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i, INTRODUCTION

£ suite of ten coastal bitumsns from nine different stranding sites
in the itway Basin was selected +For organic geochemical analysis
{Table i, Fig. i MNine of these bitumens formed part of an earlier
study sponsorsd by Ultramar fustralia Inc. and fustralian Aguitaine
Petroleum Pby Limited {Molirdy, 985L An additional sample was
coliected by 6. Hill (S8ADMEY From a2 locality near Cape Otway,
Yictoria, in Jdanuary 158500

The aims of the present investigation are twofold

i. To detesrmine, on the basis of its eslemental, isctopic and
biomarker composition, wshether the Lipn Headland bitumen is a
weathered, transporisd equivalent of one of the fouwr bitumen
familiss found in the western Obtway Basing and

2. Using elemental (C, H, N, 5} and stable isotope (8D, &%45) data,
tn test the hvpothesis that the variety of bitumen types
represented in the Otumay Basin iparaffinic to
aromatic—asphalticy 0.3-33% 5 may reflect a secular increase
in the =alinity of the lacustrine palaspsnvironment envisaged
for their 7Plate Jurassic - Early ODretacrsous sowce rocks
Mokirdy and Moriton, 1985L

Freliminary data were forwarded to the client on 18 June, 1785 as

an interim repori. This final report presents an interpretation of

the resulis of ths full analviical program.

Z. AMSLYTICAL TECHHIBUES

Details of the analvitical technigues are given in Appendix L

fnalytical data are summarised and presented herein as follows:

Table Figure

Lion Headland Bitumen
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£, LION HEADLAND BITUMENM

4.1 FPhvsical Froperties and Bulk Composition

o ey

The 1ow araviiy {1Z.2 24P, high pour point L and
aromatic—intermediate bulk composition Fig. 2} of the Lion Headland
bitumen are typical of the weathersed waxy crude oils which strand
along the Otway Basin cosstline $ickirdy, 1983k The high resins
content of this bitumen {37.6% : Table 3} makes it one of the most
weathered samplss so far analysed. This is consistent with the
substantial svaporative Ioss of light ends svident from  the
bitumen's skewed saturates distribution Fig. 4F and p—alkans profile
{Fig. S

Bindegradation, although not as pronounced as in some samples, has
oocourred as part of the weathering process, and is responsible for
the moderately figh pristane/n—heptadecans and

-

phytane/n-octadecans ratios {(Tables 3 and 35, Figs. 4 and 5.

it is clsar from its sulphyr content 8 = 244 @ Table 3 and carbon
isotopic composition {Fig. 3F that the Lion Headiand sample belongs

o
to the Famiiy I group of coastal bitumens (Fckirdy, 198554

4.2 SBource HfFfimdity

The carbon isotopic composition {Fig. 3} high boirvococcane content
iTable &, Fig. 4}, low pristansiphyitane ratio {pripgh ) and Co-Oo g

sterans distribution {Fig. 137 of the bitumen concur in highlighting
its Ffreshmater aigal origin.

The source sock of the parent oil was deposited in a desp,
stratified lake with an anoxic hypolimnion FcFirdy, 1985k The high
sulphuy content of the bitemen impliss, first, the presence of
sufficisnt =sulphate in the botiom waters of the lake o permit ths
gengration of abundant HsE via bacterizsl sulphate reduction; and,
second, that Fe2¥ and other cationic concentrations were low

enouah to avoid inorganic seguesstration of ail the availabis

o
i

25

Inspection of the oz 231 mass fragmentogram Fig. 12 indicates
that Cg, {and lowsr molecular weight? d-methyisteranes are present
in similar abundance {parameter 21, Tabls &) to thoss observed in
other Family 3  bitumens. Thess compounds asre  derived from
d—mathyvisternls svnthesised by freshwater dinofizgellates Robinson
et ail., 1784k

Comparison of peak intensitisszs at saporopriate retenticn times for
Lgp #—methvisteranes in the m/z 2i7 and wmfz Z31 fragmentograms
suggests that other compounds (probably Lz, steranes! may be
cosluting. Uk steranes have recently been proposed as markers of
marine—derived organic matter loldowan eF 21, 1783 althouoh this
is by no means proven (Jk. Yollkman, pers. comnd
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4.5 HMatuwrity ang Figration

Matwation—denendent parameters 4—5 and 10-12 {Table I3 reveal that
the Lion Headland bitumen has a maturity within the range displaved
by other Otway Hasin coastsal bitumens Fig. 18k Howsver, it displays
no gesochromatographic svidences of long-distance migration in the
subsurfacs.

