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FINAL REPORT

3-D Seismic Survey - Penobscot Area

Introduction

Exploration Licence Number 2353 was issued to Nova Scotia Resources (Ventures)
Ltd. under a work commitment of $1.3 MM in June, 1989. This E.L. is located between
44405’ - 44015 W and 600 - 60o07°30" N, offshore Nova Scotia in the vicinity of Sable
Island. To satisfy the work requirements NSRL conducted a marine 3D seismic survey
(program number NS24-N11-IE) over the central part of the holding from June 3 to July
8, 1991, Finch Resources Inc. was engaged to plan and supervise the program while the
actual field work was done by Haliburton Geophysical Services. Processing was undertaken
by Western Geophysical Ltd. in Calgary.

The final processed material was loaded onto a 'Geoquesi work station with Zycor

support and the interpretation and maps were prepared m Calgarjr by Fiﬁch Resources Ltd.

and Bill Clack Consulting.

Ficld Q .

A detailed report and field operations as compiled by H.G.S. is enclosed as appendix

1, a summary of which follows.

The M/V E.O. Vetter marine seismic recorder collected a total of 1691.1 km of data
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from June 3 to July 8, 1991, covering a 3D area of 66 sq km in a 5.5 by 12 km grid.
Weather and noise problems were minimal and quality was excellent. Four Trisponder
stations located on Sable Island provided survey conirol and a fathometer provided accurate
control on the very variable water depths. The 6000% coverage acquired by the 240 channel

“ single 3000m cable was designed primarily for data less than three seconds in depth.

Downtime and infill recording was minimal.
Data Processing

The processing was dome by Western Geophysical under Finch Resources Ltd.
supervision and the final stream is that outlined in the enclosed report, in appendix 2. This
program included water replacement statics, 3D DMO, and migration with excellent results.

Seismic I

The Penobscot Area was previdusly evaluated by 2D seismic data shot in the 1970’
and 1980°s. About 20 Hnes in tilose Surveys were intﬂrpreied and a major uplifted and
faulted structure was shown to be present and tested by the two Penﬁbscét wells, L-30 and
B-41. The outline of this feature was used in planning the 3D survey. A.total of 241 field

. Iines were recorded in a NW-SE direction in order to traverse the knoﬁm features, to tie two
wells and to provide the 66 sq Km, 6000%, 3D coverage.

Following processing by Western the data was loaded onto a Geoquest work station
with accompanying Zycor facilities. Data was recorded into 6.25 + 50 m Bins, processed
and mapped using 12.5 + 50 m bin size.




Identificai

Identification of reflections was made using synthetic seismograms for the L-30 and

B-41 wells, see Figures 3&4. The correlation between migrated seismic data and the
synthetics was particularly good for the Wyandot, Petrel, Mid Missisauga No. 2 sand, and
- Baccaro (all Peaks). The base of Chalk (Wyandot) was picked at a zero crossing, the
Number Five sand at a trough and the "O" marker at the zero crossing below a peak. The
"O" carbonate is thin and response is severely affected by tuning to such a degree that with
variable frequencies and Wavelet shape, the "O" event appears to vary from a peak on high
frequency to a modified trough with lower frequencies. The one stable event appeared to
be the zero crossing at the base of a peak, about .010 second below the "O" time. This was
picked as the "O" marker.

Mapping

Every north-south, in-line section was picked on the work station and time, interval
and depth maps prepared on the ;‘oﬂowing markers. Cross lines were also picked a.ﬁd used
where the strike of structure and faults changed near the western side (ﬁ' the survey area.

Wyandot - very reliable peak over entire area L

Base of Chalk - fair to good zero crossing pick

Petre] Top - very good peak over entire area

Mid Logan Canyon - fair Peak, locally near L-30

"Q" Marker - zero crossing pick below top of "O" good over entire area

No. Five Sand (Mid Missisauga) - fair trough picked in central region.

Baccaro - good peak over entire area.



The major, prospect oriented maps were prepared on a scale of 1:20,000. Back up,

and interim, maps and those used in preparation were plotted on 1:50,000 scale and included

T in Appendix 3.

