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SAMPLES

This report documents the alighatic and aromatic hydrocarbon compositions of two
sediment samples from outcrops in Tasmania, two Tasmanian tar sampies and two bitumen
samples obtained from the Queen Victoria Museum in Launceston provided by Mr M.

Bendall. These analyses were undertaken at the request of Conga Oil Pty Lid. Details of

the samples are provided in Table 1.

METHODS

Total Hydrocarbon Content

A portion of the solvent extract was analysed by latroscan thin—-layer chromatography-
flame ionisation detection (Volkman et al., 1986), using hexane as the developing solvent

to separate aliphatic from aromatic hydrocarbons: quantitative data are shown in Table 1.

Saturated and aromatic hydrocarbons were isolated by applying a portion of the total
solvent extract to a column of 3 g of silicic acid (100-200 mesh) capped with 1 g of
activated alumina (BDH). Aliphatics were eluted with hexane (20 mL), and a second
fraction containing aromatic hydrocarbons was obtained by eluting with toluenc:hexane

(1:1; 20 mL). Resins and asphaltenes were eluted with chloroform (20 mL}) and methanol
(10 mL).

Aliphatic and aromatic hydrocarbon fractions were analysed by capillary gas
chromatography on a 50 metre non—polar methyl silicone fused silica capillary column.
The GC temperature program was 45 ©C for 1 minute followed by a ramp of 30 0C/min. to
120 0C, then a ramp of 4 ©C/min. to 320 0C. The oven was then held isothermally at 320

0C for 15 minutes. Peak areas were measured using DAPA software.
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Aliphatic Biomarkers

To obtain more detailed information about the hydrocarbon compositions, cach aliphatic
hydrocarbon fraction was analysed by gas chromatography—mass spectrometry in selected
ion monitoring mode (SIM). n-Alkanes were not removed beforehand since their

concentration in the biomarker region were quite low and did not interfere with the

analysis,

Ion chromatograms for ions m/z 217 and 218 (steranes), m/z 259 (diasteranes), m/z 231
(methyl steranes), m/z 191 (hopanes and other triterpanes), m/z 177 (demethylated

hopanes), m/z 205 (methyl hopanes) were obtained. Representative structures of these

aliphatic biomarkers are shown in Fig. 1.

(a) Steranes: Steranes are readily detectable constituents in most sediments and crude oils.
These hydrocarbons provide information about the maturity and source of 4 crude oil.

Their distribution is fingerprinted using mass fragmentograms for m/z 217 and m/z 218.

(b) Diasteranes: Diasteranes arc rearranged steranes. They are commonly abundant in
source Tocks that contain significant amounts of clays which catalyse the steroid backbone
rearrangement. Their distribution is usually determined from a m/z 259 mass

fragmentogram, although peaks are also evident in the m/z 217 mass fragmentogram.

(c) Methyl steranes: Mass fragmentograms for m/z 231 are used to fingerprint steranes
having an additional methy! group in the A~ring. These are usually much less abundant

than desmethyl steranes, although some lacustrine source rocks are known to contain large

quantities (e.g McKirdy et al., 1986).

(d) Tricyclic alkanes: Tricyclic alkanes occur in most sediments and crude oils, although

usually they are very much less abundant than hopanes. They are usually identified from



{:5
s
(:,Q
<o
<

SALIV

m/z 191 mass fragmentograms. Tricyclic alkanes are particularly abundant in the

Tasmanite oil shale (Deawer, 1986, Simoneit et al., 1986).

{e) Hopanes: Hopane distributions are fingerprinted using mass fragmentograms of the

major fragment ion m/z 191. Hopane distributions can be used to ascertain the degree of

thermal maturity from the relative proportions of key isomers. (i) In the extended hopanes

(i.e. >Csq) the ratio of the 22S epimer to the 22R epimer (e.g. peaks H7 and H8) varies

with maturity, but the two epimers isomerise to an equilibrium mixture (about 3:2) before

the onset of the oil window. (ii) The ratio of moretanes (peaks H4, H6 and H9) to
17a(H),218(H)-hopanes of the same chain-length (H3, H5 and H7+8) decreases with

increasing thermal maturity. (iii) The ratio of the two Cp7 hopanes Ts (peak H1) and Tm

(peak H2) is a sensitive indicator of thermal maturity. Ts is more abundant than Tm in oils

generated at high levels of thermal maturity.

(f) C-10 Demethylated hopanes: These compounds are conventional hopanes which lack a

C-10 methyl group. It is believed that these are formed from hopanes by microbial
removal of the methyl group during biodegradation. These compounds can be present in

relatively high amounts in extremely biodegraded crude oils (Volkman et al., 1983).

Aromatic hydrocarbons

Peak areas for phenanthrene and methylphenanthrenes in the capillary gas chromatograms
of the total aromatic hydrocarbons were used to calculate methy! phenanthrene indices
(MPI; Radke and Welte, 1983). Values are given in Table 1. These values were converted

into calculated equivalent vitrinite reflectances according to the following equations:

MPI = 1.5 (2-MP + 3-MP)
P+ 1-MP + 9-MP

i
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MPR =  2-MP
1-MP

VRcALCa = 0.6 MPI + 0.4 (Radke and Welte, 1983)

]

VRCALCH = 0.99 Logio MPR + 0.94 (Radke et al., 1984)

VRcAaLCe

0.7 MPI + 0.22 (Borcham et al., 1988).

Aromatic Steroid Biomarkers

Each aromatic hydrocarbon fraction was analysed by gas chromatography~mass
spectrometry in selected ion monitoring mode (SIM) to determine the distribution of
mono- and traromatic hydrocarbons. These distributions provide information about the
maturity of a crude oil, although some information on source affinities can sometimes be

obtained from the relative proportions of Cz6—Cpy components.

At least 7 types of aromatic steroid hydrocarbons are commonly found in oils as
summarised in Fig. 2 (Mackenzic et al., 1981). Monoaromatic components may have one,
two or three methyl groups distributed on the A, B and C rings. These give characteristic
cleavage ions at m/z 239, 253 and 267 respectively. Triaromatic steroids may also have
one, two or three methyl groups distributed on the A, B and Crings. These give

characteristic cleavage ions at m/z 217, 231 and 245 respectively (Fig. 2).
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5a(H)-sterane diasterane

2-methy! hopane 25-norhopane
m/z 191 R m/z 191 R
! T
17B(H),21c(H)-hopanes 17a(H),218(H)-hopanes
(moretanes)

Flgure L Structures of some of the commonly encountered aliphatic biomarkers found in
TUuGe 01is.
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Figure 2. Structures of aromatic steroid hydrocarbons commonly found in crude oils.
The major fragment ions are show, plus structures of the common side~chains (R).
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Key 1. Identifications of peaks in sterane and diasterane (m/z 217, 218 and 259) mass
fragmentograms.

