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SUMMARY

A reappraisal of the Inner Moray Firth area has been carried out in

the light of the discovery of the Beatrice oilfield by the Mesa Petroleum

Co. and their partners in Block 11/30.

A geological model has been developed which postulates the existence

of palaeo-oil kitchens extending towards the western edge of the Inner

Moray Firth basin. It is suggested that these palaeo-kitchens are now

elevated towards the west as a result of regional tilt coincident with the

downwarping of the Central Graben in Paleogene time. The model does not

accord completely with actual VR/E measurements made in different parts of

the area. These variations are thought to be caused by differences in

thermal gradient as a result of changes of crus tal heat flow or to

differences caused by variation in lithology.

Lithological divisions are constructed to suggest broad distributions

of reservoir and non-reservoir but since well data are limited these maps

are approximations. The Upper Jurassic lithofacies is better predicted,

because of the recognized fault control on sedimentation. Adjacent to

faults the Upper Jurassic develops coarse clastic reservoir facies.

Source rocks are certainly recognized in the Upper, Middle and Lower

Jurassic and possibly in the Zechstein. In view of this, structures

developed at different stratigraphic levels can be considered potentially

oil bearing, where they occur within or adjacent to these levels.

Structures are downgraded locally by lack of sealing formations.
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1. INTRODUCTION

1.1 General

This report is a reappraisal of the Inner Moray Firth (Fig. 1). The

area has been the subject of licence application by competitors in

the 1st, 2nd, 3rd and 4th rounds. A total of six wells had been

drilled prior to the Beatrice discovery without commercial success

although two wells produced oil shows. This caused a fall-off in

interest in the area by oil companies.

The Inner Moray Firth area was reviewed in detail by Townson and

MacFarlane (1976) as part of the Greater Moray Firth open acreage

farm-in offer was not recommended (Shell-Esso Exploration Note 2).

evaluation (UEE/12, 1976). In March 1976, Peninsular & Orient Co.,

approached Shell-Esso with a farm-in offer in block 11/30 (4th round

I licence P187). After a technical appraisal of. this block the

The recommendations were based on the assumption that the only

significant source rocks were Upper Jurassic. A small kitchen area

was postulated. This would generate a limited amount of

hydrocarbons, only part of which would reach the 11/30 structure.

While recognizing structures, reservoirs and seal possibilities in

pre-Upper Jurassic levels it was not thought that hydrocarbons could

migrate into deeper levels.
,

The structures were also postulated to

have been smaller at the time of oil migration than at present, owing

to a post-migration regional tilt.
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Later in 1976 the first well in the block 11/30-1 was drilled and

announced as the discovery well. Subsequently, seven wells have been

drilled in the block proving the extent of the field which has been

named the Beatrice field.

This discovery has reawakened interest in the Inner Moray Firth

particularly as large amounts of open acreage are available for

future application rounds.

In 1973 and 1974 G.S.I Ltd shot, processed and interpreted seismic

reflection data from the Inner Moray Firth. Time contour maps made

by G.S.I. were subsequently modified by UEE/12 and used in the

Prospect Review of the Greater Moray Firth Area (Townson and

MacFarlane, 1976).

As a result of the Breatrice field discovery a reinterpretation of

the 1973/74 data and of data from a recent I.G.S commissioned survey

(Chesher and Bacon, 1975) were used to make new time contour maps of

the main horizons. The Base Cretaceous time map was included in the

1978 Data Book. In August 1977 new unmigrated and migrated seismic

s~ctions were obtained from surveys by GECO a/s and SEFEL. All data

(Fig. 2) has been used to update the previous time maps and to make

contour maps for the following horizons and intervals:-

Top Chalk Time CEnc1 la), Depth CEnel Ib).

Base Chalk Time (Enel 2a), Depth CEnel 2b).

Base Cretaceous Time (Encl 3a), Depth CEnel 3b).

Intra Upper Jurassie Time CEncl 4).

Near Top Middle Jurassic Time (Encl Sa), Depth (Enel 5b).
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Near Top Triassic Time'(Encl.6).

Interval velocity: Top-Chalk Base Chalk (Encl. 7)

Interval velocity: Base Chalk Base Cretaceous (Encl. 8)

Interval velocity: Base Cretaceous - Near Top Middle Jurassic Encl.

9a)

Isopach map: Base Cretaceous - Near Top Middle Jurassic (Encl 9b).

Interval time difference map: Near Top Middle Jurassic - Near Top

Triassic (Encl. 10).

The total seismic line coverage is shown in Fig. 2.

Interval velocity information was obtained from the stacking

velocities used to process the 1977 seismic lines.

The time sections and velocity contour maps were digitised and the

data stored using the SEIFI data base.

Subsequent calculations of isochrons, isopachs and depth values were

made using ~he computer.

The following data has also been digiti~ed and is stored in the Data

Base but has not been used to make contour maps.

Water Depths

Lower Jurassic time

Near Top Permian time

Top Rotliegendes time

A geochemical evaluation has been carried out to confirm known source

rocks and determine others. The Vitrinite (absolute) reflectance

(VR/E) has been ascertained by various methods.
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1.2 The Beatrice Field

The Beatrice field proves that oil has been generated and in

significant quantities to be trapped in a commercial field in the

Inner Moray Firth Area.