‘-ma ,E l :l -

Water corrections were incorporated into the processing whereby both source and
wis] receiver water depths were input from fathometer readings. Water velocity of 1500 m/s and
replacement velocity of 1900 m/s were used to prepare sections from a sea level datum.
= ‘
busiie

To convert the Petrel Mid Logan, "O" Marker and Baccaro maps to metres sub-sca
depth,'the layer stacking method was used. Various intervals in time were converted fo -
isopach using the seismic two way time and the isopach observed in the L-30 and B-41 wells.
- The interval velocities, so derived are as follows:
"
Well B-41 R o welL3o. 7
Deoth 2T YiCsle . Depth - . ViCde Avomgeli
SL 0 o | .
: 1906m/s . S 1879 1892 mfs
Wyandot 828 360 : 837 e
3242m/s 3269 3255 m/s
- Base Chalk 935 935 922 943
i . 2133m/s : 2228 2i80mfs
bl Top Patret ~ -1063 1088 -1049 1.057
) : 2966m/s 2960 2963 m/s
"Q" Marker 2 - 188 2378 1955
= o 4135m/s 4028 4081 s
Baccaro -3391 2432 -3375 2450

Mid Logan -1716 1.539 {vi 2698) -1682 1.530(vi 2632), vi Ave 2665
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Each succeeding isopach was hung from the preceding horizon to create depth maps.

Misties in depth were noted and corrections due to slight velocity and regional differences

were applied afier the initial depth map was calculated. The correction gradients across the

survey area were established by regional dips and thicknesses as follows. Tllustrations of the
correctional gradients are shown on Plate 22, in Appendix 3. '

* Petrel depth modifications were made based on the overlying Wyandot to Base of
Chalk isochon. This trended NE-SW and corrections varied between -+1m at B-41 to -4m
at L-30.

* Modifications of the "0" Marker depth map were also derived using the same gradient -
strike as the Petrel. They were +3m at B-41 and -3m at L-30.

In preparing values for the "0" depth map severs distoftions were noticed in the zone
underlying the upper fault zones, ie. those in the Wyandot Chalk & Petrel. Stacking and
time values under these zones are,reliable because long offsets provided travel paths to
undershoot the upper faults. However in this method of depth:conirersiion vertical stacking
. of isopachs varied due to the presence or absence of different velot-:ityllayél*s. Three maps.

were prepared for "0" depth showing the upper fault zone areas as follows: -

A: 1:20,000 - "0" Depth values were blanked out under the upper faunlt zones and
machine contouring was prepared across these areas - This map was used for
evaluation of prospects.

B:  1:50,000 - This "0" depth map shows the upper fault zone area blanked out, with no

contouring in these regions.
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* The Baccaro corrections were the largest and were established using the structural E-
W trend and required +16m at B-41 and -14m at L-30. This mistie may be due in part to
the position of the L-30 well on the very steeply dipping Baccaro event or possibly survey
Jocation differences between the 1976 L-30 well and the more accurate trisponder positioning

m this survey.

General Geology.

The project area lies on the transition zone from the western end of the Abenaki sub-
Basin to the northern updip flank of the Sable Sub-Basin (See Figure 6). Wade and
MacLean (1990) interpret approximately 12 to 14 km of Triassic/Early Jurassic to Tertiary
sedimentary rocks overlying block faulted Lower Palaeozoic metasedimentary and igneous
basement. The seismic does not show reliable events below approximately 3.0 seconds (5000
m). Two wells, Petro-Canada/Shell Penobscot L-30 and Shell/Petro-Canada Penobscot B-41,
were drilled in the area to depths of -4,237 and -3,414 m in the Misaine and Baccaro

~ Members of the Jurassic Abenaki Formation. Stratigraphic topé in the two wells are given

in Figure 2.

Structure in the area consists of two en echelon anticlines. The northeastern anticline -

is approximately 5 km long, trending east northeast. Regionally it appears to be the western

" culmination of the salt ridge tested by the Abenaki wells approximately 12 kom to the east

northeast. The southern anticline, offset 1.5 km from the northeastern anticline, is also

'-appmximately 5 km long, but has a slightly more easterly trend, swinging around to east-

west at its western end. At the Abenaki Baccaro level the anticlines are complexly faulied,

generally down-to-the-north. In the extreme western end of the area there are two sets of



- down-to-the-south faults trending west northwest.

The anticlines appear to be salt cored, possibly lying at the front of faulted basement
highs. Growth and down-to-the-north fault movement, which commenced in A_benﬁki time
or earlier, continued until approximately mid Logan Canyon time. Near the end of Logan
Canyon time down-to-the-south let-out faulting commenced, and was active until late

- Tertiary. These faulis are at least in part connected to the earlier faults and reversed the

- sense of movement on the deeper fault planes.