PEAK COMPOUND
STERANES:

S1 C27 (208)-5a(H),14a(H),17a(H)-cholestane

S2 C27 (20R)-5a(H),148(H),178(H)-cholestane

S3 C27 (208)-5a(H),148(H),178(H)-cholestane

S4 C27 (20R)-5a(H),14a(H),17a(H)-cholestane

S5 C28 (20S)-5a(H),14a(H),17a(H)-24-methylcholestane
S6 C28 (20R)-5a(H),148(H),178(H)-24-methylcholestane
§7 C28 (20S)-5ofH),148(H),1 78(H)~24-methyicholestane
S8 C28 (20R)-5a(H),14c(H),17c{H)-24-methylcholestane
S9 C29 (20S)-5c(H),14a(H),17a(H)-24-ethylcholestane
S10 €29 (20R)-5a(H),148(H), 178(H)-24—ethylcholestane
S11 C29 (20S)-5a(H),148(H),178(H)-24~ethylcholestane
512 C29 (20R)-5a(H),14a(H),17a(H)-24-¢thylcholestane

DIASTERANES:

D1 C27 (20S)-138(H),17a(H)~diasterane
D2 C27 (20R)-138(H),17a(H)—diasterane
D3 C28 (208)-13A(H),17c(l)~diasterane
D4 C28 (20R)-138(H),17a(H)-diasterane
DS C29 (20S)-13p8(H),17a(H)-diasterane
D6  C29 (20R)-13B(H),17a(H)~diasteranc
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Key 2. Identifications of peaks in hopane (m/z 191) and methyl hopane (m/z 205) mass
fragmentograms

PEAK COMPOUND

Hl €27 1Ba(H)-22,29,30-trisnormeohopane (Ts)
H2  C27 17a(H)-22,29,30-trisnorhopane (Tm)

H3  C29 17a(H),218(H)-30-norhopane

H4  C29 178(H),21a(H)-30~normoretane

H5  C30 17a(H),215(H)-hopane

H6 C3p 178(H),21a(H)-moretane

H7  C31 (225)-17a(H),218(H)-homohopane

H8  C31 (22R)-17a(H),218(H)-homohopane

H9 C31 (22R+S)-178(H),21a(H)-bishomomoretane
H10 C32 (225)-17a(H),218(H)-bishomohopane
H1l C32 (22R)-17a(H),218(H)-bishomohopane
H12 C33 (22S)-17a(H),215(H)-trishomohopane
H13 (33 (22R)-17a(H),215(H)-trishomohopane
H14 C34 (225)-17o(H),218(H)-tetrakishomohopane
H15 C34 (22R)-17a(H),218(H)-tetrakishomohopane
H16 (35 (22S5)-17a(H),218(H)-pentakishomohopane
H17 (35 (22R)-17a(H),218(H)-pentakishomohopane

Key 3. Identifications of peaks in methyl hopane (m/z 205) mass fragmentograms
PEAK COMPOUND

M1 (28 18a(H)-22,29,30-trisnorneo~2—-methylhopane (Ts)
M2 (€28 17a(H)-22,29,30-trisnor-2-methylhopane (Tm)

M3  C30 17a(H),218(H)-30-nor—2—methylhopane

M4  C30 178(H),21a(H)-30-nor-2-methylmoretane

M5 (31 17a(H),218(H)-2-methylhopane

M6 C31 178(H),21a(H)-2-methylmoretane

M7  C32 (228)-17a(H),218(H)-2-methylhomohopane

M8 C32 (22R)-17a(H),215(H)-2-methylhomohopane

M9 C32 (22R+S)~-178(H),21a(H)-2~methylbishomomoretane
M10 C33 (22S)-17a(H),215(H)~2-methylbishomohopane
M11 C33 (22R)-17a(H),218(H)-2-methylbishomohopane
M12 C34 (225)-17a(H),218(H)-2-methyltrishomohopane
M13 C34 (22R)-17a(H),218(H)-2~methyltrishomohopane
M14 C35 (225)-17a(H),215(H)-2-methyltetrakishomohopane
M15 C35 (22R)-17a(H),216(H)—-2-methyltetrakishomohopane
M16 C36 (22S)~17(H),218(H)-2-methylpentakishomohopane
M17 C36 (22R)-17a(H),215(H)-2—methylpentakishomohopane
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ABLE 1. Hydrocarbon and asphaltene contents of bitumens and Tasmanian outcrop samples. €z
Sample Sample description EOM Aliphatics Aromatics Asphaltenes MPI MPR VRicarca) VRcaLch)
Location ppm % % %
3enders Quarry, Dark grey shale 2.4 12.8 43.6 43.6 1.1 4.1 1.1 1.5
Tas.
“lorentine Valley, Light brown-yellow fossil 19.4 50.5 2.7 46.8 1.0 2.4 1.0 1.3
l'as. bearing mudstone,
3runy lsland Black brittle tar on - 0.2 385 61.1 0.2 1.3 0.5 1.1
south, Tas. weathered sandstone
Tunnack, Tas, Medium—coarse grained 85420 0.4 40.7 58.9 0.2 1.1 0.5 1.0
sandstone with bituminous
matrix
sape Jaffa, S.A. Black, shiny bitumen - 13.8 10.6 75.6 06 0.8 0.7 - 0.8
with conchoidal fracture
South | Black, shiny bitumen - 17.3 5.8 76.9 0.7 0S8 0.8 0.9
soast, WA, with conchoidal fracture
£
G
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RESULTS
1. Benders Quarry "Shale”

This dark grey shalc—carbonate of probable Ordovician age was collected by M. Bendall
from a fault zone in the carbonates at Benders Quarry at Lune River, Tasmania. It
appeared to have been metamorphosed, and contained very low concentrations of
extractable hydrocarbons (2.4 ppm, Table 1). Aliphatic hydrocarbons represented 12% of
the total extract, whereas aromatic hydrocarbons were much more abundant (43% of the

extract), with the remaining 43% consisting of polar resins and asphaltenes.

Aliphatic Hydrocarbons

The aliphatic Cy54 hydrocarbons (Fig. 3a) showed a predominance of n—alkanes in the
C16~Cpp range, with an unusual predominance of Cjg and Cjg over C17. Pristane was only

slightly more abundant than phytane. High molecular weight n—alkanes (i.e >Cps) were

very minor constituents.

(a) Steranes: Mass fragmentograms for m/z 217 and m/z 218 (Figs. 3b) show a
distribution typical of a moderately mature crude oil. Czg steranes were slightly more
abundant than Cp7 steranes, which in turn were about twice as abundant as Cag steranes.

The distribution of shorter—chain steranes is shown in Fig. 3c.

Diasteranes were significant constituents (m/z 259; Fig. 3d) of the aliphatic biomarkers.

These constituents are not common in pure carbonates, and thus are not found or are of low

abundance in most Middle East crude oils. They are very abundant in Gippsland Basin

crudes. A complex mixture of methyl steranes (m/z 231, Fig 3d) was also present, although

at much Jower concentrations.

4
A
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Sterane maturity parameters are consistent with a modecrately mature oil. Cpg steranc a3
isomers (peaks S10 and S11) are slightly more abundant in the m/z 217 mass

fragmentograms compared with aaa isomers (peaks S9 and S12), and the ratio of 205 to

20R isomers s slightly less than 1.

Hopanes: Hopane distributions as represented by mass fragmentograms of the major
fragment ion m/z 191 over the C27-C3g carbon number ranges are shown in Fig. 3e. A
chromatogram showing C27-C32 hopanes is shown in Fig. 3f. Comparable data from the

hydrocarbons isolated from the Ordovician limestones from Ida Bay are shown in Fig. 5.

The hopane distribution is quite distinctive with a high predominance of the C29 hopane
(peak H3, Figs. 3e and 3f). No hopenes or hopanes having an "immature” 178(H),218(H)-
stereochemistry were detected indicating that the hydrocarbons were not derived from
thermally immature source rocks. Moretanes were very minor constituents, which is

consistent with moderately mature oil.

These biomarker distributions are similar to those previously reported from Ordovician
limestones obtained from Ida Bay and Queenstown (Volkman, 1988), although the
biomarker parametcrs suggest a slightly higher maturity level. For comparison, GC-MS

data for the Ida Bay limestone are shown in Figs. 4 and 5. Further details are given in

Volkman (1988).

The hopane biomarker parameters are all consistent with moderately mature organic

matter:

(i) In the extended hopancs (i.e. >Csp), the 22S epimer is more abundant than the 22R
epimer (e.g. peaks H7 and HS8). (ii) The moretanes (peaks H4, H6 and H9) are very minor
components compared with 17a(H),218(H)-hopanes of the same chain-length (peaks H3,

H5 and H7/H8). (iii) The Cp7 hopane Ts (peak H1) is less abundant than Tm (peak H2).
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Tricyclic alkanes: These were very minor constituents.

