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GEOLOGICAL AND GECPHYSICAL ANALYSIS

Prognosis (KB=2lm A.S.L.)

- Formation/Horizon Pre-drill Depth (mSS) Post-drill Depth (mSS)

Gippsland Limestone 55 ' 57
Lakes Entrance Formation : 1025.5

Top of Latrobe Group (Top of

N-1.0 unit) , : ' 1238.5
Top of "coarse clastics" (Top of

N-1.1 unit) 1267.2
P. asperopolus seismic marker _

(Top of N-1.4 unit) 1373.5
Upper M. diversus seismic marker ' 1524.0
Top of L-1 coal (below Upper
L. balmei seismic marker) | 1781.0
T. longus horizon 2346.07

Total DBepth 2800

Snapper-4 was drilled to explore'for deeper pool o0il accumulations below the
top of Latrobe Group oil and gas field. The secondary objective of the well
was to confirm the ihterpretation of the western flank of the Snapper field.

Previoys Drilling History

The Snapper Field was discovered in june, 1968 by Snapper-l (T.D. -3746m) and
confirmed by the drilling of Snapper-2 (T.D. -3042m) and Snapper-3 (T.D.
~3202m) in 1969. All three wells encountered the major N-1 gas and o0il
reservoir at the top of the Latrobe Group. Snapper-l intersected a 200.5m
gross hydrocarbon column, consisting of 192 metres gross gas (138.5 metres
net) and an 8.5 metre gross oil column. Snapper-1 and 2 also encountered same
thin gas bearing and o0il bearing sands dispersed throughout the Paleocene and

Upper Cretaceous section.




Development drilling commenced in March, 1981 and 21 development wells have
been drilled from the 27 slot Snapper A platform. The vertical Snapper A-21
well was drilled to a depth of -3247m as an exploration well to evaluate-the
sands below the N-1 reservoir. It encountered several oil and gas bearing
sands within Paleocere and Upper Cretaceous sediments. In particular, it
resulted in the discovery of the L-1 0il accumulation in the Upper L. balmei
zone. Other significant intra-Latrobe Group oil discoveries were made during
the drilling of the exploration portion of the A-6 and A-8 development wells.
(See Enclosure 1.) '

GEOLOGICAL SUMMARY

-

Strqudrg

The Snapper Field is a faulted southwest-northeast trending anticline
(Enclosure 2). The east-west trending high angle reverse fault (the "Snapper
Fault") which occurs along the northern side of the field, changes character
and throw along its length. It is thought to have formed by reactivation of
original normal basin-forming faults in response to basinwide compression
following deposition of the Latrobe Group sediments. «

Northwesterly trencing normal faults are the dominant fault type cutting
across the Snapper closure. These are interpreted to have been formed in
response to the opening of the Tasman Sea during the Late Cretaceous.

Snapper-4 was located on the mapped crest of a fault bounded anticlinal block
forming part of the Snapper structure (Enclosure 2). The well was drilled
updip of Snapper-3 at the level of the Upper L. balmei seismic marker, and is
interpreted to have been a valid structural test. Most of the intra-Latrobe

Group horizons were drilled close to prediction (see Prognosis). However, the
- L-1 coal (below the Upper L. balmei seismic marker) was drilled 14.0m low to

prediction, and so closure is less at this level than had been predicted.




The T. longus horizon, which was predicted at -2615m, is interpreted to have
been intersected at -2346m. The position of this horizon was originally based
on palynological data from Snapper-3. A substantial gap exists in the
Snapper-3 age zonations between the base of Lower'g,'balmei and top of T.
longus intervals. Age,gating of Snapper-4 has greatly narrowed this gap, and

consequently the T. longus horizon has been: placed 269 above the original
prediction. o

Stratigraphy

The Snapper-4 well penetrated the limestones and calcareous sediments of the
Gippsland Limestone and Lakes Entrance Formation as predicted.

The Top of Latrobe Group (top of N-1.0 unit) was intersected at —1238.5m, 3.5m
high to prediction. The N-1 reservoir of the Snapper Field is divided into 10
mappable units: N-1.0 to N-1.9. This subdivision is based on the correlation
of field-wide coals and/or shale sequences within a dominantly sandstone
section, and is readily recognised in Snapper-4. The uppermost N-1.0 unit in
Snapper-4 consists of glauconitic siltstones and Tine grained sandstones of
Lower to Mid N. asperus age. The underlying "coarse clastics"” units of Mid M.
diversus to Lower N. asperus age, consist of good quality sands underlain by
shale or coal.

