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Otway Basin, VidP31 
Eric The Red-l 
Well Completion Report - Interpretative Volume 

1 WELL INDEX SHEET 

COMPANY: BHP Petroleum Pty Ltd 
SPUDDED: 0700 hrs 17th Feb 1993 
COMPLETED: 0330 hrs 6th Mar 1993 
TD: 1875 mRT 
LOCATION: Lat. 39deg OOmin 4544sec South 
STATUS: P&A 

WELL: Eric The Red - 1 TYPE: W/cat 
BASIN: way 
TENEMENT: VICA’31 
ELEV. W. D.: 100 mRT 
Long. 143deg 1Omiu 51.4%~~ 
1st FLANGE: 30” @ 137 m 

FORMATION/ TOPS(m) SEISMIC 
LITHOLOGIC SUMMARY/ 
MARKER IMLLSUBSEA TwrREMARKs 

No returns 
Tttl-tiq 

Nirranda Group 
Wangerrip Group 

She&rook Group 

ShipwrecJc Group 
Upper 

Lower 1436 1411 1080 

%ay Group 
EumeraIla Formation 

loo-364 
100 75 

370 345 
413 388 

537 512 545 

1043 1018 1000 

1747 1722 1310 

Fossiliferous calcarenite with 
interbedded marl. 
Sandstone with minor siltstones. 
Sandstones with minor claystone and siltstones. 

Interbedded siltstones, sandstones and 
claystones with calcite cement, pyrite nodules 
and trace glaucouite. 

Interbedded saudstones, siltstones and 
claystones with minor coal at base. 

Interbedded sandstones and clayston- with 
minor coal. Conglomerate near the base. 

Interbedded sandstones and claystones with 
minor siltstones. 

LOGS: 
SUITE1 
DLL-MSFL-SDT-GR-SP-CAL-AMS 
VSP 
CST-GR (30) 

SUITE2 
DLL-MSFL-SDT-GR-CAL-SP-AMS 
FMS-LDL-CNL-GR-AMS 
VSP 

CST-GR (60) 

SWC: SHOT 90 REC 74 
STORED: Kestrel Management, Mt. Waverley, Vie. 
CORES: No cores cut. 

DITCH SAMPLES: 370 - 1875 m 

CASING/TUBING SIZE 30” 13.375” 9.625” 
LANDED AT (m) 137 355 1007 
CEMENT (sacks) 456 500 254 

TEST RESULTS, FLUID ANALYSIS, LOST CIRCULATION (INTERVAL, CAUSES) PLUG TOPS, REMARKS 
Plug No. 1 was set from 1100-900 m; 270 sacks cement 

1g No. 2 was set hm 174-124 m; 120 sacks cement 

70284-l. WCR 
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Otway Basin, VicfP31 
Eric The Red-l 
Well Completion Report - Interpretative Volume 

2 WELL SUMMARY 

Eric the Red-l (ETR-1) was spudded on the 17th February 1993 and is located 
approximately 35 km east of the Mussel-l well, in the permit VIC/P31 which lies in the 
eastern offshore Otway Basin, off the southern coast of Victoria (Figure 1). The actual 
geographic location of ETR-1 is : 

39 deg 00 min 45.44 set South. 
143 deg 10 min 51.45 set East. 

The well was designed primarily to test the hydrocarbon potential of the quartzose 
sandstones of the late Cretaceous Shipwreck Group within a faulted anticline. 

ETR-1 was drilled to TD of 1875mRT (1850 mSS) within the top of the Eumera’lla 
Formation (Otway Group) without encountering any significant hydrocarbon fluorescence 
and cuttings gas in the primary prospective sequence. The well was plugged and 
abandoned as a dry well. 

70284-l. WCR 
May 1994 



Otway Basin, Vic/P3 1 
Eric The Red-l 
Well Completion Report - Interpretative Volume 

3 

HYDROCARBONS 

3.1 Hydrocarbon Occurrences 

Eric the Red-l intersected no hydrocarbons. No direct or cut hydrocarbon fluorescence 
were observed in the cuttings or in SWC’s. Gas readings was insignificant, but went up to 
C3 when associated with coal beds. An RFT program was conducted in the open hole to 
1785mRT and the report is presented in Appendix 6. In summary, the RFT results 
indicated that all the sands intersected in the prospective Shipwreck Group are water 
bearing and are in hydraulic communication vide a common aquifer. A fluid gradient of 
1.41 psi/m was measured in these sands. Permeabilities measured with the RFT tool 
ranges from 1000 to 5000 md. 

Pressure gradient plot for ETR-1 and Pecten- 1A indicated that the Shipwreck Group 
intersected in these two wells have at one stage been in hydraulic communication. La 
Bella-l on the other hand, has an overpressured Shipwreck Group with respect to ETR-1, 
indicating that these formations are not in communication between La Bella- 1 and ETR- 1. 

70284-l. WCR 
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4 STRUCTURE 

The Eric the Red structure is an anticline that has been broken by extensional faulting to 
form a series of fault blocks with dip closure in the strike (east-west) direction. The 
structure has significant overall closure in the dip direction but the fault block in which 
the Eric the Red-l well was drilled relied upon fault seal against the Sherbrook Group to 
the north and south. 

Roll-over in the strike direction was caused by several east-west compressional events 
from the end of the early Cretaceous through to the Tertiary. 

The Eric the Red-l well penetrated a much sandier than prognosed Sherbrook Group, the 
results of the well demonstrated that the faults were not sealing. 

70284~l.WCR 
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5 

5 STRATIGRAPHY 

5.1 Predicted Vs Actual 

The lithology and stratigraphy encountered in Eric the Red - 1 (ETR-1) are illustrated in 
Figure 2 (predicted vs actual) and are summa&d below with depths in metres subsea 
(RT=25 m amsl). 

F’ORMATION/ TOPS(mSS) DWF 
PREDICTED ACTUAL (m) 

Returns to seabed 75-364 

Tertiary 
Nirranda Group 
Wangerrip Group 

264 no returns 
377 388 1 +ll 

Sherbrook Group 550 512 -38 

Shipwreck Group 
Upper 
Lower 

1160 1018 -142 
1305 1411 +106 

Otway Group 
Eumeralla Formation 1720 1722 +2 

The sedimentary section drilled at ETR-1 fits fairly well into the regional geological 
scheme even though the Sherbrook Group penetrated at ETR-1 is more sandy than 
originally predicted. Description from cuttings, sidewall cores, wireline log character, 
palynology and well correlations provide the basis for the stratigraphic breakdown. The 
composite log in Enclosure 1 provides a more detailed representation of the actual 
lithology and stratigraphy encountered in ETR-1. 

5.2 Stratigraphic Summary 

Surface MO-364 mRT 

Returns to seabed. 

Tertiary 365 - 537 mRT 

70284-l. WCR 
May 1994 



Otway Basin, ViclP31 
Eric The Red-l 

6 

Well Completion Report - Interpretative Volume 

As there were no returns from above 365mRT, lithology from the Heytesbury Group was 
not described. The first returns at 370mRT was from the sandstone of the Mepunga 
Formation of the Nirranda Group. The sandstone is friable and unconsolidated with 
medium to coarse, subrounded to rounded poorly sorted quartz grains which are 
dominantly iron stained. The sandstone has an argillaceous matrix and has good to very 
good visual porosity. The minor interbedded claystone is dark grey, brownish grey to 
olive black and is soft, blocky when firm, dispersive and non calcareous. Palynological 
analysis on the SWC’s from 373SmRT and 388mRT gave a late Eocene mid N. usperus 
zone. 

Underlying the Nirranda Group from 413537mRT is the late Paleocene to mid Eocene 
Wangerrip Group comprising the Dilwyn Formation (413-464mRT), Pember Mudstone 
(464-477.5mRT) and the Pebble Point Formation (477.5-537mRT). The Dilwyn 
Formation consists of mainly medium to coarse grained, subrounded, moderately well 
sorted, greyish brown to light grey quartz sandstone with minor silty claystone. The 
sandstone has trace to commonly iron stained grains, contains iron oxide pellets and has 
good to very good visual porosity. A palynological analysis of the SWC from 429mRT 
yielded a mid Eocene lower N. usperus zone which places this part of the stratigraphic 
section to be within the Dilwyn Formation. Underlying the Dilwyn Formation is the early 
Eocene Pember Mudstone. The dusky brown to light brownish grey silty claystone of the 
Pember Mudstone is non calcareous and overlies 59.5 m of medium to coarse grained, 
subangular to rounded moderately sorted quartz sandstone belonging to the Pebble Point 
Formation. An early Eocene upper M. diversus zone was determined from a SWC 
sampled from 469mRT. The sediments of the Tertiary section sampled and analysed were 
mainly nearshore marine facies. Palynological analysis has not revealed any Paleocene 
within the Tertiary section but could be present in the interval from 467-537mRT (top of 
Sherbrook Group) which was unsampled for biostratigraphy. 

Sherbrook Group (Late Cretaceous) 537 - 1043 mRT 

The top of the mid Santonian to Maastrichtian Sherbrook Group is picked at 537mRT 
based on palynological data, log character and lithological description. The first encounter 
of the latest Maastrichtian T. longus zone is at 553mRT (SWC). The top of the Sherbrook 
Group is marked by a characteristic limonite-rich ‘laterite’ like conglomeritic claystone 
and argillaceous conglomerate which consists of very coarse to granule, subrounded to 
rounded quartz and lithic pebbles, iron stained in part, with presence of trace fine to 
medium grained glauconite pellets. The argillaceous conglomerate is also friable, 
unconsolidated with very poor visual porosity. 

A sandstone interbedded with claystone section was encountered from 550-622mRT. This 
represents the palynological T. Z0ngu.r zone. The sediments were deposited in a very 
nearshore marine to marginal marine environments. The sandstone is unconsolidated, 
friable, light grey to translucent, subangular to subrounded, fine to very coarse grained 
and is poorly sorted. It also contains common metamorphic(?) lithics and chert. The 
claystone is dark to greenish grey, soft, dispersive and contains common glauconite. 

70284~l.WCR 
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The section from 622 - 690mRT is more clayey (silty claystone) which was deposited in a 
non marine environment, possibly a freshwater lake setting due to the absence of 
dimflagellates. Palynological analysis on SWC’s at 612.5mRT and 642mRT respectively 
yielded a questionable T. ZiZZei zone. The section graded into a mainly sandstone (80- 
100%) interbedded with claystone (O-20%) lithology from 690-1043mRT which is picked 
as the top of the Upper Shipwreck Group. The sandstone ranges from 30 to 60 m thick 
and contains thin possibly calcareous cemented beds or calcite rich layers which gave the 
high resistivity, high RHOB and low sonic (fast velocity) peaks on the wireline logs. The 
sandstone is unconsolidated, friable, light greenish grey to light grey, medium to coarse 
grained, subrounded to rounded with dispersive light greenish grey to light grey 
argillaceous matrix and rare light brown lithics and rare glauconite pellets. It has good to 1 
very good visual porosity but no hydrocarbon fluorescence was observed. The claystone is 
dark greenish grey to brownish grey, soft, occasionally firm to hard, slightly dispersive, 
non calcareous with rare carbonaceous flecksThe sediments in this section were deposited 
in a nearshore marine environment. Palynological analysis of SWC’s from this interval 
points to an upper N. serectlcs (early Campanian) zone in the upper part and a mid T. 
apoqxinus (Santonian) zone at the lower section. 

Shipwreck Group (Late Cretaceous) 1043 - 1747 mRT 

Upper Shipwreck Group 1043 - 1436 mRT 

The top of the Upper Shipwreck is picked at 1043mRT on top of a light grey 
unconsolidated, friable medium grained subrounded quartz sandstone. The sandstone has 
moderate to good visual porosity and contains trace to common light greenish argillaceous 
matrix and thin calcite cemented beds. The Upper Shipwreck Group can be split into three 
lithological units: the top unit consisting of sandstone/claystone interbeds, the middle unit 
of claystone/siltstone, coaly interbeds and the lower unit of sandstone/minor claystone 
interbeds. 

The top sandstone /claystone interbeds unit (1043-l 185mRT) appears to have been 
deposited in a nearshore with non marine (freshwater) influenced environment. 
Palynological analysis indicated a lower T. apoxyexinus zone at 1080mRT and an upper P. 
mwsonii zone at 1097-l 180mRT. The fining upwards sandstone at 1148-l 158mRT 
appears to have been deposited in a freshwater lacustrine environment. The sandstone is 
light grey to very light grey, clear to translucent, friable, loose, fine to coarse grained 
quartz, subangular to subrounded, poorly sorted and have good visual porosity. No 
hydrocarbon fluorescence was observed. The claystone is non calcareous, medium to light 
grey to medium dark grey, soft, dispersive with trace glauconite in the upper part but has 
trace to common carbonaceous flecks and coaly fragments towards the lower part of the 
unit. On the wireline logs, thin questionable calcareous streaks are also present within 
some of the sandstone beds but are not as common as in the Sherbrook Group. These 
calcareous streaks are likely to be calcite cemented thin laminae which could be due to 
diagenesis rather than deposition, especially if the sediments were deposited in a non 
marine environment. 

70284-l. WCR 
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The middle unit (1185-133OmRT) consists of mainly claystone interlaminated with minor 
fine sandstone/silt&one and coal beds. The claystone is generally the same as that in the 
top unit. Palynology indicates a P. mzwsonii zone and the environment of deposition was 
nearshore to non marine. 

The lower unit (1330-1436mRT) consists mainly sandstone with minor claystone. The 
sandstone is clear to light grey, friable, loose, medium to coarse grained,subangular to 
subrounded, poorly to moderately sorted quartz with common grey to off-white dispersive 
argillaceous matrix and has good visual porosity. Trace grey lithics, rare mica and 
common coal fragments are also present. No hydrocarbon fluorescence was observed. 
Sediments within this unit has also been deposited in a nearshore, marginal marine 
environment in the P. mawsonii zone. 

From 14361459mRT, the well penetrated a claystone interval. A SWC sample at 
1452mRT gave a possible distocarinatus zone. This claystone represents the top part of 
the Lower Shipwreck Group. 

Lower Shipwreck Group 1436 - 1747 mRT 

The Lower Shipwreck encountered in ETR-1 is a sandstone with minor claystone 
sequence. The sandstone is very light grey to light grey, clear to translucent grains, 
friable, loose, medium to coarse grained, subangular to subrounded, poorly sorted quartz 
with trace light grey argillaceous matrix. It also contains rare moderately strong pyrite 
cement, common multicoloured questionable metamorphic and cherty lithics and has poor 
to fair visual porosity. The quartz sandstone graded to argillaceous sandstone with depth 
with abundant off-white to light grey argillaceous matrix, in part grading to arenaceous 
claystone. No hydrocarbon fluorescence was also observed in both the quartz sandstone 
and argillaceous sandstone. The lower part from 1575mRT to the basal part of the 
sequence appears to have been deposited in a marginal marine to brackish water 
environment. Palynological analysis of SWC’s within this sequence gave a Cenomanian A. 
distocatinatus zone while those below this sequence gave indeterminate ages. 
Lithologically the sequence below is primarily an argillaceous quartzose or lithic sandstone 
which is believed to be from the Albian Eumeralla Formation (Otway Group). 

Otway Group (early Cretaceous) 1747 - 1875 mRT(TD) 

The questionable Albian Eumeralla Formation of the Otway Group penetrated in ETR-1 is 
mainly argillaceous and lithic sandstone which is light grey, friable, fine to medium 
grained subangular to subrounded, moderately to well sorted black, light green and white 
lithic and feldspathic grains while most of the quartz grains are clear to translucent. It 
contains abundant very light grey argillaceous matrix grading to arenaceous claystone. It 
has poor visual porosity with no shows observed. The sediments appeared to have been 
deposited in a brackish environment but the presence of ~O~~OCOCCUS in the four SWC 
samples suggests a strong lacustrine influence. The wide sampling intervals, however, can 
not conclusively point to an exclusion of marine influence during its depositional history. 
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No definitive palynological dating could be determined for this sequence but lithological 
correlation of similar lithologies from Prawn-Al and La Bella- 1 suggests that this 
sequence contains the Otway Group age sediments, possibly that of the Eumeralla 
Formation. 

70284-l. WCR 
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6 GEOPHYSICAL DISCUSSION 

6.1 Seismic Coverage 

The Eric the Red structure is defined by a 1 by 1 km grid of good quality seismic data 
that was acquired in 1991. Several 1981 and 1982 seismic lines that were reprocessed in 
1991 provided additional coverage of the area. The 1991 seismic data is not optimally 
positioned to define many of the faults in the structure and the steep dips create a problem 
with events appearing from out of the plane of the section. Despite this problem, the 
relatively close spacing of the lines and good quality of the data relieves much of the 
interpretational uncertainty evoked by the structural complexity of the area. 

6.2 Post-Drill Mapping 

Eric the Red - 1 encountered a much sandier section than prognosed above the mapped 
Top Upper Shipwreck Group. This is suspected to be a key factor for the absence of 
hydrocarbons at the Eric the Red - 1 location. Subsequent to the drilling of Eric the Red - 
1, the interval above the mapped Top Upper Shipwreck Group has been divided into three 
sand and shale packages. 

6.3 Velocities 

A smoothed seismic velocity model was created to be used for the pre-drill depth 
conversion. The velocity model was then intersected with seismic times for the five 
interpreted horizons. This enabled the calculation of smoothed average and interval 
velocities. The interval velocities were than used to convert time to depth. The prognosed 
versus actual depth of each horizon time pick varied by less than 6%) indicating that the 
calculated velocities were reasonably accurate. 

The following table compares the prognosed depth for four of the mapped horizons with 
the actual depth taken from the VSP for the same two-way time. 

70284J.WCR 
May 1994 



Otway Basin, VidP31 
Eric The Red-l 

11 

Well Completion Report - Interpretative Volume 

PROGNOSED VSP 
DEPTH DEPTH DIFF DIFF 

HORIZON (msec) ww (mW Cm) (W 

Tertiary 545 550 532 18 3.4 

(268 1 mlsec--Vint--2576 mlsec) 
TOP upper 
Shipwreck 1000 1160 1118 

(3625 mlsec--Vint--3050 m/se@ 

Top Lower 
Shipwreck 1080 1305 1240 

TOP 
Otway 

(3609 m/set--Vint--3348 m/se@ 

1310 1720 1625 95 5.8 

42 3.8 

65 5.2 
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7 GEOLOGICAL DISCUSSION 

7.1 Previous Work 

Eric The Red-l is the second well to be drilled in the Permit VIUP3 1 area. The only 
other well drilled in the permit was Mussel-l @so, 1969). 

Mussel-l was drilled to a TD of 2450mRT (RT was 30.2m above sea level) where part of 
the drill string twisted off. Fishing operations were unsuccessful so electric logs were run 
to 2286mRT (top of fish was at approximately 2300mRT) and the well was plugged and 
abandoned on 18th September, 1969. The primary target was the lower late Cretaceous 
Waarre Sandstone (Shipwreck Group) on a structural high within a tilted fault block. The 
secondary targets were the minor structural closures mapped within the Eocene Mepunga 
and Dilwyn Formations. The well reached total depth in Cenomanian Shipwreck Group 
sediments after encountering water bearing sandstones in the Mepunga and Dilwyn 
Formations and weak gas shows in the Waarre Sandstone. 

Mussel- 1 was sited using widely spaced, poor quality, low fold seismic of 1967-68 
vintage. Seismic remapping by BHPP using modem and reprocessed vintage data has 
suggested that the well was drilled off structure. BHPP as part of its permit obligations 
has reprocessed a large portion of the vintage @-e-1990’s) seismic data using today’s 
modem processing techniques (such as land DMO correct migration) has improved 
processed data quality comparable to their own 199 l’s OH91 survey which was used in 
the interpretation of Eric The Red. 