As several dry holes had been drilled before this discovery the

problem is to assess whether or not the Beatrice field is a unique

occurrence.

The Mesa consortium have not exchanged any of the 11/30 wells with

Shell-Esso. Nevertheless, it has been possible to glean some

information about the well from press and scouting reports.

Therefore as a starting point the Beatrice field data can be compared

with other dry wells in the area.

A preliminary well Summary Sheet has been constructed (Encl 11) and

basic data are shown on Table 1.

Essential points to note are the following:

The Structure is fault and dip closed at top Middle Jurassic

Lower and Middle Jurassic reservoir section of sands and shales

(811' gross thickness)

Dominantly Upper Jurassic shale section provides a good vertical

and juxtaposition seal

Sand protected by Lower Cretaceous to Pleistocene shale but no

structure at this level.

Possible Triassic reservoir

Field contains high wax paraffinic oil



- 5 -

The proven reservoirs of the Beatrice field are of Lower to Middle

Jurassic age. Three tests in the area 12/21-1 (Encl. 12) 12/22-1

(Encl. 13) and 12/24-1 (Encl. 15) bottomed in the Upper Jurassic. In

one test 13/24-1 (Encl. 19), the Lower and Middle Jurassic are

missing, while others 12/23-1 (Encl. 14), 12/30-1 (Encl. 17), 13/17-1

(Encl. 18) contain a reduced interval due to non-deposition or

erosion. Only 12/26-1 (Encl. 16) contains a Lower to Middle Jurassic

section equivalent to the Beatrice field but even this section is

reduced in the Middle Jurassic. However, no structural or fault

closure occurs at this level in this well. In those wells with a

reduced sequence the structure is ambiguous and/or an effective seal

is missing.

The Beatrice field appears to be the only case where the Lower to

Middle Jurassic sequence was tested in a closed structure with an

effective seal formation - the Upper Jurassic Kimmeridge Clay

Formation (See Encls. 3b, 4, 5b, 11 to 19 inclusive).

The Kimmeridge Clay is the recognized source rock for the Central and

Viking Grabens, where it has generated oil of a mainly marine source

rock origin with lesser influence from land-derived source rock

material.

The Beatrice field contains a distinct paraffinic waxy oil with an

API range 33.9°- 39.00 (Table I). It is low in sulphur (0.2%). The

gas chromatogram of the saturated hydrocarbons (Fig. AI) and the C7
alkane distribution (Fig. A2) indicate that the crude has not been

subjected to bacterial transformation. The low phytane/n-C
t

alkane
J"g

ratio, the low sulphur content and the n.alkane distribution point

to expulsion from a well matured source rock.
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The C7-alkane/naphthene distribution (Fig. A2) indicate that the

crude originat:s from source material mainly consisting of

structureless organic matter possibly largely of algal origin and/or

some land plant contribution (Fig. AJ). The low pristane/n.C17

alkane ratio (Table 1, Fig. AI) points to a reducing environment of

deposition of the source of rock.

Source rocks of a composition that could generate this kind of crude

are known to occur in the Kimmeridgian and Callovian of the Brora

section, the Oxfordian of well 12/23-1, the Lower Jurassic of well

12/26-1, and the Kimmeridgian of well 12/21-1.

Indications for the occurrence of mixed source rocks with a high

sporomorph content have been found in the Zechstein of wells 12/30-1

and 12/23-1, but it is rather unlikely that they could have produced

a crude of the composition of the Beatrice field.

2. INNER MORAY FIRTH

2.1 Facies Development

Considerable thickness and lithofacies variation occurs in the area.

Owing to the limited amount of scattered data it is only possible to

construct broad generalised lithofacies maps for different

formations.

Upper Cretaceous: The Chalk forms a seafloor subcrop in the east of

the Inner Moray Firth (Fig. 3) where it may act locally as a seal to
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underlying formations. To the west of the subcrop it has been eroded

away.

Lower Cretaceous: This is known as an extensive sea floor subcrop in

the Inner Moray Firth although it is not present on land. Well data,

sea floor sampling and isolated glacial erratics indicate that this

Lower Cretaceous consisted largely of a arenaceous or silty facies,

although local argillaceous and marly deposition did occur. The

environment of deposition varied from holomarine outer/middle/inner

neritic to coastal. A lithofacies distribution map is shown in

Fig. 4.

Lower Cretaceous sands have good porosity ranging from 25-30%.

Formation water salinities are low which suggest fresh water flushing

of the sands. Seal efficiency would therefore be extremely low

within most of the Lower Cretaceous. In addition any oil, trapped

would probably be bacterially altered.

Upper Jurassic

The Upper Jurassic has a very variable lithofacies which can be

related to syn-sedimentary fault activity. Fault controlled troughs

developed adjacent to structural highs. Submarine fault scarp debris

mixed with shallow water sediments became intercalated (in tectonic

basins) with deeper marine shales some of which form extensive source

rocks.