[1a]

5. ELEMENTAL AND IBOTOFIC COMPOBITION OF COABTAL BITUMEND, OTHAY
BA&EIN

The elemsntal and new isotopic data ressnted in Tables 7 and 8
substantiate the previous recognition of multiple oil families in
the Otway Basin Figs. 15-17. lnfortunatsly, a sampizs of F 2

ot

+ Family 2
hitumen Hokirdy, 1985 was not availabls for the present study.

£

Family 1 bitumens {80 = —-1EZ& to —13%9 “/es) are aporeciably more
denleted in deutsrium than are those of Families 3 and 4 (8D = —-F7
to —i07 Fes : Figs. 15 and 46 and provide yet another uassful
parameter on which to base o0il-oil coreslztions. However, when
considered in the light of recent literatwre on /H and  130/7312C
ratios in crude oils {Rigby st =2i., 1¥8l; Bchosll, 1984 a, b these

£
isptopic data are difficult o interpret in terss of sowce rock
environment.

Theres is 2 reasonable correlation betwsen 8348 and 8§ content in
the Otway Basin coastal bitumens so far analysed Fig. 17k This
correlation iz explicabls in terms of increasing suiphats
concentration, and hence increasing sslindty of the lake {or lakes?
in which the sowoe rocks of the bitumsns were deposited. The
degree of isotopic fractionation between 348 and 325 that occurs
during bacterial sulphate reduction is inversely proportional to the
availability of sulphate {.e. the greater the concentration of
suiphate in the anowxic hvpolimnion, the greater the isotopic
difference betwesn starting sulphats and product Hz5; it is the
iatter which bescomes incorporated in the sowrce rock kerocosn, and
ultimately the oilk

Two Family 3 bitumsns, including the Lipon Headland sample, appsar to

be atypically enriched in 228 and piot off trend in Figurs 17. The
reason for this anomaly is not clear.

Further interpretation of the sulphur isotope data is inhibited by
the current lack of information ons

ey
o
Yt

the ococowrrence and isotopic composition of lacustrine and/or
maringe sulphate in the Crestacecus sequence of the Otway Basimg

whether the source rocks of the bitumens were deposited in a
singis deesp rift-—associated Iake which becams progressively
more salins: or, alternatively, in a2 numbesr of separate lakes
with different water chemisiries.
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&. CONCLUGIONES

i. Coastal bDituwmen coliscisd recsn i;ly from Lion Hesadiand nesr
Cape Otway i= 3 weathersd, Ir spgr*‘en exampls of the main
twpe of bitumen Family 3 2z MoHirdy, 1985 washsd zashore at
iocalities to the west of Foril anti

M

Whols—bitumen &0 and &%48  values and slemental data
{particularly H/T stomic ratios) arse an sffective means of
establishing oil-gil correlations for coastal bitumens from the
Otway Hasin.

3. The previous recognition of four familiss of coastal bitumen in
the Otway Basin Mckirdy, 1785 iz substantisted by the resulis
of the present investigation.

4. Our present undesrstanding of the sowurce rocks from which  the
Btwsay Has=in Euastai hitumens were derived thint=,

palasoenvironment, kesrogen tvper is summarised in Figure 1B
ifrom Mckirdy and Morton, 19834

-,,“l

. RECOMMEMDATION

et

t is recommended that sesdimsnts of the Otway Group be searched
or  sulplhuwr—besring minsrals, with a wview to sstablishing the
isotopic composition of Early Cretacscus non—marins and/or marines
suiphate and co-sxisting sulphide in the Otway Basin.

ey

l.
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TABLE 1: COASTAL BITUMEN SAMPLES SELECTED FOR ORGANIC

GEOCHEMICAL ANALYSIS

State Stranding Locality* Sample No.
(0CB- )
Victoria Lion Headland, near Cape Otway LH
Shelley Beach, Bridgewater Bay 1
Descartes Bay, S end 3,4
Nelson Ocean Beach 8
South ) Cape Northumberland 10
Australia Nene Valley, 2 km NW of shacks 13
Geltwood Beach, opp. N end of
Lake Bonney 18
The Nine Mile Sandhill, opp. S end
of Lake St Clair 32
Ninety Mile Beach, 5 km N of
The Granites 38

*| jon Headland sample collected by A. Hill. Samples from
other localities (Fig. 1, from McKirdy, 1985a) collected

by D.R. Vinall.
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TABLE 2:

PHYSICAL PROPERTIES OF COASTAL BITUMEN FROM LION HEADLAND,
NEAR CAPE OTWAY, VICTORIA

Specific gravity (15°C) = 0.9779
API gravity (60°F) . = 13.2 °API
Pour point ‘ = +57°C