7.2 Summary of Regional Geology 

VIUP31 is located in the eastern Otway Basin. The Eric The Red structure lies on the 
southern margin of the Mussel Terrace. The Otway Basin consists of a series of 
superimposed sedimentary sequences, each deposited during different phases of the 
separation of the Antarctic continental landmass from the Australian southern margin. 
The eastern margin of the basin is defined by the outcropping King Island - Mornington 
Peninsula basement high while the continental shelf margin marks the economic southern 
limit of the basin. The Otway Basin is subdivided into a number of embayments and 
troughs separated by uplifted areas. The structural development of the Otway Basin has 
been discussed by Griffiths (1987) and Yu (1988), while Laing et al (1989) gave an 
overview of the basin hydrocarbon prospectivity. 

BHPP has subdivided the Otway Basin geologic history within the VIUP31 permit area 
into three major tectonostratigraphic stages (Pickavance et al, 1993 and BHPP, 1992), 
namely: 
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(0 

(ii) 

(iii) 

Early Cretaceous rifting and deposition of the syn-rift Pretty Hill Formation 
extended from the Valanginian to the Barremian. Rifting was aborted during the 
Aptian, and the subsequent sag phase led to the deposition of the Eumeralla 
Formation until latest Albian. 

Rifting was reactivated in the earliest Cenomanian. The recently identified syn-rift 
Shipwreck Group was deposited in half-graben settings from Cenomanian until mid 
Santonian. Continental break-up and initiation of seafloor spreading was proposed 
at mid Santonian (85Ma). The Sherbrook Group was deposited in a sag phase 
following the break-up from mid Santonian to latest Maastrichtian. In the Eric the 
Red structure, the Sherbrook Group has been demonstrated to be much sandier 
than originally predicted. 

During a moderately quiescent Tertiary drift stage, Wangerrip Group sediments, 
Nirranda Group sediments and Heytesbury Group sediments were deposited on the 
increasingly marine-influenced margin. 

The geologic evolution of the offshore eastern Otway Basin as defined in the permit area 
VIUP31 could therefore be best understood by examining the above three periods of 
geologic history. The structure and stratigraphy of the eastern Otway Basin are 
summarised in Figures 3 and 4. 

7.3 Contributions to Geological Concepts & Conclusions 

ETR-1 penetrated good quality sandstone reservoirs within the primary target, the . 
Shipwreck Group. No hydrocarbon fluorescence or significant cuttings gas were recorded 
during drilling and log (RFT) interpretation indicates that the section is water saturated. 

The overlying Sherbrook Group was predicted to provide adequate fault seal for the 
trapping mechanism and hydrocarbon retention. The section was much sandier than 
originally predicted, resulting in inadequate fault seal, and the failure of the structure to 
retain hydrocarbons. - 

The potential source was predicted from the Eumeralla Coal Measures which was not 
penetrated in ETR-1. The claystones and minor coal intersected in the well within the 
Sherbrook and Shipwreck Groups contain mainly gas-prone Type II/III to Type III organic 
matter. Thermal maturity data and vitrinite reflectance measurements show that the 
Sherbrook and Shipwreck Groups are thermally immature while the Otway Group is 
marginally mature at TD. 
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SUMMARY 

373.5m(swc), 388.0m(swc) : apparently middle asperus Zone : Late Eocene : very 
nearshore marine : immature 

429.O(swc) : lower usperus zone (uustrulicurn dinoflagellate zone) : Middle Eocene : 
nearshore marine : immature 

467.0m(swc) : upper diversus Zone : Early Eocene : nearshore marine : immature 

553.0m(swc), 562.0m(swc), 569.0m(swc), 599.0m(swc) : Zongus Zone (553.5m druggii 
dinoflagellate zone, 599.0m komjonense dinoflagellate zone) : Maastrichtian : 
nearshore to very nearshore marine : immature 

612.5m(swc), 642.0m(swc) : extremely lean senectus Zone or younger : Campanian- 
Maastrichtian : possibly non-marine (no dinoflagellates seen) 

664Sm(swc), 689.5m(@wc), 720.5m(swc), 746.0m(swc) upper senectus Zone (664Sm 
swc upper uustrulis dinoflagellate zone, 689.5m-720.5m lower uustrulis 
dinoflagellate zone) : Campanian : nearshore and very nearshore marine : 
immature 

8 12.5m(swc) : middle senectus Zone (acerus dinoflagellate zone) Campanian : 
nearshore marine : immature 

8760m(swc), 893.5m(swc), 970.0m(swc) upper upoxyexinus Zone (876.0m upper 
crelacea dinoflagellate zone, 893.0m-970.Om lower cretacea dinoflagellate zone): 
Santonian : nearshore marine : marginally mature 

101 O.Om(swc), 1025(cutts) : middle apoxyexinus Zone (porifera dinoflagellate zone) : 
Santonian : nearshore marine : marginally mature 

1080m(cutts) : lower apoxycxinus Zone : Santonian : nearshore marine : marginally 
mature 

1097.0m(swc), 115 1 .Om(swc), 1177.0m(swc), 118O(cutts) : apparently all upper 
muwsonii Zone : ?Coniacian : non-marine and nearshore : marginally mature 



II INTRODlJCTlON 

During drilling six cuttings samples were studied on an urgent basis and were reported in 
2 faxed reports. After well completion, a further forty two swcs were submitted for 
detailed study. All results were summarised herein. 

Palynomorph occurrence data are shown as Appendix I and form the basis for the 
assignment of the samples to twelve spore-pollen units of Cenomanian to Eocene age. 
The Cretaceous spore-pollen zonation is essentially that of Dettmann and Playford 
( 1969), but has been significantly modified and improved by various authors since, and 
most recently discussed in Helby et al (1987), as shown on Figure 1. The Late Cretaceus 
zonation has been modified by Morgan (1992) in project work for BHPP. Eocene zones 
are essentially those of Partridge ( 1976). 

Maturity data was generated in the form of Spore Colour Index, and is plotted on Figure 3 
Maturity Profile of Eric the Red # 1. The oil and gas windows on Figure 3 follow the 
general consensus of geochemical literature. The oil window corresponds to spore 
colours of light-mid brown (Staplin Spore Colour Index of 2.7) to dark brown (3.6). 
These correspond to vitrinite reflectance values of 0.6% to 1.3%. Geochemists argue 
variations on kerogen type, basin type and basin history. The maturity interpretation is 
thus open to reinterpretation using the basic colour observations as raw data. However, 
the range of interpretation philosophies is not great, and probably would not move the oil 
window by more than 202, metres. 
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III PALYNOSTRATIGRAPHY 

A 373Sm(swc), 38&0m(swc) : apparently middle asperus Zone 

Assemblages are lean and bland, but probable Triorites ~U~FZ$~US in both 
samples suggest the middle Nothqfugidites asperus Zone of Late Eocene age. 
Other spores and pollen consistent with this zone include Beaupreadites 
verrucosus, Kuylisporites waterholkii, Nothofagidites falcatus, Polycolpites 
esohalteus, Proteacidites kopiensis, P. puchypolus and Suntalumidites 

cainozoicus. Dominant taxa include Proteacidites spp and Haloragacidites 
Izar~=isii while Xo~k$~@k~ spp, Cyathidites spp and F&~sporites spp are 
common. 

Amongst the rare dinocysts, frequent Phthanoperidinium comatum (373.5m) and 
rare Voz,-hennikovia extensa (388.0m) suggest the Corrudinium incompositum 
dinocyst zone, correlative with the middle asperus spore-pollen zone. Dinocysts 
are rare and of low diversity. 

Nearshore to marginal marine environments are suggested by the scarce dinocysts 
(3-5%) and their low diversity, and the dominant and diverse spore-pollen. 

Colourless palynomorphs indicate immaturity for hydrocarbons. 

B 429.0m(swc) : lower asperus Zone 

Assignment to the lower N. asperus Zone of Middle Eocene age is indicated at the 
top by youngest Intratriporopollenites notabilis and at the base by oldest 
Nothofagidites deminutus and the dinoflagellate data. Of the spore pollen, 
Dilwynites and H. hurrisii are common with Proteucidites, Cyathidites and 
Ericipites frequent. Rare elements include Polycolpites esobalteus, Proteacidites 
asperopolus, P. leightonii, P. pachypolus and P. tubercullformis. Rare Permian 
reworking was noted. 

The dinoflagellates include ISflandreu phosplzoriticu and Areosphaeridium 
uustrulicum, indicating the A. uustrulicum dinoflagellate zone, correlative with 
most of the lower asperus spore pollen zone. A. uustrulicum is common with 
Spm~~rites rare and other elemenents very rare. 



Nearshore marine environments are indicated by the subordinate dinoflagellates 
(20%) and their low diversity, the dominant and diverse spores and pollen, and 
the common cuticle. 

Colourless palynomorphs indicate immaturity for hydrocarbon generation. 

C 467.0m(swc) : upper diversus Zone 

Assignment to the upper Malvacipollis diversus Zone of early Eocene age is 
indicated by oldest P. pachypolus without younger markers. Age significant 
datums consistent with the assignment include youngest Intratriporopollenites 
notabilis, Proteaciditcs tuhercul~formis and P. ornatus and oldest Anacolosidites 
acutullus, Periporopollenites demarcatus and P. tubercullformis. Common taxa 
are Dilwynites granulatus and Proteacidites spp with Malvacipollis subtilis and 
Falcisporites frequent. Dinocysts are extremely rare and not age diagnostic. 

Marginally marine environments are indicated by the rare dinocysts (3%), and 
their low diversity. Spores and pollen are abundant and diverse. Freshwater algae 
(Botrvococcus at 3%) are significant, suggesting some lacustrine influence. _I 

Colourless spores indicate immaturity for hydrocarbon generation. 

D 553.0m(swc), 562.0m(swc), 569m(swc), 599.0m(swc) : hgus Zone 

Assignment to the TricoZpites longus Zone of Maastrichtian age is indicated at the 
top by youngest Amosopollis cructformis, Tricolpites confessus, T longus, T. 
waipawaensis, TKcolporites lillei and Triporopollenites sectilis and at the base by 
oldest Tetracolporites verrucosus and iriicolpites longus. Dinocyst data also 
confirm the zonal assignment as discussed below. Within the zone, oldest 
Tripunctisporis punctatus occurs at 553Sm and Nothofagidites out number 
Gambierina rudata at 569.0m and below, providing intra zone correlation. 
Within the interval, i’roteacidites and Falcisporiies are common, with 
Nothofagidites, G. rudata, Gleicheniidites, Ceratosporitcs and Phyllocladicites 
frequent. 

Amongst the dinocysts, Manumiclla coronata at 553.5m indicates the Manumiella 
druggii Zone of latest Maastrichtian age-and Isubelidinium korojonense and I. 
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pellucidum at 599m indicate the 1. korojonense Zone of earliest Maastrichtian and 
Campanian age. 

Very nearshore to marginally marine environments are indicated by the low 
dinocyst content (3%, 8%, 3%, 7%) and their low diversity. Spores and pollen are 
abundant and diverse and freshwater algae occur especially at 553.5m (6% 
Botryococcus and 4% Parulecaniella). 

Yellow spore colours indicate immaturity for hydrocarbons. 

E 612.5m(swc), 642.0m(swc) : extremely lean senectus Zone or younger 

These two swcs are extremely lean and cannot be confidently assigned to any one 
zone. The presence of Nothofagidites endurus, N. senectus, Gambierina rudata 
and Tricolpites sabulosus however, indicate an upper senectus or younger zone. 
Saccate pollen (Falcisporites and Microcaclzryidites) are frequent to common, 
with Proteacidites also frequent. From the stratigraphic position, the lillei zone 
seems likely. 

Non-marine environments are suggested by the total absence of dinoflagellates. 
The 642m samples is so lean that this is not necessarily conclusive. At 612.5m, 
common algal acritarchs (Nummus sp, Paralecaniella, Botryococcus) suggest 
freshwater lake environments. 

Yellow spore colours indicate immaturity for hydrocarbons. 

F 664Sm(swc), 689Sm(swc), 720Sm(swc), 746.0m(swc) : upper senectus Zone 

Assignment to the upper Nothofagidites senectus Zone of early Campanian age is 
indicated at the top by the absence of younger indicators and confirmed by the 
dinoflagellate data and at the base by oldest G. rudata. Within the interval, 
saccate pollen are dominant (Falcisporites, Microcachryidites and Podosporites) 
with PhyIlocladidites mawsonii, Proteacidites and Notkofagidites frequent. 
Minor Triassic and Permian reworking was seen. 

Amongst the dinoflagellates, Xenikoon austrulis without older markers indicates 
the upper austrulis dinoflagellate zone of early Campanian age at 664.5m. 
Youngest Nelsoniella wmircticulatu at 689.5m indicates the lower australis 



dinoflagellate zone over the interval 689.5-720.5m and youngest 
Areospllaeridium suggestium at 720.5m is consistent. X. australis occurs in all 
except 746.0m. Of the very rare dinoflagellates, the most consistent are 
Heterospltaeridium J2eteracantJwm. X. australis and N. semireticulata with none 
being frequent. A single Nelsoniclla tuberculata at 720.5m is considered 
reworked. 

Environments are nearshore marine and very nearshore marine with dinoflagellate 
contents of < 1 O/o, 4%, 10% and 2% respectively. Algal acritarchs are very rare 
(1% or less) indicating only very minor lacustrine influence. The very strong 
terrestrial influence is shown by the common cuticle and the very dominant and 
diverse spore-pollen. 

Yellow to light brown spore colours indicate immaturity for hydrocarbons but 
approaching early marginal maturity. 

G 812.5m(swc) : middle senectus Zone 

Assignment to the middle N. senectus Zone of early Campanian age is indicated 
by oldest T sabulosus, here coincident with oldest IV senectus. Saccate pollen 
continue to dominate (Falcisporites, Microcachryidites and Podosporites) but 
Proteacidites is also common. Rare elements include Amosopollis cruclformis, 
Ornamenttfera sentosa and Tricolpites confessus. Rare Permian reworking was 
noted. 

Dinoflagellates include Neisoniella aceras without X australis, indicating the 
aceras dinoflagellate zone, but the dinoflagellate subzone is unclear in the 
absence of closer spaced cuttings samples. H. keteracanthum is the most 
common dinoflagellate (6%) and other significant taxa include Odontochitina 
por$era, Maduradinium pentagonum and Heterosphaeridium cf laterobrachius. 
The upper aceras dinoflagellate zone seems most likely. . 

Nearshore marine environments are indicated by the dinoflagellate content (9%) 
and their moderate diversity. Major terrestrial influence is shown by the abundant 
cuticle and common and diverse spore pollen. 

Yellow to light brown spore colours indicate immaturity approaching early 
marginal maturity for oil. 
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H 876.0m(swc), 893Sm(swc), 970.0m(swc) : upper apoxyexinus Zone 

Assignment to the upper Trico/porites apoxycxinus Zone of Santonian age is 
indicated at the top by the absence of younger indicators and confirmed by the 
dinoflagellate data, and at the base by the absence of older indicators, also 
confirmed by dinoflagellate data. Within the interval, saccate pollen (mostly 
Faicisporiies simiiisj are common to abundant while spores are also prominent 
(Cyathidites common, Osmundacidites frequent). Amosopollis cruclformis is very 
rare (~1 Oh) while Proteacidites spp are also very rare (1% and less in contrast to 
5-l 5% above). Minor Permian reworking was seen in all samples. 

Amongst the dinoflagellates, the presence of Isabelidinium be!fastense, 
AmpJjidiadema denticulata, Clzatangiella victoriensis and Heterosplzaeridium 
20%+ at 876.0m(swc), indicates assignment to the upper cretacea dinoflagellate 
zone, correlative with the upper part of the upper apoxyexinus spore-pollen zone. 
The two deeper samples contain Zsabelidinium cretacea without younger 
indicators and are assigned to the lower cretacea dinoflagellate zone, correlative 
with the lower part of the upper apoxyexinus spore-pollen zone. At 876.0m, 

. HeterospJzaeridium dominates (28%) while the two deeper samples contain 
frequent Heterosplzaeridium and rare I. cretacea. 

Environments are nearshore marine becoming more marine towards the top as 
shown by the low but increasing dinoflagellate content in time (40%, 13% and 
10% downhole), and their low, increasing to moderate, diversity. Spores and 
pollen are abundant and diverse. 

Light brown spore colours indicate early marginal maturity for oil generation. 

I 101 O.Om(swc), 1025m(cutts) : middle apoxyexinus Zone 

Assignment to the middle Tricolporites apo,ryexinus Zone of Santonian age is 
indicated at the top by the downhole influx of A. cruczfirmis (3-5% within this 
interval, ~1% above) and at the base by the absence of older markers. Within the 
interval, saccate pollen dominate (Fulcisporites 25-30%, MicrocacJyvidites 8- 
12%, 130dosporites l-7%) with frequent spores (QatJ~idites 9-17%, 
Osmundacidites 4- 1%). Protcacidites ( I-3%) are rare with A. cruclfiwmis 
significant (3-5%). Minor Permian reworking was seen. 
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Amongst the dinoflagellates, /.sutheZidinium rec~unguhris occurs and its presence 
without 1. creface~ indicates the upper O~(~n/ocIzitil?upor~f~ra Zone. Youngest 
Circulodinium dcfhndrei occurs at 101 Om and is consistent with the mid 
apuxyexinus spore-pollen zone. Hetero.~plzueridiu spp are the most consistent 
dinoflagellate element. 

Environments are nearshore marine with significant freshwater lacustrine 
influence. Dinoflagellates comprise 9% and 7% respectively and are of moderate 
to low diversity. Bo~ryococcus comprises 5% and 3% indicating significant input 
from freshwater lakes. Spores and pollen are dominant and diverse. 

Light brown spore colours indicate marginal maturity for oil but immaturity for 
gas/condensate. 

J lOSOm(cutts) : iower apoxyexinus Zone 

Assignment to the lower T. upoxyexinus Zone of Santonian age is indicated at the 
top and base by the numerical acme of A. cruc@rmis (15%) contrasting with 3- 
5% immediately above and below. Cyathidites, Falcisporites and A. crucjformis 
are all common. Minor early Cretaceous reworking was seen. 

Dinoflagellates include Isabelidinium rectangularis but it may be caved at this 
point. Heterosphaeridium spp are common, and C. deflandrei is consistent. 

Nearshore marine environments are indicated by the low dinoflagellate content 
(20%) and low diversity. 

Light brown spore colours indicate marginal maturity for oil and immaturity for 
gas/condensate. 

K 1097.0m(swc), 1151 .Om(swc), 1177.0m(swc), 1180m(cutts) : upper mawsonii 
Zone 

These samples are assigned on the absence of younger markers seen above (the A. 
crw!‘fi,rmis acme at 1080m) and older markers seen below (youngest A. 

distocarinutus at 12 19Sm). Within the interval, saccate pollen dominate 
(Fulcisporitcs 5-48%, Microcuchrvidites 2-340/‘0, I’odosporitcs l-30%), with 
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spores relatively minor and lacking in diversity. Minor Permian and Early 
Cretaceous reworking was seen. Dinoflagellates are rare and not age diagnostic. 
Youngest ,4ptea sp occurs at 1180m and is usually intra upoxyxinus. 

Non-marine and very nearshore marine environments are indicated by the 
generally very low dinoflagellate content (60%, cl%, 1% and l%, the last in 
cuttings) and very low dinoflagellate diversity (mostly one or two species). At 
1097.0m the high dinoflagellate content (60%) is anomolous representing just two 
species and is caused by freak environmental conditons. At 1180m(cutts), the 
dinoflagellates appear to all be caved. At 115 1 .Om(swc), abundant Ho/ryt~coccu.~ 
(52%) suggests a major freshwater lake. 

Light brown spore colours indicate marginal maturity for oil but immaturity for 
gas/condensate. 