A classic sequence is exposed north of Brora, Sutherland along the

Helmsdale fault. Marine shales are intercalated with clastic boulder
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beds and calcarenites (Encl. 20). The sequence grades down into a

sandstone-boulder breccia. The sequence was described by Bailey and

Weir (1932) and later reinterpreted by Neves and Selley (1975). The

upper part of the sequence contains Devonian boulders which are

thought to have fallen from the active fault scarp (Fig. 5).

Associated sand dykes led Sykes and Horsfield (1977) to suggest that

seismic activity initiated sediment-laden debris pulses.

On the downthrown side of faults, within the basin, considerable

thickening is visible towards faults active in Upper Jurassic time

(Encl. 9b). Away from faults a dominantly shale facies is known for

example in 12/26-1 and the Beatrice (Encl. 11) field. In contrast

well 12/24-1 is directly adjacent to a fault active in Upper Jurassic

and Lower Cretaceous times (Encl. 15). The sedimentary section

in this well consists of largely continuous sands with a porosity

range 20-25%.

Adjacent to this section (12/23-1, 12/22-1) the Upper Jurassic

thickness is reduced where it has onlapped onto a high having a mixed

shale/sand sequence (Encl. 9b). Well 12/21-1 is in a position

intermediate between a high and basinal area and exhibits a (largely)

sand sequence interpreted similarly to 12/24-1 as a coastal or barren

environment with limited holomarine inner neritic influences. This

suggests either that the active fault coincided with coastline along

which coastal sediments were being concentrated or that the coastal

sediments were being swept into a deeper water fault controlled

basin. The latter interpretation is preferred as the "high"

sequences suggest holomarine and inner/middle/outer neritic with
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fresh water influences. The downthrown sand sequence is expected to

pinch-out updip away from the fault into continuous shale forming

speculative stratigraphic traps southwest of 12/24-1 (see Encl. 21).

The Upper Jurassic isopach map illustrates thickening against other

faults (Encl. 9b).

A lithofacies distribution map of the Upper Jurassic (Fig. 6) and

subsea paleotopographic sketch (Fig. 7) shows the suspected position

of dominant shale as opposed to coarse clastic sequences (sand and/or

boulder bed type) related to active faulting. Apart from documented

cases it is difficult to predict clastic facies type. Nevertheless,

sands and boulder beds are considered to develop reservoir facies.

Shale facies distribution is important as a seal to Middle Jurassic

reservoirs and any older reservoirs if part of the pre-Upper Jurassic

section is missing. It has already been noted that the Upper

Jurassic shales form an efficient seal in the Beatrice field.

Conversely, a continuous Upper Jurassic sand sequence in combination

with a similar Lower Cretaceous facies will downgrade Middle Jurassic

and/or older prospects.

Middle Jurassic

The Middle Jurassic is encountered onshore in the Brora section and

in wells 12/23-1, 12/26-1, 12/30-1 and 13/17-1 (Encls. 14, 16, 17 and

18) where extremely limited sections occur. The Beatrice field

Middle Jurassic has the most extensive section with almost 1,000' of

intercalated sands and shales (Encl. 11). The onshore section is not

completely exposed but consists of sandstones, shales, thin
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argillaceous limestones and the Brora coal bed (Encl. 20) which has

been interpreted to be part of a coastal plain sequence passing up

into a regressive marine sequence.

From the limited well data it is not possible to produce a facies map.

Nevertheless, a seismic time difference map* illustrates the broad

variations in thickness (Encl. 10). The thickest Middle Jurassic

occurs adjacent to the shore outcrops on the downthrown side of the

Helmsdale Fault. Apart from local changes along the Great Glen

Fault-trend the Middle Jurassic thins rapidly into the Inner Moray

Firth. The pattern of thinning suggests that clastic sediments were

being brought into the area from the northwest and deposited in

a shallow marine basin with a shoreline not far inland of the

Helmsdale fault. The extent of this basin is not known. A

volcanic centre in the Outer Moray Firth probably acted as a barrier

to the east while a possible marine connection existed along the

trend of the Great Glen Fault from the southwest.

Lower Jurassic

The Lower Jurassic is present in the Beatrice field and is also oil

bearing. It has been recognized elsewhere in wells 12/26-1, 13/17-1

(Encls 16 & 18) and in an IGS** borehole at Lossiemouth (Encl. 22),

Morayshire. The sequences represent a change from continental

conditions to open marine and contain sandstones, shales and rare

coals. On seismic sections it is not possible to pick a continuous

Lower to Middle Jurassic boundary - therefore the variation in

thickness over the whole area cannot be shown.

* also includes Lower Jurassic which does not have a significant
thickness.

** Institute of Geological Sciences
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Triassic

The Triassic consists of two dominant lithologies: sand or variegated

shales and marls. Sandstones were laid down in an aeolian and/or

fluvial environment. The shales and marls are variegated green/red

and were probably deposited in transient lakes or inland seas. A

lithofacies map (Fig. 8) suggests that the Inner Moray Firth basin

was already existent in Triassic times and that fine clastic

deposition predominated in the basin while the edges were dominated

by aeolian and fluviatile sedimentation. Locally good porosities,

10-25% are present in Triassic sandstones.