Methy! hopanes: The shale contains a similar distribution of 2-methyl hopanes (m/z 205
mass fragmentogram; Fig. 3¢) to that found in the Ordovician limestoncs (Volkman, 1988
and Fig. 5). High abundances are commonly associated with carbonate source rocks

although they are not restricted to this source facies.

Demethylated hopanes: The m/z 177 mass fragmentogram (Fig. 3f} indicated that C-10

demethylated hopanes are not present in this sediment.

Aromatic Hydrocarbons

A gas chromatogram of the aromatic hydrocarbons in the Benders Quarry shale is shown in

Fig. 3g.

Phenanthrene and alkylated phenanthrenes: Phenanthrene was the major constituent of the
total aromatic hydrocarbon fraction, followed by 3- and 2-methylphenanthrenes. Mass
fragmentograms for m/z 178 (phenanthrene) and 192 (methylphenanthrenes) are shown in
Fig. 3h. The 2- and 3-methylphenanthrene isomers greatly predominate over the 1- and
9-methylphenanthrene isomers which is a common characteristic of mature oils (Radke
and Welte, 1983). This distribution is very different from that found in the Tasmanian

bitumens analysed by Volkman and O'Leary (1990b).

The equivalent vitrinite reflectance calculated from the MPI and MPR values according to
the equations of Radke and Welte {1983) was 1.1 and 1.5 (Table 1). The distributions of
dimethyiphenanthrenes and trimethylphenanthrenes determined from mass

fragmentograms for m/z 206 and 220 respectively are shown in Fig. 3i. These compounds

4
£
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were very much less abundant than the methylphenanthrenes and individual isomers were

not assigned.

A GC-MS search for monoaromatic stcroids was made using these characteristic ions, but
only trace amounts could be detected in the samples. Triaromatic steroid hydrocarbons

were also difficult to detect (Fig. 3j).
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Figure 3. GC and GC-MS data for the Benders Quarry shale sample.

(3a) Capillary gas chromatogram of the total aliphatic hydrocarbons in the Benders
Quarry shale sample. Pr: pristane; Ph: phytane. n—Alkanes are denoted by n—Cx wherc
"x" 18 the number of carbon atoms.

(3b). Mass fragmentograms for m/z 217 and 218 showing distribution of C26-C30
steranes (labelled S) and diasteranes (labelled D) in the Benders Quarry shale sample. See
Key 1 for peak identifications.

(3c) Mass fragmentograms for m/z 217 and 218 showing distribution of C21-C23 steranes
in the Benders Quamry shale sample.

(3d) Mass fragmentograms for m/z 259 showing distribution of C27-C3() diasteranes
(labelled D), and m/z 231 showing distribution of C28-C30 4-methyl steranes in the
Benders Quarry shale sample.

(3e) Mass fragmentograms for m/z 191 showing distribution of C27-C35 hopanes and m/z
205 showing distribution of methy! hopanes in the Benders Quarry shale sample. See Keys
2 and 3 for peak identifications.

(3f) Mass fragmentograms for m/z 191 showing distribution of C27-C32 hopanes and m/z
177 showing distribution of demethylated hopanes (none present) in the Benders Quarry
shale sample.

(3g) Capillary gas chromatogram of the total aromatic hydrocarbons in the Benders Quarry
shale sample.

(3h) Mass fragmentograms for m/z 178 and 192 showing the presence of phenanthrerie
and distribution of methylphenanthrenes respectively in the Benders Quarry shale sample.

(31) Mass fragmentograms for m/z 206 and 220 showing the distribution of di- and

trimethylphenanthrenes in the Benders Quarry shale sample.

(3j) Mass fragmentograms for m/z 231 and 245 showing the distribution of triaromatic
steroidal hydrocarbons (with one and two methyl groups in the ABC ring system
respectively) in the Benders Quarry shale sample.
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2. Florentine Valley Mudstone

This sediment was a light brown-yellow mudstone which contained abundant fossils. It
dates from the early Ordovician and is both deeper and older than the carbonates
previously analysed from Ida Bay. The concentration of organic-soluble material was 19.4
ug/g dry wt. of rock. Aliphatic hydrocarbons comprised 50% of the total extract.

Aromatic hydrocarbons represented only 2.8% of the extract, and asphaltenes 46.8%.

Aliphatic Hydrocarbons

The aliphatic Cj5+ hydrocarbons (Fig. 6a) showed a very strong predominance 6f n-
alkanes in the C16—Cpg range, with the major component being n—C17 and no odd-even
predominance. High molecular weight n—alkanes (i.e >C2s) were barely detectable. The
pristane/phytane ratio was 2.6, which is consistent with an oxic depositional environment,

and the n—Cy7/pristanc ratio was 2.9.

(a) Steranes: Mass fragmentograms for ny/z 217 and n/z 218 (Figs. 3b) show a
distribution typical of a moderately mature crude o0il. Cp7 and Cpg steranes were present in
approximately equal proportions, and these were about 50% more abundant then the Cag

steranes. The distribution of C21~C23 steranes is shown in Fig. 6c.

Diasteranes were significant constituents (m/z 259; Fig. 6d), as might be expected for a
mudstone. Cz7 diasteranes were more abundant than Cp9. A complex mixture of methyl
steranes (m/z 231; Fig 6d) was also present. GC-MS MRM studies are needed to fully

identify the methyl steranes present.

Sterane maturity parameters are consistent with a moderately mature oil. Coo afif sterane
isomers {peaks S10 and S11) are slightly more abundant in the m/z 217 mass

fragmentograms than aaa isomers (peaks S9 and SlZ), and the ratio of 20S and 20R

2

o)
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1somers is slightly less than 1. Note that the peak due to the Cp9 aaa~sterane is enhanced

by the presence of a co-eluting compound (methyl sterane?).

These biomarker distributions are similar to those previously reported from Ordovician

limestones obtained from Ida Bay and Queenstown (Volkman, 1988), and the maturity

level is very similar (Fig. 4).

Hopanes: Hopane distributions as represented by mass fragmentograms of the major
fragment ion m/z 191 gver the Cz7-C37 and Cp7-C3s carbon number ranges are shown in
Fig. 6e and 6f. Comparable data from the hydrocarbons isolated from the Ordovician

limestones from Ida Bay are shown in Fig. 5.

The hopane distribution exhibits a high predominance of the C29 hopane {peak H3; Figs.
6e,f), due to the presence of a series of 29—nor hopanes. The C29/C3( hopane ratio is
greater in the mudstone than in the Ida Bay carbonates (Figs. 5 and 6e). Moretanes (peaks
H#, H6 and H9) were very minor constituents, which is typical of mature oils. All of the
hopane maturity parameters are very similar to those obtained from Ida Bay Ordovician

limestone analysed previously (Volkman, 1988).

(i) In the extended hopanes (i.e. >C3g), the 225 epimer is more abundant than the 22R
epimer (e.g. pecaks H7 and H8). (ii) The moretanes were very minor components compared

with 17a(H),218(H)-hopanes of the same chain-length. (iii} The Ts/Tm ratio is 0.4,

Tricyclic alkanes: Although very minor constituents, smal] peaks can be discerned in the

m/z 191 mass fragmentogram (Fig. 6e; labelled *).

Methyl hopanes: The mudstone contains significant amounts of 2—methyl hopanes as
shown by the m/z 205 mass fragmentogram (Fig 6e). The distribution is very similar to

that found in the Ordovician limestones (Volkman, 1988 and Fig. 5). High abundances are
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morc commonly associated with carbonate source rocks, so it is rather surprising to find

such high concentrations in this mudstone.

Demethylated hopanes: The m/z 177 mass fragmentogram indicated that C-10

demethylated hopanes are not present in the mudstone (Fig. 6f).
Aromatic Hydrocarbons
A gas chromatogram of the aromatic hydrocarbons in the mudstone is shown in Fig. 6g.