L 1219.5m(swc), 1250.5m(swc), 1275.0m(swc), 1306m(cutts), 1316.0m(swc), 
1328.5m(swc), 1334.0m(swc), 1336.0m(swc), 1364.5m(swc), 1437.0m(swc) : 
mmvsonii Zone 

These samples are all asstgned to the PhyZZoc2adidite.s rnawsonii Zone of 
Turonian-Coniacian age on youngest consistent Appendicisporites distocarinatus 
at the top and oldest P. mawsonii at the base. Oldest consistent Clavifera tripZex 
occurs at 1334.0m. Within the interval, saccate pollen continue to dominate 
(Faicisporites 13%-30%, Microcachryidites 73%:26%, Podosporites 2%-l 5% 

and Phyllocladidites 1 Oh-2 1 Oh) with spores generally subordinate. Dilwynites 
granulatus is frequent to common (mostly 1029%). Very rare Triassic and 
Permian reworking was seen. Youngest Camerozonosporites robusta (12XOm), 
Liliacidites kaitangataensis and Senecto,etradites varireticuloms (both at 
1334.0m) are consistent with the mawsonii zonal assignment. 

Of the very rare dinoflagellates, only youngest Cribroperidinium edwardsii at 
1437.0m is age significant and indicates the Palaeohysfrichophora infusorioides 
Zone. Very few dinoflagellates occur in some samples with Helerosphaeridium 
and Odontochitina operculata most consistent. 

Environments are mixed non-marine and very nearshore marine with 
dinoflagellate contents dowhole of absent, absent, absent, 1% but in cuttings 2%, 
1 O%, absent, absent, absent and 1%. Those lacking dinoflagellates are non- 



13 

marine and several have skjficant algal content (12195m 16%, 1306m 4%, 
1334m 5%, 13645m 3%) suggesting lacustrine influence. Those containing 
dinoflagellates are very neat-shore marine. Abundant cuticle fragments and 
abundant and diverse spores and pollen are present throughout. 

Light brown spore colours indicate marginal maturity for oil but immaturity for 
gas/condensate. 

M 1452m(cutts), 151 Sm(cutts) : distocarinatus or mawsonii Zones 

These cuttings samples cannot be confidently assigned to either of these zones. 
Oldest P. nzawonii and C. friplex at 15 15m suggests assignment to the nzawsonii 
Zone, but it could be caved at this point into the distocarinatus Zone. Common 
taxa are Falcisporites (23% and 1 1 %), Microcachryidites ( 17% and 1 O%), 
Podosporites 7% and 20% and Dilyvnites (I 7% and 23%). A. distocarinatus is 
consistent throughout while rare spores include Coptospora pileosa, 
Trilohosporites trioreticulosus and Lileacidites kaitangataensis. 

Dinoflagellates are extremely rare but include C’. edwardsii, indicating the P. 
infusorioides dinoflagellate zone, although these elements could be caved into 
non-marine section. 

Environments appear to be marginally marine with 4 % and 1% very low 
diversity dinoflagellates, but these could be caved. Rotryococcus is present in 
both (2% and 7%), suggesting significant lacustrine influence. Vast cuticle and 
abundant and diverse spore pollen attest to the strong terrestrial influence. 

Light brown spore colours indicate marginal maturity for oil, but immaturity for 
gas/condensate. 

N 15XOm(swc), 1602.0m(swc), 1630.0m(swc), 1667.0m(swc), 1678.0m(swc), 
1703.0m(swc), 1719.0m(swc) : distocarinatus Zone 

Assignment to the Appendicisporites dis/ocarinatus Zone of Cenomanian age is 
indicated at the top and base by A. distocarinatus without younger or older 
markers. Within the interval, several samples are extremely lean to barren 
( 1602.Om, 1667.0m 1703.0m) and cannot be confidently assigned on their - 
assemblages. Amongst the others, saccate pollen generally dominate 
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(Falcisporites and Microcachryidites) but two ( 1678.0m and 1703 .Om) are spore 
dominated and probably represent swamp or swamp margin environments. Minor 
Permian reworking was noted in several samples. 

Dinoflagellates are mostly absent but at 1719m, a single specimen of C. edwardsii 
suggests the infusorioides dinoflagellate zone. 

Environments are mixed non-marine to brackish with dinoflagellate contents of 
l%, barren, absent, barren, absent, barren and 4 % dowhhole. High algal content 
at 1630.0m ( 10% without dinoflagellates) suggests a freshwater lake while high 
algal contents at 1575.0m (3%) and 1719.0m (9”/0) with dinoflagellates suggests 
brackish lakes with strong freshwater influence. Vast cuticle and tracheid 
together with dominant and diverse spore pollen indicate very strong terrestrial 
influence. 

Light to mid brown spore colours indicate early maturity for oil and early 
marginal maturity for gas/condensate. 

0 1749.5m(swc), 1754,5m(swc), 1790.0m(swc), 1813.5m(swc) : indeterminate 

These samples are extremely lean and the taxa seen may all comprise mud 
contamination of these sandy swcs. Neither A. distocarinatus nor Coptospora 
paradoxa were seen and so these cannot be assigned to any zones. Saccate pollen 
are common (mostly Falcisporites and MicrocacJvyidites), but spores also 
represent a significant proportion (mostly Cyatltidites and Osrnundacidites). 

Environments appear to be brackish with dinoflagellates totally absent and spiny 
acritarchs (Micrlzystridium and VerylzacJlium) rare. Botryococcus is present in 
most samples, suggesting significant lacustrine influence. However, too few 
specimens were seen to exclude the possibility of stronger marine influence, or 
that most of the taxa seen might represent mud contamination of these sandy 
swcs. 

Light to mid brown spore colours indicate early maturity for oil and early 
marginal maturity for gas/condensate. 
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IV CONCLUSIONS 

At the top, a thick probably incomplete Eocene was sampled in very nearshore marine 
facies. The Paleocene appears to be missing on an unconformity, but could be present 
but unsampled in the 86m sample gap. 

Beneath this, an apparently complete Late Cretaceous section (Cenomanian to 
Maastrichtian) occurs in mostly nearshore to occasionally non-marine facies. 

The section appears to be early mature for oil only at its base. 
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I SUMMARY 

1455.0m(swc) - 152O.Om(swc) : distocarinatus Zone (infusorioides Dino Zone at 1520m) : 

Cenomanian : marginally marine (< 1% dinos and 4% dinos respectively). 

II INTRODUCTION 

These two swc samples were submitted by Simon Horan to clarify ambiguous cuttings based 

data. Appendix I comprises Ml quantitative data for the well including the present and all 

previous work. Zonation and maturity frameworks are as described in Morgan and Hooker 

1993. 
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HI PALYNOSTRATIGRAPHY 

Assignment to the Appendicisporites distocarinatus Zone of Cenomanian age is indicated by 

the presence of A. distocarinatus without younger or older markers. Common are 

Cyathidites minor, Dilwynites granulatus, Falcisporites similis, Gleicheniidites circinidites 

and Mcrocachyidites antarcticus. Frequent are Laevigatosporites ovatus and Podosporties 

microsaccatus. Rare but significant are A. distocarinatus, Phyllocladidites eunuchus, 

Trilobosporites trioreticulatus and Triporoletes reticulatus. 

Dinoflagellates are very rare and include Cribroperidinium edwardsii at 1520m, indicating 

the Palaeohystrichophora infisorioides Dinoflagellate Zone. Heterosphaeridium and 

Botryococcus continue to be the most consistent microplankton. 

Environments are marginally marine, as shown by very rare dinoflagellates (~1% and 4% 

downhole) and their very low diversity. Significant lacustrine influence is indicated by 

freshwater algae (2% and 3?6 Botryococcus downhole). Spores and pollen are abundant and 

diverse. 

Light brown spore colours indicate marginal maturity for oil but immaturity for 

gas/condensate. 

Iv REFERENCES 

h4organ RP and Hooker NP ( 1993) Final palynology of BHPP Eric the Red- 1, offshore 

Otway Basin, Victoria, Australia (unpubl. rept. to BHPP). 
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p*lYw0l0GIC*L OATA SHffl 

IASIW* 0lWhY DINOFLAGELLATE ZONES ELEVATKM- Kb I%1 

WILL nUY* ERIC THE RED-1 TOTAL MPnr@ 

HICHEST DATA LOWEST DATA 

ACE PALYNOLOCtCAL Ra farred Altama1* Pra Ionad Altrrnrre 
ZONES Depth RII De pch Ru Depth RIG Dash RIG 

M. druggii Q 554 0 554 0 
I 

Environments r 
o lacusttine (algal acri:archs). 
97 non-marine (no or very feu 5% algal acritatchs). 
e brackish (spiny acritatch, no or very few dinoflagellates 

e/fimarginal marine (l-5% very low diversity dinoflagellates), 
1%). 

fi nearshore marine (6-303 low to medium diversity dinoflagellaces). 
b/hAintecmediate marine (31-608 medium diversity dinoflagellates). 

fifioffshore marine (61X-600 medium.to high diversity dinoflagellates). 
@  far offshore marine/oceanic (al%-100% high diversity dinoflagellates 

and/or planktonic forams 1. 

confidence Ratings : 
0 : good to excellent with numetouz zone fozzils in cote/zvc. 
1 : fair with care zone fossils in cote/swc. 
2 : poor with non-diagnostic assemblage in cote/zwc. Often occurs next to a 

distinctive 0 to 1 rating, lacking the zone fossil seen.adjacent. 
3 : good with extinction event (top range) in cuttings. 
4 : poor to fair with inception event (base range) in cuttings and therefore 

may be picked too lov if caved or too high if swamped by cavings. 
5 : poor with non-diagnostic assemblage in cuttings. Usually zeen adjacent 

to a higher rating and picked on the absence of key zone fossil. 
7 : no confidence. Picked az a best guess in very poor data. 

Data recorded by : Roger Morgan and Nigel Hooker June 93 

Data revised by : 
Roger Morgan May 94 



,rs,JYTWkY SPORE-POLLEN ZONES LLmATatb Kb GLa 
WELL WJAE~ ERIC THE RED-l TOTAL DLPrH* 

Environmen:s : 

0 lacustrine (algal acritarchsl. 
gnon-marine (nc or very few 5k algal acritatchs). 
* brackish (spiny actitarch, no or very few dinoflagellates lb). 

*/b marginal marine ( l-58 very lov diversity dinoflagellates). 
fi nearshore marine (G-30% lov to medium diversity dinoflagellates). 

k/M intermediate marine (31-608 medium diversity dinoflagellates). 
Ahoffshore marine (616-800 medium to high diversity dinoflagellates). 
@far offshore ma tine/oceanic (el\-1000 high diversity dinoflagellates 

and/or planktonic forams). 

. . 
Confidence Ratings : 

0 : good to excellent with numerous zone fossils in corc/suc. 
1 : fair with rare zone fossils in core/sue. 
2 : poor vith non-diagnostic assemblage in core/sue. Often occurs next to a 

distinctive 0 to 1 rating, lacking the zone fossil seen adjacent. 
3 : good with extinction event (top range) in cuttings. 
4 : poor to fair with inception event (base range) in cuttings and therefore 

may be picked too low if caved or too high if swamped by cavings. 
5 : poor with non-diagnostic assemblage in cuttings. Usually seen adjacent 

to a higher rating and picked on the absence of key zone fossil. 
3 : no confidence. Picked as a best guess in very poor data. 

Data recorded by : Roger Morgan and Nigel Hooker June 93 
Data revised by : Roger Morgan May 94 
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NOTE TO: 

FROM: 

OUR REF: 

COPIES: 

FILE 

SIMON HORAN 

sth.012:tt 

PALYNOLOGTCAL SAMPLES PROCESSTNG AND SAMPLE EXAMINATION 
METHODOLOGY 

Following discussion with Roger Morgan, the sample processing techniques and sample 
examination methodology used in palynological studies of the Fergusons Hill-l, Ross Creek- 
1, Mussel-l, Pecten-1 A, Triten-lST, La Bella- 1, Eric the Red-l, Minerva- 1, Minerva-2A and 
Loch Ard-1 is listed below. 

Sample processing usually involves the following steps. Extra techniques are only 
used if required: 

a) 
W 

C) 
d) 

e) 
f) 
8) 
h) 
i> 
j) 

k) 
9 

ml 
n) 

digest about 1Ogm of crushed rock in 50% HF overnight 
wash out several times over 10 micron polyester sieve. Acidify with cone 
HCI if fluorosilicate gel forms 
heavy liquid separation used concentrate ZnBr, with SG of 2.0 
wash out float fraction over 10 micron polyester sieve. Acidify if Zn(OH), 
precipitate forms 
mount a sieved kerogen slide 
oxidise in Schutze Solution (cone 30% HNO, with crystalline KCIOJ 
wash out over 10 micron polyester sieve 
add 5% KOH to dissolve humic acids 
wash out over 10 micron polyester sieve 
examine under microscope for satisfactory oxidation. Repeat steps (f) to (g) 
if required 
heavy liquid separation using ZnBr, solution (SG of 20.) 
wash out float fraction using polyester sieve. Acidify if Zn(OH), precipitate 
forms 
dehydrate onto coverslip 
mount microscope slides using Eukitt medium 

Sample examination usually involved the following steps: 

scan two traverses at a x10 to log the bulk of the assemblage and get some 
idea of age 
scan at x40 and count the first 100 specimens to get percentage contents for 
each species. From this, saline “Microplankton Content” (%) can be 
developed to provide an index of marine influence. Where the sample is too 
lean to provide 100 specimens, frequency is estimated from the specimens 
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seen with A = abundant, C = common, F = frequent, R = rare 
return to x10 to scan at least two large coverslips to log rare species, and 
finalise age conclusions. Log more slides if required 
develop “Salines Microplankton Diversity” by counting up total species 
identified of dinoflagellates plus spiny acritarchs, as a second index of 
marine influence. This count includes species seen both inside and outside 
the court 
develop “Freshwater Microplankton Content” by totally all freshwater algal 
elements (Botryococcus, Schizosporis, Paralecaniella, Leiosphaeridia, 
Nummus) 
examine sieved kerogen slide for specimens of Qathidites to establish spore 
colour for Spore colour Maturity Index 



ERZC THE RED #1 

MORGAN PALAEO ASSOCIATES: Palynological Consultants 
Box 161, Maitland, South Australia, 5573. 
phone (088) 32 2795 . . fax (088) 32 2798 

C L I E N T: BHP Petroleum Exploration ------------------------------------------------------------ 
W E L L: Eric the Red ---------------------------------------------------------------- 
F I E L D / A R E A: Otway Basin ---------------------------------------------------- 

. 

A N A L Y S T: Roger Morgan DATE: March '93 ------------------------ ---------------- 
N 0 T E S: all sample depths are in metres -------------------------------------------------------------- 

RW = reworked * = caved CF = comparable to -------------------------------------------------------------- 
3 I = questionable identification X = present outside count -------------------------------------------------------------- 
figulles are percentages based on 100 specimen count 

RANGE CHART OF OCCURRENCES BY LOWEST APPEARANCE (by groups) 
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I. SUMMARY 

Eric The Red-l was drilled in offshore petroleum permit Vie-P-31, Otway Basin to a depth of 
1875mKB. A total of 3 sidewall core samples from the Tertiary section have been examined for 
foraminifera and calcareous nannoplankton. All 3 samples are clean sandstones which are 
barren of foraminifera and nannoplankton. 
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1. SUMMARY 

BHP Petroleum Pty Ltd submitted 8 sidewall cores from Eric The Red #l in 
the Otway Basin, for petrological description. Samples were selected 
from the Sherbrook, Shipwreck and Otway Groups. The aims of the study 
were to identify the mineralogy and compare the Shipwreck Group 
sandstones with those previously studied from La Bella #l. Petrophysical 
analysis of the well indicated that there were some significant 
differences in water salinity. It was hoped that the mineralogy might 
explain these variations. 

The lithology and mineralogy of each sample is summarised in Table 1. 
Typically the sidewall cores were fragmented and grains fractured making 
descriptions difficult. Data presented in Table 1 are based on visual 
estimates, not point counts. The mineralogy does not explain problems 
with the salinity data. 

In terms of sediment provenance there appears to have been a constant 
source of volcanic, metamorphic and sedimentary lithics throughout the 
depositional history of these samples. The relative proportions of these 
components have changed with time and there is evidence of a significant 
change in source with the increased input of polycrystalline quartz in 
the Upper Shipwreck of Swc 70 (depth 1297m). This change is probably 
related to the unconformity noted at this depth. It is possible that 
many of the volcanic lithics and heavy minerals throughout the sequence 
have been reworked from the Otway Group. 

Depositional environments appear to range from marine (Sherbrook Group) 
to marginal marine and possibly terrestritaie (Shipwreck and Otway Groups). 
These suggestions are based on percentage of glaucony, 
sedimentological characteristics and presence of plant matter. 

There are no patterns in the diagenetic alteration of these samples. 
Each sample has a slightly different combination of authigenic minerals. 
Only in Swc 70 (depth 1297m) has there been significant alteration with 
the precipitation of carbonate cement. Elsewhere alteration has been 
relatively minor. Glauconite, chlorite, pyrite, carbonate, kaolin and 
quartz have precipitated in the sandstones. Silicification is restricted 
to trace amounts in the Otway Group sample (Swc 32, depth 1790m). In 
addition there is evidence of mechanical compaction and grain dissolution 
in most samples. 
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TABLE 1. SUMMARY OF LITHOLOGY, TEXTURE AND MINERALOGY 
ERIC THE RED #l 

GROUP 
swc 
Depth (m) 

Lithology 

Grain size 
Sorting 
Structures 

Framework grains 
Quartz 
Feldspar 
Lithics 
Mica 
Accessory 

Matrix 
Clay 
Opaque material 

Drilling mud 
Authigenic minerals 

Glauconite/glaucony 
Chlorite 
Pyrite 
Carbonate 
Kaolin 
Quartz 
Illite 

Porosity 
Intergranular 
Dissolution 

Sherbrook 
10 
778.5 

sublith- 
arenite 
fine 
mod 
laminae 

60 
2 
7 
1 

tr 

7 

3 
6 
2 

?lO 
tr 

Upper Shipwreck 
85 81 
1102 1146 

quartz- sublith 
arenite arenite 
fine v fine 
mod mod 
stringers ?beds 

?bioturb 

72 70 
tr 3 
tr 5 
tr tr 
tr 2 

7 

tr tr 
3 

4 1 
8 

tr tr 

?15 3 
tr 5 

70 
1297 

sublith- 
arenite 
coarse 
mod 

52 
2 

15 

30 
tr 

61 
1340 

quartz- 
arenite 
coarse 
poor 

77 
tr 
tr 
tr 
tr 

2 

tr 
tr 
tr 

?20 

GROUP Lower Shiowreck Otwav 
swc 
Depth (m) 

Lithology 

Grain size 
Sorting 
Structures 

54 
1464.5 

sublith- 
arenite 
medium 
mod 

47 
1598.5 

sublith- 
arenite 
m-coarse 
poor 

32 
1790 

lith- 
arenite 
m-coarse 
mod 
bedding 

Framework grains 
Quartz 
Feldspar 
Lithics 
Mica 
Accessory 

Matrix 
Clay 
Opaque material 

Drilling mud 
Authigenic minerals 

Glauconite/glaucony 
Chlorite 
Pyrite 
Carbonate 
Kaolin 
Quartz 

Porosity 
Intergranular 
Dissolution 

68 
2 
9 
3 

tr 

? 

tr 

2 
5 

tr 

?lO 

78 
1 

15 
tr 

? 

tr 

2 
tr 

3 

15 
2 

58 
1 

tr 
5 

tr 
tr 

12 
6 
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Although the diagenetic events are different in each sample the overall 
paragenetic sequence is probably similar. These events are summarised in 
the diagram below: 

Event Early 

glauconite 
pyrite 
chlorite 
carbonate 
dissolution 
kaolin 
compaction 
recrystallisation 
quartz 

Middle Late 
Diagenetic Stage 

In terms of lithology the Shipwreck Group in Eric The Red #l does not 
show the sharp change from quartzarenites to litharenites that was 
apparent in La Bella #l at the boundary between the Upper and Lower 
units. Quartzarenites probably represent smaller intervals in Eric The 
Red #l. 