Penobscot is at the eastern end of the Late Jurassic Baccaro Member carbonate shelf
(Figure 6), where the edge is ramp-like and carbonates interfinger with Mic Mac sands and
shales and Verrill Canyon basinal shales. Zones of fair to poor porosity occur in the sands
and Carbonate in Penobscot L-30. The top of the Baccaro limestone produces an excellent

seismic event and is the deepest horizon mapped.

The overlying Late Jurassic to early Neocomian Lower Missisauga/Mic Mac consists
-of delta front to pro-delta shales and upward coarsening sands. The unit is interpreted by
‘Wade and MacLean (1990) to pinch out not far updip from Penobscot, marking the limit
- of deepest and most rapid subsidence of the Sable Sub-Basin in front of the south

| - southeasterly progading Mic Mac and Missisauga deltas.

The Middle Missisauga consists of thicker sands and less shale than the Mic
Mac/Lower Missisauga. The sands in the lower half of the unit cannot be correlated
between L-30 and B-41 (3.25 km) with any certainty, and appear to be distributary channel,
mouth bar, and possibly barrier beach sands deposited in a delta margin setting. Repeat
Fomation Test (RFT) #8 in Penobscot L.-30 recovered a trace of oil with waler.
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~The thick sands in the upper half of the Middle Missisauga are much more correlative

| between L-30 and B-41 (see Figure 1). There is an upward increase in glauconite, shelly

fossils, oolites and limestone, reflecting a general transgression' which culminated in

deposition of the "O" Limestone Marker at the base of the Upper Missisauga. The sands

in the upper Middle Missisauga were deposited in marginal delta front (barrier beaches,
distributary mouth bar and distributary channel) and shallow shelf environments.

From logs, five sands in this interval contain hydrocarbons. RFT:s in L-30 recovered
light oil and condensate and gas from four of the sands (Figure 1). The top of the fifth sand
probably répresents a hydrocarbon/water transition zone, and is potentially productive
higher on the structure. Thick porous sand #5 produces a poor seismic event at the base
- of a generally fast section of calcareous shale, limestone, siltsione and sandstone, and has
been mapped in the southern part of the area.

- The"O" Limestone Marker, at the base of the Uppe’f Missisauga, prodaces a seismic
event that has been mapped over the entire area. The overlying thick sands of the Upper
Missisauga represent the final and possibly furthest progradation of the Missisauga delta as
outlined on Figure 6.

A reduction in sediment supplj and regional transgression in Aptian time resulted in
deposition of the Naskapi shales over the Missisauga, followed by progradation 6f Logan
Canyon sands and shales. The Logan Canyon consists of thinner, more widespread sands
with more shale than the Missisauga, and was deposited in strand plain and shaliow shelf

environments,

Approximately 390 m above the base of the Logan Canyon a series of thick,
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“i coarsening upwards, porous sands produce a seismic event that was mapped in the

southeastern part of the area (Mid Logan Reflector).

Starting in early Late Cretaceous time, sediment supply to the entire Scotian shell was
“ greatly reduced, resulting in the deposition of shale, limestone and cbalk with minor sand.

The Petre]l Member limestone, within the argiilaceous Dawson Canyon Formation, and the

- top and bottom of the Wyandot chalk produce seismic events that were mapped.
' The latest Cretaceous and Tertiary Banquereau Formation is mainly shale, displaying
o clinoform seismic events downlapping on the upper suzrface of the Wyandot Formation.

i) .
LE

_ Maps included in the report are:
F ~ Top of Petrel - Time and Depth _
' m o Mid Logan Canyon - Time and Depth (pear and west of L-BO)
T "Q" Marker - Time and Depth '
= Baccaro - Time and Depth
“35 : Mid Missisauga 5 sand - Time and Depth (partial map only) "ﬁj /Wé &z '{/t/ ¢ ,L%
= *0" Marker - Baccaro Isopach ﬁm 21 . \f Nz AL,
o /w-f (Zaoude F‘bb Eﬁ
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Wyandot time structure
Base Chalk time structure
Top Petrel time structure
Mid Logan time structure
"O" marker time structure
5 Sand time structure
Baccal_'o time structure
Top Petrel depth(m)
Mid Logan depth(m)

. "0" Marker Depth(m)
Baccaro depth(m)

-Wyandot to Base Chalk Isochron

Base Chalk to a Top of Petrel Isochron
Top of Petrel to Mid Logan Isochron
Top of Petrel to "O" marker Isochron
"O" marker to 5 Sand Isochron

"O" marker to Baccaro Isochron

5 Sand to Baccaro Isochron

Petrel to "O" marker Isopach

- "O" marker to Baccaro Isopach

Bathymetry
Depth adjustments

Time Slice 1.960 seconds
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Fach in-line section was picked and the maps were displayed using a 5 point running

average grid smoother.