Phenanthrene and alkylated phenanthrenes: Phenanthrene was the major constituent of the
total aromatic hydrocarbon fraction. Alkyl naphthalenes and methyl phenanthrenes were
only slightly less abundant. Mass fragmentograms for m/z 178 (phenanthrene) and 192
(mcthylphenanthrenes) are shown in Fig. 6h. The 2- and 3—methylphenanthrene isomers
are more abundant than the 1- and 9-methylphenanthrene isomers, and their distribution is
similar to that found in mature oils (Radke and Welte, 1983). It is quite different from that
found in the Tasmanian bitumens where the 9—methyl phenanthrene is much more

abundant than the other isomers Volkman and O'Leary (1990b).

The equivalent vitrinite reflectance calculated from the MPI and MPR values were 1.0 and
1.3 (Table 1). The distributions of dimethylphenanthrenes and trimethylphenanthrenes
determined from mass fragmentograms for m/z 206 and 220 respectively are shown in Fig.

6i.

Monomethyl triaromatic steroids (m/z 231) and dimethyl triaromatic steroids (m/z 245
were detected (Fig. 6j). The distributions were generally similar to those found in the
museum bitumen samples (Volkman and O'Leary, 1990b), except that the relative
abundance of C0-C22 constituents (i.e.those with short side-chains) wés higher,

consistent with a higher level of thermal maturity.
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Figure 6. GC and GC-MS data for the Florentine Valley mudstone.

{6a) Capillary gas chromatogram of the total aliphatic hydrocarbons in the Florentine
Valley mudstone. Pr: pristane; Ph: phytane. n-Alkanes are denoted by n—Cyx where "x" is
the number of carbon atoms.

(6b). Mass fragmentograms for m/z 217 and 218 showing distribution of C26~Csg steranes
(labelled S) and diasteranes (labelled D) in Florentine Valley mudstone. See Key 1 for peak
iden_tifications.

(6¢) Mass fragmentograms for m/z 217 and 218 showing distribution of C21~C23 steranes
in Florentine Valley mudstone.

(6d) Mass fragmentograms for m/z 259 showing distribution of C27—-Cag diasteranes

(labelled D), and m/z 231 showing distribution of C28—C30 4~methyl steranes in Florentine
Valley mudstone.

(6e) Mass fragmentograms for m/z 191 showing distribution of C27—-C3s hopanes and m/z
205 showing distribution of methyl hopanes in Florentine Valley mudstone. See Keys 2
and 3 for peak identifications.

(6f) Mass fragmentograms for m/z 191 showing distribution of C27-C37 hopanes and m/z
177 showing distribution of demethylated hopanes (none present) in Florentine Valley
mudstone.

(6g) Capillary gas chromatogram of the total aromatic hydrocarbons in the Florentine
Valley mudstone.

(6h) Mass fragmentograms for m/z 178 and 192 showing the presence of phenanthrerie
and distribution of methylphenanthrenes respectively in the Florentine Valley mudstone.

(61) Mass fragmentograms for m/z 206 and 220 showing the distribution of di- and
trimethylphenanthrenes in the Florentine Valley mudstone.

(6j) Mass fragmentograms for m/z 231 and 245 showing the distribution of triaromatic
steroidal hydrocarbons (with one and two methyl groups in the ABC ring system
respectively) in the Florentine Valley mudstone.
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3. Tars from South Bruny Island and Tunnack, Tasmania.

The Bruny Island sample was a black, brittle tar found on weathered sandstone on South
Bruny Island. Aliphatic hydrocarbons were very minor constituents of the solvent extract
and represented only 0.23% of the total extract. Aromatic hydrocarbons comprised 38.6%

of the extract with asphaltenes and resins comprising the bulk of the samples (61.1%).

The sample from Tunnack consisted of black bituminous organic matter dispersed
throughout a medium-grained sandstone. Solvent extractable material represented 8.5% of
the sediment. Aliphatic hydrocarbons comprised only 0.42% of the total extract, aromatic
hydrocarbons 40.7% with most of the extractable material being resins and asphaltenes
(58.8%). The sand grains fell apart once the tar had been extracted, suggesting that the oil

had seeped into unconsolidated sand.
Aliphatic hydrocarbons

The aliphatic Cjs+ hydrocarbons (Fig. 7a) of the Bruny Island sample showed a very
strong predominance of n—alkanes extending to about n-C35, The major constituents werc
n-Cjs and n-Cjg. There was a strong predominance of even chain-lengths below n—Cpp,
but there was no odd or even predominance above n-C22. A series of n-alkenes from n-
C14 to n—-Cog was also present. This distribution is most unlike that found in crude oils or
mature scdiments. Alkenes are commonly found when organic matter is pyrolysed at high
temperatures. Pristane and phytane were relatively minor components; the
pristance/phytane ratio was 2.8, which is suggestive of an oxic depositional environment for

the source rock, and the n—Cj7/pristane ratio was 4.1.

The distribution of aliphatic hydrocarbons in the Tunnack sample was remarkably similar
(Fig. 8a) to those in the Bruny Island tar, as were the aliphatic and aromatic biomarker

distributions. The descriptions provided below apply to both samples.



(a) Steranes: The sterane distributions (m/z 217 and m/z 218; Figs. 7b and 8b) were quite
unusual. 79 steranes were in greatest abundant, with C27 and C2g steranes present in
approximately equal amounts. Diasteranes were significant constituents (m/z 259, Fig. 7d

and 8d), with Cz9 components predominating as in the steranes.

Sterane maturity parameters suggest that the organic matter was much less mature than
hydrocarbons found in the Ordovician limestones. Ca9 ¢fiff sterane isomers (peaks S10
and S11) are less than half as intense in the m/z 217 mass fragmentograms as aaa isomers
{peaks S9 and S12), and the ratio of 20S and 20R isomers is still slightly in favour of the

20R biological isomer.

Hopanes: Hopane distributions as represented by mass fragmentograms of the major
fragment ion m/z 191 from C27 to C35 are shown in Fig. 7¢ and 8c. The distributions

from Cp7-C3p are shown in Fig. 7f and 8&f..

The major peak in the hopane distribution is that due to C3gp, with the C29 hopane peak
only slightly less abundant. Moretanes (peaks H4, H6 and H9) were fairly significant
constituents, which is typical of the hydrocarbons found in immature sediments. Extended

hopanes were quite minor constituents, with C3s hopanes only present in trace amounts.

(i) In the extended hopanes (i.e. >C3p), the 225/22R epimer ratio (peaks H7 and H8)
indicates that the two isomers have reached equilibrium, but note that this can occur well
before the oil window. (ii) The moretane (peaks H4, H6 and H9) abundances are still high
compared with 17a(H),218(H)-hopanes of the same chain-length (peaks H3, H5 and
H7/HB). (iii) The ratio of the two Cy7 hopanes Ts (peak H1) and Tm (peak H2) is a
sensitive indicator of thermal maturity. The Ts/Tm ratio is 0.06, which indicates quite an

immature sample.

380043
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Tricyclic alkanes: Although very minor constituents, peaks can be discerned in the m/z
191 mass fragmentogram (Figs. 7e and 8e). These samples are clearly unrelated to the

Tasmanite oil shale.

Methyl hopanes: Both tars contain small amounts of 2-methyl hopanes as shown by the
m/z 205 mass fragmentogram (Figs. 7e and 8e). Methyl hopanes are slightly more
abundant relative to hopanes in the Tunnack sample than in the tar from Bruny Island. The
methyl hopane to hopane ratio is about half that found in the Ordovician carbonates (Fig.
5). Extended methyl hopanes were barely detectable, in common with the hopane

distributions.

Demethylated hopanes: The m/z 177 mass fragmentogram (Figs. 7f and 8f) indicated that

C-10 demethylated hopanes are not present.