Ly 1O
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LOCALITY : LIoH HEADLAHD

FOUR POINT DEG.C 2
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AFI GRAYITY = 13.2

TOTAL SULPHUR = 2.1 ¢ WT X &
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, TABLE 4: CARBON ISOTOPIC DATA ON C;,4 HYDROCARBONS . -
'  IN COASTAL BITUMEN FROM LION HEADLAND NEAR ‘ N
CAPE OTWAY, VICTORIA

13 o *
Sample § CPDB /oo cv

Saturates Aromatics

0CB-LH -26.66 -26.38 -2.76

*Canbnica] variable (after Sofer, 1984):

= - 13 13 _
cv 2.53 ¢ Csat +2.22 ¢ Carom 11.65



TABLE 5: BIOMARKER PARAMETERS OF SOURCE, MATURITY, MIGRATION AND BIODEGRADATION IN COASTAL BITUMEN FROM
LION HEADLAND NEAR CAPE OTWAY, VICTORIA

AMDEL Locality STERANES TERPANES ACYCLIC ALKANES
“Sample Nos.
Parameter* 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
(MS-205 Lion Headland 43:21:36 0.85 0.89 0.93 1.3 1.33 0.23 0.04 1.2 0.20 1.6 0.89 - 0.81 - 0.40 0.79
0CB-LH)

*See key (next page) for derivation and specificity of each parameter.

Parameter 6 corrected for co-eluting 4-methylsterane.



KEY TO BIOMARKER PARAMETERS OF SOURCE, MATURITY, MIGRATION AND BIODEGRADATION

Parameter * Derivation Specificity
1 C27 ¢ C2s :.Cz¢ S5a(H)léa(H)17a(H) 20R steranes Source
2 C2g Sa(H)l4a(H)17a(H) 20R sterane / Cz7 Sa(H)l4a(H)170(H) 20R sterane Source
3 Cag 158(H)17u(H) 20R diasterane / Cay 13B8(H)17a(H) 20R diasterane Source
4 Cy9 Sa(H)l4a(H)17a(H) 205 sterane / Cpg Sa(H)lda(H)170(H) 20R sterane Maturity, Biodegradation
5 Cz7 13R(H)170(H) 20S diasterane / Czy 13B(H)17a(H) 20R diasterane Maturity »
6 Ca9 Sa(H)14B(H)178(H) 20R sterane / Cag S5a(H)1l4a(H)17a(H) 20R sterane Maturity, Migration
7 Czg 13B(H)170(H) 20R+20S diasteranes / C;9 Sa(H) steranes Migration, Source
8 C31 tricyclic terpane / C3o 17a(H)218(H) hopane Source
9 Cz27 17a(H)-22,29,30-trisnorhopane / Cz7 180(H)-22,29,30~trisnorhopane (Tm/Ts) Maturity, Source
10 T, / Cso 17a(H)21B(H) hopane Maturity
11 C3az 170(H)218(H) 22S homohopane / C3p 17a(H)218(H) 22R homohopane Maturity
12 C3o 178(H)21a(H) moretane / Cao 17u(H)218(H$ hopane Maturity
13 C2s 170(H)-25-norhopane / Cyg 17a(H)-30-norhopane Biodegradation
14 pristane / phytane Source
15 2,6,10~trimethyltridecane / prigtaﬁe Maturity
16 pristane / n-heptadecane ) . Source, Biodegradation, Maturity
17 phytane / n-octadecane Source, Biodegradation, Maturity

* Ratios calculated from peak areas as follows:

Parameters 1-6 m/z = 217 mass fragmentogram

Parameter 7 m/z = 217, 259 mass fragmentograms

Parameters 8-13 m/z = 191 mass fragmentogram

Parameters l4-17 capillary gas chromatogram of alkanes or whole oil/extract
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TABLE 6: SUPPLEMENTARY SOURCE-DEPENDENT BIOMARKER PARAMETERS IN T
COASTAL BITUMEN FROM LION HEADLAND NEAR CAPE OTWAY,

VICTORIA
Locality Botryococcane Botryococcane Hopane 4-Me Sterane
& Sample No. n-C,q Index Sterane Sterane
Fa .
Lion Headland 0.27 129 2.8 0.20
0CB-LH
Parameter* 18 19 20 21

*Ratios calculated from peak areas in mass fragmentograms of naphthenes and
gas chromatograms of total alkanes as follows:
18. Botryococcane/n-nonacosane (GC)
19. Botryococcane x 100/C3;-Cy, head-to-head isoprenoid alkanes (m/z 183)
20. Csp 170(H)218(H)hopane/C,s 5a(H) steranes {m/z 191, 217)