LOWER SHIPWRECK GROUP 
Grain size in the Lower Shipwreck is medium to coarse in both La Bella 
and Eric The Red which may indicate that these samples were deposited by 
a similar high energy hydraulic regime. Sorting is only slightly better 
at La Bella #l and there are suggestions of bedding which indicate 
fluctuations in current activity. 

In La Bella #l there is a higher percentage of labile feldspars and 
lithics in the Lower Shipwreck. This suggests that for La Bella #l 
either sediment transport was over shorter distances than for Eric The 
Red #l or that there was a change in sediment source. It is unlikely 
that these differences can be attributed to greater compressional 
tectonism at Eric The Red #l because this should have resulted in an 
increase, rather than a decrease, in erosion and hence the proportion of 
labile grains. Sediment provenance appears to be very similar in both 
wells. Lithics were comprised of metamorphic, volcanic and sedimentary 
rock fragments. Plagioclase in La Bella #l and granitic lithics in Eric 
The Red #l were probably derived from a granitic basement. 

Precipitation of authigenic minerals has been greater in La Bella #l. 
There are higher percentages of carbonate, kaolin and quartz. This is 
reflected in a reduction of porosity compared to Eric The Red #l. These 
differences may be due to the greater tectonic activity recognised for 
Eric The Red #l. 

UPPER SHIPWRECK GROUP 
A slightly coarser grain size within Eric The Red #l samples may reflect 
either stronger current activity for this location or closer proximity to 
the source area. The latter hypothesis is supported by the higher 
percentage of feldspars and lithics. Overall sorting and mineralogical 
maturity are better in La Bella #l and this could be achieved by longer 
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Bella #l samples. Volcanic lithics would be more susceptible to 
weathering than the chert, schist and quartzite that were recognised. 
The Upper Shipwreck at La Bella #l was interpreted as a prograding delta 
whereas at Eric The Red #l this unit appears to be marginal marine with a 
stronger terrestrial influence. 

There are similar proportions of pyrite and carbonate cements in both 
wells. However there have not been any siderite nodules recognised from 
the petrology of Eric The Red #l. This is probably a difference in the 
depositional environment rather than diagenetic alteration. The amount 
of kaolin is higher in La Bella #l and there is no quartz or barite in 
Eric The Red #l. As for the Lower Shipwreck Group these differences 
could be a function of tectonic stability in this region. Chlorite 
detected in Eric The Red #l is restricted to one sample and is probably 
related to the marine depositional environment. 
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2. INTRODUCTION 

BHP Petroleum Pty Ltd submitted 8 sidewall cores from Eric The Red #l in 
the Otway Basin, for petrological description. Samples were selected 
from the Sherbrook, Shipwreck and Otway Groups. The aims of the study 
were to identify the mineralogy and compare the Shipwreck Group 
sandstones with those previously studied from La Bella #l. Petrophysical 
analysis of the well indicated that there were some significant 
differences in water salinity. It was hoped that the mineralogy might 
explain these variations. 

The following samples were examined: 

[ swc Depth (m) Group Thin section ] 
10 778.5 Sherbrook Brief 
85 1102 Upper Shipwreck Detailed 
81 1146 Upper Shipwreck Brief 
70 1297.0 Upper Shipwreck Brief 
61 1340.0 Upper Shipwreck Detailed 
54 1464.5 Lower Shipwreck Brief 
47 1598.5 
32 1790 

I 

Lower Shipwreck Detailed 
Otway Brief 

3. METHODS 

Sidewall cores were impregnated with araldite prior to thin section 
preparation. Blue dye was used in the araldite to facilitate description 
of porosity and permeability. Thin sections were systematically scanned 
to determine lithology, composition, porosity and textural relationships. 
All percentages given in thin section descriptions are based on visual 
estimates, not point counts. Rock classifications are based on the work 
of Folk (1974) for elastics and Dunham (1962) for carbonates. 
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4. PETROLOGY 

4.1 Eric The Red #l, Swc 10, depth 778.5m 

Thin section description 
The sample has been moderately disrupted and fractured during sidewall 
coring. It is a fine grained, moderately sorted, mineralogically and 
texturally submature sublitharenite. Grains are typically subrounded to 
subangular with low sphericity. Texturally the sample is grain supported 
with tangential and point contacts dominant. There are vague 
concentrations of clay that could indicate the presence of laminae or 
contamination by drilling mud. Porosity is very difficult to describe 
because of disruption during coring and the presence of clays. Where 
clays are absent there are good intergranular pores. Elsewhere the pore 
filling clays and grain rimming chlorite have limited porosity and 
permeability. Rare feldspars have been corroded to produce honeycomb 
porosity. 

Framework grains of quartz, K-feldspar, lithics (metamorphic, granitic 
and volcanic), mica and zircon are apparent. The pore filling clay is 
anhedral and pale yellowish brown, it includes minor opaques. Authigenic 
minerals and cements of glaucony (glauconite and chlorite) and pyrite are 
evident. Distinctive chlorite rims on volcanic lithics precipitated 
before clays filled the pores. This suggests that the pore filling clay 
is either a contaminant or filtered into the sediment after deposition. 

IVisual Estimate of Composition % 
Framework grains Quartz 60 

Feldspar 2 
Lithics 7 
Mica 1 
Accessory minerals tr 

Matrix Clay 7 
Authigenic minerals Glauconite 3 
and cements Chlorite 6 

Porosity 
Pyrite 2 
Intergranular ?lO 
Dissolution tr 
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4.2 Eric The Red #l, Swc 85, depth 1102m 

Thin section description 

Rock classification: Quartzarenite 

Texture: 
Sidewall coring has caused minor grain fracturing and there is a rim of 
drilling mud on the edge of the section. 
sorted, fine grained, 

The sample is a moderately 
mineralogically mature and texturally submature 

quartzarenite. Grains range in diameter from approximately 0.05mm 
(coarse silt) to 0.60mm (coarse sand) and are typically subangular with 
low to moderate sphericity. Texturally the quartzarenite is grain 
supported with dominantly point contacts. Rare discontinuous stringers 
of anhedral dusty carbonate have probably replaced clay stringers. The 
presence of bent and splayed micas indicates that there has been minor 
mechanical compaction of the sample. 

Porosity: 
Primary intergranular pores appear to have been well preserved throughout 
the sample. These pores have probably been enhanced by slight disruption 
during sampling. Corrosion of feldspars along crystallographic axes has 
resulted in isolated honeycomb porosity. 

Visual Estimate of Composition % I 
Framework grains Quartz 72 

Feldspar tr 
Lithics tr 
Mica tr 
Accessory minerals tr 

Matrix nd 
Authigenic minerals Glaucony tr 
and cements Pyrite 4 

Carbonate 8 
Kaolin tr 

Porosity Intergranular ?15 
Dissolution tr 

Framework qrains: 
Quartz is both monocrystalline and polycrystalline. The latter have 
undulose extinction and straight crystal boundaries. Monocrystalline 
quartz has straight to slightly undulose extinction with vacuoles 
scattered throughout the grain. Rarely the vacuoles are aligned to form 
Boehm lamellae and there are mineral inclusions of apatite, zircon and 
rutile needles. Feldspars are typically potassic in composition but 
there are examples with albite twinning indicating the presence of 
plagioclase. One feldspar has a micrographic texture due to an 
intergrowth with quartz. 
alteration 

Potassic feldspars display various stages of 
due to sericitisation and corrosion. Lithics include 

fragments of chert, micaceous schist and felsic volcanics. Flakes of 
mica are commonly highly altered, 
cleavage planes by pyrite. 

splayed and partially replaced along 
Very fine sand size epidote and angular 

zircon represents the accessory minerals. 

Authiqenic minerals and cements: 
Traces of bright green glaucony are evident within patches of reddish 
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pyrite. Anhedral single crystals and clusters of dusty carbonate spar 
are scattered throughout the sample (Fig. 1). Typically crystals are 
approximately 30 microns in diameter, rounded or spherical in shape and 
have a reddish colour that could indicate the presence of siderite. 
Where darker cores are apparent in the carbonate this indicates 
neomorphic replacement. In -the discontinuous stringer the carbonate is 
dark red and micritic in habit with minor recrystallisation to anhedral 
spar. Rare patches of anhedral kaolin booklets were precipitated prior 
to the carbonate. Kaolin has also replaced micas. Pyrite framboids and 
anhedral single crystals are scattered along grain margins. Commonly the 
framboids are up to 40 microns in diameter. Rarely the pyrite forms a 
patch of massive cement between framework grains and concentrates in the 
discontinuous carbonate stringer. 

Figure 1. 
Single crystals of anhedral carbonate spar (arrows) are scattered 
throughout the sample. Note the intergranular porosity (blue) which has 
been enhanced by sampling. A patch of kaolin (K) has been partially 
replaced by pyrite (opaque). Eric The Red #l, Swc 85, depth 1102m. 
Plane light. Field of view 0.88mm. 
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4.3 Eric The Red #l, Swc 81, depth 1146m 

Thin section description 

The sidewall core has been fragmented during sampling. It is a 
moderately sorted, very fine grained, texturally and mineralogically 
submature sublitharenite. There are vague suggestions of cleaner sandy 
laminae that could be attributed to disrupted bedding or bioturbation. 
Grains are typically subrounded to subangular with low sphericity. 
Texturally the sample is grain supported with dominantly tangential grain 
contacts. In the zones of cleaner sand, porosity is a mixture of primary 
intergranular pores and secondary dissolution pores. Where detrital clay 
matrix is apparent pores are restricted and typically secondary in 
nature. There are examples of oversize pores. Permeability is unlikely 
to be good due to the irregular distribution of matrix. 

Framework grains consist of quartz, sericitised K-feldspars, metamorphic 
and volcanic lithics, mica and accessory minerals. The accessory 
minerals are dominated by zircon with minor tourmaline, epidote and 
opaques. Matrix is anhedral brown clay that fills pores and is 
associated with pyrite. Authigenic minerals include glaucony grains 
(glauconite), grain rimming chlorite, vermiform kaolin and pyrite 
framboids. 

Visual Estimate of Composition % 
Framework grains Quartz 70 

Feldspars 3 
Lithics 5 
Mica tr 
Accessory minerals 2 

Matrix Clay 7 
Authigenic minerals Glauconite tr 
and cements Chlorite 3 

Pyrite 1 
Kaolin tr 

Porosity Intergranular 3 
Dissolution 5 
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4.4 Eric The Red #l, Swc 70, depth 1297.0m 

Thin section description 

The sample is a moderately sorted, coarse grained, mineralogically 
submature carbonate cemented sublitharenite. Grains have been fractured 
and the sample disrupted during sidewall coring. There are patches where 
textural integrity has been retained. Grains range in diameter from 
approximately O.lOmm (very fine sand) to 0.85mm (coarse sand) and are 
typically subangular with low sphericity. Grain shape has been slightly 
modified due to embayment by the carbonate cement. The texture is grain 
supported with dominantly point and tangential grain contacts. In places 
the grains appear to float in carbonate cement. There are no sedimentary 
structures apparent. Any porosity evident is attributed to disruption 
during sampling. 

The framework grains consist of quartz (polycrystalline represents 30%), 
K-feldspars (micrographic intergrowths), and metamorphic, volcanic, 
granitic, chert and chalcedonic lithics. Twinned poikilotopic carbonate 
spar has cemented, embayed and replaced framework grains. Kaolin 
booklets have replaced grains. 

[Visual Estimate of Composition % I 
Framework grains Quartz 52 

Feldspars 2 
Lithics 15 

Matrix nd 
Authigenic minerals Carbonate 30 
and cements Kaolin tr 

IPorosity nd I 
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4.5 Eric The Red #l, Swc 61, depth 1340.0m 

Thin section description 

Rock classification: Quartzarenite 

Texture: 
The sample has been disaggregated during sidewall coring and most grains 
are fractured. This has resulted in a very angular fine fraction. It 
would appear to be a poorly sorted, coarse grained, mineralogically 
mature quartzarenite. Those grains which are intact range in diameter 
from approximately 0.07mm (very fine sand) to 4.3mm (pebbles) and are 
commonly subrounded with low to moderate sphericity. Pebble size grains 
are rare. Texturally the sample was probably grain supported with point 
and tangential grain contacts but it has now been totally disrupted. 

Porosity: 
Lack of authigenic cements and matrix tend to suggest that reservoir 
quality was good. Porosity was probably dominated by primary 
intergranular pores with open pore throats. 

Visual Estimate of Composition % I 
Framework grains Quartz 77 

Feldspars tr 
Lithics tr 
Mica tr 
Accessory minerals tr 

Opaque material 2 
IAuthigenic minerals Kaolin tr 
and cements Quartz tr 

Illite tr 
IPorosity Intergranular ?20 I 

Framework qrains: 
Quartz is typically monocrystalline with straight to slightly undulose 
extinction, scattered vacuoles and rare mineral inclusions of zircon, 
apatite, biotite, rutile needles and tourmaline. Grains of 
polycrystalline quartz are less abundant and have either sutured or 
straight crystal boundaries and undulose extinction. One polycrystalline 
quartz grain has a mineral inclusion of biotite and another contains 
rutile needles. K-feldspars are corroded along preferred 
crystallographic axes and lack twinning. Lithics of dusty radiating 
chalcedony and micaceous schist are evident. Highly altered and bent 
mica flakes have been partially replaced by kaolin and minute opaques. 
Other fresh flakes of muscovite are straight and up to 0.75mm in length. 
Yellowish brown tourmaline has been fragmented during sidewall coring. 
These grains were up to medium sand in size. 

Authiqenic minerals and cements: 
The only authigenic minerals are those replacing grains, namely kaolin, 
sericite and opaques. These minerals are present in trace amounts. Rare 
dust rims on quartz grains indicate the presence of syntaxial 
overgrowths. The anhedral and discontinuous nature of these overgrowths 
suggests that they were inherited. One corner of the sample has been 
cemented by fragments of angular opaque material that is probably organic 
matter (Fig. 2). Pores are filled and grains rimmed by the ?organic 
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Figure 2. 
Fragments of opaque material rim and partially fill pores in this poorly 
sorted quartzarenite. An inherited quartz overgrowth (arrow) is 
apparent. Eric The Red #l, Swc 61, depth 1340.0m. Plane light. Field 
of view 0.88mm. 
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4.6 Eric The Red #l, Swc 54, depth 1464.5m 

Thin section description 

The sample has been fractured and in part disaggregated due to sidewall 
coring. It is a moderately sorted, medium grained, mineralogically and 
texturally submature sublitharenite. Typically grains are fractured and 
this has formed a very angular fine fraction. However, grains appear to 
range in diameter from approximately 0.08mm (very fine sand) to l.lmm 
(very coarse sand) and are subangular to subrounded with low to moderate 
sphericity. Texturally the sample is grain supported with tangential and 
rare concave-convex grain contacts. The latter have resulted from the 
deformation of ductile lithics and micas during compaction. In part this 
deformation could be attributed to sampling. The extent of porosity 
preservation is difficult to ascertain because of the disrupted nature of 
the sample and possible contamination by drilling mud. If the lithics 
have been deformed by compaction then this is the major cause of porosity 
reduction. 

Framework grains are comprised of quartz (monocrystalline and 
polycrystalline), corroded K-feldspars, metamorphic, volcanic and chert 
lithics, muscovite, tourmaline and zircon. Dusty carbonate microspar and 
micrite form a patchy cement. In addition there are rare grains of 
glaucony (glauconite), inherited quartz overgrowths, micas and feldspars 
altered to kaolin and pore filling kaolin. 

Visual Estimate of Composition % 
Framework grains Quartz 68 

Feldspars 2 
Lithics 9 
Mica 3 
Accessory minerals tr 

Matrix nd 
Authigenic minerals Glaucony tr 
and cements Carbonate 2 

Kaolin 5 
Quartz tr 

Porosity Intergranular ?lO 
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4.7 Eric The Red #l, Swc 47, depth 1598.5m 

Thin section description 

Rock classification: Sublitharenite 

Texture: 
The sample is a poorly sorted, medium to coarse grained, mineralogically 
and texturally submature sublitharenite (Fig. 3). Grains have been 
fractured during sidewall coring and the sample is rimmed and infiltrated 
by drilling mud. The latter is associated with very angular silt size 
sand. Grains range in diameter from approximately O.lmm (very fine sand) 
to 2.lmm (granules) and are typically subangular to subrounded with low 
to moderate sphericity. Texturally the sample is grain supported with 
tangential and concave-convex grain contacts. Ductile deformation of 
lithics has resulted in the concave-convex contacts and indicates that 
there has been moderate mechanical compaction. 

Porosity: 
Secondary dissolution pores are preserved in rare patches. These appear 
to be due to partial dissolution of lithics. There are examples of 
feldspars corroded along preferred crystallographic axes to produce 
honeycomb pores. 

[Visual Estimate of Composition % I 
Framework grains Quartz 78 

Feldspar 1 
Lithics 15 
Mica tr 

IMatrix nd I 
Authigenic minerals Glaucony tr 
and cements Kaolin 2 

Porosity 
Quartz 
Dissolution 

tr 
3 

Framework qrains: 
Quartz is both monocrystalline and polycrystalline. The latter tend to 
be coarse grained with either straight or sutured crystal boundaries and 
undulose extinction. Scarce mineral inclusions of apatite and rutile 
needles are evident in the polycrystalline quartz. Monocrystalline 
quartz is more abundant, it has straight to slightly undulose extinction, 
scattered vacuoles and rare mineral inclusions of zircon, apatite, rutile 
needles and tourmaline. K-feldspars display various stages of alteration 
and rarely tartan twinning indicates the presence of microcline. Lithics 
are commonly very fine grained and highly altered making positive 
identification difficult. Examples of bedded siltstone, micaceous 
schist, chert, granite and possible volcanics are apparent. The 
?volcanics have a very fine siliceous groundmass and felsic or micaceous 
laths float in the groundmass. Flakes of muscovite are relatively fresh, 
splayed and bent. 

Authiqenic minerals and cements: 
Traces of glaucony with a wormy texture typical of glauconite has 
partially replaced some framework grains. Pore filling kaolin occurs as 
subhedral booklets that are up to 50 microns in diameter. Syntaxial 
quartz overgrowths are outlined by dust rims. Typically the terminations 
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Fi gure 3. 
General view of poorly sorted sublitharenite. Deformation of ductile 
lithics gives the appearance of matrix. Secondary dissolution pores 
(blue) are apparent. Eric The Red #l, Swc 47, depth 1598.5m. Plane 
light. Field of view 2.72mm. 
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4.8 Eric The Red #l, Swc 32, depth 1790m 

Thin section description 

The sample is a moderately sorted, medium to coarse grained, 
mineralogically and texturally immature litharenite. Grains are aligned 
due to the influence of bedding. There has been minor damage as a result 
of sidewall coring with fracturing of quartz grains and slight disruption 
of the texture. Typically grains are subangular with low to moderate 
sphericity. Texturally the litharenite is grain supported with 
dominantly tangential grain contacts. Rare deformation of lithics and 
micas has resulted in concave-convex contacts. Porosity is a combination 
of primary intergranular pores and secondary dissolution pores. The 
latter have resulted from grain dissolution and partial corrosion of 
feldspars. 

Framework grains are dominated by lithics (volcanic, metamorphic and 
sedimentary), quartz, feldspars (potassic and sodic varieties) and 
biotite. Felsic volcanic lithics are most abundant. Thin fibrous 
chloritic rims are apparent on grains and there are pores filled with 
chlorite. Rarely the chlorite appears to have been oxidised. Glaucony 
grains have been highly deformed and grains have been replaced by kaolin. 
Rare quartz prisms have precipitated after the chlorite. 