There is a the striking difference in the time and depth maps both in location of
structure, magnitude and relative ties. The Petrel and "O" time maps show B-41 to be
structurally higher than at L-30 but with conversion to depth the true elevations are shown.

The main target is considered the several sands immediately below the "O" marker
where oil was found in the L-30 well. From the sections, sands one to five are congruent

with the ';O" structure although some evidence for an asymetrical axis exists on the south

side of Fault "A". This would possibly enhance the prospectivnms and reserve estimates for

An elongated uplift showq on the "Q" marker, encloses two areas of interest, one on
each side of the major associated fault "A". A third area of intfétrest to the norih-east lies
on a similar, offset faulted structure. As shown on the eilclosed in-line sections movements
on the fault are re-current in three stages. As interpreted, the Baccaro was forced upward
on the south side by salt flowage against an ancient Precambrian high. Following deposition
of the "O" Limestone further upward movement occurred. Finally a load induced reverse
movement took place following "O" deposition, active to recent times. The resultant discord
in viewing the fault where the "O" and Baccaro have opposite throws is therefore believed
valid.



Prospects

Three main areas of interest on three proépective geologic formations were located

as follows.

L  South Arca

i _ This elongated structure on the south side of fault A shows four way dip with closure
of about 8 metres on the Mid Missisauga Sands. These sands found productive in L-30 all
5z show enhanced prospects updip from the well and some proven and possible reserves are

= anticipated in this structure.

2.  North Areca
North of Fault A the Mid-Missisauga Sands have been uplifted from zero to 85
- meters while the Baccaro is down to the north. The prospect for ';the Mid Missisauga Sands -

is developed by three, four way closed features within the uplifted area as well as a possible
fault closed high of far greater magnitude and areal extent.

2a. North and South Arca Baccaro

The Baccaro porous carbonate and sand prospects are shown as a major closed -

g _ feature severed by the large "A" fault. Approximately 270 Hectares of closure is shown |
C ' while the throw on the fault varies between zero and 60 metres. The fault dependent closure

may either provide enhanced porosity and permeability in the carbonates or conversely may -
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~ downgrade the prospect due to lack of seal.

3 Northeast Area

This feature is an elongated, fault boundéd high slightly offset from the L-30 area by
what is intepreted as a transverse fault in the vicinity of in-line 160. About 180 hectares are
enclosed along the 4 km axis and local four way dip closures are present in the Mid-

Missauga sand levels. This area also has a risk due to possible poor fault seal.

Near and southwest of L-30 the Petrel structure map illustrates two high closed areas
which are untested. The Mid-Logan Canyon structure map in depth shows these closures
offset to the east and suggest they have been tested dry by the 1-30 well. Prospects for oil
accumulations in the upper Logan Canyon Sands are considered slight at this time,

Conclusions:

The various maps supporting the structural plays in the area suggest that a well in

A-21 (intine 108, crossline 1388) would effectively test the south structure. Both the Mid-

| Missisauga sand group and the Baccaro Carbonate and saﬁd formations ha@;ze a structural
culminiation at this location. |
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INTRODUCTION

HGS Canada Ltd., conducted a marine seismic survey in the Sable island area.
The M/V Edward O. Vetter, Party No. 2472 collected a total of 1691.100 km of
seismic reflection data during the period of June 1, 1991 to July 8, 1991.

Il EQUIPMENT

A. VESSEL

The M/V Edward O. Vetter, a Canadian flag vessel of 56.4 m in length and 997.18
gross tons, was engaged in this single vessel operation.

For vessel details and crew lists refer to Appendices 1, 2 and 3.

