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Organic petrology of the sedimentary sequence
at Triton No. 1, Otway Basin.
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Introduction

Twenty three samples from Trition No. 1 were collected for
the assessment of the organic matter type and abundance and the
maturation level. Fourteen samples (20994 - 21007) are Cuttings
from the Triton-1 straight well (T.D. 2803m), nine samples (21008
- 21016) are Cuttings from the Triton-1 side track (T.D. 3545m).
The well intersects sediments from the Tertiary and Upper Cre-

taceous sequence.

Triton 1 ié situated in the offshore part of the O?way

Basin. The location is shown in Fig. 1.
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Fig. 1: Location of Triton No. 1.




The samples were mounted in cold-setting polyester resin and
polished "as received'", so that whole-rock samples rather than
concentrates of organic matter were examined. The samples were
cut and polished perpendicular to the 'bedding' in the grain
mount (the term bedding is here used for the layering associated
with the setting of grains in the mounting process).

Vitrinite reflectance measurements were made using immersion
0il of refractive index 1.518 (at 546 nm and 23°C) and spinel and
garnet standards of 0.42 %, 0.917 % and 1.726 % reflectance. For
fluorescence-mode, a 3mm BG 3 excitation filter was used with a
TK 400 dichroic mirror and a 490 barrier filter. A Leitz MPV 2
photometer mounted on a Leitz Orthoplan was used for photometric
work. A separate Opak illuminator is used for examinations in

the fluorescence mode.
{
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The maximum reflectance of vitrinite (Rymax) was measured
for all occurrences and the mean of the maximum reflectance
values (ﬁvmax) is reported in Table 1 and is used in Figure 6.
Additionally, the maximum reflectance of inertinite (Rymax) was
measured where possible. This gives a control on the vitrinite
reflectance and indicates the maturation level of samples where
vitrinite is absent (Smith and Cook, 1980).

For the examination of organic matter type and abundance,
the percentage of each maceral group occuring as .coal, shaly coal
and dispersed organic matter (dom) is estimated using comparison
charts (Appendix 3) for each grain encountered during a series of
traverses of the grain mount. The number of grains examined is
normally fifty. The abundance of each maceral group and, for
dom, the total dom abundance, is recorded for each grain using a
series of abundance categories (Appendix 3). The categories are
rare (< 0.1 %), sparse (0.1 % - 0.5 %), common (0.5 % - 2 %),
abundant (2.0 % - 10 %) and major (> 10 %), with the categories
common, abundant and major approximately corrésponding to the
geochemical concepts of source-rocks as marginal, good to very

good, and prolific, based on T.0.C. values.




Organic Matter Type and Abundance

Organic matter in samples from Triton No. 1 (Figures 2-5)
occurs predominantly as sparse to common dispersed organic
matter (dom). Inertinite is the major maceral, followed by rare
liptinite and vitrinite. The phytoclasts are generally small to
very small. A minor occurrence of coal in the form of ?texto-
ulminite is restricted to the deeper section of the well.

Very rare liptinite and inertinite are the only macerals present
in the Port Campbell Limestone. Liptinite consists of sporinite

and dinoflagellates. Abundant foraminifers, shell fragments and

framboidal pyrite are characteristic for these_samples.,

The litholégy of the Gellibrand Marl is also dominated by lime-
stone, but some silt- and sandstone is present. Dom is rare in

this part of the section and is predominated by inertinite.
Liptinite mainly comprises dinoflagellates and some sporinite.
Vitrinite is absent'from two samples and very rare in the deeper
part of the Gellibrand Marl. Foraminifers, shell fragments and

framboidal pyrite are also abundant in these samples.

One sample from the Unnamed Sands and Silts shows rare dom, which

is dominated by sporinite, cutinite, liptodetrinite and dinofla-

gellates. Inertinite and vitrinite are very rare in this sample.

Common foraminifers and abundant framboidal'pyrite are present.