[Visual Estimate of Composition % I 
Framework grains Quartz 15 

Feldspar 2 
Lithics 58 
Mica 1 

IMatrix nd I 
Authigenic minerals Glauconite tr 
and cements Chlorite 5 

Kaolin tr 

Porosity 
Quartz tr 
Intergranular 12 
Dissolution 6 
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5, DISCUSSION 

SHERBROOK GROUP 
a) Lithology and mineralogy 

The Sherbrook Group sample consists of a fine grained, moderately sorted 
sublitharenite (Swc 10, depth 778.5m). Framework grains consist of 
quartz, feldspars, lithics, mica and accessory zircon. Detrital clay 
matrix represents approximately 7% of the sublitharenite. There is a 
relatively high percentage of glaucony (9%) in the sublitharenite when 
compared to other samples from Eric The Red #l. Minor pyrite cement is 
the only other authigenic mineral. 

UPPER SHIPWRECK 
There is considerable lithological variation in the 4 samples from the 
Upper Shipwreck Group. There is a fine grained quartzarenite (Swc 85, 
depth 1102m), a very fine grained sublitharenite (Swc 81, depth 1146m), a 
coarse grained carbonate cemented sublitharenite (Swc 70, depth 1297m) 
and a coarse grained quartzarenite (Swc 61, depth 1340m). All samples 
contain varying proportions of quartz, feldspar and lithics, and only the 
very fine sublitharenite and the quartzarenites contain micas and 
accessory minerals. In the very fine sublitharenite there is a 
relatively high concentration (2%) of accessory zircon, with lesser 
amounts of tourmaline, epidote and opaques. This sample also contains 
approximately 7% detrital clay matrix. Authigenic minerals in the 
quartzarenite are restricted to trace amounts of kaolin and illite that 
are associated with the alteration of feldspars. The very fine grained 
sublitharenite and fine grained quartzarenite contain glaucony 
(glauconite and chlorite), pyrite and kaolin. Carbonate has cemented the 
fine grained quartzarenite (8%) and the coarse grained sublitharenite is 
cemented by carbonate spar (30%) and a trace amount of kaolin. 

LOWER SHIPWRECK 
Lithologically the two samples from the Lower Shipwreck are very similar. 
They are comprised of medium to coarse grained sublitharenites. Both 
samples (Swc 54, depth 1464.5m and Swc 47, depth 1598.5m) have framework 
grains of quartz, feldspar, lithics and mica. Trace amounts of 
tourmaline and zircon were also noted in Swc 54. Authigenic minerals are 
restricted to trace amounts of glaucony and minor kaolin in both samples. 
Swc 54 (depth 1464.5m) also contains minor carbonate (2%) micrite and 
microspar. 

OTWAY GROUP 
The high percentage of lithics (58%) in Swc 32 (depth 1790m) 
differentiates this litharenite from any of the other samples in this 
suite from Eric The Red #l. It is a medium to coarse grained, moderately 
sorted litharenite. Framework grains are comprised of quartz, feldspars, 
lithics and mica. There are distinctive chlorite rims on detrital grains 
and trace amounts of authigenic quartz and kaolin. 

b) Reservoir quality 

Typically reservoir quality is difficult to estimate in these sidewall 
cores due to disruption during sampling. Grain fracturing has resulted 
in a fine angular fraction in Swcs' 61, 54 and 47 which fills pores and 
there is considerable infiltration by drilling mud in other samples. 
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SHERBROOK GROUP 
Reservoir quality has been controlled by the percentage of detrital clay 
matrix and chloritic rims on grains in the Sherbrook Group. Primary 
intergranular pores (?lO%) are dominant where there is no matrix and the 
chlorite has minimised the influence of mechanical compaction. Trace 
amounts of dissolution porosity have not significantly enhanced reservoir 
quality. Permeability is probably poor in this sample due to the 
presence of laminae which would limit vertical interconnection. 

UPPER SHIPWRECK GROUP 
Visual estimates of porosity in this group range from zero in Swc 70 
(depth 1297m) to approximately 20% in Swc 61 (depth 1340m). Porosity has 
been controlled by the percentage of authigenic carbonate cement, 
detrital matrix and grain size. To a lesser extent the deformation of 
ductile lithics has probably also contributed to a reduction in porosity. 
In the very fine grained sublitharenite of Swc 81 (depth 1146m) detrital 
clay matrix and very fine grain size have limited porosity. There are 
minor intergranular pores (3%) and secondary dissolution pores (5%) in 
this sublitharenite. In the coarse grained sublitharenite of Swc 70 
(depth 1297m) porosity has been occluded by carbonate cement. Carbonate 
cement and fine grain size have limited intergranular porosity to ?15% in 
the fine quartzarenite. Excellent reservoir quality (?20% porosity) is 
probably preserved in the coarse grained quartzarenite of Swc 61 (depth 
1340m) which lacks matrix and significant authigenic cements. 

LOWER SHIPWRECK GROUP 
Reservoir quality was very difficult to estimate in these sublitharenites 
because of grain fracturing. Primary intergranular pores (?lO%) appear 
to be better preserved in Swc 54 (depth 1464.5m) due to better sorting 
and possibly the lower percentage of ductile lithics. Although 
micropores were not evident in thin section there could be some 
associated with the kaolin in Swc 54 (depth 1464.5m). Deformation of 
ductile lithics and poor sorting probably controlled reservoir quality in 
Swc 47 (depth 1598.5m). Porosity was later enhanced by the dissolution 
of feldspars and lithics but this is unlikely to improve permeability 
because of the lack of interconnection between pores. 

OTWAY GROUP 
Although there is a very high percentage (58%) of duct 
sample (Swc 32, depth 1790m) there appears to 
mechanical compaction. Therefore primary intergranu 
been reduced by deformation of lithics. This fact 
relatively coarse grain size and moderate sorting ha 
preservation of approximately 12% intergranular pores. 
has been corrosion to produce secondary dissoll 
Permeability in this sample is probably limited due 
grain rimming chlorite that may block pore throats. 

ile lithics in this 
have been minimal 
lar pores have not 

combined with the 
ve resulted in the 

In addition there 
ltion pores O0 . (60 
to the presence of 

Cl Sediment provenance and depositional environments 

In terms of sediment provenance there appears to have been a constant 
source of volcanic, metamorphic and sedimentary lithics throughout the 
depositional history of these samples. The relative proportions of these 
components have changed with time and there is evidence of a significant 
change in source with the increased input of polycrystalline quartz in 
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related to the unconformity noted at this depth. It is possible that 
many of the volcanic lithics and heavy minerals throughout the sequence 
have been reworked from the Otway Group. 

Depositional environments appear to range from marine (Sherbrook Group) 
to marginal marine and possi&l;e~errestritahle (Shipwreck and Otway Groups). 
These suggestions are on percentage of glaucony, 
sedimentological characteristics and presence of plant matter. 

SHERBROOK GROUP 
Sediments in the Sherbrook Group were dominantly derived from 
metamorphic, volcanic and granitic terranes. Quartz is the common 
volcanic/plutonic variety and polycrystalline quartz probably had a 
granitic source. The latter is consistent with the dominance of K 
feldspars. 

The fine grain size and clay matrix of this sample indicates a low energy 
depositional environment. Grains were probably transported in suspension 
and via saltation. Detection of glauconite indicates that this was a 
shallow marine environment with low rates of sedimentation. 

UPPER SHIPWRECK 
Each sample within this group has a slightly different sediment 
provenance and depositional environment. Sediments have been derived 
from metamorphic, volcanic, granitic and sedimentary terranes. 
Depositional environments probably range from marginal marine to 
terrestrial. 

The fine grained quartzarenite (Swc 85, depth 1102m) contains traces of 
glauconite that indicate this was a shallow marine depositional 
environment. A low energy regime is suggested by the fine grain size and 
stringers of clay that were replaced by carbonate. Mineralogical 
maturity reflects long distances of sediment transport or reworking. The 
dominant sediment source was a volcanic/plutonic terrane with minor input 
from sedimentary and metamorphic sources. 

The very fine grained sublitharenite (Swc 81, depth 1146m) contains 
metamorphic and volcanic lithics, K-feldspars and monocrystalline quartz 
which are consistent with the provenances indicated by the heavy mineral 
suite. Tourmaline indicates an igneous source and epidote a metamorphic 
terrane. Traces of glauconite in this sample suggest that it was a 
marginal marine environment. Evidence of bedding and the very fine grain 
size are consistent with fluctuations in the hydraulic regime of a low 
energy environment. 

High energy was required for deposition of the coarse grained 
sublitharenite (Swc 70, depth 1297m). The abundance of polycrystalline 
quartz and lithics suggests material was being rapidly shed from a nearby 
source. Typically polycrystalline quartz breaks down during transport 
therefore it is commonly a very minor component of sandstones. The 
lithics indicate that the terrane included metamorphic, volcanic, 
granitic and sedimentary (chert and chalcedony) rocks. However it was 
probably dominated by a granitic basement. 

Rapid deposition in a high energy environment (possibly a channel) would 
account for the poorly sorted, mineralogically mature, coarse grained 
nature of the quartzarenite (Swc 61, depth 1340m). Grains would have 
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plant material and lack of glaucony support the hypothesis of at least 
close proximity to a terrestrial environment. Rare lithics were derived 
from metamorphic and sedimentary terranes which suggests the volcanic and 
granitic provenances evident in other samples were not as prominent at 
this time. However, medium sand size tourmaline and minor 
polycrystalline quartz with straight crystal boundaries would have been 
derived from an igneous source. 

LOWER SHIPWRECK 
Moderate to poor sorting, and medium to coarse grain size for these 
mineralogically submature sublitharenites could have resulted from rapid 
deposition in a moderate to high energy environment. Traces of 
glauconite indicate that it was a marginal to shallow marine setting. 
Sediment provenance shows an increase in the proportion of sedimentary 
lithics and inherited quartz overgrowths in this interval. These 
features are consistent with reworking of older sediments. Other lithics 
of metamorphic, volcanic and granitic provenance could have all been 
reworked from the underlying Otway Group. 

OTWAY GROUP 
The high percentage of volcanic lithics in this litharenite (Swc 32, 
depth 1790m) were probably derived directly from a volcanic terrane after 
only short distances of sediment transport. Traces of glauconite 
indicate that this was a marginal to shallow marine depositional 
environment. Fluctuations in the energy regime to produce bedding could 
have resulted from current or tidal activity. 

d) Diagenetic alteration 

There are no patterns in the diagenetic alteration of these samples. 
Each sample has a slightly different combination of authigenic minerals. 
Only in Swc 70 (depth 1297m) has there been significant alteration with 
the precipitation of carbonate cement. Elsewhere alteration has been 
relatively minor. Glauconite, chlorite, pyrite, carbonate, kaolin and 
quartz have precipitated in the sandstones. Silicification is restricted 
to trace amounts in the Otway Group sample (Swc 32, depth 1790m). In 
addition there is evidence of mechanical compaction and grain dissolution 
in most samples. 

SHERBROOK GROUP 
Evidence from this group indicates that all diagenetic alteration was 
relatively early. Glauconite forms at the sediment-water interface when 
pH is near 8, Eh is at the oxidation-reduction boundary and there is 
sufficient Fe3+ and Fez+ available. Glauconite has replaced detrital 
grains and it is possible that the chlorite rims are an alteration 
product of the glauconite. This would explain how detrital clay appears 
to have entered the sediment after the chlorite. The sequence probably 
involved the formation of glauconite at the sediment-water interface, 
followed by infiltration of detrital muds during periods of very low 
energy and then the diagenetic alteration of grain rimming glauconite to 
chlorite after burial. Pyrite may have formed during early diagenesis 
when Fe*+ became available from the glauconite and organic matter, and 
sulphide was produced by the bacterial reduction of dissolved sulphate in 
pore waters. 
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UPPER SHIPWRECK GROUP 
Red stained micrite and dark cores in the carbonate spar of Swc 85 (depth 
1102m) probably indicate the presence of siderite. Siderite would have 
precipitated when pore waters were alkaline, slightly more reducing than 
for the pyrite and sulphide activity was low. Thus it is likely that the 
carbonate precipitated after the pyrite and glauconite. After burial the 
?siderite was recrystallised via neomorphism to spar. Concentration of 
the ?siderite in the quartzarenite is not completely understood but it is 
possible that it is related to the better reservoir quality of this 
sediment. Carbonate has replaced the traces of kaolin in Swc 85 (1102m) 
which had formed due to the alteration of micas. Kaolin typically 
precipitates when conditions are acidic and there is low Kt activity. 
This suggests that there could have been flushing by meteoric waters soon 
after burial that would also have caused the partial dissolution of 
labile grains. Therefore the diagenetic sequence would appear to be: 
glauconite, pyrite, dissolution, kaolin, siderite, compaction and 
recrystallisation. 

Diagenetic alteration of the very fine grained sublitharenite (Swc 81, 
depth 1146m) would have followed a similar path to that described for the 
fine grained quartzarenite. There are trace amounts of glauconite, 
pyrite, kaolin and minor chlorite and evidence of grain dissolution. 
Grain replacing kaolin is also apparent in the coarse grained 
sublitharenite (Swc 70, depth 1297m) and quartzarenite (Swc 61, depth 
1340m). This suggests that there was a phase when pore waters were 
acidic throughout the Upper Shipwreck Group. At this same time feldspars 
in the quartzarenite were altered to illite and kaolin and elsewhere 
labile grains were dissolved. In the paragenetic sequence these acidic 
conditions probably developed prior to the precipitation of carbonates 
which require alkaline conditions. The extensive spar cement in Swc 70 
(depth 1297m) is probably related to later burial diagenesis. 

LOWER SHIPWRECK GROUP 
Trace amounts of glauconite would have formed at the sediment water 
interface in these two sublitharenites under similar conditions to those 
described for the Sherbrook Group. Clearly there was low sulphide 
activity since there is no pyrite and this would have favoured the 
precipitation of micrite if pore waters were alkaline. This micrite was 
later recrystallised to microspar after burial. Possible flushing by 
meteoric waters that resulted in the precipitation of kaolin elsewhere, 
also influenced the Lower Shipwreck Group. Kaolin has replaced micas and 
feldspars and precipitated from solution in pores. It is possible that 
the slightly higher concentration of kaolin in these samples indicates 
that ground water circulation was restricted rather than open. Si and Al 
derived from feldspar dissolution was not removed from the reservoir and 
thus precipitated as kaolin. Deformation of lithics during compaction 
has resulted in a reduction of porosity. The paragenetic sequence was 
probably: glauconite, carbonate, dissolution, kaolin, compaction and 
recrystallisation. 

OTWAY GROUP 
Fibrous chlorite rims on grains in the litharenite are distinctive. In 
sublitharenites from the Sherbrook and Upper Shipwreck Groups chlorite 
rims are not fibrous and radial in habit." Alteration of ferromaqnesian 
minerals in volcanic lithics from the Otway Group could have provided the 
source of Fe and Mg for the precipitation of fibrous chlorite. Chlorite 
precipitation is favoured by alkaline conditions with low K+ activity. 
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mechanical compaction. However, there are rare quartz prisms attached to 
the chlorite rims. These clearly postdate the chlorite and would have 
formed when pore waters were acidic and saturated in silica. Trace 
amounts of glauconite and kaolin in the litharenite were probably formed 
by mechanisms similar to those described above. Flushing by meteoric 
waters could have caused oxidation of the chlorite rims. The paragenetic 
sequence in this sample from the Otway Group could have been: glauconite, 
chlorite, dissolution, kaolin and quartz. 

Although the diagenetic events are different in each sample the overall 
paragenetic sequence is probably similar. These events are summarised in 
the diagram below: 

Event Early Middle Late 
Diagenetic Stage 

glauconite --- 
pyrite ---- 
chlorite ----- ----- 
carbonate ---- ---- 
dissolution ----- 
kaolin ----- 
compaction ___----------------- 
recrystallisation ----- 
quartz ---- 

e) Shipwreck Group from La Bella compared with Eric The Red 

Results from both wells are summarised in the table below. Figures given 
in the table include both the range of values for a particular item and 
the average in brackets. It should be noted that where sample size (N) 
is small, these values may not be representative of the whole unit. 

In terms of lithology the Shipwreck Group in Eric The Red #l does not 
show the sharp change from quartzarenites to litharenites that was 
apparent in La Bella #l at the boundary between the Upper and Lower 
units. Quartzarenites probably represent smaller intervals in Eric The 
Red #l. 

LOWER SHIPWRECK GROUP 
Grain size in the Lower Shipwreck is medium to coarse in both La Bella #l 
and Eric The Red #l which may indicate that these samples were deposited 
by a similar high energy hydraulic regime. Sorting is only slightly 
better at La Bella #l and there are suggestions of bedding which indicate 
fluctuations in current activity. 

In La Bella #l there is a higher percentage of labile feldspars and 
lithics in the Lower Shipwreck. This suggests that for La Bella #l 
either sediment transport was over shorter distances than for Eric The 
Red #l or that there was a change in sediment source. It is unlikely 
that these differences can be attributed to greater compressional 
tectonism at Eric The Red #l because this should have resulted in an 
increase, rather than a decrease, in erosion and hence the proportion of 
labile grains. Sediment provenance appears to be very similar in both 
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ERIC THE RED #l LA BELLA #l 
SHIPWRECK GROUP Upper Lower Upper Lower 

N=4 N 2 = N=9 N=3 

Lithology 

Srain size 

Sorting 
Structures 

Framework grains 
Quartz 
Feldspar 
Lithics 
Mica 
Accessory 

Matrix 
Clay 
Opaque material 

sublith/- 
quartz- 
arenites 
v fine- 
coarse 
(medium) 
poor-mod 
?bedding 

52-77 (68) 
tr-3 (1.3) 
tr-15 (5) 

0-tr (tr) 
O-2 (tr) 

O-7 (1.8) 
o-2 (0) 

sublith- 
arenites 

medium- 
coarse 
(medium) 
poor-mod 

68-78 (73) 
l-2 (1.5) 
9-15 (12) 

tr-3 (1.5) 
0-tr (tr) 

quartz- 
arenites 

v fine- 
v coarse 
(fine) 
poor-well 
laminae 

48-80 (68) 
tr-1 (tr) 
tr-1 (tr) 

O-2 (tr) 
tr-1 (tr) 

tr-5 (1.4) 
O-4 (tr) 

litharenites 

medium- 
coarse 
(medium) 
poor-mod well 
?bedding 

45-48 (46) 
6-8 (6.6) 

18-30 (24) 
tr-1 (tr) 
tr 

0-tr (0) 
o-1 (0) 

Authigenic minerals 
Glauconite/glaucony 0-tr (0) tr (tr) O-3 (tr) 
Chlorite o-3 (1) 
Pyrite o-1 (1.3) tr-2 (tr) 
Carbonate O-30 (9.5) o-2 (1) O-40 (10) 
Kaolin tr 2-5 (2.3) tr-7 (1.4 
Quartz o-4 (2) 
Illite/barite tr tr 

1 

tr-4 (1.3) 

O-l (tr) 
6-10 (7.6) 
3-10 (6) 
tr-2 (1.3) 

Porosity 
Intergranular 
Dissolution 

O-20 (9.5) 
o-5 (1.3) 

O-10 (5) 
o-3 (1.5) 

O-20 (10.8) 2-5 (4) 
o-5 (2.2) tr-1 (0.6) 

The Red #l were probably derived from a granitic basement. 

Precipitation of authigenic minerals has been greater in La Bella #l. 
There are higher percentages of carbonate, kaolin and quartz. This is 
reflected in a reduction of porosity compared to Eric The Red #l. These 
differences may be due to the greater tectonic activity recognised for 
Eric The Red #l. 