Permian

The Permian consists of Zechstein and Rotliegendes lithofacies.

Aeolian sandstones are known onshore. Offshore possible aeolian

Lower Permian sandstone occur in 12/23-1, 12/26-1, 12/30-1 and

13/17-1 (Encls. 14, 16, 17 & 18). Porosity varies from 7-24%. The

Zechstein occurs in 12/23-1, 12/26-1 and 12/30-1 and consists of

dolomites and/or shales. Oil shows in the Rotliegend of 12/30-1 may

have originated from a Zechstein source rock.

Carboniferous

The Carboniferous is unknown in the Inner Moray Firth.

Devonian

Devonian sediments are recognized in extensive areas on the Scottish

mainland and include conglomerates, sandstones, siltstones

and shales. Possible Devonian sediments are present in wells

12/23-1, 12/30-1 and 13/24-1 (Encls. 14, 17 and 19). Porosity varies
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from 0-5%. Although this is primary, secondary porosity may

have developed along very active fault trends. Locally onshore, fish

beds provide source rocks but their development in the Inner Moray

Firth is an unknown quantity.

2.2 Geochemistry

All maturity measurements are related to a standard Vitrinite

(absolute) reflectance scale (VR/E).

Temperature and Vitrinite (absolute) reflectance

Information on temperature in the wells of the 12 quadrant is rather

scarce and not very accurate (Table 2). Notably absent in most wells

is a reliable record of temperature build-up. When the few available

uncorrected temperatures are plotted against depth the temperature­

depth relation can be roughly established (Fig. 9). With the use of

the temperature VR/E graph (Fig. 10) the estimated temperature VR/E

can be estimated. (First column Table 3 gives the values at

top-Jurassic (X), top Middle Jurassic and top Triassic).

Sporomorph Translucency and Vitrinite (absolute) reflectance

The Sporomorph Translucency in samples from wells 12/21-1, 12/23-1,

12/24-1, 12/26-1 and 12/30-1 has been measured. With the help of the

Sporomorph Translucency VR/E graph (Fig. 11) the corresponding VR/E

values can be ascertained. (Column 3 table 3).

When the measured VR/E and the temperature VR/E are compared it seems

that only in the case of 12/21-1 are the two values compatible. In

all the other cases (Fig. 12) the difference between the two values

suggests removed overburden (or a higher palaeo-heat flow).
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Source Rocks

Based on extrapolation of maturity date in wells the main source rocks

in the Kimmeridgian locally become mature in the basin. Source rocks

in the Lower Kimmeridgian and Oxfordian and the Middle Jurassic

probably become mature.

The maceral composition of all these source rocks consists mainly of

structureless organic matter. Land plant influence increases towards

the shore with the possibility of the occurrence of plant waxes and

resins •

. Some intervals are rich in algal matter in the form of botryococcus.

All these factors will influence the type of oil generated.

The analysis of the Beatrice crude indicates that the oil was

expelled from a mature source rock of a calculated maturity of VR/E

1.04. The crude originated from source material mainly consisting of

structureless organic matter, largely of algal origin with possibly

some land plant contribution.

The character of the Beatrice crude therefore fits the types of

source rocks found, in the Kimmeridgian, Oxfordian and Callovian

source rocks.

There is a possibility of source rocks in the Zechstein but nothing

is yet known about their distribution and source rock quality except

for some indication of lipids in one of the macerals. The Zechstein

should not be excluded as a potential source and, as the lipids are

mostly formed by sporomorphs, will probably produce ~il with some
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land plant character but expelled at a higher maturity level.

The other source rocks hypothetically present in the basin are

Carboniferous coal beds,oil shales, and Devonian lacustrine deposits.

Nothing is known concerning their distribution (or lack of) in the

basin although they occur elsewhere in Scottish outcrops.

2.3 Structure

The Inner Moray Firth forms a faulted basin between the Scottish

mainland and the North and South Halibut areas to the east. (Encl.

23). The basin is terminated on the western side by two major

faults: the Great Glen fault extension and the Helmsdale fault.

The Great Glen fault has been long recognzied as a wrench fault, but

conflicting claims have been made for both the time and sense of

movement (see Johnstone 1976). The Helmsdale fault is less equivocal

as clear evidence of normal movement during the Upper Jurassic is

available (Bailey & Weir, 1932; Neves & Selley 1975), which coincided

with movement on the majority of the faults within the

Inner Moray Firth. However, both pre- and post Upper Jurassic

movements are recognisable on most of the faults in the area.

The Fault Pattern

The fault pattern is dominated by two major trends and two subsidiary

trends (see Encls. lb, 2b, 3b, 4, 5b, 6 and 23). The trends are as

follows:

Great Glen parallel The Great Glen fault system strikes
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approximately N40 E. Parallel to it are numerous small faults

( 25km length) throughout the Inner Moray Firth basin.

Smith Bank parallel* The Smith Bank fault system trends

approximately N60 E. Faults paralleling this trend run across

the basin and separate horsts and troughs. The Helmsdale fault

may be considered part of this system.