These aliphatic biomarker distributions match very closely data reported for two tars
collected near Bridgewater (Volkman and Holdsworth, 1989). These tars were considered

not to have been derived from in —situ secpage.
Aromatic Hydrocarbons

The aromatic hydrocarbon distributions in both samples were most unusual and quite
unlike those commonly found in crude oils. TLC-FID analyses suggested that the
aromatic compounds were mostly more polar than naphthalenes and phenanthrenes. A
very strong red band was noted during column chromatography, and so the aromatic
hydrocarbon fraction was split into several sub-fractions. Fraction 1 corresponded to
aromatics less polar than the red band (e.g. phenanthrenes) and was eluted with 10 mL of
hexane:toluene (1:1); Fraction 2 which was more orange in colour was eluted with a further
10 mL of hexane:toluene (1:3) ; Fraction 3 was eluted with 5 mL of chléroform and

included the red band itself. More polar material was then eluted with chloroform and
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methanol. In the Tunnack sample, Fraction 1 was collected in two halves; Fraction 1A
consisted of simple aromatics while Fraction 1B was enriched in more polar compounds.

Gas chromatograms of the various fractions are shown in Figs. 7g and 8g.

The distribution in Fraction 1 from Bruny Island is most unusual and shows a remarkably
strong predominance of phenanthrene, and two major compounds eluting after 20 minutes

which were identified as the polycyclic aromatic hydrocarbons fluoranthene and pyrene.

Fraction 2 was found to consist of more polar polycyclic aromatic hydrocarbons. A very
similar distribution of compounds was reported for two tars from Bridgewater (Volkman
and Holdsworth, 1989). Such distributions are commonly found in street dust and road

bitumens.

Phenanthrene and a{kylated phenanthrenes: Phenanthrene was the major constituent of the
total aromatic hydrocarbon fraction. Alkyl naphthalenes and methy! phenanthrenes were
considerably less abundant. Mass fragmentograms for m/z 178 (phenanthrene) and 192
(methylphenanthrenes) are shown in Figs. 7h and 8h. The peak immediately after
phenanthrene was tentatively identified as anthracene. The 2- and 3—methylphenanthrene
isomers were more abundant than the 1— and 9-methylphenanthrene isomers. This is the
reverse of that found in the museum bitumens (Volkman and O'Leary, 1990b), and rather
similar to that found in mature oils (Radke and Welte, 1983). Similar distributions
(although with isorﬁer ratios reversed in each pair), were found in carbonates from Surprise

Bay and Ida Bay analysed by AMDEL (1987).

The equivalent vitrinite reflectance calculated from the MPI values was 0.5 for both
samples. However, this low value is due to the high strong predominance of phenanthrene.
The MPR values suggest an equivalent vitrinite reflectance of about 1.0 for both tars (Table
1). The distributions of dimethylphenanthrenes and trimerhylphenanthr;:ncs determined

from mass fragmentograms for m/z 206 and 220 respectively are shown in Fig. 7i. The
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apparently high maturity indicated by the MPR ratio seems at odds with the consistently

tower maturities inferred from the aliphatic biomarkers.

A limited GC-MS search was made for aromatic steroids in both samples. Peaks were
detected in the m/z 231 and m/z 245 mass fragmentograms used to fingerprint monomethy!
triaromatic steroids (m/z 231) and dimethyl triaromatic steroids (m/z 245), but the
distributions bore no resemblance to those commonly found in sediments or oils. No peaks

were found corresponding to authentic traromatic steroids (Figs. 7j and 8;).
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Figure 7. GC and GC-MS data for the South Bruny Island tar.

(7a) Capillary gas chromatogram of the total aliphatic hydrocarbons in the South Bruny

Island tar. Pr: pristane; Ph: phytane. n—Alkanes are denoted by n—Cx where "x" is the
number of carbon atoms.

(7b). Mass fragmentograms for m/z 217 and 218 showing distribution of C26-Csg steranes

(labelled S) and diasteranes {labelled D) in the South Bruny Island tar. See Key 1 for peak
identifications.

(7c) Mass fragmentograms for m/z 217 and 218 showing distribution of Cz1—Cp3 steranes
in the South Bruny Island tar.

(7d) Mass fragmentograms for m/z 259 showing distribution of Cp7-Csg diasteranes

(labelled D), and m/z 231 showing distribution of Cg—C3p 4—methyl steranes in the South
Bruny Island tar.

(7e) Mass fragmentograms for m/z 191 showing distribution of C27—-C35 hopanes and m/z

205 showing distribution of methyl hopanes in the South Bruny Island tar. See Keys 2 and
3 for peak identifications.

(7f) Mass fragmentograms for m/z 191 showing distribution of C27-C32 hopanes and m/z

177 showing distribution of demethylated hopanes (none present) in the South Bruny
Island tar.

(7g) Capillary gas chromatogram of the aromatic hydrocarbon subfractions in the South
Bruny Island tar (see text).

{7h) Mass fragmentograms for m/z 178 and 192 showing the presence of phenanthrene
and distribution of methvlphenanthrenes respectively in the South Bruny Island tar.

(71) Mass fragmentograms for m/z 206 and 220 showing the distribution of di- and
trimethylphenanthrenes in the South Bruny Island tar.

(7j) Mass fragmentograms for m/z 231 and 245 showing the distribution of triaromatic
steroidal hydrocarbons (with one and two methyl groups in the ABC ring system
respectively) in the South Bruny Island tar.
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Figure 8. GC and GC-MS data for the Tunnack bitumen.

(8a) Capillary gas chromatogram of the total aliphatic hydrocarbons in the Tunnack
bitumen. Pr: pristane; Ph: phytane. n-Alkanes are denoted by n—Cx where "x" is the
number of carbon atoms.

(8b). Mass fragmentograms for m/z 217 and 218 showing distribution of C2¢—Cs3g steranes

(labelled S} and diasteranes (labelled D) in the Tunnack bitumen. See Key 1 for peak
identifications.

(8c) Mass fragmentograms for m/z 217 and 218 showing distribution of C21—Cp3 steranes
in the Tunnack bitumen.

(8d) Mass fragmentograms for m/z 259 showing distribution of Ca7—-Csg diasterancs

(labelled D), and m/z 231 showing distribution of C28—C3p 4-methyl steranes in the
Tunnack bitumen.

(8¢) Mass fragmentograms for m/z 191 showing distribution of C27-C3s hopanes and m/z

205 showing distribution of methy] hopanes in the Tunnack bitumen. See Keys 2 and 3 for
peak identifications.

(8f) Mass fragmentograms for m/z 191 showing distribution of C27—-C32 hopanes and m/z

177 showing distribution of demethylated hopanes (none detected) in the Tunnack
bitumen.

(8g) Capillary gas chromatogram of the aromatic hydrocarbon subfractions in the Tunnack
bitumen (see text).

(8h) Mass fragmentograms for m/z 178 and 192 showing the presence of phenanthrene
and distribution of methylphenanthrenes respectively in the Tunnack bitumen.

(81) Mass fragmentograms for m/z 206 and 220 showing the distribution of di- and
trimethylphenanthrenes in the Tunnack bitumen.
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4. Tars from Cape Jaffa, South Australia and the south coast of Western

Australia.

These two tars, although from very different locations, had similar geochemical
compositions and so are discussed together. Both samples were obtained from the Queen
Victoria Museum in Launceston by Mr M. Bendall. They are black shiny tars which break

with conchoidat fracture.