A reasonable correlation can be made between Snapper-3 and Snapper-4 below the
thick coal underlying the N-1.9 unit, down to the L-1 coal. (The Upper L.
balmei seismic marker is mapped approximately 35m above the L-1 coal.) The
Latrobe Group in this interval is of uppermost Upper L. balmei to Mid M.
diversus age and consists of interbedded sands, silts, shales and coals. The
sequence in Snapper-4 is significantly shalier than Snapper-3, and
conseqguently has a lower net to gross. Some growth on the fault bounding the
Snapper-3,4 block is evident at this level. Approximately 15m of thickening
of this interval is seen in Snapper-4 by comparison to Snapper-1 across the
fault.

No reasonable correlation can be made between Snapper-3 and Snapper-4 below
the L-1 coal. The Latrobe Group in Snapper-4, below the L-1 coal to T.D.,
consists of interbedded sands, silts, shales and coals of an interpreted
fluvial environment of deposition. - The sequence seen in Snapper-4 is
considerably shalier than in Snapper-3. This section ranges in age from
uppermost Upper L. balmei to T. longus.




However, several thick sands are penetrated in Snapper-4 within the Lower L.
balmei section from -2090m to -2250m. These sands are interbedded with shale,
and no coals are present in this interval. This sequence is interpreted to
have been deposited in a nearshore marine environment.

Some stratigraphic thickening has occurred throughout the Upper L. balmei to

- T. longus interval due to movement on the fault bounding the SW Snapper

block. Approximately é5m of thickening in the interval between the L~1 coal
and the T. longus horizon is seen in Snapper-4 by coumparison to Snapper-1
across the fault. '

Hydrocarbons

-

Snapper-4 intersected the Snapper oil and gas field in the N-1 units close to
prediction. Gas shows were encountered within the Latrobe Group below -1640m
and the presence of gas was confirmed by RFT sampling. No significant oil

zones are interpreted toc have been penetrated below the N-1 reservoir units in

Snapper-4,

Snapper-4 intersected a 148.0m gross (76.8m net) gas column and 4.0m gross
(4.0m net) oil column in the N-1.0 to N-1.4 units. Log analysis interprets
the GOC at 1407.5 mKB (-1386.5m), which is 4.5m low to prediction, and the OWC
at 1411.5 mKB, which is 0.5m low to prediction. RFT pressure data indicates
an OWC at 1412.0 nKB. An RFT sample taken at 1410.1 mKB (-1389.1m) recovered
47° API 0il with a GOR of 516 SCF/STB. Geochemical analysis of the oil
suggests it has undergone some biodegradation and water washing. Average
porosities of the hydrocarbon sands range from 13% in shaly sands to 27% in
clean sands. Average water saturations in the gas sands range from 7% in
clean sands, tc 45% in shaly sands. The average water saturation of the oil
sand is 16%.

Log analysis interprets three thin (less than 1lm net porous thickness)
hydrocarbon bearing sands between 1666 mKB (-1645m) and 1687 mKB (-1666m).
The hydrocarbons are interpreted to be gas. Average water saturations range
from 60% to 95% and average porosities range from 13% to 24%.

Log analysis interprets numerous hydrocarbon bearing sands between 1827 mKB
(-1806m) and 2118 mKB (~2097m). 9.25m of net gas, plus 21.0m of hydrocarbon
bearing sands are interpreted. These sands are commonly shaly and are of 2-3m
net porous thickness. Average water saturations range from 41% to 82% and
average porosities range from 13% to 24%. RFT pressure data indicates these
sands form at least two separate hydrocarbon systems. Possible GWC's are
interpreted at 1906 mkB (-1887m) and 1950 mKB (-1929m). An RFT sample taken
at 1942.6 mKB (-1921.6m) recovered small amounts of gas.




Log analysis interprets numerous hydrocarbon bearing sands between 2266 mKB
(-2241m) and 2791 mKB (-2770m). 7.0m of net gas, plus 37.25m of hydrocarbon
bearing sands are interpreted. These sands are commonly shaly, with net
porous thicknesses of 1-2m, occasionally up to 5m. Average water saturations
range from 40% to 80%, and average porosities range from 7% to 22% but are
commonly 15%. RFT samples taken at 2529.5 mKB (-2508.5m) and 2668.5 mKB
(-2647.5m) recovered some gas, and a trace of condensate from the 2529.5 mKB
sample. RFT pressufe data suggests a possible GWC below 253C mKB (-2509m),
but this could not be determined due to discontinuities in the water gradients

plotted at these depths.

Geophysical Summary

Seismic markers at the top of Latrobe Group, top of N-1.4 unit and top of
N-1.9 unit came in 3.5 metres high, 4.5 metres high and 2 metres high
respectively. The well confirmed the N-1 reservoir structural interpretation
on the western flank of the Snapper Field and provided additional information
about reservoir characteristics in this flank.