Minor trends. Two subsidiary trends are recognised running

approximately N(80° -9o)E and N(100° -110° )E.

Fault Activity

The time of origin of faults cannot be stated with any certainty.

The Great Glen and Smith Bank parallel systems reflect old Caledonian

directions which have also been recognised on the Scottish mainland

(see Johnson and Frost, 1977-Encl. 2).

The Great Glen fault has a pre-Mesozoic origin (Flinn, 1969; Garson &

Plant, 1972) but controversy exists as to its sense of movement. If

fault trends within the Inner Moray Firth are related to it in origin

then they suggest that the early movement was dextral. Inner Moray

Firth faults would have acted as synthetic strike slip faults during

the Palaeozoic.

During the Mesozoic these basement faults became reactivated as the

Inner Moray Firth basin developed. Faults of the Great Glen trend

were generally more active during Triassic to early Upper Jurassic

time while some members of the Smith Bank trend were strongly active

* inese faults are also sub-parallel to the Highland Boundary and
Southern Upland faults which border the Midland Valley Graben in
central Scotland.
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throughout Upper Jurassic and Lower Cretaceous time and defined the

position of uplifts (supply areas) and troughs (sedimentation

areas). Coarse clastics were deposited adjacent to these faults

during strong normal activity (see Fig. 6, 7).

During the Lower Cretaceous fault activity ceased on most faults

although continued synsedimentary movements occurred locally in the

north west corner of the area (Fig. 13).

It is also suspected that during the Lower Cretaceous or post-Lower

Cretaceous that the Great Glen Fault (locally active during the

Upper Jurassic) became reactivated with lateral movements.

This is shown by the base Cretaceous unconformity being distorted or

disrupted about and reversed throws are also locally observed

(Fig 14) in the base Upper Jurassic.

Several small faults exhibit flower structures and disrupt younger

horizons while no displacement is seen at older horizon levels.

These may be complementary dextral synthetic strike slip faults. The

normal faults of the Upper Jurassic may have also have moved in the

same sense.

The post Lower Cretaceous fault history is not known. Uplift of the

area is suspected in late Paleocene or Eocene time. Some

adjustment along faults may have taken place but no evidence is

available.
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Development of Structures

Structures have developed gradually during sedimentation. Different

areas have been persistent highs or lows respectively throughout the

Mesozoic. Fault closed structures have tended to develop in

association with these highs. As structures are repeated with

different closures at various stratigraphic levels normalisation and

stripping off of younger stratigraphic levels reduces the

closure on structures at deeper levels (Fig 15). It is apparent that

the maximum development of any structure took place in post Lower

Cretaceous time, probably in the Paleocene or Eocene when greatest

burial took place. Since this maximum burial (which is probably the

time of oil migration) the structures have been tilted by as much as

0.7· -- 0.8 0
• This would indicate that any structure filled to a

spill point on its western side will have lost hydrocarbons, but be

filled to spill point at the present day assuming no leakage through

cap rocks. Conversely, structures with an eastern spill point would

at present be full to a new western spill point or not full to spill

point assuming that no migration has taken place since tilting and

maximum burial.

Maximum Burial

Townson and MacFarlane (1976) have drawn attention to shale soni~

travel times with depth (Fig. 16) which suggest that the Inner Moray

Firth area has been uplifted + 2,500 ft compared to wells in the

Outer Moray Firth where travel times are compatible with burial.

Geochemical studies using various indicators of organic metamorphism

also suggest that past burial has been of the following orders of
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magnitude greater than present overburden in different wells ~

4,OOOft (12/26-1),± 2,000 (12/23-1),± 1600 ft (12/30-1 and 12/21-1)

at the base Cretaceous level. On the other hand the sections in

wells 12/22-1, and 12/24-1 appear not to have been buried to these

levels. Variations in temperature gradients caused by lithology

differences are a possible explanation.

Shale sections dissipate heat solely by conduction. Permeable sand

sections in connection with surface waters can also dissipate heat by

convective flow of formation waters. The presence of low salinity

formation water in Lower Cretaceous/Upper Jurassic sandy

sections indicates that surface waters have flushed into deeper

levels. Thus, such sandy sections as in 12/24-1 would depress the

temperature compared to a shale section at the same depth and source

rocks would reach a lower level of maturity.
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Uplift History

Three types of uplift may be considered: (a) an equal vertical uplift

of the whole area where palaeo-burial indications would have equal

values parallel to the present surface; (b) differential uplift of

various fault blocks where each block has palaeo-burial indicators in

unique relationships and Cc) a differential tilted uplift where

palaeo-burial indicators are shallower in the east than in the west.

Case Cb) is discounted because the structural evidence on seismic

sections does not show any evidence of large differential movements

in post - Lower Createcous history. Although case (a) cannot be

discounted the balance of evidence suggests that case (c) is more

correct. Support for the concept comes from the following:

1. Towards the Central Graben younger formations outcrop on the sea

. floor from Upper Cretaceous chalk through to Tertiary deposits.

The Chalk and the top Paleocene plunge gently towards the Central

Graben at an approximate angle of O.7°~ 0.8: In addition

burial indicators are compatible with the present depth of burial

in the Outer Moray Firth area.