UPPER SHIPWRECK GROUP 
A slightly coarser grain size within Eric The Red #l samples may reflect 
either stronger current activity for this location or closer proximity to 
the source area. The latter hypothesis is supported by the higher 
percentage of feldspars and lithics. Overall sorting and mineralogical 
maturity are better in La Bella #l and this could be achieved by longer 
distances of transport or constant reworking of the sediment. Either 
hypothesis could explain the relative lack of volcanic lithics in the La 
Bella #l samples. Volcanic lithics would be more susceptible to 
weathering than the chert, schist and quartzite that were recognised. 
The Upper Shipwreck at La Bella #l was interpreted as a prograding delta 
whereas at Eric The Red #l this unit appears to be marginal marine with a 
stronger terrestrial influence. 
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the petrology of Eric The Red #l. This is probably due to a difference 
in the depositional environment rather than diagenetic alteration. The 
amount of kaolin is higher in La Bella #l and there is no quartz or 
barite in Eric The Red #l. As for the Lower Shipwreck Group these 
differences could be a function of tectonic stability in this region. 
Chlorite detected in Eric The Red #l is restricted to one sample and is 
probably related to the marine depositional environment. 

6. CONCLUSIONS 

1. Framework grains in the Sherbrook, Shipwreck and Otway Groups of Eric 
The Red #l are comprised of varying proportions of quartz, feldspars, 
lithics, mica and accessory minerals. Authigenic minerals in the 
Sherbrook Group consist of glaucony and pyrite. In the Upper 
Shipwreck there is authigenic glaucony, pyrite, carbonate, kaolin and 
illite. The Lower Shipwreck contains glaucony, carbonate and kaolin, 
whilst the Otway Group sample contains glaucony (glauconite and 
chlorite), kaolin and quartz. 

2. The mineralogy is unlikely to explain problems with interpretation of 
salinity data. 

3. Sediment provenance has been dominated by metamorphic, volcanic and 
granitic terranes with minor sedimentary input in Eric The Red #l. 
The relatively coarser grain size and greater abundance of labile 
grains in the Upper Shipwreck of Eric The Red #l suggests it could be 
closer to the sediment source than the equivalent interval in La Bella 
#l. The Lower Shipwreck in Eric The Red #l contains less labile 
grains than La Bella #l and this could be attributed to longer 
distances of transport or reworking. 

4. The Shipwreck Group in Eric The Red #l does not show a sharp change in 
lithology between the Upper and Lower units. 

5. There is a higher percentage of authigenic cements (carbonate, kaolin, 
quartz) in La Bella #l that could be attributed to the greater 
tectonic stability of this region. 
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7. GLOSSARY OF TERMS 

Boehm lamellae 
Parallel trails of vacuoles in quartz that are thought to form during 
deformation (metamorphism) of grains. 

Framboid 
A cluster of pyrite crystals with a spheroidal outline. 

Glauconv 
A term used to describe green minerals without any genetic 
connotations. If the green minerals can be identified, a specific 
mineral name is given. 

Granophvric Texture 
A variety of micrographic intergrowth of quartz and alkali feldspar 
that is either crudely radiate or is less regular than micrographic 
texture. 

Honeycomb Porosity 
Secondary porosity produced by the corrosion (etching) of detrital 
grains. 

Hydrocarbon envelope 
Solid bitumen surrounding a mineral containing radioactive elements. 
Radiation causes polymerisation of hydrocarbon chains within oil that 
rims grains. 

Microqraphic Interqrowth 
A regular intergrowth of two minerals. 

!lcJ 
Abbreviation meaning not detected. 

Neomorphism 
All transformations between a mineral and the same mineral, or another 
of the same general composition. 

Poikilotopic 
A sedimentary textural term denoting a single crystal of carbonate 
enclosing more than one framework grain. 

Vacuole 
Gas or liquid filled inclusion. 
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Geochemical Evaluation of Eric the Red-l 1 

1 INTRODUCTION 

Following completion of the Eric the Red-l well, a programrne was 
undertaken to evaluate the source rock character and thermal maturity of the 
drilled sequence. 

The evaluation of source rock character firstly involved analysis of seven 
sidewall cores for total organic carbon (TOC) content by Geotech, Perth. 
All the samples analysed, including two coals, yielded a TOC greater than 
1 .O % , and were accordingly pyrolysed by the Rock-Eva1 method. 

In an attempt to evaluate the thermal maturity of the Eric the Red-l section, 
vitrinite reflectance measurements were made on nine SWCs from the well. 

Two SWCs were solvent-extracted in an attempt to establish the presence of 
residual hydrocarbons. One of the resulting extracts was analysed by the 
whole-extract GC method. 

This report provides a compilation of the petroleum geochemistry data 
obtained from the Eric the Red-l well, together with an interpretation of 
these data. 
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Geochemical Evaluation of Eric the Red-l 2 

2 SOURCE ROCK CHARACTERISATION 

2.1 Screening Analyses 

2.1.1 Total Organic Carbon (TOC) 

As indicated in Table 1, the seven samples analysed for total organic 
content (TOC) originated in the Late Cretaceous Sherbrook and Shipwreck 
Groups. Although 0.5 % TOC is commonly used as the minimum 
requirement for a petroleum source rock, it is uncommon for sediments 
from the southern margin of Australia with less than 1 .O% TOC to be 
significant petroleum sources. On the basis of seven samples, it is clear 
that the Late Cretaceous section in Eric the Red-l contains potential 
petroleum source rocks, their TOC values ranging from 1.46-3.5 1% (Table 
2, Figure 1 and Enclosure 1). Note that two samples from 115 lm and 
1275m consisted of coal (TOC=36.3-60.0%). 

2.1.2 Rock-Ed Pyrolysis 

All seven samples (in which the TOC was found to exceed 1.0%) were 
pyrolysed using the Rock-Eva1 method. Two of these samples, from 812.5- 
lOlO.Om, gave HI values of 64-73 and Sl+S2 yields of l-2 mg/g (Figures 
2 and 3), indicating poor generative potential for gas. Three samples from 
1316-1630m gave HI values of 111-140 and Sl+S2 yields of 3-4 mg/g, 
indicating fair potential for gas, and perhaps some condensate. The data 
from the two coal samples (HI = 130-224) suggest that there is greater 
potential for liquids generation in the coals. 

It is clear from the S 1 + S2 yields of the Eric the Red-l samples that 
expulsion, if any, would be possible only at relatively high levels of thermal 
maturity. At such levels of thermal maturity, considerable secondary 
cracking of liquids to gas would occur, such that these source rocks would 
perhaps be more “gas prone” than indicated by the source character data. 

The Rock-Eva1 pyrolysis data listed in Table 2 are summarised in the form 
of crossplots in Figures 4 and 5. Figure 4 reflects the overall quality of the 
kerogen in the samples analysed, in terms of their oil-prone or gas-prone 
character: most samples plot in the gas/condensate-prone Type II/III and 
Type III areas of the diagram (HI < 150). (Note that the 13 16m sample is 
omitted from this diagram due to its artifically high 01 value.) The more 
liquids-prone character of one of the coal samples is reflected in its more 
obvious Type II affinity. Figure 5 reflects the generative capacity of the 
samples, in terms of their source quality and thermal maturity; none of the 
samples approach the threshold of significant hydrocarbon generation and 
expulsion, due to their poor quality and thermal immaturity. 

0508 .rep 



Geochernical Evaluation of Eric the Red-l 3 

2.2 

Maceral petrography associated with the vitrinite reflectance determinations 
shows that the organic matter in most of the samples is dominated by 
inertinite, followed by vitrinite (Figure 6). However, liptinitic/exinitic 
(Type II) macerals are identified in all samples except the 1151m coal 
(described as 100% vitrinite), confirming the presence of some liquids- 
prone components. In the Shipwreck Group, the Type II macerals appear to 
be supplemented by small amounts of oil-prone alginitic (Type I) macerals. 

Thermal Maturity 

Rock-Eva1 parameters which are often used for maturity assessment are 
Tmax and Production Index (PI). A Tmax value of 435”C, and a PI value 
of 0.10, are regarded as marking the entrance to the oil-generative window. 

As Table 2 and Figure 7 show, values of Tmax range from 408-436°C. 
Values of PI (Figure 8) are generally less than 0.10. There is therefore an 
agreement between the maturity estimates based on the PI and Tmax data in 
the Eric the Red-l well, namely that the 812.51630m section is thermally 
immature. 

Vitrinite reflectance measurements on nine samples from the 812.51630.0m 
interval do not exceed 0.51% (see Table 31 3A and Figures 9 and 10). The 
value for one sample in the Otway Group (at 183 1.5m) is 0.68 % . The Late 
Cretaceous interval in Eric the Red-l can therefore be considered to be 
thermally immature, and the Otway Group at T. D. marginally mature. 

Because kerogens will generate products with markedly different 
compositions as thermal maturity progresses, it follows that certain analyses 
and the interpretation of their results will be fundamentally affected by 
maturity, in particular Rock-Eva1 pyrolysis data. The observation that the 
drilled interval has not attained thermal maturity means that this need not be 
a consideration in the interpretation of geochemical data from the Eric the 
Red-l well. The poor source quality of parts of the drilled sequence cannot 
therefore be attributed to advanced thermal maturity. 
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Geochemical Evaluation of Eric the Red-l 4 

3 FLUIDS CHARACTERISATION 

3.1 Whole-Extract GC Analysis 

Two SWC samples, from 1097m and 1340m, were solvent-extracted in an 
attempt to establish the presence of residual hydrocarbons. The resulting 
extract yields are listed in Table 4, and summarised in Figure 11. The 
1097m extract was analysed by the whole-extract GC method, the GC trace 
being shown in Figure 12. 

As Figure 11 shows, the extract yields ranged from 223-690 ppm. These 
results, combined with the character of the 1097m whole-extract GC trace, 
suggest that the extracts are unlikely to represent residual saturations of 
mature migrated hydrocarbons, but instead appear to represent small 
amounts of indigenous, or very locally migrated, immature hydrocarbons. 
No n-alkane distribution data are reported. 
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Geochemical Evaluation of Eric the Red-l 5 

4 CONCLUSIONS 

Seven SWC samples, from the Late Cretaceous Sherbrook and Shipwreck 
Groups, were analysed for their TOC content. All these samples, including 
two coals, yielded values greater than 1 .O % , and were accordingly analysed 
by Rock-Eva1 pyrolysis. The resulting data revealed a predominance of 
mainly gas-prone Type II/III to Type III organic matter with HI values less 
than 150, with the exception of one coal sample (1275m) characterised by a 
more liquids-prone organic facies. Liptinitic/exinitic (Type II) macerals 
were identified in most samples (supplemented by a sparse alginitic 
component in the Shipwreck Group), suggesting minor liquids potential. 
However, it is clear from the S 1 +S2 yields that expulsion from these 
source rocks would be possible only at relatively advanced levels of thermal 
maturity; at such levels, secondary cracking of liquids to gas would occur, 
such that these source rocks would become more gas-prone than indicated 
by the source character data. 

Thermal maturity data, namely Tmax, PI and vitrinite reflectance 
measurements, suggest that the Sherbrook Group and Shipwreck Group are 
thermally immature, but that the Otway Group is marginally mature at TD. 
The generative potential of the source rocks discussed above has therefore 
not been realised at the Eric the Red-l location. A further inference is that 
the quality of these source rocks can in no way be linked to advanced 
maturity, their relative leanness being more a function of the type and 
preservation state of their contained organic matter. 

Two SWC samples were solvent-extracted in an attempt to identify any 
residual hydrocarbons (namely, any hydrocarbons which represent the 
remains of an earlier liquids saturation). The resulting extract yields were 
low (less than 700ppm). One extract (1097m) was analysed by the whole- 
extract GC method, and the nature of the GC trace, taken together with the 
low extract yield, did not suggest that the extracts represented residual 
hydrocarbons. 

0508.rep 



WELL NAME = ERIC THE RED-1 
COUNTRY = Australia 
BASIN = Otway 

DEPTH 1 

--------- 
812.50 

1010.00 
tog7.00 
1151.00 
1275.00 
1316.00 
1340.00 
1455.00 
1575.00 
1630.00 
1831.50 

DEPTH 2 GEOLOGIC GEOLOGIC 
PERIOD/EPOCH AGE 

-------a- --------em --_-____ 
812.50 L.CRET 

1010.00 L.CRET 
1og7.00 L.CRET 
1151 .oo L.CRET 
1275.00 L.CRET 
1316.00 L.CRET 
1340.00 L.CRET 
1455.00 L.CRET 
1575 .oo L.CRET 
1630.00 L.CRET 
1831.50 E.CRET 

FORMATION 

-------__ 
SHERGP 
SHERGP 
SHIPGP 
SHIPGP 
SHIPGP 
SHIPGP 
SHIPGP 
SHIPGP 
SHIPGP 
SHIPGP 
OTWAGP 

GEOLOGIC t GENERAL DATA - SEDIMENTS 
=================================== 

PRIMARY PERCENT SECONDARY PERCENT SAMPLE SAMPLE 
,LITHOLOGY PRIMARY LITHOLOGY SECONDARY TYPE QUALITY 
a-------- --------- --------- -------w- -------- ------- 

swc 
swc 
swc 
swc 
swc 
swc 
swc 
swc 
swc 
swc 
swc 

------------------------------------------------------------------ ___________________ ___________________---------------------------------------- 
N.B. Code definitions at end of Lablc 

- = No data 
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TABLE 2 

WELL NAME = ERIC THE RED-l 
COUNTRY = Australia 
BASIN = Otway 

DEPTH 1 DEPTH 2 TOC 
--------- ----^---- -_-__ 

812.50 812.50 2.16 
1010.00 1010.00 1.46 
1151.00 1151.00 36.30 
1275.00 1275.00 60.00 
1316.00 1316.00 2.40 
1455.00 1455.00 3.51 
1630.00 1630.00 2.10 

TMAX so Sl 
--me -mm .--- ------ 

432 -19 
435 -03 
408 4.92 
422 5.25 
426 .17 
431 1 4 
4% :2g 

TOC AND ROCK-EVAL PYROLYSIS DATA - SEDIMENTS 
__--------^-------- =========================------------------- 

s2 s3 Sl+S2 S2/S3 
----mm ---a-- ------ ------ -- 

1.57 -72 1.76 2.18 
.94 -71 .97 1.32 

47.12 7.48 52.04 6.30 
134.44 20.81 

2:g4 :*23 

.27 

.48 
* 39 3.23 7.54 

PI PC 
--- ----- a 

:03 11 -15 .08 
-09 4.32 
.04 11.59 
.05 -29 
.03 -33 
.09 .27 

HI 
---- - 

2 
130 
224 
136 
111 
140 

01 
--em 

43; 
21 

5:; 
229 

19 

TOC = Total organic carbon TMAX = Max. temperature S2 : so = Volatile gaseous 1fC's 
s2 = HC generating potential s3 = Organic carbon dioxide PI = Production index 
HI = Hydrogen index 01 = Oxygen index = no data 
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ERIC THE RED - 1 
Maceral Composition Data 

a, 8o 0 c= co 70 

- 

- 

co 50 - 
‘j c) 40 - 

- 

812.5 1010 1151 1275 1316 1455 1575 1630 1831 

Depth (m) 

n Aiginite n Exinite q Vitrinite 0 lnertinite Figure 6 



ERIC THE RED - 1 
Tmax vs Depth 
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Figure 7 I l 
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Th1ll.l: 3 

VITRINITE REFI.ECTANCE AND COAL MACERAL DATA - SEDIMENTS 
ALL MACERAL POPULATIONS 

WELL NAME = ERIC THE RED-I 
COUNTRY = Australia 
BASIN = Otway 

POPULATION MEAN 
DEPTH 1 DEPTH 2 

--------- --------- 
812.50 822.50 

1010.00 1010.00 

-me 
TYPE X REFL 
------- ---me- 

V .43 

V .45 

--------------MACERAL 

%  ALGINITE %  EXINITE 
----_--___ ________- 

0.00 4.50 

0.00 3.40 

MINIMUM 
%  REFL. 
------w 

.36 

* 36 

-37 

-35 

2: 

.42 

$4 

.41 

.68 

MAXIMUM NUMBER 
X REFL. READINGS 
-,- - - - - a -------- 

.51 27 

-53 

.43 

.42 

.62 

.74 

.63 

.61 

.66 

.65 

.68 

26 *05 

26 .02 

26 .02 

32 .07 
3 .05 

26 .05 1.30 12.00 

27 .07 0.00 1.70 
3 .02 

25 .07 0.00 15.50 

1 0.00 

STANDARD 
DEVIATION 
--------- 

. 04 

1151..00 1151.00 

1275.00 1275.00 

1316.00 1316.00 

. 

0.00 -50 

0.00 10.10 

.40 V 

V *39 

.46 
-70 

4.80 14.50 V 
R 

1455 .oo 

1575.00 

1455.00 

1575.00 

.49 V 

V .47 
R .65 

1630 .oo 1630.00 V -51 

1831.50 1831.50 V .68 

------------------__--------------------------------------- ____________________----------------------------- 

N.B. Code definitions at end of table 
- = no data 
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JOB l%OA, ERIC THE RED-l, OTUAY BASIN 

Sample 

No(s) 

VT188 

ma9 

V7790 

VT191 

~7792 

VT793 

Depth(m)/ Ii max 

Sarrple WPe 7%) 
Range 

(%I 

N Description Including Liptinite Fluorescence Characteristics 

812.5 
w-8 

0.43 0.36-O-51 27 Sparse cutinite, sporini te and 1 iptodetrinite, yellow to orange, 

rare resinite, yellow to orange, rare suberinite, orange to 

dull orange. (Siltstone~mzoal. Coal rare, WI. 
Vitritepinertite. Dan abundant, l>V>L. Inertinite and 

vitrinite abwdant, liptinite sparse. Oil drops rare, yellow. 

Mineral fluorescence pervasive, weak orange to ueak dull orange. 

Iron oxides sparse. Pyrite aMant. 

1010.0 

WC-1 

0.45 0.36-0.53 26 Sparse resinite, yellow to orange, rare cutinite and sporinite, 

yellou to orange, rare suberinite, orange to dull orange. 

(Siltstone>>coal. Coal rare, WI. Vitritepinertite. D~TI 

abcndant, I>V>L. Inertinite and vitrinite abundant, liptinite 

sparse. Oil drops rare, ye1 Lou. Mineral fluorescence 

pervasive, weak orange to ucak dull orange. Iron oxides sparse. 

Pyrite abundant.) 

1151.0 

w-80 
0.40 0.37-0.43 26 Sparse resinite, ye1 Lou to orange, rare cutinite and sporinite, 

yellow to orange. (Coal. Coal dominant, W>L. 

Vitrite>>clarite. Texto-ulminite is the twin vitrinite maceral. 

Hineral-free maceral group cz-position of the coa!: vitrini t-2 - 

97.5x, inertinife - absent, liptinite - 0.5X. Pyrite abwdant.1 

1275.0 

SK-72 

0.39 O-35-0.&2 26 kbudant sporinite, yellow to orange, sparse resinite and 

llptcdctrinite, yellou to orange, sparse cutinite, orargc, rare 

s&zrini te, orange to dull orargc. (COJL. Ccal dcninant, 

I >V>L. Clarcdurite>duroclarite>inertite,vitrinerti~c>.~itri~~. 

Ces.moccllinite~telocollinit~. Mineral-free rwceral grwp 

ccqcsiticn cf the coal: vl:rlnlte - 35.0%, inertlr.ite - 55.C&, 

liptinite - 10.0X. Pyrite caT1TIDn.J 

1316 0.48 O-34-0.62 32 Sparse cutinite, lamalginite, liptodctrinite and resinite, 

SX-67 ‘Rcuorkcd O-65-0.74 3 yellou to orange, rare sporinite, yellou to orange. (Calcareous 

siltstu-wcartiate. Darn aMnt , I>V>L. lnertinite abndant, 

vitrinite and liptinite cunwn. Reuorked vitrinite sparse, 

R IMX = 0.65% to 0.74%. Oil drops rare, green. Mineral 

f\;uorescence pervasive, mderate green to yellowish green. Iron 

oxldes sparse. Pyrite abundant. 1 

1455 

WC-55 

0.49 O-42-0.63 26 Sparse cutinite, sporinite, liptodetrinite and lamalginite, 

yellou to orange .’ rare rtsinite, ye1 low to orange. (Clayey 

si ltstone~carbonate>shaly coal>coal. Coal rare, V,>L>I. 