Fourteen samples were collected from the Belfast Mudsfone, from
both the straight well and the side track. 1In all samples dom is

sparse to common with inertinite as the major maceral, followed
by rare liptinite and very rare to rare vitrinite. The vitrinite
population in all samples from this unit is generally poorly
defined and no vitrinite was found in two samples. The lower
part of the inertinite reflectance range includes a considerable
amount of oxidised vitrinite. Liptinite mainly comprises phyto-
plankton (dinoflagellates),rsporinite and liptodetrinite. Cuti-

nite occurs only in a few samples and some doubt is attached to




the occurrence of rare ?telalginite in three samples (21002/21003/
21008). Common to abundant texto-ulminite is present in two
samples from this unit (21006/21007) with reflectances lower than
the vitrinite population in dispersed organic matter. The litho-
logy of the Belfast Mudstone mainly domprises siltstone, carbonate
and claystone with a low percentage of sandstone in a féw samples.
Shell fragments and other carbonate grains in siltstone are
typical for this unit. Abundant framboidal pyrite was observed

in all samples from the Belfast Mudstone. Samples from the

deeper part of the section contain abundant iron oxides. They
mainly occur disseminated in the siltstone, but some individual

grains are also present. The presence of abundant iron oxides

and common oxidised vitrinite suggests an oxidising environment

during the later stages of diagenesis.

{
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Dispersed organic matter in the Waarre Formation is sparse to

common with common irertinite as the major maceral and rare
vitrinite.j A trace of liptinité consisting of dull orange fluo-
rescing liptodetrinite was found in the two uppermost samples
from this unit, whereas no fluorescing liptinite was observed in
the sample from 3505m. The Waarre Formation mainly consists of
sandstone, calcareous siltstone and some carbonate. As in the
Belfast Mudstone pyrite is abundant and iron oxides are present,

however, they seem to be less abundant in this unit.

Organic matter type and abundance in the sedimentary sequence
at Triton No. 1 suggest a marine depoéitional environment for the
whole sequence. The Tertiary sequence consists predominantly of
limestone and contains rare dispersed organic matter comprising
mainly inertinite and dinoflagellates. The occurrence of forami-
nifers, shell fragments and framboidal pyrite supports the sug-
gestion of a fully marine environment for this sequence. A near-—
shore marginally marine environment is assumed for the remainder
of the sequence (unnamed sands and silts, Belfast Mudstone,
Waarre Formation). The lithology, the sparse to common dom
predominated by inertinite with rare liptinite (dinoflagellates,
liptodetrinite, sporinite) and rare vitrinite and the presence of
foraminifers, shell fragments and framboidal pyrite are here

considered to represent a typical marginal marine envrionment.




TRITON NO. 1 Vitrinite abundance
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TRITON NO. 1 Inertinite abunda e
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TRITON NO. 1 Liptinite abundance
Cuttings ‘
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TRITON NO. 1 DOM abundance

Cuttings
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vitrinite Reflectance and Maturation

The vitrinite population in most Triton-1 samples is’ poorly
defined. Vitrinite phytoclasts are usually very small and only a
few measurements could be taken per sample. Vitrinite is absent
in a number of samples. Figure 6 shows the mean maximum reflec-
tance and the range of reflectance attributed to each of the
horizons sampled. The unbroken line is the most probable trend.

Vitrinite reflectance values show a range of 0.39% Rymax at
1310m to 1.00% ﬁvmax at.3510m (Table 1). A considerable amount
of oxidised vitrinite is present and is included in the inerti-
nite reflectance range (Table 1) and shows reflectance values
from 0.67% to 1.73% ﬁvmax. Inertinite generally occurs as very
small to moderately large phytoclasts and shows a reflectance
range of 0.78% Riymax at 730m to 1.80% Rjmax at 3500m. These
inertinite:reflectances are relatively low as compared to the
corresponding vitrinite reflectances. This is due to the inclusion
of reflectances from oxidised vitrinite in the inertinite range.
It was»not.possible to draw a definite line of distinction between

inertinite and oxidised vitrinite as the values overlap.

The reflectance gradient increases with depth from 0.20%/km
at 0.5% Rymax to 0.58%/km at 0.9% Rymax and reaches 0.85%/km
(extrapolated) at 1.0% ﬁvmax (Table 2). The reflectance gradient
for the Tertiary‘sequence is probably much lower than 0.20%/km.