The exploration target zones below the N-1 reservoir were 14 metres low to
prediction at the L-1 coal marker (Enclosure 5). The error has been
attributed to difficulties in mapping the L. balmei seismic marker on which
the interpetation to the L-1 coal unit was based. The L. balmei seismic
marker cannot be correlated to a distinctive lithological unit on the well
logs but appears to correlate to a positive reflection coefficient generated
by a sand/shale section at the top of the Upper L. balmei zone. The low
frequency and variable nature of the reflector makes it a difficult marker to

map accurately.
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INTRODUCTION

Twenty one sidewall core samples were examined for their foraminiferal content
from 1988.0m to 1273.0m in Snapper-4. Diverse to moderately diverse
planktonic foraminiferal assemblages were recovered from all samples of the
marine carbonate section. Four sidewall core samples examined from the

‘Gurnard Formation (sidewall cores at 1260.0, 1266.5, 1270.0 and 1273.0m) were

all barren of foraminifera.

Tables 1 and 2 provide a summary (Basic and Interpretative) of the

palaeontological analysis in Snapper-4. A summary of the biostratigraphic

breakdown of the stratigraphic units in Snapper-4 is given below.

SUMMARY

ZONE DEPTH (m)

Mid Miocene Gippsland D-2/D-1 988.0-1048.0
Limestone
log break at 1046.5m
Mid Miocene Lakes D-2/D-1 1068.0-1129.0
Mid Miocene Entrance E-2 1149.8-1168,.5
Early Miocene Formation F 1189.0-1240.0
Farly Miocene A . G 1250.0-1258.5
log break at 1259.5m
Gurnard Indeterminate - 1260.0-1273.0

Formation
log break at 1288.0m
Latrobe Group (not studied)

(coarse clastics)

T.D. 2821m




I

GEOLOGICAL COMMENTS

Log character indicates that the base and top of the Gurnard Formation is at
1259.5 and 1288.0m réspectively. The Gurnard Formation in Snapper-4 cannot be
age dated using foraminifera. ‘The formation is barren of foraminifera.
Palynological evidence indicates that the formation ranges in age from Middle
Eocene to early Late Eocene (Macphail, 1983). \

In Snapper-4 the Gurnard Formation is disconformably overlain by the Lakes
Entrahce Formation. The hiatus between the two formations spans approximately
16 my. The disconformity at 1259;5m represents a well defined seismic horizon
in Snapper-4 and probably equates with the 21.4 type-1 unconformity of Hag et
al. (1983). :

The boundary between the Lakes Entrance Formation and ihe Gippsland Limestone
is selected at 1046.5m on the basis of a subtle log change. A sidewall core
shot on the boundary (SWC 40 at 1048.0m) consists of partly recrystallised
fine grained calcarenite with sponge spicules. This is the lowest sample of
Gippsland Limestone in the well. This level marks the proximal edge of the
prograding Gippsland Limestone at the Snapper-4 location.

DISCUSSION OF ZONES

The Tertiary biostratigraphy in Snapper-4 is based on the Gippsland Basin
planktonic foraminiferal zonal scheme of Taylor (in prep).

Indeterminate Interval : 1260.0 - 1273.0m.

The upper part of the Gurnard Formation (1260.0-1273.0m) is barren of
foraminifera. Palynological evidence (Macphail, 1983) indicates that the
entire Gurnard Formation (1259.5-1288.0m) spans the interval Middle Eocene -
earliest Late Eocene (Lower and Middle N. asperus Zones).

Zone G : 1250.0 - 1240.0m.
The uphole appearance of Globigerinoides trilobus at 1258.5m defines the base

of Zone G,

Zone F : 1189.0 - 1240,0m.
The uphole entry of Globigerinoides sicanus at 1240.0m defines the base of

-Zone F.

Zone E-2 : 1149.8 - 1168.5m.
The base of Zone E-2 is marked by the uphole appearance of Praeorbulina

glomerosa at 1168.5m.




Zones D-2/D-1 : 988.0 - 1129,0m.
The base of Zone D-2 is defined by the first appearance uphole of Orbulina

universa at 1129.0m. Zones D-2 and D-1 have been grouped because the lower
boundary defining species of Zone D-1, Globorotalia periphercacuta, has not

been recorded. Taylor (in prep.) also differentiates the two zones on the
basis of a diversity decline of Globigerinoides spp. at the top of Zone D-2.