2. The Scottish mainland shows geomorphological evidence of uplift

during the Tertiary (George, 1965), with eastward flowing

discordantly superimposed rivers which developed on a presumed

uplifted tilted surface, during the early Neogene (Gwen, 1976).

The erosion which culminated in a Neogene planation surface may

have begun in the Early Tertiary and supplied Paleocene and

Eocene elastica to the Inner Moray Firth (since eroded) and the

Central Graben.
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3. VR/E values (0.36-0.44) of Middle Jurassic onshore samples

suggest removal of overburden amounting to ± 5,000 ft compared to

lesser amounts indicated in the Inner Moray Firth wells.

Overall the best model in corporating the above geological,

geomorphological and geochemical factors that can be adopted is

one illustrated in fig. 17 which is broadly compatible with

variations in VR/E measurments and tilted Upper Cretaceous and

top Paleocene levels.

The whole area is postulated to have been tilted 0.7°,,-- 0.8
0

about an

axis centred on and parallel to the present outcrop of the base

Eocene in the Outer Moray Firth. As the main Central Graben Tertiary

basin developed, a progressive uplift took place of North Scotland

. and the Inner Moray Firth. If the area is tilted back a planar

palaeo - maturity oil kitchen picture can be constructed which

intersects with the various mapped levels: (Base Cretaceous, Encl.

24, Intra-Upper Jurassic Encl 25; Near Top Middle Jurassic Encl 26).

This can also be illustrated on a cross-section to indicate the depth

of section involved in the postulated kitchens. (Fig. 18).

On such a model part of the Upper Jurassic and all the Lower and

Middle Jurassic are within the kitchen in the area of Block 11/30.

In particular the Middle Jurassic section downdip to the west of the

Beatrice field is well within a VR/E - 1.0 kitchen level which

accords with the measured VR/E of expulsion for the oil. In fact,

much of the Inner Moray Firth area would contain mature source rocks.
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Sections with high percentages of sand would provide exceptions.

Such areas would also be downgraded because of the

chance of poor seal formations above any reservoirs.

3.0 CONCLUSIONS

Previous studies of the Inner Moray Firth area (Townson & MacFarlane,

1976) downgraded it because the volume of mature source rocks

was considered insufficient to charge structures. The Upper Jurassic

source rocks were not considered to be mature over a sufficient area

even if account was taken of uplift and a palaeo-kitchen. The

results of the present study suggest that a larger area of Upper

Jurassic source rocks could have formed a kitchen. Middle and Lower

Jurassic source rocks would almost certainly have been well mature

(VR/E = 1.0) and therefore could have generated the Beatrice Field

oil during the development of the palaeo-kitchen. Possible Permian

and speculative Devonian and Carboniferous would certainly have

reached maturity. Altogether, it appears probable that enough source

rocks were matured - although their identity is suspect - to provide

enough oil to charge structures. The Beatrice field appears to be

filled to spill point. Middle and Lower Jurassic sands are capped by

an extensive Upper Jurassic shale seal. While no other Lower to

Middle Jurassic section was tested in a closed structure, other

closures at different levels have been drilled.

Structures at Lower Cretaceous and Upper Jurassic level were drilled

in sandy sections which at the present day contain low salinity

formation water indicating freshwater invasion from the surface.

Such sections would equally allow hydrocarbons to escape.
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At deeper levels the Middle and Lower Jurassic, Triassic and

Zechstein may provide good cap rocks.

Lower Cretaceous is suspect as a cap rock, therefore an internal cap

rock is required for two structures (Encls 4 & 5b) which are dip and

fault closed against the Great Glen Fault.

Upper Jurassic shale caps the Middle Jurassic reservoirs in the

Beatrice Field. Structures in the south of the area are also

probably capped by Upper Jurassic shale. A large fault and dip

structure in the north west of the area has unknown caprock.

Structures north east of 11/30-1 are probably not capped by shale.

Triassic reservoir rocks. are probably restricted to the Inner Moray

Firth basin edges in small structures which are probably not economic

even if truncated and covered with a Jurassic shale cap rock.

Permian Rotliegend sandstones form some large structures capped by

Zechstein or Triassic cap rocks, which could be charged by oil from

Zechstein, Devonian or Carboniferous source rocks. Large throw on

some faults also brings Lower and Middle Jurassic sections adjacent

to the Permian sandstones.

Since completion of this study further work has been done on evaluation of

various structures recognised during the remapping of the Inner Moray

Firth. This work carried out by P. Suessli includes a PAQC rating of

these structures which will be reported at a later date.
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SHALE COMPACTION TRENDS IN THE INNER
AND OUTER MORAY FIRTH

(FROM TOWNSON a MacFARLANE, 1976)
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BEATRICE FIELD OIL SAMPLE - NORMAL ALKANE DISTRIBUTION
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CONCLUSIONS
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Structure doubtful. Probably not valid test of any trap. Low'
s'cilinities may imply meteoric invasion after uplift of basin.