The vitrinite reflectance data indicate that Triton No. 1
entered the oil window at 2070m (0.50% R max) and that the lower
part of the Belfast Mudstone and the upper part of the Waarre
Formation are probably in the peak zone of 0il generation (0.7%
to 0.9% Rymax).

Exinite is present in most samples examined. The exinite
macerals fluoresce moderately strongly in the Tertiary sequence
and the upper part of the Belfast Mudstone, but the fluorescence
intensity gradually decreases with depth to a very weak dull

orange fluorescence in the Waarre Formation.

Generally, the Tertiary sequence has vitrinite reflectances
(if present) and exinite fluorescence colours indicative of an
‘immature sequence. The vitrinite reflectances and exinité fluo-
rescence colours in the Upper Cretaceous sequence indicate immature

to oil mature maturation levels.




Table 1: Maturation data for Triton No. 1

Sample
No.

Depth
n

Formation

Sample
type

-

Standard
deviation

iimax Range
%

Number

Standard
deviation

20994
20995
20996
20997
20998
20999
21000
21001
21002
21003
21004
21005
21006
21007

280-295
440-460
720~740
980-1000
1310-1320
1720-1725
1740-1745
1920-1930
2115-2125
2215-2225
2360-2370
2410-2420
2645-2655
2795-2805

Pt. Campbell

Limestone

Gellibrand
Marl

Ctgs

sands and silts

Belfast
Mudstone

"

0.39
0.42
0.45
0.45
0.51
0.50
0.53
0.53
20.61

0.37-0.41
0.33-0.49
0.41-0.48
0.43-0.48
0.48-0.55
0.47-0.53

0.52-0.55
0.55-0.67

0.93-1.01
0.67-0.90
0.50-1.27
0.67-1.09
0.80~-1.45
0.70-1.38
0.76-1.56
0.71-1.57
0.71-1.42
0.82-1.73
0.87-1.49
0.93-1.63

21008
21009
21010
21011
21012
21013
21014
21015
21016

2605-2610
2830
2995-3000
3205-3210
3250
3370
3420
3425
3500-3510

Belfast
Mudstone

Waarre
Formation

*ST-Ctgs

20.64
0.67
70.63
0.86
0.93
0.93
0.99
1.00

0.61-0.74

0.77-0.94
0.88-0.97
0.80-1.05
0.86-1.14
0.92-1.09

0.75-1.65
0.80-1.83
0.95-2.07
1.20-1.76
1.23-2.15
1.19-1.93
1.18-2.01
1.35-2.04
1.43-2.24

* Side Track
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Thermal History

The present geothermal gradient in Tritonm No. 1 is 32‘°C/km.
This is slightly higher than for Krambruk 13 (28°C). The tempe-
ratures found in Triton No. 1 at given reflectance levels are

presented in Table 2, where they are also compared with similar
data for wells (Krambruk 13) examined so far. However, this

comparison does not take into account varying sample ages.

Present well temperatures in Triton No. 1 are much higher
than in Krambruk 13. The relationship Tpresent / Tgradthermal
suggests the absence of a very early thermal event at Triton 1.
Present well temperatures are higher than the gradthermal tempe-
ratures inlthe upper part of the Belfast Mudstone and slightly
lower than'Tgrad in the deeper part of the well. 'The relation-
ship Tpres / Tgrad for Krambruk 13 and Triton 1 is shown in
Figure 7. Displacement of the points to the lower right of the
line at 45° from the origin indicates a relatively early rise in
temperatures whereas displacement above the line indicates a late
rise in temperatures (see preliminary draft of Struckmeyer and
Cook 1985). The data for Krambruk 13 all lie well below the 45°
line which supports the suggestion of én early (Lower Creataceous)
rise in temperature for the Otway Ranges area. The data for
Triton 1 fall on, or slightly below or above the 45° line, showing
that present temperatures in this well tend to be a maximum and
that this area is more thermally active at present in relation to
maturation processes than the Otway Ranges area at Krambruk 13.
The data from Triton 1 resemble those from the Gippsland Basin as
described in Smith and Cook (1984), but they are not typical for
the Otway Basin. According to Struckmeyer and Cook (1985 in
prep.) data for the Otway Basin almost all lie on the lower right
side of the 45° line. The data for Triton 1 suggest that the
sediments in this well sequence experienced a moderate heating
during the Upper Cretaceous period but extremely rapid burial can
be assumed for the Upper Tertiary period exposing the sediments
to increasingly higher temperatures. This thermal history resem-
bles that from some offshore wells in the Gippsland Basin.
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Table 2: Present well temperatures compared with isothermal
and gradthermal model temperatures, and reflectance