Vitrite. Shaly coal rare, V>>L>I. VitriteXlarite. Dam 

abundant, I>V>L. Inertini te and vitrinite abundant, 1 iptini te 

CGIllTlGfl. gitunen rare, greenish yellow. Mineral fluorescence 

pcrvasivc, ucak moderate green to ueak orange. Ircn oxides 

sparse. Clauconite sparse. Pyrite comnon.) 

TABLE 3A 
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Sample 

No(s) 

v7794 

V7795 

v??96 

30 

sx ANA93 .doc 

JOB l%tM, ERIC THE RED-l, OTUAY EASlR 

Depth(m)/ ii max Range N 

Sample type 7X) (%I 

'1575 0.49 0.;7-0.61 27 
SK-49 *Reworked O-63-0.66 3  

1630 0.51 O-41-0.65 25 
SK-45 

1831.5 0.68 - 1 

WC-31 

Description Including Liptinite Fluorescence Characteristzs 

Sparse cut ini te, ye1 low to orange, rare sporini te and resini te, 

yellow to orange. (Sandstone>>shaly coal>coal. Coal abmdant,  

vitrite>duroclaritewitrinertite*inertite. Mineral-free maceral 

group conposit ion of the coal: vitrinite - 48X, inertinite - 

4rX, 1  iptini te - 5%. Dofn abundant,  I>V>>L. Inertinite 

abundant,  vitrinite common, liptinite rare. Reworked vitrinite 

sparse R imax = 0.63% to 0.66%. Mineral f luorescence pervasive, 

nmderateVgreen to moderate yellow. Iron oxides sparse. Pyr i te 

sparse.) 

Sparse cutinite and sporinite, ye1 low to orange, sparse, 

resini te, lamlginite and liptodetrinite, yellou to dull orange. 

(Calcareous siltstone>carbonate. Dam abmdant,  I>V>L. 

Inertinite abundant,  vitrinite arrd liptinite canmn. Mineral 

f luorescence patchy, moderate green. Iron oxides sparse. 

Pyrite camnon.) 

Rare lamalginite, yellou. (Sam!stone>>cartona:e. Dm rare, 

I>V=L. Al 1  mceral groups rare. Mineral f luorescence rare, 

very ueak green. Ircm oxides sparse. Pyrite rare.) 



!l.zEsb” : 
(Total No. of 

VITRINITE REFLECTANCE AND COAL MACERAL INDENTIFICATION 
THE RED-l CLIENT: BHP PETROLEUM SAMPLE MPE: SWC 
812.5 METRES DATE: MAY 1993 
Roadtngs=27) 0.36 0.37 0.37 0.37 0.37 0.39 0.40 0.41 0.41 0.42 0.42 0.42 0.42 0.43 0.44 0.44 0.44 

0.U 0.45 0.45 0.45 0.45 0.46 0.48 0.49 0.49 0.51 .- 

VITRINITE REFLECTANCE - MACERAL IDENTIFICATION - 

POPULATION No. of Mean Mtn Max 
Numbrr 2 Raadlngs Ro (2) Ro (2) Ro (2) DeTZ) Comments VIGL In Alts 

x x 
Uptinlto Eltumrn 

1 

‘N 

Ii 
B 

ri 

0 
F 

R 

Ii 
D 
I 

i 
S 

100.0 27 0.43 0.36 0.51 0.04 INDIGENOUS(+) 28.10 67.40 4.50 0.00 

20 

15 

10 

5 

0 
$Z 

ziiik 

:’ 

‘ L , , , , , , I, I, 1, ( , , ) ‘ , , ‘ , ( , , , , ‘ ,, 

0 1 VITRINITE REFLECTANCE 2 3 

SAMPLE ID: 1010.0 METRES SAMPLE MPE: SWC 
(Total No. of Rsadlngt=26) 0.36 0.37 0.37 0.40 0.40 0.40 0.41 0.42 0.43 0.43 0.44 0.45 0.45 0.45 0.46 0.47 0.47 

0.47 04 0.48 0.49 0.49 0.50 0.50 0.52 0.53 

VITRINITE REFLECTANCE - MACERAL IDENTIFICATION - 

POPULATION No. of Moan Mln Max 
ReadInga Ro (2) Ro (2) Ro (X) D??(Z) 

Commrnts 
VltrLt~ 

2 x x 
Number X Inortlnlto Upthlte Bitumen 

R 
- E 

1 100.0 26 0.45 0.36 0.53 0.05 INDIGENOUS(+) 28.40 68.20 3.40 0.00 



FIGURE 9 (cont’d) 
VITRINITE REFLECTANCE AND COAL MACERAL INDENTIFICATION 

WELL: ERIC THE RED-l CUENT: BHP PETROLEUM SAMPLE MPE: SWC 
SAMPLE ID: 1151 .O METRES DATE: MAY 1993 

(Tofal No. ‘of Roadings=P6) 0.37 0.37 0.37 0.38 0.38 0.38 0.38 0.38 0.38 0.39 0.39 0.39 0.40 0.40 0.40 0.40 0.40 
0.41 0.41 0.41 0.41 0.41 0.42 0.42 0.42 0.43 

:,.- 

VITRINITE REFLECTANCE - MACERAL IDENTIFICATION - 

POPULATION No. of Mean Mfn Max 
RaadIngs Ro (2) Ro (X) Ro (X) DeTZ) w&t@ 

x a 
Comments 

x 
Number X InortlnIt~ LlptinHr Bltumon 

1 100.0 26 0.40 0.37 0.43 0.02 INDIGENOUS(+) 99.50 0.00 0.50 0.00 

SAMPLE ID: 1275.0 METRES SAMPLE IYPE: SWC 

(Total No. of Roadings=26) 0.35 0.35 0.36 0.37 0.37 0.37 0.37 0.38 0.38 0.38 0.39 0.39 0.39 0.40 0.40 0.40 0.44 
0.40 0.40 0.40 0.40 0.40 0.40 0.41 0.41 0.42 

VITRINITE REFLECTANCE w ’ - MACERAL IDENTIFICATION - 

POPULATION No. of Mean Mtn Max 
Raadlngs Ro (2) Ro (2) Ro (X) D?)(Z) 

Commwts x x z 
Number X Vitrinita iner&h Upthtto BItumrn 

1 100.0 26 0.39 0.35 0.42 0.02 INDIGENOUS(+) 35.00 55.00 10.00 0.00 



FIGURE 9 (cont’d) 
VITRINITE REFLECTANCE AND COAL MACERAL INDENTIFICATION 

WELiz ERIC THE RED-l CLIENT: BHP PETROLEUM SAMPLE TYPE: SWC 
SAMPLE ID: 1316.0 MEIRES DATE: MAY 1993 
(Total No. of Rsadlngs35) 0.34 0.34 0.37 0.37 0.39 0.39 0.40 0.40 0.41 0.42 0.42 0.43 0.43 0.44 0.45 0.45 0.46 

, 0.46 0.46 0.47 0.47 0.47 0.52 0.52 0.53 0.53 0.53 0.55 0.58 0.58 0.59 0.62 0.65 0.71 
0.74 

VlTRlNlTE REFLECTANCE MACERAL IDENTIFICATION - 

POPUlAnON No. of Mean Mln Max 
Number 2 Readings Ro (X) Ro (%) Ro (2) D@zZ) Comments VitrLs In&nits 

x % 
Uptfnita Bitumen 

1 
2 

i 
M 
B 

k 

0 
F 

E 
A 
D 
I 

i 
S 

91.4 32 0.46 0.34 0.62 0.07 INDIGENOUS(+) 32.30 48.40 19.30 0.00 
8.6 3 0.70 0.65 0.74 0.05 REWORKED(O) 

SAMPLE ID: 1455.0 METRES 

(Total No. of 

VITRINITE REFLECTANCE - MACERAL IDENTlFiCATlON - - 

1 VITRINITE REFLECTANCE 2 3 

SAMPLE MPE: SWC 

0.43 0.44 0.45 0.45 0.45 0.45 0.46 0.46 0.47 0.47 0.47 0.48 0.49 0.49 0.50 0.51 
0.52 0.52 0.54 0.54 0.54 0.55 0.57 0.63 

POPULATlON No. of Mean Mln Max 
Readings Ro (Z) Ro (7;) Ro (Z) Dr(X) 

Comments x x % % 

Numbor Z VitrinIt~ Inortlnite Uptinito Bftumen 

1 

tl 
M 
B 

Ii 

0 
F 

R 

: 
D 
I 

t 
S 

100.0 26 0.49 0.42 0.63 0.05 INDIGENOUS(+) 32.90 52.60 13.20 0.00 

20 - 

15- 

10- 

5- 
k+ 

09 
-BE&-+ 

11 8 * 1 """""""* "I"""' 
0 1 VITRINITE REFLECTANCE 2 GEOTEC 13 



FIGURE 9 (cont’d) 
VITRINITE REFLECTANCE AND COAL MACERAL INDENTIFICATION 

WELL: ERIC THE RED-1 CUENT: BHP PETROLEUM SAMPLE TYPE: SWC 
SAMPLE ID: 1575.0 METRES DATE: MAY 1993 
(Total No. of RoadIngs=30) 0.37 0.37 0.38 0.39 0.40 0.40 0.41 0.41 0.41 0.42 0.42 0.43 0.45 0.45 0.46 0.49 0.50 - ,1 

0.50 0.50 0.51 0.53 0.54 0.56 0.56 0.57 0.60 0.61 0.63 0.65 0.66 

VlTRlNlTE REFLECTANCE - MACERAL IDENTIFICATION - 

POPUIATION No. of Mean Mln Max 
Readings Ro (2) Ro (2) Ro (2) DagZ) VItrL 

x 2 x 
Number X Comments tnortfntte Uptinh Bltumon 

1 100.00 30 0.49 0.37 0.66 0.09 INDIGENOUS(+) 42.70 55.60 1.70 0.00 

N. 
t: 

20- 

B 
Fi 15- 

0 
F 10 - 
R 

: D 51 
Ii. iii+:+ : 
G 
S O~~.,~‘~~~‘~“~~~~~~‘~“““” 

0 1 VITRINITE REFLECTANCE 2 3 

SAMPLE ID: 1630.0 METRES SAMPLE TYPE: SWC 

(Total No. of Readings25) 0.41 0.44 0.44 0.44 0.45 0.45 0.46 0.46 0.46 Oi47 0.47 0.47 0.50 0.50 0.51 0.52 0.56 
0.56 0.58 0.59 0.59 0.60 0.60 0.62 0.65 

- VITRINITE REFLECTANCE . - MACERAL IDENTIFICATION - 

POPUUTION No. of Mean MIn Max 
Readings Ro (2) Ro (X) Ro (X) D?)(X) 

Comments x x x x 

Numbw 2 VItrhHe InerHnIta Llpthtt~ Bltumrn 

1 100.0 25 0.51 0.41 0.65 0.07 INDIGENOUS(+) 28.20 56.30 15.50 0.00 

20 

I 
15- 

10- 

5- 

01 
-ciEs+ 

a I a 8 8 ~““““““~“““““’ 
0 1 VITRINITE REFLECTANCE 2 a GEOTEC 



FIGURE 9 (cont’d) 
VITRINITE REFLECTANCE AND COAL MACERAL INDENTIFICATION 

WEU: ERIC THE RED 1 CLIENT: BHP PETROLEUM SAMPLE TYPE: SWC 
SAMPLE ID: 1813.5 METRES DATE: MAY 1993 
(Total No. of Readlngs=l) 0.68 

VITRINITE REFLECTANCE - MACERAL IDENTIFICATION - 

POPUlATlON No. of Mean Mln Max 
Readtngs Ro (2) Ro (X) Ro (2) 0.2X) 

x 2 2 
Number X Commontt 

x 
Vlttinito InorHnIto Uptinlto Bitumen 

1 100.0 3 0.68 0.68 0.68 0.00 INDIGENOUS(+) 33.30 33.30 33.40 0.00 
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ii 
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0 1 VITRINITE REFLECTANCE 2 3 
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ERIC THE RED 1 

Whole Extrac 

C12+ GLC 

1097.0m, SWC 

FIGURE 12 



PE600052 

This is an enclosure indicator page. 
The enclosure PE600052 is enclosed within the 

container PE900173 at this location in this 
document. 

The enclosure PE600052 has the following characteristics: 
ITEM-BARCODE = PE600052 

CONTAINER-BARCODE = PE900173 
NAME = ERIC THE RED 1 GEOCHEMISTRY LOG / 

PYROLYSIS SCREENING DATA 
BASIN = Otway 

PERMIT = VIC/P31 
TYPE = WELL 

SUBTYPE = WELL-LOG 
DESCRIPTION = ERIC THE RED 1 GEOCHEMISTRY LOG / 

PYROLYSIS SCREENING DATA 
REMARKS = 

DATE-CREATED = 31/05/94 . 
DATE-RECEIVED = * 

W-NO = W1077 
WELL-NAME = ERIC THE RED 1 

CONTRACTOR = BHP 
CLIENT-OP-CO = BHP 

(Inserted by DNRE - Vie Govt Mines Dept) 
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1. INTRODUCTION 

Eric The Red-l was an exploration well drilled by BHP Petroleum in the 
Otway Basin (VIC/P31), during February 1993. The main objective was to test 
elastic reservoirs associated with a fault dependent structure mapped within the 
lower Late Cretaceous interval, known informally as the “Shipwreck Group”. 

Eric The Red-l encountered good quality reservoir sands at the target horizons 
but no shows were recorded. After logging, the well was tested with the RFT 
and then plugged and abandoned. 

The abbreviations used for depth measurements in this report are: 

rt 
m 
mrt 

rotary table height (25.0m) above sea level. 
metres measured by driller below rt 
metres measured by logger below rt 

Our Rcf: rrh:my:17CEkcc / 17 June 1994 
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2. HOLE CONDITIONS 

2 

2.1 Caliper 

The objective section was drilled with a 8-l/2” bit. The hole was in good 
condition when logged with evidence of mudcake of up to 0.5” across the 
sands, and wash-outs generally limited to 2.0” or less in the shalier sections. 

2.2 

2.3 Temperature 

Borehole Fluids 

Listed in Table 1 below, is a summary of the mud parameters used in the open 
hole section beneath the 948” casing shoe. 

Table 1 : Suite-2 Borehole Fluids 

Mud type Mud type 

Mud Weight Mud Weight 

KC1 Content 

NaCl, 

Barite Content 

Rmf 
R R mc mc 

Rm Rm 

KC1 / PHPA KC1 / PHPA 

1.10 g/cm3 1.10 g/cm3 

7.4 % 

67,750 ppm 

10.15 lbslbbl 

0.104 Q.m @ 19.ooc 

0.132 Q.m @ 19.0°C 0.132 Q.m @ 19.0°C 

0.114 km @ 20.0°C 0.114 km @ 20.0°C 

The extrapolated bottom hole temperature at 1840 m, is estimated to be 77.5”C 
(171.5”F), + 1.4”C, as calculated from (logarithmic) regression analysis (3 = 
0.97). The calculated present day gradient is approximately 3.13”U 100 m, 
using a surface temperature of 20°C. 
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Listed in Table 2 below, are the maximum temperatures recorded during Suite- 
2 logging: 

Table 2 : Maximum Recorded BHT’s 

BHT DEPTH TOOL TIME SINCE CIRC. 
(“Cl (m rt) STRING LAST CIRC. TIME in Hrs. 

in Hrs. [t] M 

Our Refi rabmy:17W:cc / 17 June 1994 
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3. AVAILABLE DATA 

3.1 Wireline Logs 

Two suites of wireline logs were acquired at Eric the Red-l. The Suite-l logs 
have not been processed any further as no hydrocarbon bearing reservoir was 
encountered. The Suite-2 logs were recorded over the objective sections and 
have been analysed in detail for this report. 

Suite-l data listed in Table-l below, were obtained in three runs performed in 
the 12-l/4” open hole between 355.0 m rt and 1017.0 m. 

Table 3 : Suite-l W ireline Logs 

II DATE & TIME I TOOL STRING I INTERVAL (m rt) II 

In general data quality from all tools was good, although the resistivity devices 
were somewhat affected by over-gauge hole conditions. The caliper recorded 
wash-outs of up to 6.75” between 437.0 and 538.0 m. A ‘noisy’ sonic response 
between 585 .O and 790.0 m correlates with MSFL spikes over the same 
interval. In addition, the static SP shows a strong positive deflection across all 
sandy intervals. 

Suite-2 logs were recorded in the 8-l/2” open hole and consisted of six logging 
runs listed in Table 4. The g-5/8” casing shoe was set at 1007.0 m and total 
depth (TD), was reached at 1875.0 m. 

Gauge conditions were generally excellent over the open hole interval with 
wash-outs limited to 2.0” below 1050.0 m and with mudcake of 0.25” to 0.5” 
developed over the majority of the objective section. The good hole conditions 
meant that good repeatability was established for the first two logging runs. A 
good match between the separate runs was achieved, after a depth adjustment of 
+0.7 m was made to the neutron-density log. 

High quality data was obtained from the resistivity-sonic and neutron-density 
runs, although the sonic device did exhibit some separation between the four 
acoustic responses across cemented zones. The resistivity device similarly 
recorded the location of these tight bands, as elevated resistivity spikes. 

Our Rcf: rah:my:1709:cc / 17 June 1994 
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Owing to sticky hole conditions near TD, the neutron-density run began at 
1825.0 m, and the bottom was reached only on the repeat section. The PEF is 
barite affected and was not used in this interpretation. 

Table 4: Suite-2 Wireline Logs 

3.2 MWD Data 

Teleco Sonat MWD collars were used to record resistivity, gamma ray and 
deviation data in the 12-l/4” and 8-l/2” open hole sections between 372 .O m 
and 1875.0 m. Overall, data quality is good except for a number of small 
intervals where data was missed, generally due to erratic torque. (eg. 1075.0 m 
- 1475.0 m). 

The MWD resistivity devices exhibit a consistent profile throughout the well 
with the Phase Difference, response generally reading lower than the 
Attenuation response. A comparison of the MWD and wireline logs show that 
there is good correspondence between the magnitude of the resistivities, except 
across cemented zones where the MWD resistivities are typically much less 
than that of the wireline device. A small depth correction of + 1.5 to +2.O m 
is necessary to depth match the MWD log with the wireline logs. 

3.3 Conventional Cores 

No conventional cores were cut. 

3.4 Sidewall Cores 

Twenty-one cores were recovered from 30 bullets taken with the Suite-l logs in 
the 12-l/4” hole section; 3 bullets were lost and 6 were misfired. In addition, a 
further fifty-three sidewall cores were recovered from 60 bullets taken with the 
Suite-2 logs; here 4 bullets were lost and 3 were empty. A set of 8 sidewall 

Our Rcf: rah:my:1709:cc / 17 June 1994 
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cores covering the interval between 778.5 m to 1790.0 m were submitted to 
ACS Laboratories for petrographic analysis (Phillips, 1993). 

3.5 Wireline Repeat Formation Tests 

One RFT run was carried out during the Suite-2 logging program to record 6 
pre-test pressures in the Shipwreck and Otway Group sandstones. The 
calculated fluid gradients indicated that the intervals tested were all water 
bearing. For further details on the RFT program, results are available in the 
RFT Interpretation Report (BHPP, 1993). 

3.6 Production Tests 

No production testing was conducted. 

Our Re-fz rrh:my:17CB:cc / 17 June 1994 
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4. INTERPRETATION PROCEDURE 

4.1 Data Preparation 

The wireline data was loaded into Well Data System (WDS) software, a log 
data storage, manipulation, interpretation and display package developed by 
Western Atlas International Inc. The entire Suite-2 interval was prepared for 
interpretation by depth matching the data and then by applying environmental 
corrections as per the Schlumberger chart book (Schlumberger, 1991). 

