C27-C35 hopanes anc
moretanes whereas the higher plant triterpanes are compounds other than hopane:
or moretanes and are commonly C30 compounds.

(iii) Based on Diasteranes
The diasteranes are not produced biologically but are formed during earl>
diagenesis from sterane precursors. The diasterane ratios

C27(20R) C27(20R+20S)
-------- and ------------- should reflect the nature of the organic
C29(20R) C29(20R+20S)

matter in the same manner as that outlined above for the steranes.

Biodegradation

It has been observed that in severely biodegraded petroleum the series of normal
hopanes are converted to a series of A ring demethylated hopanes and the C29 (20R)
sterane is selectively removed. For altered crudes which have not been degraded tc
this extent the severity of biodegradation can often be gauged by studying the
isoprenoid and aromatic fractions. However, this type of investigation extend~

beyond a standard GC/MS/DS analysis.

Correlation

Our present approach to oil:oil or oil:source rock correlation problems is as
follows:

(i) Compare the distribution of compounds in the 123, 177, 191, 205, 217, 218, 231
and 259 mass fragmentograms for an oil or sediment extract to the distribution
of compounds in the respective fragmentograms for the other oil(s) or sediment
extract(s). It is necessary in this type of comparison to make allowance for
small variations due to possible maturity differences.

(ii) Examine the fragmentograms for peaks or sets of peaks which may represent
compounds that are specific to the geological system under investigation.
Normal steranes, diasteranes and bacterial hopanes cannot be used for thi~

purpose because they are present in virtually all crude oils and sediment
extracts. However, compounds like higher plant triterpanes, bisnorhopane anc
botryococcane can often prove very useful for this purpose.

xi



365061

15. CARBON ISOTOPE ANALYSIS

The measurement is carried out on one or more of the following mixtures; topped oil:
saturate fraction; aromatic fraction; NSO fraction. The organic matter is combuste(
at 860 Deg. C in oxygen and the carbon dioxide formed is purified and transferred t'
an isotope mass spectrometer. The carbon isotope ratio is measured relative to
standard gas of known isotopic compositio~. In our case the standard gas is preparec
from the NBS No. 22 oil. However, since the isotopic relationship between NBS No.2;
oil and the international reference POB limestone are known, the values are adjustec
to be relative to POB limestone.

Although carbon isotope data has been commonly used for oil:oil and oil:source rocl
correlation its most significant application is the identification of the source O'

gas according to the follOl,ing criteria (Fuex, 1977):

613C ( PDB)

-85 to -58
-58 to -40
-40 to -25

Biogenic methane
Wet gas/associated with oil
Thermal methane

16. VITRIN ITE REFLECTANCE HEASURENENT

Vitrinite is a coal maceral which responds to increasing levels of thermal maturity.
This response can be measured by the percent of light reflected off a polishe,
surface of a vitrinite particle immersed in oil. Reflectance measurements are madE
on a number (40 if possible) of vitrinite particles in each sample, in order t,
establish a range and mean for reflectance values. Immature rocks have 101

reflectance values (0.2% Ro to 0.6% Ro), with mature values ranging from 0.6% Ro tr
1.2% Ro. Very maCure values are between 1.2 % Ro and 1.8% Ro, while severely alterer
rocks have reflectances above 1.8% Ro.

Vitrinite reflectance results are best obtained from coals or rocks deposited ir
environments receiving large influxes of terrestrially-derived organic matter.
Unfortunately, these environments are not conducive to the accumulation of large
quantities of oil-prone organic mater. Also vitrinite reflectance cannot bE
performed on rocks older than Devonian Age, due to the absence of land plants in thE
older geological time periods.

17. VISUAL KEROGEN

Visual kerogen assessment is carried out by the coal petrologist and/or th,
palynologist. In the case of the petrologist the assessment is made in reflecte,
light using the plug prepared for vitrinite reflectance measurement, and reports th.
relative amounts of alginite, exinite, vitrinite and inertinite particles.

Visual study of kerogen by the palynologist is carried out in transmitted light anc
can indicate the relative abundance, size and state of preservation of the variou~

recognizable kerogen types and hence indicates the source character of a sedimentar)
rock. In addition, the colour of the kerogen is related to the thermal maturity OJ

the sediments and is often used as a maturation indicator.

The preparation of slides for visual kerogen assessment by the palynologist firstl)
involves concentration of the organic matter by removal of the rock matrix usin!
hvdrochloric and hydrofluoric acid treacment and heavy liquid seoaration. Th.
organic concentrate is then mounted on a glass slide using Petropoxy .
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