Aliphatic hydrocarbons in the Cape Jaffa sample comprised 13.8% of the total extract,
aromatic hydrocarbons 10.6% with most of the extractable material being resins and

asphaltenes (75.6%). The comesponding values for the Western Australia sample were

17.3, 5.8 and 76.9% (Table 1).
Aliphatic Hydrocarbons

The aliphatic Cj54+ hydrocarbons (Figs. 9a and 10a) in both samples were similar and
extended from about n—-Cji4 to about n—Cap with no odd or even preference. Pristane was
only slightly more abundant than phytane in the Cape Jaffa sample, and of similar
abundance in the Western Australia sample. Pristane/phytane ratios were 1.21 and 1.04,
and n—Cy7/pristane ratios were 2.56 and 2.72 in the Cape Jaffa and Western Australian
samples respectively. These distributions are quite similar to those isolated previously
from the Tasmanian bitumen samples obtained from the Launceston museum (Volkman

and O'Leary, 1990a).

(a) Steranes: Sterane distributions in the two samples are very similar as shown by mass
fragmentograms for m/z 217 and m/z 218 _(Figs. 9b and 10b). These distributions are also
very similar to those from the Tasmanian bitumens. They are typical of a moderately
méture crude oil. Cp7 steranes were slightly more abundant than Cag stéranes, which in

turn were slightly more abundant than C;g steranes.
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Diasteranes were significant constituents (m/z 259; Fig. 9d and 10d) in both tar samples.
The relative amounts of steranes to diasteranes was very comparable and the ratios of Cz7,
Cog and C29 components in the diasteranes were only slightly different to the sterane ratios.
The m/z 259 mass fragmentograms were remarkably close to many of those obtained from

the Tasmanian bitumens, even to the presence of minor unidentified components.

A complex mixture of methyl steranes (m/z 231; Figs. 9d and 10d) was also present in both
samples, although at much lower concentrations, and again the patterns matched those
obtained from the Tasmanian bitumens (Volkman and O'Leary, 1990a). However, there
were small differences between the two fingerprints. The Cape Jaffa sample contains a few
extra peaks which are minor constituents in the Western Australian sample. These are due
to small amounts of triaromatic steroids which had bled into the aliphatic hydrocarbon
fraction during column chromatography. This effect can also be seen in a few of the
Tasmanian bitumens, particularly the samples from Deep Creek and Albina B (Volkman
and O'Leary, 1990a). When this fact is taken into account, all the distributions match very

closely.

Sterane maturity parameters are consistent with a moderately mature oil. Cpg sterane ofif
isomers (peaks $10 and S11) are very slightly less abundant in the m/z 217 mass
fragmentograms than the gaa isomers (peaks S9 and S12), and the ratio of 20S and 20R

isomers is slightly less than 1.

The sterane biomarker distributions are similar to those previously reported from
Ordovician limestones obtained from Ida Bay and Queenstown (Volkman, 1988 and Fig.
4), although the maturity levels in the latter are slightly higher. A large number of
bitumens have been collected on South Austrlian beaches, and a few ot these also have

similar sterane biomarker fingerprints (McKirdy er al., 1986).
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Hopanes: Hopane distributions as represented by mass fragmentograms of the major

fragment 1on m/z 191 over the C37—C32 carbon number ranges are shown in Figs. 9e,f and

10e,f.

The two hopane distributions are almost superimposable, except that the Cag hopane is
slightly enhanced in the Western Australian sample and its Ts/Tm ratio suggest a very
slightly greater maturity. Moretanes were very minor constituents, which is consistent with

moderately mature oil.

All of the hopane maturity parameters are very similar to those obtained from Ida Bay

Ordovician limestone analysed previously (Volkman, 1988 and Fig. 5).

Tricyclic alkanes: A series of tricyclic alkanes is present in both tars, at approximately the

same low abundance relative to hopanes.

Methyl hopanes: Methyl hopanes were not detected. The m/z 205 mass fragmentograms
(Figs. 9¢ and 10¢) show only peaks due to hopanes. Methyl hopanes were not detected in
the Tasmanian bitumens and the m/z 205 mass fragmentograms were very similar to those

reported here (Fig. 5).

Demethylated hopanes: The m/z 177 mass fragmentogram indicated that C-10
demethylated hopanes were not present in either tar sample (Figs. 9f and 10f). Comparable

m/z 177 mass fragmentograms were obtained from the Tasmanian bitumens.

Aromatic Hydrocarbons

Gas chromatograms of the aromatic hydrocarbons in the two tars were fairly similar (Figs.
9¢ and 10g), except for additional peaks in the chromatogram for the Western Australian

sample due to the presence of small amounts of incompletely scparated n—alkanes.



389076

Phenanthrene and alkylated phenanthrenes: Mass fragmentograms for m/z 178
(phenanthrene) and 192 (methylphenanthrenes) for the two samples are almost identical
(Figs. 9h and 10h). The 2—- and 3—-methylphenanthrene isomers are much less abundant
than the 9-methylphenanthrene isomer, as found in the Tasmanian t;n's (Volkman and

O'Leary, 1990b).

The equivalent vitrinite reflectances calculated from the MPI values was 0.7 for the Cape
Jaffa sample and 0.8 for the Western Australian sample. Note the slightly higher maturity
for the latter which is in accord with other biomz_arker parameters. The distributions of
dimethylphenanthrenes and trimethylphenanthrenes determined from mass
fragmentograms for m/z 206 and 220 respectively are the same in both samples (Figs. 9i
and 10i).

A GC-MS search for aromatic steroids revealed significant amounts of monomethyl and
dimethyl triaromatic steroids (m/z 231 and 245 respectively, Figs. 9j and 10j), in both tars.
The m/z 231 mass fragmentograms are very similar, but there was an enhanced abundance
of C21 and Cpp dimethyl triaromatic steroids in the Western Australian sample. This is
suggestive of a slightly higher level of thermal maturity, which is consistent with

inferences drawn from the Ts/Tm hopane ratios.
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Figure 9. GC and GC-MS data for the Cape Jaffa bitumen.

{9a) Capillary gas chromatogram of the total aliphatic hydrocarbons in the Cape Jaffa
bitumen. Pr: pristane; Ph: phytane. n—-Alkanes are denoted by n—Cx where "x" is the
number of carbon atoms.

(9b). Mass fragmentograms for m/z 217 and 218 showing distribution of C6-Cag steranes
(labelled S} and diasteranes (labelled D) in the Cape Jaffa bitumen. See Key 1 for peak
identifications.

(9¢) Mass fragmentograms for m/z 217 and 218 showing distribution of C21—Cp3 steranes
in the Cape Jaffa bitumen.

(9d) Mass fragmentograms for m/z 259 showing distribution of Cy7-C3qp diasteranes
(labelied D), and m/z 231 showing distribution of Cag—C30 4-methyl steranes in the Cape
Jaffa bitumen.

(9e) Mass fragmentograms for m/z 191 showing distribution of C27—-C3s hopanes and m/z
205 showing distribution of methyl hopanes in the Cape Jaffa bitumen. See Keys 2 and 3
for peak identifications.

(9f) Mass fragmentograms for m/z 191 showing distribution of C27-C32 hopanes and m/z
177 showing distribution of demethylated hopanes (none found) in the Cape Jaffa bitumen.

(9g) Capillary gas chromatogram of the total aromatic hydrocarbons in the Cape Jaffa

bitumen.

(9h) Mass fragmentograms for m/z 178 and 192 showing the presence of phenanthrene
and distribution of methylphenanthrenes respectively in the Cape Jaffa bitumen.

(9i) Mass fragmentograms for m/z 206 and 220 showing the distribution of di- and
trimethylphenanthrenes in the Cape Jaffa bitumen.

(9j) Mass fragmentograms for m/z 231 and 245 showing the distribution of triaromatic
steroidal hydrocarbons (with one and two methyl groups in the ABC ring system
respectively) in the Cape Jaffa bitumen. '
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Figure 10. GC and GC-MS data for the Western Australian bitumen.

(10a) Capillary gas chromatogram of the total aliphatic hydrocarbons in the Western

Australian bitumen. Pr: pristane; Ph: phytane. n—Alkanes are denoted by n-Cx where "x"
is the number of carbon atoms.