21. Cso 50(H)14a(H)17a(H) 20S+20R 4-methylsteranes/C,; + C,s 5a(H)14a(H)17a(H)
20S + 20R steranes (m/z 217,231)



TABLE 7: ELEMENTAL DATA ON TEN COASTAL BITUMENS FROM
THE OTWAY BASIN

Sample No. C H N S* Ash H/C
Weight % atomic
ocB - 1 85.18 13.07 1.20 0.3 0.5 1.83
0cB - 3 81.36 11.71 0.81 2.1 0.5 1.71
ocB - 4 84.20 12.21 1.04 1.6 0.3 1.73
0B - 8 84.60 12.26 1.33 2.4 0.8 1.73
0cB - 10 84.52 12.29 1.45 1.8 0.2 1.73
0CcB - 13 84.16 12.14 0.65 1.4 0.2 1.72
0CB - 18 85.14 12.25 0.81 2.6 0.3 1.71
0CB - 32 85.05 9.78 0.97 3.3 0.2 1.37
0CB - 38 85.67 12.94 0.82 0.3 <0.2 1.80
0CB - LH 84.41 11.66 0.25 2.1 0.4 1.65

*By ICP (data from McKirdy, 1985a, except for OCB - LH).
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TABLE 8: HYDROGEN AND SULPHUR ISOTOPIC DATA* ON TEN

COASTAL BITUMENS FROM THE OTWAY BASIN -

Sample No. osD 534S

/oo °/e.
ocB- 1 -136 -2.2
0CB- 3 -97 -0.2
0CB- 4 -100 -4.9
0CB- 8 -98 -4.6
0CB-10 -98 -5.4
0CB-13 -99 -4.9
0CB-18 -100 -5.6
0CB-32 -107 -6.8
0CB-38 -139%* -1.4
0CB-LH -97 -2.5

*D/H and 3*S$S/32S ratios reported using the conventional
s notations relative to standard mean ocean water (SMOW)
and meteoritic troilite, respectively.

**Mean of duplicate analyses (-138, -140).
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m/z 191
1-6

7

8

g

10

11

12

13

14

15

16

17
18-22

m/z 205

W 00 N O O s W N e

-12

CZO’CZS ’

C2’+
Cae
Cav
Cay
Cas
Caq
Cao
?2Ca1
Czg
Cso
Cao
C31-Css

c28
C29
C30
Cso
C3l
C31
Csz
Cs2
C33'C36

259

m/z 217,

1
2
384
5&8

10 & 13
11 & 12
14 & 17
15 & 16

Cas

23

KEY TO MASS FRAGMENTOGRAMS

tricyclic terpanes

tetracyclic terpane

tricyclic terpahe
18a(H)-22,29,30-trisnorhopane (Ts)
17a(H)-22,29,30-trisnorhopane (Tm)
17a(H)-28,30-bisnorhopane
17a(H)-25-norhopane

17a(H)218(H) norhopane

tricyclic terpane

178(H)21a(H) moretane

17a(H)218(H) hopane

178(H)21a(H) moretane

17a(H)21g(H) 225 (left) and 22R (right) homohopanes

3-methyltrisnorhopanes

norhopane

3-methylnorhopane

hopane

3-methylhopane

22S homohopane

225 3-methylhomohopane + C;; 22R homohopane
22R 3-methylhomohopane

3-methylhomohopanes

sterane

sterane

20S and 20R diasteranes
5¢(H)140(H)17a(H) 20S and 20R steranes
5a(H)14g(H)178(H) 20R sterane
54(H)148(H)178(H) 20S sterane + C,q 20S diasterane
20R diasterane

5a(H)14a(H)17(H) 20S and 20R steranes
5a(H)148(H)178(H) 20R and 20S steranes
5a(H)14a(H)17a(H) 20S and 20R steranes
5a(H)14g(H)178(H) 20R and 20S steranes
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FIGURE 12
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MATURITY and MIGRATION
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613C SATURATES

CARBON AND HYDROGEN ISOTOPIC COMPOSITION OF
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FIGURE 17

SULPHUR CONTENT AND ISOTOPIC COMPOSITION OF
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FIGURE 18 .

OTWAY BASIN
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i. SAMFLE PREFGRATION

The bitumen as received in the laboratory was mixed with variable
amounts of sand and other foreign matter. Bitumen was dizssolved in
eNCess methyiene chloride at ambient temperature wsing
ultrasonication and the solution filtered through a bed of fiorosil
in a sintsred glass fumnel. Solvent was removed by evaporation on
a steam bath.