This biostratigraphic event however can be obscured by, and possibly confused
with, the transition from the pelagic Lakes Entrance Formation to the
prograding shelfal Gippsland Limestone (note: the Gippsland Limestone contains
more impoverished and more poorly preserved planktonic foraminiferal
assemblages than the Lakes Entrance Formation).
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I MICROPALEONTOLOGICAL DATA SHEET
BASTIN: GIPPSIAND ELEVATION: ¥B: 21.0m cL: =57.0m
' WELL NAME: SNAPPER-4 TOTAT, DEPTH: 2821mKB
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l COMMENTS: The absence of Zone E-1 may be the result of a gap in
' sampling or may be the result of hiatus.
CONFIDENCE O SWC or Core - Complete assemblage (very high confidence).
RATING: 1: SWC or Core - Almost complete assemblage (high confidence).
2: SWC or Core - Close to zonule change but able to interpret (low confidence).
3 Cuttings - Complete assemblage (low confidence).
l 4 Cuttings -~ Incomplete assemblage, next to uninterpyetable or SWC with
depth suspicion (very low confidence).
NOTE: If an entry is given a 3 or 4 confidence rating, an alternative depth with a better conflidence
rating should be entered, if possible. If a sample cannot be assigned to one particular zone
. then no entry should be made, unless a range of zones is given where the highest possible
. * limit will appear in one zone and the lowest possible limit in another.
: DATA RECORDED BY: M.J. Hannah DATE : 26/17/83
. DATA REVISED BY: J.P. Rexilius DATE : 15/8/93
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' ' | ' TABLE 1 | |

SUMMARY OF PALAEONTOLOGICAL ANALYSIS, SNAPPER-4, GIPPSLAND ‘BASIN.
INTERPRETATIVE DATA

NATURE
CF
SAMPLE

MICROFOSSIL
YIELD PRESERVATION

DIVERSITY

ZONE

COMMENTS

1273.0
1270.0
1266.5
1260.0
1259.5
1254,9
1250.0
1240.0
1228.5
1213.9
1189.0
1168.5
1149.8
1129.0
1168.0

Barren -
Barren -
Barren -
Barren -
High Good
High Good
High Good
Moderate Moderate
Moderate Moderate/Pbor
Moderate Moderate/Poor
Moderate Moderate
High Moderate
High Good
High Good

Moderate Good

Moderate/High
Moderate/High
Moderate

Moderate/High
Moderate/High
Moderate

Moderate/High

Moderate/High

Moderate/High
High
Moderate/High

Early Mioccene

EFarly Miocene
Early Miccene
Early Miccene
Early Miocene
tarly Mioccene
Early Miccene
Mid Midcene
Mid Miocene
Mid Miocene
Mid Miocene

Rare bryozoan fragments




TABLE 1
SUMMARY OF PALAEONTOLOGICAL ANALYSIS, SNAPPER-4, GIPPSLAND BASIN.
INTERPRETATIVE DATA

NATURE
OF
SAMPLE

MICROFOSSIL
YIELD

PRESERVATION

DIVERSITY

COMMENTS

SWC 50
SWC 51

Moderate/High

High
Moderate

Low

Moderate/Low

Moderate

Good

Good
Moderate/Poor
Poor

Moderate/Poor
Moderate

Moderate/High

Moderate/High
Moderate
Moderate/Low

Moderate
Moderate

Mid Miocene

Mid Miocene
Mid Miocene
Mid Miocene

Mid Miocene
Mid Miocene

Rare bivalves and
bryozoan fragments

Sponge spicules

Echinoid spines, sponge
spicules, bryoczoan fragments, -
shell fragments

Sponge spicules
Sponge spicules




BASIC DATA

TABLE 2 : FORAMINIFERAL DATA, SNAFPER-4
RANGE CHART : TERTIARY PLANKTONIC FORAMINIFERA




TABLE 1

BASIC DATA

SUMMARY OF PALAEONTOLOGICAL ANALYSIS, SNAPPER-4, GIPPSLAND BASIN,

NATURE
OF

SAMPLE

ZONE

MICROFOSSIL
YIELD

PRESERVATICN

DIVERSITY -

1273.0
1270.0
1266.5
1260.0
1259.5
1254.9
1250.0
1240.0
1228.5
1213.9
1189.0
1168.
1149.
1129.
1108.
1088.
1068.
1048.
1028.
1008.

988.0

O 0O 0O 0O 0O O o ™ U

Barren
Barren
Barren
Barren
High
High
High
Moderate
Moderate
Moderate
Moderate
High
High
High
Moderate
Moderate/High
High
Moderate
Low
Moderate/Low
Moderate

Good

Good

Good
Moderate
Moderate/Poor
Moderate/Poor
Moderate
Moderate

Good

Good

Good

Good

Good
Moderate/Poor
Poor
Moderate/Poor
Moderate

Moderate/High
Moderate/High
Moderate
Moderate/High
Moderate/High
Moderate
Moderate/High
Moderate/High
Moderate/High
High
Moderate/High
Moderate/High
Moderate/High
Moderate
Moderate/Low
Moderate
Moderate