gradients at given reflectance levels.

(m) % °C °C °oC

Triton No. 1

2070 - d.50
2510 0.60
2860 0.70
3140 0.80
3345 0.90
3490 1.00

Krambruk No. 13

255 0.60
615 0.70
890 0.80
1110 0.90
1300 1.00
1508 1.10

*extrapolated




Hydrocarbon Source Potential

The hydrocarbon source potential of Triton No. 1 is sum-
marized in Table 3.

The Tertiary sequence (Pt. Campbell Limestone, Gellibrand
Marl) has a poor source potential. The maturation levels are
very low with vitrinite reflectances too low for significant oil

generation. The organic matter content is also very low.

The o0il window is reached at about 2000m within the Belfast
" Mudstone and the deeper part of this unit lies within the peak
zone of o0il generation. Liptinite is sparse in samples,from the
Belfast Mudstone and must be considered as a minor source for oil
generation. The common inertinite in this sequence is assumed to
be a source for hydrocarbons according to the suggestion of Smyth
(1983) who considers inertinite to be capable of generating oil.
However, the Cooper Basin sequence described by Smyth (1983)
usually contains about 20% inertinite, whereas only about 1%
inertinite is present in the Belfast Mudstone. The amount of oil
generated from the Belfast Mudstone must therefore be considered:

to be very low.

The Waarre Formation sampled in this well lies within the
peak zone of o0il generation. Only a trace of liptinite was
found in this sequence and the main possible source for hydrocar-
bons would also be inertinite.

Figure 8 shows the generalized zones of petroléum generation
(from Smith and Cook, 1984) in relation to the maturation level.
The brackets indicate the range for Tritom 1.

The hydrocarbon source potential of Triton 1 is very low to
moderate. The assumption of a relatively late rise in tempera-
ture and, with that, a late development of the present maturation
‘levels, leads to the conclusion that hydrocarbon generation has

occurred during the Tertiary period.




HYDROCARBON MATURITY
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IMMATURE
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(HIGH TEMP.
METHANE |

03 |
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Table 3:

Source
Potential

Maturation
level

Fig. 8: Generalized zones
of petroleum generation
(from Smith and Cook, 1984). .

Range for Triton No. 1.

Hydrocarbon source potential of Triton No. 1.

Probable resultant
hydrocarbon gene—
ration/migration

Pt. Campbell
Limestone

Gellibrand
Marl

Belfast
Mudstone

Waarre
Formation
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low to
moderately good

moderate

minor
biogenic methane

minor

biogenic methane

biogenic methane,
minor oil near
the base

minor oil, probably
not significant
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Appendix 1: Triton No. 1 - Sample description
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Appendix 3: KARWEIL diagram (after Bostick)
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Sample-
No.

Depth
(m)

280-295
ctgs

440-460
Ctgs

{
t

720-740
Ctgs

980-1000
Ctgs

1310-1320
Ctgs

1720-1725
Ctgs

Appendix 1
TRITON No. 1

Sample description

Pt. Campbell Limestone

R max = -
Lithology: limestone.

Dom absent.

Abundant foraminifers and shell fragments present.

§vmax = -
Lithology: limestone.

Dom rare: I > L, inertinite and liptinite rare,
vitrinite absent.

Liptinite: rare dinoflagellates and sporinite,
yellow. :

Common foraminifers present. Pyrite abundant.