(10b). Mass fragmentograms for m/z 217 and 218 showing distribution of C25—C3g

steranes {labelled S) and diasteranes (labelled D) in the Western Australian bitumen. See
Key 1 for peak identifications.

(10c) Mass fragmentograms for m/z 217 and 218 showing distribution of C21—Caz3
steranes in the Western Australian bitumen.

(10d) Mass fragmentograms for m/z 259 showing distribution of C29—C3 diasteranes
(labelled D), and m/z 231 showing distribution of C2g-C3g 4—methyl steranes in the
Western Australian bitumen.

(10e) Mass fragmentograms for m/z 191 showing distribution of C27—-C3s hopanes and

m/z 205 showing distribution of methyl hopanes in the Western Australian bitumen. See
Keys 2 and 3 for peak identifications.

(10f) Mass fragmentograms for m/z 191 showing distribution of C27-C32 hopanes and

m/z 177 showing distribution of demethylated hopanes (none detected) in the Western
Australian bitumen.

(10g) Capillary gas chromatogram of the total aromatic hydrocarbons in the Western
Australian bitumen.

(10h) Mass fragmentograms for m/z 178 and 192 showing the presence of phenanthrene
and distribution of methylphenanthrenes respectively in the Western Australian bitumen.

(101) Mass fragmentograms for m/z 206 and 220 showing the distribution of di- and
tnmethylphenanthrenes in the Western Australian bitumen.

(105) Mass fragmentograms for m/z 231 and 245 showing the distribution of triaromatic
steroidal hydrocarbons (with one and two methyl groups in the ABC ring system
respectively) in the Western Australian bitumen.



17,
’ South Coast, Western Australla
Aliphatic Hydrocarbons
~
! n-Cqg
pra
Led
-
@
n-Cy7
=
-
L
[
(V7]
Lt
0
iy
-
e
I
x
Pr Ph
x
3
Ly
<
: A k.
2 ] 'y
Ly
i | | I | | | I !
= [un] [Ty} E My} \'_? ug Liv] iyl h@ u% ) u'_.l
?:n Ts] — — o » ~ -2 1 ) £ L :,«.D
Ll oo
(Q -y
. [
oy -’
=2 5
® .



i
Ion 217.89 amu., From ¥3:JY3671.0
1EARNED Fig. 10(b)
J SCRALED South Coast, Western Australia
epolols; D5 Steranes and Diasteranes
qGaa S2i S11
. |
510
J Y
: E@@B: Do D6 “ L |
2 5Dg0- ﬂ | ﬂ l m
S |
2 4080 ” P B J .'“ !
| L R
=t
] ltj ‘. {
ool LI |
} " Mﬂj \ﬁ-ﬁu lL,. i) ' \!ﬁ, AN
1@@@} J\s_[
35 1 40 42 44
L Time {(min.}
Ton 218.26 amu. from W3:IVEEIL.D
garsioich So! South Coast, Western Australia
i ECEJHLED Steranes
1510
p“mi > S7 S
O $10
2006 | S6 |
EALE
= 5060 . ]
= I S9 M si2
= 43601 * S8
& i ; |
10001 ] S1 !i\ 35 | A »
] | dih it
Euu@] l!\ )ﬁL "ﬂuﬁﬁj E{ ;ﬁ“‘w r'“lj Lli n] \J“‘”if} lf r\ J\II i | 3\ {\I
_ _ . BTN EENESY AR R \
(@& 1“.’ i JU PRV AW ﬁ J—f‘[ \,-'j v { L’ - S jl') o
""']J n T T — T T —
36 38 % 42 44
Time fmin.)




LY

[
»
[
<
D
o

5cm
e >

Bhundance

Ten 217.08 amu. from ¥3:IVERE7! D

SORLED Fig. 10(c)

Co1 South Coast, Western Australia
Steranes and Diasteranes

Ca2

==|=.__-—
—
——=

&Jv“z"\ﬁ \
‘. U.

Moy
[y
Lo
=) 7
(%)
[N

C
Time {min.)

Abundance

Ton 213,060 amu. from V3:TVYEE71.D

SCALED South Coast, Western Australia
Steranes

Co1

oy l *
| ’ lt | :
Il ] [lj] !! ll J '!‘ i%ﬁ‘ bi‘l f - [\ ;
ll- f“'! L"‘..\. v { A, thl._rfj H I I’)“l !.\Il J\’ N \‘_‘JL'L“‘.‘ A =4
\f\ L St o &{ r J‘\, { I N e *‘1; \ \f o
T T A ]
24 chk 24 38 32
Time (min.




‘ W) Ty e
g o 2 > 3320072
Torn 259.868 amu. from ¥3:7VRE71. D Fig. 10(d)
REIEIEI0N
} D1 SCPLED g?al.;ttr; r(;ch‘ast Western Australia
Jeloley D2 D5 es
pmng'
D3 D6
3@@: .
E ; i
w :—‘@mi ' ’ ! |
% om0 | o
2 504
2 1 r % } 2
fo NN |
IBeG- L J\[’\[’ UJ\‘ Uw ’m\jﬁ ‘Ih% re&wﬁ ul P\\ M J‘l\
lat ﬂ Y U% U " '*JV U Lm) W ';’J WA
aa5{5]5!
26 18 4 4z 44
Time {min.)
Ion 231,860 zmu., from ¥3:J¥BR71.D
{ AR
] SORLED
sapn  South Coast, Western Australia
!} Methyl Steranes
BAGEE 1
20007 | !
- NI
CI TE IR
: . bt T
taner | ST TR SN R
| ) lfli" (TR LA
o] ::'M".i: y'l,-’ih)'s- iﬁj"";”
OG- o J’&ﬁ YL O A \i[ Pl
Nin,) ] { { L.
] \ ﬂ\ f ld'tr"" m\""-e' \'.t . J ]
EQ@B—‘J%‘ 'lv'J |f’|.f'\‘\r,f’& "H\(
] ‘1}
e 35 48 T 44
Time {min.)




ot

5cm

389093

—]

Ahundance

=

=

=

=
H

e

ot

=

=0
1

1S5

7 300

L]
(2]
)
3
P |

alsoR

4EpE

{12

o
jay
I-—A-

PRI BT B

o
[

AR ]
=

1@@@5

ﬁ-

Inn

131

H3

H1 H2
UL.J JLL*I‘

CER mEmu .

HS CICHRLED

He ‘
H4 h

,LH " ,! \J'L‘ Ly

Fram W3

1 TYDE7LL D
Fig. 10(e)

South Coast, Western Australia
Hopanes

: D

Rliundance

._

(o)

<

=

=1
i

3060
BEEEDT
70007

1
]
Elakd

()
=0
AR
[\
[ |

o
o=
=
o

o
&
=
o)

ra
=
=3
|

.__..
I
1=
o)

| PPN FPPEIEY DU WU BTN

Ton

265 .06 2

R ——

Aoy i
‘,—"\y-ﬂ,.fl"“"b"”“‘ﬁ‘f' W ;uL)-ll .{w‘f

HO

South Coast, Western Australia
Methyl Hopanes

.