RECORDING INSTRUMENTS

- An HGS TITAN 1000 real time recording system was used to record 240 channels

of data from the Digital Fiber Optic streamer. Data was sampled at 2 msec and
recorded through 128 Mz 72 dB/octave high cut and 8 Hz 18 dB/octave low cut
filters. Data was recorded for 8 s on three Storage Tek 1950 tape drives in SEG
D, GCR format at 6250 BPL.

Recording instrument details are found in Appendix 4, 4A, 4B and 4C.
STREAMER

A 3000 m 240 channe! Digital Fiber Optic streamer with 125 m group intervals,
each containing 32 dish hydrophones, was used. The cable was towed at an

- average depth of 8m - 10m.

Streamer details and diagrams are presented in Appéndiceé 5and®.
SOURCE

The energy source for this survey consisted of a four string gun array comprising
57 active airguns with a total capacity of 53.25 1{3616 cubic inches) and 7 spares
with a volume of 13.96 L (852 cubic inches).

The timing and firing of the guns was controlled by a Texas Instruments Airgun
Controlier (TIGER 11} system. This system continually adjusted the firing pulse to
each gun causing the whole array to fire simuitaneously. Individual gun firing
delays were continuously controlled to maintain array timing within + /- 2 ms of the
operational 51.2 ms. The status of the entire array and individual guns was logged



on the ADL (Automatic Data Logger), and monitored on a VDU while data
collection tock place.

Source details and diagrams are presented in Appendices 7.

. NAVIGATION

Navigation for this program was provided by Nortech Surveys Lid.

Primary navigation was a Trisponder Radio Positioning system. The Primary

Master system, (Ship’s unit), consisted of a Digital Distance Measuring Unit
(DDMU), Antenna Cable, Trisponder Beacon and Antenna. Four (4) base station
(slave units) were located on Sable Island.

A compiete secondary master system was also calibrated and used as back-up.

Survey instrument details found in Appendix 9.

OPERATIONS

After a brief resupply, the M/V Edward O. Veiter departed Halifax at 20:30 GMT
on June 1, 1891 for the prospect area. At 08:00 GMT on June 2, 1991 the vessel
was 50 kilometres from the centre of the prospect.

The crew began deployment of the streamer at 09:30 GMT. Trouble shooting and
ballasting of the streamer continued until the morning of June 3, 1991 at which
time the streamer checked good

Problems with - the navugatlon system delayed the start of the program.
Trisponders located on Sable Island were “coming in and out" At 22:34 on June
3, 1991 the first line (PS1-1270) was started.

Data acquisition continued reasonably uninterrupted until June 13th, at which time
navigation interruptions were experienced. It was determined that fog in the area
was the cause of the signal interruptions from the transponders located on Sable
Island. Directional antennas were sent out to Sable island to replace the Omni
antennas on the trisponder units. After some weather delays on June 15th,
recording resumed on June 16th,

- On June 27th, the crew of the M/V Edward O. Vetter pulled the streamer onboard

and departed for Halifax to resupply. At the completion of the resupply the vessel
returned to the prospect area and resumed operations on June 28th. The
Penobscot 3D was completed on July 8, 1991,



PRODUCTION STATISTICS
Total Kilometres - 1691.100
Total Hours “ | 912.00
Recording Hours ‘ 213.98
Line Change Hours , 343.48
Km / Total Hour 1.85
Km / Recording Hour 7.90
Km / Record & L/C Hour 3.03
Km / Total Day 44.50
Km / Recording Day 189.67
Km / Record & L/C Day ,_ ' 72.81
Total Pops | | _: _ .' :_ _ 79753
Pops / Total Hour | | | - 8745
Pops / Recording Hour | - 372.71
Pops / Record & L/C Hour ' 143.06
Pops / Total Day _ 2098.76
Pops / Recording Day 8945.10
Pops / Record & L/C Day 3433.56




TIME STATISTICS

Recording Activities
Line Change
~ Travel
Supply
Streamer Handling
Airgun Handling
Weather
Other Downtime
Seismic Interfere
Vessel
Navigation
CMS
- Alrgun & System
~ Sireamer
Instruments
QOther
Total

TOTAL

Hours
1.23
2.78

75.60

57.74
1.97

25.00

28.33

11.37

204.02

Hours

213.98

343.48

41.88

45.92

20.33

17.34

25.05

% 204.02
0.6
1.4
37.1
28.3
1.0
12.3
13.9
56

100.0
912.00

23.5

37.7

4.6

5.0

2.2

1.9

2.7

- 100.0