TIME
STRATIGRAPHY

(SHELL PALYNOLOGY)

•. , Southern side of Moray Firth Basin, about 35 km offshore and
;~.; 60 kIn due East of Jurassic outcrops near Brora.

so ':.; According to Hamilton prognosis, they expected to find basal
1;/! Permian sands draping a Devonian high at a level which subse­

';j. 'quently proved to be top Jurassic. No obvious closure at

.- location.
li "

. r;:lRESULTS
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Cretaceous JL sands salinity 9 g/l. Triassic sands 6 g/l and
i .. '. sands at TD 13 g/l.

5635i+'--,:Z:>,E="C=H~S..'::.T,=E!.:':"N,="!-:-,.27",5:..,,'-l
I---:t----+-------ttttt---J===;+-.!...r.~~..!...---__+_,ROT LI EGEN 0 ?r--+--+-...j-.j.--I--I

115' '022%

SE

180A
J

o 5 10 km
LI_---.JL--_--'I__..L-__1

o 5 10 km
L_--,-_ L ... _L__--.J

2 3 km
___L. --.J

"

.,

. .
~' ".....

",,'

" '.. '",,, ~ <... , ,', .

".,..

. • • l' ~ ''t -#. • • "" ,;. "

.'.. ~ ",: ,"'" ,...'" "

12/26-1

u I
L__ ... L

SEISMIC LINE GSII8-6

160A
~

, .

DEPTH MAP-BASE CRETACEOUS

1 ,':'1

CONTOUR INTERVAL 200 FEET

CONTOUR INTERVAL 200 FEET

.. ~ , ... '

DEPTH MAP - NEAR TOP MIDDLE JURASSIC

. v

•

NW

L

?

Drawing No. 22661

o



Enclosure 15

AUG

1978

ITT
2 wo)'
time LOGS

m.,.cI.
S.S.

1·686

5355' 1·240

4460' 1·076

NFW

SUTHERLAND
Q.
~

SAND FM. 0
er.:
(!)

GROSS 3258' er.:
w

NET RESERVOIR 1II

SAND 1900'
::!:
~
:J:

020 -25%

1·555

I.G.S. L ITHO­
STRATIGRAPHY

SC El: 10000

gy,wh,f-(crs)
(ang- rnd)

dk brn!gy,fiss.,m,
m,(rnd-ang )(srt)

+
dk brn silty shale
strks.

wh,f-m,hd

gy, f ,(rnd) srt,calc (glc)
(mic)

Itgy,f,srt,(arg)

It gy

It gY,sft.

Sea Level 64
I ,

Sea Bed 242

----- 41~

CHALK

GROUP
721'

1136' G5 0·276

gy

dk gy, S, glc + clst,
sit z

f(ang-rnd)
::J
0::-

Z
...J::J

f
Q. et&::
~ U

ID..

Itgn-g,y MORAY
0 u ln

FIRTH er.: -I
Z...Jf (ang - rnd) +sh I dk gy, (!) Ow

calc,olc, sit In-
...J ,

FM. ...J 0::

dkgY,sft 0
(!)

m(ang) -rnd , srt GROSS 3620'
Z
:Il::

dk gy, sft
NET SAND 1100' er.:

W

025-35%
::!:

It gy, f, (srt)(calc) 0
er.:
u

-- =Thin radio-active
shale horizon

LITHOLOGY a
INDICATIONS

PETROSWEDE/TOTAL 12/24-1 iT
S~ELL U.K. EXPLORATION a PRODUCTION

COORDINATE LAT 58°16' 05"N LONG. 02° 21' 59" W
ELEVATION D 64' RIG BLUEWATER m
WATER DEPTH 178' SPUDDED 8 - 4 -75
TOTAL DEPTH 8014' COMPLETED 12-5-75
LICENCE NO. P. 089 TYPE COMPL. P. a A.
ROUND NO. 2 ORIG. DRG. DATE. 9-IX-75

TO. 8014

: :::x:: ...,.-

.:.:-:..~.•.•...
i;i~;~:;;;;;;;~~ wh ,f - m- (crs)(srt)

.~••~.--.l•••

....- ?N••

_1·.,...wOSURE TOJ
T EP A/,4'C1!n

130/.'

3488'

CASING

CORES

SWS

;:-'~,,-/Pi'~:A:;;;.;:l~
>­
r
>­
<t

'I

I1
I

~

"zo
0::
5'
z
w

IOW

KI.M/L

BR(L'?)

AB.L/AP?
____2370'

BR(U?)

Continental

_____3676'

Geological

Interpretation

Based on:

Fossil data

AP

to

Outer Neritic

Coastal Plain.

Bathyal

KI.M

AB(?U)

PT?/KLU
_____ 5~4Q

ENVIRONMENTS

Inner - Middle Neritic

* To be revised
when samples
available for Shell
palynology.

.J

415'~
;..~~---?- -?--z

CE and *
younger KU ~

?(TR-CA) 0

CE'--- -

...

10 km.
I

*"" ,"

/ ~ -..' " "..

:.,.,.~"", ,~ .. "

, ....

" ._-

­,

5
I

o
I

2°24~

? 3km
L..__'--__L-_----''-_-Jl~_-J I
o

DEPTH MAP- BASE CRETACEOUS
CONTOUR INTERVAL: 200 FEET

.~.