Gellibrand Marl

Evmax=-
Lithology: limestone.

Dom rare: I > L, inertinite and liptinite rare,
vitrinite absent. -

Liptinite: rare dinoflagellates, yellow.
Common foraminifers present. Pyrite abundant.

Rymax = -
Lithology: limestone >> siltstone.

Dom rare: L > I, liptinite and inertinite rare,
vitrinite absent.

Liptinite: rare dinoflagellates, yellow; rare
sporinite, yellow orange.

Common foraminifers present. Pyrite abundant.

Rymax = 0.39%

Lithology: limestone >> sandstone.

Dom rare: I > V > or = L, all macerals rare.
Liptinite: rare dinoflagellates, yellow.

Common foraminifers and shell fragments present.
Framboidal pyrite abundant.

Unnamed Sands and Silts

§vmax = 0.427

Lithology: siltstone > limestone > sandstone.
Dom rare: E > I > V, all macerals rare.

Liptinite: rare cutinite and sporinite, yellow to
yellow orange; rare dinoflagellates, yellow;
rare liptodetrinite, yellow to yellow orange.

Common foraminifers; framboidal pyrite abundant.

.




Sample-
No.

21000

21001

21002

21003

21004

Depth
(m)

1740-1745
Ctgs

1920-1930
ctgs

2115-2125
Ctgs

2215-2225
Ctgs

2360-2370
Ctgs

Belfast Mudstone

Rymax = 0.45%

Lithology: siltstone > carbonate > sandstone;
sandstone partly calcareous.

Dom common: I > V > L, inertinite sparse to common,
vitrinite and liptinite rare.

Liptinite: rare sporinite, yellow to orange; rare
liptodetrinite, yellow to orange; rare dinoflagel-
lates, yellow.

Foraminifers and shell fragments common. Fram-—
boidal pyrite abundant.

Rymax = 0.45%

Lithology: siltstone >> carbonate > sandstone.

Dom common: I > L > V, inertinite common, Llptlnlte
and vitrinite rare. .
Liptinite: rare sporinite and liptodetrinite,
yellow to orange; rare dinoflagellates, yellow

to yellow orange.

Foraminifers and shell fragments common. Framboi—-
dal pyrite abundant.

Rymax = 0.51%

Lithology: siltstone >> carbonate > claystone;
siltstone partly calcareous.

Dom sparse: I > L > V, inertinite sparse, liptinite
and vitrinite rare.

Liptinite: rare sporinite and liptodetrinite,
yvellow orange to orange; rare dinoflagellates,
greenish yellow to yellow orange; rare ?7telalgi~-
nite, yellow.

Shell fragments present. Abundant pyrite, partly
framboidal.

Rymax = 0.50%

Lithology: siltstone > carbonate > sandstone;
siltstone partly calcareous.

Dom sparse: I > L > V, inertinite sparse, liptinite
and vitrinite rare.

Liptinite: rare sporinite and liptodetrinite,
yellow orange to orange; rare dinoflagellates,
greenish yellow to yellow orange; trace of ?tel-
alginite, yellow.

Shell fragments present. Abundant pyrite, partly
framboidal.

Rymax = 0.53%
Lithology: siltstone > claystone > carbonate.

Dom common: I > L > V, inertinite common, liptinite
rare, trace of vitrinite.




2410-2420
Ctgs

2645-2655
" Ctgs

{
¢

2795-2805
Ctgs

2605-2610
*ST-Ctgs

* Side-Track

Liptinite: rare sporinite and cutinite, yellow
orange to dull orange; rare liptodetrinite, yellow
orange to dull orange; rare phytoplankton, yellow
orange.

Abundant pyrite, partly framboidal.

Rymax = -

Lithology: siltstone >> claystone = carbonate.
Dom sparse to common: I >> L, inertinite sparse
to common, liptinite rare, vitrinite absent.
Liptinite: rare phytoplankton, yellow to yellow

orange; rare liptodetrinite, yellow orange to dull
orange.

Common shell fragments. Abundant pyrite, partly
framboidal. :

Rymax = 0.53% _
Lithology: siltstone >> carbonate > claystone.