SEN ey 389094
ion 181.908 amu. from V3:J7vWRE7LD.D
REIEIGIGN
] ccALen | Fig. 10(f)
06T
] South Coast, Western Australia
B@@@‘: Hopanes
7606 H3
5500 H7
& i
S S8
2 H8
S 44b07
T 1
3@k
1 Hr H2
2000 % |
4 I |
1 2B | J\ P [ﬂm },
3 Jt_,.'\‘w} ]._,.___\_P, PV AT o Jﬁf,‘ﬂ‘rm,ﬂ.,"‘ iLr‘j \Lﬂfl\x}m’; \Jh p ™ J 4 UMJK,L’_' l\__ - —’"fﬁ.,ﬂ._‘”
D-f i T T T " T T B
40 CE 44 45 48
Time (min. )
Ton 177.80 amu. from V3:IVB6E71.D
FRGEED
_ SCRLED
SEREY South Coast, Western Australia
; Demethylated Hopanes
50067 :
7@@@?
v YEIEIRE
2 500 i
= ] i
g 40007 ;
339 ! ;j A
! i ! V I
; | i » | (ig : I
d@@@‘ IJ\/\«(J‘ L “‘\J\;\.a* rJ'l,J‘A !‘J I! 3.,'1],' im“'.ul ﬂ .JI ﬂt N Ii\ \ W 1
i ! Wy b U A i
1 QQD—J v i -’\v\‘l l"-j "\_.L.v«.r‘\,—_,._“_‘_‘q
40 42 14 48 48
Time {min,?




o

RTTEN

lifa T} L

5

SFEED

CHART

[0 0]

!

SAMPLE T ¢ 1

-

7

\-j—

ac
<

SH

4~

45

South Coast, Western Australia
Aromatic Hydrocarbons

S —

L =) =
e
ok

R : ﬁ ("



389096

95 Ion 1753.88 amu. from V3:JYi 5575
V)~ : )
{2000 Fig. 10(h)
] South Coast, Western Australia
| Phenanthrene
13303 - |
i
{
. I
203 |
. ]
=
Z 50GB , y
3 i
]
2 |
1990 \
A II\
R ] !
2ERY '\l\
4 j L\..,\‘ fh
-ﬁ_‘__.;""-._,_,_/"“.-/\--r‘\__/_r--\.._,- e —— ,H—_f"_ﬂf *._,_,-.—-vwﬁ"'ﬁ"v—_-v—a-/-‘\_,w—ﬂ-f’
A T - T T T ol
6.8 17.8 [RERA 15.6 26.8
Time imin. |
Ton 192.00 zwmu. from %3:JY0E27.0 | |
{5397 9
{6 300 South Coast, Western Australia
] Methylphenanthrenes
]
(4807 1
]
] 1
{2 a0E i
{8} : I\
o i ’|
5 19098, 3 ik
: i . |
2 50987 i 3
jand ) .” il | |
s i |
53087 i |
2908 7 T
1 ! lﬂ f i
2300 } A A
:‘ — . ‘,"JI T S N \,._,\-_‘_J "
i f— A e
13,4 28,8 21,3 22,8 22,8
Time imin.)




380D

Abundan

Ma
[
[up]
=%
lf

s Ion amit. trom V3 JYBEEY.D

=
=
=l
=

(¥
=1
]
=

South Coast, Western Australia
| Dimethylphenanthrenes

1

(3
=

]
=1

~J
=
L}
&=
PO WP (TS TR U U IO T T S PO S TN I |

fq\ .I{ " ’I'\n_,,_ iﬂ'k__.__,e-’\-,__ )

R R PR

i e TR

g ———————

22.0 24 .4 £h. 0 £
Time (min. !

o0

a

.

i

Abundance

= Ton 2260.90 amu. from YW3:JVYRER7 . D

—
=
(LW ]
(L]
=2

¢t

i

[
»

Ea

e

South Coast, Western Australia
Trimethylphenanthrenes

o
150
(2o}
(]

“d

]

ol

=5 -
N TRV PR A YT VA S VU N TONF W I O YO A WO PO T T T G Y S A A U |

=

.
i
| &5

W]
=
uad

g
=2

(0
(ot
o]
(=21
1

Fig. 10()



—
b

& O
<5 i
o

LL

o~ ——— e e [ s amo e e ——— R S i I i - S .
g .
Q)_ ) A .c;.u.
- § “r 1
o A
3 I ———— SRS eSS —_— =

|

P,

1]
A
.

. -
Lo e = —
(>~ 4 =r e e e rreudil ~ -
(39l —_— r ..LU .lklﬂ:hnw.u- {
1.0 — et == T L (4] e e
L . et X & B T
== - f - e .
Vi 4 i [ - -
by 2 L -
1 = p )
- e R -t - £
10 5 [ o -
i ‘_" e ..M
e - 3 —
= T 1 o & wu s
. D . -
. A - o o
. lpe <y -

- D

g i
1
3
AN

' §] T e

| o = .ww.rﬂ 3 "=

i ) .Uhm.. -

47 ! = o S s
1= = V. .- a2y S —rrm s e .-
) - L e .
a s —EERE L L

- = -

1
. "

Triaromatic Steroid Hydrocarbons
;
b
45
South Coast, Western Australia
Triaromatic Steroid Hydrocarbons
}

South Coast, Western Australia

% e
; -
m. Lo R i AN
.Au (e irl\l.(..- ? (4]
- i - il S—
—.lﬂlﬂl]l._t e rrTrrr d!.—ll—ld B I jJIiIﬂJJ‘lAﬁ.J‘&—)ITJ'ﬂIﬂI]‘ﬂSﬁJ141|J|A|.u . Frrr o7 17Ty Lo 't R A A I S S | L B bt B I el I Els A Bt Bt B . I BB B Aot i I S B B

oy L] [ =l Lzl

@
¥

RU _M_ _H_ _H_ mu nM_ HM_ .H._ ﬁw _,H.._ ﬁlﬂ. n.u ‘ T 1-
=2 = 1) ] e} = = L] = [an] 1% 153 [ngn] i =) g} g = ]
A ] (At 150 s s ] 173 =] [y 5 [Nl [ LN =t 5! = £l [N = =)
wlp. ...3 _HJ . Loy 11 -1 (] (5] +—a L] LI =t T [y}

g
5
7
5

aguepungy ST WD

.
+
R
-

ll"lll,'l'l,ll",ll'\'l




3890000

CONCLUSIONS

The carbonate from Benders Quarry has a very low content of hydrocarbons and it is
obviously neither a source rock nor reservoir for petroleum hydrocarbons. The biomarker
parameters are broadly similar to those of a carbonate previously analysed from Ida Bay,

although some significant differences were noted.

Although the Florentine Valley mudstone contains comparatively small amounts of
hydrocarbons, the biomarker patterns are remarkably similar to those previously
determined for Ordovician carbonates from Ida Bay and Queenstown, Tasmania. Methyl

hopanes are present in surprisingly high abundance for a mudstone.

The tars from South Bruny Island and Tunnack appear to have the same or very similar
source. The extremely low abundance of aliphatic hydrocarbons is not typical of the
composition expected for a crude oil. The presence of alkenes and polycyclic aromatic
hydrocarbons suggest that these hydrocarbons were formed at high temperature, whereas
the sterane and hopane maturity parameters indicate relatively immature organic matter. [t
is possible that these tars are derived from man-made petroleum products, but their wide
distribution (Bruny Island, Tunnack and Bridgewater) is very difficult to explain unless
they are in fact natural seeps. Their composition is quite different to modem bitumens
used for road making in Tasmania that we have analysed. One might speculate that they

could be products of dolerite heating of an organic—rich, but immature sediment.

The two tars from Cape Jaffa, South Australia and the south coast of Western Australia are
clearly very similar in composition to samples of Tasmanian bitumens obtained from the
Queen Victoria muscum analysed by Volkman and O'Leary (1990a,b). This raises
significant questions about the ultimate source of all these bitumens. If they have not been
transported by sea over large distances, then one has to invoke similar source rocks

occurring in Tasmania, South Australia and Western Australia. The petroleum must also
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have been gencrated at similar levels of thermal maturity. If the bitumens had been at sea
for diffcrent lengths of time, one might have expected to see greater differences in their
composition of shorter—chain aliphatics and the more water soluble aromatics than is
apparent. Note also that the prevailing surface currents are from west to east, so if the
Tasmanian bitumens had been transported from Western or South Australian waters they
should look more water washed and biodegraded than the tars from there, but this is not the
case. Clearly, a number of questions remained unanswered and further work is needed,

particularly to identify possible source rocks.
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