2. AFI BRAVITY ANMD POUR POINT

Specific gravity was determined by the pycnometer method, and

ronverted to the eguivalent AFI gravity. Four point was estimated
using a scaled-down version of the standard technigues.

. ELEMENTAL AMALYSIS ’

Carbon, hydrogen, nitrogen and ash were determined by standard
microanalytical methods.

Total sulphur was determined by induct ; i :
atomic smission spectroscopy with di—isobutylketons as solvent.

1

4. HYDROGEN AMD SULPHUR ISOTOPIC ANALYSES

Aliguots of mineral-matter—fres bitumen were submitted to Global
Geachemistry Corporation, Canoga Farks California for measurement
= Y

£ 5D and 8345,

“

5. LIDUID CHROMATOE

sl

AFHS

fsphaltenes were precipitated from  the extract7iocnped oil by
refluxing with petroleum sther prior to  liguid chromatogrpiy. The

- asphaltene—iree fraction was separated into hwdrocarbons

icaturates ang aromatics: and polar compounds {(resins) by Iiguid
chromatography on  activated alumina {(sample:s adsorbent ratio =
1230433, Hydrocarbons were sluted with petrolaum
sther/dichloromethang {5500 and resins with
methanoisdichioromethane {(65:35L The saturated and aromatic
hydrocarbons were then separated by liguid chromatography on
activated silica gel {(sampls: adsorbent ratioc = O siluting in turn

with petrolsum sther and petroleum/dichloromsihane (7170
&£, EBAS CHROMATOBRAFPHY (G0

The saturated | hydrocarbons (alkanes) ware Haminesd by gas
chromatoography using the following instrumental parameters:



Sas chromatographs Ferkin Elmer Sigma 2 fitted
with on—-column injector

Columns 25 mox 0.3 mm fused silica,
SiEE BCE/BRI

Detector temperature: Z007°C
Carriegr Gas: He at 85 kFPa

Column temperaturea:s 100-2920°C at 5° per minute

and held at 290°C until all
peaks sluted

fuantification: REelative concentrations of
individual normal and
isoprenoid alkanes obtained
by measurement of psak areas
with a Hewlett FPackard 3Z3734
integrator

7. ©GAS CHROMATOGRAPHY-MASS SFECTROMETRY (GC-MZ2

Naphthenes {branched/cyclic alkanes) wers isonlated from the bitumen
by wrea adduction of its saturates fraction.

rea non—adduct) was underiaken

BC-ME analysiz of the naphthenss o
[} tal= The instrumsnt and its

in the sslected ion detection (EID
operating parameters were as follows:

B

++ Packard {HF} 5“?6 =C
ed with a HFSY704 mass

mass selective Getectﬁr and

HFZE148 data system

Svs=tem: Hew

b ]

Column: 5 m o G.34 mm i.d. HF
Uliras Ferformance cross—
linked methylsilicone phase
fused silica, interfaced
dirs

tilvy to sowrce of mass
-

injector: Carlip Erba on—column inisctor
Carrier gas: He at 0.2 kgscm? head pressure
Column temperatures E5-2F0% /i min.

Mass spectrometer

congditions: 70 @Y El:; F-ion sslscted ion
monitoring, 30 millisec dwell
dusll time for sach ion



The following mass fragmentograms wWere recorded:

miz Compound Tvpe

12= sesquiterpanes {(incl.
drimanes}, diterpanes

177 demethvlated triterpanes

183 acyclic alkanes {incl.
isoprenoids?

izi triterpanss {incl. hopanes,
moretanes}

205 methyl triterpanes

217 steranaes

zig steranes

231 4—-methyl steranes

259 diasteranes, diterpanes

Integration of the m/z 183, 1L 217 and 231 mass fragmentograms
allowed calculation of the biomarkesr ratios in Tahles 5 and &.

8. CaRBON ISOTORIC ANALYSIE

aligquots of the saturated and aromatic hydrocarbon fractions (=4
mg! were heated at FO00°C for 4 hours over Cul and Ag wire in
evacuated guartz combustion tubes. Following separation from the
co—produced HsD on a vacoum line, the COz; was collected in a
sample bulb for introduction to the mass spectrometer. The i3C/siZc
isotope ratios were measured on = VESHDZ Isotone Mass
Spectrometer at ths LCSIRO Spils Division, Blen Osmond. Aporopriate
corrections were made for the 170 contribution. Although  an
anthracite standard was used, all data are expressed in §13C units
relative o the FDE standard, where:

1307120 sample
5i3¢ = -1 w109
i3csiEg standard
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