Dom common: I >> L >> V, inertinite common, lipti-
nite rare, trace of vitrinite.

Liptinite: rare cutinite and sporinite, orange to
dull orange; rare phytoplankton, yellow to yellow
orange. .

Abundant ?texto—ulminite present (Emax = 0.32%).

Abundant carbonate grains and shell fragments
in siltstone. Framboidal pyrite abundant..

P

Rymax = ?0.61%
Lithology: siltstone >> carbonate > claystone.

Dom common: I > L > V, inertinite common, lipti-
nite rare, vitrinite very rare. '
Liptinite: rare sporinite and cutinite, orange to
dull orange; rare phytoplankton, yellow orange.
Common ?texto—ulminite (Rmax = 0.42%). Pyrite
abundant.

Rymax = 20.64%

Lithology: siltstone >> carbonate > claystone
> sandstone; siltstone partly calcareous.

Dom common, I > L >> V, inertinite common, lipti-
nite sparse, trace of vitrinite.

Liptinite: sparse phytoplankton (dinoflagellates),
yellow to yellow orange; sparse liptodetrinite,
yellow orange to dull orange; rare sporinite,
orange to dull orange; rare ?telalginite, yellow.

Strong mineral fluorescence. Abundant pyrite,
partly framboidal.




Rymax = 0.67%
Lithology: calcareous siltstone >> carbonate.

Dom common, I >> L > V, inertinite common, liptinite
and vitrinite rare.

Liptinite: rare liptodetrinite, orange to dull
orange.

Abundant iron oxides present. Abundant pyrite,
partly framboidal.

2995-3000 Rymax = ?0.63

ST-Ctgs Lithology: siltstone >> claystone > carbonate
> sandstone; siltstone partly calcareous.

Dom sparse: I >> L > V, inertinite sparse, liptinite
rare, trace of vitrinite. .

Liptinite: rare phytoplankton, yellow to fellow
orange; rare liptodetrinite, orange to dull orange.

{ ’ Abundant pyrite, partly framboidal.

3205-3210 Rymax = -
ST-Ctgs Lithology: siltstone >> claystone > carbonate;
siltstone partly calcareous.

Dom sparse: I >> L, inertinite sparse, liptinite
rare, vitrinite absent.

Liptinite: rare phytoplankton, yellow to yellow
orange, rare liptodetrinite, yellow orange to dull
orange. :

Abundant iron oxides present. Abundant pyrite.

3250 Rymax = 0.86%
ST-Ctgs Lithology: siltstone > carbonate > claystone;
siltstone partly calcareous.

Dom sparse: I > L > V, inertinite sparse, liptinite
and vitrinite rare.

Liptinite: rare liptodetrinite, orange to dull
orange.

Moderate mineral fluorescence. ' Abundant iron
oxides present. Abundant pyrite.

Rymax = 0.937%
Lithology: calcareous siltstone > claystone =
carbonate.

Dom common: I >> L > V, inertinite common, lipti-
nite and vitrinite rare.

Liptinite: rare liptodetrinite, dull orange.
Abundant iron oxides present. Abundant pyrite.




Sample— Depth
No. (m)

Waarre Formation

Rymax = 0.93%
Lithology: sandstone >> carbonate > siltstone;
siltstone partly calcareous.

Dom sparse: I >> V > L, inertinite sparse, vitrinite
rare, trace of liptinite.

Liptinite: trace of liptodetrinite, dull orange.
Iron oxides present. Pyrite abundant.

RyMax = 0.99%
Lithology: sandstone > calcareous siltstone
> carbonate.

Dom common: I >> V >> L, inertinite common,
vitrinite rare, trace of liptinite.

Liptinite: trace of liptodetrinite, dull orange.
Iron oxides present. Pyrite abundant.

i
t

3500-3510 RyDax = 1.00%

ST-Ctgs Lithology: sandstone >calcareous siltstone
: > carbonate.

Dom common: I >> V, inertinite common, vitrinite
rare, liptinite absent.

Iron oxides present. Pyrite abundant.
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