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Editorial

In the late 1970s my parents decided to retire in Hornsea, East
Yorkshire. It is a small coastal town with medieval roots and really a
very pleasant place to live. I suspect that they would be quite
staggered to know that it is now one of the most important energy
centres in the whole country. Within a few years of them arriving
there, huge caverns with a capacity of 235 million cubic metres
were excavated in salt strata about 2 km below ground level; their
purpose, to store North Sea gas. But that was just the start.

Developed offshore is the world’s largest wind farm with a
generating capacity of 1,386 Megawatts, and even that is set to be
exceeded by planned developments. If that wasn’t enough then
recent drilling in the area has revealed what may prove to be the
largest on shore oil and gas discovery in the United Kingdom. Initial
estimates are that the capacity is 283 million barrels of oil and 266
billion cubic feet of gas, although not all of that is recoverable. As
my grandmother used to say - you never know what’s round the
corner.

So why is there oil and gas in the North Sea?

A little bit of recent history first. The existence of oil and gas
bearing rocks in countries around the North Sea had been known
for quite a long time. If you have ever been to Kimmeridge Bay in
Dorset, you will know of its evil smelling reputation.
The Kimmeridge Oil Field is northwest of Kimmeridge Bay. On the
cliff west of the village is a "nodding donkey" oil pump which has
been pumping continually since the late 1950s, making it the oldest
working oil pump in the UK. The well currently yields around 65
barrels per day (10.3 m3/d) from the Middle Jurassic strata that lie
around 350 m below the cliff.

At about the same time a giant gas field was discovered in the
Netherlands at the Slochteren 1 well; drilling to a depth of 3,000
metres, it contains 2.8 trillion cubic metres of methane gas in the
porous Rotliegend sandstone formation, which is 130 to 140 metres



This is the most exciting picture of Schlocteren that I could find

thick. The main source rock for the gas are coals and carbonaceous
shales within the Westphalian coal measures sequence that
lies unconformably beneath the Rotliegend. These sources are
primarily produced from type III kerogen. So what, you might
reasonably ask is Kerogen?

Kerogen is solid, insoluble organic matter in sedimentary rocks.
Consisting of an estimated 10%® tons of carbon, it is the most
abundant source of organic compounds on earth, exceeding the
total organic content of living matter by 10,000 fold. It is insoluble
in normal organic solvents and it does not have a specific chemical
formula. Upon heating, kerogen converts in part to liquid and
gaseous hydrocarbons. Petroleum and natural gas form  from
kerogen. Kerogen may be classified by its origin: lacustrine
(e.g., algal), marine (e.g., planktonic),
and terrestrial (e.g., pollen and spores). The type III mentioned
previously is derived from terrestrial (land) plants.

And what about the heating? At the depth reached in the drilling,
and due to the geothermal gradient, the rocks would have a
temperature of about 90° C.

This discovery excited a great deal of interest and in the 1960s the
exploration of the North Sea basin began in earnest.

Kimmeridge Bay is the type locality for the Jurassic age Kimmeridge Clay
formation and provides one of the source rocks for hydrocarbons found in the
North Sea Basins.



What did they find there?

Seismic surveys are carried out extensively in the North Sea to
search for potential reserves of oil and gas in the sub sea rock
formations.
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Large seismic survey vessels are used to tow steamers suspended
below the surface which carry hydrophones. Sound waves are
transmitted from the vessel from compressed air guns which travel
down through the seabed and reflect back from the different layers
of rock. These reflected sound waves are received by the
hydrophones located along the seismic streamers which when
processed gives a three dimensional picture of the substrata.
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Concealed beneath the blanket-like sag of the North Sea basin is a
complex of older basins and rift valleys (grabens) between elevated
'highs' (horsts) and platforms. In the southern and central North
Sea, the thickest sediments are in the Permian basins and in the
deep Central Graben. The northern North Sea is dominated by the
sediment-filled Viking Graben. Were the graben empty, Mount
Everest would just about fit into it - upside-down. One of the major
finds was the Brent field.

Brent Field, discovered in the far north of the area in 1971, contains
oil and gas within tilted layers of sandy rock. 170 million years ago,
these layers were part of a river delta. Since then, the tilting
movements, associated with the rifting Viking Graben have been
followed by a long period of sagging. Muddy sediments - including
Kimmeridge Clay, the source of the oil - have draped across the
titled blocks, filling the subsiding troughs between them, and
sealing the eroded upper edges of the sandstone layers to form
traps. Much later, oil was expelled downwards into the sandstones
from the thick mud rock, now deeply buried within the troughs. The
oil migrated up the tilted sandstone layers to collect in the crests.
Some of the gas came from coal within the delta sediments. Qil is
still migrating through the area. The sandstone layers, each more
than 200 metres thick, have held over 500 billion litres of oil, for
millions of years, within an area of 17 by 5 km.

What do you think is going on here?




Here is a small clue, the cave is in limestone rocks of the Majella
Massif, Abruzzo, Italy.

The stalactites are in fact natural bitumen. Naturally occurring
deposits of bitumen are formed from the remains of ancient,
microscopic algae (diatoms) and other once-living things. These
remains were deposited in the mud on the bottom of the ocean or
lake where the organisms lived. Under the heat (above 50 °C)
and pressure of burial deep in the earth, the remains were
transformed into materials such as bitumen and kerogen.

And now for something different (or is it?)

This is a skeleton from the La Brea tar pits, displayed in the George C. Page
Museum in Hancock Park, Los Angeles. The unfortunate animal became
trapped in the highly inviscid tar found in the area and like many others, failed
to escape.

Tar pits are composed of heavy oil fractions called Gilsonite, which
seeped from the Earth as oil. In Hancock Park, crude oil seeps up
along a Fault from the Salt Lake Qil Field, which underlies much of
the Fairfax District north of the park The oil reaches the surface
and forms pools at several locations in the park, becoming asphalt
as the lighter fractions of the petroleum biodegrade or evaporate.

The tar pits visible today are actually from a human excavation. The
lake pit was originally an asphalt mine. The other pits visible today
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were produced between 1913 and 1915 when over 100 pits were
excavated in the search for large mammal bones.

Bif, bash, bosh or rock of the month
Well on the face of it, that seems a rather odd connection to make.

I would never accuse geologists of not having a sense of humour -
whether it is a good one or not has to be a personal judgement. So,
consider now the heading and then look at the following image:

This is Karijini National Park, Australia, and the rock is a BIF or Banded
Iron Formation. A typical banded iron formation consists of repeated,
thin layers (a few millimetres to a few centimetres in thickness) of
silver to black iron oxides, either magnetite (Fe304)
or hematite (Fez0s3), alternating with bands of iron-
poor shales and cherts, often red in colour, of similar thickness, and
containing micro bands (sub-millimetre) of iron oxides.

Some of the oldest known rock formations (having formed
ca. 3,700 million years ago), are associated with banded iron
formations. Banded iron formations account for more than 60% of
global iron reserves.
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