Od shows in KL silnds. T,'sted water only. Thin Jurassll" (llll"LJlllpldl')'
Thick Pern10 Trias. Carboniferous igneous. Devonian on basl'nlc'nt.
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Test of dip and fault closed structures at different levels

50 kn1 E of Scottish coast (Sutherlandshire). IntH'r Morav Firth Hasin,
Cent rid J\:() rth Sed. Previously und rilled (12/26-1 d ['ilIed at San1I' t in1l').

RESULTS

Potential' rese rvoirs at seve ral levels. Oil gene Llt"c1 in t l1l'
basin. Rest structure dry. Possible down dip JJ\1 lruncdtion

present.
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LOCATION
Inner Moray Firth 50 km fram E Sutherlandshire coast. Minor closure on major structure drilled by
12/23-1 updip in 1967

OBJECTIVES
Test Lower Cretaceous and Jurossic sand sections after oil shows found in 12/23-1 KL.

RESULTS
Thick sandy KL-JU sections but no shows.

CONCLUSIONS
Confirms good reservoirs in Moray Firth but tested largest structure dry to JU level. The fault
closure and sandy section have caused seal problems.
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CONCLUSION

No trap as effective seal is not present

LOCATION
Inner Moray Firth, 20Km east of Scottish coast, (nearest well to land in

Sea). On small horst feature an flank of large fault block.

OBJECTIVE
Test for hydrocarbons in KL-JU after shows found in 12/23-1 KL.

RESULTS
Thick KL and JU sands/shales. No hydrocarbons. Valid test of small closure.
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,. 17%

1'E""",=!:!j i K 500 -1500 md

''-'-''=::::='-'-'-'4 1 no owc
6830

--e~==~• 6866'

818'
20

11

13%"

2508'

CORES

SWS

3195'

3905'

2927'

8417'

4905'

8525'

U

er Perm,an

Lower
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BE-VA

Dsrs Interval Flowrate Gravity Choke

1 & lA 6830'-6864' 690 1080 BOPD 37.5° API 2" on max Flowrate
2 & 2.A. 6622' 6690' 3681068 BOPD 33.9° API 2" on max Flowrate

3 6560' 6602' 2829 BOPD 38.1° API 2" on rnax Flowrate
4 6060' 6234' 2020 BOPD 2" on max Flowrate

NOTE: All information based on scouting data.
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LOCATION:
In Inner Moray Firth 22.6 km to SW of nearest point on Highland
coastline and about 47 km ENE of the Middle Jurassic outcrops at
Brora.
OBJECTIVE:
Probably drilled to test structures at base Upper Jurassicltop Middle
Jurassic level.
RESULTS
Found 811' gross section of Lower and Midd le Jurassic in wh ich 297'
~JOS are present. Upper Jurassic and Lower Cretaceous are present
largely as shales, therefl'lre provid ing an effective seal.

CONCLUSIONS
This well has found oil bearing Middle/Lower Jurassic: 3ands in an area
where the kitchen was previously considered small ur suspect.
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WELL DE'PTH M/F HRS TEMP F

12/21-1 4200 F 2 90
5335 F 3 135

. 5335 F 5 135
5335 F 8 135

12/22-1 '1460 F 2 96
3361 F 3.5 96

12/23-1 -1460 - 2 96F
4531 F 119
4531 F 3 U9
4529 F 3.5 119
4533 F 14 U9
8676 F .. t42
8672 F 4 ·142

12/24-1 3525 F 3 108
8525 F 5 110
7269 F 5 130
7273 F 7 135
7269 F 10 l37
8011 F 4 . J40
8010 F ·6 .. 141
8005 F g 144

12/26-1 4116 F ?5 150
4117 F 6 150

12/30-1 495 M 7 92
1620 M 112
2480 M 188
2680 M 172

(BHT) TEMPERATURE
BLOCK 12

TABLE 2

FB780:5



SONIC DEPTH

(x) Top TEMP VIR COLOUR TRAVEL IN

Jurassic VR/E DENSITY ESR X-RAY TIME FEET

12/21-1 0.39 0.34 0.38 0.44 0.33 0.53 2923

12/22-1 0.38 0.39 0.38 0.39 0.41 2320
c

12/23-1 0.38 0.50 0.47 2568

12/24-1 0.42 0.47 4756

12/26-1 0.38 0.47 0.53 0.47 2468

12/30-1 0.42 0.59 5171

Top Middle Jurassic

12/21-1

12/22-1

12/23-1 0.39 0.53 0.50 2974

12/24-1

12/26-1 0.39 0.50 0.58 0.53 ·3040

12/30-1 0.44 0.68 6204

.Top Triassic

12/21-1

12/22-1

12/23-1 0.39 0.53 0.50 3021

12/24-1

12/26-1 0.42 0.55· 0.59 0.58 4250

12/30-1 0.44 0.68 6317

LIST OF VR/E VALUES AT TOP JURASSIC, TOP MIDDLE JURASSIC,

TOP TRIASSIC, OBTAINED BY VARIOUS METHODS.

TABLE 3

FB7807
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