4.2 Interpretation Model 

The log interpretation was carried out using the “Optima” program, a 
probabilistic log interpretation package which forms part of WDS. Where 
possible, all modelling errors in this interpretation were limited to s 2%. 

For this interpretation, the section between 1020.0 m and 1810.0 m has been 
divided into four separate zones. Individual parameters used in each of these 
zones are given in the appendices. Water saturations were calculated using the 
Indonesia equation and sonic porosities were estimated from the Raymer-Hunt 
equation. A summary listing of the interpretation results is presented in Table 
6. A 1:200 scale graphic presentation of the log analysis is included as 
Enclosure-l, and a composite log of the Suite-2 wireline data, as Enclosure-2. 

rc 4.3 Resistivity 

The wireline resistivity response opposite the cleaner porous sandstones gives a 
consistent profile with the MSFL s LLs < LLd. Across ‘tight’ intervals and 
shale beds the LLs response generally matches the LLd in magnitude and the 
MSFL is commonly greater than both. Separation between the resistivity 
responses in the clean sands suggests that some filtrate invasion has occurred 
and that the beds are permeable. 

Borehole corrections for the wireline resistivity devices were minimal and 
environmental corrected responses were used in the calculation of Rand R, 
from LLd, LLs and MSFL. 

4.4 Formation Water Salinity 

The SP response across porous sandier intervals exhibits a strong positive 
deflection. Between 1007.0 m and 1275.0 m the SP deflection ranges up to 
+55 mV and between 1275m and 1675m it approaches is +25 to +30 mV. 
Below 1675m the sands are somewhat argillaceous and the SP 
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Eric The Red Petrophysical Interpretation Report 8 

response is considered unreliable. However, the diminishing magnitude of the 
SP deflection with increasing depth, down to 1675m, suggests that the salinity 
contrast between the mud filtrate and the formation water decreases (ie. the 
formation water becomes appreciably more saline below 1275 .O m ). 

Water saturated sandstones were recorded over the entire objective section at 
Eric The Red-l. Water salinities have been estimated for the four gross 
intervals and Pickett plots of Ic, and R,, vs. Wireline Porosity produced for 
each (see Figures l- 4). Formation water resistivities used for each of these 
intervals are summarised in Table 5. 

Table 5 : Estimated Formation Water Salinities 

INTERVAL ESTIMATED Rw (n.m) R, (n.m) SALINITY 
(m) BHT (“C) @pm NaCI,) 

4.5 Formation Electrical Properties 

In the absence of any measured core data relating to formation electrical 
properties, the following values were used: 

1020.0 m to 1075.0 m : a = 1.0, m = 2.0 and n = 2.0 
1075.0 m to 1675.0 m : a = 1.0, m = 2.2 and n = 2.0 
1675.0 m to 1810.0 m : a = 1.0. m = 2.2 and n = 2.0 

Plots of R,, vs Porosity indicate that the cementation exponents used here are 
consistent with the &r values obtained for the nominated formation 
temperatures from each interval (see Figures 5 - 8). 

Our Ret rah:my:1709:cc / 17 June 1994 
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5. 

5.1 

5.2 

INTERPRETATION RESULTS 

The results of the log interpretation are discussed here in terms of their 
currently interpreted stratigraphic succession. 

Lower Sherbrook Group; 1020.0 - 1043.0 m (Middle, Late Cretaceous) 

This interval consists largely of claystone interbedded with thin sandstones. 
Porosity within the sands appears to be limited by carbonate (dolomitic?) 
cement, particularly below 970.0 m where the Lower Sherbrook Group is 
character&d by a number of thin (1 - 2 m) sands which display low porosity 
sonic spikes. 

The one sidewall core from the Sherbrook Group included for petrographic 
analysis was sampled from a sandstone above the 13-3/V casing shoe, at 
778.5 m. This sample, described as a sub-mature s&-Mare&e, is composed 
predominantly of quartz, lithics and glauconite, and shows evidence of 
lamination. Formation water salinities were not calculated for this interval as 
reliable porosity data was not available. The sands are interpreted as either 
‘tight’ or water bearing and the estimated net-to-gross for this interval is only 
1% (see Table 6). 

Upper Shipwreck Group; 1043.0 - 1468.0 m (Lower, Late Cretaceous) 

Based on lithologic character, the Upper Shipwreck Group can be broken out 
into four sub-intervals The first of these, between 1048.0 and 1157.0 m, is 
comprised of a series of coarsening upward sands interbedded with massive 
claystones. The upper portion of these sandstones are clean and exhibit high 
effective porosities, although cemented bands up to a metre in thickness are 
also evident. These sandstones are interpreted as entirely water bearing which 
is consistent with the lack of shows while drilling, and RFT pre-test results. 
The formation water salinities interpreted for this zone are relatively fresh at 
around 6,000 to 10,000 ppm NaCl, . The low water salinity is thought to 
reflect a significant meteoric water component sour& from nearby onshore 
exposures of the Wangerrip Group rocks which directly overlie the Sherbrook 
Group. 

Two sidewall cores from this zone (1102.0 m & 1146.0 m), were submitted for 
petrographic analysis. They are characterised as moderately sorted, fine to very 
fine grained quartz arenites and sub-Zitharenites composed predominantly of 
quartz with minor lithic and feldspar grains, pyrite and sparry carbonate 
cement. 

The next sub-interval, between 1157.0 and 1275.0 m, is comprised mainly of 
mudstone interbedded with thin argillaceous sands and minor coal. The 
argillaceous sands are typically only 1 - 2 m thick and appear to be cemented in 
part with calcareous (dolomitic?) cement. In addition, a number of thin coals 
are identified from logs, the most noticeable examples occurring at 1252.0 and 

Our Ret rrh:my:1709:cc / 17 June 1994 
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5.3 

1275.0 m (see Enclosure 1). Sands from this interval are also interpreted as 
water bearing with an estimated formation water salinity of approximately 
10,500 ppm NaCI,. 

The third sub-interval, between 1274.0 m and 1330.0 m, is character&d by 
series of impure sandstones interbedded with thick, massive claystones and 
minor coal. The sandstones range from 2 - 5 m in thickness but are somewhat 
argillaceous. A sidewall core sampled at 1297.0 m is described as a moderately 
sorted, coarse grained, cemented sub-litharenite, composed predominantly of 
quartz, lithics and sparry Fe-carbonate. A coal interpreted at 1325 .O m is also 
evident, indicating that the depositional environment for this sequence had a 
strong terrestrial influence. Sands from this interval are interpreted as entirely 
water bearing despite saturation spikes that are related to coals, rugose hole or 
‘tight’ sands. Formation water salinities are estimated at 27,000 ppm NaCl,. 

The fourth sub-interval occurs between 1330.0 and 1468.0 m and represents the 
basal section of the Upper Shipwreck Group. This interval is comprised of 
thick blocky sands interbedded with carbonaceous claystones and minor coal. 
The sandstones, down to 1413.5 m, are very clean and exhibit high effective 
porosities. This section represents the highest quality potential reservoir interval 
encountered in the well. A sidewall core sampled from 1340.0 m is described 
as a poorly sorted, coarse grained, mineralogically mature quartz arenite, 
composed almost entirely of quartz. These sands are interpreted as water 
bearing with interpreted formation water salinities of 27,000 ppm NaC&. 
Between 1414.0 m and 1468.0 m porosity and net-to-gross diminish, reflecting 
a more argillaceous character for this lower interval. Petrographic descriptions 
of a sidewall core taken at 1464.0 m indicate that these basal sands contain 
appreciable quantities of feldspar, lithics, mica, patchy carbonate cement and 
pore filling clays. 

Lower Shipwreck Group; 1468.0 - 1748.0 m (Lower, Late Cretaceous) 

The contact marking the position of the unconformity between the Upper and 
Lower Shipwreck Group is not easily recognised, although dipmeter data 
indicates a subtle change in dip magnitude and azimuth at this depth. The upper 
part of the Lower Shipwreck Group, down to 1508.0 m, is composed almost 
entirely of relatively clean, blocky sandstones similar in mineralogy and 
character to those described above. Cemented sands generally 1 - 2 m thick are 
interpreted, and are seen on sonic and density-neutron logs as low porosity 
spikes. This interval is interpreted as water bearing which was confirmed from 
the fluid gradient derived from RFT pre-tests. Formation water salinities 
estimated at 27,000 ppm NaCl, are consistent with those recorded in the 
Upper Shipwreck Group. 

Between 1508.0 m and 1748.0 m, the basal part of the Lower Shipwreck 
Group, consists of poorly sorted, fine to coarse grained impure sandstones 
interbedded with massive claystones. The upper most portion of this section is 
distinctly argillaceous and is composed almost entirely of claystone grading to 
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argillaceous sandstone below 1521.0 m. The sandstones tend to be relatively 
thin bedded, fine to medium grained and moderately well sorted sub- 
Zitharenites. Cemented bands 1 - 2 m thick are common, but tend to occur in 
only the cleanest sands. 

5.4 Otway Group; 1748.0 - 1810.0 m (Upper, Early Cretaceous?) 

This interval consists of thick, relatively clean, massive sandstones interbedded 
with claystone. The high proportion of lithics identified in these sands serve to 
differentiate them from those of the Shipwreck group immediately above. The 
sands are moderately well sorted, medium to coarse grained, texturally and 
mineralogically immature Zitharenites, and contain an abundance of felsic 
volcanic lithics, quartz and feldspars. Authigenic minerals noted include minor 
chlorite, kaolin and quartz. Many of the sands are described as argillaceous and 
include samples that appear to be grading to arenaceous claystone. The lithic 
content of these sands causes an upward shift in the baseline gamma ray 
response. In this interval the gamma ray is approximately 85 API units, which 
is significantly higher than that for the sands of the Shipwreck Group, which 
are typically < 60 API units. The Otway Group sands are interpreted as 
entirely water bearing with salinities in the order of 29,000 ppm NaC1, - 
essentially the same as those of the overlying Shipwreck Group. 
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APPENDIX 1 

WELL: ERIC THE RED-l 

LOG INTERPRETATION PARAMETERS 

COMPANY: BHP PETROLEUM 
\ ZONE 1 2 3 4 r 

Depth (m RT) 

Format ion 

1015.0 - 1043.0 

SHERBROOK 
GROUP 

1043.0 - 1468.0 1468.0 - 1748.0 

UPPER LOWER 
SHIPWRECK SHIPWRECK 

GROUP GROUP 

1748.0 - 1810.0 

OTWAY 
GROUP 

NE PARAMETERS 
’ , 

. 
m II ‘,, , ,,‘,b I *2.0, ‘, L : 

t Rw 
. 

,.y’ :,;, 0.550 . 0.120,61:i,,(,,;a~::.0.1: 

1 K-Feldmar 

Mud Density (g/cc) 
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1. CONCLUSIONS 

1. A fluid gradient of 1.41 psi/m was measured in the sands present in the 
Lower Shipwreck Group. 

2. All of the sands intersected in the Lower Shipwreck Group were at one 
stage, or are now, in hydraulic communication via a common aquifer. 

3. Permeabilities measured with the RFI’ tool in Eric The Red-l lie between 
1000 and 5000 mD. 

4. The pressure measured during the Pecten-1A DST lies on the same 
aquifer gradient as the pressures measured in Eric The Red-l. 

5. The pressures measured in La Bella-l , in the same formation as those 
tested in Eric The Red-l, are overpressured by at least 550 psi and have 
a different gradient. 



2. GEOLOGY’ 

Eric The Red-l was drilled in the southeastern part of Vic/P31 in the 
eastern Otway basin approximately 35 km east of Mussel- 1, (Figure 1). 
The well was designed to test the fault dependant closure mapped at the 
top of the Upper Shipwreck Group. 

The Eric The Red-l structure is a northeast-southwest trending elongate 
anticline. Both older east-west and younger north-south oriented faults 
cross cut and bound the structure. 

The primary reservoir is the Lower Shipwreck Group and is sealed by 
overlaying claystones and siltstones of the Sherbrook Group and the 
Upper Shipwreck Group. The well intersected no hydrocarbons. 
Preliminary investigations indicated that leakage of any hydrocarbons into 
thief zones may have occurred across the numerous faults present 
throughout the structure. 

The well data sheet, which provides a summary of the key well 
information, is given as Table 1. 

3. RFT PROGRAM 

I 3.1 Objective 

11. To determine the aquifer fluid gradient and pressure regimes of * 
the various sands intersected by Eric The Red-l. 

3.2 RFT Tool Configuration 

3.3 

The Schlumberger RFT-B tool with a Gamma Ray sensor, and AMS 
sonde were used. A standard area packer and standard long nose probe 
was used. Stand offs were placed on the Gamma Ray sensor. 

Open Hole Reference Log 

All depths are referenced to the 8 ‘/I” open hole DLL/MSFIJSDT/GR 
logs run on 26* February 1993, (Enclosure 1). 



4. RET PRETEST INTERPRETATION 

4.1 Pressure Summary 

All pretest and sample pressures are given in Table 2. The pretest data is 
plotted in Figure 2. 

4.2 Temperature 

Figure 3 shows the temperatures measured in the Eric The Red-l ST well 
versus depth, and Figure 4 shows the temperature versus time from the 
start of the RFI survey. 

The maximum temperature recorded during the RFI’ survey was 71 “C at 
1781.0 mRT. 

4.3 Quality Control 

Initial and final strain gauge hydrostatic mud pressures recorded before 
and after each pretest were in close agreement (see Table 2 and Figure 
5). Figure 6 shows a plot of the hydrostatic pressure gradient measured 
with the strain gauge. The hydrostatic gradient indicates a mud specific 
gravity (SG) of 1.10 (1.56 psi/m). This is exactly the same as the 
reported mud gravity measured on the rig (1.10 S.G). 

4.4 Reservoir Fluid Gradients 

The reservoir fluid gradients which were determined from the strain 
gauge pretest data are shown in Figure 2. As can be seen from this 
figure, the pretest points lie on a 1.41 psi/m water gradient. 

Extrapolating this gradient to sea level gives an overpressuring of 40 psi, 
indicating within the accuracy of the evaluation, that the aquifer is 
normally pressured. 

No hydrocarbon-water contacts were interpreted in Eric The Red-l. 



4.6 Permeabilities2 

Horizontal permeability estimates calculated from the open hole pretests 
are given in Table 2. 

The assumptions made to correct the calculated spherical mobility to 
horizontal permeability were: 

1. Mud filtrate viscosity = 0.50 CP 
(Temp = 60°C, Pressure = 2,400 psia, 
Equivalent NaCl salinity = 41,000 ppm) 

2. K&=1 

The correction used was: 

Where I& = 
= 

Drawdown permeability 
(Mobility) x (Filtrate Viscosity) 

KJI& = 1.00 
= ratio of horizontal to drawdown permeability. 

This is a function of KJ& and flow geometry; 
which is spherical, (Table Al, Ref [ 11). 

L = relative permeability to filtrate. 
= 1.0 

The permeability estimates made from the RFT pretests are listed in Table 
2, they range from 1000 to 5300 mJD. 



4.7 Comparison to other wells 

The RFI’ program in Eric The Red-l (ETR-1) was designed to provide data 
on the regional aquifer. Prior to the ETR-1 RFI survey there were only two 
other pressure data points in the two permits VIC/P30 and VIC/P31, (La 
Bella- 1, and Pecten- 1A). 

Pecten-1A was drilled in 1967 by Shell in what is now VIC/P30. The well 
drill stem tested a small gas sand in the Lower Shipwreck Group. The well 
completion report states the SIBHP measured during the DST to be 2420 
psig at 1688 mSS. 

La Bella-l was drilled in 1993 by BHPP in the southeastern part of 
Vic/P30. The well was designed to test the fault dependant closure mapped 
at the Upper Shipwreck Group. The well intersected a 68 m gross gas 
column in the Upper Shipwreck Group. RFI data indicated an 
overpressured zone in the Lower Shipwreck Group with an abnormally high 
fluid gradient of 1.66 psi/m. 

As can be seen in Figure 7, the single pressure point obtained in Pecten-1A 
lies along the observed pressure gradient of ETR-1. This would indicate that 
ETR-1 and Pecten-1A are, or have at one stage, been in hydraulic 
communication. 

La Bella-l , on the 
Shipwreck Group, 
in communication 
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ERIC THE RED - 1: ‘:T DATA SHEET 

Witness: James Bootman 

Date: 27th Janurary 1993 

Well KB: 25.0 m above MSL 

wig: Byford Dolphin 

l Pwmeabilities rounded to nearest 10 mD for dIOO mD, 
andnearest1OOmDfor~1OOOmD. 

l * Qualitative log inspection indicates pwmeabilities 
far greater than those indicated here. 

Filtrate Viscosity = 0.5 CP 
k(m) = 1 .O 
k(v)/k(h)=l .O 
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ENCLOSURE 1: 

Eric The Red-l DLL-MSFL-SDT-GR-AMS LOG 



PE600068 

This is an enclosure indicator page. 
The enclosure PE600068 is enclosed within the 

container PE900173 at this location in this 
document. 

The enclosure PE600068 has the following characteristics: 
ITEM-BARCODE = PE600068 

CONTAINER-BARCODE = PE900173 
NAME = ERIC THE RED 1 DLL-MSFL-AS-GR-AMS-SP 

(1871-1007M), SUITE-2; RUN-2; l/200 
BASIN = Otway 

PERMIT = VIC/P31 
TYPE = WELL 

SUBTYPE = WELL-LOG 
DESCRIPTION = ERIC THE RED 1 DLL-MSFL-AS-GR-AMS-SP 

(1871-1007M), SUITE-2; RUN-2; l/200 
REMARKS = 

DATE-CREATED = * . 
DATE-RECEIVED = 16/03/93 

W-NO = w1077 
WELL-NAME = ERIC THE RED 1 

CONTRACTOR = SCHLUMBERGER 
CLIENT-OP-CO = BHP 

(Inserted by DNRE - Vie Govt Mines Dept) 



PE600069 

This is an enclosure indicator page. 
The enclosure PE600069 is enclosed within the 

container PE900173 at this location in this 
document. 

The enclosure PE600069 has the following characteristics: 
ITEM-BARCODE = PE600069 

CONTAINER-BARCODE = PE900173 
NAME = ERIC THE RED 1 DLL-MSFL-AS-GR-AMS-SP 

(1871-1007M), SUITE-2; RUN-2; l/500 
BASIN = Otway 

PERMIT = VIC/P31 
TYPE = WELL 

SUBTYPE = WELL-LOG 
DESCRIPTION = ERIC THE RED 1 DLL-MSFL-AS-GR-AMS-SP 

(1871-1007M), SUITE-2; RUN-2; l/500 
REMARKS = 

DATE-CREATED = * 
DATE-RECEIVED = 16/03/93 

W-NO = W1077 
WELL-NAME = ERIC THE RED 1 

CONTRACTOR = SCHLUMBERGER 
CLIENT-OP-CO = BHP 

(Inserted by DNRE - Vie Govt Mines Dept) 



PE600054 

This is an enclosure indicator page. 
The enclosure PE600054 is enclosed within the 

container PE900173 at this location in this 
document. 

The enclosure PE600054 has the following characteristics: 
ITEM-BARCODE = PE600054 

CONTAINER-BARCODE = PE900173 
NAME = ERIC THE RED 1 WELL SUMMARY LOG 

BASIN = Otway 
PERMIT = VIC/P31 

TYPE = WELL 
SUBTYPE = WELL-LOG 

DESCRIPTION = ERIC THE RED 1 WELL SUMMARY LOG 
REMARKS = 

DATE-CREATED = * 
DATE-RECEIVED = * 

W-NO = W1077 
WELL-NAME = ERIC THE RED 1 

CONTRACTOR = BHP 
CLIENT-OP-CO = BHP 

(Inserted by DNRE - Vie Govt Mines Dept) 
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